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Abstract

Rising costs have forced policy makers in the United States to reorganize the finance and
delivery of health care. This reorganization, combined with documented variation in prac-
tice patterns, has produced widespread interest in methods for improving quality of care,
and specifically in dissemination of guidelines for clinical use as one such method. Clini-
cal-practice guidelines (CPGs) provide a systematic means to review patient management
and a formal description of appropriate levels of care; their use can enhance the quality,

appropriateness, and effectiveness of health care, while also containing costs.

Development of effective CPGs, however, requires input from experts in clinical medicine
and in evidence synthesis; at the local level, such resources often are not available, or are
prohibitively costly. These requirements thus pose two main problems for developers of
CPGs: (1) the prohibitive cost of the required resources conflicts with the desire of local
clinical communities to implement their own CPGs that reflect their particular sites or
patient populations, and (2) the CPGs are static, placing limitations on the ability of

guideline developers to update and maintain CPGs with current clinical findings.

In this thesis work, I developed a new approach that allows developers and users to create,
disseminate, and tailor CPGs, using normative decision models (DMs). My approach is
designed to improve CPG applicability, relevance, and acceptance by local clinicians and
guideline developers, and thus to promote high-quality and cost-effective health care. I
propose that guideline developers can use computer-based DMs that reflect known global

and site-specific data to generate evidence-based CPGs. Such CPGs are of high quality,



can be custom tailored to specific clinical settings, and can be modified automatically over

time as the underlying DM or evidence evolves.

To validate this hypothesis, I defined conceptual models for representing CPGs and DMs,
and formalized a method for mapping between these two representations. To make this
mapping possible, I designed a DM annotation editor that queries the decision analyst for
missing knowledge. The two conceptual models, the DM annotation editor, and the map-
ping algorithm allow guideline developers to create evidence-based CPGs, and permit
local users to do the updating and tailoring needed for the CPGs to succeed. I describe
implementation of the ALCHEMIST system that encompasses these two conceptual models,

the mapping algorithm, and the resulting tailoring abilities.

I evaluated my thesis work in three ways. First, to show that the DM conceptual model
and DM annotation editor provide information necessary for the efficient transformation
of a DM into a CPG, I evaluated the design and expressivity of both conceptual models,
and demonstrated the accuracy of the DM-to-CPG mapping algorithm. Second, to show
that ALCHEMIST produces CPGs that satisfy published criteria for high-quality guidelines,
I had guideline users rate the quality of generated CPGs using a guideline-rating key, and
rate the performance of ALCHEMIST's CPG browser. Finally, I evaluated ALCHEMIST's

dynamic patient and site tailoring abilities.

Because it creates CPGs from normative DMs, ALCHEMIST is able to specify explicitly the
alternatives, outcomes, and evidence in a clinical problem. Using the DM best-estimate
inputs and sensitivity analyses, the generated CPG quantifies the need for CPG tailoring.
ALCHEMIST automates the DM-to-CPG process and distributes the generated CPG over
the World Wide Web to allow guideline developers at each local site to apply, tailor, and
maintain a globally produced CPG. In my thesis work, I argue that my DM-to-CPG con-

ceptual framework is a method for guideline developers to create and maintain automated
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evidence-based CPGs, and that it thus promotes high-quality and cost-effective health

care.
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Chapter 1

Automated Creation of
Clinical-Practice Guidelines
from Decision Models

Rising health-care costs have forced policy makers in the United States to reorganize the
finance and delivery of health care. This reorganization, combined with documented vari-
ation in practice patterns (Chassin et al. 1986, Conway et al. 1995, Fisher et al. 1992,
Health Services Research Group 1992a, Iscoe et al. 1994, Keller et al. 1990, Welch et al.
1993, Wennberg and Gittelsohn 1973), has produced widespread interest in methods for
improving quality of care, and in dissemination of guidelines for clinical use (Woolf
1990). The Institute of Medicine (IOM) defines clinical-practice guidelines (CPGs) as
"systematically developed statements to assist physician and patient decisions about
appropriate health care for specific clinical circumstances" (Institute of Medicine 1992).
CPGs provide a systematic means to review patient management and a formal description
of appropriate levels of care; their use can enhance the quality, appropriateness, and effec-
tiveness of health care, while also containing costs (US Department of Health and Human

Service 1995).

Development of CPGs, however, requires input from experts in clinical medicine, meta-

analyses, decision analyses, clinical epidemiology, cost-effectiveness analyses, and



2 1.0 Automated Creation of Clinical-Practice Guidelines from Decision Models

evidence synthesis; such resources often are not available, or are prohibitively costly on a
local level (Brook 1989, Eddy 1990e, Fletcher and Fletcher 1990). Because the develop-
ment of CPGs requires specialized expertise and is costly, CPGs often are developed by
national organizations (American College of Physicians 1995, US Preventive Services
Task Force 1996) for a population that has "average" characteristics. These CPGs may
need to be adapted to local settings in which the characteristics of the patient population
or practice may be different (Carter et al. 1995a, Nease and Owens 1994, Owens and
Nease 1997). In addition, traditional guidelines are normally static and thus may become

out of date (Sanders et al. 1998).

In my thesis work, I explore these problems that impede CPG success. One potential solu-
tion is to use decision models (DMs) as an aid for developing CPGs. I define DMs as
abstract representations of a decision problem that take into account the uncertain,
dynamic, and complex consequences of a decision, and the assignment of value to those
consequences (Owens and Nease 1993, Owens and Sox 1990). I developed a new
approach that allows developers and users to create, disseminate, and tailor CPGs, using
normative DMs. My approach is designed to improve CPG applicability, relevance, and
acceptance by local clinicians and guideline developers, and thus to promote high-quality

and cost-effective health care.

1.1 Hypothesis

I propose that guideline developers can use computer-based DMs that reflect known glo-
bal and site-specific data to generate evidence-based CPGs. Such CPGs are of high qual-
ity, can be custom-tailored to specific clinical settings, and can be modified automatically

over time as the underlying DM or evidence evolves.

To validate this hypothesis, I defined conceptual models for representing CPGs and

DMs, and formalized a method for mapping between these two representations. The two
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conceptual models and the mapping algorithm allow guideline developers to create evi-
dence-based CPGs in algorithmic form, and permit local users to do the updating and tai-
loring needed for the CPGs to succeed. I describe implementation of the ALCHEMIST
system that encompasses these two conceptual models, the mapping algorithm, and the

resulting tailoring abilities. I evaluated three subhypotheses:

1. The DM conceptual model provides information necessary for the
efficient transformation of a DM (specifically, of a decision-tree rep-
resentation of the expected outcomes and available alternatives) into
CPGs, thereby allowing the creation of guidelines that are evidence

based.

2. ALCHEMIST produces CPGs that satisfy published criteria for good

practice guidelines.

3. ALCHEMIST's mapping algorithm allows dynamic patient and site tai-
loring, and, therefore, produces local CPGs that provide expected
health outcomes that are based on the DM and that produce expected
outcomes (measured in quality-adjusted life years) that are equal to
or better than those expected from static global CPGs for specific

patient populations.

My main goal, therefore, has been to develop a method that uses DMs to create CPGs. My
method takes advantage of the resources available to large guideline-development organi-
zations, but allows for local tailoring and updating. To accomplish this goal, I answered

six questions:

1. What should a user of a CPG be able to do? For example, what tasks
should she be able to perform? What questions should she be able to

answer? (Section 2.4)
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2. What is the minimal set of knowledge required of CPGs for a user to
perform all these required tasks? How can we specify this knowledge

most efficiently? (Section 2.6)

3. What subset of the required CPG information can be obtained from

the input variables and structure of a DM? (Section 3.6)

4. How should we obtain the information required by the CPG that is

not currently available in the DM? (Section 4.3)

5. How should we transform the DM representation into a clinical-

practice algorithm? (Section 5.4)

6. What subset of CPGs can be based on DMs? (Section 3.3.2)

To answer these questions, I defined five specific aims for my dissertation:

1. To specify the data, structural, procedural, and knowledge require-

ments for conceptual models for CPGs and for DMs

2. To implement the DM conceptual model; my computer-based imple-
mentation requires that decision analysts specify additional informa-

tion that is necessary to develop a CPG from the DM

3. To design a mapping between the conceptual model of a DM and the
conceptual model of a CPG; I show that, given appropriate additional
specification of information in the DM, the knowledge represented

in either model is available in the other

4. To implement and evaluate the ALCHEMIST system, which uses my
mapping between the conceptual models to create an annotated algo-
rithmic CPG directly from the DM; I evaluated the resulting CPG,
the updating and tailoring capabilities of ALCHEMIST, and the consis-

tency of the mapping between the two conceptual models
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5. To explore the degree to which my conceptual models and imple-

mentation can be extended to a larger subset of CPGs

1.2 Clinical-practice guidelines

Current CPGs encompass numerous formats, levels of complexity, and sources. Each has
its own methods of development and dissemination, and therefore its own strengths and
limitations. CPGs can be represented in several different formats, including text, protocol
charts or lists, flowcharts, or any combination thereof. This diversity in CPG formats,
styles, graphics, and methods of development limits widespread use and dissemination
(Society for Medical Decision Making (SMDM) Committee on Standardization of Clini-
cal Algorithms (CSCA) 1992). I concentrate on CPGs that are represented as clinical
algorithms as defined by the SMDM CSCA, and that allow the guideline developer to
communicate a complex series of conditional statements in a structured manner. The
flowchart representation (Figure 1.1) is integrated with textual output that follows a pub-
lished structure for CPGs developed by Hayward and colleagues (Hayward et al. 1993).
This organization and content promote a consistent structure for reporting CPGs and
enhance a user's ability to determine the applicability, importance, and validity of a CPG

for her specific population (Hayward et al. 1993).

1.3 Evidence-based guidelines

Many CPGs are developed based on expert opinion, local practice, or consensus. In this
dissertation, I emphasize the creation of evidence-based CPGs (EB-CPGs), which |
define to be CPGs that developers create using the clinical literature and a decision-ana-
lytic framework (Evidence-Based Medicine Working Group 1992, Sox and Woolf 1993).
Although EB-CPGs provide more accurate, complete, and accountable information that

do most other techniques (Eddy 1992), the creation of such an EB-CPG requires resources
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Figure 1.1. Decision-tree (left) and flowchart (right) representations for staging non—
small-cell lung cancer. The decision-tree schematic represents the alternatives, outcomes,
and preferences in the clinical decision; the annotated flowchart (right) represents the
optimal strategy for a specific instantiation of the underlying decision model.

that local guideline developers normally cannot afford. The compromise of implementing
locally CPGs that were created by large institutions or funding agencies often leads to a
reduction of guideline acceptance and, therefore, of the guidelines' potential effectiveness,
because recommendations are not perceived as reflecting the actions appropriate for a spe-
cific patient or site (Grimshaw and Russell 1993, Owens 1994). I maintain that my work

helps to alleviate this problem.

1.4 Problems in the development of clinical-
practice guidelines

I address several problems associated with the creation, dissemination, and updating of
CPGs. The creation of EB-CPGs is limited because it requires numerous resources that

are not normally available to a local guideline developer. Allowing CPGs to be produced
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on a global level, yet maintained and updated by the local guideline implementer or clini-
cian, reduces this resource requirement. The assumptions and clinical evidence on which
CPGs are based are often hidden from the end user. This weakness causes CPGs to behave
like black boxes, limiting their acceptance by clinicians (Abendroth et al. 1988, Shiffman
and Greenes 1991). ALCHEMIST attempts to address this problem by making the assump-
tions an explicit element in the DM conceptual model (and, therefore, in the resulting
CPQG), and allowing the user to adjust variables and to view the updated CPG. Because
developers create DMs using quantitative clinical data, creating a CPG from an existing
DM ensures that the guideline is based on evidence, and eliminates many inconsistencies
or contradictions commonly found in implemented CPGs (Owens and Nease 1993, Shiff-

man and Greenes 1994, Wears et al. 1994).

After the CPG is created, problems with dissemination and maintenance often impede its
success. Local users who were not involved in the CPG-development process may feel
removed from the policy-making process or may not believe that the CPG is applicable to
their specific site or patients (Carter et al. 1995b). This lack of local involvement and vali-
dation decreases the likelihood of CPG dissemination and implementation. ALCHEMIST
allows the user to make changes at the local level while providing access to the clinical

evidence on which the CPG is based.

1.5 Decision models

Basing CPG creation on DMs enriches the produced CPGs (Nease and Owens 1991, Odd-
one et al. 1994, Owens and Nease 1997, Parmigiani et al. (submitted for publication)).
DMs provide a normative analytic framework for representing the evidence, outcomes,
and preferences involved in a clinical decision. They clearly define the available alterna-
tives and events of interest, and combine these elements in an objective and predictable

way to produce a recommendation that is consistent with underlying data and
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assumptions. In addition, the ability to perform sensitivity analyses allows the guideline
user to identify critical variables to focus refinement of the guideline. I assume that guide-
line developers and clinicians desire such a normative model of a decision, and create
CPGs based on such normative models. Current CPGs are not usually based on DMs;
even when both representations exist for the same clinical problem, the advice or logic of
the two representations may not correlate. I address this lack of correlation and provide a
method for mapping between DMs and CPGs. There are several DM representations,
including decision trees, influence diagrams, spreadsheet models, and state-transition
models. I concentrate on the decision-tree representation initially (Figure 1.1), because it
serves as a common model representation used in the medical decision-making commu-
nity for simple decision analyses, Markov models, and cost-effectiveness studies. Several
software packages are also available for building such decision trees on the computer.
Such software packages include Decision Maker (Sonnenberg and Pauker 1987), SMLtree
(Hollenberg 1984), and Data by TreeAge. I work with decision trees modeled using the

Decision Maker software.

1.6 Overview of ALCHEMIST architecture

Figure 1.2 provides an overview of ALCHEMIST's architecture. The following list describes

the individual modules of Figure 1.2.

1. Decision model: The decision analyst — using the Decision Maker software —
creates The DM. Then, using ALCHEMIST's World Wide Web-based interface, the

decision analyst loads the DM into the ALCHEMIST system.

2. DM conceptual model: ALCHEMIST maps the DM onto the DM conceptual model
and automatically produces the results of the model and the flowchart algorithm
for the CPG. ALCHEMIST also obtains knowledge explicit in the DM (such as

best-estimate values and the available alternatives).
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Figure 1.2. Schematic representation of ALCHEMIST’s architecture. Each box represents
an individual module of this dissertation. DM = decision model, CPG = clinical practice

guideline.

3. DM annotation editor: ALCHEMIST dynamically creates a web-based DM annota-
tion editor using the information obtained from the DM. The DM annotation edi-
tor queries the decision analyst for missing information required by the CPG

conceptual model

. DM-to-CPG mapping algorithm: ALCHEMIST's mapping algorithm uses the
knowledge that ALCHEMIST extracted automatically from the DM and knowledge
that ALCHEMIST obtained through the DM annotation editor to translate formally

the DM conceptual model into the CPG conceptual model

. CPG conceptual model: ALCHEMIST instantiates the CPG conceptual model

using the information provided through the mapping algorithm.

. Guideline browser and custom-tailoring editor: ALCHEMIST creates a web-based
interface using the information from the CPG conceptual model. The interface
allows the user to browse the created CPG and to adjust input-variable values.

These new values entered by the user on the web page are then fed back by
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ALCHEMIST to the DM, and the DM-to-CPG creation process is repeated (without
any additional input from the decision analyst or from the DM annotation editor),

producing an updated or tailored CPG.

1.7 Conceptual-model framework

Conceptual models are designed to describe a part of the world, the concepts about that
part of the world, and the relationships among those concepts. I use conceptual models to
represent the different knowledge required and provided by both DMs and CPGs.
Figure 1.3 demonstrates the different knowledge representations found in ALCHEMIST.
The goal of my thesis research was to determine (1) what knowledge is needed for a CPG
(the white ellipse), (2) what knowledge is inherent in a DM (the dark-gray ellipse), (3)
what the intersection of these two knowledge sets is (the light-gray section), (4) how to
obtain the missing CPG knowledge from the DM (or other sources), and (5) how to link
the additional DM knowledge to the CPG such that it can be used for updating and main-
taining of the CPG at a later time (i.e., how best to store the union of these sets). It is with

this framework in mind that I designed the conceptual models for DMs and CPGs.

1.8 Conceptual model for CPGs

I define a conceptual model for a subset of CPGs (Section 2.6). This subset includes those
CPGs that can practically be based on a DM (e.g., I exclude development of guidelines for
patients who have numerous comorbid conditions). I discuss the restrictions that this sub-
set places on the applicability of my thesis to other CPG-development work, and describe
methods for extending my model to include other CPG formats (Section 2.3). I defined
the knowledge that is necessary and sufficient for creating and maintaining a CPG by
studying the development and use of existing CPGs. I identified the key questions that a

user should be able to answer, and the tasks that she should be able to perform with a
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Figure 1.3. Conceptual model framework. The white ellipse represents the knowledge
required for a CPG; the dark-gray ellipse represents the knowledge inherent in a DM. The
intersection of these two ellipses (light-gray section) represents the knowledge that
ALCHEMIST must obtain form the decision analyst to create the CPG. Examples of these
different knowledge elements are shown in the respective ellipses.

CPG. I describe the data, functional, and knowledge requirements for a conceptual model
to perform these tasks (Section 2.4). I assessed existing conceptual models for CPGs; 1
describe their advantages and disadvantages (Section 2.5). Of the several existing guide-
line representations (Cimino 1995, Stoufflet 1995, Stoufllet 1996, Ohno-Machado 1998),

not one produces evidence-based CPGs that can be based on DMs.

1.9 Conceptual model for decision models

I studied the insight inherent in a subset of DMs, and determined what knowledge
required by the CPG conceptual model is not currently available. I created a conceptual
model that details the combination of this knowledge (Section 3.6). I restricted the subset

of DMs to which my conceptual model applies, although I included dual utilities (cost-
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effectiveness models), Markov nodes (to deal with real-time dynamics), and multiple-

decision-point models (e.g., sequential testing).

I expanded work by Wellman and associates (BUNYAN) (Wellman et al. 1989), Langlotz
(QxQ) (Langlotz 1989), and Sonnenberg (MIDAS) (Sonnenberg et al. 1994). These three
works provide a taxonomy for the structure and content of DMs. Both BUNYAN and
QXQ, however, are able to support only single-utility models, and none of the three taxon-
omies can describe Markov processes. I expanded these taxonomies to deal with dual-util-
ity models (for cost-effectiveness studies), and Markov nodes (for management of patients

who have chronic diseases) (Section 3.5).

An important addition to these taxonomies is the explicit modeling of the assumptions in

the DM. I represent four different types of assumptions in my DM conceptual model:

1. Modeling perspective (e.g., societal perspective). The perspective of the DM —
especially that of a DM that reflects the costs involved or patient preferences for

different strategies — affects the CPG produced.

2. Best-estimate input values and ranges (e.g., “‘the prior probability of mediastinal
metastases is 0.46”). The input values and sensitivity-analysis ranges used in the
base-case analysis reflect numerous assumptions made by the decision-analysis
team. The chosen input values may combine results of clinical trials, meta-analy-
ses of the current literature, and estimates based on expert opinion. Links to evi-
dence tables and sources make these assumptions an explicit part of the

generated CPG.

3. Patient characteristics (e.g., “the age-specific mortality rates used are for white
males”). My DM conceptual model makes explicit assumptions about the patient
population for whom the CPG is designed by highlighting the defining character-
istics of the population and those variables that depend on the model representing

this particular cohort.
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4. Model structure (e.g. computed tomography and mediastinoscopy are condition-
ally independent). The structure of the model reflects assumptions regarding both
the relationships among variables and the chosen simplifications of the scope of

the DM.

Comparison of my DM and CPG conceptual models reveals numerous areas that do not
overlap, such as the CPG objective, methods used, alternative and outcome definitions,
sensitivity-analysis ranges, levels of evidence, detailed evidence tables, and the data
sources used to develop the model. The CPG conceptual model obtains this additional

information using the DM annotation editor described in Chapter 4.

1.10 Mapping between DM and CPG
representations

I defined a formal mapping between the knowledge in DMs and the knowledge required
for CPGs (Section 5.4). This mapping allows representation of an evidence-based CPG as
a flowchart algorithm, explicit representation of assumptions in the DM, and maintenance
of additional knowledge from the DM for future automated updating and tailoring of the
CPG.

Creation of the flowchart algorithm uses a combination of the automated analyses of the
DM and additional specifications from the decision analyst. The assumptions represented
in the CPG are based on those obtained directly from the structure and variable inputs
used in the DM, as well as the assumptions defined explicitly by the decision analyst
using the DM annotation editor. The CPG provides information regarding its sensitivity to
particular input variables, and the expected outcomes for different strategies. Additional
sections of the CPG, such as the definition of the patient population, comprise information

obtained directly from the DM (such as the starting age of the population) and from the
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decision analyst (such as the criteria for identification of patients as survivors of sudden

cardiac death).

1.11 Tailoring of CPGs

ALCHEMIST's initial CPG reflects the DM base-case values. To make this CPG applicable
to her specific site or patient, the local user must tailor and update the input variables.
Such tailoring abilities are beneficial when clinical circumstances vary sufficiently that
guideline recommendations differ (Nease and Owens 1994, Owens and Nease 1991a,
Owens and Nease 1997). The user of the CPG is able to change the base-case variable val-
ues to reflect her specific patient population. After determining that none of the DM mod-
eling assumptions are violated, ALCHEMIST updates the results and recommended CPG
flowchart algorithm. Information indicating to which variables the CPG is sensitive, plau-
sible ranges for given variables that ensure that the resulting CPG is still clinically valid,
and relationships between variables to guarantee that modeling assumptions are not vio-
lated are all represented in the conceptual-model framework and made explicit to the CPG
user. ALCHEMIST does not allow structural updating or custom tailoring of the underlying
DM. Although it is possible to implement changes to the DM from a web interface, the
requirements for ensuring that the structurally changed model is complete and that the

resulting CPG is valid are complex and are not part of my thesis research.

1.12 Proposed users

In this section, I identify the parties who participate in the CPG process and who may ben-
efit from use of ALCHEMIST. I am proposing that guideline developers adopt a framework
and system that changes how certain subsets of guidelines are created, disseminated, and
maintained. It is important, therefore, to know who will be affected by use of the ALCHE-

MIST system — who will benefit and who may be encumbered. I envision two main user
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groups for ALCHEMIST: decision analysts and guideline developers. Figure 1.4 depicts the
flow of information and the users involved as a CPG is created from a DM and custom tai-

lored by a local guideline developer.

Decision Decision
Analyst Analyst

WWWwW
—  ——
ALCHEMIST ALCHEMIST
* Identifies problem * Analyzes DM « Fills in information
e Builds DM « Compares to CPG-CM using annotation editor
* Loads DM into * Creates annotation editor
ALCHEMIST

Guideline Users

i ALCHEMIST i ALCHEMIST

 Browses CPG * Customizes CPG e Creates CPG
» Updates CPG

Figure 1.4. Proposed users of the ALCHEMIST system. This schematic demonstrates the
flow of information through the ALCHEMIST system and the different intended users. The
decision analyst identifies a clinical problem and builds a clinically valid DM that he then
loads into ALCHEMIST. ALCHEMIST then analyzes the DM, attempts to instantiate the CPG
conceptual model and creates the annotation editor. The decision analyst fills in the
needed information in the annotation editor and submits this information to ALCHEMIST.
ALCHEMIST then creates the global CPG which is presented to guideline developers who
may either browse the CPG, or custom tailor or update the CPG with patient- and site-
specific information.

The decision analyst who constructs a DM uses the ALCHEMIST system to upload his pre-

viously created DM into the DM conceptual model. ALCHEMIST then creates the DM
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annotation editor to query the decision analyst for additional information and evidence
pertaining to the DM. Completing the DM annotation editor is additional work for the
decision analyst, but provides structure to the modeling and evidence-gathering process
and helps the analyst to create a DM that has no inconsistencies or structural problems,
and that therefore can be transformed into a CPG. The analyst can update the information
that he enters into the DM annotation editor if new information becomes available or if he
wants to reflect different patient populations. Implementation of the annotation editor on
the web gives decision analysts access to the editor from different institutions, and allows
decision-analysis teams to share decision-modeling tasks among members located at geo-

graphically disparate institutions who are using different computing platforms.

The guideline developer who implements the resulting CPG has access to the structured
DM and to that model's various input variables. She therefore can tailor and update the
clinical guideline based on patient- and site-specific information, or on new clinical infor-
mation. The assumptions in the DM are explicit, so that the guideline developer can deter-
mine the model's applicability to a specific patient population. For example, the base-case
patient population used in model of sudden cardiac death (SCD) described in Section 1.13
comprises survivors of SCD. If a guideline developer wanted to change this model to
reflect a different patient population, such as patients who have had a myocardial infarc-
tion (MI), she would want to modify several variables that would be affected. A variable
such as the yearly cost for treating a patient with an implantable cardioverter defibrillator
(ICD) takes into account the number of outpatient visits. A lower-risk population, such as
post-MI patients, should have fewer outpatient visits than the original population of survi-
vors of SCD, and therefore the yearly ICD cost should also be reduced. The patient-popu-
lation description, therefore, is linked to variables such as yearly costs to reflect such

dependencies between variables.

The creation of the DM and CPG conceptual models helps decision analysts and guideline

developers by providing a detailed specification of the knowledge required for CPG



1.13 Examples of decision problems, mappings, and resulting CPGs 17

creation. This specification allows these two user groups to create guidelines or DMs that
are complete and internally consistent, and that can be updated or tailored, because the

DMs specity all the required knowledge for such maintenance.

Although I envision the primary users of the ALCHEMIST system to be decision analysts
and local guideline developers, clinicians could also use the generated CPG. ALCHEMIST
would provide these clinicians with access to the CPG recommendations, evidence, mod-
eling assumptions and to ALCHEMIST's custom-tailoring capabilities on a patient-specific

level (Section 2.3.5).

1.13 Examples of decision problems, mappings,
and resulting CPGs

I use three different DMs' to demonstrate the abilities of ALCHEMIST. In increasing order

of complexity, these models are the following:

1. Lung-cancer effectiveness model (LC-EM): This DM represents the optimal
strategy for staging the mediastinum of patients with known non—small-cell lung
cancer. The only outcome modeled is life expectancy, although there are sequen-
tial decisions representing the numerous tests that can be used (Gould et al. 1997,

Nease and Owens 1997, Owens et al. 1989).

2. Lung-cancer cost-effectiveness model (LC-CEM): This DM represents the
same problem as does the LC-EM, but also models the financial costs incurred by
the different strategies. It therefore requires representation of a dual-utility

model.

1. Note that all three of the DMs used in my dissertation are for example purposes only and the
clinical recommendations that ALCHEMIST produces based on these DMs should not be used by
the reader in a clinical setting.
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3. Sudden cardiac death PORT Markov model (SCD-MM): This DM represents
a subset of the Cardiac Arrhythmia and Risk of Death Patient Outcomes
Research Team (CARD PORT) DM that the CARD PORT decision modeling
subgroup developed previously (Owens et al. 1997a, Sanders et al. 1996, Sanders
et al. 1995). This model incorporates Markov processes; it therefore demon-
strates ALCHEMIST's ability to represent time dependencies and recurrent or

repeating events.

I use the LC-EM to step through how a user would interact with ALCHEMIST. In this sce-
nario, a guideline-developing organization develops a DM that represents the alternatives,
outcomes, evidence, assumptions, and knowledge for a decision problem, such as what

mediastinal-staging strategy to use in patients who have non—small-cell lung cancer.

This DM represents a patient who has a known non—-small-cell carcinoma of the lung. A
chest X-ray examination reveals that the tumor does not abut the chest wall or the medi-
astinum. If mediastinal metastases are found to be present, then thoracotomy is contrain-
dicated, and the preferred treatment is radiation therapy. However, if mediastinal
metastases are absent, then thoracotomy offers a substantial survival advantage. There are
several diagnostic tests available to assess any involvement of the mediastinum (Nease
and Owens 1997). In this DM, we consider the use of only computed tomography (CT) of
the chest and mediastinoscopy. Figure 1.5 shows a schematic representation of the LC-

EM decision tree.

The first decision is whether to perform a CT. This decision is then followed by the deci-
sion of whether to perform mediastinoscopy (note that, if a CT was performed, the results
of this test are available before the decision to perform the mediastinoscopy is made).
Mediastinoscopy includes a small (but not insignificant) risk of death. Survival of medias-
tinoscopy (or the absence of mediastinoscopy altogether) is followed by the treatment

decision (thoracotomy versus radiation therapy). The results of both CT and
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Figure 1.5. Schematic representation of the lung-cancer effectiveness model. Square
nodes represent decision nodes, circles represent chance nodes. CT = computed
tomography, MED = mediastinoscopy, XRT = radiation therapy, Surgery = thoracotomy,
MedMets = mediastinal metastases.

mediastinoscopy are known before the treatment decision is made. Both treatments incur
a risk of death and each has a different life expectancy based on the presence or absence of

mediastinal metastases.

I implemented this specific decision tree using Decision Maker. The actual decision-tree
implementation has much greater detail than the schematic representation in Figure 1.5 (it
includes, for example., probabilities, utilities, and variable bindings). Sufficient knowl-

edge for producing a CPG, however, is not contained in the decision-tree representation.
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After the decision analyst has completed the DM, he loads it into ALCHEMIST (Figure 1.6).
The ALCHEMIST implementation uses a web-based interface and common-gateway inter-
face (CGI) scripts, so it can be run on any computer platform, and the decision analysts

can load any decision tree that is located on his personal-computing environment.
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Figure 1.6. Loading the DM into ALCHEMIST. The decision analyst enters her name and
electronic-mail address for logging purposes. She then browses her personal files to locate
the Decision Maker DM that she will load into the ALCHEMIST system.

-

The DM is loaded into the ALCHEMIST system, which parses the DM and maps the infor-

mation obtained from the DM onto the DM conceptual-model framework. ALCHEMIST
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then creates a web-based DM annotation editor that queries the decision analyst for addi-

tional information where needed (Figure 1.7 and Figure 1.8).
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® After you have completed this form, please press Submit below. ATCHEMIST will then create the
global clinical-practice gudeline

Decision Analyst
OMMENDATIONS
® Clinical Alzorithn Gillian Sanders
VALIDATION
Decision-Model File Name

Please enter the desired name of your clinical-practice gnideline (e.g. Staging Strategy for
Mon-3mall-Cell Lung Cancer)

File Ifame Name of Clinical-Practice Guideline

Lung tre |

-
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Figure 1.7. Introduction to the DM annotation editor. The menu on the left side of the
screen outlines the organization of the CPG and allows the decision analyst to navigate
through the numerous areas that require annotation. Note that the results, sensitivity
analyses, and clinical algorithm will be generated automatically by ALCHEMIST and
therefore do not require annotation.

The annotation editor requires that the decision analyst do additional work. However, the
information that he is required to enter should be readily available: It comprises the data
and knowledge used in the DM. Once the decision analyst becomes familiar with the for-

mat of the annotation editor, he can also use that format to help him to organize the
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which shows the changes in expected utility over these ranges for the different variables. Note that the
OBJECTIVE definition you chose will be presented to the gudeline user.
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Figure 1.8. Annotation editor. White input boxes indicate where the decision analyst
needs to enter input information about the DM input variables, such as definitions, low
estimates, and high estimates for the sensitivity analyses. The best estimates are obtained
directly from the DM and are listed here.

evidence as he creates the DM. After entering the needed information in the annotation
editor, the decision analyst submits this information to ALCHEMIST, which then produces

the CPG browser and custom-tailoring editor (Figure 1.9 and 1.10).

This web-based CPG is then subject to internal and peer review, and can be modified.
After the guideline is accepted, the developing organization distributes it to the health-

care community by adding it to a guideline-repository web page. An example of such a
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Clinical-Practice Guideline
Browser and Customization Editor

OBJECTIVE

Targeted Health Problem

® Primary objective was to determine the optimal staging strategy and treatment of patients with
known non small cell lung cancer

® Tn the United States alone, an estitmated 177,000 new cases of lung cancer were diagnoses and
158,700 deaths occurred in 1996

® MNon small cell histologies account for approzimately 80%0 of lung cancer cases

* If'mediastinal metastases are present, thoracotomy is thought to be contraindicated as it subjects
the patient to increased risk of death but confers no health benefit However, if mediastinal metastases
are absent, thoracotomy offers a substantial survival benefit. Therefore, diagnostic tests are required
to assess any mvolvement of the mediastinum.

Targeted Patient Population

* DPatient with a known non small cell carcinoma of the lung

* DPrimary tumor is lom in diameter; a chest zray examination suggests that the tumor does not abut
the chest wall or mediastinum

* Additional workup reveals no evidence of distance metastases

* No medical contramndications to surgery

* NOTE: This guideline can be adapted for other patient populations by making changes to the
underlying evidence in the input variables table

OPTIONS

Principal practice options that were considered in formulating the guideline are:
* Computed tomography (CT) of the chest

* Mediastinoscopy (JAELD)

* Radiation therapy

* Thoracotomy

-
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Figure 1.9. CPG that ALCHEMIST produces using information from the annotation editor.

guideline repository is the newly created National Guideline Clearinghouse (NGC) by the
Agency for Health Care Policy and Research (AHCPR)) (Agency for Health Care Policy
and Research, 1998). The goal of the AHCPR in creating the NGC is to promote wide-
spread access through the development of a comprehensive electronic database for thou-
sands of guidelines. To be included in the NGC, the guidelines must satisfy a set of
inclusion criteria. I envision the guidelines created by ALCHEMIST as being eligible for to
the NGC; they would then be available for widespread use by local guideline developers.

After the global guideline is available over the web, local guideline implementers can
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Figure 1.10. CPG flowchart representation generated by ALCHEMIST.

explore it, can examine its evidence and recommendations, and can specify site- or
patient- specific input values to produce an updated tailored CPG. Figure 1.11 shows a
guideline user changing the prior probability of mediastinal metastases from the base-case
value of 0.46 to a new value of 0.80. ALCHEMIST takes this new value, and — after check-
ing that none of the underlying assumptions in the DM are violated — produces a new
CPG. Using a base-case value for the prior probability of mediastinal metastases of 0.46,
the generated CPG (Figure 1.10) recommended a CT examination followed by mediasti-

noscopy if the CT was positive, and followed by a thoracotomy if the CT was negative.
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Changing the prior-probability value to 0.80 produces the updated CPG (Figure 1.12),

which recommends immediate mediastinoscopy.

y+¢ Netscape - [SCD Decision Modeling Group] |_ (O] x]
File Edit “iew Go Bookmarks Options Directory Window Help
21| INPUT VARTARLES =
The following table lists the different mput variables used in creating the clinical practice guideline.
For each variable the best estinate value is histed along with the high and low ranges for sensitivity
analyses. The final columnn lists the default values for each of the variables.
OB
You may change any of the variable input values and then click on the Update Guideline.
ATCHEMIST wall then make the necessary changes to the undetlying decision model and create a
DENLD new optimal custornized guideline to reflect your changes.
. . Range Range
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Figure 1.11. Tailoring of the CPG. The user here has entered 0.80 for the prior
probability of mediastinal metastases.
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Figure 1.12. Tailored CPG. The flowchart representation has been updated to reflect the
80-percent prior probability of mediastinal metastases that the user entered in

Figure 1.11.

1.14 Evaluation

My evaluation had three separate phases: (1) evaluation of the DM and CPG conceptual

models and of the mapping algorithm between these conceptual models, (2) evaluation of

the generated CPG, and (3) evaluation of the updating and tailoring abilities of ALCHE-

MIST.
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1.14.1 Conceptual-model framework

I evaluated the design and expressivity of the DM and CPG conceptual models. Using the
guideline-assessment tool developed by the IOM (Institute of Medicine 1992), I compared
the data elements within my conceptual model to those required by the IOM assessment
tool. Of the 60 individual data elements, I found 45 (75 percent) in the CPG conceptual
model. In Section 8.1.1.3, I explain reasons for exclusion of the remaining 15 elements
from my CPG conceptual model. To determine the expressivity of the CPG conceptual
model, I retrieved a sample of current guidelines and attempted to express the information
within each of these CPGs with my conceptual framework. Overall, the CPG conceptual

model was able to capture the major elements of all the guidelines.

1.14.2 Generated CPG

I evaluated ALCHEMIST's resulting CPG in three ways: using a guideline-rating question-
naire, a user-satisfaction questionnaire, and a structured interview. For this part of my
evaluation, I solicited 15 subjects who were familiar with guideline use. First, each sub-
ject critiqued the LC-EM and a comparison CPG with reference to an established guide-
line criteria (Basinski 1995, Institute of Medicine 1992, Sonnad et al. 1993). Using the
guideline criteria, each subject gave the CPGs a numeric score based on the CPG's usabil-
ity, accountability, and accuracy. The mean score for the LC-EM was 1.502 (on a scale of
0 to 2), whereas the comparison CPG had a mean score of 0.987. The difference between
the two guidelines was statistically significant (p = 0.002). The ALCHEMIST CPG was
rated higher than the comparison CPG on all questions except for the one that asked the

subject whether the CPG had been peer reviewed.

Second, the subjects completed a user-satisfaction questionnaire to describe their experi-
ence with the ALCHEMIST web-based system. The results of this questionnaire produced

scores on ALCHEMIST's ease of use, usefulness of the content, and format of presentation.
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Using an ordinal scale of 1 to 5 where 5 is ideal; the subjects rated ALCHEMIST's ease of
use at 4.76, the usefulness of the content at 3.98, and the format of the presentation at

4.64.

Third, I conducted structured interviews with the subjects to elicit any additional com-
ments or concerns. Overall, the subjects' experience using the ALCHEMIST system was

extremely positive. I discuss the results of this structured interview in Section 8.3.1.4.3.

1.14.3 Updating and tailoring abilities

To evaluate the custom-tailoring and updating abilities of ALCHEMIST, the 15 subjects
entered between 1 and 3 new clinical scenarios into the ALCHEMIST system. ALCHEMIST
generated a new CPG, and 1 compared the expected health benefit and flowchart algo-
rithm produced by ALCHEMIST to that produced through manual computation. ALCHE-
MIST's tailoring of the CPG exactly mimicked manual computation of the flowchart
algorithm in all patient scenarios. This component of my evaluation demonstrated the fea-

sibility and accuracy of ALCHEMIST to produce tailored CPGs.

1.15 Contributions

My work combines ideas from decision analysis, health policy, and medical informatics to
produce a methodology for the automated creation of evidence-based CPGs. The design
of the CPG and DM conceptual models combines extensive domain knowledge about the
proper structure of CPGs and the knowledge within DMs. The ALCHEMIST system pro-
vides a proof of concept that the transformation of DMs into CPGs, and CPG automatic
updating and tailoring, can be performed. The evaluation of the produced CPG browser
and custom-tailoring editor generated pilot data that will be helpful to people who design

future quantitative studies that compare the use of CPGs created automatically from DMs
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with that of the current existing CPGs. A description of the specific contributions to the

domains of medical informatics, decision theory, and health policy follows.

1.15.1 Medicine and medical informatics

The ALCHEMIST system allows the automated construction of CPGs that repre-
sent explicitly the uncertainties and evidence inherent in clinical decision-mak-
ing problems, allowing users to determine the degree to which the resulting CPG

is pertinent to their patient population and thus whether it requires tailoring.

The mapping algorithm provides an automated, quantitative link between the
clinical data from the literature and the CPGs, allowing users to view how
changes to the clinical data affect the resulting CPGs and their patient-manage-

ment strategies.

1.15.2 Decision theory

The DM conceptual model provides a taxonomy of DMs and the knowledge
within those DMs, helping decision analysts to create DMs that are complete and

that guideline users can use for creating CPGs.

The translation of the DM into a CPG demonstrates a method for providing evi-
dence-based guidelines to users who are unfamiliar with the technical and math-

ematical details of a DM.

The CPG-tailoring system provides an automated decision-support system to be

used for specific sites or patients.

The mapping of a DM into algorithmic form is domain independent and can be

applied easily in fields other than medicine.
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1.15.3 Health research and policy

¢ The CPG conceptual model formalizes the knowledge required for the creation

of an algorithmic CPG.

® ALCHEMIST addresses the tension between performing comprehensive high-qual-
ity analyses centrally and accommodating legitimate variances in practice pat-

terns and in patient preferences

1.16 Guide to the dissertation

In this dissertation, I define conceptual models of CPGs and DMs, and a method for map-
ping between these two knowledge representations. If you are to understand my goals,
you must first have a general understanding of CPGs, DMs, and the knowledge inherent in
these two representations. The next two chapters provide an introduction to these topics,
explain the limitations of these formats, provide the background for understanding the
contributions of ALCHEMIST, and detail my conceptual models. I describe my mapping
algorithm, the implementation of ALCHEMIST, and my evaluation in the remaining chap-

ters.

¢ Chapter 2 presents an overview of CPGs and the limitations current CPG devel-
opment have for the three core CPG tasks: creation, dissemination, and mainte-
nance. I define the subset of CPGs that I used, and describe the knowledge
necessary to perform the three core tasks for this subset of CPGs. I provide a
detailed taxonomy of this knowledge, and define a conceptual model that formal-

izes this knowledge.

¢ Chapter 3 introduces DMs and the knowledge explicit in their structure and
inputs. I evaluate existing taxonomies of DMs, and describe my conceptual
model that formalizes the knowledge already present in the DM, and that

requires the decision analyst to enter any missing knowledge.
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® Chapter 4 describes the implementation of the DM conceptual model and the
DM annotation editor based on the conceptual model formulated in Chapter 3. I
list any restrictions on the class of DMs that ALCHEMIST will be able to transform
into CPGs, and detail the knowledge required for the creation of the CPG and
unavailable in the DM. This chapter concludes by describing extensions that

would allow ALCHEMIST to include a greater array of DM types.

® Chapter 5 reviews the justification for basing CPG creation on DMs. I review
existing methods for transforming a DM representation into a textual and algo-
rithmic CPG form. I assess these differing methods, and describe my DM-to-
CPG algorithm. I detail the restrictions on the translation between DM and CPG

representations.

® Chapter 6 describes ALCHEMIST's tailoring and updating abilities. It formalizes
the process of making local adjustments to the CPGs that represent changes in
the DM, and describes restrictions on ALCHEMIST's abilities (e.g., being able to
make adjustments on the level of inputs, such as on local disease prevalence, but

not regarding model structure, such as the existence of a new treatment strategy).

¢ Chapter 7 steps through three extended example translations from DM to CPG.

These examples illustrate the performance of ALCHEMIST.

¢ Chapter 8 details my evaluation and results for validating my hypotheses. I report
my evaluation of the two conceptual models, the mapping algorithm, the result-

ing CPG, and the custom-tailoring abilities of the ALCHEMIST system.

¢ Chapter 9 concludes by discussing the contributions of my work to health care, to
decision theory, and to medical informatics. I point out the limitations of my the-

sis research, and include future directions for extending my work.
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Chapter 2

Clinical-Practice Guidelines

In this chapter, I define clinical-practice guidelines (CPGs) and review the rationale and
need for CPGs in our health-care system (Section 2.1). I describe current CPG develop-
ment, implementation, and maintenance projects, and then outline the specific limitations
of existing methods (Section 2.2). These current CPG projects encompass a large array of
purposes, types, domains, levels of complexity, and formats. In my thesis work, I have
placed numerous restrictions on ALCHEMIST's CPG representation. I describe the subset of
CPGs that I have addressed, and detail the restrictions that this subset imposes on the gen-
eralizability of my work (Section 2.3). I complete this chapter by describing the concep-

tual model that I developed for representing CPGs (Section 2.6).

2.1 Definition of CPGs

The Institute of Medicine (IOM) defines CPGs as "systematically developed statements to
assist physician and patient decisions about appropriate health care for specific clinical
circumstances" (Institute of Medicine 1992). This broad definition encompasses numer-

ous guideline formats, types, and purpose. Common CPG formats include prose, protocol

33
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lists or charts, and clinical flowchart algorithms. Each of these presentation formats, or
any combination thereof, can also be paper or computer based. Similarly, computer-based
guidelines can be static or interactive. ALCHEMIST's generated CPG uses a computer-based
combination of structured text and a clinical flowchart algorithm. In Section 2.3.4, I detail

this CPG format.

There are also numerous CPG types and purposes. CPG purposes range from educational
reference for providing explanatory information on approaches to a problem, to care plans
or audits to review utilization of resources or to monitor conformance, to CPGs of
accepted practices (Eddy 1992, Ohno-Machado 1998). I concentrate on CPGs created to
assist clinical decision making by patients and practitioners. These CPGs could be devel-
oped to aid practitioners with patient-management, diagnostic, disease-screening, and dis-

ease-prevention decisions.

2.2 Current status of CPGs

This section provides a brief background on the justification for CPGs, and describes cur-
rent CPG projects. I detail the current methods of developing, disseminating, and main-

taining CPGs, and also describe current computer-based CPG projects.

2.2.1 Justification

Rising health-care costs and concerns about quality of care have motivated many recent
guideline-development projects. Inspiring CPG developers is the belief that, if properly
developed and used, CPGs can lead to improved patient outcomes, enhanced patient satis-
faction, and reduced health-care costs (Shapiro et al. 1993, Walker et al. 1994, Woolf
1990). These expected benefits derive from the solution of the following health-care prob-

lems (Kaegi 1996):
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1. Inappropriate use of services: CPGs are designed to reduce inappropriate use of
health-care services. Studies have documented unnecessary radiologic proce-
dures, laboratory tests, hospital admissions, days of care, and drug use. Ten to 30
percent of diagnostic and therapeutic procedures have been judged to be per-
formed for inappropriate reasons (Kassirer 1993, Leape 1990). By providing a
systematic means of management review and a formal guideline for practitioners
to follow, developers of CPGs hope to decrease significantly the occurrence of

inappropriate care.

2. Uncertainty about health outcomes from various services: There is a high degree
of uncertainty about health outcomes produced by various medical services. This
uncertainty allows physician practice style, peer opinion, tradition, financial
incentives, and expectations of patients to affect the chosen therapy strategy and
perhaps to cause people to choose an inappropriate or more costly route. CPGs
would ideally limit this uncertainty through the explicit documentation of the dif-

fering alternative treatments and the latter's respective benefits, harms, and costs.

3. Variation in practice patterns: Researchers have documented that there is signif-
icant variation in the use of services that cannot be explained consistently by dif-
ferences in practice location, patient characteristics, or patient preferences
(Conway et al. 1995, Fisher et al. 1992, Health Services Research Group 1992a,
Iscoe et al. 1994, Keller et al. 1990, Welch et al. 1993). Wide variations in use
suggest that patients in certain areas are receiving unnecessary services, whereas
others are failing to receive needed services (Leape 1990). These variations may
stem from several factors, the most obvious being a lack of consensus within the
medical community regarding the appropriate indications for many treatment or
screening strategies. The implementation of CPGs would provide a method for
reducing this variation by recommending appropriate levels of care given differ-

ent clinical scenarios.
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Physicians are required to remain abreast of a staggering body of medical knowledge
(Health Services Research Group 1992b). To make an informed patient-care decision,
physicians must identify accurately the available options, possible outcomes, and interme-
diate consequences, as well as weigh the resulting benefits, harms, and costs according to
their patient's, institution's, and society's preferences. Clearly there are many health-care
decision problems that are sufficiently straightforward that the corresponding guideline
can be developed without a formal method (e.g., whether to use sterile techniques in an
operating room) (Eddy 1992). However, many health decisions are too complicated or
have too many associated uncertainties for physicians to perform the needed analysis for
their individual patients. Indications that a clinical condition falls into this category
include the existence of wide variations in practice patterns, ongoing clinical research, and
conflicting policies (Eddy 1992). Valid CPGs developed by experts who have the required
time and expertise to review all the available evidence, and to weigh all the benefits and
harms of each decision, can greatly ease this decision-making task for physicians (Eddy

1990a).

2.2.2 Current CPG projects

Today, estimates of the number of CPGs in the United States range from 1800 (American
Medical Association 1996, Physician Payment Review Commission 1995) to greater than
26,000 (ECRI 1997, Woolf 1998). Organizations that develop CPGs include numerous
professional societies, such as the American Medical Association and the American Col-
lege of Physicians; third-party payers; research groups such as the RAND corporation;
academic and health maintenance organization (HMO) health centers; commercial pre-
certification and utilization-review programs; and government organizations, such as the
National Institutes of Health, the Health Care Financing Administration, Physician Pay-
ment Review Commission, U.S. Preventive Services Task Force, and Agency for Health
Care Policy and Research. Each institution uses different methods of data collection and

synthesis, CPG representation, implementation, maintenance, and evaluation; each has its
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own objectives for its produced CPG. In Section 2.2.2.1 through 2.2.2.3, I briefly describe
the current methods used for development, dissemination, and maintenance of CPGs,

indicating areas where ALCHEMIST addresses the current methods' limitations.

2.2.2.1 Development

Guideline-development methods range from informal consensus development (unstruc-
tured, subjective group judgment) and formal consensus development (standardized opin-
ion gathering) to evidence-based methods (direct linkage of recommendations with
supporting science) and explicit approaches (projections of likely benefit, harms, and
costs) (Woolf 1992, Woolf 1998). Methods for evidence-based or explicit CPG develop-
ment include several important tasks: topic selection, processes for data collection (e.g.,
expert-panel consensus or meta-analysis of clinical literature), methods for combining the
available scientific evidence (e.g., decision analysis), outcomes measurement, techniques
for determining and incorporating patient preferences (e.g., time tradeoff or standard gam-
ble), and means for identifying and evaluating inconsistencies and conflicts among CPGs
on the same topic (Eddy 1992, Institute of Medicine 1992, Woolf 1991, Woolf 1992).
Each guideline-developing organization uses a different combination of these methods.
Example differences among CPG development projects involve the emphasis placed on
formal literature review and meta-analyses, the reliance on national experts as opposed to
local physicians, and the application of rigorous analytical techniques for combining the

chosen evidence (Audet et al. 1990, Woolf 1992).

The RAND corporation uses a completely different approach to guideline development. It
has designed appropriateness criteria for certain medical or surgical procedures. A nine-
member multispecialty panel reviews the background material for a given procedure and
rates each possible indication on a 9-point appropriateness scale (US Congress Office of
Technology Assessment 1994). Using these criteria, the panel rates the appropriateness of
up to several thousand separate indications for a given diagnostic or therapeutic proce-

dure. Appropriateness criteria can be distinguished from CPGs, and, therefore, excluded
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from the subset of CPGs relevant to my thesis work, because the criteria are not primarily

designed to assist patient or physician decision making (Institute of Medicine 1992).

As I described in Chapter 1, development of CPGs requires input from experts both in
clinical medicine and in evidence synthesis — resources that are not normally available to
a local guideline developer. These large resource requirements often limit produced CPGs
to global patient-management recommendations. This global perspective may prevent
CPGs from being implemented effectively in a local environment, because the guideline
user may not believe that the CPG is based an accurate representation of her patient popu-
lation (National Centre for Reviews and Dissemination 1994, Woolf 1998). ALCHEMIST is
able to take advantage of the global expertise used in developing a DM and the corre-
sponding CPG, while providing the local guideline developer the option to tailor the

guideline to reflect her specific site or patient population.

2.2.2.2 Dissemination

Although most current guideline-related activity emphasizes the development of CPGs, if
CPGs are not properly disseminated, their potential benefit is negligible (Oxman 1993,
Shortliffe 1990). The health-care benefit of CPGs is dependent on their widespread dis-
semination and use, and on physician compliance. Current methods of disseminating
CPGs include release and promotion in peer-reviewed journals, mailings, press releases,
and presentations at major meetings (Health Services Research Group 1992b). A guide-
line implementer's desire is to find a method that allows widespread dissemination,
emphasizes the validation and support of the guideline by respected institutions and physi-
cians, and allows easy use of the CPGs and understanding of the supporting evidence. The
implementation of ALCHEMIST and its resulting CPG on the web will allow widespread
distribution of the CPG and will permit easy access to the supporting evidence (See Sec-
tion 2.2.2.4), but doesn’t support currently integration with a patient record at the point of

care. I discuss such integration in Section 9.2.
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2.2.2.3 Maintenance

After a CPG has been developed and disseminated, the work of the guideline implementer
is far from done. Although the guideline may reflect the current state of medical knowl-
edge, periodic reviews, updating, and revisions are required for a CPG to remain valid
(Institute of Medicine 1992). The abilities of a guideline developer to use ALCHEMIST to
update the evidence used in the DM and to produce an updated version of the CPG allevi-
ate problems with current CPG maintenance. For more major updates (e.g., addition of a
new intervention), the underlying decision model (DM) can be changed; then, building off

the initial global guideline, ALCHEMIST can create an updated global CPG.

2.2.2.4 Advantages of a computer-based CPG

Guideline developers can address several limitations of current CPG projects by making
the CPGs available in a computer-based environment — especially by using a web-based
interface. I previously discussed several of these advantages with reference to presenting
and explaining medical DMs using a web-base format (Sanders et al. 1996, Sanders et al.
1998). The web-based DM presentation allows authors to present their DM in detail, to
link the model inputs to the primary evidence, to disseminate the model to peer investiga-
tors for critique and collaborative modeling, and to enable users to analyze interactively
the DM at remote sites. Similar advantages are available for a CPG representation. A web-
based CPG can incorporate greater complexity than paper-based formats while maintain-
ing a consistent structure and orientation for the user. The level of detail displayed can be
varied, allowing the user to view parts of the CPG relevant to her patient or site and thus to
tailor the recommendations to her specific population (Abendroth and Greenes 1989,
Abendroth et al. 1988). The web allows easy linking to related supporting material, as
well as interaction with the underlying DM, and thereby permits updating and tailoring of

the generated CPG.
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Prior work by Liem and colleagues describes a process for implementing algorithmic
CPGs in a graphical format on the web. That work however, assumes the prior existence
of these algorithms and does not allow creation of tailored or updated CPGs; rather, it

allows only interactive browsing of existing flowchart algorithms (Liem et al. 1995).

2.2.2.5 Current web-based CPGs

During the past few years, the World Wide Web has become an alternate source for guide-
line developers to disseminate CPGs. There are substantial guideline resources available
currently on the web, and use of the web by guideline developers continues to evolve rap-
idly. Table 2.1 lists several existing websites that provide full-text CPGs, serve as directo-

ries of CPGs, or describe ongoing research in the development of CPGs.

In contrast to CPGs that appear in peer-reviewed journals, a web-based CPG does not
need to undergo the same level of internal or external review before its dissemination.
AHCPR's creation of a national guideline repository (the National Guideline Clearing-
house discussed in Section 1.13) may help to ensure that web-based CPGs are of high
quality, while providing guideline developers a flexible medium through which to dissem-
inate and implement CPGs.

Table 2.1. Selected guideline resources available on the World Wide Web. (Reprinted
by permission of The Western Journal of Medicine. Source: Owens DK. Use of Medical
Informatics to Implement and Develop Clinical Practice Guidelines. West J Med 1998;
168:166-175).

Organization or website

Description of site

URL

American College of Cardiol-
ogy (ACC)

American College of Physi-
cians

Canadian Medical Association

ACC/AHA guidelines on
management of heart dis-
ease

Search capability for guide-
lines published in the
Annals of Internal Medi-
cine

Links to over 200 guidelines,
indexed by discipline, title,
and developer

http://www.acc.org/clinical/
guidelines/index.html

http://www.acponline.org/
journals/annals/pastiss.htm

http://www.cma.ca/cpgs/
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Table 2.1. Selected guideline resources available on the World Wide Web. (Reprinted
by permission of The Western Journal of Medicine. Source: Owens DK. Use of Medical

Informatics to Implement and Develop Clinical Practice Guidelines. West J Med 1998;
168:166-175).

Organization or website Description of site URL
Centers for Disease Control Comprehensive summary of  http://aepo-xdv-
(CDC) Prevention Guide- all the official guidelines www.epo.cdc.gov/wonder/
lines Database and recommendations pub- prevguid/prevguid.htm
lished by the CDC
Decision Sciences Group, Interactive implementation of  http://dsg.harvard.edu/public/
Harvard University National Cholesterol Edu- guidelines/cholesterol/
cation Project guidelines chlintun.html
McMaster University, Guide-  Appraisals, summaries, and http://hiru.mcmaster.ca/cpg/
lines Appraisal Project dissemination of informa- default.htm
(GAP) Homepage tion about CPGs
Medical Matrix, Healthtel Links to a database of http://www.medmatrix.org/
Corporation resources that can assist cli- SPages/
nicians in patient care; the Practice_Guidelines.asp

linked websites are
reviewed by an editorial
board composed of mem-
bers of the Internet Work-
ing Group of the American
Medical Informatics Asso-

ciation
Radiologic Society of North Links to many guidelines http://www.rsna.org/practice/
America indexed by the developer guidelin/guidelin.html
Stanford EON Project Homep- Description of the EON http://www-smi.stan-
age project to support auto- ford.edu/projects/eon/

mated reasoning about pro-
tocol-based care

U.S. National Library of Med-  Access to guidelines by http://text.nlm.nih.gov/
icine, Health Services AHCPR, NIH, and the
Technology Assessment U.S. Preventive Services
Text Task Force

2.2.3 The role of cost-effectiveness analyses in CPG development

CPGs are often promoted as being a means for cost containment, yet many CPGs are cur-
rently developed on the basis of clinical effectiveness alone. If costs are examined, they

usually play only a secondary role (Gold et al. 1996). CPGs that are constructed by
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decision-analysis teams that consider both costs and efficacy can ideally aid in slowing
the rise in health-care costs by identifying three kinds of treatment: ineffective treatment
that can be withheld, the most cost-effective treatment among equally effective alterna-
tives, and alternatives that are both more effective and more expensive (Shapiro et al.
1993). The inclusion of a dual-utility function in my CPG conceptual model enables cost-
effectiveness analyses and thus allows ALCHEMIST to produce CPGs based on the cost

effectiveness of given treatment strategies.

2.2.4 Efficacy of CPGs

Although policy makers have expressed great interest in using CPGs and have recognized
CPGs' potential to increase quality of care while containing costs, they are still uncertain
about CPG efficacy (Walker et al. 1994, Woolf et al. 1990). Although several studies have
demonstrated changes and improvement in physician behavior after guidelines have been
disseminated (Weingarten 1995, Wachtel 1990, Eagle 1990, Weingarten 1993, Weingarten
1994, Weinstein 1997), other studies document that clinicians are often unaware of exist-
ing guidelines or, if they are aware, they often fail to change their behavior based on the
CPGs (Cohen et al. 1985, Grilli et al. 1991, Kosecoff et al. 1987, Lomas et al. 1989,
Lomas and Haynes 1988, Maiman et al. 1991, Pierre et al. 1991, Romm et al. 1981, Wein-
garten et al. 1994). In 1993, Grimshaw and Russell studied 59 published evaluations of
CPGs with rigorous evaluations (Grimshaw and Russell 1993); they found that implemen-
tation of CPGs significantly improved the process and outcome of care. The degree of
improvement, however, varied considerably. They did not study the costs associated with
the development and implementation of the CPG. CPGs developed at a national level and
published in journals were found to have a low probability of affecting the process of care.
Internal development strategies combined with a patient-specific reminder at the point of

care produced the highest probability of efficacy.
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In two related studies, Hayward and colleagues designed and performed a survey of prac-
titioners to determine the importance of CPG features in helping these physicians to
decide whether to adopt a guideline, and to assess the usefulness of dissemination strate-
gies in making guidelines accessible and effective (Hayward et al. 1996, Hayward et al.

1997). Table 2.2 lists those authors' recommendations for increasing CPG effectiveness,

and gives the corresponding features of ALCHEMIST.

Table 2.2. Adherence of ALCHEMIST approach to published suggestions for a
successful CPG. (Hayward et al. 1996, Hayward et al. 1997, Tunis et al. 1994).

Hayward internist survey

ALCHEMIST approach

Endorsement by respected colleagues and
major organizations

Short pamphlets and manuals summarizing a
number of guidelines

Guideline presentation requires concise rec-
ommendations, synopsis of supporting evi-
dence, and quantification of benefit

Comparison between this guideline and that
of other competing organizations

Strength of recommendations

How the guideline can be applied to individ-
ual patients

ALCHEMIST CPG will be peer reviewed
before distribution

Main webpage provides overview of entire
CPG and main recommendations

Recommendations are provided in a compact
flowchart algorithm form; evidence table and
result tables provide concise summaries

Currently not addressed

Levels of evidence are provided for support-
ing evidence; sensitivity analyses describe
uncertainty in produced recommendations

Sensitivity analyses and identification of sen-
sitive variables helps the user in determining
applicability to a given patient; ALCHEMIST’s
CPG updating and tailoring ability allows the
applicability to be determined explicitly.
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2.3 My subset of CPGs

The IOM categorizes guidelines along five dimensions: clinical orientation, clinical pur-
pose, complexity, format, and intended users (Institute of Medicine 1992). I use these five
areas to define the subset of CPGs that I address in my thesis work, as well as to detail the
restrictions that this subset places on the applicability of ALCHEMIST. I also use the under-

lying requirement that the CPG must be able to be based on a DM.

2.3.1 Clinical orientation

Clinical orientation reflects whether the chief focus of the guideline is a clinical condi-
tion, (e.g., lung cancer) or a technological device or process (e.g. implantable cardioverter
defibrillator). My CPG subset is not restricted to a particular clinical orientation; the CPG
problem needs only to be represented by a DM (Section 3.3.2). CPGs such as clinical
pathways that specify what to do at each point in a patient's hospitalization cannot be fea-

sibly represented by a valid DM.

2.3.2 Clinical purpose

The clinical purpose of a CPG reflects whether the guideline advises the user about
screening and prevention, evaluation or diagnosis, aspects of treatment, or other aspects of
health care. The example DMs that I have chosen for my research describe patient-treat-
ment decisions. The CPG conceptual model is not limited to representing CPGs whose
clinical purpose is treatment; it can also represent CPGs that have a wide variety of clini-
cal purposes. Screening or prevention guidelines that require long sequences of events
(e.g., the proper workup of an abnormal PAP smear) may go beyond the complexity limits

of DMs and, therefore, may not be applicable to my subset.
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2.3.3 Complexity

The IOM defines complexity as a measure of whether the guidelines are straightforward
in presentation and discussion or are marked by considerable detail, complicated logic, or
lengthy narrative and documentation (Institute of Medicine 1992). I restrict the textual
complexity of the CPG by organizing the evidence and knowledge of the CPG in a struc-

tured-abstracted format.

2.3.4 Format

There are numerous methods for formatting and representing the knowledge within a
CPG, including free text, tables, IF-THEN statements, critical pathways, decision tables,
protocol lists and charts, and flowchart algorithms (Gottlieb et al. 1992). Figure 2.1
through 2.3 show three different possible representations of subsets of the same CPG. Fig-
ure 2.1 shows the flowchart algorithm for managing a patient with acute low-back pain;
Figure 2.2 uses a table to list possible red flags for serious conditions that can cause low-

back pain, and supplemental textual guideline information is given in Figure 2.3.

I combine a structured textual and clinical flowchart-algorithm representation for depict-
ing CPGs produced by ALCHEMIST. The flowchart representation enhances the accompa-
nying prose by depicting the logic and conditional statements behind the recommended
clinical decisions, and by using the branching structure of the flowchart to capture rela-
tionships among the elements of the decision that are difficult to characterize with textual
output (Abendroth et al. 1988). It also provides a quick visual summary of the guideline
for users, and depicts clearly any changes made to the guideline when the evidence is

updated or tailored.
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The belief that clinical algorithms are a beneficial format for representing guideline rec-
ommendations is not unanimous among guideline developers. Possible oversimplifica-
tions in a clinical algorithm format include reducing a complex medical DM to a binary
yes-no choice, omitting important options at decision nodes, presenting decisions in a lin-
ear fashion that are properly approached in conjugate because of their complex interrela-
tionships, and failing to recognize feedback loops that require the repetition of tests and
treatments (Woolf 1998). These possible problems with clinical algorithms are all impor-
tant; however, several of them are eliminated if we restrict our CPG subset to those that
can be based on DMs (as described in Section 3.3.2). By expanding the available choice
options, a decision analyst can reduce a DM to all binary choices, the possibility of omit-
ting important options at decision nodes should be addressed in the decision modeling
when the important outcomes are identified for the given intervention. Similarly, the prob-
lems of linear representations and feedback loops both will be addressed by the decision-
analysis team when it designs the underlying DM. Finally, guideline users may worry that
the use of clinical algorithms may eliminate an individualized approach (Woolf 1998).
ALCHEMIST attempts to alleviate this concern about clinical algorithms by allowing the
guideline user to make changes to the underlying DM and to custom-tailor the generated

CPG to represent more accurately than the global CPG her patient population.
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Algorithm 1.

Initial evaluation of acute low back problem

Perform focused medical history and
physical examination.

Search for "RED FLAGS" (Table 1).

Examination includes neurologic screening
and straight leg raising test (SLR).

Adults with < 3 months
of activity intolerance
due to low back pain

and/or back-related
leg symptoms.

Any
RED FLAGS?

No

RED FLAGS
for spine
fracture.

RED FLAGS
for cancer/
infaction.

] In the absence

of
RED FLAGS,
diagnostic
testing is not

clinically helpful
in first 4 weeks
Plain x-ray of CBC, ESR, U/A of symptoms.
B If still suspicious, - ST
If after 10 days, consider consultation |
fracture still or seek further evidence
suspected, or with bone scan, x-ray,
multiple st;le: of or other lab.
g:nnr:;om a:'; | Megative x-ray alone does
ccnsmmt at1|' P not rule out disease.
before defining If positive, define iti
anatomy with CT. anatomy with MRI. definfive

3

a3

Evide :Ica of

. non-spinal medical
Evidence of "

¢ ] G problems causing
4, serious disease? referred back

complaints?

BETRE;

Arrange appropriate treatment
or consultation.

Y

Go to Algorithm 2

Exit Algerithm

Figure 2.1. Clinical-flowchart algorithm representation. This flowchart algorithm
demonstrates AHCPR’s recommended initial evaluation of acute low-back problem
(Source: Acute Low Back Problems in Adults: Assessment and Treatment. Quick

Reference Guide for Clinicians, Number 14. 27 pp. (AHCPR 95-0643)).
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Table 1. Red flags for potentially serious conditions

I Possihle fracture

‘ Possihle tumor or infection

I Possible cauda equina syndrome

‘From medical history

Ifajor trauma, such as
vehicle accident or fall from

height.

Wlinor trauma or even
strenuous lifting {in older or
potentially osteoporotic
patient).

Age over 50 or under 20.
History of cancer.

Constitutional symptoms, such as recent
fever or chills or unexplamed weight loss.

Risk factors for spinal infection: recent
bacterial infection (e.g., urihaty tract
mfection); IV drug abuse; or immune
suppression (from stereids, transplant, or

HIV).

Pain that worsens when supine; severe
nighttime pain.

Saddle anesthesia.

Recent onset of bladder dysfunction,
such as urinary retention, increased
frecuency, or overflow incontinence.

Severe or progressive neurologic
deficit in the lower extremity.

From physical examination

Thexpected lamty of the anal
sphincter.

Pertanalfperineal sensory loss.

Major motor wealkness: quadriceps
{lenee extension weakness); ankle
plantar flexors, evertors, and
dorsiflexors (foot drop).

78| |Document: Done

| &7

Figure 2.2. Protocol chart representation. Corresponding chart to recommendations

described in the algorithm in Figure 2.1 for the AHCPR low-back pain guideline (Source:
Acute Low Back Problems in Adults: Assessment and Treatment. Quick Reference Guide
for Clinicians, Number 14. 27 pp. (AHCPR 95-0643)).
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2. Initial Assessment Methods

Panel findings and recommendations:

® Information about the patient's age, the duration and description of symptoms, the impact of symptoms
on activity, and the response to previous therapy are important in the care of hack problems. (Strength
of Evidence = B.)

® Inguiries about history of cancer, unexplained weight loss, immunosuppression, intravenous drug use,
history of urinary infection, pain increased by rest, and presence of fever are recommended to elicit
red flags for possible cancer or infection. Such inquiries are especially important in patients over age
50. (Strength of Evidence = B.)

* Inquiries about signs and symptoms of cauda equina syndrome, such as a bladder dysfunction and
saddle anesthesia in addition to major limbh motor weakness, are recommended to elicit red flags for
severe neurologic risk to the patient. (Strength of Evidence = C.)

® Inquiries about history of significant trauma relative to age (for example, a fall from height or motor
vehicle accident in a young adult or a minor fall or heavy lift in a potentially osteoporotic or older
patient) are recommended to avoid delays in diagnosing fracture. (Strength of Evidence = C.)

* Attention to psychological and socioeconomic problems in the individual's life is recommended since
such nonphysical factors can complicate both assessment and treatment. (Strength of Evidence = C.)

* Use of instruments such as a pain drawing or visual analog scale is an option to augment the history.
(Strength of Evidence = D.)

* Recording the results of straight leg raising (SLR) is recommended in the assessment of sciatica in
young adults. In older patients with spinal stenosis, SLR may he normal. (Strength of Evidence = B.)

* A neurologic examination emphasizing ankle and knee reflexes, ankle and great toe dorsiflexion
strength, and distribution of sensory complaints is recommended to document the presence of
neurologic deficits. (Strength of Evidence = B.)

i

<@ |Document: Done | =

Figure 2.3. Prose representation. Textual representation of the same clinical information
of the initial assessment recommendations for patients who present with acute low-back
pain (Source: Acute Low Back Problems in Adults: Assessment and Treatment. Quick
Reference Guide for Clinicians, Number 14. 27 pp. (AHCPR 95-0643)).

2.3.4.1 SMDM clinical-algorithm standard

My CPG's flowchart representation is based on the standard described by the Society for
Medical Decision Making (Society for Medical Decision Making (SMDM) Committee on
Standardization of Clinical Algorithms (CSCA) 1992). This standard has the following

components: boxes, arrows, numbering scheme, and links.

* Boxes. The standard uses several types of boxes to represent the different states

of a CPG.
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1. Clinical-state box (rounded rectangle). This box defines the clinical
state or problem. It has only one exit path and may or may not have
an entry path. This box always appears at the beginning of an algo-

rithm

2. Decision box (hexagon). This box represents a branching decision
whose response will lead to one of two alternative paths. It always

has one entry and two exit paths

3. Action box (rectangle). This box represents an action that usually is

either therapeutic or diagnostic.

4. Link box (oval). This box is used in place of an arrow to clarify page

breaks or to connect separated nodes to maintain path continuity.

® Arrows. Arrows flow top to bottom of the CPG, and usually flow from left to
right. Arrows should never intersect one another. Arrows originating from deci-
sion boxes should be labeled "yes" or "no," with the "yes" arrow pointing to the

right and the "no" arrow pointing downward, whenever possible.

¢ Numbering scheme. Boxes are numbered sequentially from left to right and top

to bottom.

¢ Title. The title of the algorithm should clearly define the clinical topic and the
intended users. Authors of the CPG should be listed under the title with their

degrees and institutional affiliations.

Figure 2.4 shows an example CPG that conforms to the SMDM standard.

The main limitation of representing CPGs using the SMDM standard is the requirement
that all choice boxes have only "yes" and "no" exit points. This restriction implies that all
chance nodes within the corresponding DM should be binary (i.e., have the format of
"Result-Yes" and "Result-No"). This restriction does not cause problems for a decision

tree such as the LC-EM, where the chance nodes have children such as "CTpos" and
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Evaluation of Thyroid Nodules by Primary Care Providers
(September 1989)

Jetfrey Garber. MD: Barry Berger. MD; Talia Herman MD. Joann Manson MD
Oavid Singer. MD: Ellen Seely, MD: Steve Swartz. MD. Larry Gottieb. MD
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Adult with apparent
thyroid nodule

Reter to

Yo P endocrinology

Reter to surgery

Yos B g endocrinology

7

Page 1

Reexamine in ity hi
Family history of
3-6 months Medullary Carcinoma

of the Thyroid?

AND

Do Calcitonin level, TFTs

Refer to endocrinoiogy for

further evaluation

No

: 4

Do thyroid function
tests

10

Diffuse Disease.

Hypothyroidism or
Hyperthyroidism ?

Go to Page 2 (C)

1. Treat as incicated for Berign

Yes P4 2. If coincidental nodule is defintely
present and/or persists after Rx.

v

Thyrord Nodule with
Norma! Thyroild Function
GO to Page 2

HCHP chaical are designed 1o assist ¢l

by providing an

Jnalvtical framework for the evaluation and trearment of the more common

problems of HCHP patients. They are not intended to enther repisce 3

clinician’s climical judgment or 10 establish 3 protocol for il patients with 4
d ft1s unde d that some patients will not !t the

P
clinical by a gurdeline and that 3 puidei

rarely

the only ,', P PP h 10 3 problem

wiil

Figure 2.4. Example CPG that conforms to the SMDM standard. (Reprinted with
permission. Source: Society for Medical Decision Making Committee on Standardization
of Clinical Algorithms. Proposal for Clinical Algorithm Standards.Medical Decision

Making, 1992, 12(2): 149-154).

"CTneg." However, decision analysts may need to restructure more complicated trees in

order to comply with the binary-node restriction.
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2.3.4.2 Guideline abstracts

I combine the SMDM flowchart representation with a structured abstract of the CPG. This
abstract is based on a proposal by Hayward and colleagues, for writing informative
abstracts describing CPGs (Hayward 1995, Hayward and Laupacis 1993, Hayward et al.
1993). Hayward recommends use of the following classes of knowledge for organizing a
CPG: objective, options, outcomes, evidence, values, benefits, harms, and costs, recom-
mendations, validation, and sponsors. I detail these classes in Section 2.6, when I describe

my CPG conceptual model.

2.3.5 Intended users

CPGs are directed typically at physicians, nurse practitioners, or physician assistants,
though their use has broadened to include payer, patients, and other health-care workers.
The guideline's intended users is an important determinant of the CPG’s scope. The
intended users of the CPGs produced by ALCHEMIST, as described in Chapter 1, are local
guideline developers and implementers. These guideline implementers could browse the
generated CPG and its primary evidence, and then tailor the CPG to reflect their patient
population. In the future, the intended users of my CPG subset could be expanded to
include individual physicians; however, to ensure the validity of the CPG for a particular
patient, ALCHEMIST would need to allow proper assessment of the patient's utilities, to
allow extraction and integration of specific patient probabilities, and to represent exist-

ence of comorbid conditions.

2.3.6 Dimensions of practice policies

Eddy has described three dimensions of practice policies (Eddy 1992). In this section, I
describe these three dimensions and discuss where my CPG subset falls within this space
of practice policies. These dimensions are the intended use, the intended type of guid-

ance, and the intended degree of flexibility. The cube defined by these three dimensions
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is shown in Figure 2.5. Those categories that are included in my subset of CPGs are

shaded in gray.
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Figure 2.5. ALCHEMIST dimensions of practice policies. ALCHEMIST is currently able to
represent option and guideline pathways to provide advise to physicians. The non-shaded
boxes indicate those types of CPGs that ALCHEMIST can be extended to cover in future
work (Reprinted with permission. Source: Eddy DM. A manual for assessment of health

practices and designing practice policies: the explicit approach. The American College of
Physicians, Philadelphia. 1992; 7).

Within the domain of CPGs, there are five main categories of intended use. They are (1)
provision of advice to practitioners, (2) determination of the appropriate use before an
intervention is performed (precertification), (3) determination of the appropriate use after
an intervention has been used (utilization review), (4) determination of whether the cost of

an intervention should be paid (coverage), and (5) determination of who should be
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allowed to perform an intervention (credentialling). My CPG subset concentrates on giv-
ing advice to practitioners about the correct patient-management plan. The second dimen-
sion involves whether a policy is intended to specify a preferred practice or management
path (pathway) or to describe the limits of acceptable practices (boundary). My CPG sub-
set is restricted to pathway guidelines. The third dimension refers to the intended flexibil-
ity. Such flexibility is determined by the degree of certainty among experts about the
outcomes of the intervention and the degree of agreement among patients about the desir-
ability of the outcomes. Depending on the intended flexibility, the CPG is classified as a
standard, a guideline, or an option. The flexibility that the guideline user has to make

changes to the underlying DM classifies my CPGs as guidelines or options.

2.4 CPG conceptual model

A conceptual model is a description of a part of the world, the concepts about that part of
the world, and the relationships among these concepts. To specify the CPG conceptual

model, I describe the required knowledge for creating and using a CPG.

CPG tasks: What tasks should CPG users be able to perform? What questions should
they be able to answer? A series of published articles describes how users should use pub-
lished CPGs (Hayward et al. 1995, Wilson et al. 1995). Design of my CPG conceptual
model reflects the knowledge that guideline users must have to answer these identified
questions and to perform these tasks. Hawyard and colleagues explore the required CPG
tasks in a series of articles (Hayward et al. 1995, Wilson et al. 1995). Based on these arti-
cles, I determined that a user of a CPG developed with my conceptual model should be

able to answer each of these questions for the generated CPG.

1. Are the recommendations valid?

* Were all important options and outcomes clearly specified? Was an explicit and

sensible process used to identify, select, and combine evidence?
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® Was an explicit and sensible process used to consider the relative value of differ-
ent outcomes? Is the guideline likely to account for important recent develop-

ments? Has the guideline been subject to peer review and testing?
2. What are the recommendations?
® Are practical, clinically important, recommendations made?

* How strong are the recommendations? What is the quality of the investigators
that provide the evidence for the recommendations? What is the magnitude and
consistency of positive outcomes relative to negative outcomes? What is the rela-

tive value placed on different outcomes?

* What is the effect of uncertainty associated with the evidence and values used in
the guidelines? The weaker the evidence linking intervention to outcome, and the
greater the possible range of competing values, the greater the need for a sensi-
tivity analysis.

3. Will the recommendations help you in caring for your patients?

¢ s the primary objective of the guideline consistent with your objective?

* Are the recommendations applicable to your patients?

To provide answer to these questions, a CPG must be based on solid evidence; have an
explicit method of synthesizing and analyzing this evidence; and allow the user to review,

understand, and apply the recommendations to her patient population (Wilson et al. 1995).

2.5 Prior work in CPG modeling

Although several groups have done research on CPG representations, these previous stud-
ies differ from my representation in two ways: (1) they do not model CPGs based on
DMs; and (2) they produce representations of the algorithmic flow of the guideline, but

often do not represent explicitly additional knowledge, such as the CPG objective or
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patient population. This knowledge is often integral to the understanding and effective
implementation of a CPG. The CPG conceptual model developed as part of my thesis
work combines methods of representing CPGs from these previous research projects,

while adding additional functionality through the use of DMs and annotation.

Many of the current approaches to modeling CPG knowledge are based on the desire of
developers to automate the execution of these CPGs. Current work includes that by Stouf-
flet and colleagues on the Guided Entry of Data Elements for Clinical Management
(GEODE-CM), by Cimino and colleagues on the Arden syntax using Medical Logic Mod-
ules, by Barnes and colleagues on the Modeling Better Treatment Advice (MBTA) prac-
tice guideline system, and by Musen and colleagues on the automation of protocol-based
care using the EON architecture. Each of these research projects concentrates on a differ-
ent subset of CPGs, and provides a different method for representing the logic and steps in
CPGs and the execution of this logic. (Barnes 1995, Cimino 1995, Stoufflet 1995, Stouf-
flet 1996, Musen 1996).

Researchers from these projects have formed the InterMed collaboratory. InterMed, an
interdisciplinary project that promotes collaborative medical informatics research,
involves six institutions: Stanford University, Brigham and Women's Hospital, Massachu-
setts General Hospital, Columbia University, McGill University, and the University of
Utah. As part of the collaboration, the researchers have produced a common language for
describing the sequential nature of CPGs. The GuideLine Interchange Format (GLIF)
language supports the description of the relationships among the different steps in the
guideline; researchers plan to extend the GLIF language to represent a description of the
guideline knowledge (Ohno-Machado 1998). As an example, the GLIF language repre-
sents the Guideline class as shown in Figure 2.6 (Deibel 1996).

Although ALCHEMIST's current CPG does not have an explicit intention element, it does

have an element describing the clinical objective and target population. The eligibility
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interface Guideline {

attribute string name;

attribute sequence <string> authors;

attribute string intention;

attribute Criterion eligibility_criteria;

attribute sequence <Guideline_Step> steps;

attribute Guideline_Step first_step;

attribute sequence <Supplemental_Material> didactics;
}i

Figure 2.6. GLIF representation of the Guideline Class. This figure shows how each
Guideline class has a name, list of authors, CPG intention, eligibility criteria, a list of the
steps in the CPG, the starting step of the CPG, and a list of supporting didactic material.

criteria of the CPG are represented in my conceptual model as the patient population and
this population's defining characteristics. The steps of the CPG are represented as the clin-
ical-flowchart algorithm; the evidence, definitions, and sources elements of my CPG con-
ceptual model provide the needed supporting material. One possible extension of my
thesis is work that would ensure that the GLIF language can represent the knowledge that
ALCHEMIST requires to produce CPGs based on DMs. If GLIF had the necessary expres-
sivity, then ALCHEMIST could produce output using GLIF, and could allow incorporation

of my generated guidelines into the EON protocol-based decision-support system.

2.6 My CPG conceptual model

I designed the CPG conceptual model by studying current representations of CPGs and
literature describing the needed components, development methods, and shortcomings of
current CPGs. I modeled the knowledge needed to perform tasks related to the creation,
dissemination, use, and maintenance of a CPG (Section 2.4). The resulting CPG concep-
tual model identifies knowledge required to produce a flowchart algorithm for the CPG
recommendations, as well as the following essential CPG elements: objective, alternatives
considered, outcomes measured, supporting evidence and sources, values used, summary
of expected results, recommendations, key analysis information, clinical definitions, and

guideline validation (Eddy 1990b, Hayward et al. 1993). Although the recommended
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global CPG flowchart algorithm can be produced without much of this information, suc-
cessful local implementation and tailoring is hindered without this supporting knowledge.
Figure 2.7 is a graphical depiction of the top layers of the CPG conceptual model and a
more detailed description of the conceptual model and how it is used to perform the

needed CPG tasks is included in Appendix A.

I describe each of these elements, and give examples from a generated CPG. Using the
knowledge in the CPG conceptual model, the guideline user can answer the questions
enumerated in Section 2.4. Of course, the CPG is based on a DM, so it will be only as
valid as the underlying DM and corresponding DM conceptual model. In Chapter 3, I dis-

cuss the development of valid DMs and the knowledge explicit in their representation.

Each CPG has an objective. This objective includes knowledge regarding what the tar-
geted health problem is, who the patient population is, who the intended users of the CPG
are, the burden of the existing clinical problem, and why there is a need for a new recom-
mendation. For example, in the LC-EM, the targeted health problem is the optimal medi-
astinal-staging strategy in patients who have non-small-cell lung cancer, and one
characteristic of the targeted patient population is that the patients have known non—small-
cell lung cancer. Because often there are numerous guideline-developing projects for a
given clinical problem it is important for a guideline developer to establish precisely the

clinical problem, population, and use of the generated CPG.

Each CPG has a list of practice options. Options include diagnostic and therapeutic alter-
natives used in the guideline (e.g., CT, mediastinoscopy, thoracotomy, and radiation ther-
apy). A CPG should define these alternatives clearly and establish the evidence for
including — or excluding — an alternative from the CPG recommendations. Each option

may also have associated with it acute or chronic complications — or mortality.

Each CPG must also identify the guideline’s outcomes, which are what health outcomes

were identified (e.g., quality-adjusted life years, or life expectancy), what economic
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Figure 2.7. CPG conceptual model. This schematic of the CPG conceptual model shows
the 11 main elements of ALCHEMIST's CPGs and several of the subclasses. For example,
each CPG objective has a targeted health problem and patient population.

outcomes were identified (e.g., dollar costs), and whether comorbid conditions were mod-
eled. Information about how these outcomes are evaluated is also important. For example,
for a CPG that incorporates cost analyses, the CPG should indicate the currency and year
of all costs used, as well as the method for inflating past costs to present dollars. Also the
CPG should indicate if the costs reported reflect actual costs or hospital charges. Finally,
the CPG should list the discount rate the analysis used to discount future costs. If the

guideline developers identify an intermediate outcome (e.g., arthythmic events), the CPG
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must make clear the definition of this outcome for the future guideline users (e.g., whether

arrhythmic events include ventricular fibrillation and tachycardia).

An important part of every CPG should be the supporting evidence. The evidence of a
CPG includes the methods used to gather data (e.g., literature search, expert opinion, clin-
ical trial), to determine what evidence was used in the CPG (e.g., inclusion and exclusion
criteria, levels of evidence), and to synthesize this evidence (e.g., decision analysis, meta-
analysis, consensus panel). Note that developers of CPGs need to do more than just to cite
references if they are to claim that the recommendations are evidence based. My CPG
conceptual models, therefore, include descriptions of how the evidence was collected,
evaluated, and translated into recommendations (Woolf 1998). For the variables used in
the CPG, the generated CPG should include the best-estimate value, description of the
variables, sensitivity-analysis range, level or quality of evidence, assumptions, and a cor-
responding evidence table. The evidence table describes the study design, number of
patients involved, outcomes measured, patient population, interventions compared, biases,
observed outcomes, reported effects of the intervention, as well as the methods the guide-
line developers used to synthesize the numerous evidence sources (Eddy 1992). Uncer-
tainty normally is associated with a portion of the evidence in any CPG; therefore, the
CPG should acknowledge the uncertainties in the scientific evidence, and should make

explicit any weaknesses in corresponding recommendations.

Another element of a CPG is the values, which are the methods that the developers used
to obtain any utilities used in the CPG that are used for outcomes (e.g., standard gamble,
time-tradeoff analysis), a preference ordering of the outcomes (e.g., thoracotomy or radia-
tion therapy with mediastinal metastases < radiation therapy without mediastinal
metastases < thoracotomy without mediastinal metastases), and a declaration of the mod-
eling perspective (e.g., societal, patient, third-party payer). The CPG should highlight any
patient utilities that affect the recommendation and provide a simplified method for the

guideline user to assess these utilities in their patient population.
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The benefits, harms, and costs of a CPG are the type, magnitude, and level of uncer-
tainty of these outcomes, and any related sensitivity-analysis results. I use a balance sheet
similar to that described by Eddy (Eddy 1990a) to represent these outcomes. This balance
sheet includes the type and magnitude of each outcome for the best-estimate strategy and
any additional custom-tailored strategies. These results should also include information
about the variables to which the CPG is sensitive, and how the expected utility is affected
by the different variables over their given clinically valid ranges. Therefore, I include in
my conceptual model a list of the sensitive variables and a tornado diagram' for the

numerous variables.

A significant part of every CPG is the recommendations. In my CPG conceptual model,
the recommendations include a clinical flowchart algorithm in the SMDM format (Figure
2.4), and instructions for tailoring the CPGs. The CPG should identify decisions in which
patient preferences or patient-specific attributes are important — the important variables
in the CPG are listed as being “sensitive variables”. If possible, the recommendations
should also compare the clinical-flowchart recommended policies to those of earlier

guideline projects, or to current practice.

Before a CPG is disseminated to the medical community, it should undergo internal and
external peer review to ensure that the CPG is based on a valid synthesis of the available
evidence. Therefore, another element of a CPG is declaration of CPG validation. This
element includes an explicit statement of any results from external review (e.g., publica-
tion of the underlying DM in a peer-review journal) or internal validation. The CPG spon-
sors element includes definition of the key persons or groups that developed, funded, or
endorsed the guideline. The date of publication of the CPG and the sources used in creat-
ing its recommendations are listed explicitly for the guideline user. Finally, any defini-

tions used in the CPG (e.g., positive CT = greater than or equal to one lymph node with
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