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Myocardial perfusion imaging remains the most

frequently used non-invasive modality for the detection

and risk stratification of patients with obstructive epi-

cardial coronary artery disease (CAD). From its

inception more than 40 years ago, the mode of stressing,

choice of radioactive tracers, and detection technology,

have evolved: From exercise stress alone to a choice of

four pharmacological stressors, from thallium-201 (Tl-

201) to technetium-99m (Tc-99m) tracers, from planar

to SPECT imaging, from single head to dual-head

cameras, from Na-I crystals to CZT solid state cameras.

Despite the long track record of diagnostic accuracy,

prognostic robustness and ubiquitous availability, con-

tinued success for the modality cannot be taken for

granted. With competition from the emergence of other

non-invasive modalities (stress echocardiography, car-

diac CT angiography, cardiac MRI) and with

documented changes in the clinical manifestations of

CAD,1,2 the demands on the safety, efficiency, and

convenience of myocardial perfusion imaging continue

to grow.

In the long absence of new tracers (Tc-99m-based

agents were introduced more than 25 years ago!), the

recent advent of solid state high-efficiency SPECT

cameras allows for a re-assessment of by now ancient

imaging protocols. Obvious and justified criticism of the

length of the traditional rest-stress sequence as well as

growing awareness of radiation doses to the patients and

to the medical personnel can now be addressed with

imagination and inventiveness.

One of the novel tested approaches is described in

the current issue of the Journal by authors from Gre-

noble, France.3 The authors propose a fast test, which

was utilized in 1,336 patients, but analyzed in only 214

patients. Using the GE Discovery NM 530 high-effi-

ciency SPECT camera (GE Healthcare), a mean dose of

82 MBq (2.2 mCi) of Tl-201 was injected at peak stress,

5 minutes stress imaging followed and a mean dose of

314 MBq (8.5 mCi) of Tc-99m was injected after stress

imaging and 5 minutes rest imaging followed 2 minutes

later. Thus, the whole stress-rest sequence was com-

pleted in 22.4 ± 4 minutes. Correlation with coronary

angiography in 104 patients with high CAD prevalence

was good. Normalcy rate in 110 patients with low pre-

test probability was also high.

A similar protocol and tracer dosage (2-2.5 mCi of

Tl-201 and 8-10 mCi of Tc-99m) was reported in 2009

by Berman et al using a different high-efficiency CZT

cardiac camera (D-SPECT, Spectrum Dynamics, Israel)

in 374 patients.4 Image quality, radiation dose, and study

length were analyzed, but not correlation to

angiography.

There are pros and cons of both Tl-201 and Tc-99m

as myocardial perfusion agents, even though Tc-99m

agents are currently used in the vast majority of SPECT

myocardial perfusion imaging studies. Tl-201 has a

rapid blood clearance half-time (\30 seconds), a high

first pass extraction ([88%) and better linearity between

flow und uptake.5 Tc-99m sestamibi, on the other hand,

has a longer blood clearance half-time ([1 minute),

smaller first pass extraction (50%-60%), and clinically

non-significant redistribution.6,7 These differences pro-

vide a higher contrast between regions of normal

perfusion and abnormal perfusion using Tl-201 and

result in reduced defect size with Tc-99m.8 However,

higher Tc-99m energy (140 keV of Tc-99m compared to

70-80 keV of Tl-201) and shorter Tc-99m half-life
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(6 hours compared to 72 hours of Tl-201) allow for

higher Tc-99m administered doses, higher count studies,

better gated images, and for a higher degree of flexibility

of imaging protocols (rest-stress, stress-rest, 1- or 2-day

studies).

In the original rest Tl-201/stress Tc-99m dual-

isotope protocol,9 the higher energy Tc-99m was lau-

ded for higher quality stress images to optimize

assessment of the extent and severity of stress-induced

perfusion abnormalities and accurate measurement of

left ventricular size and function. Tl-201 was praised

for its ability to assess myocardial viability at rest, all

the while minimizing the time to perform the study. In

the reversed stress Tl-201/rest Tc-99m dual-isotope

protocol, Tl-201’s stronger relationship between myo-

cardial blood flow and myocardial extraction to

improve the ability to detect mild disease which might

be missed by Tc-99m is discussed as a strength. With

all of the possible individual benefits of the tracers

aside, both versions decreased test time as their main

contribution, the original version on traditional Na-I

cameras and the newer one on high-efficiency cameras.

Both sequences, Tl-201 stress/Tc-99 rest and Tl-201

rest/Tc-99m stress allow for delayed (next day) Tl-201

imaging (and viability assessment). The current paper

does not explore the potential for viability detection

since patients with LVEF\ 35% were excluded from

analysis.

The time savings of the proposed protocol comes at

the cost of higher radiation exposure to the patients. A

2.5-3.5 mCi rest Tl-201/20-30 mCi stress Tc-99m

‘‘old’’ dual-isotope protocol results in an almost 30 mSv

effective dose, while the ‘‘new’’ 2 mCi stress Tl-201/

8 mCi rest Tc-99m dual-isotope protocol delivers

approximately 12 mSv. This is similar to the 10-12 mSv

effective dose from a traditional 10 mCi rest/30 mCi

stress Tc-99m protocol.

The ASNC goal for 2014 is to complete at least 50%

of myocardial perfusion imaging studies with B9 mSv

exposure which this protocol falls short of. Also, even this

lowered dual-isotope dose is substantially higher than a

5.8 mSv effective dose achieved using high-efficiency

SPECT cameras (5 mCi rest/15 mCi stress Tc-99m) or

� time/� dose imaging using iterative reconstruction on

a traditional dual-head NaI camera.10

One way the proposed protocol could be modified,

would be to incorporate the possibility of a stress-first

protocol. Most large laboratories and the published lit-

erature report that at least 70% of myocardial perfusion

imaging studies in patients without known CAD are

normal, and the number is even higher in patients

referred from the Emergency Department. While the

current study does not report how many of the 1,336

patients had normal stress perfusion, the current clinical

environment provides a perfect opportunity for stress-

only studies. Reviewing the stress Tl-201 images prior

to rest injection would be desirable as both the test

duration and radiation dose would be decreased. How-

ever, only the rest images were gated in this study and

the additional Tc-99m dose was needed for the deter-

mination of ventricular size and function. The new high-

efficiency cameras produce count-rich gated images

with Tl-201 that are of markedly better quality com-

pared to a traditional Na-I cameras and can provide

diagnostic gated information with Tl-201 alone.

The authors use a novel rapid rest acquisition pro-

tocol, acquiring Tc-99m images as soon as 2 minutes

after Tc-99m injection resulting in significant time

savings by eliminating the Guideline specified 30-

60 minutes delay. This is perhaps a much more inter-

esting development than resurrecting a dual-isotope

protocol, as it would be potentially applicable to all Tc-

99m studies. Appling this rapid rest image acquisition to

a low-dose Tc-99m stress-first protocol when rest ima-

ges were needed would substantially reduce test time.

The previous high-efficiency dual-isotope study using

the D-SPECT camera also employed a rapid rest image

acquisition and reported good or excellent image quality

in 98.9% of rest images.4 The majority (83.7% of the

patients) had none or only minor extracardiac activity in

the field of view. This study, however, did not provide

comparison within the same patient of early and con-

ventional delayed acquisition.

A previous study of 30 patients using the same GE

Discovery camera found that overall image quality was

better with fewer uninterpretable studies using conven-

tional delayed imaging.11 More importantly, the

summed rest score of the rest images obtained at

60 minutes was lower (1.6 vs 3.2) compared to early

acquisition (Figure 1). We had a similar experience with

immediate post-injection Tc-99m rest images and have

subsequently abandoned the practice (unpublished data).

The explanation for this discrepancy is unclear, and may

be related to continuous Tc-99m uptake early after tracer

injection and/or to minimal Tc-99m redistribution.

Given this ambiguity, prior to accepting very early rest

image acquisition as standard practice, further studies

are warranted.

Simultaneous acquisition of dual-isotope stress and

rest data would be another method of speeding the

testing time by eliminating one imaging session, and

although not explored in the current study, has been

already investigated. The solid state CZT cameras show

improved energy resolution and with spillover and

scatter correction reconstruction, a single imaging pro-

cedure may allow for simultaneous multi-tracer

acquisition. In a study of 27 patients, Ben-Haim et al

demonstrated comparable diagnostic performance and
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image quality of simultaneous and conventional

(sequential) acquisition.12

The authors of the current paper should be con-

gratulated for their effort to explore and critically assess

novel protocols. The proposed dual-isotope protocol

perhaps could be recommended in carefully selected

subsets of patients: Older patients (perhaps[70 years of

age, in whom higher radiation dose carries minimal

attributable lifetime cancer risk),13 or patients with

known CAD and/or with a need for detection of myo-

cardial viability (in whom both stress and rest imaging is

needed and a 24 hours delayed Tl-201 images may have

clinical relevance).

We look forward to future publications in this area.
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Figure 1. Resting myocardial perfusion as assessed by the
summed rest scores of early and delayed image acquisition
with the GE Discovery high-efficiency camera in a study by
Askew et al11.
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