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Abstract: Technetium-99m tetrofosmin is a radioactive tracer which is designed for  myocardial 

perfusion imaging. Differential tracer uptake allows discrimination between normal and ischemic 

myocardium. Technetium-99m tetrofosmin has shown excellent utility as a safe, cost-effective, 

and technically sound agent for use in the diagnosis of coronary artery disease. This paper 

provides an overview of the available literature on clinical applications of technetium-99m 

tetrofosmin, and shows how this tracer has gained widespread acceptance as a diagnostic aid 

since its inception approximately 17 years ago. The various cardiac imaging modalities and 

imaging protocols which have employed this agent are also briefly reviewed.
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Introduction
Coronary artery disease (CAD), or coronary heart disease, manifests when there is 

 narrowing of the small vessels or coronary arteries which supply blood to the heart. 

 Possible complications of CAD are heart attack (myocardial infarction), heart failure 

(insufficient cardiac output), ischemic cardiomyopathy, unstable or stable angina, cardiac 

arrest, or sudden death. There are several well established nuclear imaging  techniques 

for interrogation of cardiac structure, perfusion, and  metabolism, for example, single 

photon computed tomography (SPECT), which may use a  radiopharmaceutical such 

as technetium-99m tetrofosmin, technetium-99m sestamibi (MIBI), technetium-99m 

furifosmin, or thallium-201, and position emission  tomography (PET) which generally 

uses a metabolic tracer, fluorodeoxyglucose (18FDG). In addition, there are technical 

improvements in these imaging techniques, such as attenuation-corrected SPECT, dual 

isotope simultaneous acquisition (DISA) SPECT and echocardiography-gated SPECT, 

which have improved our ability to assess myocardial perfusion and/or metabolism 

accurately. Finally, in recent years, technical advances in magnetic resonance imaging 

(MRI) have made this modality a powerful tool for the diagnosis and characterization 

of heart disease and, in conjunction with technetium-99m tetrofosmin, myocardial 

 perfusion imaging (MPI) has been used to identify myocardial tissue at risk.  However, 

this review focuses on the use of technetium-99m tetrofosmin for diagnostic and 

p rognostic myocardial scintigraphy, which provides a cost-effective tool for early 

detection of obstructive CAD, in turn guiding clinical decision-making, and will also 

review data regarding other techniques which have contributed to unraveling the 

complexities of altered myocardial function.
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Development
In 1993, Kelley et al reported on the synthesis of a new 

radiopharmaceutical, technetium-99m tetrofosmin, for use 

in MPI.1 The preclinical testing of this  radiopharmaceutical 

showed that there was excellent uptake and retention in 

viable myocardium with efficient clearance from nontarget 

tissues, in particular the blood and liver. Technetium-99m 

tetrofosmin was launched in Japan in April 1994, in Europe 

in May 1994, and in the US in April 1996. Technetium-99m 

tetrofosmin is currently available under the brand name 

Myoview® (GE Healthcare). This compound has gained 

widespread acceptance as one of the favored radionuclides 

for SPECT scintigraphy because it has favorable physical 

properties, is easy to manufacture, incurs low production 

costs, and is available as an easily reconstituted kit which 

allows simple and rapid preparation for patient dosing.

Prior to the release of technetium-99m tetrofosmin in 

Japan, there were some early published studies reporting 

the utility of this radiopharmaceutical for MPI in humans.2–7 

The first biodistribution, safety, and dosimetric study, during 

exercise and at rest, revealed no significant clinical concerns 

in normal volunteers.8 High quality diagnostic myocardial 

images from as early as five minutes up to several hours 

post-injection were obtained.

Characteristics and 
pharmacokinetics
Technetium-99m tetrofosmin is a cationic complex [99Tc 

Tetrofosmin
2
 O

2
]+ in which tetrofosmin is the functionalized 

(1,2-bis[bis(2-ethoxyethyl) phosphino] ethane) ligand. The 

chemical structure is shown in Figure 1. Technetium-99m 

tetrofosmin, when injected intravenously, rapidly  accumulates 

in the myocardium as well as nontarget organs (liver,  kidney, 

spleen, and skeletal muscle).1,3 The first-pass extraction 

f raction in myocardium is 0.45, and there is minimal  clearance 

at three hours, with a typical myocardial uptake of up to 1.2% 

of the injected dose.8 There is faster clearance of the tracer 

from the myocardial wall during stress compared with at rest, 

it is efficiently cleared from the blood, and washout in non-

target organs is rapid at peak exercise.3 In addition, there is 

significant uptake of technetium-99m tetrofosmin in  skeletal 

muscle and enhanced sequestration of the agent during 

exercise.8 Less than half of the  administered dose of  contrast 

agent is eliminated via the kidneys ( approximately 40%) and 

intestines (approximately 34% and 25% at rest and during 

exercise, respectively) within 48 hours after administration 

either during exercise or at rest.

Myocardial perfusion imaging
Mechanisms of myocardial uptake
In human subjects, MPI is based on the assumption of a 

linear correlation between myocardial blood flow and tracer 

uptake. However, there is some controversy regarding the 

mechanism of uptake of technetium-99m tetrofosmin by the 

myocardial cells (cardiomyocytes). It has been suggested that 

technetium-99m tetrofosmin passes into the myocardium by 

a process of passive diffusion but, in a preclinical study in 

rats, Platts et al reported that tracer uptake was a metabolism-

dependent process which is not facilitated by cation channel 

transport.9 In contrast, in another preclinical study in guinea 

pigs, it was shown that technetium-99m tetrofosmin uptake 

is directly related to energy-dependent transport processes, as 

well as cellular ion homeostasis and mitochondrial membrane 

 potentials.10 Hence cellular alterations that affect these pro-

cesses will also allow technetium-99m tetrofosmin uptake in 

excess of flow-dependent accumulation in the myocardium.

It is generally accepted that once in the myocardium, there 

is little or no redistribution of technetium-99m tetrofosmin 

for at least 3–4 hours, and it washes out slowly as the patient 

assumes normal activity.8,11 Contrary to this, it has also 

been reported that the agent undergoes reverse redistribu-

tion (RR) within the myocardium over approximately three 

hours in patients with acute myocardial infarction,12,13 left 

bundle branch block,14 and hypertrophic cardiomyopathy.15 

Reverse redistribution of the technetium-99m tetrofosmin 

tracer within the myocardium, after a single injection, was 

also observed in patients with acute myocardial infarction12 

and was suggested to reflect myocardial viability because the 

myocardial segments that underwent RR showed improved 
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Figure 1 Chemical structure of 99Tc Tetrofosmin.
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wall motion one month later.12 Indeed, the same team of 

researchers suggested that RR may be due to retention of 

the tracer by dysfunctional cardiomyocytes in patients with 

hypertrophic cardiomyopathy.15 However, the finding of RR 

within the myocardium was made purely by visual  inspection, 

and Hirata et al then suggested that, moving forward, it was 

necessary to perform systematic calculation of the regional 

tracer washout kinetics,13 an issue which continues to receive 

some attention.

Timing of the scan
After technetium-99m tetrofosmin has been injected, there 

is an optimal time window within which SPECT scintig-

raphy should be performed. Also, this timing will depend 

on whether the examination is performed at rest or during 

stress. Sridhara et al7 suggested that the optimal time for 

imaging was approximately 30 minutes post-injection while 

the patient was at rest and as early as five minutes after exer-

cise. In addition, it was noted that, due to slow myocardial 

washout, quality diagnostic images can be acquired for up 

to four hours after injection. Early imaging, 10–15 minutes 

post injection Tc-99m-tetrofosmin, is certainly obtainable in 

a good majority of patients. However, in order to avoid image 

artifacts in the inferior myocardial wall (due to high signal 

intensity within the liver, myocardium/liver ratio of 0.4–0.5 

at 15 minutes post injection) Matsunari et al suggested that it 

may be best to image 1 hour later in patients with CAD.25

Nakajima et al used technetium-99m tetrofosmin MPI 

with a one-day protocol (rest and exercise) and showed that 

this agent had a good kinetic profile and, more importantly, 

good quality MPI images were obtained as early as 10 minutes 

post-contrast injection.6 However, the authors also suggested 

that imaging should be performed 45 minutes after injection 

to avoid image artifacts due to radionuclide accumulation 

within the liver.

The feasibility of imaging in the presence of high hepatic 

activity was also investigated by Matsunari et al and two 

radial image reconstruction formats were investigated.16 This 

study suggested early imaging at 10 minutes post-injection, 

but still reported some problems with image artifacts caused 

by high tracer activity within the liver which obscures part of 

the inferior myocardial wall, especially with the 180° image 

reconstruction protocol. The authors recommended late imag-

ing (one hour post-injection) in patients with CAD.16 This 

finding of inferior wall image artifacts is inconsistent with 

the findings of several authors,1,17,18 as well as those of a large 

Phase III clinical trial which claimed excellent heart:liver 

ratios at 15 minutes post-injection in both stress and rest 

regimens.19 Post-injection imaging at 15 minutes is currently 

advised by the manufacturers of technetium-99m tetrofosmin, 

and hence this is what is typically done  clinically. However, 

it has been shown that when these artifacts occur, they can 

be reliably corrected by data post-processing.20

One has to bear in mind that technetium-99m  tetrofosmin 

is given as a bolus injection and it was hypothesized that 

perhaps a change in the method of administration may 

improve its performance in identifying viable myocardium. 

The efficacy of an infusion versus a bolus injection protocol 

was demonstrated in a case study of a patient with a stenosed 

right coronary artery which resulted in a defect in the inferior 

myocardial wall.21 Imaging with a bolus of technetium-99m 

tetrofosmin (at rest) reported a severe wall defect, suggesting 

a myocardial infarction, which disappeared when an infu-

sion of technetium-99m tetrofosmin was administered over 

the course of one hour one day later. The results from the 

pretreatment infusion examination were in agreement with 

those of the thallium-201 study at rest, and also with that 

of the post-treatment (revascularization) technetium-99m 

tetrofosmin examination.21 However, the authors suggested 

that infusion of tetrofosmin may be a more reliable adminis-

tration protocol than bolus injection. This study has not had 

an influence on the current method for tracer administration 

which is via intravenous bolus injection.

Initial clinical applications
Identification of regional myocardial perfusion deficits and 

their severity is crucial for determining tissue at risk. In 

 addition, being able to detect any change in these  hypoperfused 

regions after intervention determines treatment efficacy and 

patients’ long-term prognosis. The efficacy of technetium-99m 

tetrofosmin scintigraphy to evaluate myocardial tissue at risk 

in the acute period was demonstrated in patients with unstable 

angina and myocardial infarction.5 Patients were imaged in the 

acute period (day 3), then 30 days later, and it was found that 

acutely hypoperfused myocardial segments that had reperfused 

showed improved wall motion one month later compared with 

segments that had not recovered. In addition, there were several 

other clinical studies which demonstrated the utility of tetro-

fosmin for diagnosis of ischemic heart disease.5–7,11,17,22–25

The most compelling body of evidence which supports 

the suitability and use of this new agent, technetium-99m tet-

rofosmin, for MPI was presented in a large multicenter Phase 

III clinical trial involving 250 patients from 10 centers both 

in the US and in Europe.19 The sensitivity and specificity of 

technetium-99m tetrofosmin for MPI was compared with that 

of thallium and coronary angiography. Judging by the imaging 
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results, it was concluded that technetium-99m tetrofosmin 

images were of superior technical quality and relatively 

easier to interpret than thallium, although the sensitivity for 

 detecting CAD was comparable between the two agents. It 

was also reported that the specificity for detecting CAD was 

low for both agents in this select population (patients referred 

for catherization either because of a previously abnormal non-

invasive study or microvascular ischemia) but the normalcy 

rates were excellent. In fact, in a population such as this, the 

normalcy rate is the highly recommended index.

In light of these and other studies, it was not surprising 

that technetium-99m tetrofosmin was approved by the US 

Food and Drug Association (FDA) in April 1996 for use as 

a SPECT scintigraphy radionuclide tracer for the assessment 

of global and regional myocardial perfusion. In 2001, this 

radiopharmaceutical was approved by the FDA for use, in 

conjunction with a pharmacologic stress agent, for stress test-

ing of patients who were unable to exercise. It was approved 

in the US just over two years later for the assessment of left 

ventricular function.

Comparison with thallium and sestamibi
Thallium-201 SPECT imaging at rest has been the most 

frequently utilized radionuclide technique for identifying 

viable myocardium and, as such, one has to evaluate how 

technetium-99m tetrofosmin measures up not only against 

thallium-201 but also with the other favored technetium tracer, 

MIBI. When injected intravenously, technetium-99m tetro-

fosmin and thallium-201 behave differently. Thallium-201 

redistributes within the myocardium while technetium-99m 

tetrofosmin does not, hence two injections of thallium-201 

are required for estimating myocardial viability based on 

the redistribution and the fill-in findings in the redistribution 

images. In a study by Kobayashi et al both technetium-99m 

tetrofosmin and thallium-201 scintigraphy performed compa-

rably for detecting viable myocardium in a cohort of patients 

with chronic CAD.11 In another study of patients with CAD 

and left ventricular dysfunction, technetium-99m tetrofosmin 

MPI was shown to have underestimated myocardial viability 

compared with thallium-201, based on both visual compari-

son and quantitative assessment of the images.25 However, it 

is worth mentioning that the authors noted that tetrofosmin’s 

stress distribution was higher than that of thallium-201, and 

hence there was less contrast between the myocardial defect 

and the normal wall. They cited the fact that technetium-

99m tetrofosmin is known to underestimate myocardial 

blood flow in a high-flow regimen, as demonstrated in a 

preclinical study by Sinusas et al.24 In addition, based on 

their quantitative estimation of the data, they hypothesized 

that defect identification can be enhanced for both tetrofos-

min and thallium-201 if there is robust examination of the 

severity of the reduction in tracer activity within the regions 

of nonreversible defects.25 However, in a more recent clini-

cal study, Matsunari et al also promote the advantages of 

technetium-99m tetrofosmin for detecting CAD and viable 

myocardial tissue, and reported that tetrofosmin scintigraphy 

had comparable diagnostic accuracy to that of thallium but 

with the added advantage of higher emission energy (140 

KeV compared with 70–80 KeV for thallium) for reducing 

tissue photon attenuation.26

Like thallium-201, MIBI also exhibits lower myocar-

dial tracer extraction than tetrofosmin, and also undergoes 

little redistribution within the myocardium. MIBI is another 

clinically approved and favored MPI radionuclide27 and, like 

tetrofosmin, allows simultaneous assessment of myocardial 

perfusion and left ventricular function.28 One might con-

clude that MIBI and tetrofosmin perform equally for MPI, 

however, in a study which compared the myocardial uptake 

of these agents, approximately one hour after stress, it was 

found that MIBI exhibited higher myocardial counts in both 

male and female patients.29 Similar results were also found 

in a preclinical study in pigs suggesting that MIBI may be a 

better flow tracer.30 Later on, it was shown in a large clinical 

trial that there was no difference in the performance of MIBI, 

tetrofosmin, or thallium-201.31

It has been reported that the extraction and washout 

kinetics of MIBI, tetrofosmin, and thallium-201 vary 

depending on the ischemic state of the myocardium. Data 

from a recent preclinical study performed in isolated, per-

fused rat heart suggested that quantitative analysis of the 

tracers’ kinetics may be useful for the evaluation of severe 

ischemia.32 In a similar study, using isolated rat hearts, it 

was reported that tetrofosmin showed the best correlation 

with infarct size, and concluded that this agent’s kinetics 

may allow the best differentiation between viable and non-

viable myocardium, while still retaining adequate activity 

for scintigraphy.33

Flow sensitivity with technetium-99m 
tetrofosmin
One might question whether technetium-99m tetrofosmin 

is an effective diagnostic agent over the pathophysiologic 

range of flows that exists during myocardial ischemia and/

or infarction. Experimental studies in dogs have sought to 

answer this important issue.24 In this model, the animal’s 

proximal left anterior descending artery was completely 
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occluded and subsequently a pharmacologic stress agent 

was administered, followed by technetium-99m tetrofosmin 

MPI. Radiolabeled microspheres were also administered for 

measurement of regional myocardial blood flow. Technetium-

99m tetrofosmin was found to be an accurate measure of 

flow over the range of flows produced during acute ischemia 

coupled with pharmacologic stress. However, in the high-flow 

regimen (flow rates greater than 2 mL/min) the flow rate was 

underestimated (similar to what has been seen with thallium) 

possibly due to reduced myocardial accumulation, which is 

independent of flow. The converse was found to be true in 

the low-flow regimen. Technetium-99m tetrofosmin’s activ-

ity increased linearly with flow rates of up to 2 mL/min/g. 

Discrimination of any differences in flow between ischemic 

and nonischemic myocardium was not possible during the 

first 15 minutes post-injection due to the confound of high 

liver activity.24

viability and stress testing
Unstable angina is a CAD condition in which the heart is 

underperfused and where the stage is set for a future heart 

attack. If perfusion can be restored, a catastrophic cardiac 

event can be avoided. Therefore, myocardial viability testing 

is crucial for cardiac evaluation prior to and after reperfu-

sion. Myocardial viability testing was initiated in a SPECT 

study, using technetium-99m tetrofosmin, in patients with 

unstable angina and acute myocardial infarction, and this 

study showed that segments with improvement in perfusion 

were accompanied by significant wall motion recovery com-

pared with normal and unimproved myocardial segments.5 

This early study supported the use of technetium-99m tet-

rofosmin SPECT scintigraphy for assessment of myocardial 

viability.

It is important to be able to perform both global and 

regional diagnostic evaluation of the heart to decide on the 

best therapy and management for individual patients. It is 

essential to determine whether there is sufficient viable 

myocardium following ischemic cardiomyopathy because, 

if there is a significant amount of scar tissue, revasculariza-

tion is not advised. MPI when coupled with stress testing 

allows better identification of myocardial defects. Stress 

testing, whether by performing physical exercise or by 

pharmacologic induction (for patients unable to exercise) 

increases blood flow to the coronary arteries. Testing is then 

employed to determine how the heart responds to exertion. 

This may be a one- or two-day stress/rest protocol and 

requires two radiopharmaceutical injections, one at rest and 

another after stress.

It is also important to know the optimum time post-stress to 

perform MPI. Nakagawa et al performed both p harmacologic 

and exercise-induced stress testing in normal volunteers 

f ollowed by technetium-99m tetrofosmin SPECT  scintigraphy.34 

Results from that study showed that the optimum time to 

perform MPI is immediately after stress (treadmill), but at 

least 40 minutes after a pharmacologic (dipyridamole) stress 

test. Another study, performed in a cohort of patients with 

known myocardial disease, compared the images acquired at 

one hour with those at four hours post-stress, as well those 

at one and four hours post-rest.35 The results from this study 

did not confirm the stable biokinetic profile which has been 

attributed to technetium-99m tetrofosmin. Instead, it was 

found that in this patient population there were significant 

differences in lesion severity, size, and number between one 

and four hours post-technetium-99m tetrofosmin SPECT. 

However, technetium-99m tetrofosmin scintigraphy showed 

quite different results in another study of patients with severe 

CAD36 where technetium-99m  tetrofosmin was injected at 

peak exercise (dobutamine was given to patients who were 

unable to exercise), and technetium-99m tetrofosmin injected 

in the event of chest pain. Additionally, sublingual glyceryl 

trinitrate was administered followed by technetium-99m 

tetrofosmin injection. Improved detection of hypoperfused 

myocardial defects was reported after nitrate administration, 

but the authors cautioned against the widespread use of nitrate 

administration for MPI until there is  further testing, especially 

in patients with less severe CAD.

Nitrates (as described above) and various other pharmaco-

logic agents which increase regional coronary blood flow have 

been used in conjunction with scintigraphy to enable improved 

detection of ischemic, but viable, myocardial tissue based on 

the radiopharmaceutical accumulation profile. Nitrate admin-

istration followed by technetium-99m tetrofosmin SPECT 

imaging have been shown to improve identification of ischemic 

but still viable myocardium in patients with chronic ischemic 

LV dysfunction.37,38 Adenosine, another myocardial blood flow 

modulator, has also been used in conjunction with technetium-

99m tetrofosmin SPECT to discriminate ischemic from nonisch-

emic myocardium in patients with mild to severe left ventricular 

systolic dysfunction (LVSD).39 While it was acknowledged 

that this technique was adequate for assessing patients with 

mild LVSD, it was suggested that a different  imaging/stress 

approach may better suit patients with severe LVSD. A role has 

also been suggested for adesonine-technetium-99m tetrofosmin 

SPECT in the diagnosis of hypertrophic cardiomyopathy which 

predominantly affects the cardiac apex, a condition which may 

be missed by routine echocardiography.40
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Left ventricular dysfunction, 
stunned, and hibernating 
myocardium
In the sequelae of chronic CAD, left ventricular dysfunction 

is one of the most important determinants of prognosis. The 

gold standard for assessing myocardial viability is restoration 

of blood flow after left ventricular dysfunction and hence, 

improved function equals successful revascularization. It is 

important to identify patients with left ventricular dysfunc-

tion who have viable myocardium because they will be the 

best candidates for revascularization and also the patients 

most at risk for future cardiac ischemia. Dysfunctional 

myocardial vessels, if viable, have the ability to recover if 

blood flow is restored in a timely fashion, which affords the 

patient a better prognosis. There is some debate about whether 

technetium-99m tetrofosmin scintigraphy allows improved 

detection of stunned and/or hibernating myocardium. A study 

done by Adachi et al41 concluded that accurate detection of 

hibernating myocardium was difficult despite the reputed 

superior imaging capability of technetium-99m tetrofosmin 

SPECT. In addition, results from a preclinical study in pigs 

clearly showed that scarred myocardium, with no  viability, 

a ccumulated a significant amount of technetium-99m 

t etrofosmin, as well as thallium-201, even in the absence of 

coronary collateral perfusion.42

The most recent data regarding myocardial viability 

imaging with tetrofosmin comes from a report of patients 

with acute myocardial infarction. This study compared 

(123)iodine-labeled 15-(p-iodophenyl)-3R,S-methyl pen-

tadecanoic acid imaging (123I-BMIPP) combined with early 

and late technetium-99m tetrofosmin imaging or early and 

late thallium-201 imaging.43 This study concluded that the 

mismatch evident in the combined 123I-BMIPP and early 

technetium-99m tetrofosmin imaging predicted improve-

ment in stunned myocardial wall motion, hence improved 

left ventricular function, better than any of the other imaging 

combinations.43 The problem now remains one of differen-

tiating between viable myocardium and scarred myocardial 

tissue, in light of the controversial data presented so far.

Technetium-99m tetrofosmin 
microspheres for blood flow 
measurement
The use of radiolabeled microspheres for the measurement 

of blood flow is a well established technique, and the use of 

technetium-99m tetrofosmin microspheres as a blood flow 

tracer would afford a quantitative measure of the regional myo-

cardial blood flow profile that directly relates to myocardial 

viability determined by MPI. A preclinical study in dogs was 

conducted to determine whether technetium-99m tetrofosmin 

microspheres could accurately depict regional differences 

in myocardial blood flow during sustained coronary artery 

occlusion.44 Data from this study showed that tracer activity 

was poorly correlated with reperfusion flow in nonviable 

artery segments (in spite of normal or hyperemic flow at the 

time of injection) but was strongly correlated with occlusion 

flow, even though the tracer was injected after reperfusion. 

This result clearly shows that technetium-99m tetrofosmin 

uptake is dependent on myocardial blood flow as well as 

cardiomyocyte viability (which reflects infarct size).44 These 

data also further validate the utility of technetium-99m tet-

rofosmin for assessing myocardial viability, in addition to 

assessing flow heterogeneity and infarct size during persistent 

coronary artery occlusion.

Complementing perfusion 
information
Our discussion will now turn to techniques used in conjunc-

tion with myocardial perfusion imaging using tetrofosmin, 

which have enhanced our ability to detect viable myocardial 

tissue and which have allowed differentiation between image 

artifacts, and normal and ischemic myocardial states.

Cardiac gated SPeCT
The use of echocardiography-gated myocardial single photon 

emission tomography (gated SPET or gated SPECT) is reputed 

to allow discrimination of true perfusion defects from image 

artifacts and also gives information on left ventricular  function. 

Echocardiography gating increases the accuracy of MPI and, 

along with attenuation and scatter  compensation, enables more 

reliable artifact detection. In addition to  calculating regional 

wall thickening and motion, indicators of systolic function 

can also be determined, ie, end diastolic and end systolic 

volumes and left ventricular e jection f raction. These systolic 

indicators are robust  predictors of long-term  prognosis. Forty 

percent of myocardial infarctions are  accompanied by LVSD 

with or without heart failure. In addition, some patients may 

have asymptomatic LVSD due to injury of the cardiomyocytes, 

and this condition carries a high morbidity similar to that of 

patients with clinical heart failure.

Echocardiography-gated SPECT allows s imultaneous 

evaluation of myocardial perfusion and, moreso, left 

 ventricular perfusion and function within a single  myocardial 

perfusion imaging examination.45,46 The added benefit of gat-

ing during the standard SPECT MPI protocol lies in the sys-

tolic functional analysis which can be done in order to reassess 
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the infarcts which have been identified by standard perfusion 

imaging. This allows discrimination between true infarcts, 

scars, viable myocardium, and image artifacts.  Technetium 

MPI tracers, such as technetium-99m  tetrofosmin, are the 

preferred tracers for gated SPECT because larger doses can 

be administered as a result of the relatively short half-life 

(six hours compared with thallium which has a half-life of 

73 hours), ultimately resulting in  better image quality.2 While 

there are many gated SPECT studies which have reported 

the use of MIBI, there is also a wealth of data supporting the 

use of technetium-99m tetrofosmin. Gated SPECT d uring 

rest and exercise using t echnetium-99m tetrofosmin has 

been used for the assessment of myocardial viability and/

or left ventricular dysfunction.45,47–49 Gated SPECT has also 

been used in combination with other  imaging  modalities to 

enhance our ability to assess myocardial viability. Technetium-

99m tetrofosmin gated SPECT and 18FDG PET were used 

to differentiate successfully between viable and scarred 

myocardium.45–48 Gated SPECT has also been used in combi-

nation with BMIPP SPECT to identify myocardial perfusion/

metabolism mismatch50,51 and left  ventricular function,52 thus 

enhancing the diagnostic accuracy of determining myocardial 

viability.

The assessment of regional wall motion can also indicate 

myocardial viability,53,54 but in a combined gated SPECT- 

t echnetium-99m tetrofosmin study by Wahba et al the authors 

caution against the sole use of wall motion analysis as a  viability 

indicator because post-ischemic stunning and  hibernation may 

result in underestimation of myocardial  viability.53 A  quantitative 

measure of myocardial wall perfusion,  thickening, and motion 

which can be determined automatically provides a much 

more objective method to assess wall function and viability. 

Technetium-99m tetrofosmin quantitative gated SPECT affords 

such a measure.55,56 The myocardium can be divided into seg-

ments and the average quantitative values of regional perfusion 

(percentage uptake, %), wall motion (mm), and wall thickening 

(%) determined using software which automatically segments, 

quantifies, and analyses static, gated short-axis myocardial perfu-

sion SPECT images. A wall motion score can then be defined 

which represents a range of motions, normal through to severe 

asynergy, and affords a quantitative measure of viability.

Dual tracer measurements
Chronically hypoperfused myocardium which exhibits abnor-

malities in its ability to contract is classified as hibernating 

myocardium. However, hibernation may be displayed by 

acutely ischemic myocardium as well. Being able to distin-

guish between hibernating, stunned, and scarred myocardium 

resulting from left ventricular dysfunction is important for 

patient management and also to determine outcome. DISA is 

a technique which allows metabolic imaging (18FDG SPECT) 

as well as regional perfusion assessment (technetium-99m tet-

rofosmin) and saves examination time compared with sequen-

tial perfusion/FDG imaging. In a ddition, this t echnique 

generates images which are perfectly aligned so that metabo-

lism/perfusion match or mismatch, and hence myocardial 

viability, are easily appreciated. Viable myocardium is defined 

by both normal metabolism and perfusion, while severely 

decreased perfusion coupled with increased metabolism 

describes the mismatch c ondition. The mismatch of FDG 

metabolism and blood flow is indicative of h ibernating myo-

cardium which will recover function after r evascularization. 

The f easibility of using DISA technology for evaluating 

myocardial v iability has been demonstrated.45,57–59 In addition, 

results from a study which utilized acipimox, which lowers 

free fatty acid levels and hence increases glucose utilization 

by the myocardium, showed that all images were of diagnostic 

quality, even though the images generated by DISA were 

less sharp  compared with the technetium-99m tetrofosmin 

SPECT images.60 The authors concluded that the technetium-

99m tetrofosmin DISA SPECT protocol was well suited for 

 routine clinical assessment of myocardial viability.

Dobutamine and contractile reserve
The primary mode of action of dobutamine (a s ympathomimetic 

drug used in the treatment of heart failure and cardiogenic 

shock) is stimulation of the β
1
-adrenoceptors of the heart, 

thereby increasing contractility and cardiac output. Low-dose 

dobutamine echocardiography (LDDE) serves to test the 

heart’s contractile reserve which is thought to be a predictive 

indicator of cardiac resynchronization therapy outcome. In a 

study, which was designed to evaluate normal left ventricular 

function, normal volunteers were given low-dose dobutamine 

in addition to beta-blockers, and significant increases in 

regional and global left ventricular function were measured.54 

In a study by Everaert et al myocardial defect severity was 

evaluated using technetium-99m  tetrofosmin gated SPECT 

in combination with a metabolic tracer, BMIPP, at rest and 

post-dobutamine infusion.51 Regions of myocardial metabo-

lism-perfusion match-mismatch, reflecting regions of viable/

nonviable myocardium, were identified. Functional recovery 

of left ventricular hibernating myocardium post-revasculariza-

tion was also investigated using technetium-99m te trofosmin 

SPECT or LDDE in combination with trimetazidine (TMZ, 

which, like acipimox, improves myocardial glucose utilization 

via inhibition of fatty acid metabolism).61 The technetium-99m 
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tetrofosmin SPECT-TMZ c ombination reported improved 

diagnostic accuracy compared with LDDE. However, a recent 

study which  compared LDDE with DISA technetium-99m 

t etrofosmin and 18FDG SPECT showed that DISA was supe-

rior to LDDE in terms of its sensitivity in detecting viable 

myocardium, but LDEE had higher specificity.62 The authors 

suggest that a combination of the two techniques may improve 

the  detection of myocardial viability in patients with acute 

myocardial infarction.

Magnetic resonance imaging 
approaches
Cardiac MRI is a technique which provides high resolution 

anatomic images of the heart. Contrast-enhanced cardiac MRI, 

which uses a gadolinium contrast agent, informs about perfusion 

within the myocardium within tens of seconds after the agent 

is administered. In regions of the myocardium where there is 

delayed accumulation (after approximately five minutes) of con-

trast agent, referred to as late enhancement, this accumulation 

is reputed to reflect irreversible damage and is highly sensitive 

for detecting and characterizing myocardial scar tissue and 

allowing distinction between subendocardial and transmural 

scars. However, this enhancement is not specific to ischemic 

damage and can also occur in regions of myocardial fibrosis, 

inflammation, and edema. As such, technetium-99m tetrofosmin 

SPECT, which is an established technique that provides myo-

cardial viability information, can be combined and compared 

with contrast-enhanced cardiac MRI in order to validate data 

regarding myocardial area at risk and infarct volume. In a study 

by Carlsson et al that investigated patients who had first-time 

myocardial infarction with ST-segment elevation, there was no 

significant difference in the performance of the two techniques 

for identifying myocardial tissue at risk both before and for up 

to one week after reperfusion.63 In addition, the final infarct 

size, and hence the volume of salvaged myocardium, was easily 

quantified from the contrast-enhanced cardiac MRI.

One must bear in mind though that some viable myo-

cardial tissue that shows no MRI contrast enhancement 

may still be mildly or moderately ischemic. This issue 

can be resolved by using a technique which gives both 

metabolic and  perfusion information. Nuclear scintigraphy 

using  technetium-99m tetrofosmin and 18FDG SPECT was 

compared with  contrast-enhanced MRI to determine each 

technique’s ability to d etermine myocardial viability.64 

It was found that in a population of patients with severe left 

ventricular dysfunction, there was good agreement between 

the two techniques for accurately distinguishing m yocardial 

segments with transmural scar tissue. However, in  segments 

with subendocardial scar tissue, the nonenhanced epicardial 

rim seen on MRI contained either normal or i schemically 

c ompromised myocardium, showing that these two  techniques 

provide different information about myocardial viability. This 

study shows that contrast-enhanced MRI does not inform on 

the pathophysiology of nonscarred myocardial  tissue or its 

functional recovery after revascularization. In addition, this 

study also shows the superiority of the combined technetium-

99m tetrofosmin and 18FDG SPECT techniques which give 

information respectively about tissue perfusion and glucose 

consumption, which is critical for distinguishing between 

the different types of viable myocardial tissue, ie, stunned 

and hibernating myocardial tissue. However, there was a 

lack of follow-up data after reperfusion which would have 

informed about long-term tissue outcome. In terms of its util-

ity in determining the long-term fate of salvaged myocardial 

 tissue, there has been a recent report of a study of patients 

with ST-segment elevation acute myocardial infarction, which 

showed that greatly improved technetium-99m tetrofosmin 

myocardial uptake immediately after treatment heralded 

better recovery of left ventricular function and smaller final 

infarct size (one month after emergent percutaneous coronary 

intervention).65

Summary
The amount of salvaged myocardial tissue and the functional 

status of this tissue is clearly the most important factor 

d etermining patient outcome after an ischemic cardiac event. 

MPI using the technetium-99m tetrofosmin tracer, whether 

alone or in combination with blood flow-modulating drugs 

and/or other perfusion and metabolite imaging techniques, has 

no doubt played a major role in the evaluation of myocardial 

viability. In summary, MPI using technetium-99m tetrofosmin 

is among the favored radionuclides for MPI. In the clinic, 

technetium-99m tetrofosmin is commonly used as a robust 

diagnostic agent both with standard enhanced MPI m odalities 

as well as in combination with modalities which measure 

myocardial metabolism. It has a proven record of utility for 

the assessment of left ventricular dysfunction and myocardial 

viability. However, its role as possibly the best agent for use 

in determining the final infarct extent is now emerging.
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