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Overview of the Japan Association of
Radiological Technologists

The Japan Association of Radiological Technologists, a public interest incorporated
association under the jurisdiction of the Ministry of Health, Labour and Welfare, was
established in 1947 with the purpose of contributing to the health of citizens through
raising the professional ethics of members, improving and furthering the study of medical
radiology and medical radiological technology, and enhancing public health.

In light of the startling progress being made in the fields of image diagnostics and
radiation therapy where radiological technologists work, it is necessary to stay constantly
aware of the latest know-how and technology. JART collaborates with other certification
agencies to enhance the capacity of all radiological technologists in general through
providing lifelong learning seminars, short courses, academic conferences and numerous
other learning opportunities. We believe that such activities constitute our obligation as

medical professionals to the general public.
As the only medical profession that has “radiological” in its name, we strive to limit
medical exposure, to raise the standing of our profession, and to realize a profession

of specialist technologists that can be advertised. And we are committed to promoting
services with you all for the provision of safe and secure medical care.

general principles

We will render our services to those in need of health care.
We will act as individual members of a health care team.
We will perform our duties in our field of specialty.

We will continue to study for the benefit of mankind.

We will respect and practice the policy of informed consent.

Journal of JART English edition 2025
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Regarding Publication of the
English Edition

UEDA Katsuhiko (President)

The journal of the JART English version issues every year. It has a favorable reception for we
members of the world and general people. As well as this issue, 13 articles to be useful for radio-
logical technologists are issued.

We will feature clinical, educational, and research-based achievements by radiological technolo-
gists in the monthly issues of the JART journal, and continually work to improve the magazine. I
truly hope that this English edition will benefit radiological technicians worldwide.

To give our radiological technologists from across the globe an insight into our business, T will
briefly explain the history of the JART. In March 1896, we succeeded in taking the first X-ray image
in Japan. In 1897, Shimadzu Corporation released an X-ray generator for educational use. In 1925,
there were approximately 1,500 X-ray technicians. In 1927, the first Shimadzu X-ray Technician
Training Institute was established, and evidence-based education was put in place. The JART was
founded in 1947 to make “radiological technologist” a national qualification. Since its establishment,
we have worked towards broad acceptance of this national qualification, in collaboration with the
government, the Diet, the Japanese Medical Association, and occupational military authorities.

As a result in June 1951, we were finally able to see the promulgation of the Radiology X-ray
Technicians Act, Act No.226 of 1951. Since then, we have responded to the changing needs of the
society, revising the original act to get the Radiology X-ray Technicians Act of 1968 passed, and
partially revising that to get the Radiology Technicians Act and Radiology X-ray Technicians Act of
1983 passed, and finally getting the Radiology Technicians Act, which is in place currently, passed.
Back then, the scope of work was limited to general X-ray testing, television X-ray testing, angiog-
raphy, X-ray computed tomography scanning, RI scanning, and radiation therapy. In 1993, the Ra-
diology Technicians Act was further revised, and MRI scanning, ultrasonic testing, and non-mydri-
atic fundus camera examination were added to the list. In 2010, image interpretation assistance,
radiation examination explanation, and consultation work were added. In April 2015, intravenous
contrast agent injection using automated contrast injectors, needle removal and hemostasis, lower
digestive tract examination (anal catheter insertion and administration of contrast medium), anal
catheter insertion, and oxygen inhalation during radiation therapy were added as operations that
could be performed by radiological technologists.

In October 2021, the needle insertion for examinations of contrasting of the examination for CT,
MRI, Ultrasound and Radioisotope are added as the new operation that can be performed by radio-
logical technologists.

The JART will continue to respond to the needs of the medical industry, and we hope to broaden

the operational scope of radiological technologists based on our foundation in scientific evidence.

Foreword 3
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Historyer

The Japan Association of
Radiological Technologists (JART)

1947

1951

1954

1956

1962

1968

1969

1975

1979

4

¢ Establishment of JART (July 13)

* Promulgation of the Act on Medical Radiog-
raphers (June 11)

* Authorization for Establishment of the Japan
Association of Radiographers (June 13)

* First national examination for Medical Radi-
ographers (May 30)

* Event to commemorate the 10" anniversary
of founding, attended by Her Imperial High-
ness Princess Chichibunomiya

Event to commemorate the 15" anniversary
of founding and 10™ anniversary of enact-
ment of the Act on Medical Radiographers,
attended by Her Imperial Highness Princess
Chichibunomiya

Promulgation of the Act to Partially Revise
the Act on Medical Radiographers (establish-
ment of two professions) (May 23)

First national examination for radiological
technologists

Renaming as the JART

Staging of the 4™ International Society of Ra-
diographers & Radiological Technologist (IS-
RRT) World Congress at Tokyo Palace Hotel,
attended by Her Imperial Highness Princess
Chichibunomiya

* Event to commemorate the 80" anniversary
of the discovery of X-rays, attended by Her
Imperial Highness Princess Chichibunomiya

* Completion of the Education Center for
JART

Journal of JART English edition 2025

1983

1985

1987

1989

1991

1993

1994

1995

1996

1998

1999

&

¢ Partial revision of the Act on Medical Radi-
ographers and the Act on Radiological Tech-
nologists (unification of the professions)

Event to commemorate the 90" anniversary
of the discovery of X-rays, attended by Her
Imperial Highness Princess Chichibunomiya

Staging of the 1" Japan Conference of Radio-
logical Technologists

General assembly resolution for establish-
ment of the New Education Center and a
four-year university

Completion of the New Education Center
(Suzuka City)

Opening of Suzuka University of Medical
Science

The Act to Partially Revise the Act on Radi-
ological Technologists, and Ministerial Or-
dinance to Partially Revise the Enforcement
Orders (April 28)

* Appointment of the President of JART as the
11" President of ISRRT

Event to commemorate the 100" anniversary
of the discovery of X-ray, attended by Her
Imperial Highness Prince Akishinomiya

Start of the Medical Imaging and Radiologic
Systems Manager certification system

« Staging of the 11" ISRRT World Congress at
Makuhari

» Start of the Radiation Safety Manager certifi-
cation system



2000

2001

2003

2004

2005

2006

2008

2009

2010

2011

2012

“Presentation of the Medical Exposure
Guidelines (Reduction Targets)” for patients

Start of the Radiological Technologists Liabil-
ity Insurance System

Enactment of X-Ray Week

Relocation of offices to the World Trade
Center Building in Tokyo

Start of the Medical Imaging Information Ad-
ministrator certification system

Staging of a joint academic conference be-
tween Japan, South Korea, and Taiwan

Revision of the Medical Exposure Guidelines

Establishment of the committee on Autopsy
imaging (Ai)

Revision to the national examination for ra-
diological technologists

Launch of the Team Medicine Promotion
Conference, with the President of JART as its
representative

Appointment of the President of JART as
chairperson of the Central Social Insurance
Medical Council specialist committee

Health Policy Bureau Director’s notification
concerning promotion of team medicine

Support activities following the Great East
Japan Earthquake

Staging of an extraordinary general meeting
concerning transition to a public interest in-
corporated association

Registration of transition to a public interest
incorporated association (April 1)

Event to mark the 65" anniversary of found-
ing and transition to a public interest incor-
porated association (June 2)

Renaming as public interest incorporated as-
sociation JART

2013

2014

2015

2017

2018

2019

2020

2021

2022

* Launch of the Radiological Technologists
Liability Insurance System with participation
by all members

Signing of the Comprehensive Mutual Coop-
eration Agreement on Prevention of Radia-
tion Exposure (September 21)

Consignment of work to measure personal
exposure of residents

Revision of the Act on Radiological Technol-
ogists, Government Ordinance to Partially
Revise the Enforcement Orders, and Revision
of the Enforcement Regulations (June 25)

Launch of the radiation exposure advisor
certification system

Event to commemorate the 120™ anniversary
of the discovery of X-rays

Event to mark the 70" anniversary of found-
ing (June 2)

Notice from the Regional Medical Care Plan-
ning Division Director, Health Policy Bureau,
Ministry of Health, Labour and Welfare, and
Director of the Economic Affairs Division
regarding Operational Considerations for
Securing a System for Safety Management
pertaining to Medical Equipment

Notice from the Health Policy Bureau on
a Safety Management System for Medicinal
Use of Radiation

Partial revision of the Ordinance on Preven-
tion of Ionizing Radiation Hazards

Relocation of offices to the Mita Kokusai Build-
ing in Tokyo

Revision of the Radiological Technologists
Act expanded the scope of practice.

Holding the 23™ AACRT with 37" JCRT in
Tokyo

Event to mark the 75" anniversary of found-
ing (July 16)

History of JART ¢ 5
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[Abstract]

Purpose: The purpose of this study was to design effective radiotherapy training that can be used even in facilities
without radiotherapy equipment and to verify its educational effects.

Methods: Practical training was planned and implemented for five themes: medical safety, brachytherapy, dosimetry,
external irradiation, and proton therapy. After the practical training, a questionnaire survey was conducted to verify
the educational effects.

Results: The Students scored 4 or higher out of 5 for all of the questionnaire items of each training theme. Interest in
radiotherapy increased significantly after receiving the practical training.

Discussion: Many students evaluated the practical training highly, and it seemingly increased their interest in
radiotherapy. In the future, it will be necessary to further examine the contents of hands-on training and aim to

improve the training.

Introduction

In Japan, the regulations for the designa-
tion of radiological technologist schools and
training institutes were modified in 2015 in
response to business expansions due to the
revision of the Radiological Technologists Act
in 2014. Along with the modification, a review
committee for improving the curriculum and
other aspects of the training school for radio-
logical technologists was established under the
Ministry of Health, Labor and Welfare, and in
March 2021, new guidelines for the training
school were established. The purpose of the
guidelines were to “improve the quality of clin-
ical training for advanced medical personnel
via by learning basic radiological techniques
through practice in clinical settings in order for
them to appropriately respond to patients with

diverse needs.” The current 10 units of clinical

6 @ Journal of JART English edition 2025

training will be expanded to 12 units. In ad-
dition, it has been proposed that “mandatory
preclinical evaluations should be conducted
in order to confirm in advance if applicants
have the appropriate knowledge, skills, and at-
titudes desired for clinical training.”

Clinical training in radiological technologist
education is a valuable opportunity to convert
the knowledge and skills learned thus far into
practical ones. Basic knowledge is acquired
via pre-practice education so that students can
experience things that cannot be learned in
classroom lectures in clinical practice. This is
so they can find and organize the issues they
need on their own. In addition, it is desirable
for students to learn the atmosphere of an
actual hospital. If an educational institution is
equipped with sufficient medical equipment,
it is possible to have students experience and
learn in a way that is close to that of the real
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world. But many facilities do not have radio-
therapy equipment because it is expensive.
Radiotherapy is a minimally invasive and low-
impact cancer treatment, and its use is on the
rise as the number of cancer patients increases.
There are 6.2 million radiation treatments per-
formed annually worldwide”. In recent years,
there has been an increase in medical acci-
dents due to over- or under-irradiation in ra-
diotherapy, not only in Japan but also in many
hospitals around the world. These have made
people aware of the potential dangers of radio-
therapy, which is in increasing demand, and
called into question the need for awareness of
medical safety”. The work of radiological tech-
nologists continues to increase and is becom-
ing more complex, and the technology is ex-
pected to grow as medical care advances”. It is
believed that the knowledge and abilities nec-
essary for the implementation of accurate and
safe treatment will change, and it has been re-
ported that the education and training of radio-
logical technologists need to be improved”. In
the Japanese curriculum, the number of credits
for radiotherapy technology was revised from
six credits to seven credits. Specifically, stu-
dents will be required to study the principles of
radiotherapy and of particle beam therapy and
the measurement and evaluation of absorbed
doses. In this way, the importance of educa-
tion of radiotherapy is being recognized again.
Radiotherapy differs in the diagnostic field in
many respects, such as the appearance of the
device, handling of the brachytherapy source,
quality control, and medical safety. Therefore,
if clinical training starts without sufficient pre-
training education, sufficient educational ef-
fects will not be obtained. In this study, we
proposed an effective practical training proto-
col for radiological technologists before clinical
training, even at educational facilities that do
not have radiotherapy equipment. Moreover,
the educational effect of the practical training

was examined via a questionnaire survey.

Methods

1. Training content

In the FY 2021 Medical Radiological Tech-
nology Practicum I course at a four-year uni-
versity with a clinical radiology department, an
on-campus practical training titled “The Basics
of Radiotherapy” was carried out. The targets
were 89 students, and the practical training
was divided into groups of about 10 people,
with practical training sessions of 90 minutes
x three sessions. The themes were (1) medical
safety, (2) brachytherapy, (3)dosimetry (QA,
QO), (4) external irradiation, and (5) proton
therapy. These were implemented according to
the schedule shown in Table 1.

The practical training study was conducted
in three periods of 90 minutes each. The
themes of medical safety, brachytherapy, do-
simetry (QA, QC), external irradiation, and
proton therapy were dealt with according to
the schedule shown in the table.

The contents of each theme are detailed be-
low.

D Medical safety

After lectures on medical safety, medical ad-
verse events, and incident reports, the students
were asked to write incident reports using ex-
amples.

(2 Brachytherapy
We outlined the flow of brachytherapy and

gave a lecture on how to plan treatment. Af-

Table 1 Practice schedule

The practical training study was conducted in three
periods of 90 minutes each. The themes of medical
safety, brachytherapy, dosimetry (QA, QC), external
irradiation, and proton therapy were dealt with according
to the schedule shown in the table.

Time Learning items
13:00-13:45 (D Medical safety
13:45-14:30 @ Brachytherapy

14:30-14:40 rest
14:40-16:10 B Dosimetry (QA, QC)
16:10-16:20 rest

16:20-17:05 @ External irradiation
17:05-17:50  ® Proton therapy

Arts and Sciences 7



ter that, for practical training, students were
shown points A and B, which were important
dose evaluation points in the Remote After
Loading System, on an illustration of the uter-
us.

@ Dosimetry (QA, QC)

Lectures on dose measurement and standard
dosimetry of the absorbed dose to water in ex-
ternal beam radiotherapy 12 were given with
calculation problems. After that, we let the stu-
dents experience the flow from dose measure-
ment using Excel to monitor unit calibration.
@ External irradiation

Two videos (deep inspiration breath hold
for left breast cancer and Intensity-Modulated
Radiation Therapy for the head and neck) were
shown to demonstrate actual radiotherapy.
After watching the video, the students summa-
rized the flow of radiotherapy.
® Proton therapy

After explaining the characteristics of proton
beam therapy, representative cases, and an
overview of the treatment equipment, we prac-
ticed using Excel to create a spread-out Bragg

peak from a monopeak.

2. Conducting the questionnaire survey

An anonymous questionnaire was conducted
after the end of the on-campus clinical train-
ing. At the time of conducting the question-
naire, we informed students that the content
of the answers had no effect on their grades.
As shown in Fig. 1, the contents of the ques-
tionnaire were roughly divided into four parts:
1) Impressions of each training theme, 2)
Whether or not the training was good for clini-
cal training, 3) Interest in radiotherapy, and
4) Free comments. Responses were evaluated
on a 5-point scale, wherein 5: strongly agree,
4: agree, 3: neither agree nor disagree, 2: dis-
agree, and 1: strongly disagree. The reason for
using the five-case method, which includes in-
termediate values, is because we thought that
(1) we would obtain data from an intermediate
group that could not be judged either way, and

8 ¢ Journal of JART English edition 2025

1) Impressions of each training theme
[1] Explanation was sufficient and easy to understand
[2] Handouts were thorough
[3] The time given for the training content was
appropriate
[4] | understood the content
[5] I am satisfied with the content
2) Are you glad to have received this training in
preparation for your clinical training?
3) Interest in radiotherapy
[1] Were you interested in radiotherapy before taking
this practice?
[2] Are you interested in radiotherapy after taking this
practice?
4) Other, free comments

Fig. 1 Training questionnaire contents

Except for free comments, responses were evaluated on
a 5-point scale, wherein 5: Strongly agree, 4: Agree, 3:
Neither agree nor disagree, 2: Disagree, and 1: Strongly
disagree.

(2) a certain number of students would find it
difficult to give a negative answer due to their

position as students.

3. Changes in grades before and after practical

training

In parallel with this practical training, a lec-
ture on radiotherapy technology II was being
held as a subject for the first semester of the
third year. In order to evaluate the learning
effect of the practical training, we compared
the final examination results of 2020, before
this practical training was conducted, and the
results of 2021, when the practical training was

conducted.

4. Data analysis/statistics

In the content 2(Conducting the question-
naire survey), in order to verify the content of
Question 3) Interest in radiotherapy, we exam-
ined the significance of the planned practice
via Wilcoxon's signed-rank test with matched
samples. In the content 3(Changes in grades
before and after practical training), Welch’s t-
test with independent samples was used to
examine the significance of the change in per-
formance before and after the practical train-
ing. SPSS ver.28.0.0.0 IBM) was used for all
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of the statistical processing, and the statistical

significance level was set at 5%.

5. Research ethics

This research was conducted with the ap-
proval of the president after review by the
ethics committee of the research institution
(approval number R04-8). The author and all
co-authors have no conflicts of interest directly
relevant to the content of this article. The re-
search was explained to the target students
during the guidance time. At that time, we in-

formed them that the survey would be anony-
mous and that the results of their responses
would have no bearing on their grades, and
obtained their written consent. An outline of
the study was also posted on a bulletin board,
and sufficient time was allowed for withdrawal

of consent.

Results

Fig. 2 shows the questionnaire results for
each training theme. Across all of the ques-

Medical safety [ I ]

Brachytherapy [ [ ]

Dosimetry [ [ ]

External irradiation [ I ]

Proton therapy [ [ ]

40% 20% 0% 20% 40% 60% 80% 100%

Explanation was sufficient and
easy to understand

External irradiation I [ ]

Medical safety l V2

Brachytherapy [ I ]

Dosimetry \ [ |

Proton therapy I [ ]

40% 20% 0% 20% 40% 60% 80% 100%

Handouts were thorough

Medical safety i [ ]

Brachytherapy [ [ ]

Dosimetry [ [ ]

External irradiation [ [ ]

Proton therapy [ I ]

40% 20% 0% 20% 40% 60% 80% 100%

The balance between training
content and time was appropriate

External irradiation ¥ [ ]

Medical safety I [ ]

Brachytherapy I I ]

Dosimetry [ [ ]

Proton therapy I [ ]

40% 20% 0% 20% 40% 60% 80% 100%

I understood the content

Medical safety i [ ]

Brachytherapy [ [ ]

Dosimetry [ [ ]

External irradiation [ [ ]

Proton therapy ] [ ]

40% 20% 0% 20% 40% 60% 80% 100%

I am satisfied with the content

Strongly Agree
agree

O Neutral

O Disagree

m Strongly disagree

B No answer

Fig. 2 Practical questionnaire results

The results of the “impressions of each training” theme in the training questionnaire are shown. More than 80% of
the students answered “strongly agree” or “agree” to all of the question items.

Arts and Sciences 9



tion items, the total number of students that
strongly agreed or agreed fell no lower than 73
(82.0%). In other words, more than 80% of the
students gave a high evaluation of the course
content overall. More than 90% of the students
answered that they were “satisfied” with the
theme other than external irradiation (79 stu-
dents [88.8%)] for external irradiation). There
was no significant difference in the number of
respondents who answered “strongly agreed”
or “agreed” for each theme. The least number
of respondents answered “strongly agreed” or
“agreed” for the question “I understood the
content” among all themes.

There was no negative answer to the ques-
tion “Are you glad to have received this train-
ing in preparation for your clinical training?”,
and more than 80% of the students answered
that they strongly thought so (Fig. 3).

Fig. 4 shows the interest in radiotherapy be-
fore and after the practical training. The num-

ber of respondents who answered “strongly
agree” and “agree” increased significantly,
which indicates that the interest in radiothera-
py significantly improved after the training (be-
fore training: 3.5, after training: 4.2; p < 0.001).
In terms of free comments, we received the
following: “I felt that the appearance of the en-
gineer in the video was very cool. Through this
practical training, my awareness of hospital
training increased, and I felt that T would like
to make use of it in the actual workplace.” In
addition to such positive opinions, we also re-
ceived other opinions, including the following:
“T wanted to be more active than as a partici-
pants in classroom lectures. I wish there were
more discussions with teachers and between
students.” Other opinions were also received.
Fig. 5 shows a comparison of the results of
the final examination of radiotherapy technol-
ogy II between the 2020 third-year students,
who did not have practical training, and the

Strongly Agree

agree
O Neutral

@ Disagree
m Strongly disagree

40% 20% 0% 20% 40% 60% 80%100%

B No answer

Fig. 3 Practical questionnaire results

—Are you glad to have received this training?—
This figure shows the results of the practical training questionnaire, “Was it good to
receive this training for clinical training?” More than 80% of the students answered

“strongly agree.”

Before training E ] \

Strongly Agree
agree
O Neutral

After training II

| O Disagree

m Strongly disagree

60% 40% 20% 0% 20% 40% 60% 80%100%

B No answer

Fig. 4 Practical questionnaire results

—Are you interested in radiotherapy?—

The results of “interest in radiotherapy” in the practice questionnaire are shown. The interest in radiotherapy

increased significantly after the practical training.
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(a) Before training p <0.001

I e
<59 (59, 64] (64, 69] (69, 74] (74, 79] (79, 84] (84, 89] (89, 94] (94, 99]

o Score
(b) After training

<59 (59, 64] (64, 69] (69, 74] (74, 79] (79, 84] (84, 89] (89, 94] (94, 99]

Score

Fig. 5 Comparison of radiotherapy technology Il
test results

A comparison of the final examination results of
radiotherapy technology Il (third-year students) in 2020,
before practical training was not conducted, and in 2021,
when this practical training was conducted, is shown.

2021 third-year students, who had this practical
training. Compared to the previous year, the
results significantly improved, and the median

score increased by 26.9 points.

Discussion

Many students gave the practical training
a high evaluation, and their interest in radio-
therapy increased. It is thought that this train-
ing could serve as a bridge to clinical training.
With regard to the method of clinical training,
it is said that a format in which clinical trainees
participate as members of the medical care
team is desirable”. It is thought that this practi-
cal training was also highly evaluated because
it was possible to get a real feeling of practical
training by incorporating a lot of time to actu-
ally move hands on multiple themes.

One of the reasons for the improvement in
the results of the radiotherapy technology II
examination was that the students’ understand-
ing of the lectures was further deepened by
the lectures being held at the same time as the

practical training. Lecture-style guidance can
convey a lot of information in a limited amount
of time, but it tends to be a one-way commu-
nication of information, and students are likely
to be passive and less motivated”®. The themes
dealt with in this practical training, such as
dose calculation and irradiation methods, are
difficult to convey in classroom lectures, so it
is effective to have students learn by actually
using their own hands. The synergistic effect of
classroom lectures and practical training can be
applied to other fields, suggesting the possibil-
ity of greatly contributing to the improvement
of educational effects. In order to further en-
hance the effectiveness of learning and train-
ing, it is important not only to improve quality
independently, but also to deepen the relation-
ship by being aware of both sides of the is-
sue and complementing each other. However,
the improvement in scores in this study was a
comparison of different grades, and it is pos-
sible that differences in backgrounds such as
the level of the students and their interest in
radiotherapy may have contributed to the im-
provement in scores. Although a comparison
between the groups that received the practical
training and those who did not is effective in
evaluating the improvement in performance,
the practical training is a required course to
all students, and it is difficult to obtain data on
groups that do not experience practical train-
ing.

Regarding the reason why the theme of ex-
ternal irradiation was rated lower than the oth-
ers, the content was mainly video, and there
were few handouts compared to other themes.
In addition, the teacher stopped the videos one
by one and added explanations. These were
considered to be the factors that lowered the
level of satisfaction. In order to raise the level
of “understandability” to that of the other prac-
tical training themes, the contents of the videos
need to be further improved.

One of the other points to be improved in

this training was that as a result of pursuing
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things that can be easily done without a lin-
ear accelerator, desk work has become the
main focus. In the questionnaire results, the
number of respondents who strongly agreed
or agreed with “I understood the content” was
smaller than the others. This was thought to
be because although teachers provided suf-
ficient explanations and materials to the stu-
dents, the students lacked the motivation to
actively deepen their understanding due to
the decrease in opportunities for students to
think and speak for themselves. In the edu-
cational evaluation of clinical training, it is
desirable to use an evaluation method that
enables close communication between clini-
cal training instructors and trainees, indicates
specific goals, and confirms the process of self-
development”'”. To incorporate the opinions
of students who wanted to be more active
and engaged in discussions, we recommend
introducing Objective Structured Clinical Ex-
amination (OSCE)'"” and conducting group
discussions on incidents and videos viewed.
This time, five themes were implemented in
90 minutes X three sessions, so it was difficult
to prepare enough time for a discussion. We
believe it is necessary to increase the training
time and to devise better methods for pruning

and selecting training content.

Conclusion

We planned effective training even at treat-
ment facilities that did not have radiotherapy
equipment and examined the educational ef-
fects through a questionnaire survey.

Based on the educational curriculum for ra-
diological technologists, we were able to build
practical training with a high degree of student
satisfaction by incorporating the principles of
particle beam therapy and the measurement
and evaluation of the absorbed dose.

12 @ Journal of JART English edition 2025

In an effort to achieve more participatory
training, it is necessary to aim for further
training improvement centered around the
keystones of “active participation” and “discus-

sion.”
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[Abstract]

Previous studies on the use of artificial intelligence to assist in the diagnosis of colitis on CT images have used the
thickness of the colon wall after the use of digestive tract contrast media as a feature, but the diagnostic accuracy was
not always high.

In this study, we verified that the CT value of fat stranding of colitis (HU) is a useful feature in the colitis detection
model.

From non-contrast colitis CT images of 187 cases, we created an original image in which the affected area was cut
into a 128 x 128 matrix, a mask image in which structures other than the fat stranding were erased, and a threshold
image in which only the fat stranding was displayed.

The SVM classifier output the classification accuracy of the original image, mask image, and threshold image, and
the results showed that the accuracy of the mask image and threshold image improved over the original image.

This indicates that fat stranding is a feature for higher accuracy classification.

1 INTRODUCTION

The number of computed tomography (CT)
scans performed has increased exponentially
in Japan over the last few decades because of
the ability of CT scans to enable rapid acquisi-
tion of specific information."”

However, despite the increase in the number
of CT examinations, the number of radiologists
is decreasing year by year,” which is placing a
heavy burden on current radiologists.*

Especially in emergency rooms (ERs), where
radiologists are absent, diagnostic imaging is
often performed by non-specialized ER physi-
cians, and this has been reported to lead to a
higher prevalence of misdiagnosis.”

Acute abdomen, the main target disease in

the ER, has a high prevalence in patients of all
age groups.”” Ebina et al.” reported that com-
pared with radiologists, ER physicians have a
higher misdiagnosis rate in diagnostic imaging
of acute abdomen than in intracranial diseases.

This is largely attributed to the meticulous
examination of vascular system, free air, and
presence of ascites in addition to parenchymal
and luminal organs required by CT imaging in
the ER.

If an artificial intelligence (AD) system could
achieve radiologist-level accuracy in interpre-
tation of CT images in the detection of acute
abdomen in abdominal CT imaging, it would
improve work efficiency, such as by helping
to prevent lesions from being overlooked and

improving image interpretation. It would also
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support diagnostic imaging by doctors other
than radiologists, and could be a useful tool to
compensate for the current shortage of radiolo-
gists.(’)

However, in a literature review on the detec-
tion of acute abdominal disease using Al, Eto

et al.'”

reported that CT diagnostic imaging
support for acute abdominal disease using Al
has not been a primary focus of active research
because the accurate identification of specific
abnormalities or lesions within the abdominal
organs poses challenges to Al owing to their
complex and variable characteristics.

Among acute abdominal diseases, few stud-
ies have been conducted on Al diagnosis of
colitis in particular."™?

Furthermore, existing studies have con-
cluded that the accuracy of lesion detection
is lower than that for other acute abdominal
diseases such as renal and ureteral stones and
gallstones. This is primarily because the thick-
ness of the colon wall, identified as a feature,
often leads to misclassification as an intra-
abdominal organ, and false-negative results
are likely to occur when the thickening of the
colon wall is mild. In addition, to measure the
thickness of the colon wall, previous reports
have used oral or transvenous contrast agents,
which is risky, necessitates expertise, and has
the disadvantage of the inability to identify
colitis if contrast agents are not available.

Other than morphological changes of the

Colitis W0 4. Normal

v

B

be YW

fatssttanding

(a) Colitis (b) Normal colon
Fig. 1 CT image of fat stranding

Fat stranding increases CT values of adipose tissue
around the colon.
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colon in colitis, other characteristics include fat
stranding caused by inflammatory spillover to
adipose tissue surrounding the colitis,””™” as
shown in Figure 1.

This region of fat stranding has higher CT
values than the surrounding normal fat. In
other words, if the fat stranding can be de-
tected with high accuracy by Al in non-contrast
simple CT scans, the presence or absence of
colitis can be diagnosed, thereby complement-
ing the diagnosis of colitis by non-specialists in
emergency medicine.

In the present study, with a focus on the CT
value of fat stranding around colitis and how it
differs from those of normal adipose tissue and
the surrounding organs, we aimed to clarify
whether fat stranding is an effective feature
for colitis detection by machine learning (ML)

models.

2 METHODS

In this study, colitis was defined as a general
term for diseases that cause inflammation of
the colon, including diverticulitis, infectious

colitis, ischemic colitis, and ulcerative colitis.'”

1) Image collection for colitis analysis

From January 2013 to December 2021, 345
patients presented with abdominal pain as a
primary symptom at the emergency or general
outpatient clinic and were diagnosed with
colitis. Of these cases, 211 diagnoses were
confirmed through non-contrast abdominal CT
images by two experienced radiologists with
35 and 13 years of expertise, respectively. After
excluding patients without any discernible fat
layer around the colon, those with conditions
associated with generalized edema, and those
exhibiting pronounced image artifacts due to
movement or foreign bodies, 187 CT images
were analyzed.

A single representative image from the
colitis-affected region was chosen for each of
the 187 patients. Images already linked to the
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radiologist’s colitis report were primarily se-
lected. For cases where no image was linked,
a radiological technologist with 18 years of
experience in CT examinations chose an image
displaying characteristic fat stranding indica-
tive of colitis based on the radiologist's obser-
vations. All images were extracted from the
imaging server in bitmap (bmp) format, with
all patient-identifying information removed to
protect privacy.

The demographic characteristics of the 187
patients with colitis are shown in Table 1. No-
tably, males were marginally more prevalent,
and a significant portion, approximately 60%,
were aged between 40 and 60 years. Most pa-
tients (about 89%) had been diagnosed with
colonic diverticulitis, with the most common
onset locations being the cecum and ascending
colon (about 55%) and the descending colon
(about 32%). The high prevalence of colonic
diverticulitis is attributed to its standing as a
common cause for gastrointestinal hospitaliza-

20,20 40 4

tion," its increasing incidence rate,
rise in diagnoses in recent years.””
The device used was A: Activion 16 (Canon
Medical Systems Corp., Otawara, Japan, be-
tween January 2013 and March 2019) and B:
Fuji Supria Grande 64-row multi-helical CT
system (Fuji film Healthcare Corp. (Currently

Fuji film Medical Corp.), Tokyo, Japan, March

Table 1 Breakdown of the 187 patients with colitis

Total number 187

Sex  Male 102 / Female 85

10~ 20~ 30~ 40~ 50~ 60~ 70~ 8~ 90~

Age, years
2 8 27 39 37 35 25 12 2

Diverticulitis  Infectious colitis Ischemic colitis Other

Disease

166 7 10 4
Ascending . . .
; T D d S d Rect
' Slt§ of  Cecum ransverse escending igmoi ectum
inflammation

102 6 60 18 1

2019 and the end of December 2021) .

Of the 187 patients, 112 were examined us-
ing the equipment A. The remaining 75 pa-
tients were examined using the equipment B.
The normal images were arbitrarily extracted
so that the device, year, and number of affect-
ed sites were the same as those for the colitis
images, and the total number of colitis and
normal images was 374.

This study was approved by the ethics re-
view committees of Medical Corporation Jik-
eikai Nishida Hospital (No. 202202-1) and the
Oita University of Nursing and Health Science
(No. 21-72).

2) CT scanner imaging conditions

Both imaging systems utilized a tube volt-
age of 120 kV with automatic exposure control
for the CT dosage. Output images maintained
consistent noise levels across body shapes, set
to standard deviation values of 8 for the Canon
Activion 16 and 10 for the Fuji Supria Grande.
Both systems had a 5-mm slice reconstruction
interval with standard reconstruction functions
applied. No image filtering was implemented
post-scan. The window width and level were
consistently set to 300 and 15, respectively, re-

gardless of the equipment or imaging period.

3) Overview of the ML model development

An overview of the ML model development
is shown in Figure 2. To verify that fat strand-
ing around colitis was a feature, an original
image was created by extracting the affected
area of the original image into a 128 X 128 ma-
trix. Normal images were also created in the
same way. Histograms of these images were
then developed, and through a combination
of histogram bins, luminance thresholds, and
hyperparameters, the SVM classifier was op-

timized for maximum classification accuracy.

Males were marginally more prevalent, and a significant portion,
approximately 60%), were aged between 40 and 60 years.
Most patients (about 89%) had been diagnosed with colonic
diverticulitis, with the most common onset locations being the
cecum and ascending colon (about 55%) and the descending
colon (about 32%).

The accuracies of the mask and threshold im-
ages were compared with the original image to
verify whether fat stranding had been captured

as a feature.
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Fig. 2 Overview of the process for the construction of a machine learning model

To verify that fat stranding around colitis was a feature, an original image was created by extracting the affected
area of the original image into a 128x128 matrix. Normal images were also created in the same way. In addition,
the original images were converted to csv data, and a total of three types of images were created: a mask image
in which structures other than fat stranding were deleted from the original image, and a threshold image in which
only the luminance of fat stranding was displayed. Histograms of these images were then developed, and through
a combination of histogram bins, luminance thresholds, and hyperparameters, the SVM classifier was optimized for
maximum classification accuracy. The accuracies of the mask and threshold images were compared with the original
image to verify whether fat stranding had been captured as a feature.

4) Dataset creation
DImage cropping

For the purpose of evaluating whether fat
stranding is useful for detecting colitis using

ML, the image data were cropped to an im-

128 x 128 (png)

512 x 512 (bmp)

Fig. 3 Image cropping

The minimum area where the colon and fat stranding
areas fit was determined to be a matrix size of 128 x 128,
and all source images were cropped to create the original
image. In addition, the image file format was converted
from “bmp” to “png” for collection.
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age size where the colon and fat stranding
could fit together. The original image set was
cropped as demonstrated in Figure 3 using im-
age processing software. The format was also
converted from “bmp” to “png” to minimize the
file size and improve the handling efficiency.
Normal images were also collected by crop-
ping around the colon and converting the im-

age file format in the same way.

@Conversion of CT values to CSV luminance val-

ues

A Python script was utilized to convert CT
values from the original images (both normal
and colitis) into luminance values. This con-
version rendered the images into a comma-
separated value (CSV) format with an 8-bit
256 grayscale 128 x 128 matrix, as illustrated in
Figure 4.
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j122) 127
127 133 130 124 123 124

Fig. 4 Convert CT values to csv

For all original images of normal and colitis, CT values in
128 x 128 matrix, 8-bit 256 gray scale were converted to
luminance values in csv file format.

®Measurement of fat stranding, organ and tissue
luminance values and CT values

To determine the fat stranding CSV lumi-
nance values, the range of luminance values
was obtained from the original images of colitis
in which fat stranding was relatively extensive.
A total of 20 images were used: 10 images with
fat stranding in the ascending colon, 6 in the
descending colon, 2 in the transverse colon,
and 2 in the sigmoid colon. The range of lumi-
nance values was determined from the average
of the three luminance values read from the
colon wall in the distal direction, as shown in
Figure 5. For the colon wall, normal fat, bone,
muscle, and kidney, 10 arbitrary images were
selected, and the range was determined from
the average of the luminance values read at
three arbitrary points (outside, center, and in-
side) of each organ and other organs. The lu-
minance value reading was the average of the
nine matrices surrounding each point.

CT values were obtained using the measure-
ment function of picture archiving and com-
munication systems (PACS).

CT values were averaged by setting arbi-
trarily sized ROIs according to the organ geom-
etry at the same locations as the measurement
points in the csv. The fat measurement points
were arbitrary sites without blood vessels or
connective tissues.

Table 2 shows CT value and luminance value
range for each tissue, organs, and fat strand-

{122
125

stranding  Colon
PA
e .

. reading point

7— reading ‘mt

s fat

(a) (b)

Fig. 5 Fat stranding and organ luminance value
measurements

(@) Luminance value of fat stranding: The luminance
values of fat stranding at three points in the distal
direction from the proximity of the colon wall were
read, and the range of luminance values was
determined from the average of these readings.

(b) Luminance values of organs: The luminance values of
three points (inside, center, and outside of the organ)
were read, and the range of luminance values was
determined from the average values.

ing. Since the luminance values for each matrix
varied, the measured values were displayed in
units of 5.

The measurement results showed that the lu-
minance values and CT values of fat stranding
showed characteristic values that were clearly

different from those of fat and organs.

@Generation of the mask and threshold images
and histograms
To confirm that the SVM classifier could
classify fat stranding as a feature, two types of
images were created by eliminating structures
other than fat stranding from the original im-

age.

Table 2 CT and luminance values for fat stranding
and each tissue and organ

CT CSv
value (HU) luminance range

Bone 200 - 900 200 - 255
Muscle 40 - 80 140 - 160
Colon 15-50 120 - 150
Kidney 15-50 120-150

Fat stranding -30-5 55 -85

Fat -70-120 0-10

CT and luminance values of fat stranding are separated
from those of fat and organs.
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Histograms were created using python func-
tions for all normal and colitis csv datasets in
the original images. Using OpenCV (https://
opencv.org), an image processing library, we
created a “mask image” in which the intra-ab-
dominal organs were eliminated by performing
mask processing based on a combination of
image binarization using Otsu’s method * and
area filtering. In addition, a “threshold image”
was created to display only the fat stranding
luminance values in the range of “55-85” in the
original image. Histograms were also created
for all normal and colitis CSV datasets of the

original, mask, and threshold images.

5) Classification by SVM classifier

The training and test data for the SVM classi-
fier were split randomly using a Python func-
tion. Regarding the hyperparameters of the
SVM classifier, those with the highest accuracy
for the original image were determined, and
using these hyperparameters, the highest accu-
racies for the mask and threshold images were
determined for comparison with the original
image.

To determine the hyperparameters with
the highest accuracy for the original image
classification, the accuracy was calculated by
changing the combination of the histogram
bins, luminance thresholds, and hyperparam-
eter “kernel,” “C,” and “gamma” candidates. The
histogram bins were set to “3, 5, 8, 10, 12, 15,
18, and 20” to balance the fineness of the fea-
tures and computational load. The luminance
threshold was set to “55-150" from the lower
limit of fat stranding to the upper limit of real
organs shown in Table 2. For each candidate
hyperparameter, the kernel was set to “linear,
poly, and rbf”, C was set to “0.1, 1, and 107,
and gamma was set to “0.001, 0.01, 0.1, 1, 10,
and 100". The hyperparameters that output the
highest accuracy were determined from the
accuracy output for each bin using grid search
in Scikit-learn (https://scikit-learn.org), a hy-
perparameter search method. The luminance

18 @ Journal of JART English edition 2025

threshold of the mask image was set to the
same as that of the original image, and for the
threshold image, the luminance range “55-85"

of fat stranding in Table 2 was used.

6) Statistical analysis

Statistical evaluations were conducted using
the Python library. Confusion matrices were
then created for the highest accuracies of the
original, mask, and threshold images. From
these matrices, metrics such as accuracy, sensi-

tivity, and specificity were derived.

7) Evaluation of misclassified image features
All 187 normal and colitis images in the
original and threshold images were classified
by the trained SVM classifier, and the images
output as misclassified were extracted and

evaluated for common features.

3 RESULTS

1) Histograms of the original, mask, and
threshold images

Examples of histograms of the original,
mask, and threshold images along with the
CSV data are shown in Figure 6. Both the origi-
nal and mask images showed a bimodal mor-
phology, with the luminance range centered
on the fat region and parenchymal organs.

In the masked image, the elimination of
parenchyma reduced the brightness range of
the parenchyma. Among the 187 normal and
colitis images from the mask images, the tar-
get structures were completely erased in 24
normal and 84 colitis images; only the colon
was evident in the remaining images. The
histogram of the threshold images, which ex-
clusively displayed the luminance range of fat
stranding (55-85), indicated that the frequency
of colitis images was higher than that of normal

images.
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(a) Original image and histogram of colitis
(b) Mask image and histogram of colitis
(¢) Threshold image and histogram of colitis
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Original image and histogram of normal colon
Mask image and histogram of normal colon
Threshold image and histogram of normal colon

Fig. 6 Histograms of the original, mask, and threshold images for colitis and normal

Both the original and masked images showed a bimodal morphology, with luminance centered on the fat region and
luminance centered on the parenchymal organs. Histograms of the threshold images showed a trend toward higher

frequencies for colitis images than for normal images.

Table 3 Comparison of the accuracy of the original, mask, and
2) Classification by the SVM clas- threshold images
sifier Original Masked Threshold
image image image

Of the 374 images (original,
mask, and threshold), 299 (ap-

proximately 80%) (comprising

Image
148 normal and 151 colitis) were
randomly chosen for training.
. . kernel : lincar kernel : lincar kernel : linar
The femammg 75 images (ap- pafrlg'rl:lzer cil ci1 cil
proximately 20%) (39 normal gamma : 0.01 gamma : scale gamma :scale
and 36 colitis) were set aside for L":li:gaence 55~150 55-150 55-85
testing utilizing a Python func- 3 0.906 0.920 0.880
tion. In terms of classification 5 0.906 0.920 0.920
accuracy for the original images, 8 0.920 0.947 0.906
bins of 10 and 12 were chosen. Bins 10 0.933 0.933 0.920
After a grid search, the hyper- 12 0.933 0.906 0933
15 0.906 0.880 0.960
parameters selected were: ker- 18 0.920 0.933 0.933
nel (linear), C (1), and gamma 20 0.890 0.866 0.920

(0.0D). This configuration yielded

a maximum accuracy of 93.3%.
For the mask and threshold im-
ages, the hyperparameters were
determined based on the original

images: kernel (linear) and C

After a grid search, the hyperparameters selected were: kernel (linear), C (1),
and gamma (0.01). This configuration yielded a maximum accuracy of 93.3%.
For the mask and threshold images, the hyperparameters were determined
based on the original images. The mask image achieved a peak accuracy of
94.7% with 8 bins, while the threshold image reached 96.0% accuracy with
15 bins.

(1). Table 3 shows the accuracy for each bin
across the three image datasets. The mask im-

age achieved a peak accuracy of 94.7% with 8

bins, while the threshold image reached 96.0%
accuracy with 15 bins.
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3) Statistical analysis

The confusion matrices in the bins and hy-
perparameters showing the highest accuracy
for the original, mask, and threshold images
are shown in Figure 7. For the original images,
the recorded sensitivity and specificity were
94.4% and 92.3%, respectively. The mask im-

ages displayed values of 94.4% and 94.9%, re-
spectively, while the threshold images posted
values of 97.2% and 94.9%, respectively. The
SVM classification model designed in this
study showcased an impressive classification
accuracy of 93.3% for the original images.

Furthermore, the accuracies for the mask and

P 34 £
3| @s53%) S
E
Q
<
Té 48.0% g
5 “8.0%) 1
Colitis Normal Colitis

(TPR: True positive rate

(b)

Predicted

(a) Original image (Bins 10, 12 . Luminance range 55 -150 . N=75 . Accuracy 93.3% . TPR 94.4% . TNR 92.3%)
(b) Mask image (Bin 8 . Luminance range 55 - 150 . N=75 . Accuracy 94.7% . TPR 94.4% . TNR 94.9%)
(c) Threshold image (Bin 15 . Luminance range 55 - 85 . n=75 . Accuracy 96.0% . TPR 97.2% . TNR 94.9%)

TNR: True Negative Rate)

35
(46.7%)

Colitis

2
(2.7%)

Normal

(49.3%)

Normal Colitis Normal

Fig. 7 Confusion matrices in showing the highest accuracy in the original, mask, and threshold images

The sensitivity and specificity of the original images were 94.4% and 92.3%, mask images 94.4% and 94.9%, and
threshold images 97.2% and 94.9%.The original image also showed a high accuracy of 93.3%, while the accuracy
of the mask and threshold images increased by an additional 1.4% and 2.7%.

(a) False-positive images of original images
(b) False-positive images of threshold images
(c) False-negative images of original images
(d) False-negative images of threshold images

Fig. 8 Characteristics of false-positive and false-negative images

In cases where normal images were misidentified as colitis, the colon was dilated and there were many fecal
masses with the same luminance as the fat stranding. The images in which colitis was misidentified as normal

were characterized by small fat stranding areas.
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threshold images surpassed the original by
1.4% and 2.7%, respectively. These findings
indicate that the exclusion of structures other
than fat stranding from the original image did

not degrade the accuracy.

4) Feature evaluation of misclassified images

A trained SVM classifier was used to classify
187 normal and colitis images each in the origi-
nal and threshold images. Figure 8 shows the
seven images that were consistently misclassi-
fied in both the original and threshold datasets.
Those images erroneously labeled as abnormal
predominantly showcased a dilated colon,
with fecal masses in the lumen reflecting the
luminance of fat stranding. Conversely, the im-
age that mistakenly labeled colitis as normal
was characterized by a minimal fat stranding

area.

4 DISCUSSION

Previous studies on colitis detection by Al
have used gastrointestinal contrast agents and
classified colitis based on deep learning, using
the thickness of the colon wall as a feature.
The accuracy, sensitivity, and specificity re-
ported in those studies were not always high,
ranging from 0.7 to 0.73, 0.73 to 0.94, and 0.73
to 0.95, respectively." ™"

Previous studies have highlighted several
challenges, including the difficulty of detecting
inflamed regions due to variations in colonic
morphology and individual differences, the
need for strategies to prevent false positives
from organs other than the colon, the influence
of image slice thickness on detection accuracy,
the risk of false negatives when wall thick-
ening is not clearly defined or when lesions
are small, and the potential misclassification
of feces-containing colon segments as colitis.
In this study, histograms of each CSV dataset
of the original, mask, and threshold images
were classified as colitis or normal using the

SVM classification model constructed with fat

stranding as a feature value, and all were able
to detect colitis with a high accuracy of over
90%.

In addition, while previous studies have used
complex algorithms to localize the colon from
the source image and then measure the thick-
ness of the colon wall, in the present study,
the use of manually cropped images of colitis-
affected areas and a simple classification algo-
rithm based on histograms of image brightness
were considered to be the reasons for the high
accuracy. Moreover, the SVM classifier used
in this study is a supervised classification al-
gorithm introduced in 1992, which has been
widely utilized for classification and regression
tasks and is considered a powerful classifier in
fields such as medical image processing.” "
It is capable of providing higher classification
accuracy than other commonly used pattern
recognition methods, such as random forests >
and multilayer perceptron classifiers,” and
is particularly advantageous in environments
with limited training data.”

These characteristics of the SVM classifier are
presumed to have contributed to the results
obtained in this study.

In this study, the original images achieved an
accuracy of 93.3% on the test data. The clas-
sification accuracy of the mask and threshold
images, in which the colon and other organs
were eliminated, did not decrease from the
accuracy of the original image, but rather, in-
creased by 1.4% and 2.7%, respectively. The
reason why the mask and threshold images
showed higher accuracy than the original im-
ages is thought to be that these processes
clarified the fat stranding features and reduced
the noise. In other words, the performance of
the SVM classification model was improved as
a result of the removal of less relevant back-
ground information by the mask processing
and the enhancement of the fat stranding lu-
minance by the process. This result confirms
that the SVM classification model constructed

in this study can capture fat stranding as a main
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feature, and thus, we conclude that it is possi-
ble to classify colitis by fat stranding. The find-
ings of this study, which focus on fat strand-
ing, are expected to be beneficial for future
research on Al-assisted CT diagnosis of colitis.
Furthermore, since fat stranding is observed in

diseases beyond colitis,” "

the approach using
fat stranding as a feature may also be appli-
cable to the detection of inflammatory diseases
in abdominal organs other than the colon, as
well as certain types of cancer.?"

This study did have some limitations. First,
fat stranding cannot be detected in patients
without a fat layer around the colon. Second,
accuracy may be reduced in patients with
elevated soft tissue CT values because of dis-
eases associated with generalized edema. To
address these issues, it will be necessary to use
a dataset that includes a variety of cases or to
improve the fat stranding detection method.
On the other hand, this study aims to detect
colitis; however, fat stranding can present in
various patterns, such as ischemic changes
in the omentum or inflammation of adjacent
organs.'” Therefore, while inflammation can
be detected, it may result in false positives for
colitis.

It was also inferred that the reason for the
false-positive results for colitis was the relative-
ly large area occupied by fecal masses corre-
sponding to the luminosity of the fat stranding.
Although it is easy to classify the fat stranding
in the area affected by colitis because the colon
lumen is collapsed,” false-positives may occur
when there is a colon with retained fecal mass
in the vicinity of a normal colon with a col-
lapsed lumen. In addition, false-negatives may
occur when the area of fat stranding is mild.
Methods to solve these problems and improve
the classification algorithm itself could include
the development of more advanced prepro-
cessing and feature extraction methods, as
well as the use of datasets containing a wider
variety of cases. For example, an approach that
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combines feature extraction using CNNs and
SVM classification technology may be able to
achieve high performance classification accu-
racy for a wider variety of cases.””

In this study, an SVM classification model
was trained and tested on a 128 X 128 ma-
trix cutout of the affected area of a colitis CT
scan images (no artifacts, specific noise level,
constant Window Width/Level (WW/WL)
diagnosed by two radiologists. However, to
enhance clinical applicability, it is necessary
to validate the accuracy with respect to noise
levels and variations in WW/WL. Furthermore,
further research is required to develop algo-
rithms capable of automatically localizing and
classifying fat stranding from original CT im-

ages.

5 CONCLUSION

This study highlights the efficacy of fat
stranding as a pivotal feature in an SVM clas-
sification model to aid the Al-based diagnosis
of colitis using CT scans. Such advancements
may enable the highly accurate classification
of colitis from CT scans without the need for
gastrointestinal contrast agents, which could
potentially expedite the diagnosis of colitis by
doctors other than radiologists.

Future studies should aim to develop a mod-
el with enhanced precision and adaptability

catering to a myriad of cases.
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[Abstract]

The migration of radioactive seeds into the lungs is a complication after iodine-125 ('*’I) brachytherapy. In this study,
the effects of two types of '®I brachytherapy sources (AgX100 and STM1251) on the pixel values of the images were
evaluated. Furthermore, receiver operating characteristic (ROC) analysis was used to assess the degree of detection of
I brachytherapy sources based on the energy subtraction images (soft and bone conditions) obtained from the chest
X-ray images. The results showed that the pixel values did not differ between radiation sources. The difference in
tube voltage was up to 35.67% and 24.66% for the AgX100 and STM1251 seeds, respectively. The area under the curve
(AUQ) in the ROC analysis was highest for the bone condition images, at 0.924 and 0.894 for AgX100 and STM1251,

respectively.

1. Introduction

Prostate cancer is the second leading cause
of cancer-related deaths among men in the
United States. The mortality risk is high de-
pending on the incidence rate and stage of
progression V. In Japan, the steadily increasing
incidence of prostate cancer has attracted at-
tention. Prostate cancer is classified into local-
ized, locally advanced, and metastatic stages,
and the treatment strategies are determined ac-
cordingly. Currently, various therapeutic op-
tions are available, making it possible to select
the most appropriate treatment depending on
the stage of the disease.

Iodine-125 (*»1) brachytherapy is an effective
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treatment for prostate cancer and is performed
in patients with localized or locally advanced
disease, including those at low, intermediate,
and high risk. Approximately 50-100 titanium
capsules (0.8 mm in diameter and 4.5 mm in
length) containing '*I are implanted in the pros-
tate for irradiation. The treatment outcomes of
brachytherapy are comparable to that after sur-
gery in low-risk patients, and it is expected to
provide a high quality of life. However, radioac-
tive seeds tend to migrate into the lungs during
brachytherapy, resulting in complications > .
Reports have shown that pulmonary embolism
may occur due to seed migration ¥,

At our institution, a chest X-ray is performed
on the first postoperative day to differentially
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diagnose seed migration. However, the visibil-
ity of the migrated seeds in the lungs using
chest X-ray images may be compromised de-
pending on their position and orientation. Stone
et al. reported that among a total of 21,654 im-
planted I brachytherapy seeds, pulmonary
embolism due to seed migration was observed
in 1.7% of the cases . This suggests that at least
1.7% of seed migration cases may be over-
looked in clinical practice, potentially leading
to pulmonary embolism. Furthermore, studies
on improving the visibility of 1 brachytherapy
seeds to prevent oversight remain limited.

Due to recent advancements in digital image
processing technologies, energy subtraction
images can be generated by computationally
processing multiple images. Chest X-ray imag-
es obtained using energy subtraction can pro-
duce soft tissue images that exclude bony
structures such as the ribs. Observing these im-
ages in combination with the original images
can be effective in detecting abnormal opaci-
ties, such as pathological shadows *®.

As the I brachytherapy seeds are chemically
bonded to a silver-coated short wire and sealed
in a cylindrical capsule made of pure titanium,
we hypothesized that energy subtraction imag-
ing might help detect shadows caused by the
15T brachytherapy seed migration. Based on this
principle, we evaluated the effectiveness of en-
ergy subtraction processing in chest X-ray im-
ages to detect the pulmonary migration of '#I1

brachytherapy seeds using a chest phantom.

2. Methods

2-1 Equipment and Materials

This study used the BENEO high-voltage
generator (Fujifilm, Tokyo, Japan), the 0.6/1.2P
324DK-125 X-ray tube unit (Shimadzu Corpo-
ration, Kyoto, Japan), and the DR-ID 600 flat
panel detector (FPD) (Fujifilm). The '*°I brachy-
therapy seeds included AgX100 from Theragen-
ics (Buford, GA, USA) and STM1251 from Bard
Brachytherapy (Carol Stream, IL, USA) (Fig. 1).

@) (b)

Fig. 1 Two types of iodine-125 brachytherapy
sources.

(a) AgX100 and (b) STM1251

Furthermore, the following tissue-equivalent
phantoms were used: the Tough Water Phan-
tom WD type (TWP) (Kyoto Kagaku, Kyoto, Ja-
pan), the Tough Bone Phantom BE type (TBP)
(Kyoto Kagaku), and the Tough Lung Phantom
LP type (TLP) (Kyoto Kagaku). The Chest Phan-
tom N-1 (Kyoto Kagaku) was used. The ac-
quired images were evaluated using a laptop
monitor (Microsoft, Redmond, WA, USA), as this
is how radiation oncologists typically review
images in actual clinical practice. To replicate
this environment, a regular laptop monitor was
employed instead of a high-resolution monitor.
Image analysis was performed using Image]
(National Institutes of Health, Bethesda, MD,
USA). Statistical analysis was conducted using
JMP Pro 16 (SAS Institute, Cary, NC, USA).

2-2 Evaluation of the Effect of 25| Brachyther-
apy Seeds on Pixel Values

The TWP, TLP, and TBP phantoms were
stacked on the FPD. The AgX100 and STM1251
seeds were placed at the center of the TWP at
a depth of 11 ¢m from the surface (Fig. 2). Im-
ages were acquired with a source-to-image re-
ceptor distance (SID) of 100 cm and an irradia-
tion field size of 12 X 12 cm at the detector
surface. The 'I brachytherapy seed images
were obtained under a constant tube current-
time product of 2.5 mAs, and the tube voltage
varied from 60 to 150 kV in 10 kV increments

Arts and Sciences ¢ 25



Fig. 2 Representation of the photography geom-
etry used in this study.

(@) The source was inserted 11 cm from the
surface, (b) The field size was 12 x 12 cm on
the photosensitive surface

(Table 1). The acquired images were analyzed
using ImageJ, where regions of interest (ROIs)
were defined, and pixel values within the ROIs
were measured. The ROI was set as a square
with a fixed size of 300 x 300 pixels (Fig. 3),
and its mean pixel value was recorded. The sta-
tistical significance of the differences in the ef-
fect of both types of '»I brachytherapy seeds on
the pixel values was evaluated using a t-test. A
p <0.05 was considered statistically significant.

2-3 Acquisition of the Energy Subtraction Im-
ages

The AgX100 and STM1251 seeds were ran-

domly placed and fixed on the surface of the

upper, middle, and lower lung fields of both

sides of the chest phantom. The '*I brachy-

Table 1 Radiographic conditions used to obtain
the pixel values.

Field Size SID
[cm] [em]

Tube Voltage
[kv]

60
70
80
90
100
110
120
130
140
150

mAs

25 10 x 10 100

Fig. 3 Analysis of the pixel values of the radiation
source using Imaged.

therapy seeds were positioned in two orienta-
tions: perpendicular and parallel to the X-ray
beam. Then, the seeds were randomly distrib-
uted throughout the lungs in each orientation.
The geometric arrangement is shown in Fig. 4.

Imaging was performed at 120 kV and 3.2 mAs.

Fig. 4 Images showing the geometric arrangement of the radiography setup. The imaging
conditions were set to frontal chest (120 kV, 3.2 mAs), and low-tube-voltage (60 kV,
3.2 mAs) images were also acquired for energy subtraction images.

(a) The distance was set at 200 cm, (b) The direct view from the back

26 ¢ Journal of JART English edition 2025
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P N N
@ | ®
(©)

Fig. 5 The acquired images of the phantoms.

(@) The original, (b) the bone condition, and
(c) soft tissue condition images

A low-tube-voltage condition of 60 kV and 3.2
mAs was used for energy subtraction imaging.
Using the theoretical equation (1), bone and
soft tissue energy subtraction images were
generated in Image] by adjusting the weighting
coefficients.

ES = wHQOH- wIQL + - - (1)

where ES is the desired energy subtraction
image, wH and wL are the weighting coeffi-
cients, and QH and QL are the high- and low-
energy images, respectively. The bone condi-
tion image was created with wH = 1.0 and wL
= 1.0, while the soft tissue condition image was
created with wH = 1.4 and wL = 1.2 (Fig. 5).

2-4 Evaluation of the Energy Subtraction Images

To evaluate the detectability of I brachy-
therapy seeds using the generated energy sub-
traction images, a total of 40 images were visu-
ally assessed on the laptop monitor: 20 images
without '»I brachytherapy seeds and 20 images
simulating seed migration. These images were
evaluated using a five-point confidence rating
method. Images without the migrated '»1
brachytherapy seeds were classified as “nor-
mal,” while those with migrated seeds were

classified as “abnormal.” Herein, migration re-
fers to the displacement of the seeds into the
lungs. Receiver operating characteristic (ROC)
analysis was performed to assess the detect-
ability of each type of '»I brachytherapy seed,
and the area under the curve (AUC) was calcu-
lated. Statistical significance was assessed us-
ing a t-test to compare the AUC of the energy
subtraction images with that of the original im-
ages. p <0.05 considered statistically significant.
The evaluation was performed by ten radio-
logic technologists with 1 to 13 years of experi-
ence in diagnostic X-ray imaging (mean: 6.5 +
2.9 years). Before conducting the visual assess-
ment, the evaluators were provided with an
explanation of the original images as training
data. Each image was evaluated for 30 s, and
the original, bone condition, and soft tissue

condition images were visually assessed.

3. Results

3-1 Evaluation of the Pixel Values of the 2|
Brachytherapy Seeds

The TWP, TLP, and TBP phantoms were
stacked on the FPD. Then, the AgX100 and
STM1251 seeds were placed at the center of
the TWP at a depth of 11 cm from the surface.
Fig. 6 shows the relationship between the tube
voltage and pixel values for both types of '»1
brachytherapy seeds. The maximum difference
in the pixel values between both '*I brachy-
therapy seeds was 8.1%, but this difference
was not statistically significant (p = 0.6997).
Additionally, the maximum difference in pixel
values due to variations in tube voltage were
35.67% and 24.66% for the AgX100 and
STM1251 seeds, respectively.

3-2 Evaluation of the Energy Subtraction Images

Figs. 7-9 show the ROC analysis results for
detecting the I brachytherapy seeds. The
ROC analysis indicated that the detection capa-
bility, as measured by the AUC, did not de-
pend on the type of '*I brachytherapy seed.
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Fig. 6 The relationship between tube voltage and pixel value based on the brachytherapy source.

AgX100 STMI251 AgX100 STM1251
1.00 1.00 1.00 1.00
0.90 0.90 0.90 0.90
0.80 0.80 0.80 0.80
0.70 0.70 0.70 0.70
0.60 0.60 0.60 0.60
& 050 ﬁ 0.50 050 & 050
& 0.40 = 0.40 & 0.40 & 0.40
0.30 0.30 0.30 0.30
0.20 0.20 0.20 0.20
0.10 0.10 0.10 0.10
. o 0.20 0.40 0.60 0.80 1.00 0 0 0.20 0.40 0.60 0.80 1.00 9 0 0.20 0.40 0.60 0.80 1.00 £ 0 0.20 0.40 0.60 0.80 1.00
FPR FPR FPR FPR
AUC : 0.694 AUC : 0.809 AUC : 0.619 AUC : 0.823
(a) AgX100 (b) STM1251 (a) AgX100 (b) STM1251
Fig. 7 Receiver operating characteristic analysis results Fig. 9 Receiver operating characteristic analysis

of the original images.

results of the tissue images.

AgX100 STM1251
Sgg r—’/ EZE /—/_/_/ Table 2 Summary of the significance test results.
- o <005
& - 3 - Type of brachysources AgX100 STM1251
2?: ::Z Original-Bone condition < 0.001 <0.001
D S T T T Original-Tissue condition <0001 05411
AUC : 0.924 AUC : 0.894 Bone-Tissue condition < 0.001 <0.001
(a) AgX100 (b) STM1251

Fig. 8 Receiver operating characteristic analysis results

of the bone images.

Additionally, the AUC values for the bone con-
dition images were 0.924 and 0.894 for the
AgX100 and STM1251
making it the highest among all images. As

seeds, respectively,

shown in Table 2, the t-test results showed sta-
tistically significant differences in the AUC of

the energy subtraction images compared with
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the original images for all comparisons, except
that between the original and soft tissue condi-
tion images of the STM1251 seeds.

4. Discussion

In this study, the detectability of the migrated
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15T brachytherapy seeds was evalu-
ated by applying energy subtraction
to chest X-ray images obtained us-
ing a chest phantom. Gregory et al.
reported that in patients who un-
derwent prostate '*I brachytherapy,
the seeds migrated at least 2 mm
after implantation in the prostate ?.
Additionally, since seed migration
is relatively common during the
treatment period, the position of
the T brachytherapy seeds should
be monitored to minimize their movement 119,
During '»I brachytherapy for prostate cancer,
the seeds are often implanted near the prostate
margin. Pulmonary migration occurs when the
seeds travel through the bloodstream near the
prostate, reaching the inferior vena cava and
right heart system and eventually embolizing
in the peripheral pulmonary vasculature ?. This
study focused on chest X-ray imaging to screen
seed migration, particularly in the chest, the
most common migration site. The effectiveness
of energy subtraction processing in enhancing
the detectability of I brachytherapy seeds
was examined.

First, the changes in the pixel values of the
X-ray images captured using the Theragenics
AgX100 and STM1251 *#I brachytherapy seeds
were evaluated. These seeds differ in shape
and size: AgX100 are 4.5 mm long and have a
diameter of 0.8 mm, whereas the STM1251 has
a total length of 4.55 mm and a diameter of
0.81 mm . However, both seeds showed min-
imal variation in the pixel values with changes
in the tube voltage. Despite the difference in
their shape, the small size of both seeds likely
contributed to the lack of statistically signifi-
cant differences. Vimoj et al. evaluated the pix-
el values using magnetic resonance (MR) and
X-ray images obtained with CyberKnife ®, a type
of linear accelerator used in radiation therapy,
to assess the migration of platinum and gold fi-
ducial markers into various organs '9. They re-

ported no significant differences in the pixel

() original image

L

(b) bone condition image

Fig. 10 A comparison of the original and bone condition images.

values between MR and X-ray images, regard-
less of the organ where migration was simu-
lated. Although their study focused on MR and
high-energy X-ray imaging, as the '»I brachy-
therapy seeds used in this study were made of
titanium, a similar outcome was expected. In
the diagnostic imaging range, interactions be-
tween X-rays and materials are primarily influ-
enced by the photoelectric effect, making it
less likely for scattered radiation to occur be-
tween the source and incident X-rays. These
findings suggest that the tube voltage used in
the diagnostic imaging range does not cause
significant variations in pixel values, aligning
with previous studies.

Next, 11 brachytherapy seeds were random-
ly placed in the upper, middle, and lower fields
on both sides of the lung area in the chest
phantom. X-ray images were acquired, and en-
ergy subtraction images were generated from
the original images. Visual assessment of the
obtained images showed that detectability im-
proved significantly in the bone condition im-
ages compared to the original images. This im-
provement is likely due to the removal of non-
bone noise, enhancing the detectability of the
15T brachytherapy seeds and increasing the vi-
sual assessment scores (Fig. 10). Notably, de-
tectability improved as the seeds were placed
closer to the center rather than at the periph-
eral lung regions, which suggests that the pres-
ence of rib structures overlapping the lung
field in the chest X-ray images might influence

Arts and Sciences ¢ 29



seed detectability. Conversely, no significant
difference in detectability was observed be-
tween the soft tissue condition and original im-
ages. This might be because, in the soft tissue
condition images, the enhancement of the pe-
ripheral areas of the lung markings reduced
the visibility of the '»I brachytherapy seeds.
Regarding the placement angle and position of
the I brachytherapy seeds, both perpendicu-
lar and parallel orientations to the X-ray beam
were considered. Since '#I brachytherapy
seeds are encased in titanium, they appear as
high-absorption objects in the energy subtrac-
tion images. Consequently, their visibility im-
proved when positioned parallel to the X-ray
beam, as this orientation resulted in a larger
visible surface area.

In summary, the detectability of the migrated
15[ brachytherapy seeds improved when they
were positioned perpendicular to the X-ray
beam and in the bone condition images. In a
similar study, Kiguchi et al. used the dual-ener-
gy subtraction method to show that the detect-
ability of diffuse lung diseases (simulated le-
sions, micronodular opacities, reticular opaci-
ties, and honeycomb patterns) improved when
the subtraction images were used along with
the original images '”. Based on the results of
this study and previous research, we believe
that performing additional chest X-ray imaging
after I brachytherapy is beneficial. In Japan,
15T brachytherapy has been performed since
2003. At our institution, 901 cases of '#I brachy-
therapy have been performed since 2014 (as of
February 2023). Approximately 32 instances of
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seed migration to the lungs were observed, ac-
counting for 3.5% of all cases. Because seed
migration to the lungs may lead to pulmonary
embolism, it is crucial to detect such occur-
rences. At our institution, chest X-ray imaging
is routinely performed for all patients follow-
ing I brachytherapy. As the number of pros-
tate cancer cases is expected to increase, de-
tecting '#I brachytherapy seed migration to the
lungs is imperative. Furthermore, this study
has demonstrated that the energy subtraction
processing of chest X-ray images enhances the
detectability of '»T brachytherapy seeds. Our
results highlight the need for regular follow-up
examinations after '*I brachytherapy to pre-
vent seed migration-induced pulmonary em-
bolism. As chest X-ray imaging after '*I brachy-
therapy is a simple procedure, the proposed
method, which improves the detectability of
the radioactive seeds, might be of significant

value.

5. Conclusion

Energy subtraction processing of chest X-ray
images using a chest phantom was particularly
effective in the bone condition images, en-
hancing the visibility of I brachytherapy seed

migration into the lungs.
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[Abstract]

The 2021 revision of the Radiological Technologists Act has enabled radiological technologists to perform peripheral
venous catheterization and needle removal. However, there are currently no reports on the economic efficiency of
these tasks. Hence, trial calculation by cost accounting using Time-Driven Activity-Based Costing was attempted to
evaluate the economic efficiency of radiological technologists performing these tasks in contrast CT examinations. The
labor cost of contrast CT examinations was calculated based on the following criteria: 1) one radiological technologist
and one nurse, 2) one radiological technologist, 3) one radiological technologist and one nurse stationed in the
CT examination room, and 4) two radiological technologists. Results revealed that the labor cost per contrast CT

examination was as follows: 1) 870 yen, 2) 578 yen, 3) 970 yen, and 4) 955 yen.

1. Introduction

Japan is currently reforming its medical care
delivery system, including community health-
care visits. However, it is also facing new is-
sues, such as the declining birthrate and aging
population, shortage of medical personnel be-
cause of the declining population, and work-
style reforms for healthcare professionals.

In this situation, with a view to the medical
care delivery system in 2040, we are promoting
not only the realization of the regional medical
vision but also work-style reforms for doctors
and medical personnel and effective measures
to address the uneven distribution of doctors
in a three-pronged approach. V¥ The *Act to
amend the Medical Care Act, etc. to promote
the assurance of a system for the efficient pro-
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vision of high-quality and appropriate medical
care” — enacted on May 21, 2021— lists “utiliz-
ing the expertise of each medical profession”
as one of its goals; it recommends promoting
task shifting/task sharing to reduce the burden
on doctors and expand the scope of work for
each profession so that medical professionals
can better utilize their expertise and includes
amendments to the Radiological Technologist
Act.

On October 1, 2021, the new Radiological
Technologist Act came into effect. Through
task shifting, radiological technologists can
now perform some duties of nurses under cer-
tain training conditions and can now perform
the following six actions. ?

1) Inserting peripheral venous catheter for

examinations using a contrast agent or ra-
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dioisotope examinations, removing nee-
dles, and stopping bleeding
2) Connecting a device for injecting radioiso-
tope drugs for RI diagnostic and operating
said device
3) Connecting a contrast agent injection de-
vice to an arterial line (excluding those for
arterial catheterization) and operating a
contrast agent injection device to adminis-
ter a contrast agent to an artery
4) Aspirating injected contrast agents or air
during lower gastrointestinal examina-
tions
5) Injecting a contrast agent through an in-
serted nasal catheter during an upper gas-
trointestinal examination and then remov-
ing the nasal catheter after examination of
the contrast agent is completed
6) Ultrasound examinations of patients ex-
amined by a doctor or dentist, conducted
at a location other than a hospital or clinic
under the direction of that doctor or den-
tist
Before the task shift in conventional contrast
CT examinations, the nurse had to accompany
the patient in the CT examination room from
peripheral venous catheterization until the
needle was removed, and the radiological
technologist had to call the nurse each time a
contrast examination was performed. That is,
each time a contrast CT examination was per-
formed, there was a waiting time between call-
ing the nurse for peripheral venous catheter-
ization and their arrival, and there was a work-
load burden on the nurses involved in the se-
ries of tasks related to contrast CT examination.
In this study, we aimed to propose an eco-
nomic evaluation model based on task shifts
by radiological technologists that can be ap-
plied at each medical institution and to evalu-
ate the economic efficiency of “task shifting
and task sharing,” the item promoting work-
style reform for doctors and medical profes-
sionals, by focusing on contrast CT examina-

tions. To evaluate the impact on labor costs

— Comparison in contrast CT examination before and after task shift —

and examination times of having radiological
technologists take over tasks related to contrast
CT examinations, such as peripheral venous
catheterization and removing, which were pre-
viously performed by nurses, through task
shifting and task sharing, we estimated the
time required by both to perform a series of
examination-related tasks, such as peripheral
venous catheterization, for each contrast CT
examination and attempted to grasp the costs
using Time-Driven Activity-Based Costing (TD-
ABO).

2. Method

The methods used in this study are as fol-

lows.

1) Identify the processes and activities re-
quired for a contrast CT examination and
organize the movement of people (radio-
logical technologists, nurses, and patients)
and information

2) Next, set the time required for each activ-
ity and the staff required to conduct it and
consider four assumed scenarios based on
different conditions

3) Calculate the working hours and costs of
each staff member for four assumed sce-
narios

4) Conduct a sensitivity analysis for the four
Assumed scenarios

5) Confirm the changes in labor costs and
inspection times before and after the task
shift

The costs associated with each assumed sce-

nario were calculated using TD-ABC. The time
required for the process and each activity in
the contrast CT examination was set based on
the examination flow at four hospitals in Hok-
kaido, and the unit salary of staff was calcu-
lated using the results of the Basic Survey on
Salary Structure conducted by the Ministry of
Health, Labor and Welfare, which aims to ob-
tain a detailed understanding of the actual sal-

ary structure in Japan.?
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In this study, we used TD-ABC as a cost cal-
culation method for contrast CT examinations.
The cost calculation is done by dividing the
cost to “direct costs” and “indirect costs.” ¥ Di-
rect costs are directly recognized for the object
of cost accounting (cost object). In this study,
these are the personnel costs of radiological
technologists and nurses. In contrast, indirect
costs are not directly recognized in relation to
the cost object, such as the purchase and main-
tenance costs of equipment and systems used
across multiple products and services, utility
bills, and the salaries of employees such as
managers and office staff who are indirectly
involved with the cost object products. TD-
ABC is one of the cost-accounting methods de-
vised by Kaplan and Anderson (2004) to relate
indirect costs to products. In TD-ABC, the ac-
tivities required to provide a product or service
that is the subject of cost accounting are first
identified, and the cost [yen] for each activity is
calculated by multiplying the Capacity Cost
Rate (CCR) [yen/min] of the relevant depart-
ment by the time required for each activity.
The CCR can be calculated using the following

formula. >

CCR [yen/min]
= Cost of the department [yen] / Actual
production capacity of the department’s

resources [minutes] -+ )

The time required for each activity was esti-
mated by interviewing employees or direct ob-
servation by managers. Temporal accuracy is
not important and is sufficient if approximately
correct. The denominator, actual production
capacity, is the theoretical production capacity
(hours) minus the time not spent on work
(breaks, training time, etc.) and has been re-
ported to be approximately 80% of the theo-
retical production capacity. > TD-ABC reduces
analysis costs compared to conventional cost-
accounting methods, making it possible to cal-
culate costs more simply.
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To date, many studies have been conduct-
ed using TD-ABC in the field of radiology
date, 789 but few have targeted radiological
technologists. 1

In this study, the CCR is the salary per min-

ute of radiological technologists and nurses.

2.1 Condition setting and assumed scenarios
for contrast CT examination

In this study, we set up two scenarios with
different operations of the CT examination
room for contrast CT examinations. Further-
more, we set two scenarios after each task shift
for a total of four.

Scenarios 1 and 2 are assumed scenarios be-
fore and after a work shift in cases where nurs-
es are not always present in the CT examina-
tion room because of the low volume of con-
trast CT examinations. They are based on the
staffing and operations of two hospitals with
200-300 beds in Hokkaido.

Scenarios 3 and 4 are assumed scenarios be-
fore and after a task shift in a case where a
nurse in charge of peripheral venous catheter-
ization in the front room (including the waiting
room and treatment room) and a nurse who is
always present in the CT examination room
and responsible for tasks related to contrast CT
examinations are assigned. They are based on
the staffing and operations of 2 hospitals in
Hokkaido with over 500 beds. At these hospi-
tals, contrast CT examinations account for ap-
proximately half of the total number of exami-
nations, and they operate multiple CT exami-
nation rooms, with each room performing 30—
40 examinations per day. In Scenarios 3 and 4,
procedures such as explaining the examination
to the patient and peripheral venous catheter-
ization were conducted outside the CT exami-
nation room; while a patient was getting
changed and undergoing peripheral venous
catheterization prior to being examined, an-
other patient was being examined.

The assumed scenarios set up this time are

as follows.
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1) Before the task shift, when a contrast CT

examination was performed by a radio-

logical technologist, a request was made

to a nurse at the nursing station.

2) After the task shift, when one radiological

technologist is performing all tasks

3) Before the task shift, the examination was

performed by one radiological technolo-

gist and one nurse stationed in the CT ex-

amination room, and peripheral venous

catheterization was conducted in the front

room.

4) After the task shift, the examination was

performed by two radiological technolo-

gists, and peripheral venous catheteriza-

tion was conducted in the front room.

The major categories were “Process with pre-
processing in the front room,” “(Patient) Identi-

» o«

fication,” “Pre-processing,” “Examination,” “Post-
processing,” and “Inspection.” Next, the specific
activities of each process are defined as activi-
ties, and the time required for each activity is

defined as the amount of time required for

— Comparison in contrast CT examination before and after task shift —

each activity. In addition, to understand the
work structure during the examination, we di-
vided the areas where radiological technolo-
gists, nurses, and patients stay during their re-
spective activities into the waiting room, ex-
amination room, control room, and nurse sta-
tion and attempted to visualize the movements
between activities. Similarly, the information
was visualized using arrows to show where it
moved from.

Each scenario was developed in consultation
with collaborators with 10-30 years of experi-
ence as radiological technologists and was re-
viewed by those at the model hospital.

2.1.1 Setting activity times - Scenario 1: 1 radi-
ological technologist, 1 nurse (before task
shift)

The work structure for Scenario 1 is shown
in Table 1. As this scenario involves an accom-
panying nurse during the examination from
peripheral venous catheterization to removing

the needle, time is required to request the

Table 1 Scenario 1: One radiological technologist and One nurse (before task shift)
Control room
5 P No | Waiting | Examination : ) Nurse Time (E:ffmf'ﬂu?l Time (min) Cost
ocess i o > < ologi
room room CT RIS fspection PACS station (min) technologist) | (murse) (yen)
system
Identification Patient information / 1 o 0
Examination method 2 = =] <0 1 1
Request to nurse 3 O O= =>A 0.5 0.5 |
- " 4 O= = =0 0.2 02 |
tient
atient gu ce 5 DB‘O‘- B 1 1 T
Pre- - -
SrocEssiE InspechouAexplana-hm /i 6 oo 4 "
Change instructions
- 7 oo 1.5 1.5
tu
= 8 oo- = 0.2 0.2
9 O« e} A [0) 2
Patient t.:onﬁrma.hon 10 oA 3 3 ‘ 3
and vein securing = T
- 11 OA= =0 02 02 02
Start position / O A |
Condition selection = % : : i
Tnspection 13 O A0 5 5 5
14 Oe= «A<0 0.2 0.2 0.2
State confirmation / =
OA
Needle removal 15 — O 1 1 1
16 O0A= = 1)) 2
Post-. 17 < — =<0 1 1
processing : .
g;:.g o ’/ 18 | O— - 05 05
ing clothes
Tidying up 19 ©) 2 2
20 0= = 0.2 0.2
,  dranfe 21 O= = = @ @
Inspection inspection system
Transfer to PACS 22 o= = o) o)
] ] ] ] [ Total 225min]  225min| _ 144min 870yen
O : Radiological technologist A : Nwse 0 : Patient

— : Movement of radiological technologist

= : Movement of muse = : Movement of patient = : Transfer of nformation
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nurse to perform the task and travel from the
nurse station to the CT examination room. Fol-
lowing the model hospital's operations, the
travel time of a nurse for No.s 9 and 16 was not
counted in the examination time but only in
the calculation of the nurses’ labor costs be-
cause the radiological technologist simultane-
ously explained things to the patient and pro-
vided post-examination guidance. Additional-
ly, image inspection (No. 21) and data transfer
to the PACS (No. 22) were conducted in paral-
lel with the time that the nurse was taking care
of steps such as peripheral venous catheteriza-
tion and, therefore, were not counted in the

examination time.

2.1.2 Setting activity time - Scenario 2: 1 radio-
logical technologist (after task shift)

Table 2 shows the business structure for Sce-

nario 2. As the radiological technologist per-

forms every step from peripheral venous cath-

eterization to removing the needle, nurses no

longer need to be involved in contrast CT ex-

aminations.

2.1.3 Setting activity times - Scenario 3: 1 radi-
ological technologist, 1 nurse stationed in
the CT examination room (before task
shift)

The work structure for Scenario 3 is present-
ed in Table 3. One radiological technologist
and one nurse who was stationed in the CT
examination room were involved in tasks re-
lated to contrast CT examinations, and periph-
eral venous catheterization was performed by
a nurse stationed in the front room or another
location before entering the CT examination
room. Notably, nurses stationed in front rooms
and so on refer to all nurses who take blood
samples and performed peripheral venous
catheterization on patients undergoing contrast
CT examinations in front rooms before CT ex-
and treatment

aminations, waiting rooms,

rooms throughout the hospital and do not refer

Table 2 Scenario 2: One radiological technologist (after task shift)

O : Radiological technologist o : Patient

Control room
s Waitir E: inati N Ti Cost
Process Activity No el inspection use e ©
room room T RIS PACS station (min) (ven)
system
ient informati 1 [ 0
Identification Patlerft m.folmatlon/
Examination method 2 [ o <=0 1
tiext guida L= = - L
patient guidance
4 Oe0O— T 1
Pre- - -y
processing Inspechm.exliana.mcm ; 0o "
Change instructions
Set up 6 =|8) 1:5
Patient confirmation 7 oo 3
and vein securing 8 Ooo0— = 0.2
Examination it
Stax’f position / 5 0 o "
Condiition selection
Inspection 10 = (@) 5
State confirmation / 1 Be L ©) 0.2
Needle removal 12 oo 1
Post- 13 e =<0 1
processing g;“d‘“g Patl‘:‘:lts / , 14 O= . 05
anging clothes
Tglrl,.g 15 © 2
idying up
16 O = 0.2
. Tra1.1sfer to i 0= o, = 5
Inspection nspection system
Transfer to PACS 18 O= = 1
Total 24.8min 578yen

— : Movement of radiological technologist = : Movement of patient
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— Comparison in contrast CT examination before and after task shift —

Table 3 Scenario 3: One radiological technologist and one nurse stationed in the CT examination room

(before task shift)
Control room
e —— " Time (min) g
Braces Activity No Waiting Exz@natlon ——. Nur‘se T@e Radiological Time(min) Cost
room room CT RIS PACS station @in) | oto sist) (nurse) (yen)
system
Pre- Inspection explanation / 1 0e 0.2 0.2 0.2
processing Change instructions 2 m 2 4 4 4
in the front Patient confirmation 4 OA 3 4 4
Loom and vein securing
Patient information /
g a8 A=e —=0 . 5
Identification S ——— 4 0 0.3 0.3
. . 5 O« = <0A 0.2 0.2 0.2
Patient guidance
Pre- 6 O=0O— = | € A 1 1 i
processing 7 ooA | 1 1 1
Set up T
8 O0—=A= == 0.2 0.2 0.2
Start position /
= AO
Examination Condition selection 2 | 1 1 1
Inspection 10 O | AO 5 5 5
State confirmation / 11 Oe— | &€A<0O 0.2 0.2 0.2
Needle removal 12 [EAY®) 1 31 1
Post- 13 =— |=0<0A= 1 1 1
processing Guiding patints/ 14 | O— = A 02 02 02
Changing clothes / i
Tidyi 15 O A 2 2 2
idying up
16 O~ =i 0.2 02 0.2
asadion, Transfer to inspection system 17 AO= = = ?) ?) ?)
Transfer to PACS 18 | A O= = ) ) 1)
Total 20.5min|  20.5min|  20.5min 970yen

O : Radiological technologist A : Nurse 0 : Patiet A : Nurse inthe fiontroom 4 : Front roomreception staff
— : Movement of radiological technologist = : Movement of muse =" : Movement of patient => : Transfer of mformation

to a specific nurse; therefore, they are not sub-
ject to task shift in this study. Radiological tech-
nologists are involved in a series of tasks re-
lated to CT examinations, such as guiding pa-
tients, positioning them, taking pictures, clean-
ing, and image inspection. Nurses stationed in
the CT examination room were responsible for
injecting contrast agents during contrast CT
scans and removing the needle after the scan.
Following the operations of the model hospital
in this study, the nurses, in general, did not
guide the patients around or raise or lower the
examination table. Additionally, reception staff
perform tasks such as accepting patients and
providing instructions on how to change clothes
in the front room; however, because this does
not affect the task shift of the radiological tech-
nologists and nurses in this study, the labor
costs of the reception staff are not considered
in the examination costs.

In addition, image inspection (No. 17) and
the image data transfer to the PACS (No. 18)
are not counted in the examination time be-

cause, following the operations of the model

hospital, the radiological technologist handles
these tasks in parallel while the nurse is attend-

ing to the patient.

2.1.4 Setting activity times - Scenario 4: 2 radi-
ological technologists (after task shift)

Table 4 shows the work structure of Scenario
4, in which the work of the nurses stationed in
the CT examination room in Scenario 3 is a
task shift to radiological technologist. The ex-
amination was assumed to be performed by
two radiological technologists sharing the
work. Radiological Technologist A was primar-
ily responsible for patient care tasks such as
guiding patients from the front room to the CT
examination room, positioning them, remov-
ing needles, and cleaning up, while Radiologi-
cal Technologist B operated the CT, confirmed
patient information and examination methods,
and performed examinations and image re-
view.

As with Scenario 3, No.s 17 and 18 are not
counted as examination time, as Radiological

Technologist B is handling these tasks in paral-
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Table 4 Scenario 4: Two radiological technologists (after task shift)

Control room
P, P . . Time(min) | .
Waitin E ti NI T Ti Cost
Process Activity No es el Inspection m}se 1{ne (Radiological (i) ©
room room CT RIS PACS station (min) technologist) (nurse) (yen)
system
Pre- Tnspection explanation / 1 [ 2 02 02 02
processing Change instructions 2 ml 2 4 4 4
in the front Patient confirmation
room : : 3 OA 3 3 3
and vein securing
Patient information /
Identification atient it ormation 4 O ®—= | —=0O 0.3 0.3 0.3
| E n method
. . 5 O - —0® 0.2 0.2 0.2
Patient guidance
Pre- | 6 |O=0— = <@ 1 1 1
processing 7 ooe 1 1 1
‘ Set up
8 Oo—-e= == 0.2 0.2 0.2
Start position /
| 9 O @O 1 1 1
E ination | Condition selection
| Inspection 10 O [ 1®) 5 5 5
State confirmation / 1 e «<@—0 0.2 0.2 0.2
‘ Needle removal 12 0e0O 1 1 1
Post- 13 = | =O0-00= 1 1 1
processing Guiding patients / 14 O— - ° 02 02 02
| Changing clothes /
‘ Tidying up 15 O o 2 2 2
16 O~ ) 0.2 0.2 0.2
X | Transfer to inspection system 17 [ Jos = = @) (03] (3]
Inspection
| Transfer to PACS 18 [ ] O= = 1) [6)) [6))
| Total 20.5min|  20.5min|  20.5min|  955yen

O : Radiological technologist A @ : Radiological technologist B [7 : Patient A : Nurse inthe fiont room 4 : Front room reception staff

— : Movement of radiological technologist A

lel with Radiological Technologist A, who is
primarily responsible for patient care, guiding
the patient, and peripheral venous catheteriza-

tion.

2.2 Cost setting and sensitivity analysis for
staff engaged in contrast CT examinations
The hourly salary (yen) and CCR (salary per
minute (yen)) for each job type are shown in
Table 5, citing the average salary (hourly salary
equivalent) by job type from the 2022 Basic
Survey on Salary Structures.  The standard val-
ues were 23.3 yen/min for radiological tech-
nologists and 24.0 yen/min for nurses.

In addition, because staff salaries, which are

= : Movement of radiological technologist B = : Movement of patient = : Transfer of mformation

a factor that significantly affects costs, are
thought to vary depending on place of em-
ployment, ability, position, and years of ser-
vice, a sensitivity analysis was conducted using
salaries as a variable. Sensitivity analysis is
used when making plans or forecasts to deter-
mine the extent to which a different number
that moves in tandem changes when a certain
number deviates from a predicted value. Sensi-
tivity analysis makes it possible to clarify the
stability, risk, and flexibility of a plan or model.
In this study, the range of change in salary for
radiological technologists and nurses was ex-
amined as the amount of change between 1

and 20 years, calculated as the standard salary

Table 5 Cost setting for each occupation and Capacity Cost Rate (CCR)

Value obtained by multiplying the standard value by the ability/experience

Occupation Type Sta(l(l)d;i::;lu adjustment index
1 year 2 years 3 years 5 years 10 years 20 years
Radiological Hourly wage [yen] 1397 1.608 1,763 1790 1885 2054 2558
technologist CCR=Salary per minute [yen] 233 26.8 29.4 298 314 342 426
s Houly wage [yen] 1438 1.655 1.815 1.842 1940 2,114 2633
CCR=Salary per minute [yen] 24.0 27.6 303 30.7 323 352 439
Ratio when Standard valu is 100% 100% 115% 126% 128% 135% 147% 183%
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— Comparison in contrast CT examination before and after task shift —

Table 6 Staff labor costs, examination time, and sensitivity analysis

examination time(minutes)

Labor cost (Standard value)[yen]

Sensitivity analysis

Scenario No i i i i
Radmloglc'al Nurse Total Rad1olog1?a1 Nurse Total (100~183% )[yen]
technologist technologist
Scenario 1
One radiological technologist and 225 14.4 225 524 346 870 870 ~ 1.591
One nurse(before task shift)
Scenario 2
One radiological technologist 24.8 24.8 578 578 578 ~ 1.057
(After task shif)
Scenario 3
One radiological technologist and
e radiofogiea’ fecno 0gst al 205 20.5 20.5 478 492 970 970 ~ 1.774
One nurse stationed in the CT
examination room (before task shift)
Scenario 4
Two radiological technologists (after 20.5 20.5 955 955 955 ~ 1,748
task shift)
524 yen per radiological technolo-
2,000 yen p g
_ izgg > gist and 346 yen per nurse, for a
o 5 g .
2 1400 . ﬁg"“/’/ total of 870 yen. In Scenario 2, the
2 e
5 iigg — i " calculated labor cost was 578 yen
e ’ I e . . .
= 800 e - - e per radiological technologist. In
e -
600 .
100 T Scenario 3, the calculated labor
200 costs were 478 yen per radiological
0 .
Standard 1 year 2 years 3 years 5 years 10 years 20 years technologlst and 492 yen per nurse,
valu [115%]  [126%] [128%] [135%] [147%] [183%] .
(0 years) for a total of 970 yen. In Scenario 4,
[100%] Years of experience(year)
[The ratio of standard value is 100%] the CalCU1ated labor cost was 955
== Scenario | ~ =—@=Scenario 2 =M= Scenario3 == Scenario 4 yen in total fOf 2 radiological teCh—

Fig. 1 Cost changes because of salary

value multiplied by the ability and experience
adjustment index. The range of fluctuation fol-
lows the range of fluctuation in the average
salary (hourly salary equivalent) data by occu-
pation from the 2022 Basic Survey on Salary
0

years of service) set at 100% in 0 years to 183%

Structure ¥, with the base value (0 years

in 20 years.

3. Results

3.1 Cost and examination time for contrast CT
examination

Table 6 shows the calculation results of the
labor costs required for contrast CT examina-
tions. In terms of the standard value amounts,

in Scenario 1, the calculated labor costs were

nologists. The examination time
was 22.5 minutes for Scenario 1,
24.8 minutes in Scenario 2, and

20.5 minutes in Scenarios 3 and 4, respectively.

3.2 Sensitivity analysis using salary as a variable

The range of change in labor costs when sal-
ary is used as a variable is shown in Table 6
and Figure 1. The salaries of radiological tech-
nologists and nurses were calculated with a
range of 100-183% depending on changes in
experience. In Scenario 1 (one radiological
technologist and one nurse), the range was
870-1,591 yen,; in Scenario 2 (one radiological
technologist), the range was 578-1,057 yen; in
Scenario 3 (one radiological technologist and
one nurse stationed in the CT examination
room), the range was 970-1,774 yen; in Sce-
nario 4 (two radiological technologists), the
range was 955-1,748 yen. Unsurprisingly, the
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results suggest that labor costs are higher when
the personnel assigned to a facility have many

years of experience.

4. Consideration

4.1 Usefulness of evaluating task shift using
TD-ABC analysis

In this study, we referred to previous re-
search 19 and used TD-ABC to organize the
labor costs and time required for the Process
and Activity, in contrast to CT examinations, by
dividing them into those four radiological tech-
nologists and nurses (Scenarios 1 and 3). Based
on this, we created Scenarios 2 and 4, which
assumed that the work currently performed by
nurses was a task shift to radiological technolo-
gists.

In contrast to CT examinations, peripheral
venous catheterization, which was previously
performed by nurses, has been shifted to ra-
diological technologists. Using the TD-ABC
method to analyze and evaluate this, the Pro-
cess and Activity involving radiological tech-
nologists and nurses became clear, and the
changes in labor costs and time during the task
shift could be easily identified. Therefore, us-
ing the TD-ABC to analyze and evaluate task
shifts during contrast CT examinations is highly
useful.

Furthermore, because previous case studies
mentioned the use of TD-ABC to evaluate other
radiology tasks, similar methods could be used
to analyze and evaluate task shifts, not only in
contrast CT examinations but also in other tasks

performed by radiological technologists.

4.2 Comparison before and after task shift
This study clarified the work structure and
costs involved in contrast CT examinations be-
fore and after a task shift. Comparing Scenarios
1 and 2, the costs are reduced by 292 yen, or
approximately 34%. This is because radiologi-
cal technologists now perform the work that

was previously done by nurses, thus, reducing
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labor costs for nurses. Additionally, the exami-
nation time was 2.3 minutes longer in Scenario
2 than in Scenario 1. This may be because, al-
though the time for requesting contrast from
the nurse and moving around in Scenario 1 is
reduced, the radiological technologist alone
now perform other activities in sequence,
which were performed in parallel while the
nurse was moving around and peripheral ve-
nous catheterization was being performed.
The time required to request a nurse is as-
sumed to be 0.5 minutes, with the nurse travel-
ing for 2 minutes; however, in the field, this
duration is often significantly longer depend-
ing on the work situation of the nurse in charge
of the contrast CT examination. By having a
single radiological technologist perform the
work, there is no possibility of fluctuations in
examination time, and nursing labor costs can
be reduced. In addition, because nurses do not
need to accompany patients during examina-
tions, they should be able to free up that time
to perform other tasks.

Next, comparing Scenarios 3 and 4, the costs
were 970 yen in Scenario 3 and 955 yen in
Scenario 4 (i.e., a reduction of 15 yen or ap-
proximately 1.5%), while the examination time
remained unchanged because there was no
change in the operations within the CT exami-
nation room. The change in cost was because
of the difference in capacity cost rates between
radiological technicians and nurses. The
change in examination time might have oc-
curred because in both scenarios, the staff in
the front room performed peripheral venous
catheterization; thus, there was no effect from
the task shift by the CT examination room staff.

In conclusion, the comparison of Scenarios 1
and 2 before and after the task shift suggests
the possibility of reducing costs and extending
examination times by allowing a single radio-
logical technologist to perform contrast CT ex-
aminations through the task shift. A compari-
son of Scenarios 3 and 4 suggested that there

Wwas no impact on costs or examination times,
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even if the staff involved in contrast CT exami-
nations were changed from nurses to radiolog-

ical technologists.

4.3 Limitations of this study and prospects

In this study, the time required for each Pro-
cess and Activity in contrast CT examinations
was set based on the examination conditions at
the four hospitals and by interviewing the ra-
diological technologists at those hospitals.
However, the detailed content, flow, and time
of work vary from facility to facility, and the
actual work is more complex, with a variety of
tasks being performed in parallel and succes-
sion depending on the situation, making it dif-
ficult to generalize the results. In the future, by
investigating the situation at each medical insti-
tution, it will be possible to create more pre-
cise scenarios and work structures and analyze
the cost-effectiveness of radiological technolo-
gists’ efforts regarding peripheral venous cath-
eterization and needle removal.

In addition to the cost and time involved, we
also found that for hospitals operating as de-
scribed in Scenario 3, the cost and time re-
quired would be almost the same, even if ra-
diological technologists were to handle the
tasks of peripheral venous catheterization and
needle removal. This is believed to contribute
to greater freedom in personnel allocation. As
the working population is expected to contin-
ue to decline in the future, when it becomes
difficult to hire nurses or when nurses in charge
of peripheral venous catheterization and nee-
dle removal suddenly cannot be secured be-
cause of infectious diseases that require pa-
tients to stay at home, such as influenza or
COVID-19, radiological technologists can take
their place. We believe that this will lead to the
establishment of a stable system for perform-
ing contrast CT examinations, and we would
like to make this issue a future research topic.

However, in addition to peripheral venous
catheterization and needle removal during

contrast CT examinations, nurses play a role in

— Comparison in contrast CT examination before and after task shift —

responding to any side effects that may occur
because of contrast injection. Most side effects
of contrast agents are acute and occur within a
few minutes of administration, with a probabil-
ity of less than 3% being mild and 0.004% be-
ing severe, such as low blood pressure, diffi-
culty breathing, or loss of consciousness. ' 12
Therefore, nurses are stationed in the CT ex-
amination room to monitor the patient’s condi-
tion for a few minutes after the examination.
For radiological technologists to perform con-
trast CT examinations alone after the task shift,
in addition to training them in their new duties,
it will be necessary to raise their awareness of
safety management, establish safety education
and systems such as rapid first aid and means
of contacting doctors and nurses, and imple-
ment risk management for emergency situa-
tions by conducting simulations.

In addition, the time taken for peripheral ve-
nous catheterization depends greatly on fac-
tors such as the skill of the staff and the pa-
tient's condition. However, as this study did
not fully take these points into account, this

will be an area of future research.

5. Conclusion

In this study, we aimed to clarify the impact
on examination costs and examination times
when radiological technologists perform tasks
such as establishing intravenous access and re-
moving needles, which had previously been
performed by nurses. We clarified the work
structure when radiological technologists and
nurses performed a series of tasks, such as pe-
ripheral venous catheterization, during contrast
CT examinations, and calculated costs using
TD-ABC. Regarding contrast CT examinations,
the following four scenarios were assumed: (1)
one radiological technologist and one nurse,
(2) one radiological technologist, (3) one ra-
diological technologist and one nurse who is
always in the CT examination room, and (4)
two radiological technologists. The labor costs
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were calculated based on the assumed work
structure for each scenario. The results were 1)
870 yen, 2) 578 yen, 3) 970 yen, and 4) 955
yen, and the examination times were 1) 22.5
minutes, 2) 24.8 minutes, 3) 20.5 minutes, and
4) 20.5 minutes, respectively. Comparing Sce-
narios 1 and 2, in which there was no nurse
stationed in the CT examination room, when a
contrast CT examination, including peripheral
venous catheterization and needle removal,
was performed by a single radiological tech-
nologist after the task shift, the labor cost per
examination was reduced by 292 yen (approx-
imately 34%) compared to before the task shift,
and the examination time was extended by 2.3
minutes (approximately 10%) compared to
when a nurse was present. In medical institu-
tions that do not have nurses stationed in the
CT examination room, examination times will
increase by approximately 10%, but labor costs
are expected to decrease by approximately
34% per contrast CT examination.

Furthermore, when comparing Scenarios 3
and 4, in which peripheral venous catheteriza-
tion was performed in the front room or a sim-
ilar location, and a nurse was always present in
the CT examination room, having two radio-
logical technologists perform the examination,
including peripheral venous catheterization
and needle removal after the task shift, the la-
bor cost per examination was reduced by 15
yen, or approximately 1.5%, while the exami-
nation time did not change. This suggests that
the employment status of radiological technol-
ogists and nurses may have little impact on la-
bor costs and examination times, regardless of
the professional assigned to the CT examina-
tion room.
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[Abstract]

In this study, we propose a method to generate a calibration curve for relative dose verification using radiochromic
film (RCF) in a single irradiation. The calibration curve was generated using the dose profile calculated with wedges
on the treatment planning system and the density profile of the RCF image. Our method using the dose profile of the
60-degree EDW dose image and the density profile of the RCF image took one-tenth the time of the conventional
method, and by limiting the range of profiles used, it was possible to generate a calibration curve with the same

accuracy as the conventional method.

1. Introduction

Intensity Modulated Radiation Therapy
(IMRT) and Volumetric Modulated Arc Therapy
(VMAT) are currently the primary techniques
used for radiation therapy, with a rising num-
ber of patients receiving these treatments ".
These treatment techniques modulate the in-
tensity of the beam. Therefore, the dose and
other parameters must be verified in advance
before the beam from the radiation therapy
device is delivered to the patient. Dose distri-
bution verification assesses the spatial spread
of the dose for verification before the actual
irradiation of the patient. The dose distribu-
tion determined by the treatment planning
system (TPS) is compared with the dose dis-
tribution during actual irradiation to verify
TPS calculation accuracy. Radiochromic films
(RCF) containing small photosensitive nuclei
are employed to verify dose distribution in
conjunction with a flatbed scanner to read the
exposed RCF. Using the appropriate combina-
tion of scan resolutions allows the acquisition
of near-continuous dose distributions. In ad-

dition, the RCF components consist of human

tissue equivalents, exhibiting favorable energy
response characteristics for photons with a
continuous energy spectrum emitted from a
linear accelerator. Therefore, the RCFs are ef-
fective tools for dose distribution verification .
The RCF exposed to the dose requiring verifi-
cation is converted using a calibration curve,
which plots known doses against the density of
the irradiated RCF. Calibration curves are cre-
ated by plotting several different combinations
of known doses against irradiated RCF densi-
ties using a consistent radiation intensity. The
graphic represents the density on the horizon-
tal axis and the dose on the vertical axis. The
quality of the calibration curve depends on the
number of dose levels, with a minimum of 12
recommended calibration points .

The dose used in the calibration curve is
selected using two methods. One involves uti-
lizing the water-absorbed dose determined via
actual measurements (absolute dose verifica-
tion), while the other employs the dose calcu-
lated by the TPS (relative dose verification) *.
The dose employed for absolute dose verifica-
tion is influenced by variations in the accelera-

tor output. Therefore, deviations are controlled
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according to the quality control policy of each
treatment facility. In addition, it is recom-
mended to use a 2% accelerator X-ray output
constancy for patients undergoing IMRT .
Conversely, the dose employed for relative
dose verification corresponds to the moment
the beam characteristics of the accelerator are
registered in the TPS. Therefore, the accelera-
tor output fluctuation cannot be ascertained in
real-time. However, a precisely regulated X-ray
output exhibits a small deviation between the
dose calculated by the TPS and the actual dose
delivered.

Using RCF for dose verification presents two
challenges. The first involves the time and ef-
fort required to generate accurate calibration
curves. The recommended method for con-
structing accurate calibration curves requires a
total of 12 RCFs: 11 RCFs irradiated at different
doses and one non-irradiated RCF. This pro-
cess is highly time- and labor-intensive. The
second issue pertains to the variation in the
dose delivered from the accelerator. To mini-
mize this effect, it is imperative that accelera-
tors are subject to a continuous maintenance
program ¥,

S. Peci¢, et al. proposed the use of dose gra-
dients with physical wedge filters to generate
calibration curves using RCF ©. This method
eliminated the need for multiple irradiations
with different doses, allowing calibration curve
generation using the dose gradient obtained
from a single irradiation cycle. The doses in
the present study are determined via continu-
ous measurements using an ionization cham-
ber dosimeter with a three-dimensional water
phantom system. Therefore, the calibration
curves in previous studies represent absolute
dose verifications.

The calibration curves generated in this study
denote relative dose verifications after RCF ir-
radiation using an enhanced dynamic wedge
(EDW) and doses calculated by the TPS. The
EDW modulates the dose intensity and creates
a dose gradient by moving the Y JAW during ir-
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radiation. Furthermore, EDWs are less likely to
increase scattered radiation or change energy
than filter-type wedges ”. This study aims to
propose a simple, accurate method to generate
calibration curves for relative dose verification

using RCF.

2. Material and methods

2-1 Dose and RCF images creation

ECLIPS version 15.1 (Varian Medical Systems,
Palo Alto, CA, USA) was employed for RCF
irradiation treatment planning. This process
involved a water-equivalent solid phantom
(400 mm %X 400 mm X 215 mm Tough Water
Phantom, Type WE: Kyoto Kagaku Co. Ltd.,
Kyoto, Japan) while an image CT scanner was
employed for actual RCF irradiation. The CT
value of the water-equivalent solid phantom
was set to -10 Hounsfield units (HU), with a
mass density of 0.9955 g/cm’ and a relative
electron density of 0.9903 ¥. The accelerator
(True Beam STx, Varian Medical Systems) pa-
rameters included gantry and collimator angles
of 0 degrees, X-rays as the radiation type, an
energy level of 6 MV, and a dose rate of 600
MU/min. The dose gradient used to generate
the calibration curve must adequately address
the dose range necessary for dose distribution
verification using RCF. Therefore, the RCF irra-
diation depth was established as the maximum
dose depth (15 mm from the phantom surface)
for 6 MV X-rays, characterized by a significant
dose gradient. The analytical anisotropic al-
gorithm (AAA) was used for dose calculation,
while a 2 mm dose grid was selected.

Irradiating a single RCF using a consistent
arbitrary dose produced an RCF with a film
density that corresponded to that dosage. The
RCFs for calibration curve creation were gener-
ated via irradiation from a low to a high dose
for dose distribution verification. Multiple RCFs
with film densities that responded to the irradi-
ated doses were used to create the calibration

curves (hereafter referred to as the convention-
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al method). The treatment plan for this method
involved positioning the isocenter in the center
of the water-equivalent solid phantom surface
at a depth of 15 mm from the surface. The
irradiation field on this plane measured 100
mm X 100 mm. Eleven treatment plans were
created with delivery doses of 30, 50, 70, 100,
120, 140, 170, 200, 230, 250, and 300 cGy,
respectively. The isocenter represented the
dose prescription point for all the treatment
plans. The TPS calculation yielded MU values
of 30.0, 50.1, 70.1, 100.1, 120.2, 140.2, 170.2,
200.3, 230.3, 250.4, and 300.4, respectively.
This study utilized RCFs irradiated using con-
ventional methods were used as the reference.

A single RCF with a film density that re-
sponded to a range of doses was produced
via dosage irradiation at a dose gradient estab-
lished via EDW. The isocenters employed for
the treatment planning using the calibration
curve generated via this method (hereafter re-
ferred to as the wedge method) were identical
to those utilized by the conventional method.
The irradiation field in the isocenter plane
was 100 mm x 200 mm (Y1: 100 mm, Y2: 100
mm), while EDWG60-IN was used to establish
the dose gradient. Irradiation of 120 cGy was
scheduled for delivery to the isocenter, while
the MU value was 281.1.

The conventional method used the dose
prescribed by the TPS. The doses used in the
wedge method were calculated in the coronal
plane of the water-equivalent solid phantom
at a depth of 15 mm in the TPS. The dose
distribution was converted to a dose image
in DICOM format in 32-bit grayscale, with a
pixel size of 1 mm X 1 mm, a pixel value (PV)
ranging from 860 to 998844, and a PV-to-dose
conversion factor of 2.7372249 x 10°°. The
dose Dy, derived from the dose image was
determined using Equation (1) and the dose
conversion coefficients mentioned above. The
PV (PVimage) was determined via a rectangular
ROI, oriented with its long side aligned to the
dosage gradient, using Image] version 1.54d

(National Institutes of Health, Bethesda, MD,
USA), and placed in the geometric position as
that of the ROI used to read the actual irradi-
ated RCF.

Dpltm = PVvimage X 27372249 X 1076 [Gy] (1)

This study utilized Gafchromic EBT3" film
(8 X 10 inches) as the RCF. One RCF was cut
into 254 mm X 125 mm pieces for irradiation
using the wedge method and 40 mm x 40 mm
pieces for conventional method irradiation.
The cut RCFs were irradiated according to the
treatment plan of each technique. The accel-
erator output on the day of RCF irradiation was
100.373%.

After 24 hours, the irradiated RCFs were
read ¥ using an ES-10000G flatbed scanner
(Seiko Epson Corporation, Nagano Japan)
and Epson Scan software (Version 3.04]: Seiko
Epson Corporation). Before reading the RCF,
five blank scans were performed as a warm-
up. The RCF was placed with the long axis of
the active component crystal parallel to the
reading direction of the flatbed scanner. A
transparent glass was placed over the RCF to
prevent curvature relative to the flatbed scan-
ner during reading. The scanned images were
saved in TIFF format at a resolution of 150 dpi
in transparent mode and 48-bit color. An RCF
was read three times on a flatbed scanner, each
time saving a TIFF image. Three RCF images
are thus created from one RCF. The red image
was extracted from the three images and aver-
aged, while a median filter was applied at five-
pixel intervals to generate the RCF image.

2-2 Region of interest (ROI) Considerations
The AAPM Task Group 235 recommends that
the ROIs for reading RCFs should be irradiated
at a consistent dosage, with a dose profile vari-
ation not exceeding 3% on the calibration film,
and that the PV histograms should exhibit nor-
mal distribution ?. In this study, square ROIs

(10 mm x 10 mm) were used when employing
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the conventional method ? and rectangular
ROIs when utilizing the wedge method. Since
the rectangular ROIs had to be large enough to
include the entire dose gradient in the longi-
tudinal direction, the long side was 210 mm to
accommodate the penumbra of the irradiated
field (200 mm).

The RCF and dose images were used to ex-
amine the short sides of the rectangular ROIL.
Furthermore, the RCF images were employed
for the PV histogram analysis. Due to the ab-
sence of a dose gradient in the short-side di-
rection, the width of the normally distributed
PV histogram in the ROI was considered. The
long side of the ROI in this study in the dose
gradient direction was 1 mm, while the width
of the short side perpendicular to the dose
gradient varied between 1 mm and 10 mm in
1 mm increments. The histogram analysis was
performed by acquiring the PVs of the RCF
images using rectangular ROIs with long sides
of 1 mm and short sides ranging from 1 mm to
10 mm at 1 mm increments. The dose images
were employed to obtain the dosage profiles
using the line tool and rectangular ROIs for
dose comparison at arbitrary locations. The
reference was the dose profile of the line tool.
The horizontal dose gradient direction (long
side) of the rectangular ROI was 210 mm. The
direction perpendicular to the dose gradient
(short side) was expanded equally to the left
and right while the center position remained
unchanged. Therefore, the rectangular ROIs
from which the dose profiles were acquired
were 210 mm on the long side, 2 mm and 5
mm on the short sides, and extended every 10
mm from 10 mm to 100 mm. The dose profile
was analyzed by extracting PVs from the dose
images for each rectangular ROI.

The pixels in the dose images were convert-
ed to mm at 1 [pixel] = 1 [mm], while those in
the RCF images were calculated as follows:

1 [pixell =25.4 [mm]/ 150 [dpi] = 0.169 [mm]
(2)
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2-3 Calibration Curve Generation

The Image] software was employed to ana-
lyze the RCF images obtained via the flatbed
scanner. After color separation, a red image
was extracted from the three RCFs and aver-

aged:
PVye=PV1+ PV2+ PV3) /3 ©))

where PV, is the PV of the averaged red im-
age and PVi, PV:, and PV; indicate the PVs of
each red image. A median filter was applied to
the red image at five-pixel intervals to remove
noise. The 11 conventionally irradiated refer-
ence RCF images and one unirradiated image
were read as the average of the PVs using a
square ROI (10 mm % 10 mm) ?. The calibra-
tion curves for the conventional method were
generated using 12 reference RCF images (one
unirradiated). The calibration curves for the
wedge method were created using RCF images
irradiated with EDW. The dimensions of the
ROI used to read the RCF corresponded with
those delineated in Sections 2-2. The PV values
obtained via each method were converted to
a net optical density (netOD) using Equation
4) 2,

netOD = ODexp - ODunexp = logl() (Pmlnexp/P‘/;xp)
4

where PV is the PV of the irradiated RCF and
PViexp is the PV of the unirradiated RCFE. Since
the red image was extracted from a 48-bit color
image, and the PV was scaled from 0 to 65535
(2'°-1), a 16-bit RCF image was used for analysis.

2-4 Calibration curve evaluation

Approximate functions were obtained from
the calibration curves generated via the con-
ventional and the wedge methods, which were
used to convert an arbitrary 7etOD to a dose.
The cubic polynomial with the highest coef-
ficient of determination was selected as the

approximation function for dose conversion.
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The netOD was converted to a dose using the

following equation:

D= a - netOD?+ b- netOD* + ¢ - netOD  (5)

where a, b, and ¢ are constants. The calibra-
tion function utilizing netOD consistently pass-
es through the origin (0, 0). The calibration
curves were evaluated by converting the arbi-
trary netOD to a dose using the conventional
and wedge methods, after which the results
were compared. In addition, this evaluation
examined the dose gradient range used for
the calibration curves generated via the wedge
method. The calibration curve was generated
by limiting the dose range to that of the dose
gradients (netOD profile in RCF images and
dose profile in dose images), which included
10 mm increments from #40 mm (dose range
85.7-179.2 cGy) to £90 mm (dose range 59.0-
271.7 cGy) centered on the isocenter. The dose
profile contained dose data at 1 mm intervals,
making it possible to plot the dose versus the
netOD at 81 points for the smallest #40 mm
and at 181 points for the largest £90 mm. Excel
(Microsoft Corporation, Redmond, WA, USA)

was used for all analyses.

2-5 Calibration curve generation time consid-
eration

To examine the temporal impact of the
wedge method, the time required to generate
the calibration curves using both the conven-
tional and wedge techniques was quantified.
The time necessary for RCF irradiation and
subsequent image analysis was determined.

The actual RCF irradiation duration was
defined as the total time from the initiation
of start X-ray exposure to its conclusion, in-
cluding the RCF exchange period. The time
required for RCF exchange included the fol-
lowing procedures: The time necessary to
press the switch of an automatic door on the
control console; the time required for the auto-
matic door to open wide enough for a person

to enter; the time from entry to the treatment
couch; the time necessary to retrieve the RCF
from within the phantom, install a new RCF,
and load the phantom; the time from the treat-
ment couch to exit; the time required for the
automatic door to close; and the time neces-
sary to return to the operating console for the
next irradiation. However, the time required to
install and remove the water-equivalent solid
phantom was excluded from the measurement
of the time necessary for RCF irradiation since
phantom installation and removal duration
were the same for both methods.

The actual time necessary for RCF image
analysis included the installation of the RCF
on the scanner, three readings, color separa-
tion via the analysis software, averaging, and
median filter application. However, the time
required for the empty scan, which was a com-

mon item in both cases, was excluded.

3. Results

3-1 Generating the dose and RCF images
Figure 1 depicts the dose and RCF.

Fig. 1 (a) shows the RCF averaged over three
scans and the averaged RCF median-
filtered every 5 pixels. (b) shows the dose
distribution at 60 degrees EDW at the peak
depth of the water-equivalent solid phantom
output from the treatment planning system.
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Fig. 2 The graph shows profiles of pixel values obtained from RCF images. The profiles are obtained by

changing the short side of the rectangular ROI.
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Fig. 3 The graph shows histograms of pixel values obtained from RCF images acquired by changing the
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3-2 Rectangular ROI evaluation

Figures 2 and 3 show the PV graph and
histogram, respectively, after analysis of the
rectangular ROI in the short-side direction us-
ing the RCF image obtained via the wedge
method. The results showed that the standard
PV deviation tended to decrease as the width
of the short edge increased. The PV histogram
showed a normal distribution pattern when the
short-edge width exceeded 5 mm.

Table 1 shows the rectangular ROI dose dif-
ferences relative to the line tool after evaluat-
ing the dose images of the rectangular ROI
short-side direction. The dosage deviation from

the reference dose profile at a specified loca-
tion was 0.1% for the rectangular ROIs with
short edges of 20 mm or larger. A rectangular
ROI of 210 mm x 10 mm was defined for the
RCF analysis based on the results of these two

evaluations.

3-3 Calibration Curve

Figure 4 displays the calibration curves
generated using the conventional and wedge
methods (£80 mm: dose range 0-252.7 cGy).
The profile penumbra was employed as a ref-
erence for the registration of the dose and RCF
images used in the wedge method. The use of

Table 1 Difference between the dose profile created by the rectangular ROI and the reference dose profile
created by the line tool. The short side of the rectangular ROl was varied from 2 mm to 100 mm to
obtain dose profiles.

Dose difference relative to reference profile (%)
Short Side of Off-axis distance in long axis direction (mm)
rectangular ROl (mm) -90 mm -70mm -50mm -30mm -10mm 10mm 30mm 50mm 70mm 90 mm

2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
20 -01% -01% -01% -0.1% 0.0% -01% -01% -01% -01% -0.1%
30 -02% -02% -02% -01% -0.1% -01% -01% -02% -02% -0.2%
40 -03% -02% -02% -02% -0.1% -01% -02% -0.3% -03% -0.3%
50 -03% -03% -03% -02% -01% -01% -03% -03% -04% -0.4%
60 -04% -03% -04% -03% -01% -01% -03% -04% -05% -0.5%
70 -05% -04% -04% -03% -01% -01% -03% -05% -05% -0.7%
80 -05% -04% -04% -03% -01% -02% -04% -05% -06% -0.8%
90 -05% -04% -04% -03% -01% -02% -04% -06% -0.7% -0.8%

100 -05% -05% -05% -03% -01% -02% -04% -06% -08% -0.9%
a Calibration curves created by the b Calibration curves created by the wedge
conventional method method
* ¥ =5,023.5406 x* + 1,039.5945 x> + 980.0916 x = ¥y =1,703.0865x3 + 1,558.9373 x2 + 969.4230 x
R2=0.9993 R*=0.9995
gzoo ' é 00 ’t,.*"
E 150 g 150 /
y S
0.00 0.05 0.10 . 0.15 0.20 0.25 0 0.05 0.1 seton 0.15 0.2 0.25

Fig. 4 Calibration curves generated by the conventional method (a) and the wedge method (b). The
conventional method was created with 11 doses. The wedge method was generated with 161
doses. The wavy lines are approximate curves of cubic functions, and the dots are known doses
corresponding to the netOD read from the RCF.

49

Arts and Sciences



EDWG60° profile

——(a) Dose output from the treatment planning system
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Fig. 5 EDWS60’ profiles are shown. (a) Dose profile
obtained from dose images. (b) netOD
profile calculated from the PV of the RCF
image. In (a) and (b), the penumbra was
visually adjusted to establish its position,
respectively.

Image] as the analysis software prevented the
typical marker registration procedure of the
RCF. Therefore, the penumbra locations of the
profiles in both images were carefully adjusted
to determine the center positions (Figure 5).
The calibration curves using the conven-
tional method were generated by plotting the
netOD obtained from the unirradiated and 11
irradiated RCFs against the dose delivered to
each. The calibration curves using the wedge
method (80 mm: dose range 0-252.7 cGy)
were produced by plotting the netOD versus
the dose at 161 points. The coefficients of de-
termination for both approximate functions
were almost identical at 0.9993 and 0.9995.

3-4 Calibration curve evaluation

The range of dose profiles used to gener-
ate the calibration curves was examined to
evaluate the accuracy of those produced via
the wedge method. The calibration curves
were generated from 40 mm (dose range
85.7-179.2 ¢Gy) to £90 mm (dose range 59.0-
271.7 cGy), centered on the isocenter. Figure 6
shows the calibration curves for £40 mm, +60
mm, *80 mm, and =90 mm. Since the dose
profile range used to generate the calibration
curve was expanded, the coefficient of deter-
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mination R* tended to be closer to 1.

Arbitrary netODs were converted to doses
using the calibration curves generated via the
conventional and wedge methods, after which
the results were compared. Approximate func-
tions obtained from the results of the calibra-
tion curves were used for dose conversion,
with that derived via the conventional method
designated as Dconv and that obtained using the
wedge method denoted as Dio-Dyo, where D
represented the dose. The subscripts indicate
the distance from the isocenter (= dose range).
The dose conversion equation by the approxi-

mate function is as follows:

Dconv = 502354 ° 1’l€fOD3 + 103959 N netODZ +

980.09 - nerOD ©)
Dio=9254.93 - netOD? — 299.76 - netOD* +
1081.56 - netOD 7
Dso=5024.37 - netOD? + 728.51 - netOD* +
1020.64 - netOD 8
Doo=507.39 - netOD? + 1745.06 - netOD* +
965.75 - netOD ©))
D+ =1920.74 - netOD® + 1436.31 - netOD* +
981.61 - netOD (10)
Dso =1703.09 - netOD? + 1558.94 - netOD* +
969.42 - netOD an
Doy =715.80 - netOD® + 1869.73 - netOD* +
946.61 - netOD (12)

Table 2 shows the dose conversion from an
arbitrary netOD using the approximate formula
above, which is presented as conventional
conversions. The wedge method conversion
shows the netOD profile range used for the
calibration curves, as well as the deviation
(%) between the dose converted by each cali-
bration curve and the dose converted via the
conventional method. The dose deviation was
calculated using the following equation, where
the x subscript indicates the dose range.

Dose deviation = (D= Dcony) / Deonv X 100 [%]
(13)
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Fig. 6 Dots indicate netOD values corresponding to doses. The dashed line indicates the approximate curve.
The dose gradients used to create the calibration curves range from (a) £40 mm (0 to 175.8 cQGy),
(b) £60 mm (0 to 211.9 cGy), (c) £80 mm (0 to 252.7 cGy), and (d) £90 mm (0 to 271.7 cGy).

Table 2 Dose conversion results for an arbitrary netOD using approximate functions obtained by the conven-
tional and wedge methods. The conventional method shows the dose. The wedge method shows the
error between the dose for the range of profiles used and the dose from the conventional method.
Gray text indicates results from extrapolation.

conventional method wedge method

Arbitrary netOD that can be dose-converted by approximate formulas
0~0.143 0~0.153 0~0.167 0~0.178 0~0.189 0~0.202

Convert dose (cGy) +40 mm +50 mm +60 mm +70 mm +80 mm +90 mm

Arbitrary netOD

0 0 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
0.01 9.9 8.9% 3.8% -0.8% 0.5% -1.1% -2.6%
0.02 20.1 7.6% 3.4% -0.2% 0.8% -0.6% -1.9%
0.03 30.5 6.4% 3.1% 0.3% 1.0% -0.3% -1.2%
0.04 41.2 5.3% 2.7% 0.6% 1.2% 0.0% -0.7%
0.05 52.2 4.3% 2.4% 0.9% 1.3% 0.2% -0.3%
0.06 63.6 3.4% 21% 1.1% 1.3% 0.3% 0.1%
0.07 75.4 2.6% 1.7% 1.2% 1.3% 0.4% 0.3%
0.08 87.6 2.0% 1.4% 1.2% 1.2% 0.4% 0.5%
0.09 100.3 1.4% 1.1% 1.1% 1.1% 0.3% 0.6%

0.1 113.4 0.9% 0.8% 1.0% 0.9% 0.2% 0.6%
0.1 1271 0.5% 0.5% 0.7% 0.7% 0.1% 0.5%
0.12 141.3 0.1% 0.3% 0.4% 0.4% -0.2% 0.3%
0.13 156.0 -0.1% 0.0% 0.1% 0.1% -0.4% 0.1%
0.14 171.4 -0.3% -0.2% -0.3% -0.3% -0.7% -0.1%
0.15 187.4 -0.3% -0.5% -0.8% -0.7% -1.1% -0.5%
0.16 204.0 -0.4% -0.7% -1.3% -1.1% -1.5% -0.9%
0.17 221.3 -0.3% -0.9% -1.9% -1.6% -1.9% -1.3%
0.18 239.4 -0.2% -1.2% -2.5% -2.1% -2.3% -1.8%
0.19 2568.2 0.0% -1.4% -3.2% -2.6% -2.8% -2.3%

0.2 277.8 0.2% -1.6% -3.9% -3.1% -3.3% -2.9%
0.21 298.2 0.5% -1.7% -4.6% -3.7% -3.8% -3.5%
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Table 3 The table shows the series of time required to irradiate RCF and the series of time required to analyze

RCF images.

Time required for irradiation of RCF

Time required for RCF image analysis

conventional wedge method

conventional
method
Time taken (sec.) Time taken (sec.)

wedge method

method
Time taken (sec.) Time taken (sec.)
1st Irradiation 3.0 29.0
RCF exchange 85.0 0.0
2nd irradiation 5.0 0.0
RCF exchange 85.0 0.0
3rd irradiation 7.0 0.0
RCF exchange 85.0 0.0
4th irradiation 10.0 0.0
RCF exchange 85.0 0.0
5th irradiation 12.0 0.0
RCF exchange 85.0 0.0
6th irradiation 14.0 0.0
RCF exchange 85.0 0.0
7th irradiation 17.0 0.0
RCF exchange 85.0 0.0
8th irradiation 20.0 0.0
RCF exchange 85.0 0.0
9th irradiation 23.0 0.0
RCF exchange 85.0 0.0
10th irradiation 25.0 0.0
RCF exchange 85.0 0.0
11th irradiation 30.0 0.0
Collecting 50.0 50.0
total 1,066.0 79.0

The dose-convertible netOD varied depend-
ing on the range of netOD profiles used. Table
2 shows the netOD range that can be dose-
converted. The black numbers representing
the deviation from the reference indicate the
dose deviation converted from the netOD
within the range of the calibration curve, while
the gray letters indicate the dose deviation by
extrapolation since it is outside the calibra-
tion curve range. The results showed that the
dose conversion using the approximate func-
tion created for =60 mm and +70 mm yielded
a dose difference below 2% compared to the
conventional method.

3-5 The time required to create the calibration
curve consideration
Table 3 shows the time required to generate
calibration curves using the conventional and
wedge methods. In the facility used for irradia-
tion, the distance from the operating console to

the treatment couch in the treatment room was
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reading (e.g. by a scanner) 106 243

208 208
RCF exchange 6 0
total (per sheet) 320 451
total (per 12 sheets) 3,840

approximately 25 m. After completing the irra-
diation of one RCF, it was replaced with a new
one, and irradiation continued. This process
was completed in approximately 85 seconds.
With the conventional method, the irradiation
time increased at a higher dose since it relied
on the MU value. The MU value of the wedge
method was 281, and the time for its irradiation
was 29 seconds. The total time required for
the series of irradiations was 1,066 seconds (17
minutes) for the conventional method and 79
seconds (1.3 minutes) for the wedge method.
The wedge method reduced irradiation time
by 92.6% compared to the conventional meth-
od.

The reading time of the three RCFs, including
the first preview display, was approximately
106 seconds for the conventional method and
243 seconds for the wedge method. The image
analysis duration was about 208 seconds for
both methods and was independent of the RCF
size. The total time required to analyze the RCF
images was 3,840 seconds (64 minutes) for the
conventional method and 451 seconds (7.5
minutes) for the wedge method. The wedge
method reduced the required analysis time
of the RCF images by 88.3% compared to the

conventional method.

4. Discussion

This study proposed a method for generat-
ing a calibration curve based on the dose (im-
age) output by the TPS and the corresponding
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irradiated RCF (image). The maximum dose
depth, at which a larger dose gradient could
be obtained, was chosen as the depth in the
phantom at which the RCF was irradiated. At
an irradiation field in the EDW wedge direc-
tion of 200 mm, the dose gradient of 60° EDW
yielded doses ranging between approximately
50 cGy and 270 cGy. This facilitated the gen-
eration of calibration curves that included 200
cGy, representing the dose for one fraction
commonly used in radiation therapy. However,
we believe that the measurement at the maxi-
mum dose depth should be avoided because
it may include scattered radiation from the
HEAD structure of the accelerator. However,
the scattered radiation is taken into account
when calculating the dose distribution via TPS.
In addition, no corrections are made for the
accelerator output in the measurements since
this method involves relative dose verifica-
tion using accelerator outputs registered in the
TPS. Therefore, it is necessary to ensure that
the accelerators used comply with each facil-
ity’s quality control policy and that the dose
and geometric accuracy of the accelerators are
guaranteed.

The positional error between the dose and
RCF images affected the accuracy of the cali-
bration curve since the calibration curve gener-
ated via the wedge method in this study relied
on the steep dose gradient resulting from 60°
EDW. The geometry of the two images had
to be precisely matched to accurately plot the
dose and density. The dose image output from
the TPS identified the exact center location ac-
cording to the coordinates. During typical dose
analysis using an RCF, a laser pointer installed
in the treatment room is used as a guide to
set a marker indicating the center position of
the RCF when it is installed in the phantom.
Although dedicated film analysis software has
a function to align the center positions of both
images, the dosimetry software used in this
study did not have this ability and could con-
sequently not reference the markers set in the

RCF. Therefore, we have developed a method
for the visual adjustment of the penumbra,
which is considered the limiting factor of the
positioning in this study. Therefore, the results
of this study may exhibit a small dose bias due
to positioning errors.

AAPM TG 235 suggests that the ROI follows
a normal distribution with a standard deviation
of an appropriate size for the histogram of all
PVs ?. This study used a rectangular ROI for
the wedge method. Increasing the short edge
of the ROI during the analysis of the RCF im-
ages resulted in normal distribution in the PV
histogram, which was statistically similar to
that suggested by AAPM TG 235. The dose im-
age evaluation showed a slight dose difference
when the short side was enlarged (Table 1).
This was considered an effect of the flatten-
ing filter since the depth at which the image
was acquired represented the maximum dose
depth. Figure 7 shows the dose profile in the
short-sided direction obtained from the dose
image using the line tool. This study used a
short edge size of 10 mm, resulting in a dose
difference of up to 0.09%. Sizes larger than
10 mm exhibited dose differences exceeding
0.10%, possibly because the dose difference
between the isocenter and off-axis limited the
expansion in the short side direction.

The dose profiles derived from the 210 mm
long ROI were examined to determine a spe-
cific range, instead of using the entire range
obtained. Chetminski K et al. compared TPS-
calculated EDW dose profiles with the mea-
sured results and found errors for large angular
wedges at low energies '”. In addition to the
impact of the accelerator, we believe that the
problem also includes the flatbed scanner used
to read the irradiated RCF . In the dose profile
range examined in this study, the dose discrep-
ancy at lower doses tended to be more pro-
nounced in a dose range of £50 mm or less. Al-
though increasing the utilized range improved
the fitting of the approximate function derived
from the calibration curve, the dose difference
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Fig. 7 Dose profiles in the short side direction obtained from dose images with the line tool. Doses are

normalized by isocenter (%).

tended to be more significant in the low- and
high-dose regions in a range exceeding =80
mm. Due to the higher dose and lack of netOD
plots, the narrower dose range used may affect
the slope of the calibration curve. In addition,
the flatness of the flatbed scanner and the ac-
curacy of the RCF installation are considered
influencing factors across a broad dose range.
We expected the calibration curves to be
more accurate by plotting the calculated dose
and density at a more significant TPS than the
conventional method. However, the results
of this study were comparable to the conven-
tional method, and we believe that there may
not be a proportional relationship between
the number of plots and the accuracy of the
calibration curves. In general, the RCF problem
causes PV variation, while the flatness of the
scanner used to read the RCF density and the
accuracy of the RCF placement affect accurate
dose and concentration plots. Therefore, we
believe it is important to perform film analysis
using a method that can resolve these issues.
Approximation functions enable the calcu-
lation of projected doses beyond the plotted
ranges of the density and dose. Calculating
the extrapolated dose using the approximation

function generated in a range of £50 mm al-
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lowed a dose evaluation within 2%. However,
due to the significant differences at low doses,
we recommend exercising caution when as-
sessing extrapolated doses. Although some re-
ports have suggested the possibility of extrapo-
lated dose conversion ®, we believe that our
results are inconclusive because the deviations
of extrapolated doses vary randomly over the
range of dose profiles used in this study.

Lewis D et al.'

suggest that approximation
using a rational function can accurately pro-
duce a calibration curve with only a few plots
of the dose versus the PV. They describe a re-
construction method that simultaneously reads
three RCFs per film analysis: an unirradiated
RCF, an RCF irradiated at a known dose, and
a dose-verified RCF, as well as a technique for
correcting the calibration curve using a one-
scan protocol. We also considered approxi-
mate curves with rational functions similar to
theirs, but the polynomial approximation was
used because it offered a superior fit.

We compared the time required to generate
calibration curves, showing a potential overall
time reduction of 89.2%. The wedge method
in this study showed promise for obtaining
calibration curves with the same accuracy as

the conventional method within only 10 min-
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utes after RCF irradiation. However, we believe
that the time required for image evaluation
depends on the software used to analyze the
irradiated RCFs and may differ from the results
shown in this study.

This study introduces a method that de-
creases the time required for producing a
calibration curve using RCF by approximately
90%, compared to conventional techniques.
This reduced duration indicates the feasibility
of generating a new calibration curve for each
dose analysis utilizing an RCF. The results of
this study show that dose conversion by the
approximate function generated in the =60 mm
and £70 mm dose profile ranges differ by less
than 2% from the dose obtained via the con-
ventional method, indicating that the dose con-
version can achieve accuracy comparable to
the conventional approach. However, the dose
profile range in this study is affected by the
dose gradient resulting from EDW, the flatness
of the scanner during RCF reading, and the
RCF installation error. Therefore, it is necessary
to confirm the range of dose profiles used at
each facility.

5. Conclusion

This study presents a simple method involv-
ing relative dosimetry using the relationship
between the dose output from the TPS and the
actual irradiated RCF density. Our method us-
ing the dose profiles from the EDW 60° dose
images and the density profiles from the RCF
images requires only one-tenth the time of
the conventional method. Limiting the profile
range used enables the generation of calibra-
tion curves with an accuracy equivalent to the
conventional method.
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[Abstract]

Purpose: Skin markers are widely used in external radiation therapy to ensure the accuracy of the irradiation
position. While some conventional skin markers contain harmful substances, the HM skin marker has fully disclosed
components, ensuring safety. The purpose of this study is to evaluate the characteristics and performance attributes of
the HM skin marker through animal experiments.

Methods: Using miniature pig, we investigated the characteristics of the HM skin marker such as writable distance,
resistance to moisturizers, and removal method without damaging the skin after treatment or when misdrawn.
Additionally, we evaluated the visibility of HM skin marker in five colors when illuminated with in-room lasers used
for patient positioning.

Results: The total writable distance was approximately 17-18 m. When rubbed with a finger over moisturizer, the
markings only slightly faded. Using baby oil, the markings could be easily removed. The black and dark brown
markers showed excellent visibility when illuminated with the in-room lasers in even a darkened room.

Conclusion: The HM skin marker, which is disclosed its components, has excellent clinical characteristics including
sufficient writable distance, high resistance to moisturizer, and ease of removal without damaging the skin. Therefore,
the HM skin marker is suggested to be highly practical skin marker in the field of radiotherapy.

pose genetic toxicity and carcinogenic risks ,

Introduction

and as a result, the manufacture and sale of

In external radiation therapy, skin markers
are commonly used to accurately position pa-
tients at the correct irradiation site during each
treatment session. Traditionally, oil-based mark-
ers, compounded skin markers made with
fuchsine-based ink in the hospital's pharmacy,
and marker pens containing methylrosaniline
chloride have been widely used both in Japan
and internationally. Since skin markers come
into direct contact with the patient’s skin, high
safety is required V. However, fuchsine-based
skin markers contain highly irritating solvents,
such as resorcinol and liquid phenol, which
may cause allergic reactions and skin rashes.
Furthermore, pharmaceuticals containing meth-

ylrosaniline chloride have been reported to
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such products was halted in Japan in 2022. Ad-
ditionally, skin markers require high durability
to remain visible for a long period, as their fad-
ing during the treatment period can lead to re-
duced accuracy of irradiation positioning and
increase the burden on medical staff due to the
need for reapplication > ®. The typical duration
of radiation therapy ranges from one week to
about one month, whereas the average dura-
bility of an oil-based marker is approximately
three days. Given this background, the use of
alternative skin markers such as water transfer
decals and temporary tattoos has been increas-
ing in recent years >”. However, there are is-
sues such as skin irritation and the lack of dis-

closure regarding the substances and additives
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contained. In response, Nakayama et al.’s re-
search group developed a new water-based
pigment marker (HM Skin Marker, Hayakawa
Rubber Co., Ltd, Hiroshima, Japan), made from
cosmetic ingredients and edible materials with
clearly defined safe components ®. HM Skin
Marker offers high safety along with superior
durability compared to oil-based pens, and it
also has reduced ink transfer to clothing. There-
fore, it is anticipated to be a valuable alterna-
tive in clinical radiation therapy settings, replac-
ing traditional skin markers. In radiation thera-
py, there are several key characteristics that
skin markers should possess for practical use.
In radiation therapy, moisturizers may be ap-
plied to the skin during the treatment period ?,
SO resistance to moisturizers is an important
characteristic for markers. Furthermore, at the
completion of the treatment period or in the
case of marking errors, it is preferable for the
marker to be easily removed. Additionally,
during treatment, skin markings are compared
with alignment lasers in the treatment room,
and patient positioning is performed. Howev-
er, the color of the lasers and the conditions
during alignment vary by facility, and as a re-
sult, the suitable marker color may differ. The
ease of visibility of markings relative to the la-
ser is crucial for ensuring the precision of the
irradiation position. The purpose of this study
is to elucidate the characteristics of the HM
skin marker anticipated for clinical use and to
demonstrate whether it satisfies the essential
requirements for a marker. Such characteristics
in skin markers for radiation therapy have not
been reported previously. In this study, we
conducted investigations and experiments by
utilizing minipigs '*'?, which have a high cor-
relation with human skin in terms of histologi-
cal similarity and permeability.

1. Methods

1-1 HM Skin Marker
The ink of the HM skin marker (Fig. 1) is

Characteristic evaluation of water-based pigment skin marker for radiation therapy

’

Fig. 1 HM skin marker

The ink used is composed of cosmetic materials with
confirmed safety.

Table 1 Composition of the HM skin marker ink

Mass
Component Material composition

ratio (%)
Solvent Water 58.5

. Styrene/acrylates
Film former copolymer 20

Coloring agent Pigment dispersion 20

Thickener Xanthan gum 0.2
Moisturizing and
antibacterial agent 1.3-butyleneglycol 1
Methylparaben
Preservative agent  Ethylparaben 0.3
Phenoxyethanol

composed of water, film-forming agents, color-
ing agents, and other ingredients, and does not
contain toxic substances. The composition of
these components is shown in Table 1. All the
included components are approved as ‘Quasi-

Drug Ingredients 2022° in Japan '¥.

1-2 Ink Characteristics Evaluation

The animals used were 18-month-old Gottin-
gen minipigs (Hamaguchi Lab Plus Inc., Osaka,
Japan). Pig's skin is widely used as an alterna-
tive to human skin due to its histological simi-
larity and high correlation in permeability 1012,
A mixed anesthetic (medetomidine 0.04 mg/kg
and midazolam 0.3 mg/kg) was intramuscular-
ly injected in the cage. Throughout the experi-

ment, isoflurane 2% was continuously inhaled.
1-2-1  Writing Performance
To evaluate the writable distance per marker,

a straight line approximately 20 cm long was
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drawn on the pig’s torso using a ruler. The pro-
cess continued without exerting pressure until
the ink faded and could not be completely

drawn, after which the distance was measured.

1-2-2 Resistance to Moisturizers

During radiation therapy, patients may apply
moisturizers to prevent dryness and irritation
around the treatment area. To assess the resis-
tance of the HM skin marker to moisturizers, a
moisturizer (HEPATREAT, NIPPON ZETTOC
Co., Ltd, Tokyo, Japan) was applied to the
straight lines drawn on the pig’s torso in the
previous section. After applying the moisturiz-
er, friction was applied using a finger to ob-
serve changes such as reduction in intensity,

fading, and smudging.

1-2-3 Ease of Removal

Unnecessary markings after the completion
of radiation therapy and the markings that
were drawn mistakenly should be promptly re-
moved from the skin without causing irritation.
The straight lines drawn on the pig's torso in
the previous section were each treated with al-
cohol disinfectant (hereafter referred to as dis-
infectant), cleansing oil (COVERMARK, Osaka,
Japan), and baby oil (Pigeon, Tokyo, Japan) to
assess their ease of removal. Using gauze
soaked with each liquid, the straight lines that
were drawn were wiped off, and the remain-

ing lines were visually inspected.

1-3 Visibility
1-3-1  Alignment Laser

The visibility of the markings when superim-
posed with the laser was assessed. Straight
lines in yellow, orange, dark brown, black, and
navy blue were drawn on the forearms of one
male and one female volunteer. The markers
of each color consist of the same materials, ex-
cluding the color components. In general, the
laser projectors are installed in the treatment
room along with the treatment equipment. The

laser colors used were red, blue, and green.
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The red (APOLLO cross red, LAP LASER, Liine-
burg, Germany) and blue (Halcyon, Varian
Medical Systems, CA, USA) lasers were provid-
ed by projectors installed in the treatment
room, while the green laser (SANWA SUPPLY
INC., Okayama, Japan) was provided by a la-
ser pointer. Observations were conducted vi-
sually in each treatment room. The assessment
of the green laser was conducted in the same
room as the red laser. The illumination level in
the room was varied in three stages: fully lit,
half lit, and off. The illumination was measured
using a lux meter (TM-209M, TENMARS ELEC-
TRONICS, Taiwan). The illumination levels in
the room for each lighting condition were as
follows.

Red and green lasers:

Fully lit: 247.0 lux, Half lit: 74.7 lux,
Off: 12.7 lux.

Blue laser:

Fully lit: 340.1 lux, Half lit: 101.3 lux,
Off: 7.9 lux.

The distances from the markings to the ob-
servers were set at 1 m and 40 cm. Three ob-
servers assessed the visibility of the markings
under each condition using a 5-point scale.
The scores were assigned as follows: 1 = ‘Not
distinguishable;” 5 = ‘Completely distinguish-
able from the laser,” with values assigned be-
tween 1 and 5 accordingly. Furthermore, the
assessments of all other test items were also

conducted by the same observers.

1-3-2 Bolus

The visibility of the markings (yellow, or-
ange, dark brown, black, and navy blue straight
lines) drawn on the forearm of the volunteer
was assessed through the bolus (Bolus materi-
al, MEDTEC, CIVCO Radiotherapy, IA, USA).

1-4 Ethical Considerations

All animal experimental procedures in this
study were conducted in accordance with the
guidelines for the management and use of lab-

oratory animals, following the animal experi-
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ment regulations of Hamaguchi Lab Plus Co.,
Ltd. The study was approved by the Ethical
Review Committee of Okayama Central Hospi-
tal (Approval No. 20230107). All volunteers
and observers provided informed consent pri-
or to participation in the study and participated
voluntarily.

2. Results
2-1
2-1-1

Fig. 2 shows the markers drawn on the body
of the pig. The total distance that could be

Ink Characteristics Evaluation
Writing Performance

marked with a single marker was approximate-
ly 17 to 18 meters. Additionally, during the
continuous use of the markers, the pen tip
dried several times, causing skipping; howev-
er, re-capping the marker and allowing it to
stand temporarily made it possible to draw

again.

2-1-2 Resistance to Moisturizers

Fig. 3 shows the result of rubbing the mark-
ings with a finger over the moisturizer. The
marking at the center, where friction occurred,
showed slight smearing but did not completely
disappear, only becoming slightly faded.

2-1-3 Ease of Removal
Fig. 4 shows the markings after being wiped
off with disinfectant, cleansing oil, and baby

oil, respectively. Baby oil was the most effec-

tive at removing the marking, followed by dis-
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Fig. 2 Markings drawn by the HM skin marker on
the pig’s body

Approximately 20 cm-long markings were repeatedly
drawn until the ink ran out.

Fig. 3 Markings after rubbed with a finger over
moisturizer, 10 minutes after they were drawn.

infectant. On the other hand, when cleansing
oil was applied with a finger, it spread to the
surrounding area, and even after being wiped
off with gauze, it was unable to completely re-
move the marking. Furthermore, by mixing
with ultrasound gel, each solution was able to
remain in place on the marked area without
flowing off.

\
AN -

Fig. 4 Markings after wiped with each solution

(a) Disinfectant  (b) Cleansing oil

(c) Baby il

(d) Echo gel mixed with baby oil
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Fig. 5 Visibility of skin markings drawn with a five-color marker under various conditions: Room

light and illuminated laser

(@) Fully lit (247.0 lux) (b) Half lit (74.7 lux); Green laser (c) Off (12.7 lux); Red laser

2-2 Compatibility with Laser Colors

Fig. 5 shows straight lines drawn with mark-
ers in yellow, orange, dark brown, black, and
navy blue on a volunteer’s forearm. All the col-
ored straight lines were clearly visible under
normal lighting conditions. Currently available
HM skin markers in navy blue exhibited high
visibility (score of 4 or higher) under all condi-
tions, except for the blue laser under no light-
ing (5-point scale: 1). Additionally, both dark
brown and black markers exhibited high visi-
bility (score of 4 or higher) under all condi-
tions. On the other hand, both yellow and or-
ange markers exhibited low visibility (score of
3 or lower) under almost all conditions.

Fig. 6 shows the markings made with differ-
ent colors under bolus overlay, where all col-

ors except yellow exhibited high visibility.

3. Discussion

Over the long history of radiation therapy,
skin markers have played an important role 7.
In recent years, markerless systems have
gained attention for reducing patient burden
and improving treatment efficiency 9. Given
that only 2.4% of facilities do not use markers,
skin markers remain important V. Currently,
oil-based markers are the most commonly used
(84.2%) due to their ease of handling and avail-
ability V. However, oil-based markers contain
harmful components such as xylene, raising
concerns about safety V. Against this back-
ground, skin markers that combine safety, du-
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Fig. 6 Visibility of skin lines drawn with a
five-color marker through a gel bolus

rability, and practicality have been in demand
for many years. HM skin markers are made
from skin-friendly ingredients, primarily based
on cosmetic-grade materials. Furthermore, it
has been reported that HM skin markers have
about twice the durability of oil-based markers
when tested on the upper arm of a volunteer®.
This study conducted a detailed examination of
the practical properties of HM skin markers, in-
cluding writing performance, resistance to mois-
turizers, and removal characteristics through
animal experiments. Additionally, visibility un-
der alignment lasers in treatment rooms was
assessed with five different color markers un-
der various conditions. The results showed that
black and dark brown markers exhibited high
visibility under all conditions with the align-
ment laser. Regarding marker color variations,
it is generally necessary to have about two col-
ors in clinical settings, considering patient pref-
erences (e.g., for less noticeable colors) and
functional purposes (e.g., distinguishing multi-
ple isocenters) 7. Currently, only navy blue
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markers are commercially available, but dark
brown markers blend well with skin tones and
are less noticeable in daily life, making them
particularly useful. In terms of writing perfor-
mance, the continuous use of the pen caused
some smudging due to the drying of the ink tip
in this capillary-based system. However, clini-
cal markings typically involve drawing several
short lines (a few centimeters to 20 cm), so the
writing performance is considered sufficient
for clinical use. The retention of markings dur-
ing the treatment period is crucial for ensuring
treatment accuracy. However, many patients
want the markings removed early after treat-
ment ', In this study, baby oil was found to be
the most effective at removing the ink. The ink
used in HM skin markers is specifically formu-
lated to be resistant to natural skin oils (se-
bum) and sweat, which explains why cleansers
containing similar lipid substances were less
effective at removing the markings. The cleans-
ing oil contained squalane and other unsatu-
rated fatty acids (lipids), which may explain its
limited removal effectiveness. The faintness of
the marking when rubbed hard was likely due
to the pigment ink in the HM skin marker
forming a film on the skin, which was partially
removed by friction. However, in clinical set-
tings, it is unlikely that such strong friction
would occur on the marked area, so this is not
considered a major concern. In contrast, min-
eral oil-based products like baby oil demon-
strated superior removal effectiveness. Baby
oil is designed to be gentle on infants’ skin,
making it suitable for removing markings from
skin weakened by radiation therapy without
causing irritation. Radiation therapy often leads
to dry skin and inflammation, and moisturizers
are recommended during treatment . Typical-
ly, markings are applied near the irradiated ar-

Characteristic evaluation of water-based pigment skin marker for radiation therapy

eas, and applying moisturizers to these areas
can lead to the markings fading. However, HM
skin markers showed mild smudging but did
not completely fade when exposed to moistur-
izers, making re-marking possible. Caution is
needed with moisturizers containing high
amounts of mineral oil, as they may affect the

removal of HM skin markers.

4. Conclusion

HM skin markers are made from fully dis-
closed, skin-safe ingredients and possess ex-
cellent writing performance, resistance to
moisturizers, and easy removal without skin
irritation. Additionally, the black and dark
brown markers, which are not commercially
available, exhibited high visibility under treat-
ment lasers used for patient positioning. These
properties suggest that HM skin markers are
highly practical for use in radiation therapy set-

tings.
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[Abstract]

We investigated the possibility of using Deep Learning Reconstruction (DLR) to maintain image quality and reduce
imaging time in pituitary MRI examinations. We evaluated images of phantoms and healthy volunteers and confirmed
that DLR improved SNR and spatial resolution. The objective evaluation showed that PSNR and SSIM were decreased,
but DLR was suggested to improve image quality and ensure visibility. In this study, the imaging time was reduced
from 3 minutes 12 seconds to 1 minute 37 seconds for TiWI and from 2 minutes 51 seconds to 1 minute 28 seconds
for T:WI under the imaging conditions using DLR, suggesting a reduction of approximately 50% while maintaining
image quality. Further validation is needed for clinical use.

1. Introduction

In the examination of the pituitary gland,
MRI, which provides excellent soft tissue con-
trast, is useful due to its ability to delineate
anatomical structures and their relationship
with surrounding tissues. In particular, MRI is
known to be superior to CT in depicting tumor
structures, the optic chiasm, and the parasellar
region V. Furthermore, for microscopic lesions,
3.0T MRI is known to be superior to 1.5T MRI
in depiction *». Thus, when evaluating the
boundary between normal and abnormal tis-
sues, the high spatial resolution of high-mag-
netic-field MRI is considered useful for depict-
ing fine structures and assessing the degree of
lesion infiltration 3 4 ©. Therefore, one of the
challenges has been the prolonged scan time
required to achieve sufficient SNR for diagno-
sis and high spatial resolution ©. At our institu-
tion, the routine pituitary gland MRI protocol
utilizes a 3.0T MRI system with 2D turbo spin

echo (TSE) Ti- and T:-weighted imaging at a
slice thickness of 2 mm in three planes, with
an acquisition averaging factor of 2. The total
scan time was approximately 20 minutes.

Deep learning (DL) is increasingly being ad-
opted in the medical imaging field and is widely
used for lesion detection and segmentation 7%.
Deep learning reconstruction (DLR), a recon-
struction method using DL to enhance MRI im-
age quality, has been developed ?. In recent
years, the number of MRI systems equipped
with DLR applications has been increasing 13

Various methods have been developed for
DLR. Among them, Deep Resolve (DR), devel-
oped by Siemens Healthineers (Erlangen, Ger-
many), is a technology for noise reduction and
high-resolution processing. DR enables the ac-
quisition of higher-quality images than con-
ventional methods 13

Therefore, in pituitary gland MRI, the use of
DR, a DLR technology integrated into the sys-

tem, is considered a potential approach to re-
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ducing scan time while maintaining conven-
tional image quality. In this study, we first
clarified the impact of DR on MRI image qual-
ity through image evaluation using phantom
experiments. Second, we evaluated the image
quality of accelerated pituitary gland imaging
using DR in a study with healthy volunteers.
This study aimed to investigate whether DR
can reduce scan time while maintaining the

image quality of pituitary gland examinations.

2. Study Conditions

2-1. Participants

We provided a thorough explanation of the
study’s purpose and the volunteers’ right to re-
fuse or withdraw participation at any time,
both in writing and orally. The study included
15 healthy volunteers, aged 24 to 58 years,
who provided informed consent (12 males, 3
females; mean age, 36.6+9.1 years).

Furthermore, this study was reviewed and
approved by our institution’s ethics committee.
(Approval No.: 202307-03).

2-2. Equipment Used

The MRI scanner used was the MAGNETOM
Vida 3.0T (Siemens Healthineers), and the
Head-Neck 20-channel coil was used. The
phantoms used were a 5300 mL plastic bottle
phantom provided with the MRI system (solute
per 1000 g of distilled H20: 3.75 g NiSOs - 6HO
+5 g NaCD, and a 90-401 MRI phantom (acryl-
ic/PVA gel, Motohashi Kasei Kogyo Co., Chiba,
Japan). Image analysis was performed using
Image] 1.53a (National Institutes of Health,
Bethesda, MD, USA).

2-3. Deep Learning Reconstruction (DLR)

The DLR technology used in this study was
Deep Resolve (DR). DR is divided into Deep
Resolve Gain (DRG) and Deep Resolve Sharp
(DRS). DRG is a denoising technology that en-
ables high-precision noise reduction without

extending scan time by using a noise map gen-
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erated from raw data '®. DRS is a technology
for enhancing image resolution, trained on
both low-resolution and high-resolution datas-
ets '¥. In addition, DRG can be used indepen-
dently, and the denoising factor can be adjust-
ed from 1 to 8. DRS can be toggled ON or OFF,
but when DRS is ON, it must be used in con-
junction with DRG.

2-4. Imaging Conditions
A 2D TSE sequence was used for imaging.

The fixed imaging conditions are as follows:

e FOV: 160 mm, Slice thickness: 2.0 mm, Num-
ber of slices: 15, Flip angle: 150°, Average
(AVE): 2, Interpolate: ON

o T'WI: TR/TE = 520 ms/9.5 ms, Base matrix:

256 x 256, Bandwidth: 391 Hz/pixel,

Voxel size: 0.31 x 0.31 x 2 mm
* ToWI: TR/TE = 3600 ms/86 ms, Base matrix:
320 x 320, Bandwidth: 260 Hz/pixel,

Voxel size: 0.25 X 0.25 X 2 mm
Imaging conditions were modified according
to each evaluation item. From this point on-
ward, both TiWI and T.WI with AVE: 2 and

DLR: OFF were defined as the conventional

conditions. Furthermore, the scan times were

as follows: [AVE1] T'WI: 1 min 37 sec, To-WI: 1

min 28 sec; [AVE2] T'WI: 3 min 12 sec, T-WI: 2

min 51 sec; [AVE3] Ti'WI: 4 min 46 sec, ToWI: 4

min 14 sec.

3. Methods

3-1. Image Quality Evaluation with DR
Signal-to-noise ratio (SNR) was measured to
evaluate the image quality of DRG, while mean
amplitude was used to assess the spatial reso-
lution of DRS. All scans were performed five

times, and the average value was calculated.

3-1-1. SNR Evaluation

The bottle phantom provided with the MRI
system was used. The imaging conditions for
T-WI were modified by varying AVE from 1 to
3 and the denoising strength of DRG from 1 to
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8. Therefore, SNR was calculated using the
subtraction method based on Equation (1) and
compared. The imaging plane was set to axial.
In calculating SNR, a circular region of interest
(ROD covering 75% of the imaging plane was
set, and the signal value and standard devia-

tion (SD) were measured.

Slaye,|2
SNR = \f <o (D

SDsup

SLwe: The average signal value of the ROI in
two scans, SDsb: The standard deviation of

the subtraction image.
Statistical analysis was performed using
Modified R Commander 4.3.1 9, and Dunnett’s
multiple comparison test was conducted. The

significance level was set at 95% (p < 0.05).

3-1-2. Spatial Resolution Evaluation

A profile curve was obtained from the 1 mm
pin-pattern section of the 90-401 MRI phan-
tom. The amplitude of the profile curve repre-
sents the contrast response of the 1 mm pin-
pattern section and indicates the spatial resolu-
tion at a frequency of 0.125 cycles/mm '*.
Thus, spatial resolution was comparatively
evaluated based on the profile curve and its
amplitude . Imaging was performed with the
base matrix varied at 224, 240, 256, 272, 288,
304, and 320, and comparisons were made be-
tween DRS ON and OFF. The profile curve was
measured using Image]. The amplitude was
calculated as the difference between the aver-
age of four maximum values and the average
of five minimum values, and then normalized
by the average value of the phantom back-

ground.

3-2. Objective Evaluation

The bottle phantom was scanned using TrW1
and T:WI. As imaging conditions, conventional
conditions (AVE2) and experimental condi-
tions (AVED) were set, with the denoising
strength varied from 1 to 8 in the experimental
conditions. All scans were performed five

times, and the average value was calculated.
Peak Signal-to-Noise Ratio (PSNR) and Struc-
tural Similarity (SSIM) were calculated based
on the conventional conditions to compare the
image quality of both methods.

PSNR is defined by Equation (2) and is a
mathematical measure of image quality based

on the pixel differences between two images 9.

2

PSNR =10 log - )
PSNR equals SNR when all pixel values are
equal to the maximum possible pixel value. L
represents the maximum possible pixel value,
which is 255 for an 8-bit image. Mean Squared
Error (MSE) is defined as the average of the
squared differences in pixel intensity between
two images. A higher PSNR value indicates less

degradation 7.
Furthermore, SSIM is considered an objective
metric that aligns more closely with human vi-

sual perception and is defined by Equation (3)'*.

(Zﬂxﬂy+cl)(20xy+cz)

SSIM(x,y) = - (3

(u,zc+u§,+cl)(o')2(+032,+cz)

Here, ux and uy represent the average pixel
values, ox and oy denote the standard devia-
tion of the images, and oy is the covariance of
the images. Ci and C: are correction factors cal-

culated using the following equations.
C = (KiD)?* C: = (K2L)?

In this study, SSIM was calculated using Ki =
0.01 and K> = 0.03, as determined from previ-
ous literature . SSIM takes values ranging
from O to 1. Statistical analysis was performed
using Modified R Commander 4.3.1'%, and the
Steel-Dwass multiple comparison test was con-
ducted. The significance level was set at 95%
(p<0.05).

3-8. Visual Evaluation Using Images from
Healthy Volunteers
TiWI and T-WI were acquired from healthy

volunteers who provided informed consent
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under both conventional and experimen-
tal conditions. The conventional condi-
tion was set to AVE2 with DR OFF, while
the experimental condition was set to
AVE1 with denoising strength 8 and DRS
ON. Visual evaluation was performed for
each image by one radiologist (27 years
of experience) and two radiological tech-
nologists (22 and 15 years of experi-
ence).

100
mAVE1 mAVE2 mAVE3
80
70
60
50
40
30
20
10

SNR

OFF 3 4 5

Denoising Strength

The evaluation items included the vis-
ibility of the pituitary structure (anterior
pituitary lobe, optic chiasm, and pituitary

Fig. 1 SNR with varying denoising strength and number of

AVE.

stalk) and image noise. Subjective evalu-
ation was performed using the following
five-point scale.

Visibility of the structure: 5. The signal
is uniform, and the contour is clear. 4.
The signal is slightly uneven, and the
contour is slightly blurred. 3. The struc-
ture is visible, but some parts are unclear.
2. The overall image is blurred or almost
invisible. 1. The structure is not identifi-

able.

AVE2-OFFAVE1-OFF AVE1-1 AVE1-2 AVE1-3 AVE1-4 AVE1-5 AVE1-6 AVE1-7 AVE1-8

* p<0.05
*** p<0.001

BAVE1 mAVE2 Denoising Strength

Image noise: 5. Almost no noise. 4. In-
conspicuous noise. 3. Noise is present
but acceptable. 2. Noticeable noise, but
diagnosis is still possible. 1. Unaccept-
able noise.

All statistical analyses were performed using
Modified R Commander 4.3.1'%. Image evalua-
tion between DLR ON and OFF was compared
using the Wilcoxon test, and inter-rater agree-
ment was calculated using Fleiss’ kappa coef-
ficient. For both tests, the significance level
was set at 95% (p < 0.05).

4. Results

4-1. SNR Evaluation

The relationship between AVE, denoising
strength, and SNR is shown in Fig. 1. The rela-
tionship between SNR and the imaging condi-
tions — AVE2 with DRG OFF (conventional)
and AVE1 with DRG OFF to 8 — is shown in
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Fig. 2 SNR under conventional conditions (AVE2, DRG OFF)
and AVE1 with DRG OFF to 8.

Fig. 2. An increase in the denoising strength of
DRG resulted in a corresponding increase in
SNR. For all AVE settings, a denoising strength
of 8 yielded the highest SNR. Furthermore,
compared to the conventional condition (AVE2
with DRG OFF), AVE1 with a denoising strength
of 6 or higher showed a significantly higher
SNR.

4-2. Spatial Resolution Evaluation

The profile curves with varying base matrix
sizes are shown in Fig. 3, and the relationship
between DRS and mean amplitude is shown in
Fig. 4. For matrix size 224, the mean amplitude
was calculated using the identifiable maximum
and minimum values, as the profile curve with
DRS OFF could not be clearly distinguished. In
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Fig. 3 Profile curves with DRS ON and OFF (A: matrix 224 x 224, B: 240 x 240, C: 256 X 256,
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Fig. 4 Mean amplitude with varying base matrix.

all matrix sizes, enabling DRS ON increased
the mean amplitude. However, the increase
rate of mean amplitude when switching from
DRS OFF to ON was as follows: 224: 199%,
240: 102%, 256: 52%, 272: 37%, 288: 23%, 304:
14%, and 320: 9%. As the matrix size increased,
the improvement rate of mean amplitude de-
creased, indicating that the effect of DRS ON
on the profile curve diminished. The mean am-
plitude was approximately equal between base
matrix 288 with DRS OFF and base matrix 240
with DRS ON. Moreover, the mean amplitude

for base matrix 224 with DRS ON was higher
than that for base matrix 272 with DRS OFF.

4-3. Objective Evaluation of Image Quality

The calculated PSNR and SSIM are shown in
Fig. 5 and Fig. 6. Furthermore, the Steel-Dwass
multiple comparison test showed significant
differences between groups with different
symbols (p < 0.05). PSNR increased with high-
er denoising strength; however, no significant
differences were observed in TiWI. In T.WI,
PSNR was highest at denoising strength 8 and
was significantly higher than those at strengths
1 through 5. The overall average PSNR was
29.94 dB for T'WI and 27.45 dB for T>WI, with
TiWI showing a higher value than T>WT.

Similarly, SSIM increased with higher denois-
ing strength. The highest SSIM value was ob-
served at denoising strength 8 for both TiWI
and T:WI, and it was significantly higher than
those at strengths 1 through 6. The overall av-
erage SSIM was 0.92 for T'WI and 0.78 for
T-WI, with TiWI showing a higher value, simi-
lar to the PSNR results.
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Fig. 6 SSIM with DLR ON and OFF for varying denoising strengths (A: T:WI, B: T2WI).
Significant differences were observed between groups with different symbols (p < 0.05).

4-4. Visual Evaluation Using Images from
Healthy Volunteers

The results of the visual evaluation of the
pituitary in healthy volunteers under AVE2
with DLR OFF and AVE1l with DLR ON are
shown in Table 1. An example of the images
used for evaluation is shown in Fig. 7. As a
result of the kappa analysis, the inter-rater
agreement scores for structural visibility were
0.564 for the anterior pituitary lobe, 0.442 for
the optic chiasm, and 0.335 for the pituitary
stalk. The score for image noise was 0.393. For
the anterior pituitary lobe and image noise,
there were no significant differences in scores
between DLR ON and OFF for Readers 1 and 3
in both T1WT and T>WI, while Reader 2 showed
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significantly lower scores with DLR ON. For
the pituitary stalk and optic chiasm, the evalu-
ations differed between TiWI and T.WI. In
TiW1, all evaluators gave equal or lower scores
with DLR ON compared to DLR OFF. However,
in T2WI, higher scores were obtained with DLR
ON for the pituitary stalk by Readers 1 and 3,
and for the optic chiasm by Reader 2.

5. Discussion

In this study, we hypothesized that the use
of DLR in pituitary MRI examinations could en-
able scan time reduction while maintaining
conventional image quality. Thus, we investi-

gated the impact of DR on MRI image quality
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Table 1 Result of visual evaluation and Wilcoxon rank-sign sum test for T1{WI and T-WI with DLR
ON/OFF in three readers.

Anterior Pituitary Pituitary Stalk Optic Chiasm Noise
Reader1
T+WI (mean £ SD) 4.69+0.46 3.81+£0.81 3.38+0.60 3.63+0.60
T+WI DLR (mean = SD) 4.44 +0.50 3.56+0.70 2.88+0.60 3.44+£0.50

p-value n.s n.s n.s n.s

T2WI (mean £ SD) 4,94 +£0.24 4.00=0.79 5.00 =0.00 4.00+0.35
T2WI DLR (mean £ SD) 4.88 £0.33 4.56 =0.50 5.00 =0.00 3.94 +£0.24
p-value n.s n.s n.s n.s
Reader2
T+WI (mean £ SD) 4.50+0.61 4.94+0.24 4.81+£0.39 4.19+0.39
T+WI DLR (mean £+ SD) 4.25+0.43 4.75+0.43 4.50+£0.61 3.69+0.46

p-value n.s n.s n.s 0.0156

T2WI (mean £ SD) 4.75+0.43 4.63+0.78 4.81+0.39 4.69+0.46
T2WI DLR (mean = SD) 4.44+0.48 4.19+0.60 4.94+£0.43 3.13+0.66
p-value 0.0312 n.s n.s 0.0273
Reader3
TiWI (mean £ SD) 4.56 +0.50 3.81 £0.81 3.81+0.73 3.50+0.50
T+WI DLR (mean = SD) 4.00 £0.61 3.50+0.87 3.81+0.88 3.50 £0.61

p-value 0.0312 n.s n.s n.s

T2WI (mean £ SD) 4.88+0.33 3.75+£0.75 5.00£0.00 3.94+0.43
T2WI DLR (mean £ SD) 4.75+0.43 3.94+0.56 4.94+0.24 3.75+0.43
p-value n.s n.s n.s n.s

Fig. 7 Representative MR images from a 51-year-old healthy male volunteer.

(@) TAWI without DLR, (b) T1WI with DLR, (c) T2WI without DLR, (d) T2WI with DLR. For the optic chiasm, all readers gave a score
of 5 on T2WI (c, d). On TiWI, one reader gave a score of 5 and two readers gave a score of 4 for image (a), while two readers
gave a score of 5 and one reader gave a score of 4 for image (b).

through phantom experiments and evaluated
the image quality of accelerated pituitary imag-
ing using DR in healthy volunteers.

In the SNR evaluation using phantom exper-
iments, significantly higher SNR values were
obtained under the conditions of AVE1 with a
denoising strength of 6 or higher compared to
the conventional setting (AVE2 with DRG OFF).
Thus, the use of DLR may allow for equal or
higher SNR compared to conventional settings,

even when the number of AVE is reduced.
Similarly, in the spatial resolution evaluation
using phantom experiments, the mean ampli-
tude increased with the use of DRS. Based on
the results, the mean amplitude was approxi-
mately equal between base matrix 288 with
DRS OFF and base matrix 240 with DRS ON.
The mean amplitude with base matrix 224 and
DRS ON was higher than that with base matrix
272 and DRS OFF. Even with base matrix 224
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and 240, mean amplitude values equivalent to
those of base matrix 272 and 288 were ob-
tained. Thus, the use of DRS suggests an im-
provement in spatial resolution, and compara-
ble or even higher spatial resolution may be
achieved even with a reduced base matrix.

In the objective evaluation using phantom
experiments, PSNR and SSIM values were low-
er for ToWTI than for T\WI. This suggests image
quality degradation and decreased similarity in
T>WI due to the reduced number of AVE. PSNR
is an indicator where higher values indicate
less image degradation, with typical values
ranging from 30 to 50 dB in lossy compressed
images 7'®. Furthermore, SSIM is an indicator
where values closer to 1 indicate higher simi-
larity to the reference image, with values above
0.90 generally considered the standard thresh-
old ¥ The average PSNR across denoising
strengths 1 to 8 was 29.94 dB for T:WI and
27.45 dB for T:WI. The average SSIM over the
same range was 0.92 for T'WI and 0.78 for
T>WI. These results indicate that T>WI showed
greater image degradation and lower similarity
compared to TiWI. Thus, in objective evalua-
tion, reducing the number of AVE in TiWI was
considered to have minimal impact on image
degradation and similarity due to the effect of
DLR. In contrast, the lower average PSNR and
SSIM values in T-WI indicated image quality
degradation and decreased similarity. Howev-
er, increasing the denoising strength resulted
in higher PSNR and SSIM values in both TiWI
and T>WI, suggesting that DRG is effective in
reducing image degradation and improving
similarity. Therefore, in both T:WI and T:WTI,
using a high denoising strength when the num-
ber of AVE is reduced may allow image quality
comparable to that of conventional conditions
to be achieved.

In the visual evaluation of the pituitary in
healthy volunteers, DLR ON resulted in signifi-
cantly lower scores for the anterior pituitary
lobe and image noise as assessed by Reader 2.
This is likely due to the reduced number of
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AVE, which diminished the artifact-suppression
effects provided by signal summation and
noise smoothing ?”. Furthermore, a potential
disadvantage of using DRS is that it may accen-
tuate artifacts. The pituitary structure is located
near the center of the field of view, and flow
artifacts overlapping the structure reduce im-
age contrast. These artifacts may have been ac-
centuated by DRS, resulting in increased image
noise and lower scores for the anterior pitu-
itary lobe and image noise. However, no sig-
nificant differences were observed among all
evaluators for the optic chiasm and pituitary
stalk, and increased scores with DLR ON were
observed in T:WI. This is likely because, in
anatomically well-defined structures with clear
edges, the impact of artifacts was reduced by
DRG, allowing the benefits of improved spatial
resolution provided by DRS to be realized.
Based on the above, DLR may help maintain or
improve the visibility of the optic chiasm and
pituitary stalk. Furthermore, since the reduc-
tion in visibility of the anterior pituitary lobe
was minimal, the reduction in the number of
AVE may have been adequately compensated
for by DLR.

In this study, phantom experiments demon-
strated that using DRG with a denoising
strength 6 or higher, along with DRS ON, re-
sulted in SNR and spatial resolution exceeding
those of the conventional condition, even
when the number of AVE was reduced. In the
visual evaluation, DLR was suggested to help
maintain visibility. These findings suggest that
DLR may enable the maintenance of image
quality while reducing scan time by approxi-

mately 50% in pituitary imaging.

6. Conclusion

In this study, we hypothesized that DLR
could reduce scan time while maintaining im-
age quality, and conducted an image quality
evaluation. In the phantom experiments, the

increase in noise due to the reduced number
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of AVE was considered to be compensable by
DLR. However, in the objective evaluation, de-
creases in PSNR and SSIM were observed. On
the other hand, the use of high denoising
strength led to improved similarity, and the re-
sults of the visual evaluation suggested that
DLR helped maintain visibility. Taken together,
these findings suggest that reducing the num-
ber of AVE to shorten scan time while compen-
sating for the resulting image degradation with
DLR may be an effective approach. This study
investigated 2D TSE. The scan times under
baseline conditions were 3 minutes 12 seconds
for T'WI and 2 minutes 51 seconds for T:WTI,
while under DLR-based experimental condi-
tions, they were 1 minute 37 seconds for TiWI
and 1 minute 28 seconds for T>W1I. Thus, in this
study, it is considered that DLR enables ap-
proximately a 50% reduction in scan time for
pituitary MRI examinations. Furthermore, the
results of the visual evaluation indicated that
image quality was affected by physiological
factors. Therefore, future studies should exam-
ine imaging conditions that also consider the

impact of artifacts by using clinical images.
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[Abstract]

Pediatric patients are often unable to remain still during Magnetic resonance imaging (MRD) examinations, and sedation
is often warranted. However, guidelines for pediatric sedation examinations were unclear. Using “Recommendations
on pediatric sedation for MRI examination,” we evaluated and reviewed the current system in our hospital. The
results revealed that the equipment and emergency medical system in the MRI examination room were inadequate.
Radiological technologists must take responsibility for ensuring that the equipment provides safe examinations and
for safety management during MRI examinations, including emergencies. Emergency simulation-based learning with
various professional staff will lead to the creation of a consensus for enhancing patient safety during sedation through

interprofessional collaboration, and it is hoped that this will continue.

1. Introduction

MRI developed rapidly in the late 1980s. To-
day, computed tomography (CT) and MRI are
responsible for most diagnostic imaging. MRI is
widely employed in pediatric patients because
it has no radiation exposure and superior con-
trast resolution compared with CT. However,
pediatric patients are often unable to remain
still during MRI examinations and sedation is
often warranted. A 2010 survey conducted by
the Medical Safety Committee of the Japan Pe-
diatric Society on the management of sedation
in pediatric patients undergoing MRI examina-
tions revealed that 147 of 416 facilities (35%)
experienced adverse events, some of which
were serious complications such as cardiac or
respiratory arrest V. Against this background,
the Japan Pediatric Society, the Japanese Soci-
ety of Pediatric Anesthesiology, and the Japa-
nese Society of Pediatric Radiology published
“Recommendations on Pediatric Sedation for
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MRI Examination” (hereinafter referred to as
the “The Recommendations”) in May 2013 and
proposed standards to render sedation for MRI
examinations in pediatric patients safer. The
revised edition was published in February 2020
and more emphasis was placed on safety man-
agement during MRI examinations, such as pa-
tient monitoring and emergency backup. Alter-
natives to sedation have been presented 2.
Our hospital is a core pediatric hospital with
28 of the 612 beds in the pediatric ward. It
provides treatment for a wide range of pediat-
ric conditions, including neurological diseases,
malignant tumors, hematological diseases, car-
diovascular diseases, and premature infants
and newborns. Approximately 300 MRI exami-
nations are conducted annually for pediatric
patients under 10 years of age, with approxi-
mately 200 examinations requiring sedation.
These patients may be outpatients, inpatients,
or newborns admitted to the neonatal inten-

sive care unit. The method of sedation also
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Table 1 Special environment for MRI examinations

1. Normal medical equipment cannot be brought into the MRI examination room due to the strong

magnetic field.

~N OO OB~ W

. The gantry structure of the MRI machine makes it difficult to monitor the patient.

. The gantry structure of the MRI machine makes it difficult to access the airway.

. Itis difficult to monitor the patient because the MRI examination room is dim.

. Deep sedation is warranted during the examination due to the long period of immobility and noise.
. Physicians are held for long periods of time for MRI examinations.

. Lack of staff with pediatric expertise during the MRI examination.

varies from patient to patient. For example,
some patients may visit the MRI examination
room after being sedated orally, whereas oth-
ers may be administered intravenously after
entering the MRI examination room. Pediatric
sedation during MRI examinations is a proce-
dure in a special environment with various
possible risks » (Table 1); therefore, we believe
it is necessary for healthcare professionals in-
volved in MRI examinations to acquire knowl-
edge to perform safe examinations. The exam-
ination procedure and response to sudden
changes in a patient should be clarified and
shared among various professionals. However,
the radiological technologists and nurses in
charge of MRI at our hospital are rotators who
are also in charge of other departments; there-
fore, many lack knowledge and experience in
pediatric sedation and are anxious about it. Al-
though pediatric sedation MRI examinations
are treated as special examinations with limit-
ed appointment times, the actual examination
procedure is left to the physician in charge at
the time because sedation is conducted by the
pediatric outpatient physician on duty, which
changes daily.

In this study, we evaluated and reviewed the
current system based on The Recommenda-
tions to perform safer pediatric sedation MRI
examinations. Furthermore, we conducted a
joint interprofessional training seminar on pe-
diatric sedation MRI examinations to unify and

improve safety management awareness.

2. Method

2-1. Evaluation and review based on The Rec-
ommendations

Using The Recommendations, we evaluated
the achievement of the recommended items in
our current system when performing pediatric
MRI examinations under sedation. The evalua-
tion sheet accompanying The Recommenda-
tions ? was used for evaluation. The items for
the test-ordering physician, sedation physician,
and person dedicated to patient monitoring
were evaluated by a pediatrician, whereas the
items for the facility concerned were evaluated
by a pediatrician and a radiological technolo-
gist. The recommendation level was divided
into three levels: (A) must, (B) strongly recom-
mended, and (C) desired. Pediatricians and ra-
diological technologists shared items judged as
unachievable on the evaluation sheet and re-

viewed the current system.

2-2. Training seminar

Pediatricians provided lectures on pediatric
sedation to radiological technologists and nurs-
es. After collecting opinions from radiological
technologists and nurses on anxieties and
questions about pediatric sedation MRI exami-
nations in advance, the lecture included the
content of these opinions.

On the same day, we performed a simulation
of a sudden change in a patient during a pedi-
atric sedation MRI examination (hereafter re-
ferred to as “simulation”). The goal was to be
able to respond to a patient in case of a sud-
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Table 2 Simulation scenarios

Caset Case?2
Patient 7-year-old boy 3-year-old boy
Region Brain Brain
Purpose Epilepsy Brain tumor

Sedative type

Thiopental sodium intravenous administration

Thiopental sodium intravenous administration

Situation stopped.

During positioning, SpO2 dropped, and breathing 1 minute into the examination, SpO2 dropped,

and breathing stopped.

den change during the examination by divid-
ing the roles among different professionals and
collaborating with each other. The entire group
was divided into two groups to ensure that all
participants could role play. Each group was
divided into the first and second halves to sim-
ulate the case 1 and case 2 scenarios, respec-
tively (Table 2), which were grouped to ensure
an even distribution of various professionals.
Group members discussed and decided who
would be responsible for which role. Each
group was assigned two pediatricians, who
acted as facilitators. Participants performed the
simulation while checking their roles using a
patient emergency response chart. The partici-
pants were debriefed after each scenario.
Based on the results of a questionnaire an-
swered by the participants after the training
seminar, we evaluated their anxiety regarding
pediatric sedation MRI examinations before
and after the simulation on a 5-point scale
(very anxious, slightly anxious, fair, not very
anxious, and not at all anxious). The question-
naire also included an open-ended space for
impressions and opinions regarding the train-
ing seminars. Informed consent for the ques-
tionnaire responses was documented and con-
sent for the study was obtained by submitting

the questionnaire.

3. Results

3-1. Evaluation and review based on The Rec-
ommendations
As a result of the evaluation, the number of
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the recommended items achieved in The Rec-
ommendations was 40/45 for recommendation
level (A), 9/10 for recommendation level (B),
and 5/7 for recommendation level (C).

Based on our review, we improved and
achieved the following three items at the rec-
ommendation level (A). 1) “To record the de-
tails of monitoring during sedation on the re-
cording form”; this was achieved by revising
the existing recording form used in the pediat-
ric department for sedation MRI examinations.
2) “Assigning personnel to respond to emer-
gencies and sharing the emergency medical
system among them,” we performed a simula-
tion and shared it among various professionals.
3) “To develop procedures, such as where to
place items used in emergencies,” we did a
simulation and developed a manual.

Prior to the simulation, we reviewed existing
patient emergency response charts and created
a new chart for pediatric sedation. In the exist-
ing response chart, the radiological technolo-
gist in charge of the examination confirmed
the sudden change in the patient, rings the call
buzzer to request assistance, and transports the
patient to the treatment room, accompanied by
assembled nurses and radiologists. Emergency
treatment was performed in the treatment
room using an emergency cart. The assistant
radiological technologist requests Code Blue,
the hospital's emergency broadcast, contacts
the attending physician, and guides the emer-
gency department physicians. The changes are
as follows: [1] The pediatrician is present from

the beginning of the examination and monitors
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the patient’s condition so that the pediatrician
and radiological technologist confirm the sud-
den change concurrently; [2] use a pediatric
emergency box brought by the pediatrician,
not an emergency cart; and [3] as a first option,
request assistance from the backup pediatri-
cian, not a Code Blue (Fig. 1).

The two items of recommendation level (A)
that have not been achieved or will be achieved
in the future are as follows: 1) “To establish in
advance a backup system for times when hu-
man resources are stretched thin (nights and
holidays),” and (2) “When the MRI machine is
updated, monitor cameras from two or more
directions and a multi-functional monitor in-
cluding an MRI-safe capnometer should be
equipped.” The items that have not been
achieved or that will not be improved soon are
as follows: recommendation level (B) “To pre-
pare MRI-safe capnometers,” recommendation
level (C) “To prepare MRI-safe automatic blood
pressure monitors and ECG monitors for pa-
tients who need them,” and “To place a moni-
toring area until awakening in locations that
are easily accessible from the MRI examination
room and located near the examination room.”

Recommendation level (A) “To establish in

advance a backup system for times when hu-

man resources are stretched thin (nights and
holidays),” which was judged to be not
achieved at the time of evaluation, was subse-
quently achieved with the new operation of
the Pediatric Code Blue. It was decided that
the emergency department physicians would
assemble with a pediatric response set.

Thus, 44/45 items in recommendation level
(A), 4 items improved, while 9/10 items in rec-
ommendation level (B) and 5/7 items in rec-
ommendation level (C) were finally achieved
(Fig. 2).

3-2. Training seminar

Eight pediatricians (including senior pediat-
ric residents), nine radiological technologists,
and 12 nurses from the radiology department
participated in the training seminar. Some ra-
diological technologists and nurses are in
charge of MRI examinations during both the
day and night shifts, while others are in charge
only during the night shift. However, because
pediatric sedation MRI examinations are con-
ducted infrequently during the night shift,
some staff have no prior experience of pediat-
ric sedation MRI examinations. Four pediatri-
cians participated as facilitators in the training

seminars.

The radiological technologist
. - The nurse in the MRI room
in charge of the examination

The nurse in the treatment room

The pediatrician The assistant radiological technologist

Confirm the sudden change in the patient.

Communicate the sudden change in the

patient.

Confirm the sudden change in the patient.

Turn off the call buzzer.

Ring the call buzzer to request assistance.
Remove the coil.

Assemble for assistance.

Detect the sudden change in the patient.

Examine the patient.

Request assistance from nurses.

Prepare for transfer to MRI-safe stretcher.

Assist the pediatrician.

Prepare the treatment room.

Move waiting patients.

Request assistance from the backup
pediatrician as needed.

MRI-safe stretcher into the examination

room.

Transport the patient to the treatment room.

Close the examination room.

Prepare patient files.

Transport the patient to the treatment room.

Transport the patient to the treatment room.

Transport the patient to the treatment room.

Contact the backup pediatrician if requested
by the pediatrician.

Contact the emergency department for
assistance as needed.

Prepare the pediatric emergency box.

Prepare the biological information monitor.

Measure and record vitals.

Prepare oxygen and suction.

Perform emergency treatment.

Communicate the situation to physicians.

Assist physicians.

Communicate the patient's condition to the
backup pediatricians and the emergency
department physicians.

Guide the backup pediatricians and the
emergency department physicians.

Guide other patients.

Exit the patient from the treatment room.

Record the occurrence of the sudden change
in the Radiology Information System.

Record the occurrence of the sudden change
in the Hospital Information System.

Record the occurrence of the sudden change

in the Hospital Information System.

Fig. 1 The patient emergency response chart during pediatric sedation MRI examinations
Bold text changed for pediatric sedation.
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Number
of
Items

Recommendation

level

Contents

Achieved 40

1) To record the details of monitoring during sedation on the recording form

A 2) Assigning personnel to respond to emergencies and sharing the emergency medical system among them

Review 4

3) To develop procedures, such as where to place items used in emergencies

4) To establish in advance a backup system for times when human resources are stretched thin (nights and holidays)

Not
achieved

1 1) When the MRI machine is updated, monitor cameras from two or more directions and a multi-functional monitor including an MRI-safe capnometer should be equipped

Achieved 9
B
Review -
Not
X 1 1) To prepare MRI-safe capnometers
achieved
Achieved 5
C
Review -
Not 2 1) To prepare MRI-safe automatic blood pressure monitors and ECG monitors for patients who need them
achieved 2) To place a monitoring area until awakening in locations that are easily accessible from the MRI examination room and located near the examination room

Fig. 2 Results of the evaluation and review of the current system in our hospital

Pediatricians provided lectures on
the types and procedures of sedatives
and the complications associated with
sedation, including actual accidents, to
acquire and share knowledge of pedi-
atric sedation among the participants.

In the simulation-based learning,
the emergency contact for the backup
pediatrician was posted in each ex-
amination room, and the emergency
contact system was shared among the
participants. The location of the pedi-
atric emergency box brought by the

pediatrician was decided to be on the

emergency cart in the center of the

control room. The two items of rec-

ommendation level (A) were achieved.

Fig. 3 Example of how to use the respiration cushion
a) The respiration cushion.

b) The respiratory pattern is displayed on a monitor in the MRI

Using an actual examination room,
each participant was able to play the

one could simulate the role while talk-

ing to each other. During the debriefing after
the simulation, participants were able to com-
ment freely on their impressions and opinions,
regardless of their job position. The pediatri-
cians reaffirmed the dimness of the examina-
tion room and the narrowness of the bore and
commented that monitoring (visually) the
movement of the thorax for early detection of
hypoventilation in a sedated patient is not easy
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examination room.
c) The respiration cushion is placed in a location where there is a large
movement due to breathing, and the belt is wrapped around the
role of a concrete image, and every- cushion.

in this environment. Although monitor cameras
from two directions were placed in the exami-
nation room for monitoring, the examination
room did not contain a capnometer. As a reme-
dial measure, we decided to use a pulse oxim-
eter and a respiration cushion for respiratory
synchronization accessory to the MRI machine,
depending on the patient’s unstable respiratory
status and the position of the coil used (Fig. 3).
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Nurses commented on the need to secure flow
lines for transporting patients in the sudden
change, to prepare space for treatment, and to
respond to parents.

In the questionnaire survey, 70% of the re-
spondents were very anxious or slightly anx-
ious before the simulation; however, this per-
centage decreased to 30% after the simulation.
In the open-ended space, participants gave
their impressions and opinions, such as “The
simulation gave me a better image of what to

» o«

expect in case of an emergency,” “It was good
to be able to confirm what I was anxious
about,” and “T hope the training seminar will be

held regularly.”

4. Discussion

The Recommendations are divided into three
main phases: 1) Establishment of Management
System: Chapter I “Explanation and Consent”
and Chapter IIT “Backup System for Emergen-
cies,” 2) Advance Preparation: Chapter II “Pa-
tient Assessment” and Chapter IV “Restriction
of Oral Intake Before Sedation,” 3) Early Detec-
tion and Response to Abnormalities: Chapter V
“Patient Monitoring,” and Chapter VI “Care and
Confirmation of Patient Awakening After the
Examination.” ¥ Pre- and post- examination
items are performed in pediatric outpatient
and inpatient wards, and it is difficult for radio-
logical technologists to be present; thus, pedia-
tricians and nurses are inevitably tasked with
these items. In pediatric sedation MRI exami-
nations, what we radiological technologists
can do as a team with interprofessional col-
laboration is to monitor the patient during the
examination and respond to emergencies in
case of abnormalities. Safety management dur-
ing examinations is a more important item in
the revised version. In the safety management
of patients during examinations, we believe
that radiological technologists should assist
busy physicians with their tasks. The physician
is responsible for the safety of the patient un-

der sedation, and the radiological technologist
is responsible for ensuring that the patient can
safely undergo an examination in the MRI ex-
amination room.

Monitoring during the examination is de-
scribed as monitoring oxygenation with a pulse
oximeter and visual monitoring of the respira-
tory status (including visual monitoring of the
monitor). In addition, monitoring end-tidal car-
bon dioxide tension with capnometers and
monitoring with cameras from two or more
directions is strongly recommended ?. In this
study, we decided to use a pulse oximeter and
a respiration cushion as alternative measures
because we did not have a capnometer. How-
ever, this is not the method recommended as
an alternative in The Recommendations, but
rather a rule within our hospital. For other hos-
pitals, the results suggest that the purchase of
expensive capnometers remains a hurdle, al-
though there was a slight increase in 2016 to
84% and 7%, respectively ¥, compared to 74%
for pulse oximeters and 1% for capnometers in
the 2010 survey V. In 2014, “Particular require-
ments for the safety of installations of magnetic
resonance equipment for medical diagnosis,”
the Japanese Engineering Standards of Radio-
logical Apparatus was revised requiring MRI
equipment used to image pediatric patients to
be equipped with monitor cameras to check
respiration from two directions, the head side
and the leg side ¥. In a 2016 survey, after the
revision of safety requirements, only 34% of
hospitals satisfied this requirement ®. It is unre-
alistic to ask the hospital for a one-off request
for major construction and budgets to provide
the required equipment, and not all hospitals
will respond immediately. Currently, MRI ex-
amination rooms are not designed for anesthe-
sia, including sedation. The MRI system itself
should be enhanced, and the environment
should be safe for anesthesia from the design
stage, including the layout, piping, monitoring
system, sealing, and light dimming. The con-
cept of “MRI for anesthesia” is desired to be
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popularized ©. We believe that the role of the
radiological technologist is to explain the need
for these considerations to the hospital at the
time of MRI machine renewal or renovation.
Radiological technologists are responsible for
ensuring that patients can safely undergo ex-
amination in the MRI examination room; there-
fore, they should take the initiative to encour-
age hospitals to have the necessary equipment
and supplies to provide safe examinations. The
MRI building is scheduled to be renovated
within 5 years at our hospital, and we hope to
realize all the unachieved items: a multi-func-
tional monitor including an MRI-safe capnom-
eter, MRI-safe automatic blood pressure moni-
tors, and ECG monitors, and an area for moni-
toring patients until awakening in the MRI
building.

However, there were no clear rules or shared
information among various professionals re-
garding the assignment and maintenance of
personnel, supplies, and medicines in emer-
gencies or the backup team. To create a con-
sensus for improving sedation patient safety
through interprofessional collaboration, it is ef-
fective to perform joint interprofessional train-
ing seminars in off-the-job locations, where
there is no tension in clinical work 7, and we
sought to make improvements by performing a
joint interprofessional training seminar. Feed-
back and debriefing are important in simula-
tion-based learning. Listening to various pro-
fessional opinions not only deepens individual
awareness but can also lead to an improve-
ment in patient safety by recognizing and dis-
cussing common problems among various pro-
fessionals ®. From the radiological technolo-
gists’ point of view, it was a great achievement
to have a common recognition that the most
important thing is to transport the patient out
of the MRI examination room quickly in case
of a sudden change. We are not allowed to
bring normal medical equipment into the MRI
examination room, which prevents us from

providing adequate emergency treatment, and
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we must prevent secondary accidents caused
by accidentally bringing metallic equipment
into the examination room in the haste of a
sudden change. Various professional roles
must be shared to transport patients quickly
from the examination room (to the treatment
room). Radiological technologists in charge of
safety control should strongly inform various
professional staff that magnetic metal equip-
ment is not allowed in the MRI examination
room, owing to the strong magnetic field that
is constantly generated. We hope that various
professionals will acquire and share knowl-
edge regarding the safe management of MRI
examinations.

In this study, the training was conducted
within the hospital; therefore, opinions and
agreements were exchanged between acquain-
tances working in the same office. The Seda-
tion Essence in Children Under Restricted Envi-
ronment (SECURE) course provides the oppor-
tunity to gather information from other hospi-
tals. The SECURE course is a hands-on course
sponsored by the Medical Safety Committee of
the Japan Pediatric Society and is open to phy-
sicians, nurses, and radiological technologists
from a variety of hospital sizes. In addition to
classroom lectures and roleplay, participants
will hear specific measures of how other hos-
pitals respond to sedation. Although we did
not participate in this course, it will be held 14
times by 2022. We would like to participate in
the SECURE course because it is an opportu-
nity for us to hear how other hospitals are re-
sponding to the opinions raised in this study,
such as alternative measures in the case of not
having a capnometer and how to respond to
parents in the case of a sudden change in a
patient.

The results of the questionnaire after the
training seminar suggested the need to contin-
ue the training seminar to further promote se-
dation patient safety and to create a consensus
for improving sedation patient safety through
interprofessional collaboration. We believe that



material

Efforts to promote patient safety in pediatric sedation MRI examinations: The role of radiological technologists

the participation of more professionals, such as
emergency department physicians, nurses, and
anesthesiologists, will be necessary in the fu-
ture. In this study, pediatricians took the lead
in lecturing, creating simulation scenarios, and
acting as facilitators. We hope that training
seminars will continue under the initiative of
the physicians, nurses, and radiological tech-
nologists who participated in the SECURE
course. It is easy to return the common aware-
ness among various professionals gained
through hands-on learning to clinical practice;
therefore, we, radiological technologists, and
various other professionals are expected to
play a role as providers of pediatric sedation
MRI examinations ”. We believe that creating a
consensus for improving sedation patient safe-
ty through interprofessional collaboration will
be easier by having various professionals take
on the role of the provider.

5. Conclusion

We evaluated and reviewed the current sys-
tem based on The Recommendations with the
purpose of providing safer pediatric sedation
MRI examinations. Sharing knowledge about
pediatric sedation and safety management of
MRI examinations among various professionals
and strengthening the collaboration system
through simulation-based learning will lead to
the creation of a consensus for improving se-
dation patient safety through interprofessional
collaboration and is expected to promote pa-
tient safety.

I presented some parts of this paper at the
13th Academic Workshop for Radiological
Technologists in three Prefectures in Hokuriku
on March 7, 2021.
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[Abstract]

We conducted a questionnaire survey on work styles and gender disparities among radiological technologists
across eight hospitals and one clinic affiliated with Showa University. The survey also examined the attitudes of
female radiological technologists regarding their work styles. The results indicated that female engineers in all groups
expressed a desire to continue working after marriage and childbirth; however, there were notable differences
between the perspectives of female engineers and those of managers concerning work styles. Furthermore, many
female engineers were reluctant to pursue managerial positions, citing concerns that childbirth, childcare, and
eldercare would hinder their opportunities for advancement. It is essential to cultivate a workplace environment that
supports flexible work arrangements and to establish systems and a culture that enable female engineers to pursue

their long-term careers while balancing their life plans.

Introduction

The Japanese government has established
a policy to promote women’s participation in
the workforce as a key pillar of the country’s
growth strategy. In light of the rapid popula-
tion decline, decreasing birthrate, and aging
population, the inclusion of women in the
workforce is essential for revitalizing both soci-
ety and the economy ". According to the “2020
Edition of The Reality of Working Women”
published by the Ministry of Health, Labour
and Welfare (MHLW), women comprise 44.3%
of the total labor force. Furthermore, the labor
force participation rate of women, analyzed by
age group (in 5-year increments), has reached
its highest level since comparable data became
available in 1968 ?. Additionally, the MHLW is
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promoting a proactive approach called “Posi-
tive Actions” to address disparities between
male and female workers, such as the under-
representation of women in staff positions and
the predominance of male managers. Specifi-
cally, these actions involve setting specific
numerical goals for the number of women
in leadership roles, establishing targets to be
achieved, and determining a timeframe for ac-
complishing these objectives .

Regarding women’s healthcare, there is an
increasing number of women’s clinics and ad-
vancements in women’s health services, par-
ticularly in the area of mammography, where
our radiological mammography technologists
play a crucial role. Mammography, a special-
ized testing method, can be uncomfortable,
and many female patients report feelings of
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embarrassment during the procedure”. En-
hancing the breast cancer screening rate is
essential for developing cost-effective health
policies. Currently, mammography is primar-
ily performed by female technologists, with a
growing demand for female radiological tech-
nologists in this field. One factor contributing
to lower screening rates is the presence of
male radiological technologists”. The number
of women enrolling in 3-to4-year radiologic
technology programs is on the rise, with over
50% of students being women in each institu-
tion. According to the 2010 census data, the ra-
tio of female radiographers was 18.9%, which
increased to 22.8% in 2017 ”. In a male-domi-
nated work environment, the average length of
employment for female radiographers is rela-
tively short, indicating that improvements are
still needed to create an environment where
female technologists can thrive. Although the
proportion of women in managerial positions
across various industries has been increasing
annually, it remains below 20%, significantly
short of the government’s goal of having 30%
of women in managerial roles by 2020 ¥, A
similar trend is anticipated for female radiogra-
phers.

In this study, we conducted a questionnaire
survey regarding working conditions and the
gender gap among radiological technologists
from eight hospitals and one clinic affiliated
with Showa University. The study aims to
analyze current and future trends and explore
their perspectives on the working conditions of

female radiographers.

1. Methods

1-1. Research subjects and methods

The survey included 169 clinical radiologists
from eight hospitals and one clinic affiliated
with Showa University. Information regarding
the questionnaire was disseminated via email,
and the survey was conducted using a web-
based anonymous questionnaire developed

through Google Forms. The questionnaire
comprised single-select questions ((D-1) and
multiple-select questions (@2-@). The survey
period spanned 15 days, from November 1,
2021, to November 15, 2021. Responses were

collected online.

1-2. Survey contents

The survey consisted of a total of 14 ques-
tions, encompassing the working conditions
of female technologists, work environment,
personal circumstances, motivations for pro-
motions, and challenges in the workplace.
The details of the questions and options are
provided below. Some terms were modified
without altering the content of the survey re-
sponses. The questionnaire was conducted
anonymously to guarantee confidentiality. The
data obtained will be used solely for the pur-
poses of this study.

About the working conditions of female radiogra-

phers

Question 1: What are your views on working

after marriage and childbirth? (If
you are male, what do you think
of your female colleagues’ work
practices?)

Options: I want to work after marriage and
childbirth /T want to work after tak-
ing maternity leave /I want to work
reduced hours after taking childcare
leave /T want to resign after getting
married /T want to resign after be-
coming pregnant

Question 2: What are your thoughts on your

desire to work while raising chil-
dren? (If you are male, what do
you think of your female col-
leagues’ work preferences?)

Options: T want to work full-time /I want to
work reduced hours /1 want to stop
working while the child is young but
eventually return to full-time work /1

want to resign
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Question 3: Do you believe you can handle
night shifts after maternity and
childcare leave? (If you are male,
what do you think of your female
colleagues’ ability to work night
shifts?)

Question 4: Should female radiographers ac-
tively take childcare leave?

Question 5: Should female radiographers in
training work shorter hours?

About the workplace environment

Question 6: Do you think childbirth, childcare,
or nursing care affects your pro-
motion opportunities?

Question 7: Is the workplace an environment
conducive to taking childbirth
leave and childcare leave?

Question 8: Do you think men and women are
treated equally in the workplace?

Question 9: Do you believe men and women
receive equal opportunities for

promotion?

About your environment and motivation for pro-

motion

Question 10: Are you able to balance work
with family, childcare, and nurs-
ing care at your current work-
place?

Question 11: Do you aspire to become an ex-
ecutive (assistant chief or high-
er)?

Options for 3-11: Agree/Somewhat agree /

Neither agree nor disagree /
Somewhat disagree /Dis-

agree

About the challenges in the work environment
Question 12: What do you perceive as the chal-
lenges for female radiographers
in maintaining employment?
(Multiple answers allowed)
Options: Nothing in particular / Research ac-
tivity / Night shifts / Irregular work
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hours /Work environment where
women face advancement barriers /
Sexual and power harassment / Few
female executives/Personal health
management / Returning to work af-
ter pregnancy and childbirth / Lack of
support from family members living
with you / Balancing care of your par-
ents / Balancing work and family life
after marriage / Balancing parenting
responsibilities

Question 13: What measures do you believe

are necessary for women to con-
tinue working in the same work-
place after giving birth, both at
home and in society? (Multiple
answers allowed)

Options: Introduction of reduced working
hours and work-from-home sys-
tems / Work style reform to include
improvement of long working hours
for both men and women / Prohibi-
tion of unfavorable treatment regard-
ing promotions due to parenting and
nursing care responsibilities / Chang-
ing women’s mindset about continu-
ing to work / Fostering understanding
from others and changing percep-
tions about women continuing to
work / Enhancing support systems for
balancing parenting and nursing care
in the workplace /Changing men’s
understanding and mindset towards
participating in household chores /
Enhancing housekeeping and par-
enting support services / Enhancing
nursing care support services / Creat-
ing an environment where children
can be cared for, such as through
childcare and after-school care ser-
vices

Question 14: What do you identify as ob-

stacles for female radiographers
to achieve success? (Multiple an-

swers allowed)
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Options: Nothing in particular / Relationships
among women at work /Women’'s
perceived lack of professionalism /
Shorter average length of employ-
ment compared to men / Challenges
of night shifts / Challenges of over-
time / Lack of awareness and under-
standing from supervisors and male
coworkers / Lack of societal aware-
ness and understanding / Heavier
family responsibilities compared to
men

1-3. Ethical consideration

In conjunction with the questionnaire sur-
vey, an online consent form was distributed
to participants. This form included a statement
clarifying that participants would not face any
disadvantageous treatment should they choose
not to consent to the implementation or con-
tinuation of the study or if they opted to with-
draw their consent at any time. Consent was
obtained from participants upon completion of
the survey.

This study received approval from the Ethi-
cal Committee of Showa University (Approval
number 21-071-A).

1-4. Evaluation of the questionnaire results
Based on the collected responses, the survey
results were tabulated and analyzed by catego-
rizing them into groups: men, women, execu-
tives, and non-executives. Department manag-
ers, division managers, and assistant managers

were classified as executives, while senior staff

and radiographers were categorized as non-

executives.

2. Results

2-1. Breakdown of the number of responses
and respondents

The number of respondents was 154, result-
ing in a response rate of 91%.

The length of employment by gender is dis-
played in Fig. 1.

Among the respondents, there were 113
male radiographers (73%) and 41 female ra-
diographers (27%).

The following summarizes the number of
respondents by length of service: 0-10 years:
59 male radiographers and 33 female radiogra-
phers; 11-20 years: 27 male and 4 female; 21-
30 years: 10 male and 3 female; =31 years: 14
male and 0 female (four participants did not
respond to the question).

The average length of service was 13.4 years
for male radiographers and 7.3 years for fe-

male radiographers (four participants did not
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Fig. 1 Years of service by gender
Table 1 Marriage and presence of children
female male
subsection chief Less than a subsection chief Less than a
or above subsection chief or above subsection chief

) With children 0 0 0 0
unmarried )

No children 1 31 3 57

) With children 1 5 16 19
married }

No children 0 3 7 10

Total 2 39 26 86

Arts and Sciences

83




respond to the question). female
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Less than a subsection chief

after pregnancy
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61%
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after marriage pregnancy after marriage
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status of the participants and eave. - = 2
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after work after

maternity matern iw\
leave leave

7% 11%

whether they have children.

There were 60 unmarried

males, 32 unmarried females, Fig. 2 What do you think about how to work after marriage and child-

birth? (Q1
52 married males, and 9 mar- @)
ried females.
Addltlonaﬂy, there were 35 female Less than a subsection chief

I want to quit
my job
5%

1 want to quit
my job
4%

males and 6 females with chil-
dren, while 77 males and 35

. I want to quit
I want to quit my childhood

females did not have children. my chitahood \(CGUATES e

and then work Ak full-time
full-time 33%

50%

| want to work
shorter hours
32%

2-2. About the working condi-
tions of female radiogra-

male subsection chief or above

I want to quit
my job

phers % . k
want to work
1 want to quit full-time I want to quit
Figure 2 presents the re- o chidnood \| 2% | —
and then work and then work full-time
1 “ full-time full-time 44%
sponses to the question “@ = 305

shorter hours
28%

What are your thoughts on

working after marriage, preg-
nancy, and childbirth? (If

you are male, what are your

Fig. 3 What are your thoughts on your desire to work while raising chil-
dren? (Q2)

thoughts on your female col-
leagues’ work arrangements?)” majority of those who wish for resignation are
In all groups, approximately 90% responded women.
with, “T want (them) to work after getting mar-

ried and following childbirth.”

Figure 3 illustrates the responses to the ques-
tion, “@What are your thoughts on working

Those who indicated, “I want (them) to work
reduced hours after taking childcare leave,”
comprised 46% of males, 61% of females, 33%
of executives, and 54% of non-executives. This
suggests higher proportions of males com-
pared to females, as well as executives com-
pared to non-executives.

Responses to the statement, “T want (them)
to resign after getting married”, were 4% for
males, 12% for females, 4% for executives,
and 7% for non-executives, indicating that a
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while raising children? (If you are male, what
do you think of your female colleagues” work
preferences?)” Among the respondents, 29% of
males, 12% of females, 44% of executives, and
20% of non-executives expressed a desire for
full-time work, revealing higher proportions
among males and executives compared to their
female and non-executive counterparts.
Regarding the option, “I want (them) to work
reduced hours,” the responses were 28% for
males, 33% for females, 16% for executives,
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and 32% for non-executives, indi-
cating a smaller percentage among
executives.

For the statement, “I want to stop
working while the child is young
but eventually return to full-time
work,” the responses were 40%
for males, 50% for females, 36%
for executives, and 44% for non-
executives, indicating a lower per-

centage among executives.

Finally, regarding the statement,

I don't think so.

Less than a subsection chief
I don't think so

—_—
9%

Neither
45%

female

I think so
6%

think so
19%

anything, |
think so
16%

Neither
53%

male subsection chief or above

I don't think so

E 11%

If anything, |
think so
15%

If anything, |
think so
11%

| don't think so
14%

I think so
15%

Neither
43%

Neither
43%

“I want to resign,” the responses Fig. 4
were 3% for males, 5% for females,

4% for executives, and 4% for non-

Do you think you can handle night shifts after maternity and
childcare leave? (Q3)

executives, showing no significant
differences among the groups.
Figure 4 depicts the responses to
the question, “®Do you believe
you can manage night shifts after
maternity and childcare leave? (If
you are male, what do you think
of your female colleagues’ abil- 1%
ity to handle night shifts?)” The
combined responses of “Agree”

and “Somewhat agree” were 30%

for males, 25% for females, 22%

If anything, |
don't think so

Less than a subsection chief

female

Neither
2%

If anything, |
think so
22%

think so
18%

I think so

subsection chief or above

If anything, |

don't think so
3%

Neither

&E3 I think so

If anything, | 29%
think so
27%
I think so

fom If anything, |

think so
57%

for executives, and 29% for non- Fig. 5
executives, revealing no significant
differences among the groups.

Those who responded “Somewhat disagree”
and “Disagree” included 27% males, 22% fe-
males, 35% executives, and 26% non-execu-
tives, indicating that executives represented
the highest proportion of individuals who felt
they could not manage night shifts.

Figure 5 illustrates the responses to the ques-
tion, “@Do you think female radiographers
should actively take childcare leave?” Among
the respondents, 92% of males, 98% of fe-
males, 86% of executives, and 95% of non-
executives expressed agreement or somewhat
agreement, suggesting that approximately 90%
across all groups believe female radiographers
should actively take childcare leave.

Do you think female engineers should actively take childcare
leave (Q4)

In response to

The statement “Agree” shows the distribution
as follows: 65% males, 76% females, 29% ex-
ecutives, and 77% non-executives, which high-
lights a lower percentage among executives.

Those who responded “Somewhat disagree”
and “Disagree” comprised 1% males, 0% fe-
males, 3% executives, and 0% non-executives.

Figure 6 presents the responses to the
question, “®Do you think female radiogra-
phers in training should actively work shorter
hours?” The agreements included 78% males,
84% females, 74% executives, and 82% non-
executives, indicating that approximately 70%

or more across all groups believe female ra-
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diographers should actively work
shorter hours.

Regarding the “Agree” responses,
the breakdown was as follows:
50% males, 57% females, 26% ex-
ecutives, and 58% non-executives,
again reflecting a smaller percent-
age among executives.

Those who responded “Some-
what disagree” and “Disagree”
were composed of 6% males, 3%
females, 11% executives, and 3%
non-executives, demonstrating a
higher percentage among execu-

tives.

2-3. About the work environment

Figure 7 presents the responses
to the question, “®Do you think
childbirth, childcare, or nursing
care affects your promotion?”
The respondents who answered
“Agree” and “Somewhat agree” in-
cluded 44% of males and 56% of
females, with 58% of executives
and 46% of non-executives. This
indicates a higher percentage of
agreement among females com-
pared to males, as well as among
executives compared to non-exec-
utives.

The respondents who answered
“Somewhat disagree” and “Dis-
agree” comprised 13% of males,
10% of females, 8% of executives,
and 12% of non-executives, dem-
onstrating no significant differenc-
es among the groups.

Figure 8 illustrates the responses
to the question, “@Is the work-
place an environment where it is
easy to take childbirth leave and
childcare leave?” Among those
who answered “Agree” and “Some-
what agree,” 43% were males, 41%
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were females, 50% were execu-
tives, and 41% were non-execu-
tives, indicating a slightly higher
percentage among executives.

The respondents who answered
“Somewhat disagree” and “Dis-
agree” included 26% of males, 20%
of females, 22% of executives,
and 25% of non-executives, again
showing no significant differences
among the groups.

Figure 9 displays the responses
to the question, “®Do you think
men and women are equal in their
work?” The respondents who an-
swered “Agree” and “Somewhat
agree” included 51% of males, 61%
of females, 64% of executives, and
51% of non-executives, indicating
a higher percentage of agreement
among females compared to males,
as well as among executives com-
pared to non-executives.

The respondents who answered

“Somewhat disagree” and “Dis-
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Fig. 9 Do you think men and women are equal in their work? (Q8)
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If anything, |
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=% If anything, |
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Neither
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If anything, |
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agree” comprised 9% of males,

32%

10% of females, 11% of execu-
tives, and 9% of non-executives,
showing no significant differences
among the groups.

Figure 10 presents the responses to the ques-
tion, “@Do you think men and women are
equal in terms of promotion?” The respondents
who answered “Agree” and “Somewhat agree”
included 54% of males, 41% of females, 64%
of executives, and 47% of non-executives,
indicating a higher percentage of agreement
among males compared to females, as well as
among executives compared to non-execu-
tives.

The respondents who answered “Somewhat
disagree” and “Disagree” comprised 7% of
males, 8% of females, 4% of executives, and
8% of non-executives, again showing no sig-

nificant differences among the groups.

Fig. 10 Do you think men and women are equal in terms of promo-
tion? (Q9)

2-4. About your environment and motivation for
promotion

Figure 11 illustrates the responses to the
question, “@Are you able to balance work
with family, childcare, and nursing care at
your current workplace?” The results indicate
that among those who responded “Agree” and
“Somewhat agree,” the percentages were as
follows: males: 35%, females: 22%, executives:
29%, and non-executives: 32%. This data high-
lights a lower percentage of female respon-
dents who feel they can achieve this balance.

In contrast, for those who answered “Some-
what disagree” and “Disagree,” the distribution

was: males: 13%, females: 10%, executives:
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25%, and non-executives: 10%.
This indicates a higher percent- _—
age of executives expressing 7%
difficulty in achieving work-life
balance.

Figure 12 presents the re-
sponses to the question, “@Do
you want to become an execu- o
tive (assistant chief or higher)?”
Among those who answered

“Agree” and “Somewhat agree,”

don't think so
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the breakdown was: males: 35%,
females: 12%, executives: 64%,
and non-executives: 21%. This
demonstrates that a smaller pro-

Fig. 11 Are you able to balance work with family, childcare, and nurs-
ing care at your current workplace? (Q10)

portion of female respondents
expressed interest in pursuing
executive positions, while a sig-
nificant majority of executives
indicated a desire for advance-
ment.

For those who answered
“Somewhat disagree” and “Dis-
agree,” the distribution was as
follows: males: 38%, females:

54%, executives: 12%, and non-

executives: 49%. This reveals a

Ifanything, 1"
don't think so

13%

I don't thil
32%

I don't think so

4%

If anything, |
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24% 8%
anything, | N;i:ol;er
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1%
Neither
27% ‘ n
If anything, |
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25%
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\If anything, |

think so
think so
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Neither
34% Neither
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If anything, |
don't think so
17%

subsection chief or above

If anything, |

nk so I don't think so

male

Idon'tthinkso_____

I think so

12%

higher percentage of female re-
spondents who do not wish to
pursue executive roles, contrast-

ed with a lower percentage among executives.

2-5. About the challenges in the work environ-
ment
Figure 13 presents the responses to the ques-
tion, “@What do you think are the challenges
for female radiographers to remain employed?”
All groups identified “balancing parenting and

» o«

family responsibilities,” “returning to work af-
ter pregnancy and childbirth,” and “balancing
work and family life after marriage” as signifi-
cant challenges.

The female and executive groups cited “bal-
ancing parenting and family responsibilities,”

while the male and non-executive groups
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Fig. 12 Do you want to become an executive (assistant chief or high-
en? (Q11)

identified “balancing work and family life after
marriage” as the most challenging factor.
Figure 14 illustrates the responses to the
question, “@What do you think is necessary
for women to continue working in the same
workplace after giving birth at home, in so-
ciety, and at work?” Across all groups, many
respondents emphasized the need for “creating
an environment that supports child care, such
as childcare services and outside school hours

” o«

care,” “enhancing nursing care support servic-

" o«

es,” “changing the understanding and mindset
of men regarding participation in household
chores,” and “improving housekeeping and

parenting support services.”
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Fig. 13 What do you think are the challenges for female engineers to keep working? (Q12)
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Fig. 14 What do you think is necessary for women to continue working in the same work-
place after giving birth at home, in society, and at work? (Q13)
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Fig. 15 What do you think are the obstacles for female engineers to succeed (Q14)
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Figure 15 depicts the responses to the ques-
tion, “What do you think are the obstacles for
female radiographers to succeed?” All groups
noted obstacles such as “lack of awareness
and understanding from supervisors and male
coworkers,” “challenges of dealing with over-
time,” and “general societal lack of awareness
and understanding” as significant barriers.

Across all groups, “greater family responsi-
bilities compared to men” was identified as the
primary obstacle.

Responses of “nothing in particular” and
“shorter average length of employment com-
pared to men” were most frequently selected
by the male and executive groups, respective-
ly.

In the female group, “lack of awareness
and understanding from supervisors and male
coworkers” and “challenges of dealing with
overtime” were the most frequently noted ob-

stacles.

3. Discussion

Approximately 90% of respondents ex-
pressed a desire for “I want (them) to work
after getting married and childbirth” across all
groups, while approximately 10% of female
technologists indicated they wished to resign
following marriage or childbirth.

According to the “Overview of the 1st Lon-
gitudinal Survey of Adults in the 21st Century
(2012 Cohort) and the 11th Longitudinal Sur-
vey of Adults in the 21st Century (2002 Co-
hort)” ”, the willingness to continue working
after marriage revealed that 18.4% of single
women with permanent jobs in the 2002 Co-
hort stated, “T will quit my job after getting mar-
ried,” compared to 10.1% in the 2012 Cohort.
This indicates a decrease in the percentage
of those willing to resign from their jobs after
marriage in the more recent cohort. Addition-
ally, among individuals who were single (and
employed prior to marriage) at the time of the

first survey and subsequently married within

90 @ Journal of JART English edition 2025

the 9 years, the rates of those who left the
workforce were 28.9% in the 2002 Cohort and
16.9% in the 2012 Cohort, again demonstrating
a decline in the proportion of individuals leav-
ing their jobs after marriage in the later cohort.

A similar trend can be observed in the results
of our questionnaire, which indicates a high
percentage of female radiographers who wish
to continue working without quitting in the
future.

However, few female technologists ex-
pressed a desire to work full-time while raising
children. Instead, they prefer to take childcare
leave or work reduced hours, seeking flexible
work arrangements that prioritize child-rearing.
Conversely, the study revealed a high propor-
tion of executives who expressed the belief
that “T want (them) to work full-time.” While
they acknowledge the need for women to take
childcare leave and work reduced hours, their
willingness to support these arrangements is
lower than that of other groups, suggesting a
gap in their understanding of desired working
styles.

There were no significant differences in
awareness of night shifts between men and
women. However, the study indicated that ex-
ecutives were significantly more likely to per-
ceive it as challenging for female technologists
returning from childcare leave to manage night
shifts.

Currently, employees in the Department of
Radiological Technology at Showa University
can take childcare leave and work reduced
hours without complications. The reform of the
Child Care and Family Care Leave Act in April
2022 has encouraged more men to take pa-
rental leave, and the number of male workers
requesting this leave is expected to increase
further in the future. In recent years, there has
been a rise in unexpected vacancies due to
COVID-19-related sick leave and close con-
tact rules. Executives must consider rotations,
workload allocation, handover processes,
operational continuity, and staff leave arrange-
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ments, especially when multiple employees
take time off simultaneously. This situation
may have contributed to a lack of enthusiasm
for childcare leave and reduced hours, as indi-
cated in the questionnaire survey.

Executives may also perceive that female
employees cannot handle night shifts due
to difficulties in maintaining work flexibility.
To bridge the awareness gap between fe-
male technologists and their executives, we
must continue promoting on-the-job training
(OJT) technical education, which has been
implemented in our hospital. Additionally, it
is essential to analyze work allocation and
workload by day of the week and time while
also optimizing staffing and fostering active
teamwork within each division. Furthermore,
we may need to establish criteria for securing
replacement personnel based on the number
of vacancies.

Effective communication between female
radiographers and their supervisors regard-
ing their requests and circumstances is vital
for making necessary operational adjustments.
Support from the company and executives,
alongside the individual efforts of female tech-
nologists, is crucial for their skill development
and professional growth.

The results of the questionnaire regarding
the work environment revealed that many ra-
diographers felt it was easy to take childcare
leave after childbirth. Similarly, concerning
gender equality, numerous radiographers be-
lieved that gender equality in the workplace
has been achieved.

However, over 50% of female technologists
and executives indicated that childbirth, par-
enting, and nursing care adversely impact their
promotional opportunities.

The reasons cited include the fact that taking
time off, such as parental leave, can result in a
discrepancy in years of service and hinder em-
ployees from engaging in research, obtaining
certifications, or continuing their education.

Additionally, female radiographers expressed

concerns that the prevailing work culture may
negatively influence their supervisors’ percep-
tions. They feared that supervisors might doubt
their ability to balance work and personal re-
sponsibilities. Within the Department of Radio-
logical Technology at Showa University, there
are internal regulations governing promotion
qualifications, which are reviewed annually.
As employees gain access to these regulations
upon becoming eligible for promotions, a lack
of understanding regarding evaluation criteria
may have contributed to the negative senti-
ments expressed.

To alleviate anxiety and uncertainty sur-
rounding promotion evaluations, it is essential
to communicate clearly the evaluation crite-
ria outlined in the internal regulations. This
should include specific evaluation items and
expectations, assisting each radiographer in
comprehending their individual evaluation
criteria. Furthermore, providing education and
follow-up on these items may enhance trans-
parency in the promotion process and evalua-
tion criteria.

Regarding the environment and motivation
for promotion, 35% of males felt they could
effectively balance work, family, parenting,
and caregiving responsibilities, while only 22%
of females reported the same. Additionally,
a significant 54% of female technologists ex-
pressed a lack of desire to ascend to executive
positions. The reasons cited for this reluctance
include challenges in balancing work and fam-
ily, increased responsibilities, and heightened
overtime and workload. Questionnaire results
indicate that female radiographers are appre-
hensive about maintaining a work-life balance
if they transition into executive roles that de-
mand greater responsibility and time commit-
ment. Given that female technologists often
bear primary responsibility for childbirth, par-
enting, and caregiving, their career advance-
ment may be deprioritized. Currently, there are
only two female executives, suggesting that
the benefits and opportunities associated with
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these roles have not been effectively commu-
nicated.

To enhance motivation for promotion, it is
essential to encourage women by gradually
delegating rewarding tasks, such as leadership
roles, while clearly articulating the advantages
of executive positions. Furthermore, providing
support for maintaining work-life balance is
crucial so that women can perceive manage-
rial roles positively. Creating an environment
where female technologists feel motivated to
pursue promotions and actively seek careers in
executive positions is vital.

Regarding the challenges in the work envi-
ronment, the group of female technologists
identified “balancing parenting and family re-
sponsibilities,” the need for “enhanced social
environments and support services,” and the
necessity for a “shift in men’s understanding
and engagement in household chores” as criti-
cal factors for their continued employment.

The issues of “heavier family responsibilities
compared to men” and the “absence or lack
of awareness and understanding from super-
visors and male colleagues” were highlighted
as significant obstacles to the success of fe-
male radiographers. These findings indicate
that female workers seek environments that
enable them to balance work and family life
effectively; thus, it is essential to address their
concerns regarding work-life balance. While
improving their family environments is vital, it
is important to recognize that individual per-
spectives and approaches within the home can
vary significantly, complicating generalizations.
Therefore, it is crucial to cultivate a workplace
environment that accommodates flexible work
arrangements and fosters a culture where fe-
male technologists can pursue long-term ca-
reer plans aligned with their life goals.

Supporting female technologists in main-
taining their careers and fostering a fair and
comprehensive work environment requires
ongoing efforts. These efforts should include
the rationalization of working hours, imple-
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mentation of work-life balance support initia-
tives, creation of environments and programs
that actively promote career advancement,
increased transparency in promotion processes
and evaluation criteria, and the provision of
education and training on gender bias to culti-
vate understanding and respect for a fair work

environment.

4. Study limitations

In this study, the percentage of female ra-
diographers was notably low, which may have
resulted in the opinions and perspectives of
male participants being disproportionately
represented in the questionnaire results. Fur-
thermore, the findings of this study do not
accurately reflect the views of radiographers
nationwide, as the participants were restricted
to facilities of the same affiliation. The general-
izability of the study’s results must be assessed
by collecting data from additional facilities in

future research.

5. Conclusion

We have identified the current status and
challenges regarding the working conditions
of female radiological technologists, as well
as the gender gap within the Department of
Radiological Technology at Showa University,
through a questionnaire survey.

Our intention is to utilize this information to
foster an improved work environment in the

future.
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[Abstract]

Many SiPM-based PET-CT scanners are in operation across Japan, including in our hospital. In this hospital,
established in 2021 we perform 16 examinations per day, utilizing FDG calibration times of 10:00 and 12:30. In this
study, we aimed to demonstrate that clinical images can be obtained reliably under these operational conditions. First,
we conducted an image quality test using a phantom to evaluate the performance of the SiPM-based PET scanner. The
results indicated that the quality standards were not met for low-dose and short-duration imaging. Subsequently, we
evaluated clinical images from 489 patients, using evaluation indices such as NECpaten, NECdensty, and Liver SNR. More
than 99% of patients met the threshold for all evaluation criteria when the acquisition time was set to the default of 2

minutes at 2.1 MBq/kg.

Introduction

As of January 1, 2012, there are 587 positron
emission tomography-computed tomography
(PET-CT) scanners in operation in Japan, in-
cluding PET/MR, MRPET, and breast PET sys-
tems”. Notably, the adoption of PET-CT scan-
ners utilizing semiconductor detectors (SiPM-
based PET) is steadily increasing”. Unlike
conventional photomultiplier tube detectors,
SiPM-based PET uses semiconductor detectors
(SiPMs), enabling high-resolution imaging with
short scanning times”. Since January 2021,
our hospital has been utilizing a SiPM-based
PET system (Discovery™ MI, GE Healthcare)
and conducting tests using the standard radio-
pharmaceutical Fluorodeoxyglucose Injection
(FDGscan® Injection, hereafter, FDG, Nihon
Medi-Physics).

Sixteen patients were examined daily at our
hospital, with FDG calibration times set at
10:00 and 12:30. The first patient received the
FDG injection at 8:50, and the injection interval
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between patients was 10-15 min. Imaging was
performed 60 min after the start of the injec-
tion. The acquisition time per bed (acquisition
time) was adjusted for each patient using a
calculation formula.

However, all radiopharmaceuticals, includ-
ing FDG, exhibit radioactive decay over time.
Consequently, when using the two calibration
times mentioned above, there is a possibility
that the radioactivity may be insufficient in
some patients. In addition, with an injection
interval of 10-15 min, the examination time
per patient is reduced, resulting in a shorter
acquisition time.

Therefore, in this study, we aimed to ensure
stable clinical image quality for 16 patients
undergoing PET-CT scans under these opera-
tional conditions. To achieve this, we first con-
ducted image quality testing using a phantom.
The default values for the acquisition time in
clinical practice were determined based on the
values and phantom images obtained from this
test. Subsequently, we evaluated the clinical
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images obtained to assess the efficacy of these

acquisition times in maintaining image quality.

1. Methods

1.0 Image reconstruction method and equip-
ment performance

The image reconstruction method used for
the SiPM-based PET scanner was the Block Se-
quential Regularized Expectation Maximization
(BSREM) method (Q.Clear, GE Healthcare).
This Q.Clear method incorporates penalized
maximum likelihood estimation, where noise
is controlled by the penalty parameter (S
value, GE Healthcare). Therefore, there is no
need to set Iteration or Subset parameters, and
the only parameter that requires adjustment
is the p value. This f value ranges 1-10,000,
and in this study, the g value was set to 400
for both the image quality test and evaluation
of clinical images. We selected this value be-
cause in whole-body “F-FDG scans, a f value
of 400 to 500 is used,” and in the evaluation of
pulmonary nodules, a B value of 400 or 600
is used” ”. The other performance is shown in
Table.

1.1 Image quality test using phantom

The phantom used in this study was the
NEMA Body phantom (phantom). Following
the “Phantom Test Protocol for Whole-Body
PET Imaging Using “F-FDG, 3rd Edition””

Table Discovery™ MI performance

(protocol), FDG was introduced into the phan-
tom to achieve a sphere-to-background (BG)
ratio of 4:1. Phantom imaging was conducted
at three different radioactivity concentrations
in the BG region: 4.22 kBq/mL, 2.11 kBq/mL,
and 1.45 kBq/mL. These concentrations were
selected based on the assumption that 370
MBq and 185 MBq of FDG would be inject-
ed to a patient weighing 60 kg (370/60=6.2
MBq/kg, 185/60=3.2 MBq/kg), as outlined
in the protocol. In addition, this is consistent
with the lower limit of the recommended dose
range of 2-5 MBq/kg body weight, as per the
“FDG PET and PET/CT Clinical Practice Guide-
lines 2020”%. The acquisition time was set to 30
min, and image reconstruction was performed
for each minute of acquisition.

In this phantom test, we evaluated the QN
ratio of the 10 mm sphere (Q/Niomm) and rela-
tive recovery coefficient (recovery coefficient)
of the phantom. According to the “Guidelines
for FDG-PET/CT Imaging of Cancer, 2nd Edi-
tion”” (Guidelines), the reference value for Q/
Niomm 15 2.8%, whereas the target value for the

recovery coefficient in the protocol is 0.38.

1.2 Evaluation of clinical images

The participants were 489 patients who un-
derwent PET-CT examinations between Febru-
ary 8 and April 2, 2021. A breakdown of the
requesting departments is shown in Fig. 1. The

formula for calculating the acquisition time is

PET-CT characteristics

Detector material

LBS (Lutetium Based Scintillator)

Coincidence window width (ns) 5.25

Detector ring diameter (mm) 744

Crystal size (mm?®) 3.95 (trans axial) x 5.3 (axial) x 25 (radial)
Trans axial field of view (mm) 700

Axial field of view (mm) 250

Axial sampling interval (mm) 2.78

Number of imaging plane 89

Number of crystals/ ring 544
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as follows:

Concentration at phantom imaging:
1

Acquisition time at phantom imaging (sec) -

Dose (MBQ) . 1

Weight (kg) ~ Acquisition time (sec)

)]

The three evaluation metrics
used in this study were the Noise
Equivalent Count (NEC) per pa-
tient (NECpatien), NEC density
(NECuensity), and Signal to Noise
Ratio (SNR) of the liver (Liver
SNR), as outlined in the guidelines.

NEC patient Wwas normalized by the

H Respiratory Medicine

= Gastroenterology

= Oncology

m Gastroenterological Surgery
Respiratorical Surgery

i Otorhinolaryngology-Head
and Neck Surgery

® Gynecology

m Radiology

= Breast Surgery

® Bone and Soft Tissue Tumor

Surgery
u Others

axial length of the measurement Fig. 1

range, whereas NECgensity was di-

vided by the body volume of the

measurement range. The guidelines specify
evaluation criteria for these clinical image eval-
uation items, with target values for NECpatient,
NECensity, and Liver SNR set at 13, 0.2, and 10,
respectively. The nuclear medicine work sup-
port system (ONTi®, PDRadio pharma) was
used to calculate both NECpuient and NEC density,
whereas the calculation of Liver SNR was

based on the established guidelines.

1.3 Ethical considerations

This study was approved by our hospital’s
Clinical Review Committee (approval number:
2021eki24). Since the 489 patients whose clini-
cal images were evaluated, did not undergo
any invasive procedures or interventions, an

opt-out approach was used, and informed con-

Distribution of the 489 patients by department

sent was not required.

2. Results

2.1 Image quality test using phantom

The Q/Niomm exceeded the reference value
of 2.8% in all cases, except for the 1-minute ac-
quisition at 1.45 kBg/mL (Fig. 2). As reference,
phantom images were collected at radioactivity
concentrations of 4.22 kBg/mL, 2.11 kBg/mL,
and 1.45 kBq/mL, with acquisition times of 1,
2, 3, 4, and 30 minutes (Fig. 3). The recovery
coefficients were approximately 1.0 for all
spheres, except for the 10 mm sphere. For the
10 mm sphere, the recovery coefficients were
0.69 at 4.22 kBq/mL, 0.68 at 2.11 kBq/mL,
and 0.74 at 1.45 kBq/mL (Figs. 4-5). Based

Acquisition Time (min)

5 6 7
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,9/\
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£ E
g o
o M
g =~
Q\_/
@)

Fig. 2 QH ratio of 10 mm spheres at each acquisition time for each radioactivity concentration
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on these results, a 2-minute acquisition at 2.1

MBgqg/kg (equivalent to 1.45 kBg/mL) was se-

lected as the default value in the formula. Sub-

Acquisition Time (min)

sequently, this value was used to calculate the
acquisition time in a clinical setting.

Concentration (kBg/mL)

Fig. 3 Phantom images at each acquisition time for each radioactivity concentration

Concentration
(kBq/mL)

Sphere size (mm)

17

22

Fig. 4 Recovery coefficients for each sphere size at each radioactivity concentration

1.2

0.8

0.6

0.4

Recovery factor

0.2

10

13

17 22
Sphere size[mm]

28

37

4.22 kBg/mL
==2.11 kBg/mL
—4—1.45 kBq/mL

Fig. 5 Recovery coefficients for each sphere size at each radioac-
tivity concentration
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2.2 Evaluation of clinical images
The acquisition time was calculated using the

following formula:

1 _ Dose (MBg)
120 (sec)  Weight (kg)

2.1 (MBq/kg):

1

The NECpaien was 13 or higher in 488 of the
489 patients (99.8%) (Fig. 6), and the NEC.densiyy
was 0.2 or higher in all 489 patients (100%)
(Fig. 7). The Liver SNR was 10 or higher in 486
of 489 patients (99.3%) (Fig. 8). The average
weight of the 489 patients was 58.2 kg; the av-
erage dose per kilogram body weight was 4.3
MBq/kg, with a maximum dose of 8.9 MBq/kg
and a minimum dose of 1.6 MBq/kg. The aver-

age uptake time was 62.5 minutes.

3. Discussion

In this study, we investigated the perfor-
mance of SiPM-based PET and evaluated
clinical images based on the acquisition time
derived from this performance. In the image-
quality test using the phantom, we examined
the Q/Niomm and the recovery coefficient. For
Q/Niomm, when the radioactivity concentra-
tion in the BG region was 4.22 kBg/mL or
2.11 kBg/mL, the standard value was met
with an acquisition time of 1 minute. How-
ever, when the radioactivity concentration was
1.45 kBg/mL, the standard value could not be
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achieved with an acquisition time of 1 minute
(Fig. 2). Despite the high sensitivity of SiPM-
based PET, it is evident that the standard values
cannot be met when the radioactivity concen-
tration is too low or the acquisition time is too
short. As shown in the phantom images, the
1-minute acquisition at 1.45 kBq/mL contained
significant noise, making it almost impossible
to visually evaluate the 10 mm sphere (Fig. 3).
Considering that the Q/Nigmm for a 2-minute
acquisition at 1.45 kBg/mL is better than that
for a 1-minute acquisition at 2.11 kBg/mL, and
the 10 mm sphere could be evaluated more
accurately in the phantom image, we deter-
mined that a default value of 2.1 MBq/kg for
a 2-minute acquisition is preferable for clinical
use. Furthermore, the dose per body weight
could be lower than 2.1 MBg/kg depending on
the appointment time. If the acquisition time is
too short, the examination may be completed
too quickly. The recovery coefficients for the
10 mm spheres ranged from 0.68 to 0.74, while
for the spheres of 13 mm or more, they con-
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verged to almost 1.0 at all radioactivity concen-
trations (Fig. 4-5).

The target value for the relative recovery
coefficient in the protocol was 0.38, which
indicates a high cross-sectional resolution of
the SiPM-based PET. In addition, the best re-
sult for the recovery coefficient of the 10 mm
sphere was 1.45 kBq/mL for each radioactivity
concentration. Since radiation measurements
can be irregular, multiple measurements are
required for accuracy'”. However, the image
quality test using the phantom was performed
only once, and it is possible that the results
could have varied if the test had been repeated
multiple times.

In the evaluation of clinical images, most
cases met the evaluation criteria for each of the
NEC patient, NECdensiy, and Liver SNR (Fig. 6-8).
The acquisition time calculation formulas ((1)
and (2)) used in this study were developed by
our team. These formulae incorporate the ratio
of the dose per body weight and the reciprocal
of the acquisition time. The approach is based
on reports suggesting that when the dose per
body weight is high (or low), the Liver SNR
remains equivalent, regardless of whether ac-
quisition time is short (or long)"".

Additionally, the 489 patients were selected
through continuous sampling without selection
bias, and the departments requesting scans
were diverse (Fig. 1), which likely resulted in
a range of FDG accumulation. Furthermore,
the default value of 2.1 MBq/kg in the cal-
culation formula, derived from the phantom
image quality test results, differs slightly from
the radioactivity concentration observed at the
time of imaging during clinical imaging due
to factors such as urine excretion between in-
jection and imaging. However, almost all the
cases met the evaluation criteria for the three
assessment parameters. Therefore, it can be
concluded that there were no issues with the
calculation formula for the acquisition time
used in clinical practice. In addition, as the av-
erage uptake time was 62.5 minutes, the long

acquisition time did not impact other patients,
and the examination could be performed
within the allotted time for each patient and
scheduled timeslot at our hospital. As a result,
we can confidently say that the default value
of 2.1 MBq/kg and the 2-minute acquisition
time used in clinical practice were appropriate.
However, some clinical images did not meet
the evaluation criteria. For these cases, we de-
termined that there was no significant issue, as
there were no discrepancies between the two
evaluation items that did not meet the evalua-
tion criteria and the evaluation items that met
the criteria.

A limitation of the study is that, during the
image quality test, the actual clinical dose per
body weight could not be predicted. The aver-
age weight of the 489 patients in this study was
58.2 kg, and the average dose per kilogram
of body weight was 4.3 MBq/kg, with a maxi-
mum of 8.9 MBq/kg and a minimum of 1.6
MBq/kg. In the phantom study, we assumed
doses of 6.2 MBqg/kg, 3.2 MBq/kg, and 2.1
MBq/kg, with 2.1 MBq/kg as the default value
for calculating the acquisition time in clinical
practice. In clinical settings, where FDG dosag-
es can vary among individuals, it is important
to note that the results from the phantom im-
age quality test, which assumed a lower dose
of 2.1 MBqg/kg, were evaluated based on this
assumption. Despite this, the results demon-
strated that NECypaten, NECdensiy, and Liver SNR
could be calculated for the 489 patients in this
study.

Conclusion

In the image quality test using the phantom,
the Q/Niomm exceeded the guideline reference
value when the radioactivity concentration in
the background region of the phantom was
4.22 kBg/mL, 2.11 kBg/mL (1-minute acquisi-
tion), or 1.45 kBg/mL (2-minute acquisition).
In addition, the recovery coefficient for the
10 mm sphere was less than 1 at all radioactiv-
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ity concentrations, while it was almost 1 for the
13 mm sphere.

In the evaluation of clinical images, the
guidelines were met in almost 100% of patients
for NECpaiien;, 100% for NECdensiy, and 99.3% for
Liver SNR, when the acquisition time was set to
the default of 2 minutes at 2.1 MBg/kg.
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[Abstract]

Multiphase contrast injectors are used for diagnosis and treatment in angiography. Maintenance and inspection of
multiphase contrast injectors must be performed without exception. In this study, we retrospectively examined injector
failures that occurred between one regular inspection and the next regular inspection, and we evaluated the non-
uniformity of the occurrence of injector failures. A retrospective histogram analysis was performed on the number of
days from the periodic inspection date to the repair date of multiphase contrast injectors, and the Gini coefficient was
calculated from the Lorenz curve. Although the timing of repairs was uneven, increasing failure rate-type failures in
the failure rate function increased when injectors were used beyond their useful life. Combining daily inspections and
periodic inspections with operational checks can be expected to prevent failures of multiphase contrast injectors.

Introduction

Multiphase motorized contrast media
injectors used for angiography (hereinafter
referred to as “injector”) fall under the category
of specially-designated medical devices
requiring maintenance as defined in Article 2,
Paragraph 8 of the Act on Securing Quality,
Efficacy and Safety of Products Including
Pharmaceuticals and Medical Devices”. The
term “specially-designated medical devices
requiring maintenance” as used in this Act
refers to medical devices designated by
the Minister of Health, Labour and Welfare
(MHLW) after seeking the opinion of the
Pharmaceutical Affairs and Food Sanitation
Council as those requiring special knowledge
and skills for their maintenance, inspection,
repair, and other related work owing to the
significant potential risk to the diagnosis,

treatment, or prevention of disease in the event

of failure to provide proper maintenance. In
addition, the section on the maintenance and
inspection of the injector’s attachment states
that maintenance and inspection should be
performed to maintain the performance of the

2 .
239 Maintenance

device and ensure safety
and inspection include daily inspections
by the user and periodic inspections by a
contractor”. These are called preventive
maintenance. Daily inspections are performed
by the persons associated with the medical
equipment, and periodic inspections are
performed at regular intervals. The purpose
of these regular operations is to ensure the
safety, performance, and reliability of medical
devices.

Maintenance and inspection services in
the laws and regulations are based on the
statement in Article 15-3, Paragraph 2 of the
Medical Care Act, which states, “Beyond what
is provided for in the preceding paragraph,
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when the administrator of a hospital, clinic, or
birthing center wishes to entrust the operation
of the hospital, clinic, or birthing center that
are prescribed by Cabinet Order as having a
significant influence on physicians’ or dentists’
diagnoses, on the services of midwives, or on
the hospitalization or admission of patients,
pregnant women, women in labor, or women
resting after childbirth, the administrator must
entrust the relevant operations to a party who
meets the requirements prescribed by an Order
of the MHLW as a party with the ability to
properly undertake these operations according
to the type of operation undertaken at the
relevant hospital, clinic, or birthing center ©.”
This structure is supplemented by the Order
for Enforcement of the Medical Care Act and
the Enforcement Regulations on the Medical
Care Act. Article 4-7, item 4 of the Order for
Enforcement of the Medical Care Act defines
“maintenance and inspection services for
medical devices specified by an Order of the
MHLW”,” and article 9-8-2 of the Enforcement
Regulations on the Medical Care Act indicates
that “Medical devices prescribed by Order of
the MHLW” ® are “specially-designated medical
devices requiring maintenance” as defined in
the aforementioned Act on Securing Quality,
Efficacy and Safety of Products Including
Pharmaceuticals and Medical Devices. The
Medical Affairs Bureau of the MHLW has issued
a regulation stating that “In using medical
devices, the methods of use specified by the
manufacturer and seller of the medical device
should be observed”. Therefore, the person
responsible for the safety management of
medical devices must organize and manage
information on the safe use, maintenance,
and inspection of medical devices, such as
the accompanying documents and instruction

manuals of medical devices * '”

. Moreover,
the safe use of medical devices requires that
medical personnel has a solid understanding
of how to use medical devices and respond

calmly and appropriately to any problems
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that may arise. The aim of maintenance and
inspection is to decrease the probability
of medical equipment malfunctions and
other abnormalities, and to increase the
probability that normal conditions will be
maintained through early identification of
abnormal conditions and detection of minor
malfunctions. However, in our survey, we
found no reports discussing the maintenance
and inspection of injectors. The aim of this
study was to evaluate the heterogeneity in the
occurrence of injector failures by conducting
a retrospective study of failures that occurred
between one periodic inspection and the next

periodic inspection.

1. Methods

1-1. Target of the survey

The survey targeted injectors used for
arterial injection of contrast media in an
angiography room, totaling six devices: three
PRESSPRO" installed in February 2009, one
PRESSPRO GEO-150" installed in February
2009, and two PRESS DUO Elite® installed in
December 2020 (Nemoto Kyorindo, Tokyo,
Japan). These injectors are inspected annually
at the same time by a contractor (Nemoto
Kyorindo) meeting the requirements stipulated
in Article 9-12 of the Enforcement Regulations
on the Medical Care Act®. During periodic
inspections, the vendor replaces protective
cases, keypads, key covers, flexible cables,
and connectors. In addition, motor screws are
retightened and ball screws are greased as
necessary. The study period was from January
1, 2010 to March 31, 2022, and the dates of
repairs and periodic inspections were recorded
from the reports of periodic inspections and
repairs during this period.

1-2. Calculation of the Gini coefficient
The number of repair reports was assumed
to be the number of repairs. The approximate

number of classes was obtained using the
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Sturges formula (1):

Number of classes = 1 + log: number of

repairs -+ - (1)

The period from the regular inspection
date to the next regular inspection date was
set as one year, and the classes were set
to approximate the calculated number of
classes. The class defined here is the number
of days since the regular inspection date.
The frequencies, relative frequencies, and
cumulative relative frequencies for each class
were determined, and Pareto charts were
created. Cumulative relative frequencies were
obtained for each class and number of repairs,
and Lorenz curves were constructed. The
Gini coefficient (GC) was calculated from the
Lorenz curve and the line of equality using
equation (2):

n
1
GCzanyZZIyi -yl @

where GC is the Gini coefficient, 7 is the

number of classes, y;, and y; are the mean

class from the bottom ()1 <

N

within the i, j"
»2< ...<yn), and y is the mean value.

By setting ¢ as the number of days since
installation and considering the failure rate as
a function of time A (?), it is possible to draw
a failure rate curve. The failure rate curve, also
called the bathtub curve because it resembles
the shape of a bathtub, models the failure rate
of medical equipment ' ">,

Failure rate curves can contain three periods
with a different change in the failure rate with
time ¢. The first is an early period characterized
by a decreasing failure rate (DFR), known as
early failure. During this period, individual
countermeasures are effective against early
failures. The reasons for DFR include the
use of defective materials, occurrence of
defects during manufacturing, mismatch with

the external operating environment, and

inadequate handling during transportation.
Debugging, such as screening to remove
defective products in advance, aging for
stabilization, and break-in operation, is
effective in reducing initial failures. The second
is a period characterized by a constant failure
rate (CFR). During the CFR period, the failure
rate has stabilized and countermeasures have
been completed. The causes of failures during
this period are unknown, and it is difficult to
predict when failures will occur. Moreover,
failures cannot be removed by debugging. The
third is a period characterized by an increasing
failure rate (IFR), known as wear failure.
During this period, the failure rate increases
owing to wear, fatigue, and deterioration
of components. Therefore, preventive
maintenance, such as replacing parts that have
reached the end of their service life before

W The duration of

failure occurs, is important
the DFR, CFR, and IFR periods depends on
the shape parameter m, which specifies the
shape of a particular population distribution. In
this case, the failure rate function A(#) can be

described by equation (3):

mt—y\™t _(t=x
A(t)=?<T) e(n) ce e (3)

where A(#) is the failure rate function, ¢ is
the number of days to repair, m is the shape
parameter, y is the position parameter, and
n is the scale parameter. Scale parameter »
determines the abscissa scale of A(#), and
position parameter y is related to the peak
position of the distribution.

In equation (3), when # is set to 1 and y
to 0, the failure rate function A(# depends
only on the shape parameter m, as shown in
equation (4):

Ay =mt™ e e (4)

Therefore, DFR occurs when 0 < m < 1, while

CFR occurs when m = 1, and IFR occurs when
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2. Results

2-1. Survey results of periodic inspection
dates and repair dates

The number of repairs was 11 during the
study period. Table 1 shows the failure details.
Among the six injectors surveyed, each of
two injectors was repaired four times. The
operation panel accounted for the highest
percentage of malfunctions, which was
36.4%. Loose heads and partially damaged
heads were next, accounting for 18.2% of
malfunctions. Caster damage, syringe failure,
and discrepancy between input and output
volumes accounted for 9.1% of the failure

cases.

2-2. Gini Coefficient

According to Equation (1), the number of
classes was approximately 5. Therefore, the
classes were set to 70 (repairs performed from
1 to 70 days after the maintenance inspection
date), 140 (repairs performed from 71 to 140
days after the maintenance inspection date),
210 (repairs performed from 141 to 210 days
after the maintenance inspection date), 280

(repairs performed from 211 to 280 days after

the maintenance inspection date), and 365 (re-
pairs performed from 281 to 365 days after the
maintenance inspection date. Repair was per-
formed from 365 days after the maintenance
and inspection date. The frequency, relative
frequency, cumulative frequency, and cumula-
tive relative frequency against the number of
days between the periodic inspection date and
the repair date are shown in Table 2 and the
Pareto chart in Fig. 1. The frequencies were
higher for the 140 and 280 classes than the
other classes, and the corresponding cumula-
tive relative frequencies also changed steeply.
The Lorenz curve is shown in Fig. 2. The GC,

calculated using equation (2), was 0.33.

Table 2 Frequency, relative frequency, cumula-
tive frequency, and cumulative relative
frequency against the number of days
between the periodic inspection date
and repair date

Mo sy (oS, G e
frequency
1-70 2 0.18 2 0.18
71—140 3 0.27 5 0.45
141 =210 1 0.09 6 0.55
211 —-280 3 0.27 9 0.82
281 —365 2 0.18 11 1

Table 1 Repair details for each multiphase motorized contrast media injector

Number of days from the

Case Injector inspection date (days) Failure content
1 PRESSPRO 111 Poor interlocking
2 PRESSPRO 116 Poor interlocking
3 PRESSPRO 331 Loose head
4 PRESSPRO 202 Caster damage
5 PRESSPRO GEO 262 Defective syringe
6 PRESSPRO 64 Poor interlocking
7 PRESSPRO 231 Mismatch between input and output values
8 PRESSPRO 347 Broken parts
9 PRESSPRO 229 Loose head
10 PRESS DUO Elite 3 Poor interlocking
11 PRESS DUO Elite 73 Broken parts
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i

number of repairs
Cumulative relative frequency

e
)

0

1-70 71 - 140 141-210  211-280  281-365
number of days from maintenance inspection date to repair date

Fig. 1 Pareto chart

The repair frequency of each class is shown as a bar
graph, and the cumulative relative frequency as a line
graph.

0.8

0.6

0.4

0.2

cumulative relative frequency of repairs

0 0.18 0.45 0.55 0.82 1
cumulative relative frequency of classes
—— Lorenz curve — Line of equality

Fig. 2 Lorenz Curve

The upper straight line is the equal distribution line, and the
lower solid line is the Lorenz curve obtained in this study.

3. Discussion

Table 1 shows that 8 of the 11 failures oc-
curred in two PRESSPRO units installed in
2009. Because this is a retrospective study, it
is assumed that failures arise from a mixture
of normal use and human factors. In particu-
lar, caster damage, syringe defects, and partial
damage may be attributed to human factors.
The Pareto chart in Fig. 1 indicated that the re-
lationship between the number of repairs and
the number of days from the periodic inspec-
tion date to the repair date was represented by
a bimodal histogram. Hence, failures requir-
ing repair occurred within the periods of the
140 and 280 classes (days after the periodic

inspection). GC represents the “heterogeneity”
calculated from a Lorenz curve drawn using
two cumulative relative frequencies, as used
in economics' and in pattern recognition and
machine learning'®. The Lorenz curve was
constructed with the cumulative relative fre-
quency of repairs in each class on the horizon-
tal axis and the cumulative relative frequency
of repairs on the vertical axis. If the number
of repairs occurs uniformly in each class, then
the Lorenz curve coincides with a straight line
with a slope of 45 degrees passing through the
origin (line of equality). The more inhomoge-
neous it is, the further away from the equal
distribution line it is. GC is one of the repre-
sentative indicators for objectively analyzing
and comparing inequality'”. GC represents the
evenness of distribution by the ratio of the area
bounded by the Lorenz curve and the line of
equality to the area of the triangle below the
line of equality. GC takes values between 0
and 1. GC approaches 1 when the inter-sample
difference is large and approaches 0 when it
is small. It should be noted that even for the
same GC, the inequality changes when the

shape of the Lorenz curve differs'®

. As a practi-
cal guide, GC less than 0.2 indicates absolute
uniformity, GC in the range of 0.2-0.3 indicates
high uniformity, GC in the range of 0.3-0.4
indicates inhomogeneity, GC in the range of
0.4-0.6 indicates high inhomogeneity, and
GC equal to 0.6 and above indicates absolute
inhomogeneity'” *”. According to the Lorenz
curve shown in Fig. 2, GC was 0.33, indicat-
ing that failures occurred inhomogeneously.
Failures in the 70 and 140 classes were DFR-
type failures because A4 (#) was observed in the
range of 0 < m < 1, while failures in the 210
class shifted to CFR-type failures because 1 (%)
was observed when m = 1, and failures of the
280 and 365 classes were IFR-type failures be-
cause A (¥ was observed when 1 < m.

One of the two PRESS DUO Elite units in-
stalled in 2020 did not require repair during
the study period. The other PRESS DUO Elite
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unit required repair within a short time after its
installation, and thus the failure likely occurred
during the DFR period. The PRESS PRO units
have been used for more than its service life,
and thus failures of these units during the study
period were likely IFR-type failures. Angiogra-
phy and interventional radiology technologists
are required to assure and control the quality

of related equipment®”

. The largest propor-
tion of interlocking failures in the results are
failures that affect interventional radiology pro-
cedures. These malfunctions have a significant
impact on patient examination and treatment,
including difficulty in obtaining quantitative
contrast images and interrupted examinations.
Although detecting malfunctions before the
procedure begins is desirable, it is difficult to
achieve. Based on the above results, malfunc-
tion prevention and recurrence prevention are
important when considering quality assurance
of injectors in the future. Prevention of mal-
functions refers to identifying potential prob-
lems that may occur with the use of the device
before the procedure is performed and taking
measures to prevent them from actually occur-
ring. Prevention of recurrence is a measure to
eliminate the cause of a problem that has al-
ready occurred or the influence of the cause so
that it will not recur, including corrective mea-
sures. The items to be inspected, the period
of time, and the evaluation criteria should be
updated as guidelines are revised and new de-
vices and treatment methods are introduced®.
Daily inspections, including visual and opera-
tional inspections, by radiological technolo-
gists who use the injectors can prevent the
occurrence of malfunctions during procedures.
Early detection of malfunctions can prevent
secondary and tertiary malfunctions and
shorten downtime because the injector can be
repaired before it becomes a malfunctioning

106 Journal of JART English edition 2025

equipment that requires a long time to repair.
When secondary or tertiary failures occur, it
is extremely difficult to identify the cause of
the failure, and repair is time-consuming and
economically expensive. Daily inspections are
important to ensure that equipment is always
maintained in the best possible condition®”.

The limitations of this study include the
small sample population because only cases in
which repair reports were generated were con-
sidered as failures, analysis was not conducted
for each injector, and cases in which recovery
was achieved by restarting the injector were
excluded. Future research will focus on analyz-
ing the logs of each injector to conduct more
detailed failure analysis.

4. Conclusion

A backward histogram analysis was per-
formed on the number of days from the injec-
tor's periodic inspection date to the repair date,
and the GC was calculated. Repair dates were
heterogeneous, although IFR-type failures in-
creased when injectors were used beyond their
service life. A combination of daily and peri-
odic inspections, including operational checks,

is expected to prevent injector failures.
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[Abstract]

The introduction of software has made it easy to calculate the number of shots and the shot miss rate in general
radiography.

In the data for 2021, the overall shot miss rate was 11.4%. By imaging menu, the highest shot miss rate overall was
seen in the lateral view of the knee joint, exceeding 40% for the standing lateral view of the knee joint. We tried the
method of taking a low-dose pre-shot on the lateral view of the knee joint, because of its high shot count and high
miss rate, and then taking normal shots after confirming the position. After introducing the pre-shots, the shot miss
rate decreased, but was still above zero even after taking pre-shots.

The success and failure of the first normal shot taken before introducing pre-shots and the first pre-shot image
were compared as first shots. The results indicated that for situations in which the shot miss rate is high, pre-shots are

effective and do not affect the imaging technique.

Introduction

The medium for general radiography, a type
of radiological examination, has undergone a
transition from analogue film screen systems to
digital devices such as computed radiography
(CR) and flat panel detectors (FPD). In recent
years, advances in equipment have rendered it
feasible to ascertain the status of device utiliza-
tion and the number of shots per menu. In the
context of the film screen system, if a film re-
quired re-shot, the film purchase cost was for-
feited, and the term ‘radiographic loss film’
(henceforth referred to as ‘x-ray image loss)
was employed. In the contemporary era, with
the advent of digital equipment, the medium of
film has been superseded by data, Neverthe-
less, the term X-ray image loss’ remains in cur-
rent usage. In this paper, the term ‘miss shot’ is
employed to denote the phenomenon of X-ray
image loss.

As demonstrated in the findings of the 1992

survey on miss shot in film screen systems Y,
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the predominant cause of miss shot was identi-
fied as an error in the shoting conditions. In
other cases, there were also reports of loss of
film due to equipment failure, with a miss shot
rate of 4%. In the context of film, the miss shot
can lead to an increase in the incident surface
dose as the same image is repeatedly captured.
Patient waiting times were longer and also
needed to be as low as possible due to the loss
of film purchase costs. Digital systems are film-
less, which makes re-shoting easier than with
film screens. Consequently, an increase in miss
shots is to be expected.

The use of the pre-shot method was consid-
ered to reduce the miss shot rate of current
digital systems. In this method, low-dose radi-
ography is performed first, followed by ade-
quate patient positioning before normal imag-
ing begins. The low-dose radiography is here-
after referred to as ‘pre-shot’.

Re-shot is also sometimes described as failed
radiograph, re-radiograph or re-imaging, but in
this paper, re-shot is used as a unifying term.
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1. Preliminary investigation

ASSISTA Management (Fujifilm Medical, To-
kyo, Japan) is a system designed for the man-
agement of FPDs. The uploading of various
conditions during radiography to the data cen-
ter results in the automatic organization and
display of data in graphs and lists with various
analysis axes. The number of miss shots, miss
shot rate, and the respective site and engineer
can also be extracted, so the data before and
after the start of the pre-shot were compared.

The term ‘pre-shot’ refers to the process of
acquiring a preliminary image under low-dose
conditions once the body position for the area
to be radiographed has been determined. This
is followed by the acquisition of the normal
shot once the body position is confirmed to be
satisfactory. In the event that this proves to be
inadequate, the subsequent step involves re-
establishing the position. Following the com-
pletion of a pre-shot confirmation procedure,
the process of normal shoting may be initiated
once it has been ascertained that the position
is adequate.

In order to ascertain the shooting menus to
be pre-shot, miss shot rates for each menu
were calculated using data from April to Sep-

tember 2021. As demonstrated in Figure 1, im-

aging of the knee joint was predominant, oc-
cupying the top one to four positions. How-
ever, it was determined that menus with a lim-
ited number of inspections and an elevated X-
ray miss shot rate exerted negligible influence
on the aggregate number of inspections. Con-
sequently, these menus were excluded from
the present survey, which was conducted with
the number of shots taken into consideration.
Pre-shots were initiated on the standing lat-
eral view of the right knee joint, standing lat-
eral view of the left knee joint, lying lateral
view of the right knee joint and lying lateral
view of the left knee joint, which are the menu
areas with the highest miss shot rate. The pre-
shot images were judged to have too high an
S-value, a measure of sensitivity used to stabi-
lize image density, to be of a quality that could
be used for diagnostic imaging. For this rea-
son, the images are not stored on the server as
reference images and are not treated as miss
shot. A record of the dose is kept for both nor-

mal miss shot and pre-shot images.

2. Method

2-1 X-ray shoting conditions of the knee joint
The hospital uses an FPD system. Shoting

conditions were a tube voltage of 55 kV, tube

Right knee joint standing lateral
Left knee joint standing lateral
Left knee joint lying lateral
Right knee joint lying lateral
Chest sit position(portable)
Chest sit position A—P
Both hip joint A—P
Chest supine(portable)
Lumbar spine lateral
Chest P—A

0.0% 10.0% 20.0% 30.0% 40.0%

50.0%

Fig. 1 Shot miss rate for each imaging menu
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current time product of 6 mAs and a Cu 0.1
mm additive filter. The distance between the
focus and receiver was 120 centimetres, and
the incident surface dose was calculated by
multiplying the incident surface air kerma, a
value calculated by PCXMC ?, by the backscat-
tering coefficient. The incident surface dose for
the knee joint is thus 0.052 mGy. For pre-shot
shoting conditions, the tube voltage is 55 kV,
as in normal radiography. The tube current
time product was set to 0.5 mAs, given that the
minimum exposure time of the imaging system
is 0.5 msec. The additional filter was also the
same as for normal radiography. It was deter-
mined that the pre-shot images should have an
incident surface dose as low as possible. Fol-
lowing a thorough visual evaluation by the
technicians, it was determined that the dose
should be set at approximately one-twelfth of
the normal dose, in order to confirm the mis-
alignment of the medial and lateral condyles.
The study was approved by the Ethics Com-
mittee of the hospital (reception number 05-07).

2-2 Definition of re-shot

Given that there are no technologists in the
hospital who have been with the company for
less than five years, the decision to re-shot is
made by the radiological technologists them-
selves. In the majority of cases, multiple indi-
viduals are involved in an X-ray shot, and in
such instances, re-shot may be conducted
based on a consensus among the involved par-
ties. The knee joint lateral view acceptance cri-
teria are as follows: an acceptable misalign-
ment of medial and lateral condyles is 7 mm ¥.

2-3 Comparative period

The study design was that of a case-control
study, and data were collected retrospectively.
The period of no pre-shot was defined as the
period from April 2021 to December 2021
(‘2021) at this hospital, and the period from
January 2022 to December 2022 (‘2022") was
defined as the pre-shot period.
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2-4 \Verification of changes in miss shot rate
before and after the start of pre-shot

In the preliminary investigation depicted in
Figure 1, the shoting menus that exhibited the
highest miss shot rate were identified as the
left and right standing lateral views of the knee
joint, as well as the left and right lying lateral
views of the knee joint. Consequently, a pre-
shot was meticulously prepared for each shot-
ing menu, and the miss shot rates before and
after the initiation of the pre-shot were sub-
jected to rigorous scrutiny.

The objective of this study is to reduce the
miss shot rate. To this end, an investigation
was conducted into how the pre-shot of the
knee joint changed the overall miss shot rate in
2021 and 2022.

2-5 Comparative studies between groups with
different numbers of shots

The relevance of miss shots was investigated
as a group of three technicians who mainly
perform general radiography (Group A) and a
group of nine technicians who mainly perform
modalities such as CT and MRI and take fewer
general radiographs (Group B), although all 12
technicians are responsible for general radiog-
raphy. In 2021, the mean number of knee joint
lateral views obtained was 200 in Group A and
40 in Group B. There is no turnover of techni-
cians between groups within the period under

comparison.

2-6 Verification of pass criterion

In pass criterion for knee joint lateral views
was also verified in images taken at the request
of orthopedic surgeons and in images that had
not been operated on, among the images
stored on the server during the period indicat-
ed in 2-3. The displacement of the Medial and
Lateral Condyles was measured using a 21.3-
inch, 2-megapixel monitor, and the mean and
standard deviation of the measurements were

calculated.
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Table 1 2021 and 2022 protocol design
Comparing of success and failure of the first normal shot and pre-shot
year case 1st shot 2nd shot 3rd shot
Success on the Normal shot . )
first shot sSuCCcess
2021
Success on the Normal shot Normal shot )
second shot mistake success
Success on the Pre-shot ::> Normal shot )
5092 first shot SuCCess success
Success on the Pre-shot ::> pre-shot :> Normal shot
second shot mistake success success

2-7 First shot verification

By using a low-dose pre-shot, it was also
necessary to verify whether the initial position
setting was not inappropriate, as if the patient
was just trying to take a shot at first. The first
shot is referred to as the first shot (hereafter
referred to as ‘1st shot’), and we examined how
the ratio of successes and failures of the 1st
shot changed between 2021 and 2022.

Table 1 shows the protocol for the sequence
of shots in 2021 and 2022, where the 1st shot
in 2021 is the normal shot; if the 1st shot is a
miss (mistake), the normal shot is continued in
the 2nd shot.

The 1st shot in 2022 refers to the pre-shot.
Even if the pre-shot is successful (success), the
normal shot of the 2nd shot is required. If the
first shot fails, a pre-shot is taken on the sec-
ond shot, followed by a normal shot.

A comparison was made between the suc-
cesses and failures of the first shot in 2021 and
2022 in order to verify whether the position
settings in the pre-shot were inappropriate.

The pre-shot data has not been registered as
a miss shot. Consequently, verification was
conducted using image data in the CR console,
where patient information and other data per-
taining to general radiography equipment is
recorded and image confirmation is performed.
This procedure was undertaken instead of dur-
ing the specified period indicated in 2-3. Note
that the data in the CR console is only stored
for about two months. Consequently, the data
preceding the initiation of the pre-shot was

also designated for the same period, i.e. from
October to December 2021. The data subse-
quent to the initiation of the pre-shot period
was collected from October to December 2022.

2-8 Statistical analysis

Statistical analysis was conducted utilizing
the College Analysis Ver. 8.6 software program
developed by Fukui. ¥ Due to the limited num-
ber of radiological technologist, miss shot rates
were not subjected to statistical analysis for
mean values. However, a chi-square test was
employed for each group to ascertain the exis-
tence of an association between the differenc-
es in the aggregate results. Wilcoxon's rank
sum test was utilized to assess the discrepancy
between medial and lateral condyles, given the
distribution’s non-normal nature. The signifi-
cance level was set at 1%, with P < 0.01 denot-

ing a statistically significant difference.

3. Result

3-1 Variation in miss shot rate by menu in the
knee joint lateral view

As illustrated in Table 2, the miss shot rates
for different menus of the knee joint are shown
for the comparison period. The miss shot rate
prior to the pre-shot was 44.2% for the right
knee joint standing lateral view, 25.0% for the
right knee joint lying lateral view, 37.8% for the
left knee joint standing lateral view and 27.9%
for the left knee joint lying lateral view. After
the pre-shot was started, the data showed that
111
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Table 2 Before pre-shot (2021) and after pre-shot (2022) for shot miss rate
(Only lateral view of the knee joint)

Year site Number of shots Miss shots  Shot miss rate
(%)
Right - Standing lateral view 208 92 44.2
0021 Right - Lying lateral view 364 91 25.0
Left - Standing lateral view 188 71 37.8
Left - Lying lateral view 394 110 27.9
Right - Standing lateral view 192 10 5.2
0022 Right - Lying lateral view 248 26 10.5
Left - Standing lateral view 170 8 4.7
Left - Lying lateral view 233 25 10.7

5.2% of the patients had a right knee Table 3 Before pre-shot (2021) and after pre-shot (2022) for
joint standing lateral view, 10.5% had a shot miss rate
right knee joint lying lateral view, 4.7% Year Number of shots Miss shots Shot miss E(e)zc)e
had a left knee joint standing lateral 5021 11907 1395 117
view and 10.7% had a left knee joint 2022 8087 589 73
lying lateral view.
. Table 4 Shot miss rate of lateral view of the knee joint in 2021
3-2 Changes in miss shot rates across and 2022
the whole of general radiography year Success image Failure image  Mean (%)

The overall miss shot rates for general Group A 503 242 31.6
radiography in 2021 and 2022 are shown 2021 Group B 267 122 314
in Table 3. The overall miss shot rate P=0.910
prior to the initiation of the pre-shot was ogpy CTOUPA 581 40 6.4
11.7%, however, by 2022, when the Group B 193 29 12'1 5017

knee joint pre-shot was initiated, the

miss shot rate had decreased to 7.3%.

All technologist had been employed for at least five years, so lack of experience was
not thought to be a factor

3-3 Compare the miss shot rate of the Table 5 Investigation of misalignment between the medial
. . and lateral condyles
knee joint lateral view between
groups with different numbers of year Standing position (mm) Lying position (mm)
h AV SD AV SD
shots 2021 3.78 2.60 3.90 2.71
The results of the miss shot rates for 2022 3.36 211 3.67 241
the entire knee joint lateral view in P=0.130 P =0.483

2021 and 2022 in Group A and Group

B are shown in Table 4. In 2021, the
miss-shot rate in Group A was 31.6% and in
Group B 31.4%. The miss shot rate in 2022 af-
ter the start of pre-shot decreased to 6.4% in
Group A and to 13.1% in Group B. The find-
ings of the 2021 test yielded P = 0.910, and the
2022 results also demonstrated P = 0.017, indi-
cating that there were no statistically significant
differences between the groups
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3-4 Verification of pass criteria

Table 5 shows the results of examining the
pass criteria for medial and lateral condylar mis-
alignment before and after the start of the pre-
shot. A decrease was observed from 3.78 mm to
3.36 mm in the standing position and from 3.90
mm to 3.67 mm in the supine position, but no

significant difference was detected.
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Table 6 1st shot for knee joint lateral view

year site Success Misstake Shot miss rate
(%)
2021
(Normal shot) ) ) 62 473
0022 standing lateral view
(Pre-shot) 89 549
P =0.302
2021
(Normal shot) ) . 83 291
0022 lying lateral view
(Pre-shot) 91 520
P=9.01x10"

3-5 Comparison of first shots

Table 6 shows the results of the 1st shot in
the standing and lying positions.

In the standing position results, there were
69 successful and 62 unsuccessful first shots in
2021.

In 2022, the number of cases where the initial
pre-shot was successful and proceeded to a
normal shot was 32, while the number of cases
where two or more pre-shots were made and a
re-take was necessitated due to an error was
39. The respective successes and failures were
then subjected to calculation using the chi-
square test, P = 0.302, and it was established
that no significant differences were found.

Similarly, in the lying position results, there
were 202 successful first shots and 83 failures
in 2021, and in 2022 there were 84 successful
first pre-shots and 91 pre-shots that were re-
worked and pre-shot two or more times. When
testing whether there was an association be-
tween each success and failure, P = 9.01 x 107,
P < 0.01, which was a significant difference
and rejected the association. In other words, in
the lying position, it was found that pre-shot-
ting the first shot was associated with more
miss shots.

4. Consideration

4-1 Miss shot rate of the lateral view of the
knee joint in 2021
In a preliminary survey, the most frequently

photographed areas were listed in order of fre-
quency, and the lateral view of the knee joint
was the top photographed area with the high-
est miss rate. In our hospital, we only have
standing and lying lateral views and no other
imaging methods, but in the previous hospital,
in addition to the usual standing and lying lat-
eral views, we also had gravity sag view imag-
ing ¥ and extensional lateral views, which
sometimes resulted in multiple photographic
losses in the same patient. Although there are
no special radiographic techniques at this hos-
pital, lateral radiographic techniques for total
joint replacement ©-® were performed with the
same meticulous care as at the previous hospi-
tal, including the overlap of the two pegs of
the femoral component. Increasingly, orthope-
dic surgeons requesting imaging are demand-
ing accuracy and reproducibility of frontal and
lateral views. The reason for this is that when
checking the condition of the bone cement
that holds the artificial joint in place, if the arti-
ficial joint is radiographed at an angle, the
bonding area between the cement and the ar-
tificial joint may not be visible. Orthopedic sur-
geon ordered a re-shot, and the discrepancy in
the image was checked and found to be 2.5
mm. This figure is smaller than the average
value for displacement in knees without a his-
tory of artificial joint surgery presented in Table
5 and is thought to reflect the missed shot rate
from the 2021 survey, as more reproducibility

is required.
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4-2 Knee miss shot rate in 2021 and 2022

The results for the missed shot rate in 2021
show a significant decrease in 2022 after the
start of the pre-shot, but as the 2022 data in
Table 2 shows, missed shots did not disappear
completely. In the case of emergency radiogra-
phy where the pre-shot was not used, or in the
standing lateral view, the body was supported
by placing the non-examined side on an aid
and holding a grip stick with both hands, but
in some cases the body could not be held in
position after the pre-shot and moved, result-
ing in a re-shot. Human error was also a factor,
with the pre-shot menu being mixed with the
normal shot menu. The sequence of shots is
frontal, lateral and axial, but in some cases the
order of the shots was changed due to the pa-
tient’s condition, which also changed the order
of the pre-shot menu, leading to errors.

4-3 Effects of different numbers of shots on
the miss shot rate

The results of the comparison of the missed
shot rate between the high and low shot groups
showed no significant differences in 2021 and
2022. The results suggest that the missed shot
rate is high even for technicians with 7-8 years
of experience, regardless of the number of
shots taken, and even for technicians who take
a lot of general radiographs. After the start of
pre-shots, the number of missed shots was
slightly higher in group B, although there was
no significant difference in the missed shot rate
between the groups. This was attributed to the
fact that fewer emergency shots were taken at
night or on holidays in group A, and more
were taken in emergency situations in group B
than in group A.The use of pre-shots for emer-
gencies will be considered in the future, if nec-

essary.

4-4 Views on the increase in the overall miss
shot rate
It is indisputable that the lowest possible

miss shot rate is desirable, but re-shots are in-
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creasing in practice. In 1992, the miss shot rate
was 4% when the film screen was in use, but
with the switch to a digital system, the miss
shot rate in this hospital was 11% in 2021.

The fact that digital systems can be easily re-
shot is considered to be a contributing factor to
the increased miss shot rate. As demonstrated
in Table 2, the 2021 study revealed a miss shot
rate of 44.2% for the right knee joint in a stand-
ing lateral view, indicating that approximately
one in two patients required re-shooting. Fur-
thermore, the miss shot rate for the lying lat-
eral view of the right knee joint was 25.0%,
suggesting that approximately one in four pa-
tients experienced re-shoting. In short, it is an
area where mistakes are made.

After the start of pre-shots in 2022, the pro-
portion of re-shots was around 5% in the stand-
ing lateral view and 10% in the lying lateral
view, thus reducing the proportion of re-shots.
Furthermore, Table 3 shows that the overall
miss shot rate in 2021 was 11.7%, which ex-
ceeded 10%, but as a result of changing the
imaging system to pre-shot for the high miss
shot rate sites, the overall miss shot rate fell to
7.3% in 2022, suggesting the effectiveness of
pre-shot.

4-5 Effects of pre-shot in the knee joint
Pre-shot is also a matter of radiographic tech-
nique, and we understand that there are many
different opinions. This is not to say that we
neglect radiographic technology, but we be-
lieve that pre-shots have a raison d’étre when it
comes to radiography where greater precision
is required. In the case of the standing lateral
view, the results of the measurement of the
displacement of the internal and external con-
dyles in Table 5 showed no significant differ-
ences before and after the start of the pre-shot.
Table 6 also shows the results of the first shot
verification. It was assumed that there would
be a significant difference if the setting was
inappropriate. However, no significant differ-
ences emerged. In the case of normal shoting
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and in the case of pre-shoting, the first mis-
takes made in the first shot were the same in
both normal and pre-shot cases. It was there-
fore denied that improper positioning had tak-
en place. The average miss shot ratio of the
standing lateral view before the pre-shot was
more than 40% on the left and right sides, and
the miss shot rate after the pre-shot was 5%,
which was a significant improvement, suggest-
ing that pre-shot should be actively used.

Similarly, in the supine lateral view, no sig-
nificant differences were found between the
results of the endocondyle and exocondyle
measurements (Table 5). Table 6 verified the
results for the 1st shot and found significant
differences. The number of 1st shot misses in-
creased after the start of pre-shots. The reason
for this is that the tendency to repeat the pre-
shot is due to the awareness of the need to
make more adjustments and submit a better
image because of the low dose. This was con-
sidered to be one of the reasons for the low
awareness of re-shot. The percentage of 1st
shot miss shots in the standing lateral view
shown in Table 6 was 54.9%, whereas the per-
centage of errors in the lying lateral view was
52.0%, which is the same as the standing lat-
eral view.

In the lying lateral view, the average left-
right miss shot rate was around 25% (right
25.0%, left 27.9%) in 2021 before the start of
the pre-shot shown in Table 2. Miss shot rate
after the start of the pre-shot was around 10%,
which is not effectively lower than in the stand-
ing lateral view. In addition, the proportion of
misses increased in the 1st shot, and it was
judged that aggressive use of pre-shot was less
effective. It was considered preferable for use
by new technicians in their first 1-3 years of
employment, or only when accuracy is re-
quired, such as when imaging prostheses.

4-6 Pre-shots reduce radiation dose
If re-shot is required during normal shot, the
normal shot is repeated. If the first shot fails,

the normal shot is taken twice, which is twice
as much exposure as if first shot succeeded. If
a pre-shot is performed, even if the first shot
fails, the incident surface dose can be signifi-
cantly reduced by a factor of 1.16 by perform-
ing the pre-shot again and then the normal
shot. However, for patients without re-shot,
this can result in extra exposure. A patient with
no re-shot means that the 1st shot was success-
ful, in which case the exposure dose is 1.08
times higher. In our case, this increases from
0.052 mSv to 0.06 mGy.Detection efficiency is
the same for CR and FPD because the imaging
tube voltage in our hospital is in low voltage
range?. It is therefore also available for CR sys-
tems. The average number of pre-shots per
person since pre-shotting started is 1.8 and in-
cluding the increased exposure dose in error-
prone imaging, pre-shotting is considered to
be a necessary system.

5. Conclusion

The present study investigates the incidence
of miss shots in general radiography and ex-
amines the effectiveness of pre-shots for radi-
ography menus with high miss shot rate.

In instances where the imaging exhibited a
miss shot rate of more than 40%, such as in the
standing lateral view of the knee joint, the ac-
tive utilization of pre-shots was deemed more
efficacious. This approach served to reduce the
miss shot rate and forestall an escalation in the
incident surface dose, a consequence of mul-
tiple shots attributable to errors.

Conversely, in instances where the miss shot
rate is approximately 25%, such as in the lying
lateral view of the knee joint, the utilization of
pre-shots may merely augment the number of
shots, thereby obscuring the efficacy of pre-
shots. Consequently, the utilization of pre-
shots is deemed advantageous in scenarios
where enhanced reproducibility is imperative.
The concept of reimaging is directly linked to
imaging technology and given the current state
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of FPD penetration and dose optimization, the

usefulness of pre-shots has been confirmed.
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[Abstract]

In this study, by applying summation processing to fresh blood imaging (FBD)-magnetic resonance angiography
(MRA) and MR bone imaging, we hypothesized that a novel MRA image incorporating calcification information
could be generated for patients with lower extremity artery disease (LEAD). We analyzed the percentage of additive
processing between FBI-MRA and MR bone imaging. The addition ratio was varied in six LEAD cases; the contrast-
to-noise ratio (CNR) between the arterial wall calcification, nearby muscle, and arterial lumen was measured. Mean
CNR values improved between the arterial lumen and arterial wall calcification sites in all additive images. The higher
the addition percentage, the higher the value between the arterial lumen and the muscle. Between the muscle and
arterial wall calcification sites, the lower the addition percentage, the higher the value. A novel MRA image processing
method incorporating calcification information was successfully developed, and a FBI-MRA addition of 12.5-3.125%
was recommended.

calcification correlates with the clinical severity

1. Introduction

of LEAD”. In endovascular treatment, the

Lower extremity artery disease (LEAD), a
subset of peripheral artery disease, is a chronic
occlusive disease of the major arteries of the
lower limbs, and is caused by arteriosclerosis.
This condition is synonymous with lower
extremity occlusive arteriosclerosis, which
has traditionally been used as the diagnostic
term"?.

Patients with LEAD frequently have
comorbid chronic kidney disease, and vascular
calcification is a characteristic feature of this
disease”. Furthermore, in patients undergoing

dialysis, the severity of lower limb arterial

choice of the balloon and approach varies
depending on the location of calcification”.

Thus, obtaining information on the location,
extent, and positional relationship of the
calcification with the artery is crucial for the
treatment of LEAD.

Angiography has traditionally been
considered the gold standard for the
diagnosis of LEAD. However, owing to its
invasiveness, it is rarely performed solely for
diagnostic purposes. In recent years, non-
invasive imaging modalities such as computed

tomography (CT) and magnetic resonance
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imaging (MRD), which are both convenient and
highly reproducible, have been increasingly
utilized because of their non-invasiveness®.

Although CT angiography (CTA) requires
contrast agents, it offers advantages over
other imaging techniques by allowing the
assessment of calcification levels, intramural
thrombi, and extravascular lesions. In contrast,
MR angiography (MRA) can be performed
without contrast agents, making it a viable
option for patients with renal impairment.
However, MRA does not provide information
on vascular calcification”.

Among MRA techniques, fresh blood
imaging (FBD-MRA provides visualization of
arterial stenosis and occlusion in the pelvic
and lower limb arteries comparable to CTA,
while also providing a clear depiction of the

collateral circulation'”

. This technique utilizes
electrocardiogram gating to exploit differences
in signal intensity based on the blood flow
velocity. During diastole, arterial blood flow
slows, resulting in high signal intensity in
fast spin echo sequences. Conversely, during
systole, rapid blood flow promotes spin
dephasing, creating flow voids within arteries.
As venous blood flow remains slow during
both systole and diastole, veins consistently
exhibit high signal intensity. Arterial signals
can be selectively extracted by subtracting the
systolic image from the diastolic image ©.
Although a limitation of MRA is its inability
to provide information on calcifications, it
has traditionally been difficult to evaluate
structures such as cortical bone surfaces,
ligaments, tendons, and calcifications on MRI
because these tissues appear as low-signal
areas in the images. This is because such
tissues contain only small amounts of water
molecules, which serve as the primary signal
source in MRI. Moreover, the water molecules
present are primarily bound water, which
exhibits highly restricted motion and extremely
short T: relaxation times. For instance, the

T: relaxation time of cortical bone at 3.07T is
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approximately 390 ps.

With conventional pulse sequences, the
available echo time (TE) is in the range of
several milliseconds. This delay in signal
acquisition is too long, causing the rapidly
decaying signal after radiofrequency irradiation
to become undetectable, thereby rendering
these structures as low-signal regions.
However, a new imaging technique, MR bone
imaging, developed to obtain calcification
information using MRI, has garnered significant
attention.

One approach to obtain information on
calcification involves the gradient-echo (GRE)
method. Because the cortical bone appears
as a low-signal area in GRE imaging, post-
processing techniques have been applied to
invert the signal contrast, thereby rendering
the bone as a high-signal structure. However,
this inversion process also enhances other low-
signal regions in the image, making it difficult
to distinguish the bone from other structures.
To address this issue, artifacts that contribute
to low signal intensities, such as those caused
by chemical shift effects, must be minimized.
Therefore, MR bone imaging uses in-phase
imaging.

Furthermore, to enhance signal intensity,
multi-echo GRE methods, which acquire and
sum multiple echoes in a single scan, are

advantageous ' '?.

1.1. Overview

By applying summation processing to FBI-
MRA and MR bone imaging, we hypothesized
that a novel MRA image incorporating
calcification information could be generated.
This approach enables visualization of vascular
structures and calcifications in a non-contrast,
non-invasive manner, potentially serving as a
new diagnostic option for LEAD.

Therefore, in this study, we aimed to
determine the optimal summation ratio, which
is a key element of this image-processing
technique.
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2. Methods

2.1. Ethical Considerations
This study was reviewed and approved
by the ethics committee of our institution

(approval no. Reiwa 5-126).

2.2. Study Participants

The participants of this study were all
patients (six cases: three males and three
females) who underwent lower limb MRA
for suspected LEAD between June 2022 and
August 2023. The mean patient age was 81.2 +
8.07 years.

2.3. Equipment

Imaging was performed using a 1.5T
superconducting whole-body MR scanner
(Vantage Titan ver.4.0, Canon Medical Systems,
Tochigi, Japan). A 32-channel spine coil and
a 16-channel body coil were used as the
receiving coils. Additionally, a workstation
(Ziostation2 Plus, Ziosoft, Tokyo, Japan) was
used to generate curved planar reconstruction

images.

2.4. Imaging Parameters

For MR bone imaging, a field echo 3D
sequence with multi-echo acquisition was used
with the following parameters: repetition time,
18 ms; TE, 4.6/9.2/13.8 ms; flip angle (FA),
7°; fat suppression, off; field of view (FOV),
40/42 cm, matrix 256/256; slice thickness,
2 mm; and number of acquisitions (NAQs), 1.

For FBI-MRA, a fast advanced spin-echo 3D
sequence combined with the short TT inversion
recovery method was used with the following
parameters: TR, 2908 ms; TE, 80 ms; FA/flop
angle, 90/150;, inversion time (TD), 130 ms;
black blood TI, off; FOV, 40/42 cm, matrix,
256/250; slice thickness, 3 mm; and NAQs, 1.

For summation processing, FBI-MRA images
were reconstructed with a slice thickness of

2 mm to match the MR images.

imaging in patients with lower extremity artery disease

2.5. Image Positioning

Summation processing was performed using
MR bone imaging and FBI-MRA. For effective
summation processing, obtaining arterial
images with clear differentiation on FBI-MRA
is essential. To achieve this, venous structures
must also be stably visualized, allowing precise
subtraction of veins from the combined arterial
and venous images.

FBI-MRA is an imaging method that utilizes
signal intensity differences between systole
and diastole, where both arteries and veins
appear as high-signal regions when blood flow
is slow . Therefore, to reduce the effects of
decreased peripheral blood flow velocity in the
target veins and to minimize flow void artifacts,
mild compression fixation was applied to the
epigastric and abdominal regions.

To reduce the number of imaging slices,
cushions were used during positioning to
maintain uniform lower limb height. However,
to avoid compression of posterior running
vessels, such as the popliteal vein, and ensure
stable venous visualization across systole and
diastole, care was taken to prevent excessive
pressure on these structures.

Previous studies have reported that blood
flow velocity is affected by the body position'”.
When the feet are internally rotated, tension
in the thigh adductor muscles may increase,
potentially compromising venous visualization
stability. Therefore, the feet are positioned
externally.

Additionally, to minimize motion artifacts
caused by respiration, spacers were placed
between the patient and coil, in addition to
compression fixation, to ensure that the coil
did not come into direct contact with the

patient.

2.6. Measurement Method

The acquired MR bone and FBI-MRA images
were processed using a built-in application
to generate summation images based on the

following equation:
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Additional image = A + B/x  sreeeeeeee (D,

where A represents MR bone imaging and B
represents FBI-MRA.
To evaluate the effect of the summation

ratios, the value of x was varied, and the signal

intensity of FBI-MRA was reduced to 100%,
50%, 25%, 12.5%, 6.25%, and 3.125% of the
original intensity before summation (Fig. 1).
For the generated summation images, ImageJ
(National Institutes of Health, Bethesda, MD)

was used to analyze all 6 cases at 54 locations

e f

g

Fig. 1 MR bone imaging and FBI-MRA images with the ratio of addition varying from b-g.
a: No addition, b: 100% addition, c¢: 50% addition, d: 25% addition, e: 12.5% addition,

f: 6.25% addition, and g: 3.125% addition.

FBI, fresh blood imaging
MRA, magnetic resonance angiography
MR, magnetic resonance

Fig. 2 CNR measurement points in the tissues.

a: Original additive image. b: Enlarged view of the measurement range.
ROI a: calcified area, ROI b: arterial lumen, and ROI ¢c: muscle.

CNR, contrast-to-noise ratio
RO, region of interest
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(all within the superficial femoral artery). For
each location, three regions of interest (ROIs)
were defined: the arterial wall calcification site
(a), adjacent muscle (b), and arterial lumen
(c). The mean signal intensity and standard
deviation were measured for each ROI. The
measurement points for contrast-to-noise ratio
(CNR) analysis are shown in Fig. 2.

Based on the measurement results, the CNR
values were calculated for the following tissue
comparisons.

1. Between the arterial lumen and arterial
wall calcification site

2. Between the arterial lumen and muscle

3. Between the muscle and arterial wall
calcification site

CNR evaluation was performed using the

following equation: '

CNR (root mean square) =
Sa - Su |/ (SDa2 + SD2)/2 1

where Sa and Sp represent the mean signal
intensities of the two ROIs being compared,
and SDa and SDs represent their respective

standard deviations.

imaging in patients with lower extremity artery disease

To assess whether significant changes
occurred in each summation image compared
with MR bone imaging alone, multiple
comparison testing was performed using the
Steel test. The significance level was set at p <
0.05.

2.7. Image Interpretation

Based on the study results, summation
images with inversion processing were
generated, and image interpretation was
performed for one patient with LEAD (an
86-year-old female).

3. Results

A graph based on the CNR measurement
results for the arterial lumen and arterial wall
calcification site is shown in Fig. 3. Compared
with MR bone imaging without summation, all
FBI-MRA summation images showed improved
CNR. The summation image with FBI-MRA at
6.25% yielded the best results. The mean CNR
value of MR bone imaging without summation
was 9.53 = 4.74, whereas that of the FBI-
MRA 6.25% summation image was 12.45 =

30
o n=54
C * %k
N ¥
R * p=0.10
p=043
p-0.62
20
15
x X
10 X
5 J;
* 1p<0.05
. N ** :p<0.01
) 053 tan ILIOEels 1145%626 11943621 12295577 1245 £ 497 1231+ 5.14
T
no addition 100 50 25 12,5 6.25 3.125
FBI MRA signal strength (%)

Fig. 3 CNR of the arterial lumen and arterial wall calcification.
CNR, contrast-to-noise ratio
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4.97. Statistical testing revealed significant
differences in summation images with FBI-
MRA at 12.5% or lower.

A graph based on the CNR measurement
results for the arterial lumen and muscle is
shown in Fig. 4. The mean CNR value of MR
bone imaging without summation was 3.59 +
3.11, whereas all FBI-MRA summation images
showed a substantial increase in the CNR.

Higher summation ratios of FBI-MRA resulted
in higher CNR values, with the FBI-MRA 100%
summation image achieving the highest CNR
(15.02 = 11.80). However, statistical testing
indicated significant differences among all the
combinations.

A graph based on the CNR measurement
results for the muscle and arterial wall
calcification site is shown in Fig. 5. The

Lk
ek
35 e Hx n=54
C - ok
N 30
R
25
20
15
X X
10
5 1 1
0 15.02 + 11.80 15.00 * 11.80 1490 + 11.72 14.55 + 11.23 1352 £ 10,09 :* Szgg?
’ T 1127+ 7.9 o
3.59 311
-5
no addition 100 50 25 125 6.25 3.125
FBI MRA signal strength (%)
Fig. 4 CNR of the arterial lumen and muscle.
CNR, contrast-to-noise ratio
® 3k
- n=54
C EE3
N 20 — -
R
15
10
° X
o + T
8.17 £ 5.10 . .
9.47 £ 5.50 sar gy 521403 6.94 + 4.75 . :p<0.05
47 £ 3, 1 p<0.01
1.86 + 1.91
5 119 % 1.71
T
no addition 100 50 25 125 6.25 3.125
FBI MRA signal strength (%)

Fig. 5 CNR of the muscle and arterial wall calcification.
CNR, contrast-to-noise ratio
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mean CNR value of MR bone imaging
without summation was 9.47 * 5.50, whereas
all FBI-MRA summation images exhibited
a decrease in the CNR. Statistical testing
revealed significant differences among all the
combinations. However, lower summation
ratios of FBI-MRA resulted in higher CNR
values, with the FBI-MRA 3.125% summation
image showing a CNR of 8.17 + 5.10.

The case was analyzed using summation
images with inversion processing based on the
study results. The patient was an 86-year-old
female with aortic and mitral valve stenoses.
She first visited our hospital in 2015 because
of a cold sensation in her left lower limb, and
CTA confirmed the diagnosis of LEAD. She
continued treatment at another hospital, but
returned to our institution in 2023. Owing
to renal function deterioration, MRA was
performed instead of CTA. MRA revealed a
4.25 cm-long segment in the left common

femoral artery that was not visualized,

imaging in patients with lower extremity artery disease

corresponding to a previously confirmed
calcified stenotic lesion on CTA (Fig. 6, arrow).

Fig. 7 shows MR bone images before
and after summation at the same site. In
MR bone imaging without summation (Fig.
7a), calcification of the left femoral artery
was visible; however, its relationship with
the artery was unclear. In contrast, in the
summation image (Fig. 7b), both the artery and
calcifications were clearly visualized, making
it easier to assess their positional relationship.
Complete arterial occlusion due to calcification
(Fig. 7b, arrow) was also confirmed.

Additionally, the ventral slice in Fig. 8
shows the collateral circulation that developed
around the calcified segment (Fig. 8a, arrow).
This collateral vessel was not observed on the
previous CTA (Fig. 8c, arrow), suggesting that
it was newly developed.

Summation images of the right femoral artery
of the same patient are also presented. The
short-axis view of the arterial calcification site

a b

Fig. 6 Overall view of the lower extremity of a
patient.

a: Non-contrast FBI-MRA image obtained during
examination.
b: Contrast-enhanced CTA image obtained in 2015.

FBI, fresh blood imaging
MRA, magnetic resonance angiography
CTA, computed tomography angiography

Fig. 7 CPR image of the left femoral artery.

a: MR bone image. b: Additive image.

MR, magnetic resonance
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Fig. 8

b

CTA, computed tomography angiography

Cc

a, b: Collateral vessels developed by bypassing the calcified left femoral artery.
c: Contrast-enhanced CTA in 2015.

Fig. 9 a: CPR image of the right femoral artery. b: Straight view. c: Axial image.

in the right common femoral artery showed
circumferential calcification with an artery
running through the lumen, indicating that
the vessel was stenotic, but not completely
occluded (Fig. 9).

4. Discussion

In this study, the CNR between the arterial
lumen, arterial wall calcification site, and
muscle was evaluated to determine the optimal
summation ratio.

Between the arterial lumen and arterial
wall calcification site, the CNR improved in

all summation images; however, the changes

124 # Journal of JART English edition 2025

due to summation ratios were smaller than
those observed between the arterial lumen
and muscle or between the muscle and
arterial wall calcification site. No significant
differences were observed between FBI-MRA
summation images (100%, 50%, or 25%) and
MR bone images without summation. This is
likely because MR bone imaging represents
calcifications as low-signal regions ¥, allowing
sufficient CNR between the arterial lumen and
calcifications, even without summation.

The CNR between the arterial lumen and
muscle increased in all summation images.
Lower summation ratios of FBI-MRA resulted
in lower CNR values, but even in the FBI-MRA
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3.125% summation image (11.27 * 7.99), the
CNR remained higher than that of MR bone
imaging without summation (3.59 = 3.11).
Significant differences were observed in all
comparisons, likely due to the contribution
of arterial signals from FBI-MRA to MR bone
imaging ©’.

The CNR between the muscle and arterial
wall calcification site decreased in all
summation images. FBI-MRA extracts arterial
signals by subtracting diastolic images from
systolic images, canceling out other signals,
and making them part of the background
signal ' ', Consequently, in summation
images with MR bone imaging, non-arterial
tissues become part of the background signal.
This likely explains why the muscle, when
summed with background signals, appeared as
a low-signal region, reducing the CNR relative
to the arterial wall calcification site, which is
already represented as a low-signal region in
MR bone imaging. Significant differences were
observed in all summation images, with lower
summation ratios of FBI-MRA vyielding higher
CNR values.

Considering these results:

1. Between the arterial lumen and arterial
wall calcification site, significant
differences in the CNR were observed at
FBI-MRA summation ratios of 12.5% or
lower.

2. Between the arterial lumen and muscle,
higher summation ratios of FBI-MRA
resulted in higher CNR values; however,
the CNR improved in all summation
images.

3. Between the muscle and arterial wall
calcification site, lower summation ratios
of FBI-MRA resulted in higher CNR
values.

Based on these findings, an FBI-MRA
summation ratio of 12.5-3.125% was
considered as the recommended setting for
generating summation images.

However, the optimal FBI-MRA summation

imaging in patients with lower extremity artery disease

ratio may be influenced by factors such as
blood flow and the extent of calcification in
individual patients. Given the small sample
size in this study, it may be necessary to adjust
the summation ratio on a patient-by-patient

basis.

4.1. Clinical usefulness

This study demonstrated that FBI-MRA
summation improved the CNR of arteries. In
contrast, for calcifications, the CNR decreased
compared with MR bone imaging without
summation, suggesting that the original images
should also be included in the evaluation.

The limitations of this study include the
small sample size and lack of comparison
with conventional imaging methods, such as
angiography, CTA, or non-summation MRA, for

vascular calcification assessment.

4.2. Conclusion

A novel MRA image processing method
incorporating calcification information was
successfully developed by combining FBI-MRA
with MR bone imaging. This technique has the
potential to be a new diagnostic option for
LEAD.
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