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Why Integrate?Why Integrate?

CTCT

•• CACSCACS

•• Attenuation correctionAttenuation correction

•• Coronary Coronary 
AngiographyAngiography

MPSMPS

•• PerfusionPerfusion

•• FunctionFunction



Methods of IntegrationMethods of Integration

•• Hardware Hardware ––based approachbased approach

•• Hybrid SPECT/CT systemsHybrid SPECT/CT systems

•• SoftwareSoftware--based approachbased approach

•• Integration of images acquired on Integration of images acquired on 
separate SPECT and CT systemsseparate SPECT and CT systems

The anatomical precision required in Oncology or Neurology 
probably not essential here



Hybrid SPECT/CT: ChallengesHybrid SPECT/CT: Challenges

•• Frequent image misregistration during Frequent image misregistration during 
sequential imagingsequential imaging

•• Long idle time for CTLong idle time for CT

•• ExpensiveExpensive

•• Not widely availableNot widely available



Separate Gantry SPECT/CT Image Separate Gantry SPECT/CT Image 
Integration: ChallengesIntegration: Challenges

•• Image registrationImage registration

•• Free breathing SPECT with UltraFree breathing SPECT with Ultra--fast CT fast CT 
during breath holdduring breath hold



Integrated SPECT / CT ImagingIntegrated SPECT / CT Imaging

SPECT CT SCOUT



Integrated SPECT / CT ImagingIntegrated SPECT / CT Imaging



Integrated SPECT / CT imagingIntegrated SPECT / CT imaging

•• 68 yr68 yr--old femaleold female

•• Multiple risk factorsMultiple risk factors

•• Atypical symptomsAtypical symptoms



Separate Gantry SPECT/CT Image Separate Gantry SPECT/CT Image 
Integration: Attenuation CorrectionIntegration: Attenuation Correction



Separate Gantry SPECT/CT Image Separate Gantry SPECT/CT Image 
Integration: Attenuation CorrectionIntegration: Attenuation Correction



Effect of Phase of Breath Hold on Effect of Phase of Breath Hold on 
SPECT/CT Integration: InspirationSPECT/CT Integration: Inspiration

CT

Line
Source



Effects of PET/CT MisregistrationEffects of PET/CT Misregistration

Goerres GW. Radiology2003; 226: 906

68 Ge Rod-source CT-Exp CT-Insp



Effect of Phase of Breath Hold on Effect of Phase of Breath Hold on 
SPECT/CT IntegrationSPECT/CT Integration

CT

Line
Source



Calcium Scoring  as a Calcium Scoring  as a ““ GatekeeperGatekeeper”” for for 
Myocardial Perfusion ScintigraphyMyocardial Perfusion Scintigraphy



Relationship Between CACS and Relationship Between CACS and 
Myocardial IschemiaMyocardial Ischemia
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Frequency of Ischemic PET by CACS  in Frequency of Ischemic PET by CACS  in 
Patients Referred for Diagnostic TestingPatients Referred for Diagnostic Testing
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Frequency of Myocardial Ischemia by Frequency of Myocardial Ischemia by 
CACSCACS
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Prevalence of Soft Plaque According to  Prevalence of Soft Plaque According to  
Calcium ScoreCalcium Score
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Frequency of Ischemic PET by CAC Score Frequency of Ischemic PET by CAC Score 
and Percentile in Patients Referred for and Percentile in Patients Referred for 
Diagnostic TestingDiagnostic Testing

5.5

2.7
1.9

0.6

1.6 1.8 1.8

0.3

2.1

10.5

0

2

4

6

8

10

12
%

  
 Is

ch
e
m

ic
  
 P

E
T

CAC Score

0

1-99

100-399

>400

CAC Percentile 50th 75th 90th

Age           53±12   63±10 69±7  76±5          52±7  69±10  70±8       41±5  55±10  68±12

n   213     98       36      6           20      49        17            7       33        142

Schenker MP. Circ 2008; 117:1693



CT Coronary Angiography:CT Coronary Angiography:
Soft plaque without calciumSoft plaque without calcium



Relationship Between Soft and Relationship Between Soft and 
Calcified PlaqueCalcified Plaque

Younger

Soft Plaque

Calcified Plaque

AGE



Utility of CACS = 0 in Patients Referred Utility of CACS = 0 in Patients Referred 
for Diagnostic Testingfor Diagnostic Testing

•• Caution if CACS = 0 and Caution if CACS = 0 and 
•• Patient is youngPatient is young

•• SymptomaticSymptomatic

•• Useful in older patients without typical Useful in older patients without typical 
symptomssymptoms



Predictive Value of Coronary Calcium for Predictive Value of Coronary Calcium for 
Angiographic Stenosis in Angiographic Stenosis in SymptomaticSymptomaticPatientsPatients

Haberl R, et al. JACC2001; 37:451

Men Women

1225 M & 539 W  with chest pain referred for diagnostic cath;  52% with 
abnormal stress test. Prevalence of � 50% stenosis: 56% M, 47% W



CACS and MPS for CACS and MPS for ““ DirectedDirected”” Imaging Imaging 
of Highof High--risk Asymptomatic Subjects risk Asymptomatic Subjects 



Is Screening for CAD like Screening for Is Screening for CAD like Screening for 
Cancer?Cancer?

Similarities

• High prevalence
• Age-dependence

• Substantial 
mortality/morbidity

• Effective early 
intervention

Differences
• Anatomic diagnosis not 

required

• Therapy of “risk” = 
Therapy of subclinical 
disease

• Therapy relatively 
nontoxic

• Evidence base for cancer 
screening



Screening Versus “Directed Imaging”
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Deficiencies of Current Risk Deficiencies of Current Risk 
Stratification Paradigms:Stratification Paradigms:

Underestimation of RiskUnderestimation of Risk
• Women
• Family History

? Overestimation of Risk
• Labeling ALL Diabetics as CAD equivalent



““ NonNon--traditionaltraditional”” HighHigh--risk Cohortsrisk Cohorts

• Young patients with family history
• Polycystic Ovarian Syndrome
• Early menopause
• SLE, RA
• LBBB, atrial fibrillation, LVH



Is There an Incremental Role for MPS?Is There an Incremental Role for MPS?

•• What is the prevalence of asymptomatic What is the prevalence of asymptomatic 
ischemia in these high risk patients?ischemia in these high risk patients?



Asymptomatic Ischemia and Risk of Asymptomatic Ischemia and Risk of 
Events Events 

937 pts with CAD

24%  had ischemia
(stress echo)

18% with Ischemia 
had angina
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Prevalence of Asymptomatic Ischemia:Prevalence of Asymptomatic Ischemia:
DIADDIAD

•• ProspectiveProspective

•• Truly asymptomatic (not referred for stress Truly asymptomatic (not referred for stress 
testing)testing)

•• Low prevalence of significant ischemia Low prevalence of significant ischemia 
(~6%)(~6%)

•• Ischemia resolves with good medical Ischemia resolves with good medical 
therapytherapy

Wackers FJ. Diabetes Care2004



Prevalence of Asymptomatic Ischemia:Prevalence of Asymptomatic Ischemia:
Studies of PreStudies of Pre--operative Risk Assessmentoperative Risk Assessment

•• Prevalence of significant ischemia is Prevalence of significant ischemia is 
generally lowgenerally low



Prevalence of Asymptomatic Ischemia:Prevalence of Asymptomatic Ischemia:
Directed MPS after CACSDirected MPS after CACS

864 patients with 
EBCT for high risk

CACS > 100

200 had MPS

Anand V. J Nucl Cardiol 2004



Prevalence of Coronary Calcium and Prevalence of Coronary Calcium and 
Ischemia in Asymptomatic Diabetic PatientsIschemia in Asymptomatic Diabetic Patients
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Calcium Score, SPECT & Prognosis in Calcium Score, SPECT & Prognosis in 
Asymptomatic Patients Referred for TestingAsymptomatic Patients Referred for Testing

Ramakrishna G. Am HeartJ 2007
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CACS versus MPS for PrognosisCACS versus MPS for Prognosis
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Differential Risk Prediction by CACS Differential Risk Prediction by CACS 
and MPSand MPS

Near –term 
Risk

MPS CACS

Life –time 
Risk



Integration of Calcium Scoring and Integration of Calcium Scoring and 
Perfusion ImagingPerfusion Imaging

High CACS

Ischemia Present No Ischemia 

•High short –term risk: 
Consider revascularization

• High long-term risk: Risk 
factor  modification

•Low short –term risk

• ? Repeat Imaging

•High long-term risk: Risk 
factor  modification



ConclusionsConclusions

•• Separate gantry SPECT/CT integration may be Separate gantry SPECT/CT integration may be 
cost and timecost and time--efficientefficient……..if it can be performed if it can be performed 
accuratelyaccurately

•• CACS=0 should be cautiously interpreted in CACS=0 should be cautiously interpreted in 
younger and symptomatic patients younger and symptomatic patients 

•• CACS before MPS refines risk stratification of  CACS before MPS refines risk stratification of  
asymptomatic subjectsasymptomatic subjects

•• MPS refines risk stratification in patients with MPS refines risk stratification in patients with 
high CACS.high CACS.



•• Does CACS have value in adjudicating Does CACS have value in adjudicating 
equivocal scans?equivocal scans?

Future DirectionsFuture Directions


