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Myocardial Perfusion Imaging



Coronary System



Coronary Circulation

Coronary reserve

Å 25% reserve in O2 extraction

Å 4-fold perfusion reserve

Å (vasodilatation)

5-fold O2 supply reserve



Under resting conditions, 

coronary blood flow remains 

normal until coronary artery 

lumen is severely reduced 

to 

+/- 85% diameter stenosis.

However, in response to 

exercise stress or to 

pharmacologic coronary 

artery arteriolar 

vasodilatators maximum 

coronary flow becomes 

impaired with mild coronary 

stenosis.

Coronary flow reserve

Coronary Flow Reserve

50%

70%
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Adapted from Gould KL, Am J Cardiol 1974



STRESS

wall motion 
alterations

decreased 
perfusion

ECG changes

angina complaints

Ischemic Cascade

early late



Ischemia Imaging: SPECT

Principle of stress-rest imaging

Coronary stenosis

Rest Stress test

normal
uptake

decreased
uptake

Assessment of flow reserve but relative!!!

maximum blood 

flow can be 

achieved

by increasing O2 demand:

- exercise

- dobutamine

by direct arteriolar 

vasodilatation:

- Dipyridamole

- adenosine



Ideal Perfusion Tracer

ÅHigh first-pass extraction fraction

ÅLinear relation between uptake and perfusion

ÅNo effect on hemodynamics (small volumes)

ÅSafe, easy to inject and low cost



Myocardial Perfusion Imaging (MPI)

Å99mTc- Sestamibi or 99mTc- Tetrofosmin

Å99mTc- Teboroxime

Å201Thallium

Å82Rubidium

Å13N- Ammonia

Å15O- H2O

Å11C- Acetate
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EANM guidelines, 2015 revision

Which Stress Test ?



Patient preparation

EANM guidelines, 2015 revision



Submaximal Exercise: Diagnostic Implications
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(n = 164)

(n = 108) 

Iskandrian, 1989

Stress Testing 



Pharmacological Stress Tests

- Recommended in patients who cannot exercise adequately.

- Removes the need for cooperation and motivation of the patient.

- Enable confident assessment of myocardial perfusion in virtually all 

cases.

- Should be done in combination with low level exercise to decrease side 

effects and improve image quality

The increase in coronary blood flow is mediated by

direct vasodilatation dipyridamole

adenosine

regadenoson

secondary vasodilatation dobutamine (test takes too long)
caused by an increase 
in cardiac work load



Exercise Pharmacologic

Exercise vs Pharmacologic Stress ?

Ischemia

oxygen demand > supply

Flow HeterogeneityIschemia

coronary steal supply < demand



Non-selective A2a Receptor Agonists

Overview of Pharmacological Stressors



Selective A2a Receptor Agonists

Overview of Pharmacological Stressors

Adenosine

A2A

A3

A1

A2B

Modulate sympathetic activity

Anti-inflammatory effect

®A-V conduction

Preconditioning

Chest pain

Peripheral vasodilation

Mast cell degranulation

Bronchoconstriction ?

Coronary arteriolar dilation

Bronchoconstriction?

Peripheral vasodilation? 

Preconditioning?

Fredholm BB. Pharmacol Rev 2001; 53:527

Dipyridamole

Regadenoson



Principle of Pharmacological Stress
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Prognostic Value of Vasodilator Perfusion Imaging

Dipyridamole

Exercise
=

Younis et al. JACC 1989.

Hendel et al. JACC 1990.

Shaw et al. JACC 1992.



Myocardial Perfusion Imaging

Images

Projections

Short Axis

Gated Short Axis

Quantitation Parameters

Perfusion

Function

Other

Defect: extent, severity

and reversibility

Summed scores 

TPD

LVEF

ESV and EDV

RWM and RWT

Phase analysis

Lung/Heart ratio

TID

LV shape

INTEGRATED ANALYSIS



Prognostic Value of MIBI SPECT

Å 14 studies  12360 pts

Å 61 yr (53-72)

Å Men = 55 %

Å History of  MI : 22 %

Å History of HT : 50 %

Å History of DM : 16%

Å FU: 20 months (13-275)

Iskander and Iskandrian  (JACC, 

1998)
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Additional Prognostic Value of Post Stress ESV

Ejection Fraction
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Sharir T et al.  Circ., 1999
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99mTc: 1 Day Ex + Rest: early post stress acquisition

Imaging Protocols with 99mTc

99mTc 1- Day Stress/Rest 1000 (250 Stress + 750 Rest) MBq 8,8 mSv

1-2h (4h) after first tracer inj

Henzlova et al JNC 2009



Imaging Protocols with 99mTc

99mTc 1- Day Stress/Rest 1000 (250 Stress + 750 Rest) MBq 8,8 mSv

Mut et al IAEA Study; JNC 2014; 21: 1168-76

Giorgetti et al; JNM 2007; 48: 1670-1675

Better detection of wall motion abnormalities!

SDS and difference in LVEF (stress/rest) correlate better if

image acquisition starts early after stress!

5min after tracer inj imaging?


