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Abstract

Evidence-based medicine is the distillation of a large volume of medical research and standards
into treatment protocols for diseases and preventive care procedures that represent the most
accurate knowledge available. In this project, we implement evidence-based medicine principles
via a decision support system that provides suggested actions for physicians based on individual
patient characteristics and established treatment protocols. Such a reminder system may enable
physicians to make better-quality decisions, and may enable patients more consistently follow

medical recommendations.

We present a prototype DSS, called Clinical Reminder System, that combines a relational
database, a knowledge base consisting of algorithms that implement disease treatment protocols,
integration with hospital legacy systems and a web-based interface allowing for physician
management of patient data and suggested medical responses. This application has been in use
within a clinical setting since 2001. Formal evaluation and assessment of patient outcomes
associated with use of this system is currently being performed by Carnegie Mellon University

and The Western Pennsylvania Hospital.

Keywords: Decision support systems, medical informatics, evidence-based medicine
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I. Introduction

Information technology (IT) is playing an increasingly significant role in health care
service delivery: value-based purchasing, cost cutting, and integrated electronic patient records
management (The Jewish Health Care Foundation 1999). Development of medical IT
applications has traditionally consumed just 2 percent of capital budgets, but this share is sure to
rise as hospital mergers and pressures from government bodies and insurers combine to make

systems integration and IT innovation mandatory.

Doctors are increasingly having to transition from a “1-to-1” view of medical practice in
which the “fee for service” model has dominated, to a “1-to-n”, population-based view, and are
required to be familiar with business practices and health care economics in a managed-care
environment that may at times run counter to this population-based view. Bodenheimer (1999)
notes that recent trends towards disease management may place greater emphasis on a smaller,
sicker population than on the larger population with chronic illnesses at lower immediate health
risk. Greenlick (1992) outlines a population-based clinical practice model that addresses
allocation of appropriate medical resources to all populations, serious study of epidemiology as it
relates to clinical practice and the need to perform outreach to populations not usually served by
clinical practices. Greenlick (1995) further argues that special education in population-based
medicine will be necessary for the many physicians who will work in large organizations. The
Council on Graduate Medical Education (1997) has produced resources for medical education
that specifically address population-based medical practice in a managed care environment, in

many broad areas identified by Greenlick.

Health maintenance organizations, medical researchers and health practitioners realize
that in an environment that rewards short-term cost savings and emphasizes management of
current diseases, increased use of patient reminders can significantly improve delivery of
preventive care services and treatment for chronic illnesses and can lead to long-term beneficial
outcomes as well. UnitedHealth Group, a large health-maintenance organization, has found that
use of billing information to design patient reminder treatment strategies for patients with

diabetes, heart-attack survivors and women at risk for breast cancer has increased the rate of



utilization of simple interventions in all of these areas (Burton 1999). Solberg, et al. (1998) has
studied organized processes to provide preventive care services in primary care clinics and finds
that most clinics did not have use a complete suite of preventive care processes. Leninger, et al.
(1996) presents a methodology for designing office information systems to improve delivery of
preventive care services that span written practice policies, through implementing a computer-

based information system and monitoring progress.

The three trends listed above: the increased importance of information technology
throughout the medical enterprise, the practice of population-based medicine practiced in larger
organizations, and the use of office-based information systems to prompt physicians and patients
to execute steps associated with prevention of diseases or treatment of chronic illnesses, reach a
synthesis in a parallel stream of medical research that is over twenty-five years old. This research
domain comprises the design of computer-based reminder systems to assist preventive care and
disease management through generation of specific recommendations using evidence-based
medicine, or the use of best available external clinical evidence, combined with individual
clinical expertise, to make decisions about the care of individual patients (Sackett, et al. 1996).
Such patient/physician reminder systems have been shown to improve physician compliance
with clinical guidelines for many diseases and preventive care categories (Shea, DuMouchel and
Bahamonde 1996, Nilasena and Lincoln 1995) and to improve patient outcomes (Hunt et al.
1998).

This paper focuses on the development of a Clinical Reminder System (CRS), a
computer-based decision support system intended for use in a primary care clinic setting, that
uses evidence-based medicine, in particular, protocols for application of preventive care and
chronic disease treatment strategies, and information systems technology to allow physicians to
better monitor the treatment of patients. This research is motivated not just by the research
findings listed above that make a strong case for computer-assisted population-based medical
practice in the clinical setting, but by the limited number of commercially-available systems that

generate customized reminders on a just-in-time basis for primary care.



Over the past four years, students in the H. John Heinz, 111 School of Public Policy and
Management at Carnegie Mellon University have worked with Heinz School faculty advisors
and staff from the Western Pennsylvania Hospital to develop (Berger, et al. 2000; Diamond,
Johnson and Padman 2000), refine (Carlen et al. 2000) and evaluate (Zheng, et al. 2004) the
Clinical Reminder System, a decision support system deployed in the Medical Ambulatory Care
Clinic (MACC) at West Penn for treatment of four chronic illnesses and four preventive care
categories. The latest release of Clinical Reminder System (CRS) is an intelligent decision
support application with a web-enabled user interface. The core of the application is developed
in C# and Web Services using Microsoft’s .Net Technology. CRS also implements a universal
data access layer to communicate to major database and Electronic Medical Records (EMR)

vendors.

We believe that the Clinical Reminder System represents a contribution to the literature
on decision support systems for three reasons. First, CRS incorporates an innovative knowledge
engineering component to the design of physician/patient reminders. Second, the database and
user interface design of CRS allows extension of the system to more chronic illnesses and
preventive care categories in a straightforward way. Third, the web-based user interface of CRS
enables various user classes - physicians, clinic staff, program administrators and system
administrators - to interact with CRS in an intuitive and productive manner no matter where they
are located. Finally, the modulated architecture allows easy transition to integrate to other
medical information systems and to deliver the reminders to other platforms, such as handheld

devices.

The Clinical Reminder System began as a prototype system and has grown into a fully-
integrated software tool used daily at MACC. The feedback received from the West Penn client
has been positive. The evaluation of CRS along a number of dimensions, including ease of use,
improvement in clinic productivity, improvement in physician performance, cost impacts and
improvement in patient outcomes is continually being assessed by Carnegie Mellon University

and West Pennsylvania Hospital.



This paper is structured as follows: Section Il reviews the various strands of research
literature related to this project. Section Il presents the functional requirements for CRS,
featuring the medical decision trees that are at the heart of CRS. Section IV outlines the system
design portion of CRS development, including encoding physician reminders, database design
and user interface design. Section V presents preliminary steps taken towards implementation of

CRS. Section VI concludes and lists a number of next steps for CRS development.

Il. Literature Review

Clinical Reminder System is an application that relies heavily on research in a number of
fields: evidence-based medicine, medical informatics, decision support systems, clinical
reminder systems and information systems development methodology. In this section we briefly
survey the academic literature in these fields and indicate research that is particularly relevant to
CRS.

Sackett et al. (1996) summarize the history of evidence-based medicine, address
objections to its practice and emphasize the large amounts of data necessary for its proper use.
The authors note that evidence-based medicine relies on data from a number of practice areas,
generated using a number of research designs and must be combined with individual clinical
expertise. Examples of data sources for evidence-based medicine practice include: U.S.
Preventive Services Task Force (1989), Task Force on Osteoporosis Guidelines (1996), Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (1993) and
many others. As a result, “knowledge engineering” is an important component of CRS, and a
challenge of developing and extending CRS will be the extent to which embedded treatment

algorithms may be modified to reflect changes in current best practices.

Medical informatics is a well-developed research field that applies information
technology principles to specific problems health care. Van Bemmel and Musen (1997) make
clear that clinical decision support systems, of which CRS is an example, are numerous at the
prototype stage but much less so at the level of daily use in a professional setting. CRS may be

classified, using the terminology of these authors, as using decision trees for knowledge



representation, providing solicited suggestions for physician review and intended for clinical
practice. Further, CRS ought to be closely integrated with the broader information technology
infrastructure of the medical institution and should embody the best practices of modeling
research-based medical information from a wide range of sources. The report Bringing Health
Care Online (U.S. Congress, Office of Technology Assessment 1995) provides a panorama of
existing and potential medical informatics applications and policies, and emphasizes the
connections between patients, health care providers, suppliers and government bodies via local
area networks, wide area networks, the Internet and telecommunications networks, and through

use of the electronic patient records.

Decision support systems (DSS) represent a domain that overlaps medical informatics but
which focuses more closely on systems architecture, implementation issues and the decision
making process. Carter, et al. (1992) distinguish between decision aids, which enhance the
performance of a decision maker by clarifying the problem, and a decision support system, which
they define as a “computerized decision aid.” Thus, evidence-based medicine, by itself,
constitutes a decision aid, while the encoding of evidence-based medicine guidelines in a
computer system constitutes a decision support system. The authors also present typical DSS
components, which we examine in more detail in Section IV. Since DSSs use databases to
support multiple, simultaneous users, issues of system architecture feature prominently. Simon
(1995) surveys client-server database technology and provides alternative development strategies
to implement client-server computing. There have been many applications of decision support
systems to medical decision making; Hunt, et al. (1998) identify positive physician performance
and patient outcomes associated with clinical use of DSSs, while Lobach and Underwood (1998)
describe an Internet-based clinical DSS for application of clinical practice guidelines. (In
contrast to Clinical Reminder System, the DSS developed by Lobach and Underwood, called
SIGFREID, does not use individual patient data and is not designed to follow protocol-based

treatment regimens over time.)

Reminder, or cueing, software systems are a particular kind of decision support system
intended to provide suggestions regarding treatment plans to physicians who without computer
assistance might not make appropriate or timely treatment decisions. The insight by McDonald



(1976) that the volume of medical information may simply be too high for any physician to
consistently follow treatment protocols, in particular, underlies much of the academic work in
this area since that date. From among the many articles describing or evaluating computer-
generated reminder applications to chronic illnesses or preventive care, a number stand out as
relevant to this paper. Beneficial outcomes along a number of dimensions, including compliance
with treatment standards, reduced treatment costs, improved population health outcomes, have
been reported by Evans, et al. (1998) (antibiotic and antiinfective drug treatments), Curtin, et al.
(1998) (asthma), Nilasena and Lincoln (1995) (diabetes), McDonald, et al. (1984) (multiple
preventive care categories) and Tierney, et al. (1986) (multiple preventive care categories). Two
extensive literature reviews have confirmed the efficacy of computer-based reminder systems
(Shea, DuMouchel and Bahamonde [1996]) and clinical decision support systems (Hunt, et al.

[1998]) with respect to physician performance and patient outcomes.

Finally, the literature on systems design and the systems development life cycle is
relevant to this paper because of the complexity of clinical DSSs, in terms of knowledge
acquisition, business process modeling, user interface design, implementation and management
of the development process. Without a solid knowledge of this area, a promising concept for a
clinical DSS may never be realized, or, if developed, never used outside of an experimental
setting. The development of Clinical Reminder System has relied on business process design as
presented by Shelly, Cashman and Rosenblatt (1998), the software development life cycle as
presented by Whitten and Bentley (1998) and project management techniques contained in
McLeod and Smith (1996).

[11.  System Functional Requirements

Clinical Reminder System is based on accepted treatment protocols for chronic diseases
and preventive care categories, as modified by practitioners at the Western Pennsylvania
Hospital. The key functional requirement for CRS is that, given medical and demographic
information about a patient and a detailed description of alternative treatment paths based on a
treatment protocol, it generates specific reminders to a physician that assist in treatment of the

patient. The physician may choose from a number of responses to each recommendation



generated by CRS; for evaluation purpose all that is important is that the responses be recorded
in a “repository” for later analysis. In this section we examine the mechanisms by which
treatment protocols are represented graphically, and by which specific cues are generated. We
also identify other key functional requirements for CRS: that the system monitors usage by end-
users and enforce data confidentiality and that the system generate summary reports for four

types of users: physicians, clinic staff, administrators and analysts, and patients.

Treatment Protocols and Physician Reminders

Clinical Reminder System has initially been designed to provide treatment assistance for
three chronic diseases—hyperlipidemia, diabetes and lower-back pain - and five preventive care
categories - cervical cancer, breast cancer, pneumonia, influenza and steroid-induced
osteoporosis. For each disease and preventive care category, we use standard treatment protocols
as a basis for intensive discussions regarding the timing, data inputs, acceptable alternatives and
wording of cues associated with particular decision points. The standard treatment protocols for

each chronic illness/preventive care category are:

« Hyperlipidemia: Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (1993);

« Diabetes: American Diabetes Association (1999);

« Lower-Back Pain: Bendix et al. (1996);

« Cervical Cancer: “Screening for Cervical Cancer,” in U.S. Preventive Services Task
Force (1989);

. Breast Cancer: “Screening for Breast Cancer,” in U.S. Preventive Services Task
Force (1989);

« Pneumococcal Vaccine: “Adult Immunizations—Including Chemoprophylaxis
against Influenza A,” in U.S. Preventive Services Task Force (1989);

« Pneumonia: “Adult Immunizations—Including Chemoprophylaxis against Influenza
A,” in U.S. Preventive Services Task Force (1989);

. Steroid-Induced Osteoporosis: Task Force on Osteoporosis Guidelines (1996);



These discussions have culminated in a decision tree describing the sequence of events (observed
patient conditions, test results, patient reactions to physician reminders) and physician reminders
themselves to be generated specifically in response to the combination of one or more events.

By identifying the data required to generate physician reminders, we began identifying
the outlines of a database to store data related to patients, office visits, tests, medical procedures
and physician reminders. For data readily available in other hospital information systems, we
assessed the feasibility of establishing live links or selective data feeding. In addition, by spelling
out the sequence of events associated with treatment protocols, we began defining pseudocode
that formed the basis of procedures that would be implemented in computer code. Finally, since
events and physician reminders occur in a business context, we developed requirements for a
user interface that would enable users to maintain the data used for treatment protocols, respond

to reminders and to view reports that summarize system inputs and outputs.

In developing functional requirements for Clinical Reminder System, we have identified
a distinction between physician reminders that parallels the distinction between chronic illnesses
and preventive care categories. We define a visit-driven cue as a physician reminder that is
generated during a physician’s interaction with CRS and the patient, based on patient responses
to physician questions (or previous system-generated reminders) or database queries. An
example of a visit-driven cue is a physician’s recommendation that a patient previously
diagnosed with diabetes commence a smoking cessation program, if the patient smokes. A time-
driven cue, on the other hand, is a physician reminder that is generated independently of a visit,
based on elapsed time and database queries. An example of a time-driven cue is a reminder to a
patient to visit the clinic to receive an influenza vaccine, based on the time of the year and the
patient’s age, among other criteria.

We examine the treatment protocol for prevention of influenza in detail. This protocol
uses detailed patient information (history of previous flu shot, age, presence of chronic diseases)
and external environment information (current date) to determine whether a flu shot should be
recommended or not. Figure 1 contains the decision tree for prevention of influenza. Figure 2

contains a sample questions and reminders associated with a hypothetical patient who meets the
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criteria for flu vaccine based on the decision tree in Figure 1, as provided by the current version
of CRS.

[Figure 1: Decision Tree for Influenza Vaccine]
[Figure 2: Sample Questions and Reminders from CRS]

A fully functional database design has been derived and is documented in section five of
this document. It is useful to denote entities, attributes and queries have been combined with
data elements associated with other treatment protocols in the formal entity-relationship. Figure
3 indicates the data elements associated with this prevention of influenza protocol.

[Figure 3: Data Elements Associated with Influenza Vaccine]

Security and Confidentiality

Discussions with the client have revealed confidentiality of data and system security to be
major concerns, as is the case in the medical community overall. Four main tasks related to
security and confidentiality have been identified as: create username and passwords, create user
categories and grant system privileges, management of passwords and generation of audit trails
describing system login attempts and user access to specific screens and data elements.

A framework assigning users to three categories associated with security and
confidentiality is contained in Figure 4. This framework is used to define specific tasks,
contained in Section 1V, “System Implementation.”

[Figure 4: Proposed User Roles and Privileges for Confidentiality and Security]

End-User Reports

The greatest value of Clinical Reminder System, beyond a user-friendly interface that
enables physicians and clinic staff to use the software without undue decreases in productivity, is
contained in printed reports that summarize data contained in CRS and enable users to interact

11



with the system without the benefit of a computer. Four main categories of reports that CRS

generates are:

« Physician-directed reports:

- Pre-visit reports for physicians who cannot or choose not to use Clinical
Reminder System, and which allow physicians to respond to system-generated
reminders for each patient by hand;

- Post-visit reports containing summaries of patient data, including reminder
responses, that are intended to be attached to patient charts;

. Staff-directed reports:
- Periodic summaries of patient characteristics, such as current diagnoses;
- Daily list of patients scheduled for clinic visits;
. Patient-directed reports:
- Letters that remind patients to make clinic appointments for various services;
- Summaries of individual patient compliance with treatment protocols;
« Administrator-directed reports:

- Audits of user access to CRS and specific screens, reports and data elements;

- Summaries of outcomes associated with CRS, including patient compliance
with treatment recommendations, physician reactions to CRS reminders and

population health outcomes.

V. System Design
In this section we present the system design portion of Clinical Reminder System,
concentrating on four areas: high-level application design, relational database design, reminders

design and interface design.

High-Level Application Design

Clinical Reminder System is intended to follow the design principles of a decision
support system (Carter, et al. 1992), i.e. software that assists, but does not necessarily prescribe,
decisions made by human experts. Figure 5, below, shows that CRS is composed of five main
components: a database, storing all information related to patients, physicians, visits and so

12



forth; a model base storing all information related to the algorithms that generate physician
reminders; a user interface comprising all code associated with screens that process user inputs
and display system outputs; reminders and reports, formatted system outputs intended for
permanent paper storage, and a dialogue management system, comprising code that allows all of
the system components listed previously to share data and which translates requirements of one

component, e.g. reports, into elements that another component, e.g. database, can understand.

[Figure 5: Conceptual System Architecture]

CRS utilizes database-driven web technology and is able to support activities of multiple
end-users simultaneously, each of whom communicates with a central repository consisting of
business rules and database components executed via user interface code and functions stored on
a common web server. Multiple physicians and clinic staff members have the ability to use CRS
simultaneously in the MACC. CRS is available to multiple clinics and small physician practices
via the World Wide Web.

Relational Database Design

After completing the design of all decision trees associated with chronic illness and
preventive care treatment protocols, we have consolidated all candidate entities and attributes
defined explicitly (i.e. updated at a decision point) or implicitly (i.e. used in queries whose
responses are used as inputs to decision points). Typical common entities included “PATIENT”,
“LABTEST”, “MEDICATION”, “DIAGNOSIS”, “STAFF” and so on. Discussions with the
West Penn regarding the business rules that govern current operations of the MACC have
allowed us to identify a subset of sound, consistent business rules that govern the interaction of
key entities. Such business rules include: “Each patient can visit the MACC on many different

occasions,” “Each patient’s visit can result in treatment for multiple diseases,” and so on.

Finally, we have made a number of fundamental design decisions related to storage of
treatment-specific base data and of reminder inputs and outputs. First, we believe that for
purposes of database extensibility, it is best to define treatment-specific base data in terms of test
and procedure results, e.g. “URINALYSIS” as a type of “BATTERYTEST” and “FOOT

13



EXAM?” as a type of “NONLABTEST”, both used in the Diabetes treatment protocol, rather than
disease-specific entities, e.g. “Diabetes”, and all treatments, tests, etc. associated with it. This is
because tests and procedures could be common across multiple illness and preventive care
categories. Second, we believe that for purposes of outcomes analysis, it is essential to store

physician responses to system-generated reminders.

Details of the entity-relationship model at the heart of Clinical Reminder System are
contained in Figure 6. Note that there is an entity called “SCHEDULE” not previously described
in the system functional requirements. This entity is included because of client concerns that
daily schedule information be stored in CRS as well as in paper form - though CRS is not

intended to have the full functionality of a patient scheduling system.

[Figure 6: Entity-Relationship Model]
This design makes clear that extension of CRS to additional chronic illness and preventive care
categories, or to additional reminder categories, or to additional staff categories, is a

straightforward task.

Reminders Design

Design of a system to implement reminders relies on translation of the questions and
decisions implicit in the decision trees presented in the previous section to procedural
pseudocode that can be implemented in software. We have designed and developed object-
oriented C# classes for each treatment protocol that incorporates the exact wording of each
reminder and executes. Such object-oriented technology makes the treatment protocols reusable
and provides the ability for treatment objects to be implemented in any relational database
system on any platform. See Berger, et al. (2000) for examples of pseudocode for a number of

chronic illness and preventive care categories.
We have also identified two types of cues as essential for enforcing the connection

between the database, the interface and the model base: external reminders and turn-around

reminders. External reminders are those that leave the system, typically in the form of reports, to

14



prompt action on the part of physicians or clinic staff. Most of these reminders are time-driven,
such as reminder letters to patients to schedule an appointment with the clinic or to have a test
performed. Turn-around reminders are those that are displayed in the user interface and which
re-enter the database as an input. For example, a reminder that a patient’s test result be examined
to determine if a treatment be modified would be output from Clinical Reminder System for
physician response (e.g. “Medicine dosage to be increased”) would result in the addition of a
new record to a reminder repository and a new record to the appropriate test/treatment results
table, the latter of which would be input for another reminder at a later time, consistent with the

treatment protocol.

Interface Design

As is true for most decision support systems, the user interface is the most visible and
most important component, at least from the perspective of end-user acceptance and day-to-day
use. Therefore, we have identified key interface design principles and codified existing and

proposed clinic business practices. Some design principles used in development of CRS include:

« Integration with work flow;

. Ease of use;

. Consistency;

« Appropriately worded messages and labels;

« Clearly distinguishing between read-only data elements and those that may be

modified by the end-user.

We have captured a number of business rules that are associated with user interaction
with the application interface adapting the standard language of data flow diagrams (DFDs)
(Shelley, Cashman and Rosenblatt [1998]). Such diagrams allow us to identify end users and
data stores associated with specific processes, many of which would be performed by CRS, but
some of which would not. These latter processes, however, are essential to integrating CRS into
daily clinic operations, and may use data stored in CRS. An example of a high-level diagram is

contained in Figure 7.
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[Figure 7: High-Level Data Flow Diagram for Reminder Generation Process]

This figure contains a number of general processes familiar to client staffers and
developers, such as patient registration and patient-physician contact, and are indicative of the

functionality that would have to be provided by the user interface to duplicate these processes.

Based on the data flow diagram and knowledge of an existing management information
system used by the client for management of patient-related data at the enterprise level, we have
identified a set of processes that addressed the needs of different user groups and ensured, to the
extent possible, a modular design for the user interface. The collection of these processes is

presented in Figure 8 as an interface hierarchy.

[Figure 8: Interface Hierarchy]

This figure indicates that all users access CRS via a login screen and a form that allows the
choice of various functions tailored to specific user groups. Consistent with the security
functionality requirements, it is the security-based user roles (see Figure 4) rather than the
organization-based user categories (e.g., physician, staff, managers) that determine which portion
of the application is accessible to whom. In addition, it indicates that some functions, e.g. patient
search and reports, are common to both physician and staff users. Finally the interface hierarchy
encodes the business rules that processing of visit-driven reminders is primarily the province of
physicians, while processing of time-driven reminders is primarily the province of clinic staff

(though this division of labor is not unchangeable).

V. System Implementation

The system implementation phase of Clinical Reminder System development has entailed
a number of difficult decisions regarding both development platforms and deployment platforms.
The system was initially developed as a client-server application for use primarily in a single
site, the West Penn MACC, but available to remote users via local area network, wide area
network and modem dial-up. CRS has been converted to a web-based system utilizing

16



Microsoft’s .Net technology to enable it to be used a large number of physically-dispersed
offices. ASP.Net with C# classes has been developed to provide object reusability within any
clinical decision support system.

There are, potentially, a large number of end-users, chronic illness and preventive care
treatment protocols, patients and patient-related clinical data to be managed by the Clinical
Reminder System; therefore, a robust relational database management system is essential for the
smooth functioning of CRS. For this reason, we chose Oracle as our internal database
development platform. By establishing a universal data access layer to communicate to other
information systems, the dynamic data link or off-line data downloading, CRS can also consume
information from any other data sources. We also recognized the requirement of the user
interface to be flexible, intuitive to novice users and highly responsive. Although there are a
variety of interface development platforms available, we have chosen Microsoft’s .Net
technology because of its true object-oriented capabilities which promote object reuse across
multiple applications and its flexibility in user interface design. Figure 9 provides details of the

actual system architecture of CRS

[Figure 9: Actual System Architecture]

Clinical Reminder System is integrated with information systems at West Penn in a
number of ways. First, CRS receives transfers of patient demographic and test/procedure-related
data elements into the Oracle database from a central data repository using the HL7 protocol.
Second, CRS has a built in scheduling module that works with the registration system of the
West Penn Hospital. Third, CRS receives data on individual patient characteristics such as
diagnoses, tests, procedures and visits via the user interface. Finally, CRS generates output data
in the form of reports to be stored in patient charts, reminder letters to be sent to patients or
summary reports to clinic staff and administrators for evaluation and resource allocation

decisions.
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Database Implementation

The database at the heart of the Clinical Reminder System has been implemented using
Oracle and is based on the entity-relationship diagram shown in Figure 6, above. Data formats
have been designed using CPT-4 and ICD-9 standards used at West Penn, and where attributes
could not be matched with these standards, HL7 standards have been used. We have devised
sequence numbers to maintain uniqueness of table records where necessary. Data integrity is

maintained at the database level using check constraints.

Reminders Implementation

Reminders are generated from treatment protocols that have been coded using
Microsoft’s C# language and .Net technology, transitioned from data flow diagrams such as the
one shown in Figure 1, above. Based on a patient’s condition, symptoms, medication and
diagnosis, reminders are generated from treatment protocols in the form of C# objects. These

objects, or classes, generate time-driven reminders and visit-driven reminders.

Interface Implementation

As indicated above, the user interface to Clinical Reminder System has been developed
using Microsoft .Net technology including ASP.NET, ADO.NET and C# classes. This interface
relies on a number of principles identified in discussions with West Penn physicians and staff:
first, that CRS should have an appearance similar to the current hospital information system, and
second, that CRS should minimize data entry and guide, but not require users to make certain

choices.

As a result the CRS user interface has a number of features to maximize flexibility and

ease of use;

« Physicians are able to select from among patients scheduled for visits - patients for
whom treatment will be provided using CRS;

« Detailed information on a selected patient is displayed in such a way that static
demographic data and the chief complaint are at the top of the form, and categories of
treatment data (visits, tests/procedures, diagnoses and orders) are available at the

18



bottom of the form accessible though expandable and collapsible tree structure
controls within the form and along the left margin of the screen.

« Physicians should be encouraged, but not required, to respond to current reminders
for a given patient via a pop-up reminder response form and a variety of reminder

response options, including free-form comments.

A portion of the physician-directed portion of the CRS user interface is shown in Figure 10.

[Figure 10: Physician-Directed Interface]

Finally, CRS contains a summary report, called a “check-out form” (Figure 11) that lists the
diagnoses made, tests and procedures recorded, and reminders generated and responded to during
the patient encounter. This summary report is intended to replace multiple pages of possibly
difficult-to-read entries in the patient’s physical chart, and, in a paperless office, to summarize a

portion of the patient’s electronic medical record.

[Figure 11: Patient Check-Out Report]

VI. Conclusion

The Clinical Reminder System is an example of a decision support system for clinical
medical practice that is consistent with a number of trends in the medical field: increased
emphasis on information technology to provide services, business trends emphasizing
population-based medicine and increased use of reminders in preventive care and treatment of
chronic illnesses. In this paper we have shown that CRS incorporates key principles of evidence-
based medicine, is the result of a well-accepted systems development methodology and
embodies development choices that maximize system attributes such as scalability,

generalizability, interoperability, usability and response time.
CRS is well-positioned to enable organizations such as the Western Pennsylvania

Hospital achieve benefits in a number of categories: increased compliance with medical

guideline recommendations, decreased inappropriate variation in clinical care, decreased cost of
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care, increased clinic productivity, and beneficial population-based health outcomes. CRS,
initially developed and used as a client-server application, has been extended to use over the
Internet, greatly increasing the potential user base and scale of desirable outcomes.

Clinical Reminder System is currently installed at the West Penn MACC and is being
used on a daily basis. Future development plans include fuller integration of CRS with West
Penn information systems and modification of CRS, where necessary, to more fully account for
clinic business practices. Data stored in CRS regarding physician responses to reminders and
patient compliance with these reminders will be combined with data regarding development,
implementation and ongoing maintenance costs of CRS and baseline data on patient treatment to

develop the five outcome measures referred to above.
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Tables and Figures

[ Database Lookup
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HIV/AIDS

Bronchitis
Asthma
Diabetes
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'070.53'

Chronic heart disease

Codes used currently: A

EN

J X

\

_/

Yes

Exit Protocol

No

Is
today’s date
between
September 15

Has the
patient already had
his/her flu shot this
season?

Does
the patient have
any chronic
diseases?

No

Is
patient less than
65 years of
age?

Exit protocol

Exit protocol

Reminder 307:
“Based on the medical history, the patient meets
standard criteria to receive influenza vaccine.”

A

Figure 1: Decision Tree for Influenza Vaccine
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Figure 2 Sample Questions and Reminders from CRS

Sample patient data:

Patient characteristics: Male, Age 50, Height 5°10°", Weight 230 Ibs, BP 140/90, Smoker.
Diagnosis: Diabetes.

Lab Tests: Urinalysis in last 12 months (value: -5), HBA1C in last 6 months (value: 7.5),
Lipid test in last 3 months (LDL value =180).

Sample “on the fly” questions:

Has the patient received steroid treatments for more than three months? (Reason: to
determine if patient meets criterion for prevention of Steroid-Induced Osteoporosis
protocol.)

Sample reminders (reminder #, protocol, statement, rationale):

[309 - Pneumococcal Vaccine] Based on the medical history, the patient meets standard
criteria to receive pneumococcal vaccine. (Reason: patient has chronic diseases and no
history of the vaccine).

[109 - Diabetes] The patient’s body mass index is above the desired level. Do you wish to
discuss weight maintenance with the patient? (Reason: diabetic patient, BMI over 30.)
[105 - Diabetes] The patient’s HBALC level is above the recommended target level. Do you
wish to consider adjustments in treatment and/or additional patient education? (Reason:
diabetic patient, latest HBA1C test within 6 months and result value over target level.)

Figure 2: Sample Questions and Reminders from CRS
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Has the
patient already had
his/her flu shot this
season?

Does
the patient have
any chronic
diseases?

Query: ClinicalData.DPC_Code.Patient = P —
Predefined List of Chronic Diseases

New Record: Reminder_Repository.PatientlD
(Reminder Code 307)

Reminder 307:

Is

“Based on the medical history, the patient meets

patient less than
standard criteria to receive influenza vaccine.”

65 years of

Query: Patient.DateOfBirth < 65 O

age?

Figure 3: Data Elements Associated with Influenza Vaccine
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= System-Level Privilege
* Monitor the physician performance
= Unlock, reactive account for users

Level 3:
Preceptor

= Same as clinic/staff

= Cannot create tables or procedures

= Access and modify scheduling data

= Cannot create tables or
procedures

Figure 4: Proposed User Roles and Privileges for Confidentiality and Security
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e Pref Help

Physician Notes Mavigator

El-(f) CRS for WPHA ¥3

[ Chief Complaint
----- [ vital signs

----- [ Medication
-] History Form
-] Examination Form

----- [ Diagnosis
----- [ Labtest
----- [ procedure

Clinical Reminder System 3 - Microsoft Internet Explorer

Age: 28, Gender: Male, PCP: Dominick DeFrances

\JO H N F S M | TH01 Syst BP: 122, Dyast 5 117, Weight: 158

References

EE Previous Yisilts | [ﬂ Patient Statistics | (j Print Summary | H Sign & Save
ORDER
Category & Recommended Order Detail
The patient is due for a microalbumin/urinalysis examination. Do you wish
to order it?
Ty i=s it: Diabetes diagnosis found, systolic BP ower 130 or
diastolic BF ower S50,
Ordered
Diabetes g”
Comments (if any):
The patient is due for a glycosated hemoglobin {HbA1c) examination. Do
you wish to order it?
Why is it: Diabetes diagnosis found, and HBALC test owver ©
months ago or no record found.
Ordered @
Diabetes
Comments (if any):

Figure 10: Physician-Directed Interface
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@ Check Cuk Form - Microsoft Inkernet Explorer

File Edt View Favorites Tools Help
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Check Dut Form

Patient Name: JOHN SMITH11
IRUN: 1000DEMOO1
Date of Birth: 1/15/1 951

Printed at 28/2003 10:41:36 Printed By: John Enberg
Appointment Time: 4/28/2003 9:00:00 Al
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Primary Care Physician: Mot Assigned
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The physician didn't write any comments on this encounter,

Items you might need to take action on:
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I}
o

Preurmococcal Yaccine is ordered as a response fo reminder: [309 - Pheumonia] Based on the

medical history, the patient meets standard criteria to receive pneumococcal vaccine,

[Figure 11: Patient Check-Out Report]
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