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Objective: To propose a new set of Japanese diagnostic
reference levels (DRLs) and achievable doses (ADs)
for 2017 and to verify the usefulness of Japanese DRLs
(DRLs 2015) for CT, by investigating changes in the
volume CT dose index (CTDl,)) from 2014 to 2017.
Methods: Detailed information on the CT scan parame-
ters used throughout Japan were obtained by question-
naire survey. The CTDI,, and dose-length product for
the 11 commonest adult and 6 commonest paediatric CT
examinations were surveyed and compared with 2014
data and DRLs 2015.

Results: Evaluations of adult head (helical), and
abdomen and pelvis without contrast agent, paediatric
chest without contrast agent, and abdomen and pelvis
without contrast agent showed a slightly lower mean

INTRODUCTION

Recently, CT using multidetector technology has become
an important diagnostic examination method, as it supplies
rapid multiplanar submillimetre resolution images of the
whole body. However, CT is known to be a significant
contributor to the individual and population exposure
dose.!

Since estimates of the cancer risk attributable to the use of
diagnostic X-rays have been reported,> radiological tech-
nologists should aim to optimize scan parameters in order
to avoid excessive radiation exposure.*® In 1990, the Inter-
national Commission on Radiological Protection (ICRP)
recommended the use of diagnostic reference levels (DRLs)
for patients.® It is intended for use as a simple test to iden-
tify situations in which the patient dose levels are unusu-
ally high.” The ICRP emphasized that DRLs “are not for

CTDly, in 2017 than in 2014 (t-test, p < 0.05). The inter-
quartile range of CTDI,, for all 2017 examinations was
lower than in 2014.

Conclusions: This study verified the lower mean, 75th
percentile, and interquartile range by investigating
changes in the CTDI, from 2014 to 2017. The DRLs 2015
contributed to CT radiation dose reduction.

Advances in knowledge: The widespread implementa-
tion of iterative reconstruction algorithms and low-tube
voltage in CT scanners is likely to facilitate further reduc-
tion in the CT radiation dose used in Japan. Although
radiological technologists may require further education
on appropriate CTDl,, and DLP usage, the DRLs 2015
greatly contributed to the reduction of the CT radiation
dose used in Japan.

regulatory or commercial purposes, not a dose constraint,
and not linked to limits or constraints”® DRLs are typically
set at the 75th percentile of the dose distribution from a
survey conducted across a broad user-base using a specified
dose-measurement protocol
In 2014, Matsunaga et al"® surveyed the 75th percentile
of the volume CT dose index (CTDI,,;) and the effective
doses for head, chest, and abdominal non-contrast CT
examinations of adults and 5-year-old children, based on a
nationally distributed questionnaire in Japan.’ In 2015, the
Japanese DRLs (hereafter called “DRLs 2015”) for CT were
established by the Japan Network for Research and Infor-
mation on Medical Exposures, by cooperation of the related
academic societies,'” for the first time. After their publica-
tion, the related academic societies gave numerous promo-
tional lecture presentations throughout Japan to popularize
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Table 1. CT examinations selected for study in this survey

Matsunaga et a/

Examinations Contrast agent Note
Without Routinenon-helical & helical
Head
With CT angiography
Without Routine
Chest
With Tumor
Without Routine
Abdomen and pelvis
Adults With Acute abdomen
Without Routine
Coronary
With Routine
Chestand pelvis Without Routine
Liver Without & with Multiphase
Whole-body Without Trauma
Without Routine Non-helical & helical
Head
With Tumour
Without Routine
Children(5 years) Chest
With Tumour
Without Routine
Abdomen and pelvis
With Acute abdomen

the use of DRLs 2015, explaining the need for and methods used
to achieve dose optimization. However, there are several issues
with DRLs 2015. First, the DRLs 2015 were published based only

on the 75th percentile of CTDI,, and the dose-length product
(DLP) in Japan. If the typical dose used at an institution exceeds
the 75th percentile, it is possible to review it to determine

Figure 1. The distribution of 3000 facilities in Japan, divided into six regions. The outside circle in Figure 1indicates the distribution
of the 3000 participating facilities distributed throughout Japan, while the inside circle indicates the distribution of responses
received from 497 institutions. CTDl,,,, volume CT dose index; DLP, dose-length product.
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Figure 2. Utilization rate of the IR. IR, iterative reconstruction.
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whether the dose is optimal, unless there is a clinically reasonable
cause. Because only the 75th percentile was published, concrete
countermeasures for cases falling below the 75th percentile were
not reported. Second, no more than six adult and three paedi-
atric CT examinations are listed in the DRLs 2015, and the DRLs
2015 do not contain information about paediatric CT examina-
tions employing contrast agent.

One powerful tool in further optimization involves publishing
the achievable dose (AD). The AD is an optimization goal, based
on survey data, and is typically defined as the median value (50th
percentile) of the dose distribution of standard techniques and
technologies that are widely used.

The aim of this study was to propose a new set of Japanese DRLs
and ADs for 2017 and to verify the usefulness of the DRLs 2015
by investigating changes in the CTDI,, from 2014 to 2017.

METHODS AND MATERIALS

National questionnaire survey

A questionnaire was sent to 3000 facilities throughout Japan
by post. The data from each facility were collected; these data
were the actual CTDI,, and/or DLP values displayed on CT
equipment at each examination. The distributed question-
naire contained detailed questions on the CT scan parameters
employed, including the manufacturer, specific CT scanner
model, tube voltage (kV), tube current (mA), rotation time,
number of detector rows, beam width, pitch factor, reconstruc-
tion algorithm [iterative reconstruction (IR) or filtered back
projection (FBP)], and the number of phases used. In cases of
modulated tube current, the mean of the overall slices (mean
tube current) was recorded. The results of this questionnaire
survey were collected from June to December 2017. The ques-
tionnaire used sought to obtain data for scanning performed
on standard patients (adults: 50-60 kg, 5-year-old children:

without contrast agent agent agent

2017 2014 2017 2014 2017 2014 2017

without contrast agent
Children (5-year-old)
= Unkown

15-20 kg)"! to obtain a representation of typical practice with
non-contrast and contrast CT; the questionnaire did not include
data on specialised examinations. For adults and 5-year-old
children, the examination data are summarised in Table 1.
“Acute abdomen” was described to differentiate between typical
contrast CT examinations and specialised multiphase contrast
CT examinations, such as liver, pancreas, and urinary organs.
In this study, the collected CTDI,,,; and DLP were based on cali-
bration with a 32-cm-diameter phantom for adult body exam-
inations and with a 16-cm-diameter phantom for head and
paediatric examinations.

Analysis of collected data

The data from the CT evaluations, including the CTDI,, and/
or DLP values displayed on CT equipment at each examina-
tion, were entered into an Excel spreadsheet (Microsoft Corp.,
Redmond, WA). The first quartile (25th percentile), median
(50th percentile), and third quartile (75th percentile) of CTDI,,
and DLP values for each examination were calculated directly
from the total dose distribution.

The statistical significance of differences between the two groups
(IR vs FBP, voltages <120 kV vs voltages =120 kV, 2014 vs 2017
survey) was evaluated using Student’s or Welch’s ¢-test, following
the F-test, which was used in the analysis of variance. Statistical
analyses were performed using Student’s t-test when the two
groups had equal variances, whereas Welch’s t-test was used
for unequal variances. A p-value of <0.05 was considered to be
statistically significant.

The results of this survey were compared with both the results
of the 2014 survey by Matsunaga et al’ and the DRLs 2015
by Japan Network for Research and Information on Medical
Exposures.'
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CTDl,,), Volume CT dose index; DLP, dose-length product; CV, coefficient of variationIR, iterative reconstruction; FBP, filtered back projection;

n indicates the number of CTDI, or DLP values.

RESULTS

The questionnaire was sent to 3000 facilities, and responses were
received from 497 (16.6%). Sufficient details on the CTDI, and
DLP were provided by 439 of the 497 facilities (Figure 1). The
collected data for 4961 scanner protocols from 439 facilities were
analysed in this study.

The distributions of CTDI,, and DLP for adults and 5-year-old
children are summarized in Tables 2 and 3, respectively. The
data are presented in terms of the number of data points, mean,
coefficient of variation (CV), 25th percentile, AD (median),
DRL (75th percentile), interquartile range (IQR; the difference
between the 75th and 25th percentiles), and the ratio between
the AD and DRL. The mean CTDI,, and DLP values for all
examinations were higher than the medians.

The median value (mean value) of the number of phases used for
abdominal and pelvic CT with contrast agent (acute abdomen)
and liver CT without and with contrast agent for adults were 2
(1.8) and 4 (3.6), respectively. The median number of phases
used for liver CT with and without contrast agent (4) was the
highest among contrast CT examinations. The median values
of other contrast CT examinations for both adults and children
were for a single phase.

Figure 2 compares the utilization rate of the IR and FBP in this
study with the results of the 2014 survey by Matsunaga et al.’ The
rate of utilization of IR for each examination in adults and chil-
dren in this study was increased as compared to the 2014 survey.
Table 4 lists the mean CTDI,,; and DLP for adult and paediatric
examinations, classified in terms of the image analysis algorithm
used: IR or FBP. For adult examinations using IR, both the mean
CTDI,, and DLP values for chest evaluations without contrast
agent, with contrast agent (tumour), abdomen and pelvis evalu-
ations without contrast agent, coronary artery evaluations with
contrast agent, and chest and pelvis evaluations without contrast
agent examinations were significantly lower than those for adult
examinations using FBP (t-test, p < 0.05, Table 4). For paediatric
examinations using IR, both the mean CTDI,, and DLP values
for evaluations of the head without contrast agent, head (helical)
without contrast agent, and chest without contrast agent were
significantly lower than those of paediatric examinations using
FBP (t-test, p < 0.05, Table 4).

A tube voltage of 120 kV or more was used in the majority
of facilities for all anatomical regions, including contrast
agent examinations. However, voltages < 120 kV were used
in a higher percentage of contrast agent examinations than
non-contrast agent examinations; in particular, these voltages
were used in a higher percentage of CT examinations of chil-
dren than of adults. Figure 3 compares the utilization rate of
tube voltages > 120 kV and <120 kV in this study with the
results of the 2014 survey by Matsunaga et al.” The rate of
utilization of voltages < 120 kV for each examination in adults
and children in this study was increased as compared to the
2014 survey. The mean CTDI,, and DLP values for most CT
examinations using voltages < 120 kV were significantly lower
than those using 2120 kV (¢-test, p < 0.05, Table 5). In CT
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Figure 3. Utilization rate of low-tube voltage CT.
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examinations using voltages < 120 kV, the utilization rate of IR
was approximately 70%.

Multidetector row CT (MDCT) with 64 or more, but fewer than
256 rows, was most frequently used (65% of facilities), while
MDCT with 16 or more, but fewer than 64 rows, or with 256
rows and more, were the second and third most frequently used,
respectively. Figure 4 compares the number of detector rows in
this study with the results of the 2014 survey by Matsunaga et
al.’ The number of detector rows in this study were similar to
the results of the 2014 survey. However, the use of MDCT with
fewer than 16 rows was slightly decreased and the use of MDCT
with 256 rows or more were slightly increased as compared to
the 2014 survey.

The changes in the mean CTDI, values for each examination
from 2014 to 2017 are given in Figure 5. For all examinations in
2017, the median and 75th percentile values were lower than or
nearly identical to those published in 2014° and the DRLs 2015."°
The evaluations of adult head (helical), abdomen and pelvis
without contrast agent, paediatric chest without contrast agent,
and abdomen and pelvis without contrast agent showed a slightly
lower mean CTDI, in 2017 than in 2014 (¢-test, p < 0.05).

Figure 6 compares the IQR of the CTDI, for each examination
in this study with the results of the 2014 survey by Matsunaga et
al.’ The IQR of CTDI,; for each examination in 2017 were lower
than those in 2014.

Figure 7 compares the DRL of the CTDI,,; and DLP in this study,
with the DRL taken from surveys conducted in other coun-
tries.'*”!* The DRL for adult and paediatric head CT examina-
tions in Japan were higher than the values of similar published
studies originating from other countries.!*™**

without contrast agent agent agent

Matsunaga et a/

2014 2017 2014 2017 2014 2017

Head without contrast Chest without contrast Abdomen and pelvis Head without contrast Chest without contrast Abdomen and pelvis

without contrast agent
Children (5-year-old)

> 120kV

DISCUSSION

The ratio of DRLs and ADs in the CTDI,; for examinations of
adults and 5-year-old children were identical to those of the DLPs
for most examinations. However, the ratio of DRLs and ADs in
the CTDI,,; for liver examinations with and without contrast
agent was too low when comparing the DLP. It is possible that
the lack of knowledge among radiological technologists about
the CTDI,, may underlie this decision. The actual DRL in the
CTDI,, for liver evaluations with and without contrast agent
would be lower. On the other hand, the DLP is a parameter
involving the dose and scan length. The DRL in the DLP may
be correctly reflected, since DLPs are not related to the number
of phases.

The IQR for the CTDI,,, and DLP for coronary artery examina-
tions with contrast agent was higher than these values for other
examinations. There were statistically significant differences
in both the mean CTDI,, and DLP values for coronary artery
evaluations with contrast agent between facilities employing
IR or employing FBP algorithms (Table 4). Moreover, the dose
gaps may have widened according to the scan method used in
the different facilities. Prospective ECG gating allows the X-ray
beams to be turned on during preselected phases in the cardiac
cycles, and has been shown by various studies to reduce the radi-
ation dose by 52 to 85%,'® while maintaining equivalent diag-
nostic accuracy, as compared with retrospective scanning. In the
next survey of the CTDI,,; and DLP values for coronary artery
evaluations, with contrast agent, the scan method needs to eval-
uate prospective and retrospective ECG scanning separately.

Compared to the rates of reduction of CTDI,,) when using the
IR algorithm in adults in 2014 (12-28%), those in 2017 were
high or nearly identical (14.1-27.9%). The adult CTDI,, and
CVs when using the IR algorithm in 2017 were lower than or
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Matsunaga et a/

Figure 4. Distribution of CT scanners according to the number of detector rows. DRL, diagnostic reference level.
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identical to those used in 2014, except for the CVs of chest eval-
uations. In 2014, Matsunaga et al’ reported that there were no
statistically significant differences when using IR or FBP for any
of the paediatric CT examinations, except for those involving
the abdomen. However, the paediatric CTDI,, and CVs when
using the IR algorithm in 2017 were markedly lower than those
in 2014, except for the CVs of head (non-helical) examinations.
Many facilities using the IR algorithm may reduce the diagnostic
radiation dose in particular paediatric examinations. In recent

2017 survey
2%
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years, the utilization rate of IR algorithms has been gradually
increasing (Figure 2) and when these algorithms are widely
employed in CT equipment, the diagnostic radiation dose could
be further reduced.

Tube voltages < 120 kV were frequently used for paediatric CT
examinations, including head examinations, in 2017. More-
over, the tube voltages < 120 kV were more frequently used to
scan adults with or without contrast agent, perhaps because

Figure 5. The CTDI,, obtained in this study for each examination compared with the CTDI,, values reported in 2014 survey and
DRLs 2015. The DRLs 2015 are the Japanese DRLs for CT established by J-RIME in 2015.° * t-test, p < 0.05. ** t-test, p = 0.05.
CTDl,,), volume CT dose index; DRL, diagnostic reference level; IR, iterative reconstruction; J-RIME, Japan Network for Research

and Information on Medical Exposures.
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Figure 6. The interquartile range of CTDlI,, for each examination compared with the 2014 survey. CTDl,,,, volume CT dose index.
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low-tube voltage CT came into widespread use for improving CT examinations using voltages < 120 kV, the utilization rate of
image quality. Furthermore, the implementation of the IR algo- IR was approximately 70%. Low-tube voltage results in higher

rithm contributed to the spread of the low-tube voltage CT. In X-ray absorbance by the body than high-tube voltage; low-tube

Figure 7. Domestic and international diagnostic reference levels comparisons.>™ This study was based on standard-sized (50-60
kg) patients. The ACR DIR'™ are based on the size bin containing median-sized patients. (head: median lateral thickness was 15
cm; other: the water-equivalent diameter median diameter was 31 cm) American College of Radiology-the American Association
of Physicists in Medicine (AAPM)™: patient lateral dimensions are for average patients of the specified age. UK'?: no condition
specified patient size. AAPM, AmericanAssociation of Physicists in Medicine; ACR, American College of Radiology; DIR, dose index
registry.
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voltage may thus not be suitable for patients with high body mass
indices, because of increased image noise.'®!” Therefore, the
combination of low-tube voltage and IR algorithm is widely used
in CT equipment. Moreover, although the number of adult head
CT examinations without contrast media using voltages < 120
kV was small, low-tube voltage CT was effective for reducing the
CTDI,, and DLP in both adult and child evaluations. However,
low-tube voltage CT is not necessarily better than tube voltages
> 120 kV. Because low-tube voltage CT may suffer from severe
streak artifacts caused by metallic surgical materials or enhanced
calcium artifacts,'® the radiological technologist should not
select low-tube voltage without careful consideration. Attention
should be given to reducing the radiation dose while obtaining
image quality that is adequate for diagnosis.

In 2014, further optimization of CT examination protocols was
required for adult head and abdominal examinations, as well
as for paediatric chest and abdominal examinations.” In terms
of the CTDI,, values for adult and paediatric chest as well as
abdominal and pelvic examinations, and the IQR of CTDI,,
for each examination in 2017, many facilities had reduced their
CT radiation doses after publication of the DRLs 2015. The data
collected in this study differed from those obtained by surveys
conducted in other countries'>'* in terms of population size,
scanner types, examination techniques, and patients' weights. In
terms of adult head examinations in Japan, many facilities are
thought to use a protocol that evaluates early ischemic change,
in a routine manner. The CT dose in the protocol for diagnosing
acute phase cerebral infarction is higher than that for detecting
cerebral haemorrhage. Although the weight of patients in our
study was substantially lower than that in other studies, the DRL
quantities were significantly higher in this study. This is likely
due to a lack of dose optimization, rather than differences in
examination techniques, as compared with other countries. With
the aim of dose optimization, both ADs and DRLs are provided
to encourage facilities to optimize the dose to a lower level than
that indicated by the ADs and DRLs. However, the patient dose
must not be reduced to such an extent that the images become

Matsunaga et a/

non-diagnostic.'> When the facility's median DRL value is lower
than the AD, the image quality might be affected adversely.
Image quality should be considered as a greater priority when
additional optimisation efforts are being considered.”

Although radiological technologists may require further educa-
tion on appropriate CTDI,, and DLP usage, the DRLs 2015
greatly contributed to the reduction in the CT radiation dose
used in Japan.

The collected data also included data obtained using automatic
tube current modulation. The International Electrotechnical
Commission (IEC) has defined CTDI,, for a tube current-mod-
ulated examination (in the standard 60601-2-44 Amd.1 edition
3 of the IEC" ) as the CTDI,, based on a single average tube
current value of the entire scan. However, some CT scanners
used in Japan indicate the maximum CTDI, value of the entire
scan, because the IEC did not define CTDI,; for a tube current
modulated examination until edition 2.1. Thus, it is possible
that the CTDI,, values prior to edition 2.1 of the IEC standards
were overestimated. DLP does not vary due to differences in the
edition of the IEC standards.

CONCLUSION

In this report, a new set of Japanese DRLs and ADs for the 11
commonest adult and 6 commonest paediatric CT examinations
were proposed, based on the results of a national questionnaire
survey. This study verified the lower mean, 75th percentile, and
IQR by investigating changes in the CTDI,, from 2014 to 2017.
The DRLs 2015 contributed to CT radiation dose reduction.
The widespread implementation of IR algorithms and low-tube
voltage in CT scanners is likely to facilitate further reduction in
the radiation dose used in CT in Japan.
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