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Coronary Artery Disease (CAD) is one of the most important
causes of mortality and morbidity in the world. Nevertheless,
Myocardial Perfusion Scintigraphy (MPS) using Single-
Photon Emission Computed Tomography (SPECT) with
radiopharmaceuticals is still widely used for the non-invasive
diagnosis of obstructive CAD and functional imaging of the
myocardium at stress.

MPS provides comprehensive information on myocardial
perfusion, and regional and global left ventricular function that
provides incremental diagnostic and prognostic information.
MPS evaluates regional myocardial perfusion as well as gives
information about functional parameters such as Transient
Ischemic Dilation (TID), the extent of perfusion defect, etc. [1].
A normal stress MPS with adequate stress indicates a very good
prognosis, with an annual myocardial infarction or death rate
of less than 1% - 2%. Ischemic perfusion abnormalities usually
remain undetected during rest, while stenosis of 50% or more is
reliably identified with MPS under maximal myocardial stress.
That is why MPS studies are performed with several stress
test protocols. Exercise or pharmacological stress augments
myocardial blood flow. Although with different mechanisms,
myocardial blood flow in coronary vasculature without
significant stenosis increases nearly 3-fold with exercise and
3 - to 5- fold with vasodilator stressors [2]. Exercise (treadmill
or bicycle) is the preferred stress modality in patients who can
exercise and achieve adequate exercise end-points. The most
common mode of stress used in myocardial perfusion imaging

is a multi-stage Exercise Treadmill Test (ETT) based on a Bruce
or modified Bruce protocol. This pictorial review aims to focus
on the specific exploration of the adenosine stress myocardial
perfusion SPECT - a functional diagnostic tool for the screening
and management of coronary artery disease.

For Myocardial Perfusion Imaging (MPI), the best test to
evaluate hemodynamic changes during stress is an exercise
treadmill test. It provides independent prognostic value,
including evaluation of total exercise time, performance, and
capacity; heart rate response during exercise, with ischemia
and in recovery; blood pressure response; myocardial oxygen
demand; and assessment of symptoms. Combining these
exercise data with perfusion imaging provides the best
prognostic value and risk stratification for patients. Although
exercise stress testing accompanied by MPI is preferential, it
is not always possible since an increasing number of patients
cannot exercise to a maximal (symptom-limited) level.
Further, there is much evidence in the literature demonstrating
a suboptimal, non-symptom-limited (not achieving at least
4 min - 6 min or < 85% of maximum predicted heart rate)
exercise test performed as part of an MPI study may result
in a false-negative outcome. Therefore, pharmacologic stress
agents provide an excellent alternative for those patients who
cannot achieve an adequate heart rate response or adequately
perform physical exercise.

Pharmacologic stress with adenosine, dobutamine and
dipyridamole causes coronary hyperemia and increases
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myocardial workload allowing a successful myocardial
perfusion study in patients who cannot perform or tolerate
the adequate exercise, those with limited heart rate response
due to B- blockers or calcium-channel blockers, those with
a pacemaker rhythm, Wolff-Parkinson-White syndrome, a
transient ventricular pacemaker or with left bundle-branch
block. This option is suggested for particular patients in the
guidelines. The sensitivity and specificity rates of MPS with
pharmacological stress test study are reported to be comparable
to that of maximal exercise studies, in the range of 85% to 90%
[3]. A meta-analysis determined the sensitivity and specificity
of adenosine SPECT imaging as 90% and 70%, respectively
[4]. However, a treadmill exercise test is a primarily preferred
method for MPS in most nuclear medicine clinics.

A treadmill test combined with Mpyocardial Perfusion
Scintigraphy (MPS) is a commonly used technique in the
assessment of coronary artery disease. There are many
patients, however, who may not be able to undergo treadmill
tests. Such patients would benefit from pharmacological
stress procedures combined with MPS. The most commonly
used pharmacological agents for cardiac stress are coronary
vasodilators (adenosine, dipyridamol) and catecholamines.

Concomitant low-level treadmill exercise with adenosine
pharmacologic stress (AdenoEX) during MPS has become
commonly used in recent years. A number of studies have
demonstrated the beneficial impact of the AdenoEX protocol.

The main purpose of this case series was to establish
and quantitate perfusion deficit areas induced by adenosine
infusion protocol during COVID pandemic era according to
the established guidelines for stress MPS in our center for a
population of 500 patients and compare the AD perfusion areas
to coronary angiographic data in selected cases. Our department
previously used exercise for stress protocole and adenosine
was only used for selected patients before. However, the COVID
era changed our approach to routine adenosine stress protocole
and this series identifies areas at risk in demonstrative cases
using quantitative analysis in 3D.

In general, SPECT studies are interpreted based on visual
assessment of relative tracer uptake images. In clinical practice,
imaging equipment, imaging protocols, stress protocols,
reconstruction algorithm and filters, the patient’s body
habitus, age and gender, artifacts from patient motion, display
monitor, the physician’s vision and various other issues affect
image evaluation by a nuclear medicine physician. However,
automated analysis data from quantitative software tools can
be used to assist visual analysis. Quantification is an extremely
valuable tool in MPS, as it provides an objective assessment of
the parameters under investigation.

Quantitative analysis of SPECT and PET has become a major
part of nuclear cardiology practice. Current software tools can
automatically segment the left ventricle, quantify function,
establish myocardial perfusion maps and estimate global and
local measures of stress/rest perfusion — all with minimal
user input. State-of-the-art automated techniques have been
shown to offer high diagnostic accuracy for detecting coronary
artery disease, as well as predict prognostic outcomes.
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Radionuclide Myocardial Perfusion Imaging (MPI) with
SPECT or PET is the most widely used technique for detecting
Coronary Artery Disease (CAD) in clinical practice.1 Currently,
one of the main advantages of nuclear techniques over other
modalities such as stress echocardiography or cardiac MRI,
is the development of standardized methods for automated
quantitation. Automated analysis of three-dimensional SPECT
and PET images is now routine for both clinical and research
purposes. Current software can automatically segment the
left ventricle (LV), quantify Left Ventricular Ejection Fraction
(LVEF), establish myocardial perfusion maps, and estimate
global and local measures of stress/rest perfusion — all with
minimal user input. These methods have demonstrated better
reproducibility, and at least similar diagnostic accuracy as
qualitative visual analysis by expert readers.

Gated Myocardial Perfusion Imaging (MPI) with SPECT or
PET generates information on reversible perfusion defects,
fixed perfusion defects, LV function, LV volumes, regional wall
motion and thickening. Although visual interpretation for all
these parameters is feasible, it is more time-consuming, less
reproducible, and ultimately more dependent on the observer’s
expertise than utilizing automated methods. It has been
demonstrated that computer-based quantitation provides an
important means of improving the consistency of interpretation
[5]. A number of validated software packages are available for
automated quantification (QPS-QGS, Emory Toolbox, 4D-
MSPECT and Wackers-Liu CQ) [6—9] and are distributed by
the main vendors of nuclear medicine imaging equipment. The
basic principles are similar for each of these software packages:
after segmentation of the LV, normalized relative radiotracer
uptake in reconstructed slices is quantitatively compared
against normal data files.

Both Attenuation-Corrected (AC) and non-attenuation-
corrected (NC) images are obtained from SPECT/CT. MPS is
currently interpreted as ischemia positive or negative according
to the presence of a reversible perfusion defect. Alternatively,
several scores obtained from scintigraphy images depict
ischemia severity or extent, such as Summed Stress Score (SSS),
Rest Score (SRS) and Differential Score (SDS); Total Perfusion
Deficit (TPD); and extent of the defect [10-12]. While scores
are calculated using automatic programs, each image requires
comparison with its own normal data; therefore, scores from
AC and NC images may differ.

Using the endocardial surfaces from LV segmentation, a
volume curve spanning the cardiac cycle can be generated. From
the volume curve data, LV End-Diastolic Volume (EDV), LV End-
Systolic Volume (ESV), LV Ejection Fraction (LVEF), cardiac
output, myocardial mass and diastolic function parameters
(peak and time to peak filling and ejection rates) can then
be calculated. Several studies confirm the strong agreement
between gated MPI and reference standard measurements of
quantitative LVEF and LV volumes [7,10-15]. This relationship
is relatively independent of the isotope, protocol, standard,
and algorithm used. Reproducibility and repeatability for LVEF
and LV volumes have also been shown to be high [16,17] With
regards to cross-algorithm reproducibility, a number of studies
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confirm a strong correlation between different approaches -
but systematic differences in the measurements do exist and
therefore normal limits for the specific imaging approach are
required [15,18-20].

In this study, our first aim was to evaluate the diagnostic
concordance and patterns of perfusion distribution observed in
Myocardial Perfusion Scintigraphy (MPS) by Pharmacological
Stress Test with adenosine (APST) with Coronary Angiography
(CAG). Our second aim was to evaluate different patterns of
perfusion for variants and anatomically rare defects. All
patients underwent the two-day MPS protocol. A dose of ~20
- 30 mCi Tc - 99m sestamibi was injected intravenously for
the stress study and ~20 mCi Tc-99m sestamibi was injected
for the rest of the study. All data acquisition was performed
with a double-head SPECT system (GE) equipped with a low-
energy, high-resolution collimator. A protocol consisting of a
64x6/ matrix, 30 projections per head, 25 - s projections over
a 180° circular orbit and 8 frames per cycle was applied, with
a 140 keV energy photopeak. A rotational arc of 180° was used,
beginning at the 45° right anterior oblique position and ending
at the 45° left posterior oblique position with 64 steps every
3° - 6°.

Image acquisition was done 15 - 30 minutes after ETT and
45 - 60 minutes after APST. The gated images were used to
assess left ventricle volumes and EF. Gated data acquisition
was done with 16 frames per cardiac cycle for the R-R interval
length by using the forward-backward gating method.

Accordingtothe EANMguideline, thediagnostic performance
of an MPS study is statistically independent of stress agents or
modalities [20]. A meta-analysis that includes 24 studies and
14.918 patients showed that patients undergoing pharmacologic
stress studies are at a higher risk for subsequent cardiac events
like myocardial infarction and death from cardiac reasons [21].
In contrast, in their prospective study including 266 exercises
(bicycle) stress testing and 65 APST, Hochgruber, et al. [22],
stated that exercise stress but not adenosine stress results in
an increase of cardiac wall stress, angina symptoms and ECG
changes in patients with reversible ischemic changes on MPS.
That is why the absence of these surrogates of myocardial
ischemia suggests that adenosine stress does not induce acute
myocardial ischemia, but rather displays relative perfusion
differences [22]. According to American Heart Association data
in a study on vasodilator stress in a cohort of 130 women who
underwent APST imaging, there was a reported 91% sensitivity
and 86% specificity for detecting significant coronary artery
stenosis >50% [23]. Nevertheless, the same study reported that
the sensitivity of MPS with ETT was 78-88% and the specificity
was 64-91% [24,25].

Coronary Angiography (CAG) is the gold standard in
diagnosing CAD. Using intracoronary pressure measurement
as the reference standard, CT coronary angiography compared
to invasive coronary angiography has a sensitivity of 80 % (95
% CI: 61 % to 92 %) versus 67 % (95 % CI: 51 % to 78 %), a
specificity of 67 % (95 % CI: 47 % to 83 %) versus 75 % (95 % CI:
60 % to 86 %), an average positive likelihood ratio of 2.3 versus
2.6, and an average negative likelihood ratio 0.3 versus 0.4,
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respectively [26]. Compared to invasive coronary angiography,
the average effective radiation dose of CT coronary angiography
seems to be higher with retrospective electrocardiogram (ECG)
gating and relatively similar to prospective ECG gating.

The health economic model using invasive coronary
angiography as the reference standard showed that at a pretest
probability of CHD of 50 % or lower, CT coronary angiography
resulted in lower cost per patient with a true positive diagnosis.
At a pretest probability of CHD of 70 % or higher, invasive
coronary angiography was associated with a lower cost per
patient with a true positive diagnosis. Using intracoronary
pressure measurement as the reference standard, both types of
coronary angiographies resulted in a substantially higher cost
per patient with a true positive diagnosis.

A recent controlled clinical head-to-head comparative
study revealed PET to exhibit the highest accuracy for the
diagnosis of myocardial ischemia [27]. Furthermore, a
combined anatomical and functional assessment does not
add incremental diagnostic value but guides clinical decision-
making in an unsalutary fashion. Both in PET and SPECT we
observe quantitatively the rea at risk and significant stenosis
in a coronary artery causes regional hypoperfusion in the
myocardium supplied by that vessel. The greater the severity
and extent of the perfusion defect in the myocardial segments
supplied by any coronary artery observe that the more severe
and more proximal the stenosis in the coronary artery.

Adenosine is an endogenous nucleoside that strongly
impacts the cardiovascular system. Adenosine is released
mostly by endothelial cells and myocytes during ischemia
or hypoxia and greatly regulates the cardiovascular system
via four specific G-protein-coupled receptors named AiR,
A2AR, A2BR, and A3R. Among them, A2 subtypes are strongly
expressed in coronary tissues and their activation increases
coronary blood flow via the production of cAMP in smooth
muscle cells. A2A receptor modulators are an opportunity for
intense research by the pharmaceutical industry to develop
new cardiovascular therapies. Most innovative therapies are
mediated by the modulation of adenosine release and/or the
activation of the A2A receptor subtypes.

Using the pharmacological activation stress model, we
may discuss the phenomenon of -Use of Spare A2Rs Detection
for the Diagnosis of Inducible Myocardial Ischemia in CAD
Patients. The expression levels of adenosine A2Rs and their
functional activity are therefore of paramount importance
in coronary blood flow maintenance. In a previous review,
Fenouillet, et al. described the concept of spare receptors where
the receptor reserve concept was originally defined as the
fraction of receptors not required to achieve maximal response
by a full agonist [28,29]. The presence of spare receptors seems
to be an adaptive mechanism to counterbalance a low level of
agonist or a low level of receptors expression of both [30]. The
spare receptor model can be designed as a signal amplification
system in which the effectiveness of the response to different
ligands, full or partial agonists, can be quite complex due to the
dissociation between receptor activation level and biological
effects. Intravenous adenosine infusion leads to increased
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myocardial blood flow in the normal myocardium but not the
ischemic or infarcted segment. This difference in the resulting
perfusion reactivity can be used to distinguish these two groups,
as demonstrated previously in the proof-of-concept studies
as well as the current validation study. While the blood flow
increase distal to the stenotic coronary artery during adenosine
stress is limited due to already compensated resistance vessels
at rest, adenosine-induced vasodilation results in an increased
and thus a greater chance of perfusion increase in the normal
coronary artery territories.
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In summary, the approach of using adenosine stress and rest
3D mapping to differentiate myocardial tissue characteristics
in CAD compared with coronary angiography in this subset of
patients was re-validated in ischemic, infarcted and remote
myocardium as well as cohort-matched controls where this
pictorial series can be used as a reference for future trainees to
benefit from the aggregated results of comparative anatomic
and functional methodology (Figures 1-10).

Figure 1: 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (Anterior wall, septum, inferior wall, lateral wall, respectively. Upper row stress
images, Lower row rest images). MPS images within normal limits. A 65-year-old patient with no active cardiac complaints and T negativity in the lateral leads in his ECG.

Septal to lateral ratio is due to hypertension for 10 years.

Figure 2: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images) Reversible ischemia involving less than 10% of myocardium is observed in anterior wall.

Figure 3: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images). Reversible ischemia observed in septal and inferior wall.

045

Citation: Karabacak Ni, Ibis ET, Demir S, Balim MU, Kiiciikali B, et al. (2022) Quantitative nuclear cardiology and assessment of areas under risk via adenosine stress
protocol-A pictorial assay for cardiologists and cardiovascular surgeons during era of COVID. J Cardiovasc Med Cardiol 9(4): 042-048.

DOI: https://dx.doi.org/10.17352/2455-2976.000187



B PeertechzPublications https://www.peertechzpublications.com/journals/journal-of-cardiovascular-medicine-and-cardiology a

Figure 4: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images). Significant area of reversible ischemia involving 30% of myocardium is observed in the inferior wall.

Figure 5: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images) A fixed inferoseptal hypoperfusion area covers around 30% of myocardium and does not change in stress and rest images-supporting
previously infarcted area in the inferior — septal wall.

Figure 6: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images) LAD distribution and a fixed hypoperfusion area that does not change in stress and rest images — suggestinfg anteroseptal non-transmural
infarct in the anteroseptal wall.

Figure 7: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images) A fixed hypoperfusion area, which does not change in stress and rest images on the inferior wall and the basal part of the lateral wall is
observed and extent of hypogerfusion area for LCX territory is remarkable.
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Figure 8: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row stress
images, Lower row rest images) Abnormal MPS images of the patient who underwent LIMA-LAD CABG after anterior MI. A perfusion defect including the apex is observed
in the anterior wall.

Figure 9: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row
stress images, Lower row rest images) Extensive and severe perfusion defect is observed in the inferior wall suggesting transmural Ml in the inferior wall with extent of 25%.

Figure 10: The 3D myocardial perfusion map and Bullseye model and myocardial perfusion map (respectively anterior wall, septum, inferior wall, lateral wall. Upper row
stress images, Lower row rest images) Extensive hypoperfusion involving around 50% of the myocardium and small area of perfusion defect observed in the apex and apical
anteroseptal wall secondary to previous myocardial infarction.
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