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In this issue of theEuropean Journal of Nuclear Medicine and
Molecular Imaging, Gimelli et al. [1] report that stress-
induced left ventricular diastolic impairment, as reflected by
the percent stress-to-rest peak filling rate (PFR) ratio, was
paralleled by increasing numbers of coronary artery disease
(CAD) vessels with stenosis ≥70 %. Conversely, the manifes-
tation of stress-related systolic or contractile dysfunction was
confined to patients with multivessel CAD. Such a novel ob-
servation may suggest indeed that stress-induced impairment
of diastolic function of the left ventricle may reflect a more
sensitive parameter to better identify and characterize the ef-
fects of ischemic burden imposed on the left ventricle than
conventional assessment of post-stress systolic function. The-
se observations are also unique as the myocardial perfusion
exam was performed with a state-of-the art cadmium zinc
telluride (CZT) camera that holds strong promise for deter-
mining myocardial perfusion and function with a fast acquisi-
tion time of about 7 min and low dose of 99mTc injection for a
single-day protocol (stress 185–222 MBq and rest 370–
444 MBq), while maintaining excellent image quality [2–4].

The assessment of cardiac function with gated single pho-
ton emission computed tomography (SPECT) commonly aids
in the identification of attenuation artifact on scintigraphic
perfusion images and, thereby, substantially reduces false-

positive findings. This again leads to an increase in specificity
and thus diagnostic accuracy in CAD detection with conven-
tional SPECT perfusion imaging [5]. With the advent of
SPECT/CT cameras, the role of gated SPECT to identify at-
tenuation artifacts has virtually disappeared due to the excel-
lent attenuation correction with CT. This enables stress-only
imaging in the majority of patients with normal perfusion
findings that also confers an excellent cardiovascular outcome
[6, 7]. Since in the current investigation [1] no attenuation
correction of CZT images was performed, myocardial perfu-
sion imaging in conjunction with wall motion analysis most
likely was needed in a certain number of patients to avoid
false-positive findings due to attenuation artifacts, in particular
in obese individuals and women [8]. Given the increased use
of SPECT/CT cameras, post-stress gated SPECT is predomi-
nantly used to identify myocardial wall motion abnormalities
as a sign of prolonged postischemic stunning. Stress-induced
stunning is a marker of severe ischemia related to one-vessel
or multivessel high-grade epicardial narrowing, respectively.
Notably, post-stress global systolic dysfunction has a higher
sensitivity for the detection of severe and multivessel CAD as
compared to perfusion defects alone. This may be related, at
least in part, to the normalization of radiotracer uptake on
SPECT or SPECT/CT images. Perfusion images are normal-
ized to the area of highest radiotracer uptake within the myo-
cardium so that in the presence of stress-induced diffuse is-
chemia underlying multivessel CAD only the most severely
hypoperfused region may reveal a perfusion defect. Given the
presence of advanced and severe multivessel CAD, the rela-
tive distribution of radiotracer uptake or perfusion of the left
ventricle may be homogeneously reduced or with only a mild
visually discernible regional perfusion defect during stress
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testing. For example, Lima et al. [9] investigated the added
value of combined perfusion and function assessment over
perfusion alone gated SPECT for the detection of severe
three-vessel CAD in 143 patients. Only in 10 % of these
patients with angiographically proven severe three-vessel
CAD stress-related regional perfusion defects could be detect-
ed. When adding wall motion abnormalities on post-stress
gated SPECT to myocardial perfusion imaging, the detection
of three-vessel disease increased but only to 25 %. In another
seminal investigation, Berman et al. [10] investigated 101
CAD patients with left main stenosis ≥50 % with gated exer-
cise or adenosine stress 99mTc-sestamibi SPECT myocardial
perfusion imaging. When analyzing myocardial perfusion vi-
sually and semiquantitatively, a high-risk criterion with mod-
erate to severe perfusion defects (>10%myocardium at stress)
was observed in 56 and 59 % of patients, respectively. On the
other hand, there was no significant stress-related perfusion
defect (≥5 % myocardium) in 13–15 % of patients. The eval-
uation of both abnormal perfusion and wall motion on post-
stress gated SPECT, however, yielded an 83 % diagnostic
accuracy for the detection of high-risk individuals with flow-
limiting left main lesion during higher coronary flows. Cur-
rent findings of myocardial perfusion and function imaging
with a CZT camera also confirm that post-stress global systol-
ic dysfunction signifies advanced multivessel CAD [1]. Al-
though a fast imaging protocol was used, stress image acqui-
sition was performed only 10–15 min after radiotracer injec-
tion. Thus, it is equally possible that post-stress systolic dys-
function or myocardial stunning in patients with one-vessel or
two-vessel disease had actually resolved within the time frame
of 10–15 min, leaving only stress-related regional perfusion
defects to suggest hemodynamically obstructive CAD. Con-
versely, multivessel disease with epicardial narrowing ≥70 %
is likely to have caused diffuse and severe ischemia leading to
a more long-lasting and global myocardial stunning still pres-
ent 10–15 min after stress testing. Overall, it would be desir-
able to perform wall motion analysis during Bpeak^ stress as it
has been reported more recently for 82Rb positron emission
tomography (PET)/CT studies [11]. The value of vasodilator
left ventricular ejection fraction (LVEF) reserve (stress LVEF-
rest LVEF) in analyzing the magnitude of myocardium at risk
and the anatomic extent of underlying severe CAD was eval-
uated. A decrease in LVEF reserve −5 %, more commonly
used in routine clinical practice, yielded a sensitivity, specific-
ity, and positive and negative predictive values of 59 %, 94%,
77 %, and 87 %, respectively. Thus, a normal LVEF reserve,
as determined with gated PET during peak stress and at rest,
widely rules out left main and/or severe three-vessel CAD
disease. A similar analysis evaluating the diagnostic accuracy
of stress-rest CZT assessment of perfusion and function in the
detection of left main and/or severe multivessel disease is still
eagerly awaited. Such an investigation with wall motion as-
sessment by CZT imaging should be preferentially performed

at peak vasodilator stress, like for gated PET [11], in order to
avoid a “diagnostic gap” with recovery of ischemia-induced
regional or global systolic dysfunction 10–15 min after stress
testing. For example, when performing 82Rb gated PET in
patients with suspected CAD, an abnormal LVEF reserve (less
than +5 %) was appreciated in 30, 62, and 94 % in patients
with one-vessel, two-vessel, and left main/three-vessel CAD,
respectively. Thus, it appears that in current CZT imaging
study reduction in LVEF reserve or stress-induced wall mo-
tion abnormalities due to one-vessel or, at least in part, due to
two-vessel disease may have been missed due to post-stress
imaging at 10–15 min instead of peak stress imaging with
gated PET [11]. As it was observed in the current investigation
with the use of the CZT camera, the PFR ratio progressively
decreased with increasing numbers of narrowed CAD vessels.
Such observations may accord with the functional hierarchy
among different ischemic manifestations such as sequential
alterations of diastolic relaxation and systolic contraction pat-
tern, subsequently followed by electrocardiographic and
symptomatic manifestation [12]. The decrease in PFR ratio,
however, may also be seen in patients with left ventricular
hypertrophy predominantly in patients with arterial hyperten-
sion but also in individuals with diabetes mellitus and/or ad-
vanced obesity. Thus, although a decrease in PFR ratio may
afford an earlier identification and characterization of CAD-
related ischemic burden on the left ventricle, it may also be
appreciated as a nonspecific relaxation parameter in the pres-
ence of left ventricular hypertrophy that necessitates the appli-
cation and interpretation of the PFR ratio in the proper clinical
context with underlying coronary anatomy and cardiovascular
risk factors. How current novel observations of Gimelli et al.
[1] with the CZT camera in the assessment of myocardial
perfusion and function for CAD detection will find its way
into clinical practice remains to be seen. Nevertheless, the
comprehensive assessment of cardiac perfusion and function
with CZT technology with short image acquisition is another
enrichment and advancement in the field of scintigraphic
myocardial perfusion imaging in an era demanding reduced
costs, examination time, and radiation exposure.
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