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Background: Florbetapir positron emission tomography (AV45 PET) is a widely employed modality
for detecting cerebral amyloid-p (AP) deposition. However, in clinical settings, patients with cognitive
impairment are frequently unable to sustain adequate stillness during the scanning procedure. Therefore,
we aimed to investigate the effects of a short acquisition time on the image quality and AP detectability of
AV45 PET.

Methods: In this cross-sectional study, 29 patients with Alzheimer’s disease (AD) and 13 healthy participants
underwent 15-minute AV45 PET/magnetic resonance imaging scanning. The PET data were subsequently
reconstructed into 15-, 10-, 8-, 6-, 4-, 2-, and 1-minute duration groups (G15, G10, G8, G6, G4, G2, and
G1). Subjective PET image quality was scored based on a 5-point Likert scale (poor-excellent: 1-5), and
objective image quality was evaluated by the signal-to-noise ratio (SNR) of the 1 cm’ region of interest
(ROI) inside the cerebellum. AB detectability was assessed by the calculation of regional standardized uptake
value ratio (SUVR) values in all groups. The Kruskal-Wallis rank sum test and paired #-test were performed
to compare the subjective scores, SNR, and SUVR values. The visual inspection was also performed by
2 nuclear physicians to give a binary diagnosis to each case.

Results: The subjective scores were decreased in the groups with shortened scanning time relative to the
G15 group (4.67+0.48, all P<0.05). Notably, a good image quality score was also given to the G10 group
(4.40£0.63), and sufficient image quality could be achieved with the G8 (3.86+0.68) and G6 (3.14+0.52)
groups. The SNR values were decreased by 10.33%, 17.74%, and 23.26% in the G10, G8, and G6
group, respectively (all P<0.05). Compared with the G15 group (1.48+0.16), the composite SUVR values
were increased in the G10 (1.50£0.16), G8 (1.50£0.17), and G6 groups (1.51x0.18, all P<0.05). By visual
inspection, the diagnoses of each case in the G10, G8, and G6 group were identical with those in the G15
group.

Conclusions: The acquisition time of AV45 PET is required to reach at least 6 minutes to achieve
acceptable image quality and maintained AP detectability.
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Introduction

Alzheimer’s disease (AD) is a category of neurodegenerative
disease characterized by progressive cognitive impairment
in multiple domains that can seriously affect the quality
of daily life over time (1). AD has become a global health
burden estimated to affect approximately 46 million people
worldwide, and the prevalence is projected to double over
the next 2 decades with population ageing (2). At present, it
is hypothesized that the abnormal metabolism of amyloid-B
(AP) initiates the pathological cascade leading to AD (3).
In the central nervous system (CNS), AB is generated by
the cleavage of amyloid precursor protein in neurons,
which subsequently enters the extracellular fluid and is
transported to the cerebrospinal fluid and venous blood (3).
More importantly, it is universally acknowledged that Ap
deposition likely begins approximately 20 years before
the appearance of symptoms (4,5). Therefore, detecting
abnormal AP accumulation in the CNS plays an essential
role in early diagnosis and intervention.

AB-positron emission tomography (PET) has become
an important tool to identify AP deposition in the brain
given its noninvasive and direct visualization advantages.
Florbetapir F18 ("*F-AV45) is one of the tracers used for
AB-PET and has been approved by the US and European
regulatory bodies for in vivo imaging (6). Additionally, "*F-
AV45 shows high reliability and affinity-specific binding to
amyloid plaques in general clinical work (7,8). However,
exclusively modal AB-PET imaging can only provide
qualitative information, and the binary diagnosis (positive
or negative AP deposition) basically depends on visual
inspection by nuclear medicine physicians. With the help
of magnetic resonance imaging (MRI), especially high-
resolution T'1-weighted images, the degree of AB deposition
in regional cortices can be approximately semiquantitative
by calculating the standardized uptake value ratio (SUVR)
with reference to the cerebellar cortex (9).

Notably, the scanning time for '*F-AV45 brain PET
imaging currently ranges from 10 to 20 minutes (10-12).
Although a relatively short scanning time may increase the
image noise and adversely affect the diagnostic accuracy, a
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relatively long duration could cause discomfort and slow
down the clinical workflow. More importantly, patients with
severe AD likely cannot keep their heads still in continuous
scanning due to impaired cognitive function with/without
psychiatric symptoms. Therefore, it is worthwhile to explore
a proper scanning duration to achieve both discomfort
reduction and good image quality for diagnosis. With the
help of a deep learning-based denoising algorithm, the
scanning duration could be reduced to 5 minutes with both
acceptable image quality and good diagnostic accuracy (13).
However, in general clinical work, the potential shortest
duration has not been reported thus far.

In this study, we aimed to investigate the image quality
and AB detectability of '*F-AV45 cranial PET with a short
acquisition time in clinical work. To achieve this goal, we
enrolled both AD patients and healthy participants and
performed a PET/MRI examination. The scanning duration
of PET imaging was 15 minutes, and the obtained data were
subsequently reconstructed into 15-, 10-, 8-, 6-, 4-, 2-, and
I-minute images as different groups (G15, G10, G8, G6,
G4, G2, and G1). We hypothesized that, compared with the
15-minute group, a shorter scanning time could maintain
image quality with good AP detectability. We present
this article in accordance with the STROBE reporting
checklist (14) (available at https://qims.amegroups.com/
article/view/10.21037/qims-23-268/rc).

Methods
Participants

This cross-sectional study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The study was approved by the Ethics Committee of
West China Hospital of Sichuan University (No. 2021-
1056), and written informed consent was obtained from
all participants or their proxies before their participation
in the study. The inclusion criteria for patients were
as follows: (I) impaired cognitive function (15) and (II)
positive "F-AV45 PET images (16). The following
exclusion criteria were employed: (I) non-AD neurological
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disease; (II) systemic illnesses that could interfere with
cognition; and (III) general PET/MRI contraindications.
Healthy adults were recruited according to the following
criteria: (I) Mini-Mental State Examination (MMSE) score
>27/30; (II) normal neuropsychological assessment; (11I)
negative "F-AV45 PET images; and (IV) no PET/MRI
contraindications. In total, 29 patients and 13 healthy adults
were included and underwent structured interviews and

cranial PET/MRI scanning.

PET/MRI examination

To ensure the segmentation accuracy of PET images,
we performed a high-resolution structural MRI protocol
instead of computed tomography (CT). Each participant
received an injection of "*F-AV45 according to body weight
(3.7 MBg/kg). At 40 minutes after injection, simultaneous
integrated cranial PET/MRI was performed using the GE
3T scanner (SIGNA PET/MR; GE Healthcare, Chicago,
IL, USA). The acquisition time of emission images was
15 minutes, and PET images were reconstructed into
15-, 10-, 8-, 6-, 4-, 2-, and 1-minute. All PET images
were reconstructed using an ordered subset expectation
maximization algorithm with the following parameters:
time-of-flight (ToF) modelling, 5 iterations, 28 subsets,
matrix =192x192, slice thickness =2.8 mm, field of view
(FOV) =30 cm, and filter cut-off =4 mm. Corrections were
applied for attenuation and scatter. The whole-brain T'1-
weighted 3-dimensional (3D) BRAVO (BRAin VOlume)
sequence was implemented using the following parameters:
repetition time (TR) =8 ms, echo time (TE) =3 ms, FOV
=24x24, slice thickness =1 mm, and flip angle =12°. For
each case in the 7 groups, visual inspection was first
performed on PET and PET/MRI fusion images to verify
the absence of suspicious head motion or other artifacts by
2 independent reviewers.

Image quality analysis

The subjective PET image assessment was performed
independently by 2 experienced nuclear radiologists. Based
on the 5-point Likert scale (17), a score of 1 was given
to images with nondiagnostic quality or excessive noise;
a score of 2 was given to images with tolerable quality or
suboptimal noise; a score of 3 was given to images with
average quality for diagnosis in our center; a score of
4 was given to images with quality that was superior to the
average; and a score of 5 was given to images with excellent
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quality. A senior nuclear medicine physician was consulted
to unify the scores from the 2 radiologists performing the
assessment for the comparison between different time
groups. To minimize bias, the participant information
was hidden, and the reading order of the images was
randomized.

The objective PET image quality was quantified using
the signal-to-noise ratio (SNR) value, which was defined as
the uniformity of the region of interest (ROI) and calculated
as SNR = mean/standard deviation (SD) (18). The quality
assessment was performed by 2 experienced technicians as
described in the PET/MRI Image Quality Control (GE
Healthcare) procedure. Briefly, a 3D circular ROI (Figure 1)
was placed on the center of the left cerebellar hemisphere,
and the volume of the ROI was maintained at 1 cm’ (19).
All ROIs were placed on G15 images and copied-and-
pasted to other groups to ensure that the location and size
of the ROIs were identical in all groups. We recorded the
mean standardized uptake value (SUV) values of the ROIs
to obtain the SNR values.

AP detectability

The CortexID Suite (GE Healthcare) is an approved tool
for clinical use in quantitatively evaluating the deposition
of AB in brain ROIs (20,21). We utilized it to calculate the
SUVR values using the cerebellar grey matter as a reference
region in 15 conventional brain regions, including the
bilateral prefrontal, anterior cingulate, posterior cingulate/
precuneus, sensorimotor, parietal, temporal, occipital, and
composite cortices (20,22,23). Then, we compared the
SUVR values of each region between G15 and the other
groups (G1 to G10). We also calculated the ASUVR values
between the G15 and other groups to describe the effects
of scanning time on SUVR values (24). Finally, we used the
obtained SUVR value of the composite cortex in the G15
group as a reference to calculate the sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) in the G1 to G10 groups to further analyze the
differences between G15 and other groups and to make a
diagnosis and evaluate the diagnostic accuracy based on the
SUVR threshold for each group.

Visual inspection was conducted by 2 nuclear physicians
in a joint session who were required to give a binary
diagnosis (positive or negative AP deposition). To reduce
potential bias, the reading order was randomized, and
the participant information of all images was hidden. To
evaluate the diagnostic accuracy of visual inspection, we
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Figure 1 The setting of regions of interest for determining signal-to-noise ratio values.

calculated the sensitivity, specificity, NPV, and PPV in the
G1 to G10 groups. The diagnostic results in the G15 group
were considered the gold standard for each case. We also
provided 2 cases [an AD patient and a healthy control (HC)]
in different groups showing "*F-AV45 uptake in the brain
(Figure 2A4). Notably, the cases exhibiting excessive background
noise or poor image quality that hindered a definitive diagnosis
were labelled as undefined and subsequently excluded from the
analysis of diagnostic accuracy.

Statistical analysis

Statistical analysis was performed in SPSS 22.0 IBM Corp.,
Armonk, NY, USA). The Kruskal-Wallis rank sum test and
Dunn’s post-hoc test for multiple comparisons were used to

compare the subjective image quality scores and SNR values
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between the groups in all, AD, and HC participants (17).
A statistical description of the SUVR of each group was
presented as the mean + SD. The paired #-test was adopted
to compare the SUVR between the groups. A threshold of
0<0.05 was considered statistically significant.

Results
Participant characteristics

In total, 29 AD patients and 13 HCs were enrolled in
this study. The mean age and MMSE score were 63.76+
10.36 years and 15.52+4.55 in the AD group and 58.31+
5.69 years and 29.08+0.76 in the HC group. The injected
"F-AV45 doses were 216.04+37.37 and 251.20+42.45 MBq,
respectively. The details of the patient characteristics are
listed in Table 1.

Quant Imaging Med Surg 2023;13(12):7765-7776 | https://dx.doi.org/10.21037/qims-23-268



Quantitative Imaging in Medicine and Surgery, Vol 13, No 12 December 2023 7769

A

» - »
- " "
.
" ) ! v
Sy
: : - . . . L . "" '.3
» 5 & 5 fa T £" Vo A
> % “J g / » 5 " } ?!h ‘\} e >y, lu'o
- . . .
. - A . . J a =2 AP =2 Al -J. A ? “T43.7
: : - “1 - s . .“~_ { ."-_" . ol
15 min 10 min 8 min 6 min 4 min 2 min 1 min
0.201 R. PFC 0.15 R. ACC 0.20 R. Parietal lobe 0.20 R. Temporal lobe 0.20 R. Occipital lobe
0.15- 0.10 0.15 0.15 015
0.10 0.10
0.10 0.05 0.10
0.05 0.05
0.05+ 0.00 +; + ? ; = i I % + I 0.05
I ? i 4 ooo| M5 B 000 ;
0.00 ~0.05 005 0.05 0.00
~0.05 ~0.10 -0.10 -0.10 ~0.05
10-15 8-15 6-15 4-15 2-15 1-15 10115 8—'\5 6—'\5 4115 21\5 1:15 10-15 8-15 6-15 4-15 2-15 1-15 10—'15 B—%S 6—115 4—'15 2—115 1—'15 10‘-15 5115 6115 4'—15 2115 1-15
020 L. PFC 0.20 L. ACC 0-20 L. Parietal lob 020 L. Temporal lobe 020 L. Occipital lobe
015 B 0.15 0.15 0.15
0.10
‘ 0.10 0.10 0.10
0.10 !
0.00 ?; * 0.05 0.05 = 0.05
=1 1110 Lyl sk LT £ B By
0.00 0.00 0.00
i* + -0.10
0.00 J ~0.05 ~0.05 -0.05
-0.05 -0.20 -0.10 ~0.10 ~0.10
10-15 8-15 6-15 4-15 2-15 1-15 10-15 8-15 6-15 4-15 2-15 1-15 10‘—15 8-15 6‘45 4-15 2-15 1"15 10—'15 B—‘15 6-15 4—'15 2—‘15 1—'\5 10-15 8-15 6-15 4-15 2-15 1-15
0.154 ) } ) . )
020 L. PCC/precuneus 015 R. PCC/precungus L. Sensorimotor cortex 0.20 R. Sensorimotor corte; 020 Composite cortex
0.15 0.15
0.10 0104 0.15
0.10 0.10
0.05 ﬁ i 0.10
0.05 0.05 1 0.05
; ; 0.00 + ** + 0.05 i
0.00 + + 0.00
0.004
-0.05 0.00
~0.05 T 005
-0.10 -0.10 ~0.05 1 ~0.05 o1

10-15 8-15 6-15 4-15 2-15 1-15

10-15 8-15 6-15 4-15 2-15 1-15

10-15 8-15 6-15 4-15 2-15 1-15

10-15 8-15 6-15 4-15 2-15 1-15

10-15 8-15 6-15 4-15 2-15 1-15

Figure 2 The results of global cerebral *F-AV45 uptake. (A) Two examples (an AD patient and an HC) in different groups showing "*F-
AV45 uptake in the brain. (B) The ASUVRs (compared with 15-minute group images) of regional "F-AV45 in AD patients (blue) and HCs
(green). The x-axes represent group difference and the y-axes represent ASUVRs. 1, 2, 4, 6, 8, 10, and 15 represent the 1-, 2-, 4-, 6-, 8-,
10-, and 15-minute groups, respectively. R., right; PFC, prefrontal cortex; ACC, anterior cingulate cortex; L., left; PCC, posterior cingulate
cortex; AV45, florbetapir; AD, Alzheimer’s disease; HC, healthy control; ASUVRs, differences in SUVRs; SUVRs, standardized uptake value

ratios.
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Table 1 Characteristics of 42 participants
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Characteristics

Alzheimer’s disease

Healthy control

Total

Male/female

Age (years)

Weight (kg)

BMI (kg/m?)

MMSE score
Injected dose (MBq)

Injected dose/weight (MBg/kg)

216.04+37.37

29 13
12/17 4/9
63.76+10.36 58.31+5.69
55.90+9.96 63.31+£10.37
21.52+2.49 23.81+2.33
15.52+4.55 29.08+0.76

251.20+42.45

3.87+0.21 3.97+0.30

Data are presented as number or mean + standard deviation. BMI, body mass index; MMSE, Mini-Mental State Examination.

Table 2 Subjective scores and SNR values in different groups

Group
Participant  Image quality
15 min 10 min 8 min 6 min 4 min 2 min 1 min

Total Subjective scores  4.67+0.48 4.40+0.63 3.86+0.68 3.14+0.52 2.60+0.50 1.67+0.48 1.31+0.47

SNR values 11.22+2.61 10.06+2.32 9.23+2.13 8.61+1.93 7.48+1.96 5.53+1.08 4.00+0.73
AD Subjective scores  4.66+0.48 4.48+0.63 3.97+0.73 3.21+0.56 2.69+0.47 1.72+0.45 1.41+0.50

SNR values 11.05+2.79 9.84+2.44 8.96+2.12 8.38+1.85 7.22+1.85 5.43+1.12 4.00+0.72
HC Subjective scores  4.69+0.48 4.23+0.60 3.62+0.51 3.00+0.41 2.38+0.51 1.54+0.52 1.07+0.28

SNR values 11.62+2.19 10.54+2.02 9.83+2.12 9.12+2.10 8.08+2.13 5.75+1.01 3.98+0.77

Data are presented as mean + standard deviation. All P values of subjective scores and SNR values were <0.05 compared with the group
15 min. SNR, signal-to-noise ratio; AD, Alzheimer’s disease; HC, healthy control.

Image quality

The subjective quality scores and SNR values were
significantly decreased in the G1 to G10 groups compared
to the G15 group (all P<0.05). For both AD patients
and HCs, a downwards trend of subjective scores and
SNR values was observed from G15 to G1. Notably, the
subjective quality score in the G6 group exceeded 3 points
(average image quality for diagnosis). The detailed results
are listed in Table 2.

AP detectability

SUVR quantitative analysis

Using the cerebellum as the reference region, the SUVR
values of 15 regions were obtained, the details of which
are listed in 7able 3. For both AD patients and HCs, the
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majority of the SUVR values significantly increased as the
scan time was reduced (P<0.05). The differences in SUVR
(ASUVR) between G10 and G15, G8 and G15, G6 and
G135, G4 and G15, G2 and G15, and G1 and G135 (noted
as 10-15, 8-15, 6-15, 4-15, 2-15, and 1-15, respectively)
are plotted in Figure 2B. The values of ASUVR were also
increased, and the deviation expanded as the scan time
decreased.

In G15, the maximum SUVR values for AD patients and
HCs were 1.42-2.20 and 1.15-1.41, respectively. According
to the SUVR values obtained from the G15 data, an SUVR
threshold of 1.41 gave the best separation of AD patients
and HCs. The sensitivity and specificity of each group were
evaluated based on an SUVR threshold of 1.41, and the
results are listed in Table 4. The diagnostic accuracy could
be maintained at 100% until G6. Impressively, a sensitivity
of 97% and specificity of 70% could be achieved in G1.
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Table 3 The SUVR values of regional "*F-AV45 binding of 42 participants in different groups

Group
Type Brain regions
15 min 10 min 8 min 6 min 4 min 2 min 1 min
AD Composite cortex 1.48+0.16 1.50+£0.16* 1.50+£0.17* 1.51+£0.18* 1.562+0.22* 1.56+0.26* 1.58+0.30"

R. prefrontal cortex 1.45+0.18  1.47+0.19* 1.47+0.19* 1.48+0.19" 1.50+0.24" 1.53+0.29*  1.55+0.32*
L. prefrontal cortex 1.46+£0.18  1.47+0.19* 1.48+0.20" 1.49+0.20* 1.50+0.25* 1.54+0.31*  1.56+0.34*
R. ACC 1.44+0.20 1.45+0.20" 1.46+0.21* 1.47+£0.21* 1.48+0.27* 1.50+0.32*  1.52+0.36*

L. ACC 1.55+0.20 1.56+0.20" 1.56+0.21* 1.57+0.21* 1.59+0.26* 1.61+0.31*  1.62+0.35*

R. PCC/precuneus 1.55+0.21 1.56+0.21 1.56+0.22* 1.57+0.22* 1.58+0.27* 1.62+0.33* 1.64+0.36"
L. PCC/precuneus 1.60+0.22 1.62+0.22* 1.62+0.23" 1.63+0.24" 1.64+0.29* 1.68+0.35*  1.70+0.39*
R. sensorimotor cortex  1.35+0.15 1.37+0.15* 1.37+0.16* 1.39+0.17* 1.39+0.20* 1.43+0.25*  1.45+0.29*
L. sensorimotor cortex  1.35+0.16  1.37+0.17* 1.38+0.18" 1.38+0.18* 1.40+0.21* 1.43+0.25*  1.44+0.28"

R. parietal lobe 1.47+0.16 1.48+0.17~ 1.49+0.17~ 1.49+0.17* 1.50+0.20* 1.53+0.24*  1.55+0.26"
L. parietal lobe 1.41+£0.15 1.43+0.16" 1.43+0.17* 1.44+0.18* 1.45+0.21* 1.48+0.25*  1.50+0.28~
R. temporal lobe 1.52+0.15 1.54+0.14~ 1.54+0.15” 1.65+0.15* 1.56+0.18* 1.59+£0.22*  1.61+0.24"
L. temporal lobe 1.48+0.14 1.50£0.15” 1.50£0.16" 1.51+0.16* 1.62+0.19* 1.56+£0.22*  1.58+0.26"
R. occipital lobe 1.49+0.15 1.51+0.16" 1.49+0.15" 1.52+0.16* 1.63+0.19* 1.57+0.25*  1.58+0.26"
L. occipital lobe 1.53+0.18 1.54+0.19" 1.55+0.19" 1.56+0.20" 1.57+0.23" 1.60+£0.27*  1.61+0.29"
HC Composite cortex 1.13+0.09 1.14+0.09 1.14+0.09 1.14+0.09* 1.16+0.09" 1.18+0.12*  1.20+0.13~

R. prefrontal cortex 1.07+0.10 1.08+0.10 1.08+0.09" 1.09+0.10* 1.10+0.10" 1.13+£0.12*  1.14+0.14*
L. prefrontal cortex 1.06+0.12 1.07+0.12 1.07+0.11* 1.08+0.12* 1.09+0.12* 1.12+0.140*  1.14+0.15*

R. ACC 1.04+0.08 1.04+0.08 1.04+0.08 1.05+0.08 1.06+0.08~ 1.08+0.09*  1.10+0.10"

L. ACC 1.13+0.10 1.14+0.10 1.14+0.09 1.15+0.09 1.17+0.09* 1.20+£0.12*  1.22+0.15*

R. PCC/precuneus 1.09+0.10 1.10+0.11 1.10+0.11 1.10+0.11* 1.12+0.11* 1.156+0.13*  1.17+0.55*
L. PCC/precuneus 1.15+0.12 1.16+0.13 1.16+0.12 0.17+0.12 1.18+0.12~ 1.21£0.14*  1.22+0.15"
R. sensorimotor cortex  1.13+0.10 1.14+0.11 1.14+0.10 1.15+0.10" 1.16+0.11* 1.19+0.13* 1.21+0.14*
L. sensorimotor cortex  1.11+0.10 1.12+0.10 1.12+0.97 1.13+0.09* 1.14+0.10* 1.17+£0.12*  1.17+0.13*
R. parietal lobe 1.15+0.09 1.16+0.10* 1.16+0.09* 1.17+0.09* 1.18+0.10" 1.20+£0.12*  1.22+0.14*

L. parietal lobe 1.09+0.11 1.10+0.11 1.10+0.10 1.10+0.11* 1.11+£0.11* 1.14£0.13*  1.16+0.14"

R. temporal lobe 1.24+0.08 1.25+0.08 1.25+0.08 1.26+0.08* 1.27+0.08* 1.30+0.12*  1.32+0.13*

L. temporal lobe 1.22+0.08 1.22+0.09 1.23+0.08 1.23+0.08* 1.24+0.08* 1.27+0.12*  1.29+0.13*

R. occipital lobe 1.22+0.09 1.23+0.09 1.24+0.09 1.24+0.10* 1.25+0.10" 1.29+0.13*  1.31+0.15*

L. occipital lobe 1.26+0.09 1.27+0.08 1.27+0.08* 1.27+0.08" 1.29+0.09* 1.32+0.11*  1.34+0.13"

Data are presented as mean + standard deviation. *, P<0.05 compared with the 15-min group. SUVR, standardized uptake value ratio; AD,
Alzheimer’s disease; R., right; L., left; ACC, anterior cingulate cortex; PCC, posterior cingulate cortex; HC, healthy control.
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Table 4 The diagnosis accuracy of AB-PET in different groups

Xie et al. The shortened scanning time of clinical AV45 PET

Project Groups Pooled number Undefined number  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)

Threshold of SUVR =1.41 15 min 42 0 Ref Ref Ref Ref
10 min 42 0 100 100 100 100
8 min 42 0 100 100 100 100
6 min 42 0 100 100 100 100
4 min 42 0 97 92 97 92
2 min 42 0 93 70 87 82
1 min 42 0 97 70 88 90

Visual inspection 15 min 42 0 Ref Ref Ref Ref
10 min 42 0 100 100 100 100
8 min 42 0 100 100 100 100
6 min 42 0 100 100 100 100
4 min 41 1 100 100 100 100
2 min 31 11 82 78 90 64
1 min 22 20 69 67 85 44

AB, amyloid-B; PET, positron emission tomography; PPV, positive predictive value; NPV, negative predictive value; SUVR, standardized

uptake value ratio; Ref, reference.

Visual qualitative analysis

Using the diagnostic results in the G15 group as the
standard, the sensitivity and specificity of other groups
were obtained based on visual (7zble 4). Poor sensitivity
and specificity could be observed in G1 and G2. Undefined
cases existed in G1, G2, and G4. When the scan time
exceeded 6 minutes (in G6, G8, G10, and G15), all cases
were included in the analysis of diagnostic accuracy and
showed satisfactory sensitivity and specificity.

Discussion

Reducing the clinical scanning duration of PET imaging
has been a research hotspot in recent years. For '*F-
AV45 PET, our results showed that acceptable subjective
image quality could be achieved in the G6 group (image
quality scores, 3.14+0.52), and good image quality scores
were attained in the G10 and G15 groups (image quality
scores, 4.40+0.63 and 4.67+0.48, respectively). Additionally,
although the image quality scores and SNR were decreased
with a shorter acquisition time, the diagnostic accuracy of
both visual inspection and quantitative analysis could be
maintained up to the G6 group. These findings suggested
that the shortest duration of 6-minute cranial "*F-AV45

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

PET imaging might achieve a balance between short-term
scanning and acceptable image quality and AB detectability.

The injected dose is an important factor that needs
to be considered in the pursuit of optimal image quality.
For ""F-AV45 PET, various injection doses have been
reported in recent studies. Generally, 40 MBq-min/kg and
a 10-minute acquisition of PET imaging were adopted,
with good imaging quality (25). Several researchers used an
intravenous bolus of approximately 370 MBq of "F-AV45
for each participant regardless of body weight (7,26). In our
study, a dose of 3.87x0.21 MBq/kg was used for AD patients,
3.97+£0.30 MBq/kg for HCs, and 3.90+0.24 MBq/kg
for all cases. After multiplying by 15-, 10-, 8-, 6-, and
4-minute acquisition times, the values became 59.55, 39.70,
31.76, 22.82, and 15.88 MBq-min/kg, respectively, which
was in accordance with or lower than that noted in the
previous study. This result suggested that the injection dose
of "*F-AV45 could be reduced, which could help to reduce
the effective radiation dose for patients.

SUVR is valuable for studies and clinical trials in AD.
However, it is resource intensive, requiring coregistered
MRI data and specialized segmentation software. Research
has revealed that deep learning algorithms can estimate
SUVR and use this information for diagnosis (9). Such
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software can enable quantitative measurements rapidly and
in settings without extensive image processing manpower
and expertise. In our study, similar image processing
software provided by the GE workstation CortexID Suite
was used to obtain SUVR, enabling us to obtain SUVR data
for each group which helped to reduce image processing
manpower and maintain consistency.

The clinical evaluation of amyloid PET imaging employs
visual assessment for binary classification, which has
been validated to be approximately 90% accurate (27,28).
Notably, visual assessment can be influenced by the readers’
experience, and some cases are classified as equivocal
when amyloid deposition is focal or at an early stage.
Therefore, incorporating adjunct quantitative measures of
AP deposition by calculating the SUVR value can provide
valuable clinical benefits for diagnosis. Currently, cerebellar
grey matter usually serves as the reference region, and the
SUVR threshold ranges from 1.10 to 1.22 in AV45 PET
(29-31). Other studies also followed an SUVR threshold of
0.79 based on the cerebral white matter reference region
(32-34). In this study, we used a threshold of SUVR =1.41
and obtained the maintained diagnostic accuracy until the
G6 group. While achieving a robust SUVR cut-off value
remains an ongoing topic, future studies should consider
several potential factors affecting the thresholds, such as
sample size, population variability, image acquisition, and
data analysis techniques.

When the scan time exceeded 6 minutes, 100%
diagnostic accuracy could be achieved for both visual
inspection and the SUVR threshold method. As the scan
time decreased, the sensitivity and specificity showed
a slight reduction in both quantitative and qualitative
analyses. Our results indicated that the deviation of ASUVR
increased from G10-G15 to G1-G1S5, resulting in a slight
reduction in sensitivity and specificity based on the SUVR
threshold. Based on quantitative categorization based on
an SUVR threshold of 1.41, sensitivity and specificity
values of 97% and 92%, respectively, could be achieved
with a 4-minute acquisition time. Acceptable sensitivity and
specificity values of 97% and 70%, respectively, could be
obtained with a 1-minute acquisition time. However, the
sensitivity and specificity were considerably reduced in the
qualitative categorization based on visual characteristics
when the acquisition time was less than 4 minutes (sensitivity
of 69% and specificity of 67% for 1-minute acquisition,
sensitivity of 82% and specificity of 78% for 2-minute
acquisition). In addition, 11 and 20 cases were marked as
undefined for 1- and 2-minute acquisition, respectively.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

We consider that the high noise and poor image quality
affect the visual characteristics and result in a low diagnostic
accuracy. However, the accuracy of the quantitative method
based on SUVR obtained from CortexID Suite software
was minimally affected. These results may reveal that if
the acquisition time is less than 4 minutes, the quantitative
method based on SUVR showed a better diagnostic
accuracy, and qualitative visual diagnosis showed a better
accuracy in the opposite site.

Limitations

Several limitations exist in our study. First, the sample size
was relatively small. To determine the specific minimum
scan time, further research involving large multicenter
samples is needed. Second, we used a relatively simple
method to segment the whole-brain cortex, which might
have affected the accuracy of SUVR values. Although the
tool is sufficient for heavy clinical work, future studies
should consider a more reliable tool for segmentation.
Third, in this study, we set the 15-minute group as a gold
standard reference. In the future, we suggest that dynamic
imaging might better reveal the timepoint with the shortest
scanning duration and excellent imaging quality.

Conclusions

The PET scanning duration of clinical cranial ""F-AV45
PET can be significantly reduced while maintaining
image quality and diagnostic performance in both AD
patients and HCs. In terms of image quality, a more than
6-minute acquisition time can obtain PET images with
good subjective evaluation and SNR values. In terms of
AP detectability, a 10-minute acquisition time in the AD
group and a 6-minute acquisition time in the HC group can
contribute to statically different SUVR values. Importantly,
these SUVR differences might not affect diagnostic accuracy
because the sensitivity, specificity, PPV, and NPV were all
maintained using both visual inspection and the SUVR
threshold of 1.41. In summary, our results suggest that a
6-minute acquisition time of AV45 PET could be sufficient
for clinical practice, which can reduce the burden on nuclear
medicine physicians and shorten patient waiting time.
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