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Abstract

Recent studies have reported the computed radibgr&R) dose creep problem and
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therefore the need to have monitoring processpkate in clinical departments. The



objective of this study is to provide a better tealogical solution to implement a

regular CR dose monitoring process.

An online automatic CR dose data mining prograncWigsian be applied to different
systems was developed based on freeware and gxstitwares in the Picture
Archiving and Communication System (PACS) servéie program was tested with
69 CR images. This preliminary study shows thattfoggram addresses the major
weaknesses of some existing studies including y@roent of manual procedures in
the monitoring process and only applicable to glsimanufacturer’'s CR images.
The proposed method provides an efficient and g¥esolution to implement a CR
dose monitoring program regularly in busy clinidapartments to regulate the dose
creep problem so as to reinforce the ‘As Low As$eeably Achievable’ (ALARA)

principle.
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1. Introduction

Recent studies have reported the computed radibgi&R) dose creep problem and
the need to implement dose monitoring processaoepin clinical departments [1-3].
The dose creep problem is the effect of severaesmurhe wide dynamic range of
CR systems enables technologists to produce adtemaeven better quality images
in usual overexposure situations. However, undergxge remains undesirable due to
guantum mottle (noise). A tendency has occurrem/&mexpose patients for obtaining
acceptable or better images. This problem can gaipabecause good image quality
is always favoured by radiologists but overexpossigifficult to identify when
looking at CR images [2,4,5]. This problem can fseroome through quality
assurance (QA) programming by evaluating exposutiees of CR images regularly
[1,2,6]. Exposure indices are dose feedback indisgirovided by CR manufacturers
to show relative radiation amounts that reach inpgtes such as AGFA'’s logarithm
of median exposure (Lgm), Fuji’s sensitivity numi®fnumber) and Kodak’s
exposure index (El) [6-9]. This information is sdrin the Digital Imaging and
Communication in Medicine (DICOM) header of an iraduqyt in different tags
(AGFA’s Lgm in tag 0019,1015 [1]; Fuji’'s S-numbertag 0018,6000 [2,7] and

Kodak’s El in tag 0018,1405 [8]).

In the study conducted by Stewart et al. [2], eedo®nitoring program was
implemented to monitor Fuji CR dose. A Fuji datanimg program running on a
Picture Archiving and Communication System (PAGSgrdtricity 2.0, GE
Healthcare) was executed automatically once peitmdinis program extracted S-

numbers and other relevant information such assaame number, study date, study



time, study description and station name from DIC@&aders of images archived in
the PACS of the previous month. The main weakne#sFuji program is that it is
only able to extract the S-number from the firsaga of each examination. A manual
process was developed to export monthly missingyimnétion, i.e. exposure result log
from the CR stations to a floppy disk. Then, a a&lswasic (VB) program was used to
integrate this text file with the comma separateldies (CSV) file output from the
data mining program for generating a dose repangusglicrosoft Excel manually. In

a similar study conducted by Juste et al. [1], flime executable program (compiled
by MathWorks Matlab 7.3) was developed to extragnlvalues from DICOM
headers of AGFA CR images exported from archivalfse monitoring purposes.
Again, this requires a manual process to accomfislexport task. The objective of
this study is to provide a better technologicalisoh to implement a regular dose
monitoring process, i.e. to develop an online a@ieCR dose data mining program
which can be applied to different CR systems inclgdhGFA, Fuji and Kodak with
the aim of reinforcing the ‘As Low As Reasonablymavable’ (ALARA) principle

[4,10].

2. Materials and Methods

At our institution, a freeware PACS, ConQuest DICG&fver 1.4.13 [11], running
the Microsoft SQL Server 2005 database managergstés (DBMS) was installed
in a Dell PowerEdge 2950 machine with a Micros@aitv@r 2003 Operating System
(OS). A web server, Internet Information ServickS)(6.0, bundled with the OS was
also installed for a web-based PACS service. Thagry purposes of this PACS are

for archiving DICOM files from two AGFA CR statior@d a VIDAR film digitizer



in student X-ray laboratories and external soufoesesearch purposes, and

demonstrating the PACS operation to medical imagtngents.

A model of a CR dose data mining program is progdsetaking into consideration
the possibility of providing an online automatiduigmn for the dose monitoring
purpose (Fig. 1). A web client such as a persarharge of dose monitoring can use a
web browser to provide different evaluation pararsesuch as manufacturer, study
period, image quality baseline and dose limit sweb server over the network such
as internet or intranet (step 1). The image quakseline is a baseline of El to obtain
acceptable image quality. An EI of an image beyihiglvalue indicates that it has
unacceptable quantum noise and been underexpdsedioBe limit is another

extreme and an EIl beyond this point representeapesure.

Fig. 1 — A model of a CR dose data mining program.

Following are the recommended values of image tybdiselines and dose limits for
different CR systems: AGFA — 1.76 (baseline) ar#tb Zlimit) [6]; Fuji — 75 (limit)
and 500 (baseline); and Kodak — 1700 (baseline200 (limit) [12]. It is noted that
dose increasing yields a smaller S-number in Fygjiesn while dose decreasing
produces a larger value. For example, a S-numbe4 afdicates overexposure while
a value of 501 represents underexposure. Thisgeraent is different from other
manufacturers [6,9,12]. The web server executesgppte Active Server Pages
(ASP) scripts (ASP-VBScript), i.e. the CR dose dataing program to retrieve the
file paths of DICOM images matching the search I{etgon) parameters from the

PACS database using Structured Query Language (&@p 2). These scripts then



retrieve the DICOM files from the image archivetsys (step 3) and execute a
freeware component object model (COM) object, eZDMax Library 1.0,

ezDICOM [13], to extract header information frone thICOM images (step 4). The
extracted headers are further processed by thes&@Bs to mine values of relevant
tags including service object pair (SOP) instanugue identifier (UID), series
instance UID, study instance UID, accession nungiady date, study time, study
description, station name, exposure index (LgmuHrer or El depending on the
selected manufacturer) and manufacturer. The dgttanformation is exported to a

CSV file for providing a possibility for further Mrosoft Excel manipulation.

The El is also analysed by the algorithms insi@geABP scripts to provide a series of
descriptive statistics such as mean, standard @vigsD), median, lower quartile
(Q1), upper quartile (Q3), interquartile range (JQRINIMumM, maximum, range,
percentages of under- and over-exposed imagese Tagglts are then exported to a

CSV file again and sent to the web browser forldigjstep 5).

3. Results

Using the proposed model shown in Fig. 1, an ordm@matic CR dose data mining
program which can be applied to different CR systémluding AGFA, Fuji and
Kodak, was developed. There is a login page fdnenitcation to secure the
information. Other security measures include tirmegt to show the last login time
and ‘Logout’ once finished using the system. A uselirected to the dose monitoring
system through the login page upon successful atitia¢ion (Fig. 2). In Fig. 2, the

first rectangle highlights the main menu for therus input the evaluation



parameters. The recommended values for the imagjéygbaseline and dose limit
are provided in the textboxes as default. Thesgegathange automatically according
to the selection of manufacturer. However, the iséee to modify them in different
situations. After the user provides the evaluagieriod and clicks the ‘Submit’

button, the dose report for the selected periggtserated automatically as shown in
the third rectangle. This dose report lists thecdptve statistics of El of different
regions of interest and the last row of the taldpldys the figures of all examinations

taken in the selected period. Grey is the defaltiur for the figures.

Fig. 2 — A snapshot of the online automatic CR ditsa mining program. Rectangle
1: evaluation parameter input menu; rectangle & oame and last login time
(timestamp); rectangle 3: dose report; rectanghegort and data export buttons;

rectangle 5: logout button.

However, figures are highlighted in either red (@x@osure) or blue (underexposure)
if they are beyond the input limit or baseline exdprely. The user can track
unacceptable images through accessing the linksruhd ‘Examination’ column, i.e.
clicking the regions of interest. A new window (ddsacking page) is opened to
show the extracted DICOM tag values of the imagekeuthe selected category and
period such as SOP Instance UID (Fig. 3). This saihe user to retrieve, if
necessary, the undesirable images from the PAC&Imsthe SOP instance UID for
further investigation. Again, individual items dnghlighted in red or blue if their Els
exceed the limit or baseline. The user can alsdheséilter’ function (first

rectangle) to show information of all images ott jire under- or over-exposed ones.

The second rectangle highlights the ‘Export Datatdn for the user to download the



displayed information as a CSV file. The exportdiion is also available in the
system main page for the user to download the tegmar all raw data for further

manipulation if necessary (Fig. 4).

Fig. 3 — A snapshot of the dose tracking page.adgbe 1: filter function; rectangle

2: data export button.

Fig. 4 — A snapshot to show the raw data exporttfan. This snapshot was taken

after the ‘Export Data’ button (rectangle 1) waslad.

This program has been tested with 69 CR image&@+A and 42 Fuji images). The
extracted DICOM tag values and descriptive stasdtisplayed in the dose reports
were verified by comparing them with the figuresamed using a manual approach.

No discrepancy was found.

4. Discussion

Evidence to date suggests an online automatic GR data mining program can be
successfully developed. It addresses the major nessles of some existing studies,
i.e. involvement of manual procedures and beingipdo only a single
manufacturer's CR images [1,2]. It seems the litmtaof the latter issue is not
significant because a clinical department usuadly GR systems supplied by one
manufacturer. However, involvement of manual proces limits the potential of the
systems to generate real-time dynamic dose repedause it requires an individual

to provide latest data to the program when an @pagtort is requested. This may



also lead to human errors in the manual processhwhill affect the report accuracy
[14]. Such situations diminish the value of compyte@grams which aim at
increasing the efficiency (fast report generatamdl effectiveness (elimination of

human errors) of the regular dose monitoring preces

In contrast, the program developed in this studides at the PACS server machine
and can obtain the latest DICOM images archivatienPACS instantly, generating a
real-time dynamic dose report on demand whiches ttisplayed in the web browser
of the user’s workstation. Results can be expaated CSV file for further
manipulation if necessary. Also, the online acqgessides the ubiquitous availability
of the report through a web browser without intetien of any special client

software [15]. This program was developed baseflemware and existing softwares
in the PACS server, and can be applied to diffe@Ritsystems. The dose data mining
program can promote the approach of monitoring G8&ed regularly and efficiently,

so as to reinforce the ALARA principle [1,2,4].

The limitation of this study is that the prograns mot been evaluated extensively
(e.g. clinically and with Kodak CR DICOM files) httugh it has been tested with
AGFA and Fuji CR images at our institution. Thisrhs a direction for further
studies. Although it may appear that the data ngipirocess may induce a risk to
patient privacy, implementation of security measweuld safeguard the patient
confidentiality and prevent abuse by users. Theslede extraction of only image-
related information from DICOM headers and withrusmgthentication [16]. Further
protection can be achieved by restricting the sysiecess such as it being only

available via intranet, i.e. within clinical depagnts or hospitals.



5. Conclusion

An online automatic CR dose data mining prograncWigsian be applied to different
CR systems was developed and has been tested GEAANd Fuji images. Our
preliminary study shows that the program addregsemajor weaknesses of some
existing studies, i.e. involvement of manual praged and being only specific to a
single manufacturer's CR images. This providesfacient and effective solution to
the implementation of a regular CR dose monitogrggram in busy clinical
departments. In this way, the dose creep problenbeaegulated, thus the ALARA

principle can be reinforced.
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