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Education 
Need/Practice Gap

Acute myocardial infarction initiates multiple 
inflammatory and reparatory pathways that predict the 
damage and cardiac recovery after injury. The 
prognostic and therapeutic implications of these 
therapies are poorly understood. Novel therapeutic 
targets for these phenomena are being tested in clinical 
studies. 



Learning Objectives
Upon completion of this learning activity, you will be 
able to: 
1. Review local and systemic changes following cardiac 
ischemic injury leading to heart failure and ischemic 
cardiomyopathy.

2. Describe emerging translational therapies targeting 
inflammation in patients with ischemic heart disease.

3. Discuss novel myocardial regenerative therapies for 
ischemic heart disease.



Expected Outcome

Understand the landscape of novel therapies for 
ischemic heart disease. 



• Cardiovascular disease remains the 
leading cause of mortality in the United 
States and world-wide

• With the aging population, ischemic 
cardiomyopathy  is increasing in 
prevalence and adding more expenses to 
the health care system

• Heart failure is the leading cause of 
hospitalization in persons older than 65 
years

• Available treatments are predominantly 
symptomatic with no available approved 
regenerative therapy

Ischemic Cardiomyopathy

Hospital Discharges for Heart Failure 

Benjamin, et al. Circulation, 2017; 135: e1-e458.



Post-MI cycle of risk: driven by infarct size, infarct expansion & 
remodeling
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BM response after acute myocardial ischemia
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The healing myocardium sequentially mobilizes two monocyte populations with divergent 
and complimentary functions

Nahrendorf, et al. J Exp Med, 2007: 204; 3037-3047.



Elevated inflammatory cells post-MI predict cardiac damage and 
cardiovascular outcomes
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Elevated CD14++CD16+ (inflammatory) monocytes predict cardiovascular 
outcomes

Berg, et al. Circ Cardiovasc Genet, 2012; 5: 122-131



Ruparelia, et al. Eur Heart J, 2015

Acute myocardial infraction activates monocytosis
which increases cardiac damage



Myocardial infarction accelerates atherosclerosis

Dutta, et al. Nature, 2012; 487: 325-329.



Systemic inflammation in CAD patients

Zhao, et al. JACC, 2019: 73; 1691-1706.



Inflammatory cells correlate with plaque progression

Patel, et al. ATVB, 2013; 33: 347-53.



Coronary Atherosclerosis (PARADIGM): 
What predicts MACE?

Source: PARADIGM, Preliminary Data
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Plaque progression and morphology are key predictors of 
adverse cardiac events

Williams, et al. JACC, 2019; 73: 291-301.



Post-MI Cycle of Risk: Driven by the immune response
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Bone marrow cells in the heart following myocardial 
infarction
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Bone marrow cells in the heart following myocardial infarction
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Residual Inflammatory Risk

Ridker PM. Eur Heart J 2016;37:1720-22

Additional  
LDL Reduction

IMPROVE-IT : Ezetimibe 6% RRR  
FOURIER/SPIRE: PCSK9 Inhibition q2 weeks 15% RRR

Additional  
Inflammation Reduction

Emerging therapeutic field

Known Cardiovascular Disease  
LDL 150 mg/dL (3.8 mmol/L)  

hsCRP 4.5mg/L

High Intensity Statin

“Residual Cholesterol Risk”
LDL 110 mg/dL (2.8 mmol/L)

hsCRP 1.8 mg/L

“Residual Inflammatory Risk”
LDL 70 mg/dL (1.8 mmol/L)

hsCRP 3.8 mg/L

• Plasma levels of inflammatory 
biomarkers including hsCRP and  IL-6 
robustly predict first and recurrent 
cardiovascular events,  independent of 
lipid levels.

• Statins are both lipid lowering and anti-
inflammatory, and the  greatest 
benefits of statin therapy accrue to 
those who not only  lower LDLC, but 
who also lower hsCRP.

• In primary prevention, the JUPITER 
trial demonstrated that those  with 
elevated hsCRP but low levels of 
LDLC markedly benefit  from statin 
therapy.



Targeting upstream signaling molecules to enhance atheroprotection

Ridker PM.  Circ Res 2016;118:145-156.



Anti-inflammatory Therapy with Canakinumab for Atherosclerotic 
Disease

Ridker PM, et al; Circ Res 2016; 118: 145-156



Modulating inflammation improves outcomes in CAD patients

Ridker et al, et al, NEJM 2017; 377; 12:1119-31.



Canakinumab SC q 3 months

Endpoint Placebo  
(N=3347)

50 mg  
(N=2170)

150 mg  
(N=2284)

300 mg  
(N=2263)

P-trend

Primary 1.00 0.93 0.85 0.86 0.020

Secondary 1.00 0.90 0.83 0.83 0.002

Myocardial Infarction 1.00 0.94 0.76 0.84 0.028

Urgent  
Revascularization

1.00 0.70 0.64 0.58 0.005

Any Coronary  
Revascularization

1.00 0.72 0.68 0.70 <0.001

Stroke 1.00 1.01 0.98 0.80 0.17

Cardiac Arrest 1.00 0.72 0.63 0.46 0.035

CV Death 1.00 0.89 0.90 0.94 0.62

All Cause Mortality 1.00 0.94 0.92 0.94 0.39

CANTOS: Consistency of HRs across endpoints and study 
groups

Canakinumab  
Superior

Canakinumab  
Inferior

Group

Women  
Men

Age < 60 yrs
Age > 60 yrs

Diabetes  
No diabetes

Non Smoker  
Smoker

BMI < 30 kg/m2  
BMI > 30 kg/m2

LDLC < 80 mg/dL
LDLC > 80 mg/dL

hsCRP < 4 mg/L  
hsCRP > 4 mg/L

HDLC > 45 mg/dL
HDLC < 45 mg/dL

TG < 150 mg/dL
TG > 150 mg/dL

Overall

MACE +

Ridker et al, et al, NEJM 2017; 377; 12:1119-31.



Targeting inflammation in CAD patients

Zhao, et al. JACC, 2019: 73; 1691-1706.

Off target anti-inflammatory therapies:
1. Statins
2. ACEI and ARB
3. BB
4. Aspirin
5. Proprotein convertase 

subtilisin/kexin type 9 (PCSK9) 
antibodies

Current and future specific therapies:
1. IL-1β blockade
2. Targeting NLRP3 
3. Targeting IL6
4. Colchicine
5. IL-1⍺ blockade



Targeting inflammation in CAD patients

Zhao, et al. JACC, 2019: 73; 1691-1706.



Bone marrow derived 
stem cells and cardiac 
recovery



Stem cell mobilization in STEMI patients

19%
31%

71%

51% 51%

26%

Clinical and Imaging Variables
Age (years) 58.1 ± 1.5

Anterior STEMI (%) 41 ± 0.06

Baseline LVEF 44 ± 1.4
Baseline LVEDV 150 ± 7
Baseline LVESV 82 ± 6

Scar size (%) 22 ± 0.02
Scar mass (g) 32 ± 4

Troponin I (ng/ml) 14 ± 1.9
CK (IU/L) 1764 ± 150

NT pro-BNP (pg/ml) 2057 ± 216
Median follow up 

(days)
324



Stem cell mobilization predict outcomes in STEMI patients

P<0.05

P<0.05

P<0.05



Bone marrow cells for myocardial regeneration (Clinical data)
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Afzal and Abdel-Latif et al. Circ Res, 2015.
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Bone marrow cells for myocardial regeneration (Clinical data)



Drugs that increase ejection fraction modestly….

Doughty R N et al. Circulation 2004;109:201-206



Afzal and Abdel-Latif et al. Circ Res, 2015.

Bone marrow cells for myocardial regeneration (Clinical data)
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