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The myocardial viability is defined as “potentially 

reversed contractile dysfunction”.

Conversely- irreversible contractile dysfunction = 

nonviability. 



Two concepts for myocardial viability:

-stunning – from  repetitive episodes of ischemia-

myocardium with prolonged contractile dysfunction, 

despite of restoration of blood flow
Heyndrickx G, 1978, Am J. Physiol

Vanoverschelde J. Circul. 1993

-hibernation – chronic flow reduction matched by 

contractile dysfunction

Rahimtoola S. 1987, Circulation

Most likely both conditions coexist, possibly in 

combination with varying degree of necrosis or 

scar tissue. 



Nuclear medicine assessment of 

myocardial viability

Nuclear medicine 

methods

Radiotracers

Conventional

MPI-myocardial 

perfusion imaging

Gamma emitters
201 Tl- T ½  73 hr

99mTcT ½  6 hr

PET-positron 

emission 

tomography

Positron emitters
13N, 15O, 11C,18F
82Rb T ½ sec, min



MPI-SPECT –perfusion agents: 201 TlCl 99mTc-

sestamibi 99m Tc-tetrofosmin Sens 88-96% Sp 71-

100%, 1997,1998, Cuocolo, Acampa, Taillefer



Evaluation of the coronary reserve



Polar maps of perfusion. Quantification



MPI-with ECG synchronization-Gated SPECT

Polar maps of systolic thickening and wall motion



PET

1. Perfusion agents
13N-ammonia T ½  10min, very high extraction by 

myocardium 
82 Rb, T ½  - 76 sec,  myocardial uptake, proportional to the 

blood flow.
15 O-water T ½ -2.1 min, freely diffusible

The examinations are shorter in duration and deliver lower 

radiation dose. Quantification in absolute terms. 

Convenient for repetitive studies. Sens/Spec 

87/97% Go RT, 1990, JNM 31;1899-905

2. Radiotracers for myocardial metabolism: 
18 F-FDG T ½ 110 min. after phosphorylation, 18F-FDG-

6-PO4 remains trapped in myocytes, thus providing a 

strong signal for imaging of metabolism.



Myocardium’s metabolic substrate preference 

can be influenced: 

Oral ingestion of carbohydrates accelerates 

the clearance of glucose into the 

myocardium (stimulating the insulin 

secretion).

-The chronically hypoperfused myocardium

has an expression of GLUT1 (insulin-

independent glucose transporter) - selective 

increase in FDG-uptake in fasted state -

specific to viable myocardium.



Region of selective myocardial 18F-FDG 
uptake in fasting state (ischemic). After 
ingestion of carbohydrates – homogeneous 
uptake.

18 F-FDG 18 F-FDG 13N - NH3



Approaches for viability assessment:



1.Tracers indicative of membrane integrity- cations: 82Rb, 
201 Tl with extraction inversely related to flow (Gewirtz H, 1979) .

2. Evaluation of myocardial blood flow in dysfunctional 
segments by uptake of perfusion tracers.

Normal or near-normal uptake, (flow) - stunning

Severe uptake (flow) reduction - significant fraction of 
fibrosis: 

less then 30% of normal, no viable tissue 
Intermediate flow reductions - need of 

additional information.

3.Demonstration of retained myocardial metabolism.
Glucose utilization persists, because glucose can be used 
in both: aerobic and anaerobic fashions. 



Evaluation and quantification by SPECT and 
Gated-SPECT

201 Tl initial uptake is determined by perfusion, 

but its retention is dependant on cell membrane 
integrity. Filling of the early defects, or  201 Tl-
uptake >50% in fixed defects. Sens 88%, Spec-
59% for R-R technique 557 pts, Bax,2001Curr 
Probl Cardiol

99m Tc-sestamibi: uptake is dependant on 
mitochondrial integrity and perfusion. Rest 
images for viability. Uptake>50% for viable 
segments: Sens 79% Sp 58% Bax,2001Curr 
Probl Cardiol.



Nitrate- enhanced MPI
The nitrates increase the uptake in viable myocardium

because they increase blood flow to severely hypoperfused 

regions. 

Criteria for viability after nitrate enhancement: 

improvement in uptake with >10%. On contrary – decrease in 

uptake means lack of viability. Defects ‘ reversibility after nitrate 

administration (i.e., defect filling in) - indicative of viability. 

Benefit from nitrate enhancement: Sens. 86% (99m Tc-

labeled tracers, 7 studies) vs Sens 79%  (13 studies, without 

nitrates) Bax,2001Curr Probl. Cardiol



SPECT with 99mTc tetrofosmin in patient with CHF-

after nitrates filling-in of the defects. Referred for 

revascularization.



Gated SPECT and myocardial viability.

Gated SPECT is very suited to classify the severity of 

asynergy and to directly estimate the tracer activity within 

the dysfunctional segment. 

Activity thresholds that best separate viable segments 

from those without reversible dysfunction are different for 

hypo and akinetic segments (68% for hypo and 50% for 

akinetic segments). Cuocolo, 2000 , J Nucl Cardiol

The  accuracy of  99m Tc-sestamibi perfusion imaging 

according to these activity threshold for prediction of 

reversible dysfunction increases, but the Sens decreases 

(74% resp. 76%), Leoncini,2001 J Nucl Cardiol . 



Viable myocardium in          

hypokinetic septum,

and akinetic apex-?

(2 ndrow-post-nitrate)    Stress/rest MPI after CABG      



Post-surgical functional improvement. 

Same patient



An alternative : contractile reserve evaluation.

Nitrate enhanced Gated SPECT+ inotropic stimulation (by 

low-dose dobutamine infusion), Leoncini, 2000, J Nucl 

Cardiol.

Two possible responses: present reserve, or ischemic. 

Specificity increases significantly, 88% vs 52%, p< 0.01, 

but  the sensitivity decreases from 85 to 64%. 

Leoncini,2001 Am J Cardiol. 

Combined approach:  determination of the contractile 

reserve of hypokinetic and the tracer activity of akinetic 

segments: 83% specificity and 78% sensitivity.

A good correlation was found between LVEF during 

dobutamine infusion and after revascularization, r=0.84, 

p< 0.00001, Leoncini, 2002 , Am J Cardiol



Gated SPECT and myocardial viability

Baseline, during dobutamine infusion, post-rev.



Benefit of myocardial viability assessment by SPECT. 

Its ability to identify hypocontractile, but viable 

myocardium is one of the most powerful uses of the 

modality. 

Meta-analysis Allman KC, 2002, JACC 39;3088 pts 

with LV dysfunction.



Positron emission tomography









PET is considered the gold standard to assess myocardial 
viability. But ! to achieve maximum accuracy integrated 
assessment of perfusion, function and metabolism is needed.

Diagnostic accuracy to assess viability. Bax JJ, 2001Curr Probl 

Cardiol. ;26:142–186.

technique № of 

studies

№ of 

patients 

Sensitivity Specificity

DSE 32 1 090 81% 80%

201 Tl-RR 22 557 88% 59%

MIBI 20 488 81% 66%

FDG PET 20 598 93% 58%



Prognosis of patients with and without viability on

FDG PET and mode of treatment. Pooled data from

7 prognostic studies (719 patients). The lowest

event-rate – in patients with viable myocardium and

revascularization. A high event rate - in patients with

viable myocardium, treated medically. Lee, Di Carli,

Tamaki, vom Dahl, Pagano, Yoshida (1992-1999)



FDG-PET has prognostic value for improvement in LVEF-

79% Sens, 55% Spec – data from European Multicentral 

Trial, Gerber BL, 2001 Eur Heart J, and for improvement in 

heart failure symptoms after revascularization. Di Carli,1995 

Circulation.

The revascularization of the viable myocardium can be 

worthwhile, even without functional improvement, as it may 

prevent ongoing remodeling. The  number of viable segments 

is the only predictor of LV remodeling.

More viability-less remodeling. Rizello, 2004, (Circulation).

Mule J reported reverse remodeling after revascularization in 

pts with >29% viable myocardium Eur J Cardiothorac Surg. 

2002;22:426–430



Patient with CHF after myocardial infarction- infero-lateral 

mismatch.

(By courtesy of St. Marina Hospital-Varna, Bulgaria)



Same patient. Polar maps, quantifying the extent 

of viable myocardium for determination of 

eventual functional improvement post-

revascularization



Thank you for the attention !


