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Automated Extraction of Radiation
Dose Information for CT

Examinations
Tessa S. Cook, MD, PhD, Stefan Zimmerman, MD, Andrew D. A. Maidment, PhD,

Woojin Kim, MD, William W. Boonn, MD

Exposure to radiation as a result of medical imaging is currently in the spotlight, receiving attention from
Congress as well as the lay press. Although scanner manufacturers are moving toward including effective dose
information in the Digital Imaging and Communications in Medicine headers of imaging studies, there is a vast
repository of retrospective CT data at every imaging center that stores dose information in an image-based dose
sheet. As such, it is difficult for imaging centers to participate in the ACR’s Dose Index Registry. The authors
have designed an automated extraction system to query their PACS archive and parse CT examinations to
extract the dose information stored in each dose sheet. First, an open-source optical character recognition
program processes each dose sheet and converts the information to American Standard Code for Information
Interchange (ASCII) text. Each text file is parsed, and radiation dose information is extracted and stored in a
database which can be queried using an existing pathology and radiology enterprise search tool. Using this
automated extraction pipeline, it is possible to perform dose analysis on the �800,000 CT examinations in the
PACS archive and generate dose reports for all of these patients. It is also possible to more effectively educate
technologists, radiologists, and referring physicians about exposure to radiation from CT by generating report
cards for interpreted and performed studies. The automated extraction pipeline enables compliance with the
ACR’s reporting guidelines and greater awareness of radiation dose to patients, thus resulting in improved
patient care and management.
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NTRODUCTION

omputed tomographic utilization has increased signif-
cantly in the past decade [1,2]. In the past two decades,
he proportion of background radiation in the United
tates attributed to medical imaging has increased from
pproximately 15% in 1987 to nearly 50% today [3,4].
urthermore, exposure to radiation as a result of med-

cal imaging is currently in the spotlight, receiving
ttention from professional organizations such as the
CR and the American Association of Physicists in
edicine and, more notably, from the US House of

epresentatives Subcommittee on Health [5], as well
s the lay press [6,7].

epartment of Radiology, Hospital of the University of Pennsylvania, Phila-
elphia, Pennsylvania.

Corresponding author and reprints: Tessa S. Cook, Hospital of the Univer-
ity of Pennsylvania, Department of Radiology, 3400 Spruce Street, Philadel-
chia, PA 19104; e-mail: tessa@alumni.upenn.edu.

2010 American College of Radiology
091-2182/10/$36.00 ● DOI 10.1016/j.jacr.2010.06.026
Although a number of scientific articles have debated
he potential for deleterious effects as a result of this
maging boom [8-11], the answers to these questions are
ot easily obtained. What is clear, though, is that increas-

ng awareness of health care professionals regarding im-
ging-related radiation dose is integral to improving pa-
ient care. The ACR’s white paper on radiation dose [12]
tates that:

here should be special attention paid to . . . education for all stake-
olders in the principles of radiation safety, the appropriate utilization
f imaging . . . the standardization of radiation dose data to be ar-
hived during imaging for its ultimate use in benchmarking, good
ractice, and finally, the identification and perhaps alternative imag-
ng of patients who may have already reached threshold levels of
stimated exposure.

ecent studies have demonstrated that there is wide vari-
bility in estimated effective radiation dose among CT
cans, even when performed at the same institution using
he same protocols [13,14]. Reported doses were also

onsiderably higher than those previously quoted in the
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iterature. These observations underlie the need to track
nd monitor CT-related radiation dose.

Initiatives are under way to standardize the documen-
ation and reporting of radiation dose information. The
igital Imaging and Communications in Medicine

DICOM) Structured Reporting (Dose SR) standard
ontains dose objects dedicated to storing CT radiation
ose information [15,16]. Using these DICOM Struc-
ured Reporting objects, the Integrating the Healthcare
nterprise initiative has developed a Radiation Exposure
onitoring profile to assist vendors in the implementa-

ion of standardized dose reporting by scanner software
17]. The ACR’s Dose Index Registry, part of the Na-
ional Radiology Data Registry, is also in development to
tandardize dose reporting via scanner firmware updates,
hich will allow reporting of radiation dose information
irectly from scanners for all prospective examinations
12,18]. The Initiative to Reduce Unnecessary Radiation
xposure From Medical Imaging was recently launched
y the US Food and Drug Administration [19]. The
ational Institutes of Health is also making efforts to

rack and report radiation dose for all patients imaged at
he Institutes [20].

However, these endeavors do not address the chal-
enge posed by vast repositories of retrospective CT data
hat store dose parameters as an image-based dose sheet
nstead of structured data within the DICOM header.
urthermore, CT scanners currently in use may not have
rmware amenable to incorporating radiation dose into

mage headers.
In the interests of improving compliance with the

LARA principle “as low as reasonably achievable” [21],
nd acknowledging the increasing spotlight on radiation

xposure from CT, we present our work on an auto- s
ated pipeline for extracting and archiving CT radiation
ose information.

ETHODS

o facilitate access to and analysis of radiation dose in-
ormation, we have designed, implemented, and vali-
ated an automated extraction pipeline to query our

nstitutional PACS and extract radiation dose data stored
n the dose sheet of every CT examination [22]. The
ipeline is summarized in Figure 1.
The pipeline commences with the automatic retrieval

f a dose sheet from the PACS. Sample dose sheet images
rom two different vendors are shown in Figure 2. First,
e use an open-source optical character recognition tool

o convert the pixel-based information into ASCII text
23]. The DICOM image header is subsequently trans-
ated into an extensible markup language file. We then
pply a set of internally developed PHP/MySQL scripts
o parse each text and extensible markup language file
nd extract pertinent information about each scan. Ex-
racted dose parameters include the x-ray tube voltage,
-ray tube current, reference tube current, volume CT
ose index, and dose-length product. These parameters
re stored for each series acquired during the CT exami-
ation.
Before being stored in a database, the dose-related

arameters extracted from the dose sheet are validated
sing a set of regular expressions to correct errors in
he optical character recognition process. For example,
umerical values are inspected to verify that they do
ot contain nonnumeric characters or spaces. In-

Fig 1. The automated dose extraction
pipeline, which combines data from the
dose sheet, examination header, and
radiology information system to enable
analytics and quality assurance.
tances in which an underscore is substituted for a
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articular letter are also identified and corrected. Er-
ors in the extraction of series names from the dose
heet are also resolved. Derivation of the phantom-
ased volume CT dose index values is not validated at
his time; these values are calibrated during routine
aintenance performed by the scanner manufacturer.
nce the optical character recognition– extracted data

re validated, an estimate of whole-body effective dose
s calculated using anatomically based conversion fac-
ors published in the literature [24]. For example, the
ose estimate for an abdominopelvic CT scan can be
omputed by multiplying the dose-length product by
.015.
Additional information attached to the study, such as

xamination date, scanner manufacturer and model, re-
orting radiologist(s), performing provider (eg, technol-
gist), and responsible modality section, is parsed from
he extensible markup language file or queried from the
adiology information system to enable more robust
nalysis of the radiation dose information. These data as
ell as the dose-related data (including the estimated
hole-body effective dose in millisieverts) are stored in a
ySQL database. This database can be queried by the

athology and radiology enterprise search tool developed
t our institution [25] to enable the real-time generation

ig 2. Sample dose report images
rom two CT scanners: an abdomi-
opelvic CT scan obtained on a GE
canner (top) and a coronary CT scan
bottom) obtained on a Siemens scan-
er. Identifiable patient information has
een removed for HIPAA compliance.
f patient dose profiles. “
The pipeline can process both retrospective and pro-
pective CT studies to make dose information available
or all CT examinations at our institution, as well as
xaminations acquired at other institutions provided for
eview or reevaluation. The system is capable of inter-
reting CT dose sheets from multiple vendors, including
iemens, GE, Toshiba, and Philips.

We demonstrate some of the analysis made possible by
ur automated extraction pipeline as applied to all CT
xaminations performed at our institution during the
rst quarter of 2010, as well as to a subset of all CT
xaminations performed at our institution since 2003.

ESULTS

sing the data extracted via the automated pipeline, we
re able to analyze a variety of factors associated with
stimated radiation dose from CT examinations. For ex-
mple, studies within each departmental section that ex-
eed a certain dose threshold can be identified using this
pproach (Figure 3). In addition, we can also examine
stimated radiation dose according to scanner and study
ype. Figure 4 illustrates the average (blue) and maxi-
um (red) dose estimates in January and February 2010

or a variety of CT examinations (anonymized as

CT001” through “CT006”) for 5 different scanner
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odels at our institution (all produced by the same man-
facturer). This type of analysis is helpful in identifying
otential differences in study protocols that may be lead-
ng to increased radiation dose on some scanners com-
ared with others. For example, there is a clear dose
ifference between scanners 3 and 4 for examination type
T001 compared with scanners 1 and 2, suggesting that

urther protocol optimization for dose reduction is nec-
ssary for studies performed on scanners 3 and 4. The
dentification of outliers is also facilitated by this analysis,
hich reveals that scanner 5 results in higher average

stimated radiation dose for examination type CT003
ompared with other models.

ig 4. Radiation dose
stimate (in millisieverts)
uring January and Feb-
uary 2010 on different
canner models accord-
ng to examination type.
olumns in blue online

light gray in print) indi-
ate average dose and
ed columns online (dark
ray in print) indicate
aximum dose for a par-

icular examination type
n a particular scanner
odel. This analysis can

dentify protocol issues
hat can potentially be
eading to higher doses
eg, dose estimate on
canners 1 and 2 for ex-
mination code CT001 vs

or scanners 3 and 4).
Extracted dose information can be used to survey the
stimated radiation dose for a particular examination
ype within the department, as shown in Figures 5 and 6.
igure 5 shows the estimated radiation dose for all chest
T examinations performed between January and
arch 2010 at our institution. Using this analysis, we

an determine how the range of dose estimates at our
nstitution compares with the average reported dose for a
hest CT examination in the published literature [26].
xaminations with dose estimates greater than 1 to 2

tandard deviations above the reported mean can be ex-
mined more closely to identify possible explanations for
he increased dose.

Fig 3. Departmental snapshot of esti-
mated radiation dose (in millisieverts)
during January and February 2010.
This type of analysis can help identify
outlier examinations for more careful
analysis.
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Modality-specific examination of dose estimates is also
seful, as illustrated in Figure 6, which examines the
stimated radiation dose for all coronary CT examina-
ions performed at our institution between 2003 and
010. Not only is outlier identification possible, but
hanges in radiation dose with time and the addition of
ew scanner models can also be analyzed.
We are also able to generate radiation dose report cards

or technologists, reporting providers, and referring phy-

ig 5. Estimated radia-
ion dose (in millisieverts)
or all chest CT examina-
ions performed from
anuary to March 2010.
his analysis can be used
o identify outlier exami-
ations for closer inspec-
ion.
icians. These not only serve as quality assurance mea-
ures but are valuable as educational tools to inform
adiologists as well as nonradiologists of the estimated
adiation dose for a particular study. Radiologists can use
his information to implement dose-reduction protocols,
hile nonradiologist referring physicians can make in-

ormed choices about the type of imaging study to order
or a patient’s condition. Technologists will be able to
eceive feedback about how specific protocol decisions,

Fig 6. Radiation dose es-
timates (in millisieverts)
for all coronary CT ex-
aminations performed at
our institution (2003-
2010), analyzed accord-
ing to scanner model. This
analysis not only provides
historical perspective on
the evolution of radiation
dose but also allows us to
identify outlier examina-
tions and variations be-
tween scanner models
that may be contributing
to increased patient radia-
tion dose.
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articularly dose reduction measures, affected a particu-
ar study.

The goal of extracting and analyzing radiation dose
nformation is to assess patient exposure to radiation
rom CT. By storing radiation dose information both
etrospectively and prospectively, we can generate dose
eport cards for patients indicating their estimated life-
ime radiation dose for all studies obtained at our insti-
ution (Figure 7). This information is important not only
or patient disclosure but also to involve patients and
heir physicians in medical decision-making for future
maging studies.

ISCUSSION

xtracted radiation dose information can be used to per-
orm a variety of analyses aimed at quality assurance and
atient safety. For example, a cumulative patient radia-
ion dose estimate for all CT examinations performed at
ur institution can be generated. In addition, we can
ompare actual radiation dose estimates resulting from
tudies at our institution with average expected doses
ublished in the literature [26]. Furthermore, an equip-
ent-based analysis of radiation dose can be performed

o determine if certain scanners routinely result in higher
oses than others. Analysis of attempts at dose reduction
nd the success of those measures is also possible, as is an
ndividualized report for each technologist, resident, and
ttending physician in the department, detailing the ra-
iation dose estimate for each study performed and in-
erpreted and identifying any outliers compared with
ublished as well as departmental standards. Further-

ore, examination of radiation dose by modality section i
an be used to tailor protocols for specific studies to
mplement and optimize dose minimization strategies.
hese reports not only increase awareness of radiation
ose experienced by our patients but also serve to educate
echnologists and radiologists of the need for careful im-
lementation of dose reduction techniques and to inform
eferring physicians of the radiation dose received by
heir patients as a result of repeated imaging and guide
uture ordering patterns.

Archived radiation dose information can serve not
nly as a quality assurance metric but also as a tool for
ncreasing awareness among health care providers. Inte-
rating retrospective dose information into the patient
lectronic medical record at our institution and develop-
ng decision support modules for order entry will inform
nd guide referring physicians as to the estimated dose for
particular examination as well as the cumulative dose

stimate for a patient on the basis of CT examinations
lready performed at our institution. As the implemen-
ation evolves, we intend to incorporate dose informa-
ion from fluoroscopic and interventional studies to pro-
ide a more robust and accurate assessment of cumulative
atient radiation dose.
Admittedly, the primary limitation of this work is that

e cannot use information extracted from CT dose
heets to accurately quantify the effective whole-body
ose received by a patient for a given examination. The
ffective dose computed from the volume CT dose index
nd dose-length product data in the dose report image
rovides an estimated dose based on the imaging of
hantoms [27]. These estimates have been shown to be

Fig 7. Radiation dose
estimates (in millisieverts)
for all CT examinations
undergone by a patient at
our institution. The col-
umns indicate doses for
individual studies per-
formed on the indicated
date, while the line repre-
sents the cumulative es-
timated whole-body dose
(in millisieverts).
naccurate because they do not account for patient gen-
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er or body habitus. Specifically, radiation dose to
omen and patients of smaller build is routinely under-

stimated, while dose to larger patients is often overesti-
ated [28]. Nevertheless, the dose estimates extrapolated

rom CT dose report images still serve as a starting point
or trend evaluation and outlier identification, both of
hich are valuable in adhering to the principle of “as low

s reasonably achievable.” The automated extraction
ipeline for radiation dose information allows us to be
ompliant with the ACR’s reporting guidelines and to be
ore cognizant of radiation dose to our patients, thus

esulting in improved patient care and management.
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