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Abstract

Objective  On '®F-fluoro-2-deoxy-p-glucose (**F-FDG)
positron emission tomography (PET), signal-to-noise ratio
in the liver (SNRy;,.,) is used as a metric to assess image
quality. However, some regions-of-interest (ROIs) are used
when measuring the SNRy;,..- The purpose of this study is to
examine the different ROIs and volumes of interest (VOIs)
to obtain a reproducible SNRy;,..

Methods This study included 108 patients who underwent
BE_FDG-PET/CT scans for the purpose of cancer screening.
We examined four different ROIs and VOISs; a 3-cm-diame-
ter and a 4-cm-diameter circular ROI and a 3-cm-diameter
and a 4-cm-diameter spherical VOI on the right lobe of the
patients’ livers. The average of SUV (SUV ..}, standard
deviation (SD) of SUV (SUVgp), SNRj;,., and SD of the
SNRy;,, obtained using ROIs and VOIs were then compared.
Results  Although the SUV ., was not different among the
ROIs and VOlIs, the SUVg, was small with a 3-cm-diameter
ROL. The largest SUV, was obtained with a 4-cm-diameter
spherical VOI. The SNR;,., and the SD of the SNRy;,., with
a 4-cm-diameter spherical VOI were the smallest, while
those with a 3-cm-diameter circular ROI were the largest.
These results suggest that a small ROI may be placed on a
relatively homogeneous region not representing whole liver
unintentionally.
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Conclusion The SNRy;, .. varied according to the shape
and size of ROIs or VOIs. A 4-cm-diameter spherical VOI
is recommended to obtain stable and reproducible SNRy;,.,-
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Introduction

BE_fluoro-2-deoxy-p-glucose (‘*F-FDG) positron emis-
sion tomography (PET) has been widely used for detect-
ing malignant tumors, differential diagnosis, determina-
tion of therapeutic strategy, monitoring treatment response
and also in follow-up examinations [1-10]. Standardized
uptake value (SUV) is a parameter used to evaluate '3F-
FDG accumulation semiquantitatively. In addition, quanti-
tative accuracy and reproducibility of SUV are especially
important for differential diagnosis and for monitoring
treatment response. Therefore, routine inspection and
quality assessment of PET scanners are necessary to main-
tain accurate quantification during the PET examinations
[11, 12]. Noise equivalent count (NEC) has been used as a
standard metric to assess the performance of a PET scan-
ner [13-16]. NEC describes the equivalent coincidence
counts that would have the same noise properties as the
net true counts, corrected for random and scattered coinci-
dences. NEC reflects the quality of acquired raw data, and
thus does not take into account the impact of reconstruc-
tion algorithms or correction methods. Recently, the incor-
poration of additional information, such as point-spread
function and time-of-flight information, into iterative
reconstruction algorithm markedly improved the quality
of the PET image [17]. Signal-to-noise ratio in the liver
(SNRy;,.,) 1s used as a metric to evaluate image quality
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obtained from reconstructed images. SNRj;,.. has been
reported to be useful for determining the injection dose of
F_FDG in relation to the patient’s body weight and the
optimization of the acquisition time [18-22].

However, a poor correlation has also been reported
between SNR;,., and the result of the visual evaluation
of clinical images [14, 15]. Because the "®F-FDG uptake
in the liver is not homogeneous, the placement of the
regions-of-interest (ROIs) for the liver was considered
to affect the stability and reproducibility of the SNRy;,
[23]. Although the guidelines for the oncology '*F-FDG-
PET/CT data acquisition protocol recommended placing
a circular ROI with 3 cm diameter in the right lobe of the
liver in a coronal image, various other methods have been
also reported [17-22, 24, 25]. Furthermore, a spherical
volume-of-interest (VOI) with 3 cm diameter for meas-
urement the SUV of the liver has also been reported to be
highly reproducible [26]. Therefore, the most appropriate
method for placing an ROI, which provides a stable and
reproducible SNRy;,., heeds to be established.

The aim of this study is to compare the effects of dif-
ferent ROIs and VOIs on measurement of SNR;,..s, and
to determine the most reproducible method to measure
SNRliver'

Materials and methods
Subjects

This retrospective study was approved by the institutional
review board of our hospital, and a written informed con-
sent was waived. This study included 108 patients (67
men and 41 women, mean age 57.2+ 11.0 years, mean
body weight 65.1 +12.9 kg, mean body mass index (BMI)
23.7 +3.2 kg/m?) who underwent '*F-FDG-PET/CT
scan for the purpose of cancer screening. Patients with
abnormal accumulations in the liver, those with a high
blood-sugar level more than 110 mg/dL, those with liver

Fig. 1 Placement of an ROI A B
and a VOL. a Circular ROIs

with a diameter of 3 cm (dashed
line) and 4 c¢m (solid line) were -
placed on the right lobe of the
liver on consecutive five coronal = )
images. b Spherical VOIs with
a diameter of 3 cm (dashed
line) and 4 cm (solid line) were
placed on the right lobe of ¥
the liver in three-dimensional
volume data five times
coronal
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dysfunction and those with a liver too small to place ROIs
were excluded from this study.

Scanner description

PET/CT data were acquired using a True Point Biograph
40 scanner (Siemens AG, Munich, Germany). This scan-
ner is comprised of 39 rings, with a total of 144 lutetium
oxyorthosilicate (LSO) detectors, covering an axial field of
view (FOV) of 16.2 cm and a transaxial FOV of 68.3 cm in
diameter. Each LSO crystal is 4 x4 x 20 mm°.

BF.FDG-PET/CT protocol

The patients fasted for approximately 6 h before *F-FDG
administration. The dose of '®F-FDG was 3.7 MBgq/kg for
patients weighing 70 kg or less and 259 MBq for patients
heavier than 70 kg. After the administration of IBE_FDG, the
patient rested in a dimmed room for an hour before the PET/
CT scan was started. The patients were scanned with their
arms down. Scan duration of one bed position was 2 min.
The overlap ranges of PET data acquisition were 28%. The
CT scan for attenuation correction was performed according
to the following parameters: 120 kVp, 80 mAs, collimation
24 x 1.2 mm, pitch 0.8, 0.5 s per one rotation. The diameter
of the FOV of CT images was 70 cm. The slice thickness of
the reconstructed CT image was 5 mm with a 3 mm interval.
Scatter correction was performed using the single scatter
simulation method. PET acquisition data were reconstructed
using the method of Fourier rebinning two-dimensional
ordered subset expectation maximization (FORE-OSEM)
with two iterations and eight subsets, and were then
smoothed with a Gaussian filter with a full width at half
maximum (FWHM) of 6 mm. The slice thickness of PET
images was 5 mm and the interval of slices was 3 mm.

Data analysis

For data analysis, the VOXBASE II fusion viewer (J-mac
system, Sapporo, Japan) was used. Circular ROIs with
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a diameter of 3 cm (ROI;; 6.72 cm?) and of 4 cm (ROI;
13.43 cm?) were placed on the right lobe of the liver on
five consecutive coronal images (i=1-5) (Fig. la). ROIs
were carefully placed on the center of the right lobe of the
liver, taking care not to include the hepatic portal region
and subphrenic region. Spherical VOIs with a diameter of
3 cm (VOIy; 13.82 cm?) and of 4 cm (VOI,; 32.83 cm?) were
placed on the right lobe of the liver in 3 dimensional volume
data (Fig. 1b). The VOI placement was repeated five times
(j=1-5). The average and standard deviation of SUV within
each ROI and VOI were calculated as SUV ... and SUVgp,
respectively.

The SNRy;,; with an ROI and the SNRy;.,; with a VOI
were defined with the following formulae.

mean

SUVmean,i
SUVgp,
SUV pean,
SUVgp,

SNRyje; = , in the case of circular ROIs,

SNRjiyerj = , in the case of spherical VOIs,

where i and j represent the number of an ROI or a VOI on
each patient.

SNR;,; Was calculated by the following formulae using
the values of five ROIs or VOIs.

5
SNRiver =% <Z SNRliver,i>, in the case of circular ROIs,
i=1

5
SNRjiver =% (Z SNR“VSW), in the case of spherical VOlIs,
=1

SD of the SNRy;,,; and SNRy;,,; was also calculated,
respectively.

Statistical analysis

Comparisons of the mean of SUV ..., SUVgp and SNR;. .,
among different ROIs and VOIs were performed by one-way
ANOVA, followed by a post hoc Tukey HSD test. Compari-
son of the SD of SNRy,; and SNRy, ; among ROIs and
VOIs was performed in the same way for the purpose of
determining the stability of measurement of SNR;;,. in each
ROI. We used a level of significance of p <0.05.

Results

Figure 2 shows the comparison of the mean SUV_.'s
among two ROIs and two VOIs. SUV_...s were not sig-
nificantly different among any ROIs or VOIs. On the
other hand, Fig. 3 shows that the SUVgps with ROI; were

3 { 245+0.26 2.44+0.26 2.46+0.27
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ROI3 ROI4 VOI3 VOIl4

Fig. 2 Comparison of SUV,.,, among ROIs and VOIs. SUV_...s
were not significantly different among any ROIs or VOIs (p =0.94)
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Fig. 3 Comparison of SUVg, among ROIs and VOIs. The mean
value of SUVg, with ROI; was significantly lower than those with
others. SUVg, with ROI, was also significantly lower than that with
VOI, but was not significantly lower than that with VOI; (p =0.06).
SUVgps with VOISs did not significantly differ from each other

significantly lower than those with others. SUVg, with
ROI, was also significantly lower than that with VOI,.
SUVgps with VOIs were not significantly different from
each other.

Figure 4 shows the comparison of SNR;,.,s among
two ROIs and two VOIs. SNR;,..s with two ROIs and two
VOIs were significantly different from each other, and
SNRj;,.;s with ROI; was the highest, followed by ROI,,
VOI; and VOI,.

Figure 5 shows the comparison of the SDs of SNRy;,, ;
and SNR;,; among two ROIs and two VOIs. The SD
of VOI, was lower than those of VOI;, ROI, and ROI;
in ascending order. Each SD had a significant difference
from the others.
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Fig. 4 SNR;; s of ROIs and VOIs. SNRy;,.,s with two ROIs and
two VOIs were significantly different from each other. SNRy;, s with
ROI; was the highest followed by ROI,, VOI; and VOI,
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Fig. 5 The standard deviations of SNRy;,., of ROIs and VOIs. The
SD of VOI, was lower than those of VOI;, ROI, and ROIj; in ascend-
ing order. Each SD showed a significant difference from the others

Discussions

In this study, we investigated the influence of ROI or VOI
determination on the stability and reproducibility of SNRy;,.,
to evaluate PET image quality. Although the SUV ., was
not different among ROIs and VOIs, the SUV, was small
with a small ROI. Furthermore, a small ROI resulted in a
large SNR; .. and large SD of SNR;; ...

The difference in SUV ., s among ROIs and VOIs were
not statistically significant. This suggests that a similar
SUV ean Of the liver can be obtained when using either the
diameter of 3 or 4 cm circular ROIs or spherical VOIs. On
the other hand, the SUVgp, with ROI; was smaller than those
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with other ROI and VOIs. This is presumably dependent on
the region where the ROI is placed. Manual placement of a
small ROI tended to be restricted to homogeneous regions
unintentionally. Thus, it may not represent the general vari-
ability of the liver SUV. Therefore, the placement of a rela-
tively large ROI is recommended to represent the general
FDG uptake and distribution in the liver. SNR;;,., with ROI,
was the largest, and was followed by those with ROl,, VOI,
and VOI, in descending order. As the SUV .., was not sig-
nificantly different among all ROIs and VOIs, the differ-
ence of SNRy;,.. among ROIs and VOIs was considered to
result from the difference in SUVgp,. In our study, the SD of
SNR;;,, with ROI; was also the largest and was followed by
those with ROI,, VOI; and VOI,. Thus, the SNRy;,.. with
VOlI, is considered to be the most reproducible among the
ROIs and VOIs. McDermott et al. used a spherical VOI
with a diameter of 5 cm and showed a small SD of SNR;.,
[25]. From the findings described above, we have concluded
that the measurement of SNRy;,., with a smaller ROI is not
reproducible, and that to obtain a reproducible SNRy;,.,, it is
necessary to place a sufficiently large VOI.

Concerning the manual placement of an ROI or a VOI,
placing a circular ROI has a higher degree of freedom than
a spherical VOI. Therefore, the variation of measured values
should become larger with circular ROIs. Some methods
such as increasing the number of measurements is recom-
mended when using a circular ROI [17]. With a larger diam-
eter of ROI or VOI, the degree of freedom when placing
an ROI was low, and then the deviation of measurement of
SUVgp became smaller. However, placing ROI or VOI with
too large of a diameter may be difficult in some cases in
which the patient has a small liver.

In this study, a single researcher performed data analy-
sis. Thus, the variance indicates the intra-observer differ-
ence for ROI analysis. Our results showed that the SD of
SNR;,.» Which was an intra-observer variance, was small in
both large ROIs and large VOIs. Viner et al. examined the
inter-observer agreement of SUV ., normalized with lean
body mass in the liver [26]. They used a VOI with a 3 cm
diameter and showed a good inter-observer agreement of
SUV .., measurements. An inter-observer variance is gener-
ally considered to be larger than an intra-observer variance
[27, 28]. This suggests that using a larger VOI with a 4 cm
diameter can be expected to obtain better results. Although
we did not examine the inter-observer variance of SNRy;,.,
at this time, we predict it would be larger but have a similar
tendency to the intra-observer variance of SNRy;,.. Further
examination is required to elucidate the effect of ROIs and
VOIs on the inter-observer variance of SNRy; .-

SNRj;,., itself is considered to be unstable as an index
of the image quality. Primarily, the administered dose of
BE_FDG is a potential influencing factor in the reliability
of SUV [29]. A relatively low administered dose generally
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results in impaired image quality due to low count statics.
This effect also influences the SNR measurement. We sup-
pose that the SD of SNR measured with a small ROI may
be larger than with a larger ROI due to variance of SUV
resulting from increasing image noise in the liver. There-
fore, we infer that reproducibility of SNR measurement
would also be improved with a large ROI in the case of
a low administered dose. In addition, as the administered
dose in this study was determined based on the patient body
weight, the influence of the administered dose on the results
should be considered negligible, with the exception of pos-
sible calibration errors by the dose calibrator. On the other
hand, at institutions where '*F-FDG is supplied by venders,
the administered dose cannot easily be adjusted, which may
affect the reliability of SUV, as a result of SNR. Secondly,
patients with a large BMI are reported to show high normal
organ SUVs due to copious adipose tissue, which does not
accumulate 'F-FDG [30-32]. A lean body mass is recom-
mended when calculating regular tissue SUV due to poten-
tially increased values in patients with a high BMI [30-32].
Moreover, in the case of an obese patient, image quality is
deteriorated by increases in the number of random and scat-
tered coincidences, and thus patient body weight influences
the SNR measurement. However, the effect of body weight
as a normalization factor for calculating SUV is negligible
in SNR derived as the ratio of SUV ., to SUVgp,. In addi-
tion, patient body weight was not considered to be a variable
in this study, as no patient was of a weight that could be
deemed as having an effect on regular tissue SUV. Third,
underestimation of liver SUV near the diaphragm due to
respiratory movement sometimes occurs in cases involving a
small liver. The SUV in the dorsal region of the right lobe of
the liver is frequently low, due to an artifact associated with
arm motion. The ROIs or VOIs must be carefully placed
to avoid such regions. Fourth, this study did not include
patients with liver dysfunction, because the liver FDG
uptake in patients with liver dysfunction has been reported
to be decreased and heterogeneous, and so the SNR;, ., of
such patients needs to be analyzed in separate investigations
[23, 33].

Conclusion

To obtain a stable and reproducible SNRy; ., a 4-cm-diame-
ter spherical VOI is considered as superior to a 3-cm-diam-
eter spherical VOI, a 3-cm-diameter and 4-cm-diameter
circular ROIL
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