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Simple Summary

Myocardial perfusion imaging is a major pillar of cardiological diagnostics in the field of
nuclear medicine. PET-based assessments using Rb-82 as a tracer outperform conventional
scintigraphic methods by offering absolute flow measurements; with this additional in-
formation, perfusion assessment becomes accessible for inexperienced users. This study
primarily shows high inter-observer reliability of the method, enhancing its role as a robust
tool among all levels of experience. Second, it demonstrates the reliability of measuring left-
ventricular volumes and ejection fraction in comparison to echographic assessments. The
study aims to enhance confidence in the method of myocardial blood flow measurement
and left-ventricular volume assessment using Rb-82-PET/CT.

Abstract

Background/Objectives: Myocardial perfusion PET/CT, e.g., using Rb-82, enables the
measurement of absolute myocardial blood flow (MBF) and, hence, the blood flow reserve,
which plays a crucial role in the diagnosis of coronary artery disease. However, the
values might depend on the observer’s analysis and, thus, depend on the observer’s
experience. We investigated the inter-observer reliability of MBF measurements in Rb-
82-PET/CT. Methods: Thirty consecutive patients who underwent Rb-82-PET/CT for
suspected myocardial ischemia were analyzed. Stress conditions were simulated using
400 µg Regadenoson. MBF was measured using Corridor 4DM software. Myocardial flow
reserve (MFR) is the ratio of absolute flow measurements under stress and rest conditions.
Four different physicians with different levels of experience (two senior physicians and
two residents) measured the MBF. The experience of the two residents was one year of
experience and no previous experience, respectively. Intraclass correlation coefficients
(ICC) were calculated for MBF and MFR in the three main vascular territories as well as
in the whole left ventricle. Additionally, the left ventricular ejection fraction (EF) was
determined. Results: The evaluation of MBF showed an excellent correlation between all
observers, indicated by a low inter-observer variability. Comparing the two different levels
of experience, senior physicians showed a slightly higher accordance in MBF assessment
(ICC ranging from 0.9 to 0.98) than the residents (ICC ranging from 0.86 to 0.94). The MFR
calculations showed a slightly lower reliability due to the accumulation of variability in
rest and stress measurements (ICC between 0.78 and 0.81), still indicating a good reliability.
The EF calculations also showed a good reliability among the different observers (ICC 0.83).
Conclusions: Measurement of MBF, MFR and EF in Rb-82-PET/CT is highly robust with a
very low inter-observer variability. A slightly higher inter-observer reliability was found
for more experienced physicians.
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1. Introduction
With coronary artery disease (CAD) as one of the most frequent causes of mortality

and invalidity, and with regard to its high impact on health costs and economics, reliable
diagnostics are essential.

Initial cardiological assessment offers a decent detection rate; however, given the high
prevalence, there are still many clinically unclear cases that require further investigation.
According to the current European Society of Cardiology Guidelines for the management of
chronic coronary syndromes, non-invasive functional imaging gains importance for patients
with a moderate to high pre-test likelihood (>15–85%) for coronary artery disease [1].

From the nuclear medicine perspective, myocardial perfusion imaging using MIBI-
SPECT has been a frequently used tool to detect such clinically unclear cases for many
years. It offers a high sensitivity and an even higher specificity for detecting relevant
myocardial ischemia. Nevertheless, the more recently developed PET/CT diagnostics offer
an even higher diagnostic value, since they allow not only for visual assessment [2] but
also for absolute quantification of myocardial blood flow [3–5] and, hence, the relative
quantification of coronary reserve capacity (MFR). The examination has low side effects
and is generally associated with high patient comfort [6]. For CAD of the main coronary
arteries, coronary angiography remains the gold standard. However, MFR, in particular, is
a valuable risk predictor and a cornerstone in the diagnostic algorithm for the diagnosis
of angina or ischemia with non-obstructive coronary arteries (ANOCA or INOCA), thus
guiding further therapeutic decisions [1,7,8]. PET/CT may give insight into microvascular
function as well, if the myocardial blood flow is globally reduced [9]. Despite its higher
costs, Rb-82-PET/CT shows a higher cost-effectiveness compared to SPECT/CT-MPI [10].

The most common radiopharmaceutical used is Rb-82, a positron emitter with a
short half-life of 76 s, which is applied in the chemical form of rubidium–chloride (RbCl).
Physiologically, rubidium acts as a surrogate of potassium. It is easily available because of
its supply via an Sr-82/Rb-82-generator. Rb-82 is eluted from the generator as the decay
product of the accelerator-produced and stannic oxide-bound Sr-82, which itself has a
half-life of 25 days and 13 h. This is a major advantage compared to other perfusion
tracers, such as N-13 [11] or O-15, which need an on-site cyclotron. The diagnostic power of
Rb-82 is identical to O-15 and N-13, despite the slightly better kinetics and lower radiation
exposure of the latter [12]. Rb-82 emits positrons with an energy of 4.401 MeV and it decays
exclusively to Kr-82.

The imaging procedure is time-effective, with a total examination time of approxi-
mately 30 min and is, therefore, convenient for the patient. Because of the short half-life
of Rb-82, physical exercise for stress-imaging is not feasible. Hence, physical activity is
simulated with pharmacological stress, e.g., Regadenoson 400 µg intravenously [13–15].
For patients suffering from claustrophobia, the procedure is, therefore, more suitable than
myocardial MRI; furthermore, it requires less cooperation than an MRI assessment. Rb-82
PET/CT is also feasible in patients with a pacemaker [16].

Like echocardiography or MRI, Rb-82-PET/CT can dynamically visualize left ventric-
ular contraction and measure the ejection fraction as a surrogate for the left ventricular
function. In particular, the detection of transient ischemic dilatation offers additional
information for the interpretation of low MFR [17–19].
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Calculating the myocardial blood flow and the flow reserve is a largely automated
process; nonetheless, it requires individual adaptation by the conducting physician. Faulty
adaptation may lead to significantly altered flow calculations and, consequently, a wrong
interpretation of the exam [20,21]. Each individual intervention carries the risk of various
observer-dependent errors, especially when conducted by unexperienced operators. A high
inter-observer reliability has already been published; as a consequence, MFR assessment
has become a commonly used tool in Rb-82-PET/CT in recent years.

The aim of this study is to confirm the high inter-observer reliability in reserve assess-
ment in everyday practice; to assess differences between more experienced professionals and
inexperienced observers; and to evaluate the inter-observer reliability in the Rb-82-PET/CT-
based assessment of the ejection fraction as well as the comparability of EF measurements
with echocardiography. To date, no studies have assessed whether an in-depth software
training is necessary in the context of Rb-82-PET/CT perfusion imaging to obtain compa-
rable results among operators. This study aims to answer this question and also provide
confidence in the method for inexperienced users in the evaluation of daily routine data by
demonstrating a high reliability when compared to experienced users [22,23].

2. Materials and Methods
2.1. Procedure and Observer Characteristics

The data of 30 consecutive patients undergoing Rb-82-PET/CT for suspected my-
ocardial ischemia October 2022 were evaluated by four physicians. Two of these were
experienced physicians with ≥15 years of experience in nuclear medicine and around
5 years of experience with Rb-82-PET/CT; two observers were residents with one year of
experience in nuclear medicine and no experience at all, respectively; the latter had only
performed one supervised practice session in advance. The number of patients was chosen
in accordance with previous studies assessing similar questions [22,23]. Designed as a pilot
study, the study population was chosen with regard to practicability and comparability to
such previous analyses at the cost of slightly reduced precision and generalizability.

2.2. Patient Characteristics

The study included 30 patients with suspected coronary artery disease who were
examined consecutively on the same scanner using the same Sr-82/Rb-82-generator. No
patients were excluded; 40% of them had had prior coronary interventions (see Table 1).

Table 1. Patient characteristics. Mean +/− standard deviation; the values for EF, MBF and MFR are
based on the clinical report for which the observers were blinded in this study.

Sex—male 15/30
Age 68.2 +/− 10 years

Height 166 +/− 9.4 cm
Weight 82.5 +/− 18.3 kg

BMI 30.1 +/− 6.3 kg/m2

Prior coronary interventions 12/30
Echocardiographic EF available 27/30

Agatston-Score in native vessel-patients 234 +/− 598 pt.
SSS 2.7 +/− 5.4
SDS 0.8 +/− 1.4

Rest EF 55.3 +/− 12.9%
Stress EF 60.8 +/− 13.4%
Rest MBF 0.8 +/− 0.3 mL/min/g

Stress MBF 1.7 +/− 0.7 mL/min/g
MFR 2.2 +/− 0.5

BMI: body mass index; SSS: summed stress score; SDS: summed differential score; EF: left ventricular ejection
fraction; MBF: myocardial blood flow; MFR myocardial flow reserve. Informed consent was obtained from
all patients.
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2.3. PET/CT Protocol

Images were acquired on a 64-slice Discovery 690 scanner (GE Healthcare, Chicago,
IL, USA). After acquiring a thoracic low-dose CT, 82-Rb-RbCl was applied for rest imaging
using a Ruby-Fill infusion system (Jubilant DraxImage Inc., Kirkland, QC, Canada) [24].
Patients were injected with 6 MBq of Rb-82 per kg body weight [25]. Imaging took 7 min
for each condition.

Stress condition was simulated using 400 µg Regadenoson applied intravenously 30 s
before the second dose of 82-Rb-RbCl. The patient remained unmoved and was asked to
breathe as usual during the entire examination.

2.4. Image Analysis

MBF was measured using Corridor 4DM v2018 software (Invia Medical Imaging
Solutions, Ann Arbor, MI, USA), a commercially available software routinely used in
our department and validated in various publications [26]. Each observer independently
centered the myocardial signal, adjusted the alignment of the heart axes, and adapted
the cardiac contours and limits both for gated and dynamic datasets. EF was automati-
cally calculated as the ratio between minimal and maximal intraventricular volume in a
stress condition.

A small ROI was positioned automatically in the left ventricle and manually adapted,
if needed, to measure the arterial input. The concentration of myocardial activity in the
individually set ROI was then automatically normalized to the arterial input function for
the calculation of MBF. MFR was automatically calculated as the ratio between MBF in a
stress condition and MBF in a rest condition, both for the left ventricular myocardium as a
whole and for the single coronary regions, which were defined automatically.

2.5. Statistical Analysis

Intraclass correlation coefficients were calculated for MBF and MFR both in the whole
left ventricle and in the single coronary regions, as well as for the ejection fraction under
stress condition. We used ICC (2,1) for two-way random effects with single measures.
Separate ICCs were calculated for the entire group of observers and for the different
levels of experience separately. Furthermore, a Bland–Altman analysis was performed
to compare PET-bases rest EF assessment and echocardiographic measurements for both
the specialists and residents; the mean bias for both groups was calculated additionally.
Statistical analyses were conducted using RStudio (version 2024.12).

3. Results
3.1. Total Agreement in MBF and MFR

ICC evaluation showed a generally high inter-observer agreement, with ICC levels
ranging from 0.87 to 0.93 for MBF in the single vascular territories both under rest and
stress conditions. The highest agreement was tendentially found in the LAD territory
(see Table 2). In general, the agreement was slightly higher in the rest condition than in
the stress condition. The lowest ICC was reached in the RCA territory under the stress
condition. In any case, there was no significant difference in agreement for either the rest vs.
stress condition or for the single vascular territories. The evaluation of the MFR agreement
showed significantly lower ICC values for MFR compared to MBF. Despite this constraint,
ICC values remained high for the calculated MFR as well, ranging from 0.78 to 0.81 (see
Figure 1). Overall, higher disagreements were observed for higher reserve values (see
Figure 2).
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Table 2. ICC calculations for MBF and MFR in the different vascular territories as well as for EF
determination for all observers together versus ICC among specialists and residents separately.

Condition Total ICC Specialist ICC Resident ICC

Rest 0.93 [0.87, 0.97] 0.98 [0.95, 0.99] 0.93 [0.80, 0.97]
LAD Stress 0.93 [0.87, 0.96] 0.93 [0.86, 0.97] 0.94 [0.85, 0.98]

Reserve 0.81 [0.70, 0.89] 0.91 [0.82, 0.96] 0.81 [0.64, 0.91]

Rest 0.91 [0.78, 0.96] 0.97 [0.93, 0.99] 0.87 [0.27, 0.96]
LCX Stress 0.91 [0.80, 0.96] 0.95 [0.90, 0.98] 0.86 [0.43, 0.95]

Reserve 0.81 [0.70, 0.89] 0.91 [0.81, 0.95] 0.72 [0.49, 0.86]

Rest 0.93 [0.87, 0.97] 0.98 [0.97, 0.99] 0.92 [0.62, 0.97]
RCA Stress 0.87 [0.79, 0.93] 0.90 [0.81, 0.95] 0.86 [0.64, 0.94]

Reserve 0.78 [0.66, 0.88] 0.82 [0.66, 0.91] 0.80 [0.61, 0.90]

EF Stress 0.83 [0.73, 0.91] 0.74 [0.53, 0.87] 0.91 [0.57, 0.97]

Figure 1. ICCs of MBF and MFR in the different territories comparing specialist ICCs versus resi-
dent ICCs.

Figure 2. MFR Measurements of single patients for single users (two specialists and two residents).
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3.2. Experience-Correlated Observer Agreement for MBF and MFR

When compared to the inter-observer agreement between the residents (0.86 to 0.94),
a significantly higher agreement in MBF can be observed between the specialists (0.90 to
0.98), independent of vascular territory and condition. Here again, the MFR agreement
was lower than the MBF agreement for both the specialists and the residents. Despite being
lower than the specialist agreement, the agreement between the residents was still high.

3.3. Observer Agreement in EF and Correlation to Echocardiographic Pre-Assessments

For the EF evaluation, high ICC values demonstrated a high inter-observer agreement.
Contrary to the evaluation of MBF and MFR, residents showed a higher inter-observer
agreement, in this case, than the specialists, with only a moderate agreement among the
latter (ICC 0.74 versus 0.91 between residents). The variation seems quite high among both
the specialists and residents, with considerably overlapping confidence intervals.

In 27 out of 30 patients, echocardiographic rest EF measurements were available.
The Bland–Altman analysis for the comparison of EF measurements with Rb-82-PET and
echocardiography shows comparable mean absolute errors for all four operators (between
6.41 and 9.74%, see Figure 3); these differences among single operators are comparable to
the differences in EF evaluations based on echocardiography [27]. Overall, the mean bias
for both groups (specialists versus residents), when compared to echocardiography-based
EF assessment, was 0.9% (95% CI: −1.7–3.6%) and −1.4% (95% CI: −4.1–1.4%), respectively.

Figure 3. Bland–Altman analysis for EF values. MAE: mean absolute error. Circles: Single deviations
of individual measurements from the echocardiographic measurement. Solid line: mean deviation
from echocardiographic measurement. Dashed lines: 95% confidence interval.

4. Discussion
To our knowledge, this is the first study investigating the inter-observer reliability

between physicians at different levels of experience in the setting of Rb-82-PET-based
perfusion imaging for daily routine patient data. Furthermore, we can confirm the high
inter-observer reliability for the measurement of MBF and MFR using Rb-82-PET in our set-
ting, verifying other studies on the method’s reliability. These findings support previously
published results that recommend MBF and MFR as additional important parameters in
the assessment of myocardial ischemia. We prove the feasibility of these measurements
in daily clinical routines. Only slight differences between residents with low experience

https://doi.org/10.3390/tomography12080108

https://doi.org/10.3390/tomography12080108


Tomography 2026, 12, 108 7 of 11

and specialists were found, which again proves the robustness of the method. Indeed, the
highest accordance was found among experienced specialists, which might indicate that
a certain level of experience could be favorable, despite the overall very high accordance.
Thus, despite a small effect of training on the reliability, there is no obstacle to involving
unexperienced users in MFR assessment early on in their residencies.

We found a higher inter-observer reliability of MBF assessment compared to MFR
assessment. Moderately higher discrepancies could be seen in the MFR assessment com-
pared to MBF. MFR assessment seems to be more prone to inter-observer variation, since
it accumulates the variation of rest and stress MBF assessment as a calculated value. The
conclusion of Klein et al. suggests that the difference between MBF in stress and rest
conditions (hence the absolute increase of perfusion instead of a relative increase) provides
a slightly more stable value in the context of inter-observer reliability. Nevertheless, this
higher variation in MFR assessment does not have a clinical impact, since the highest
discrepancies among observers could be seen with rather high MFR values, clearly above
the clinically relevant cut-off of MFR 1.8, below which patients benefit significantly from
revascularization [28]. In our study, lower ICC values in MFR assessment were mostly
found in an MFR range > 2.5.

Clinically, these findings are important, since they prove the high inter-observer
reliability in daily routine diagnostics and show that no extensive training or experience is
needed for the calculation of Rb-82-based perfusion measurements. It provides confidence
in the method for unexperienced users and shows that the method can be applied without
strict supervision by more experienced physicians.

EF assessment also showed a good inter-observer reliability. Nonetheless, the accor-
dance among observers was significantly lower compared to MBF and MFR assessments,
most likely because the definition of the left ventricular basis allows for more variability but
is crucial for volume calculation. Retrospectively, residents seemed to be more confident in
the automatic determination of the myocardial basis while more experienced users tended
to define the basis by themselves [29,30]. Regarding the broad confidence intervals of EF
ICCs among seniors and residents, the relevance of this higher user-dependent variability
among experienced users compared to a more automated processing among residents
might be of less relevance.

PET/CT-based EF calculation is only another add-on in examinations conducted to
detect advanced hypokinetics and seriously impaired left-ventricular function. PET/CT
lacks the accuracy of MRI in measuring left-ventricular volume and ejection fraction, since
the valvular level is not reliably represented in the images with the perfused muscle and
acts only as a surrogate for the dimension of left-ventricular volume. As mentioned, most
patients receive echocardiography prior to an Rb-82-PET/CT; consequently, hypokinetics
and impaired ventricle function are already known in most cases. In our study population,
90% of patients had prior echocardiographic examinations. Our comparison between rest
EF measurements in Rb-PET/CT and in echocardiography showed similar deviations
among specialists and residents, as was expected with respect to the good ICC values. In
general, the deviation in echocardiographic measurements was, nevertheless, fairly high,
with low agreement between the two methods. PET/CT measurements seemed to offer
only an estimation of the overall left ventricular function. However, there was no hint
of a systematic error, with a very low mean bias for both groups and without significant
differences among specialists and unexperienced users. It needs to be mentioned that
echocardiography is also subject to inter-observer variability and cannot be regarded as the
gold standard. That is why the inter-observer reliability of PET/CT-based EF assessment
seems comparable to that of the echography-based EF assessment in our study.
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In this study, a dataset of 30 consecutive patients was acquired to obtain a patient
collective as random and as clinically representative as possible. The relatively small
population size might negatively affect the precision and generalizability of the results,
especially when regarding the broad confidence intervals; this limitation seems inferior
regarding the pilot study character and the otherwise explicit results of the study. Rb-82-
application was conducted using a newly installed generator to minimize differences in the
activity concentration of the injected radiopharmaceutical.

Intra-observer reproducibility was not examined in the present study; other studies
have already addressed this issue, demonstrating the high level of inter-observer reliability
of the method in both experienced and in inexperienced operators [22].

Being conducted as a single-center study evaluating only one PET/CT scanner and
one single software package, the results cannot be universalized; nevertheless, we assume
that comparable scanners with different routinely used and authorized software pack-
ages would deliver similar findings; similar studies might be conducted under different
circumstances to prove this assumption.

In our institute, the method is not only used in patients with a high clinical suspicion of
myocardial ischemia but also as an option to exclude ischemia in patients where ergometry
is not possible. Therefore, only a small percentage of patients with relevantly impaired
MFR and hints for ischemia in Rb-82-PET/CT were included. Secure statements on the
actual inter-observer reliability, specifically in the crucial MFR range of around 1.8 [31] are,
therefore, not possible with our data. According to our findings, the method nevertheless
seems to show a very high inter-observer reliability in this range; after all, the highest
discrepancies were found in higher MBF and MFR ranges. Consequently, a comparison
with coronary arteriography as a gold standard for coronary artery assessments of the main
coronary arteries is also not realistically possible regarding the low percentage of patients
with relevant ischemia who afterwards received coronary angiography. Meanwhile, from
the perspective that INOCA and ANOCA are coming more and more into the clinical focus,
it is mandatory to have a robust non-invasive, operator-independent method with which
to measure MBF. It might be interesting to plan a further study with pre-selected patients
that have a proven pathological coronary artery calcium score [32,33].

5. Conclusions
The measurement of MBF and MFR in Rb-82-PET/CT has an excellent inter-observer

reliability, which confirms previously published data [22,23,34] and demonstrates the
robustness of the method. To our knowledge, this is the first study that showed a slightly
higher inter-observer reliability for more experienced physicians. The only discrete training
benefit for the inter-observer accordance demonstrates the minor effect of experience for
the determination of MBF and MFR, which does not seem clinically relevant regarding the
overlapping confidence intervals. The accordance among users was higher for the MBF
assessment than for the MFR, since the latter is a calculated value made on the basis of
rest and stress MBF accumulating inter-observer variabilities of these two measurements.
Nevertheless, this effect does not seem to have a clinical relevance regarding the specifically
high inter-observer reliability for clinically relevant MFR values < 2.5.

MBF and MFR measurement in Rb-82-PET/CT remain highly reliable tools in the
assessment of coronary ischemia.

EF measurements show slightly higher inter-observer variations, suggesting that
this variable provides only secondary information from Rb-82-PET/CT, with MRI and
echocardiography being more reliable tools. Nevertheless, EF measurements also showed
a high inter-observer reliability, indicating the robustness of the method; however, there
were considerable deviations from EF measurements in echocardiography. In general, EF
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measurement in Rb-82-PET/CT offers a rough estimation of left ventricular ejection fraction
and remains a useful tool for major left-ventricular function impairment.

Author Contributions: Conceptualization, F.F.; methodology, F.F.; software, F.F.; validation, F.F.;
formal analysis, S.J.S.; investigation, S.J.S., O.C.M., H.G. and F.F.; resources, S.J.S., O.C.M., S.K., H.G.
and F.F.; data curation, S.J.S.; writing—original draft preparation, S.J.S.; writing—review and editing,
O.C.M., S.K., H.G. and F.F.; visualization, S.J.S.; supervision, F.F.; project administration, F.F.; funding
acquisition, F.F. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the use of de-identified/anonymized data and the non-interventional, retrospective character of
the study. Please see https://www.bag.admin.ch/en/human-research-approval-of-research-projects
(accessed on 30 May 2026).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available on request from the authors. More information can
be obtained at https://zenodo.org/records/21495375, accessed on 22 July 2026.

Acknowledgments: We thank all the participants and staff involved in the study, the patients for
their consent, and the colleagues in the Nuclear Medicine department of the Cantonal Hospital in St.
Gallen for the image and data acquisition. In particular, we also want to thank Jakob Heimer for his
advice and support in the statistical evaluation.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
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MBF myocardial blood flow
MFR myocardial flow reserve
ICC intraclass- correlation coefficient
EF left ventricular ejection fraction
CAD coronary artery disease
ANOCA angina with non-obstructive coronary arteries
INOCA ischemia with non-obstructive coronary arteries
MPI myocardial perfusion imaging
RbCl rubidium-chloride
BMI body mass index
SSS summed stress score
SDS summed differential score
ROI region of interest
LAD left anterior descending artery
RCA right coronary artery
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MAE mean absolute error

References
1. Vrints, C.; Andreotti, F.; Koskinas, K.C.; Rossello, X.; Adamo, M.; Ainslie, J.; Banning, A.P.; Budaj, A.; Buechel, R.R.; Chiariello,

G.A.; et al. 2024 ESC Guidelines for the management of chronic coronary syndromes. Eur. Heart J. 2024, 45, 3415–3537. [CrossRef]
[PubMed]

2. Borren, N.M.; Gerritse, T.J.; Ottervanger, J.P.; Mouden, M.; Timmer, J.R.; van Dalen, J.A.; Jager, P.L.; van Dijk, J.D. Semi-quantitative
assessment of ischemia with rubidium-82 PET myocardial perfusion imaging. J. Nucl. Cardiol. 2022, 29, 3155–3162. [CrossRef]
[PubMed]

https://doi.org/10.3390/tomography12080108

https://www.bag.admin.ch/en/human-research-approval-of-research-projects
https://zenodo.org/records/21495375
https://doi.org/10.1093/eurheartj/ehae177
https://www.ncbi.nlm.nih.gov/pubmed/39210710
https://doi.org/10.1007/s12350-021-02884-4
https://www.ncbi.nlm.nih.gov/pubmed/34970710
https://doi.org/10.3390/tomography12080108


Tomography 2026, 12, 108 10 of 11

3. Rasmussen, L.D.; Gormsen, L.C.; Ejlersen, J.A.; Karim, S.R.; Westra, J.; Knudsen, L.L.; Kirk, J.; Søndergaard, H.M.; Mortensen, J.;
Knuuti, J.; et al. Impact of Absolute Myocardial Blood Flow Quantification on the Diagnostic Performance of PET-Based Perfusion
Scans Using 82Rubidium. Circ. Cardiovasc. Imaging 2024, 17, e016138. [CrossRef] [PubMed]

4. Hyafil, F.; Chequer, R.; Sorbets, E.; Estellat, C.; Ducrocq, G.; Rouzet, F.; Alfaiate, T.; Regaieg, H.; Abtan, J.; Leygnac, S.; et al.
Head-to-head comparison of the diagnostic performances of Rubidium-PET and SPECT with CZT camera for the detection
of myocardial ischemia in a population of women and overweight individuals. J. Nucl. Cardiol. 2020, 27, 755–768. [CrossRef]
[PubMed]

5. Koenders, S.S.; van Dalen, J.A.; Jager, P.L.; Mouden, M.; Slump, C.H.; van Dijk, J.D. Diagnostic value of regional myocardial flow
reserve measurements using Rubidium-82 PET: Disclosures none. Int. J. Cardiovasc. Imaging 2022, 38, 2743–2751. [CrossRef]
[PubMed]

6. Rischpler, C.; Kersting, D.; Nekolla, S.G. To quantify or not to quantify, that is the question: Semi-quantitative vs. visual analysis
of Rb-82 myocardial perfusion imaging PET. J. Nucl. Cardiol. 2022, 29, 3163–3165. [CrossRef] [PubMed]

7. Koenders, S.S.; van Dalen, J.A.; Jager, P.L.; Mouden, M.; Slump, C.H.; van Dijk, J.D. Patient-tailored risk assessment of obstructive
coronary artery disease using Rubidium-82 PET-based myocardial flow quantification with visual interpretation. J. Nucl. Cardiol.
2023, 30, 1890–1896. [CrossRef] [PubMed]

8. Sperry, B.W.; Metzinger, M.P.; Ibrahim, A.O.; Thompson, R.C.; Cho, Y.J.; Jones, P.G.; McGhie, A.I.; Bateman, T.M. Age- and
Sex-Specific Myocardial Blood Flow Values in Patients Without Coronary Atherosclerosis on Rb-82 PET Myocardial Perfusion
Imaging. Circ. Cardiovasc. Imaging 2024, 17, e016577. [CrossRef] [PubMed]

9. Højstrup, S.; Hansen, K.W.; Talleruphuus, U.; Marner, L.; Galatius, S.; Rauf, M.; Bjerking, L.H.; Jakobsen, L.; Christiansen, E.H.;
Bouchelouche, K.; et al. Coronary Microvascular Disease Assessed by 82-Rubidium Positron Emission Tomography Myocardial
Perfusion Imaging Is Associated With Small Vessel Disease of the Kidney and Brain. J. Am. Heart Assoc. 2023, 12, e028767.
[CrossRef] [PubMed]

10. Mimouni, M.; Bulsei, J.; Darlington, M.; Estellat, C.; Rouzet, F.; Hyafil, F.; Durand-Zaleski, I.; RUBIS Trial Group. Cost-effectiveness
of 82-Rubidium PET myocardial perfusion imaging for the diagnosis of myocardial ischemia depending on the prevalence of
coronary artery disease. EJNMMI Res. 2023, 13, 9. [CrossRef] [PubMed]

11. Juneau, D.; Wu, K.Y.; Kaps, N.; Yao, J.; Renaud, J.M.; Beanlands, R.S.B.; Ruddy, T.D.; deKemp, R.A. Internal validation of
myocardial flow reserve PET imaging using stress/rest myocardial activity ratios with Rb-82 and N-13-ammonia. J. Nucl. Cardiol.
2021, 28, 835–850. [CrossRef] [PubMed]

12. Winther, S.; Rasmussen, L.D.; Karim, S.R.; Westra, J.; Dahl, J.N.; Søby, J.H.; Nissen, L.; Lomstein, F.B.; Würtz, M.; Sundbøll, J.M.;
et al. Myocardial Perfusion Imaging With PET: A Head-to-Head Comparison of 82Rubidium Versus 15O-water Tracers Using
Invasive Coronary Measurements as Reference. Circ. Cardiovasc. Imaging 2025, 18, e017479. [CrossRef] [PubMed]

13. Frey, S.M.; Honegger, U.; Clerc, O.F.; Caobelli, F.; Haaf, P.; Zellweger, M.J. Left ventricular ejection fraction, myocardial blood flow
and hemodynamic variables in adenosine and regadenoson vasodilator 82-Rubidium PET. J. Nucl. Cardiol. 2022, 29, 921–933.
[CrossRef] [PubMed]

14. Saad, J.M.; Ahmed, A.I.; Han, Y.; El Nihum, L.I.; Alahdab, F.; Nabi, F.; Al-Mallah, M.H. Splenic switch-off in regadenoson
82Rb-PET myocardial perfusion imaging: Assessment of clinical utility. J. Nucl. Cardiol. 2023, 30, 1484–1496. [CrossRef] [PubMed]

15. Smith, M.F. Assessing if adequate hyperemic response to pharmacologic stress in Rb-82 PET myocardial perfusion imaging is
achieved: Are biomarkers helpful? J. Nucl. Cardiol. 2022, 29, 3218–3220. [CrossRef] [PubMed]

16. Schofield, R.; Menezes, L.; Underwood, S.R. Nuclear cardiology: State of the art. Heart 2021, 107, 954–961. [CrossRef] [PubMed]
17. Patel, K.K.; Lim, P.; Peri-Okonny, P.A.; Singh, A.; McGhie, A.I.; Sabharwal, B.; Agarwal, V.; Shaw, L.J.; Bateman, T.M. Prognostic

value of transient ischemic dilation on Rubidium-82 positron emission tomography myocardial perfusion imaging. J. Nucl.
Cardiol. 2025, 44, 102084. [CrossRef] [PubMed]

18. Rischpler, C. ‘TIDing’ over the uncertainty: Prognostic value of Transient Ischemic Dilation in Rubidium-82 PET myocardial
perfusion imaging. J. Nucl. Cardiol. 2025, 44, 102142. [CrossRef] [PubMed]

19. Ye, Y.; Yang, Y.; Gong, J.; Shao, W.W.; Yu, C.X. Comparing the diagnostic accuracy of PET and CMR for the measurement of
left ventricular volumes and ejection fraction: A system review and meta-analysis. Nucl. Med. Commun. 2022, 43, 1143–1154.
[CrossRef] [PubMed]

20. Bateman, T.M.; Heller, G.V.; Beanlands, R.; Calnon, D.A.; Case, J.; deKemp, R.; Gordon DePuey, E.; Di Carli, M.; Guler, E.C.;
Murthy, V.L.; et al. Practical guide for interpreting and reporting cardiac PET measurements of myocardial blood flow: An
Information Statement from the American Society of Nuclear Cardiology, and the Society of Nuclear Medicine and Molecular
Imaging. J. Nucl. Cardiol. 2021, 28, 768–787. [CrossRef] [PubMed]

21. Rajaram, M.; Tahari, A.K.; Lee, A.H.; Lodge, M.A.; Tsui, B.; Nekolla, S.; Wahl, R.L.; Bengel, F.M.; Bravo, P.E. Cardiac PET/CT
misregistration causes significant changes in estimated myocardial blood flow. J. Nucl. Med. 2013, 54, 50–54. [PubMed]

https://doi.org/10.3390/tomography12080108

https://doi.org/10.1161/circimaging.123.016138
https://www.ncbi.nlm.nih.gov/pubmed/38227687
https://doi.org/10.1007/s12350-018-01557-z
https://www.ncbi.nlm.nih.gov/pubmed/30574676
https://doi.org/10.1007/s10554-022-02644-6
https://www.ncbi.nlm.nih.gov/pubmed/36445671
https://doi.org/10.1007/s12350-022-02935-4
https://www.ncbi.nlm.nih.gov/pubmed/35274212
https://doi.org/10.1007/s12350-023-03237-z
https://www.ncbi.nlm.nih.gov/pubmed/37076608
https://doi.org/10.1161/circimaging.124.016577
https://www.ncbi.nlm.nih.gov/pubmed/39012951
https://doi.org/10.1161/jaha.122.028767
https://www.ncbi.nlm.nih.gov/pubmed/37318021
https://doi.org/10.1186/s13550-023-00954-x
https://www.ncbi.nlm.nih.gov/pubmed/36752899
https://doi.org/10.1007/s12350-020-02464-y
https://www.ncbi.nlm.nih.gov/pubmed/33389638
https://doi.org/10.1161/circimaging.124.017479
https://www.ncbi.nlm.nih.gov/pubmed/40177753
https://doi.org/10.1007/s12350-021-02729-0
https://www.ncbi.nlm.nih.gov/pubmed/34386864
https://doi.org/10.1007/s12350-022-03158-3
https://www.ncbi.nlm.nih.gov/pubmed/36607537
https://doi.org/10.1007/s12350-022-02954-1
https://www.ncbi.nlm.nih.gov/pubmed/35396644
https://doi.org/10.1136/heartjnl-2019-315628
https://www.ncbi.nlm.nih.gov/pubmed/33483353
https://doi.org/10.1016/j.nuclcard.2024.102084
https://www.ncbi.nlm.nih.gov/pubmed/39557333
https://doi.org/10.1016/j.nuclcard.2025.102142
https://www.ncbi.nlm.nih.gov/pubmed/39955135
https://doi.org/10.1097/mnm.0000000000001612
https://www.ncbi.nlm.nih.gov/pubmed/36120812
https://doi.org/10.1007/s12350-021-02552-7
https://www.ncbi.nlm.nih.gov/pubmed/33786730
https://www.ncbi.nlm.nih.gov/pubmed/23090213
https://doi.org/10.3390/tomography12080108


Tomography 2026, 12, 108 11 of 11

22. Byrne, C.; Kjaer, A.; Olsen, N.E.; Forman, J.L.; Hasbak, P. Test-retest repeatability and software reproducibility of myocardial
flow measurements using rest/adenosine stress Rubidium-82 PET/CT with and without motion correction in healthy young
volunteers. J. Nucl. Cardiol. 2021, 28, 2860–2871. [CrossRef] [PubMed]

23. Klein, R.; Renaud, J.M.; Ziadi, M.C.; Thorn, S.L.; Adler, A.; Beanlands, R.S.; deKemp, R.A. Intra- and inter-operator repeatability
of myocardial blood flow and myocardial flow reserve measurements using rubidium-82 pet and a highly automated analysis
program. J. Nucl. Cardiol. 2010, 17, 600–616. [CrossRef] [PubMed]

24. Ahmadi, A.; Klein, R.; Lewin, H.C.; Beanlands, R.S.B.; deKemp, R.A. Rubidium-82 generator yield and efficiency for PET
perfusion imaging: Comparison of two clinical systems. J. Nucl. Cardiol. 2020, 27, 1728–1738. [CrossRef] [PubMed]

25. van Dijk, J.D.; Dotinga, M.; Jager, P.L.; Slump, C.H.; Ottervanger, J.P.; Mouden, M.; van Dalen, J.A. Body weight-dependent
Rubidium-82 activity results in constant image quality in myocardial perfusion imaging with PET. J. Nucl. Cardiol. 2021, 28,
1536–1544. [CrossRef] [PubMed]

26. El Fakhri, G.; Kardan, A.; Sitek, A.; Dorbala, S.; Abi-Hatem, N.; Lahoud, Y.; Fischman, A.; Coughlan, M.; Yasuda, T.; Di
Carli, M.F. Reproducibility and accuracy of quantitative myocardial blood flow assessment with (82)Rb PET: Comparison with
(13)N-ammonia PET. J. Nucl. Med. 2009, 50, 1062–1071. [CrossRef] [PubMed]
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