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erably easily (Fig.17).

About dual energy

I am sure that everyone here has been per-
forming the dual energy function, but I am cur-
rently performing virtual/virtual subtraction,
based on various considerations of our facility.
This is a method for drawing a virtual simpli-
fied image based on a contrast image of a sin-
gle virtual colour, using a subtraction method
for drawing only blood vessels by taking a sin-
gle image with dual energy and without cap-
turing any simplified image. Equipment sup-
plied by Siemens was used in this case. Fur-
ther, you can see that the axial image on the
right side is considerably jagged. Performing

Fig.16

Fig.17
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volume rendering with this will result in a jag-
ged image and will not be very good. There-
fore, I wondered what was going on and had
a look at the original image. The pixels of the
image were jagged, while once the subtraction
process was performed with the workstation,
the interpolation of the image was smoothed
out and the lower image actually ended up
looking considerably smooth. This implies that
the use of a workstation provides a relatively
better image than the use of the existing equip-
ment (Fig.18).

The problem is the phantom image seen in
the dual energy image. The CT value was
measured at this instance, and the blue por-
tions are the bones. The various figures shown
here were obtained when the image was cap-
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Phantom CT values in dual energy images
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tured with the dual energy feature, and the red
portion denotes the contrast agent. When the
energy level increases or decreases, the CT val-
ue of the contrast agent is elevated and the
portion surrounded with red is the VNC, a CT
value for the virtual non-contrast bones. The
CT value is the X-ray CT, and therefore, it
changes when the energy is changed. The CT
value of the bones decreases with the virtual
contrast; however, the problem is that the
bones remain even when the CT value of the
bones is subtracted from the contrast image
(Fig.19). Therefore, is this technology useless
for our purpose? Well no, as the equipment
supplied by TeraRecon that I am currently us-
ing allows me to do this. A contrast image se-
ries is selected, and a virtual single colour im-
age is selected below. The threshold process is
then set, and the threshold in the range is
drawn, only for the portion that I have set. The
portions where the original CT value was low
are irrelevant, and only the bones are extracted
so that subtraction can still be performed
(Fig.20). Capturing the contrast image CT by
using this dual energy feature is considerably
useful. Irradiation only needs to be done once,
and even when there are a large number of
patients, single contrast imaging is sufficient,
with the rest all taken care of with subtraction.

Therefore, I would like to do a bit more with

1‘

this feature.

This is an image of a patient with an aneu-
rysm on the IC-PC. This is an image from his
follow-up session; the right side represents the
aneurysm, while the left side represents the
image captured by the virtual/virtual subtrac-
tion of dual energy feature (Fig.21).

I believe that we can expect progress with
the non-rigid process as TeraRecon continues
with its considerations for a commercially im-
plemented product. I am expecting some addi-
tional functions that will be suitable for the
equipment. I also believe that the ideas of clin-
ical technicians regarding the virtual/virtual
subtraction method that we have been discuss-
ing can be very useful, even if they do not end

up changing the world to any substantial de-
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gree. It is important to understand individual
characteristics of the equipment well and clari-
fy what we are seeking and then, perform the
work properly, starting from the original 3D
image. I think the rest depends on the applica-
tion of sequential approximation, which is or-
dinarily dealt with by equipment, particularly
that which will be introduced in the future as a
feature sequential approximation function.
Therefore, we at our association believe that
there will be a reduction of 20% or 25%, or at
least 15% or thereabouts, even though this de-
pends on the targeted part of the body. Such
sequential approximation is not featured at all
with older equipment, but there is no need to
completely give up on the idea, since noise
reduction can be performed using a worksta-
tion, even after a process has already been
completed. Further, there are good that can
provide the outcomes of good quality. T am
hopeful that such technologies that can be im-
plemented after a process has been completed,
when used in combination on a workstation
would reduce the number of irradiations.

OModerator: Mr. Tomita, thank you very much.
I believe that he explained to us the funda-
mental details that we have been ‘embar-
rassed to ask about’. Are there any questions
anyone would like to ask, now that you have

a chance?

OAuditor: Thank you very much for the lec-
ture. While we had no discussion on these
subjects, I would like to consider the intensi-
ty of the light source or its position that may
cause variance in the images or turn them
into images with an extremely metallic im-
pression or images with a matt texture. I also
believe that most of our audience uses sys-
tems that are preset and the specifications of
such preset values may be poorly defined. If

the presetting is quite extensive, extremely

Mastering 3D for Medical Applications Basis of Medical 3D-CT Image

Left: Chairperson Ushio;
Right: Chairperson Kobayashi

dark edging would appear when the blood
circulatory system is searched and I find this
undesirable. Could you tell us how you ordi-
narily instruct people to deal with such situ-
ations and how your instructions might vary,
depending on the symptoms?

OMr. Tomita: When we enter specifications for
default values at our facility, we reconsider
the overall framework, according to how we
perceive things, such as changing settings for
heads to suit the way we perceive how heads
should be imaged. As you mentioned, in the
end, what we have is a shadow picture and
as such, we obtain dark appearances for the
objects in the distance. The nearby objects
tend to get brighter, and therefore, we need
to make adjustments so that the nearby ob-
jects are not whitewashed.

We then repeat this process. We also have
a button for improving the quality with all of
our workstations. When we use these to im-
prove the image quality, the enhancement of
shadows becomes extremely highly defined
and shiny objects remain shiny but appear
clearly when we use the mode available with
this button.

Therefore, we perform our adjustments,

which include adjustments using such modes.
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[Abstract]

An effective dose was sometimes detected by the personal dosimeter (glass badge) worn by the radiological
technologist in an ultrasound examination. The maximum effective dose detected was 0.2 mSv per month and
1.1 mSv per year. An investigation suggested that the source of the radiation exposure was the administration of
radiopharmaceuticals before ultrasound examination. We evaluated 921 cases in which radiopharmaceuticals had been
administered before an ultrasound examination between April 2010 and March 2012. The effective dose was higher
when more ultrasound examinations were carried out subsequent to the administration of radiopharmaceuticals. The
shielding ratio for a 4-mm lead sheet was approximately 95% for Tc-99m and approximately 79% for 1-131, suggesting

that a lead sheet (masking shield) may be effective.

Introduction

Given the increased interest in radiation ex-
posure in recent years, new issues are arising
in the clinical settings in which radiological
technologists work?. The glass badges issued
as dosimeters to radiological technologists who
carry out ultrasound examinations to measure
individual exposure to radiation have detected
effective doses of 0.2 mSv per month and 1.1
mSv per year. These figures are less than 50
mSv per year and 100 mSv per five years, and
within the maximum permitted effective dos-
es> ¥ but although the risk of carcinogenesis
or genetic effects due to this level of radiation
exposure is low, this still represents unneces-
sary radiation exposure that must be avoided.

An investigation of the cause of radiation ex-
posure during ultrasound examinations found
that it lay in the performance of ultrasound ex-
aminations subsequent to the administration of
radiopharmaceuticals for nuclear medicine
tests. We therefore investigated the association
between the radiation exposure experienced
by radiological technologists during ultrasound
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examinations and the administration of radiop-
harmaceuticals to the patients undergoing ul-
trasound examinations as well as methods of

preventing such exposure.

1. Methodss

1-1 Analysis of radiation dose experienced by
radiological technologists carrying out ul-
trasound examinations

The subjects were two radiological technolo-
gists (Technologists A and B) engaged in per-
forming ultrasound examinations, whose do-
simeters had detected radiation exposure. Both
were women who wore their glass badges in
the right abdominal region. During ultrasound
examinations, the right abdominal region is on
the side of the patient undergoing the exami-
nation. The survey covered a 2-year period

from April 2010 to March 2012.

1-2 Association between ultrasound examina-
tions and nuclear medicine scans
A total of 921 cases in which radiopharma-

ceuticals were administered before an ultra-
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sound examination between April 2010 and
March 2012 were identified by our hospital’s
Radiology Information System (RIS) and ana-
lysed. The parameters investigated comprised
the type of radiopharmaceutical, time of ad-
ministration, dose, time from radiopharmaceu-
tical administration to the start of the ultra-
sound investigation, and time taken by the ul-
trasound examination. The radioactivity con-
centration of the radiopharmaceutical was cal-
culated as the internal radioactivity concentra-
tion at the start of the ultrasound examination
on the basis of the dose administered and the
half-life of the radionuclide®. Although excre-
tion from the body should also be taken into
consideration, given the impossibility of addi-
tional investigation, only the physical half-life
was calculated.

1-3 Shielding effect of radiation-protective cloth-
ing

The shielding effect of radiation-protective
clothing against the y -rays emitted by radiop-
harmaceuticals was measured for the radioiso-
topes Tc-99m and I-131, both of which contrib-
ute to radiation exposure. Their respective ra-
dioactive concentrations were 297.0 MBq for
Tc-99m and 105.8 MBq for I-131. They were
chosen on the assumption that Tc-99m reflects
the radioactivity concentration inside the body
of a patient undergoing bone scintigraphy
scanning and I-131 reflects that during an ultra-
sound examination. A point 30 cm from the
radiation source was used as the reference

point (0 cm). This distance was chosen on the

Radiation source
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Reference point

assumption that it reflects the distance between
the technologist and the patient undergoing
the ultrasound examination with a radiophar-
maceutical having accumulated inside his or
her body. A TCS-161 scintillation detector (Hi-
tachi-Aloka Medical Corporation, Tokyo, Ja-
pan) was used to take measurements at dis-
tances in 10-cm increments from the reference
point, both with and without radiation-protec-
tive clothing containing 0.25 mm lead equiva-
lent (Fig.1). Measurements were made three
times at each location.

1-4 Shielding effect of a lead sheet during ultra-
sound examination

To reduce the radiation dose during ultra-
sound examinations, a masking shield consist-
ing of an L-shaped 4-mm-thick lead sheet was
produced that could be placed between the
patient and the technologist and behind the
patient’s back. The effective dose transmission
factor® for y-rays of a 4-mm-thick lead sheet
is 1.23 10~ for Tc-99m and 4.2 107! for 1-131.
A PDM-111 pocket dosimeter (Hitachi-Aloka
Medical Corporation, Tokyo, Japan) was used
to take measurements when this sheet was
used. When carrying out an abdominal ultra-
sound examination, the technologist stands
near the patient’s pelvis, and the sites of meas-
urement used were therefore the patient’s low-
er abdomen and chest. When carrying out a
thyroid ultrasound examination, the technolo-
gist stands near the patient's chest, and meas-
urements were therefore carried out at the pa-

tient's neck and chest. The pocket dosimeter

Ocm
X =

3 S

30cm

10cm

20cm  30cm  40cm  50cm

Fig.1 Layout diagram for measuring the shielding effects from the radiation source
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was used to take measurements on the surface
of the lead sheet on the patient’s side and the
technologist’s side as well as at five different

points on the technologist (Fig.2).

2. Results

2-1 Radiation dose experienced by radiological

technologists carrying out ultrasound ex-
aminations
A high effective dose of 0.2 mSv was detect-
ed by Technologist A in August 2010 and by
Technologist B in April and June 2011. An ef-
fective dose exceeding 0.1 mSv per month was
detected during nine and eight different months
for Technologist A and Technologist B, respec-
tively, during the 2-year period. The effective
dose for Technologist B during the 2011 aca-

Foot side view

The Pocket chember

Radiology
technologist’s
pocket chember

a 4mm thick lead sheet

demic year was 1.1 mSv (Table 1).

2-2 Association between ultrasound examina-
tions and nuclear medicine scans
2-2-1 Association between time of ultrasound ex-
amination and effective dose
For both Technologists A and B, a trend was
seen in that the longer the examination, the
higher the effective dose. The effective dose
was over 0.1 mSv per month almost every
month in which the time spent carrying out
ultrasound examinations exceeded 100 hours
for both technologists (Figs.3 and 4).

2-2-2 Association with type of nuclear medicine
scan
For both Technologists A and B, the greater

the number of examinations carried out after

Right side view

a 4mm thick lead sheet

Fig.2 Layout diagram for measuring during clinical practice

Table1 Personal dosimeter (glass badge) results
Radiological Technologist A (Female * Abdominal pocket of Right side) [mSv]
year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Total year
2010 | Effective | g, 02 | o1 04
dose
2011 Effective | 4 0.1 o1 | o1 | o1 | of 0.1 07
dose
Ragiological Technologist B (Female - Abdominal pocket of Right side) [mSv]
year Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Total year
2010 Effective 01 04
dose
2011 Bffective | 92 | 01 | 02 | o o1 | o1 | o1 | o1 | o1 11
dose
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radiopharmaceutical administration, the higher
was the effective dose (Figs.5 and 7).

Bone scintigraphy made the greatest contri-
bution, and in months in which five or more
patients were administered radioisotopes for
bone scintigraphy, the effective dose was 0.1
mSv per month or higher. The effective dose
was also 0.1 mSv per month or higher in

months in which a patient was examined on

450
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the same day as undergoing treatment with ra-
dioactive iodine for thyroid cancer (Figs.6
and 8).

2-3 Shielding effect of radiation-protective cloth-
ing
Measurements taken at increasing distances
from a reference point 30 cm from the radia-
tion source, determined in light of the relative
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positions of the patient and technologist dur-
ing ultrasound examinations, revealed that the
further the distance, the lower the radiation
dose, whether or not radiation-protective cloth-
ing was used for shielding (Fig.9).

The shielding ratio of 0.25-mm lead-equiva-

18

lent radiation-protective clothing was 47.7% at
0 cm and 43.9% at 50 cm for Tc-99m, with a
mean value of 43.9%. For I-131, it was 5.7% at
0 cm and 5.9% at 50 cm, with a mean value of
6.4%. The shielding effect was thus 6.9 times
greater for Tc-99m than for 1-131 (Fig.10).

16

¥ Effective dose

® Thyroid cancer treatment I-1314GBq |
M Bone scintigraphy Tc-99m 740MBq

|

Fig.6 The relationship between the

number of times the ultrasound

The number of times

examination is conducted and
the radiation exposure dose
after bone scintigraphy ad-
ministration and after the oral
administration of radioactive
iodine to treat thyroid cancer
(Radiological Technologist A)

[ASw] asop aAnoayg

03

0.2

The number of times

[Asw] esop pasodxg

&S o &
h\,@i&w\&\?’e‘&
AT

2,

= Bone scintigraphy Tc-99m 740MBq

= Myocardial perfusion scintigraphy TI-201
111M8q

= FDG-PET F-18 185MBq

= Gallium scintigraphy Ga-67 111MBq

® Hepatobiliary scintigraphy Tc-99m 185MBq

= Myocardial sympathetic function scintigraphy
1123 111MBq

= Lung perfusion scintigraphy Tc-99m 185MBq

= Thyroid iodine uptake 1123 11.1MBq

= Thyroid cancer treatment 1-1314GBaq

= Lung ventilation scintigraphy Kr-81m 370MBq

Relationship between the num-
ber of times the ultrasound ex-
amination is conducted and the
radiation exposure dose (Radio-

= Cerebral blood flow scintigraphy Tc-99m
600MBa
Liver receptor scintigraphy Tc-99m 185MBq

Fig.7

= Heart pool scintigraphy Tc-99m 740MBg

Xexposed dose

logical Technologist B)

X Effective dose

® Thyroid cancer treatment I-131 4GBq
m Bone scintigraphy Tc-99m 740MBq

0.3

The number of times

PO PO
S S
S s

54 @ Journal of JART English edition 2016

Fig.8 The relationship between the
number of times the ultrasound
examination is conducted and
the radiation exposure dose
after bone scintigraphy adminis-
tration and after the oral admin-
istration of radioactive iodine to
treat thyroid cancer (Radiologi-
cal Technologist B)
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Fig.10 The shielding rate of radioactive protective clothing

(the Lead equivalent 0.25mm Aprons)

2-4 Shielding effect of a lead sheet during clini-
cal examinations

The radioactivity shielding ratio of a 4-mm-
thick lead sheet in clinical practice was 95.9%
in the patient's lower abdominal area and
93.5% at the technologist’s position for Tc-99m.
For I-131, it was 78.0% at the patient’s chest
and thyroid and an average of 79.7% at the
technologist’s position (Table 2).

3. Discussion

Radiation exposure of 0.1-0.2 mSv per month
was detected in technologists responsible for
performing ultrasound examinations, and an
investigation of its cause revealed that it was

associated with the administration of radiop-

harmaceuticals. The present study showed that
it was associated with the type of radiophar-
maceutical, time of administration, dose, time
from radiopharmaceutical administration to the
start of the ultrasound investigation, and time
taken by the ultrasound examination. The
months in which radiation exposure was de-
tected were those in which a large number of
patients had undergone radiopharmaceutical
administration before their ultrasound exami-
nation, and among them, a trend was seen in
that the greater the number of ultrasound ex-
aminations of patients who had undergone
bone scintigraphy or treatment with radioac-
tive iodine for thyroid cancer, the higher was
the effective dose. For Tc-99m, which is used

in bone scintigraphy, the mean time between
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administration and the start of ultrasound ex-
amination was only 64 minutes, and the radio-
activity concentration was therefore high. For
I-131, which is used in radioactive iodine treat-
ment for thyroid cancer, not only is its radioac-
tivity concentration high but its half-life is also
long, which has a major effect on the effective
dose even when patients met the conditions
for discharge from inpatient wards.

No radiation exposure was detected for
Technologist B during the 2010 academic year.
This may have been because she had frequent-
ly been engaged in x-ray scanning other than
ultrasound examinations, and had therefore
taken the appropriate measures for protection
against x-rays. Radiation-protective clothing
was effective for shielding against both Tc-99m
and I-131, and the reason for its lower shield-
ing effect against I-131 compared with Tc-99m
was considered to be their different nuclide
energies®”, with the main radiation energy for
Tc-99m being 141 keV and for I-131 being 364
keV. The dose decreased with increasing dis-
tance for both Tc-99m and 1-131, but as it is
difficult for a technologist to maintain a safe
distance from the patient during an ultrasound
examination, we designed a lead shielding
sheet, confirmed its effect, and found the antic-
ipated shielding effect of the 4-mm-thick lead
sheet was approximately 95% for Tc-99m and
approximately 70% for I-131. The thicker the
lead sheet, the greater the shielding effect, but
as the increased lead also increases the sheet’s
weight, any shield must be placed with due
regard to ensuring the safety of both patient
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and technologist in order to reduce radiation

exposure.

4. Conclusions

In this study, we identified an association be-
tween the administration of radiopharmaceuti-
cals and radiation exposure during ultrasound
examinations. Although the effective dose per
month and per year was below the radiation
exposure limit, it still represents unnecessary
exposure, and in future, it will be necessary to
consider reviewing examination procedures,
changing the date of examinations, and using
shielding devices such as lead sheets in an at-
tempt to reduce the amount of exposure. Part
of the content of this paper was presented at
the Seventh Annual Meeting of the Kyushu Ra-
diological Medical Technology, the Kyushu Ra-
diological Medical Technology Organization.
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[Summary]

Prostate cancer has traditionally been treated with surgery and hormone therapy, but radiotherapy has attracted
attention in recent years as an additional treatment option. A number of studies have been conducted on treatment
by using external irradiation, and highly precise radiation therapy such as three-dimensional conformal radiotherapy
and intensity-modulated radiotherapy has enabled safe and effective treatment. Meanwhile, the reality is that no
examination of the bladder volume is conducted during treatment planning. At our institution, 53 prostate cancer
patients treated with IMRT were designated as the subjects of a study in which we retrospectively analyzed the results
of DVH and urination frequency to determine the optimal bladder volume. The results indicated that the optimal

bladder volume was 200 mL or larger.

Introduction

Prostate cancer has seen a rapid increase in
its incidence among the male cancers"™. The
principal conventional treatment methods for
prostate cancer are surgery and hormone ther-
apy, but radiotherapy has recently attracted
attention as an additional treatment option.
Prostate cancer can be treated with external
beam irradiation using a linear accelerator, in-
terstitial brachytherapy or particle radiation
therapy.

However, external radiation therapy with
high energy X rays is a most common choice

¥ Recent technological

of radiation therapy
innovations have led to the clinical applica-
tions of highly precise treatment techniques
including 3D conformal radiotherapy and in-
tensity-modulated radiation therapy (IMRT),
which concentrate radiation on the prostate
gland and minimize radiation exposure to the
surrounding normal tissues including the rec-
tum and the bladder, enabling the treatment to

be conducted safely and effectively. Compared

with surgery, the main superiority of radio-
therapy is the high post-treatment quality of
life (QOL) in regards to the urinary and sexual
functions'™”. Meanwhile, the principal disad-
vantage is development of rectal complica-
tions. Therefore, number of institutions which
introduce IMRT for minimizing adverse reac-
tions is increasing rapidly'™.

In the treatment planning of IMRT for pros-
tate cancer, a dose limitation for each organ at
risk (OAR) and a planning method based on
an optimization algorithm, known as inverse
planning (IP), should be established. An eval-
uation standard of the treatment plan should
be cleared before a start of IMRT. Dose limita-
tions are generally set for the prostate gland,
rectum, bladder, and femoral head, and a de-
crease in position repeatability of OARs does
not guarantee the dose volume histogram
(DVH) of the treatment plan. Bone structure
can keep immobility by using various immobi-
lizing devices and the rectum can preserve re-
peatability by defecation, suction of gas in the
rectum, and/or administration of laxatives.
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Fig. 1 Definition of a target and organs at risk (a) Axial view (b) Sagittal view.

However, it is not easy to control the urine
collection volume in the bladder”. To make
and maintain a bladder with constant volume,
an ultrasound image diagnosis device for the
bladder is used during both treatment plan-
ning and radiotherapy to ensure that treatment
is performed under the same conditions as
when formulating the plan. However, there is
no current consensus regarding optimal blad-
der volumes and protocol for preparing opti-
mal bladder volume when planning IMRT and
carrying out daily IMRT. Therefore, we con-
ducted a retrospective analysis to determine
the optimal bladder volume for prostatic can-
cer patients treated with IMRT.

1. Method

Because a detailed understanding of the

anatomy of the prostate gland is necessary for
formulating an IMRT treatment plan, both
computed tomography (CT) and magnetic res-
onance (MR) images were acquired for all pa-
tients, and these both images were superim-
posed to conduct the planning process.
During treatment planning, a region of inter-
est (ROD) for the target site (clinical target vol-
ume (CTV)/planning target volume:((PTV))
and the OARs (rectum/bladder/femoral head)
are delineated (Fig. 1). The CTV of Tlc to T3a
tumor was contoured as the prostate gland
plus the proximal portion of the seminal vesi-
cles, and the CTV of T3b tumor was con-
toured as the prostate gland plus the entire
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Table 1 Dose assessment standard of
our facility.

Structure Constrain

Dggy > 74.0 (100% dose) Gy
CTV
Dpax < 79.9 (108% dose) Gy

Dysy > 74.0 (100% dose) Gy
PTV
Dipax < 79.9 (108% dose) Gy

Dpmax < 74.0 (108% dose) Gy
V526, < 60% volume
Rectum wall (RW)
Viz06y < 40% volume

Vez.1ay < 25% volume

Dpax < 75.5 (102% dose) Gy
Vi346y < 80% volume
Vagsay, < 60% volume

Bladder wall (BW)

Vaea6y < 55% volume

Vis7ay < 40% volume

Vessay < 30% volume

Femoral head Dinax < 50.0 Gy

seminal vesicles. The PTV included the CTV
with a margin of 0.8 cm except at the postrec-
tal interface, where a margin of 0.5 cm was
used. All patients with localized prostate can-
cer were treated by IMRT (10 MV photons,
VMAT technique) consisting of a total dose of
74 Gy in 37 fractions of 2Gy per fraction ad-
ministered 5 times a week over 7.5 weeks,
taking into consideration the radiobiological
characteristics of the prostate gland and the
rectum. An IMRT treatment plan is formulated
by using IP up to meet the evaluation stand-
ards by our institution. Plans that do not meet
the standards are rearranged. The assessment
standards on the treatment plan that were de-

5-12)

cided in reference to some reports are list-

ed in Table 1.
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In this study, bladder volumes were meas-
ured by using previously formulated treatment
plans and classified into seven groups: 0—49
mL, 50-99 mL, 100-149 mL, 150-199 mL, 200—
249 mL, 250-299 mL, and 300 mL or larger.
Following this classification, the relationship
between the bladder volume and the bladder
DVH, the success rates against bladder treat-
ment plan assessment standards, and the uri-

nation frequency were examined.

1-1 Subjects

Fifty three consecutive patients with a medi-
an age of 69 years (range: 59 to 77 years) who
received IMRT radiotherapy for prostate can-
cer between November 2011 and April 2012
were enrolled to this study. All patients pro-
vided written informed consent before
study-related procedures.

The number of patients in each bladder vol-
ume group; 0-49 mL, 50-99 mL, 100-149 mL,
150-199 mL, 200-249 mL, 250-299 mL, and
300 mL or larger were 5, 7,9, 9, 8, 8 and 9,
respectively.

1-2 Devices

The devices used in the study were a Syner-
gy linear accelerator by Elekta, a Pinnacle’
(Ver. 9.0) radiation treatment planning system
by Philips, a SOMATOM Definition AS+ CT
scanner for treatment planning by Siemens,
and a MT-VL-B40 immobilizing device by Civ-

co Medical Solutions.

1-3 Bladder volume and bladder DVH

A report by Nishimura et al. was used as a
reference for recording the bladder wall ROI
(BW) as the area up to 4 mm into the bladder
ROI and for assessing the bladder DVH'”.
Vo, Vio, Vso, Voo, and Vo assessments were
compared for each bladder volume, and the
achievement rate for the bladder treatment

plan assessment standards was evaluated.

Optimal Bladder Volume in IMRT Planning for Prostate Cancer

1-4 Bladder volume and urination frequency

An international prostate system score (IPSS)
is recorded prior to treatment, and on the final
day of treatment. In addition, urination fre-
quencies in daytime and night-time were re-
corded by the nursing staff in interviews dur-
ing treatment. These records were then used
for this study to compare the changes in the
urination frequency before and after the treat-
ment. 40 patients who were not administered
a-blockers such as tamsulosin hydrochloride
during their treatment were enrolled to this
study. Generally, daytime urination frequency
of eight times or more is diagnosed as pollaki-
uria. The recorded daytime urination frequen-
cies before and after the treatment were used
for comparing the ratio of the patients exhibit-
ing pollakiuria.

Comparison of the bladder volumes, DVH
Normalized Volume, and urination frequency
scores obtained in this study was conducted
by using the Mann-Whitney U-test for statisti-
cal analysis. P values of less than 0.05 were
considered to denote statistically significant

difference.

2. Results

2-1 Bladder volume and bladder DVH

Fig. 2 indicates the relationship between the
bladder volume and bladder DVH. A summa-
ry of V20, V40, V50, V60, and V70 assess-
ments for each bladder volume is shown in
Table 2. These data in Fig. 2 and Table 2
demonstrate the average values for the 53 pa-
tients.

The larger the bladder volume, the lower the
normalized volume value was. A significant
difference in the value was observed up to
200 mL but no significant reduction in the val-
ues of 200 mL or larger. There was a remarka-
ble improvement of the normalized volume
values in the low-dose region. The achieve-
ment rates for the treatment plan assessment

standards for each bladder volume are shown
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Fig. 2 DVH curves for different bladder volume groups.

Table 2 Average normalized volumes for different bladder volume groups.

Bladder volume (ml)
Constrain
0-49 50-99 100-149 150-199 200-249 250-299 300-
V20Gy 097+002 | 0.73+0.20 | 0.54%+=0.12 | 0.45%+0.15 | 0.39+0.04 | 0.37%+0.03 | 0.29+0.04
V40Gy 0.67x0.06 | 046+0.10 | 0.34%+=0.07 | 0.31x=0.09 | 0.25%+0.03 | 0.23+0.03 | 0.18%+0.04
V50Gy 0.53%=0.01 | 0.37+=0.09 | 0.2840.06 | 0.25%+0.08 | 0.21+=0.03 | 0.19%+0.02 | 0.15*+0.04
V60Gy 041+004 | 0.30+0.08 | 0.23%+=0.05 | 0.20%x=0.07 | 0.17%0.03 | 0.15%+0.02 | 0.12+0.03
V70Gy 0.20+0.03 | 0.18+0.08 | 0.17%+=0.05 | 0.14%+=0.06 | 0.11x=0.02 | 0.10%0.02 | 0.08+0.02

Table 3 Achievement ratios of dose assessment standard for different bladder volume groups.

Bladder volume (ml)
Constrain

0-49 50-99 100-149 150-199 200-249 250-299 300-
V13.4 < 80% 0.0 16.7 88.9 100.0 100.0 100.0 100.0
V26.9 < 60% 250 33.3 100.0 100.0 100.0 100.0 100.0
V36.3 < 50% 250 33.3 100.0 100.0 100.0 100.0 100.0
V45.7 < 40% 250 33.3 100.0 100.0 100.0 100.0 100.0
V66.6 < 30% 75.0 83.7 100.0 100.0 100.0 100.0 100.0

in Table 3. Although all patients with bladder
volumes of 150 mL or larger achieved the
treatment plan assessment standards, the pa-
tients with bladder volumes of less than 150
mL decreased in achievement rates as the
bladder volume decreased and bladder dose

became low.
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2-2 Bladder volume and urination frequency
Fig. 3 shows the relationship between the
bladder volumes and the daytime and night-
time urination frequencies. A significant differ-
ence was observed in the urination frequency
for bladder volumes of up to 200 mL. An in-

crease in the urination number of times was
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(a) Daytime -

Urinating frequency (times)
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100-149 150-199 200-249 250-299 300-

Bladder volume (ml)

(b) Nighttime

Urinating frequency (times)

100-149 150-199 200-249 250-299 300-

Bladder volume (ml)

Fig. 3 Daytime (a) and night-time (b) urination frequency as a function of bladder volume.

Table 4 Diagnosis rate of frequent urination for different bladder

volume groups.

Befor radiation After radiation Rate of increase
100-149 42.9 85.7 42.9
150-199 222 55.6 333
200-249 25.0 25.0 0.0
250-299 25.0 375 125
300- 25.0 25.0 0.0

only up 2 times or less for the patients with a
volume of 200 mL or larger. In particular, for
the patients with bladder volumes smaller
than 200 mL, a significant increase in both
daytime and night-time urination frequency
was observed with every bladder volumes
group. Table 4 demonstrates changes in inci-
dence of the patients who were diagnosed as
having pollakiuria as a function of bladder
volume. The proportion of pollakiuria de-

creased as bladder volume became larger.

3. Discussion

Optimal bladder volume for IMRT-based
prostate cancer treatment was investigated by
a retrospective analysis of 53 patients who
had received IMRT. The results confirmed that
bladder volumes of at least 200 mL are desira-
ble owing to the bladder DVH and suppres-
sion effect of pollakiuria. As the reason, it is

considered that a larger region of the bladder
is irradiated when the bladder volume is
smaller.

Acute adverse events of the urinary system
by external radiation therapy for prostate can-
cer are pollakiuria, decreased urinary flow
rate, and painful urination. Pollakiuria is ob-
served in up to 80% of the patients. But most
of them are Grade 2 or less and the incidence
of Grade 3 or more is extremely rare. Chronic
Grade 2 or more urinary adverse events de-
velop up to 10% of the patients, and have
been reported to be observed even 5 years af-
ter completing the external radiation treat-

L1311
ment>'3!?

. Therefore, it is very important to
reduce the incident of chronic urinary adverse
events by reducing the normalized volume
value for the bladder DVH. As indicated in
Fig. 4, bladder volumes with less than 100 mL
result in the inclusion of almost the entire

bladder in the irradiation field. As a result, it
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Fig. 4 Irradiation range as a function of bladder volume (a)100mL (b)200mL (c)300mL.

is difficult to restrict the normalized volume
for DVH even by IMRT technology, and the
incidence of urinary complications increases.
Therefore, an increase of the urination num-
ber of times can be controlled during IMRT by
keeping bladder volume more than 200mL
throughout planning and treatment.

However, it is often difficult to accumulate
urine more than 200 mL in a bladder as the
prostate cancer is common in the elderly, and
there are many patients complicated with be-
nign prostatic hypertrophy. In such patients,
an attempt should be kept bladder volume
150-199 mL, which can clear the treatment
planning assessment standards in 100% of pa-
tients. If problems are still remained, the blad-
der volume and/or the prescribed dose should
be re-evaluated for making a treatment plan.

Many efforts have been paid to improve a
reproducibility of bladder during radiation
therapy. However, there is no guideline re-
garding optimal bladder volumes and protocol
for preparing optimal bladder volume during
IMRT. In many institutes, IMRT is performed
at 30 or 60 minutes after drinking 500 mL of
water”. But these methods do not make the
stable bladder volume reproducibly '

Recently, bladder ultrasound image diagno-
sis devices are introduced to confirm the ap-
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propriate bladder volume in some insti-
tutes"”.

Facilities using simplified ultrasound image
diagnosis devices may increase in the future.
At the same time, it is hoped that a protocol
for obtaining appropriate bladder volume is
made and the efficient work processes flow is

established.

4. Conclusion

This study revealed that the optimal bladder
volume for IMRT-based prostate cancer treat-

ment is 200 mL or larger by the DVH analysis.
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[Abstract]

Q-Space Imaging (QSD is widely used to evaluate non-Gaussian, restricted diffusional changes of water molecules.
We scanned the brains of volunteers to evaluate the optimal settings of Motion Probing Gradient (MPG) settings in
clinical use. The settings of MPG direction were MPG1, MPG2, MPG3, MPG6, and MPG15. We evaluated analysis
values of the Probability Density Function (PDF) of the cerebrospinal fluid (CSF), corpus callosum ampulla (white
matter), posterior limb of internal capsule (white matter), and thalamus (gray matter). In the MPG3 or more axes,
the comparable results were obtained at all measurement points. In addition, in the MPG2, it was equal to results of
MPG15 by a setting direction. In conclusion, in the clinical use of QSI, the MPG3 or more settings are appropriate.

Introduction

Q-Space Imaging (QSD was described in a
1991 report by Callaghan on the analysis of
the structural mechanics of porous materials
and has since been described in research on
biological applications” ?#. QSI is a method
to visualise, analyse, and evaluate the motion
of water molecules in restricted diffusions of
non-Gaussian distribution using diffu-
sion-weighted imaging with multi-directional
Motion Probing Gradient (MPG), multiple pre-
pared g-values, A {A: Motion Probing Gradi-
ent interval (MPG)}, and ¢ {4 : the superim-
position of MPG}.

MPG is important for diffusion measure-
ments in Magnetic Resonance Imaging as well
as QSI. The Stejskal-Tanner method, common-
ly used in diffusion-weighted imaging diffu-
sion measurements, is also employed in this
study”. In the Stejskal-Tanner method, before
and after a spin echo method 180° pulse, an
MPG of the same size is applied for the same
amount of time. Using the strength of the
MPG and the changes in the signal strength
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produced according to its directionality, this
method makes possible the analysis of anisot-
ropy, the measurement of the size of the dif-
fusion in the brain, and QSI analysis.

The g-space of QSI is expressed as a wave-
number space that requires as its object the
displacement of the diffusion; the g-values ex-
press the size of the wavenumber vectors
within the g-space. The g-value is defined as q
(em™) = yGd /2n (y:gyromagnetic ratio; G:
MPG magnetic-field gradient; 6 : MPG applica-
tion time) and can be calculated from the pa-
rameters related to the b-values used in diffu-
sion-weighted imaging, b (s/mm?) = y°G’*6°
(A-6 /3) (y: gyromagnetic ratio; G: MPG mag-
netic-field gradient; A : MPG interval; 6 : MPG
application time). Moreover, the inverse g-val-
ues indicate the displacement of water mole-
cules in the diffusion. In clinical equipment, y
is constant and the g-values depend upon
G and ¢ . QSI analysis first seeks a Probability
Density Function (PDF) by applying a Fourier
transform to the measurement signals from
multiple g-values and then evaluates using the
Mean Displacement as calculated from the
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PDF half-width and Max Probability or the
peak value. Of the many challenges in clinical
QSI installations, one is the long imaging
time”. QSI imaging time is proportional to the
number of MPG application axes and the area
of the configured g-values multiplied by Repe-
tition Time (TR), as indicated in the following
equation:

QSI imaging time o No. of MPG application

axes X No. of g-values X TR

Although it is possible to decrease the imag-
ing time by reducing the number of MPG ap-
plication axes, there are no reports on the
recommended number of MPG application
axes for QSI. Therefore, in this study we in-
vestigate how modifying the number of MPG
application axes affects the analysis values
and report on the configuration of MPG appli-
cation axes appropriate for clinical QSI instal-

lations.

Subjects and Method

[Equipment used and Subjects] We employed
a 3T MRI (Achieva, Philips Healthcare, Best,
The Netherlands) with a 32ch head coil.
Three male volunteers (average age 39.5 +
0.5 years) agreed to participate in the study.
After receiving approval from the Ethics
Committee, the aim and contents of this
study were carefully explained to the volun-
teers and their written consent was ob-
tained.

[Imaging Conditions] With the condition that
0 be at the lowest on the above equipment,
we used an Spin Echo-type Echo Planar Im-
aging and the following imaging conditions:
TR (repetation time)/TE (echo time) (ms):
4000/98, Field of view (mm): 256 x 256,
Matrix: 64 x 64, Thickness (mm): 4, gap
(mm): 0, slice: 10, voxel size (mm): 4 X 4
X 4, A/ 6 (ms): 47.3/37.8, and b-value (s/
mm?): 0, 150, 600, 1,350, 2,400, 3,750, 5,400,
7,350, 9,600, 11,250, and 15,000. Further,

the imaging b-values were converted into

g-values and the following g-values were
set at equal intervals: 0 (cm™), 10.46, 20.93,
31.39, 41.86, 52.32, 62.78, 73.25, 83.71,
90.62, and 104.64. Single-axis MPG applica-
tions include the following three directions:
vertical encoding on the slice in the SI di-
rection (Slice: S), phase encoding on the AP
direction (Phase: P), and frequency encod-
ing on the RL direction (Frequency: F).
Two-axis MPG applications consist of the
following three directions: SP direction
formed by the superimposition of the ST di-
rection (Slice: S) and AP direction (Phase:
P), SF direction from the SI direction (Slice:
S) and RL direction (Frequency: F), and PF
direction formed of the AP direction (Phase:
P) and RL direction (Frequency: F). This
study focused primarily on imaging the ba-
sal ganglia.

[Method 1] We conducted imaging with MPG
application configurations of 1, 2, 3, 6, and
15 axes. Although settings of more than 15
axes are possible, they increase the imaging
times to more than 15 minutes. Thus, in this
study we considered a maximum of 15 axes.
With 15 axes, the imaging time for one sup-
plemental run was 10 min 12 s; considering
changes in the SNR (signal to noise ratio)
on other configuration axes, we attempted
to use settings that would ensure that sup-
plements would require the same amount of
time. On a single axis, the imaging time for
12 supplements was 8 min 28 s; for two
axes, the imaging time for six supplements
was 8 min 28 s; for three axes, five supple-
ments required 10 min 28 s; and for six
axes, two supplements required 8 min 12 s.

[Method 2] Building on the results of Method
1, in this investigation, we used the configu-
ration with the least axes that was not sig-
nificantly different from the analysis values
yielded by the maximum configuration of
15 axes. We modified the average number
during imaging to determine if the average

number had any influence on the imaging.
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[Analysis and Testing] We used the free Diffu-
sion Tensor Imaging analysis software dTV
II FZR (University of Tokyo Department of
Radiology Imaging Information Processing
& Analysis Laboratory) to analyse the QSI
data; this is an improvement upon the origi-
nal dTV that incorporates the QSI analytics.
The Region of Interest (ROD) was set to Im-
age J using the Max Probability Image and
Mean Displacement Image as calculated by
dTV II FZR. As depicted in Fig. 1, an image
with b-values at 0 s/mm? the ROI was set
to the cerebrospinal fluid: CSF (right cere-
bral ventricle anterior horn), splenium of
the corpus callosum, posterior limb of inter-
nal capsule, and thalamus. While the ROI
was set on the splenium and posterior limb
of the internal capsule, an MPG15 Fractional
Anisotropy Image was consulted. The size
of each section was identical, an 8 X 8 mm
square. To ensure that each section was
measureable even when the number of
MPG axes changed, the ROI position was
recorded in the software and the analysis
was conducted on identical ROIs for all sub-
jects.

To confirm the statistical significance, a
Mann-Whitney U test was conducted on the
analytic values of the Mean Displacement
and Max Probability from the MPG15 appli-
cation, which had the greatest amount of
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data, and on the values from MPG1, MPG2,
MPG 3, and MPGH6.

Results of Method 1

The average PDF of the three volunteers is

illustrated in Fig. 2 and the analytic values are
provided in Table 1. Because the PDF is a
bell-shaped curve with bilateral symmetry, to
best display the breadth of the curve, we dis-
play the right side instead of the centre.

The QSI analysis values under MPG applica-
tions of 1, 2, 3, 6, and 15 axes revealed no
significant differences (P > 0.05) in the Max
Probability and Mean Displacement under ap-
plication configurations of 3, 6, and 15 axes;
when the number of axes was increased, the
standard deviation decreased.

The analysis results of the MPG2 application
when two application directions included an
axis equivalent to the direction of the white
matter fibres (RL on the splenium, SI direction
on the posterior limb of the inner capsule)
and the analysis values from the MPG15 ap-
plication were not significantly different (P >
0.05). However, when configured to two di-
rections that did not include an axis aligned
with the direction of the white matter fibres,
the Max Probability increased and statistical
significance was observed (P < 0.05).

In the cerebrospinal fluid and thalamus, de-
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Fig. 2 PDF of MPG-directions

creasing the number of MPG application axes
increased the standard deviation in compari-
son with the analytic values obtained with
MPG15. However, configurations of more than
two axes were not significantly different (P >
0.05).

The analytic results of MPG application on a

single axis were statistically significant (P <

0.05), as in the splenium and posterior limb of
the interior capsule areas, when the direction
of the application axis aligned with the direc-
tion of the white matter fibres (RL direction in
the cerebrospinal fluid area, SI direction in
posterior limb of the interior capsule area), re-
sulting in increased Mean Displacement and
minimal Max Probability.
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Table 1 QSI analysis value

Max Probability (%)

Mean Displacement (um)

MPG ‘
drection  osF (0 Capewe  thalamus  OSF BN Goie thalamus
15 1.17+0.40 3.563+0.41 3.58+0.39  3.11x0.19 334.0810.20 9.46+0.22 9.86+0.34 12.84+0.53
6 1.17+0.44  3.55+0.39 3.57+0.20  3.24+0.23 334.1010.14 9.94£0.23 10.67£0.43 12.12+0.85
3 1.18x0.61 3.92+0.47 3.71x0.15  3.2120.25 334.4510.18 9.40+0.33 10.39+0.47 12.83+0.92
FP 1.14£0.84 4.01£0.32 4.50+0.62  3.09+0.32 36.45+0.28 9.36+0.33 10.856+0.69 13.42+0.82
FS 1.13+1.03  4.10£0.46 3.54+0.47  3.17+0.29 338.0810.92 9.32£0.41 8.99+0.79 12.55+0.67
PS 1.14£0.66 5.87+0.52 3.55+0.63 2.97+0.63 336.5210.31 7.85+0.38  9.80+0.71 13.60+0.53
F 1.14£0.98 2.07+£0.12 4.52+0.85 3.22+0.81 336.6610.42 22.23+1.44 9.27+0.80 12.67+1.06
P 1.15+1.44  596+0.74 4.87+0.45 2.83+0.99 @ 36.09+0.52 8.52+0.53 8.60+0.72 14.25+1.76
S 1.16+1.21  545+049 2.53+0.36 3.17+0.56 35.92+0.69 8.64+0.65 17.9+1.90 12.36+0.84

Table 2 MPGS fixed, average number 1, 3, and 5 of QSI analysis value

Max Probability (%)

Mean Displacement (um)

MRS osr game Meml  awmes  osF RS e naams
5 115:071 3912056 3.75:042 3.26:0.22 | 35.39+1.04 894:0.79 9.50:069 1099065
3 1176056 399:0.67 366:0.61 329020 | 3474142 9.09:070 9.53:0.77 11.09:0.61
1 119:0.60 4.01¥069 370:0.71 328024 | 34.91:1.30 911084 049:0.86 11.24+0.78

For all ROIs, the setting with the minimum
number of application axes that did not differ
significantly from the 15-axis setting was the

3-axis setting.

Results of Method 2

Method 2 employed a 3-axis setting drawn

from the results of Method 1 and the results
of setting the average number of QSI analysis
values to one (imaging time: 2 min 12 s),
three (imaging time: 6 min 20 s), and five (im-
aging time: 10 min 28 s) are presented in
Table 2. Reducing the average number yielded
no significant difference in analysis values (P
> 0.05).

Discussion

For all ROIs, there was no significant differ-
ence in analysis values for uniform arrange-
ments of 3, 6, and 15-axis MPG application
configurations. The Max Probability and Mean
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Displacement values are displayed as average
values because MPG configurations of uni-
form arrangements of greater than three axes
yielded identical results. Moreover, increases
in the number of axes tended to reduce fluc-
tuations away from the standard deviation of
the analysis values.

It can be assumed that the white matter fi-
bres of the splenium run along the one fre-
quency direction (RL); however, in the MPG2
configuration that includes the direction of the
white matter fibres, we obtained the same val-
ues as when we applied MPG15. Furthermore,
because Max Probability was assessed higher
in configurations that did not include axes
aligned with the direction of the white matter
fibres than in 15-axis configurations, when
evaluating white matter it seems that setting
an axis to align with the direction of the white
matter fibres is a necessity. Similarly, in the
posterior limb of the interior capsule, the
white matter fibres were extended along a di-
rection close to the direction (SI) perpendicu-



the original work
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lar to the slice plane and a 2-axis MPG setting
that included the white matter fibre direction
obtained values identical to MPG15. In cases
where the target tissue is limited and the di-
rection of the white matter fibres can be as-
sumed, we believe the 2-axis setting to be ef-
fective.

For the non-restricted diffusion expected in
the thalamus and cerebrospinal fluid, applica-
tion configurations of greater than two axes
yielded PDF, Mean Displacement, and Max
Probability values identical to those obtained
with MPG15. Imaging only non-restricted dif-
fusion organisation configurations with more
than two axes is possible, minimising imaging
time and facilitating clinical introduction.
However, because reducing the number of
application axes produces variations in the
standard deviation of the analysis values and
even minimal changes in the ROI position
causes significant changes in the analysis val-
ues, sufficient caution is warranted in cases
where the ROI and imaging target tissue are
small.

Lacking information from other axes, the
arithmetic mean of the average number can
be considered a statistically significant factor
on a l-axis configuration. Because multi-
ple-axis MPG application synthesis is per-
formed on the geometric mean, signal averag-
ing has not confirmed the statistical signifi-
cance of the analysis values. Further, the lack
of image distortion correction was also a fac-
tor. Because the signal value of the images
with b-values of 10,000 s/mm* or greater was
weak, alignment with images of a b-value of 0
s/mm* was difficult. Moreover, because the
corrective processing of the distorted images
produced tiny blemishes, all of the images in
this study were analysed without the use of
corrective techniques. Correcting damaged
images with high b-values is a challenge for
the future.

In clinical settings where the target tissue
cannot be determined, an MPG setting of

greater than three axes is advisable.

On identical axis configurations, even if the
average number changes, imaging is possible
with an average number of one because the
analysis values are not statistically significant.
It is possible to achieve imaging times of ap-
proximately five minutes in clinical installa-
tions by setting the MPG application to three
axes and the average number to one, even in
QSIs using b-values on multiple images.

One of the problems facing the clinical intro-
duction of QSI is the report that it only ap-
proaches true values as A > §. However, ¢
cannot be extended beyond the biological safe-
ty restrictions in even the maximum gradient of
the magnetic field strength of clinical equip-
ment. In this study, we set  to be as short as
possible, however, with A: 47.3 ms and ¢ : 37.8

ms, we must admit that we have not satisfied

the condition wherein A > § .

Conclusion

It is possible to reduce imaging time in each
of the tissue structures targeted for imaging by
modifying the number and direction of the
MPG application axes. Further, increasing the
number of MPG application axes results in av-
eraging of the QSI analysis values within the
ROI. Clinical installations of cranial QSI re-
quire stable analysis values by increasing the
number of MPG application axes; however,
considerations of imaging time suggest that
MPG application configurations of three axes

will prove useful.
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[Abstract]

An anonymous questionnaire survey consisting of 8 questions was conducted to 35 radiological technologists in
our institution regarding their feelings and awareness about autopsy imaging (Ai). Among them, 30 subjects (85%)
responded, with approximately 60% of them indicating an interest in Ai, mainly for its potential contribution to society.
And 90% of the respondents answered an absence of negative feelings associated with the imaging of unnaturally
deceased bodies, as a matter of their routine work. However, only 30% of the respondents were aware of two recent
Japanese laws regarding death-cause detection, while 70% of the respondents had awareness of a model project for
pediatric Ai, suggesting insufficient knowledge of the background and reasoning behind the needs of Ai. Our survey
results were compared with two other previously-published surveys. Our comparative investigation suggests necessity
of more Ai-related education in training institutes, greater distribution of relevant information by the Japan Association
of Radiological Technologists, and the sharing of experiences among hospital staffs, all of which will help meet the

needs and social demands of Ai.

1. Introduction

Since the introduction of post-mortem exam-
ination scans (Autopsy imaging, hereafter re-
ferred to as “Ai”) in 2000V 2, Ai has come into
widespread regular practice!® throughout the
early adoption phase of the past 10 years®-?. In
July 2012, two Japanese laws were introduced
regarding the investigation of the cause of
death: “Act on the Investigation into the Cause
of Death or the Identity of Corpse by Police or
Security Forces” (Act of Death Investigation
and Identification)'” and “Policy on the Promo-
tion of Corpse Examination” (Policy on Corpse
Examination)'?. With the start of enforcement
in April 2013, the Act Of Death Investigation
And Identification establishes the “implementa-

tion of procedures when the police chief rec-

ognizes the need to perform internal bodily
exams to determine the cause of death when
handling corpses, to the extent required, in or-
der to verify the state of bleeding via body flu-
id collection, exams to check for drugs and/or
poisoning via the collection of body fluid or
urine, autopsy imaging, and other examina-
tions prescribed by law”®. The Council for the
Promotion of Policy on Corpse Examination,
responsible for the implementation of the Pol-
icy on Corpse Examination, released its final
report" in April 2014, and made a cabinet de-
cision, “Plan for Promotion of Corpse Examina-
tion” in June 2014. Ai is listed as one of those
specific measures'. The “Model Project of
Post-Mortem Imaging for Pediatric Deaths” run
by the Ministry of Health, Labor and Welfare
began in September, 2014,
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Since our hospital first opened in February
1985, post-mortem computed tomography
(CTD) has been performed!”-2” to estimate and
identify the cause of death in patients who
died after being transported to our facility’s
emergency department for cardiopulmonary
arrest. Among our radiological technologists,
the daytime CT lead operator (8:30-17:30) and
evening (17:30-22:00) and overnight (22:00-
8:30am) on-duty operators perform these
post-mortem CT scans. Our hospital is desig-
nated as an autopsy center (a facility commis-
sioned by the prefecture to implement dissec-
tion with consent according to the administra-
tive autopsy procedures) to perform post-mor-
tem CT scans to guide and supplement dissec-
tion, and perform magnetic resonance imaging
(MRD when possible, for abnormal corpses
sent by the police for autopsy?’-?». These
pre-dissection post-mortem CT and MRI scans
are performed the evening before dissection
by a rotation of 5 radiological technologists
that have been doing Ai for over 10 years, and/
or have received official certification from an
Ai certification workshop. Our hospital radiol-
ogy department is responsible for a wide vari-
ety of procedures like common x-rays, ultra-
sound scans, CT, MRI, nuclear medicine, radia-
tion therapy, and other medical exams??, but
the main responsibilities of each individual ra-
diologist are fixed to an extent. That is to say,
that we can expect differences between techni-
cians regarding their degree of involvement
with Ai, and their levels of interest and knowl-
edge about Ai. Up until now, there have been
a few investigations conducted concerning the
realities of Ai*~?® and the The Japan Associa-
tion of Radiological Technologists (hereafter
referred to as “JART”) recently conducted a
fact-finding survey about Ai*” that is still being
analyzed (personal communication). However,
although this Ai awareness survey of radiolo-
gists has been mentioned in a few conference
presentation abstracts®”—3? very few reports
have been published? 3%, We conducted an Ai
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Table 1 Questionnaire sheet including 8 questions
regarding Ai

Question 1 “Do you have an interest in Ai?”
(Yes, I'm interested. / No, I'm not interested. / I don’t
know.)

Question 2 “What is the reason for your interest in Ai?” (select all
that apply)
(I want to assist in cause of death investigations. / It
s relevant to recent events. / It's an unknown field for
me. / Other (free response))

Question 3 “What is the reason for your disinterest in Ai?” (select all
that apply)
(It makes me uncomfortable. / T just can’t handle it. /
Other (free response.))

Question 4 “How do you feel about Ai as a routine part of work?”
(I don't mind it as a routine part of work. / I don't
want to do it as a routine part of work. / Other (free
response.))

Question 5 “Are you willing to conduct Ai following a request from
the police?”
(I want to do it. / T don’t mind doing it. / T don’t want
to do it.)

Question 6 “Do you know the two laws regarding death cause de-
tection?”
(I know them. / I've heard of them. / I don't know.)

Question 7 “Are you aware of the model project of pediatric Ai?”
(I know it. / I've heard of it. / I don't know.)

Question 8 “Please write your thoughts about Ai.”

awareness survey among the radiological tech-
nologists at our hospital and are sharing the

results here.

2. Materials and Methods

The full staff of 35 radiological technologists
(male-to-female ratio 24:11, ages 23-47, aver-
age age 34) were surveyed anonymously con-
cerning their awareness and knowledge of Ai
(survey period April 22-30, 2014). The 8 survey
questions are listed in Table 1.

Questions 1 through 7 were multiple-choice.
Radiological technologists who answered “I'm
interested” to Question 1 also answered Ques-
tion 2, and Questions 4-8. Radiological tech-
nologists who answered “I'm not interested” to
Question 1 also answered Question 3, and
Questions 4-8. Radiological technologists who
answered “T don’t know if I'm interested” to
Question 1 also answered Questions 4-8. A
blank writing space was provided for elabora-
tion on answers of “Other” for Questions 2-4.
For Question 4 “How do you feel about Ai as a
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routine part of work?” Ai was defined as
post-mortem CT scans performed on patients
whose deaths were confirmed at our hospital,
either by the emergency department or an in-
patient wing. For Question 5 “Are you willing
to conduct Ai following a request from the po-
lice?” Ai was defined as post-mortem CT scans
(or MRI, depending on the case) of abnormal
corpses sent to the autopsy center by the po-
lice for autopsy and/or post-mortem exam.
The survey results were compared to the re-
sults of an Ai survey conducted in 2009 among
43 radiological technologists (citation #33 says
45 people, but it was actually 43) at the De-
partment of Radiology at Gunma University
Hospital (hereafter referred to as “Gunma Uni-
versity Survey”)? which officially began doing
Ai in 2008, and an Ai survey conducted in 2014
among 17 radiology staff members (16 radio-
logical technologists and 1 radiologist) at the
medical technology division of Koyama Memo-
rial Hospital (hereafter referred to as “Koyama
Memorial Hospital Survey”)3? which has been
doing Ai since 2004 or earlier. The Gunma Uni-
versity Survey included questions that corre-
spond to Question 1 and 4 of this survey. The
Koyama Memorial Hospital Survey included
questions that correspond to Question 1 and
4-7 of this survey. In Question 4 “How do you
feel about Ai as a routine part of work?” the
answer choices of “I don’t mind it as a routine
part of work” “I don’t want to do it as a routine
part of work” and “Other” were phrased as ‘I

” o«

want to do it” “T don't mind doing it” and T
don’t want to do it” in the Koyama Memorial
Hospital Survey. In order to compare the re-
sults more easily, the “T want to do it” and ‘T
don’t mind doing it” responses were classified
together as “T don't mind it as a routine part of

work” for convenience in this survey.

3. Results

The survey was completed by 30 out of 35
people (86% completion rate).

Question 1 “Do you have an interest in Ai?”
Among the 30 survey responses, 18 people
(60%) selected “Yes, I'm interested,” 8 people
(27%) selected “No, I'm not interested,” and 4
people (13%) selected “I don't know” (Fig.1).

Question 2 “What is the reason for your interest
in Ai?” (select all that apply)
Among the 18 people who responded “Yes,
I'm interested” to Question 1, 14 people (78%)
selected “T want to assist in cause of death in-
vestigations,” 6 people (33%) selected “It’s rele-
vant to recent events,” 5 people (28%) selected
“It's an unknown field for me” and 1 person
(6%) selected “Other.” The person who select-
ed “Other” wrote “I feel a societal obligation.”

Question 3 “What is the reason for your disin-
terest in Ai?” (select all that apply)

Among the 8 people who responded “No,
I'm not interested” to Question 1, nobody se-
lected “It makes me uncomfortable” or “T just
can't handle it.” All 8 people selected “Other,”
and 7 of those people wrote a freestyle re-
sponse. Among the “Other” written responses,
4 people (50%) wrote “No particular reason.” 1
person (13%) wrote “It has nothing to do with
my job,” 1 person (13%) wrote “I don't feel fa-
miliar with Ai” and 1 person (13%) wrote “Un-
like living bodies, I don't think it will provide
any useful knowledge that can be used in fu-

ture examinations.”

Tsukuba Gunma Koyama Memorial
Medical Center University Hospital
(2014)* (2009)*2 (2014)*
| w | W No
1 person
(6%)
No
No
8 people Yes Yes
(5795 18 people 11 people o3 people Yes
(60%) () (56%) 16 people
(949%)
*1 Survey response rate *2 Survey response rate *3 Survey response rate
30/35 = 86% 41/43 = 95% 17/17 (100%)

Fig.1 Ratio of respondents regarding the first
question, “Do you have an interest in Ai?”
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Question 4 “How do you feel about Ai as a rou-
tine part of work?”

Among the 30 survey responses, 27 people
(90%) responded “I don’t mind it as a routine
part of work.” Among their answers to Ques-
tion 1, 16 out of 18 people (89%) selected “T'm
interested.” 7 out of 8 people (87%) responded
“Tm not interested” and 4 out of 4 people
(100%) selected “I don't know.” On the other
hand, there were no radiological technologists
who selected “T don’t want to do it as a routine
part of work.” The 3 remaining people selected
“Other” (Fig.2a, b, ¢) and 2 of those people
wrote a freestyle response. 1 person (33%)
wrote ‘T don't think it's necessary for cases
where the cause of death of obvious” and 1
person (33%) wrote “I hate that you can't read

Tsukuba Gunma Koyama Memorial
Medical Center University Hospital
(2014) (2009) (2014)*+
Other Other | don’t want
ple todoit
1 person
| don’t wa L
| don’t want todoit
to do it 4 people
0 people 17%)
(0%) 1 don’t mind 1 don’t mind I don’t mind
16 people 17 people 15 people
(89%) (74%) (94%)

*4 Because different facilities had different sets of questions,
“I want to do it” 6 people (38%) and “l don’t mind doing it” 9 people (56%) were
combined as “l don't mind."

Fig.2 a Acceptance of Ai regarding the 4"
question, “How do you feel about Ai as
a routine part of work?” (to respondents
who indicated an interest in Al)

Tsukuba Gunma Koyama Memorial
Medical Center University Hospital
(2014) (2009) (2014)*s

Other Other | don’t want

I don t want l

f)ogeople I don’t mind

todoit
0 people
(0%)
| don’t mind
5 people

Idon’tow ant  (45%) I don’t mind
1 person
7 people 5 people
(87%) (459%) (100%)

*5 Because different facilities had different sets of questions,
“I don’t mind it as a routine part of work” was combined with “I don’t mind doing it"

Fig.2 b Acceptance of Ai regarding the 4™
question, “How do you feel about Ai as
a routine part of work?” (to respondents
who indicated no interested in Ai)
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the date and time.”

Question 5 “Are you willing to conduct Ai fol-

lowing a request from the police?”

Among the 30 survey responses, 6 people

(20%) selected “T want to do it” regarding po-

lice requests, 16 people (54%) selected “T don’t

mind doing it” and 7 people (23%) selected “I
don’t want to do it.” (Fig.3).

Question 6 “Do you know the two laws regard-
ing death cause detection?”
Among the 30 survey responses, 9 people
(30%) selected “I know them” regarding the
two laws, 2 people (7%) selected “Tve heard of
them” and 19 people (63%) selected “T don't
know.” (Fig.4).

Tsukuba Gunma Koyama Memorial
Medical Center University Hospital
(2014) (2009) (2014)*5
Other Other I don’t want
todoit
1 person
(6%)
| don’t want ! d‘%n :&",:
to do it 9 people
0 Eeople (22%)
(09%) 1 don’t mind | don't mind | don’t mind
27 people 28 people 16 people
(909%) (68%) (94%)

*5 Because different facilities had different sets of questions,
“l want to do it” and “I don't mind doing it” were combined as “I don't mind.”

Fig.2 ¢ Acceptance of Ai regarding the 4"
question, “How do you feel about Ai as a
routine part of work?” (to all respondents)

Tsukuba Koyama Memorial
Medical Center Hospital
(2014) (2014)
No answer ! d‘m:‘ gan_:
0, I
1 person (3%) ] persor? (g’%)

| want to
doit

6 people

(20%)

I want to
doit

4 people

(23%)

| don’t want
todoit
7 people
(23%)

Fig.3 Acceptance regarding the 5" question,
“Are you willing to conduct Ai following a
request from the police?”
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Question 7 “Are you aware of the model project
of pediatric Ai?”

Among the 30 survey responses, 21 people
(70%) selected “I know it" regarding the pro-
ject, no one selected “I've heard of it” and 9
people (30%) selected “I don't know.” (Fig.5).

Question 8 “Please write your thoughts about
Ai.”

Among the 30 survey responses, 5 people
wrote the following freestyle comments: “T first
heard about Ai back when I was a student, so
I accept it as a part of work in this field.”
“Post-mortem MRI aren’t usually done in other
facilities so I'm interested in it, but I'm worried

” o«

whether T can do it well.” “T want to know the
background that led to the creation of the
pediatric Ai model project.” “If radiological
technologists can assist with identifying the
cause of death, we should do it positively.” “I
think that performing Ai is an important oppor-
tunity for the radiology department (the radio-
logical technologists doing the imaging and the
radiologists that make the diagnosis) to view

the whole body structure.”

4. Discussion

The proportion of radiological technologists
who said they have an interest in Ai was great-
er than half of the respondents at all 3 facilities.

Only our hospital’s survey asked for the reason

Tsukuba Koyama Memorial
Medical Center Hospital
(2014) (2014)

I've heard

I know them
4 people
(24%)

| know them
9 people
(30%)

Fig.4 Awareness regarding the 6" question, “Do
you know the two laws regarding death
cause detection?”

why the respondents had an interest in Ai or
not, and we found that the motivation for inter-
ested respondents was their contribution to so-
ciety rather than their own personal interest.
We also found that uninterested respondents
were not motivated by feelings of discomfort,
and that they might become interested in Ai if
work related to Ai was to increase at their
workplace.

The proportion of radiological technologists
who said they don’t mind it as a routine part of
work was greater than two-thirds of the re-
spondents at all 3 facilities. The freestyle com-
ment “I first heard about Ai back when I was a
student, so I accept it as a part of work in this
field” leads us to believe that if a greater num-
ber of radiological technologist training facili-
ties (universities and trade schools) included Ai
in the course curriculum, we can predict that a
greater proportion of radiological technologists
would consider Ai to be a routine part of work.
The percentage of radiological technologists
who said “I want to do it” or “I don’t mind do-
ing it” regarding police request Ai was 74%,
lower than the 90% of respondents who an-
swered ‘T don’'t mind doing it as a routine part
of work.” While no radiological technologists
at this hospital selected “T don't want to do it as
a routine part of work,” 7 people said that they
don’t want to do police request Ai. It is thought
that they might be motivated by the following

two reasons: First, because police request Ai at

Tsukuba Koyama Memorial
Medical Center Hospital
(2014) (2014)

I've heard of it
2 people
(12%)

| know it
21 people
(70%)

I've heard of it
0 people
(0%)

Fig.5 Awareness regarding the 7™ question “Are
you aware of the model project of pediatric
Ai?”
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our facility is restricted to only 5 members of
our radiology staff, the remaining radiological
technologists aren’t as familiar with police re-
quest Ai compared to Ai as a routine part of
work. Second, the freestyle comment “Post-mor-
tem MRI aren't usually done in other facilities
so I'm interested in it, but I'm worried whether
I can do it well” leads us to believe that be-
cause police request Ai means post-mortem
MRI, it involves a greater responsibility than
work performing post-mortem CT scans. A
study group report on the use of post-mortem
examination scans says “Ideally, radiological
technologists that completed training held by
organizations like the JART should be perform-
ing post-mortem scans, and we ought to con-
sider making this a certification subcategory
inside JART's certification system”®. As of 2011,
JART implemented a certification process for
Ai-certified radiological technologists3>, accord-
ing to the following criteria.

e Applicant has been granted a radiological
technologist license and has 5 years or
more work experience, including at least 2
years of CT scan experience.

e Applicant has taken JART's radiological
technologist basic training “X-Ray CT Ex-
amination” and an Ai certification work-
shop.

e Applicant has previous experience inspect-

ing post-mortem imaging.

These certification requirements show that in
order to take CT scans that are useful in cause
of death investigations, a radiological technol-
ogist needs a good command of the same tech-
nical skill and knowledge that is used in every-
day clinical work with living bodies. It might
be more difficult to perform post-mortem MRI
than post-mortem CT scans.

The proportion of respondents that knew the
two relevant laws was between one-fourth and
one-third. Because an increase in police re-

quest Ai commissions is expected in the fu-
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ture3®, it would be ideal for the radiological
technologists performing these scans to know
the background of this work. Currently, the Ai
certification workshop is held three times a
year?”, but the number of students is limited to
100 people each time. The JART believes that
it's necessary to convey the importance of per-
forming Ai to more radiological technologists
not only through certification workshops, but
also by holding a symposium of the JART gen-
eral members and by increasing the frequency
of awareness measures? like publishing arti-
cles about Ai in the Journal of JART.

The proportion of respondents that knew
about the pediatric Ai model project was high-
er at our hospital than in the Koyama Memori-
al Hospital Survey. It is thought that they might
be motivated by the following two reasons:
First, our hospital’s radiology department held
a study session about Ai just two weeks before
this survey was done, and the pediatric Ai
model project was also discussed, so it's ex-
pected that anyone who attended that session
would select “T know it.” Second, our hospital
has a pediatrics department, but Koyama Me-
morial Hospital does not (note: there is a neo-
natology department.) One of the purposes of
the pediatric Ai model project is to identify
child abuse'®. Every year, there are a few re-
quests from our pediatrics department to take
full-body x-rays3® 3 to confirm the presence of
physical abuse; this leads us to think that our
radiological technologists can easily under-
stand the purpose of the pediatric Ai model
project, and have a greater interest in it. The
freestyle comment “I want to know the back-
ground that led to the creation of the pediatric
Ai model project” reflects this as well.

This paper’s scope is limited because we
could only compare the survey from our hos-
pital with two other facilities. It's possible that
completely different results could be obtained
at other facilities with a different number of
staff, range of ages, or male-to-female ratio. A

nationwide survey with a greater number of



material

A Survey Regarding Acceptance and Awareness of Autopsy imaging (Ai) among Radiological Technologists in Our Institution: Comparison with Those of Two Other Institutions

questionnaires will be necessary for future re-
search. This paper will also become compari-
son data for that project.

Japan is rapidly aging, and is entering a
phase when death will be commonplace in so-
ciety’”. Even though Japan is often called a
society that doesn't investigate the cause of
death??] there are great expectations for Ai as
the rate of dissection fails to rise*". 90.4% of Ai
practitioners are radiological technologists®.
Just as the freestyle comment “If radiological
technologists can assist with identifying the
cause of death, we should do it positively” sug-
gests, we radiological technologists need to re-
spond to the societal demand for Ai. In order
to achieve that, it is necessary to establish Ai as
a field of study at radiological technologist
training facilities*® 4 and continue the ongoing
implementation of JART’s Ai certification work-
shops and positive public relations work. Giv-
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