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Should early post-stress imaging be performed
on a routine clinical basis for myocardial
perfusion studies?
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Establishing imaging protocols for radionuclide

myocardial perfusion imaging (as with any other radio-

tracers used in nuclear medicine) always requires some sort

of trade-off in order to obtain an ‘‘optimal’’ imaging pro-

tocol.1 Various considerations must be taken into account

before finalizing recommendations for imaging with a

specific agent. Even after general consensus in the medical

literature, new clinical data or new type of equipment or

softwares could and should modify the ‘‘standard’’ imag-

ing protocol guidelines.2 Among those parameters,

considerations must be applied to the ‘‘practicality’’ of the

imaging protocol in a day-to-day clinical setting in order to

answer the clinical question in a reasonable time-frame.

Before obtaining the optimal protocol for a myocardial

perfusion imaging agent, data on several parameters must

be known such as, but not limited to, dosimetry (physical,

biological, and effective half-lives), biological character-

istics (biodistribution and pharmacokinetics, degree of

myocardial uptake and retention, the presence or not of

myocardial redistribution, level of activity in the adjacent

organs to the heart, and the relationship between myocar-

dial uptake and coronary blood flow). In addition, the

impact of a given imaging protocol on the overall diag-

nostic accuracy (sensitivity, specificity, the ability to detect

the true extent and degree of perfusion defects, and

appropriate results using either pharmacologic or exercise

stress testing) must be evaluated.

When 99mTc-sestamibi (Cardiolite) was introduced

into clinical research in the late 1980s (and later on

99mTc-tetrofosmin, Myoview), researchers noted that

the pulmonary activity was negligible even immediately

after its injection, the blood clearance had a half-life of 4

minutes at rest and 1.6 minutes at stress, the biological

half-life for the liver was approximately 30 minutes

after a rest or exercise injection.3 The myocardial uptake

is approximately 1.5% of the injected 99mTc-sestamibi

dose, while the liver and biliary uptake represents almost

30% of the injected dose. The effective half-life of

clearance (which includes both the biological half-life

and the physical half-life of 99mTc, or radionuclide

decay) for the heart was approximately 3-4 hours, and

for the liver was approximately 30 minutes after a rest or

exercise injection. Therefore, the ideal imaging time

should reflect the best compromise between high myo-

cardial count rate and the lowest surrounding organ

uptake (mostly liver and gallbladder).

Considering the potential variability of hepatic

clearance through the biliary tree (variable hepatobiliary

transit time), and possible related ‘‘subdiaphragmatic

contamination,’’ and considering that there is no clini-

cally relevant myocardial redistribution within few hours

after its administration, it was initially recommended to

wait approximately 60-75 minutes after 99mTc-sestam-

ibi intravenous injection before starting the image

acquisition.4,5 Subsequently, different approaches have

been proposed in order to decrease this relatively long-

time interval between injection and imaging.6 Although

initially the liver uptake was seen as a potential cause of

image artifacts, it was soon recognized that the hepatob-

iliary excretion would more likely affect the imaging

protocols (bowel activity). Some ‘‘recipes’’ such as the
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oral administration of water, cream, or fatty meal has been

used to increase the biliary excretion. However, this

increased rate of excretion of biliary activity may cause a

‘‘collateral damage’’ such as a rapid increased uptake into

the duodenum (and then the rest of the bowel), which may

be positioned adjacent to the heart (or may sometimes

reflux into the stomach, which lies immediately adjacent

to the inferior wall of the left ventricle (LV), secondary to

an entero-gastric reflux, causing a more persistent and

more prominent uptake).7 According to the location,

extent and intensity of this subdiaphragmatic tracer con-

centration, significant imaging artifacts can be created,

causing either an inferolateral wall myocardial perfusion

defect (‘‘negative ramp filter’’ artifact) or a focal arti-

factual increased inferior wall count density (Compton

scattering activity). According to the type of image arti-

fact (false increase or decrease uptake) and its time of

occurrence (on the rest or the stress study), this may have a

significant clinical impact on the overall diagnostic

accuracy of the test. Since this hepatobiliary clearance

pattern is variable and hard to predict in a given patient, a

unique imaging protocol is likely to be more difficult to

apply.

Therefore, since the clinical introduction of 99mTc-

labeled myocardial perfusion imaging agents in the early

1990s, various imaging protocols, including the rest and

stress injection sequence and the time interval between

intravenous injection and the beginning of image

acquisition, have been described in the literature.8

Published ASNC (American Society of Nuclear Cardi-

ology) imaging guidelines specify the optimal minimum

delays for both 99mTc-sestamibi and 99mTc-tetrofos-

min. For 99mTc-sestamibi, the recommended minimum

delays between radiotracer administration and imaging

are 15-20 minutes for exercise, 45-60 minutes for rest,

and 60 minutes for pharmacologic stress and for 99mTc-

tetrofosmin the minimum delays are 10-15 minutes for

exercise, 30-45 minutes for rest, and 45 minutes for

pharmacological stress. The differences between the two

radiotracers are related to the difference in their

respective biological characteristics. It is noteworthy

that although these guidelines are well established, and

that more recently published data clearly show the fea-

sibility and the advantages of early imaging, many

clinical sites in various countries are still using the

imaging parameters initially described when these

agents have been introduced, that is a delay of 60-

75 minutes or more.

In this current issue of the Journal, Mut et al9 report

the results of a prospective multicenter study performed

in 229 patients from seven countries on the detection of

post-exercise stunning using early gated SPECT myo-

cardial perfusion imaging. They evaluated the

feasibility and the value of early post-stress imaging

(15 ± 5 minutes) compared to the traditional delayed

imaging (60 ± 15 minutes) with 99mTc-sestamibi.

There was no statistically significant difference in the

quality of the images from both sets of post-stress

studies. The images were judged of excellent quality in

93% of the early images and in 95% of the delayed

images. Furthermore, there were no studies considered

uninterpretable due to increased subdiaphragmatic

radiotracer accumulation. Most patients (97%) had

exactly the same summed difference score and in the 63

patients with ischemia, the assignment to the ischemic

group was similar for both early and delayed images.

These data were obtained specifically after exercise.

These results confirm those previously reported.10,14

The other endpoint of their study was to use early

gated SPECT imaging to detect post-exercise myocar-

dial stunning in patients with coronary artery disease

(CAD) defined as a transient post-ischemic LV dys-

function induced by a brief episode of severe ischemia

in the absence of irreversible cellular damage and after

the restoration of baseline coronary blood flow . Post-

ischemic stunning was first observed almost 40 years

ago in animal models of coronary artery occlusion and

reperfusion.15,16 The severity and duration of regional

LV dysfunction depend on the severity of the ischemic

insult as well as the metabolic condition of the myo-

cardium before the insult. Information on time course of

the resolution of ischemia-induced LV dysfunction after

completion of exercise in patients is limited and incon-

sistent. However, although some studies have shown

that regional dyssynergy may persist up to few hours

after completion of exercise, it is generally accepted that

LV dysfunction tends to resolve more rapidly, usually

within 30 minutes.17,18 Large studies demonstrated that

post-stress LV ejection fraction (EF) and end-systolic

volume obtained by gated SPECT using 99mTc-labeled

myocardial perfusion imaging agents provided signifi-

cant information over the extent and severity of

perfusion defects in prediction of future cardiac

events.19,20 Therefore, evaluation of LV EF at rest and

post-stress and LV volumes may detect transient ische-

mic LV dysfunction and provides important prognostic

information.

Several studies showed that one of the main

advantages of 99mTc-labeled myocardial perfusion

imaging is the ability to perform simultaneous nonin-

vasive assessment of both LV function and myocardial

perfusion. The regional myocardial uptake of the radi-

otracer represents the relative myocardial perfusion

pattern at the time of the tracer injection, but the gated

SPECT represents LV function at the time of image

acquisition, which can be from 15 to 60 minutes or even

more after injection. Therefore, gated SPECT imaging

performed earlier after radiotracer administration could
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potentially detect more post-exercise LV dysfunction.21

Mut et al9 showed that the change in the LV EF in

patients with ischemia was greater between the rest and

the early stress imaging than between the rest and

delayed stress studies. Unfortunately, as pointed out by

the authors, wall motion or thickening was not assessed

nor clinical data on the prognostic value from change in

LV ejection fraction was obtained. Clinical data with

rubidium-82 myocardial positron emission tomography

performed very early after vasodilation stress demon-

strated that LVEF reserve provided significant

independent and incremental value to Rubidium-82

myocardial perfusion imaging for predicting the risk of

future adverse events.22

Technical factors and perfusion patterns must be

taken into consideration before using LV EF changes as

a measurement of the presence of myocardial stunning.

A gated SPECT acquisition of 16 frames per cardiac

cycle instead of 8 frames per cycle (as frequently

reported) should be used to better represent the heart

motion during a single cardiac cycle to minimize tem-

poral under sampling bias and provide a more accurate

assessment of LV EF.23 A study performed with a

dynamic mathematic cardiac torso phantom examined

the impact of perfusion pattern and imaging sequence on

the accuracy of gated SPECT perfusion in determining

LV volumes and ejection fraction.24 They found that

both myocardial perfusion and imaging sequence had a

significant influence on LV function assessment. Post-

stress end-diastolic and end-systolic volumes increased,

and EF decreased in simulated phantoms with large

stress perfusion defects. Both large perfusion defects and

the use of a stress-rest same day injection sequence

resulted in an EF decrease as measured by quantitative

gated SPECT. Consequently, a myocardial ‘‘stunning

artifact’’ was frequently observed when using the stress-

rest sequence. In view of these considerations, the usual

gated SPECT definition of myocardial stunning (which

is defined as a 5% decrease in EF between stress and rest

studies) might be reconsidered, using more clinical data

with early post-stress imaging performed in a wide

variety of patients with proven CAD.21,25,26 The criteria

of a change of 5% also seems to be too ‘‘sensitive’’ for

stunning definition, given the intrinsic variability of LV

EF assessment with gated SPECT, especially using only

8 frames per cycle, thus significantly limiting the tem-

poral resolution of the study.

In summary, early post-exercise myocardial gated

SPECT study may provide additional information on

potential post-ischemic stunning as well as transient

dilatation of the left ventricle or increased lung uptake,

which are all markers indicative of severe CAD and can

be used as prognostic factors. More importantly, this is

done without altering the overall quality of the images.

One of the advantages of early post-stress imaging after

intravenous administration is that data acquisition can

always be repeated later, should the subdiaphragmatic

activity be judged to be too significant on early imaging.

Furthermore, the decrease time interval between radio-

tracer injection and image acquisition may positively

affect the patient’s scheduling and throughput, espe-

cially in a laboratory with a heavy workload. Medical

literature already reported sufficient data to conclude

that ‘‘early’’ SPECT myocardial perfusion imaging may

provide good quality diagnostic studies so that it may be

used as a ‘‘standard’’ procedure. However, more data

will be needed before imaging guidelines can be modi-

fied in order to validate some data acquisition

parameters and criteria of interpretation. Well-controlled

prospective studies performed in patients with proven

CAD and in whom the presence of myocardial stunning

will be corroborated with one or more other imaging

modalities will allow for a more robust definition of

stunning using gated SPECT imaging. The proposed

‘‘minimum’’ delays for imaging in different guidelines

might become ‘‘standard’’ delays in future guidelines.

Having a better definition and validation of the gated

SPECT criteria for myocardial stunning is mandatory

before suggesting its wide clinical application. Never-

theless, early post-stress imaging seems to be a very

promising alternative to the so-called ‘‘standard’’

myocardial perfusion imaging protocol with 99mTc-

labeled radiotracers.
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Phaneuf DC. Same day injection of Tc-99m methoxy isobutyl

isonitrile (hexamibi) for myocardial tomographic imaging: Com-

parison between rest-stress and stress-rest injection sequences. Eur

J Nucl Med 1989;15:113-7.

9. Mut et al. Current issue of JNC. doi:10.1007/s12350-014-9983-4.

10. Toba M, Kumita S, Cho K, Ibuki C, Kumazaki T, Takano T.

Usefulness of gated myocardial perfusion SPECT imaging soon

after exercise to identify postexercise stunning in patients with

single-vessel coronary artery disease. J Nucl Cardiol 2004;11:697-

703.

11. Philippe l, Merino B, Blaire T, Bailliez A, Casset-Senon D, Levy

M, et al. Tetrofosmin early time gated post-stress single = photon

emission computed tomography imaging: Feasibility and potential

benefits. J Nucl Cardiol 2011;18:62-72.

12. Sciagra R, Sotgia B, Dona M, Pupi A. Influence of the postexer-

cise acquisition delay on the detection of functional abnormalities

in sestamibi-gated SPECT. J Nucl Cardiol 2007;14:334-40.

13. Giorgetti A, Rosi M, Stanislao M, Valle G, Bertolaccini P,

Maneschi A, et al. Feasibility and diagnostic accuracy of a gated

SPECT early-imaging protocol: A multicenter study of the Myo-

view imaging optimization group. J Nucl Med 2007;48:1670-5.

14. Taillefer R, Lambert R, Bisson G. Myocardial technetium-99m-

labeled sestamibi single-photon emission computed tomographic

imaging in the detection of coronary artery disease: Comparison

between early (15 minutes) and delayed (60 minutes) imaging.

J Nucl Cardiol 1994;1:441-8.

15. Heyndrickx GR, Millard RW, McRitchie RJ, Maroko PR, Vatner

SF. Regional myocardial functional and electrophysiological

alterations after brief coronary occlusion in conscious dogs. J Clin

Invest 1975;56:978-85.

16. Théroux P, Ross J, Franklin D, Kemper WS, Sasyama S. Regional

myocardial function in the conscious dog during acute coronary

occlusion and responses to morphine, propanolol, nitroglycerin,

and lidocaine. Circulation 1976;53:302-14.

17. Rozanski A, Berman D, Gray R. Preoperative prediction of

reversible myocardial asynergy by postexercise radionuclide

ventriculography. N Engl J Med 1982;307:212-6.

18. Nixon JV, Brown CN, Smitherman TC. Identification of transient

and persistent segmental wall motion abnormalities in patients

with unstable angina by two-dimensional echocardiography. Cir-

culation 1982;65:1497-503.

19. Sharir T, Germano G, Kavanagh PB, Lai S, Cohen I, Lewin HC, et al.

Incremental prognostic value of post-stress left ventricular ejection

fraction and volume by gated myocardial perfusion single photon

emission computed tomography. Circulation 1999;100:1035-42.

20. Hachamovitch R, Bermas DS, Shaw LJ, Kiat H, Cohen I, Cabico

JA, et al. Incremental prognostic value of myocardial perfusion

single photon emission computed tomography for the prediction of

cardiac death: Differential stratification for risk of cardiac death

and myocardial infarction. Circulation 1998;97:535-43.

21. Johnson LL, Verdesca SA, Aude WY, Xavier RC, Nott LT, Cam-

panella MW, et al. Postischemic stunning can affect left ventricular

ejection fraction and regional wall motion on post-stress gated se-

stamibi tomograms. J Am Coll Cardiol 1997;30:1641-8.

22. Dorbala S, Hachamovitch MD, Curillova Z, Thomas D, Vangala

D, Kwong RY, et al. Incremental prognostic value of gated Rb-82

positron emission tomography myocardial perfusion imaging over

clinical variables and rest LVEF. J Am Coll Cardiol Cardiovasc

Imaging 2009;7:846-54.

23. Manrique A, Koning R, Cribier A, Vera P. Effect of temporal

sampling on evaluation of left ventricular ejection fraction by

means of thallium-201 gated SPECT: Comparison of 16- and 8-

interval gating, with reference to equilibrium radionuclide angi-

ography. Eur J Nucl Med 2000;27:694-9.

24. Manrique A, Hitzel A, Brasse D, Vera P. Effect of perfusion

pattern and imaging sequence on gated perfusion SPECT evalua-

tion of myocardial stunning. J Nucl Med 2005;46:176-83.

25. Hashimoto J, Kubo A, Iwasaki R, Iwanaga S, Mitamura H, Ogawa

S, et al. Gated single-photon emission tomography imaging pro-

tocol to evaluate myocardial stunning after exercise. Eur J Nucl

Med 1999;26:1541-6.

26. Borges-Neto S, Javaid A, Shaw LK, Kong DF, Hanson MW, Pa-

gnanelli R, et al. Poststress measurements of left ventricular

function with gated perfusion SPECT: Comparison with resting

measurements by using same-day perfusion-function protocol.

Radiology 2000;215:529-33.

1180 Taillefer Journal of Nuclear Cardiology�
Early post-exercise imaging November/December 2014

http://dx.doi.org/10.1007/s12350-014-9983-4

	Should early post-stress imaging be performed on a routine clinical basis for myocardial perfusion studies?
	References


