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Quantification of MBF with cardiac-centred
gamma cameras

Thanks to PET studies, the measurement of global and regional
stress and rest blood flow and flow reserve has proven to be of
diagnostic and prognostic value in various clinical settings. A
growing number of nuclear medicine sites in Europe are now
using cardiac-centred gamma cameras for myocardial perfusion
imaging (MPI). In so-called BCZT cameras^ a cadmium-zinc-
telluride (CZT) crystal is used in place of the conventional
sodium/ iodine (Na/I) crystal for the detection of gamma rays.
Manufacturers have taken advantage of these much thinner and
more flexible CZT detectors to design gamma cameras dedicat-
ed to cardiac imaging that offer a larger surface for signal de-
tection and focused on the heart region [1].

The tomographic sensitivity of a gamma camera system for
myocardial counts is a critical parameter that influences the min-
imal duration of SPECT acquisitions for reconstruction of 3D
images of the heart. The tomographic sensitivity of conventional
gamma cameras with Na/I detectors is relatively low with only a
few parts-per-million of the injected activity being detected with-
in the myocardial area, but the sensitivity of CZT gamma cam-
eras is four to seven times higher [2, 3]. The higher sensitivity of
the CZTcamera allows the reconstruction of 3D cardiac SPECT
acquisitions with relatively short time frames and reasonable
spatial resolution, and has renewed interest in dynamic cardiac
imagingwith SPECT. The aim of dynamic cardiac acquisitions is
to detect the first-pass blood perfusion of tracer and its extraction

into the myocardium to allow quantification of myocardial blood
flow (MBF) using dedicated compartment models.

Recently, the ability of protocols with 99mTc-labelled perfu-
sion tracers and CZT SPECT to quantify stress and restMBF has
been demonstrated [4], showing relatively good correlations be-
tween myocardial flow reserve (MFR) values, stress to rest MBF
ratios estimated using SPECT imaging and thosemeasured using
PET imaging with 15O-water [5] or 13N-ammonia [6] as perfu-
sion tracers. In this issue of EJNMMI, Han et al. [7] describe the
feasibility of a dual isotope (201Tl/99mTc) dynamic imaging pro-
tocol for the quantification of MBF using CZT SPECT.

Interest in SPECT-based quantification ofMBF

PET procedures for the quantification of MBF have been well
validated and provide accurate measurements of stress and rest
MBF and MFR. However, PET MPI represents only a small
proportion of MPI scans performed worldwide because of the
limited access to PET perfusion tracers that require either an on-
site cyclotron or an expensive 82Rb generator, and the limited
time available for dedicated cardiovascular imaging on most
clinical PETscanners. In contrast, dynamic SPECTacquisitions
benefit from the low cost and wide availability of SPECT per-
fusion tracers and the shorter acquisition times for conventional
MPI using the CZT camera. The rationale for the dual isotope
approach chosen by Han et al. [7] is that Tl has a higher first-
pass myocardial extraction rate and less roll-off at high flow
than Tc-labelled perfusion tracers and therefore allows more
accurate evaluation of MBF during stress.

For rest dynamic acquisitions, the choice of Tc-labelled perfu-
sion tracers is relevant because rest images can be acquired with-
out any background signal in the myocardium thanks to the dif-
ferent energy emission ranges of Tl and Tc, and under conditions
of low flow for which the myocardial extraction of Tc-labelled
perfusion tracer remains linear. Using this dual isotope dynamic
SPECT imaging protocol in 34 patients, Han et al. [7] demonstrat-
ed the feasibility of measuring global and regional MBF and
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found good correlations between MFR values and the anatomical
and functional severity of coronary stenosis evaluated invasively.
Although the results of this proof-of-concept study are promising,
the road towards the integration of SPECT-based MBF quantifi-
cation in the clinical interpretation of MPI is still long. In this
Editorial, we discuss the technical challenges and potential clinical
applications of SPECT-based quantification of MBF.

Technical challenges of SPECT-based
quantification of MBF

PET-based myocardial flow quantification has demonstrated
good test–retest repeatability for stress MBF and MFR mea-
surements with a day-to-day coefficient of variation of less than
20% and reproducibility among laboratories (<10% variation
when using similar methods) [8–10]. There are, however, a
number of technological issues that might prevent SPECT-
based myocardial flow quantification reaching such a high but
desired level of reproducibility for MBF measurements.

First, the prerequisite for accurate quantitative estimation of
myocardial flow using compartment modelling is to obtain a
reliable activity curve for the blood first-pass with good sepa-
ration between the blood and myocardial activity over time.
The spatial resolution of SPECT images is lower than that of
PET images, and that of dynamic 3D SPECT images with short
acquisition times is even lower. The robustness of SPECT-
based MBF measurements might be affected by worse separa-
tion between activities originating from the left ventricle (LV)
cavity and the myocardium. Second, the relatively low-energy
of X-ray emissions of Tl (70–80 keV) results in a strong
Compton scatter signal that degrades the contrast and quality
of reconstructed images. Third, CT-based correction of tissue
attenuation with SPECT is intrinsically less accurate than with
PET. In addition, the use of two isotopes with different photon
energies and tissue attenuation properties might induce hetero-
geneities in the estimated values for regional MBF extracted
from dynamic SPECT acquisitions.

Additional clinical studies are required to evaluate the ro-
bustness, reproducibility, homogeneity and accuracy of region-
al and global MBF measurements obtained from dynamic
SPECT imaging protocol. This information is critical to the
more precise understanding of the potential role of SPECT-
based MBF measurements in the clinical interpretation of MPI.

Clinical value of adding global MBF
quantification to SPECT MPI?

Dynamic SPECTacquisition protocols require longer times un-
der the camera and are more complex than conventional MPI
protocols. Consequently, before implementation of these proto-
cols can be justified, improvements in the diagnostic and

prognostic performance of SPECT MPI are needed. Based on
the large clinical experience acquired with cardiac PET imag-
ing, it can be assumed that SPECT-based quantification of glob-
al MBF could provide added value for the interpretation ofMPI
in several clinical situations. First, an important limitation of
SPECT MPI is that regional myocardial uptake of perfusion
tracers is evaluated only relative to the highest signal detected
in the myocardium and may fall short in identifying balanced
myocardial ischaemia in patients with triple-vessel CAD.
Measurements of low global stress MBF or MFR on dynamic
cardiac SPECT could help identify patients with triple-vessel
CAD, in particular in the presence of high-risk features of ex-
tensive myocardial ischaemia on conventional SPECT MPI
such as stress LV dysfunction, transient ischaemic dilatation
and increased right ventricular uptake, or alternatively exclude
triple-vessel CAD if global MFR is preserved.

Second, an important concern when using a pharmacolog-
ical stress test is the risk of hidden ingestion or persistent
circulation of products, in particular caffeine, that antagonize
the effects of adenosine on its receptors resulting in the ab-
sence or reduced stimulation of myocardial hyperaemia. In
this situation, the haemodynamic impact of coronary stenosis
is underestimated and MPI might be falsely interpreted as
normal. MBF quantification could help identify nonre-
sponders to pharmacological stress on SPECT MPI who will
not show any change in global MBF values during stress.
Third, the addition of the global MFR value measured with
Rb PET MPI has been found to have an incremental value
over the extent of myocardial ischaemia for predicting the risk
of cardiovascular events during follow-up [11, 12]. In a sim-
ilar way to what has been described with Rb PET, it can be
hypothesized that SPECT-based MFR values could help im-
prove the stratification of the cardiovascular risk of patients.

Clinical value of adding regional MBF
quantification to SPECT MPI?

The effort to move from relative to absolute regional MBF quan-
tification is motivated by the assumption that flow quantification
could provide a more precise and reliable assessment of the
haemodynamic impact of coronary stenosis in an approach sim-
ilar to the measurement of fractional flow reserve (FFR) during
invasive coronary angiography. The implementation of absolute
stress MBF or MFR for the evaluation of coronary stenosis,
however, might face some significant hurdles. First, SPECT-
based regional MBF values need to be homogeneous and com-
parable within the LV to define consistent threshold values for
myocardial ischaemia that can apply to all myocardial territories.
The technological limitations of SPECT-based quantification of
MBF described above might make it difficult to achieve suffi-
cient signal homogeneity for this analysis. Second, several fac-
tors other than flow-limiting stenosis of the epicardial coronary
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arteries can result in a decrease in stress MBF and MFR, includ-
ing diffuse atherosclerotic disease, cardiac microvascular dys-
function, capillary rarefaction and endothelial dysfunction. Han.
et al. [7] found only a moderate correlation between regional
MFR quantified noninvasively with dynamic SPECT and FFR
values measured invasively. This finding is, however, consistent
with previous results obtained using Rb PET [13].

The interpretation of absolute stress MBF is complex. The
respective roles of coronary stenosis and microvascular dis-
eases in the reduction of myocardial flow can only be evaluated
by analysis of stress MBF values in combination with the re-
sults of invasive coronary angiography and FFR measurements
[14]. For simplification, it can be assumed that cardiac micro-
vascular diseases predominantly affect global MFR, whereas
coronary stenosis mostly causes a regional reduction in MFR.
An easy way to correct for the effects of microvascular disease
is thus to adjust the regional flow values to the maximal value
of stress MBF measured within the LV. This is exactly what is
done for semiquantitative interpretation of MPI, but at the cost
of losing information on the effects of diffuse CAD and micro-
vascular disease on stress MBF. Han et al. [7] found strong
correlations between summed stress scores based on the semi-
quantitative analysis of MPI and the regional MFR values ob-
tained from dynamic cardiac acquisitions. These results clearly
raise the question as to the additional clinical value of regional
MFR quantification for the clinical interpretation of MPI.

Conclusion

The study by Han et al. [7] confirms the feasibility of SPECT-
based quantification of MBF using dynamic perfusion imaging.
The robustness and reproducibility of thesemeasurements need to
be confirmed in multicentre studies with larger numbers of pa-
tients.MBFmeasurementswith dynamic SPECTprotocolsmight
not achieve the accuracy and robustness of PET imaging, but
could offer access to estimates ofMFR in a larger number of sites
and at lower cost. The analysis of globalMFRvalues seems easier
to integrate into the clinical interpretation of MPI than regional
MFR because of the lower signal homogeneity of SPECT in
comparison to PET perfusion images. This additional informa-
tion, though not perfectly accurate, might help overcome some of
the current limitations of SPECT MPI related to the semiquanti-
tative analysis of radiotracer uptake in the myocardium.
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