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34 consecutive patients who fulfilled the inclusion criteria

6 patients excluded

1 with pancreatic tumor >3cm

1 with a high degree of pancreatic atrophy
without visible pancreatic parenchyma

1 with a history of surgical resection of
pancreatic tumors

3 with an insufficient image quality for
their fat volume fraction (FVF) map

28 patients who underwent both abdominal dual-energy CT and
MRI including six-point Dixon gradient-echo (GRE) sequences

|

Background of these patients

12 hepatocellular carcinoma
7 metastatic liver tumors

3 bile duct cancer

3 gallbladder cancer

2 pancreatic lesions <3cm

1 common bile duct stone
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Quantification of pancreas fat on dual energy computed tomography: Comparison with

six-point Dixon magnetic resonance imaging

Abstract

Objectives: It is important to quantify the degree of fatty degeneration of the pancreas, given
the reported relationship between pancreatic parenchymal fatty degeneration and pancreatic
function disorder. However, it is difficult to make such a quantification using conventional
computed tomography (CT). The present study evaluated the feasibility of pancreatic fat
quantification by dual-energy CT (DECT) compared with T2*-corrected six-point Dixon
magnetic resonance imaging (MRI).

Material and methods: Twenty-five patients who underwent both DECT (100 and 150 kVp)
and Dixon MRI were analyzed. The region of interest (ROI) was placed at the head and
body/tail of the pancreas on fat volume fraction (FVF) maps generated using the
multimaterial decomposition (MMD) algorithm on DECT. The FVF (%) of pancreatic
parenchyma measured by DECT was compared with that measured on FVF maps calculated
using Dixon MRI.

Results: The median FVF (%) values of the head and body/tail of the pancreas on DECT
were 8.1% (range, 1.2% - 80.9%) and 9.4% (range, 0.3% - 43.7%), respectively. The median
FVF (%) values of the head and body/tail of the pancreas on Dixon MRI were 12.2% (range,
0.1% - 81.2%) and 14.2% (range, 0% - 40.8%), respectively. FVF (%) measured by DECT
showed a significant correlation with the FVF (%) measured by Dixon MRI in the head of the
pancreas (r=0.894, P<0.001) as well as the body/tail of the pancreas (r=0.957, P<0.001).
Conclusion: DECT may be useful for quantifying the degree of fatty degeneration of the

pancreas.
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Key points:

There have been no reports comparing advanced MRI techniques with DECT for the
quantification of pancreatic fatty degeneration.

FVF (%) of the pancreas measured by DECT showed significant correlation with FVF (%)
measured by Dixon MRI.

DECT may have a potential to quantify the degree of fatty degeneration of the pancreas.

Abbreviations:
DECT Dual energy computed tomography
MRI Magnetic resonance imaging

ROI Region of interest



Introdution

The accumulation of fat in the pancreas, known as pancreatic steatosis, is increasingly
recognized as a cause of pancreatic dysfunction. For instance, pancreatic steatosis has been
found to be associated with a decreased B-cell function and impaired insulin secretion,
ultimately leading to diabetes [1-4]. Thus, it is important to quantify the degree of fatty
degeneration of the pancreas reliably, noninvasively and conveniently by imaging modalities.

Magnetic resonance imaging (MRI) enables the non-invasive in vivo quantification of the
tissue fat content [5,6]. The high accuracy of chemical shift-based MR techniques in
particular, such as six-point Dixon and MR spectroscopy, for tissue fat quantification has
been shown in various organs, including the liver and pancreas, in recent studies [7-10].

Although pancreatic steatosis can be visualized with computed tomography (CT), it has
proven difficult to reliably quantify the tissue fat content in the pancreas using conventional
CT [11,12]. However, with recent advances in dual-energy CT (DECT) technology, some
studies have found that DECT with three-material decomposition was able to accurately
quantify the liver fat content and could be performed on both contrast-enhanced and non—
contrast-enhanced data sets [13-15]. Still, there have been no reports comparing advanced
MRI techniques with DECT for the quantification of pancreatic fatty degeneration. The
present study therefore evaluated the feasibility of pancreatic fat quantification by DECT in

the comparison with T2*-corrected six-point Dixon MRL

Material and methods
Study population

This retrospective study was approved by the institutional review board, and the
requirement for informed consent was waived. We searched our radiology and hospital
information systems to identify patients who met the following inclusion criteria: (a) patients

underwent both abdominal CT and MRI between November 2017 and December 2018; (b)



CT was performed in the dual-energy mode, and MRI included six-point Dixon gradient-echo
(GRE) sequences; (c) DECT was performed within 30 days of MRI. Patients with a large
pancreatic tumor (n=1), a high degree of pancreatic atrophy (n=1), history of surgical
resection of pancreatic tumors (n=1) or an insufficient image quality for their fat volume
fraction (FVF) map (n=3) were excluded.

Ultimately, 28 patients met these criteria and formed the final study group (18 men, 10
women; age range, 49-84 years; mean age, 69.4 years). The clinical indication for MR
examinations in these patients was the further evaluation of upper abdominal diseases
(hepatocellular carcinoma=12, metastatic liver tumors=7, bile duct cancer=3, gallbladder
cancer=3, small pancreatic lesions=2, common bile duct stone=1) suspected by ultrasound or
blood examinations. Patients were required to fast for at least five hours before CT and MR

examinations.

DECT

DECT was performed with a dual-source CT scanner (SOMATOM FORCE; Siemens,
Forchheim, Germany) equipped with 2 x-ray tubes (tube A, low kilovoltage; tube B, high
kilovoltage) in dual-energy mode, and 2 corresponding detectors were installed with an
angular offset of 95°. Craniocaudal CT was performed with a dual-energy protocol (detector
collimation, 128 % 0.6 mm; pitch, 0.6; gantry rotation time, 0.5 second; matrix, 512 X 512).
Tube voltages were set at 100 and 150 kVp (tubes A and B, respectively), using a 0.6-mm tin

filter in tube B.

Six-point Dixon MRI
MRI was conducted with a 3.0-T MR system (Magnetom Prisma; Siemens Healthcare,
Erlangen, Germany) and an 18-channel body coil based on our routine abdominal protocol.

Breath-hold T2*-corrected six-point Dixon T1-weighted imaging was performed to obtain fat



fraction images using the following parameters: TR, 9 ms; TE, 1.12, 2.46, 3.69, 4.92, 6.15,
7.37 ms; flip angle, 4°; acquisition matrix, 111 % 160; parallel imaging factor, 2; slice
thickness, 3.5 mm; field of view, 306 x 350 mm; and bandwidth, 1080 Hz/pixel. The FVF

map was automatically calculated and reconstructed.

Image analyses

All images were evaluated on a picture archiving and communication system (PACS)
workstation (Shade Quest, Yokogawa Medical, Tokyo) by 2 radiologists (6 and 30 years’
experience) in consensus, without access to the prospective reports or any clinical information.
Regions of interest (ROIs) (size, 80-100 m?) were placed at the head and body/tail of the
pancreas on FVF maps generated using a dedicated dual-energy post-processing software
program (Syngo via; Siemens Healthcare) with the multi-material decomposition (MMD)
algorithm on DECT by the junior radiologist to measure the FVF (%) in the pancreas and then
verified for accuracy by the senior radiologist.

Effort was made to draw the ROI circles as large as possible while avoiding the pancreatic
duct, vessels and retroperitoneal fat. The FVF (%) of the pancreas was also measured on FVF
maps obtained by six-point Dixon T1-weighted imaging at the same location as the FVF map
of DECT (Figure 1). The FVF (%) of the pancreatic parenchyma measured by DECT was
compared with that measured by Dixon MRI. In addition, CT attenuation values (HU) of the
pancreas were also measured on unenhanced CT images at the same location as the FVF map

of DECT and compared with the FVF (%) of the pancreas.

Statistical analyses
The relationship between the FVF (%) measured by DECT and that measured by Dixon
MRI was assessed using a Pearson’s correlation coefficient analysis. The correlation between

the FVF (%) measured by Dixon MRI and the CT attenuation value (HU) measured on



unenhanced 100-kV CT was also assessed using a Pearson’s correlation coefficient analysis.
A p-value <0.05 was considered to indicate a statistically significant difference. All statistical
analyses were conducted using the SPSS software program (version 12 for Windows; SPSS,

Chicago, IL, USA).

Results

FVF maps of the pancreas were successfully obtained by both DECT and six-point Dixon
MRI in all patients. The median FVF (%) values of the head and body/tail of the pancreas on
DECT were 8.1% (range, 1.2%-80.9%) and 9.4% (range, 0.3%-43.7%), respectively. The
median FVF (%) values of the head and body/tail of the pancreas on Dixon MRI were 12.2%
(range, 0.1%-81.2%) and 14.2% (range, 0%-40.8%), respectively. The relationships between
the FVF (%) measured by DECT and that measured by Dixon MRI are shown in Figure 2.
The FVF (%) measured by DECT showed a significant correlation with that measured by
Dixon MRI in the head of the pancreas (r=0.894, P<0.001) as well as the body/tail of the
pancreas (r=0.957, P<0.001).

The median CT attenuation values (HU) of the head and body/tail of the pancreas measured
on unenhanced 100-kV CT were 29.5 (range, -77.6-54.2) and 39.9 (range, -4.4-144.8),
respectively. Figure 3 shows the comparison between the FVF (%) measured by Dixon MRI
and the CT attenuation value (HU) measured on unenhanced 100-kV CT. There was a good
correlation between the FVF (%) measured by Dixon MRI and the CT attenuation value
measured on unenhanced CT in the head of the pancreas (r=-0.960, P<0.001), while the FVF
(%) measured by Dixon MRI showed a weak correlation with the CT attenuation value in the

body/tail of the pancreas (r=-0.416, P=0.028).

Discussion



Visceral adipose tissue is a known risk factor for the development of metabolic syndrome
and cardiovascular diseases [1,2]. In the pancreas, several studies have shown that increased
intrapancreatic fat is associated with type 2 diabetes [3,4] and with the exacerbation of acute
pancreatitis because of its lipotoxicity [16]. Therefore, the noninvasive quantification of
pancreatic fat is clinically important.

The present study showed that there was a significant positive correlation between the FVF
(%) measured by DECT and that measured by Dixon MRI in the pancreas. This indicates that
FVF measurement on DECT is useful for the quantification of pancreatic steatosis, since six-
point Dixon MRI has been used as a highly accurate technique for quantifying fat content of
abdominal organs. Notably, FVF measurement using DECT is an advanced technique that can
only be applied using the latest CT systems. However, given that CT can be performed
conveniently with a short acquisition time and has a higher potential throughput and better
cost-effectiveness than MRI, DECT may be an extremely practical, noninvasive imaging
modality for the quantification of pancreatic fat when it becomes widely available in clinical
practice.

Some studies have suggested that pancreatic fat deposition might play a role in the
pathogenesis of type 2 diabetes as a result of beta cell dysfunction and impaired insulin
secretion [3,4,17]. In addition, pancreatic steatosis might begin with a decline in insulin
secretion from the very early stage of glucose intolerance [18]. Therefore, the quantification
of the severity of pancreatic steatosis by DECT will be important for the surveillance of
impaired glucose tolerance, although the mechanism by which pancreatic steatosis might
induce decreased insulin secretion in the early stage of the disease is not clearly understood.
Further clinical studies in patients with pancreatic endocrine dysfunction as well as
surveillance of impaired glucose tolerance will be necessary in order to validate the present

results derived from the DECT quantification of pancreatic fat.



Several imaging modalities have been developed to assess pancreatic steatosis.
Ultrasonography (US) is simple but is of limited value in the evaluation of the entire pancreas
due to the location of the pancreas behind the stomach or colon [19]. In addition, US provides
only a qualitative assessment of pancreatic steatosis [20]. Conventional single-energy CT has
also been used to assess pancreatic steatosis. However, CT attenuation measurements are
semiquantitative, with the pancreatic fat concentration merely inferred [21], and these
assessments can be affected by other components in the pancreas, such as manganese [22],
which can mask changes in CT attenuation induced by fatty infiltration [23].

A recent study showed that pancreatic fat measurements on unenhanced CT images and in
histologic specimens obtained from pancreatectomy were significantly correlated [24]. On
comparing the FVF (%) measured by Dixon MRI and the CT attenuation value (HU)
measured on unenhanced 100-kV CT in this study, the FVF in the head of the pancreas
correlated well with the CT attenuation value, while the FVF in the body/tail of the pancreas
showed only a weak correlation with the CT attenuation value. In our study, the degree of
pancreatic steatosis was relatively severe in the body/tail compared with the head of the
pancreas. These results suggest that the FVF might be a more reliable indicator of pancreatic
steatosis than the CT attenuation values derived from conventional CT images without a dual-
energy mode.

Several limitations associated with the present study warrant mention. First, a selection bias
may have been unavoidable due to the retrospective nature of this study. In addition, our
study enrolled a relatively small number of patients with various pathological diagnoses,
which may have been a confounding factor. Second, there was no histological correlation in
the degree of pancreatic steatosis. However, several MR studies have shown the effectiveness
of the Dixon MR technique for the quantification of the tissue fat content [25,26]. Third, the
size of the subgroup with moderate-to-severe pancreatic steatosis (FVF >20%) was small. The

validity of our results should be investigated in a larger cohort group involving moderate-to-



severe fat infiltration of the pancreas. Fourth, regarding the ROI measurements, it would have
been better to measure the FVF of the head, body and tail of the pancreas separately (three
ROIs) for a more precise evaluation. However, ROI measurement from the pancreatic tail was
often difficult because of age-related atrophic changes or hypoplasia.

In conclusion, DECT has potential utility for quantifying the degree of fatty degeneration
of the pancreas. Further studies will be required in order to determine the usefulness of this
technique for the early detection of impaired insulin secretion to prevent the development of

diabetes.
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Figure legends

Figure 1. Measurement of fat volume fraction (FVF) (%).

a) and b) FVF maps generated from DECT. c¢) and d) FVF maps obtained by six-point Dixon
T1-weighted imaging. Red circles in the head and the body/tail of the pancreas represent
ROIs placed for the measurement of FVF (%). ROIs were initially placed on the FVF maps of
DECT, and then were placed on the FVF maps of Dixon MRI at the same location as the FVF

map of DECT.

Figure 2. a) and b) The relationship between FVF (%) measured by DECT and FVF (%)
measured by Dixon MRI in the head (a) and the body/tail (b) of the pancreas. FVF (%)
measured by DECT showed significant correlation with FVF (%) measured by Dixon MRI in

both head (r=0.969, P<0.001) and body/tail (r=0.877, P<0.001) of the pancreas.

Figure 3. a) and b) The relationship between FVF (%) measured by Dixon MRI and CT
attenuation value (HU) measured on unenhanced 100kV CT in the head (a) and the body/tail
(b) of the pancreas. CT attenuation value measured on unenhanced CT in the head of the
pancreas showed good correlation with FVF (%) measured by Dixon MRI (r=-0.956,
P<0.001) while it showed weak correlation with FVF (%) measured by Dixon MRI in the

body/tail (r=-0.416, P<0.05).
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a. b.
c: d.

Figure 1. Measurement of fat volume fraction (FVF) (%).

a) and b) FVF maps generated from DECT. ¢) and d) FVF maps obtained by six-point Dixon
T1-weighted imaging. Red circles in the head and the body/tail of the pancreas represent
ROIs placed for the measurement of FVF (%). ROIs were initially placed on the FVF maps of
DECT, and then were placed on the FVF maps of Dixon MRI at the same location as the FVF

map of DECT.
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Figure 2. a) and b) The relationship between FVF (%) measured by DECT and FVF (%)
measured by Dixon MRI in the head (a) and the body/tail (b) of the pancreas. FVF (%)
measured by DECT showed significant correlation with FVF (%) measured by Dixon MRI in

both head (r=0.969, P<0.001) and body/tail (r=0.877, P<0.001) of the pancreas.

15



Head

90

® .
. 80 Body/tail
70
&0 50
— ]
£ ' : b
[T
g a0 30®
z £
s 30 ° E 20 . e
20 e - 10
g s o"‘ °
. . .0.. o L] .-
o ® [ ] 50 [4] 50 100 150 200
10
100 B0 60 40 20 a 0 40 60 BO I
10 =
CT(HU h
(HU) CT(HU)
a b.

Figure 3. a) and b) The relationship between FVF (%) measured by Dixon MRI and CT
attenuation value (HU) measured on unenhanced 100kV CT in the head (a) and the body/tail
(b) of the pancreas. CT attenuation value measured on unenhanced CT in the head of the
pancreas showed good correlation with FVF (%) measured by Dixon MRI (r=-0.956,
P<0.001) while it showed weak correlation with FVF (%) measured by Dixon MRI in the

body/tail (r=-0.416, P<0.05).
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