Screening and management of
asymptomatic cardiovascular disease
|n dla{a,gtlc patients
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Case

Coronary angiogram




Case

Coronary angiogram




Screening and management for
coronary artery disease (CAD)

= Which patients among asymptomatic
diabetics are at increased risk and
should be screened?

» What are the implications of an early
diagnosis of CAD?

= What tests should be considered?



Q: Which patients among
asymptomatic diabeftics are at
Increased risk and should be

screened?
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Cardiac outcomes after screening for
asymptomatic coronary artery disease in
study




Ischemic ECG Changes




Primary End Point
- Cardiac Death and Heart Attacks -




Secondary End Points
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Impact of Diabetes on the Risk Stratification Using Stress
Single-Photon Emission Computed Tomography Myocardial

Perfusion Imaging in Patients With Symptoms Suggestive of
Coronary Artery Disease

Normal Perfusion by MPI images
Non-Diabetics

e

7
Diabetics

Log Rank Statistic=18.28
.90% p<0.0001

.85%

% Cardiac Survival

0.0 5 1.0 1.5 20 25 30

~ Follow-up (Years)



Clinical clues identifying diabetic patients
with increased risk for CV death

* Atherosclerotic vascular disease

* Renal disease

= Abnormal ECG findings

» Diabetic complications (autonomic neuropathy
and retinopathy)

= Hyperglycemia

= Age (>65 y in type 2 diabetes) and sex (male)

* Unexplained dyspnea

= Multiple cardiac risk factors (HTN, dyslipidemia,
smoking, obesity, etc.)
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Detection of Silent Mgocardiul Ischemia
& & @& =] @
in Asymptomatic Diabetic Subjects
The DIAD study

FRANS J.TH. WACKERS, Mp! GARY V. HELLER, MD” for abnormal tests were abnormal Valsalva [

3 LAWRENCE H. YOUNG, mp! NEiL FILIPCHUK, Mp® (odds ratio [OR] 5.6), male sex (2.5}, and di-
A . Snvio E. INzuccH, MD? SAMUEL ENGEL, MD® abetes duration (3.2). Other traditional car-
' tT:‘ ~ DEBORAH A. CHYUN, PHD" ROBERT E. RATNER, Mp'* diac risk factors or inflammatory and

l"}\.l‘\" JANICE A. DAVEY, MsN' Ami E. ISKANDRIAN, Mp"! prothrombotic markers were not predictive. | \
"“_c %‘ < ‘_ " EUGENE J. BARRETT, mp* FOR THE DETECTION OF ISCHEMIA IN Ischemic adenosine-induced ST-segment de-
'.Z_' \".2‘ 0N RAYMOND TAILLEFER. MDS AsYMPTOMATIC DiABETICS (DIAD) nression with normal nerfusion (n = 21) was
' ‘.’ -\‘:l: [ ] [ ] [ ] [ ] [ ]
- Traditional and emerging cardiac risk factors
3 y 1 :n‘_. n Ll
- were not associated with abnormal stress tests.

oL N
1 &
| WBJENIIVE — 10 assess Ne Prevalence and Cinical preaictors ol SUent Myocardial 1scnema
~ in asymptomatic patients with type 2 diabetes and to test the effectiveness of current American
| Diabetes Association screening guidelines.
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ischemia occurs in greater than one in five
asymptomatic patients with type 2 diabetes.
Traditional and emerging cardiac risk factors

RESEARCH DESIGN AND METHODS — In the Detection of Ischemia in Asymptom- ~ Were not assoclated with abnormal stress tests,
atic Diabetics (DIAD) study, 1,123 patients with type 2 diabetes, aged 50—75 years, with no although cardiac autonomic dysfunction wasa '
known or suspected coronary artery disease, were randomly assigned to either stress testingand ~ strong predictor of ischemia. .
5-year clinical follow-up or to follow-up only. The prevalence of ischemia in 522 patients

randomized to stress testing was assessed by adenosine technetium-99m sestamibi single- Diabetes Care 27:1954-1961, 2004
photon emission—computed tomography myocardial perfusion imaging. i
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RESULTS — A total of 113 patients (22%) had silent ischemia, including 83 with regional
myocardial perfusion abnormalities and 30 with normal perfusion but other abnormalities (i.e., oronary artery disease (CAD) is the |§
adenosine-induced ST-segment depression, ventricular dilation, or rest ventricular dysfunc- leading cause of death in patients )
tion). Moderate or large perfusion defects were present in 33 patients. The strongest predictors with diabetes (1). Myocardial isch- «*
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Q: Which asymptomatic
diabetes should be screened
for occult CAD?

A: “Challenging!”

Greater likelihnood of CAD in asymptomatic diabetes includes

v Evidence of PAD
v DM complications
v' Abnormal ECG
v' Symptoms of dyspnea

2011 ADA recommendation in CAD screening

“In asymptomatic patients, routine screening for CAD is not
recommended, as it does not improve outcomes
as long as CVD risk factors are treated. (A)”
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“In all patients with diabetes, cardiovascular risk factors
Should be assessed at least annually. These risk factors
include dyslipidemia, hypertension, smoking, a positive family
history of premature coronary disease, and the presence of
micro- or macroalbuminuria. Abnormal risk factors should be
freated as described elsewhere in these guidelines.

Patients at increased CHD risk should receive aspirin and a
statin and ACE inhibitor or ARB therapy if hypertensive,
unless there are contraindications to a particular drug class.”

2011 ADA recommendations
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Improved Survival in Asymptomatic Diabetic Patients With High-Risk
SPECT Imaging Treated With Coronary Artery Bypass Grafting
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Survival Free of Death from
Any Cause and Myocardial
Infarction

Mo. at Risk
Medical therapy 1138
Bl 1149

1017 959 334 638 408 192
1013 952 833 637 417 200

Optimal Medical Therapy with or without PCI for Stable
Coronary Disease: (COURAGE) trial
- Multivessel or proximal LAD disease -

Medical therapy

Overall Surwvival

Hazard ratio, 0.87; 95% Cl (0.65-1.16); P=0.38

Mo. at Risk
Medical therapy 1138 1073
PClI 1149 10904

1029 917 717 463
1051 929 733 483

e} No. at Risk

s Medical theray
Pc] T T -...':__.:‘h-r-._,__ -

Hazard ratio, 1.07; 95% C| (0.84-1.37); P-0.56

Survival Free of ACS

1025 95 833 662 418 236
1027 957 335 667 431 246

Medical therapy 1138
1149

127
134

D

_q__.::_‘:__i.'l_fe_tjlcal therapy
R R i

Hazard ratio, 1.13; 95% CI (0.89-1.43}; P=0.33

Survival Free of Myocardial

Mo. at Risk
Medical therapy 1138 1019 962 814 B33 409 192
PCI 1149 1015 954 637 418




Mo. of

Baseline Characteristics Patients

Owerall
Sex
Male
Female
Myocardial infarction
Yes
Mo
Extent of CAD
Multivessel disease
Single-vessel disease
Smoking
Current

CCS angina class
Dorl
1 ar
Ejection fraction
=50%
=50%
Age
=65yr
=65yr
Previous CABG
Mo
Yes
Race
White
Nonwhite
Health care system
Canadian
U.S. nonVA
U.5. VA

Hazard Ratio (95% Cl)

1.05 (0.87-1.27)

1.15 (0.93-1.42)
0.65 (0.40-1.06)

0.91 (0.69-1.21)
1.22 (0.93-1.60)

1.04 (0.84-1.30)
1.17 (0.76-1.80)

1.00 (0.71-1.41)
0.99 (0.73-1.32)

1.01 (0.75-1.38)
1.09 (0.85-1.40)

1.14 (0.77-1.70)
1.05 (0.84-1.32)

1.10 (0.83-1.46)
1.00 (0.77-1.32)

1.04 (0.84-1.29)
0.98 (0.52-1.82)

1.08 (0.87-1.34)
0.87 (0.54-1.42)

1.27 (0.90-1.78)
0.71 (0.44-1.14)
1.06 (0.80-1.38)
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Q: What are the implications of
an early diagnosis of CAD?

Before the era of BARI 2D trial results

A: It is likely that asymptomatic diabetes
with very high CAD risk may benefit from
screening and early revascularization.



A randomized trial of therapies for type 2 diabetes
and coronary artery disease
: BARI 2D trial

1%
Enroliment Flow Diagram

Eligible & Enrolled
in BARI 20

M=2368




A randomized trial of therapies for type 2 diabetes
and coronary artery disease
: BARI 2D trial
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A randomized trial of therapies for type 2 diabetes
and coronary artery disease

BARI 2D trial

207 O Medical therapy

9 -
o 405 & B Revascularization
= [ Medical therapy ®
- m 151
= 301 |M Revascularization :_,;
L @
3 2 310
o @
2 10 >
i
= =
g 0 E
3 Mortality Combined Mortality Combined a
p=0.48 p=0.15 p=0.33 p=0.01 0 .
Y Mon-fatal Myocardial infarction Stroke
PCl intended CABG intended X p<0.01 p=NS

NG LU L DT B 23 N
“"‘\“‘“ ERDASIINS Rty 11 o DR AT e
R ' o Y
*
"‘S“'-‘-\ .‘.‘\
Ui,
h \\‘ "l

L Y




A randomized trial of therapies for type 2 diabetes
and coronary artery disease
BARI 2D trial
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Proportion of Panel Members

Guideline ldentifier, Organization(s) Responsible for AGREE With Reported Industry
Year (Ref. #) Guideline Development Country Applied Rigor Score, % Conflicts of Interest Relationships
USPSTF4, 2004 (11) LS. Preventive Services Task Force United States a3 El, DIRp —
USPSTF2, 2009 (12) U.S. Preventive Services Task Force United States 90 El, 5CI 0/23
NZGG, 2003 (13) New Zealand Guidelines Group New Zealand 79 El, FPO, SCI,* DIRp 9/35
AHA1, 2008 (14) American Heart Association United States 76 SCL* DIR, SCIR 8/11
ACCF1, 2007 (15) American College of Cardiology Foundation, United States T4 SCL.* DIR, SCIR* 4/14
American Heart Association
CCs1, 2008 (10) Canadian Cardiovascular Society Canada 59 SCI* 20/23
AHAZ, 2006 (B) American Heart Association United States 57 SCI* DIR, SCIR* 1/4
AHAZ, 2005 (9) American Heart Association United States 57 SCL* DIR, SCIR* 6/12
NCEP, 2002, 2004 National Heart, Lung, and Blood Institute, United States 52 SCL* DIR 6/28
update (16,17) American College of Cardiology Foundation,
and American Heart Association
CAR, 2009 (18) Canadian Association of Radiologists Canada 36 — —_
CCs2, 2009 (19) Canadian Cardiovascular Society Canada 31 sCI* 1/13
ACCF2, 2009 {20) American College of Cardiology Foundation, et al. United States 24 SCL* DIRp, SCIR* 13/29
ACCF3, 2008 (21) American College of Cardiology Foundation, et al. United States 21 SCL* DIRp, SCIR* 15/23
ACCF4, 2006 (22) 21

United States

SC1,* DIRp, SCIR*




» ECG and exercise tolerance testing

» Myocardial perfusion imaging

= Stress echocardiography

» CT calcium scoring

= CT angiography and MR
angiography
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Myocardial perfusion imaging

SPECT in 3 guidelines

PET in 2 guidelines

AHA (2006)

. against any use of MPI| in asymptomatic patients

NCEP (2002, 2004) & ACCF (2009)

. either for intermediate-risk or solely for those at
high risk




Stress echocardiography

= Only in 1 guideline
= For those at high risk
= | imited data in type 2 DM patients

Baseline Peak



CT calcium scoring

* |[n most guidelines (10/14)
= Solely in an intermediate CAD risk population
= Superior at predicting future events

Sensitivity

e
o0

=
o

=
=
A

. AUC (0.94)

ROC Analysis

AucA0.74)

/ e
AAuc (0.60)
¥

'y

F"*

—u -UKPDS

—4— Calcium Score

-4+ Framingham

0.5

1 -Specificity

1

Enm=15mmz —Am=8mn11

Peak CT = 450 Peak CT = 290
__ Score=8x2=16

Score=15x4=60
Total Score = S

Hn x-factor
{Agatston Scoring)

130-199
200-299
300-399

=400



CT angiography and MR
angiography
* |In 4 guidelines, but none of these guidelines
advocated their use.
» |nsufficient data in asymptomatic type 2 DM

.




Advantages and Disadvantages of Coronary CT and MR Angiography
Favorability CT Angiography MR Angiography

Advantages
Time, preference, and Shorter total examination time  Allows combined assessment of function,
comprehensive and preferred by patients perfusion, and viability in the same
assessment session*
Radiation exposure Single breath-hold of only No radiation exposure or use of iodinated
8-10 sect contrast agent*
Resolution Higher spatial resolution Better temporal resolution
Disadvantages
Diagnostic problems and ~ Calcifications can lead to Contraindicated in patients with
confraindications overestimation of stenosis pacemakers and shrapnel located in
biclogically sensitive areas
Use of lodinated contrast agent  Higher costs and less widely avallable

“kar \

Snnsltmtv,r (%)

 Exercise ECG 61 70

~ |Stress echocardiography 79 87
Single-photon emission CT 88 73
Positron emission tomography 91 89
Positron emission tomography/CT 85 83
A CT coronary angiography 98 93




Q: What tests should be
considered for risk
stratification?

Guidelines on risk assessment by imaging of asymptomatic
CAD give conflicting recommendations.

Guidelines recommend to consider testing of asymptomatic
CAD for those with either at intermediate risk (7) or high risk
for having a CAD.

Even though the CAD asymptomatic DM patient is at
iIntermediate risk, routine screening for CAD is not
supported.

The majority of guidelines support the use of coronary CT
calcium scoring.



Q: When is the timing of serial
Imaging assessment In patients
with initially normal tests?

“Warranty”

Prognostic stratification of diabetic patients by exercise echocardiography

B Normal

&l Single vessel distribution 328

30 1 O Multivessel distribution

25.8

15.2

Event rate (%)
=

10

JACC 2001



Clinical Features
Age

Chronic Kidney Disease
Diabetes Duration
Peripheral Vascular Disease
Cardiac autonomic neuropathy Silent Ischemia /
giu-u:lPlesmre Occult Athero
moking sk Enqi ing Catherization
md Testin Catherizatio
wr Framingham Exercise ECG 3 vessel
-8 UKPDS Calcium Score Left main Surgery "
~ Lab Measures Decode Stress echo Proximal LAD [Drug |
~ Cholesterol Others ? SPECT Imaging Others? Eluting it :
~ (LDL and HDL)) Sturrrt? '
Triglycerides
| HemoglobinA1c , l l | .
? hsCRP
? hsTroponin T Lower risk Lower risk Lower risk
Albuminuria 1 lv 1

———«

Intensifylng Lifestyle & Medical Th«e.-ran:n].'r
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Case

Case

Echocardiogram

# KIM CONTROL M/24
I KUMC

Control

14 Feb 02

5:42:43 pm
3V2c-S 72Hz

GEXylF  120mm

Echo
General=1

55dB T1/ 0/1/4
Gain= 12dB  a=1

Store in progress

» 8 1:03:18

HR= 6%bpm




Case

Coronary angiogram

LCA RCA
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DCM?

= First report in 1972 by Rubler et al.
. 4 patients with LV dilatation in the absence
of other causes

* |ndependent risk factor for the development
of HF

. The Framingham Study / NHANES /
Cardiovascular Health Study / UKPDS /
Euro Heart Failure Surveys
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PubMed || Diabetic Cardiomyopathy[Title]

EJRSS Save search Limits  Advanced

Display Settings: ) Summary. 20 per page, Sorted by Recently Added Send to:

/b Limits Activated: Humans, English, Core clinical journals  Change | Remove

Results: 1 to 20 of 27 == First < Pre Pagelzlufz Mext= | Last»>

[ cannabidiol attenuates cardiac dysfunction. oxidative stress. fibrosis. and inflammatory and cell death signaling pathways in

1. diabetic cardiomyopathy.
Rajesh M, Mukhopadhyay P, Batkai S, Patel V, Saito K, Matsumoto 5, Kashiwaya Y, Horvath B, Mukhopadhyay B, Becker L, Hasko
G, Liaudet L, Wink DA, Veves A, Mechoulam R, Pacher P.
J Am Coll Cardiol. 2010 Dec 14;56(25):2115-25. o) cardiomyopathy [k0:rdioumaidp=8i]
PMID: 21144873 [PubMed - indexed for MEDLINE]  Free PMC Article
Related citations

s & _—“\]
b A, (R) \'.'YU\T .\
x4 ‘\3

Altered myocardial substrate metabolism and decreased diastolic function in nonischemic human diabetic cardiomyopathy: studies __\\, e ..'L 2
'S 2

with cardiac positron emission tomography and magnetic resonance imaging.

Rijzewijk LJ, van der Meer RW._ Lamb HJ, de Jong HW. Lubberink M, Romijn JA, Bax JJ, de Roos A, Twisk JW, Heine RJ. Lammertsma ;\k.
AA Smit JW, Diamant M.

J Am Coll Cardiol. 2009 Oct 13;54(16)1524-32.

PMID: 19815124 [PubMed - indexed for MEDLINE]

Eelated citations

Diabetic cardiomyopathy: insights into pathogenesis. diagnostic challenges. and therapeutic options.
Aneja A, Tang WH, Bansilal S, Garcia MJ, Farkouh ME.
Am J Med. 2008 Sep;121(9)748-57. Review.

PMID: 18724960 [FubMed - indexed for MEDLINE]
Related citations

Relaxin ameliorates fibrosis in experimental diabetic cardiomyopathy.

Samuel CS, Hewitson TD, Zhang Y, Kelly DJ.
Endaocrinclogy. 2008 Jul;149(7):3286-93. Epub 2008 Apr 3.

PMID: 18388190 [FubMed - indexed for MEDLINE]  Free Article
Eelated citations

Human apolipoprotein A-l gene fransfer reduces the development of experimental diabetic cardiomyopathy.

Wan Linthout S, Spillmann F, Riad A, Trimpert C, Lievens J, Meloni M, Escher F, Filenberg E, Demir O, Li J, Shakibaei M, Schimke |,
Staudt A, Felix SB, Schultheiss HP, De Geest B, Tschope C.

Circulation. 2008 Mar 25;117(12):1563-73. Epub 2008 Mar 10.

PMID: 18332268 [PubMed - indexed for MEDLINE]  Free Article




Secondary Cardiomyopathies

Infittrative™
Amyloidozis (primary, familial autozomal dominantt, senile, secondary

ry Difihitions and Classification of the Cardiomyopat
Gaucher diseasst

Hurler's diseaset
Hunter's diseaset
Storaget
Hemochromatosis
Fabry's diseaset
Glyoogen storage diseaset (type I, Pompe)
Miemann-Pick diseasst
Toxicity
Drugs, heavy metals, chemical agents
Endomyocardial
Endomyocardial fibrosis
Hypereosinophilic syndrome (Loeffler's endocarditis)
Inflammatory (granulomatous)
Sarcoidosis
Endocrine
Diabetes mellitust

Hyperthyroidism
Hypothyroidism

Hyperparathyroidism
Pheochromocytoma




Familial Familial, unknown gene
Sarcomeric protein mutations
3 myosin heavy chain
Cardiac myosin binding protein C
Cardiac troponin |
Troponin-T
a-tropomyosin
Essential myosin light chain
Regulatory myosin light chain
Cardiac actin
a-myosin heavy chain
Titin
Troponin C
Mon-familial Obesity
Infants of diabetic mothers
Athletic training
Amyloid (AL/prealbumin)

Kawasaki disease

Familial, unknown gene Familial, unknown gene
Sarcomeric protein mutations (see Intercalated disc protein
HCM) mutations ‘
Z-band Plakoglobin ?
Muscle LIM protein Desmoplakin
TCAP Plakophilin 2
Cytoskeletal genes Desmoglein 2
Dystrophin Desmocollin 2
Desmin Cardiac ryanodine receptor
Metavinculin (RyR2)
Sarcoglycan complex Transforming growth
CRYAB factor-B3 (TGFB3) '
Epicardin !
Myocarditis (infective/toxic/immune) Inflammation? ]{

Eosinophilic (Churg Strauss
syndrome) r
Viral persistence ‘
Drugs
Pregnancy
Endocrine




Hyperglycemia

RAAS Activation

DIABETIC
CARDIOMYOPATHY

Cytokine-induced
damage

Altered CPC
function

FFA Damage

Microvascular Disease
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Imaging tachnique

Two-dimensional
achocardiography

- Echocardiography

Tizsue Dopplar

LV and BY dimersion, maszs
and voluma jinclude laft atrial

volume, LVEF)

LV diastdlic function, cardiac
output, BY systolic pressure and
pulmonary vascular resistancs

LV and BY systolic and diastolic
tizsue velocities, and strain rate

Portable

Inexwparsive
Available at the bedside

The best methodology for diastolic
function assessmeant

Myocardial charactenzation indices

of greater sersitivity

Favorable signalto-noiss ratio comparad
with B-mode ultrasonography data
Good endocardial definition is not
prerequisite

Lirnited load depandanca

Best for early systolic and diastdlic
functional assessmeant

Indew. of myocardial fibrozis

x \ . 7l g
N K  r IR

.4l ‘s“\_.‘ ’
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. Cp— 1,
ATk e R
X

Cons

Poor acousticwindow

Inadequate endocardial border
discrimination in 2-10% of patients
Gaometric assumptions made for o
ajection fraction calculation '~

Load-dependent measures

YL

Moize prasant in the strain-rate nlgnal O™
Angle dependence of data

Moizse prezant in the backscatter
signal with cardiac cycle variation

-



DM & Heart
- Dlagnosmg DCM -

4 chamber VIew

"LV Are
HMajor




DM & Heart

- Diagnosing DCM -




AR s

X

DM Group
(n = 48)

“ “

Control Group
(n = 48)

LVDD (cm)

4.6 + 0.5%

1.1+ 024

1.0 + 0.1%
29.0 + 4.4

45+ 0.4
1.0 + 0.2
0.9+ 0.2
29.6 + 3.9

‘\ L‘.mﬂ(gfm)

95 = J0F

90 = 19

" 4} ‘;‘{* LVEDV (m)
LVESV (ml)

90 = 21
36 =15

79 £ 21
299

S v %)

636

63 = 7
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PreDM & DM & Heart

CVD risk factors of 1,681 Ansan cohort participants without HTN according to glucose metabolism

Categories of glucose metabolism

ANOVA
Control PreDM DM p value
Variables (n=824) (n=640) (n=217)
Age, years 54.1+5.8 55.6+6.6 57.5+7.4 <0.001
Male, % 42.6 47.0 59.9 <0.001
Systolic BP, mmHg 108.0£11.1 111.4£11.5 113.0£11.6 <0.001
Diastolic BP, mmHg 72.8+7.5 75.0x7.7 74.317.7 <0.001
Heart rate, bpm 63.8+8.9 65.2t8.5 66.918.7 <0.001
Body mass index, kg/m? 23.412.5 245127 24.8+2.9 <0.001
Waist circumference, cm 77.5t7.1 80.6xt7.5 83.0£7.6 <0.001
hsCRP 1.06+2.10 1.46+3.33 1.76+5.29 0.004
Fasting plasma glucose, mg/dL 88.715.7 97.1+8.8 133.9+53.6 <0.001
Fasting plasma insulin, plU/ml 7.6+2.8 9.1+3.8 11.5+11.3 <0.001
HbA1c 5.42+0.35 5.61+0.39 6.79t1.27 <0.001
Total cholesterol, mg/dL 204+35 206+34 199+ 39 0.033
HDL-cholesterol, mg/dL 46.7+11.4 45.2+11.1 40.7+9.0 <0.001
Triglycerides, mg/dL 125188 149+118 182+132 <0.001

Kim SH. Unpublished data. 2012
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Relation of glucose metabolism with LV structural and functional parameters in 1,659 KoGES
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DM & Heart

- Prevention & Treatment -

» Glycemic control

- weak evidence, favor GLP-1 analogues &
DPP-4 inhibitors, avoid TZD (NYHA llI-1V)

= RAAS

= Beta-blockers
- for DM patients with HF, new generation drugs

= Statins
- favorable outcomes



Conclusions

DCM is common and related to increased morbidity and

mortality.

Multiple pathophysiologic mechanisms are involved in the

development of DCM in addition to hyperglycemia.

Subeclinical LV dysfunction can be detected by
noninvasive cardiac imaging technigues, such as

conventional echocardiography, TDI, and strain/strain rate.

DCM takes years to reach overt LV systolic/diastolic HF,
which means that diabetes-specific aggressive strategies

are likely to succeed at earlier stages of LV dysfunction.
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