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Abstract Radiation dose monitoring in medical imaging
examination areas is mandatory for the reduction of patient
radiation exposure. Recently, dose monitoring techniques that
use digital imaging and communications in medicine
(DICOM) dose structured reports (SR) have been introduced.
The present paper discusses the setup of a radiation dose
monitoring system based on DICOM data from university
hospitals in Korea. This system utilizes the radiation dose
data-archiving method of standard DICOM dose SR
combined with a DICOM modality performed procedure step
(MPPS). The analysis of dose data based on a method utilizing
DICOM tag information is proposed herein. This method sup-
ports the display of dose data from non-dosimeter-attached
X-ray equipment. This system tracks data from 62 pieces of
equipment to analyze digital radiographic, mammographic,
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Introduction

Patients are exposed to X-rays when undergoing medical
examinations in diagnostic radiology. Medical examinations
based on X-rays are acknowledged worldwide as essential
tools for improving human health; however, they also
represent, by far, the largest manmade source of radiation
exposure [1].

Digital radiographic technology can reduce the potential
risks of medical radiation exposure to patients and increase
image utility. However, concerns regarding the unnecessary
radiation exposure that may result from operator inexperience
or lack of understanding of the digital radiographic process
have been raised. The International Commission on
Radiological Protection (ICRP) indicated in Publication 93
that the ease of obtaining and deleting images during digital
angiography was accompanied by a tendency among clinical
users to take a larger number of images [2].

Digital radiographic systems contribute to patient radiation
exposure information archives, thus also supporting digital
information and communications in medicine (DICOM)
header information, modality performed procedure step
(MPPS) technology, and DICOM dose structured reports
(SRs) [3, 4]. A document on medical radiation dose
monitoring to introduce the standards of medical radiation
dose monitoring by DICOM and the fundamentals of a

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10278-016-9880-2&domain=pdf

628

J Digit Imaging (2016) 29:627-634

national dose registry has been published by the Integrated
Healthcare Enterprise (IHE) [5].

The International Atomic Energy Agency (IAEA) initiated
the Smart Card project in 2006 with the objective of develop-
ing a flexible template for tracking cumulative medical radia-
tion exposure, including dose information for individual pro-
cedures whenever possible [6-8].

Since the Fukushima Daiichi Nuclear Power Plant acci-
dent, interest in medical radiation has increased among
medical staff and patients. The MFDS (Ministry of Food
and Drug Safety in Korea) conducted a survey to accurate-
ly determine medical radiation exposure. According to
MEDS reports, the amount of medical exposure fluctuated
by 10-30 times for the same radiological examination con-
ducted at different institutions. Therefore, it is essential to
efficiently manage and control the medical exposure so as
to reduce unnecessary patient exposure and to alert medical
staff to this exposure.

One of the first attempts to use digital technology in Europe
for patient dose management was made in 1999, when the first
digital generators and digital imaging systems were installed
in several hospitals. It then became possible to transfer radio-
graphic exposure conditions and geometric data to PCs and to
calculate entrance surface air kerma from the X-ray output
curves [9].

In 2012, the Ministry of Food and Drug Safety of Korea
independently developed CT radiation dose estimation
software. This software accurately estimates CT dose in-
formation but does not correctly estimate the dose infor-
mation for other modalities. The purpose of the present
study is to develop the first real-time radiation dose mon-
itoring system for various modalities at a university hospi-
tal in Korea.

Materials and Methods
Radiation Dose Actuation of Digital X-ray Systems

This study examined 17 general digital X-ray systems, two
digital mammography systems, and 14 portable X-ray sys-
tems found in these hospitals. Among the general X-ray
devices used, roughly 20 % had dose area product (DAP)
meters so that they could send the DAP dose and DICOM
information to the development system, and all of the dig-
ital mammography systems were able to send both DAP
information and organ dose information.

The rest of the systems did not send DAP information.
In these systems, each exposure dose was estimated by
obtaining the DICOM information, and this estimated dose
information was saved in the database of the developed
system by matching the examination name and dose
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information. The examination name, dose value, and pa-
tient demographic information were obtained for each
exposure.

To estimate the doses in general X-ray systems, tube volt-
age, tube current, focal-spot area, filtration, and source-to-
image distance (SID) information was obtained from the
DICOM information and then used for the calculations. The
model for dose information acquisition from a general X-ray
system is shown in Fig. 1.

In addition, to estimate the dose information, automatic
calculations were performed by the system using the incident
air kerma equation from Edmonds et al. [18]:

Incident air kerma (uGy)

= 836(1{?5);4(””48) (1/T + 0.114) (1)

where 7 is the total filtration in mm of aluminum and the
source to skin distance (SSD) is measured in cm. In the devel-
oped system, the exposure area was using in the Edmonds
et al. incident air kerma equation, and then, the DAP correc-
tion factor was applied based on the particular features of the
system. It was not problematic to extract the radiation field
area with the device that included a DAP meter; however, it
was difficult to calculate the DAP values without using a DAP
meter. Therefore, the radiation field area was input during the
OCS prescription stage such that if the examination were pre-
scribed, the radiation field area would be automatically set.
The effective dose was calculated using the estimated DAP
for each examination via the equation:

ED(mSv) = k x DAP (2)

where ED is the effective dose in mSv, DAP is the dose area
product in Gy cm?, and k is the conversion factor. Using
this methodology, ED can be estimated from the DAP,
which is reported for the general X-ray, angiography, and
fluorography systems. In this study, the dose information
was recorded as follows: for DR and CT, the DAP was
recorded; for CT, the dose length product (DLP) was re-
corded; and for mammography, the organ dose was record-
ed. Using the appropriate effective dose (ED) conversion
factor from ICRP103, the ED was recorded. In case an
examination was not justified in ICRP103, a DAP-to-ED
conversion factor provided by NPRB was used, and the
calculated ED value was recorded. The DAP-to-ED con-
version factors are shown in Table 1.

For DAP measurements, a DAP meter (DAP W2, PEHA
MED, Germany) was used at the hospital.

The expanded relative uncertainty at k=2 (k is the cov-
erage factor; and k=2 indicates a 95 % confidence interval)
in the DAP measurements was estimated as +8 % for DAP
results. These estimates of uncertainty in the DAP
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Fig. 1 Dose monitoring mode using DICOM information for general X-
ray equipment. DR digital radiology, PACS picture archiving and
communication system, OCS order communication system, DAP dose

measurements are still well below the maximum accept-
able combined standard uncertainty (k=2) of £25 %, as
stipulated in the international standard IEC 60580 for
DAP meters.

Acquisition of CT Dose Information

In the developed system, the exposure dose data was acquired
for seven CT systems. To acquire this data, first, the radiation
dose information was obtained, both in the DICOM dose SR

Table 1  Normalized effective dose per dose length product for adult
(standard physique) and pediatric patients of various ages over various
body regions. Conversion factor for adult and pediatric patients assumes

area product, DICOM digital image and communications in medicine,
EMR electronic medical record

and DICOM MPPS. Then, the dose information was obtained
from the CT DICOM image dose report. The dose data was
then saved in the database [12, 13]. In this system, the radia-
tion dose information was multiplied by a factor & to allow
calculation of the effective dose via the equation [14]:

ED(mSv) = k x DLP (3)

where ED is the effective dose in mSv, DLP is the dose length
product in Gy cm, and £ is the conversion factor. Using this
methodology, ED can be estimated from the DLP, which is

the use of a 16-cm-diameter head CT dose phantom. All other conversion
factors assume the use of a 32-cm-diameter CT body phantom [10, 11]

Region of body K (mSv mGy ' em™")

0 year old 1 year old S years old 10 years old Adult
Head/neck 0.013 0.0085 0.0057 0.0042 0.0031
Head 0.011 0.0067 0.0040 0.0032 0.0021
Neck 0.017 0.012 0.011 0.079 0.0059
Chest 0.039 0.026 0.018 0.013 0.014
Abdomen/pelvis 0.049 0.030 0.020 0.015 0.015
Trunk 0.044 0.028 0.019 0.014 0.015
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reported by most CT systems. The DLP-to-ED conversion
factors are shown in Table 2.

For five PET-CT systems, the CT radiation dose informa-
tion was acquired. Two PET-CT systems used DICOM dose
SRs, and the remainder acquired the DLP information using
the MPPS and OCR from the CT image.

Acquisition of Angiography and Fluorography
Equipment Information

This system acquired the exposure dose information for 11
angiography systems. For 10 of these systems, the radiation
dose information was acquired from DICOM MPPS and was
saved in the database. Initially, one angiography system that
was unable to acquire any dose information was excluded;
however, it was later replaced by new equipment and eventu-
ally provided the additional radiation dose in MPPS form. The
DICOM MPPS messages included irradiation information.
We developed the DICOM MPPS conversion using a com-
mercial tool (Leadtools, LEAD Technologies, USA). Only
three of the six fluorography systems were able to transfer
dose information in the form of MPPS and DICOM tag infor-
mation. In the three remaining fluorography systems, the
mean dose values were calculated every 3 months by systems
that could extract the dose information from the MPPS and
DICOM tags. The calculated mean dose values were matched
to the prescribed order at the OCS. To improve the accuracy of
the dose information, every 3 months, the mean dose values
were recalculated and archived.

Table2 Dose length product-to-effective dose conversion factors from
NRPB report

Category (examination) Conversion factor (mSv/(Gy cm?))

Conventional radiology

Skull and facial bone 0.028
Head—soft tissue 0.028
Soft tissues of neck 0.03
Cervical spine 0.13
Thoracic spine 0.19
Lumbar spine 0.21
Shoulder girdle 0.036
Elbow 0.01
Forearm, wrist, and hand 0.01
Pelvis 0.29
Hip 0.175
Knee, lower leg, ankle, and foot 0.01
Chest 0.12
Mammography 0.1
Abdomen 0.26
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To classify each modality, the examination room informa-
tion from the PACS database and the dose information from
each modality were matched to the independent field in the
database. If a new device is added, it can be modified in the
system’s administrator mode.

In Korea, most hospitals do not use radiological infor-
mation systems (RISs). A number of institutions have in-
troduced order communication systems (OCSs); however,
these are only used in Korea, preventing the commonly
established quality assurance (QA) and quality control
(QC) systems from being utilized. Additionally, the
existing radiation dose monitoring system calculates the
entrance surface dose (ESD); however, in this study, the
DAP values were used to eliminate error caused by the size
of the patient, facilitating the control of dose information
fluctuation in the output of the device. Moreover, to facil-
itate comprehension by medical staff, the dose value is
displayed as the effective dose using the conversion factor
from ICRP Pub. 103 [15, 16]. From January 1, 2013 to
December 31, 2014, this system was used to collect exam-
ination data corresponding to each modality (Table 3).

This study complied with the Health Insurance and
Portability and Accountability Act and was approved by our
respective institutional review boards; the need for informed
consent was waived.

Results

This study proposed an automatic, real-time patient medical
radiation dose management system for all modalities that can
be developed and applied in a clinical environment.

The radiation dose information collected from the CT,
DR, XA, mammography, and RF modalities was sent to the
dose monitoring system and saved. This system recorded
the examination history of the patient and dose information
from each exam. For the DR, XA, and RF modalities, DAP
and ED were given by the system. Similarly, the organ
dose was given for the mammography modality, and both
the DLP and ED were given for the CT and PET-CT mo-
dalities. The workflow of the developed system is shown in
Fig. 2.

The radiation exposure information generated by mo-
dalities is included in and categorized by the dose report
image, DICOM MPPS, and dose SR. The information in
the dose report image is extracted using the OCR method
and stored in the dose monitoring system. The data extract-
ed using the OCR method is mapped using the order entry
information from HIS to be identified. The dosage infor-
mation that is included in the DICOM dose SR and MPPS
is directly transferred to the dose monitoring system. The
stored radiation exposure information can be called by
the EMR system and can be displayed using a specially
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Table 3  Number of examinations by modality

Modality Exam number of 2013 Exam number of 2014 Total exam number
Digital radiography 810,809 711,585 1,522,394
Computed tomography 150,371 154,084 304,455
Angiography 10,057 10,308 20,365
Mammography 16,685 15,894 32,579
Fluorography 16,116 8866 24,982

Positron emission tomography-computed tomography 14,784 15,489 30,273

designed dose information screen to provide the individual
patient’s exposure information.

In the system viewer, different displays were presented for
each patient, equipment setup, examination room, and exam-
ination name, and a diagnostic reference level (DRL) display
was organized to set the DRL. In the analysis display, the
graphs for analyzing each patient, equipment setup, operator,
and examination are presented.

The dose view was designed to enable communication at
any time in the hospital and simultaneous display of the dose

information graphs for each viewer. On the patient display, the
dose information for all examinations of that patient are
shown; the total DAP, DLP, cumulative dose, and the dose
information from each modality may be represented, depend-
ing on the chosen term.

The dose information display is shown in Figs. 3 and 4. In
the modality display, the mean dose information from each
modality and the equipment utilized for the examination are
shown; thus, one can confirm all dose information for each
examination. The next step of each examination is determined

=( DR, MG, RF, CT, XA modality
DICOM MWL & Accession L
number
DICOM image
\ 4
DICOM MWL& Frescribe RadiologyPACS ]
information
DICOM MPPS & DICOM doseSR
Dosereport of
[ Hospital information system DICOM image
[ v
{ OCR extraction module ]
Doseinformation l

DICOM MWL & Prescribe
information

/

Dose monitoring system

\

{ Dose information ]

[ Prescribe information ]

\/

Patient ID & Accession number & Dose information

N

/

Dose information viewer

Fig. 2 Workflow of dose monitoring system. CR computed radiography, DR digital radiography, MG mammography, RF radio fluoroscopy, CT
computed tomography, X4 angiography, MPPS modality performed procedure step, OCS order communication system)
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Fig. 3 Screenshot of patient radiation dose display (generated for each
patient). (The first section displays the exam date and time, exam name,
room number, modality, equipment name, effective dose, and DAP for X-

by monitoring the information from every patient who had the
examination.

In the analysis display, the radiation dose statistics,
sorted by patient age, are provided; patients who exceeded
the DRL set previously are also shown. In addition, the
dose information for each type of equipment is indicated
by the graphical tool for equipment QC.

Discussion

Previous dose monitoring systems were only able to save and
manage the dose information for modalities under the regula-
tions of DICOM dose SRs; they only indicated DAP informa-
tion using conventional methods such as the DICOM MPPS
or DICOM header [17].

The radiation exposure monitoring profile from the IHE
advised the tracking of patient radiation doses using
DICOM dose SR [5]. However, most modality systems
do not yet output radiation dose information in DICOM
dose SR form. The standards of IEC60601-1-3 advise the
installation of devices that show patient doses. However,
the majority of diagnostic radiation equipment established
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ray and fluorography exams; DLP for CT; and mean organ dose for
mammography. The left graph displays the effective dose for each date.
The right graph displays the effective dose for each modality)

before this standard was applied is not equipped with such
dose displays.

The radiation exposure of non-DICOM modalities could
be managed using the extra modules suggested in this
study. The developed information system is designed to
support analyzing the data in one system not only for an
individual patient but also for different modalities, radiog-
raphy rooms, and exams. This advantage can easily sup-
port physicians from the stage of order entry using the
radiation exposure data. This information can be consid-
ered ancillary information to clinical decision support for
radiation imaging exams.

Based on the findings of the Conference of Radiation
Control Directors, all hospitals are advised to monitor
patient doses with the best possible tools, even though
no monitoring system can perfectly manage these doses.
Therefore, the proposed dose monitoring system is appli-
cable to equipment without DAP meters. The system pro-
vides data that can be used by experts, such as medical
physicists, to consolidate dose data from various imaging
modalities, convert the data into effective doses, and pro-
vide the effective dose information to radiologists and
clinicians. This system makes it possible to observe pa-
tient doses in real time by utilizing the hospital computing
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Fig.4 Screen shot of radiation dose display by equipment type. (The first
section displays the equipment name, modality, room number, exam
number, effective dose, and mean DAP for X-ray and fluorography
exams; mean DLP for CT; and mean organ dose for mammography.

system, thus aiding clinical doctors in choosing the proper
examinations for patients, acting as a clinical decision
support system, and, in the end, reducing patient radiation
exposure.

The limitation of this system is that acquiring dose infor-
mation for PET-CT is confined to CT dose information. We
will develop new features for internal radiation exposure esti-
mation by examining radioactivity in PET-CT examinations.

Conclusion

Medical devices that use medical radiation are tested for qual-
ity control and optimization of radiation level. To maximize
the optimization of radiation tests, continuous monitoring of
radiation exposure and quality management must be per-
formed. To achieve these goals, IHE and DICOM committees
have defined standards for radiation exposure monitoring.
However, for medical devices that were manufactured before
the application of these standards, further efforts by individual
hospitals (and this study) suggest the development of a model
for controlling the radiation exposures for those legacy med-
ical devices. This study could contribute to minimizing the

The second section displays the exam name, exam number, mean
effective dose, mean DLP, and mean organ dose for each exam. The third
section displays the exam date; patient ID, name, age, and sex; effective
dose; DAP; DLP; and organ dose for each patient.)

radiation exposure of patients, via the decision support system
for medical radiology examination.
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