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A B S T R A C T

Early perfusion amyloid-PET imaging is emerging as a valuable tool to potentially capture patients’ neuro
degeneration patterns, allowing same-day, same-tracer categorization of both amyloidosis (A) and neuro
degeneration (N) biomarkers. Early perfusion amyloid-PET might provide an added value for differential 
diagnosis and, in keeping with the capability of FDG-PET to indirectly track co-pathology in AD patients, it may 
complement the information provided by amyloid PET thus supporting a more accurate weighting of the 
different underlying pathological processes. Early perfusion imaging is, at the moment, still a research tool, as 
high-level evidence regarding a non-inferiority with respect to FDG-PET (especially in MCI patients) is still not 
available due to the lack of dedicated clinical trials. The present paper states the position of EANM on early 
perfusion imaging in the framework of dual-point amyloid-PET studies. The mounting evidence for its use, as 
well as unmet needs and potential cost-effectiveness, are summarized and discussed with the aim of paving the 
path for a proper recognition of its added value in the AT(N) system and in the clinical setting to further support 
differential diagnosis.

1. Introduction

In the last decade, a biological approach for the definition and 
staging of Alzheimer’s disease (AD) and neurodegenerative dementia 
has emerged [1,2]. For AD, the so-called AT(N) (β-amyloid [Aβ], tau, 
neurodegeneration) system biologically categorizes individuals based 
on the AD fluid/imaging biomarkers, independently of cognition or 
clinical staging [1].

The AT(N) framework was published in 2018 and revised in 2024 
[1]. One of the more recent developments underlying the revision of AT 
(N) system was the recognition that imaging, cerebrospinal fluid (CSF), 
and blood-based biomarkers are interchangeable, within a pathobio
logical AT(N) category, for some—but not all—intended uses [1]. 
Notably, the revised biological framework is also proposing a different 
categorization of hierarchy among core biomarkers whose discussion 
falls outside the aims of the present paper. Different PET targets are 
historically included in the different biomarkers AT(N) categories: (i) 
amyloid-PET for β-amyloid plaques, (ii) tau PET for cortical and 
subcortical tau deposits, and (iii) [18F]fluoro-2-deoxyglucose (FDG) PET 
to track neurodegeneration [1,2]. In this regard, while the capability to 
provide topographical details is one of the advantages of imaging bio
markers only, one of the drawbacks of imaging is the possibility to track 
just one pathological process at a time (A, T, or N).

In recent years, radiopharmaceuticals for amyloid-PET imaging seem 
to have overcome this limitation. A mounting body of evidence has 
shown that, given their highly lipophilic nature and thanks to a modified 
dual-point acquisition, all EMA- and FDA-approved amyloid-PET tracers 

are able to provide information on cerebral blood flow (CBF) [3–27]. 
Several pioneering pathophysiological studies have demonstrated that 
CBF is coupled with brain metabolism, thus suggesting the possibility to 
use brain perfusion imaging as a surrogate for FDG-PET [28–32]. Based 
on this evidence, amyloid-PET tracers are potentially able to provide 
both A and N categorization, thus bringing some practical advantages 
and a relevant added value in terms of diagnosis and prognostic strati
fication of AD patients and differential diagnosis (also in A-subjects). 
Furthermore, blood-biomarkers hold promise in the research setting but 
they are still considered investigational in Europe. Accordingly, a 
dual-point amyloid PET acquisition protocol, once properly validated, 
may open a practical opportunity to obtain A and N categories with a 
non-invasive procedure in the clinical setting. However, even if early 
perfusion amyloid imaging has now been investigated for more than ten 
years, a modified dual-point acquisition capturing also CBF is still not 
considered part of the routine use of amyloid-PET tracers.

This paper states the position of EANM on early perfusion imaging in 
the framework of dual-point amyloid-PET studies. The mounting evi
dence for use will be summarized and discussed with the aim of paving 
the path for a proper recognition of its added value in the AT(N) system 
and in the clinical setting to further support differential diagnosis.

2. Procedures for dual-point amyloid-PET imaging

Early perfusion amyloid imaging has been investigated since 2011 
with [11C] Pittsburgh compound B [[11C]PiB] as reference tracer [4] 
and in more recent years with the three fluorinated tracers [18F] 
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florbetapir, [18F]flutemetamol, and [18F]florbetaben [3–27]. The cur
rent amyloid-PET imaging procedure guidelines only mention the pos
sibility of performing early perfusion imaging without detailing its 
procedure or its specific clinical use [33]. Therefore, there is a lack of 
standardization in the published studies with heterogeneous acquisition 
protocols. A protocol with early acquisitions in the first 5–10 minutes 
following the injection has been, nevertheless, the most representative 
scheme of acquisitions among the selected studies [4–26]. In this regard, 
despite the lack of proper validation against O-15 water PET (the current 
gold standard for cerebral perfusion measurement), converging lines of 
evidence on the most appropriate time window for acquisition of 
early-phase imaging are emerging [13,14]. In particular, while a longer 
acquisition time (i.e. 1–8 min) might be suboptimal method to diagnose 
patients, early time window (2–5 min) after radiotracer injection seems 
to be more directly correlated to metabolism captured by FDG-PET) [13,
14].

Furthemore, while semiquantitative and voxel-based approaches can 
be applied to “static” early perfusion images, other analyses using 
compartment models allow to calculate R1 parametric images, [4,15,17,
20]. Namely, the delivery rate, R1, computed as the ratio of K1 to its 
reference region value, is considered an indicator of relative perfusion 
that can be obtained using the simplified reference tissue model method. 
The delivery rate R1 has shown a good correlation to FDG uptake, 
suggesting its potential use as a biomarker of neuronal dysfunction [4,

15,17,20]. By contrast, kinetic modeling method to derive the K1 value 
requires concomitant arterial cannulation during dynamic PET scanning 
[34]. Since this position paper aims to discuss the potential for a future, 
more clinically oriented use, these more advanced methods for 
amyloid-PET quantification will not be specifically discussed.

3. Clinical evidence and comparison between brain perfusion 
and brain metabolism

FDG is the radiopharmaceutical historically used for the diagnosis of 
neurodegenerative diseases due to its high diagnostic accuracy in 
identifying disease-related patterns in patients with AD, frontotemporal 
lobar degeneration (FTLD), Lewy body dementia (LBD), etc. [2]. 
Because of the similarity between FDG-PET and early perfusion imaging 
and the possibility of a one-stop shop, the potential of early perfusion 
imaging in the differential diagnosis of neurodegenerative diseases has 
been examined. Moreover, in keeping with the capability of FDG-PET to 
indirectly track co-pathology in AD patients, early-phase acquisition 
may complement the information provided by amyloid PET thus sup
porting a more accurate weighting of the different underlying patho
logical processes. Again, after a proper validation, on the same day of 
standard amyloid PET, early perfusion imaging may allow to disentangle 
more complex scenarios in individuals who have discrepant biological 
and clinical stages due to co-pathologies and comorbidities [35]. Some 
differences between the FDG and early-phase regional patterns have 
been described ([25] (see Fig. 1). In particular, higher early-phase am
yloid tracer distribution with respect to FDG uptake is expected in the 
brain stem, cerebellum, anterior cingulate, and thalamus, while lower 
uptake compared to FDG is present in the prefrontal, orbitofrontal, 
posterior parietal, and superior temporal regions [3,4,10,12,22,25,26]. 
On the other side, volumetric region of interest analyses of parietal, 
posterior cingulate, precuneus, and temporal tracer uptake, that are of 
special interest for the diagnosis of AD, were identified as regions of 
higher correlation between early-phase amyloid and FDG [26]. More
over, in the comprehensive study by Seiffert et al., a simplified strategy 
called FMF (first-minute frame) was used and a static image of the 
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Fig. 1. FDG, early perfusion amyloid-PET, and late standard amyloid-PET in a patient with Alzheimer’s disease (AD) ([18F]Flutemetamol, panel A) and in a patient 
with behavioral variant of fronto-temporal dementia (bvFTD) ([18F]Florbetaben, panel B). Regardless of the disease-related pattern (posterior in patient A and 
anterior in patient B), FDG and early perfusion imaging show largely overlapping distribution with small differences. Higher early-phase amyloid tracer distribution 
with respect to FDG uptake is expected in the brain stem, cerebellum, anterior cingulate, and thalamus, while lower uptake compared to FDG is present in the 
prefrontal, orbitofrontal, posterior parietal, and superior temporal regions.
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first-minute frame was obtained in 60 patients acquired with [18F]flor
betapir, [18F]flutemetamol, or [18F]florbetaben, [26]. Again, standard 
uptake value ratio (SUVR) analyses revealed that while FDG-PET images 
present higher mean SUVRs in cortical regions, the intensity profiles had 
high correlation (up to r = 0.98) and variations have been reported in 
deep cerebral nuclei, thalamus, and cerebellum. In this regards, aside 
the partial differences in terms of biodistribution, it should be noted that 
a lower signal-to-noise ratio is generally evident with early perfusion 
imaging with respect to FDG-PET due to the different magnitude of the 
signal associated with perfusion. This aspect should be considered 
especially when evaluating MCI patients and a special consideration 
should be given to the risk of error or misclassification of the “N” 
category or differential diagnoses due to limited sensitivity of 
early-phase amyloid PET (with respect to FDG-PET). Despite these dif
ferences, to date, several studies have compared the perfusion-like 
property of early-phase amyloid images with FDG, all suggesting fair 
agreement and a potential similar value in the clinical setting. All 
approved amyloid tracers have been already compared with FDG in 
cohorts varying in magnitude, assessment methods, and target pop
ulations [3,4,10,12,22,25,26].

Early studies mainly investigated comparison of FDG with dynamic 
PET images based on the first 10 minutes post-injection. More recently, 
simplified approaches and clinically more useable methods have been 
developed and assessed. The sensitivity of modern PET/CT and PET/ 
MRI scanners can probably allow to focus on an even shorter acquisition, 
thus further reducing scanner occupancy and allowing a tighter picture 
of CBF.

Finally, in other neurodegenerative diseases such as FTLD and LBD, 
and even in patients with cerebral amyloid angiopathy (CAA), early- 
phase PET scans have already demonstrated a potential added value in 
line with other CBF biomarkers [14,22,23,36,37].

4. Voxel-based approaches and implications for amyloid-PET 
semiquantification

Once brain perfusion images are properly generated, voxel-based 
analysis stands as a pivotal tool, capable of identifying abnormalities 
in brain perfusion. Early perfusion amyloid-PET has been used for 
generating hypoperfusion maps associated with different group patients 
or even for detecting hyperperfusion regions when intensity scaling is 
appropriately applied [17]. Recently, voxel-based analysis was used for 
generating hypoperfusion maps supporting scan classification at the 
single-subject level [23]. Spatial overlapping between hypoperfusion 
and hypometabolic maps from the single patient was also investigated 
[23]. This work, along with previous studies, further solidifies 
voxel-based analysis as an optimal tool for generating hypoperfusion 
maps at the clinical level.

As a further remark, it is worth mentioning that perfusion images can 
aid in improving the quantification of amyloid-PET imaging. It is well 
known that semi-quantitative values obtained from static amyloid-PET 
studies can be impaired by many factors such as the proper identifica
tion of the reference region [1], changes on brain perfusion, both on 
target and reference regions, or partial volume effects. In this regard, 
several quantification strategies have been proposed to support the 
estimation of semi-quantitative values from dual-time amyloid-PET 
data, however, there is still lack of software providing a dedicated 
pipeline [38]. As a matter of fact, the definition of integrated semi
quantification pipelines, the availability of dedicated templates and 
normative datasets represent gating milestones for a clinical imple
mentation of early-phase amyloid PET.

5. Unmet clinical need and potential cost-effectiveness

Among patients requiring amyloid-PET imaging for suspected AD, 
several might need—in addition to brain MRI—an evaluation of neu
rodegeneration using FDG-PET. This scenario applies to the need of 

evaluating short-term prognosis of MCI and supports a more compre
hensive evaluation of patients with comorbidities [36]. Finally, the 
complexity of the scenarios of neurodegenerative dementia further in
creases when moving to patients with cognitive impairment associated 
to behavioral and motor symptoms. As an example, in the recently 
published European Consensus for the use of biomarkers in dementia 
and mild cognitive impairment, motor tauopathies were also discussed 
[39]. Both in the suspect of progressive supranuclear palsy (PSP) and in 
case of cortico-basal syndrome (CBS), FDG-PET is considered the first 
biomarker. However, while in case of a pattern typical of PSP no further 
biomarkers are required, in patients with CBS, regardless of the pattern, 
a further CSF assessment is suggested to exclude CBS due to AD [39]. A 
dual time-point amyloid-PET acquisition might provide A and N cate
gorization including disease-pattern definition in one appointment, 
thereby avoiding the need of a second biomarker. Notably, when amy
loid PET imaging is, more in general, used for the differential diagnosis 
between AD and FTLD or to disentangle complex scenarios such as the 
etiological diagnosis of primary progressive aphasia (PPA), a negative 
amyloid PET clearly supports the identification of a disorder in the FTLD 
spectrum [39]. In this regard, a negative amyloid PET associated with 
the evidence of left fronto-lateral and fronto-insular hypoperfusion on 
early-frame images can allow a comprehensive definition of A and N 
categorization including topographic insights to strongly support the 
presence of progressive non-fluent aphasia [40].

As a final remark, the absence of disease-specific patterns on FDG- 
PET strongly predicts preserved cognitive function in longitudinal 
studies [36,41]. These lines of evidence are in keeping with the prog
nostic role of FDG-PET which might represent an added value also of 
early perfusion imaging; however, given the potential lower sensitivity 
of early perfusion imaging with respect FDG-PET especially in MCI pa
tients, the added prognostic value of “negative” early-frame images 
should be validated in dedicated studies.

Moreover, the impact in terms of dosimetry of the coregistered CT 
and inconvenience of longer exams for the patients, also limiting the 
availability of PET infrastructure for other indications and other pa
tients, should be considered. On the other side, while the diagnostic care 
pathway will dictate whether amyloid PET or FDG PET is more appro
priate on a single-patient basis, some technical considerations might 
support the utility of a dual point protocol to avoid a dedicated FDG-PET 
imaging in some patients. This is particularly relevant for patients with 
uncontrolled diabetes and/or complex drugs schedule as fasting is not 
required for early phase amyloid PET and there is no interference with 
patient’s glucose levels.

Similarly, while a further acquisition affects scanner capacity, in 
selected patients, such a dual-time procedure would be associated with 
lower direct (radiopharmaceutical) and indirect costs than the combi
nation of two exams on two distinct days for amyloid and FDG-PET 
acquisition. Moreover, time can be saved not only for the patient, but 
also for caregivers and the nuclear medicine service staff. The latter 
aspect is not to be underestimated in the target cohort, namely patients 
with dementia, who often show limited capabilities to cooperate.

In this line, previous studies have already suggested the cost- 
effectiveness of the two exams separately, with greater effect expected 
in the context of new therapies, also impacting institutionalization and 
mortality [42,43]. A systematic combination of the two exams in the 
same procedure should be further evaluated in dedicated studies. Spe
cific reimbursements exist for additional SPECT procedures, such as 
early or delayed acquisition, or dynamic acquisition, for bone or cardiac 
scans; however, in many countries, this level of development of dual 
acquisition for brain PET imaging will require similar support from 
healthcare systems, considering the associated work in terms of longer 
PET procedure and dual interpretation.
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6. Emerging role of early perfusion imaging in nuclear 
neurology

Dual-phase acquisition protocols are mainly established for amyloid- 
PET imaging but can also be applied to other PET radiotracers with high 
blood extraction, as present for tau-PET or dopamine-transporter-PET 
[44,45]. In particular, dual-phase tau-PET provides the opportunity to 
generate simultaneous information on tau burden (T) and neuronal 
neurodegeneration (N) with a one-stop shop and relevant impact also for 
parkinsonian syndrome [44,45]. Similarly, dopaminergic PET imaging 
can be used for the clinical work-up of patients with PD and related 
disorders [46]. The early-phase assessment of some 
dopamine-transporter PET tracers demonstrated robust assessment of 
neurodegeneration across several studies [47] possibly supporting dual 
information (i.e. “D+/− “ and “N+/− “) for novel biological classifica
tion of PD and dementia with Lewy bodies [48].

7. Need for further validation and future directions

Dual-point amyloid-PET acquisition might have the potential to 
replace FDG scan when both the amyloid status and the neurodegener
ative pattern are important for diagnostic purposes. However, high-level 
evidence regarding a non-inferiority with respect to FDG-PET (espe
cially in MCI patients) is still not available due to the lack of dedicated 
clinical trials. Indeed, a formal prospective comparison of FDG and 
early-phase PET in a homogeneous population of MCI patients (in 
absence of patients with over AD or other dementia) is certainly needed. 
Of note, recent projects are also trying to maximize the utility of early 
perfusion imaging through the prediction of amyloid-β positivity using 
early-phase scans and clinical features by means of a machine learning 
model [49].

While early perfusion imaging is, currently, still a research tool, this 
technique should be further considered in future updates of the AT(N) 
and other AD biomarker classification concepts, defining the population 
for which this adapted protocol could become standard.

Moreover, it is necessary to provide additional training for the PET 
technologists and physicians on how to acquire and analyze early brain 
perfusion images as well as on which pitfalls should be expected. This 
concept can be included in the standard amyloid-PET training that new 
readers are required to undergo. Similarly, while software tools that are 
used to analyze FDG-PET images could, in principle, accomplish the 
same task also for early perfusion imaging, a proper validation and 
definition of a new dedicated pipeline are needed. The Nuclear Medicine 
community will need to finalize open science efforts to provide dedi
cated templates, normative datasets and freeware tools as previously 
done both for FDG and amyloid PET studies.

Finally, in clinical care, the question of reimbursement for providing 
the additional “N” biomarker out of only one amyloid tracer injection is 
obviously of relevance. In this regard, a complete translation to clinical 
practice of amyloid-PET dual-point protocol requires not only prospec
tive clinical trials, but also more general support by the PET imaging 
community.
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