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18F-flurpiridaz is a positron emission tomography (PET) radiotracer for myocardial perfusion
imaging (MPI) approved by the United States Food and Drug Administration in September 2024.
This radiotracer’s properties, including a very high 94% myocardial first-pass extraction fraction
and positron range of 1 mm, render this probe suitable for high-resolution MPI and quantitative
myocardial blood flow (MBF) determination.
We present 18F-flurpiridaz in the context of other PET MPI radiopharmaceuticals, discuss pivotal
experimental studies that provided the foundation for subsequent software-based quantitative
strategies in humans, and detail the published methods of relative MPI as well as MBF
quantitation.
The reviewed methods provide a standardization of 18F-flurpiridaz PET and MBF interpretation
that are poised to facilitate this radiotracer’s adoption and implementation in cardiac imaging
centers.
INTRODUCTION

Myocardial perfusion imaging (MPI) plays a
crucial role in evaluating the hemodynamic
significance of stenotic epicardial lesions and
stratifying risk in patients with stable coronary
artery disease (CAD). While positron emission
tomography (PET) has demonstrated superior
accuracy over single-photon emission computed
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tomography (SPECT) MPI, particularly in female
and obese patients, and offers lower radiation
exposure, its widespread adoption has been
limited by logistical constraints associated with
current radiopharmaceuticals.

Beyond relative perfusion imaging, which relies
on the region of highest radiotracer uptake as a
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“normal” reference to determine epicardial CAD,
absolute myocardial blood flow (MBF) quantifica-
tion offers a more nuanced evaluation. Indeed,
absolute MBF measurement enables clinicians to
assess not only obstructive epicardial disease but
also critically coronary microvascular function
which can be impaired independent of major
vessel stenosis. In addition, MBF quantification
captures hemodynamic alterations that might be
overlooked by traditional relative perfusion im-
aging techniques, particularly in multivessel dis-
ease [1e5], and provides a more granular patient
risk stratification [6e8].

Flurpiridaz (Flyrcado), a novel 18F-based PET
radiopharmaceutical with a 110-min half-life, has
undergone extensive phase I-III multicenter
clinical investigation [9e14] and was approved for
clinical use by the US Food and Drug Adminis-
tration in September 2024. This tracer can be
distributed to imaging centers as unit doses and
is expected to significantly expand access to PET
MPI.

Quantitative methods in nuclear imaging pro-
vide objective, reproducible assessments of
myocardial perfusion, overcoming limitations of
visual interpretation and enhancing overall
diagnostic accuracy. These techniques, including
automated relative perfusion scoring and abso-
lute MBF quantification that permit standardized
evaluations, have been further developed for 18F-
flurpiridaz PET imaging. In this review, we
discuss 18F-flurpiridaz in the context of other PET
Table 1. Commonly used radionuclide tracers for myocardial pe

Property 82Rubidium

Physical half-life (minutes) 1.25
FWHM positron range (millimeter) 8.6
Production equipment Generator

Extraction fraction 65%
Rest þ vasodilator stress injected activity

(mCi)
20 þ 20

Total rest þ vasodilator stress effective dose
(mSv)

1.6

Effective dose constant (mSv/GBq)b 1.1
Image resolution Good
Spillover from adjacent organs Stomach wall
Patient examination time (min) 30
Vasodilator stress imaging protocol Feasible
Treadmill exercise imaging protocol Not feasible
Approval state FDA-approved

FDA, United States Food and Drug Administration; FWHM, full wid
Typical injected doses are presented but will vary depending on t
a 18F-flurpiridaz 2:1 (or 3:1) dosing is recommended for vasodilator (
For exercise stress, a dose of 9 mCi was used in the clinical trials
b Most recent published values used for 82Rubidium (ICRP128, 2015
2004), and18F-flurpiridaz (Maddahi et al. J Nucl Card, 2019 [11]).
c Clinically used in select European centers; a clinical trial in the U

Journal of Nuclear Cardio
MPI radiotracers, highlight experimental work
that provided the foundation for subsequent
software-based quantitative strategies in
humans, detail the published methods of relative
perfusion as well as MBF quantitation, and
address limitations and areas requiring further
research with this radiotracer.
DIFFERENCES IN RADIOTRACERS FOR PET MPI
AND MBF DETERMINATION

Characteristics of the commonly available
myocardial perfusion tracers are summarized in
Table 1 [15,16]. One of the important features of
an ideal perfusion tracer is a linear relationship of
the tracer uptake as a function of MBF [15]. The
most widely available tracers have suboptimal
first-pass extraction and/or retention at high flow
rates; and consequently, nonlinear MBF-uptake
relationships, underestimating the true MBF at
higher flow rates. Therefore, a flow-dependent
correction factor is needed for mathematical
modeling of high-flow-range MBF. Nonetheless,
large correction factors augment the noise of
measurement, increasing the scatter of perfusion
values at high-flow-range MBF.

� 82Rubidium

82Rubidium (82Rb) is a potassium analog that is
actively taken up by the myocardium through the
membrane Naþ-Kþ-Adenosinetriphosphatase
rfusion imaging with positron emission tomography.

13N-ammonia 15O-water 18F-flurpiridaz

9.96 2.06 110
2.53 4.14 1.03
Onsite/nearby
cyclotron

Onsite
cyclotron

Regional
cyclotron

90% 100% 94%
10 þ 10 10 þ 10 3 þ 6a

1.5 .75 6.3

2.0 1.1 19
Very good Good Excellent
Liver and lungs Liver Liver
30-60 30 45-110
Feasible Feasible Feasible
Feasible/not practical Not feasible Feasible
FDA-approved Not FDA-approvedc FDA-approved

th at half maximum [16,53,54].
he use of weight-based or high-low dosing protocols.
or exercise) stress-rest imaging (Flyrcado package insert, 2024).
[12,14].
), 13N-ammonia (ICRP80, 1998), 15O-water (ICRP53 addendum 6,

S is ongoing with a 10-mCi standard dosing.
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Quantitative approaches to 18F-flurpiridaz 3
[16,17]. The physical half-life of 82Rb is short, and
it can be produced from local 82Sr/82Rb generators
lasting 4-8 weeks. Since it does not need an onsite
cyclotron, it is the most widely used tracer for PET
MPI and MBF determination but requires high
patient throughput for cost-effectiveness. Only
pharmacological stress can be used with a pro-
tocol using 82Rb PET MPI. On the other hand, the
short half-life of 82Rb enables rapid rest-stress
imaging protocols. The longest positron range of
82Rb among the perfusion tracers hampers image
spatial resolution. The effective radiation dose is
low. Theoretically, the suboptimal and nonlinear
extraction fraction of 82Rb makes it far from an
ideal tracer for MBF quantification; however, ev-
idence supports the feasibility, accuracy, and
reproducibility of 82Rb PET MPI and MBF quanti-
tation [18e20].

� 13N-Ammonia

13N-ammonia enters the myocardium by pas-
sive free diffusion across the sarcolemma, where
it equilibrates with cytoplasmic ammonium and
gets trapped in the cytoplasm through metabolic
conversion [17,21]. The half-life of 13N-ammonia
(almost 10 minutes) allows for its production in a
nearby cyclotron. Physical exercise testing with
13N-ammonia PET MPI is impractical for routine
clinical implementation. The relatively short
positron range of 13N-ammonia provides good
spatial resolution. The extraction fraction of 13N-
ammonia is high, but flow-dependent correction
may be used in the high-flow-range MBF,
depending on the underlying compartmental
model [22,23].

� 15O-Water

Being metabolically inert and freely diffusible,
15O-water enters the myocardium by passive
diffusion, and since it does not accumulate in the
myocardium, both wash-in and wash-out are
applied for absolute MBF quantification, and
parametric images are used for interpretation
[24e26]. Due to its short half-life, it needs an
onsite cyclotron for its production, and only
pharmacological stress is feasible. Similar to 82Rb,
15O-water enables fast rest-stress imaging pro-
tocols. A stress-only imaging protocol appears to
be sufficient for most patients without previous
myocardial infarction [27]. 15O-water has an
excellent first-pass extraction fraction that is in-
dependent of flow rate, and correction is not
required [24] and provides robust MBF quantifi-
cation [7,8,28].

� 18F-flurpiridaz
Journal of Nuclear Cardio
18F-flurpiridaz PET has emerged as a promising
radiotracer for MPI and MBF determination.
Several phase II and phase III clinical trials
demonstrated its robust diagnostic performance,
including in women, obese individuals, and pa-
tients with smaller hearts [10,12e14]. 18F-flurpir-
idaz PET offers high-quality images and
enhanced diagnostic certainty [9,11]. The short
positron range of 18F provides the highest spatial
resolution of all PET MPI radiotracers [29]. The
tracer’s longer half-life (w110 minutes) facilitates
broader clinical access and flexibility in imaging
protocols that include routine treadmill exercise
stress testing [29] and further allows for unit-dose
delivery from a regional cyclotron, obviating the
need for an onsite cyclotron or generator. As per
regulatory requirements, the reference standard
for the clinical trials assessing 18F-flurpiridaz
relative perfusion imaging was invasive coronary
angiography with a significance threshold of
�50% stenosis.

The clinical trial 18F-flurpiridaz doses were
prespecified as 2.5 to 3.0 mCi for rest imaging; 6.0
to 6.5 mCi for pharmacological stress imaging,
with a minimum 30-min interval between rest
and stress doses; and 9.0 to 9.5 mCi for exercise
stress imaging, with a minimum 1-h interval be-
tween rest and exercise doses [12,14]. For abso-
lute MBF quantitation, residual activity correction
(RAC), i.e., subtraction of the residual activity
from the rest 18F-flurpiridaz scan, needs to be
applied prior to the stress scan [30,31]. The
pharmacological and exercise stress protocols of
18F-flurpiridaz derived from the phase III clinical
trials are presented (Figure 1).

To date, there have not been any studies that
have validated quantitation of MBF using 18F-
flurpiridaz in humans against a reference stan-
dard beyond % coronary stenosis, e.g., invasive
coronary flow quantification by Doppler wire or
thermodilution or fractional flow reserve.
PRECLINICAL EVALUATION OF 18F-
FLURPIRIDAZ: INSIGHTS FROM ANIMAL
STUDIES

An 18F-labeled tracer, 18F-flurpiridaz binds to
mitochondrial complex 1 of the respiratory chain
(Figure 2) [32]. Initial preclinical evaluation of 18F-
flurpiridaz, previously called BMS-747158,
demonstrated favorable characteristics for MPI,
including very high and sustained myocardial
uptake proportional to MBF, and high contrast
between the myocardium and adjacent organs
[32e37].

18F-flurpiridaz PET images showed clear visual-
ization of the left ventricular (LV) myocardium
with a high target-to-background ratio in all tested
logy (2025) 45, 102180



Figure 1. 18F-Flurpiridaz protocols for pharmacological (A) and exercise (B) stress imaging. Residual frame(s) of sufficient duration
should be acquired before pharmacological stress injection for residual activity correction. Pharmacological stress with regade-
noson, adenosine, or dipyridamole should be conducted according to the manufacturer’s instruction. Images adapted from GE
HealthCare with substantial modifications. These protocols are anticipated to evolve with clinical usage of 18F-flurpiridaz. CTAC,
computed tomography-based attenuation correction.
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species, including rats, rabbits, pigs, and
nonhuman primates [33e36]. In a normal pig
heart, distribution of radioactivity was homoge-
neous, similar to that of 13N-ammonia [35]. Image-
derived activity ratios between the myocardium
and blood, liver, and lungs were approximately 2
to 3 times higher with 18F-flurpiridaz compared to
13N-ammonia at rest and during pharmacological
stress [35]. 18F-flurpiridaz PET images also showed
clear delineation of regional perfusion defects
during pharmacological stress, induced by acute
constriction of the left anterior descending artery
[35]. In rats, the extent of 18F-flurpiridaz defects
showed a good correlation and agreement with
histologically determined myocardial infarct size
after permanent (r ¼ .88, D ¼ 1.9%) or transient
(r ¼ .92, D ¼ 2.2%) coronary artery occlusion [36].

Several preclinical studies investigated the
properties of 18F-flurpiridaz extraction and
Journal of Nuclear Cardio
retention that were critical to support the tracer’s
potential for MBF quantification. Myocardial first-
pass extraction (E0) of 18F-flurpiridaz has been
studied after a bolus injection in isolated rat
hearts perfused with increasing flow rates,
demonstrating a high and flow-independent
myocardial first-pass extraction fraction aver-
aging 94% over a wide range of whole-heart flow
rates [34]. Similarly, in isolated rabbit hearts,
myocardial uptake of 18F-flurpiridaz increased
proportionally to flows of up to 5 mL/min/g of LV
weight [33]. With increasing flows, the uptake of
18F-flurpiridaz increased to a greater extent than
that of 201Tl or 99mTc-sestamibi [33].

Validation studies in pigs demonstrated the
feasibility and accuracy of MBF quantification
with 18F-flurpiridaz PET using a 2-tissue
compartment model without corrections for me-
tabolites or flow-dependent extraction [35,38,39].
logy (2025) 45, 102180



Figure 2. Biological mechanism of 18F-flurpiridaz retention. The biological mechanism of 18F-flurpiridaz retention is irreversible
binding to the PSST subunit (also known as 20 kD subunit) (bottom left) of mitochondrial Complex I (NADH:ubiquinone oxido-
reductase) in the electron transport chain (top). A two-tissue compartment model (bottom right) was used for validation of the
transport rate-constant K1 against microspheres-standard myocardial blood flow (MBF) in pigs. PSST and TYKY are two important
subunits of mitochondrial complex I. Figure adapted from Ref. [35].
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In vivo measurements of the blood-to-tissue
transport rate constant K1 provided accurate es-
timates of MBF in regions of normal myocardium
at rest and during pharmacological stress [35].
Regional MBF showed a good correlation with
that measured using microspheres (r ¼ .88,
D ¼ �.10 mL/g/min) over a wide flow range from
.1 to 3.0 mL/min/g achieved using a combination
of pharmacologic stress and epicardial coronary
artery constriction [35].

RELATIVE 18F-FLURPIRIDAZ PET MYOCARDIAL
PERFUSION QUANTITATION

While visual assessment of relative perfusion
based on radiotracer count distribution in
regional myocardial tissue remains the primary
method of MPI interpretation, automated ap-
proaches have been developed for both SPECT
and PET that standardize interpretation and
reduce variability. These quantitative parameters
of cardiac radionuclide distribution assist inter-
preting physicians in their analysis. To quantify
relative perfusion, the patient’s myocardial
Journal of Nuclear Cardio
perfusion polar map is normalized to the region
with the highest tracer uptake and then
compared to a normal perfusion distribution
database consisting of patients with normal
studies acquired using a similar protocol and the
same tracer, allowing for assessment of defect
extent and severity. The most commonly used
metrics are summed segmental scores and total
perfusion deficit (TPD). For these metrics, normal
database thresholds are mapped to severity
scores, automatically deriving severity polar
maps and 17-segment regional scoring maps for
stress and rest studies. TPD is a combined mea-
sure of defect extent and severity that is a higher
resolution metric than segmental scoring since it
is derived at the polar map sector level [40,41].

An automated method for relative quantitation
of 18F-flurpiridaz PET MPI was developed [42] us-
ing data derived from the 1st phase III clinical
trial evaluating this radiotracer [12]. A reference
group (n ¼ 40) was first used to establish a base-
line 18F-flurpiridaz count distribution in coronary
territories and global LV myocardium, which was
logy (2025) 45, 102180



6 René R. Sevag Packard et al.
then used to establish critical thresholds for MPI
interpretation in a separate derivation cohort
(n ¼ 90). Specifically, the lower limits of normal
radiotracer distribution and cut-off value
thresholds indicative of significant CAD were
determined, calibrated to detect both moderate
(�50%) and severe (�70%) coronary stenosis. For
both pharmacological and exercise stress, the
optimal threshold was �8% LV myocardium dis-
playing abnormal counts for CAD �50%
stenosis and �12% of the LV myocardium for CAD
�70%. The aforementioned criteria for abnor-
mality were true both for global CAD and indi-
vidual territory CAD detection. Finally, the
method was validated using a separate large
cohort (n ¼ 548). The reference standard was
blinded quantitative invasive coronary angiog-
raphy conducted by a core laboratory for the
clinical trial [12]. The automated perfusion
quantification method demonstrated a diagnostic
accuracy comparable to that of blinded visual
interpretation (Figure 3) while achieving signifi-
cantly higher interobserver agreement in both
pharmacological and exercise stress studies.

An earlier study evaluated a subset of patients
from the 1st phase III 18F-flurpiridaz clinical trial
[12] with high-quality pharmacological stress
studies (n ¼ 231) [43]. For each patient dataset, a
myocardial perfusion polar map was generated
from the maximum activity sampled between the
LV endocardial and epicardial surfaces. Polar
maps were normalized to the highest-intensity
region [44] and compared to a tracer-specific
normal database (n ¼ 32) to determine stress
TPD. Multivariable logistic regression models of (i)
standard clinical variables (age, sex, body mass
index, and pretest likelihood of CAD) alone (base
model) and (ii) with the addition of stress TPD
were tested for detection of �70% stenosis, using
blinded quantitative invasive coronary angiog-
raphy as the reference standard. Stress TPD was
found to be a significant independent predictor of
obstructive disease and to have incremental
value over standard clinical covariates at both the
per-vessel and per-patient levels (Figure 4) with
similar results observed for detection of �50%
stenosis. These results elucidate the utility of
quantitative perfusion for detection of disease in
18F-flurpiridaz PET MPI studies.

The high resolution of 18F-flurpiridaz allows to
enhance the visualization of the myocardium
with advanced correction for cardiac and respi-
ratory motion [45]. Such dual (respiratory/car-
diac)-gated perfusion imaging with 18F-flurpiridaz
is feasible and improves image resolution,
contrast, and contrast-to-noise ratio. The
contrast-to-noise ratio almost doubles from
22.2 � 9.1 with ungated perfusion studies to
Journal of Nuclear Cardio
42.1 � 13.2 with dual cardiorespiratory gated im-
ages. An example of cardiac, respiratory, and dual
corrections of 18F-flurpiridaz perfusion images is
shown (Figure 5).

These automated quantitation methods for 18F-
flurpiridaz PET MPI represent a significant step
forward in standardizing interpretation and are
poised to facilitate its adoption and imple-
mentation in cardiac imaging centers.
MYOCARDIAL BLOOD FLOW QUANTITATION BY
18F-FLURPIRIDAZ PET

Quantification of MBF with 18F-flurpiridaz is
based on the principles of radiolabeled tracer
exchange that are well established for other
retained perfusion tracers such as 13N-ammonia
and 82Rubidium (Table 2). The biological mecha-
nism of 18F-flurpiridaz retention within car-
diomyocytes is illustrated in Figure 2.

Quantification of MBF in humans was first re-
ported by Packard et al. [46], demonstrating the
ability to stratify those with vs. without obstruc-
tive defined as CAD �50%. Subsequently, MBF has
been investigated mainly in patients who were
part of the 1st phase III clinical trial
(NCT01347710) [12]. Moody et al. [43] demon-
strated that 18F-flurpiridaz MBF metrics provide
incremental diagnostic values over relative MPI
(Figure 4). A progressive reduction in stress MBF
and myocardial flow reserve (MFR) in patients
with increasing risk factors and in those with
increased severity of disease was also observed
[43].

Taking advantage of the 1 mm positron range
of 18F (Table 1), Packard et al. [47] established the
feasibility, precision, and improved diagnostic
performance of segmental over traditional coro-
nary territory MBF measurements using 18F-flur-
piridaz PET (Figure 6). Segmental flow metrics,
defined as the lowest 17-segment stress MBF,
MFR), or relative flow reserve value for each cor-
onary territory, showed superior diagnostic per-
formance compared to their territory
counterparts [47]. This improvement in diag-
nostic accuracy was consistent across per-vessel
and per-patient analyses in both moderate (�50%
stenosis) and severe (�70% stenosis) CAD.

Otaki et al. [30] demonstrated that the diag-
nostic performance of 18F-flurpiridaz PET stress
MBF and MFR significantly improved through the
implementation of RAC, manual frame-by-frame
motion correction, and minimal segmental
quantification in dynamic PET. These techniques
proved crucial in enhancing the accuracy of MBF
estimation using 18F-flurpiridaz PET (Figure 7)
[30]. Similar results were recently demonstrated
with the use of fully automatic motion correction
logy (2025) 45, 102180



Figure 3. Diagnostic accuracy of 18F-flurpiridaz automated relative perfusion quantification compared to visual reads in phar-
macological (A) and exercise (B) stress. Comparison of performance metrics with the reference standard of angiographically
determined CAD. *P < .05. Figure adapted from Ref. [42]. CAD, coronary artery disease; LAD, left anterior descending artery; LCx, left
circumflex artery; RCA, right coronary artery.

Quantitative approaches to 18F-flurpiridaz 7
algorithm by Builoff et al. [48] (Figure 8), con-
firming the need for routine correction of dy-
namic interframe motion in the clinical MBF
studies. Clinical cases illustrating the impact of
motion correction (Figure 9) and residual activity
correction (Figure 10) on 18F-flurpiridaz MBF and
MFR values are presented.
Journal of Nuclear Cardio
The need for rest RAC is paramount in same-
day protocols as the brief interval between rest
and stress injections relative to the 110-min half-
life of 18F results in significant residual activity
from the rest injection persisting in the myocar-
dium during stress imaging, necessitating
adjustment to ensure accurate MBF
logy (2025) 45, 102180



Figure 4. Incremental value of 18F-flurpiridaz MPI and MBF over clinical variables. ROC curves of (A) per-vessel and (B) per-patient
CAD diagnosis (70% stenosis threshold) derived frommultivariable logistic regressionmodels. In both cases, stress total perfusion
deficit (TPD) added significant incremental value to the Base model, and likewise stress MBF added significant incremental value
to the Base þ stress TPD model. The Base model included patient age, sex, body mass index, and pre-test likelihood of CAD.
Figure legends indicate c-index values for each nested model. Figure adapted from Ref. [43]. CAD, coronary artery disease; MBF,
myocardial blood flow; MPI, myocardial perfusion imaging; TPD, total perfusion deficit.
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quantification [30]. The residual rest activity can
be measured at the start of the stress scan (before
18F-flurpiridaz injection) and subtracted from the
dynamic image data before MBF estimation, as
proposed originally by Nekolla et al. [35]. This
method has been adopted by all the 18F-flurpir-
idaz MBF software methods as reported in recent
clinical studies [30,31,43,47]. An alternative
approach was proposed in the study by Guehl et
al. [39], where the rest and stress data are ac-
quired in one continuous scan followed by
simultaneous estimation of rest and stress MBF
values from the corresponding imaging intervals.

Sherif et al. [38] introduced a simplified, model-
free approach to estimate MBF and MFR using
standardized uptake values (SUVs) measured 5-
10 minutes after 18F-flurpiridaz injection. They
demonstrated a linear correlation between SUV
and MBF measured with microspheres at rest and
during pharmacologic stress, while the SUV ratio
between stress and rest provided a reliable esti-
mate of MFR. This approach eliminates the need
for kinetic modeling, which would make it
particularly valuable for patients undergoing
treadmill exercise 18F-flurpiridaz PET, where
current time-activity curveebased methods pre-
vent MBF determination. While this method
Journal of Nuclear Cardio
holds promise for broad clinical application, its
demonstration in patients is pending.
CURRENT LIMITATIONS

Further human studies are necessary to validate
18F-flurpiridaz MBF accuracy against an estab-
lished PET myocardial perfusion tracer, as well as
to determine MBF test-retest repeatability.
Although extensive studies have been performed
in various animal models as outlined earlier,
several questions pertinent to perfusion quanti-
fication in humans remain. Some limited data
suggest that tracer binding to blood components
and metabolism on a time scale relevant for MBF
measurement may affect the accuracy of the
arterial input function. Measurements in rats
showed rapid tracer metabolism (parent fraction
40% at 5 minutes, and 24% at 10 minutes post
injection) and approximately constant plasma-to-
whole blood ratio (PWR w1.28 over 60 minutes
post injection) [49]. In pigs, Guehl et al. [39]
applied tracer blood-binding measurements to
correct the arterial input function and found good
MBF correlation with microsphere reference
measurements. Nekolla et al. [35], also studying
18F-flurpiridaz in pigs, did not apply blood-
logy (2025) 45, 102180



Table 2. Per-patient diagnostic performance of 18F-flurpiridaz myocardial blood flow metrics vs. invasive coronary
angiography.

Study (topic) Population Stress protocol (flow
model)

Parameters AUC

CAD: ‡50 CAD: ‡70

Packard 2014 (lesion
stratification)

Healthy controls (n ¼ 7)
CAD patients (n ¼ 8)

Adenosine (1.5 min
retention)

Stress MBF
MFR

NA NA

Moody 2020
(incremental value
vs MPI)

Phase 3-301 trial
CAD patients (n ¼ 231)a

Pharmacologic (15 min
2TCM)

Stress MBF
MFR

.79

.71
.83
.79

Packard 2022
(segmental
minimum)

Phase 3-301 trial
CAD patients (n ¼ 245)a

Pharmacologic stress
(4 min retention)

Stress MBF
MFR

.77

.71
.82
.79

Poitrasson-riviere
2022 (RAC)

Phase 3-301 trial
CAD patients (n ¼ 231)a

Pharmacologic (15 min
2TCM)

Stress MBF
MFR

NA .83
.78

Otaki 2022 (RAC and
MoCo)

Phase 3-301 trial
CAD patients (n ¼ 231)a

Pharmacologic (2 min
retention)

Stress MBF
MFR

NA .89
.87

Choueiry 2023
(exercise MFR)

Phase 3-301 trial
CAD patients (n ¼ 120)

Exercise (SUVR) MFR .73 .80

Builoff 2024 (manual
vs auto MoCo)

Phase 3-301 trial
CAD patients (n ¼ 231)a

Pharmacologic (2 min
retention)

Stress MBF
MFR

NA .89
.87

2TCM, Two-tissue compartment model; AUC, area under the curve; CAD, coronary artery disease; MBF, myocardial blood flow.
MFR, myocardial flow reserve; MoCo, motion correction; MPI, myocardial perfusion imaging; RAC, residual activity correction;
SUVR, standard uptake value ratio; NA, not available. Pharmacologic stress indicates regadenoson, adenosine, or dipyridamole.
a Subset of the phase 3-301 trial patients with analyzable dynamic rest and pharmacologic stress images.

Figure 5. Dual-gated, motion-frozen 18F-flurpiridaz PET MPI. A 67-year-old male patient with prior myocardial infarction (weight:
88.5 kg [195 lbs]; body mass index: 25.7 kg/m2) injected with 355.2 MBq (9.6 mCi) of 18F-flurpiridaz during adenosine stress and
acquired in dual (cardiac and respiratory) motion frozen mode. Short-, horizontal-, and vertical-axis views of adenosine stress
images. One phase ¼ 1 cardiac gate in end-inspiration; cardiac MF ¼ cardiac MF with no respiratory gating; ORG ¼ optimal res-
piratory gating with no cardiac gating; dual MF ¼ dual (cardiac þ respiratory) MF. Figure reproduced from Ref. [45]. MF, motion
frozen; MPI, myocardial perfusion imaging; PET, positron emission tomography.

Quantitative approaches to 18F-flurpiridaz 9
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Figure 6. Per-vessel diagnostic performance of segmental vs territory 18F-flurpiridaz MBFmetrics. For CAD �70% categorization of
pooled coronary territories (n ¼ 735), all the segmental 18F-flurpiridaz flow metrics demonstrated significantly greater diagnostic
performance than their territory counterparts. MFR was calculated as stress MBF divided by rest MBF. Territory RFR was defined as
the ratio of stress MBF in a specific coronary territory to the highest stress MBF among all territories. Segmental flow was
determined using the 17-segment American Heart Association left ventricular model. Each territory’s segmental flow metric was
the lowest value of rest MBF, stress MBF, or MFR. Segmental RFR was determined by dividing the lowest segmental stress MBF in a
territory by the highest segmental stress MBF in the territory with maximum flow. CAD, coronary artery disease; MBF, myocardial
blood flow; MFR,myocardial flow reserve; RFR, relative flow reserve; ROC, receiver operating characteristic; SMBF, stress myocardial
blood flow. ***P < .001. Figure adapted from Ref. [47].

10 René R. Sevag Packard et al.
binding or metabolite corrections and observed a
modest MBF underestimation compared to mi-
crospheres. In general, a PWR greater than 1.0
would lead to MBF overestimation, and uncor-
rected tracer metabolism would produce MBF
underestimation, and thus, to some extent, the
Figure 7. Motion correction and residual activity correction signi
Stress myocardial blood flow (A) and myocardial flow reserve (B).
arteries or �50% stenosis in the left main coronary artery by in
operating characteristic curve; CI, confidence interval;MC,motion c
Figure reproduced from Ref. [30].

Journal of Nuclear Cardio
two errors could partially offset each other.
However, the magnitude of these effects in
humans has not yet been reported.

In practice, tracer metabolism can be mitigated
by using only the first 2-4 minutes of dynamic
data post injection or by applying a population-
ficantly impact the diagnostic performance of 18F-flurpiridaz
Reference standard: �70% stenosis in one the three coronary
vasive coronary angiography. AUC, area under the receiver
orrection; RAC, residual activity correction. *P< .01, **P< .0001.
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Figure 8. Automatic motion correction for 18F-flurpiridaz myocardial blood flow (MBF) determination. Per-patient diagnostic
performance of stress MBF, with residual activity correction, compared among manual motion correction (MC) from Reader 1
(medium blue), manual MC from Reader 2 (light blue), automatic (Auto) MC (red), and no MC (gray). AUC, area under the receiver
operating characteristic curve; CI, confidence interval; NS, not significant. Figure reproduced from Ref. [48].
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averaged correction to the arterial input function,
as reported for 13N-ammonia [50,51]. Although
82Rb does not undergo metabolism, blood binding
has been reported [52] which is implicitly
compensated for by the empirical extraction
correction [18]. For 18F-flurpiridaz, the importance
of these effects is currently unknown, but they
may contribute to systematic errors and
increased variability of MBF, negatively affecting
the definition of consistent thresholds for
abnormal MBF.

A further limitation is that PET protocols re-
ported to date have not been optimized for dy-
namic acquisition and MBF estimation. As
described earlier, residual activity present in the
stress scan must be corrected but requires suffi-
cient dynamic data before tracer infusion to
accurately estimate the residual activity. In
addition, manual injection of the tracer with a 10-
sec/frame temporal sampling during the blood
pool phase may contribute to increased vari-
ability of the arterial input function.
FUTURE DIRECTIONS

While 18F-flurpiridaz has demonstrated promising
diagnostic performance for relative MPI and ab-
solute MBF quantification, several key areas
require further investigation to maximize its
Journal of Nuclear Cardio
clinical utility. Future studies should establish and
validate MBF cut-offs for abnormal flow, expand-
ing upon findings from the 1st phase III trial across
diverse populations and ideally applying invasive
functional reference standards. The ideal methods
for postprocessing in perfusion and flow quanti-
fication remain undetermined and should be
clarified in subsequent research. Gated functional
analysis, particularly LV ejection fraction, has not
yet been reported and warrants exploration to
enhance the evaluation of cardiac function. With
increased image resolution and potential respira-
tory correction of gated imaging, the normal
thresholds for LV volumes may need to be estab-
lished. Software-based methods offer advanced
motion correction for oncological imaging which
may also be validated for 18F high-resolution im-
aging. Future research should involve conducting
comprehensive comparative analyses of com-
bined cardiac and respiratory motion correction
across various PET and SPECT MPI radiotracers,
enabling a more thorough evaluation of the rela-
tive improvements achieved with 18F-flurpiridaz
PET MPI than other imaging agents. Moreover,
incorporating computed tomography (CT) attenu-
ation and integrating coronary calcium with 18F-
flurpiridaz data in current PET/CT imaging could
yield a more comprehensive diagnostic overview
from the entire stress/rest scan.
logy (2025) 45, 102180



Figure 9. Case example of 18F-flurpiridaz myocardial blood flow quantification (A) before and (B) after motion correction. Patient
motion during the early blood pool frames, including those frames used for residual activity correction, can have a large impact on
MBF and MFR estimation. Green curves: left ventricular (LV) input function. Yellow curves: global LV myocardial time-activity
curves. MBF, myocardial blood flow; LV, left ventricular; MC, motion correction; MFR, myocardial flow reserve.

12 René R. Sevag Packard et al.
Furthermore, stress-only protocols, currently
applied primarily to SPECT MPI, may become
practical in 18F-flurpiridaz PET, given the high
diagnostic accuracy of stress MBF and the po-
tential detrimental effect of rest activity on stress
imaging for this tracer. These protocols could
become particularly valuable if the future unit-
dose cost of 18F-flurpiridaz limits widespread
adoption of stress/rest clinical imaging.
Journal of Nuclear Cardio
The impact of manual vs. automated 18F-flur-
piridaz injection on MBF quantification should be
evaluated, as well as the potential benefits of a
saline chase in ensuring consistent tracer de-
livery and minimizing variability.

The compartmental modeling approach for 18F-
flurpiridaz MBF quantification requires further
validation in human studies to ensure both ac-
curacy and reproducibility. Optimizing dynamic
logy (2025) 45, 102180



Figure 9. (continued)

Quantitative approaches to 18F-flurpiridaz 13
acquisition protocols, including enhanced RAC
and improved arterial input function estimation,
could substantially reduce variability in MBF
measurements. Simplified kinetic models and
automatic quality control procedures suitable for
adoption in less experienced centers will be of
key importance in rolling out broad clinical utili-
zation of 18F-flurpiridaz imaging. Additionally,
investigating the tracer’s metabolic pathways
and blood-binding characteristics is essential for
identifying and addressing potential sources of
error and variability in MBF quantification.
Journal of Nuclear Cardio
Systematic assessment of test-retest repeatability
for relative perfusion, MBF, and gated measures
will be also crucial to establish reliability in clin-
ical practice.

Importantly, prognostic studies linking 18F-
flurpiridaz MPI and MBF data to long-term out-
comes are vital to evaluate its impact on clinical
decision-making and patient care. Addressing
these research priorities will reinforce the role of
18F-flurpiridaz in advancing noninvasive cardiac
imaging and ultimately improving patient
outcomes.
logy (2025) 45, 102180



Figure 10. Case example of the impact of 18F-flurpiridaz residual activity correction on stress myocardial time-activity curves (A)
and global and regional stress MBF and MFR estimates (B). RAC should be systematically conducted in same-day rest/stress
protocols to avoid overestimation of stress MBF and MFR values. Green curves: left ventricular (LV) input function. Yellow curves:
global LV myocardial time-activity curves. LV, left ventricular; MBF, myocardial blood flow; MFR, myocardial flow reserve; RAC,
residual activity correction; TAC, time-activity curve.
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