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Introduction

• Patients with suspected or known CAD benefit from 
the information provided by a noninvasive cardiac 
imaging test, regarding the presence, extent, and 
severity of CAD.

• An important goal of imaging is to provide a high 
quality appropriate test for the right patient at the 
right time.

• These goal include effective, safe, efficient, patient-
centered, equitable, and timely care.



J Nucl Cardiol 2016



Clinical Indications
✓ Preferred:

▪ Patients with known or suspected CAD who 

meet AUC and are unable to complete a 

diagnostic level exercise stress imaging study



Clinical Indications
✓Recommended:

• Prior stress imaging study was poor quality, equivocal or 
inconclusive – attenuation artifact, or discordant with 
clinical impressions of other diagnostic test results

• Body characteristics (BMI >30, unusual shape, 
dextrocardia, pleural effusions)

• High-risk patients (kidney dz, DM, known or suspected 
potentially high-risk CAD)

• Young patients with established CAD

• Myocardial blood flow quantification benefits to exclude 
multivessel CAD,  to improve risk stratification, 
assessment of microcirculatory function



Important Properties of 
Myocardial Perfusion PET

1. High Diagnostic Accuracy

2. Consistent High-Quality Images

3. Low Radiation Exposure

4. Short Acquisition Protocols

5. Quantification of myocardial Blood Flow

6. Strong Prognostic Power



Course Outlines

• Compare Cardiac PET Radiopharmaceutical

• Quality Control

– Rubidium Generator

– PET/CT Scanner

• Imaging Protocol and Artifacts



The Basics of PET Imaging

Front. Oncol., 13 August 2013



The Basics of PET Imaging



PET MPI Tracers

J Nucl Cardiol 2018;25:269–97.



Myocardial Blood Flow

(Gould KL, Am J Cardiol 1974;33:87-94.)



Myocardial Flow Quantification



Extraction Fraction of Tracers
SPECT Tracer PET Tracer

(85%)

(54%)

(60%)

(>90%)

Higher extraction fractions:
• More accurate stress myocardial blood flow

• Greater defect resolution

• Increased cardiac counts at stress

• Decreased dose to other organs 



PET Radiopharmceuticals
Radiopharm Year of FDA Approval Clinical Indication

F-18 Fluoride 1972 Bone imaging

Rb-82 1992 Myocardial perfusion imaging

F-18 FDG 1994 Epileptic foci

F-18 Fluoride 2000 Bone imaging

N-13 NH3 2000 Myocardial perfusion imaging

F-18 FDG 2000 Epileptic foci in brain
Myocardial glucose metabolism
Tumor glucose metabolism

F-18 FDG 2005 Alzheimer’s disease and
Fronto-temporal dementia

Jiraporn_PET/CT in Onco 2016



82Rb-chloride 

• Potassium analog

• Actively transported across the cell membrane by Na-K pump

• Produced from a Sr-82/Rb-82 generator and IV administered 
using an infusion pump

• Contains Sr-82 and Sr-85 in a hydrous stannic oxide column

– Sr-82 T ½ =25 days (parent isotope)

– Sr-85 T ½ = 65 days (unintended byproduct)

• The “daughter” is Rb-82 chloride (T ½ ≈ 75 sec)

• Same dose for rest and stress imaging

• On-demand availability



Course Outlines

• Compare Cardiac PET Radiopharmaceutical

• Quality Control

– Rubidium Generator

– PET/CT Scanner

• Imaging Protocol and Artifacts



CardioGen-82 Generator
• Generator sits inside a shielded container in the cart

• Automatic infusion system

• Positron detector (Dose calibrator)

• Control Panel



CardioGen-82 Infusion System



CardioGen-82 Infusion System

➢Quality Control

1. Daily column wash

2. Rb-82, Sr-82 and Sr-85 level testing 
daily prior to patient administration 

3. Daily Calibration



CardioGen-82 QC Records



CardioGen-82 Label

➢ Alert Limits
• Sr-82 level exceeds 0.002 µCi Sr-82/mCi Rb-82, or
• Sr-85 level exceeds 0.02 µCi Sr-85/mCi Rb-82, or
• A total elution volume of 14 L has passed through the 

generator column

➢ Expiration Limits
• Sr-82 level exceeds 0.01 µCi Sr-82/mCi Rb-82, or
• Sr-85 level exceeds 0.1 µCi Sr-85/mCi Rb-82, or
• A total elution volume of 17 L has passed through the 

generator column, or 
• 42 days post calibration date



Worksheets



On-Line Data Trak



RUBY-FILL Generator



RUBY-FILL PI



Limit Volume
(liters)

82Sr 
Breakthrough
(mCi/mCi 82Rb)

85Sr 
Breakthrough
(mCi/mCi 82Rb)

Time
(days)

RUBY-FILL

Alert 20 0.004 0.04

Expiratory 30 0.01 0.1 60

CardioGen-82

Alert 14 0.002 0.02

Expiratory 17 0.01 0.1 42

Comparison of Limits:

CardioGen-82® vs RUBY-FILL®

Lewin – ASNC Sept 2018



Course Outlines

• Compare Cardiac PET Radiopharmaceutical

• Quality Control

– Rubidium Generator

– PET/CT Scanner

• Imaging Protocol and Artifacts



PET/CT QC

Ge-68 Source CT Phantom



Dedicated PET QC Procedures

ASNC Imaging Guidelines



PET QC: Sinogram

1. Detector Info
2. Plane Display
3. Fansum Display
4. Plane Numbers



PET QC: Normalization

Normal Sinogram

Recon image of 
NEMA/IEC phantom

Non-operational Detector Blocks

Recon image of 
NEMA/IEC phantom



PET QC Report    



Combined PET/CT QC Procedures

ASNC Imaging Guidelines



CT QC

Noise & Uniformity Linearity



CT QC Record



CT QC Artifacts



Course Outlines

• Compare Cardiac PET Radiopharmaceutical

• Quality Control

– Rubidium Generator

– PET/CT Scanner

• Imaging Protocol and Artifacts



Technical Advantages of Rb PET

• High spatial & temporal resolution

• High count density

• Reliable attenuation & scatter correction

• Short half-life radionuclides

• Short image acquisition protocols

• Tracers with superior kinetics

• Validated models for quantifying myocardial blood flow (MBF) 



PET 2D vs 3D Imaging
Recommendation:

Validated 3D imaging should be used whenever possible for both dose 
reduction & high-quality images

J Nucl Cardio. May 2017



Count Sensitivity (%)

Slomka, J Nucl Cardiol 2014;21:1092–5

DH SPECT           HE SPECT            2D PET               3D PET



Radiation Effective Doses (mSv)

J Nucl Cardiol, May 2017; 1071-3581



Rb-PET MPI Protocol



Pharmacologic Stress Comparison



Rest Rb Study



Lexiscan Pharm Rb Stress 

60 sec

60 seconds, 



1. Lieu HD, et al. J Nucl Cardiol. 2007;14:514-520.

2. Lexiscan (regadenoson) injection [package insert]. Deerfield, IL: Astellas Pharma US, Inc.; 2008.

» Activation of the A2A adenosine receptor by Lexiscan produces 
coronary vasodilation and increases coronary blood flow (CBF)2

» Lexiscan causes a rapid increase in CBF that is sustained for a 
short duration2

Lexiscan-Induced Coronary Blood Flow1

Duration at ≥2.5-fold above baseline: 2.3 min

Time to >2-fold above baseline: 30 sec



Dosing and Administration
✓ Recommended dose of 0.4 mg/5 mL for all patients, regardless of 

body weight

✓ Rapid (approximately 10 seconds) IV injection administration

▪ No pump required

✓ Administration of stress and tracer complete in less than 1 minute

*Flush after radionuclide administration per your lab protocol.



The New Lexi/Rb-82 Injection Protocol



When to Inject Radiotracer for 
MBF after Regadenoson



Adenosine Pharm Rb Stress 



Dipyridamole Pharm Rb Stress



Dobutamine Pharm Rb Stress



Diagnostic Accuracy of Rb-PET MPI

• Spatially-relative image interpretation (visual & quantitative)

• Rest & peak stress LVEF, EDV, ESV

• Rest & peak stress global & regional WM & WT

• Myocardial blood flow (MBF) & coronary flow reserve (CFR)



Cardiac PET MPI
Multi-demensional List-Mode Acquisition



Dynamic Cardiac PET



56

Myocardial Perfusion SPECT/PET
Perfusion Function

Quantification

Peak Stress Rest

Flow



Rb-PET MPI w/Flow (case #1)



Rb-PET MPI w/Flow (case #2)



Cardiac Mortality by CFR & Scan Abnl

Murthy: Circ, 2011



Tx/Em Registration QC

Dedicated PET System



Tx/Em Registration QC

PET/CT System



Attenuation Correction

NAC

AC

NAC

AC



Mis-registration Artifacts



3D Fusion Registration

Before After



Infusion System Errors

Rest#1

Rest#2

Stress



Vertical Motion

Before →

After →



Horizontal Motion

Before →

After →



Cardiac/Respiratory Motion

Raw 3D MIP CineRaw Projection 2D Cine

SPECT PET



Cardiac/Respiratory Motion

Slomka et al, J Nucl Cardiolo 2016;23:486-90



Cardiac/Respiratory Motion

Motion Stress



Cardiac/Respiratory Motion

NAC →

AC →

AC w/mc →

AC w/mc 
5-6min   →



Physiologic Artifact

NAC AC

16mm AC
240 sec
16mm AC

CHF & Low EF



Physiologic Artifact

NAC

AC

16mm AC

240 sec
16mm AC

CHF & Low EF



Physiologic Artifact
Lung Uptake, Ischemic Cardiomyopathy & Low EF

Rb-NAC Rb-AC Rb-AC_240 FDG-AC



Physiologic Artifact

Rb-NAC

Rb-AC

Rb-AC_240

FDG-AC

Lung Uptake, Ischemic Cardiomyopathy & Low EF



IV Problems

Small IV

Rest Stress

PICC Line

Rest Stress



Excessive Gut Uptake

Rest Stress



ECG Gating Artifact

Stress Rest



Rb-PET MPI Analysis

• Quality:  
– Blood pool activity
– Lung uptake

• Perfusion defects
– Location, qualitative (visual) evaluation of severity
– Semi-quantitative segmental score

• Gated data
– RV and LV size, relative uptake
– Volume, EF and regional wall motion

• Dynamic data
– Rest & peak stress myocardial blood flow and flow reserve

• Extra-cardiac findings and calcium score (CT)



• Cardiac PET imaging offers unique & robust technique 
in detecting and risk assessment of CAD in patient 
who is not able to exercise adequately.

• PET imaging artifacts are different than the SPECT

• Causes include; breathing, patient motion
– 21% of PET scans (JNM 2004; 45:1029-39)
– Up to 40% if CTAC (JNM 2007; 48: 1112-1121)

• Solutions;
– Patient prep & history
– Software based – realign transmission & emission scans
– Reconstruct partial data (list mode)
– Repeat study

Summary


