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Radionuclide Imaging TechniquesRadionuclide Imaging Techniquesg g qg g q

Perfusion                                   Radionuclide SPECT imagingPerfusion                                   Radionuclide SPECT imagingPerfusion                                   Radionuclide SPECT imagingPerfusion                                   Radionuclide SPECT imaging
Positron emission tomography (PET)Positron emission tomography (PET)

Function                                      Radionuclide Function                                      Radionuclide ventriculographyventriculography
G t dG t d ECG SPECTECG SPECTGatedGated--ECG SPECTECG SPECT

Sympathetic innervation              MIBG (Meta Sympathetic innervation              MIBG (Meta IodoIodo BenzylBenzylSympathetic innervation              MIBG (Meta Sympathetic innervation              MIBG (Meta IodoIodo BenzylBenzyl
Guanidine)Guanidine)

Myocardial metabolism                 FMyocardial metabolism                 F--18 18 fluorodeoxyglucosefluorodeoxyglucose ((1818FDG)FDG)
II--123123--labelled modified fatty acidslabelled modified fatty acids



Radionuclide MPS Radionuclide MPS -- PrinciplesPrinciplesRadionuclide MPS Radionuclide MPS PrinciplesPrinciples

•• Perfusion tracersPerfusion tracers

•• Cardiac stressCardiac stress

•• Gamma cameraGamma camera

•• Image reconstruction and interpretationImage reconstruction and interpretation



RadionuclidesRadionuclidesa onuc sa onuc s

• Unstable isotopes or nuclides are 
called radioisotopes or radionuclides

• Nuclear transitions lead to emission 
of a gamma rayof a gamma ray

•• Electron transitions lead to emission Electron transitions lead to emission Electron transitions lead to emission Electron transitions lead to emission 
of an of an XX--rayray



Radioactive decayRadioactive decayRadioactive decayRadioactive decay

Exponential decay is characterised by half-life 
(the time for half of the radioactive nuclei in a sample to decay)(the time for half of the radioactive nuclei in a sample to decay)

238U 4.5 x 109 years it
yy

14C 5730 years
226Ra 1600 years ad
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ac
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131I 8 days
201Tl 72 hours

Ra
99mTc 6 hours 
18F 2 hours
15O 2 minutes Time



Myocardial perfusion tracersMyocardial perfusion tracersy p fy p f

ThalliumThallium--201201 TcTc--99m MIBI99m MIBI TcTc--99m Tetrofosmin99m Tetrofosmin



Tracer Uptake versus PerfusionTracer Uptake versus Perfusion

MIBI Tetrofosmin Thallium
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y= 0.88x + 11y= 0.71x + 31 y= 0.71x + 28

Perfusion

Meleca JNM 1997 38:1847‐1856



Imaging protocolsImaging protocolsg g pg g p
ThalliumThallium Stress Stress –– redistributionredistribution

Stress Stress –– redistribution redistribution –– reinjectionreinjectionStress Stress –– redistribution redistribution –– reinjectionreinjection
Stress Stress –– reinjectionreinjection
Stress Stress –– reinjection reinjection –– 24 hour imaging24 hour imaging
RestRestRestRest
Rest Rest –– redistributionredistribution

TechnetiumTechnetium Two dayTwo dayTechnetiumTechnetium Two dayTwo day
One day, stress One day, stress –– restrest
One day, rest One day, rest –– stressstress

Dual isotopeDual isotope Rest thallium Rest thallium –– stress technetiumstress technetium
OthersOthers

AdjunctsAdjuncts NitrateNitrate
Fatty mealFatty meal



Dosimetry and Radiation Exposure According to Dosimetry and Radiation Exposure According to y p gy p g
ARSAC ARSAC ∗∗ Recommendations 2006Recommendations 2006

RadionuclideRadionuclide ImagingImaging

Diagnostic  Diagnostic  
Reference Reference 

Level Level 

Effective Effective 
DoseDoseLevel Level 

MBqMBq mSvmSv

ThalliumThallium--201201 Stress/RedistributionStress/Redistribution 8080 1414

 ( ( d )d ) 5050   55TcTc--99m99m Stress (oneStress (one--day)day)

Rest (oneRest (one--day)day)

250250

750750

2 2 -- 2.52.5

5 6 5 6 -- 7 57 5Rest (oneRest (one--day)day)

TwoTwo--day protocolday protocol

750750

400400

5.6 5.6 -- 7.57.5

3 3 -- 44y py p
∗ Administration of Radioactive Substances Advisory Committee 



Cardiac stressCardiac stressCardiac stressCardiac stress

• Exercise
- Dynamic

• Vasodilators
– Adenosine

- Isometric – Dipyridamole
– Regadenoson (Rapiscan)

• Other
• Inotropic agents

D but min• Other
– Pacing
– Cold pressor test

– Dobutamine

Cold pressor test



Gamma CameraGamma Camera
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Raw Cardiac SPECT DataRaw Cardiac SPECT DataRaw Cardiac SPECT DataRaw Cardiac SPECT Data

•• Heart within FOVHeart within FOV

•• Sources of artefactSources of artefact
– motion & upward creepmotion & upward creep
– attenuation by soft tissue or 

objects
– hot activity next to hearthot activity next to heart
– low counts

•• PathologyPathology•• PathologyPathology
– LV dilation/TID
– RV dilation/hypertrophy

lung uptake

Cine raw dataCine raw data

– lung uptake
– other significant tracer 

uptake outside heart
pattern of myocardial uptake– pattern of myocardial uptake



Tomograms Tomograms 
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Horizontal long axis  (HLA)
TOMOGRAPHIC VIEWS

Horizontal Long Axis

(HLA)

TOMOGRAPHIC VIEWS



Vertical Long Axis (VLA)
Vertical Long Axis

(VLA)



Short Axis (SA)( )
Short Axis (SA)



NormalNormal
67-year old female ex-smoker 
with atypical chest painwith atypical chest pain.

SA

HLA

h s
VLA

• homogeneous

• septum-to-lateral wall ratio <1

• septum slightly shorter than
Stress

• septum slightly shorter than

lateral wall



Image interpretationImage interpretationg pg p
Stress

100%

The basal anterior wall shows:The basal anterior wall shows:
4 normal 100 - 70%

Score2

1

1.1. Partial thickness infarctionPartial thickness infarction

22 Mild ischaemiaMild ischaemia
70

3 mild 70  50%04 2.2. Mild ischaemiaMild ischaemia

3.3. Moderate ischaemiaModerate ischaemia
50

3 mild 70 - 50%

2 moderate 50 - 30%

4
4

4 3.3. Moderate ischaemiaModerate ischaemia

4.4. Severe ischaemiaSevere ischaemia30

2 moderate 50  30%

1 severe 30 - 10%

4

4

5.5. Reverse redistributionReverse redistribution10
0 absent 10 - 0%24

Rest
04



Interpretation: Extent of DefectInterpretation: Extent of Defectp f fp f f

•• 9, 179, 17-- or 20or 20--segment modelssegment models anterior,, gm mgm m

•• 99--segment model most useful clinicallysegment model most useful clinically
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Quantification: Bull’s Eye PlotQuantification: Bull’s Eye Plot
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Myocardial Perfusion PatternsMyocardial Perfusion PatternsMyocardial Perfusion PatternsMyocardial Perfusion Patterns

Stress RestStress Rest
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Myocardial Perfusion PatternsMyocardial Perfusion Patternsyy

Stress Rest
100%

SA

100%

Stress Rest
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QuantificationQuantificationQuantificationQuantification
QGS Cedar Sinai Software

•• VolumesVolumes
Identifies Identifies endocardialendocardial and and 
epicardialepicardial bordersborders

CineESED

epicardialepicardial bordersborders
Ellipsoid fitted Ellipsoid fitted 

to to endocardialendocardial bordersborders

•• Left ventricular volume/Left ventricular volume/
interval curveinterval curve
V l  l l d dV l  l l d dVolume calculated andVolume calculated and
plotted for each interval plotted for each interval 

change in volume         change in volume         
relative  to timerelative  to time

•• LVEF (16LVEF (16--frame gating)frame gating)
EF = EF = 
EDV EDV –– ESV / EDV x 100ESV / EDV x 100



•• To assess the presence and severity of coronary To assess the presence and severity of coronary To assess the presence and severity of coronary To assess the presence and severity of coronary 
obstructionobstruction

•• To aid the management of patients with CAD:To aid the management of patients with CAD:
–– Risk stratification and prognosis (e.g. after MI Risk stratification and prognosis (e.g. after MI 

or before nonor before non--cardiac surgery)cardiac surgery)
–– To guide strategies of revascularisationTo guide strategies of revascularisation

To assess adequacy of revascularisationTo assess adequacy of revascularisation–– To assess adequacy of revascularisationTo assess adequacy of revascularisation

•• To assess viability and hibernationTo assess viability and hibernationTo assess viability and hibernationTo assess viability and hibernation
Normal Perfusion 
Tetrofosmin MPI



Indications for MPSIndications for MPSIndications for MPSIndications for MPS

•• Special indications:Special indications:

–– Anomalous coronary arteriesAnomalous coronary arteriesyy

–– Muscle bridgingMuscle bridging

–– Kawasaki’s diseaseKawasaki’s diseaseKawasaki s diseaseKawasaki s disease

Procedure Guidelines for Radionuclide Myocardial 
Perfusion Imaging  Anagnostopoulos C et alPerfusion Imaging. Anagnostopoulos C et al

Heart 2004;90:Suppl 1



Diagnostic accuracy of MPSDiagnostic accuracy of MPSDiagnostic accuracy of MPSDiagnostic accuracy of MPS

95
75

90
75

Sensitivity % Specificity % Normalcy %

Loong CY, Heart 2004 (Suppl V) 90:v2



New NICE Guidelines for Stable New NICE Guidelines for Stable 
Ch t P inCh t P inChest PainChest Pain

NICE guidelines 2010.In print



Intermediate likelihood of CAD

Functional 
Imaging

R ibl  di l 

Imaging

No Reversible myocardial 
ischaemia

I ti t  th  

Yes

UncertainInvestigate other 
causes of chest 

pain

Treat as 
stable angina



Low likelihood of CAD

CT calcium scoring

1 - 400

If zero >400

Investigate 
other causes of 

64-slice or above 
CTAother causes of 

chest pain

Significant CADNo Uncertain

YesTreat as 
stable angina



High likelihood of CAD

No Significant CAD Yes

UncertainInvestigate other 
causes of chest 

pain

Treat as 
stable angina

p



MPS as gatekeeper to angiographyMPS as gatekeeper to angiography



MPS as gatekeeper to angiographyMPS as gatekeeper to angiography
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Hoilund-Carlsen et al. Eur Heart J 2006; 27:29



MPSMPS--guided therapy and prognosisguided therapy and prognosisg py p gg py p g

Hachamovitch. Circulation 2003;107:2900



MPSMPS--guided therapy and prognosisguided therapy and prognosisg py p gg py p g

Medical therapy

Early revascularisation

Hachamovitch. European Heart Journal 2011



COURAGE trial, nuclear subCOURAGE trial, nuclear sub--studystudy,, yy

Optimal medical therapy and PCI Optimal medical therapyOptimal medical therapy and PCI Optimal medical therapy

Shaw. Circulation 2008;117:1283



Viability assessmentViability assessmentV a ty ass ssm ntV a ty ass ssm nt

Echo

NuclearNuclear

SR Underwood et al. Eur Heart J 2004;25:815



Indication Test Class Evidence Society

Viability assessment in CAD 
patients with HF without angina

Non-invasive 
imaging IIa B

Prediction of improvement in 
regional and global LV function

MPS
PET

I B

I = strong; II = conflicting evidence; III = not in favorI  strong; II  conflicting evidence; III  not in favor
A= high; B= intermediate; C= consensus

ESC and ACC/AHA Guidelines for Diagnosis and 
Management of Heart Failure 2008 & 2009

ACC/AHA/ASNC G id li  f  Cli i l U  f C di  R di lid  I i  2009ACC/AHA/ASNC Guidelines for Clinical Use of Cardiac Radionuclide Imaging 2009



Hibernation Hibernation –– the need for ischaemiathe need for ischaemiaHibernation Hibernation –– the need for ischaemiathe need for ischaemia

N=100 regions with abnormal thickening pre-op

Reversible/ischaemic regions Mild to moderate fixed 
d f t/ ti l thi k  i f ti

N=100 regions with abnormal thickening pre op

n=20n=56
defect/partial-thickness infarction

79% 30%

Improved regional wall 
thi k i  t thickening post 

revascularisation p<0.001 

Kitsiou AN. Circulation 1998; 98: 501



Defining HibernationDefining HibernationDefining HibernationDefining Hibernation
• Dysfunctional at rest

• ViableViable
• Ischaemic with 

stress

LVEDV 215ml 
LVEF 30% RestLVEF 30%

Rest             Stress



Prediction of Recovery of LV FunctionPrediction of Recovery of LV Function

Camici. Circulation 2008;117:103



What i  ?What i  ?What is new?What is new?



Innovations 2011Innovations 2011Innovations 2011Innovations 2011

Novel collimator 
technologytechnology

Conventional SPECT   IQ SPECT
Iterative reconstruction 
with Resolution Recovery



Next Generation ScannersNext Generation ScannersNext Generation ScannersNext Generation Scanners

C d i  C d i  Zi  T ll id  (CZT)Zi  T ll id  (CZT)Cadmium Cadmium Zinc Telluride (CZT)Zinc Telluride (CZT)
DetectorsDetectors

–– Focus pinFocus pin--hole collimationhole collimation
–– 3D reconstruction3D reconstruction

Stationary data acquisitionStationary data acquisition–– Stationary data acquisitionStationary data acquisition

•• Acquisition Acquisition time 3time 3--5 5 minutesminutes

•• Global and regional MBFGlobal and regional MBF
in ml/min/g of tissuein ml/min/g of tissuein ml/min/g of tissuein ml/min/g of tissue



Combined imaging: MPS/CTACombined imaging: MPS/CTAom n  mag ng  M S/om n  mag ng  M S/
• Separate systems:p y

– Side by side interpretation

– Software-based fusion

• Hybrid systems

European Society of Nuclear 
Medicine
Position statement:
“Fusion has incremental value 
over stand-alone imaging” 

Courtesy of Dr Liz Prvulovich, UCL London

g g



Stress Rest



MPS+CTA or Fusion?MPS+CTA or Fusion?MPS+CTA or Fusion?MPS+CTA or Fusion?

Anatomic target MPI P MPI+CTA P MPI-CTA 
fusion

CAD, global 
assessment

0.75 NS 0.81 0.02 0.88*

LAD c r n r  0 59 0 03 0 70 0 006 0 81†LAD coronary 
artery

0.59 0.03 0.70 0.006 0.81†

Santana CA et al. Society of Nuclear Medicine 
2007 annual meeting; June 2007; Washington, DC

*  0.005 vs MPI
†  < 0.0001 vs 

MPI
007 annual meeting; June 007; Washington, DC
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PET PET ICA+FFR

AdenosineAdenosine

Kajander and Knuuti. Circulation 2010;122:603
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Kajander and Knuuti. Circulation 2010;122:603


