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Multiple Risk Factors

* 58-y.0. man with CV risk factors.
 History of HTN and hyperlipidemia

e Quit smoking 20 years ago

* Normal cardiac examination

* On Atrovostatin 80mg and baby ASA
« Mildly overweight BMI = 28.5 kg/m?
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Laboratory

e 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.0. man with CV risk factors.
 History of HTN and hyperlipidemia

e Quit smoking 20 years ago

* Normal cardiac examination

* On Atrovostatin 80mg and baby ASA
 Mildly overweight BMI = 28.5 kg/m?

Recent NSTEMI with PCI with DES in the LAD

MAYO
CLINIC
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Early Intensive vs Delayed Conservative
Simvastatin Strategy in Patients With

Acute Coronary Syndromes
Ato Z Trial

JAMA 292:1307, 2004

* 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

20 -
<)
S Placebo (81 mg/d)
~~ 15 -
Q
e
© . :
= Simvastatin (66 mg/d)
Q 10 -
=
<
>
£ 97
8 HR 0.89 (95% CI 0.76-1.04)
P=0.14
0

0 4 8 12 16 20 24
Months from randomization

Intensive vs Moderate Lipid Lowering
With Statins After Acute Coronary
Syndromes

PROVE-IT

NEJM 350(15):1495, 2004

* 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)

40 mg of pravastatin

80 mg of atorvastatin

Death or major CV event (%)

15 - } %
LDL 106 mg/dL
10 -
5-
P=0.005
or—
0 3 6 9 12 15 18 21 24 27 30

Months of follow-up
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ARTICLE

Myocardial infarction accelerates
atherosclerosis

"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 M
changes the course of
atherosclerotic disease, imaged
plaque activity in aortic plagues
of Apoe -/- mice, before and 3
weeks after coronary ligation."
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Residual Cardiovascular Risk Despite

AggreSSive_ Treat_ment Intervention in Primary and Secondary
of Conventional risk Prevention Trials

factors and CV Events l I I I I l
e \fq r_.'?e'% ‘%qg qg_‘l:?.-q:'FI Qé@gs"

qj.ﬂ'
Cardiovascular Mortality in <
Secondary Preventlon Studles N 4444 a014 4158 20,536 6585 6605

=36% =25% —28% -20% -26% =27%

=

o 8 &3 8 8

Patients Experiencing
Major Coronary Events, %

Secondary High Risk Primary

Mortality (%)

CARE CARE LIPID LIPID
(P) (P40}
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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

MACE (%)

LDL cholesterol level (mg/dL)

All
=== Culprit lesion (CL) related)

Non-culprit lesion (NCL) related
Indeterminate

13.2%

18.1%

11.4%

CV events (no./day)

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

— With biomarkers
— Without biomarkers

0,4 0,6 0,8 1,0
1-specificity

Cardiovascular Events during World Cup
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AHA/ACCF Secondary

Prevention and Risk Reduction

Therapy for Patients With Coronary
and Other Atherosclerotic Vascular

Disease: 2011 Update

PRACTICE GUIDELINE

A Guideline From the American Heart
Association and American College of
Cardiology Foundation

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

Endorsed by the World Heart Federation and the Preventive Cardiovascular Nurses Association
Sidney C. Smith, Jr, MD, FAHA, FACC, Chair; Emelia J. Benjamin, MD, ScM, FAHA, FACC;
Robert O. Bonow, MD. FAHA, FACC: Lynne T. Braun, PhD, ANP, FAHA;

Mark A. Creager, MD, FAHA, FACC: Barry A. Franklin, PhD, FAHA;

Raymond J. Gibbons, MD, FAHA, FACC; Scott M. Grundy, MD, PhD, FAHA;

Loren F. Hiratzka, MD, FAHA, FACC; Daniel W. Jones, MD, FAHA:

Donald M. Lloyd-Jones, MD, ScM, FAHA, FACC; Margo Minissian, ACNP, AACC, FAHA;
Lori Mosca, MD, PhD, MPH, FAHA; Eric D. Peterson, MD, MPH, FAHA, FACC;
Ralph L. Sacco, MD, MS, FAHA: John Spertus, MD, MPH, FAHA, FACC;

James H. Stein, MD, FAHA, FACC; Kathryn A. Taubert, PhD, FAHA

ince the 2006 updal; of the American Heart Associa-

S :

tion (ACCF) guidel

ondary p.mmmn .

important evidence from clinical trials has emerged that
further supports and broadens the merits of intensive risk-
tablished coronary and

luding peripheral

pmu to expand the title of this guideline to “Secondary
Prevention and Risk Reduction Therapy for Patients With
Coronary and Other Atheroscleratic Vascular Dis
deed, the growing body of evidence confirms that
with atherosclerotic vascular disease. comprehensive risk
factor management reduces risk as assessed by a variety of

outcomes, including improved survival, reduced recurrent
events, the need for revascularization procedurcs, and
improved quality of life. It is important not only that the

provider i these ions in
appropriate patients but also that healtheare systems sup-
port this implementation to maximize the benefit to the
patient.

Compelling evidence-hased results from recent clinical
trials and revised practice guidelines provide the impetus for
this update of the 2006 recommendations with evidence-
based results (2-165) (Table 1). Classification of recommen-
dations and level of evidence are expressed in ACCF/IAHA
format, as detailed in Table 2. Recommendations made herein
are largely based on major practice guidelines from the
National Institutes of Health and updated ACCF/AHA prac-
tice guidelines, as well as on results from recent clinical trials.

The American Heart Ass

relationship or a personal, profes:

ta complete and submit a Disclosure Quest
This document was approved by the A

hat may arise as a result of an outside
embers of the writing group are required
real or potential conflicts of interest,

‘on October 5, 2011, and by the

American College of Cardiology Foundation Board of Trustees on September 29, 201 1

The American Heant Association requests that this document be cited as follows:
Franklin BA, Gibbons RJ, Grundy SM. Hiratzka LF, Joncs DW, Lloyd-Joncs DM
Tasbert KA. AHAIACCF secondary prsvemion and i reducion terapy for o

o (my. americanheart org) and the American College
1 kelle.ramsay @ wolterskluwer.com.
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ESTIMATE OF CERTAINTY (PRECISION) OF TREATMENT EFFECT

Applying Classification of Recommendation

and Level of

LEVEL A

Multiple populations
evaluated*

Data derived from multiple
randomized clinical trials
or meta-analyses

LEVEL B

Evidence

SIZE OF TREATMENT EFFECT

CLASS lla cuss Ib

Benelit >> Risk = M

Additional studies with |

focused objectives needed objectives nudad;LMM
IT IS REASONABLE to per-  [egistry data would be helpful
form procedure/administer Procedure/Treatment
treatment 'MAY BE CONSIDERED

w Recommendation in favor  m Recommendation’s

of treatment or procedure
being useful/eflective

m Some conflicting evidence
from multiple randomized
trials or mela-analyses

m Recommendation in favor

Areas for Intervention
* Lipid Management

* Physical Activity

*  Weight Management

Class |
Smoking

Blood Pressure
Lipid Management
Physical Activity

Limited populations cliieatmontorpreccde
evaluated® being useful/efective
D rived | m Some conflicling
ata derived from a evidence from single
single randomized trial randomized trial or
or nonrandomized studies nonrandamized studies
LEVEL C = Recommendation in favor
Very limited populations. of treatment or procedure
evalualed® being useful/etective
olaxpaa caso sliles or standard of care
Suggested phrases for should Is reasonable may/might be considered COR lI: COR Iz
vritng is can be be Mo Benefit Harm
s indicated is probably recommended usefulness/efiectiveness is is not potentially
s usefuleffective/beneficial or indicated tain harmful
0r not wol estabiishad is not Indicated causes harm
should not be associated with
performed/ excess morbid-
Exm o treatment/strategy Ais . nalmamlsmgy_ﬁ. is ptI:hably administered! ty/mortality
preference to reatment B preference ta treatment B other should not be
treatment A should be chosen itis reasonable to choose is not usefulf performed’
over treatment B treatment A over treatment 8 beneficiall administered/
effective ather

Type 2 Diabetes Management
Antiplatlet Agent

Smith et al: JACC 58:2432, 2011
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How to Assess the Risk of the Patient

Surrogate risk markers Direct Imaging of the disease
Hypercholesterolemia Carotid US

Hypertension Coronary Calcium
Smoking

Diabetes Endothelial function

biomarkers

MAYO
CLINIC

NeZ

* The test should make a scientific sense

» Participate in the disease process

» A marker at different disease stages

» Reflects Reversibility

e Serves as a risk factor not only as a risk
marker

©2014 MFMER | 3319523-10



Multifunctional Nitric Oxide

Vascular smooth EPC function
muscle relaxation and ﬂ M M
decrease permeability \ T / SMC proliferation
- . X 2
e e 0: “ "
A%
Platelet @ Leukocyte adhesion
ﬂ reactivity and Macrophages
infiltration
@oz ﬂLoo
Down-regulation of Reduction in
oxidative enzymes lipid peroxidation
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Diagnostic Adenosine IC CFR: Non ‘
angiography 4-72 ug endothelium /&

B By = —r

PR ey | 5
Acetylcholine
(endothelium

dependent
vasodilator)

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

2 i
e "
e T

Endothelial dysfunction represent ingoing risk

On going CV risk
Inadequate therapy “ Unrecognized CV 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?

MAYO
CLINIC

NeZ
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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

Endothelial Function Index in Patients

With High Residual Platelet Reactivity
Effects of Endothelial Dysfunction on Residual (ngh RPR) and Non'High RPR
Platelet Aggregability After Dual Antiplatelet Therapy 1.0 -
With Aspirin and Clopidogrel in Patients With Stable _ ! P<0.001
Coronary Artery Disease @ 0’8 -
Ql omi Iwas| h.t MT Hitosl h‘ Su ncl MD PhD Sei | anln 01O, Ml’) PID ) _8 0’4 A
High reS|duaI platelet reactivity (high RPR) ch 0,2 -
after dual antiplatelet therapy is associated 00 -
with increased cardiovascular events ’ . .
e ——————— Non-high-RPR High-RPR
103 patients who lacked CYP2C19*2 or *3 n=50 n=53
loss-of-function allele to minimize the effect of : : . .
this gene on high RPR were studied Relationship Between Reactl\_/e Hyperemla
. “RPR (00 raio, 055: 957 confiden S = g |ndeX and P2Y12 reaction unit
| Reactive hyperemla index was S|gn|f|cantly 500 - o y=-155.4x + 320.21
lower in high RPR patients compared with 400 - o, 0 g 8° R=010444
non hlgh RPR % °3%
Ty T ST ST e TR T a 300 - &%
In patients W|th stable coronary artery a 200 -
disease, endothelial function was significantly 100 -
impaired in high RPR patients. Endothelial
dysfunction is independently correlated with 0 - - - - - -
high RPR after dual antiplatelet therapy 00 02 04 06 08 10 1,2
RHI
MAYO
CLINIC

: ©2014 MFMER | 3319523-17



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?

MAYO
CLINIC

;\-/E ©2014 MFMER | 3319523 -18



Cardiac Events in Patients with Abnormal
Endothelial Function with EndoPAT and

Low FRS
60 -
= .
= E’\./ Endothelial
= o dysfunction
< 8 40
% c
o9
G 2
O _
G ‘§ 20 Normal
oo endothelial function
O 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
Years from EndoPAT study
MAYO Rubinshtein and Lerman: Euro Heart J, 2010
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ORIGINAL RESEARCH

7 O

i

Amaricar n
Hearl
Aasociation o

[

Peripheral Endothelial Function and Cardiovascular Events
in High-Risk Patients

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

RHI and Cardiovascular Events in 442 CAD Patients

_’]_10 - === High SYNTAXsc and abnormal endothelial function } P=0.0003
=== High SYNTAXsc and endothelial function '
=== ow SYNTAXsc and abnormal endothelial function } P=0.0010
018 | == Low SYNTAXsc and endothelial function
0,6 -

0,4
0,2

0,0
NN 0 1 2 3 4

(7y) Follow-up time (yr)

Cardiovascular
events rate

0,8

0,6

RHI

0,4
0,2

0,0

Cardiovascular
t

0,0

0,00

P<0.0001

CV events (-) CV events (+)

P<0.0001

== Abnormal endothelial dysfunction; n=233,
cardiovascular events = 78 (33.5%)

== Normal endothelial function; n=209, cardiovascular
events = 24 (11.5%)

1,00 2,00 3,00 4,00 5,00
Follow-up (yr)

Matsuzawa et al: 3 Am Heart Assoc, 2013
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Risk Factors in Patients Post PCI for ACS
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Endothelial function and Cardiovascular Events in Chronic Kidney Disease

Yoshihiro Hirata, MD *, Seigo Sugiyama, MD, PhD ***, Eiichiro Yamamoto, MD, PhD *,

Caplan-Meier Analysis Demonstrated a Significantly
Higher Probability of Cardiovascular Events
in patients with endothelial dysfunction

» 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 High-Ln-RHI | Low-Ln-RHI
patients patients patients
(n=383) (n=167) (n=216)

Age (years) 72.0 72.2
Sex (male, %) 64.2 62.3
BMI (kg/m?) 24.3 24.3
Hypertension (yes, %) 90.6 93.4
DM (yes, %) 44.9 44.3
Dyslipidemia (yes, %) 83.0 82.6
LVEF (%) 62.1 (7.4) 62.2 (7.1)
Hs-CRP (mg/dL) 0.08 0.07
%{ﬁ:ﬂsGFR (mL/min/1.73 m?) 49.4 (12.9) 50.1 (12.1)

NeZ

718
65.7
24.2
88.4
45.4
83.3

61.9 (7.6)
0.08
48.9 (13.5)

1,0 - Normal
=
% 0,8 -
2o
b= © 0,6 -
L a
>
ED 04 -
O= Endothelial dysfunction
o 02 4
% P<0.001
0,0 T T T s
0 20 40 60 80

Time (months after enroliment)

Endothelial function was Significantly Lower in
Patients With Cardiovascular Events
Than Without Cardiovascular Events

P<0.001
0,8 N I
_ 0,6 -
T
X 04 -
[
-
0,2 -
0,0
Cardiovascular Cardiovascular
event (-) event (+)
(n=293) (n=90)

Hirata et al: Int J of Card, 2014
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Systemic Manifestation of Endothelial Dysfunction
The Vulnerable Patient

Periodontitis
Stroke/TIA's Sleep apnea
Dementia
HF with preserved EF
Renal failure
Metabolic Syndrome Atrial Fibrillation
Erectile dysfunction PCO

Osteoporosis

Rheumatoid disease

MAYO
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A
W ENGLAND JOURNAL o aEDICIN S . Endothelial function
ORIGINAL ARTICLE ;'\(; Bl
E o Intensive-treatmerjfgroup
Treatment of Periodontitis =
and Endothelial Function 2; i
Maurizio . Tonetti, D.M.D., Ph.D., Francesco D'Aiuto, D.M.D., Ph.D., 5 67
Mohamed Pakon M Pl Jean Svan, M e Aroan > Hingoran,Ph.0. - Controlreatment group
Patrick Vallance, M.D., and John Deanfield, M.B., B.Chir. é
.
120 patients randomly assigned with ° TBaseine  Dayl  Dayz 1Mo 2Mo  6Mo
severe periodontitis to community- Study Period
based periodontal care or intensive B
periodontal treatment. 3 N Control-treatment group
£
Endothelial function, as assessed by e
measurement of the diameter of the B o] et
brachial artery during 3
flow (flow-mediated dilatation), and %3 5-
inflammatory biomarkers and markers £
of coagulation and endothelial " haseline  Dayl  Dmyz 1Mo 2Mo  6Mo
activation were evaluated before Study Period

treatment and follow up.
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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?

MAYO
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Contents lists available at ScienceDirect

Normal
Endothelial
Function

Atherosclerosis

Endothelial
Dysfunction

journal homepage: www.elsevier.com/locate/atherosclerosis

Variables

Peripheral microvascular dysfunction predicts residual risk in
coronary artery disease patients on statin therapy

® CrossMark

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

Kaplan-Meier Survival Curves of CAD

1,0

0,8 -

CAE rate

0,2

0,0

0,6 -

0,4 -

0 200 400 600 800 1.0001.200

Patients with
endothelial dysfunction

=== Normal endothelial
function

=== Endothelial dysfunction

Time (days)

Sensitivity

1,0

0,8 -

0,6 -

04 -

0,2 A

0,0 ¥

Receiver-Operating
Characteristic Curves of
Framingham Traditional Risk

Factors Only

= FRF only

(95% Cl 0.46-0.73)

— FRF + eGFR

(95% CI 0.60-0.82)

== FRF + eGFR +L_RHI

(95% CI 0.67-0.86)

0,0

0,2

0,4

06 08 10

1-specificity

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

MAYO
CLINIC
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the predictive ability for future CAE

Blood pressure
(mm Hg)

Systolic
Diastolic

Risk factors (%)
Medications (%)
ACE-I/ARB
Beta blocker

Calcium channel
blocker

Aspirin
Thienopyridine
High-sensitive
CRP (ng/mL)
T-C (mg/dL)
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)

LDL-C <70 mg/dL

(%)

134.0+£19.5
75.1+10.3

73 (73.7)
65 (65.7)

42 (42.4)

99 (100)
22 (22.2)

381
(221.0-
621.5)

145.1+17.7
119.0+45.6
50.3+11.4
70.9+13.8

44 (44.4)

130.5+16.2
74.6+10.3

80 (70.2)
67 (59.8)

46 (40.4)

114 (100)
34 (29.8)

376
(245.5-
708.0)

144.7+18.8
118.9+39.9
52.0+11.7
69.0+12.9

60 (52.6)

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

Endothelial Function: EndoPAT

(-) MSI (+) MSI
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Can We use Endothelial Function to
Individualize Therapy?

Journal of the American College of Cardiology Vol. 40, No. 3, 2002
© 2002 by the American College of Cardiology Foundarion 185N 0735-1097/02/$22.00
Published by Elsevier Science Inc. PII S0735-1097(02)01976-9

Women and Cardiovascular Disease

Prognostic Role of Reversible Endothelial
Dysfunction in Hypertensive Postmenopausal Women

Maria G. Modena, MD, FESC, FACC, Lorenzo Bonetti, M D, Francesca Coppi, MD,
Francesca Bursi, MD, Rosario Rossi, MD

Modena, Italy

Journal of the American College of Cardiology Yal. 53, No. 4, 2009
£ 2009 by the Amernican College of Cardiolegy Foundation IS5M 0735-1097/09/$36.00
Published by Elsevier Ine. doit 10,1016/ jace 2008.08.074

Persistent Impairment of Endothelial
Vasomotor Function Has a Negative Impact
on Outcome in Patients With Coronary Artery Disease

Yoshinobu Kitta, MD, PuD, Jyun-ei Obata, MDD, PuD, Takamitsu Nakamura, MD,

Mitsumasa Hirano, MD, Yasushi Kodama, MD, Daisuke Fujioka, MD, PHD, Yukio Saito, MD,
Ken-ichi Kawabata, MD, PuD, Keita Sano, MD, Tsuyoshi Kobayashi, MDD, Toshiaki Yano, MD,
Kazuto Nakamura, MD, PHD, Kiyotaka Kugiyama, MD, PHD

Yamanashi, _,’({rbun
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Endothelial Function Comparison Between First
and Second Test In CAD Patients on OMT

12 -

10 -

oo
]

FMD (%)
(@)

1st test 2nd test 1st test 2nd test

Persistently impaired Improved Endothelial Funciton
Endothelial Function (n=104) (n=147)

MAYO Kitta Y et al: 3 Am Coll Cardiol 53:323, 2009
CLINIC

NeZ
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Event-Free Survival and Endothelial Function

Improved endothelial function

1,0
| e | -
- 08 -
c ’
g =
) '.CEG 06 - Persistently endothelial dysfunction
v
= Similar reduction in risk factors
C o
= 0,4 -
)
EQ
s
@) 0,2 -
P<0.01
0,0 l . .
0 10 20 30
Months after enrollment
MAYO Kitta Y et al: J Am Coll Cardiol 53:323, 2009
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Endothelial Function can Reclassify Risk of Patients

Endothelial Function in Resistance and Conduit Arteries
and 5-Year Risk of Cardiovascular Disease

Lars Lind, MD, PhD; Lars Berglund, PhD; Anders Larsson, MD, PhD; Johan Sundstrim, MD, PhD . Mod erate g U
Background—Impaired endothelial function has been implicated as a cause of cardiovascular disease. Litle is known of L OW CV r I S k CV rl S k gIA?S (C)YCrIASID( Very h I g h
)
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Endothelial Dysfunction in Secondary Prevention
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YOU ARE ONLY AS OLD AS YOUR BLOOD VESSELS
Sir William Osler, Father of Modern Medicine
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