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Introduction to PET Perfusion Imaging: 
Core Concepts 
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Dedicated SPECT

Dedicated PET Hybrid PET/CT

Hybrid SPECT/CT



� 1

� 2

� 1

PET Attenuation

SPECT Attenuation

Adapted from E Garcia, Emory Univ

Corrected Un-Corrected



Pharmacologic Stress Myocardial 
Perfusion Imaging 

SPECT Rb-82 PET

12 
Minutes

3.5 
Minutes



SPECT vs Rb-82 PET
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Bateman, JNC 13: 24 – 33, 2006



Lower Prevalence of Artifacts 
With PET vs SPECT 

SPECT PET P value

No artifact 19 (17%) 49 (44%) 0.0001

Significant artifact 64 (57%) 33 (29%) 0.00003

Significant GI uptake 46 (41%) 6 (5%) <0.00001

Bateman, JNC 13: 24 – 33, 2006
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Image Quality in 96 Patients Imaged With 
PET After a Non-Definitive SPECT

Yoshinaga et al, J Am Coll Cardiol 48: 1029 – 39, 2006



Comparison of Interpretive Certainty: 
SPECT vs PET in 100 Patients

Bateman et al.  JNC 2006; 13(1): 24-33

18% SPECT vs 4% PET 
studies were in 

uncertain categories

82% SPECT vs 96% PET 
studies were interpreted as 

definitely normal or abnormal



Dedicated PET Hybrid PET/CT

Germanium rod sources for AC
Minimal radiation exposure 
Relatively inexpensive

CT used for AC
Minimal radiation exposure
Expensive (but anatomic data & CTA)

Rotating Rod

Adapted from E Garcia, Emory Univ

PET    CT



Image Comparison Between Cameras: 
Different Normal Patients

Dedicated PET – 8 y/o Camera Hybrid PET/64 – New Camera



# of CT Detector-Rows?

4-8 Slice
Excellent for coronary calcium scoring

Excellent for run-offs, thoracic and abdominal aort a

16-40 Slice
Excellent for the all of the above 

May provide superior renal/carotid/pulm vein studies

64-Slice
Excellent for all of the above plus coronaries/graft s

Better than 16-slice for carotids/cardiac vein stud ies

Perfusion scans no better than with a 16-slice CT



Tracer Uptake and Blood Flow

Myocardial Blood Flow (ml/min/g)
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Tracer Uptake and Blood Flow
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Rb-82 ECG-Gated Rest/Stress Acquisition 
Protocol for Dedicated or Hybrid PET/CT

1 3.53.5

Tx
Scan

Rb-82
40 mCi

Emission 
Scan, 3D

with gating

1

Tx
Scan

Rb-82
40 mCi

1

Emission 
Scan, 3D

with gating

Dipyridamole, 
Dobutamine

Stress

25 
minutes



PET Only vs PET & SPECT

In 2008, Need Both

• Only current PET perfusion tracer for most sites is  Rb-82

• Rb-82 only practical for pharmacologic stress

• Exercise is best option if patient able 



When to Use PET in Place of SPECT

SPECT first – if inadequate, proceed with PET

versus

PET first for defined patient populations

Assumption: Provider has access to both SPECT 
and PET



Problems Associated With SPECT First Followed 
by PET if Diagnostic Uncertainty Remains

• Can be wasteful of resources

• Can over-expose patients to unnecessary radiation

• Substantial knowledge about situations where 
SPECT performs less-well

• Assumes that information content of SPECT & PET 
is approximately the same for all patients



Overview of Current Performance of SPECT 
Myocardial Perfusion Imaging

• Rest/stress protocols are inefficient; the most eff icient 
(dual isotope) has high dosimetry

• Attenuation and scattered counts affect interpretiv e 
certainty and diagnostic accuracy

• Pharmacologic stress images are often lower quality

• Underestimates CAD extent - post-stress wall motion 
helpful, but time-dependent loss of information

• Lack of flow quantitation



Problems Associated With Inefficient SPECT 
Imaging Protocols

• Limits ability to control per-test costs

• Limits usefulness in semi-acute settings

• Raises costs associated with hospital admissions fo r 
chest pain “rule-outs”

• Diminishes image quality – lie still time; repositio ning

• Dosimetry prohibitive with traditional back-to-back dual-
isotope protocols

The bar has been reset by PET and by coronary 
CTA at under 30 minutes and with low dosimetry



Benefits Associated With Highly Efficient 
Rest/Stress PET Imaging Protocols

• Enhances ability to control per-test costs

• Ease of accommodating work-ins, late afternoon test ing 
facilitates prompt decision-making 

• Image quality enhanced by short time required to li e still 
(3.5 vs 13 minutes) and no necessity for repositioni ng

• Satisfactory dosimetry

The bar has been reset by PET and by coronary 
CTA at under 30 minutes and with low dosimetry



EMR-Driven Clinical Care Pathway

Pharmacologic stress

Prior equivocal SPECT

Prior non-diagnostic SPECT

Prior erroneous SPECT

Obese patient

Cannot raise arms

Time constraints 

PET



Rb-82 cart

Dipyridamole pump

SPECT Room

PET/CT Room

Control Room



Daily Work-Flow SPECT/PET/CT

8:00 – 1:00               Rest/stress myocardial per fusion PET

Rest SPECT

1:00 – 5:00               Stress myocardial perfusio n SPECT

CACS, CTA

Nurse                               1.0 FTE

Nuclear Technologist     1.0 FTE

ECG Technologist          1.0 FTE

CT Technologist             0.5 FTE
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Myocardial Perfusion PET/SPECT Ratios in a 
Single Lab With 2 SPECT and 1 PET Cameras

2 SPECT 
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Volume

1 PET 
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Hybrid PET/CTHybrid PET/CT
Diagnostic accuracy of Rubidium-82 myocardial perfu sion imaging with 
hybrid positron emission tomography/computed tomogr aphy (PET-CT) 

in the detection of coronary artery disease

Sampson et al, J Am Coll Cardiol 2007; 49: 1052 - 1058

Dedicated PET Dedicated PET vsvs SPECTSPECT
Diagnostic accuracy of rest/stress ECG-gated Rb-82 myocardial perfusion 

PET: Comparison with ECG-gated Tc-99m sestamibi SPEC T

Bateman et al, J Nucl Cardiol 2006; 13: 24-33.

Diagnostic Accuracy of PET Myocardial 
Perfusion Imaging: 2006-2007
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Bateman, JNC 13: 24 – 33, 2006
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Bateman, Circ 108: IV-454, 2003.



Bateman, Circ 108: IV-454, 2003.

��������	
����������
���

����� ���



Diagnostic Accuracy of Rb-82 
PET/CT: > 70% Stenosis
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Sampson et al, J Am Coll Cardiol 2007; 49: 1052 - 1058
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83%
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Prediction of Three-Vessel Disease in 143 
Patients: Importance of Function Assessment in 

Addition to Perfusion

Lima et al, J Am Coll Cardiol 2003; 42: 64 - 70

With combined 
perfusion & function 

assessment, only 
~60% were identified 

as having multi-
vessel CAD
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Changes Between Rest and Peak-Stress 
LVEF With Dipyridamole Rb-82 PET in 48 

Women With Low-Likelihood for CAD

67%
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Goeke, ASNC 2006, Montreal



Changes Between Rest and Peak-Stress 
LVEF With Dipyridamole Rb-82 PET in 16 

Men With Low-Likelihood for CAD
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LVEF “Reserve” Improves Identification of 
Multivessel Disease

Angiographic extent of CAD

2-vessel 
pattern

1-vessel 
pattern

No defect

3-vessel left 
main pattern

1-vessel 
CAD 
N=23

2-vessel 
CAD 
N=13

Left main/3-
vessel CAD 

N=17
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Dorbala et al, J Nucl Med; March 2007



Prognostic Value of Rb-82 Myocardial 
Perfusion PET Using Dipyridamole
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153 consecutive pts followed for 3.0 +/- 0.9 yrs

Cumulative 
Death & MI 

(%)

0 4%

17%
27%

SSS <4 4-7 8-11 >12

Yoshinaga, JACC 43: 338A (Abstract)
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Bateman, Circ 108: IV-454, 2003.

Coronary Angiography Rates Within 60 
Days After a Myocardial Perfusion PET Scan

35%2260Ischemic

1.8%3170Normal

%# Caths# PtsScan 
Result



Selecting the Appropriate Patient for 
Positron Emission Tomography

1. When pharmacologic stress required (pts unable to  exercise 
for 6 minutes or to achieve >80% MPHR)

2. When attenuation artifacts anticipated (women wit h large or 
firm breasts; over-weight and obese)

3. Small people (higher spatial resolution)

4. Patients who have had prior equivocal or suboptim al SPECT

5. Higher risk patients, in whom it is important to not 
underestimate CAD extent/severity (diabetics, known  CAD, 
prior revascularization)

6. Add-ons; work-ins; after-hours

7. When ancillary information desired – CACS; absolut e flow





83 y/o Woman; BMI 24

SPECT PET



Patients Who May Not Benefit From 
Myocardial Perfusion PET

• Very large patients (BMI > 40); weak generator

• High intracardiac pressures (severe CHF)

• Pulmonary hypertension

• People who cannot lie still





Patients Who May Not Benefit From 
Myocardial Perfusion PET

• Very large patients (BMI > 40); weak generator

• High intracardiac pressures (severe CHF)

• Pulmonary hypertension

• People who cannot lie still



Patient moved during the stress 
acquisition

Repeat study



Avoiding the Inappropriate Patient for 
Positron Emission Tomography

1. Morbidly obese

2. Uncompensated congestive heart failure

3. Pulmonary hypertension

4. Cannot lie still

• 80% of pharmacologic stress volume

• ~ 40% of total lab volume



Vasodilator Stress Rb-82 
Myocardial Perfusion PET

• Highly accurate – probably > dipyridamole

• Staff need to be out of the room when Rb-82 infusin g 

• High-grade heart block in ~ 50%

• Only option is intravenous in both arms

Adenosine

Regadenoson (Lexiscan)

• Not validated for PET



PET Myocardial Perfusion Imaging

Future Developments

1. Routine quantitation of myocardial blood flow

2. New F-18 perfusion agents


