
In this midterm plan at NIRS, the Medical Exposure Research

Project (MER-project) has the mission to investigate the frequen-

cies and doses of domestic medical radiation uses, both diagnos-

tic and therapeutic. The data are being collected in collaboration

with local hospitals and academic societies. These data will be

stored into a planned national database of medical exposure and

used for both scientific and practical bases for the justification

and optimization of radiation protection in medicine. They will be

also provided to the UNSCEAR global survey project.

Five studies have been currently undertaken. (i) Estimations of

examination frequencies and organ doses in X-ray CT, PET, PET/

CT, and heavy ion particle therapy in collaboration with local hos-

pitals and academic societies. (ii) Organ dose estimations of pa-

tients who received radiotherapy for cervical cancers and pros-

tate cancer for the risk of secondary cancer. (iii) Study of radiobi-

ology in radiation use in medicine. (iv) Development of the method

for risk-benefit communications in medicine. (v) Running an or-

ganization for the exchange of information on radiation protection

in medicine. The results obtained are as follows.

(1) The data of frequencies and dose (DICOM) in CT examination

are being collected in collaboration with local hospitals such as

the National Center for Child Health and Development (NCCHD)

Hospital and the Chiba Children’s Hospital in addition to the aca-

demic bodies including the Japanese Society of Radiation Oncol-

ogy, Japanese Society of Radiological Technology, Japan Radio-

logical Society and Japan Association of Radiological Technolo-

gists. In the Chiba Children’s Hospital, data have also been exten-

sively collected, and the data for the most recent 4 years on CTDI

and DLP were summarized (see Highlight). In FY 2013, we started

the survey of CTDIvol and DLP in two additional hospitals. Phan-

tom measurements of organ doses have been continued in four

hospitals as the basic data for optimization.

(2) For estimation of organ dose in radiotherapy of cervical can-

cers, a physical pelvic phantom was developed. The dose of or-

gans in the pelvic region, i.e., colon, rectum, uterus and ovaries,

which are monitored with gel dosimeters, are being estimated in

the contemporary treatment protocol for cervical cancer. In addi-

tion, organ doses outside the pelvic region have been measured

using the adult anthropomorphic phantom. The dose of an organ

close to the cervical cancer site such as kidney and stomach was

as high as 1 Gy. In addition, the dose of surrounding organs such

as colon and rectum during prostate cancer therapy with HIMAC

was also examined, and revealed to be much lower than that with

IMRT, suggesting superiority of HIMAC for the reduction of secon-

dary cancers. For PET diagnoses, the basic physiologically-

based pharmacokinetic model (PBPK model) was made to con-

sider the physiological differences among patients.

(3) The dose collection system and database are under develop-

ment. Importance of tracking dose of the patients with a medical

radiation exposure history, which is the concept behind the IAEA’s

“Smart Card/SmartRadTrack project”, has been maintained. We

developed the system that enables transfer of the DICOM data of

different manufacturers into one database.

(4) WAZA-ARI is the web-based dose calculator of medical expo-

sures in X-ray CT examinations, which has been developed by

Oita University of Nursing and Health Sciences and the Japan

Atomic Energy Agency (JAEA). It has been installed in the web

server of NIRS, and opened to the public for trial use (Fig. 1-3).

WAZA-ARI includes the simulation data of equivalent doses and

effective doses for voxel phantoms of the Japanese male and fe-

male developed by JAEA, and voxel phantoms of 0, 1, 5, 10, 15

year old children developed by Florida University for X-ray CT ex-

aminations. It also includes the data of adults of different body

shapes (normal, fat, fatter and thin bodies for male and female)

developed by JAEA. The users can estimate the organ doses by

inputting the exposure conditions such as the kind of CT machine,

tube voltage, tube current, beam width, scan range, rotation time,
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pitch factor, etc. WAZA-ARI has the merit that it can do calcula-

tions by using not MIRD-type phantoms but voxel phantoms, via

the internet.

(5) For radiation risk communications, a booklet for parents

(Fig.4), who are taking care of children with some illnesses, was

issued in collaboration with medical staff in the Chiba Children’s

Hospital. During its preparation, the awareness of radiation dose

of CT was raised for some physicians and they have started to

look for ways to reduce the dose and examination frequency. To

aid in making the best use of clinical radiology, the booklet iRefer,

making the best use of clinical radiology (7th version), issued by

the Royal College of Radiologists (RCR) was translated into Japa-

nese (Fig.4).

(6) For nation-wide exchange of information on medical expo-

sures, the general meeting of the Japan Network for Research

and Information on Medical Exposure (J-RIME) was held in April

2013. Four working groups (Protection for pediatric patients,

Smart Card system, Nation-wide survey, and Publicity) were ap-

proved to work among J-RIME members. Four academic societies

reported that collecting exposure data for modalities such as CT,

plain X-ray examination, and dental radiography is now being un-

dertaken. The J-RIME has published the 5th issue of the newsletter

“Limelight”.

Fig.3 Example of the dose calculation result screen for each X-ray CT examination

Fig.4 The booklet of radiological examinations prepared for parents

and the of the RCR booklet (iRefer) translated into Japanese.

Fig.1 Login page for users Fig.2 Menu page to select the functions of WAZA-ARI II
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Introduction
Patients with uterine cervical cancer generally have received

surgery, radiotherapy or their combinations for over 50 years in

Japan. In addition, in 1990s, concurrent chemoradiotherapy

(CCRT) also have become in wide use. Recently, the incident of

cervical cancer has a peak in 30’s - 40’s in Japan. However, since

its prognosis is basically better compared to other cancers, many

patients survive for a long period of time. Consequently, there is

great concern in a risk of secondary cancers for the patients re-

ceived radiotherapy. In National Institute of Radiological Sciences

(NIRS), a follow-up study for cervical cancer patients is in pro-

gress since 1961. In order to assess the risk of secondary cancer

after radiotherapy for cervical cancer, it is essential to estimate the

dose of not only the target but also the non-target organs. There-

fore, we measured organ doses using anthropomorphic phantom

under the same condition of photon radiotherapy for the uterine

cervical cancer patient. Due to a wide range of unequal distribu-

tion of organ doses, we used both glass dosimeter and gel do-

simeter. In this study, we report doses in organ outside of pelvis.

Methods
Measurements were performed with radio-photo luminescence

glass dosimeters (RPLGDs), which were set in an adult anthropo-

morphic phantom. The sizes of RPLGD are 1.5mm in diameter

and 12mm in length, which is suitable to be inserted in the anthro-

pomorphic phantom (Fig.1). According to typical treatment proto-

cols for the uterine cervical cancer treatment in NIRS (Tables 1

and 2), treatment plans for phantom were determined using treat-

ment planning systems by an experienced radiation oncologist.

Basically, for the uterine cervical cancer treatment, an external-

beam radiotherapy (EBRT) and an intracavitary brachytherapy

(ICBT) are paired or solo. The linear accelerator (Clinac21EX, Var-

ian) was used for EBRT. The irradiation conditions are shown in

Table 2. ICBT was performed with micro Selectron-HDR (Nucle-

tron) and Ir-192 source placed to the location of uterine cervix

(Fig.2).

Fig.1 Number of sites of inserted glass dosimeters for the dose measure-

ment of each organ.
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Table 1 Doses of external beam radiotherapy and intracavitary
brachytherapy for each stage of cancer.

EBRT ICBT

Whole pelvis Center shielding High dose rate

Stage I 20 Gy 30 Gy 24 Gy
Stages II, III 30 Gy 20 Gy 24 Gy

Stage IV 40 Gy 10 Gy 18 Gy
Postoperative 50 Gy -- --
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Results and Discussion
Absorbed organ doses for two energies of X-rays for field con-

figurations in the EBRT are determined. The measured organ

doses ranged from 0.5 to 20mGy per Gy at the isocenter depend-

ing on the organ of interest. The organ dose factors in ICBT are

also calculated. It was less than 10mGy per Gy at the reference

point. The total absorbed organ doses of the patient at each can-

cer stage were estimated to about 20～1000mGy. The organs

close to the target were heavily exposed. The doses for stomach,

kidney, and adrenal gland exceeded 800mGy. There is no differ-

ence among the protocols and stage of cancer. Considered the

ERR/Gy is relatively high for kidney and stomach in female A-

bomb survivors, we need to pay more attention to the second

cancer after radiotherapy for cervical cancer.

Conclusion
This study reveals that doses of extra-pelvic organs of the stan-

dard treatment regimen for uterine cervical cancer patients.

Fig.2 Photos of the set-ups for external irradiation (left) and internal irradiation (right).

Table 2 Energy of X rays, number of ports and irradiation field.

Energy No. of portals Irradiation field

6MV parallel opposing ports (2 ports) whole pelvis
6MV 4-field box technique (4 ports) whole pelvis
6MV parallel opposing ports (2 ports) center shielding

10MV parallel opposing ports (2 ports) whole pelvis
10MV 4-field box technique (4 ports) whole pelvis
10MV parallel opposing ports (2 ports) center shielding
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Introduction
ICRP has proposed the diagnostic reference level (DRL) as an

optimization tool for managing the dose from medical imaging

procedures. DRL is established as a dose at the third quartile

value of the distribution of mean doses of some common proce-

dures in a number of hospitals and institutions [1]. These values

should be reviewed regularly as they contribute to the safe man-

agement and optimization of doses. Several countries have es-

tablished and proposed a national DRL, however, Japan has not.

Recently, the data set on CT scans for adult patients from 80 insti-

tutions in Gunma Prefecture reported [2]. However, there is no

study presenting a national DRL or a LDRL for pediatric CT in Ja-

pan. The aim of our study was to assess the local dose for pediat-

ric CT examinations in a single children’s hospital, which is a ma-

jor tertiary care and referral center. This was achieved by sam-

pling the dose parameters (CTDIvol and DLP) of each CT exami-

nations across several age groups.

Materials and methods
We used the hospital information system (HIS) to retrospectively

identify pediatric patients who had undergone head, chest, ab-

dominal, cardiac, temporal bone, neck, face/sinuses, lumber, and

pelvis CT during the 4 years from October 2008 to July 2011. Ret-

rospective review of picture archiving and communication system

(PACS) showed that 4,801 CT examinations (Male, 2,767 Female,

2,034) and patient number were 2,546 (Male, 1,443 Female,

1,103). The patients were categorized into four age groups: <1

year, 1- to <5 years, 5- to <10 years and 10- to <15 years. The

data collected were age and sex of the patients, CT protocols,

number of CT examinations, and dates of the examinations. The

CT scanner was the GE Light Speed VCT with 64 rows. Collected

CT parameters were the scanning mode (axial for head and heli-

cal for chest and abdomen), tube voltage (kVp), tube current

(mA), beam width, table travel per rotation for helical scan, CTDI-

vol and DLP.

We calculated effective dose by three methods. The first

method is the measurements by using an anthropomorphic phan-

tom representing a 3 month old, a 1-year old or 6-year old child

and glass dosimeter (FGD). FGD were placed in the phantom in

organs and tissues based on the effective dose definition of ICRP

Publications 60 and 103. The second method is calculation by

Monte Carlo simulation, using ImPACT and CT-Expo. The third

method is multiplication coefficient (k-factor) of ICRP Publication

102 [3] by DLP.

Fig.1 Flow of fact-findings
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Results
The head CT was the most common, among all CT examina-

tions. Among all head CT scans, two thirds were a non-helical

scan and one third was helical scan. The chest CT and abdominal

CT accounted for 6.2% and 6.6%, respectively. It is of note that

the number of cardiac CT and temporal bone CT were greater

than chest and abdominal CTs, which is characteristic for this chil-

dren’s hospital. The head CT was the most frequent among infants

in the age of less than 1 year after birth. Similarly, cardiac CT was

also predominant among children less than 1 year of age. There

are two peak ages for temporal bone CT examinations; the first

year and at 6-7 years of life. Temporal bone CT is a useful tool for

the diagnosis of congenital hearing loss. A parent notices an audi-

tory defect in a child as an infant or soon after going to elementary

school. Repetition frequency of CT scans for head, chest, abdo-

men, heart and temporal bone were 2.0, 2.3, 1.9, 2.4, and 1.2, re-

spectively. There was no age difference in the examination num-

ber per patient for temporal bone.

CTDIvol for head was done more often than for any other ana-

tomical sites and increased with increasing age of patients. CTDI-

vol of chest and abdomen remained unchanged between ages

less than 10 years old, but abruptly increased at ages >10 by 2-

fold. CTDIvol for cardiac CT was 2 - 3 times larger than chest CT

in every age group. As for the reason why CTDIvol value is high,

unlike usual chest CT scan, cardiac CT is performed with larger

scan times for contrast enhancement of the blood vessel. Age de-

pendent increase in CTDIvol value was the most evident for car-

diac CT. CTDIvol of temporal bone CT was constant throughout

age examined. Age dependence of DLP showed the similar ten-

dency as CTDIvol.

Effective dose (ED) calculated with anthropomorphic phantom

and FGD for head decreased with age. It ranged from 1.5-3.1

mSv, which depends on the use of tissue weighting factors of

ICRP 60 or ICRP 103. EDs for chest CT increased with age.

They were 2.1-3.7 mSv. EDs for abdomen were similar among

different age groups. They ranged 4.0-5.1 mSv. Generally, ED cal-

culated using tissue-weighting factors from ICRP 103 was higher

than that from ICRP 60. ED estimated by monte carlo simulation

by 0.8-fold to 1.3-fold from ED caiculated by FGD depending on

the examination site.

There are several limitations in our study. First, our study popu-

lation consisted of pediatric patients from single hospital, and our

finding might not represent the actual pediatric CT radiation expo-

sure among more hospitals, especially general hospitals. This is

because the children’s hospital has competent staffs specializing

in children. Only 43% of the installed CT systems in the USA ad-

just the CT protocol for children resulting in unnecessary high ra-

diation exposure. Thus, more hospitals should be encouraged to

participate in the national dose survey. Owing to the rapid evolu-

tion of CT technology, CT radiation dosage protocol needs to be

resurveyed to create an up-to-date DRL every 2 to 3 years.

In conclusion, this dose survey for pediatric CT found most of

the CTDIvol and DLP in head, chest and abdomen were either

similar or still below the DRLs recently published from six coun-

tries. Further studies are required, including more participating

hospitals and efforts by academic bodies, in order to establish a

national DRL to standardize the pediatric protocol in Japan.

Fig.2 1 year-old anthropomorphic phantom dosimetry sytem
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