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Multiple Risk Factors 

• 58-y.o. man with CV risk factors. 

• History of HTN and hyperlipidemia 

• Quit smoking 20 years ago 

• Normal cardiac examination 

• On Atrovostatin 80mg and  baby ASA 

• Mildly overweight BMI = 28.5 kg/m2 
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Laboratory 

• TC = 127 mg/dL 
• HDL-C = 39 mg/dL 
• LDL-C = 62 mg/dL 
• TG = 154 mg/dL 
• eGFR= 45 ml/min/BSA 
• CRP: Normal 
• What is the risk of the patients for future CV 

events? 
• How would you determine the risk 
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Multiple Novel Risk Factors 

• 58-y.o. man with CV risk factors. 
• History of HTN and hyperlipidemia 
• Quit smoking 20 years ago 
• Normal cardiac examination 
• On Atrovostatin 80mg and  baby ASA 
• Mildly overweight BMI = 28.5 kg/m2 

 

• Recent NSTEMI with PCI with DES in the LAD 
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• Randomized double-blind trial of patients 
with ACS receiving 40 mg/d of simvastatin 
for 1 month followed by 80 mg/d thereafter  
compared with ACS patients receiving 
placebo for 4 months followed by 20 mg/d 
of simvastatin 

Early Intensive vs Delayed Conservative 
Simvastatin Strategy in Patients With 
Acute Coronary Syndromes 
A to Z Trial 

JAMA 292:1307, 2004 
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HR 0.89 (95% CI 0.76-1.04) 

P=0.14 

Placebo (81 mg/d) 

Simvastatin (66 mg/d) 

• 4,162 patients who had been hospitalized 
for an acute coronary syndrome within the 
preceeding 10 days and compared 40 mg of 
pravastatin daily (standard therapy) with 80 
mg of atorvastatin daily (intensive therapy) 

Intensive vs Moderate Lipid Lowering 
With Statins After Acute Coronary 
Syndromes  
PROVE-IT 

NEJM 350(15):1495, 2004 
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Dutta et al: Nature, 2012 

"New myocardial ischaemia 
occurred in 54% of patients within 
the first year after MI. The largest 
population study so far showed a 
17.4% 1-year risk of re-infarction." 

"To test the hypothesis that MI 
changes the course of 
atherosclerotic disease, imaged 
plaque activity in aortic plaques 
of Apoe -/- mice, before and 3 
weeks after coronary ligation." 

CD1 1b Staining and  
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Aggressive Treatment 
of Conventional risk 
factors and CV Events  
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Traditional Risk Factors 
Markers and Imaging Fail in Identifying Vulnerable Patient 

Of 136,905 patients hospitalized with CAD, 77%  
had normal LDL levels below 130 mg/dL 

LDL cholesterol level (mg/dL) 

77% 
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AHA/ACCF Secondary  
Prevention and Risk Reduction 
Therapy for Patients With Coronary 
and Other Atherosclerotic Vascular 
Disease: 2011 Update 
A Guideline From the American Heart 
Association and American College of 
Cardiology Foundation 

Smith et al: JACC 58:2432, 2011 

Applying Classification of Recommendation 
and Level of Evidence 

Areas for Intervention 
• Class I 
• Smoking 
• Blood Pressure 
• Lipid Management 
• Physical Activity 

 
• Lipid Management 
• Physical Activity 
• Weight Management 
• Type 2 Diabetes Management 
• Antiplatlet Agent 



©2014 MFMER  |  3319523-10 

How to Assess the Risk of the Patient 

• The test should make a scientific sense 
• Participate in the disease process 
• A marker at different disease stages  
• Reflects Reversibility 
• Serves as a risk factor not only as a risk 

marker 

Surrogate risk markers 
 Hypercholesterolemia 

Hypertension 
Smoking 
Diabetes 

biomarkers 
 

Direct Imaging of the disease 
Carotid US 

Coronary Calcium 
Endothelial function 
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Multifunctional Nitric Oxide 

SMC proliferation 

Vascular smooth  
muscle relaxation and  
decrease permeability 

Leukocyte adhesion 
and  Macrophages  

infiltration 

Reduction in 
lipid peroxidation 

Down-regulation of 
oxidative enzymes 

O2 LOO 

Platelet 
reactivity 

Endothelial 
Function 

EPC function 
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Diagnostic 
angiography 

Adenosine IC 
24-72 µg 

Acetylcholine 
(endothelium 
dependent  
vasodilator) 

Functional Angioram Protocol 
CFR: Non 

endothelium 
microcirculation 

Epicardial 

Microcirculation 
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Reactive Hyperemia: Endothelium Dependent 
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How to Assess the Risk of the Patient 

Inadequate therapy 
 

On going CV risk 
Unrecognized CV risk 

 
 

Endothelial dysfunction represent ingoing risk 
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58-yo. man with CAD Recent NSTEMI with PCI with 
DES in the LAD 

What is the residual risk of this patient? 

• Stent thrombosis and restenosis 

• CV events. 

• Unrecognized risk factors 

• Optimal medical therapy 

What evidence do we have to support it? 
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Effects of Endothelial Dysfunction on Residual Platelet 
Aggregability After Dual Antiplatelet Therapy With Aspirin and 
Clopidogrel in Patients With Stable Coronary Artery Disease 

High residual platelet reactivity (high RPR) 
after dual antiplatelet therapy is associated 
with increased cardiovascular events 

103 patients who lacked CYP2C19*2 or *3 
loss-of-function allele to minimize the effect of 
this gene on high RPR were studied 

Reactive hyperemia index was significantly 
lower in high RPR patients compared with 
non-high RPR 

In patients with stable coronary artery 
disease, endothelial function was significantly 
impaired in high RPR patients. Endothelial 
dysfunction is independently correlated with 
high RPR after dual antiplatelet therapy 
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With High Residual Platelet Reactivity  

(High RPR) and Non-High RPR 

Non-high-RPR 
n=50 

E
nd

ot
he

lia
l 

High-RPR 
n=53 

Relationship Between Reactive Hyperemia 
Index and P2Y12 reaction unit 

0
100
200
300
400
500

0,0 0,2 0,4 0,6 0,8 1,0 1,2

P
R

U
 

RHI 

P<0.001 

y=-155.4x + 320.21 
R2=0.10444 



©2014 MFMER  |  3319523-18 

58-yo. man with CAD Recent NSTEMI with PCI with 
DES in the LAD 

What is the residual risk  of this patient? 

• Stent thrombosis and restenosis 

• CV events. 

• Unrecognized risk factors 

• Optimal medical therapy 

What evidence do we have to support it? 
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Cardiac Events in Patients with Abnormal 
Endothelial Function with EndoPAT and 

Low FRS 

Rubinshtein and Lerman: Euro Heart J, 2010 
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Matsuzawa et al: J Am Heart Assoc, 2013 

R
H

I 

P<0.0001 

RHI and Cardiovascular Events in 442 CAD Patients 
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P<0.0001 
Abnormal endothelial dysfunction; n=233, 
cardiovascular events = 78 (33.5%) 
Normal endothelial function; n=209, cardiovascular 
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High SYNTAXsc and abnormal endothelial function 
High SYNTAXsc and endothelial function 
Low SYNTAXsc and abnormal endothelial function 
Low SYNTAXsc and endothelial function 

P=0.0003 

P=0.0010 
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a) Prospective study in 528 stable patients at high 
risk for cardiovascular events. Endothelial 
function (RHI) was measured before coronary 
angiography, and coronary complexity was 
assessed by SYNTAXsc.  After optimal 
therapies including coronary revascularization, 
there was follow-up with patients 

b) Advanced endothelial dysfunction significantly 
correlated with near-future cardiovascular 
events in high-risk patients. This physiological 
vascular measurement improved risk 
determination when added to the FRS, BNP, 
and SYNTAXsc 
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Hirata et al: Int J of Card, 2014 

• 383 CKD patients with at least one coronary risk 
factor.  Peripheral endothelial function was 
assessed by reactive hyperemia peripheral 
arterial tonometry index (RHI). 
 

•  Endothelial function was significantly impaired in 
CKD patients and correlated with the presence of 
CAD.  

• Severe endothelial dysfunction was an 
independent and incremental predictor of 
cardiovascular events in CKD 

All CKD 
patients 
(n=383) 

High-Ln-RHI 
patients 
(n=167) 

Low-Ln-RHI 
patients 
(n=216) 

Age (years) 72.0 72.2 71.8 
Sex (male, %) 64.2 62.3 65.7 
BMI (kg/m2) 24.3 24.3 24.2 
Hypertension (yes, %) 90.6 93.4 88.4 
DM (yes, %) 44.9 44.3 45.4 
Dyslipidemia (yes, %) 83.0 82.6 83.3 
LVEF (%) 62.1 (7.4) 62.2 (7.1) 61.9 (7.6) 
Hs-CRP (mg/dL) 0.08 0.07 0.08 
eGFR (mL/min/1.73 m2) 49.4 (12.9) 50.1 (12.1) 48.9 (13.5) 
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Kaplan-Meier Analysis Demonstrated a Significantly 
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in patients with endothelial dysfunction 
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Systemic Manifestation of Endothelial Dysfunction 
The Vulnerable Patient 

HF with preserved EF 

Stroke/TIA’s 

Renal failure 

Erectile dysfunction 

Sleep apnea 

Dementia 

Metabolic Syndrome 

PCO 

Rheumatoid disease 

Atrial Fibrillation 

Osteoporosis 

Periodontitis 
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120 patients randomly assigned  with 
severe periodontitis to community-
based periodontal care or intensive 
periodontal treatment.  
 
Endothelial function, as assessed by 
measurement of the diameter of the 
brachial artery during 
flow (flow-mediated dilatation), and 
inflammatory biomarkers and markers 
of coagulation and endothelial 
activation were evaluated before 
treatment and follow up. 

Endothelial function 
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58-yo. man with CAD Recent NSTEMI with PCI with 
DES in the LAD 

What is the residual risk  of this patient? 

• Stent thrombosis and restenosis 

• CV events. 

• Unrecognized risk factors 

• Optimal medical therapy 

What evidence do we have to support it? 
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a) Endothelial function was assessed in 213 CAD 
patients who had already achieved LDL-C <100 by 
statin therapy. Patients were followed for secondary 
CAE for a median of 2.7 years 

Variables 

Normal 
Endothelial 

Function 
Endothelial 
Dysfunction 

Blood pressure 
(mm Hg) 
Systolic  134.0±19.5 130.5±16.2 
Diastolic    75.1±10.3   74.6±10.3 
Risk factors (%) 
Medications (%) 
ACE-I/ARB  73 (73.7)    80 (70.2) 
Beta blocker  65 (65.7)    67 (59.8) 
Calcium channel 
blocker  42 (42.4)    46 (40.4) 

Aspirin 99 (100) 114 (100) 
Thienopyridine  22 (22.2)    34 (29.8) 

High-sensitive 
CRP (ng/mL) 

           381 
(221.0-
621.5) 

            376 
(245.5-
708.0) 

T-C (mg/dL)  145.1±17.7 144.7±18.8 
TG (mg/dL)  119.0±45.6 118.9±39.9 
HDL-C (mg/dL)    50.3±11.4  52.0±11.7 
LDL-C (mg/dL)    70.9±13.8  69.0±12.9 
LDL-C <70 mg/dL 
(%)  44 (44.4)    60 (52.6) 

b) FRF alone failed to predict future secondary CAE in 
patients with CAD treated with statin. However, 
adding endothelial function measurement to FRF in 
the logistic regression model significantly improved 
the predictive ability for future CAE 

0,0

0,2

0,4

0,6

0,8

1,0

0 200 400 600 800 1.0001.200

Kaplan-Meier Survival Curves of CAD 
Patients with  

endothelial dysfunction 

Receiver-Operating 
Characteristic Curves of 

Framingham Traditional Risk 
Factors Only 

Time (days) 1-specificity 

C
A

E
 ra

te
 

S
en

si
tiv

ity
 Endothelial dysfunction 

Normal endothelial  
function 

FRF only  
(95% CI 0.46-0.73) 
FRF + eGFR  
(95% CI 0.60-0.82) 
FRF + eGFR +L_RHI 
(95% CI 0.67-0.86) 

Matsue et al: Atherosclerosis 232:186, 2014 
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Non-Invasive Detection of Risk for Emotion Provoked 
Myocardial Ischemia 

Mental 
stress 

0,0

0,2

0,4

0,6

0,8

1,0

1,2

(-) MSI (+) MSI

0.91±0.05 
* 
0.76±0.04 

Patient in a PET 
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Can We use Endothelial Function to 
Individualize Therapy? 
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Endothelial Function Comparison Between First 
and Second Test in CAD Patients on OMT 

Kitta Y et al: J Am Coll Cardiol 53:323, 2009 
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Event-Free Survival and Endothelial Function 

Kitta Y et al: J Am Coll Cardiol 53:323, 2009 
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Endothelial Function can Reclassify Risk of Patients 

Low CV risk 
0-1 risk factors 

LDL-C goal 
<160 mg/dL 

High CV risk 
CAD, or CAD 
risk equivalent 

LDL-C goal 
<100 mg/dL 
Additional Rx 

Very high 
CV risk 

LDL-C goal 
<70 mg/dL 

Additional Rx 

Moderate 
CV risk 

2+ risk factors 

LDL-C goal 
<130 mg/dL 

Endothelial 
function 

1,016 subjects, the overall net 
correct reclassification 31% 

3,026 of 6,814 subjects 
in MESA,  The overall net 
correct reclassification 29% 

Normal Abnormal 
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• FMD of the BA and PAT are 
noninvasive measures of 
endothelial function 

 

 

• Conclusion: Brachial FMD and 
PAT are independent predictors of 
CV events and all-cause mortality.   

Xu et al: Eur Heart J, 2013 
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Endothelial Dysfunction in Secondary Prevention 

Hypercholesterolemia Smoking Hypertension Age Diabetes 

PLT reactivity 

Sleep Apnea 

Inflammation 

Mental stress 

Ongoing CV risk and Events 

Normal endothelial Function Endothelial Dysfunction 

Metabolic syndrome  

Continue current 
management 

Modify current 
management 

Ongoing 
Vascular injury  
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YOU ARE ONLY AS OLD AS YOUR BLOOD VESSELS 
Sir William Osler, Father of Modern Medicine 
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