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Recent Development in Myocardial 

Perfusion SPECT and PET 

Heart-Dedicated SPECT 

Perfusion PET 

 



Perfusion PET  Why PET ? 

Why PET ? 

– Better Image Quality 

• CT attenuation correction 

• Localization 

• Sensitive for mild change 

– Absolute quantification 

– Low Radiation Dose: 2 to 5 mSv 

– Patients’ Convenience 
 

PET Agents 

– Available in Korea: 13N-ammonia 

– North America and EU: 82Rb, 18F-flurpiridaz (phase 3)  



Patient monitoring 



Adenosine 
stress 

Tracer injection 



13N-NH3 PET  



Absolute Quantification 

Need for Absolute Quantification of Myocardial 

Perfusion 

– ‘Balanced ischemia’ 

– General microvascular disorders 
 

Microvasculature of Myocardium 

Camici & Rimoldi. J Nucl Med 2009 



Case 

M/61 

– Underlying DM, CRF without symptom 

– 종합검진으로 시행한 CT CAG 상 pLAD 50% 

– CAG 

• LM and LAD: diffuse 

• dLCX: 40% 

• dRCA: 60% 

– Medical F/U 

• Mild DOE after 1.5-year F/U 

– NH3 PET 





NH3 PET: Decreased vascular reserve in all 3 vessel territories 

CAG: 3-vessel disease, progressed LM  

– Referred for CABG 



Gamma Cameras with Specific Designs 

CardioMD, 
Philips 

Cardius, Digirad CardiArc, CardiArc 

D SPECT, Spectrum Dynamics 

Ventri, GE 

NM/CT 570c, GE Alcyone / NM 530c, GE 



Recent Trends in Heart SPECT 

Hardware 

– Semiconductor detectors 

• CZT 

– Non-rotating gantry 

• Fixed angles 

– Enhanced sensitivity 

• Fast rotation 

 

Software / Protocol 

– Dynamic SPECT 

 Fast scan for patients’ 

convenience 

 

 Low radiation dose for 

patients’ safety 

 

 Dynamic SPECT for 

absolute flow 

measurement  



Perfusion Using Dynamic SPECT 

Scanner: Discovery 530c 

Tracer: 201Tl 

Protocol 

– 111 MBq split for stress / rest  

– List-mode dynamic scan for 6 min 

 

 

Reconstruction 

– Frames: 725 s  

Sampling, segmentation and modeling 

– 2-compartment model 

– MPR index (K1 at stress / K1 at rest) 

 

 



Shiraishi et al. Circulation J 2015;79:623 



Imaging-Based Screening in  

High-Risk Patients 

Purpose in Clinical Practice 

Role of Perfusion Imaging 

 



Discrimination of “High-Risk” Patients 

Framingham Risk Scores 

– 1998: age, sex, LDL, HDL, t-chol, HT, smoking, DM 

– 2008: age, sex, HDL, t-chol, SBP (Tx or non-Tx), smoking, DM 

 

 

 

Goff et al. 

Circulation 

2014;129:S49 



Data from The Past vs. Risk at Present 

Rozanski et al. 

J Am Coll Cardiol 2013;61:1054 

Need for revised 

risk assessment 



Screening of High-Risk Patients 

Purpose 

– Detection of CAD 

– Guidance for management 

– Improvement in outcome 

 

Available Non-Invasive Methods 

– Exercise treadmill test (ETT) 

– CT Coronary angiography (CTCA) 

– CT perfusion, CT FFR 

– MR perfusion 

– Perfusion SPECT, PET 

Anatomy-based 

Perfusion-based 

For diagnosis 

For outcome 



Diagnostic Value of CTA 

Budoff et al. J Am Coll Cardiol 2008;52:1724 

>50%: Sens 95%, Spec 83% 
>70%: Sens 94%, Spec 83% 

ACCURACY Trial 

- Prospective, multicenter study 

- 64 slice MDCT 

- Low likelihood (prevalence 13.9%) 

Sens 85% 

Spec 90% 

Miller et al. NEJM 2008;359:2324 

CORE 64 Trial 

- Prospective, multinational, multicenter 

- 64 slice MDCT in Pre-ICAG patient 

- High likelihood (prevalence 56%) 



Diagnostic Value of MR Perfusion 

Coelho-Filho et al. Radiology 2013;266:701 

Greenwood et al. Lancet 2012;379:453 



Diagnostic Value of MPI 

Parker et al. Circ Cardiovasc Imaging 2012;5:700 McArdle et al. J Am Coll Cardiol 2012;60:1828 



A Scheme for Diagnosis 

Considerations 
 

 Accessibility 
 Cost 
 

Cremer et al. Sem Nucl Med 2014;44:320 



Prognostication 

Hulten et al. J Am Coll Cardiol 2011;57:1237 

Dorbala et al. 

J Am Coll Cardiol 

2013;61:176 

Aidi et al. 

J Am Coll Cardiol 

2014;63:1031 

CTCA MPI 

CMR 



Decision Making: FAME I 

FAME (Fractional Flow Reserve vs. Angiography for Multivessel Evaluation) 

– FFR-guidance deferred 37% of PCI with better outcomes. 

Pijls et al. 
J Am Coll Cardiol 

2010;56:177 



Decision Making: FAME II 

Angiographically Proven Stenosis 

– In 25%, FFR was not significantly low. 

– Regarding FFR <0.80, significantly different outcome 

De Bruyne et al. New Engl J Med 2012;367:991 



Functional Imaging Studies 

Modality Methods Pro Con 

CT Perfusion 
Phase enhancement 

Dynamic enhancement 
Easy 

Radiation (dynamic) 

Need for validation 

MR Perfusion 
Dynamic enhancement 

Kinetic analysis 
No radiation 

Need for validation 

Cost 

CT FFR 
Hydraulic assumption 

with 3D CTA 
Accessibility 

Radiation 

Need for validation  

SPECT 
Different uptake 

Kinetic analysis 

Accessibility 

Validation 

Radiation 

Image quality (vs. PET) 

PET 
Different uptake 

Kinetic analysis 

Validation 

Quantification 

Cost 

Accessibility 



Perfusion Study: CT or MRI 

MR Perfusion 

– No radiation 

– More clinical data than CTP  

Rief et al. J Am Coll Cardiol 2013;62:1476 

CT Perfusion 

– More radiation dose than CTA 

– Insufficient clinical data 

Coelho-Filho et al. Radiology 2013;266:701 



CT FFR 

Modeling with Hydraulic Assumption 

Taylor et al. J Am Coll Cardiol 2013;61:2233 



Perfusion Study: SPECT and PET 

SPECT Perfusion 

– Extensive validation 

– Easy accessibility 

– Radiation & low resolution 

 

PET Perfusion 

– Extensive validation 

– Low radiation 

– Higher resolution 

– Patient’s convenience 

– Cost & accessibility 



FFR vs. CFR 

CFR (Coronary Flow Reserve) 

– Absolute CFR: ratio of maximum stress flow to rest flow 

– Relative CFR: ratio of maximum stress flow in the diseased artery 

to maximum stress flow in the absence of disease in either the 

same or adjacent arterial distribution  

Gould et al. J Am Coll Cardiol 2013;62:1639 

CFR on Perfusion Imaging vs. FFR 

– FFR: Qs/Qn (= relative CFR) 

De Bruyne et al. Circulation 1994;89:1013 Marques et al. J Nucl Med 2007;48:1987 



MPI for Decision Making 

Taqueti et al. Circulation 2015;131:19 

Hachamovitch et al. Eur Heart J 2011;32:1012 



A Scheme for Management Decision  

Cremer et al. Sem Nucl Med 2014;44:320 



Hendel et al. Circulation 2009;119:e561 

Appropriate Use Criteria for MPI 



Summary 

Recent Development in SPECT and PET Technology 

– Heart-dedicated SPECT or SPECT/CT 

– Myocardial perfusion PET 

– Faster, lower-dose, absolute quantification 
 

Imaging-Based Screening in High-Risk Patients 

– Revision of “high-risk”  Needs for new data  

– Diagnosis / prognostication 

• All non-invasive imaging modalities are effective 

– Decision Making 

• Needs for effective functional imaging 


