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Description

Radiation dose index monitoring
systems are widely commercially
available and have been adopted
in response to regulatory and
accreditation requirements. They
may or may not be implemented
with radiologist direction or
involvement. RDIM has capabilities
and use cases that can directly
benefit radiologists who understand
how to take advantage of

them, but these may not be the
priorities of administration, IT, or
other stakeholders.

This activity is designed to educate
radiologists about radiation

dose index monitoring systems,
including their technology and
system architecture, data collection
and processing capabilities, end
user analytics and applications,
use cases in clinical quality
management, and a review and
overview of radiation dosimetry
guantities used in medical imaging.

Learning Objectives

Upon completing this activity, the
reader should be able to:

= Identify quality management
opportunities that leverage
radiation dose index
monitoring capabilities

= Describe the appropriate
use of radiation dose index
monitoring data in patient
management in radiology.

= Evaluate the features and
capabilities of commercial,
open-source, custom, or in-house
developed radiation dose index
monitoring systems

Target Audience

= Radiologists
= Related Imaging Professionals
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A Radiologist’s Guide to Radiation
Dose Index Monitoring

David W. Jordan, PhD; Andrew T. Dietz, BS, ClIP, CNMT, RT(N)

Radiation dose index monitoring
(RDIM) software can automatically
collect and store digital data related
to patient radiation exposure and
other examination parameters in
diagnostic imaging. Numerous
commercial solutions provide
various tools to analyze and inter-
pret the data. This review provides
radiologists with a brief overview
of these technologies and relevant
informatics considerations. It also
provides several use cases in qual-
ity management.

There are several important
points that radiologists should be
mindful of with respect to imple-
menting RDIM technology. First,
RDIM enables automated collection
of large amounts of data for analysis
from a single modality device or
from throughout an entire facility
or enterprise. Such data sets can be
valuable for quality management
purposes, as they provide robust
information about the behavior and
performance of imaging equipment
for a given patient population.

Second, RDIM collects data that
are related to patient radiation dose
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but do not constitute actual patient
dose. Dose index values are usually
correlated to the radiation output of
a device and may or may not include
other factors needed to determine
dose (eg, patient body habitus).
These data should be interpreted
with caution and with assistance
from a qualified medical physicist.!

Third, while it is a quality manage-
ment tool, RDIM with few excep-
tions should not be used for clinical
decision making; eg, for recording
cumulative patient dose histories
or guiding decisions about future
radiological procedures.? Every
radiological procedure is accompa-
nied by an independent benefit-risk
consideration for each patient in
their current circumstances, and
past exposure does not affect the risk
when considering another proce-
dure.** In many cases, RDIM data do
not contain accurate calculations of
patient absorbed dose, organ dose,
or effective dose.®

Furthermore, no universally
accepted standard method exists for
measuring image quality in RDIM
systems. A number of techniques
have been developed to automati-
cally quantify image quality,”® while
many RDIM systems focus solely
on radiation dose index data. Since
image quality strongly affects the
benefit of a radiological procedure,
RDIM data and analytics are usually
unable to present a comprehensive
or balanced view of risk and benefit.

Clinical decision making should fol-
low evidence-based consensus guide-
lines and appropriateness criteria.’

Fourth, RDIM systems are com-
plex informatics platforms that
require substantial expert effort to
implement, validate, and maintain.*
Radiologists should engage sufficient
medical physics and informatics
support for clinical use of these
systems to ensure data quality and
system reliability.

Radiation Dose Quantities and
Dose Indices

Absorbed dose (expressed in mGy)
describes the amount of energy
deposited in matter (such as tissue)
by an episode of radiation exposure,
while effective dose (expressed in mSv)
adjusts the absorbed dose by the
relative radiosensitivity of the ex-
posed tissue to provide a quantitative
value that correlates more closely
to risk. This is valid for populations
and unlikely to be meaningful for
individual patients.

Organ dose is the dose absorbed by
a specific organ. Peak skin dose (PSD)
is the highest absorbed dose deliv-
ered to any location on a patient’s
skin during a radiologic procedure.

There are a number of dose index
values for specific imaging mo-
dalities that quantify the amount
of source radiation that delivers
absorbed, organ, skin, and effective
doses to patients.!! Examples include
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Table 1. REM Registry Quartile Data for 2022 showing Achievable Doses and Diagnostic Reference Levels for CT exams
of three body regions.

BODY PART AD (CTDIVOL) FY22 Q1 AD FY22 Q2 AD FY22 Q3 AD FY22 Q4 AD FY 22 AVG AD
Abd/Pelvis 17 mGy 11.8 mGy 12 mGy 12.3 mGy 12.5 mGy 12.1 mGy
Chest 14 mGy 5.5 mGy 5.3 mGy 7.1 mGy 5.5 mGy 9.5 mGy
Head 57 mGy 47.1 mGy 47.3 mGy 47.9 mGy 47.8 mGy 47.5 mGy
BODY PART DRL (CTDIVOL) FY22 Q1 DRL FY22 Q2 DRL FY22 Q3 DRL FY22 Q4 DRL FY 22 AVG DRL
Abd/Pelvis 25 mGy 15.94 mGy 15.98 mGy 17.3 mGy 17.3 mGy 16.6 mGy
Chest 21 mGy 9.2 mGy 9 mGy 9.69 mGy 10.1 mGy 9.5 mGy
Head 75 mGy 56.28 mGy 56.28 mGy 56.26 mGy 55.75 mGy 56.1 mGy

US Department of Veteran’s Affairs

volume CT dose index (CTDIvol) and
dose-length product (DLP) in CT or
reference point air kerma (Ka,r) and
kerma-area product (PKA) in inter-
ventional fluoroscopy.

Technical Description

Radiological imaging equipment
stores information about radiation
exposure, as well as other relevant
patient, exam, protocol, and tech-
nique factors, in log files formatted
as digital imaging and commu-
nications in medicine (DICOM)
Radiation Dose Structured Report
(RDSR) objects.

Typically, an RDSR is generated at
the end of an exam or procedure and
stored locally in the modality data-
base. It may or may not be visible in
the patient or image directory. RDSR
objects may automatically be trans-
mitted to a designated network node,
or the user may be required to send
them manually. Other data formats
have been used in the past, but the
utility and widespread availability of
RDSR data from imaging modalities
have relegated other approaches,
such as modality performed-pro-
cedure step message collection or
optical character recognition of
exam information page images, to
legacy status, and commercial RDIM
solutions are likely to discontinue
support of them in the near future.

RDIM implementation consists
of the following: a DICOM node

July / August 2023

to collect incoming RDSR objects;
processing to parse the contents of
the RDSR and extract data elements
of interest; a database to store the
extracted data elements; and one or
more applications to either present
the database information to a user as
charts, tables, or graphs, or export
the data in files for further analysis.
An on-premises implementation
may use a single physical or virtual
server connected to the same local
area network (LAN) as the imaging
modality equipment and running all
of these functions.

For enterprise applications, a typ-
ical hybrid implementation includes
one or more DICOM nodes on the
imaging facility LAN or virtual LAN
(VLAN) with processing, database,
and user applications hosted on a re-
mote server or cloud computing plat-
form.* The collecting DICOM node
or nodes on the facility LAN forward
the collected RDSR objects to the
cloud platform over a virtual private
network connection for further pro-
cessing and long-term storage.

In a hybrid topology, the LAN-
based collecting node may perform
some processing and extract data
from the RDSR objects, or it may sim-
ply forward the objects to the remote
server. Some implementations may
modify RDSR objects to anonymize
or de-identify data at the LAN node
before transmission to the remote
server to comply with institutional
policies or local laws or regulations

concerning the privacy and confi-
dentiality of personally identifiable
patient information, especially since
such information is not needed for
most RDIM use cases.

The data stored in the RDIM data-
base contain two types of values. Pri-
mary values are stored in the RDSR
object by the originating imaging
modality and then directly extracted
and stored in the RDIM database.
Derived values are calculated, usually
by the RDIM processing or ancillary
applications, and stored in the RDIM
database. Derived values usually use
information from the RDSR and may
require additional information, such
as patient body habitus from images
or digital phantoms. Examples of de-
rived values in CT include size-specif-
ic dose estimates,™ organ doses, and
effective doses.

There are numerous possibilities
for end-user applications, which
are normally accessed through a
web browser. Common capabilities
include: chronological trends in dose
index values for a specific modality
and exam; histograms of dose index
values for specific exams; alert dash-
boards showing exams for which
dose index values exceed predeter-
mined thresholds; tables of detailed
data values; and displays of the full
database record for an individual
patient record or procedure. Most
analytics interfaces allow the user
to search, filter, and sort the data in
real time, as well as to save specific

(o]
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Figure 1. Mapping of
peak skin dose from a
fluoroscopic procedure
from a commercial RDIM
system.
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search and filter criteria for repeated
review. User applications may pro-
vide access to primary data, derived
values, or both.

RDIM Use Cases

Radiation Exposure Benchmarking

RDIM can be useful for compar-
ing a facility’s radiation exposure
parameters to external benchmarks
and monitoring trends. Sources of
benchmark values for specific exams
and patient populations include
scientific and medical literature,*
accreditation program standards,!>1°
and professional consensus prac-
tice guidelines.?”

Facility data are used to calculate
the Diagnostic Reference Level (DRL)
and Achievable Dose (AD) for various
exams.'®!” RDIM provides a useful
data source for these calculations,
and some RDIM tools include auto-
mated routines or macros to select
exams and time periods of interest
and to calculate DRL and AD from
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Figure 2. Visualization of peak skin dose from a commercial RDIM system.
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Figure 3. A review of low-dose lung cancer screening CT exams revealing inappropriate dose index values, which were traced to inappropriate use of
routine diagnostic thorax CT acquisition protocols for lung cancer screening exams.
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Radiation Dose Registries

RDIM has enabled the creation
of large registries of radiation dose
index data aggregated across multiple
facilities to aid in benchmarking and
making comparisons. The American
College of Radiology’s Dose Index
Registry (DIR) has continuously
collected data on millions of exams
from thousands of participating sites
since its inception in 2011.% Users
receive regular feedback comparing
their results with national and regional
facilities of similar sizes and prac-
tice profiles. Within the US Veterans
Health Administration (VA), the VA
Radiation Dose Network was formed
to connect RDIMs across VA facilities,
culminating in the creation of the VA's
Radiation Exposure Monitoring (REM)
Registry. The VA REM Registry pro-
vides dose index comparisons within
a facility, across a Veterans Integrated
Service Network, or across the entire
REM Registry (Table 1), enabling
facility users to identify outlier exams
and protocols that do not conform to
typical operating and performance
levels across the organization.

To maximize participation, reg-
istries typically accommodate data
connections from participants using
a variety of RDIM software platforms.
The simplest implementation is for
participating sites to forward raw
RDSR objects to another RDIM system
operated as the registry. This has the
advantage of compatibility, as no spe-
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cial protocols are needed for the sys-
tems to communicate. The disadvan-
tage is that any derived data produced
by the site RDIM may not be stored in
the registry. To capture derived data
elements from site RDIM systems, reg-
istries must be configured to commu-
nicate with the site RDIM via protocols
that may be proprietary to either or
both of the connected systems.

Fluoroscopy Peak Skin Dose

The PSD from a fluoroscopic pro-
cedure can be estimated using data
collected by RDIM.? These estimates
can be refined using the data cap-
tured by RDIM describing X-ray tube
and patient-table positioning, and
some RDIM systems can construct
sophisticated geometric mapping of
estimated skin dose distributions.?
These calculated estimates and
maps can be valuable in determining
which patients are at risk for radia-
tion-induced skin injury and recom-
mending appropriate follow-up.

Patients whose exposure exceeds
a Substantial Radiation Dose Level
(SRDL) threshold (as defined by the
facility) should receive additional
post-procedure instructions and
specific follow-up examinations
depending on the magnitude of the
suspected dose.?®* As it is import-
ant to provide this information to
patients before discharge, identifi-
cation of SRDLs and calculation of
PSD estimates must be completed

fairly quickly after completion of the
procedure, especially for outpatient
procedures. An RDIM system could
send an immediate alert to the med-
ical physicist once the data for the
SRDL procedure is received and pro-
cessed, and the PSD estimate could
be calculated automatically for rapid
review and validation. Examples are
shown in Figures 1 and 2.

RDIM can also assist intervention-
al radiologists in assessing a patient’s
recent skin doses and potential for
increased sensitivity to radiation-in-
duced injury during the next proce-
dure. This is a setting where cumula-
tive skin dose histories for individual
patients are useful. When planning a
procedure, the interventional radiol-
ogist could review the patient’s histo-
ry in the RDIM system for any recent
exposures, particularly fluoroscopy
of the same area. Current guidance
suggests that all exposures within
a 60-day period be summed when
estimating risk of skin injury; thus,

a patient’s threshold for skin injury
should be considered reduced by the
skin dose received within the 60 days
prior to the current procedure.*

CT Protocol Management

In addition to dose data, RDIM cap-
tures a number of other details about
imaging procedures in the RDSR data
object. These include details that
can be used to examine adherence
to the facility’s established imaging

Applied Radiology
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Figure 4. Center of mass offset for a CT exam compared with registry values. This study has an offset of 18.2% which exceeds the average value of
8.5% for the entire registry and the average value of 10.2% for exams acquired on the same manufacturer and model of scanner.

Center of Mass Offset (%)

Local

This Study 18.19
All 10
Facility 13
Device 13
Operator 14
Registry

All 8:93
Manufacturer 10.17
Model 10.14

12

protocols and the use of correct and

appropriate scanning protocols for
a given exam. This capability can be

used for ongoing monitoring of all

procedures, as well as troubleshoot-
ing of specific situations.
For example, the timeline plot in

Figure 3 shows a substantial varia-

tion in dose index for one low-dose

CT lung cancer screening scan of

the thorax. This discrepancy was

noted when reviewing RDIM data

for screening exams, as indicated by

the exam description. Upon investi-

gating, the facility’s medical physics
personnel found that the CT tech-
nologists occasionally selected the

routine diagnostic thorax CT proto-

col rather than the specific protocol

created for lung cancer screening.

The medical physics team was able

to identify the problem and complete

the investigation in a matter of min-

utes, without leaving their desks.

Other Applications

RDIM can be a valuable tool for a
radiation safety officer overseeing

Applied Radiology

clinical research when determining
the facility’s typical patient effec-

tive doses for specific exams. While
RDIM-calculated effective dose
estimates are neither accurate® nor
meaningful® for individual patient
radiation risk estimates, the aggregat-
ed estimates for a patient population
can inform the risk assessment for

research trials in a similar population.

This information can be used to guide
investigators and institutional review
boards concerned with radiation risk
to subjects, and is often needed for
informed consent documents as well.
In any event, for many procedures,
typical dose values are difficult to find
in the literature and may not be appli-
cable to the facility’s technology.
Automated data collection, once
established for RDIM, may provide
infrastructure for other business
intelligence or analytics applications
that are not directly related to radi-
ation exposure but can benefit from
automated large-scale collection of
structured data. Examples include
equipment uptime, room turnover

time, and other asset and staff utiliza-
tion information that can be directly
extracted from RDSR data or inferred
from information found there.

Quality Indicators

Radiologists should consider RDIM
that includes assessments of image or
exam quality. In CT, a common, and
correctable, quality issue is improper
vertical centering of patients.’® In the
example in Figure 4, the RDIM system
uses patient images to calculate the
offset between the rotational center of
the CT scanner and the center of mass
of the patient; the result is labeled the
“center of mass offset” and cited as a
percentage. This calculation requires
the CT images and RDSR to be sent
to RDIM, but the results are stored in
the database for review, trending, and
even comparison with other sites. This
example demonstrates an opportunity
for quality improvement.

In digital radiography, RDIM can
be used to monitor the Deviation
Index, assuming the equipment is
configured with appropriate Target
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Exposure Index values for each exam
and view, and that the system is con-

figured to include Deviation Index in
the RDSR files.*

RDIM: Used with Care,
Powerful Tools

These use cases represent only a
sampling of the many applications
to which medical imaging personnel
can put the power of radiation dose
index monitoring software tools to
use. Leveraging the ability of RDIM
to collect and store vast amounts of
digital data from sources as small as
a single imaging device to as large as
an entire enterprise, medical physics
personnel can quickly and efficiently
analyze the performance of their
institution’s imaging technology in a
variety of circumstances and patient
populations. However, RDIM systems
are complex platforms, and radiolo-
gists should take care to engage ex-
pert medical physics and informatics
support to ensure the quality of their
data, the reliability of their system,
and the accuracy of their results.
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