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The diabetic patient  The diabetic patient  

80% no clinical CAD80% no clinical CAD 20% clinical CAD20% clinical CAD

15% clinical CAD 15% clinical CAD 
within 1 yearwithin 1 year


 

70% die            70% die            
in 10 yearsin 10 years

de Sutter ESC 2007de Sutter ESC 2007

6.5% of the population6.5% of the population
(1/3 unaware of underlying DM)(1/3 unaware of underlying DM)
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Diagnostic stress testing in symptomatic DMDiagnostic stress testing in symptomatic DM

Type Type Study Study nn Stress Stress SensSens Spec Spec 

ECGECG Lee        2001Lee        2001 190190 Exercise Exercise 47%47% 81%81%

EchoEcho Hennessy  1997 Hennessy  1997 5252 DobutamineDobutamine 82%82% 54%54%

NuclearNuclear Kang       1999Kang       1999 138138 Ex/Aden dual SPECTEx/Aden dual SPECT 86%86% 56%56%
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Prognostic performance of Prognostic performance of MyocadialMyocadial
 

Perfusion Imaging    Perfusion Imaging    
in diabetic patients with suspected or known CADin diabetic patients with suspected or known CAD

Study Study nn Method Method Features Features FF--u u 
(mo)(mo)

Annual events (%)Annual events (%)

abnormalabnormal normalnormal

FelsherFelsher
 

19871987 123123 Ex Ex 201201Tl scanTl scan Suspected CADSuspected CAD 3636 4.84.8 1.31.3

VanzettoVanzetto
 

19991999 158158 Ex/Dip SPECT Ex/Dip SPECT 201201TT Risk factorsRisk factors 2323 10.210.2 2.92.9

Kang          1999Kang          1999 12711271 Ex/Aden dual SPECTEx/Aden dual SPECT KnownKnown--suspsusp

 

CADCAD 2424 3.93.9--7.97.9 1.21.2

SchinkelSchinkel
 

20022002 207207 Dob SPECT Dob SPECT 99m99mTcTc--MIBIMIBI KnownKnown--suspsusp

 

CADCAD 4848 6.6*6.6* 0.70.7

GiriGiri
 

20022002 929929 Ex/Aden dual SPECTEx/Aden dual SPECT KnownKnown--suspsusp

 

CADCAD 3030 4.64.6 3.03.0

De Lorenzo   2002De Lorenzo   2002 180180 Ex/Dip SPECT Ex/Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 3636 9.09.0 2.02.0

Berman       2003Berman       2003 12221222 Aden dual SPECTAden dual SPECT KnownKnown--suspsusp

 

CADCAD 2727 4.74.7--9.0*9.0* 1.81.8--2.52.5

CossonCosson
 

20042004 362362 Ex/Dip SPECT Ex/Dip SPECT 201201TlTl Risk factorsRisk factors 4141 9.29.2 1.21.2

ZellwegerZellweger
 

20042004 17371737 Ex/Aden dual SPECTEx/Aden dual SPECT Suspected CADSuspected CAD 2424 3.23.2--13.213.2 2.22.2--7.77.7

Miller         2004Miller         2004 47364736 Ex/Ex/PharmPharm

 

SPECTSPECT Suspected CADSuspected CAD 7070 3.63.6--5.95.9 --

PedonePedone
 

20052005 124124 Dob SPECT Dob SPECT 99m99mTcTc--TetrofTetrof KnownKnown--suspsusp

 

CADCAD 4141 7.07.0 0.60.6
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The symptomatic The symptomatic 
diabetic patientdiabetic patient

Angina, MI, CHFAngina, MI, CHF
Ischemic ECGIschemic ECG

AtypicalAtypical--mild angina, mild angina, 
Abnormal ECGAbnormal ECG

Atypical chest painAtypical chest pain
with normal ECGwith normal ECG

Cardiology referralCardiology referral
 catheterizationcatheterization Stress SPECTStress SPECT Multiple Multiple 

risk factors ?risk factors ?

Stress SPECTStress SPECT Exercise ECGExercise ECG

NoNo

ADA Consensus 1998ADA Consensus 1998
 ADA Statement 2006ADA Statement 2006

YesYes

WomenWomen
IDDMIDDM

BreathlessnessBreathlessness



••
 

Typical or atypical cardiac symptomsTypical or atypical cardiac symptoms
••

 
Abnormal resting ECGAbnormal resting ECG

••
 

Peripheral arterial diseasePeripheral arterial disease
••

 
Sedentary lifestyle, age Sedentary lifestyle, age 

 
35 yrs, begin a vigorous 35 yrs, begin a vigorous 

exercise programexercise program
••

 


 
2 risk factors in addition to DM2 risk factors in addition to DM

––
 

Total cholesterol Total cholesterol 240mg/dl, LCL240mg/dl, LCL--cholesterol cholesterol 160mg/dl 160mg/dl 
or HDLor HDL--cholesterol cholesterol 35mg/dl35mg/dl

––
 

Blood pressure Blood pressure 140/90 mmHg140/90 mmHg
––

 
Smoking Smoking 

––
 

Family history of premature CADFamily history of premature CAD
––

 
Micro/Micro/macroalbuminuriamacroalbuminuria

Indications for cardiac testing in diabetics Indications for cardiac testing in diabetics 

ADA Consensus 1998, ADA Position Statement 2006ADA Consensus 1998, ADA Position Statement 2006



Asymptomatic diabetics Asymptomatic diabetics --
 

Retrospective databasesRetrospective databases
Study Study nn Method Method Features Features Abnormal Abnormal 

MPIMPI
Extensive Extensive 
ischemiaischemia

AbevanoliAbevanoli
 

19811981 1212 Ex Planar Ex Planar 201201TlTl MiddleMiddle--agedaged 42%42% --

NestoNesto
 

19901990 3030 Dip Planar Dip Planar 201201TlTl PVDPVD 57%57% --

De Lorenzo     2002De Lorenzo     2002 180180 Ex/Dip SPECT Ex/Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 26%26% --

ZellwegerZellweger
 

20042004 826826 Ex/Aden dual SPECTEx/Aden dual SPECT Risk factorsRisk factors 39%39% --
Miller           2004Miller           2004 17381738 Ex/Ex/PharmPharm

 

SPECT SPECT 201201Tl/ Tl/ 
99m99mTcTc--MIBIMIBI

Risk factorsRisk factors 59%59% --

SorajjaSorajja
 

20052005 826826 Ex/Ex/PharmPharm

 

SPECT SPECT 201201Tl/ Tl/ 
99m99mTcTc--MIBIMIBI

Abnormal MPIAbnormal MPI -- 32%32%

RajagopalanRajagopalan
 

20052005 14271427 Ex/Ex/PharmPharm

 

SPECT SPECT 201201Tl/ Tl/ 
99m99mTcTc--MIBIMIBI

Risk factorsRisk factors 58%58% 18%18%

DeLucaDeLuca
 

20062006 189189 Ex Ex 99m99mTcTc--MIBIMIBI Preoperative Preoperative 33%33% --

Prevalence of stressPrevalence of stress--induced ischemia induced ischemia 



Asymptomatic diabetics Asymptomatic diabetics --
 

Prospective databasesProspective databases
Study Study nn Method Method Features Features Abnormal Abnormal 

MPIMPI
Extensive Extensive 
ischemiaischemia

KoistinenKoistinen
 

19901990 136136 Ex SPECT Ex SPECT 201201TlTl MiddleMiddle--agedaged 24%24% --
Langer            1991Langer            1991 5858 Ex SPECT Ex SPECT 201201TlTl Ex ECG Ex ECG ––

 

HolterHolter

 

(+)(+) 17%17% --
JanandJanand--DelenneDelenne

 

19991999 105105 Ex/Dip Ex/Dip 201201TlTl IndermInderm. Ex ECG . Ex ECG 
Risk factorsRisk factors

19%19% --

InoguchiInoguchi
 

20002000 9393 Dip Planar Dip Planar 201201TlTl Elderly,       Elderly,       
IndermInderm. Ex ECG. Ex ECG

42%42% --

CastellsCastells
 

20002000 112112 Dip SPECT Dip SPECT 201201TlTl MiddleMiddle--agedaged 37%37% --
PenformisPenformis

 

20012001 5656 Ex SPECT Ex SPECT 201201TlTl Risk factorsRisk factors 21%21% --
ValensiValensi

 

20012001 107107 Dip Dip 201201TlTl Risk factorsRisk factors 16%16% --
FagliaFaglia

 

20022002 9797 Ex SPECT Ex SPECT 201201TlTl Ex ECG (+)Ex ECG (+) 59%59% --
CossonCosson

 

20032003 362362 Ex/Dip SPECT Ex/Dip SPECT 201201TlTl Risk factorsRisk factors 33%33% --
Sultan            2004Sultan            2004 135135 Dip SPECT Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 22%22% --
CossonCosson

 

20042004 262262 Ex Ex 201201TlTl Exercise abilityExercise ability 21%21% --
WackersWackers

 

20042004 522522 Aden SPECT Aden SPECT 99m99mTcTc--MIBIMIBI Multicentre studyMulticentre study 16%16% 1%1%
Prior              2005Prior              2005 7575 Ex/Dip Ex/Dip 201201Tl/Tl/99m99mTcTc--MIBIMIBI Risk factorsRisk factors 36%36% 12%12%
Sultan            2006Sultan            2006 419419 Dip SPECT Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 17%17% --
AnandAnand

 

20062006 180180 Ex/Dip SPECT Ex/Dip SPECT 99m99mTcTc--MIBIMIBI Coronary calciumCoronary calcium 32%32% --
VanzettoVanzetto

 

20072007 235235 Ex/Dip Ex/Dip 201201TlTl High riskHigh risk 26%26% 16%16%
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Diagnostic performance of Myocardial Perfusion Imaging   Diagnostic performance of Myocardial Perfusion Imaging   
in asymptomatic diabetic patients with unknown CADin asymptomatic diabetic patients with unknown CAD

Study Study nn Method Method Features Features SensSens SpecSpec PPVPPV NPVNPV

Symptomatic and asymptomatic diabeticsSymptomatic and asymptomatic diabetics

Kang             1999Kang             1999 138138 Ex/Ex/PharmPharm

 

dual SPECTdual SPECT 51% no symptom51% no symptom 86%86% 56%56% -- --

Asymptomatic diabetics onlyAsymptomatic diabetics only

KoistinenKoistinen
 

19901990 3333 Ex SPECT Ex SPECT 201201TlTl MiddleMiddle--agedaged 77%77% 15%15% 59%59% 50%50%

CossonCosson
 

20042004 7676 Ex Ex 201201TlTl ExercExerc. ability. ability 68%68% 50%50% 52%52% 66%66%

Sultan           2004Sultan           2004 7373 Dip SPECT Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 74%74% 48%48% 76%76% 46%46%

RajagopalanRajagopalan
 

20052005 212212 Ex/Ex/PharmPharm

 

SPECT SPECT 201201TlTl High riskHigh risk 92%92% 32%32% 89%89% 40%40%



The Bayesian approachThe Bayesian approach



Prognostic performance of Myocardial Perfusion Imaging   Prognostic performance of Myocardial Perfusion Imaging   
in asymptomatic diabetic patients with unknown CADin asymptomatic diabetic patients with unknown CAD

Study Study nn Method Method Features Features FF--u u 
(mo)(mo)

Annual events (%)Annual events (%)

abnormalabnormal normalnormal

Hard events (cardiac death, nonHard events (cardiac death, non--fatal myocardial infarction)fatal myocardial infarction)

De Lorenzo   2002De Lorenzo   2002 180180 Ex/Dip SPECT Ex/Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 3636 9.09.0 2.02.0

ZellwegerZellweger
 

20042004 701701 Ex/Aden dual SPECTEx/Aden dual SPECT Risk factorsRisk factors 1212--102102 3.43.4 1.61.6

CossonCosson
 

20042004 262262 Ex/Ex/PharmPharm

 

SPECT SPECT 201201TlTl Risk factorsRisk factors 4848 3.43.4 0.80.8

RajagopalanRajagopalan
 

20052005 14271427 Ex/Ex/PharmPharm

 

SPECTSPECT99m99mTcTc--MIBIMIBI Risk factorsRisk factors 7070 3.63.6--
 5.95.9

1.61.6--
 2.92.9

ValensiValensi
 

20052005 370370 Ex/Dip SPECT Ex/Dip SPECT 201201TlTl Risk factorsRisk factors 3838 5.25.2 2.12.1

Hard and soft events (angina, revascularization, heart failure, Hard and soft events (angina, revascularization, heart failure, stroke)stroke)

FagliaFaglia
 

20022002 735735 Ex SPECT Ex SPECT 201201TlTl MiddleMiddle--agedaged 6060 3.93.9 0.40.4

Sultan        2004Sultan        2004 419419 Dip SPECT Dip SPECT 99m99mTcTc--MIBIMIBI Risk factorsRisk factors 2525 4.04.0 1.11.1

AnandAnand
 

20062006 180180 Ex+DipEx+Dip

 

SPECT SPECT 99m99mTcTc--MIBIMIBI CoronCoron. calcium. calcium 2626 6.46.4 1.71.7



HighHigh--risk asymptomatic diabetic patients risk asymptomatic diabetic patients 
candidates for screening with SPECT imaging candidates for screening with SPECT imaging 

RajagopalanRajagopalan

 

N, et al. JACC 2005;45:43N, et al. JACC 2005;45:43--4949

1,427 pts with suspected CAD1,427 pts with suspected CAD

18% High18% High--Risk SPECTRisk SPECT

PredictorsPredictors

•• QQ--waveswaves

•• Peripheral Artery DiseasePeripheral Artery Disease

SPECT risk and survivalSPECT risk and survival



SPECT in DM: silent ischemia and risk factorsSPECT in DM: silent ischemia and risk factors

Risk factorsRisk factors Ischemia Ischemia 

(n=510)(n=510)


 

22 22%22%
(66/306)(66/306)

00--11 22%22%
(45/204)(45/204)

pp nsns

WackersWackers

 

FJT, et al. Diabetes Care 2004;27:1954FJT, et al. Diabetes Care 2004;27:1954--19611961



StressStress--induced ischemia in asymptomatic DMinduced ischemia in asymptomatic DM

WackersWackers

 

FJT, et al. Diabetes Care 2007;30:2892FJT, et al. Diabetes Care 2007;30:2892--28982898

20%20% 12%12%



Asymptomatic Asymptomatic 
diabetic patients diabetic patients 

40 yrs40 yrs

Low riskLow risk ModerateModerate--high riskhigh risk

Risk factor modificationRisk factor modification
Follow upFollow up Stress SPECTStress SPECT

NormalNormal Mildly abnormalMildly abnormal ModerateModerate--severesevere
abnormalabnormal

Risk factor modificationRisk factor modification
Medical therapyMedical therapy
Repeat in Repeat in  2 yrs2 yrs

Coronary Coronary 
angiographyangiography

DiCarli

 

MF, et al. J Am Coll

 

Cardiol

 

2005;45:50-53

Wackers

 

FJT. J Nucl

 

Cardiol

 

2006;13:609-615

Bax

 

JJ, et al. J Am Coll

 

Cardiol

 

2006;48:754-760



Myocardial perfusion imaging in asymptomatic patientsMyocardial perfusion imaging in asymptomatic patients


 

Initial diagnostic test in patients considered to be at Initial diagnostic test in patients considered to be at 
highhigh--risk (risk (diabetesdiabetes

 
or more than 20% 10or more than 20% 10--year risk of year risk of 

CHD event)CHD event)
(Class (Class IIaIIa, LE: B), LE: B)

ACC/AHA/ASNC 2003 Guidelines for the ACC/AHA/ASNC 2003 Guidelines for the 
Clinical Use of Cardiac Radionuclide ImagingClinical Use of Cardiac Radionuclide Imaging

www.acc.orgwww.acc.org



WackersWackers

 

FJT, et al. Diabetes Care 2004;27:1954FJT, et al. Diabetes Care 2004;27:1954--19611961

AnandAnand

 

DV, et al. DV, et al. EurEur

 

Heart J 2006;27:713Heart J 2006;27:713--721721
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CAC  0CAC  0--100100 CAC > 100CAC > 100 CAC > 400CAC > 400 CAC > 1000CAC > 1000

Coronary calcium & SPECT in asymptomatic DMCoronary calcium & SPECT in asymptomatic DM

16

abnormal SPECT
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The asymptomatic The asymptomatic 
diabetic patientdiabetic patient

CAC CAC  100100 CAC CAC 100100--400400 CAC CAC  400400

No stress SPECTNo stress SPECT
MicroalbuminuriaMicroalbuminuria

RetinopathyRetinopathy
Autonomic neuropathyAutonomic neuropathy

Age Age  65 yrs, 65 yrs, DM DM  10yrs10yrs
Stress SPECTStress SPECT

NormalNormal AbnormalAbnormal

Risk factor reductionRisk factor reduction
Repeat in Repeat in  2yrs2yrs

Coronary Coronary 
angiographyangiography

YesYes

ScholteScholte

 

AJH, et al. AJH, et al. 

J J NuclNucl CardiolCardiol 2006;13:112006;13:11--1818
YerramasuYerramasu

 

A, et al. A, et al. 

J J NuclNucl CardiolCardiol 2008;15:132008;15:13--2222
BellerBeller

 

GAGA

J Am J Am CollColl CardiolCardiol 2007;49:12182007;49:1218--12231223

NoNo



SPECT logistics in screening asymptomatic DMSPECT logistics in screening asymptomatic DM
Diamond GA, et al. J Am Diamond GA, et al. J Am CollColl

 

CardiolCardiol

 

2007;49:19152007;49:1915--19171917

StatinStatin
 

treatmenttreatment

MetricMetric Test no one  Test no one  
Treat allTreat all

Test Test 
 

TreatTreat

Target populationTarget population 14,000,00014,000,000 14,000,00014,000,000

Test populationTest population 00 14,000,00014,000,000

Treatment populationTreatment population 14,000,00014,000,000 2,800,0002,800,000

Expected eventsExpected events 280,000280,000 224,000224,000

Testing costTesting cost $ 0$ 0 $ 11,300,000,000$ 11,300,000,000

Treatment costTreatment cost $ 10,100,000,000$ 10,100,000,000 $ 2,000,000,000$ 2,000,000,000

Total costTotal cost $ 10,100,000,000$ 10,100,000,000 $ 13,300,000,000$ 13,300,000,000

Prevented eventsPrevented events 84,00084,000 67,20067,200
Cost/prevented eventCost/prevented event $ 120,238$ 120,238 $ 197,917$ 197,917
Cost/lifeCost/life--yearyear $ 9,249$ 9,249 $ 15,224$ 15,224



Survival of asymptomatic diabetic patients Survival of asymptomatic diabetic patients 
with highwith high--risk SPECT imaging risk SPECT imaging 

SorajjaSorajja

 

P, et al. Circulation 2005;112:IP, et al. Circulation 2005;112:I--131131--II--316316

HighHigh--risk SPECTrisk SPECT No highNo high--risk SPECTrisk SPECT

826 patients826 patients



Risk reduction in asymptomatic diabetics Risk reduction in asymptomatic diabetics 
with nonwith non--invasive testing invasive testing 
FagliaFaglia

 

E, et al. Am Heart J 2005;149:283.e1E, et al. Am Heart J 2005;149:283.e1--283.e6283.e6



The asymptomatic The asymptomatic 
diabetic patientdiabetic patient

MI,MI,
abnormal ECGabnormal ECG

Vascular diseaseVascular disease
Begin vigorous exerciseBegin vigorous exercise
Minor STMinor ST--T changesT changes

2 risk factors2 risk factors

00--1 risk factors1 risk factors
and normal ECGand normal ECG

Stress SPECTStress SPECT Interpretable ECG ?Interpretable ECG ?
Able to exercise ?Able to exercise ?

Stress SPECTStress SPECT Exercise ECGExercise ECG

FollowFollow--upup

YesYes

ADA Consensus 1998ADA Consensus 1998
 ADA Statement 2006ADA Statement 2006

NoNo
Other risk factorsOther risk factors

Weighted risk factors Weighted risk factors 
Clinical judgmentClinical judgment



Myocardial perfusion imagingMyocardial perfusion imaging
 

is:is:
••

 
a strong diagnostic and prognostic tool a strong diagnostic and prognostic tool 

••
 

endorsed by international guidelines endorsed by international guidelines 
••

 
suitable for all patientssuitable for all patients

 Proposed criteriaProposed criteria
 

for imaging: for imaging: 
••

 
are inadequate are inadequate 

••
 

clinical judgment requiredclinical judgment required

 In In asymptomaticasymptomatic
 

diabetic patients with diabetic patients with 
suspected CAD the best management suspected CAD the best management 
option is largely unclearoption is largely unclear

Myocardial Perfusion Imaging in diabetic patientsMyocardial Perfusion Imaging in diabetic patients



Clinical CADClinical CAD

Occult CADOccult CAD





TableTable 11
CardiacCardiac eventevent ratesrates inin diabeticdiabetic subjectssubjects withwith normalnormal stressstress imagingimaging studystudy

Year First Author No. of Normal Age Follow-Up Type of Event Rate
Patients Results (%) (yrs) (mo) Stress (Myocardial Infarction 

 

Death) 

StressStress echocardiographyechocardiography
2001 Elhendy 563 40 64 60 Exercise 1.5% 
2001 Bigi 259 58 64 24 Dob/dip 3% 
2002 Kamalesh 89 100 64 25 Exercise/dob 6%* 
2002 Marwick 937 60 59 47 Exercise/dob 4% 
2003 Sozzi 396 18 61 36 Dob 4.8%†
2005 Garrido 214 34 63 44 Exercise 1.6% 
2006 Chaowalit 2,349 57 67 96 Dob 6%*†
2006 Cortigiani 749 28 64 31 Dip/dob 4.6% 
StressStress perfusionperfusion
1987 Felsher 123 44 56 21 Exercise 2% 
1999 Vanzetto 158 44 63 23 Exercise/dip 2.9% 
1999 Kang 108 41 67 24 Exercise/aden 1.9 
2002 Schinkel 206 33 61 49 Dob 0.7* 
2002 Giri 929 52 65 30 Exercise/aden 3% 
2002 DeLorenzo 180 74 61 36 Exercise/dip 2%‡
2003 Hachamovitch 181 100 61 22 Exercise/aden 1.0%–1.8%§
2005 Pedone 125 37 61 40 Dob 1.3%

* Baseline wall motion abnormalties included. 
† Death only. 
‡ Asymptomatic diabetics only. 
§ 1.0% in men and 1.8% in women. 


 

Tetrofosmin tracer. 
Aden = adenosine; dip = dipyridamole; dob = dobutamine. 

Prognostic assessment in symptomatic DMPrognostic assessment in symptomatic DM
KamaleshKamalesh

 

M, et al. Am J M, et al. Am J CardiolCardiol

 

2007;99:10162007;99:1016--10191019
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adenosine adenosine 

Kang X, et al. Am Heart J 1999;138:1025Kang X, et al. Am Heart J 1999;138:1025--10321032
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