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Cerebral blood flow (CBF) may be estimated from early-frame PET
imaging of lipophilic tracers, such as amyloid agents, enabling mea-
surement of this important biomarker in participants with dementia
and memory decline. Although previous methods could map relative
CBF, quantitative measurement in absolute units (mL/100g/min)
remained challenging and has not been evaluated against the gold
standard method of [15O]water PET. The purpose of this study was to
develop and validate a minimally invasive quantitative CBF imaging
method combining early [18F]florbetaben (eFBB) with phase-contrast
MRI using simultaneous PET/MRI. Methods: Twenty participants
(11 men and 9 women; 8 cognitively normal, 9 with mild cognitive
impairment, and 3 with dementia; 10 b-amyloid negative and 10
b-amyloid positive; 6969y old) underwent [15O]water PET, phase-
contract MRI, and eFBB imaging in a single session on a 3-T PET/MRI
scanner. Quantitative CBF images were created from the first 2min of
brain activity after [18F]florbetaben injection combined with phase-
contrast MRI measurement of total brain blood flow. These maps were
compared with [15O]water CBF using concordance correlation (CC) and
Bland–Altman statistics for gray matter, white matter, and individual
regions derived from the automated anatomic labeling (AAL) atlas.
Results: The 2 methods showed similar results in gray matter
([15O]water, 55.2614.7mL/100g/min; eFBB, 55.96 14.2mL/100g/min;
difference, 0.762.4mL/100g/min;P5 0.2) andwhitematter ([15O]water,
21.465.6mL/100g/min; eFBB, 21.265.3mL/100g/min; difference,
20.261.0mL/100g/min; P 5 0.4). The intrasubject CC for AAL-
derived regions was high (0.9160.04). Intersubject CC in different
AAL-derived regions was similarly high, ranging from 0.86 for midfron-
tal regions to 0.98 for temporal regions. There were no significant dif-
ferences in performance between the methods in the amyloid-positive
and amyloid-negative groups as well as participants with different
cognitive statuses. Conclusion: We conclude that eFBB PET/MRI
can provide robust CBF measurements, highlighting the capability of
simultaneous PET/MRI to provide measurements of both CBF and
amyloid burden in a single imaging session in participants with mem-
ory disorders.

Key Words: [18F]florbetaben PET; phase-contrast MRI; PET/MRI;
cerebral blood flow

J Nucl Med 2024; 65:306–312
DOI: 10.2967/jnumed.123.266273

Cerebral blood flow (CBF) is an important biomarker in many
neurologic disorders, including neurodegenerative and cerebrovas-
cular diseases, and has been associated with changes in cognitive
status (1–5). Subsequent work identified reduced CBF as a key
component in early pathologic mechanisms and prognosis of Alz-
heimer disease (AD) and cognitive decline as well as in normal
aging (6–9). Preclinical AD has been conceptualized as a synaptic
disease, primarily driven by b-amyloid (Ab) plaque and tau tangle
deposition (10), yet cognitively normal individuals can present
with elevated amyloid levels identical to those seen in AD pathol-
ogy (11). Other biomarkers, including perfusion, may be relevant
to neurodegeneration and cognitive decline (12). [15O]water PET
is the gold standard for quantitative CBF measurements but is pri-
marily limited to research facilities with an on-site cyclotron due
to the tracer’s extremely short half-life (�2min).
Conceptually, early-frame PET imaging of lipophilic radiotra-

cers with a high extraction fraction offers the potential to measure
CBF using tracer kinetic methods, in which it is usually referred to
as K1. However, such quantification requires measurement of an
arterial input function, which may require invasive arterial cannu-
lation. This analysis method may be limited by uncertainties intro-
duced by downstream radiotracer metabolites. Furthermore, the
requirement for high temporal resolution leads to a lower signal-
to-noise ratio in the individual frames. Despite these challenges,
this dual use of a single PET agent is attractive because of the
potential for simultaneously measuring both CBF and molecular
binding information.
Previous studies using a range of tracers showed good correla-

tion between early-frame PET imaging and CBF, but no studies
have proposed a method to move from relative to absolute CBF
measurements (13–16). One agent that has been proposed for such
dual use is [18F]florbetaben, a tracer that in late time windows can
image b-amyloid burden within the cerebral cortex, a necessary
but nonsufficient condition for a diagnosis of AD (17). As such,
[18F]florbetaben could be used to image 2 critical biomarkers in a
single study evaluation, revealing a more complete picture of the
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vascular and molecular profiles of participants with cognitive
decline. The aim of this study was to develop a method to quantify
CBF by combining early [18F]florbetaben (eFBB) PET with
phase-contrast MRI using simultaneous PET/MRI. The results
were validated against gold standard [15O]water PET CBF mea-
surements acquired in the same session.

MATERIALS AND METHODS

Study Design and Participants
This study was approved by the Stanford Institutional Review

Board. All participants or their legally appointed representatives pro-
vided written informed consent before the imaging session. Partici-
pants were recruited through the Stanford Alzheimer Disease Research
Center. This center reaches out to participants with memory issues and
older, cognitively normal adults for the purposes of better understanding
the pathophysiologic changes related to dementia.

PET Image Acquisition and Reconstruction
All PET and MR images were acquired on a simultaneous time-of-

flight–enabled 3-T PET/MRI scanner (Signa; GE Healthcare). Each
participant received an intravenous injection of [15O]water (775 MBq)
through the antecubital vein. Images were reconstructed using a time-
of-flight ordered-subset expectation maximization algorithm with
3 iterations and 28 subsets, a nominal matrix size of 1923 192, a field
of view of 300 mm, and a slice thickness of 2.78 mm. At 20 min after
the [15O]water PET imaging session, [18F]florbetaben (330 MBq) was
injected in the same manner, and list-mode PET was acquired for a
20-min period. After the completion of the early-frame PET acquisi-
tion, participants were kept outside the scanner until the beginning of
late-phase standard imaging in accordance with the [18F]florbetaben
protocol. Static reconstructions were performed on list-mode data
acquired between injection and 30, 60, 120, and 300 s to determine
the optimal early-frame duration. The eFBB PET reconstruction was
performed with the time-of-flight ordered-subset expectation maximi-
zation algorithm (3 iterations, 28 subsets) using the vendor’s zero-
echo-time method for attenuation correction and a 4-mm gaussian
postreconstruction filter. Late-phase static [18F]florbetaben scans were
also acquired between 90 and 110 min after injection to assess the
amyloid burden of each participant.

MR Image Acquisition
Phase-contrast MRI was acquired for the quantitative measurement

of blood flow velocity and vessel area in the internal carotid arteries
and vertebral arteries simultaneously with the [15O]water PET session.
A single-slice cardiac-gated fast low-angle gradient-echo sequence
with the following parameters was used: TR/TE, 12/4.6 ms; flip angle,
20�; matrix size, 480 3 384; voxel size, 0.375 3 0.375 mm; slice
thickness, 3 mm; number of averages, 2; and velocity encoding, 100
cm/s in the inferior to posterior direction. The placement of the imag-
ing slices at the flexion of the vertebral artery at the second cervical
vertebra, perpendicular to the internal carotid arteries and vertebral
arteries, was confirmed by a noncontrast cervical MR angiogram. Fast
spoiled gradient-echo T1-weighted anatomic MRI was simultaneously
performed for estimating the whole brain volume, with the following
parameters: TR/TE, 9.6/3.8 ms; flip angle, 13�; and voxel size, 0.94 3

0.94 3 1.0 mm.

CBF Quantification
Phase-contrast MRI flow data were analyzed with the Arterys plat-

form (Arterys) using a region-growing algorithm to define the borders
of the arterial lumen of the bilateral internal carotid and vertebral arter-
ies. The blood flow in each vessel was determined by multiplying the
flow velocity and area for each vessel and summing the measurements

to yield the total brain blood flow in units of mL/min. Total brain
weight was derived from the volume measured by the T1-weighted
anatomic image using the FSL Brain Extraction Toolbox (Analysis
Group, FMRIB), assuming a brain tissue density of 1.1 g/mL, which
included the ventricular and cerebrospinal fluid spaces. Mean whole-
brain CBF was calculated from the total blood inflow divided by the total
brain weight, yielding the traditional units of mL of blood/100 g/min
(18). This value was used to scale both [15O]water PET and [18F]florbe-
taben early uptake to yield quantitative CBF maps (PC-eFBB).

Clinical Diagnosis and Amyloid Status
On the basis of the Uniform Dataset Clinician Diagnosis Form D1

(naccdata.org/data-collection/forms-documentation/uds-3), each parti-
cipant’s cognitive status and etiology were determined by Alzheimer
Disease Research Center–affiliated neurologists. The cognitive status
was established using the following classifications: normal cognition,
mild cognitive impairment (MCI), and dementia. Because participants
can have multiple cognitive statuses that may change throughout the
years of enrollment at the Alzheimer Disease Research Center, the
diagnosis date closest to the scan date was used for data analysis pur-
poses. Amyloid status (Ab positive [Ab1] vs. Ab negative [Ab2])
was determined by the majority determination of 3 physicians trained
to interpret [18F]florbetaben imaging (2 neuroradiologists with 17 and
13 y of experience and 1 nuclear medicine physician with 9 y of expe-
rience; all trained on interpreting amyloid PET imaging), on the basis
of the 90- to 110-min [18F]florbetaben images.

Image Processing and Analysis
PC-eFBB and [15O]water PET images were preprocessed with FSL

6.0.5 (Analysis Group, FMRIB) using the following steps. The brain
extraction tool was used to extract brain data from T1-weighted
images, followed by FLIRT (FMRIB’s Linear Image Registration
Tool) rigid-body registration to the native T1-weighted images and
finally nonlinear affine registration to the Montreal Neurologic Insti-
tute (MNI) 152 (MNI152) template space. Separation of gray matter
and white matter volumes was performed by FAST (FMRIB’s Auto-
mated Segmentation Tool) segmentation on T1-weighted images after
the removal of cerebellum data. The automated anatomic labeling
(AAL) atlas was overlaid on the MNI152 template–registered images
using MRIcroGL (version 12.3; https://www.nitrc.org/projects/mricrogl).
Eight regions of interest (ROIs) corresponding to the cerebellar vermis,
bilateral cerebellar hemispheres, midfrontal cortex, superior frontal cor-
tex, inferior frontal cortex, occipital cortex, parietal cortex, and temporal
cortex were extracted. Finally, voxel-by-voxel cross-correlation was per-
formed for the purposes of determining the optimal early-frame length
for [18F]florbetaben (between 30 s and 5 min). The optimal duration of
the early frame for early [18F]florbetaben was selected on the basis of
the highest correlation coefficient between eFBB and [15O]water CBF.

To obtain a voxelwise CBF difference map, the following steps
were performed. [15O]water and PC-eFBB images of all of the partici-
pants were averaged in the template space. The averaged PC-eFBB
images were then subtracted to obtain an error map. Two thresholds
were applied to the error map (25 to 225 and 5 to 25 mL/100 g/min)
to avoid the near-zero noise floor, yielding under- and overestimation
maps, respectively, which were overlaid on the T1-weighted structural
image in the MNI152 template space. Data generated or analyzed dur-
ing the study are available from the corresponding author by request,
with a formal data sharing agreement and approval from the request-
ing researcher’s local ethics committee.

Statistical Analyses
Statistical analyses were performed in Stata (version 17.0; https://

www.stata.com). The Lin concordance correlation (CC) and Bland–
Altman analysis with measurement of 95% limits of agreement were
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used to assess CBF measurements in ROIs defined by the AAL atlas,
and a paired 2-tailed t test was applied to determine significance using
a P value of 0.05. Correlations within regions in separate individuals
and between regions within individuals were both determined. For the
latter, a summary statistic representing the median correlation and
interquartile range was determined. The CC was calculated for white
and gray matter measurements along with regression analysis by
dividing the cohort according to cognition and amyloid burden.
Regression analysis was used to determine whether there were signifi-
cant differences in performance among patients with normal cognition,
MCI, and dementia and between amyloid-positive and amyloid-
negative participants.

RESULTS

Participant Demographics
Participants who were enrolled in the Stanford Alzheimer Dis-

ease Research Core program, which included patients with known
or suspected neurodegenerative disease and healthy age-matched
controls, and who had agreed to receive an amyloid PET/MRI
study were offered the opportunity to participate in this additional
[15O]water substudy. Of the 26 participants who enrolled in this
substudy, 20 participants (9 women; mean age, 69 y [SD 5 9 y];
10 Ab1 and 10 Ab2) were included in the analysis. Six subjects
did not complete the full imaging protocol, for the following rea-
sons: 3 due to radiotracer delivery failure and 3 due to claustro-
phobia (Fig. 1). On the basis of the National Alzheimer
Coordinating Center consensus criteria, 8 participants were cogni-
tively normal, 9 had MCI, and 3 had dementia. The patients with
cognitive impairment (MCI and dementia) had the following clini-
cal diagnoses: AD (n 5 5), corticobasilar degeneration (n 5 2),
dementia with Lewy bodies (n 5 4), and cognitive impairment
due to substance abuse (n 5 1).

Determining Optimal Frame Length for eFBB
Voxelwise whole-brain correlation between [15O]water PET

and eFBB CBF measurements are shown for different eFBB frame
lengths (30 s, 1min, 2min, and 5min) after injection in Figure 2; a
2-min frame length was chosen for subsequent analyses.

Comparison of [15O]Water and eFBB CBF
Mean whole-brain CBF measurements determined by [15O]water

PET and eFBB were 40.16 20.7 and 39.66 19.9mL/100g/min,
respectively. A comparison of CBF measurements using the 2 modal-
ities in the 8 summarized AAL atlas ROIs is shown in Figure 3. CC
coefficient values between [15O]water and eFBB for different
AAL-based regions ranged from 0.86 to 0.98 (Table 1). There was
no significant difference in the CC when the population was
subdivided into amyloid-negative and amyloid-positive participants
(CC, 0.90 vs. 0.87).
Mean whole-brain CBF measurements determined by the 2

methods were similar for gray matter (55.26 14.7mL/100 g/min
vs. 55.96 14.2mL/100 g/min; P . 0.2) and white matter
(21.46 5.6mL/100 g/min vs. 21.26 5.1mL/100 g/min; P . 0.4).
Bland–Altman analysis demonstrated a bias of 0.76 2.4mL/
100 g/min with 95% limits of agreement of 5.4 and 24.0mL/
100 g/min and 20.26 1.0mL/100 g/min with 95% limits of
agreement of 22.2 and 1.8mL/100 g/min for measurements in
gray matter and white matter regions, respectively.
Regression analysis showed no statistical significance among

different cognitive statuses with respect to measurements in gray
matter (CC for cognitively normal, 0.98; CC for MCI, 0.98; CC
for dementia, 0.98) and white matter (CC for cognitively normal,
0.99; CC for MCI, 0.98; CC for dementia, 0.99). Table 2 shows
the correlation for the 115 AAL-generated regions for each partici-
pant in our study, demonstrating a median correlation of 0.92
(interquartile range, 0.87–0.93).
CBF images for representative participants with the 2 methods

are shown in Figure 4, demonstrating similar visual appearances.
An averaged CBF difference map measured on a voxel-by-voxel
level is shown in Figure 5, demonstrating only small, scattered
regions with absolute differences between the measurement meth-
ods on the order of 5–10mL/100 g/min.

26 subjects were assessed
for eligibility

20 subjects were included in
the analysis

6 patients were excluded
3 due to radiochemistry tracer error
3 due to claustrophobia

FIGURE 1. Flowchart for participant inclusion.

FIGURE 2. Whole-brain voxelwise cross-correlation (r) between
[15O]water and eFBB CBF as function of eFBB reconstruction duration
(30 s, 1min, 2min, and 5min) after injection. Asterisk indicates mean, bar
indicates median, box indicates first and third quartiles, error bars indicate
61 SD from mean.
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DISCUSSION

In the present study, we described and validated the use of
eFBB imaging combined with MRI to determine quantitative CBF
measurements. We first used voxel-by-voxel correlational analysis
to determine an optimal early time frame for the eFBB measure-
ment from our PET scanner. Although shorter frame lengths will
be more highly CBF weighted, they will also have higher noise
levels. To optimally trade off these 2 considerations, we chose a

2-min interval as opposed to other possible
time frames (19,20). We then demon-
strated equivalence in a cohort that
included participants with normal cogni-
tion, MCI, and dementia, with equal repre-
sentation of Ab2 and Ab1 participants.
There was a strong correlation between
[15O]water and eFBB CBF measurements
in whole brain, gray matter, white matter,
and AAL-defined reference regions.
Bland–Altman analysis revealed small
biases of 0.7 and 20.2mL/100 g/min
between the measurements in gray matter
and white matter, respectively. Given nat-
ural variability in blood flow in humans,
this difference is negligible. Even variabil-
ity as expressed by the 95% CI range was
relatively small, from 5.4 to 24.0mL/
100 g/min. We did not see any difference
in performance between Ab2 and Ab1
participants or in different groups based
on cognitive status.
PC-eFBB is an absolute quantification

method that uses phase-contrast MRI as a
robust method to scale the relative perfu-
sion map obtained from the initial eFBB
PET images. Another method to calculate
CBF from early-frame PET tracer data
would be to use kinetic analysis with
either arterial blood sampling or an image-
derived input function (IDIF) (21). Arterial
sampling is invasive, carries risk to the
participant, and requires estimation of
delay and dispersion, and prior studies
suggested frequent failures due to blood
clotting within arterial catheters (19,22).

The use of an IDIF obviates the need for invasive sampling but
introduces additional variability due to the selection of the ROI
and the relatively high noise of individual short-temporal-frame
PET images required for capturing the early time points. Also, the
need to set multiple parameters in the kinetic analysis adds addi-
tional variability. A scaling factor derived from phase-contrast
MR images that measure whole-brain CBF is simple to use and

TABLE 1
Comparison of CBF Measurements Obtained with [15O]Water and eFBB in Different AAL-Derived Regions

[15O]water eFBB

ROI Mean SD Mean SD CC

Vermis 49.4 8.0 49.7 8.0 0.92

Cerebellum 48.6 8.4 48.5 8.8 0.90

Inferior frontal 47.3 8.3 49.2 8.8 0.86

Midfrontal 52.3 8.3 51.4 8.4 0.86

Superior frontal 47.4 8.1 48.3 8.3 0.90

Occipital 50.9 9.3 52.9 10.6 0.90

Parietal 46.9 9.4 47.8 9.8 0.92

Temporal 47.8 8.2 47.1 8.0 0.98

FIGURE 3. (A) Scatterplot of [15O]water and eFBB CBFmeasurements for all regions in all subjects.
(B–D) Bland–Altman analysis for whole brain (B), gray matter (C), and white matter (D) for all subjects.
Bias is indicated by solid lines, and dashed lines represent 95% limits of agreement. Diamonds and
plus symbols represent b-amyloid–negative and –positive cases, respectively. Inf 5 inferior; Sup 5

superior.
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has high reproducibility (23). The method highlights the value of
simultaneous PET/MRI, with which simultaneous relative CBF
images and the scaling factor for quantitation can be obtained to
reduce physiologic variability. The range of whole-brain CBF
values was as expected from an elderly population with mixed
cognitive statuses. A recent review of CBF measurement compari-
sons between PET and arterial spin labeling reported that the cor-
relation between the 2 methods was heavily influenced by the time
interval between separate imaging sessions (24), emphasizing the
day-to-day variability of CBF and the value of simultaneous data
acquisition.
Previous research evaluated the suitability of eFBB for estimat-

ing CBF, but it yielded only relative measures (15–17,20,25).
Kwon et al. investigated the optimal reference region for eFBB
and reported a high correlation (r, 0.90) with ethyl cysteinate
dimer SPECT using a cerebellar gray matter normalization ap-
proach (15). Daerr et al. compared images created from the first 5
or 10min after [18F]florbetaben injection with [18F]FDG PET
images, which demonstrated an appearance similar to CBF due to
the relationship between blood flow and metabolism (20). They
found correlations between 0.81 and 0.92 for a variety of ROIs
through normalization to the global mean SUV ratio (20). Similar
results were observed by Seiffert et al. in a comparison of 0- to
1-min amyloid images from 3 different 18F tracers to [18F]FDG
images (25). Ottoy et al. evaluated 0- to 2-min early-frame
[18F]AV45 directly against several other tracers and metrics,

including [15O]water, [18F]FDG, and R1 (tracer delivery rate) esti-
mated from [18F]AV45 using tracer kinetics in a population simi-
lar to ours (16). They found correlations of 0.70–0.94 for different
regions between early-frame [18F]AV45 and [15O]water PET but
concluded that R1 better reflected disease severity than early-
frame [18F]AV45. It is important to note that all of these methods
provided only correlations and, unlike our study, none was capable
of deriving quantitative CBF from the amyloid images.
Heeman et al. reported variability in R1 measurements derived

from kinetic modeling with [18F]florbetapir and [18F]flortaucipir in
individuals with AD and cognitively normal individuals, where
the latter tracer showed better repeatability (26). This was not the
case for PC-eFBB, as we were able to demonstrate equivalence
between Ab2 and Ab1 participants and among different cogni-
tive groups. Bullich et al. demonstrated a noninvasive kinetic
modeling approach with [18F]florbetaben in a dual-time-window
acquisition protocol similar to our experimental design (27).
Alongside kinetic modeling, they applied an SUV ratio-based
approach and concluded that the latter would be sufficient for
most clinical applications, in which a compromise in accuracy is
reasonable in favor of simplicity. Our approach showed high cor-
relation as well as quantitative accuracy between the methods,
likely due to our use of a simultaneous PET/MRI system.
Although voxelwise differences in PC-eFBB and [15O]water CBF
were not reported at an individual level, AAL atlas ROIs were
defined in 115 subregions, which sampled the CBF maps with

TABLE 2
CC of 115 AAL-Derived Regions in Individual Participants

Participant Classification (NACC diagnosis) Amyloid CC*

1 MCI_LBD Positive 0.95

2 Dementia_AD Positive 0.95

3 Normal Negative 0.93

4 MCI_LBD Negative 0.95

5 Normal Positive 0.87

6 Normal Positive 0.76

7 MCI_CBD Positive 0.70

8 Normal Positive 0.93

9 MCI_IMPSUB Negative 0.85

10 Normal Positive 0.85

11 MCI_AD Negative 0.90

12 Normal Negative 0.93

13 MCI_LBD Negative 0.91

14 MCI_CBD Negative 0.88

15 Dementia_AD Positive 0.93

16 Dementia_AD Positive 0.87

17 MCI_LBD Negative 0.93

18 MCI_AD Positive 0.84

19 Normal Negative 0.95

20 Normal Negative 0.94

*Median 5 0.92 (interquartile range, 0.87–0.93).
NACC 5 National Alzheimer Coordinating Center; LBD 5 dementia with Lewy bodies; CBD 5 corticobasilar degeneration; IMPSUB 5

cognitive impairment due to substance abuse.
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nearly voxelwise resolution and had the
benefit of being more robust against com-
plications such as small misalignment
errors. As such, this approach will enable
the measurement of both quantitative CBF
and late-stage amyloid in the same partici-
pant with a single injection during a single
imaging examination.
Our study has several limitations. eFBB

could be validated in a larger and more
diverse cohort, including more patients
with dementia. Only a single PET/MRI
scanner was used to acquire the imaging
data and to derive the optimal early-frame
reconstruction duration. This optimal time
duration could vary with different PET
scanners on the basis of their sensitivities.
Next, we did not perform arterial sampling
or obtain an IDIF to measure [15O]water
CBF. The latter was partially due to logis-
tic limitations at our site surrounding arte-
rial cannulation and our experience that
these IDIF-based tracer kinetic measure-
ments tend to be relatively unstable
compared with phase-contrast MRI. Fur-
thermore, our experimental protocol was
not designed around the IDIF reconstruc-
tion method, and prior images (i.e., PET
angiogram) were not rigorously validated
during the acquisition.
The CBF quantification pipelines for

[15O]water and [18F]florbetaben both
depend on the Arterys-derived phase-
contrast MRI measurements of the flow
velocity and area in the bilateral internal
carotid and vertebral arteries and are there-

fore limited by their accuracy (28). Other MRI-based CBF proxies,
such as arterial spin labeling, could also be considered to normal-
ize the relative PET CBF acquisitions. A final question might be
why such a method is valuable at all, given that arterial spin label-
ing can measure CBF in studies that include MRI. Although arte-
rial spin labeling can be used as a proxy for flow, its accuracy can
be affected by susceptibility artifacts, unknown variations in label-
ing efficiency, changes in hematocrit that affect the T1 of the
blood and, probably most importantly, prolonged arterial transit
times (12). For these reasons, we believe that the eFBB approach
could be more robust.

CONCLUSION

We have described and validated a hybrid PET/MRI method
using eFBB and phase-contrast MRI to provide quantitative CBF
measurements to complement late-phase amyloid assessment. As
such, 2 important biomarkers may be measured in a single session
in participants with memory concerns, enabling improved charac-
terization of dementia pathophysiology with reduced cost and
inconvenience to participants and their caregivers. Future studies
could explore the use of other early-frame PET tracers and a simi-
lar methodology to provide additional quantitative CBF measure-
ments in a wide range of diseases.

FIGURE 4. Representative [15O]water PET and phase-contrast scaled eFBB CBF (PC-eFBB CBF)
for representative b-amyloid–negative and –positive participants. Amyloid-positive participant had
dementia that was ascribed to Alzheimer disease pathology. Amyloid-negative participant had nor-
mal cognition. Units of color bars measuring CBF are mL/100g/min.

FIGURE 5. Voxelwise difference in CBF values measured using
[15O]water and eFBB averaged for all participants in units of mL/100g/
min. Red and blue represent regions where eFBB over- and underesti-
mated CBF as measured by [15O]water PET, respectively.
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KEY POINTS

QUESTION: Can a PET/MRI method for CBF measurement be
developed using static early-frame [18F]florbetaben PET and
phase-contrast MRI and validated with the reference standard
[15O]water?

PERTINENT FINDINGS: When a CBF quantification method using
eFBB and phase-contrast MRI was compared with the reference
standard [15O]water, a high regional mean CBF CC (median CC,
0.92) was found in an elderly cohort including patients with a
range of cognitive disorders. The eFBB CBF quantification method
was accurate irrespective of amyloid pathology, and the optimal
time frame for perfusion quantification was observed to be the first
2 min after injection.

IMPLICATIONS FOR PATIENT CARE: This approach is likely
applicable to other lipophilic radiotracers, enabling CBF and
molecular information to be measured in 1 setting in a dual-phase
static PET/MRI acquisition.
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