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Teaching point:

• Clinical cardiac nuclear medicine techinques gives relative 
and quantitative measurements of: 

– perfusion & stress induced ischemia

– metabolism

– inflammation

– ejection fraction

– sympathetic innervation
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The tracer principle

• 1935 - de Hevesy and Chiewitz were the first to apply the method to the study of 

the distribution of a radiotracer (P-32) in rats.

• 1956 Anger developed the gammacamera

• A radioactive (labelled) biologically active substance is chosen in such a way that 

its spatial and temporal distribution in the body reflects a particular body function 

or metabolism. 

• In order to study the distribution without disturbing the body function, only traces 

of the substance are administered to the patient.

• The radiotracer decays by emitting gamma rays or positrons (followed by 

annihilation gamma rays).

• The distribution of the radioactive tracer is inferred from the detected gamma 

rays and mapped as a function of time and/or space

• The most often used radio-nuclides are 99mTc- Technetium in single photon 

imaging and 18F- Fluor in positron imaging.
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• Spatial resolution 8 millimeter 

• Moderate sensitivity (until now) 

• Long acquisition time

• Only regional relative perfusion

• Isotopes are generator (or 

reactor, or cyclotron) produced

• Spatial resolution 4-6 mm 

• Higher sensitivity

• Shorter acquisition time

• Absolute quantification mL/min/g

tissue and flow reserve (ratio 

hyperaemic flow/baseline flow)

• Isotopes from cyclotron (or generator) 

Availability ?

Gamma Gamma cameracamera–– SPECTSPECT
SingleSingle--PhotonPhoton EmissionEmission Computed Tomography Computed Tomography 

Carrier 
molecule

Radio
nuclide

PET PET 
Positron Positron EmissionEmission Tomography Tomography 

Radionuclide + carrier molecule = radiopharmaceutical/radiotracer

Carrier 
molecule

Radio
nuclide



Cardiac nuclear medicine procedures

1. Ejection fraction – MUGA

2. Neuronal activity/ sympathetic innervation - 123I-MIBG 
(analog to norephinephrine)

3. Perfusion

– Myocardial scintigraphy – SPECT

– PET:  Rb – 15O – NH3

4. FDG-PET  (glucose analog)

1. viability / fibrosis

2. inflammation (sarcoidosis, atherosclerosis)

5. More
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MUGA-MUltiple Gated Acquisition

• Red blood cells are labelled with 99mTc-pertechnetate (combination of in 

vitro/vivo)

• ECG-gated acquisition splits heart cyclus in 16 intervals

• Region Of Interest around the content of the left ventricle. Proportionality

between measured radioactivity (counts/time) in the ROI and left ventricle

volume.

• Ejection fraction is calculated from maximum and minimum volume

• Used e.g. during cardiotoxic chemotherapy.
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123I – MIBG - Myocardial sympathetic activity

• In chronic HF – sympathetic activity is initially increased as a compensatory 
mechanism. 

• Increased neuronal release of norepinephrine (NE) is usually accompanied by 
decreased neuronal NE reuptake due to post-transcriptional downregulation of the 
cardiac NE transporter. 

• The decrease in the NE reuptake mechanism has been successfully assessed by 
imaging with the radio-labelled analog of norepinephrine - iodine-123– meta-
iodobenzylguanidine. 

• prognostic value in CHF 

• help to monitor a patient's clinical 
course and response to therapy

• predicts potentially lethal 
ventricular arrhythmias – helps to  
more accurately select patients 
for implantable cardioverter
defibrillators

Ratio  heart / mediastinum
WO – wash out – early/late
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Myocardial Perfusion Imaging

• Regional perfusion in rest and stress (physical or pharmacological
(adensosin –dobutamin)

• 99mTc-tetrofosmin (99mTc-MYOVIEW®) is quickly taken up by 
myocardium after i.v. injection (passive diffusion) proportional with 
increase in flow up to x 2-2,5. Trapped in intact mitochondria –
reflecting viable myocytes.

• Imaging can be performed after the stress test.

• With low – intermediate probability for coronary artery disease 

(clinical and ECG)  it is cost – effective to use perfusion

scintigraphy as gatekeeper for coronary angiography. 

• High NEGATIVE PREDICTIVE VALUE for future (within 3 yrs) MI or 
coronary death (< 1,0 % pr year).



• Stress induced perfusion defects

• Activity distribution in LV (17 segments) compared to a reference population.  Each 

segment is scored separately using a 5-point model ranging from 0 (normal uptake) to 4 

(uptake absent). This gives a summed stress score (SSS) and summed rest score (SRS) 

and summed difference score (SDS).                              

The scores have prognostic value.
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Count sensitivity in cps/MBq (left axis) and tomographic image resolution in the center in millimeters (right axis) of the new cardiac 

SPECT systems as compared with the conventional dual-head system. 

D-SPECT—Spectrum Dynamics D-SPECT system;  NM—GE Alcyone 530c system; IQSPECT—Symbia system with dual-head astigmatic 

collimators from Siemens;  Cardius Digirad x∙act with fan-beam(FB27) collimator and nSPEED reconstruction.

Conventional = conventional dual-headed SPECT with low-energy high-resolution collimators.

New Cardiac Cameras: Single-Photon Emission CT and PET
Slomka et al, Semin Nucl Med, 2014 
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Automatic generation of absolute myocardial blood flow images using 

[15O]H2O and a clinical PET/CT scanner.
Harms et al. Eur J Nucl Med Mol Imaging. 2011.

Stress

Rest
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Diagnostic performance of noninvasive myocardial
perfusion imaging using single-photon emission computed 

tomography, cardiac magnetic resonance, and positron 
emission tomography imaging for the detection of 

obstructive coronary artery disease: a meta-analysis. 

Jaarsma J Am Coll Cardiol. 2012;59:1719-28

CONCLUSIONS: 
SPECT, CMR, and PET all yielded a high sensitivity, while a broad 
range of specificity was observed. SPECT is widely available and most 
extensively validated; PET achieved the highest diagnostic 
performance; CMR may provide an alternative without ionizing radiation 
and a similar diagnostic accuracy as PET. We suggest that referring 
physicians consider these findings in the context of local expertise and 
infrastructure.



HYBRID imaging - CT

SPECT / CT - coronary angio

PET / CT coronary angio
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18F-FDG (Suger scintigraphy)

• FDG is transported into the cells like glucose – and is trapped
in cells with high glucose metabolism.

• The nb 1 PET tracer. Huge in onclogy.

• But very useful:

– heart/myocard

– inflammatory cells

– brain

FDG   C6H11FO5

2-Fluoro-2-deoxy-D-glucose

18F-Fluor 18: T1/2 120 min18F Glucose
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VIABILITY
#82Rb stress and 18F-FDG PET 

viability imaging. 

# Top row, Stress images 

demonstrate a moderate to 

severe reduction in uptake in 

the anterior wall, apex, distal 

inferior wall, and septum with 

minimal improvement on rest 

(middle row), consistent with 

mild ischemia, transmural, 

and nontransmural scar in the 

LAD territory. 

#18F-FDG images 

demonstrate a mismatch 

pattern in the mentioned 

territories, signifying viable 

myocardium 

CardiacCardiac PET PET utilizingutilizing 18F18F--FDG is FDG is consideredconsidered the the 

most sensitive most sensitive modalitymodality for for detectingdetecting

hibernatinghibernating viableviable myocardiummyocardium

(Radionuclide Imaging of Viable Myocardium: Is it Underutilized? Mylonas I. Curr Cardiovasc

Imaging Rep. 2011;4:251-261.)
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• Prediction of left ventricular function recovery after revascularization. 
• The amount of scar was a significant independent predictor of 

recovery.

Beanlands et al., 2002 J Am Coll Cardiol

Partial mismatch - mixture of scar
and hibernating myocardium

No mismatch



Cardiac PET Imaging of 18F-FDG Metabolism: Study of 

Healthy and Infarcted Hearts of Rats

R. Mabrouk, Conf Proc IEEE Eng Med Biol Soc 2013

Parametric MMRG (metabolic rate of glucose) image. Images are resized
directly in units of glucose metabolism (micromole/100g/min)
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PET/MRI of the Heart 

Rischpler et al Semin Nucl Med 2015

• 18F-FDG-PET/MR “viability” imaging shortly after acute MI. 

• White arrows Normal 18F-FDG uptake and no LGE

• Black arrows – Reduced or absent 18F-FDG uptake and transmural LGE

• Red arrows - reduced 18F-FDG uptake and non transmural LGE. 

• LGE- late gadolinium enhancement.
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HYBRID imaging - MR



Inflammatory activity sarcoidosis

Heterogeneous Myocardial FDG Uptake and the Disease Activity in Cardiac Sarcoidosis

Tahara et al. J Am Coll Cardiol Img. 2010;3:1219-1228.
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From anatomical imaging of stenosis

- to metabolic imaging of inflammation

>70% >50% < 50%
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NATURE;Feb 2008; Imaging of atherosclerotic cardiovascular disease Sanz &Fayad

Unstable plaques 

•lipid-rich necrotic core 

•thin fibrous cap 

•macrophages

•angiogenesis

•hemorrhage

Stable plaque 

•fibrous, calcification

•little lipid 

•no inflammation

Plaque rupture  = 

•stroke/transitory 

ischemic attack

•myocardial infarction  -

sudden death
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Studies with FDG PET and atherosclerosis 
18 F-Fluorodeoxyglucose PET Imaging of Coronary Atherosclerosis 

and Plaque Inflammation. Chen & Dilsizian; Curr Cardiol Rep (2010) 12:179–184

• The macrophages are key components in the inflammatory atherosclerotic

process. 

• Active macrophages are energy demanding cells

• Because of their hypermetabolism - active macrophages are visualized as 

areas with high uptake in a FDG-PET scan. 

• In a clinical setting – unstable plaques that does not limit flow can be the 

main reason to cardiovascular events. 

• Epidemiological studies has shown that a big amount of patients with a 

sudden heart event did not have symptoms in advance.

• Atherosclerosis as a systemic inflammatory disease.
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Feasibility of FDG maging of the coronary arteries: comparison

between acute coronary syndrome and stable angina.
Rogers. JACC Cardiovasc Imaging. 2010;3:388-97.
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Treatment response
Pioglitazone decreases coronary artery inflammation in impaired glucose tolerance and diabetes 

mellitus: evaluation by FDG-PET/CT imaging. Nitta et al JACC Cardiovasc Imaging 2013
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Representative cases at baseline and after 16-week treatment with pioglitazone (A) or 

glimepiride (B). Reduction in FDG uptake in the LMT with pioglitazone, but not with 

glimepiride treatment (arrows).

A B



Radionuclide imaging of myocardial metabolism.

Peterson LR. Circ Cardiovasc Imaging. 2010;3:211-22.

◦Myocardial Oxygen
Consumption

■15O-Oxygen 

■11C-Acetate 

◦Carbohydrate Metabolism

■18F-Fluorodeoxyglucose 

■Carbon-11 Glucose

■11C-Lactate 

◦Fatty Acid Metabolism

■11C-Palmitate 

■Fatty Acid Analogues
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• Radiumhospitalet 2005 – 1st PET/CT 
• Rikshospitalet 2006 
• Haukeland 2009 
• Ullevål – Aleris 2011 
• 2012 Tromsø
• 2013 Trondheim (PET/CT and PET/MR)

• Soon: Stavanger (? AHUS - Hamar - Fredrikstad –
Tønsberg ? – PET-bus)

• STATUS 2015 – 8 scanners – new generation scanners
are quicker and more sensitive.

PET Positron Emisjon Tomografi NORWAY
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NON-INVASIVE METHODES
E
k
k
o

A
n
gi
o

CT Nuclear medicine MR

Coronary arteries High negative predictive value
(coronary CTA)

Vessel wall inflammation, 
not lumen

Kun på eksperiment-stadiet

Calcifications Visible
Only if SPECT/CT or 
PET/CT  (hybrid)

Synes ikke

Ischemia (stress 
perfusion)

Qualitative + semi-quantitative 
Investigational research tool 
(stress perfusion)

SPECT: relative regional 

PET: Absolute 
quantification 

Kvalitativ us med  belastning

Perfusion rest
SPECT: relative regional 

PET: Absolute 
quantification 

Semikvantitativ, god oppløsning
På eksperimentnivå

Volumes/Function Feasible, but due to ionizing 
radiation not in clinical use.

MUGA: accurate, highly 
reproducible 

Possible with gated 
perfusion scan 

Cine-sekvenser

Gullstandard ennå, god 
reproduserbarhet

Strain No No
Tagging

Mest validerte metode, krever
postprosessering

Infarct size 
(viability)

Visible at stress perfusion Good sensitivity
Late enhancement

God sensitivitet og oppløsning, 
uspesifikk

Ionizing radiation Yes Yes Ingen

Contrast media No (CAC) Yes (CCTA) No


