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Are we good enough in the evaluation of MPI
using Rubidium82 with PMT PET/CT?
A comparison to SiPM PET/CT
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The success of nuclear cardiology relies on the use
of a combination of highly specific signals provided by
radiotracers, as well as the use of improved electronic
nuclear instrumentation to specifically trace in-vivo the
metabolic reaction of interest. Since the development of
the first clinical positron imaging device by Brownell
and Aronow in 1953, incredible progresses have been
made. Some of these progresses involved the fusion of
PET and CT in an hybrid device, the development of
full-ring PET as well as the discovery of fast cerium-
doped lutetium oxyorthosilicate (LSO) with interesting
physical properties allowing the clinical implementation
of time-of-flight (TOF) technology." This constant query
for modern devices with sophisticated reconstruction
algorithms has clinical and therapeutic implications,
since PET/CT provides semi-quantitative, as well as
quantitative parameters of the myocardial blood flow
(MBF). These parameters are used as ‘‘gatekeeper’” for
coronary angiography in patients with known or sus-
pected coronary artery disease”” or for the follow-up of
coronary allograft vasculopathy.4 Recent technological
progresses have led to the introduction of the silicon
photomultiplier (SiPM)-based TOF technology. Briefly,
it consists of multiple columns of single-photon ava-
lanche photodiodes, which are operated in Geiger mode.
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The resulting photon from the annihilation produces a
charge avalanche after hitting on the cell, leading to the
formation of a discrete electrical impulse. In the so-
called digital SiPM, the signal of each individual cell is
first digitalized, and the timing and energy information
is obtained after summation of the corresponding cells
that produces a single count. Other aspects of the
detector accounts for its performance, such as the length
of the scintillator crystal, the coupling time between the
scintillator and the photodetector as well as the novelty
in the signal processing. Phillips was the first constructor
to introduce SiPM technology 2014, followed by Gen-
eral Electric and more recently by Siemens and others.
This technology led to improvement of the timing res-
olution, with TOF performance actually down to 214
picoseconds, as well as to significant improvement of
the spatial resolution.””” This improvement led to better
image quality, increased sensitivity for the detection of
small lesions with consequently upstaging of the disease
in oncologic PET.® Whether this improvement has a
significant impact on the accuracy of the evaluation of
myocardial perfusion imaging (MPI) is unknown.

This hypothesis has been questioned in the present
study by Koenders et al.” The authors investigated the
accuracy of digital SiPM (dSiPM) PET/CT as compared
to the high-resolution photomultiplier tube (hrPMT)
PET/CT in the evaluation of semi-quantitative as well as
quantitative MPI. For this purpose, 30 patients under-
went 2 sets of rest and regadenoson-induced stress
Rubidium (Rb)-82 MPI, beginning with the hrPMT
PET/CT followed by the dSiPM PET/CT within
3 weeks. The images were analyzed by two independent
nuclear medicine experts for their quality and the pres-
ence of possible defects in the semi-quantitative as well
as in the quantitative MBF parameters. The authors
described an improvement in the image quality using
dSiPM PET/CT as compared to hrPMT PET/CT with
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— 10% in fair, — 10% in good and + 20% in excellent
quality (p = 0.03). There was no significant difference in
the defect interpretation and interpreter’s confidence
between both devices (p > 0.50). However, no signifi-
cant differences in rMBF (p > 0.29), sMBF (p > 0.11),
and myocardial flow reserve (MFR) (p > 0.51) were
observed. The authors concluded that dSiPM PET/CT
provided better image quality with comparable defect
interpretation and interpreter’s confidence, however,
without significant difference in absolute MBF and
MFR, which made it a reliable technique for the
assessment of MPI using Rb-82. We would like to
congratulate the authors for this novel, well conducted
study providing first evidences about the accuracy of
dSiPM PET/CT in MPI with Rb-82.

In their integration of noninvasive flow parameters
with clinical PET-verified ischemic threshold, Johnson
and Gould mentioned the necessity of considering the
variation of rMBF depending on the pressure rate pro-
duct (PRP), calculated as the product of systolic blood
pressure and heart rate. In a series of about 1500 cardiac
PET/CT, they demonstrated that PRP correlates signifi-
cantly with whole left ventricular MBF, stronger at rest
than during maximal coronary vasodilation, accounting
for 40% of the variation of tMBF.'*'" Since the authors
did not adjust tMBF to PRP in both sets of exams, the
variation of MFR, which is the ratio of SMBF to rMBF,
could be the result of this relationship between PRP and
myocardial flow in baseline conditions. Since 25% of
patients with intermediate risk based on MFR were
reclassified to low/high risk, there are clinical implica-
tions of these variations, which should be considered
when interpreting absolute MBF parameters. The
authors mentioned the large test—retest precision in
absolute MBF parameters of 21% to partly explain this
variation.'> However, this study was performed on a 2-
dimensional PET/CT that differs from the 3-dimensional
dSiPM PET/CT with higher counting rates, particularly
important for MBF quantification when using Rb-82.
Despite this limitation, a modest direct linear relation of
rMBF to PRP has been found, in accordance to previous
published studies.'™'" Interestingly, Kitkungvan et al.
found that from the 21% variability observed on repe-
ated rest perfusion measurements on different days,
imprecision of the methodology accounts for 10.7%,
whereas the rest results from biological variability.
Therefore, situations such as anxiety, use of medications
such as beta-blockers, use of caffeine or labile systolic
blood pressure between the 2 sets of exams could have
induce differences in PRP with variation of the resting
perfusion, and therefore, from the MFR.

When further questioning the accuracy of dSiPM
PET/CT comparing to hrPMT PET/CT, the specific
results obtained in two patients challenge us at different
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levels. These were the patients with discordant results in
both series of PET/CT, with presence of ischemia in
dSiPM PET/CT that was not seen in hrPMT PET/CT.
One of these patients did not undergo further coronary
investigation. However, there were no cardiovascular
events after a one-year follow-up. For the other one,
lesions in coronary angiography, which correlate with
the finding of the dSiPM PET/CT have been reported.
The authors emphasize about different pitfalls in quan-
titative myocardial PET perfusion, which should be
systematically checked while interpreting MPI images:
the correct temporal sampling of the radiotracer infusion
with characteristic curves, the correct co-registration of
PET and CT for scatter correction, the correct image
reconstruction and post-filtering based on evidences and
the standardize tracer kinetic modelling.13 However,
even if all these pitfalls were excluded, we could not
conclude on the superiority of dSiPM PET/CT over
hrPMT PET/CT due to the small sample size, which is in
line with the author’s analysis. To better clarify this
hypothesis, future studies should be designed with more
patients. Nevertheless, it is quite reassuring to have a
concordance in the results of both PET/CT in more than
90% of the subjects, suggesting that we are still good
enough in the evaluation of MPI using Rb-82 with PMT
PET/CT as compared to SiPM PET/CT. Since each
SiPM PET design has his own particularities, which can
be determinant in the acquisition and processing of MPI,
it would be difficult to generalize this observation on
others SiPM systems.”” But independently of the SiPM
system, one of the advantages we could expect from this
technology is the significant radiation dose reduction
without alteration of the visual quality as well as the
absolute myocardial flow quantification.'*
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