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Fig.1 Area of 55 degree for the static magnetic

field.
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Fig.2 A part of 55 degree for the static magnetic
field in the meniscus.

in such a manner that the water molecules sur-
rounding the collagen fiber are constrained
and aligned along the direction of the fiber!?.
The magic angle phenomenon is observed

when that angle approaches the angle of 6.

2. Methods

By acquiring the images with varying TE af-

ter placing the phantom of the meniscus at
about 55° to the static magnetic field, changes
in the signal of the phantom were measured at
different TEs.

2-1. Equipment and coil

A 1.5 T Signa HDx MRI scanner, ver. 14 (GE)
was used in this study. For evaluation of the
phantom images, two 5-inch surface coils were

used as a dual coil.
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Fig.3 The imaging position

Fig.4 Direction of the static magnetic
field in the meniscus.

2-2. 3D imaging parameters

The imaging parameters of the sequence
used in this study were as follows: repetition
time (TR), 4000 ms; TE, 13.8-111.2 ms; flip an-
gle, 90°; matrix, 256 x 2506; field of view (FOV),
15 cm % 15 c¢m; number of excitations (NEX),
2; slice thickness, 1 mm; fat suppression, none;
sensitivity correction, none; bandwidth (BW),
13.16 kHz; number of slices, 25; acquisition
time, 264 s.

2-3. Phantom

Pig meniscus, which is similar to human me-
niscus'’, was enclosed in a joint capsule and
used as the phantom in this study. Either of the
regions could become the magic angle (about
55°) once the meniscus is oriented in a similar

direction as in Fig.2. For the positioning, the
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Fig.5a Meniscus image in short TE
sequence.

(<) : High signal part in the meniscus.

Fig.5 b Meniscus image in longTE
sequence.

tibial articular surface was placed at the center
of the surface coil and was fixed by securing
the surface coil with two towels (Fig.3). After
acquiring several images for positioning, we
made fine adjustments so that the tibial articu-
lar surface aligned with the direction of the
static magnetic field (Fig.4). This study was
performed after obtaining the approval of the
medical research ethics committee of our hos-
pital. After the imaging, one orthopedist and
six radiologic technologists examined the joint
and confirmed that the meniscus used for the
phantom was normal (without any pathologi-
cal abnormalities).
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Fig.5 ¢ ROI setting of high and low signal area.

2-4. Examination of phantom images

Using a short-TE to long-TE sequence, 3D
images of the region that included the menis-
cus were acquired. The images acquired for
the evaluation of the meniscus were generated
by reconstruction of the sequence from the
original image to compare the signal levels by
each sequence. With the fast spin echo (FSE),
the images were acquired using a sequence
that can change from a short-TE to long-TE by
adjusting the TR and BW. The images were ac-
quired at the following TE values (in ms): 13.8,
27.8, 41.7, 55.6, 69.5, 83.4, 97.3, and 111.2. In
each TE sequence, five regions of interest
(ROD) were set in the low signal value region
(A) and the high signal value region (B) of the
meniscus, and the mean signal value was cal-
culated to measure the contrast ratio of B/A. In
this study, the size of the ROI was defined as 1
+ 0.1 mm? based on the results of the ROI
viewer measurement software. We examined
whether there were differences in the contrast
ratio between the shortest TE and the longest
TE. By determining the TE at which the con-
trast ratio is close to 1, we also examined
whether the TE value influences the results.
Figs.5a, 5b, and 5¢ show representative images
that were used for the evaluation.
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3. Results

With the shortest TE sequence, the mean
ROI value of the low signal region in the me-
niscus was 361.2, while the mean ROI value of
the high signal region in the meniscus was
923.2, and its contrast ratio was 2.56. With the
longest TE sequence, the signal value for the
same region was 193.6 to 188, and its contrast
ratio was 0.97. The contrast ratio of the low
signal value to the high signal value in the me-
niscus in each TE (ms; represented as TE [B/A]
was 13.8 (2.56), 27.8 (1.67), 41.7 (1.32), 55.6
(1.21), 69.5 (1.21), 83.4 (1.08), 97.3 (0.96), and
111.2 (0.97).

4. Discussion

Since MRI images with short-TE imaging se-
quence are often used to visualize the menis-
cus, hyperintensity caused by the magic angle
may cause an error in a diagnosis that is based
on MRI examination alone. This study exam-
ined whether magic angle phenomenon oc-
curred in the tissues of the meniscus by plac-
ing the meniscus at approximately 55° relative
to the static magnetic field. The results ob-
tained suggest that a clear magic angle phe-
nomenon was observed in the short-TE se-
quence images. The low signal value region of
the meniscus more than doubled in signal in-
tensity compared with the initial signal value,
and the contrast ratio was 2.56. Conversely, the
signal/contrast ratio of the same regions using
the long-TE sequence images was 0.97, which
was close to 1. These results imply that in
short-TE imaging sequence of the meniscus tis-
sues, signal values increased in the regions
where collagen fibers of the meniscus were
present at about 55° relative to the static mag-
netic field. In this study, the region where im-
ages for positioning aligned at about 55° rela-
tive to the static magnetic field almost corre-
sponds to the region where the signal value

was increased. The arrangement of the menis-
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cus collagen fibers in this study was radial in
structure at the surface, but was circular at the
interior and the radial fibers mixed with the
circular fibers around the circumference!?.
Therefore, the region with the high signal val-
ue seemed to correspond with the circular fi-
bers present at the interior. Evaluation of the
contrast ratio for each TE revealed that the
contrast ratio was close to 1.00 when the TE
was 83.4 ms or more; at these TE values, the
magic angle phenomenon was not observed.
The TE values that rule out the magic angle
phenomenon are expected to vary depending
on the sequence. Nevertheless, TE can be con-
sidered an indicator to rule out the magic angle
phenomenon. The magic angle phenomenon
shows increased signal value with short-TE at
the region that is about 55° to the static mag-
netic field. When the tendon and ligament
align in a particular direction that is not close
to the magic angle, the positions of the protons
are constant, and T2 relaxation may be pro-
moted by dipole interaction. However, when
the position reaches the magic angle, it cannot
be influenced by dipole interaction. Therefore,
extension of T2 occurs and the signal of the tis-
sues can be obtained with a short-TE sequence.
However, T2 of the water molecules that are
bound to macromolecules present in the ten-
don or ligament is considered as < 200 us'?.
Consequently, TE is very less that even if ex-
tension of T: relaxation occurs in the tendon or
ligament and decrement occurs before acquir-
ing signals with long-TE, it does not signifi-
cantly influence the signal strength. The re-
gions with high signal values that are caused
by the magic angle phenomenon actually show
a normal signal at the tendon or the ligament,
not an abnormal signal. Thus, it may be de-
cayed with relaxation time'?, and its contrast

cannot be detected like other tissues.

5. Conclusion

This study, which evaluated the magic angle
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phenomenon of the meniscus revealed that the
signal value with short-TE increased in the re-
gion at about 55° relative to the static magnetic
field and that the imaging of the meniscus was
influenced by the magic angle. In the vertical
magnetic field, it is necessary to be cautious
because the meniscus may orient in a direction
that is close to the magic angle. In the horizon-
tal or supine magnetic field, the meniscus is
not close to the magic angle. Since imaging of
the meniscus is not angularly influenced in the
horizontal magnetic field, the meniscus can be
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[Abstract]

Understanding liver function and volume as well as the positions of the blood vessels and organs before hepatectomy
is important for preventing liver failure after surgery. Information regarding liver volume is acquired by SPECT, CT, and
MRI, and a few studies have been published regarding the same. However, these studies are hampered by issues in
the accuracy of measurements. The assessment of liver volume using SPECT/CT has been recently reported. However,
not every hospital can perform this technique. Therefore, we analyzed MR images acquired during expiration in order
to assess the liver volume using fusion images acquired by both SPECT and MRI

First, we used a tailor-made phantom of the liver to measure the volume-changing image parameter in each modality.
Then, we compared the images acquired using all three modalities. After obtaining the institutional review board
approval and informed patient consent, we measured the liver volumes of 48 patients (mean age, 68 = 10 years),
using each of the modalities and compared them amongst each other. We assessed intra-observer reproducibility by
performing the measurements twice.

The mean total liver volume measurements obtained using SPECT, CT, and MRI were not significantly different (1176.3
+330.3 cm’, 1172.9 * 341.7 cm’, and 1187.6 = 334.9 cm’, respectively; p = 0.289). The mean residual liver volumes
measured using SPECT, SPECT-CT fusion, SPECT-MRI fusion, CT, and MR images showed significant differences (511.8
+301.0 cm?, 531.9 £ 266.7 cm?®, 551.9 = 269.8 cm’®, 555.6 = 259.0 cm’, and 558.0 = 243.3 cm’, respectively; p < 0.05). The
residual liver volumes measured using SPECT, SPECT-CT fusion, and SPECT-MRI fusion images showed good intra-
observer positive correlations (p = 0.88, 0.91, and 0.97, respectively).

We conclude that the measurement of liver volume using fusion images acquired by SPECT and MRI shows good
reproducibility.

stage of cancer. It is important to understand

Introduction

liver function and volume as well as the loca-

Liver cancer is the fourth leading cause of tions of the organs and vessels before liver ex-

death in Japan, after lung, stomach and colon
cancer”. The incidences of lung, colon, and
pancreatic cancer continue to increase, where-
as that of liver cancer has decreased after peak-
ing in the mid-2000s. There were about 33,000
cases of liver cancer in 2010V. The main meth-
ods of liver cancer treatment are surgery, per-
cutaneous ethanol injection therapy, and tran-
scatheter arterial embolization. Many patients
with liver cancer experience complications
such as chronic liver disease, hepatitis, cirrho-
sis, and fatty liver. Treatment selection takes

into consideration liver function as well as the

cision in order to prevent liver failure. Techne-
tium-99m diethylenetriamine pentaacetic acid
galactosyl human serum albumin (®™Tc-GSA)
scintigraphy and X-ray computed tomography
(CT) can provide this information®?~®- At our
hospital, liver function is measured using *™Tc-
GSA scintigraphy prior to hepatectomy. Liver
volume is measured using single-photon emis-
sion computed tomography (SPECT), which
provides an indication of reserve capacity after
hepatectomy. In many cases, liver volume is
evaluated using CT and magnetic resonance

imaging (MRD”~ V. Measurement of liver vol-
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ume using SPECT images provides inadequate
information about the vessels and lacks accu-
racy'?. In comparison, CT provides excellent
accuracy of measurements. The volume of the
liver, however, is not a reflection of liver func-
tion'?. The evaluation of liver function from
MR images was recently attempted using ga-
doxetic sodium (Gd-EOB-DTPA). However, it
does not become instead of SPECT yet'? ', In
addition, liver volume measurements acquired
using CT and MRI tend to be greater than the
actual liver volume'®. Tt is necessary to evalu-
ate the information and confirm the accuracy
of liver volume measurements using each mo-
dality prior to hepatectomy. Accuracy has been
a problem when SPECT and CT, CT and MRI
were used to measure liver volume!®~1. The
fusion of SPECT and CT images in order to
improve the accuracy of liver volume measure-
ments was reported by a study. The accuracy
of image fusion poses a problem because CT
images are usually obtained during inspiration,
while SPECT images are acquired during free
breathing. Recently, SPECT/CT has been used
in a study as a method to compensate for these
deficiencies®. However, not every hospital has
the facilities for SPECT/CT imaging. The pur-
pose of this study was to evaluate liver vol-
umes using a custom-made phantom as well as
clinical images acquired using three modalities
— SPECT, CT, and MRI.

Materials and methods

Experimental Setup

Each imaging modality was evaluated using a
custom-made phantom. The phantom was com-
posed of polymethyl methacrylate (PMMA) in a
500 cm? solution of contrast agent (Fig.1).

Patients

The study included 48 patients (male, 31; fe-
male, 17) with or without an injured liver, who
underwent hepatectomy at the Showa Univer-
sity Hospital between March 2012 and August
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Diameter, 110 mm

T

a: PMMA (200 X 40 mm) f: SPECT
b: PMMA (150 X 15 mm) 500 cm? *™TcO, solution (222 kBg/cm?)

cT
: X
c: PMMA (100 X 10 mm) 500 cm? iodo-agarose (3000 mgl/cm?)
d: PMMA (18 mm X 18 mm X 80 g
mm) 500 cm?3 Gd-EOB-DTPA agarose (0.25 pmol/cm3)
e: PMMA (18 mm X 18 mm X 80

mm)

Fig.1 Tailor-made liver phantom.

2013. The mean (SD) age of the patients at the
time of surgery was 68 = 10 years (range, 35-83
years). The participants underwent SPECT, CT,
and MRI examinations within 2 weeks prior to
hepatectomy. Finally, patients undergoing right
(n = 34) or left (n = 14) lobe hepatectomy were
included, and those undergoing partial hepa-
tectomy were excluded. Patient consent was
obtained after approval by the institutional re-
view board of the hospital.

Imaging Acquisition

The studies were performed using a SPECT
system (Symbia S; Siemens Healthcare, Erlan-
gen, Germany) with low-energy high-resolu-
tion collimators, a CT scanner (SOMATOM
Definition AS+; Siemens Healthcare, Erlangen,
Germany), and a similar 3.0 Tesla MRI system
(MAGNETOM Trio A Tim; Siemens Healthcare,
Erlangen, Germany) with a body-matrix coil as
well as a spine-matrix coil consisting of 12 coil
elements. In the phantom study, the parame-
ters for SPECT image acquisition included the
following: each set of projection data was ob-
tained in 64 projections (5.6°/step, 20 s/step),
and the energy window was 20% width at pho-
to-peak; for each image, the acquisition time
was assumed to be constant, and the voxel size
was changed (matrix, 64 x 256) as shown in Ta-
ble 1. The reconstruction parameters used after
data collection were as follows: reconstruction
method, filtered back projection; filter, Butter-
worth; cutoff, 0.15 cycles per pixel; attenuation
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correction, none; scatter correction, none. For
volumetric imaging with CT, the acquisition
parameters were as follows: tube voltage, 120
kV; tube current, 200 mA; collimation, 0.6 X 64
mm; pitch factor, 1.0; and rotation time, 0.5 s.
The field of view (FOV) and slice thickness
values for each image are shown in Table 2.
For MRI volumetric imaging, we used the Vol-
umetric Interpolated Breath-hold Examination
(VIBE) with 3D-GRE-T1WI sequence. The pa-
rameters included the following: repetition
time, 3.8 ms; echo time, 1.5 ms; flip angle, 10°;
matrix size, 512 x512; bandwidth, 444 Hz/pix-
el. The FOV and slice thickness values for each
image are shown in Table 3. For image acqui-
sition of the clinical cases, SPECT was per-
formed with a voxel size of 9.6 mm, with free
breathing during scanning. The spatial resolu-
tion for CT was 0.68 mm x 0.68 mm % 0.75 mm,
and the images were acquired while holding
inspiration. The spatial resolution for MRI was
1.46 mmx1.09 mmx 3.5 mm, and the images
were acquired while holding expiration. The
patients were administrated total bolus intrave-
nous injections of 185 MBq *“™Tc-GSA at scin-
tigraphy, 600 mg/kg iodinated contrast medi-
um at CT, and 0.10 mmol/kg Gd-EOB-DTPA at
MRI.

Image Analysis

In the phantom study, the phantom volumes

measured using each modality were compared.

Table 1 Volume of tailor-made liver phantom with

SPECT.
Voxel size (mm)
0.8 0.9 1 2 3 3.9 4.8 6.6 9.6
299.9 460.2 481.7 5531 5486 548.7 5483 561.3 673.0

(em®)

Table 2 Volume of tailor-made liver phantom with

CT.
Pixel size (mm) Slice thickness (mm)
1 2 3 4 5
0.6 499.4 533.1 562.6 594.3 626.5
0.7 505.8 538.9 567.6 599.0 630.5
0.8 511.6 543.3 571.7 602.9 634.3
0.9 516.5 547.3 575.2 606.4 637.8
1.0 523.1 552.6 579.2 609.7 641.2
(cm®)

Volumetry of the Liver: Effect of measurement using fusion images

In the clinical cases, the liver volumes were
measured using each modality and evaluated;
both whole and partial liver volumes were
measured. The SPECT images were acquired
20 min after #*Tc-GSA scintigraphy, CT images
during the portal phase, and MR images during
the hepatobiliary phase of Gd-EOB-DTPA im-
aging. The volumes were measured using the
standard semi-automatic extraction function of
the 3D application AZE Place Raijin, version
3.1 (AZE, Ltd Tokyo, Japan). In the horizontal
view, a part of the solution was extracted by
enclosing the border of the solution resem-
bling liver tissue in the direction of the body
axis, creating the mask shown in Fig.2, using
the radial basis function (RBF) interpolation
function. In the SPECT images, the cutoff value
of the count was set using the threshold value
change function to remove the background
count. The cutoff value was assumed to be
35% of the maximum count value?”. With CT
and MRI, the liver volumes were measured us-
ing the semi-automatic extractor function, after
the main blood vessels (portal and vein), intra-
hepatic bile ducts, and a part of the mass were
excised at the workstation. Partial liver vol-
umes of right and left lobes were measured
separately, and the volume on the residual side
was evaluated. The base that separated the
right and left lobes was assumed to be the
Cantlie line. Liver volumes were also measured
using the fusion images of SPECT with CT and
MRI. As shown in Fig.3, the fusion images
were manually fitted using the workstation ap-
plication.

The partial liver volumes were again meas-
ured a month later using SPECT, CT, and MRI,

Table 3 Volume of tailor-made liver phantom with

MRI.
Pixel size (mm) Slice thickness (mm)
1 2 3 4 5
06 502.1 535.3 5708 603.0 640.6
0.7 506.6 538.3 573.6 605.8 643.1
08 511.3 541.7 575.6 608.3 6455
0.9 516.1 5455 579.5 610.4 648.9
1.0 519.6 550.5 583.2 614.1 652.2

(em®)
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Fig.2 Liver extraction using Virtual Place. Areas
within the white enclosure show masked

images.

and the intra-observer reproducibility was eval-
uated.

Statistical Analysis

The Friedman test was used to determine the
significance of the differences between the
SPECT, CT, and MRI measurements. Spear-
man’s rank correlation coefficient and Passing—
Bablok regression analysis?? were used to
evaluate the whole liver volumes measured
using each modality, based on the best result
of the phantom study. Intra-observer repro-
ducibility was evaluated using Spearman’s rank
correlation coefficient, Bland—Altman analysis,
and Passing—Bablok regression analysis. All of
the statistical analyses were performed using
MedcCalc, version 13.1 (MedCalc Software, Mar-
iakerke, Belgium).

Results

Phantom study

The liver volume parameters measured using
SPECT, CT, and MRI are shown in Tables 1, 2,
and 3. The volumes obtained using SPECT
showed a tendency to be underestimated with
decreasing voxel size, resulting in values lower
than the true value at a voxel size of 0.8 mm.
Moreover, as the voxel size increased, the vol-
umes also increased, resulting in an approxi-

mately 10% error compared to the true value.
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Fig.3 Liver Fusion by Virtual Place; The images were
acquired by SPECT and MRI.

The CT and MRI measurements approached
the true values when the slice thickness was
thin and the pixel size small, and were closest
when the slice thickness and pixel size were
0.6 mm and 1 mm, respectively. The volumes
were overestimated by CT and MRI when the

pixel size and slice thickness were increased.

Clinical study

There were no significant differences in the
mean whole liver volumes measured using
SPECT, CT, and MRI (1176.3 £330.3 cm?, 1172.9
£341.7 cm’, and 1187.6+£334.9 cm?, respec-
tively; p = 0.289) (Table 4). The SPECT and MRI
measurements were positively correlated to
the CT measurements (p =0.88 and 0.99), as
demonstrated by the Passing—Bablok regres-
sion plots in Fig.4. The mean residual liver vol-
ume measurements acquired using SPECT,
SPECT-CT fusion, SPECT-MRI fusion, CT, and
MRI showed significant differences (511.8+
301.0 cm?, 531.9+£266.7 cm?, 551.9+209.8 cm?,
555.6%£259.0 ¢cm? and 558.0+243.3 cm?, re-
spectively; p < 0.05; Table 4 and Fig.5).

Intra-observer reproducibility

The liver volumes (measured twice) are
shown in Table 5. The residual liver volumes
measured using SPECT, SPECT-CT fusion, and
SPECT-MRI fusion showed positive intra-ob-
server correlations (p=0.88, 0.91, and 0.97, re-
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Table 4 Liver volume in clinical cases.

Volumetry of the Liver: Effect of measurement using fusion images

Segment SPECT (Non-fusion) SPECT (Fusion with CT) ~ SPECT (Fusion with MRI) CcT MRI p-value®
Total 1176.3 £+ 330.3 (1127.5) - - 1172.9 £ 341.7 (1080.0) 1187.6 &+ 334.9 (1100.0) 0.289
Right lobe 813.7 = 246.1 (845.0) 723.8 = 227.1 (727.0) 7315 229.8 (758.0) 698.4 + 249.3 (701.5) 706.3 = 231.6 (716.5) < 0.05
Left lobe 362.6 = 213.2 (287.0) 4525 + 261.8 (405.5) 4448 237.2 (381.5) 4745 + 2183 (418.0) 481.3 += 213.6 (4285) < 0.05
Resection lobe 664.5 = 327.8 (690.0) 664.4 + 283.1 (678.5) 624.4 = 274.8 (687.0) 617.3 = 257.2 (657.5) 629.7 = 251.6 (631.5) 0.073
Residual lobe 511.8 == 301.0 (409.0) 531.9 + 266.7 (501.0) 551.9 + 269.8 (502.5) 555.6 &= 259.0 (487.5) 558.0 + 243.3 (498.5) <0.05

(em®)

Values are represented as Mean + SD (Median); SD: standard deviation.

*Friedman test.
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Fig.4 Passing-Bablok regression analysis of total liver volume.
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Fig.5 Box plot of residual liver volume in clinical
cases.

spectively); the mean differences were -13.7 +
124.0 cm?, -38.3+92.3 cm?, and -4.6=73.5 cm?,
respectively (see Bland-Altman and regression
plots in Fig.6).

Discussion

In the phantom study, the volumetric meas-

urements acquired using SPECT were underes-

timated when the voxel size was 1 mm or less,
with a deficiency of count for each voxel. It
was, therefore, assumed that a voxel size of 1
mm or more was necessary for volumetric
measurement using SPECT. When the voxel
size increased, the volumes were overestimat-
ed. The resolution ability at the PMMA-solution
border changed as the voxel size increased,
and the actual solution volume measured was
greater than its true value, possibly because of
the partial volume effect?®- 2%, Tt is necessary to
extend the acquisition time in order to achieve
SPECT images with quality similar to that of CT
or MR images. However, this requires devia-
tion from a realistic examination time. Addi-
tionally, it is assumed that the spatial resolution
of SPECT is lower than that of CT and MRL
Therefore, we concluded that the volumes
were overestimated in the clinical cases. In the
CT and MR images, the volumes were overes-
timated at greater pixel size and slice thickness
values. This is similar to the phenomenon ob-
served in SPECT, where the volume varies
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Table 5

Intra-observer reproducibility of liver volume in clinical cases.

o A1

Modality Segment Time 1 Time 2 Mean difference(SD,)
SPECT Right lobe 813.7 &= 246.1 (845.0) 752.3 £ 253.4 (790.5) 61.4 (108.3) 0.92*
(Non fusion) Left lobe 362.6 = 213.2 (287.0) 4240 * 246.7(359.5) -61.4 (108.3) 087"
Resection lobe 664.5 = 327.8 (690.0) 650.8 + 304.5(688.5) 13.7 (124.0) 0.92*
Residual lobe 511.8 = 301.0 (409.0) 5255 + 281.7(452.0) -13.7 (124.0) 0.88"
SPECT Right lobe 723.8 = 227.1 (727.0) 684.5 = 240.0 (725.0) 39.3 (91.9) 0.92*
(Fusion with CT) Left lobe 4525 * 261.8 (405.5) 491.8 * 2412 (456.5) -39.3 (91.9) 0.87"
Resection lobe 664.4 = 283.1 (678.5) 606.1 = 265.8 (618.0) 38.3 (92.3) 0.93"
Residual lobe 531.9 + 266.7 (501.0) 570.2 + 251.8 (527.5) -38.3(92.3) 091"
SPECT Right lobe 731.5 = 229.8 (758.0) 700.6 £ 230.6 (705.5) 30.8 (66.8) 0.92*
(Fusion with MRI) Left lobe 4448 + 2372 (381.5) 4756 *+ 2418 (461.0) -30.8 (66.8) 0.95"
Resection lobe 624.4 + 274.8 (687.0) 619.8 = 259.2 (634.5) 4.6 (73.5) 0.95"
Residual lobe 551.9 + 269.8 (502.5) 556.5 + 261.2 (532.5) -4.6 (73.5) 097"
CT Right lobe 698.4 * 2493 (701.5) 7155 £ 261.2 (532.5) -17.1 (69.7) 097"
Left lobe 4745 * 218.3 (418.0) 457.3 = 2189 (418.0) 17.1 (59.7) 0.95"
Resection lobe 617.3 £ 257.2 (657.5) 630.9 £+ 257.4 (637.5) -13.6 (60.9) 0.96"
Residual lobe 555.6 = 259.0 (487.5) 542.0 = 253.5 (457.0) 13.6 (60.9) 0.96"
MRI Right lobe 706.3 = 231.6 (716.5) 7215 £ 230.4 (745.0) -15.2 (36.3) 0.98"
Left lobe 481.3 + 213.6 (4285) 466.1 = 212.7 (426.5) 15.2 (36.3) 097"
Resection lobe ~ 629.7 =+ 251.6 (631.5) 633.3 = 258.0 (639.5) -3.6 (39.2) 0.98"
Residual lobe 558.0 += 243.3 (498.5) 554.4 + 248.8 (473.0) 3.6 (39.2) 0.98"
(em®)

Value are Mean£SD1 (Median), SD1: standard deviation, SD2: standard deviation of mean difference.
*p < 0.0001.
A1: Values are represented as Mean = SD1 (Median); SD1: standard deviation; SD2: standard

deviation of mean difference.
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Fig.6 Intra-observer reproducibility of residual liver volume: Bland-Altman plot (above) and Passing-Bablok

regression (below); SD = Standard deviation.

greatly with slice thickness. We believe that the

influence of the partial volume effect caused

this variation, because the resolution ability at
the PMMA-solution border decreased as the
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voxel size increased, and the actual solution

volume was greater than its true value® 29

The volume variable was influenced by pixel

size and slice thickness. However, the effect of



note

pixel size on the volume is lower than that of
slice thickness. Therefore, we concluded that
the change in slice thickness greatly affected
liver volumetry in the clinical cases. Finally, we
believed that CT could measure liver volume
with greater accuracy than the other two mo-
dalities. However, no statistically significant
differences were not found between the
whole-liver volume measurements acquired
using SPECT, CT, and MRI in clinical cases. It is
possible that portions of the vessels and bile
duct volumes were included in the CT image
measurements. It is necessary to recognize this
error in liver volumetry. Moreover, owing to
the influence of the partial volume effect, a
greater liver volume reduction might have oc-
curred in the clinical study compared to the
phantom study.

The patients underwent examinations with
SPECT, CT, and MRI within a 2-week period.
The doubling speed of an indistinct boundary
tumor is 106.8+20.9 days®, and, therefore, we
assumed that the tumor size would not change
in 2 weeks.

Statistically significant differences were found
in the partial volume measurements between
the three modalities. The inaccuracy of the vol-
ume measurements by SPECT might have in-
fluenced results. In addition, anatomical infor-
mation is scarce for accurate SPECT image
evaluation. Therefore, the accuracy of meas-
urement was improved by using a combination
of SPECT with CT or MRI. The combination of
CT and MRI data did not demonstrate any sig-
nificant differences in the residual liver vol-
umes. The mean difference of the SPECT volu-
metric measurements combined with the MR
images was less than that of their combination
with the CT images. We believe that the accu-
racy of the fusion measurements was influ-
enced by the differences in the breath pattern
during image acquisition between CT (inspira-
tion) and MRI (expiration). We also believe
that the image locations obtained by image ac-

Volumetry of the Liver: Effect of measurement using fusion images

quisition during expiration are closer to those
obtained during free breath than to those ob-

tained during inspiration.

Study limitations

The cutoff value used in the present study
was assumed to be 35% of the maximum count
value at scintigraphy, based on a previous
study?”. However, the reconstruction parame-
ters used in this study might have been differ-
ent from those in the previous study. The pre-
vious study performed assessments with atten-
uation correction, whereas, in the present
study, attenuation correction was not per-
formed. Therefore, the hepatic volumes meas-
ured using SPECT in the present study might
have been overestimated.

Additionally, SPECT examinations of the
clinical cases did not include the evaluation of
some of the parameters (e.g., voxel size chang-
es from 2.0 mm to 4.8 mm) because such high
resolution imaging is not practical in clinical
studies. We believe that, had the images been
obtained at a higher resolutions, the SPECT-
based volumetric measurements might have
been more accurate. Additionally, image re-
construction in this study was performed only
using filtered back projection; we have not
evaluated different reconstruction methods for
SPECT since there was no need to consider

using a different method in this study.

Conclusion

The combination of SPECT and MR images
for the measurement of liver volume could im-

prove the reproducibility of the measurements.
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[Summary]

Mobile X-ray imaging of low birth weight infants is performed with the infant in an incubator. However, the image
quality is decreased by the absorption of X-rays by the incubator.

X-ray image quality when using an incubator was estimated using image quality figures (IQFs) with a contrast detail
phantom in CR and flat panel detector systems. Furthermore, the air kerma was measured using a silicon dosimeter.

The tube voltage for an infant in incubator needed to be increased by 4—6 kV to reach an IQF equal to that when
obtaining an image without an incubator. The air kerma was increased by 4—9 nGy in this situation.

In conclusion, the influence of the X-ray absorption by an incubator is important to consider during mobile X-ray

imaging of low birth weight infants.

Introduction

At present, hospital neonatal intensive care
units (NICU) use incubators to warm, isolate,
and monitor low birth weight (LBW) infants
who have difficulty surviving outside the natu-
ral environment of the womb"?. There are
closed and open types of incubators. When
X-ray imaging is performed with a closed incu-
bator, a mobile X-ray device is used in order to
obtain images with the LBW infant inside the
incubator while maintaining proper hygiene.
During imaging, an imaging plate (IP) cassette
or other type of X-ray detector needs to be
placed directly beneath the infant. However,
recent closed incubators (hereafter, incubators)
have a built-in cassette tray beneath the bed,
such that X-ray imaging can be performed
without having to lift up the infant. A mecha-
nism that allows X-ray imaging to be performed
without lifting the infant reduces unnecessary
contact between the infant and the X-ray de-
tector, helping to prevent infections.

However, compared with placing the X-ray

detector directly beneath the infant, incubators
with cassette trays have led to concerns regard-
ing X-ray absorption by the acrylic hood,
sponge mat, plastic bed, and other parts of the
incubator. Further, the increased distance be-
tween the X-ray detector and infant's body may
lead to an insufficient radiation dose when
compared with imaging conditions when the
X-ray detector is placed directly beneath the
infant, potentially resulting in lower image
quality. This means that the radiation dose
would have to be increased to obtain the same
image quality. However, this is not recom-
mended with LBW infants because they are
highly sensitive to radiation.

Therefore, we photographed and visually
evaluated images obtained of a contrast-detail
(C-D) phantom to investigate the effects on im-
age quality.

We also used a silicon dosimeter with a wa-
ter-equivalent phantom to measure air kerma
to examine the effects of different imaging

conditions.
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1. Methods

1-1. Visual evaluation of the C-D phantom

A mobile X-ray device (Sirius Star Mobile
130HP, Hitachi Medical Corp.) was used to ob-
tain the materials for visual evaluation. The
closed incubator (V-2100G HL B, Atom Medi-
cal Corp.) used in this study has a plastic X-ray
cassette tray underneath the LBW infant bed.
This tray is pulled out to insert an IP cassette,
flat panel detector (FPD), or other device
(Fig.1). For this study, we reproduced imaging
conditions by removing only the cassette tray
and sponge mat. The acrylic hood was simulat-
ed using a 5-mm acrylic board.

Fig.1 Incubators that are used in our hospital
(pull-out cassette tray)

A CR system (IP: ST-VI, IP reader FCR PRO-
FECT CS Plus, Fujifilm Medical) and FPD sys-
tem (CALNEO C mini Wireless SQ system, Fu-
jifilm Medical) were used for the X-ray detec-
tors.

The C-D phantom (Kyoto Kagaku Co.) used
for the visual evaluations had signals (concave
signals) of diameters ranging from 0.3 to 8.0
mm in 15 steps and depths from 0.3 to 8.0 mm
in 15 steps. For the three largest diameters,
there was a single signal in the center, similar
to conventional C-D phantoms. However, four-
point selective C-D phantoms were used for
the remaining signals, comprising a signal in
the center and in one of the corners. Two dif-

ferent arrangement patterns were used in the
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C-D phantom*-¥.

1-1-1. Sample preparation

To simulate the geometric arrangement of
the incubator, imaging was performed with an
IP cassette placed directly beneath the C-D
phantom and with it placed in a cassette tray
(Fig.2). When the cassette tray was used, an
acrylic board of the same thickness as the incu-
bator’s acrylic hood was placed between the
X-ray tube and acrylic phantom. With both the
CR and FPD systems, imaging was performed
with a tube current-time product of 2.5 mAs
and tube voltage from 46 to 58 kV in 2-kV in-
tervals. To ensure the C-D phantom’s holes did
not warp, the distance between the focal spot
of the X-ray tube and the X-ray detector was
set at 120 cm.

(] ]

SID:120 cm

<4— Acrylic phantom:5 mm

— Acrylic phantom:5 cm
C-D phantom:1 cm

<— Acrylic phantom:1 cm

\ Sponge mat+
\ Plastic bed

Detector

Fig.2 Experimental design for contrast detail
measurement.

a) Direct measurement
b) Measurement using a cassette tray

1-1-2. Visual evaluation method

The samples were observed on medical-use
liquid crystal displays (RadiForce RX340: EIZO).
The brightness was fixed, but the assessors
could observe the samples at any distance and
for as long as they wanted. The evaluations
were performed independently by five radiol-
ogists. Each assessor recorded the depth at
which each signal size in the C-D phantom
could be recognized with 50% confidence. Di-

agrams of the mean C-D were created for each
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imaging condition and then compared. Image
quality figures (IQFs) were calculated from the
mean C-D diagrams to compare the IQF be-

tween imaging conditions®->.

1-2. Air kerma measurement

The same mobile X-ray device was used to
measure the radiation dose with a silicon do-
simeter (Unfors Xi: Toyo Medic). An R/F detec-
tor was used as the radiation detector (Fig.3).

H SCD: direct measurement — 93 cm

Measurement using cassette tray — 90 cm

Acrylic phantom: 5 mm

/ (used only with cassette tray)

[ X-ray chamber

v

H/ Solid water phantom:7 ¢cm

Fig.3 Air kerma measurement method

1-2-1. Air kerma measurement method

The distance between the X-ray tube focal
spot and X-ray detector was set at 93 cm (90
cm with the cassette tray). The dosimeter was
placed on the surface of a 7-cm thick wa-
ter-equivalent phantom. A 5-mm thick acrylic
board was placed 20 cm from the dosimeter to
simulate the incubator’s acrylic hood. Irradia-
tion was performed under the same imaging

conditions as for the visual evaluations (Fig.3).

2. Results

2-1. Visual evaluation of the C-D phantom
Figs.4 to 7 show the results of the visual
evaluations of the C-D phantom when it was
placed directly underneath and when using the
cassette tray. Discrimination contrast of the
C-D phantom decreased when the cassette tray
was used with both the CR and FPD systems.
The IQF was, on average, 13% and 12%

The Influence of Incubators on Mobile Radiography of Low Birth Weight Infants

higher with the CR system and FPD system,
respectively, when the cassette tray was used

compared with when it was placed directly un-
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-

Fig.4 Contrast detail curves of images acquired using
direct measurement with the CR system.
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Fig.5 Contrast detail curves of images acquired using
the cassette tray with the CR system.
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Fig.6 Contrast detail curves of images acquired using
direct measurement with the FPD system.
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Fig.7 Contrast detail curves of images acquired using
a cassette tray with the FPD system.

#idirect measurement

M cassette tray

6 a8 50 52 54 56 58
Tube Voltage[kV]

Fig.8 IQF of images acquired using the CR
system.

45 4 direct measurement

40
# cassette tray

35 A

46 48 50 52 54 56 58
Tube Voltage[kV]

Fig.9 IQF of images acquired using the FPD
system.

derneath, indicating poorer image quality
(Figs.8, 9). The IQF was, on average, 30% low-
er with the FPD system compared with that of
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the CR system, indicating superior image qual-

ity.

2-2. Air kerma measurement

The tube voltage had to be increased by 4 to
6 kV to obtain the same image quality using
the cassette tray as when it was placed directly
underneath. This increased the air kerma by
about 4 to 9 nGy (Fig.10).

#direct measurement

@ cassette tray

Air Kerma[pGy]
'
S

Tube Voltage[kV]

Fig.10 Air kerma measured using a silicon
dosimeter at different tube voltages.

3. Discussion

LBW infants have low adaptability, so great
care needs to be taken when imaging infants in
incubators. When an incubator’s built-in cas-
sette tray is not used, the infant has to be lifted
up so the X-ray detector can be placed under-
neath. Coming into contact with an unhygienic
X-ray detector increases the risk of infection.
To reduce this risk, it is preferable to use an
incubator with a built-in cassette tray during
imaging. However, this creates problems with
X-ray absorption and increases the distance
between the X-ray detector and LBW infant.
The effects of these issues have not been clar-
ified.

In this experiment, we found that to obtain
the same image quality when using a cassette
tray as that obtained when the X-ray detector is
placed directly underneath the infant, the tube
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voltage had to be raised by 4 kV, which in-
creased the radiation dose, leading to greater
radiation exposure. Based on a proper under-
standing of these issues, incubators should be
made from materials that have low X-ray ab-
sorbencies.

Moreover, the FPD system exhibited superior
detectability of the C-D phantom signals than
the CR system. The FPD system has better de-
tective quantum efficiency (DQE) than the CR
system, which leads to better signal detectabil-
ity with the same dose®. Replacing CR systems
with FPD systems could both improve image
quality and reduce radiation exposure.

As Figs.8 and 9 show, increasing the tube
voltage to deal with X-ray absorption by the
incubator body decreased IQF, i.e., improved
image quality. However, Fig.10 shows that
raising tube voltage by 4 kV increased the radi-
ation dose by about 4 pGy. Thus, it is impor-
tant to minimize radiation exposure in each

imaging session.

4. Conclusion

We used a C-D phantom to visually evaluate
the effects of an incubator on the mobile X-ray
imaging of LBW infants. The results showed
that to obtain the same image quality when
using a cassette tray inside the incubator as
that obtained when the X-ray detector is placed

directly underneath the infant, the tube voltage

The Influence of Incubators on Mobile Radiography of Low Birth Weight Infants

had to be increased by 4 kV, subsequently in-
creasing the air kerma by 4 pGy.
It would be best to design incubators that

use materials with low X-ray absorbency.

This study was presented at the 30" Japan

Conference of Radiological Technologists.
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