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Abstract To empower patients to participate in their medical
care and decision-making, effective communication is critical.
In radiology, the clinical report is the primary medium of
communication. Although radiologists historically have
authored reports with the referring provider as the intended
reader, patients increasingly access the reports through portals
to electronic health record systems. We developed a system
named PORTER (Patient-Oriented Radiology Reporter) to
augment radiology reports with lay-language definitions.
Our IRB-approved, HIPAA-compliant study protocol ana-
lyzed 100 knee MRI reports from an academic medical center
to identify the most commonly utilized terms. A glossary of
313 terms was constructed to include definitions of the terms
and, where available, links to reference sources and public-
domain images. Flesch-Kincaid readability scores were com-
puted to assure that definitions were readable at or below 10th-
grade reading level. The system provided an interactive web
site to view outpatient knee MRI exams. After logging in with
their exam ID number and date of birth, patients viewed their
report annotated with definitions from the glossary.
Applicable images were displayed when the user’s mouse
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hovered over a glossary term. This patient-oriented system
can help empower patients to better understand their radiology
results.

Keywords Quality improvement - Patient-centered care -
User interface - Reporting - Radiology reporting

Introduction

Effective communication is critical to help patients participate
in their medical care and decision-making. Many healthcare
institutions have offered patients access to their electronic
health record (EHR) through web-based patient portals, which
enable patients to access information about their medications,
appointments, and test results [1, 2]. Despite their increased
access, patients have limited understanding of radiology re-
ports due to the reports’ length and technical language.
Information systems offer a potential approach to promote
patient-centered care and improve communication between
radiologists and patients.

Various information resources define terms used in radiol-
ogy, but many are geared to medical professionals rather than
lay patients. The RadiologyInfo web site, produced jointly by
the Radiological Society of North America and the American
College of Radiology, explains imaging procedures for pa-
tients and includes a glossary of radiology terms (wWww.
radiologyinfo.org/en/glossary/glossaryl.cfm). A study has
suggested that the site’s information may be too difficult to
read for many patients [3]. The RadiologyExplained.com web
site provides a patient-oriented glossary of imaging terms
(www.RadiologyExplained.com), but its authors are not
identified, nor are the terms cross-referenced. BI-RADS®,
the ACR’s lexicon of breast imaging, provides a
standardized and well-defined vocabulary that can serve as a


http://www.radiologyinfo.org/en/glossary/glossary1.cfm
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model for other domains in radiology [4, 5]. Glossaries for
thoracic imaging [6], imaging technology [7], lumbar disc
disease [8], and medical devices and procedures [9], have
been created predominantly for medical professionals, and
may not be suitable for patients.

To accommodate American adults with average reading
skills, the US Department of Health and Human Services and
the American Medical Association have recommended that
Internet-based patient education materials be written at or be-
low a 7th-grade reading level [10, 11]. We selected magnetic
resonance imaging (MRI) of the knee as a clinical domain due
to the clinical expertise of one of the authors (S.C.O.). We
developed a set of lay-language definitions of key terms in
radiology reports and established an application to annotate
clinical reports with the defined terms that appeared in their
reports. Here, we describe the development and preliminary
evaluation of the pilot system. To our knowledge, no system
similar to ours has been created for diagnostic radiology.

Materials and Methods

Our prototype system, PORTER (Patient-Oriented Radiology
Reporter), incorporated three modules: a glossary of terms, a
module to upload the text of radiology reports to its database,
and an interactive web-based user interface to display anno-
tated reports.

Lay-Language Glossary

The authors created a lay-language glossary of common and
clinically important terms in the domain of knee MRI. The
study protocol was approved by the Institutional Review
Board at the authors’ organization and complied with the
Health Insurance Portability and Accountability Act of 1996.
One hundred knee MRI reports from three hospitals affiliated
with a single university health system were analyzed for the
most frequent words and word-pairs after excluding
stopwords (commonly occurring words such as “a,” “of,”
and “the”). Based on this analysis, 285 initial terms were
identified. Lexical variants of the terms, such as synonyms,
plurals, abbreviations, and adjectival forms, were identified
and added as needed. For example, terms included
“meniscus” (with its plural form “menisci”), “anterior cruci-
ate ligament” (with its abbreviation “ACL”), and “patella”
(with its adjectival form “patellar”). The glossary admitted
multiple forms of a term, such as both “patellas” and
“patellae” as plural forms of “patella.” Terms included ana-
tomic structures (e.g., “medial collateral ligament”), localiza-
tion (e.g., anterior, posterior, medial, lateral), imaging findings
(e.g., “marrow edema”), pathology (e.g., “radial tear”), and
common phrases (e.g., “within normal limits” and “non-spe-
cific finding”).

Each glossary entry was classified as a primary or variant
term. Each primary term included a lay-language definition; if
available, the term included a link to a Wikipedia page and an
exemplary public-domain image. Each variant term specified its
primary term and its relationship to that term (abbreviation, plu-
ral, adjective, etc.). The glossary was constructed as a shared
spreadsheet using the Google Documents service, which allowed
the authors to create and edit the document collaboratively. The
spreadsheet included the set of terms and their definitions.

Online medical dictionaries and Wikipedia entries served
as initial source materials. Although definitions from these
sources were considered precise and helpful to medical pro-
fessionals and well-educated readers, they often exceeded the
7th-grade level guideline for readability. Definitions were
evaluated using the Flesch-Kincaid Readability Index and
the Flesch-Kincaid Grade-Level formula, which estimated
the grade level of a text based on the average number of words
per sentence and the average number of syllables per word
[12]. The glossary’s definitions were edited to reduce the num-
ber of words overall, reduce the number of words per sen-
tence, and decrease the complexity of sentences. If deemed
too complex, definitions were edited to improve readability.
Lay terms were used instead of or in addition to formal med-
ical terms. For example, the medial meniscus was defined as a
tissue “between the thigh bone (femur) and shin bone (tibia).”

As part of the system’s modular design, the glossary was made
available as a web service using Representational State Transfer
(REST) architecture [13]. This web service consumed the spread-
sheet’s data from a private URL and produced output as a
JavaScript Object Notation (JSON) document. Correct syntax
was confirmed using a JSON validation service (jsonlint.com).
A portion of the output information is shown in Fig. 1.

Report Uploading

A secure REST web service (using the HTTP POST method)
was developed to upload radiology reports. The server was
hosted by a commercial service outside of the institution’s
firewall; hence, no protected health information was stored.
The web service accepted the 8-digit numeric examination ID
(termed the “accession number”), the patient’s date of birth,
the report text, and an identifier for the interpreting radiologist.
The exam ID and date of birth were combined, encrypted, and
stored as a single 32-character hash code, which was used to
index the reports. The report text was stored without encryp-
tion. The radiologist identifier was used to display the radiol-
ogist’s name and photograph on the web site.

Report Display
We developed a web-based user interface to allow patients to

view reports. To access a report, the patient entered his or her
exam ID code and date of birth, which were combined,
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Fig.1 Partofthe outputin JSON ¢

. "ACL": {
of the glossary web service. For "form": "abbrev.",
example, the term “ACL” is "mainTerm" :
shown as an abbreviation b,
(“form™: “abbrev.”) for “anterior "a“tlezr:: = d
. . . L. efn":
cruciate llggment, which itself ki e
has a definition (“defn”), a "img":
Wikipedia entry (“wiki”), and a
link to an image (“img”) b )
"anterior compartment":
"defn":
"wiki": "Knee"

{

"One of the knee's three compartments.
between the knee cap (patella) and thigh bone (femur).

"anterior cruciate ligament"

"Towards the front of the body. ",
"Anatomical_terms_of_ location#Anterior_ and_posterior",
"http://upload.wikimedia.org/wikipedia/commons/e/e7/
Blausen_ 0019 _AnatomicalDirectionalReferences.png"

It's the front part of the knee
Also called

the patellofemoral compartment. ",

by

"anterior cruciate ligament": {

"defn":

"A strong ligament of the knee that extends from the inner back

portion of the thigh bone to attach to the lower leg bone.",

Twiki™:
"img":
I

encrypted, and matched against the hash code entries in the
database’s table of reports. The corresponding report text was
retrieved; glossary terms were identified within the text and
displayed with a dashed underscore (Fig. 2a). The text-
matching algorithm sought to maximize the number of words
in the matching string. Thus, a report that contained the text
“medial meniscus” matched glossary entries for “medial,”
“meniscus,” and “medial meniscus,” but the report text would
be highlighted only by the last one. When the user hovered
over or clicked on a highlighted term with the mouse,
PORTER displayed the term’s definition as a pop-up “tool-
tip” balloon (Fig. 2b). If the highlighted term was not a pri-
mary term, the primary term was shown; for example, for
“ACL,” the balloon read “anterior cruciate ligament (abbrev.
ACL)” with the primary term’s definition. A link to a
Wikipedia page was displayed if defined for that term. If an
image was available, it was displayed alongside the text of the
report; the image was updated as the user hovered over differ-
ent terms.

Evaluation

To provide a preliminary evaluation of the system, we ex-
plored usability of the system and readability of its definitions.
The system was demonstrated to several physicians and non-
physicians, and informal feedback was solicited about usabil-
ity. Those users described the system as self-explanatory and
easy to use. The inclusion of reference images was considered
to be helpful. No significant defect or difficulty in the user
interface was identified.

The glossary contained a total of 313 terms, of which 190
were primary terms. To evaluate the glossary, 175 randomly
selected knee MRI reports generated at our institution were
processed using PORTER. The reports contained 13,005
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"Anterior_cruciate_ligament",
"http://upload.wikimedia.org/wikipedia/commons/0/09/Knee_diagram.svg"

instances of glossary terms (range, 12 to 125 term instances
per report; median, 75). Each radiology report included 10 to
64 unique glossary terms (median, 44 unique terms).
Readability of the definitions was assessed using a variety of
metrics, most of which were based on the length of sentences
and/or length of words in a text sample. The Flesch-Kincaid
Grade-Level score of the applicable definitions, calculated
using the readability-score.com web site, ranged from —3 to
12.3 (median 5.8; mean 5.6). Negative scores resulted from
very short, monosyllabic definitions; for example, the term
‘contusion’ had the definition, “A bruise,” which resulted in
the —3 grade-level score. All but two of the terms had read-
ability scores below the 10th-grade reading level.

Discussion

The radiology report is being shaped by recent movements
towards patient-centered care, in part due to increasing online
access to EHR portals [14]. Patients can become more actively
involved in their care through the use of EHR patient portals,
but the complexity of medical text, such as radiology reports,
presents a barrier [15]. Radiology results are one of the most
accessed portions of the clinical record, but also one of the
most difficult portions of the electronic health record to un-
derstand [16, 17]. Radiology reports frequently include long
sentences, complex polysyllabic technical terms, and unfamil-
iar vocabulary; they may be nearly impenetrable to the aver-
age patient. Patients frequently request an explanation of the
report in lay terms and have expressed a preference for reports
in lay language [18, 19]. Investigators have explored systems
to translate clinical text into lay language using an open-ac-
cess, collaborative consumer health vocabulary [20]. Online
information resources offer an opportunity to promote health
literacy and engage patients in their own care [21].
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(A)
% Penn Medicine

PORTER - Patient-Oriented Radiology Reporter

HISTORY: Left knee pain following flag football injury.

TECHNIQUE: Axial, coronal and sagittal images of the LEFT knee were obtained on a 1.5 Tesla magnet.

CONTRAST: None.

COMPARISON: Left knee radiographs from 11/5/2014.
FINDINGS:

Fluid: Large effusion.

Medial compartment:

- Medial meniscus: Oblique tear of the posterior horn extending to the inferior to the undersurface

with edema in the underlying tibial plateau.

Medial collateral ligament: Edema surrounding the ligament in keeping with a grade 1 sprain L
Cartilage: Intact, J. Bruce Kneeland, MD
Radiologist
Lateral compartment
Lateral meniscus: Radial tear of the posterior horn with a displaced fragment into the intercondylar I ki l
notch (series 12 image 18; series 9 image 14). There linear extension of the tear the posterior root

(best seen series 12 image 11)

- Lateral collateral ligament complex: Edema surrounding the proximal aspect of the ligament in

keeping with a grade 1 sprain.
- Cartilage: Intact

Posterolateral corner:

Popliteus tendon: Grade 1 strain of the popliteus myotendinous junction.
- Pravimal tihinfihular inint: Narmal

(B)
FINDINGS:

medial meniscus

Band of tissue that spans the inner part of the knee joint serving as
a cushion, located between the thigh and shin bones. A\

vieaial cu.npartment:

- Medial menlscus Obllque tear of the posterior horn extending to the inferior to

.. 1 - .o L

Fig.2 PORTER user interface. a Glossary terms are underlined. b When
the user’s mouse hovers over a term, a “pop-up” balloon appears with the
term’s definition. If the term is associated with an image, that image

Further evaluation of PORTER is underway. The system
records the user’s log-in time, the terms over which the user
hovers, and the amount of time spent on each term. Patients
are invited to participate in a survey instrument to assess their
opinions about the system. We have added a statement to our
department’s standard knee MRI reporting template to provide
PORTER’s uniform resource locator (URL) and the exam’s ID
number. Thus, when patients view their knee MRI reports on
our institution’s patient portal or receive a printed copy of the
report, they have the opportunity to view the annotated report
on the PORTER web site.

' e i ' o

appears on the right pane. The “W” image in the yellow box is a link to
the corresponding Wikipedia entry

We also are exploring expanding the system to other imag-
ing modalities and organ systems. The methodology used to
develop, store, and access the terms and definitions should
scale appropriately to other domains and a larger set of terms.
General medical terminologies such as the Systematized
Nomenclature of Medicine Clinical Terms (SNOMED CT)
[22] and Logical Observation Identifier Names and Codes
(LOINC) [23] offer relatively little coverage of the radiology
domain. As we expand PORTER’s domain coverage, we en-
vision incorporating a subset of about 3100 RadLex terms for
which definitions are available, primarily from the US
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National Library of Medicine’s Medical Subject Headings
(MeSH) [24, 25].

Conclusion

We present our efforts to promote patient-centered care, im-
prove patients’ understanding and awareness of radiology, and
narrow the gap between the radiologist and patient by provid-
ing a platform to augment radiology reports with illustrations
and lay-language definitions. We have developed and de-
ployed successfully a prototype web-based system to high-
light key terms in knee MRI reports and define them in lay
language. Evaluation is underway to determine the extent to
which PORTER improves patients’ understanding of and sat-
isfaction with radiology reports.

Compliance with Ethical Standards The study protocol was ap-
proved by the Institutional Review Board at the authors’ organization
and complied with the Health Insurance Portability and Accountability
Act of 1996.
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