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To develop and validate an informatics toolkit that extracts
anatomy-specific computed tomography (CT) radiation expo-
sure metrics (volume CT dose index and dose-length product)
from existing digital image archives through optical character
recognition of CT dose report screen captures (dose screens)
combined with Digital Imaging and Communications in Med-
icine attributes.

This institutional review board-approved HIPAA-compliant
study was performed in a large urban health care delivery
network. Data were drawn from a random sample of CT en-
counters that occurred between 2000 and 2010; images from
these encounters were contained within the enterprise im-
age archive, which encompassed images obtained at an adult
academic tertiary referral hospital and its affiliated sites, in-
cluding a cancer center, a community hospital, and outpatient
imaging centers, as well as images imported from other facil-
ities. Software was validated by using 150 randomly selected
encounters for each major CT scanner manufacturer, with
outcome measures of dose screen retrieval rate (proportion
of correctly located dose screens) and anatomic assignment
precision (proportion of extracted exposure data with cor-
rectly assigned anatomic region, such as head, chest, or ab-
domen and pelvis). The 95% binomial confidence intervals
(CIs) were calculated for discrete proportions, and Cls were
derived from the standard error of the mean for continuous
variables. After validation, the informatics toolkit was used to
populate an exposure repository from a cohort of 54549 CT
encounters; of which 29948 had available dose screens.

Validation yielded a dose screen retrieval rate of 99% (597 of
605 CT encounters; 95% CI: 98%, 100%) and an anatomic
assignment precision of 94% (summed DLP fraction correct
563 in 600 CT encounters; 95% CI: 92%, 96%). Patient safety
applications of the resulting data repository include bench-
marking between institutions, CT protocol quality control and
optimization, and cumulative patient- and anatomy-specific
radiation exposure monitoring.

Large-scale anatomy-specific radiation exposure data repos-
itories can be created with high fidelity from existing digital
image archives by using open-source informatics tools.

©RSNA, 2012
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edical imaging and the resul-

tant ionizing radiation expo-

sure have become increasingly
public (1) and political topics, with
mounting pressure on radiologists to
document and reduce radiation ex-
posure (2-4). Computed tomography
(CT) accounts for approximately half
of the rapidly growing medical radi-
ation exposure to patients (5,6), and
rapid increases in CT use have height-
ened concerns about growing potential
risks to the population as a whole (7)
and to individual patients who undergo
frequent imaging over time (8,9). Be-
fore the medical community can engage
in systematic and large-scale patient
safety initiatives related to radiation ex-
posure, it must first have the tools with
which to capture radiation exposure
data on a large scale.

There are persistent controversies
about the effect of low-level radiation ex-
posure of the magnitude produced by di-
agnostic imaging modalities, as the larg-
est data source for current risk models
is the cohort of individuals who survived
the large-magnitude one-time radiation
exposure of the atomic bomb blasts (10).
Ultimately, direct testing of the underly-
ing risk models in the lower-dose ranges
might benefit from large-scale anatomy-
specific dosimetry records linked to can-
cer outcomes. Informatics tools capable
of capturing existing radiation exposure
data might enable performance of the
large-scale multicenter trials needed for
such efforts.

Several years of radiation exposure
data currently reside in existing clinical
image archives at most institutions in

Advance in Knowledge

B [arge-scale databases of anatomy-
specific CT radiation exposure
metrics can be created from exist-
ing image archives by using open-
source informatics tools, with a
retrieval rate of 99% (597 of 605
CT encounters; 95% confidence
interval: 98%, 100%) and an ana-
tomic assignment precision of
94% (summed DLP fraction cor-
rect 563 in 600 CT encounters;
95% confidence interval: 92%,
96%).

the form of dose report screen captures
(hereafter, dose screens) (Fig E1 [on-
line]). These additional images within
each CT study contain a screen capture
of a text table that summarizes overall
x-ray exposure metrics for the CT exam-
ination. In addition, associated Digital
Imaging and Communications in Medi-
cine (DICOM) attributes contain more
granular detail at the level of the indi-
vidual images within the CT study, in-
cluding information about the CT scan-
ner, protocol, and examination, as well
as information about the patient. Dose
report formatting and content vary be-
tween manufacturers, scanner models,
and software versions, but all dose re-
ports contain the x-ray tube output
metrics volume CT dose index (CTDI )
and dose-length product (DLP). Both of
these metrics rely on calibration mea-
surements obtained in standard-diame-
ter 16-cm head and 32-cm body acrylic
CT dose index phantoms. CTDI, is the
weighted sum of central and peripheral
measurements obtained in such a phan-
tom with a particular CT technique, with
geometric correction for the pitch of a
helical scan. DLP then integrates CTDI
over the exposed length of the patient.
While these are well-defined measures
of x-ray tube output, further information
about the anatomy exposed to radiation
and the size of the patient are crucial el-
ements needed to determine the actual
dose to the patient (11-14).
Unfortunately, the data contained
in dose screens are not in a format that
is inherently accessible to databases,
which makes it challenging to locate,
extract, validate, and optimize access to

Implications for Patient Care

B [arge-scale anatomy-specific CT
radiation exposure data can
enable radiation exposure bench-
marking between institutions and
give radiologists a tool with which
to develop diagnostic reference
levels by using data from many
practices.

m CT protocol quality control pro-
grams may be enhanced by
extracting anatomy-specific expo-
sure data from existing image
repositories.

the data (15). Cook et al (16) and Shih
et al (17) have previously described
methods used to automate extraction of
dose screen data by using optical char-
acter recognition (OCR). Standardized
DICOM radiation dose structured re-
ports (or DICOM RDSR) (18,19) and
ongoing development of standardized
terminology with which to describe
imaging procedures (20) should help
greatly with these prospective efforts;
however, widespread adoption is ex-
pected to take several years (21) and
will not address historical data capture.

To our knowledge, no previous publi-
cations have described methods that can
be used to create large-scale radiation
exposure data repositories that include
anatomy-specific exposure information.
The anatomic region exposed to radia-
tion is a crucial element in converting the
recorded x-ray tube output metrics to a
meaningful patient dose estimate. We hy-
pothesized that informatics tools could be
used to create such a repository from ex-
isting institutional digital image archives,
which may be useful in efforts to monitor
radiation exposure and to optimize CT
technique. The purpose of this study was
to develop and validate an informatics
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toolkit that extracts anatomy-specific CT
radiation exposure metrics (CTDIWI and
DLP) from existing digital image archives
through OCR of CT dose screens com-
bined with image DICOM attributes.

Materials and Methods

Setting

Institutional review board approval was
obtained for this Health Insurance Por-
tability and Accountability Act-compli-
ant study, with waiver of informed con-
sent for retrospective review of medical
records. This study included images
obtained at (a) Brigham and Women'’s
Hospital, an urban 793-bed adult ter-
tiary referral academic medical center
(53011 CT examinations in 2010); (b)
sites affiliated with Brigham and Wom-
en’s Hospital—including an outpatient
cancer center (27793 CT examinations
in 2010), a 130-bed community hospital
(11157 CT examinations in 2010), and
outpatient imaging centers (4261 CT ex-
aminations in 2010); and (¢) more than
300 outside facilities not affiliated with
Brigham and Women’s Hospital (9989
CT examinations in 2010 that had been
imported from portable media).

Data Sources

The data source was the Centricity En-
terprise Archive (GE Healthcare, Pisca-
taway, NJ) serving the picture archiving
and communication system (PACS). The
archive contained 779549 CT studies
obtained in 206646 patients between
2000 and 2010. Throughout the study
period, the CT scanners installed in
the aforementioned facilities were pre-
dominantly Siemens Healthcare (Forch-
heim, Germany) and Toshiba Medical
Systems (Tokyo, Japan) models, with
the exception of combined positron
emission tomography/CT scanners (GE
Healthcare). For all manufacturers, in-
cluding Philips Healthcare (Best, the
Netherlands), additional CT images re-
side in the archive because of importa-
tion from outside facilities.

Cohort Selection

A representative sample of all CT studies
was defined for consecutive 8-day periods
beginning with the 3rd week of each
quarter from 2000 through 2010 (avoid-
ing major holidays); this yielded 54549

CT encounters. Exposure data from CT
projection radiographs (localizer images)
were excluded from analysis because of
variable exposure metric reporting. PET/
CT studies were excluded to make manu-
facturer-specific data sets more compara-
ble. All extracted exposure data obtained
with GE Healthcare, Siemens Healthcare,
Toshiba Medical Systems, and Philips
Healthcare equipment came from stud-
ies obtained at outside facilities that had
been uploaded into the image archive.

Dose Extraction Toolkit

We developed an anatomy-specific dose
extraction toolkit from modification and
extension of the open-source PixelMed
DICOM toolkit that included the OCR,
radiation dose classes, anatomy classes,
and procedure classes (22). We named
this toolkit the generalized radiation
observation kit (GROK), as inspired by
the term coined by author Robert A.
Heinlein in 1961 (23).

Dose Report Identification and Anatomy-
specific Exposure Metric Extraction

The toolkit locates and retrieves the CT
exposure metrics CTDI  and DLP from
a DICOM image archive. Dose screens
are retrieved and converted to text by
using OCR, with the exception of stud-
ies obtained with Philips scanners; these
units routinely save these exposure met-
rics in private DICOM attributes, ob-
viating the need for OCR. In addition,
the toolkit retrieves a single image from
each series in the CT encounter to ob-
tain image-level DICOM attributes con-
taining information about the scanner,
CT protocol, examination, and patient.
Finally, anatomy assignment algorithms,
which are described in detail in Appen-
dix E1 and Figure E2 (online) and in the
source code of the toolkit (24), use the
combined dose screen text and DICOM
attributes data to determine the ana-
tomic regions irradiated. All extracted
and derived data are written to a rela-
tional database (Microsoft SQL server
2005; Microsoft, Seattle, Wash).

From the cohort sample of archived
CT examinations, we derived the inci-
dence of CT encounters over time for
each of the four major CT manufacturers
(GE Healthcare, Siemens Healthcare,

Toshiba Medical Systems, and Philips
Healthcare), as well as the prevalence
of associated dose screens as detected
with the toolkit. Toolkit processing time
was recorded for the extraction of radi-
ation exposure data from the enterprise
image archive.

Toolkit Validation

We define a dose event as each time the
x-ray tube is turned on and off. A CT
encounter includes all dose events (and
sometimes distinct CT examinations)
that occurred during a patient’s visit
to the CT scanner with the same study
start date and time. The dose screen
prevalence was calculated in the study
cohort over time as the proportion of
all CT encounters that contained an
identifiable dose screen.

For toolkit validation, we manu-
ally reviewed randomly selected CT
encounters from the full cohort un-
til 150 encounters with detected dose
screens had been included for each of
the aforementioned four major CT unit
manufacturers.

Dose screen retrieval rate is the pro-
portion of all recorded dose events that
were retrieved. The presence of record-
ed dose events was determined by man-
ual review of dose screens in the PACS
for each randomly selected CT encoun-
ter. Retrieval rate was also calculated at
the encounter level as the proportion of
encounters for which all recorded sub-
component dose events were retrieved.

Anatomic assignment precision is the
proportion of extracted dose events with
correctly determined anatomy and cor-
responding exposure metrics. Manual re-
view of dose screens and CT images in the
PACS was performed for each randomly
selected CT encounter to determine if
exposure metrics and anatomy were ex-
tracted correctly, and error analysis was
performed. Anatomic assignment preci-
sion was measured at the dose event level
and the encounter level as the proportion
of encounters for which all contained
dose events were extracted correctly.
Because individual dose event exposures
may differ by orders of magnitude, we
also calculated the encounter DLP frac-
tion correct, defined as the sum of DLP
from all correctly assigned dose events
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Figure 1: () Graph shows number of archived CT encounters by manufacturer and overall.
(b) Graph shows the proportion of archived CT encounters that contain dose screens. Dose
screens have sharply increased in prevalence in the past several years and represent a large

potential source of radiation exposure data.

divided by the total encounter DLP, to
better assess the practical effect of ex-
traction errors. Thus, the encounter DLP
fraction correct is a continuous variable
that can vary between 0 and 1 for each
encounter. Anatomic assignment errors
were categorized into three types at the
dose event level: naming, OCR, and dose
event-to-image matching.

Patient Safety Applications

exposure data in three distinct sce-
narios relevant to radiation monitoring
and technique optimization efforts.
Institutional ~ benchmarking. —From
the database of extracted radiation expo-
sure data, we selected all abdominal and
pelvic CT studies obtained in September
2010 that included one pass through the
anatomy. We excluded multiphase scans
that included more than one time point
relative to intravenous contrast material
administration. The DLP of the abdomi-
nal and pelvic acquisition was grouped at

the facility at which the examination was
performed.

CT protocol quality control.—We
selected all single-pass abdominal and
pelvic CT studies obtained in 2010 and
created DLP distributions stratified by
CT protocol.

Cumulative patient-specific radiation
exposure monitoring.—We used the tool-
kit to extract all anatomy-specific expo-
sure metrics available in two patients who
underwent recurrent imaging. Cumulative
DLP within each exposed anatomic region
was recorded as a function of time.

Statistical Analysis

At least 31 encounters would be needed
to calculate dose screen retrieval rate
with 95% binomial confidence intervals
(CIs) of less than 5% based on a min-
imum recall of 98%. At least 139 en-
counters would be needed to calculate
anatomy-specific exposure metric as-
signment precision with 95% binomial
Cls of less than 5% based on a mini-
mum precision of 90%. On the basis of
these power calculations, 150 encoun-
ters from each CT manufacturer were
selected for toolkit validation.

Binomial confidence intervals were cal-
culated for dose screen retrieval rate and
anatomic assignment precision by both
dose event and CT encounter. For ana-
tomic assignment precision with the con-
tinuous outcome measure encounter DLP
fraction correct, 95% Cls are reported as
1.96 times the standard error of the mean.
We used Excel 2008 (Microsoft) software
to calculate these Cls from the validation
statistics and for figure creation.

CT Use and Dose Screen Prevalence

The rate of extraction was approximately
500 CT studies per hour, with most of
this time related to retrieval of potential
dose screens and images. There was a to-
tal of 54549 CT encounters in the repre-
sentative cohort, of which 29948 (55%)
had at least one detected dose screen.
Prevalence of dose screens over time in-
creased from 10% (22 of 216 encounters)
in the first quarter of 2002 to 95% (1857
of 1956 encounters) in the fourth quarter
of 2010 (Fig 1). The substantial increase

We demonstrate use of the auto-
matically extracted anatomy-specific
400
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Table 1

Dose Screen Retrieval Rate and Anatomic Assignment Precision by Dose Event and Encounter

Manufacturer
Validation Result GE Healthcare Philips Healthcare Siemens Healthcare Toshiba Medical Systems Overall
Dose Screen Retrieval Rate
By dose event
No. retrieved 300/302 288/296 277/278 331/332 1196/1208
Retrieval rate (%)* 99 (98, 100) 97 (95, 99) 100 (99, 100) 100 (99, 100) 99 (98, 100)
By encounter
No. retrieved 150/152 147/151 150/151 150/151 597/605
Retrieval rate (%)* 99 (97, 100) 97 (95, 100) 99 (98, 100) 99 (98, 100) 99 (98, 100)
Anatomic Assignment Precision
By dose event
Correct anatomy 271/300 264/288 252/277 306/331 1093/1196
Precision (%)* 90 (87, 94) 92 (88, 95) 91 (88, 94) 92 (90, 95) 91 (90, 93)
By encounter
Correct anatomy 133/150 134/150 137/150 136/150 540/600
Precision (%)* 89 (84, 94) 89 (84, 94) 91 (87, 96) 91 (86, 95) 90 (88, 92)
Sum of DLP fraction 139 142 141 141 563
correct
Mean DLP fraction 93 (89, 97) 95 (92, 98) 94 (90, 98) 94 (90, 97) 94 (92, 96)
correct (%)"

* Data in parentheses are 95% binomial Cls.

T Data in parentheses are 95% Cls derived from standard error of the mean.

in total number of archived examinations
from 2002 to 2003 reflected partial data
migration to a new image archive rather
than an abrupt change in imaging vol-
ume. The large increase in dose screen
prevalence in 2006 from 12% (180 of
1550 encounters) to 76% (1160 of 1521
encounters) corresponded to acquisition
of new 64-detector scanner models and
software upgrades.

Dose Screen Retrieval Rate

Table 1 contains detailed retrieval rate
results. Overall dose screen retrieval rate
was 99% (1196 of 1208 dose events, 95%
CIL: 98%, 100%) by dose event and 99%
(597 of 605 encounters; 95% CI: 98%,
100%) by encounter. Most retrieval fail-
ures for Philips Healthcare scanners
(three of four missed dose screens) were
due to dose reports not being located in
the expected series; the remaining failure
was due to the dose screen being mixed
with many topograms. To correct these
failures, we would need to retrieve many
irrelevant images to find the relevant dose
screens. The remaining four missed dose

screens were a result of (a) OCR failure
due to unrecognized characters in two
cases (one caused by lossy compression
of a dose screen), duplication of a dose
screen under two separate encounters in
one case, and alteration of the expected
dose screen DICOM image type attribute
in one case.

Anatomic Assignment Precision

Table 1 contains detailed anatomic
assignment precision results. Overall
anatomic assignment precision was
91% (1093 of 1196 dose events; 95%
Cl: 90%, 93%) by dose event and 90%
(540 of 600 CT encounters; 95% CI:
88%, 92%) by encounter. Overall en-
counter DLP fraction correct was 94%
(summed DLP fraction correct 563
in 600 CT encounters; 95% CI: 92%,
96%). As the extracted CTDI  and
DLP values were always numerically
correct (all 1196 events), all errors
represented failure to assign the cor-
rect anatomic region to the dose event.

Naming errors are due to anatom-
ically inadequate series and protocol

descriptions and were the major source
of error, comprising 83% of the error
rate (86 of 103 dose event errors) (Table
2). OCR errors were due to unrecog-
nized character glyphs, which are easily
correctable with character training, and
accounted for four (4%) of 103 errors.
Matching errors accounted for 13 (13%)
of 103 errors, where potentially useful
anatomic information was present in im-
age-level DICOM attributes but could not
be matched to the corresponding dose
event.

Patient Safety Applications of Large-Scale
Anatomy-specific Radiation Exposure
Repositories

Figure 2 shows a comparison of all sin-
gle-pass abdominal and pelvic studies (as
determined by automatically assigned
anatomy) grouped by performing facility.
Automatically assigned anatomy enables
comparison between facilities by bypass-
ing the variation and ambiguity of proto-
col names at each scanner or institution.
Figure 3 shows the DLP distribution of
single-pass abdominal and pelvic studies

Radiology: \lolume 264: Number 2—August 2012 = radiology.rsna.org
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Table 2

Error Classification and Examples

Error Categories and Subcategories

Examples

Naming*
Temporal
Bolus timing
Contrast phases
Technical
Acquisition parameters

Reconstruction
parameters
Window and level settings
Miscellaneous
Non-English
Nonspecific

Misspellings
Nonstandard
abbreviations
Indications or clinical
scenarios
OCR¥
Ambiguous glyphs
Untrained glyphs or fonts
Failure to separate contiguous glyphs

Dose event to image matching®

Premonitoring, monitoring, locator, and tracking
Arterial, venous, delayed, nephrographic, and excretory

5 mm, helical, sequential, high resolution,
prone, and head first
B30, bone, soft tissue, and coronal

Head, bone, lung, and liver

Rachide toracico (Italian for thoracic spine)

Extremity, spine, abdomen versus abdomen
pelvis, biopsy, aorta, and cranial
(orientation or direction vs location)

Abdomem (sic)

Abp, ch/abd/pe, and thoract

Dissection, embolism, stroke,
lung cancer, oncology, and mass

Uppercase i and lowercase L

“CERVICAL SP” becomes “CEICALSP”

“/T” unrecognized as the virgule
abuts the adjacent characters

Multiple dose events using different protocol names
within a single encounter (such as head and neck
scans from different protocols performed together),
without a key to match image-level descriptions to
separate dose events

* Anatomically nonspecific or incorrect description of irradiation event, series, or protocol.
T abp = abdomen pelvis, ch/abd/pe = chest abdomen pelvis, thorac = chest.

* Incorrect conversion of images of text to encoded characters.

§ Inability to match image-level anatomic information to dose events.

obtained with multiple CT scanners at
one institution, stratified by protocol
name, for use in scanner protocol stan-
dardization and dose optimization. Fig-
ure 4 shows cumulative DLP by anatomic
region for two patients with recurrent
imaging: a 41-year-old patient with breast
cancer who underwent multiple restaging
examinations and a 75-year-old man with
a history of hepatocellular carcinoma
who underwent multiple surgeries to
treat an intracranial aneurysm. The var-
iable exposure magnitude of individual
dose events is a function of the specific

scanner technology and protocol parame-
ters used for each examination. Note that
the higher DLP values per examination
in the head relate in part to use of the
smaller 16-cm-diameter head CT dose
index phantom rather than the 32-cm-
diameter body CT dose index phantom
used by convention to report x-ray tube
output in the remainder of the body.

Patient safety initiatives relevant to ra-
diation exposure monitoring require the

tools to capture pertinent exposure data
on a large scale. We developed GROK
as an open-source informatics toolkit
capable of creating large repositories of
historic CT radiation exposure informa-
tion from preexisting data embedded in
an enterprise image archive. Meaning-
ful use of such data relies on accurate
anatomic specificity of the extracted CT
exposure metrics. Our toolkit performs
automated anatomic assignment of ex-
posure metrics, despite the considerable
heterogeneity of available exposure data
in imaging archives. Toolkit validation
enabled us to confirm that OCR of CT
dose screens is an effective strategy
with which to obtain exposure metrics
from existing DICOM image repositories
(25), and we have further shown how
added anatomic specificity can poten-
tially enhance large-scale radiation ex-
posure monitoring and technique opti-
mization efforts.

Prevalence of exposure data in the
form of dose report screen captures has
increased dramatically in recent years,
with over 90% prevalence in our en-
terprise image archive since 2010. Our
toolkit validation revealed a high dose
screen retrieval rate and high anatomic
assignment precision for all major CT
manufacturers.

Large-scale repositories of stan-
dardized anatomy-specific exposure
data can lead to knowledge discovery
by enabling exploration of radiation
exposure variations in multiple dimen-
sions, and they can allow monitoring,
analysis, and optimization at a regula-
tory, institutional, scanner, or individ-
ual patient level. At the regulatory level,
a substantial barrier to the development
of diagnostic reference levels—typical
radiation exposure levels designed to
allow benchmarking between institu-
tions—is lack of standardized anatomic
descriptions for performed procedures
(26,27). The standardized anatomy-
specific exposure metrics the toolkit
extracts may aid in creating diagnos-
tic reference levels and can facilitate
meaningful comparison of exposure
distributions from examinations per-
formed at different institutions. Within
institutions, radiation exposure repos-
itories can benefit CT protocol quality
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control efforts by helping radiologists
identify potentially inappropriate varia-
tion or outlier examinations and locate
the best targets for protocol standardi-
zation and optimization.

Meaningful patient-specific longi-
tudinal radiation dose monitoring re-
quires accurate collection of available
radiation exposure data and robust
methods to convert this data into rel-
evant dose to the patient (15). It is im-
portant to recognize that while CTDI
and DLP are accurate metrics of x-ray
tube output, they do not represent ac-
tual patient dose (11). Conversion of
these x-ray output metrics to meaning-
ful patient-specific doses will ultimately
require heuristics derived from Monte-
Carlo simulations or measurements
that incorporate both the anatomic re-
gion exposed and the patient morphol-
ogy (most importantly, patient size)
(13,14). Anatomy-specific exposure
data enable refinement of cumulative
dose history by using actual exposure
metrics rather than typical values based
on examination type (8,9).

The concept of effective dose was
intended for use not in individual pa-
tients, but rather in large populations
(12,28-30). Effective dose is a weighted
sum of organ doses intended to repre-
sent the uniform whole-body equivalent
dose that would produce the same over-
all cancer risk as the heterogeneous
exposures encountered in practice.
Thus, it is commonly used to compare
the risks of distinct exposures, even if
they are to different parts of the body.
However, the tissue-weighting factors
representing the relative radiation sen-
sitivities of the internal organs (28) are
population averages and do not retain
the known dependence of radiation risk
on age and sex (10). Despite these limi-
tations, effective dose is often used as a
convenient single dosimetry metric, and
effective dose estimates (31) are used
in numerous studies. Furthermore, the
common method of converting DLP to
an effective dose estimate through use
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Figure 2:  Graph shows frequency distribution of dose event DLP (100 mGy-cm bins) for

single-pass abdominal and pelvic CT. Automated anatomic assignment enables comparison of
procedures from different institutions despite widely variable procedure descriptions.
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Figure 3:  Box plot shows DLP variation of abdominal and pelvic CT performed with different

CT units stratified by scan protocol name. The median (+), 25th and 75th percentiles (box), and
minimum and maximum values (vertical lines) are shown. Institutional data capture identifies
variation for targeted protocol standardization and dose optimization.
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of anatomy-specific DLP-to-effective
dose conversion k factors (12) fails to
adjust for patient size. Organ doses
would ultimately provide the most accu-
rate basis for longitudinal patient-dose

tracking once robust methods are de-
veloped to calculate them from avail-
able data on a large scale.

Our informatics tool and study had
limitations. Although the toolkit can

process PET/CT dose screens, we ex-
cluded them from validation to create
comparable validation sets between
manufacturers. Although we have in-
cluded common anatomic naming
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(a, b) For two patients with recurrent imaging, the toolkit extracted DLP and

anatomic region exposed to radiation. Graphs show cumulative DLP for each exposed region.
Automated anatomy assignment enables consolidation of exposure data from different proto-

cols, manufacturers and institutions.

variants and the validation data set
included studies from outside institu-
tions, successful implementation may
require site-specific training and valida-
tion to address anatomic nomenclature
variations. Continued manufacturer
changes in dose-screen format and con-
tents over time may require subsequent
toolkit customizations until anatomy-
specific exposure metrics become more
routinely available in standardized DI-
COM structured reports. A statistical
limitation is that our calculation of
confidence intervals for dose event vali-
dation statistics assumes independence

between events; therefore, it may only
be approximate if there is correlation of
the events within the same encounter.
Automated extraction of anatomy-
specific exposure data does not in itself
solve exposure monitoring problems,
and considerable effort is required to
implement supporting policies and
transform associated processes to re-
alize the benefits enabled by this new
technology. The toolkit does not include
the means to analyze the extracted
data, and integration into a radiation
exposure monitoring program requires
data management resources that might

not be available at many institutions. Fi-
nally, one must remember that the ex-
tracted data are x-ray tube output met-
rics. Calculation of reasonably accurate
patient-specific radiation doses will ul-
timately require consensus methods to
incorporate the effects of patient size
metrics, which are not yet routinely
available in existing archives.

In summary, open-source informat-
ics tools can be used to create accurate
large-scale repositories of anatomy-spe-
cific CT radiation exposure data from
existing image archives, which may be
useful in patient safety initiatives, in-
cluding radiation exposure monitoring
and technique optimization programs.
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