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Abstract

Computerized information retrieval tools are “infobuttons” that deliver contextually relevant
knowledge resources into clinical information systems to support clinical decision-making
(Braunstein, 2018). Providing a standard mechanism for clinical information systems to request
context-specific clinical knowledge from online resources (Del Fiol et al., 2012) has become a
widely adopted approach to help clinicians and patients answer their clinical questions in care.
Based on the clinical context, which includes characteristics of the patient, provider, care setting,
and clinical task (Greenes et al., 2018), infobuttons anticipate clinicians’ and patients’ questions
and provide automated links to resources that may answer those questions. Although some
communication behaviors may be more amenable to training, an infobutton displayed in the
context of a patient’s problem list, for example, may allow a clinician to retrieve treatment
guidelines on a specific condition and increase patients’ total level of active participation in
healthcare interactions.

Keywords: Health Level Seven (HL7), Infobutton, Clinical Information Systems (CIS),
Electronic Health Record (EHR), Clinical Decision Support (CDS), Standards Development
Organizations (SDOs), Systematized Nomenclature of Medicine-Clinical Terms (SNOMEDCT),

Digital Imaging Communication in Medicine (DICOM)
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Introduction

The advent of the Meaningful Use legislation provided incentives to adopt qualifying
Electronic Health Records (EHR), EHR Incentive Program, healthcare organizations, and
healthcare providers are required to integrate Clinical Decision Support (CDS) into their
federally certified EHR systems. Although alerts are one of the most common forms of CDS
(Wong et al., 2018), it must be noted there are many interventions that make up the current CDS
toolkit. In the book Improving Outcomes with Clinical Decision Support: An Implementer’s
Guide (Osheroff et al., 2012), the authors state that CDS interventions fall into four categories:
Data Entry, Data Review, Assessment and Understanding, and Triggered by User Task.
According to (Kaldjian, 2019; Van de Velde et al., 2018), the third category, Assessment, and
Understanding, is concerned with satisfying the information needs of physicians and patients as
they formulate, debate, and discuss treatment options and care plans. One innovative tool in this
category is the Health Level Seven (HL7) Infobutton (Weir et al., 2021). An infobutton can be
used in an electronic health record and appear next to a condition in a patient’s problem list or
medication in the medication list. The physician clicks on the button to learn more about the
state and is immediately linked to an information source presenting detailed, evidence-based
knowledge regarding the disease and its treatment. The same functionality applies to

medications and their contraindications with other substances.
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Background

Compromising the quality of care, clinicians and patients face numerous unmet needs in
a collective knowledge base that highlights discrepancies between the current reality and the
desired state (Pittman, 2019). Although online health knowledge resources capable of solving
many of these knowledge needs are now widely available, fragmentation of health care and poor
coordination of care hinder more effective and frequent use of these resources at the point of care
(Balogh et al., 2015). According to Kola et al. (2009), infobutton is a point-of-care information
retrieval application that automatically generates and sends queries to digital libraries using
patient data extracted from electronic health records (EHR) and personal health records (PHR)
systems to lower these barriers. Proposing a knowledge-based query expansion method that
exploits the Unified Medical Language System (UMLS) to augment the proposed indexing and
retrieval framework (Teixeira et al., 2017), the concept of an Infobutton Manager (IM) as a
software component

1) supports the implementation of Infobuttons (Cimino et al., 2002)

2) facilitates integrating knowledge resources into EHR and PHR systems

3) The Clinical Decision Support Technical Committee was employed to develop the

Context-aware knowledge retrieval (Infobutton) standard specification (Charalabidis
etal., 2014).

“When the IM is called because a user has clicked on an infobutton icon in the Clinical
Information System” (Greenes (Ed) 2011, p. 357), the IM receives a set of query parameters and
then generates a HyperText Markup Language (HTML) for documents containing a set of
processing tasks known as semantic parsing to convert clinical questions to logical forms
(Roberts & Patra, 2017), each of which is a hyperlink following the syntax of the target content

source that is used to run a query on heterogeneous data sources (Guilherme Del Fiol & Rocha,
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n.d.). Intended to support context-specific access to online knowledge resources with EHR
systems that offer URLSs as the primary or exclusive communication protocol (Kubben et al.,
2019), this implementation provides the context-aware knowledge retrieval Infobutton standard.
Currently, several content sources are available in the market, providing an Application
Programming Interface (API) that allows Infobutton searches to be performed. Since every
query is executed through their central API, application, and domain-specific functionality to
include proprietary syntax and vocabularies can be provided by any software component to an
infobutton (Kubben et al., 2019). With different levels of granularity according to the specific
needs and requests, several Clinical Information Systems (CIS) that support the clinical
diagnosis include Computerized Physician Order Entry (CPOE), Laboratory Information System
(LIS), Pharmacy Information System (PIS), or Picture Archiving and Communication Systems
(PACs) (Balgrosky et al., 2015) in the same institution may implement calls to an IM. Since
many of these applications are provided by vendors (Del Fiol et al., 2012), additional software
would be necessary for each IM the vendor would like to link. According to Papazoglou & van
den Heuvel (2007), the goal is to enable a stepwise transition from URL-based performances to a

services-oriented approach.
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Description of How the CDS Rules Will Be Utilized
Public health laboratories run by state and local health departments to diagnose diseases

and protect the public from health threats (Inhorn et al., 2010) often receive isolates submitted
for reference testing. As we learn to take a more active role in our medical care, where is the test
performed? Can a developer or validation engineer comprehend outside the environment and
explore the characteristics of the software, raising discoveries that will then be classified as
reasonable behavior or failures? Just as tests vary, labs also vary in complexity, the volume of
tests performed, the ability to the qualitative or quantitative determination of an increasing range
of analytes, and the number and type of professionals who serve the testing (Xenitidou &
Edmonds, 2014), the information about the original clinical sample the isolate also needs to be
conveyed. To ensure that the tested specimens reflect the best choices from the available
examples (Greytak et al., 2018), testing nucleic acid extracted from genetic changes in normal
tissue cells that convert them to cancer cells will resolve the clinical question. Following the
collection, preparation, and transport, where would the following attributes of that original
specimen be conveyed? Not all of these would be required every time (Greytak et al., 2018):

e Specimen type (at minimum)

e Source site

e Collection method (if necessary)

e Additives/transport media (if required)

Justification For Creation
Several domains in HL7 use specimens in their ability to perform laboratory tests to

accept, modify, or reject an order with differing use case requirements (lglesias, 2020). There is
a need for flexible standards, guidelines, and methodologies by which various healthcare systems

can communicate and extend on specific projects and in particular domains. According to Bos &
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the International Council on Medical and Care Compunetics (2010), as long as they support
workflow in their respective environment, the object-oriented technology for database and
software systems Domain Analysis Model (DAM) intends to represent all data elements,
regardless of use in data exchange. The input was provided from Orders and Observations,
Clinical Genomics, Interventional Imaging, and Anatomic Pathology (Balogh et al., 2015).
Actions To Take To Implement The CDS Rule
1. The clinical sample is submitted to the testing laboratory
2. The testing laboratory provides testing on the clinical model, and in the process, it creates
a derived specimen
3. A testing laboratory cannot complete testing on the derived specimen
4. The derived specimen is forwarded to the reference laboratory for further testing
5. The reference laboratory receives the derived sample and all information required to
interpret the requested test correctly
6. The reference laboratory completes testing and provides the result to the testing
laboratory, which forwards it to the original ordering provider (HL7 International, 2017)
Identify Necessary Team Members And Their Roles
1. Testing Laboratory
e The testing laboratory reports the results of its testing along with the results from
the reference lab is only acceptable if it’s accompanied by an authenticated
medical record supporting the physician’s intent to order the tests (Wians, 2009)
2. Reference Laboratory
e The reference library completes the review for continuous consolidation testing

derived from the specimen
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e Monitoring to achieve quality and accurate test results is sent to the testing
laboratory
Steps Needed To Obtain Stakeholder Approval

PA-C Perrin D. Reyea sees patient Robert Taylor Martin, Jr., a 49-year-old African-
American male of Nigerian Ancestry, for Diverticulitis, abdominal pain, and screening for colon
cancer who schedules a Colonoscopy and upper Endoscopy and their ambulatory surgery center,
Hacienda Surgery Center. During the exam, Hacienda Surgery Center isolates colon polyps or
bowel cancer to help diagnose unexplained Diverticulitis and abdominal pain and sends the
isolate to the state Public Health Laboratory, where it is identified as Mycobacterium
avium subspecies paratuberculosis (MAP), the cause of chronic intestinal disease in domestic
and wild ruminants, is one suspected cause of Idiopathic Inflammatory Bowel Disease (I1I1BD)
(Pierce, 2018). The state Public Health Laboratory cannot further subtyping and forward the
isolate to the Centers for Disease Control. The American Joint Committee on Cancer called the
TNM staging system for identification and subtyping (Carter, 2021; Hermanek et al., 2012)
essential to determine the best treatment approach.

According to Kubben et al. (2019), the notion that machine learning and its algorithmic
paradigms to evaluate an artifact successfully should be efficiently computable. Determining the
usability of an artifact that allows a single access point and unified access
to models and artifacts for querying is equivalent to query containment from database theory
(France et al., 2012). This problem is known to be undecidable for arbitrary queries of relational
algebra. Still, it is also decidable and equivalent to query evaluation for the restricted class of
conjunctive queries. Represented with a vocabulary consisting of codes that determine the
specific statement expressed in the health quality domain, this problem is further complicated by

terminology mapping (Saitwal, 2012). As identified by the vocabularies involved (Matthijs,



CDS RULE AND IT’S APPLICATION FOR AN EHR 8

2016), the meaning of each clinical statement must be preserved for the health-quality artifacts to
operate correctly. With the implication often represented in different nomenclatures in different
systems to include differing schemas across various patient data sources, a mapping between the
languages is required to facilitate the expression and evaluation of the artifact. According to
Marco-Ruiz et al. (2016), the solution to this problem is to create a well-defined interface
between the clinical data provided by patient data sources and the usage of that data within any
given artifact.

First, all clinical data within a knowledge artifact must be represented with a standard
data model as long as the model represents the information that must be reasoned about (Marco-
Ruiz et al., 2016). By separating the knowledge artifacts from the software and providing access
through linkage services, clinical programs can keep pace with the rapidly changing and
expanding medical environment. Second, all references to clinical data within a health quality
artifact are represented using a specific type of expression “are required beyond FHIR to use
artifacts within a CDS system” (Ohno-Machado & Séroussi, 2019, p. 1693). The purpose of this
restriction is two-fold allows the necessary data for evaluation to be determined solely by
inspection of the artifact and for simple and reliable implementation of the interface between the
evaluation engine and the clinical data source because the criteria used to request information are
well-defined and straightforward. Third, using standard terminologies within the actual data, the
language can guarantee that any given clinical statement referenced in an artifact “can be used at
the analysis level and mapped to HL7& RIM-based artifacts a subsidiary step” (Benson &
Grieve, 2020, p. 341). Other than stating that there is an expectation that standard terminologies
will be used to ensure semantic consistency between the clinical data source and the reasoning

expressed in the artifacts, this is the terminology problem.



CDS RULE AND IT’S APPLICATION FOR AN EHR 9

Conclusion

Lab tests, radiology, and pharmacy are areas where both messaging and the EHR play a
role in communication. As stated above, messaging is necessary for these areas when placing
orders and receiving results. Still, the results could be communicated to another standards-based
EHR system more quickly and efficiently using EHR extracts rather than messages. There is
much need for international EHR content standards required in security, terminology, and
demographics to support integrated medical software systems with embedded transcription
functionality. Recognizing standards used in Health IT, such as SNOMED-CT, IHE, and GS1,
terminology, according to Benson & Grieve (2020), is perhaps the most high-risk area of EHR
interoperability. Produced by health informatics, Standardisation Developing Organizations
(SDOs), rather than reducing ambiguity in communication so that actions taken are consistent
with the actual meaning of the data, health terminologies that have been developed from an
original core reveal the consequences of limited literacy on health and healthcare (Tabakov et al.,
2020). In addition to core atomic terms, which suggest that the accounting functions of EMR are
impinging on the ability of medical personnel to coordinate work (Pine & Mazmanian, 2014),
several open specifications for health service interfaces have been developed. Although some
need revision and incorporation into architectures for netcentric computing systems (Bondavalli
et al., 2016), messaging standards to include Health Level Seven (HL7), Digital Imaging
Communication in Medicine (DICOM), and other standards-based transactions such as the
College of American Pathologists (CAP) Systematized Nomenclature of Medicine — Clinical
Terms (SNOMED-CT), Institute of Electrical and Electronics Engineers (IEEE), National
Council on Prescription Drug Programs (NCPDP), and Laboratory Logical Observational
Identifier Name Codes (LOINCs) (Wager & Glaser, 2017) play a crucial role for interoperability

between ancillary systems; lab, pharmacy, cardiology, radiology, and other designs that typically
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sit apart from the core clinical functions of an electronic health record. Even those EHR systems
built on the same platform, in either implementation or restriction, or between two non-
standardized EHR systems are necessarily interoperable because they are often highly
customized to an organization’s unique workflow and preferences. Because qualitative,
quantitative, and mixed methods can be applied in the implementation and can involve multiple
health care professionals across disciplinary boundaries, the “components to support the
ubiquitous exchange, sharing and liquidity of operational, clinical data stored in electronic health
records” according to (Rea et al., 2012) is critical. To achieve this information flow, improved
interoperability across health care organizations, laboratory, and radiology information systems.
Therefore, messaging standards will always be necessary for lab, imaging, and pharmacy orders

and results since labs and similar systems do not conform to the survey definition.
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SOA with those of event-based programming. The paper also focuses on the ESB and
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