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ners have revolutionized nuclear medicine by enabling whole-body imaging in a single bed
position.1 This review assesses the physical and clinical value of TB-PET/CT, with a focus
on the advancements in both static and dynamic imaging, as well as the evolving quantifica-
tion techniques. The significantly enhanced sensitivity of TB scanners can reduce radiation
exposure and scan time, offering improved patient comfort and making it particularly useful
for pediatric imaging and various other scenarios. Shorter scan times also decrease motion
artifacts, leading to higher-quality images and better diagnostic accuracy. Dynamic PET
imaging with TB scanners extends these advantages by capturing temporal changes in
tracer uptake over time, providing real-time insights into both structural and functional
assessment, and promoting the ability to monitor disease progression and treatment
response. We also present CT-free attenuation correction methods that utilize the
increased sensitivity of TB-PET as a potential improvement for dynamic TB-PET protocols.
In static imaging, emerging quantification techniques such as dual-tracer PET using TB
scanners allow imaging of two biological pathways, simultaneously, for a more comprehen-
sive assessment of disease. In addition, positronium imaging, a novel technique utilizing
positronium lifetime measurements, is introduced as a promising aspect for providing struc-
tural information alongside functional quantification. Finally, the potential of expanding clin-
ical applications with the increased sensitivity of TB-PET/CT scanners is discussed.
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Introduction

Total Body Positron Emission Tomography (TB-PET/CT) is
an advanced imaging technique designed to capture high-

resolution, comprehensive images of the entire body. While
conventional PET scans have taken a significant role in diag-
nosing and monitoring diseases, they face limitations such as
detecting only about 1% of emitted radiation, leading to
reduced image quality and lower signal-to-noise ratios. Addi-
tionally, their short axial field-of-view (SAFOV-PET) often
requires multiple scans to assess widespread disease, increas-
ing scan times and ultimately radiation exposure from the CT.

TB-PET/CT overcomes these limitations by offering simulta-
neous whole-body imaging without the need for bed translation
ext and data mining, AI training, and similar technologies.
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Figure 1 PET/CT scanners can be categorized based on their axial field-of-view (FOV) capabilities, which directly
impact their clinical applications. These categories include short-axial field-of-view (SAFOV), long-axial field-of-view
(LAFOV), and total-body (TB) imaging systems.5
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(Fig. 1). This is achieved through a long axial field-of-view
(LAFOV-PET), significantly enhancing system sensitivity and
enabling dynamic imaging across multiple organs.2-4 The intro-
duction of multiring systems and improved scintillator materi-
als, such as bismuth germanate (BGO) and later lutetium-based
scintillators (LSO and LYSO), together with transition to fully-
3D PET systems in the 1990s and the integration of time-of-
flight (TOF) technology in the 20000s marked substantial
improvements in sensitivity and spatial resolution of PET scan-
ners.
With axial lengths up to 194 cm, the development of sys-

tems like the Biograph Vision Quadra, uEXPLORER and
PennPET EXPLORER allows for comprehensive, high-sensi-
tivity imaging in a single scan, improving both clinical effi-
ciency and patient throughput. This advancement represents
a paradigm shift in PET imaging, addressing the constraints
of conventional PET scanners (Figure 1) and opening new
opportunities for clinical and research applications.6,7 For
instance, TB-PET/CT facilitates the use of long half-life trac-
ers, such as Zr in immuno-PET, to track the biodistribution
of radiolabeled monoclonal antibodies over several weeks
post-administration.8 This capability allows for insights into
kinetics and therapeutic efficacy, positioning TB-PET/CT as a
game-changer in early disease detection, characterization,
and treatment response monitoring.
The motivation for developing TB-PET/CT systems stems

from the need to enhance clinical diagnostics and research
capabilities, precisely.9,10 TB-PET/CT offers several compel-
ling benefits:

(1) Increased Sensitivity and Image Quality: The
extended axial field of view (FOV) significantly
improves system sensitivity, allowing for better image
quality even with reduced radiotracer doses. This is
particularly beneficial for pediatric imaging and situa-
tions where tracer availability is limited.

(2) Dynamic and Kinetic Studies: The ability to capture
dynamic processes across the entire body enables more
accurate studies of tracer kinetics, improving our
understanding of disease mechanisms and treatment
responses.

(3) Clinical Efficiency and Patient Throughput: TB-
PET/CT can reduce scan times and increase patient
throughput, making it a valuable tool in busy clinical
settings. Faster scans also reduce the need for patient
sedation, particularly in pediatric cases.

Furthermore, recent quantification techniques, such as
dual-tracer imaging, enable simultaneous visualization of dif-
ferent biological processes which remains a challenge with
conventional PET. The enhanced temporal resolution of TB-
PET/CT also facilitates the exploration of positronium life-
time spectra, potentially yielding more comprehensive infor-
mation about tissue microstructure and biochemical
properties. This review focuses on the significant advance-
ments in quantification techniques, processing algorithms,
and integration of artificial intelligence in TB-PET/CT with
its transformative potential in molecular imaging in clinical
practice.
Dynamic PET Imaging With TB-
PET/CT
Dynamic PET imaging enables the acquisition of tracking
tracer kinetics in real-time across multiple organs, offering a
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more detailed and comprehensive view of physiological pro-
cesses compared to static PET imaging.11 The introduction
of TB-PET/CT scanners has further expanded the potential of
dynamic imaging, offering a wider axial FOV and increased
sensitivity, enabling whole-body dynamic studies with
improved spatial and temporal resolution. This technology
facilitates the assessment of multiorgan interactions and
pharmacokinetics, which are relevant in diseases such as can-
cer and cardiovascular conditions.12-17

The analysis of dynamic PET imaging primarily involves
the generation of time-activity curves (TACs) and the appli-
cation of kinetic modeling techniques to interpret these
curves. Non-compartmental modeling offers an alternative
approach that does not rely on predefined compartments.
Spectral analysis, for example, decomposes the TACs into a
series of exponential functions and is increasingly used in
oncology for managing metastatic cancers. 18,19 The Patlak
plot.,20 another non-compartmental method, has been clini-
cally applied in the evaluation of cardiac sarcoidosis using
dynamic PET/CT with 1⁸F-FDG.21 Together with the unique
property of TB-PET/CT, these methods could provide valu-
able insights into various physiological processes and disease
states, enabling more precise diagnosis and treatment plan-
ning in clinical settings.22
Clinical Applications and
Outcomes of Dynamic PET
Imaging
In recent years, dynamic PET imaging has demonstrated
potential in enhancing disease staging and monitoring, par-
ticularly in oncology. For example, a study on prostate-spe-
cific membrane antigen (PSMA) imaging in prostate cancer
patients utilized SAFOV-PET cameras to capture dynamic
sequences.23 The study demonstrated that dynamic whole-
body PET imaging provided improved target-to-background
Figure 2 Coronal Maximum Intensity Projection (MIP) image
imaging study. The inflow of the tracer via the left brachial ve
cardiac passage and systemic distribution. LAFOV-PET enabl
position, which facilitates a dosimetric analysis.
ratios (TBR) in lesion detection, offering promising advance-
ments in cancer diagnostics, treatment planning, and moni-
toring.23 Also, there are reports that late imaging of PSMA-
ligands might enhance the diagnostic accuracy, which is due
to the limits of SAFOV-PET often limited to the pelvic area.24

If such dynamic imaging helps in the reduction of nonspe-
cific bone uptake as seen in some PSMA tracers remains to
be seen.25 Another study that limited the FOV to the pelvic
area investigated the role of kinetic parameters and fractional
dimension.25 While not enabling a higher detection sensitiv-
ity, TB-PET/CT could enable the extraction of these parame-
ters throughout the entire body, which could be useful to
improve the selection of patients who are referred to radioli-
gand therapy.26 Dynamic PET imaging has also been helpful
in assessing tumor metabolism and therapy response, partic-
ularly with18 F-FDG in oncology. For LAFOV-PET, it was
shown that the lesion contrast of Patlak-processed FDG
images was improved, while the lesion detectability was not
enhanced.27 Also, the high temporal resolution of LAFOV-
PET facilitates Tikhonov deconvolution and can thereby pro-
vide a good estimate of the perfusion.28 In addition, the scan
protocols can be shortened to approximately 20 minutes
when using the Patlak method and a LAFOV-PET scanner
together with a population based input function.29

Another significant clinical application of LAFOV-PET is
dynamic whole-body imaging with short half-life isotopes
like Rb (Fig. 2). For example, such a LAFOV-PET system
could be used to perform whole-body dosimetry studies in
Rb,30 which identified the total effective dose to be in the
range of 0.50 and 0.76 mSv/MBq.
CT-Free Attenuation Correction
in TB-PET for Dynamic Imaging
CT-free attenuation correction represents a significant
advancement in dynamic PET imaging by eliminating the
need for repeated CT scans and misregistration with CT
s of a. Rb cardiac-perfusion whole-body PET dynamic
ins is shown in the first image, which is followed by the
es the visualization of the tracer distribution in one bed
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images from motion artifacts, which inevitably increase
patient radiation exposure. While solely AI-based methods
often derive attenuation information directly from PET emis-
sion data, providing temporal consistency throughout the
acquisition, which is crucial for accurate quantification of
tracer kinetics, they ensure that changes in the PET signal are
due to actual tracer dynamics rather than artifacts caused by
mismatched attenuation correction.31-33 By inherently
accounting for patient motion between and during time-
frames, CT-free methods significantly reduce motion arti-
facts, which is particularly beneficial in long dynamic acquisi-
tions where patient movement is unavoidable.34 However,
purely data-driven approaches might additionally introduce
artifacts, since no real transmission scan is acquired.
To overcome these problems, various solutions to CT free

PET-attenuation correction have been proposed. Notably,
LSO-Tx, a method using background radiation from 1⁷⁶Lu
crystals in PET scintillators, coupled with deep learning-
based AI, has shown a promising result.33 The CT-free atten-
uation correction method using the LSO-Tx scan employs
the intrinsic background radiation of the PET detector crys-
tals. 34 Using an open energy window, LAFOV-PET systems
can detect these background radiation events, enabling the
acquisition of actual transmission scans without the need for
additional radiation. While further refinement is needed, par-
ticularly through AI, the key advantage of LSO-Tx is the use
of real transmission data.
This innovative approach offers a middle ground between

fully data-driven corrections and traditional CT-based meth-
ods, eliminating the need for additional CT examinations
(Fig. 3). The technique is particularly advantageous in sce-
narios requiring minimize radiation exposure, such as
repeated dynamic PET scans or in screening applications
where dose reduction is critical. By providing reliable attenu-
ation correction without the added dose burden of CT, this
method holds promise for enhancing PET imaging protocols
in radiation-sensitive populations.
Benefits of this method include the fact that it is function-

ing without additional radiation and that the lung geometry
Figure 3 Comparison of attenuation maps using different met
based attenuation. (Right) attenuation image created using an
tion correction.
better correlates with the PET acquisition, because both have
been acquired in a similar mid-respiratory state. In addition,
this LSO-Tx-based method allows for ultra-low dose PET
exams, reducing the effective dose to approximately
0.15 mSv while maintaining acceptable quantitative accu-
racy.33 When paired with LAFOV-PET scanners, this tech-
nique achieves a radiopharmaceutical dose more than
50 times lower than the standard effective dose.,33 which
provides a promising potential for screening purposes.
Advanced Static Imaging with
TB-PET/CT
In addition to the above discussed benefits of TB-PET/CT for
dynamic imaging and its related aspects, in the following we
discuss potential benefits in quantification of nondynamic
images.
Synergy of Dual-Tracer Imaging
and Total Body PET
The extended axial coverage of TB-PET/CT systems permits
simultaneous whole-body imaging of both tracers, theoreti-
cally capturing their biodistribution and kinetics across mul-
tiple organs in a single acquisition.35,36 Clinically, dual tracer
imaging is relevant in various indications. For example, in
PSMA-targeted therapy with. Lu (LuPSMA), patients need to
be carefully selected to respond to therapy.33 This is usually
done by assessing the PSMA-uptake on PET imaging. In
addition, other factors like the degree of bone involvement
or tumor volume play a role in outcome prognostication, the
latter also in patients not treated with PSMA therapy.37�40

Changes in PSMA tumor volume in response to therapy are
also prognostic.38,41 It was shown that low PSMA-expression
is a negative prognosticator or outcome in patients who
receive LuPSMA therapy.42 However, some groups have
hods: (Left) Standard attenuation image created by CT-
LSO-Tx scan without CT, showcasing CT-free attenua-



Figure 4 A case study demonstrates the importance of dual-tracer imaging in evaluating eligibility for 177Lu-PSMA ther-
apy. The patients underwent both examinations with an interval of 3 days. The top row shows a lymph node metastasis
with strong PSMA-accumulation (A), which had no relevant FDG-accumulation (B). Panel (C and D) depict the repre-
sentative MIPs of the two PET examinations. No FDG-PSMA mismatch was observed and the patient was referred to
LuPSMA therapy. LAFOV-PET could facilitate the acquisition of both examinations by either doing them with no gap
between or even simultaneously.
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proposed the application of FDG and PSMA imaging to
detect also de-differentiated metastases, which have lost the
ability to express PSMA.43,44 These FDG positive, PSMA neg-
ative lesions are a negative prognosticator of outcome and a
reason to exclude the patient from PSMA therapy. However,
in routine clinical practice, the management of patients to
acquire two PET scans is difficult (Figure 4). Therefore, a
one-day acquisition protocol has been introduced on a
LAFOV-PET system.45 First, the patients underwent regular
68Ga-PSMA-11 PET, followed by a low dose FDG-PET.45

The FDG-PET shows the PSMA-PET in shine through arti-
facts, but still this procedure led to the identification of a
FDG-positive, PSMA-negative metastasis.45 This is greatly
facilitated by the high sensitivity of LAFOV-PET systems.
Another step towards dual tracer imaging is the simultaneous
administration of two ligands with distinct radioisotopes
and differentiate them by the prompt gamma emission.46,47

However, the clinical validation of such approaches is still
pending.
Positronium Imaging
Positronium imaging represents an innovative frontier in
medical imaging, particularly when combined with TB-PET/
CT systems (Fig. 5).48 The extended axial FOV and increased
sensitivity of TB-PET/CT systems make them particularly
well-suited for positronium imaging, enabling whole-body
assessment of positronium lifetimes with improved temporal
resolution. This technique uses the unique properties of posi-
tronium, a short-lived bound state formed between a posi-
tron and an electron, to provide additional structural
information about tissues at the nanoscale level. In a vacuum,
positronium has a well-defined lifetime of approximately 125
picoseconds, but this lifetime is shortened when positrons
interact with the dense electron cloud within tissues.49 By
measuring the time between positronium formation and
annihilation, positronium imaging offers insights into tissue
characteristics, such as tissue oxygenation levels, which are
crucial for understanding cellular metabolism and disease



Figure 5 Decay scheme of 44Sc and positronium lifetime imaging in a brain sample (A) The left (top) panel illustrates the
decay process of the 44Sc isotope44Sc undergoes beta-plus decay, transforming into an excited state of 44Ca
(44Ca*).50,51,56 This excited nucleus promptly de-excites to its ground state, emitting a characteristic gamma photon
(g), represented by a red arrow. The complete decay can be summarized as: 44Sc! 44Ca* + e+ + v! 44Ca + g + e
+ + v, where e+ is a positron and v is a neutrino. (B) The right panel displays a PET detector with a brain sample,
highlighting a colored region representing a tumor or carcinogenic area from which three gamma rays were emitted.
g1 is de-excited, while g2 and g3 are annihilation photons. The difference in the average time between g2 and g3, and
g1 reveals the positronium lifetime distribution. This innovative imaging technique offers insights into tissue micro-
structure and potential pathological changes by visualizing positronium dynamics. (C) semi-logarithmic graph depict-
ing the time distribution between the de-excitation photon and annihilation photons from the sample. The plot
features a prominent prompt peak, representing para-positronium decay (opposite spin) and direct annihilation events.
Beyond 2 ns, the graph illustrates various contributions from the emission site, including ortho-positronium (parallel
spin), pick-off annihilation, and self-annihilation processes. This time-resolved spectrum provides valuable insights
into positronium formation and decay dynamics within the sample, enabling the differentiation of various annihilation
modes and their respective lifetimes.
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progression, that may not be visible through standard PET
scans.50,51 The advancements in positronium lifetime image
reconstruction for TOF PET elevate the ability to assess hyp-
oxia, which is a significant factor in conditions like tumors,
ischemic heart disease, and neurodegenerative disorders.52-55

The extended axial FOV and increased sensitivity of TB-PET/
CT systems make them particularly well-suited for positro-
nium imaging, enabling whole-body assessment of positro-
nium lifetimes with improved temporal resolution.
The potential applications of positronium imaging in oncol-

ogy are especially promising when implemented on TB-PET/
CT platforms. Tumors often exhibit altered tissue density and
microenvironment compared to healthy tissues, affecting the
lifetime of positronium and potentially allowing for more
accurate identification and characterization of malignancies.57-
59 The combination of metabolic information from conven-
tional PET scans with structural insights at the nano-scale level
could enable an improved cancer characterization.59

To implement positronium lifetime imaging, radiopharma-
ceuticals that emit an additional photon besides the standard
annihilation photons are required, such as 44Sc,66Ga, or 94Tc
(for physics experiments) and 124I, 68Ga (clinical purposes).56
The process involves detecting the initial de-excitation photon
from the radioisotope, followed by the detection of the subse-
quent annihilation photons, and calculating the time difference
to estimate positron lifetime.53 TB-PET/CT systems, with their
improved timing resolution and extended coverage, are particu-
larly adept at capturing these complex decay schemes across the
whole body. Collected positron lifetime spectra in each voxel of
the image can be analyzed to estimate mean positronium life-
time, potentially revealing structural changes in tissues not visi-
ble through standard PET imaging alone.56

The first in-vivo positronium image of the human brain
was recently demonstrated with the multiphoton J-PET scan-
ner.55 The concept of positronium imaging has shown prom-
ising results in phantom studies in a clinically employed
LAFOV-PET scanner.61 In addition, a study by Qi and
Huang (2022)62,63 developed a new reconstruction method
for positronium lifetime images, which may enable high-res-
olution imaging of the tissue microenvironment.53 Moreover,
a study by Takyu et al.61 highlighted the ability of positro-
nium imaging to distinguish between hypoxic and normoxic
tissues based on oxygen levels, which could be relevant in
both cancer and cardiovascular disease management.



Figure 6 Input images of shorter scan time (the first row) and the predicted full dose (ie denoised) images generated
using UNet3D (the second row). Note that all the images were normalized by the total injected activities.
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Positronium’s sensitivity to hypoxia offers a potential method
for detecting and characterizing regions of low oxygenation
in tumors or other tissues.60 However, future trials are man-
datory to assess the biological relevance and clinical feasibil-
ity of in vivo positronium imaging.
AI’s Application in Total Body
PET
Artificial intelligence (AI), especially deep learning, has been
increasingly applied in TB-PET/CT, to reduce scan time,
improve image quality, and enhance diagnostic accuracy.64

Deep learning models, such as convolutional neural networks
and diffusion models, can be used to denoise PET images,
thus reconstructing high-quality images from PET scans of
lower radiotracer doses or shorter scan times.64�67 With the
high sensitivity of TB-PET/CT, these models can further
reduce scan time while maintaining diagnostic quality, with
only 10% of the original scan time. Fig. 6 shows some AI-
reconstructed images generated from PET scans of different
scan time reduction factors ranging from 1% to 50%. As the
scan time becomes shorter, the AI-recovered PET images
become blurrier, but the images recovered from a reduction
factor larger than 10% are visually acceptable for diagnostics.
As for image quality improvement, the high-resolution images
from TB-PET/CT scanners, such as uEXPLORER, can help
optimize the quality of images from short-axis PET scanners
through deep learning while controlling costs.68
Conclusion and Future Outlook
TB-PET/CT has greatly impacted nuclear medicine by enabling
high-resolution, whole-body imaging in a single bed position.
This advancement significantly enhances the ability to capture
dynamic processes across multiple organs simultaneously,
which enables kinetic modeling or model-free approaches to
dynamic imaging. The utilization of background radiation that
is present in the PET detector crystals can be used to acquire
attenuation correction maps, which can be beneficial for
repeated scans in dynamic imaging scenarios or for low dose
PET examinations. Positronium imaging, when combined
with TB-PET/CT, adds another layer of detail by revealing
structural information at the nanoscale, which might help to
assess the oxygenation level of the tissue.

Looking forward, the synergy between TB-PET/CT and
artificial intelligence is expected to further enhance the clini-
cal feasibility of molecular imaging. AI-driven technologies
are expected to enhance image quality and reduce scan times,
which is particularly applicable to the high sensitivity TB-
PET/CT examinations. Multi-tracer imaging in TB-PET/CT
systems could enable simultaneous investigation of diverse
biological processes, leading to more holistic and personal-
ized diagnostic approaches. In the near future, these develop-
ments could establish TB-PET/CT as a reference standard in
diagnostic imaging, with capabilities that significantly
enhance early detection, treatment planning, and overall
patient care compared to conventional PET.
Declaration of competing
interest
The authors declare the following financial interests/personal
relationships which may be considered as potential compet-
ing interests:

Narendra Rathod reports financial support was provided
by University of Bern. Narendra Rathod reports a relation-
ship with University of Bern that includes: employment. I am
Narendra Rathod working as a Post-doc in University of Bern
is my relation with the University and hence with the funding
grants. If there are other authors, they declare that they have
no known competing financial interests or personal



Total Body PET/CT: Clinical Value and Future Aspects of Quantification in Static and Dynamic Imaging 105
relationships that could have appeared to influence the work
reported in this paper.
CRediT authorship contribution
statement
Narendra Rathod: Writing � review & editing, Writing �
original draft, Visualization, Validation, Software, Resources,
Project administration, Methodology, Investigation, Formal
analysis, Conceptualization. Warissara Jutidamrongphan:
Writing � review & editing. Wolfram Andreas Bosbach:
Writing � review & editing. Yizhou Chen: Writing �
review & editing, Writing � original draft, Data curation.
Jan Luca Penner: Writing � review & editing. Hasan Sari:
Writing � review & editing, Resources. Konstantinos Zeim-
pekis: Writing � review & editing, Validation, Resources,
Conceptualization. Alejandro L�opez Montes: Writing �
review & editing. Pawel Moskal: Writing � review & edit-
ing. Ewa Stepien: Writing � review & editing. Kuangyu
Shi: Writing � review & editing, Resources. Axel
Rominger: Writing � review & editing. Robert Seifert:
Writing � review & editing, Supervision, Resources,
Conceptualization.
References
1. Vandenberghe S, Moskal P, Karp JS: State of the art in total body PET.

EJNMMI Phys 7(1):35, 2020. https://doi.org/10.1186/s40658-020-
00290-2

2. Alberts I, H€unermund J-N, Prenosil G, et al: Clinical performance of
long axial field of view PET/CT: a head-to-head intra-individual com-
parison of the Biograph Vision Quadra with the Biograph Vision PET/
CT. Eur J Nucl Med Mol Imaging 48:2395-2404, 2021

3. Cherry SR, Jones T, Karp JS, et al: Total-body PET: maximizing sensitiv-
ity to create new opportunities for clinical research and patient care. J
Nucl Med 59:3-12, 2018

4. Conti M, Bendriem B, Casey M, et al: Performance of a high sensitivity
PET scanner based on LSO panel detectors. Nucl Sci, IEEE Transac on
53:1136-1142, 2006

5. Mingels C, Caobelli F, Alavi A, et al: Total-body PET/CT or LAFOV
PET/CT? Axial field-of-view clinical classification. Eur J Nucl Med Mol
Imaging 51:951-953, 2024

6. Watanabe M, Shimizu K, Omura T, et al: A high-throughput whole-
body PET scanner using flat panel PS-PMTs. IEEE Transac Nucl Sci
51:796-800, 2004

7. Height >Data visualisations >NCD-RisC. https://ncdrisc.org/data-visu-
alisations-height.html. Access date October 2024.

8. Henrich TJ, Jones T, Beckford-Vera D, et al: Total-body PET imaging in
infectious diseases. PET Clinics 16:89-97, 2021

9. Versluys TMM, Foley RA, Skylark WJ: The influence of leg-to-body
ratio, arm-to-body ratio and intra-limb ratio on male human attractive-
ness. R Soc Open Sci 5:171790, 2018

10. Dai B, Daube-Witherspoon ME, McDonald S, et al: Performance evalua-
tion of the PennPET explorer with expanded axial coverage. Phys Med
Biol 68:095007, 2023

11. Rahmim A, Lodge MA, Karakatsanis NA, et al: Dynamic whole-body
PET imaging: principles, potentials and applications. Eur J Nucl Med
Mol Imaging 46:501-518, 2019

12. Surti S, Pantel AR, Karp JS: Total body PET: why, how, what for? IEEE
Trans Radiat Plasma Med Sci 4:283-292, 2020
13. Cherry SR, Diekmann J, Bengel FM: Total-body positron emission
tomography: adding new perspectives to cardiovascular research. JACC
Cardiovasc Imaging 16:1335-1347, 2023

14. Badawi RD, Shi H, Hu P, et al: First human imaging studies with
the EXPLORER total-body PET scanner*. J Nucl Med 60:299-303,
2019

15. Karp JS, Viswanath V, Geagan MJ, et al: PennPET Explorer: design and
preliminary performance of a whole-body imager. J Nucl Med: Offic
Pub, Soc Nucl Med 61, 2020

16. Slart RH, Bengel FM, Akincioglu C, et al: Total-body PET/CT applica-
tions in Cardiovascular diseases: A perspective document of the SNMMI
Cardiovascular Council. J Nucl Med 65:607-616, 2024

17. Cherry SR, Badawi RD, Karp JS, et al: Total-body imaging: transforming
the role of positron emission tomography. Sci Transl Med 9:eaaf6169,
2017

18. Tomasi G, Kimberley S, Rosso L, et al: Double-input compartmental
modeling and spectral analysis for the quantification of positron emis-
sion tomography data in oncology. Phys. Med. Biol. 57:1889, 2012

19. Veronese M, Rizzo G, Bertoldo A, et al: Spectral analysis of dynamic PET
studies: A review of 20 years of method developments and applications.
Comput Math Meth Med 2016:7187541, 2016

20. Patlak CS, Blasberg RG, Fenstermacher JD: Graphical evaluation of
blood-to-brain transfer constants from multiple-time uptake data. J
Cereb Blood Flow Metab 3:1-7, 1983.

21. Nakajo M, Ojima S, Kawakami H, et al: Value of Patlak Ki images from
18F-FDG-PET/CT for evaluation of the relationships between disease
activity and clinical events in cardiac sarcoidosis. Sci Rep 11:2729, 2021

22. Zaker N, Haddad K, Faghihi R, et al: Direct inference of Patlak paramet-
ric images in whole-body PET/CT imaging using convolutional neural
networks. Eur J Nucl Med Mol Imaging 49, 2022

23. Dias AH, Jochumsen MR, Zacho HD, et al: Multiparametric dynamic
whole-body PSMA PET/CT using [68Ga]Ga-PSMA-11 and [18F]PSMA-
1007. EJNMMI Res 13:31, 2023

24. Koehler D, Sauer M, Karimzadeh A, et al: Evaluation of [68 Ga]Ga-
PSMA-I&T PET/CT with additional late scans of the pelvis in prostate-
specific antigen recurrence using the PROMISE criteria. EJNMMI Res
12:66, 2022

25. Seifert R, Telli T, Opitz M, et al: Non-specific PSMA-1007 bone uptake
evaluated through PSMA-11 PET, bone scan and MRI triple validation
in patients with biochemical recurrence of prostate cancer. J Nucl Med
64:738-743, 2023

26. Sachpekidis C, Afshar-Oromieh A, Kopka K, et al: 18F-PSMA-1007
multiparametric, dynamic PET/CT in biochemical relapse and pro-
gression of prostate cancer. Eur J Nucl Med Mol Imaging 47:592-
602, 2020

27. Pan L, Sachpekidis C, Hassel J, et al: Impact of different parametric Pat-
lak imaging approaches and comparison with a 2-tissue compartment
pharmacokinetic model with a long axial field-of-view (LAFOV) PET/
CT in oncological patients. Eur J Nucl Med Mol Imaging: 1-15, 2024.

28. Larsson HBW, Law I, Andersen TL, et al: Brain perfusion estimation by
Tikhonov model-free deconvolution in a long axial field of view PET/
CT scanner exploring five different PET tracers. Eur J Nucl Med Mol
Imaging 51:707-720, 2024

29. Sari H, Eriksson L, Mingels C, et al: Feasibility of using abbreviated scan
protocols with population-based input functions for accurate kinetic
modeling of [18F]-FDG datasets from a long axial FOV PET scanner.
Eur J Nucl Med Mol Imaging 50:257-265, 2023

30. Mercolli L, Bregenzer C, Diemling M, et al: Internal dosimetry study of
[82Rb]Cl using a long axial field-of-view PET/CT. Eur J Nucl Med Mol
Imaging 51:1869-1875, 2024

31. Rezaei A, Deroose CM, Vahle T, et al: Joint reconstruction of activity and
attenuation in time-of-flight PET: A quantitative analysis. J Nucl Med:
Offic Pub, Soc Nucl Med 59, 2018

32. Mehranian A, Arabi H, Zaidi H: Vision 20/20: magnetic resonance imag-
ing-guided attenuation correction in PET/MRI: challenges, solutions,
and opportunities. Med Phys 43, 2016

33. Sari H, Teimoorisichani M, Pyka T, et al: Ultra-low-dose PET imaging in
long axial field-of-view PET scanners with LSO transmission-based
attenuation correction. J Nucl Med 65:241061, 2024

https://doi.org/10.1186/s40658-020-00290-2
https://doi.org/10.1186/s40658-020-00290-2
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0002
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0002
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0002
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0002
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0002
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0003
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0003
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0003
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0004
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0004
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0004
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0005
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0005
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0005
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0006
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0006
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0006
https://ncdrisc.org/data-visualisations-height.html
https://ncdrisc.org/data-visualisations-height.html
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0008
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0008
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0009
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0009
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0009
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0010
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0010
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0010
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0011
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0011
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0011
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0012
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0012
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0013
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0013
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0013
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0014
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0014
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0014
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0015
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0015
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0015
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0016
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0016
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0016
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0017
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0017
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0017
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0018
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0018
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0018
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0019
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0019
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0019
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0020
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0020
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0020
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0021
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0021
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0021
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0022
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0022
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0022
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0023
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0023
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0023
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0024
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0024
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0024
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0024
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0025
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0025
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0025
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0025
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0026
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0026
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0026
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0026
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0027
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0027
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0027
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0027
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0028
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0028
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0028
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0028
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0029
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0029
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0029
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0029
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0030
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0030
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0030
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0031
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0031
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0031
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0032
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0032
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0032
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0033
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0033
http://refhub.elsevier.com/S0001-2998(24)00110-7/sbref0033


106 N. Rathod et al.
34. Teimoorisichani M, Panin V, Rothfuss H, et al: A CT-less approach to
quantitative PET imaging using the LSO intrinsic radiation for long-axial
FOV PET scanners. Med Phys 49:309-323, 2022
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