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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, | 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. |
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, | defined conceptual models for representing CPGs and DMs,

and formalized a method for mapping between these two representations. To make this
mapping possible, | 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. | describe
implementation of theLCHEMIST system that encompasses these two conceptual models,

the mapping algorithm, and the resulting tailoring abilities.

| 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, | evaluated the design and expressivity of both conceptual models,
and demonstrated the accuracy of the DM-to-CPG mapping algorithm. Second, to show
thatALCHEMIST produces CPGs that satisfy published criteria for high-quality guidelines,

| had guideline users rate the quality of generated CPGs using a guideline-rating key, and
rate the performance gfLCcHEMIST'S CPG browser. Finally, | evaluatedCHEMIST's

dynamic patient and site tailoring abilities.

Because it creates CPGs from normative DMISHEMIST 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, | 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) defineBnical-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
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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, | explore these problems that impede CPG success. One potential solu-
tion is to usedecision models (DMs)as an aid for developing CPGs. | 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). | 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

| 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, | defin@ednceptual modelsfor 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. | describe implementation aftReEMIST

system that encompasses these two conceptual models, the mapping algorithm, and the

resulting tailoring abilities. | 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, | 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, | 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; | 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 tAeCHEMIST system, which uses my
mapping between the conceptual models to create an annotated algo-
rithmic CPG directly from the DM; | evaluated the resulting CPG,
the updating and tailoring capabilitiesmfcHEMIST, 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). | 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, | emphasize the creationesfdence-based CPGs (EB-CPGshich |

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). | maintain that my work

helps to alleviate this problem.

1.4 Problems in the development of clinical-
practice guidelines

| 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 1991ALCHEMIST attempts to address this problem by making the assump-
tions an explicit element in the DM conceptual model (and, therefore, in the resulting
CPG), 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 implementaitHEmMIST

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. | 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. | 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. | 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. | work with decision trees modeled using the

Decision Maker software.

1.6 Overview ofALCHEMIST architecture

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

the individual modules of Figure 1.2.

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

decision analyst loads the DM into tRECHEMIST system.

2. DM conceptual modekLCHEMIST 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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Algorithm Model Custom.
’ Editor
DM
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Figure 1.2. Schematic representation oALCHEMIST s architecture. Each box represents
an individual module of this dissertation. DM = decision model, CPG = clinical practice

guideline.

3. DM annotation editorALCHEMIST 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 algorithmALCHEMIST'S mapping algorithm uses the
knowledge thabLCHEMIST extracted automatically from the DM and knowledge
thatALCHEMIST obtained through the DM annotation editor to translate formally

the DM conceptual model into the CPG conceptual model

. CPG conceptual modelaLcHEMIST instantiates the CPG conceptual model

using the information provided through the mapping algorithm.

. Guideline browser and custom-tailoring editet:CHEMIST 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 modelsare designed to describe a part of the world, the concepts about that
part of the world, and the relationships among those concepts. | use conceptual models to
represent the different knowledge required and provided by both DMs and CPGs.
Figure 1.3 demonstrates the different knowledge representations foundHEMIST.

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 | designed the conceptual models for DMs and CPGs.

1.8 Conceptual model for CPGs

| 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., | exclude development of guidelines for
patients who have numerous comorbid conditions). | 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). | defined
the knowledge that is necessary and sufficient for creating and maintaining a CPG by
studying the development and use of existing CPGs. | 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. | describe the data, functional, and knowledge requirements for a conceptual model

to perform these tasks (Section 2.4). | assessed existing conceptual models for CPGs; |
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

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

of DMs to which my conceptual model applies, although | 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).

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

1. Modeling perspectivée.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., “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 characteristicge.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 structurg(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

| 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 violateal,CHEMIST 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.ALCHEMISTdoes 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, | identify the parties who participate in the CPG process and who may ben-
efit from use ofaLCHEMIST. | 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-

MIST system — who will benefit and who may be encumbered. | envision two main user
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groups forALCHEMIST: 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

WWW
——— —_—
ALCHEMIST ALCHEMIST
- Identifies problem  « Analyzes DM * Fills in information
« 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 » Creates CPG
» Updates CPG

Figure 1.4. Proposed users of theLCHEMIST system.This schematic demonstrates the
flow of information through theLCHEMIST system and the different intended users. The
decision analyst identifies a clinical problem and builds a clinically valid DM that he then
loads intoALCHEMIST. 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 informatrcHEMIST.
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 useatleEMIST system to upload his pre-

viously created DM into the DM conceptual modelCHEMIST 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
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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 specify all the required knowledge for such maintenance.

Although | envision the primary users of theCHEMIST system to be decision analysts

and local guideline developers, clinicians could also use the generated\CREVIST

would provide these clinicians with access to the CPG recommendations, evidence, mod-
eling assumptions and K. CHEMIST's custom-tailoring capabilities on a patient-specific

level (Section 2.3.5).

1.13 Examples of decision problems, mappings,
and resulting CPGs

| use three different DMgo demonstrate the abilities MfCHEMIST. 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 CHEMIST produces based on these DMs shatbe 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-
stratesALCHEMIST's ability to represent time dependencies and recurrent or

repeating events.

| use the LC-EM to step through how a user would interact AUiMEMIST. 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 modsfjuare

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 ihuaieeMIST (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.

wt¢ Metscape - [SCD Decision Modeling Group]
File Edit “iew Go Bookmarks Options Directory Window Help

ALCHEMIST

ATCHEMIST iz a system that uses formal decision models reflecting knewn global and stte-specific
data to generate evidence-based clinical practice guidelines (CPGs). Such CPGs are suitable for local
integration in clinical settings and can be modified over time as the underlying decision models or
evidence evolve.

NOTE: Your browser must support file uploading.

(Metscape Navigator Geld 1z known to work: for file uploading)

Your name: |Gi|lian Sanders {required)

Email address: Isanders@smi.stanford.e (recquired)

Decision Tree File to upload: ID:\Website\Lung.tre Browse. . |
Clinical State: IPatients with Non-Small-Cell Lung Cancer

OMMENDATIONS
rithim

Cost-Effectiveness model? & Mo € Tes

If'this 1z a cost-effectiveness model please choose a cost effectiveness threshold:

$[50000 QALY

Please make sure this is a Decision Maker compatible file with .tre file extension

HNOTE: Tour decision model will be analyzed by ALCHEMIST and an mitial CPG will be produced.
ATLCHEMIST will then request from you additional required information. This may include such e
information as undetlying assumptions in the decision model, sensitivity analysis ranges for the different
ifput values, or sources and levels of evidence for the data.

Click to load your decision model into ALCHEMIST:  Upload Mow I =

<@l [Document Done =7 4
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 theCHEMIST system.

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

mation obtained from the DM onto the DM conceptual-model framewi&GHEMIST
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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).

wi¢ Metscape - [SCD Decizion Modeling Group]
File Edit “iew Go Bookmarks Options Directory ‘window Help

ALCHEMIST =
Decision-Model Annotation Editor

Instructions

* This web page allows you to enter the specific knowledge that the ALCHEMIST system needs to
create a clinical practice guideline (CPG) based on your decision model.

® Dlease be as clear and specific as possible.

® ATCHEMIST has loaded mitial values taken from your decision model

® Dlease check these values and malce any needed changes.

* AT.CHEMIST will then produce the analytic results, perform sensitivity analyses, create a tornado
diagram of the input values, and display the recommended algorithn,

® For those mput areas where you need multiple pomnts -- please seperate them by a dash

* After you have completed this form, please press Submit below, ALCHEWIST will then create the
global chinical-practice gumdeline

Decision Analyst

Gillian Sanders

Decision-Model File Name

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

File Name Name of Clinical-Practice Guideline

Lung tre

| |D0c:ument: Done | E47 i
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 automaticaly OEMIST 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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wi¢ Metscape - [SCD Decizion Modeling Group]
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Input Variables
For each vanable m this table please give a vanable defintion and then a high and low value for
sensitivity analyses. ALCHEWIST will perform each of these sensitivity analyses and determine to
which wariables the optimal guideline is sensitive. ALCHEMIST wll also create a tornado diagram
definttion you chose will be presented to the guideline user.
Variahle
DEAD | 0
Prior | 0.46
Shets | 18
SMMMets | 4.45
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SensMED | 0.82
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pDieMED | 0,005
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-

28| [Document: Done
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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 informatioatoHEMIST, 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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wi¢ Netzcape - [SCD Decision Modeling Group]

File Edt “iew Go Bookmarks Options Directory Window Help

Clinical-Practice Guideline
Browser and Customization Editor

OBJECTIVE
OBJECTIVE

Targeted Health Problem

* Primary objective was to determine the optinal staging strategy and treatment of patients with
kenown non small cell lung cancer

® Tn the Tnited States alone, an estimated 177,000 new cases of ling cancer were diagnoses and
158,700 deaths ccowred in 1256

* MNon small cell histologies account for approzmately 80% of lung cancer cases

® Tfmediastinal metastases are present, theracotomy i thought to be contraindicated as it subjects
the patient to mereased risk of death but confers no health benefit. However, if me diastinal metastases
are absent, thoracotomy offers a substantial survival benefit. Therefore, diagnostic tests are required
to assess any involvement of the mediastinum.

Targeted Patient Population

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

® Primary tumor is lom in diameter; a chest zray examination suggests that the tumor does not abut
the chest wall or mediastinnm

& Additonal worlup 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 i formulating the guideline are:
* Computed tomography {(CT) of the chest

* MMediastinoscopy (JELD)

® Radiation therapy

® Thoracotomy

CUSTOMIZE CPG
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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. | envision the guidelines createdAbgHEMIST 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 byALCHEMIST .

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 0.8QCHEMIST 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.

¢ Metscape - [SCD Decizion Modeling Group]

File Edit “iew Go Bookmarks Option: Directory  window Help
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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 abilinesHs-

MIST.
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1.14.1 Conceptual-model framework

| 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), | compared
the data elements within my conceptual model to those required by the IOM assessment
tool. Of the 60 individual data elements, | found 45 (75 percent) in the CPG conceptual
model. In Section 8.1.1.3, | explain reasons for exclusion of the remaining 15 elements
from my CPG conceptual model. To determine the expressivity of the CPG conceptual
model, | 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

| evaluatedaLcHEMIST'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, | solicited 15 subjects who were familiar with guideline use. First, each sub-
ject critigued 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 significapt£ 0.002). TheaLCHEMIST 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 theALCHEMIST web-based system. The results of this questionnaire produced

scores OMLCHEMIST'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 subjectsaateMIST'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, | conducted structured interviews with the subjects to elicit any additional com-
ments or concerns. Overall, the subjects’ experience usingLtrEMIST system was

extremely positive. | 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 abilitieaLafHEMIST, the 15 subjects
entered between 1 and 3 new clinical scenarios intetbBEMIST SystemALCHEMIST
generated a new CPG, and | compared the expected health benefit and flowchart algo-
rithm produced byaLCHEMIST to that produced through manual computati@rcHE-

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 oALCHEMIST 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. AllegiIEMIST 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, | 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 ofaALCHEMIST, and detail my conceptual models. | describe my mapping
algorithm, the implementation e CHEMIST, 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. | define the subset of CPGs that | used, and describe the knowledge
necessary to perform the three core tasks for this subset of CPGs. | 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. | 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. |
list any restrictions on the class of DMs thatHEMIST 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 allowALCHEMIST to include a greater array of DM types.

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

representations.

* Chapter 6 describes CHEMIST'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 ArcHEMIST'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 performanceLGHEMIST.

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

ing CPG, and the custom-tailoring abilities of th€HEMIST system.

* Chapter 9 concludes by discussing the contributions of my work to health care, to
decision theory, and to medical informatics. | 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, | definelinical-practice guidelines (CPGs)yand review the rationale and

need for CPGs in our health-care system (Section 2.1). | 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, | have
placed numerous restrictions arcHEMIST'S CPG representation. | describe the subset of
CPGs that | have addressed, and detail the restrictions that this subset imposes on the gen-
eralizability of my work (Section 2.3). | complete this chapter by describing the concep-

tual model that | 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 interactiseCHEMIST's generated CPG uses a computer-based
combination of structured text and a clinical flowchart algorithm. In Section 2.3.4, | 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). | 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. | 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 service€PGs 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 servithasre 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 patterndResearchers 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 19923,
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, | briefly describe
the current methods used for development, dissemination, and maintenance of CPGs,

indicating areas whera CHEMIST 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.qg.,
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 designedppropriateness criteriafor 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 | 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 1808}EMIST 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 oALCHEMIST 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. | 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 tAUSBEMIST 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 guidelineaALCHEMIST 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. | 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
guality, 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 W¢Beprinted

by permission oThe Western Journal of Medicine. Sour@avens 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- ACC/AHA guidelines on http://www.acc.org/clinical/
ogy (ACC) management of heart dis- guidelines/index.html
ease
American College of Physi-  Search capability for guide- http://www.acponline.org/
cians lines published in the journals/annals/pastiss.htm
Annals of Internal Medi-
cine

Canadian Medical Association Links to over 200 guidelinehttp://www.cma.ca/cpgs/
indexed by discipline, title,
and developer
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Table 2.1. Selected guideline resources available on the World Wide W¢Beprinted

by permission ofhe Western Journal of Medicine. Sour@svens 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.nIm.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 allewsHEMIST 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 featuresIafHEMIST.

Table 2.2. Adherence oALCHEMIST 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 ALCHEMIST CPG will be peer reviewed
major organizations before distribution

Short pamphlets and manuals summarizing dMain webpage provides overview of entire
number of guidelines CPG and main recommendations

Guideline presentation requires concise rec-Recommendations are provided in a compact
ommendations, synopsis of supporting evi- flowchart algorithm form; evidence table and
dence, and quantification of benefit result tables provide concise summaries

Comparison between this guideline and that Currently not addressed
of other competing organizations

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

How the guideline can be applied to individ- Sensitivity analyses and identification of sen-

ual patients sitive variables helps the user in determining
applicability to a given patienLCHEMIST'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). | use these five
areas to define the subset of CPGs that | address in my thesis work, as well as to detail the
restrictions that this subset places on the applicabiliny ©fiEMIST. | 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 | 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 definescomplexity 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). | 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 formatting and representing the knowledge within a
CPG, including free text, tables-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.

| combine a structured textual and clinical flowchart-algorithm representation for depict-
ing CPGs produced . cHEMIST. 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

Adults with <3 months
of activity intolerance
due to low back pain
and/or back-related

leg symptoms.

Perform focused medical history and

Examination includes neurologic screening

physical examination.
Search for "RED FLAGS" (Table 1).

and straight leg raising test (SLR).

RED FLAGS
for spine
fracture.

RED FLAGS
for cancer/
infection.

A

RED FLAGS L

for cauda
equina
syndrome or
rapidly
progressing
neurclogic
deficit.

[1 In the absence

of
RED FLAGS,
diagnostic
-1 testingis not
clinically helpful

w‘ Plain x-ray of
| lumbosacral spine.
If after 10 days,
fracture still
suspected, or
multiple sites of
pain, consider
bone scan and
consultation
before defining
anatomy with CT.

CBC, ESR, W/A
If still suspicious,

| infirst 4 weeks
| of symptoms.

consider consultation
or seek further evidence
with bone scan, x-ray,
o or other lab.
| | Negative x-ray alone does
not rule out disease.
If positive, define
anatomy with MRI.

Y

w Immediate
| consultation
. for
emergency
studies and
definitive

care.

serious disease?

Evidence of

Evidence of

non-spinal medical
problems causing

referred back
complaints?

Yes
Y
Arrange appropriate treatment | _
or consultation. -

Exit Algorithm

Y

Go to Algorithm 2

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

Possible fracture

Possible tumor or infection

| Possible cauda equina syndrome

From medical istory

Major trauma, such as
wehicle accident or fall from

height.

Minor trauma or even
strermous hfting (n older or
potentially osteoporotic
patient).

Aoe over 50 or under 20.
History of cancer.

Constitutional symptoms, such as recent
tewer or chills or unexplamed weight logs.

Fisk factors for spinal infection: recent
bacterial imfection (e.g., urnary tract
wfection), TV drug abuse; or ttrmune
suppression (from steroids, transplant, or

HIV.

Dam that worsens when supine; severe
nighttime pait.

saddle anesthesia.

Eecent onset of bladder dysfunction,
such as urinaty retention, mcreased
frecuency, or overflow mcontinence.

Severe of progressive neurologic
deficit in the lower extremity.

From physical exarmnation

Thexpected laxity of the anal
sphiticter,

Penanal’perneal sensory loss.

Major motor weakness: quadriceps
{lnee extension wealmess); ankle
plantar flexors, evertors, and
doraflexors (foot drop).

=8| |[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 guid€lmede:

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.)

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

* Inquiries ahout 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 hoth assessment and treatment. (Strength of Evidence = C.)

* [se 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
yvoung adults. In older patients with spinal stenosis, SLR may be 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.)

[
=8| [Document: Done | =7 s
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.

e 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 schemeBoxes are numbered sequentially from left to right and top

to bottom.

e 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) Page 1t

Jetfrey Garber. MD; Barry Berger. MD: Talia Herman MD:. Joann Manson MD
Oavid Singer. MD: Ellen Seely, MD; Steve Swanz, MD. Larry Gottieb, MD

”~

Adult with apparent
thyroid nodule

1 2 3
Definite
Yes P Reter to
Yoo endocrinology
No
No

Nodule confirmed
by second

examiner?

(A)

Obvious
malignancy?
(B)

Reter to surgery
Yos Bl ang endocrinology

No

12 4

7

Do Calcitonin level, TFTs
AND
Retar to endocrinoiogy for
turther evaluation

Reexamine in
3-6 months

Family history of
Medullary Carcinoma
of the Thyroid?

No

: A 4

Do thyroid function
tests

10

1. Treat as indicated for Benign
Diffuse Disease.

ves P 2. If coincidental nodule is definitely

present and/or persists after Rx.

Goto Page 2 (C)

Hypothyroidism or
Hyperthyroidism ?

No

v

Thyrod Nodule with
Normat Thyroid Function

GO to Page 2

HCHP chacal guwdel are designed 10 assisl ¢ s by providing an

analvtical framework for the evaluation and trearment of the moce comman

problems of HCHP patients. They are not intended to either repiace s .
linician's clinical judy o1 1o establish 3 protocol for all patients with 4

p It 1s und d that some patients will not fit the

clinical d by a gurdeline and that 3 puideline wiil

rarely biish the only approp pp h to 3 problem

Figure 2.4. Example CPG that conforms to the SMDM standard(Reprinted with
permissionSource 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

| 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. | detail these classes in Section 2.6, when | 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'sntended usersis an important determinant of the CPG’s scope. The
intended users of the CPGs produced\byHEMIST, 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, |
describe these three dimensions and discuss where my CPG subset falls within this space
of practice policies. These dimensions areititended use theintended type of guid-

ance and thantended 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.

A

Standard
Guideline
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Pathway
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Figure 2.5. ALCHEMIST dimensions of practice policiesALCHEMIST is currently able to
represent option and guideline pathways to provide advise to physicians. The non-shaded
boxes indicate those types of CPGs thatHEMIST can be extended to cover in future

work (Reprinted with permissio®ource:Eddy DM. A manual for assessment of health
practices and designing practice policies: the explicit approdtie 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 modelis 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, | 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
guestions 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, | 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?

* Is 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 formethteeMed 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. G@eLine 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



2.6 My CPG conceptual model 57

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;

b

Figure 2.6. GLIF representation of the Guideline ClassThis 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, thenALCHEMIST 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

| designed the CPG conceptual model by studying current representations of CPGs and
literature describing the needed components, development methods, and shortcomings of
current CPGs. | 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.

| 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, | dis-

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

Each CPG has ambjective. 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 practioptions. 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 guidelinetigcomes 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 modelThis schematic of the CPG conceptual model shows
the 11 main elements af cHEMIST'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., arrhythmic 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 supporiigence The evidence of a

CPG includes the methods used to gather data (e.qg., 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 thalues 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 cost®f a CPG are the type, magnitude, and level of uncer-
tainty of these outcomes, and any related sensitivity-analysis results. | 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 ultility is affected
by the different variables over their given clinically valid ranges. Therefore, | include in
my conceptual model a list of the sensitive variables and a tornado diafgrathe

numerous variables.

A significant part of every CPG is tmlecommendations 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 ofv@lRiation. 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. Finallygeifim-

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

1. A tornado diagram is a graphical representation of the change in the expected utility of a given
strategy as each variable is varied along its sensitivity-analysis range.
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short-axis diameter greater than 10mm on CT examination) and sources used for the evi-

dence should be listed as part of the CPG.

ALCHEMIST produces CPGs using the elements described in this section, combined with
the knowledge obtained from the DM. As part of my thesis work, | evaluated the quality

of these evidence-based CPGs (See Chapter 8).

2.7 Summary

In this chapter, | reviewed the rationale for CPG development. | documented current
development methods and detailed the limitations of those methods. | then described the
subset of CPGs with which | worked. | explained how to formalize this CPG representa-
tion, and described a CPG conceptual model that identifies the knowledge required for
creating and maintaining a CPG. In Chapter 3, | examine DMs and the knowledge explicit
within their representation, delineating the required CPG information not provided by the

DM, and establishing the need for annotation of the DM by the decision analyst.



Chapter 3

Decision Models

In this chapter, | discusgecision models (DMs)and explain the clinical problems that
they can represent. | describe briefly several possible representations of DMs, including
decision trees and influence diagrams (Section 3.2). In my work, | place several restric-
tions on the DMs thatLCHEMIST can use. | describe the subset of DMs that | address in
relation to my DM conceptual model and to my current implementation (Section 3.4). |
detail the limitations that this subset impose on the generalizability of my research. | then
describe the conceptual model that | developed for representing DMs (Section 3.6). | com-
plete this chapter by comparing my DM conceptual-model representation to other work in

this field, and by listing the advantages and limitations of my approach.

3.1 Introduction to DMs

An abstract representation of a decision problem, a DM takes into account the uncertain,
dynamic, and complex consequences of a decision, and assigns values to those conse-
guences (Owens and Nease 1993, Owens and Sox 1990). A DM for clinical medicine is a

simplification of the real clinical situation; therefore, the DM reflects the decision-

63
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analysis team's conception of how a treatment or screening intervention is used and the
way in which that intervention affects the natural course of the disease, and the health sta-
tus of the target patient population (Gold et al. 1996). In my research, | concentrate on
DM representations that include not only the structural and mathematical relationships
between variables, but also the underlying assumptions, evidence, and perspectives that

decision analysts use in creating them.

3.2 DM representations

Once a decision-analysis team identifies a clinically appropriate decision problem, there
are several ways for the analyst to represent the problem, the alternatives, and the
expected outcomes. DM-representation methods differ in computational, graphical, and
analytic complexity. Example representations of the underlying mathematical structure of
a DM include a decision tree, influence diagram, spreadsheet model, or, for certain prob-

lems, a state-transition model.

Influence diagrams are compact graphical representations of the probabilistic relation-
ships and influences among variables in a DM (Nease and Owens 1997, Owens et al.
1997b). Decision treesrepresent these same relationships structured according to the
variables' observation ordering (Nease and Owens 1997, Owens and Nease 1993).
Figure 3.1 displays decision-tree and influence-diagram graphical representations for a
single HIV-screening decision problem. Both representations depict whether to screen a
patient for HIV, what the possible test results are, what the infection status of the patient
is, and whether there is an observed behavior change in the screened population. The sim-
ple decision tree consists of decision nodes, chance nodes, probabilities, utilities, and an
ordering of events. The corresponding influence diagram also has decision nodes, chance
nodes, utilities, and probabilities; in addition, it has arcs indicating influence between

variables. Both representations have advantages and limitations. Conditional
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independence between variables is represented numerically in a decision tree and is
depicted graphically through an absence of arcs in an influence diagram. Structural asym-
metry is represented numerically in an influence diagram, and is shown clearly through

structural differences between branches in a decision tree.

Decision tree Influence diagram
Infections

prevented
Behawol’i"”\“'
_ Change 0.2
05 HIV— 0 Screen

"HIV+"

°
HIV+ 0
No Chad.ge
Screer 0.5 HIV— 0 @
° .
Behavior___HIV+
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Do Not
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Figure 3.1. Schematlc representation of a decision tree (left) and influence diagram (right)

for the HIV-screening decision problem Both DM representations depict whether to screen

a patient for HIV, what the possible test results are, what the infection status of the patient
is, and, whether there is an observed behavior change in the screened population.
(Reprinted with permissiorsource DK Owens, RD Schacter, RF Nease. Representation
and analysis of medical decision problems with influence diagfded.Decis Making

1997 17(3): 241-62).




66 3.0 Decision Models

DMs are not complete representations of real clinical situations, but rather are much sim-
plified and highly structured models of what the decision analyst considers to be the most
important elements (Detsky et al. 1997a, Detsky et al. 1997b). These simplifying assump-
tions affect the DM's recommendationsCHEMIST makes these assumptions explicit, to
allow the guideline user to establish whether they are reasonable when she is considering
whether to use the generated clinical-practice guideline (CPG), and whether updating or

tailoring it will produce valid recommendations.

Analysis of DMs is restricted by software availability, computational complexity, and the
validity of existing data. These limitations also restrict the ease with which a correspond-
ing CPG can be produced. In Section 3.4, | describe the DM subset and the corresponding

limitations on the generalizability . CHEMIST's approach.

3.3 Brief background of DM development and
use

In this section, | describe the process of creating DMs and the restrictions on the clinical

problems that DMs can represent accurately.

3.3.1 Development methods for DMs

My thesis work assumes that the decision analyst has created a valid DM. A valid DM is
based on strong clinical evidence and is structurally sound (i.e., it is syntactically coherent
and does not contain impossible strategies, dominated strategies, or symmetry violations)

(Wellman et al. 1989).

To create a DM, the decision analyst must perform the following sequence of tasks (Sox et
al. 1988). Knowledge provided by completion of these tasks is reflected in the design of

my DM conceptual model (Section 3.6).



3.3 Brief background of DM development and use 67

. Define the decision problem.
Identify the decision alternatives.

List the possible clinical outcomes of each decision alternative.

A w0 dpPE

Represent the sequence of events leading to the clinical outcomes by a series of

chance nodes and decision nodes.
5. Choose a time horizon and discount rate for the problem.
6. Determine the probability of each chance outcome.

7. Assign a value to each clinical outcome.

After these tasks are completed, the DM contains sufficient information for the decision
analyst to calculate the expected value (the probability-weighted average value of the
potential outcomes) of each decision alternative or strategy, and to perform sensitivity
analyses. | assume that an experienced decision analyst has created the DM. | do not eval-
uate the quality of the initial DM; there is extensive literature on the proper development
of DMs (Detsky et al. 1997a, Detsky et al. 1997b, Krahn et al. 1997, Naglie et al. 1997,
Naimark et al. 1997).

3.3.2 Clinical problems that can be described by DMs

Although various existing guidelines have been based in part on DMs (American College
of Physicians 1994, Carlson et al. 1994, Eddy 1991a, Eddy 1991b, Eddy 1991c, Eddy
1991d, Fahs et al. 1992, Grady et al. 1992, Littenberg et al. 1991, Melton et al. 1991,
Schapira et al. 1993, Singer et al. 1991, Sox et al. 1991a, Sox et al. 1991b), creating a
high-quality CPG does not always require a DM. Decision-analytic techniques are useful
for unfamiliar problems when there is uncertainty about the appropriate clinical strategy
for patients who are in a given health state (Detsky et al. 1997a). There are certain clinical
problems for which there is little uncertainty and, therefore, for which a CPG is more

appropriately produced without a decision analysis. There are also clinical problems that
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are so complicated that a DM cannot represent accurately all the required information. For
example, the decision of how best to work up a routine PAP-smear examination in a given
population requires multiple steps with numerous sequential decisions, including obtain-
ing specimens at the appropriate intervals from the entire population at risk, obtaining
specimens that are most suitable for reading, handling them so that they can get to the lab-
oratory promptly in good condition, reading them accurately and expeditiously, notifying
the clinician of the results appropriately, notifying the patient, and performing suitable
follow-up care for women who have an abnormal result (Schoenbaum and Gottlieb 1990).

A DM that represented all these steps would be extremely complex.

The subset of all CPGs thatCcHEMIST can create is limited only in that the clinical prob-
lems must be ones that DMs can represent. In general, if direct evidence is available for
the effect of the intervention and the outcomes of interest — and if the recommendations
are not sensitive to patient preferences — it is neither necessary nor appropriate to use
DMs. However, if there is no direct evidence, guideline developers can use DMs to esti-
mate the outcomes explicitly. DMs may be beneficial in clinical domains in which prob-
lems are dynamic, with importance factors changing over the period of interest, if there
are many options and events, or if the period of interest is long. Example clinical domains
that may require DMs include repeated screening, repeated or continuous monitoring,
compound diagnostic problems with many options, and diagnostic or treatment problems
with many possible events separating the intervention and a long-term outcome of inter-
est. The most common methods of addressing these types of problems are decision trees
and Markov chains. The DM conceptual model can represent both these types of DMs,

and, thereforeALCHEMIST can create automatically the corresponding CPGs.

When modeling most decision problems, it is neither efficient nor feasible for the decision
analysts to gather evidence for, and to model, every possible health benefit, harm, cost,
alternative, event, or outcome. The decision whether to include a particular DM element

should take into account both the expense and difficulty of inclusion, and the potential
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importance of these elements in the analysis. For example, in the SCD-MM, the marginal
cost effectiveness of implanting an ICD in patients at high risk for SCD changes from
approximately $75,000 to about $50,000 per quality-adjusted life year gained, as the fre-
quency of battery replacement varies between the base-case value of every 4 years and the
manufacturer's predicted 8 years (Owens et al. 1997a). The generated CPG will be sensi-

tive to this variable, so the latter should be included in the DM.

There are also limitations imposed by the implementation software. There are several soft-
ware packages designed for creating and analyzing DMs. These packages vary in compu-
tational abilities, analysis techniques, and user interface. Influence-diagram packages
include Analytica, Ergo, DATA, IDEAL, Microsoft Bayes Network (MSBN), and Netica.
Decision-tree packages include Decision Maker (Sonnenberg and Pauker 1987, Sonnen-
berg and Pauker 1997), SMLtree (Hollenberg 1984), and DATA by TreeAge. My current
implementation oALCHEMIST uses DMs that experienced decision analysts have modeled
using the Decision Maker software for Windows. | chose to use the Decision Maker soft-
ware because it is able to provide a range of analytical functions, including cost-effective-
ness analyses and Markov processes. In addition, Sonnenberg and colleagues maintain the
software actively, and continue to improve its functionality. Decision Maker's Object
Linking and Embedding (OLE) interface allows remote calls from other applications and
therefore permitaLCHEMIST to control Decision Maker from its web interface. SMLtree

files also can be converted to Decision Maker format and analyzadchBgmIST.

3.4 My subset of DMs

In this section, | describe the conceptual and implementation subset of DMs with which |
worked, and the future methods that | will use in extensions of my thesis to expand this

subset to include a greater variety of DMs.
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3.4.1 Decision-tree representation

In the medical decision-making community, decision trees are a common method of rep-
resenting simple decision analyses, Markov processes, and cost-effectiveness studies.
Therefore, | concentrated on the decision-tree representation of DMs. The restrictions that
| have placed on the decision-tree representation were mainly for implementation pur-

poses and do not set limitations on the DM conceptual model.
Decision Maker uses ASCII text files with the following syntax:

[NODES]

BLANK LINE

[GLOBAL VARIABLES]

BLANK LINE

[TABLES]

BLANK LINE

where each element enclosed in brackets has an additional specific format. For example,

the format of a node [NODES] is

NODENAME
[BRANCHES]

where NODENAME is
{NodeName} (nodetype)

Figure 3.2 shows an excerpt of the LC-EM ASCII text file. Currently, | do not place any
restrictions on variable naming; if standard conventions were used by the decision analyst,
these structured variable names would enabeHEMIST to do additional automated
parsing of the decision tree (e.g., if "InitAge" were always used for the starting age of the
population in time-dependent models, th@aHEMIST could infer automatically that this

age information should be part of the patient-population definition for the generated
CPG).
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ﬁ Lungdmé._tre - Hotepad = B2
Fil= Edit Search Help
CHOOSE (D) -
T0: CT
B: pCTpos = {(Prior=*SensCT)+{{1-Prior)=*{1-SpecCT)})
B: pCTneg = (Prior={1-3ensCT))+{{1-Prior)=*SpecCT)
=== HO MORE BINDINGS FOR THIS BRAHCH ===
TD: HoCT
=== N0 HMORE BINDINGS FOR THIS BRANCH ===
=== EHD OF HODE ===
cT {c)
T0: CTpos
P: pCTpos
=== MO0 MORE BIMDIMGS FOR THIS BRAHMCH ===
TO: CTneg
P: pCTneg
=== HO MORE BINDINGS FOR THIS BRAHCH ===
=== EHD OF HODE ===
CTneg (D)
TO: MEDCn
B: pHEDpos := {{Prior*(1-SensCT)*SensHED)+{{1-Prior)=SpecCT=(1-SpecHED)))/{(Prior={1-Sensl
=== N0 HMORE BINDINGS FOR THIS BRANCH ===
TO: HoHMED
B: pHedMets := (Prior={1-SensCT}}/{{Prior={1-SensCT}}+{{1-Prior)={SpecCT)}}
=== HO MORE BINDINGS FOR THIS BRAHCH ===
=== EHD OF HODE ===
CTpos (D)
TO: MEDCp
B: pHEDpos := ({Prior=SensCT#*SensHMED)}+{{1-Prior}={1-SpecCT)*{1-SpecHED)}}/{{Prior=SensCT)
TO: HoHMED
B: pHedHets := {(Prior=SensCT)/{{Prior=*SensCT)+{{1-Prior)={1-SpecCT}))
1] | M

Figure 3.2. Decision Maker ASCI| file format for LC-EM. This file shows the ASCII

format of Decision Maker that. CHEMIST uses to get information about the DM. For
example, it lists the node CT and a chance (C) node with two branches (TO: CTpos and
TO: CTneg) and corresponding probabilities (P: pCTpos and P: pCTneg). CT = computed
tomography; CTpos = positive CT; CTneg = negative CT; pCTpos = probability of a
positive CT; pCTneg = probability of a negative CT.

Table 3.1 summarizes the implementation-specific restrictions that | imposed on my DM

subset.

Table 3.1.ALCHEMIST s implementation DM subset.This table shows the restrictions
on the DM subset imposed by Decision Maker and by my current implementation of
ALCHEMIST.

Decision-tree concept Limit/ restriction
Decision Maker implementation

Maximum number of nodes 140
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Table 3.1.ALCHEMIST 's implementation DM subset.This table shows the restrictions
on the DM subset imposed by Decision Maker and by my current implementation of
ALCHEMIST.

Decision-tree concept Limit/ restriction
Maximum number of variables 255
Maximum number of bindings per branch 255
Maximum number of tables 255
Maximum length of expressions 255 characters
Maximum number of Markov states 64

ALCHEMIST implementation
Decision-tree format Decision Maker compatible (.tre) file
Maximum number of children per chance node 2
Incorporation of tunnel statés Not allowed

a. Incorporation of tunnel states is a method of allowing certain decision-modeling software
packages use to allow memory in Markov processes. This modeling solution creates a set
of tunnelstates that are strung together using the residual probability. Tunnel states are not
allowed currently in my DM subset though they could be a future extension of my thesis
work.

3.4.2 DM attribute subset

My DM conceptual model is able to express a simplified subset of all DMs. This section
describes three DM attributes that my DM conceptual model represents. In Chapter 7, |
demonstrateaLCHEMIST'S ability to represent these attributes using my three example

DMs.

1. Sequential decisionsMany CPGs produce recommendations for clinical prob-
lems where there are several sequential decisions involved. The LC-EM and the

LC-CEM both have sequential decisions.

2. Dual utilities (cost-effectiveness studies)As | described in Chapter 2, most
CPGs are based on effectiveness. For CPGs to promote cost-effective health care,
the DM must model both the costs and benefits of treatments. A cost-effective-
ness analysis uses conflicting cost and effectiveness attributes to value outcomes

(Sonnenberg and Pauker 1997). To evaluate a cost-effectiveness analysis, the
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decision analyst must maintain two independent utility scales (the first using a
measure of cost such as dollars, and the second using a measure of effectiveness,
such as life expectancy). Therefore, my DM conceptual model incorporates dual
utilities. If I am to create a CPG, a tradeoff between these two utilities is
required. INALCHEMIST, the decision analyst establishes a marginal cost-effec-
tiveness threshold for determining the allowed cost-effectiveness ratio among
alternate strategies. This default threshold value is currently set at $50,000 per
quality adjusted life year savkdt can be changed by the decision analyst or by
the guideline developer to reflect the perspective and outcomes of the implement-
ing institution, changing conventions, changing financial situations, or other new
data. The LC-CEM and SCD-MM models incorporate both costs and utilities

and, therefore, demonstrate the dual-utility abilities of my DM conceptual model.

3. Markov model (time-dependent studies).Certain clinical conditions require
modeling of repetitive events or modeling of patients at continuous risk. Model-
ing a chronic disease (e.g., breast cancer) differs from modeling an acute disease
(e.g., appendicitis) in that the risks and benefits for chronic diseases occur over
an extended time period and the disease behaves as a process, rather than as an
instantaneous event (Manton and Stallard 1988). A valid DM for chronic dis-
eases requires a model that takes into account the time dependence of the dis-
ease-hazard rates, and the patient's age-specific mortality rates, discounting of
both future costs and benefits, as well as provides a structure that reflects contin-
uous risk. Markov models are one method with which we can model such time
dependence. A Markov model (in the medical domain) is a type of state-transi-

tion model in which the transition probabilities depend on only the current

1. Because cost effectiveness is relative, it is difficult to state whether a given treatment is “cost
effective”. Therefore, specific interventions that society has chosen to implement of not imple-
ment are often used as benchmarks (e.g., cost-effectiveness ratios for dialysis for end-stage renal
disease)ALCHEMIST's default cost-effectiveness threshold is $50,000/QALY, however, the deci-
sion analyst or guideline developer may change this threshold.



74 3.0 Decision Models

patient state (Beck and Pauker 1983, Sonnenberg and Beck 1993). Use of
Markov models has become standard, and the common decision-analysis soft-
ware packages (SMLtree, DATA, and Decision Maker) can evaluate such models
(Gold et al. 1996). My DM conceptual model includes Markov nodes (branching
points within the decision tree that lead into a Markov process) (Gold et al.
1996). The SCD-MM is a 13-state Markov model; | use it to demonstrate the

ability of ALCHEMIST to transform time-dependent DMs into CPGs.

3.4.3 Expansion of the DM subset

Although my decision-model subset currently is restricted to the decision-tree representa-
tion, this restriction is based on implementation requirements. The DM conceptual model
is designed to represent the knowledge in other DM representations, such as influence dia-
grams. However, allowingLCHEMIST to create a CPG automatically from an influence-
diagram DM would require further implementation. Although such work was not part of

my thesis, it is an obvious future extension of this work (see Section 9.2.1)

3.5 Past DM conceptual models

Several groups have done research on DM taxonomies. My DM conceptual model
expands their work to include dual utilities, Markov processes, and explicit modeling of

DM assumptions and evidence.

Wellman and colleagues developed the BUNYAN system for automated critiquing of
medical decision trees (Wellman et al. 1989). BUNYAN uses an underlying taxonomy of
node and branch types to represent decision trees, and uses this taxonomy to determine
the essential structural features of a problem without a detailed understanding of specific
medical concepts. Node types include decision, terminal, and chance (Figure 3.3); branch

types include action (either treatment or test) and event (either cost or physiologic state).
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BUNYAN detects potential problems in a DM by matching general pattern expressions
that refer to branch and node types. BUNYAN provides information about decision, ter-
minal, and chance nodes, although it does not define representation of Markov nodes or

have the ability to deal with dual-utility DMs.

Node
Decision Terminal Chance
Test Treatment Physiologic
Treatment Test Result Efficacy Cost State
Complication Financial

Figure 3.3. The BUNYAN taxonomy of node typesBUNYAN categorizes node and

branch types. Nodes are partitioned into decision, chance, and terminal types. Further
distinctions are made based on the nature of the decision or treatment represented.
(Reprinted with permissiorsource From MP Wellman, MH Eckman, C Fleming, SL
Marshall, FA Sonnenberg, and SG Pauker. Automated critiquing of medical decision
trees Med Decis Makind 989;9:272-284).

As part of his dissertation work, Langlotz developed the QXQ system, which used sym-
bolic-reasoning techniques to generate text and graphics to explain and interpret the
results of formal DMs (Langlotz 1989). QXQ uses frames, slots, and values to describe
the concepts, important characteristics, and relationships between nodes in a decision tree.
For example, in Figure 3.4, the box labeled B describes a value node. The slot-value pairs
in box B indicate such characteristics of the node as its offspring, probability, probability

expression, utility, utility expression, and situation. Box A shows similar information for
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a chance node. Langlotz’s ongoing work on automated explanation for DMs will provide

a valuable extension to my thesis research.

NODETYPE: VALUE B
OFFSPRING: NONE

PROBABILITY: Beta(1, 20); [0.05]

PROBABILITY EXPRESSION: p(Nephrotoxicity | AG)
JuTILITY: Beta(21, 30); [0.7]

UTILITY EXPRESSION: U(Cure, Toxicity)
SITUATION: PENICILLIN AND AMINOGLYCOSIDE GIVEN,

GNR PNEUMONIA +/- MOUTH ANAEROBES,
CURE, NEPHROTOXICITY

—RNaphrgloxicity U(Cure, Toxicrt

No Nephrotoxicity {U(Cure, No Toxicity) |

No Nephrotoxicity

GNR pneumonia
(with or without
mouth anaerobes)

[U(No Cure, Toxicily)

Penicillin S

and amino- C I

glycoside NODETYPE: CHANCE A
Pneumonia

OFFSPRING: CURE, NO CURE
due to mouth

anaerobes alone

|PROBABILITY: Beta(1, 20); [0.05]
PROBABILITY EXPRESSION: p(GNR pneumonia)

0 EXPECTED UTILITY: SUM OF PRODUCTS
GNR ) SITUATION: PENICILLIN AND AMINOGLYCOSIDE GIVEN,
-1 _pneumonia GNR PNEUMONIA +/- MOUTH ANAEROBES
(with or without
mouth anaerobes) '
Penicillin O
alone
Pneumonia [U(Cure, No Toxicity) |

due to_mouth
anaerobes alone No cure

Figure 3.4. The internal structure of two frames representing nodes in QXQThe box

labeled A contains a frame describing a chance node. The box labeled B describes a value
parameter. The node frame has slots for nodetype, offspring, probability, probability
expression, expected utility, and situation. (Reprinted with permisSaunrce CP

Langltoz, EH Shortliffe, LM Fagan. A methodology for generating computer-based
explanations of decision-theoretic advibed Decis Making1988, 8:290-303).

[U(No Cure, No Toxicity)]
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Most recently, Sonnenberg and colleagues developed MIDAS, an architecture for knowl-
edge-based construction of DMs (Sonnenberg et al. 1994). This system is based largely on
the BUNYAN DM taxonomy, but it adds a knowledge base for a specific clinical domain
and allows cost-effectiveness analyses using a dual-utility model. None of these existing
taxonomies model Markov processes. Comparison of these taxonomies to the knowledge
required for my CPG conceptual model indicates that the knowledge found in these taxon-
omies is not sufficient to create the corresponding CPG representation. For example,
although QXQ lists the probability and utility expressions for each node, it does not detail
the evidence behind these expressions. Also, none of these conceptual models incorpo-

rates such elements as the model perspective or patient population into their framework.

Table 3.2 summarizes past DM conceptual-modeling work; it also indicates what addi-

tional abilitiesALCHEMIST has.

Table 3.2. Summary of previous DM taxonomy workThe table presents a brief
summary of the main work from whignCHEMIST builds its conceptual model, and the
extensions to this work that CHEMIST provides. DM = decision model; KB = knowledge
base; CPG = clinical-practice guidelines.

System Description Model types Single Dual Markov Other
utility  utility  process
BUNYAN Decision tree  Decision tree X
Wellman 1989  critiquing pro-
gram; taxon-
omy
QXQ Representation Decision X Can do dual
Langlotz 1989 of DMs; gener- tree; influ- utility
ation and inter- ence diagram using two
pretation of models

results
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Table 3.2. Summary of previous DM taxonomy workThe table presents a brief
summary of the main work from whieacHEMIST builds its conceptual model, and the
extensions to this work that CHEMIST provides. DM = decision model; KB = knowledge
base; CPG = clinical-practice guidelines.

System Description Model types Single Dual Markov Other
utility  utility  process
MIDAS Automated con- Decision X X Based on
Sonnenberg struction of tree; influ- BUNYAN
1994 DMs; clinical ence diagram
KB
ALCHEMIST Automated cre- Decision X X X Incorpo-
ation of CPGs tree; influ- rates
from DMs ence diagram assump-
tions, evi-
dence
tables, and
perspective

3.6 My conceptual model

Using previously developed decision-tree and influence-diagram DMs, combined with
existing DM taxonomies, | developed a DM conceptual model that identifies the knowl-
edge inherent in simple DMs, as well as in decision analyses that require sequential deci-
sions, dual utilities, or Markov processes. | also concentrated on the knowledge inherent

in DMs that can later be used for creating evidence-based CPGs.

| identified seven main elements of a DM: variables, assumptions, analysis-specific infor-
mation, alternatives, events, outcomes, and analytic results. Each of these elements has
further subclasses of information. Figure 3.5 is a graphical depiction of the top layers of
the DM conceptual model and I include the a description of the DM conceptual model in

Appendix B.

A DM has numerous globally and locally defineattiables. For each variable, there exist
corresponding assumptions about why this variable was important enough to include in

the analysis, as well as assumptions about the best-estimate input value and range
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< Evidence >

Best-estimate
values and

benefits, costyg
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Figure 3.5. Schematic representation of DM conceptual modeT his figure shows the

seven main elements of each DM with some of their subclasses of information depicted.
For example, every DM has numerous variables that have associated with them
assumptions about why they are included in the analysis, best-estimate input values and
ranges, and evidence for these values and ranges.

(described further when | discuss the assumptions elements). In addition, there is evidence
to support this input value and range. For example, for the prior probability of mediastinal

metastases, there is the assumption that this probability may vary depending on histology,
location, and size of the primary tumor, or on the appearance of the mediastinum on a
chest X-ray image; such variables therefore should be included in the DM. The best-esti-

mate input value is 0.46 and ranges from 0.10 to 0.90. Evidence for this input value and
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range was obtained from a meta-analysis of the literature that is represented in a corre-

sponding evidence table.

Each DM also has numerous simplifyingsumptions Some of these assumptions are
explicit within the DM structure or variable definitions; other assumptions must be
obtained directly from the decision analyst (Chapter 4). The assumptions can be divided

into four categories:

1. Modeling 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. Therefore, | model it explicitly in my DM conceptual
model. For example, the LC-CEM uses diagnostic and treatment costs that reflect
the cost incurred directly by the patient; therefore, the LC-CEM is modeled from
the patient perspective. The perspective of the DM usually affects the costs and
utilities used in a DM, as well as the ordering of the resulting outcomes. If a
guideline user wants to adjust the modeling perspedtveHEMIST identifies

the affected variables to allow the user to make the necessary modifications.

2. Best-estimate input values and rangeslhe input values and the sensitivity-
analysis ranges used in the DM analysis reflect numerous assumptions made by
the decision-analysis team. The chosen values may combine results of clinical
trials, meta-analyses of the current literature, or estimates based on expert opin-
ion. For example, the 0.005 probability of death from mediastinoscopy combines
results from two main analyses (Fishman and Bronstein 1975, Larsson 1976).
Links to evidence tables and sources make these assumptions an explicit part of
the generated CPG, allowing a guideline user to explore the evidence behind par-
ticular data assumptions and to change these input values to reflect data more

suitable to her patient population.
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3. Patient characteristics.My DM conceptual model makes explicit the assump-
tions about the patient population for whom the CPG is designed by describing in
detail the patient population and any corresponding assumptions, and by indicat-

ing to the user when they change a patient characteristic.

4. Model structure. The structure of the model reflects assumptions regarding both
the relationships among variables and the chosen simplifications of the scope of
the DM. For example, in the LC-EM, positron-emission tomography scans are
not an available diagnostic testing alternative. If a guideline developer did not
agree with this simplification, structural reorganization of the model would be
required. The facility to make structural changes to the DM currently is not
implemented inALCHEMIST. Instead, these structural assumptions are merely
listed explicitly for CPG users, so that they can determine whether the assump-

tions are valid in the clinical situation.

Analysis-specific information, such as the most recent modification of the model struc-
ture or data, the decision modeling software used, and the decision analyst's or analysis
team's name, is an explicit part of the DM conceptual model. For example, noting that a
DM on HIV treatment was updated most recently in 1985 conveys information about the

model's applicability to today's patients.

Because DMs are built to model decision problems, every DM has at least two decision
alternatives. These alternatives reflect the possible treatment or screening options avail-
able to the decision maker; they may be available to the decision maker all at once or
sequentially over time. For example, in the LC-EM, available alternatives are diagnosis by

CT, mediastinoscopy, or both; and treatment by thoracotomy or radiation therapy.

Each alternative has associated with it a number of possible resayéintg For example,
in the LC-EM, the CT alternative results in a chance that the CT will return a positive

result, and a chance that the CT will return a negative result. Instead of having only simple
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chance nodes, alternatives can also have associated with them Markov nodes. For exam-
ple, in the SCD-MM, a patient following the amiodarone strategy enters a Markov node
that corresponds to his being in one of the following states at the end of each 1-month
cycle: arrhythmic death, nonarrhythmic cardiac death, noncardiac death, well, or amio-

darone toxicity but otherwise well.

Each path through a DM, composed of alternatives and events, ends wilkcame

which is valued in terms of a utility (or a dual utility in cost-effectiveness models). For
example, in the LC-EM, a patient with mediastinal metastases who has undergone a thora-
cotomy is given a life expectancy of 1.8 life years. As | mentioned in Section 2.2, for
ALCHEMIST to create a cost-effectiveness CPG, the DM requires a threshold value for

dealing with tradeoffs in a dual-utility model.

Finally, the DM conceptual model has information regarding the expectalytic

results. A user of a DM can calculate the estimated costs, effectiveness (using a measure
such as life expectancy or quality-adjusted life expectancy), or cost effectiveness of the
differing strategies using the best-estimate input values. For dual-utility madeis-

MIST can obtain marginal cost-effectiveness ratios between the available strategies. Using
the DM, ALCHEMIST can also perform sensitivity and threshold analyses, and can present

the results to the guideline developer in graphical format (e.g., as a tornado diagram show-
ing the effect of chosen variables on the expected results (Figure 5.5)). A user also can

calculate all these results using discounted or undiscounted costs and life years.

At present, my DM conceptual model is based on the decision-tree representation and is
implemented for only decision trees created by a decision analyst using the Decision
Maker software. The restriction of my subset to decision trees is imposed for implementa-
tion purposes; the DM conceptual model is designed to describe the knowledge within an

influence diagram and other DM representations as well.
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3.7 Interactive decision models

Although DMs can provide a formal foundation for CPG development, their widespread
use is often limited by the lack of platform-independent software that geographically dis-
persed users can access and use easily without extensive training. As a predecessor to my
thesis work on automated guideline creation from DMs, | developed PORTAL, a web-
based interface for previously developed DMs (Sanders et al. 1998). PORTAL allows a
decision analyst to use a web browser to interact with a DM and to change the value of
input variables within prespecified ranges, to specify sensitivity or threshold analyses, to
evaluate the DM, and to view the results generated dynamically. The web site (http://
alchemist.stanford.edu/wbds/) also provides linkages to an explanation of the model, and
evidence tables for input variables. This system has the potential to increase the useful-
ness of DMs by enabling a broader audience to incorporate systematic analyses into both
policy and clinical decisions. A second interactive web site was developed by Kattan and
Fearn at Baylor College of Medicine. Their system allows a user to load a previously
developed DM, to specify which variables should be interactive, and to publish this inter-
active DM on their website (http://utility.urol.bcm.tmc.edu). Similarly, users of the DATA
decision-analytic software by TreeAge can create a "Custom Interface" to a developed
DM. This interface (currently not web-based) allows a decision analyst to designate which
variables may be changed by a future user, and which analyses this user will be able to
perform manually. All three of these interactive systems allow users who are not familiar
with the mathematical details of DMs to interact with and explore the analytic results of
such analyses. Unlike.CHEMIST however, these systems do not produce the correspond-
ing CPG recommendation or algorithm, and they do not contain sufficient information to

produce a high-quality CPG.
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3.8 Summary

My development of the DM and CPG conceptual models identified the essential informa-
tion needed for theLCHEMIST system to create CPGs directly from DMs. Comparison of
these conceptual models identifies the crucial elements that a decision analyst has to add
to the DM representation so that sufficient information is presem tMEMIST to use in
creating a CPG. In Chapter 4, | discuss these missing elements and my method for obtain-
ing this additional knowledge from a decision analyst. In Chapter 5, after detailing the
expected benefits from basing CPG creation on DMs, | outline the mapping between the

DM and the CPG conceptual model.



Chapter 4

Decision-Model Annotation
Editor

In this chapter, | describ@.cHEMIST's decision-model (DM) annotation editor ALCHE-

MIST uses this annotation editor to retrieve from the decision analyst additional informa-
tion that is required for the creation and automatic updating of a clinical-practice
guideline (CPG). Although the DM conceptual model is able to represent the knowledge
required for several key elements of a CPG, additional knowledge is essential to the pro-
duction of a high-quality CPG that is not available directly from the DM. | identify this
missing information (Section 4.2), explamCHEMIST'S method for obtaining it, and

detail the DM annotation editor's current web interface (Section 4.3).

4.1 Comparison of the DM and CPG conceptual
models

Although the DM conceptual model provides a great deal of information regarding CPG
elements — such as available alternatives, possible outcomes, and best-estimate input val-
ues used in the initial analysis — a comparison of even the top level of the DM and CPG

conceptual models identifies elements that do not have an apparent mapping. For

85
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example, there is no explicit information in the DM conceptual model to correspond to the
targeted health problem element of the CPG. This information is not provided by the DM,
yet clearly is required for the creation of the corresponding CPG. Fortunately, it is infor-

mation to which the decision analyst should have ready access.

In Table 4.1, 1 align the elements in the two conceptual models, to the extent possible, and
highlight those areas where the DM conceptual model does not provide a direct mapping
onto the CPG conceptual model. For example, there is nothing in the DM representation
that helpsaLCHEMIST to provide the guideline user with a definition of a positive CT
examination, yet this information is required by the guideline user to determine what
branch of the clinical flowchart algorithm she should follow. Although there is informa-
tion in the DM that refers to the targeted patient population ALeHEMIST can provide

the starting age of the cohort), there is no information about the targeted health problem,
about the intended user of the CPG, or about the need for recommendations, yet all these

elements are parts of the CPG's objective.

Table 4.1. Comparison of CPG and DM conceptual modelén asterisk (*) indicates

CPG elements that are not addressed at all by the DM representation. Note that those
elements, such as the CPG objective, that indicate a corresponding DM conceptual-model
element may not be fully described and may require additional annotation.

CPG conceptual-model element DM conceptual-model element
Objective Assumptions
Options Alternatives
Outcomes Outcomes
Evidence Variables; assumptions; analysis information
Values Variables (utilities)
Benefits, Harms, and Costs Analytic output
Recommendations Analytic output
Validation *
Sponsors *
Definitions *

Sources *
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The DM conceptual model also contains probabilities and utilitie\ticaEMIST uses to
calculate the recommendations and benefits, harms, and costs that are not normally repre-
sented explicitly in the CPQLCHEMIST retains this information to use for future modifi-

cations of the DM when a guideline user wants to update or tailor the existing CPG.

4.2 ldentification of missing knowledge

Before it acquires the needed additional knowledge from the decision amatystmIST

must determine what knowledge is omitted in the DM representation.

After the decision analyst has loaded the decision tre@\UTOEMIST, ALCHEMIST com-

pletes the DM conceptual model and attempts to instantiate the CPG conceptual model.
ALCHEMIST can produce automatically certain CPG elements, such as the available alter-
natives, by locating the unique branches of decision nodes. Additional information is
implicit in the DM and can be inferred through analytic techniques. For exasples-

MIST can determine the logic of the CPG flowchart algorithm by analyzing the decision
tree and pruning the tree to reflect the optimal path at each decision point. Other knowl-
edge is not available either explicitly or through computation and must be obtained from
the decision analyshLCHEMIST identifies those CPG elements that it is unable to com-
plete, and creates dynamically a web-based DM annotation editor to query the decision

analyst for the needed information.

The DM annotation editor uses the same organization and format that the final CPG inter-
face will use. This format combines attributes of a structured CPG abstract, a clinical
flowchart algorithm, and the information provided in my DM and CPG conceptual mod-
els. ALCHEMIST automatically displays for the decision analyst's verification information
that is obtained directly from the DMLCHEMIST assesses the DM, identifies missing
information, and creates input areas so that the decision analyst can provide this needed

information.
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After the decision analyst has entered the required information in the DM annotation edi-
tor, he submits the information aCHEMIST, which completes the DM-to-CPG mapping

and creates the CPG.

4.3 Acquisition of the missing knowledge

After ALCHEMIST identifies the missing knowledge, it creates the DM annotation editor
and displays for the decision analyst a structured CPG abstract — which will also be used
in the CPG browser and custom-tailoring editor. The menu on the left side of the web
interface is consistent throughoutcHEMIST; it will help the decision analyst to navigate
through the DM annotation editor, and will help the guideline user to navigate through a

detailed CPG. Figure 4.1 shows an example DM annotation-editor page for the LC-EM.

Elements of the CPG that can be extracted directly from the DM.&yeEMIST are dis-

played for the decision analyst. Figure 4.2 shows the DM annotation editor's primary-vari-
ables table, which incorporates the variable names and values from the DM. The decision
analyst will be required to provide.CHEMIST with the variable definitions and sensitiv-

ity-analysis ranges.

ALCHEMIST creates input areas for those CPG elements that it cannot infer directly from

the DM. The decision analyst enters the required information in these input areas. Much
of the requisite information is entered as free text (e.g., the variable definitions shown in
Figure 4.2). Certain information uses radio buttons (one option button in the group can be
selected at a time), checkboxes, or scrolling lists (multiple options may be selected). The
DM annotation editor always provides the decision analyst with an option of other (paired

with a text area) for those cases where the DM does not conform to conventional model-
ing techniques. Figure 4.3 illustrates how the DM annotation editor uses checkboxes to

indicate the outcome measures that are part of the decision analysis.
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wt¢ Metscape - [SCD Decision Modeling Group]
File Edit “iew Go Bookmarks Options Directory Window Help

|»

ALCHEMIST
Decision-Model Annotation Editor |

Instructions

® This web page allows wou to enter the specific knowledge that the ALCHEWIST system needs to
create a chnical practice guideline (CPG) based on your decision maodel

® Dlease be as clear and specific as possible.

* AT.CHEMIST has loaded initial values taken from your decision model

* Please check these values and malke any needed changes.

® AT.CHEMIST will then produce the analytic results, petfortm sensitivity analyses, create a tomado
diagram of the input values, and display the recommended algonthm.

* Forthose input areas where you need multiple points -- please seperate them by a dash

* After vou have completed this form, please press Submit below, ALCHEWIST will then create the
global clinical-practice guideline

Decision Analyst

Gillian Sanders

Decision-Model File Name

Please enter the desited name of your clinical-practice guideline (e g. Staging Strategy for
MNon-3Small-Cell Lung Cancer)

File Name Name of Clinical-Practice Guideline

Lung tre |
| Bt | S30Me. | SFinel. | BBNats. | Snpc. | cashin. | Sathess |[MNer . B Mic | EAdob. | £

Figure 4.1. Overall structure of the DM annotation editor. The menu on the left details
the overall structure of the DM annotation editor with links to the CPG elements that
require decision-analyst annotation.

Other input areas, such as the evidence tables, are created dynamically based on the needs
of the decision analyst. Using a scrolling list, the decision analyst indicates which of the
input variables require an evidence tablecHEMIST then creates for each of those vari-

ables evidence tables with blanks for the following possible elements: study design, num-
ber of patients involved, outcomes measured, patient population, interventions compared,
biases, observed outcomes, level of evidence, and reported effects of the intervention

(Eddy 1992). The decision analyst then enters into these evidence tables information for
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wi¢ Metscape - [SCD Decision Modeling Group]
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For each variable in this table please give a vanable definition and then a high and low walue for
sensitivity analyses. ALCHEMIET will perform each of these sensitivity analyses and determine to
which vaniables the optimal gmdelne is sensitive, ALCHEMIST wall also create a tornado diagram
which shows the changes in expected utility ower these ranges for the different variables. Mote that the
definition you chose will be presented to the guideline user.

-

8| |Document Dane

i =

Figure 4.2. Automated creation of the DM input table. The primary-variables table is
created dynamically from the DM; it lists the variable names and base-input values.

the relevant categories. Those elements that are not used will be discarded in the generated

CPG. For example, a decision analyst who wants to create an evidence table for the amio-

darone withdrawal rate due to toxicity used in the SCD-MM may choose to include the

following evidence table elements: study name, study design, level of evidence, patient

population, description of intervention, outcome, number of patients. Figure 4.4 shows a

sample evidence table from the LC-EM. The decision analyst uses this evidence table to

enter information regarding the prior probability of mediastinal metastases.
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wi¢ Netscape - [SCD Decision Modeling Group]

File Edit “iew Go Bookmarks Options Directory ‘window Help
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e
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e =
Outcomes Identified
OB Please check those outcomes which will be identified by your clinical-practice guideline
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[DE!
- [
=8| [Document: Done | E7 2

Figure 4.3. Checkbox input in the DM annotation editor. The DM modeling outcome
measures are indicated as possible checkboxes, allowing the decision analyst to choose
among mortality, morbidity, quality of life, economic costs, changes in process of health
care, or other outcomes.

A future extension of my thesis work, | plan to incorporate certain aspects of research per-
formed by Sim regarding sharable databases of randomized clinical trails (Section 9.2.7).
Sim designed Ocelot-CCM, a core-conceptual model of clinical trials; and is developing a
Trial-Bank open architecture-programming interface (API) that will allow other software
packages to communicate with her Trial-Bank system via the Internet and take advantage
of its underlying evidence (Sim 1996, Sim 1997). This API will be availabke ¢elE-

MIST and could help my system to create and maintain the evidence table components

used in my DM annotation editor.

Most of the information that is required from the decision analyst should be straightfor-
ward to provide. An important part of the DM representation required for CPG creation —
and more specifically for future tailoring of the CPG — is the explicit definition of the
model's underlying assumptions. All modeling costs and utilities are linked initially to the
model perspective. When a future guideline user changes the model perspective, these
variables are flagged, amdcHEMIST will query that guideline user for any needed modi-
fications. Several transition probabilities will depend on the patient population, and the

decision analyst is required to identify these key variables. For example, if a guideline
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Figure 4.4. Dynamic creation of evidence tables with the DM annotation editoil he

decision analyst is able to choose which variables and which evidence-table elements to
include for the DM data.

developer of the SCD-MM wants to change the patient population to describe a post—
myocardial infarction low-risk population, rather then the initial survivors of SCD, vari-

ables such as the initial hospitalization cost, the probability of arrhythmic events, and even
the probability of noncardiac death could change. Using the DM annotation editor, the
decision analyst will identify the key variables that depend on patient population or on

model perspective.
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4.4 Users of the DM annotation editor

The users of the DM annotation editor are the members of the decision-analysis team that
created the DM. Interaction with the DM annotation editor requires that the decision ana-
lyst perform additional work, but provides structure to the modeling and evidence-gather-
ing process and helps the decision analyst in the creation of a DM that has no

inconsistencies or structural problems, and that can be transformed into a CPG.

When developing a DM, a decision analyst gathers a collection of evidence from numer-
ous sources of differing quality. The annotation editor allows the decision analyst to enter
and store this information in a dynamically created, interactive format. The implementa-
tion of the annotation editor on the web also allows other members of the DM develop-
ment team — even those who are located at remote sites — to peruse the DM
representation and to share in the evidence-gathering and DM-creation processes. The
information entered in the DM annotation editor is stored in an Excel file; therefore, a
decision analyst can complete the annotation task over several web sessions. Error mes-
sages produced by .cHEMIST regarding the structural soundness or logical inconsisten-
cies of the DM may also help the less-experienced decision analyst to produce a valid
DM.

The completion of the DM annotation editor is a one-time task that the decision analyst
must perform beforaLCHEMIST can produce the initial CPG. Any future tailoring and
updating of the CPG will use the annotation editor's information and will not require addi-

tional input from the decision analyst.

After becoming familiar with theLCHEMIST CPG-creation system, a decision analyst
may become aware of the important elements for CPG creation and may use this informa-

tion to develop more complete future DMs.
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4.5 Need for a structured vocabulary

Many of the required inputs in the DM annotation editor are definitions of variable names
used in the DM. Without this information, mapping of a DM into a CPG would result in a
CPG that could not be understood or used by guideline users. For example, in Figure 4.2,
the variable pDieXRT refers to the probability of death given radiation therapy. Although
this interpretation may seem obvious to the decision-analysis team, a future guideline
developer might not understand what the variable denotes and therefore might interpret
incorrectly the base values or recommendations. If a decision analyst created a DM model
using a structured vocabulary, then much of this annotation would not be required. In my
research, | did not look at the use of a structured vocabulary, although | did use certain
variable-naming conventions (e.g., CycLen for the cycle length used in Markov DMs,
InitAge for the age of the patient at the start of the analysis in years) to ease the DM ana-
lytical and annotation process (Appendix C). An extension of my thesis work would be to
explore whether the use of a structured vocabulary for decision-model variables would
allow the automation of the DM-CPG process to be more efficient, or would enable the
DM — and the CPG based on this DM — to be integrated with a computer-based patient

record. | discuss the feasibility and ramifications of this extension in Chapter 9.

4.6 Summary

In this chapter, | compared the knowledge provided by a DM with that required for the
creation and use of a CPG. | also described the DM annotation editor, which is a tool for
obtaining this missing information from the decision analyst. The DM annotation editor
eases the process of providing this needed information by presenting to the decision ana-
lyst a structured format, dynamically created interface, and potential values. In Chapter 5,

| discuss howaLCHEMIST combines the information from this DM annotation editor with
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the DM and CPG conceptual-model framework to produce a formal mapping algorithm

between a DM and a corresponding CPG.
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Chapter 5

Algorithm for DM-to-CPG
Mapping

Although several guideline developers have based their work on clinical-practice guide-
lines (CPGs) in part on a decision model (DM) (American College of Physicians 1992,
American College of Physicians 1994, Carlson et al. 1994, Eddy 1991a, Eddy 1991b,
Eddy 1991c, Eddy 1991d, Fahs et al. 1992, Grady et al. 1992, Littenberg et al. 1991, Mel-
ton et al. 1991, Schapira et al. 1993, Singer et al. 1991, Sox et al. 1991a), this practice is
not the norm. In this chapter, | discuss my rationale for using DMs to create CPGs (Sec-
tion 5.1) and identify the main conceptual and practical differences between these two
representations (Section 5.2). After examining previous work on mapping between DMs
and CPGs (Section 5.3), | conclude by describingHEMIST'S DM-to-CPG mapping

algorithm, its limitations, and possible future extensions (Section 5.4 and 5.5).

5.1 Creation of CPGs from DMs

| base my research on the assumption that it is beneficial to the guideline user and to the
patient to create a CPG from a normative DM. In this section, | provide justification for

this assumption.
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In recent articles, several authors support the use of DMs for the creation of evidence-
based CPGs (Goldman 1996, Kulikowski 1996, Mutnick and Szymusiak-Mutnick 1996,
Nease and Owens 1991, Nease and Owens 1994, Oddone et al. 1994, Owens 1998,
Owens and Nease 1991b, Owens et al. 1993, Owens et al. 1997b, Shiffman and Greenes
1994, Shiffman et al. 1993). These authors explain that basing CPGs on DMs allows
guideline developers to use an evidence-based method of linking explicitly the CPG to the
underlying probabilities and utilities of the DM, thereby allowing the generated CPG to
specify recommended patient management for common situations, and well as allowing
guideline users to apply the analytic techniques of the DM in more difficult clinical prob-
lems. DMs also emphasize the critical evaluation of evidence, rather than expert opinion,
to define proper patient care (Sox and Woolf 1993). Although the authors promote the use
of decision analyses for CPG creation, they do not provide the necessary framework for
such a DM-to-CPG mappingLCHEMIST attempts to fill this void by providing an auto-

mated method of creating CPGs from DMs.

A DM defines clearly the alternatives, outcomes, and patient preferences in a given deci-
sion problem. Such definition helps the decision analyst to ensure that relevant factors are
considered and it enables others to review and check the reasoning behind the decisions.
ALCHEMIST combines these elements in an objective and predictable way to produce a rec-
ommendationALCHEMIST performs sensitivity analyses to identify critical variables to
focus any future refinement of the CPG, and to alert the guideline user that these variables
heavily affect the CPG recommendations. In addition, as | discuss in ChapteHé;

MIST's DM-to-CPG mapping allows easy updating of the CPG when new clinical informa-

tion becomes available.

Although there are many benefits of basing CPGs on DM, one limitation is that the DM
must represent the decision problem with sufficient fidelity. Developing such a DM is a
nontrivial task — yet it is a task that a decision-analysis team can perform using the avail-

able literature and clinical trial results to reduce costs.
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5.2 Differences between CPGs and DMs

A DM specifies the probability that a specific clinical situation exists, and quantifies the
value of the outcome of a decision. A CPG ideally has this information inherent in its rec-
ommendations, but does not represent the information explicitly for the guideline user.
Although the DM and the CPG representations of a clinical problem can be seen as two
representations for the same set of clinical recommendations, there is information con-
tained in each representation that is not available in the other. For example, in the LC-EM,
the sensitivity of the CT examination for mediastinal metastases is 82 percent. Although a
corresponding CPG may use this information, the latter may not be provided explicitly for
the guideline user. Similarly, the CPG for the lung-cancer decision problem described in
the LC-EM may have the objective of determining the optimal staging strategy for
patients with non—small-cell lung cancer. Clearly, the decision analyst would also have
this objective in mind when she develops the DM, yet it is not contained explicitly in the
DM representationALCHEMIST's DM-to-CPG mapping algorithm translates between the
two representations while maintaining a link to the underlying DM to permit future CPG

updating or tailoring.

Table 5.1 summarizes the main differences between DMs and CPGs

Table 5.1. Comparison of DMs and CPG representationgHayward 1995, Kamae and
Greenes 1991, Margolis 1983, US Congress Office of Technology Assessment 1994).

Decision models Clinical-practice guidelines

Specifies explicitly the probability that a particReflects only implicitly the underlying utili-
ular clinical state exists ties and probabilities

Quantifies the value of the outcome of a deci-May rely on qualitative reasoning
sion
Answers: (1) Is it more desirable to do A or doAlgorithm prescribes that, given X, do Y

B? (2) With what probability is A the most
desirable action?

Focuses on pivotal decisions at a local stage Emphasizes a particular clinical context

Often deals with multistage workup and
management
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5.3 Previous work on transforming DMs into
CPGs

Although researchers have promoted basing CPGs on DMs, they have not done a large
amount of work in the clinical domain on transforming decision-tree representations of
DMs into CPGs. Two relevant research projects are work by Shiffman and colleagues on
the use of decision tables to improve clinical guidelines (Shiffman 1991, Shiffman 1995,
Shiffman and Greenes 1991, Shiffman and Greenes 1992, Shiffman and Greenes 1994,
Shiffman et al. 1993), and work by Kamae and Greenes on the use of a computational
model of approximate Bayesian inference for associating clinical algorithms with deci-

sion analyses (Kamae and Greenes 1991).

Shiffman and colleagues used decision-table techniques to ensure logical completeness, to
eliminate ambiguity, and to translate the clinical logic of a decision problem into a flow-
chart representation (Reinwald and Soland 1966, Reinwald and Soland 1967, Shiffman
1991, Shiffman 1995, Shiffman and Greenes 1991, Shiffman and Greenes 1992, Shiffman
and Greenes 1994, Shiffman et al. 1993, Wears et al. 196dision tablesare matrices

that relate a set of conditions to a set of actions. Each column in the decision table is con-
sidered to be a rule of the form:<conditions>THEN <actions>. Using reduction rules, a

user can reduce the size of the decision table by combining those rules that result in the
same diagnostic conclusion but differ in one finding; this strategy eliminates any tests
from a condition set whose results are not necessary for a conclusion to be reached. In
their research, Shiffman and colleagues defined an augmented decision-table format that
allows the incorporation of probability and utility data. For example, Figure 5.1 is a
reduced and sorted augmented decision table that represents a strategy for the diagnosis of
appendicitis. The authors use this augmented decision table to create a corresponding

clinical algorithm (Figure 5.2) (Shiffman and Greenes 1991).
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1 2 3 4 5 6 7 8 9 |

Location RLQ i RLQ | RLQ { RLQ { LH LH LH Other ouF
P(finding | app) .74 .74 .74 .74 .13 .13 .13 .13 .13
P(finding INSAP) || .29 .29 .29 .29 .09 .09 .09 .62 .62
Rebound Y N N - Y N N Y N ]
P(finding | app) .95 .05 .05 95 .05 .05 .95 .05
P(finding I NSAP) || .26 .74 .74 .26 .74 .74 .26 .74
Severe N N N Y - - - - -
P(finding | app) .61 61 61 .39
P(finding | NSAP) f| .81 .81 .81 .19
Rectal tender - Y N - - Y N - -
P(finding | app) 43 .57 43 .57
P(finding | NSAP) .16 .84 .16 .84
P(comb |App) 429 1 010 { 013 1 289 .124 .003 .004 124 .007
P(comb INSAP) .061 { .028 | .146 i .055 .023 .011 .056 .161 459
Likelihood Ratio || 7.021 § 0.349 { .088 ; 5.238 | 5.278 2.62 .066 .766 014

osttest odds 3.932 1 195 | .049 {2933 | 2.956 .147 .037 429 .008
P(app | comb) .80 .16 .05 .75 75 .13 .04 .30 .01
Operate X X . X X X X
Observe X X X

Figure 5.1. Example reduced and sorted augmented decision tabl€€onditional

probabilities of individual findings in appendicitis and nonspecific abdominal pain
(NSAP) are indicated, as are probabilities of combinations of findings, and the likelihood
ratios. RLQ = right lower quadrant; LH = lower half of the abdomen; Other = other
location; app = appendicitis; Y = yes; N = No. (Reprinted with permission from the
Proceedings of the Sixteenth Annual Symposium on Computer Applications in Medical
Care 1992 American Medical Informatics Association Published by Hanley & Belfus,
Inc., Philadelphia, PASource:RN Shiffman and RA Greenes, Use of augmented decision
tables to convert probabilistic data into clinical algorithms for the diagnosis of
appendicitis. Proceedings of SCAMC, 686-690, 1991).

Using a different approach, Kamae and Greenes define a finite-state automaton model that
simulates the discrete sensitivity analyses in a decision tree. An automaton model is a
machine whose only devices are those for input and output, and a control. In Kamae's
work, the finite-state-automaton model receives clinical findings as input, and returns as

output the maximal expected utility for the best action among alternative therapeutic alter-

natives. The authors detail the relations among this automaton model, decision analysis,
and clinical-flowchart algorithm. Using their approach, the automaton model links the

clinical algorithm with the underlying probabilities and utilities of the decision analysis,



102 5.0 Algorithm for DM-to-CPG Mapping

Severe
—_—
BLQ ; Rebound
; <] Operate
Hot severe
Fectal o ;
Mo rehound perate
Mo rectal tender
Chzerve
Fehound
erate
. <] Orperat
Lower 152 \ Pectal
I
Mo rebound =] Operate
Mo rectal tender
<7 Chserve
Rehound

Other <7 Operate
Ho rebound
<7 Chserve

Figure 5.2. Clinical algorithm derived from the decision table in Figure 5.1(Reprinted

with permission from the Proceedings of the Sixteenth Annual Symposium on Computer
Applications in Medical Care 1992 American Medical Informatics Association Published
by Hanley & Belfus, Inc., Philadelphia, PBource:Adapted from RN Shiffman and RA
Greenes, Use of augmented decision tables to convert probabilistic data into clinical
algorithms for the diagnosis of appendicitis. Proceedings of SCAMC, 686-690, 1991).

and, through the recognition of equivalent clinical algorithms, permits the user to discover
other equivalent or more optimal sequences of the clinical algorithm (Kamae and Greenes
1991).

Both of these approaches produce clinical-flowchart algorithms, although these flow-
charts are not substantiated with the additional knowledge needed to make a CPG suc-
cessful (e.g., CPG objective or evidence tables). Shiffman and colleagues do preserve the
probability data in an augmented decision table to provide a means of documentation for
the produced CPG. This documentation, however, is not sufficient to produce a high-qual-

ity CPG. Decision tables display the factors to be considered and the actions to be taken,
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yet the evidence on which the numbers are based and the clinical significance of these
findings are not readily available to the user (Holland 19M%)HEMIST provides a corre-
sponding flowchart representation of the recommendations, using the SMDM standard
format, and includes additional information (e.g., targeted health problem, modeling per-

spective) that is required for a successful CPG.

5.4 ALCHEMIST mapping algorithm

In this section, | describ®.cHEMIST's algorithm for DM-to-CPG mapping. This mapping
allows ALCHEMIST to create a CPG from a DM, and to maintain the underlying DM for
future tailoring and updating. Figure 5.3 is an overview of the architectaesEMIST'S

algorithm for DM-to-CPG mapping.

Explicit DM knowledgg DM annotation-editor knowledge

—

CPG conceptual model

Balance shedt Elowchart algorithn

—

€es

Y
Graphical display of flowchdrt

l

CPG browser/ custom-tailoring editaqr

Figure 5.3. Overview of the mapping-algorithm architecture. ALCHEMIST obtains
information from the DM and from the DM annotation editor, and uses the mapping
algorithm to instantiate the CPG conceptual mosletHEMIST then creates a balance
sheet, flowchart algorithm, and determines the sensitive variables. This information is
combined and used to produce the CPG browser and custom-tailoring editor.
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This algorithm is implemented in a Windows environment using Windows common gate-
way interface (WinCGl) scripts written in Visual Basic (Microsoft Visual Basic 4.0).
ALCHEMIST uses object linking and embedding (OLE) commands to interact with the
underlying decision model, and other existing software packages (e.g., Excel spread-

sheets, and Visio flowcharts).

After ALCHEMIST obtains the knowledge explicit in the DMand the decision analyst has
entered any additional information using the DM annotation editGHEMIST performs

the following steps to produce a CPG:

1. Map explicit DM knowledge onto the CPG conceptual model

2. Map DM annotation-editor knowledge onto the CPG conceptual

model
3. Prepare a balance sheet of the benefits, harms, and costs

4. Calculate the recommended flowchart algorithm using the best-esti-

mate input values
5. Create a tornado diagram of the change in expected utility
6. Determine to which variables the CPG is sensitive

7. Create the CPG browser and custom-tailoring editor

| describe these six steps in Section 5.4.1 to Section 5.4.7. In Chapter 7, | step through this

process with the three example DMs

1. The DM is implemented using farward-star representation. An array FirstLink holds the
index of the first branch leaving each node. Another array, ToNode, tells to which other node the
branch points. A sentinel entry at the end of the FirstLink array points just beyond the last entry in
the ToNode array. The forward star representation allows the algorithm to perform operations
guickly and easily on the links that leave a particular node
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5.4.1 Map explicit DM knowledge onto the CPG conceptual model

ALCHEMIST obtains a large portion of the needed information directly from the DM. This
information includes knowledge regarding the available options (the unique children of all
the DM decision nodes), the possible outcomes (the terminal nodes), and the evidence

(the variables and best-estimate values).

5.4.2 Map the DM annotation-editor knowledge onto the CPG
conceptual model

ALCHEMIST obtains many of the remaining required CPG elements directly from the DM
annotation editor. These elements include such information as the CPG objective, valida-
tion methods, sponsors, definitions, sources, evidence tables, and sensitivity-analysis

ranges.

5.4.3 Prepare a balance sheet of the benefits, harms, and costs

Eddy proposes that guideline developers udalance sheeto represent the benefits,
harms, and costs of a decision problem. A balance sheet lists the beneficial and harmful
outcomes and their magnitudes. The balance sheet should contain all the information that
a patient or practitioner would need to make an informed decision about the intervention
(Figure 5.4). Through the use of the balance sheet, a guideline developer attempts to pro-
vide the CPG user with an accurate understanding of the important consequences of the
different options (Eddy 1990adLCHEMIST prepares a balance sheet by producing a table
with a column for the expected outcome (i.e., benefits, harms, and financial costs) and
additional columns for possible strategies. The strategiesitbaEMIST represents in its
balance sheet are the optimal base-case strategy, and any other competing strategies that
the guideline user identifiesLCHEMIST represents three outcomes: costs, life expectancy,
and quality-adjusted life expectansyCHEMIST updates the outcomes of the strategies in

the balance sheet whenever a guideline user submits new input-variable values. Currently,
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ALCHEMIST is not able to calculate automatically intermediate outcomes (e.g., lung tumors
averted, reduced cases of tuberculosis). Such calculations would require additional infor-

mation from the decision analyst and are not part of this work.

TaBLE 7.1 Benefits, Harms, and Costs of One Colorectal Cancer Screening Strategy™

T TR G
FOBT Ditference Range of
No Every Year and Caused Unicertainty
Outcomes Screening Scope Every 3y by Screening Aboul Difference
Benafis N
Probability of getting colorectal cancer 10.3% (1031000) —3.0% (301000} 0
Frobablliy of dying of coloractal cancer 5.3% (531000) = —
Probability of harboring a hiddan cancart 1% (1010000, 0u05%-0.00%
Harms
Probability of & talse-posilive FOET 0% w0 (40041000} 20%-E0%
Probability of perorationd 0% +0.3% (3/1000) 0.1%-1 0%
Inconveniencalametyidiscorion
o 26 26
o g 8
] 643 (2]
1155 1106 4%
1155 1743 584

ity of pertoration dua to warkup of falss-positve facal cocult blood test or sig 1y
values, discauntad st 5%. A& 54 fecal corult blood test and $135 G0-cm Hexible sgrmoidoscopy are assumed. Cosés ol screening and realment vary

Figure 5.4. Example balance sheet of the benefits, harms, and costs for a colectoral cancer
screening strategy.This table indicates the benefits, harms, and costs of one colectoral
cancer screening strategy. In the left hand column is the different outcomes that are
computed for the selected strategies. The following two columns list these outcomes for
two strategies. The next column indicates the difference between the two strategies and
the final column quantifies the uncertainty (Reprinted with permissaumce Eddy DM.
Clinical Decision Making: From Theory to Practice. Comparing Benefits and Harms: The
Balance SheeAMA263(18):2493-2505 (Copyright 1990, American Medical
Association)).

5.4.4 Calculate the recommended flowchart algorithm using the
best-estimate input values

Using the algorithm described in Section B5GHEMIST creates the recommended flow-
chart representatioraRLCHEMIST also determines the expected health outcome of this
strategy. When a guideline user custom tailors a CPG for her specific patient population,
ALCHEMIST compares this new CPG to the base-case CPG; if the CPG has changed,

ALCHEMIST notes the sensitivity of the guideline to this new populaicQHEMIST then
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displays the flowchart graphically for the user. The flowchart representation adheres to the

SMDM standard for clinical algorithms that is described in Section 2.3.4.

5.4.5 Create a tornado diagram of the expected utility

A tornado diagram is graphical representation of the change in the expected utility of a
given strategy as each variable value is varied along its sensitivity-analysis range (Howard
1988). A tornado diagram allows the user to compare one-way sensitivity analysis for
many input variables at once (Clemen 1996). An example tornado diagram is shown in
Figure 5.5. To create the needed tornado diagracHEMIST evaluates the DM for the

low and high value of each variable (defined by the decision analyst in the DM annotation
editor). ThenALCHEMIST graphs the change that these new variable values produced in
the base-case strategy's expected utility and sorts these changes to identify those variables
that have the greatest effect on the expected utiligHEMIST displays this tornado dia-

gram for the guideline user as part of the CPG browser and custom-tailoring editor. Note,
however, that the tornado diagram documents the change in the expected utility; it does
not document the change in the recommended algorithm. Therefore, although a variable
may cause a large change in the expected utility, the corresponding CPG algorithm can

remain unchanged.

5.4.6 Determine to which variables the CPG is sensitive

Using the values of the high and low sensitivity-analysis ranges defined by the decision
analyst,ALCHEMIST performs a one-way sensitivity analysis for each of the variables.
ALCHEMIST then calculates the flowchart representation and expected health benefit (as
described in Section 5.5ALCHEMIST compares the resulting flowchart representation to
the best-estimate flowchart representation. If the flowcharts differ sAleHEMIST marks

this variable as sensitive. WhencHEMIST creates the CPG browser, it lists all sensitive
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Tornado Diagram

for LC-EM

B Prior: 01 o000
| | [ uSHMMets: 4 to 6
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L SensMED: 0.5 to 0.87
B o ets: 0.9 to 3
£ SpechED: 0.9 to 1
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Figure 5.5. Example tornado diagram for the LC-EM decision model A tornado diagram
compares one-way sensitivity analyses for many input variables at once. Those variables
that — within a given sensitivity analysis range — affect the expected outcome the
greatest are listed at the top of the diagram (e.g., prior probability of mediastinal
metastases), while those with little effect on the model’'s expected utility are at the bottom
(e.g., life expectancy after radiation therapy).

variables to indicate to the guideline user that the resulting flowchart algorithm is sensitive

to them within the given ranges.

5.4.7 Create the CPG browser and custom-tailoring editor

After ALCHEMIST has completed the DM-to-CPG knowledge mapping, created the best-
estimate flowchart representation and tornado diagram, and performed the necessary sen-
sitivity analyses, it produces the HTML code that it needs to create a web interface for the
CPG browser and custom-tailoring editor. | discuss the CPG custom-tailoring editor in

Chapter 6 and the CPG browser in Chapter 7.
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5.5 Creation of the CPG flowchart algorithm

In this section, | describe the algorithm thatHEMIST uses to create the CPG flowchart
representation of the DM recommendations, detailing ROBHEMIST creates the flow-

chart using the best-estimate valueasHEMIST must also produce flowcharts for the pur-
pose of sensitivity analyses, and later for a guideline user who wants to update or custom
tailor the CPG. In all three scenariesCHEMIST uses this same algorithm; in the latter

two, it merely changes — in the DM — the variable values chosen for the sensitivity anal-

ysis or by the guideline user.

This algorithm assumes that the decision analyst has created a valid DM (defined in Sec-
tion 3.3.1) and has entered the decision tree intalthBEMIST SystemALCHEMIST has
created the DM annotation editor and has obtained from the decision analyst the missing
DM knowledge ALCHEMIST then can start the DM-to-CPG mapping, and can create the

accompanying clinical-flowchart representation.

ALCHEMIST initializes an empty flowchart. In my current implementation, | restrict the
DM to decision trees that have binary chance nodes. | maintain this restriction to enable
the resulting CPG flowchart to adhere to the SMDM standard that requires each decision
point to have only yes and no options, thereby requiring all chance nodes in the DM to be
binary. After initializing the flowchartaLCHEMIST adds to it the decision-tree root node.

In ALCHEMIST's flowchart representation, this step corresponds to creating a clinical-state
box (a rounded rectangle) that has as its label the defined CPG clinical state listed. The
root node is labeled theurrentNode. ALCHEMIST creates the flowchart representation by
determining the node type of the CurrentNode and performs the actions | detail in Section

5.5.1 through 5.5.5 until there are no more nodes in the DMLEMEMIST to traverse.
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5.5.1 Decision node

If the CurrentNode is decision node thenALCHEMIST evaluates the node to determine

the expected utility of the node's childrenCHEMIST saves the results of this evaluation,

and parses these results to determine the optimal path to follow. The child with the great-
est expected utility is designated tBptimalNode. This OptimalNode is labeled as an
action box (i.e., a rectangle in the graphical display) and is added to the flowchart. The
nonoptimal children of the decision node are pruned, and thus are no longer evaluated as
part of the possible flowchaLCHEMIST maintains a path string that keeps track of the
current path through the DM. This path string enables accurate evaluation of the decision
nodes (because node names are not required to be unique, although paths to nodes are so
required), and also allows a final record of the paths in the flowchatiEmMIST then
advances to the next node, which it names CurrentNode. For example, in the LC-EM,
when the CurrentNode is the CTpos, reflecting that the computed tomography (CT) exam-
ination showed at least one lymph node with a short-axis diameter greater than 10 mm,
ALCHEMIST determines the names of CTpos's children (i.e., MED, and NOMED), evalu-
ates the expected utility of these child nodes, and determines the optimal path to follow

(i.e., MED). Figure 5.6 shows the part of the CPG that results from this evaluation.

" Mediastinoscopy
?
<CT P03|t|ve.>-Yes> (MED)

Figure 5.6. Flowchart representation that results from the evaluation of a decision node.

In the LC-EM, whemLCHEMIST encounters the CTpos decision node, the optimal
strategy is to perform mediastinoscopyCHEMIST represents this logic in the flowchart
by the flow of the CTpos decision box into the mediastinoscopy action box.
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5.5.2 Chance node

If the CurrentNode is ehance nodeALCHEMIST determines the children of this node and
adds these new nodes to the flowchart for evaluation. The graphical flowchart display
requires thalLCHEMIST designate one of these nodes as the hypothesis and the other
child as the null hypothesis. For example, in the LC-EM, when it visits the CT chance
node, ALCHEMIST determines that CT's children are CTpos and CTneg. To create a
SMDM-acceptable flowcharsLcHEMIST must define the CTpos variable, defined as pos-
itive CT by the decision analyst, to be the label used in the hexagon decision box, and to
correspond to the yes arrow to the right of this box. The CTneg outcome would follow the
no arrow straight down from the decision baxCHEMIST then advances to the next node

and names this new node the CurrentNode. Figure 5.7 shows the corresponding flowchart

representation that results fromcHEMIST's evaluation of the CT chance node.

Computed
Tomography (CT)

l

CT Positive? Yes»

|
No

v

Figure 5.7. Flowchart representation that results from the evaluation of a chance nodén

the LC-EM, whermLCHEMIST encounters the CT chance node, the possible events are a
positive CT or a negative CALCHEMIST represents these possibilities in the flowchart by
creating the CTpositive decision box with yes and no arrows.
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5.5.3 Terminal node

A terminal node represents DM outcomes, such as death or treatment with or without
mediastinal metastases. If CurrentNode is a terminal nodeatloetlEMIST advances to

the next untraversed path and names the first node the CurrentNode.

5.5.4 Nadir node

A nadir node is similar to a decision node, except that, when it is evaluated, it takes the
minimum, rather than the maximum, value of its branches. If CurrentNode is a nadir node,
then ALCHEMIST uses the same logic as that it used for a decision node, although the
branch with the lowest expected utility, rather than that with the highest expected utility, is

chosen.

5.5.5 Markov node

If the CurrentNode is Blarkov node, thenALCHEMIST considers this node analogous to a
chance node in that the node has several branches, each with an associated probability. Yet
this node is different from a normal chance node in that the expected utility of a Markov
node is equal to the value returned when a Markov simulation specified by the structure of
the node is run. The Decision Maker implementation of Markov nodes requires that there
be no decision, nadir, or other Markov nodes downstream from the Markov node, and that
all terminal nodes downstream from a Markov node have the names of Markov states as
their utilities. These restrictions on Markov nodes simplify the required mapping algo-
rithm, allowingALCHEMIST to consider the entire subtree represented by the Markov node
and the associated branches as a special kind of terminal node, with the value of the
Markov process analogous to a utility (Sonnenberg and Pauker 1997). Relaxation of these
restrictions produces DMs that common decision-modeling software cannot evaluate;

therefore, this extension is not within the scope of my thesis.
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OnceALCHEMIST has traversed the entire DM tree, it has created the necessary flowchart
logic and graphical requirements. Figure 5.8 provides a psuedocode summary of the flow-

chart-representation algorithm.

Initialize empty flowchart
Add root node as clinical state box
Do While (there are available nodes)
Look at nodetype
If decision node Then
Evaluate node
Designate child with greatest expected outcome to be
optimal child
Add optimal child to flowchart as an action box
Prune nonoptimal child and descendants from tree
Go to next node
Else

If chance node Then
Determine children of node
Designate one as label of decision box with yes arrow
Designate other as no arrow
Go to next node
Else

If terminal node Then
Go to next node
Else

If Nadir node Then
Evaluate node
Designate child with lowest expected outcome to be
optimal child
Add optimal child to flowchart as an action box
Prune nonoptimal child and descendants from tree
Go to next node

Else

If Markov node Then
Evaluate Markov process
Label Markov node as Terminal node with results of
Markov process as its expected utility
Go to next node
Else
End If
End Loop
Display flowchart representation

Figure 5.8. Psuedocode foALCHEMIST to create the CPG flowchart representation.
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5.6 Creation of the CPG flowchart algorithm for
dual-utility models

If the decision analyst loads into theCHEMIST system a dual-utility modeALCHEMIST

assumes (unless the decision analyst explicitly states otherwise in the DM annotation edi-
tor) that the first argument in a utility expression represents some measure of cost, and
that the second argument represents some measure of effectiveness. Because a dual-utility
model requires a tradeoff between the two utility measure, the decision analyst enters a
cost-effectiveness threshold thratcHEMIST will use to determine the optimal strategy.
Following the most cost-effective branch at each individual decision node may not lead to
the overall most cost-effective strategy. Therefore, | use a different method to create the
CPG flowchart for dual-utility models. Given a dual-utility modelcHEMIST determines

all possible paths through the DM,; it then presents these paths to the decision analyst in
the DM annotation editor. The decision analyst has the opportunity to prune from this set
of paths any strategies that are clinically irrelevantHEMIST converts this reduced set

of strategies to normal form (i.e., a single large decision node at the beginning of the tree).

It then calculates the cost and effectiveness of each of these strategies, ranks the strategies
from least to most effective, and calculates the marginal cost-effectiveness (MCE) ratios
(checking for dominance and extended dominance of strateglieslEMIST selects as the

optimal strategy the overall strategy that has the lowest MCE ratio (and that does not
exhibit extended dominance); it displays the optimal strategy's corresponding flowchart

for the guideline user.

5.7 Limitations of my approach

Currently,ALCHEMIST performs only one-way sensitivity analyses of each variable in the
DM. Perhaps two- or three-way sensitivity analyses, or another method of measuring the

uncertainty in DMs (e.g., probabilistic or bootstrap sensitivity analyses), could be more
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appropriate. Use of these other methods however, is beyond the scope of my thesis. As |
mentioned in Section 5.4.5, the tornado diagram AbaHEMIST creates as part of the

CPG reflects the effects of the variables on the expected utility of the base-case strategy,
rather than on the algorithm itself. An extension of my work would be to represent graph-
ically the amount of change in the guideline over the range of variable values. Such as

analysis would require a method for quantifying the difference between two algorithms.

The computation of the initial CPG takes substantial time begaws&EMIST needs to
retrieve information from the DM conceptual model and the DM annotation editor, and to
perform all the required sensitivity analyses and flowchart comparisons. This initial work,
however, occurs as part of the CPG development and thus does not affect the guideline
end user. Any future custom tailoring or updating of the model requires only one recalcu-

lation, and, therefore, accounts for a fraction of the computation.

5.8 Summary

In this chapter, | justified my assumption that it is beneficial to create CPGs from norma-
tive DMs. | then described the DM-to-CPG mapping algorithm, detalu@EMIST'S
current approach and limitations. In Chapter 6, | discuss why it is important that a guide-
line user be able to update and custom tailor a CPG, and desaHmmIST's method for

addressing this need.
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Chapter 6

Custom Talloring and
Updating

In this chapter, | discuss whLCHEMIST's abilities to update and custom tailor a CPG
allows a guideline user to create a successful CPG (Section 6.1 through 6.3). In Section
6.4, | discuss current work on the custom tailoring of CPGs. In Section 6.5, | discuss
ALCHEMIST's custom-tailoring technique: its abilities and limitations. | conclude this chap-
ter with an examination of the potential legal issues involved when a guideline user is

allowed to update a CPG dynamically (Section 6.6).

6.1 Definition of CPG custom tailoring and
updating

In my research, | identify two main problems with current CPG implementation projects:
their lack of ability tocustom-tailor a CPG, and the absence of a methodpidate the
produced CPGs. Immense resources and work go into CPG development, yet methods of
maintaining the validity of these guidelines over time have not been well developed. Med-
ical knowledge and possible treatments are not static; therefore, guideline developers need

to be able to update CPGs to take into account medical advances. Furthermore, guideline
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developers produce valid evidence-based CPGs using data from sources such as random-
ized clinical trials or meta-analyses; therefore, these CPGs then reflect global patient pref-
erences, costs, and transition probabilities. A guideline user needs to be able custom tailor
such a global CPG to her specific patient population or site. The problem, therefore, is
how to produce a valid guideline that can be adopted widely, but also can to be tailored
such that it describes important differences in patient populations and practice environ-

ments (Owens and Nease 1997)?

In my research, instead of developers producing individualized guidelines for each sub-
population or siteALCHEMIST uses DMs and their supporting evidence to produce a glo-
bal guideline, and then offers site-specific custom tailoring and updating through its CPG
custom-tailoring editor. | distinguish betwesicHEMIST'S custom-tailoring and updating
abilities in several way\LCHEMIST treats CPG custom tailoring as a temporary change

to a produced CPG. If a guideline user wants to custom tailor a given CPG to reflect her
patient population, then she can enter populations-specific information into the CPG cus-
tom-tailoring editor, and\LCHEMIST will produce a tailored CPG. This tailoring of the
CPG, however, does not produce a permanent change in the underlying DM. To update a
CPG, ALCHEMIST makes a permanent change to the underlying DM; therefore, CPG

updating requires a peer-review process.

6.2 Importance of custom tailoring and updating

Guideline developers hope that their CPGs, after implementation, will reduce inappropri-
ate practices and improve the efficiency and quality of health care. In this section, | dis-
cuss two problems that impede the efficacy of current CPGs in the clinical environment:

the need for custom tailoring (Section 6.2.1), and the need for updating (Section 6.2.2).
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6.2.1 Need for custom tailoring

Guideline users are concerned that globally developed CPGs may not reflect important
characteristics of local practice settings and may be insensitive to the needs and prefer-
ences of an individual patient (Fletcher and Fletcher 1990, Woolf 1998). The benefits of
global CPGs are limited because the latter recommend actions for a large collection of
heterogeneous patients, and each patient will have slightly different preferences and out-
comes (Eddy 1990d). For example, Owens and Nease studied the effect of custom tailor-
ing a guideline for HIV screening for specific patient populations (Owens and Nease
1997). The authors assumed a cost-effectiveness threshold of $50,000 per quality-adjusted
life year (QALY). They produced a global guideline using the average seroprevalence
among 26 hospitals that participated in the CDC Sentinel Hospital Study (St. Louis et al.
1990). The authors used the average seroprevalence to compute the cost-effectiveness of
HIV screening as compared to no screening. Because this cost effectiveness was greater
than $50,000 per QALY, the corresponding CPG recommended that clinicians not screen
for HIV. However, the seroprevalence of the different patient populations studied varied
from 0.1 to 7.8 percent. When the authors tailored the DM to reflect these site-specific
prevalences, the cost effectiveness of screening ranged from $182,400 to $42,300 per
QALY. Figure 6.1 shows how the recommended screening policy changes when a guide-

line user tailors the CPG to a specific site (Owens and Nease 1997).

The example of HIV screening demonstrates how the optimal CPG can differ across spe-
cific sites. This CPG can also differ within a given site's population if this population is
heterogeneous and the guideline is sensitive to this heterogeneity. For example, McNeil
and colleagues interviewed patients who had operable lung cancer about attitudes toward
varying periods and quality of survival. McNeil and colleagues combined the results of
their interviews with published survival data, and determined that the patient preferences

influenced the preferred treatment plan (i.e., thoracotomy or radiation therapy) (McNeil et
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CPG without CPG with
custom tailoring custom tailoring
Average Site A Site B Site C
seroprevalencg seroprevalencg |seroprevalencp |seroprevalencg
=1.4% =0.1% =1.7% =4.0%
\/ v \/ v
Do not Do not
screen screen Screen Screen
CE per
5 ALy > $50,000 >>$50,000 <$50,000 < $ 50,000

Figure 6.1. Effect of custom tailoring HIV screening guidelines for site-specific
seroprevalenceThe single CPG on the left is the recommended HIV screening policy if
guideline developers used the average seroprevalence. The three CPGs on the right show
how the recommended strategy can change with the seroprevalence (Owens and Nease
1997).

al. 1978). These studies emphasize the importance of developers combining patient- or

site-specific evidence with objective clinical data when they create CPGs.

6.2.2 Need for updating

Because of the clinical complexity of and uncertainty associated with many of the topics
that CPGs address, development of a new CPG can take up to 3.5 years to complete and
can cost more than $1 million (US Congress Office of Technology Assessment 1994). It is
therefore extremely important that a produced CPG be used and maintained. An example
of the need for CPG updating is the development and subsequent retraction of the AHCPR
guideline for the evaluation and management of early HIV infection (Figure 6.2). This
CPG took over 2 years and $1 million to produce; it was published in 1994, and, by 1995,
its recommendations were out of date. It is no longer distributed by the AHCPR (EI-Sadr
et al. January 1994). This example accentuates the clear need for guideline developers to

produce CPGs that can be maintained as the clinical evidence evolves.
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Algorithm 2. Evaluation for Initiation of Antiretroviral
Therapy and PCP Prophylaxis; Men and Nonpregnant
Women with Early HIV Infection

Adult with early ¥
HIV infection L
{see Algorithm 1)

r.
3

Prior episode of PCP, pres-
ence of oral candidiasis or

constitutional symptoms Yes -
(e.g., unexplained fevers)?
f
No
Obtain CD4 count
More than Less than
600 cells/p.l & 200 cells/p) >
200 - 600
cells/pl
{ ‘
¢ Education ¢ Monitor CD4 count * Recommend anti-
« Antiretroviral therapy every 3 months retroviral therapy

Offer antiretroviral and PCP prophylaxis
therapy if CD4 count Monitor CD4 counts
< 500 cells/pl® as appropriate

not indicated

Monitor CD4 count
every 6 months?

*Education should include a discussion of enroliment into relevant investigational drug trials
for asymptomatic persons.

2If CD4 count has shown great variability or is rapidly declining, repeat the CD4 within 3
months.

3if patient develops symptoms, recommend antiretroviral therapy.

41§ CD4 count < 200 cells/ml, continued monitoring of CD4 count may be needed to deter-
mine eligibility for clinical trials, and prophylaxis for opportunistic infections other than PCP
and to guide antiretroviral therapy.

Note: The algorithm presents recommendations only for the items reviewed by the HIV panel.

Figure 6.2. CPG for the AHCPR guideline for the evaluation and management of early

HIV infection. (Source:El-Sadr W, Oleske JM, Agins BD, et al. Managing Early HIV
Infection: Quick Reference Guide for Clinicians. AHCPR Publication No 94-0573.
Rockville, MD: Agency for Health Care Policy and Research, Public Health Service, US
Department of Health and Human Services, January 1994).

ALCHEMIST is able to produce a global CPG that is applicable broadly, yet it allows users
to tailor and update the CPG — given certain restrictions — to describe the relevant and

current patient population or local institution costs and practices.

6.3 Need for a global CPG

If ALCHEMIST is able to create a custom-tailored CPG given specific patient data, why not

create an individualized CPG for each patient who requires care? Although this
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proposition may seem attractive, accepting it requires that guideline users invest huge
resources. Gathering the necessary data for each patient to create a new CPG is a time-
consuming, expensive, and often-infeasible task. Although a custom CPG may produce a
greater expected health benefit, the underlying DM — and, therefore, the resulting CPG
— normally is not sensitive to every input variable. Therefore, obtaining patient-specific
information on each variable would not be cost-effective methods for guideline develop-
ment or for use of clinical resources. Instead, using the highest-quality evidence available,
ALCHEMIST creates a global CPG, calculates the sensitivity (within a given range) of the
DM variables, and displays for the guideline user a tornado diagram and list of the vari-
ables to which the CPG is most sensitive; thus, it tells the user which variables in the CPG

would be most valuable to custom tailor.

A global CPG allows\LCHEMIST to custom tailor the generated CPG, and to indicate to
the user those variables that may influence the generated CPG and, therefore, may be
worth tailoring to a specific patient populatic.CHEMIST however, reuses the underly-

ing DM and much of the CPG and previously computed flowchart algorithm, thereby con-

serving resources.

6.4 Previous work on custom tailoring of CPGs

Despite the frequent criticism of CPGs that they do not capture important differences in
clinical situations, there is currently no formal method for guidelines developers or users
to assess the need for custom tailoring, or to incorporate such custom-tailoring abilities
into CPG development (Audet et al. 1990, Eddy 1990b, Eddy 1990c, Eddy 1990d,
Fletcher and Fletcher 1990, Granata and Hillman 1998, Lomas et al. 1989, Mutnick and
Szymusiak-Mutnick 1996, Owens and Nease 1997).

Owens and Nease developed a framework to allow a guideline developer to determine

whether the cost of creating a site-specific guideline is justified based on the incremental
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health benefits obtained. They used cost-effectiveness value-of-information analyses to
custom tailor guidelines for specific clinical practice settings (Nease and Owens 1994,
Owens and Nease 1991a, Owens and Nease 1991b, Owens and Nease 1997, Owens et al.
1993).

Fridsma performed related work on making generic guidelines site specific (Fridmsa et al.
1996). He described a prototype system, CAMINO, that helps developers to create site-
specific guidelines based on existing annotated generic guidelines. This generic CPG is
annotated with information about the assumptions and intentions of the guideline develop-
ers, so that changes to the CPG can occur while the validity of the recommendations is
maintained. Fridsma plans to incorporate into his work a site model that contains activities
supported by the organization and a workflow manager that helps protocol users to orga-
nize and to coordinate the care of patients (Fridmsa et al. X296)EMIST, by maintain-

ing links to the underlying DM and to the information obtained from the DM annotation
editor, also attempts to maintain the validity of the CPG while producing tailored evi-

dence-based CPGs for specific populations.

As | described in Section 1.13, as a member of the CARD PORT decision-modeling
group, | developed PORTAL, a web interface to the Decision Maker decision-modeling
software. This interface allows the user to browse the base-case-variable input values used
in the DM. The user can change any of the variable inputs, or can perform a cost-effective-
ness analysis, sensitivity analysis, or simple foldback of the decision tree. The results of
the chosen analysis, which Decision Maker performs using the new input values, are then
presented to the user. This interface allows a decision analyst to perform decision analyses

and to interrogate a DM from a remote site using diverse computing platforms.
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6.5 ALCHEMIST 's approach to custom tailoring
and updating

WhenALCHEMIST creates its initial CPG, it maintains all of the information in the DM or

in the DM annotation editor. By maintaining this link to the DM framework, and by pre-
serving the DM's informatiomLCHEMIST is able to make changes to the underlying DM
and to use this new DM to update or custom tailor the CPG. In this section, | describe
ALCHEMIST's approach to custom tailoring and updating. | detail what attributes of the
guideline can be tailored or updated, and ra@HEMIST conserves the validity of the

new CPG. | then give examples from the implementation of the CPG custom-tailoring edi-

tor.

6.5.1 Custom-tailoring options

ALCHEMIST allows the guideline user to custom tailor or update any of the DM input vari-
ables. These changes can be made in two ways: (1) the guideline user can change any or
all of the best-estimate values given in the input-variables table, or (2) the guideline user
can change a global CPG element (e.g., model perspective) that is linked to the model
variables that define it. For example, if a guideline user changes the model perspective of
a generated CPG from patient to societal, the new analysis will consider all significant
health outcomes (e.g. disease transmission) and costs to everyone potentially affected by
the intervention being given to a specific population. TherefareEMIST presents the
input-variables table with the cost and utility variables highlighted, and queries the user

for these new input values.

After the guideline user has changed the input-variable vadueseMIST verifies that
these values are possible (i.e., that all probabilities still sum to 1) and do not violate any of

the DM modeling assumptions. This process is described in Section 6.5.2
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Currently, ALCHEMIST treats utility variables the same as any other input variable. A future
extension of my work could be to incorporate research on computer-based utility assess-
ment to aid the guideline user in determining her patient's utilities (Lenert et al. 1995,
Nease et al. 1996, Sanders et al. 1994, Sumner et al. 1991). | discuss this extension of my

work in Section 9.2.4.

My current implementation 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 beyond the scope of my thesis

research.

6.5.2 Maintenance of modeling-assumption validity

ALCHEMIST custom tailors CPGs by allowing guideline developers to tailor and update
input variables to describe the specific sites or patient populaib0SEMIST changes

the underlying DM to these new variable inputs, and then produces a tailored CPG to
present to the guideline user. This added flexibility, however, incurs the danger that
ALCHEMIST will update or modify the original evidence-based global guideline in a man-
ner that violates the underlying assumptions of the original DM or CPG, and, therefore,
will produce CPG recommendations that are no longer clinically justified. In this section,

| describeaLCHEMIST's approach to maintaining the four types of DM modeling assump-

tions and to avoiding their potential violation during CPG updating or tailoring.

6.5.2.1 Modeling perspective

DM modeling normally uses a societal, patient, health-care institution, or third-party-
payer perspective. The chosen perspective influences the DM costs and utilities, thereby
affecting the recommendation of the generated CPG. If a guideline user wants to tailor a

CPG to reflect a different modeling perspective, she checks the modify perspective radio
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button (Figure 6.3)ALCHEMIST highlights those variables in the input table that may be
affected (i.e., the costs and utilities); the user can change these variable inputs. Similarly,
if a guideline user changes a cost or utility in the variables table, her reason may be simply
that her institution uses a different cost, or may be that she wants to use an alternate per-
spective ALCHEMIST attempts to differentiate these two possibilities by indicating to the
guideline user that she has changed a cost or utility and asking her whether she wants to
change the modeling perspective. If the guideline user answers gasMIsT highlights

those potentially influenced variables for further modification. Note that, when a guide-
line user changes the modeling perspective, the structure might change asamel.

MIST does not allow such structural changes.

wis Metzcape - [SCD Decizion Modeling Group]
File Edit “iew Go Bookmarks Dptions Directory  indow  Help

UTILITIES

Persons and methods used to assign values (relative importance) to potential outcomes of
alternative practice options

Perspective

Thiz guidelines was created using a Societal perspective J
OPTIOC

Indicate hetre f you woald like to modify the perspective of this analysis. Then click on
Tpdate Guideline. ALCHEMWIST will indicate those vanables that potentially should be
changed.

DH MODIFY PERSPECTIVE? ¢ Mo & Yes

- -

Hs@| |[Document Done ! s
Figure 6.3. The CPG custom-tailoring editor. The guideline user has chosen to modify the

modeling perspective of the guidelimeCHEMIST then indicates to the guideline user
which variables she may need to modify.

6.5.2.2 Best-estimate input values

ALCHEMIST creates the original CPG using the best-estimate input values and sensitivity
ranges defined in the DM or in the DM annotation editor. A guideline user can change any

of the input variables to a new value within these given ranges (Figure 1.11), and can then
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view the updated CPG. If a guideline developer changes a variable to a value outside of
this range ALCHEMIST produces a warning message by highlighting the variable in red
and telling the guideline user that the variable value is outside the sensitivity-analysis
range defined by the available evidence. If the value is a legal DM value (i.e., the model
can still be analyzed), then the guideline user can override this warningl, GHeMIST

will produce the tailored CPG — although it will continue to warn the user that the vari-

able values are outside the evidence-based ranges.

6.5.2.3 Patient characteristics

Just as she can change the DM modeling perspective, the guideline user can change the
patient characteristics of the target population of a CPG. The decision analyst indicated
which variables should be linked to the patient population, therefore, the guideline user
who wants to change the patient population simply clicks on the modify patient character-
istics buttonALCHEMIST then highlights the appropriate variables that the decision analyst

defined using the DM annotation editor.

6.5.2.4 Model structure

The final type of DM modeling assumption involves the model structure. These assump-
tions are listed explicitly for the guideline user; however, she is not able to change these
assumptions, because doing so would require tailoring the DM structure — a process that
is beyond the scope of my thesis work. For example, the LC-EM guideline assumes that
computed tomography and mediastinoscopy are the only options for diagnosis. A guide-
line user, however, may want to make a structural change by adding a positron-emission
tomography (PET) scan as an available diagnostic test. Such a change would require add-
ing branches to the DM and adjusting existing probabilities (depending on the conditional
dependence or independence of the existing diagnostic-test results with the PET-scan
results). These changes are nontrivial and would require that an experienced decision-ana-

lytic team incorporate the needed changes correctly. Ideally, any structural change that a
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user wants to perform could be relayed to the guideline organization; if, as in this exam-
ple, there is a new diagnostic technique available that should be incorporated into the
CPG, the organization can change the underlying DM, after which the global CPG can be
updated.

6.6 Legal considerations

The CPG custom-tailoring editor gives guideline users the ability to change the input val-
ues in the DM (and its corresponding CPG) to reflect their particular patient populations.
This ability, however, carries the drawback that a user may violate the underlying assump-
tions of the CPG, or may perform analyses that are at odds with the best available evi-
dence. To maintain the validity of the tailored or updated GPGHEMIST attempts not to
violate any of the DM modeling assumptions. However, there is always the possibility
that, even if all the assumptions defined explicitly by the DM and through the DM annota-
tion editor are maintained, the generated CPG will violate an undefined CPG intention or
modeling assumption. If a guideline user is to lessen the effect of this eventuality, all CPG
updating will need to be validated by the developing organization, or by a peer-review
process, before it can be included in the default CPG. Any temporary custom tailoring of
the CPG, however, would not be subject to such peer rexi@memIST reminds the
guideline user that the generated CPG is to be used as a guideline, rather than as a stan-
dard, for patient management, and that she should always use her clinical judgment in

accepting or rejecting its recommendations.

6.7 Summary

A successful CPG should be capable of being both tailored by guideline users to reflect
their patient population, and updated by a guideline developer to take into account medi-

cal advances and new costs, clinical trials results or patient preferences. In this chapter, |
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discussed the importance of a guideline user being able to custom-tailor and update a
CPG. | describedLCHEMIST's approach to custom tailoring and its method for maintain-
ing the validity of the resulting CPG. In Chapter 7, | describe in detail my example DMs,
and follow each DM from its decision-tree representation through to the generated CPG

and to its tailored version.
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Chapter 7

ALCHEMIST Examples

In this chapter, | describe the three example decision models (DMs) that | used throughout
my thesis work (Section 7.1). In Section 7.2, | use one of these models to step through an
example translation of a DM to a clinical-practice guideline (CPG), emphasizing the user
interaction with theLCHEMIST system. | end this chapter by documenting any differences

in the DM-to-CPG translations for a cost-effectiveness DM (LC-CEM) and for a Markov
model (SCD-MM) (Section 7.3 and 7.4 respectively).

7.1 Example DMs

| developed three example DMs for my research. These DMs are from two different med-
ical domains, and represent a variety of DM and CPG attributes (sequential decisions,
cost-effectiveness studies using dual-utility models, and time-dependent studies using

Markov processes).

In this section, | describe the clinical rationale, structure, and distinguishing attributes of

each model. | implemented all three models using the Decision Maker modeling software.

131
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7.1.1 Lung-cancer effectiveness model (LC-EM)

Thelung-cancer effectiveness model (LC-EMis the base-case DM for my thesis work,

and is the DM that | use to step through the DM-to-CPG translation in Section 7.2. |
picked this DM as my base-case model because, although it is a simplified model and has
only binary-branching points and a single-utility model, it contains sequential decisions
and several underlying assumptions that aloaHEMIST to demonstrate the conceptual
framework, the DM-to-CPG mapping, and the main attributes oAtbaemIST imple-

mentation. Figure 7.1 shows a schematic representation of the LC-EM.

This DM represents the optimal staging strategy for the mediastinum of patients who have
non--small-cell lung cancer. The only outcome modeled is quality-adjusted life expect-
ancy, although there are sequential decisions representing the numerous tests that can be

used.

| adapted the LC-EM from a DM created by Owens and colleagues (Gould et al. 1997,
Nease and Owens 1997, Owens and Nease 1991a, Owens et al. 1989). The DM portrays
the case of a patient who has a known non—small-cell carcinoma of the lung. Preliminary
workup reveals no evidence of distant metastases. If mediastinal metastases are absent,
then the preferred treatment is thoracotomy, followed by lobectomy or pneumononec-
tomy, which offers the patient a substantial survival advantage over alternative treatments.
However, if mediastinal metastases are found to be present, thoracotomy is contraindi-
cated, and radiation therapy is the preferred treatment, because thoracotomy subjects the
patient to a risk of death but confers no known health benefit. There are several diagnostic
tests available to assess involvement of the mediastinum. The version of the LC-EM that |
used in this work considers the use of only computed tomography (CT) of the chest and

mediastinoscopy.

The LC-EM assumes that clinicians use noninvasive tests before invasive tests; therefore,

the first decision is whether to perform a CT. This decision is then followed by the
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decision of whether to perform mediastinoscopy (note that, if a CT is performed, the
results of this test are available before the decision to perform the mediastinoscopy is
made). The mortality rate for mediastinoscopy depends on the characteristics of the indi-
vidual patient, but in general is much less than 1 percent; therefore, in the LC-EM, medi-
astinoscopy includes a small risk of death. The decision maker knows the results of both
the CT and mediastinoscopy examinations before a treatment decision is made. Both
treatments incur a risk of death, and the two have different associated quality-adjusted life
expectancies based on the presence or absence of mediastinal metastases (Nease and

Owens 1997).

7.1.2 Lung-cancer cost-effectiveness model (LC-CEM)

The lung-cancer cost-effectiveness model (LC-CEMadds to the LC-EM the relevant
costs associated with the tests (i.e., the cost of a CT examination or of mediastinoscopy)
and with the treatments (i.e., the cost of a thoracotomy or of radiation thexapiyie-

MIST evaluates this model on the basis of cost effectiveness, with effectiveness measured
in length of quality-adjusted life. The model structure is the same as that shown in
Figure 7.1, with the costs added to the appropriate nodes. The LC-CEM thus requires that

ALCHEMIST represent a dual-utility model.

7.1.3 Sudden-cardiac-death PORT Markov model (SCD-MM)

The sudden-cardiac-death PORT Markov model (SCD-MM)is based on work | have

done previously as member of the Cardiac Arrhythmia and Risk of Death Patient Out-
comes Research Team (CARD PORT) (Owens et al. 1997a, Sanders et al. 1996, Sanders
et al. 1995). The SCD-MM models the cost effectiveness of using an implantable cardio-
verter defibrillator (ICD) as compared to that of using amiodarone (a leading antiarrhyth-
mic drug) for patients who are at high risk of sudden cardiac death (SCD). For the patient

populations modeled, risk of SCD is a chronic condition; therefore, a patient is at risk
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Figure 7.1. Schematic representation of the LC-EM.The square nodes represent decision
nodes, the circles represent chance nodes, and the blackened rectangles represent terminal
nodes. CT = computed tomography, MED = mediastinoscopy, XRT = radiation therapy,
Surgery = thoracotomy, MedMets = mediastinal metastases.

each month for antiarrhythmic death, nonarrhythmic death, or noncardiac death, or, if the
patient receives amiodarone, for death from drug toxicity. Patients who have an ICD are
also at risk for perioperative death. This continuous risk is represented in the SCD-MM by
Markov nodes. The SCD-MM, therefore, allows me to demonstrateeMIST's ability to

represent time dependencies and recurrent or repeating events.

The SCD-MM tracks a hypothetical cohort of patients over time until eventual death.
Each patient receives either an ICD or amiodarone. If a patient has ventricular fibrillation

or ventricular tachycardia, the patient dies, survives with neurological impairment, or
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survives without neurologic impairment. Patients who are treated with amiodarone are at
risk for acute drug toxicity. The model includes a decrement in quality of life for patients
who survived an arrhythmic event but have neurologic sequelae (Figure 7.2) (Owens et al.
1997a).

7.2 LC-EM example

In this section, | step through the DM-to-CPG translation for the LC-EM described in

Section 7.1.1. | emphasize how the user would interact withLttl@EMIST system.

In this example, an organization identifies as a clinical-decision problem worthy of guide-
line development the staging strategy for mediastinal metastases in patients who have
non—small-cell lung cancer. The organization employs experts in decision analysis and
meta-analysis to create a DM that represents the relevant alternatives, outcomes, evidence,
assumptions, and knowledge. After the decision-analysis team has built the DM, a deci-
sion analyst enters the DM into tAeCHEMIST SystemALCHEMIST attempts to map the

DM to the DM-to-CPG conceptual framewor.CHEMIST creates dynamically the DM
annotation editor to query the decision analyst for the missing information that it needs to
produce the corresponding CPG representation. After the decision analyst has completed
the DM annotation editor, he submits this information, arcHEMIST creates the initial

CPG, the flowchart representation, and the accompanying CPG browser and custom-tai-

loring editor.

The CPG browser, with its initial CPG, is subject to internal and external peer review. The

developing organization then distributes the accepted CPG to the health-care community
and adds it to a guideline-repository web page. Local guideline developers can explore the
global guideline, examine its evidence and recommendations, and specify site- or patient-
specific input values to produce an updated or tailored CPG. In Section 7.2.1 through Sec-

tion 7.2.5, | detail this translation process using the LC-EM.
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Figure 7.2. Schematic of the SCD-MM decision modell he square node represents a
decision to use either an implantable cardioverter defibrillator (ICD) or amiodarone. The
circle represents a chance node. After a regimen is chosen, the patient enters a Markov
tree (denoted by rectangles containing circles and an arrow). A patient who enters the ICD
regimen enters the Markov tree only if he survives ICD implantation. The Markov trees
represent the clinical events that can occur during each 1-month period as a patient is
followed until his death. For example, a patient who receives the ICD is at risk each month
for ventricular tachycardia (VT), ventricular fibrillation (VF), nonarrhythmic cardiac

death, and noncardiac death. If none of these events occur, the patient remains well for the
1-month period. A patient who is well at the end of that 1-month period reenters the
Markov tree. Subtrees are denoted by rounded rectangles. Patients who receive
amiodarone are at risk for VT, VF, nonarrhythmic cardiac death, noncardiac death, and
toxicity from amiodarone. If toxicity from amiodarone occurs, the patient enters the
amiodarone toxicity subtree (Owens et al. 1997a).
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7.2.1 Decision Maker implementation of the DM

I implemented the LC-EM using the Decision Maker modeling software. Figure 7.3
shows the Decision Maker interface displaying a portion of the LC-EM. Figure 7.4 shows
an excerpt from the corresponding Decision Maker ASCII file. Although the DM repre-
sentation can draw information from this representation, sufficient knowledge for produc-

ing a CPG is not contained in the decision-tree representation.

Eal o L I LT T LT |
S fw [ jwciw Hemes Cohaw Help lecs il =
e - e L -

L] L

Figure 7.3. Decision Maker interface.Using this graphical interface, the decision analyst
navigates the decision-tree representation and makes changes to the model's structure,
probabilities, and utilities.

After the decision analyst has completed the DM, he loads inuaieeMIST (Figure 7.5).
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 analyst can
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1] | M

Figure 7.4. Decision Maker ASCI! file format. This file shows the ASCII format of
Decision Maker file thaoLCHEMIST uses to get information about the DM. For example,
it lists the node CT and a chance (C) node with two branched (TO: CTpos and TO:
CTneg) and corresponding probabilities (P: pCTpos and P: pCTneg). CT = computed
tomography; CTpos = positive CT; CTneg = negative CT; pCTpos = probability of a
positive CT; pCTneg = probability of a negative CT.

load any decision tree that is located in his personal-computing envirommenEMIST

uses simple error checking to ensure that the file being loaded is in Decision Maker for-
mat, and that the user has provided the proper identifying information (i.e., name and
electronic-mail address). The decision analyst also notes whether the DM is based on a

cost-effectiveness analysis (Section 7.3).
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Figure 7.5. 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 thecHEMIST system. The decision

analyst can also indicate whether the DM represents a cost-effectiveness analysis.

7.2.2 Representation of the DM in the conceptual-model
framework

The DM is loaded into theLCHEMIST system, which parses the DM, and maps the infor-
mation obtained directly from the DM onto the DM conceptual model. For example,
ALCHEMIST determines the possible practice alternatives by looking at each decision node

in the DM, determining that node's children, removing repetitive alternatives, and creating
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a table of the remaining practice alternative&HEMIST creates a web-based DM annota-
tion editor that displays the explicit DM information, and that queries the decision analyst
for additional information where needed. Figure 7.6 shows part of the DM annotation edi-
tor thatALCHEMIST completes automatically and displays for the decision analyst's confir-

mation.

wi¢ Netscape - [SCD Decision Modeling Group]

File Edit “iew Go Bookmarks Options Directory ‘window Help

S OPTIONS

Principal practice options that were considered in formulating the guideline. This scetion will hist the
main alternative preventative, diagnostic, or therapeutic strategies available.

Practice Alternatives

ATCHEMIST has obtained the following alternatives for your guideline. Please provide a b
OPTIO cotresponding textual definition of these model names (e g for the model natme CT you may list the
defirttion Computed tomography). Leave the definition area BLAINK if vou do not want the model

0 OMI name to be lsted

Model Name Variable Definition
Mo CT

CT

NoIED

IMED

Surgery
MEDCp

MEDCn

- -

=8| [Document: Done | o
Figure 7.6. Knowledge obtained directly from the DM byALCHEMIST . ALCHEMIST

creates a table with these variables names and queries the decision analyst for the
associated free-text definitions.

7.2.3 DM annotation editor

Although a portion of the information needed for CPG creation is located explicitly in the
DM, ALCHEMIST must obtain other information directly from the decision analyst. The

DM annotation editor asks the decision analyst to provide three types of input. For certain
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CPG elements (e.g., health problem, patient population, and definitions of variable
names),ALCHEMIST asks the decision analyst simply to provide free-text descriptions
(Figure 7.6). For other elements,cCHEMIST asks the decision analyst to choose among
potential values for a given CPG element (e.g., model perspective, and method of obtain-

ing values) (Figure 7.7). In specific situatiom&CHEMIST asks the decision analyst to

wi¢ Netscape - [SCD Decision Modeling Group]

File Edit “iew Go Bookmarks Options Directory ‘window Help

A, UTILITIES
£
e Persons and methods used to assign utilities (preferences for, or destrability of potential cutcomes or
alternatives.
OB
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Please indicate the perspective of the decision model. This perspective defines the wiewpomt from
which the decision analysis is conducted.

® Societal

" Patient

= ' Health-care institution

0 Third-party payer —l
0 Other

[LITT Methods

Please check those methods which were used i obtaining the model's utilities:
ENE] _ I Time tradeoff’ [ Standard gamble

[T Paired comparison [ Category scaling

7l Visual analog scale [ Estimation

OMMEND 0 T-Otherl—

-

-

. =
Figure 7.7. Radio-button input in the DM annotation editor. . The DM annotation editor

uses radio-button input from which to provide the decision analyst with five possible
modeling perspectives to choose.

=8| [Document Dane I

describe characteristics of the DM or of its evidence to help the DM annotation editor to
create an appropriate input form (e.g., creation of evidence table format) and then to
obtain the needed information from the decision analyst. For example, in Figure 7.8, the
decision analyst has chosen to create an evidence table for the studies that he used to cal-
culate the prior probability of mediastinal metastases. He has provided evidence for this

variable based on the following elements: study name, author, study design, level of
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evidence, patient population, description of intervention, outcome, and number of
patients ALCHEMIST creates the corresponding evidence table for the decision analyst to

complete.

File Edit ‘“iew Go Bookmarks DOptions Directory “indow Help

Evidence Table Editor

This page will allow vou to create evidence tables for the following variables:
® Prior

OBJECTIVE ®* SensCT
* Health

* SensMED
® SpecCT

* SpecED
* pDielED

Evidence Table for the variable: Prior

General comments:

Level of evidence: &1 € I-1 CIOI-2 CI-3 O IO

Element Study 1 Study 2 Study 3

Study name

Study design

Patient population

Outcomes measured

Mumber of patients

|
|
|
Description of intervention |
|
|
I

-
T 1 Ccon

Fl<8| |[Document Done | =7 2z
Figure 7.8. Creation of evidence tables by the decision analyst through use of the DM
annotation editor. ALCHEMIST creates blank evidence tables for each variable designated
by the decision analyst. Using the DM annotation editor, the decision analyst can then fill
in the needed evidence for these specific variables.

After entering the needed information in the DM annotation editor, the decision analyst

submits this information t@aLCHEMIST, which then produces the CPG browser and
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custom-tailoring editor. This web-based CPG is subject to internal and peer review before

it is broadly distributed.

7.2.4 CPG browser

Using the flowchart-creation algorithm that | described in Chapt&rdEMIST creates a
graphical display of the CPG's recommendations. Figure 7.9 displays the generated algo-

rithm for the best-estimate values of the LC-EM.

The CPG browser allows the guideline user to browse the CPG and to examine the evi-
dence and recommendations (Figure 7.10). A high-quality CPG provides a large amount
of information for the guideline user; without a consistent organization of this informa-

tion, the guideline user could become lost. The CPG browser maintains a consistent struc-
ture to orient the guideline user. Example tasks that the guideline user can perform include
the following: browse the guideline objective, view the related evidence for input vari-

ables, view the best-estimate recommendations displayed as a flowchart (Figure 7.9),
view a tornado diagram of the input variables (Figure 7.11), and examine results of sensi-

tivity analyses (Figure 7.12).

7.2.5 CPG custom-tailoring editor

The CPG browser includes a CPG custom-tailoring editor. This editor allows a local
guideline user to specify site- or patient-specific input values to produce an updated or tai-
lored CPG. The guideline user is able to tailor the CPG in two ways: (1) by making
changes to specific input variables (Figure 7.13), or (2) by changing specific CPG ele-
ments, such as the modeling perspective or patient population, and Ra@HEMIST
highlight the potentially affected variables (Figure 7.14). For example, if a guideline user

wants to determine how changing the probability of death from thoracotomy affects the
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Figure 7.9. ALCHEMIST 's LC-EM flowchart. Clinical-state boxes are rounded rectangles,
action boxes are rectangles, and decision boxes are hexagons. This flowchart shows that,
for the best-estimate values of the LC-EM, the optimal strategy is to perform a CT exam.
If this CT exam is negative, then surgery should be performed. If the CT exam is positive,
the physician should order a mediastinoscopy. If this second diagnostic test is positive,
then radiation therapy should be administered; otherwise, surgery is the treatment of
choice.

CPG, this reduced probability increases the health benefit provided by a thoracotomy;

thus, the clinical recommendation is sensitive to this variable.

When a guideline user specifies a new input vadueHEMIST checks that none of the

underlying assumptions in the DM are violated, and creates a new CPG that highlights the
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Figure 7.10. ALCHEMIST s CPG browser. The menu on the left side of the screen outlines
the structure of the CPG and allows the user to move through the elements of the CPG.

changes to the CPG based on the information specified by the guideline user

(Figure 7.16)ALCHEMIST also creates an updated balance sheet (Figure 7.15).

In Section 7.3 and 7.4 | step through the DM-to-CPG translations for the LC-CEM and

SCD-MM. | accentuate any differences from the LC-EM process.

7.3 LC-CEM example

In addition to being able to create CPGs based on pure-effectivenesaiMsMIST

can also translateost-effectiveness DMs (CE-DMs)nto the corresponding CPGs.
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Figure 7.11. Tornado diagram produced for the LC-EM. This diagram displays for the
user graphically the change in expected utility as a function of the different variables. The
variables are ranked according to the magnitude of the change from left to right.

When a decision analyst loads a CE-DM iat@HEMIST, he indicates the dual-utility
nature of the model by checking the cost-effectiveness bax.@remIST's file-loading
screenALCHEMIST also asks the decision analyst for his desired cost-effectiveness thresh-
old (Figure 7.17). Establishing that the DM is a cost-effectiveness model caaseEs

MIST to add several elements to the DM annotation editaHEMIST (1) requires that the
decision analyst indicate which variables are cost variables, through the use of a scrolling
list (Figure 7.18); (2) asks the decision analyst to indicate the year of the costs used, and
the method used to inflate costs to the given year (e.g., medical consumer price index or
gross domestic product price deflator); and (3) computes the best-estimate flowchart algo-
rithm using the chosen cost-effectiveness threshold and following the algorithm detailed

in Section 5.6 (Figure 7.19).
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Figure 7.12. ALCHEMIST 's list of sensitive variablesALCHEMIST computes the optimal
algorithm for each variable using the variables high- and low-range values. If the
algorithm is sensitive to this change, then the corresponding variable is marked as
"sensitive" and is listed here for the guideline user.

After the decision analyst has completed the required information in the DM annotation
editor, ALCHEMIST creates the CPG browser and custom-tailoring editcHEMIST adds
functionality to the CPG browser and custom-tailoring editor for CE-DMSHEMIST
modifies the balance sheet to include cost outcomes, and the user can modify the cost-
effectiveness threshold and view the updated CPG (Figure 7.20). If a guideline user wants
to modify the perspective used in a CPG, as described in SectionaL&HEMIST indi-

cates which variables are utility variables, as well as which ones are costs.
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Figure 7.13. ALCHEMIST 's CPG custom-tailoring editor. The guideline user is able to
change the input value for any or all of the variables in the input-variables table. In this
example, the user has changed the probability of death due to thoracotomy to zero.

7.4 SCD-MM example

To the decision analyst and guideline user, interaction with the SCD-MM CPG does not
appear any different from interaction with simpler DMs. As | described in Section 5.5.5,
ALCHEMIST treats Markov nodes as a special type of chance node. Figure 7.21 shows the
flowchart algorithm produced from the SCD-MM; note that there are no sequential deci-
sions in the SCD-MM, and, therefore the algorithm reflects just one decision. One special
feature ofaLCcHEMIST for analyzing a Markov model is its treatment of the CycLen vari-
able. If a DM has a variable labeled CycLen, thetHEMIST recognizes this variable and

lists the variable in the input variables tables, but does not allow a guideline user to change
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Figure 7.14. Alternate method of CPG custom tailoring.The guideline user indicates that
she would like to change the modeling perspective of the madriEMIST then displays
for the user the input-variables table, with the potentially relevant variables highlighted.

wis Metzcape - [SCD Decizion Modeling Group]

File Edit “iew Go Bookmarks Options Directory  Window Help

Click here to display a tornado diagram for the input variables

Balance Sheet

Chutcome Base-Case Strategy New Strategy
PONSOR Quality Adjusted Life Expectancy (T ears) 23232 2.9212
Life Expectancy (Years) 31245 3231

VALIDATION

OMIZE CP Eesults of aty external rewiew, comparizon with pudelines from other groups or clinical
testing of guideline use mchide:

bt 15 muydeln bazed on a orew b

=@l [ Document Done | = A

Figure 7.15. Updated balance sheeflhe custom tailored CPG's balance sheet lists the
various outcomes for the base-case strategy and the new strategy being assessed.

the variable's value. | place this restriction because of the numerous variables within a
Markov model that depend on the models' cycle lengthLdHEMIST allowed a user to

change this cycle length, then, although the model could still run, maintaining the validity
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Figure 7.16. Tailored CPG browser. ALCHEMIST has updated the flowchart representation
to reflect the probability of of death from thoracotomy that the user entered in

Figure 7.13.

of the model would entail requiring the user to change numerous other probabilities from

the current to the new time frame (e.g., changing the CycLen in the SCD-MM from 12 to

1 would require changing the probability of having an arrhythmic event from a monthly to

a yearly value). Keeping track of such required modifications is beyond the scope of my

thesis. The guideline user is able to change all the other input-variable values.
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Figure 7.17. Loading of the a cost-effectiveness DM intaLCHEMIST . The decision
analyst enters her name and electronic-mail address as before, but also indicates that his
DM is a cost-effectiveness analysis, and specifies his desired cost-effectiveness threshold
for future analyses.

7.5 Summary

In this chapter, | presented the three example DMs that | used for my thesis work and for

my evaluation ofALCHEMIST. | then stepped through example DM-to-CPG translations,
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Figure 7.18. Choice of the cost variablesUsing the scrolling lists, the decision analyst
must indicate which of the input variables are cost variables.

demonstrating the web interface and functionality ofat@HEMIST system. In Chapter 8,
| describe my evaluation of the conceptual framework, the generated CP@&,caimd

MIST's updating and tailoring abilities.
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Figure 7.19. CPG flowchart algorithm produced for the LC-CEM. ALCHEMIST uses the
chosen CE threshold to determine the optimal strategy at each decision point. Note that
the structure of this flowchart is different from that of the flowchart produced in the LC-
EM CPG (Figure 7.9), which evaluated the decisions based on only the effectiveness.
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Figure 7.20. Modification of the cost-effectiveness thresholdl'he guideline user can

change the cost-effectiveness threshold and can then view the updated CPG. This figure
shows the guideline user changing the cost-effectiveness threshold from $50,000 per
QALY to $100,000 per QALY.
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Figure 7.21. Best-estimate flowchart for the SCD-MM.This algorithm shows that, with a
cost-effectiveness threshold of $100,000 per QALYHEMIST'S recommended treatment
strategy for survivors of sudden cardiac death is implantation of an ICD.




Chapter 8

Evaluation

My research has producedcHEMIST, a web-based system that creates clinical-practice
guidelines (CPGs) automatically from decision models (DMS}HEMIST uses concep-

tual models of DMs and CPGs to represent the knowledge within these two representa-
tions. In this chapter, | report my evaluation of the DM and CPG conceptual models
(Section 8.1), the quality of the resulting CPG (Section 8.3.1) and the custom-tailoring

abilities of theaLCHEMIST system (Section 8.3.2).

As | described in Chapter 1, my hypothesis is 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. |

consider my work to have validated this hypothesis if | can show the following:

155
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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 guidelines for spe-

cific patient populations.

Section 8.1 through 8.3 describe the experiments that | performed to evaluate my thesis

formally.

8.1 Evaluation of the DM-to-CPG conceptual
framework

The evaluation of my DM and CPG modeling work had two critical goals: (1) to demon-
strate the reasonableness of the conceptual-model design, and (2) to define the types of
DMs and CPGs for which the core CPG tasks (defined in 2.4) can be accomplished given

the two conceptual models as defined in Appendices A and B.
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8.1.1 Evaluation of the conceptual models

To determine whether the design specification of my DM and CPG conceptual models is
reasonable, | must determine whether the resulting CPGs satisfy established criteria for a
high-quality guideline. As a test of this assertion, | compare the design specification of my
DM and CPG conceptual models to a composite of available CPG-assessment tools. To
evaluate the mapping algorithm among the DM, the DM annotation editor, and the gener-
ated CPG, | confirmed that each element in the CPG conceptual model could be instanti-
ated by an element in the DM conceptual model or in the accompanying DM annotation
editor. BecauseLCHEMIST's generated CPG is a combination of the knowledge inherent

in the DM and the additional information obtained from the DM annotation editor, |
assume that the existence of a data element in either the DM or the DM annotation editor

indicates that this element is available in the resulting CPG.

8.1.1.1 Objective

My objective was to validate the reasonableness of the DM and CPG conceptual models.

8.1.1.2 Methods

In 1992, the Institute of Medicine publish&lidelines for Clinical Practice: From
Development to Usélnstitute of Medicine 1992). In this seminal work, the authors
described an assessment instrument for critiquing CPGs. Since then, several other organi-
zations have developed similar instruments, although the latter have all been based in part
on the IOM tool (Cluzeau et al. 1997, Scottish Intercollegiate Guidelines Network (SIGN)
1995, Sonnad et al. 1993)]. Therefore, | assume that the criteria assessed by the IOM
instrument reflect the current gold standard for CPG assessment. Note that all the instru-
ments used in my evaluation assesqedity of the CPG, rather than teéfectivenesef

the CPG in changing clinician behavior or improving patient quality of care. It is assumed

that the quality of the CPG will correlate with the clinical effectiveness of the CPG (Eddy
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1982, Eddy 1990a, Eddy 1990b, Eddy 1990c, Eddy 1990d, Eddy 1990e, Eddy 1990f,
Basinski 1995).

| identified all the types of CPG information — thata elements— requested by the

IOM and by three additional CPG-assessment tools (Cluzeau et al. 1997, Scottish Inter-
collegiate Guidelines Network (SIGN) 1995, Sonnad et al. 1993)]. Data elements also had
to be relevant to the critiquing of CPGs, and to all clinical domains. After | identified all
the data elements in the instruments, | attempted to match each data element to an equiva-
lent data requirement in the DM or CPG conceptual model. For example, the data element
Description of patient populatiois satisfied in the DM annotation editor whercHE-

MIST requests that the decision analyst to describe the targeted patient population.

8.1.1.3 Results and discussion

Table 8.1 shows the data elements obtained from the set of CPG-assessment tools. | indi-
cate whether the CPG conceptual model (which is instantiated from information in the
underlying DM or DM annotation editor) satisfies the data element. | explain in further
detail those data elements that the conceptual framework does not satisfy explicitly. Of the
60 individual data elements, | found 45 (75 percent) in the CPG conceptual model. In
Table 8.1, | explain reasons for exclusion of the remaining 15 elements from my CPG

conceptual model.

Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in
CPG data element CM design specification

Clinical applicability
Statement of guideline objective [
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in

CPG data element CM design specification
Description of patient population 0O
Description of complex clinical O
problems
Discussion of frequency of O

health problem

Discussion of current treatment 0O
patterns

Discussion of financial cost of the O
disease and its treatment

Description of professional ad
groups to which the guideline
is meant to apply

Rationale for excluding patient Although the CPG-CM includes a description of
populations the patient population and any assumptions
about the target population, no explicit infor-
mation is given about the rationale for exclud-
ing patient populations.

Clinical flexibility
Discussion of tailoring guidelines O

Discussion of patient preferences O
in health-care decisions

Discussion of methods of obtain- O
ing patient preferences

Description of ethical issues Although patient preferences are included in the
likely to arise in using the CPG-CM, it does not require discussion of the
guideline ethical issues that may arise when the guideline

is used. A decision analyst, however, could
explore such topics in the background section
of the guideline.

Reliability and reproducibility

Independent review by experts or [ ALCHEMIST's CPGs do not have a set protocol
outside panels for independent review. Clearly, such peer
review would be needed before the adoption of
the CPGs into clinical practice.
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in

CPG data element CM design specification
Explanation of lack of indepen- 0O
dent review
Guidelines pretested in some Similar to the peer-review requirement in that,
manner beforeALCHEMIST's guidelines are dissemi-

nated, the guideline developer must establish a
method of piloting the guidelines.

Explanation of lack of pretesting O
Validity
Method of collecting scientific O

evidence is specifically
described

Adequate references to sources of [
scientific evidence

General discussion of strength of [
scientific evidence

Explicit rating of the strength of [
the scientific evidence

If a formal method of synthesis is [0
used, explicit description of the
method

If applicable, the results of a for- [0
mal synthesis of scientific
evidence are explicitly
reported

If applicable, the expert or group 0O
judgment techniques used for
reaching professional consen-
sus are explicitly described

If applicable, the strength of pro- O
fessional consensus resulting
from use of group judgment
techniques is reported

Qualitative description of health ALCHEMIST's CPG conceptual model provides
benefits only quantitative results.
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in

CPG data element CM design specification
Qualitative description of poten- ALCHEMIST's CPG conceptual model provides
tial harms or risks only quantitative results.

Quantitative information or esti- [
mates of health benefits

Health benefits projected in terms O
of life expectancy or similar
measures

Quantitative information or esti- [
mates of potential harms or

risks

Qualitative description of health ALCHEMIST's CPG conceptual model provides
costs or expenditures only quantitative results.

Quantitative information of O

health costs or expenditures

If health benefits projected in O
terms of life expectancy or
similar measures, costs per
unit of each identified benefit
also estimated

Estimates of benefits, harms, and O
costs are consistent with the
strength of provided evidence

Major recommendations made in [
the guideline

Discussion of strength of the sci- 0O
entific evidence for each
major recommendation

Major recommendations consis- [
tent with strength of evidence

Other sets of guidelines identified Although the decision analysts could provide
links and references to existing guidelines in the
references section of the CPG-CM, the model
does not provide a slot for this needed informa-
tion.
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in

CPG data element CM design specification
Possible conflicts among existing Although the decision analyst could mention
guidelines discussed possible conflicts in the objective of the guide-

line, the CPG-CM does not identify this infor-
mation explicitly.

Clarity

Language describing the health O
condition is unambiguous

Language describing the options O
for management is unambigu-
ous

Language describing each major O
recommendation is unambigu-
ous

Recommendations are compre- [
hensive and present when
expected

Recommendations are consistent [

Guidelines document uses clear 0O
headings, indexes, etc.

Guideline document has accurate The CPG-CM does not provide an explicit
summary or abstract abstract. The conceptual model, however, does
include a menu of the main elements to permit
easy navigation among the CPG.

Users can find recommendations O
easily

Schedule review

Scheduled date for review or a The CPG-CM indicates when the guideline was
procedure for arriving at such developed and the publication dates of the evi-
a date is provided dence used in formulating the recommenda-

tions. The conceptual model, however, does
not indicate an explicit date for a scheduled
review.
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in
CPG data element CM design specification

Identification of the body respon- 0O
sible for reviewing and updat-
ing the guideline

Description of the parameters for 0O
which better information is

needed

Description of any expected Although the evidence tables may highlight lack
research or technical develop- of evidence in a given area, the conceptual
ments that could modify the model does not indicate explicitly any
policy expected research or technical developments

that could modify the policy.
Multidisciplinary process

Participation of persons in appro- 0O
priate clinical and method-
ologic disciplines

Guideline document notes poten- [
tial biases or conflicts of
interest or indicates that they
were detainment account

Balance of potential biases or ad
conflicts of interest

Description of the methods used 0O
to solicit views of those not on
the guidelines developments
panel and to present those
views to the panel

Identification of the agency O
responsible for the develop-
ment of the guidelines

Implementation and dissemination

Listing of possible methods for The implementation and dissemination of the
dissemination and implementa- CPGs are not addressed in the CPG conceptual
tion model; however, the use of the web interface

enables almost universal access to developed
CPGs.
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Table 8.1. Data requirements found in CPG-critiquing instruments. This table lists
data elements that current CPG developers believe indicate a high-quality CPG. A
checkmark in the CPG-CM column means that the corresponding data element is
available in the CPG conceptual model (from the DM or the DM annotation editor)
(Cluzeau et al. 1997, Institute of Medicine 1992, Scottish Intercollegiate Guidelines
Network (SIGN) 1995, Sonnad et al. 1993).

CPG Explanation for those data elements not in

CPG data element CM design specification
Criteria for monitoring compli- The conceptual models do not capture the com-
ance pliance of guideline users with the CPG.
Definition of measurable out- O

comes to be monitored

Identification of key elements O
which need to be considered by
local guideline groups

Identification of key areas on Because the proposed user&\b€HEMIST'S
which information for patients CPG are guideline developers at local institu-
should be provided tions (rather than individual physicians or

patients), the CPG-CM does not include addi-
tional information targeted to patient education.
Such information clearly would be required
beforeALCHEMIST could be extended for use
by individual physicians.

As a result of this evaluation, a future extension of my thesis work is to modify the con-
ceptual framework. | will add a data element that describes the patients that should be
excluded from following the recommendations of the CPG. Although my CPG conceptual
model describes the targeted patient population it does not make explicit those popula-
tions that should be excluded. Also, my conceptual model indicates when the guideline
was developed and the publication dates of the evidence used in formulating the recom-
mendations. A data element that | will add however, is the expected lifetime of the recom-
mendations. This element will help a local guideline implementer to determine if the CPG

or its underlying DM needs updating.
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8.1.2 Evaluation of the expressivity of the DM and CPG
conceptual model

The expressivity of a conceptual model defines what subset of all objects the conceptual
model can represent. In Chapter 7, | step through the DM-to-CPG process for my three
example DMs. This process establishes that my DM conceptual model can express DMs
that have sequential decision, dual utilities, and Markov processes. In this section, | con-

centrate on the expressivity of the CPG conceptual model.

8.1.2.1 Objective

My objective was to determine the expressivity of the CPG conceptual model.

8.1.2.2 Methods

| retrieved eight published CPGs from CPG-development organizations. The CPGs cho-
sen (Table 8.2) are to make clinical decisions, are endorsed by a major clinical or govern-
mental organization, and conform to the subset of CPGs described in Chapter 2. For each
guideline listed, | attempted to express the information contained in these guidelines using
my CPG conceptual model. | considered my CPG conceptual model sufficiently expres-
sive if the published CPGs contain a subset of the CPG elements found in the CPG con-
ceptual model. | kept track of any CPG knowledge that my CPG conceptual model could
not represent or for which a modification of the CPG conceptual model would be

required.

Table 8.2. Sample guidelines chosen to test expressivity of the CPG conceptual
model.

Endorsing organization CPG title
Agency for Health Care Policy and ResearchiManagement of acute pain
(AHCPR)

Evaluation and management of early HIV
infection
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Table 8.2. Sample guidelines chosen to test expressivity of the CPG conceptual
model.

Endorsing organization CPG title
United States Preventive Services Task Forc8creening for breast cancer
(USPSTF)

Counseling to prevent gynecologic cancers

National Institutes of Health (NIH) Consensus-development conference statement
on cervical cancer

US Department of Health and Human Ser- Emergency department: Rapid identification
vices: National Heart Attack Alert Program  and treatment of patients who have acute

Coordinating Committee myocardial infarction
American Diabetes Association Foot care in patients who have diabetes
Advisory Committee for Elimination of Preventive therapy for tuberculous infection
Tuberculosis in the United States

8.1.2.3 Results and discussion

Table 8.3 summarizes those elements of the eight guidelines that my CPG conceptual
model could not express. Overall, the CPG conceptual model was able to capture the
major elements of all the guidelines. In addition, | could add all the elements in Table 8.3
to the CPG conceptual model if future reviewers of my work decided that they are essen-

tial.

Table 8.3. Elements and explanation of existing guidelines that the existing CPG
conceptual model could not be represent.

Guideline element missing
from CPG conceptual model Explanation

Executive summary The CPG-CM does not provide an executive summary of
the CPG. However, the structured menu of the CPG pro-
vides easy navigation among the numerous elements of

the CPG.
Interactive links to the refer- Although the CPG-CM provides the references used in the
ences cited guideline development, it does not provide active links

to the corresponding full text or Medline abstracts.

Topics to discuss with patients/ The CPG-CM does not include information targeted
patient education toward explaining the CPG to the patient.
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Table 8.3. Elements and explanation of existing guidelines that the existing CPG
conceptual model could not be represent.

Guideline element missing

from CPG conceptual model Explanation
Inclusion of non-traditional Although nontraditional medical therapies do not consti-
medical options tute an explicit element of the CPG-CM, if the develop-

ers consider such therapies to be one of the competing
alternatives, the decision analyst may make them an
explicit part of the underlying DM (and therefore of the

CPG-CM).
Patients who have concurrent The CPG-CM is designed to represent a clinical decision
medical conditions for a described patient population. If a sub-population

with such a set of concurrent conditions have a high
prevalence among a given population, then a decision
analytic team could develop an adapted DM and corre-
sponding CPG could be produced for it.

Glossary of terms The CPG-CM provides definitions of the numerous vari-
ables used in the underlying DM, although it currently
does not provide a separate slot for additional terms.

Definition of high risk groups or Although the CPG-CM describes the patient population,
special needs (e.g., children,  specific groups (such as high-risk patients, elderly
elderly patients, pregnant patients, and pregnant woman) are not identified.
women)

How does this expressivity translate into the proportion of published CPGs that the
ALCHEMIST can express? Currently, the existence of a clinically valid DM limits the subset

of guidelines thatLCHEMIST can represent. Sonnenberg and colleagues examined a set of
CPGs published by the American College of Physicians (ACP) (American College of
Physicians 1995). Their study showed that for 53% of these guidelines, published deci-
sion analyses address either one of the questions addressed by the guideline, or addressed
the problem domain sufficiently that modification of the DM could be applied to answer
guideline questions (Sonnenberg 1997). Therefore, the successaotH®IST system

depends in part on the existence of a valid DM and a DM annotation editor to allow the

transformation of existing DMs into the corresponding CPG.
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8.2 Evaluation of the decision-model annotation
editor

As | described in Chapters 3 and 4, the adoption oAtlielEMIST system requires that
prospective CPG developers — and specifically their decision-analytic teams — submit
for review a structured annotation of their DM. If these prospective decision-analytic
teams are to participate, the time and work required by the team to enter a DM directly
into ALCHEMIST must be reasonable, and the analysts must be assured that the resulting
CPGs will be fair and accurate. This section presents preliminary information on how
time consuming DM annotating may be, based on my experience in entering the requested
additional information for the SCD-MM directly into the DM annotation editor. In Sec-

tion 8.3, | evaluate the quality of the generated CPG.

| used theaLCHEMIST web interface to enter the SCD-MM decision model — a DM for
which | have been the primary decision analyst, and, therefore, with whose structure,
assumptions, and evidence | am familiar. This DM is complex (30 Markov states and over
100 variables), and therefore demonstrates the upper end of the time-requirement for the
annotating task. UsingLCHEMIST's web interface, | took approximately 5 hours to enter

the SCD-MM intoALCHEMIST. Compared to the time required for preparation of a tradi-

tional CPG or DM manuscript, this time requirement is minimal.

As is described in Chapter 3, the set of DMs that can be entered imicCH®BMvIST sys-

tem is a restricted subset of all possible DMs. The main limitation is the requirement that

the DM be structured with binary branches after each chance node. This restriction limits

the number of existing DMs that a user could enter retrospectively inta dreEMIST

system. However, a recent tutorial on medical decision analysis by Detsky and colleagues

documents the following recommendations for a decision tree (Detsky et al. 1997b):
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The tree must have balahce
The tree must have only two branches after each chance node.
The tree must have no embedded decision nodes.

The branches must be linked

o & w0 bpoRE

The tree must have symmetry.

These recommendations are designed to help people to produce DMs that function appro-
priately when sensitivity analyses are performed — yet trees that violate these recommen-
dations can still be considered valid (e.g., the LC-EM violates recommendation #3).
However, theALCHEMIST system can represent trees that adhere to these same principles.
ALCHEMIST is restricted to DMs that have binary branches after chance nodes purely so
that it may satisfy the SMDM standard for flowchart algorithms. If a new flowchart stan-

dard were used this restriction could be relaxed easily.

8.3 Evaluation of the generated CPG

The evaluation of a CPG is an inherently subjective process. Each user of a guideline has
a different background and biases and, therefore, will be looking for different information
when using a CPG. Each implementer of a CPG will also have a different measure of a
CPG's success — whether it be to increase quality of patient care, to decrease practice
variation across institutions, to increase patient satisfaction, or to contain costs. The
achievement of one of these goals is not necessarily correlated with the achievement of

the others. Therefore, any assessment of the CPGs depends on the people who conduct the

1. The structure of outcomes in a decision analysis must reflect the tradeoff between risks and
benefits

2. Linking refers to the explicit relationship among probabilities or utilities in the branches that
ought to be related. Linkages are achieved by designing for the two branches probability or utility
expressions that share common variables, thereby allowing both expressions to vary simulta-
neously when performing a sensitivity analysis on the common variable (Detsky et al. 1997b)
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evaluation and on the factors that they consider (Eddy 1992). A CPG should be reviewed
by people who were not involved in the design of the original guideline (independent);
who have no stake in the guideline (impartial); and who are knowledgeable of both the

medical and analytical aspects of the assessment problem (informed). (Eddy 1992)

| evaluated and critiquesL.CHEMIST's CPG in two ways: (1) | evaluated the quality of the
CPG by comparing the CPG to established criteria, and (2) | evaluated the use of the CPG
browser and custom-tailoring editor through a structured questionnaire and interview with

15 potential CPG users.

The experiments described in this section required the use of experienced guideline users
as subjects. These guideline users were local physicians and health-services researchers
who were familiar with CPG use. The guideline users were not asked to use actual patient
data or to incorporate the recommended clinical strategies into their patient care; there-
fore, | did not envision any potential harm to the guideline user or to her future patients.
However, because | used human subjects, my evaluation protocol was reviewed and
approved by the Human Subjects Committee and informed consent was obtained from

each user (Appendix E)

8.3.1 Critique with reference to established guideline criteria

My evaluation does not evaluate directly the efficacy of the generated CPG in achieving
its intended goals — such as improving the health status of a given population, or reduc-
ing mortality. | also did not evaluate directly whether the generated CPGs increased physi-
cian compliance with CPGs. Both of these evaluations would require a clinical trial,
which is beyond the scope of this work. Such a clinical trial, however, would be useful

before CPGs such as those developedlayEMIST are implemented in a clinical setting.

Instead, | evaluated the quality of the CPG using established criteria. Although a user's

attitude toward a guideline may not necessarily reflect her adoption of the recommenda-
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tion into clinical practice (Weingarten 1995, Tunis 1994, Woo 1985, Romm 1981, Litzel-

man 1993), | claim that the quality of a CPG serves as an indicator of the future
effectiveness of that CPG (Eddy 1982, Eddy 1990a, Eddy 1990b, Eddy 1990c, Eddy
1990d, Eddy 1990e, Eddy 1990f, Basinski 1995).

8.3.1.1 Guideline criteria used

As | described in Section 8.1.1, the Institute of Medicine (IOM) published, in 1992, a set
of criteria and an assessment instrument for evaluating CPGs (Institute of Medicine
1992). The IOM assessment instrument rates a guideline with reference to seven desirable
attributes. Four of these attributes relate to substantive content: validity, reliability, clinical
applicability, and clinical flexibility. The remaining three attributes relate to the process of
guideline development or to the actual presentation of the guideline: clarity, multidisci-
plinary process, and scheduled review. In a separate study, Eddy listed the following five

objectives of CPG development (Eddy 1990c).

1. Accuracy: The CPG should produce the intended outcomes, as seen
by the people who designed the policies.
2. Accountability: The documentation provided for the CPG should

enable users to review and understand the reasoning behind the CPG.

3. Predictability: The health and economic consequences of imple-
menting the CPG should be able to be anticipated on both a societal

and individual level.

4. Defensibility: The CPG should facilitate resolution of conflicts

across policies.

5. Usability: The CPG should be able to be used in practice.

Several investigators have developed guideline evaluations based on the IOM criteria
(Cluzeau and Littlejohns 1996, Cluzeau et al. 1997, Cluzeau et al. 1995, Scottish Intercol-
legiate Guidelines Network (SIGN) 1995, Sonnad et al. 1993). To develop an operational-
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ized rating procedure, Sonnad and colleagues combined the IOM criteria with Eddy's
objectives (Sonnad et al. 1993). In contrast to the other available evaluations, this rating
procedure allows the guideline user to calculate a numeric score for a CPG, thereby allow-
ing quantitative comparison of multiple CPGs. | therefore use the criteria developed by
Sonnad and colleagues to assess the quality of the CPGs in my evaluation. The guideline-

rating key is provided in Appendix F.

8.3.1.2 Objective

My objective was to evaluate the quality offaicHEMIST CPG, and to assess the usability

of theALCHEMIST browser and custom-tailoring editor.

8.3.1.3 Methods

After | determinedALCHEMIST's implementation to be sufficiently complete, | created —
using the DM annotation editor — the global CPG for the LC-EM (Appendix D). | then
solicited to serve as subjects 15 experienced guideline users affiliated with Stanford’s
Department of Health Research and Policy or Stanford Medical Informatics. None of the
subjects had worked on constructing or tesingHEMIST'S representation of DMs or
CPGs, although one subject had worked extensively on the underlying lung-cancer DM.
Ten of the 15 users were physicians, and 12 reported that they had had exposure to current

clinical guidelines.

Subjects were asked to compare the quality of two guidelines: the LC-EM CPG produced
by ALCHEMIST and a current CPG available over the web for the same clinical domain.
The subjects chose the comparison CPG from a set of four current CPGs for the treatment

of non—small-cell lung cancer.

| determined the set of comparison guidelines by performing a 1998 Medline search on
publication type "Practice Guideline" and using the keyword term "non small cell." This

search returned three guidelines (American Society of Clinical Oncology 1997, American
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Thoracic Society and European Respiratory Society 1997, Ettinger et al. 1996), two of
which were available in full text over the web (American Society of Clinical Oncology
1997, American Thoracic Society and European Respiratory Society 1997). Using the
Medical Matrix index of medical resources (http://www.medmatrix.org/SPages/
Practice_Guidelines.asp), | then performed a search of the World Wide Web. This search
yielded two additional CPGs. Table 8.4 lists the endorsing society and URL for the four
comparison guidelines. Each subject was presented with the list of these endorsing societ-
ies and was asked to choose which society's guideline would be the comparison. | allowed
subjects this choice of current CPGs so as to mimic the choice that practitioners would
have available and to allow the users to choose the CPG in which they had the greatest
faith.

Table 8.4. Endorsing societies and locations of comparison CPGs.

Endorsing Society Title of CPG URL
American Society of Clini- Clinical Practice Guidelines for https://asco.infostreet.com/
cal Oncology the Treatment of Unresectable prof/pp/html/m_lung.htm
Non-Small-Cell Lung Cancer
National Cancer Institute Non-Small Cell Lung Cancer http://imsdd.meb.uni-
bonn.de/cancernet/
100039.html
Canadian Medical Associa-Cancer Management: Lung http://www.bccancer.bc.ca/
tion Tumor Group cmm/08-1.html
American Thoracic Society Pretreatment Evaluation of Nomtp://www.ajrccm.org/cgi/
Small-cell Lung Cancer content/full/156/1/
320#T6

Subjects were asked to complete the 15-item guideline-rating questionnaire for both the
LC-EM CPG and the comparison CPG. The subjects were provided with a guideline-rat-
ing key that listed additional information on each question in the questionnaire. | random-

ized the order in which the subjects rated the two CPGs.
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| calculated the quality score for a CPG in the following way:

1. For each question in the guideline-rating questionnaire, the user

assigned a score of ND, 0, 1, or 2 to the guideline.

2. A score of ND meant that the user could not determine whether the
criterion had been met from the guideline and accompanying materi-
als, 0 meant that the user believed that the criterion was not met, 1
meant that the user believed that the criterion was partially or inade-

guately met, and 2 meant that the criterion was clearly fulfilled.

3. A weighted average of the individual sections and then the overall
guideline was then calculated. The ND scores were counted as O in

the overall score.

After the subjects completed the guideline-rating questionnaire for both guidelines, they
used the CPG browser and custom-tailoring editor to perform one to three custom-tailor-
ing tasks (Section 8.3.2). The subjects then completed an end-user computing-satisfaction
questionnaire (adapted from Doll, 1988) (Doll and Torkzadeh 1988). In addition, | solic-
ited from each subject answers to five open-ended questions. | include the complete ques-
tionnaire in Appendix F. The duration of the evaluation was unconstrained, and the total

participation time for each subject was approximately 60 minutes.

The three outcomes of the user-evaluation study were (1) the difference between the qual-
ity score of theaLcHEMIST CPG and the comparison CPG, (2) the degree of user satisfac-
tion with the CPG browser and custom-tailoring editor, and (3) the responses to the

structured interview.
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8.3.1.4 Results

In this section, | report the observed results from the quality scores of the CPG, the user

satisfaction questionnaire, and the structured interview.

8.3.1.4.1 Quality score of the CPGdable 8.5 summarizes the main results of the
evaluation. The mean score for the LC-EM CPG was 1.502 (on a scale from 0 to 2), com-
pared to the comparison-CPG score of 0.987. The difference of 0.515 between these two

scores was statistically significaqt£ 0.002).

Table 8.5. Main results of guideline-rating questionnaireComparison 1 = American
Society of Clinical Oncology CPG; Comparison 2 = National Cancer Institute CPG;
Comparison 3 = Canadian Medical Association CPG; Comparison 4 = American Thoracic
Society CPG.

Standard Difference
Guideline Mean Median deviation between means pvalue

LC-EM CPG 1502 1.519 0.274

Comparison CPG 0.987 0.986 0.461 0.515 0.002
Comparison 1r=5) 1.404 1.384 0.277 0.098 0.26
Comparison 2r=2) 1.074  1.074 0.209 0.428 0.12
Comparison 3ri=5) 0.646  0.667 0.260 0.856 0.0002
Comparison 4r=3) 0.803 0.778 0.625 0.699 0.099

The set of comparison CPGs however, was diverse. Although the individual subsets are
small, it is interesting to compare the results for the individual comparative CPGs. Of the

15 subjects, four subjects chose the American Society of Clinical Oncology CPG, two the

National Cancer Institute CPG, six the Canadian Medical Association CPG, and three the
American Thoracic Society CPG. In Table 8.5 | compare these individual CPGs with the

LC-EM.
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When we separate the group of guideline users who rated ¢dhemisT LC-EM CPG

first from the total group, the mean score for the LC-EM guideline is 1.550. Those sub-
jects who rated the LC-EM guideline second gave it a mean score of 1.460. Thus, the
order that the users rated the guidelines did not change significantly the scores on either of

the CPGs.

The mean score for the LC-EM CPG was greater than that of the comparison CPG for all
guestions in the guideline-criteria instrument except for the question asking whether the
guideline has been through some form of formal peer review (Table 8.6). Considering
only the subscores of the questionnaire, the LC-EM CPG scores for usability, accountabil-
ity, and accuracy were 1.683, 1.393, and 1.430, respectively; the comparison CPG scores
were 1.192, 0.941, and 0.830. The differences between these means were statistically sig-
nificant (p < 0.05) in all cases.

Table 8.6. Summary descriptive statistics for the subjects' responses to individual
questions in the guideline-rating questionnaireAn asterisk (*) indicates that the
difference between means was statistically signifigart @.05).

Difference
Standard between
Question Mean Median deviation means
Usability
Is the intervention clearly defined?
e LC-EM CPG 1.867 2 0.3519
e Comparison CPG 1.467 1 0.516 0.400*
Is the desired goal of the intervention
clearly stated?
e LC-EM CPG 1.867 2 0.3519
e Comparison CPG 1.267 1 0.704 0.600*

Does the guideline state explicitly the
population to which the statements

apply?
* LC-EM CPG 2.000 2 0
e Comparison CPG 1.333 1 0.724 0.667*
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Table 8.6. Summary descriptive statistics for the subjects' responses to individual
questions in the guideline-rating questionnaireAn asterisk (*) indicates that the
difference between means was statistically signifigart @.05).

Difference
Standard between
Question Mean Median deviation means
Does the guideline identify the specifi-
cally known or generally expected
exceptions to this recommendation?
e LC-EM CPG 1.400 2 0.828
¢ Comparison CPG 1.200 1 0.775 0.200
Is guidance offered about how to modify
the guideline for differing clinical cir-
cumstances?
e LC-EM CPG 1.467 2 0.743
e Comparison CPG 0.867 1 0.743 0.600*
Accountability
Was the guideline developed in a multidis-
ciplinary process?
e LC-EM CPG 1.600 2 0.632
* Comparison CPG 1.400 2 0.737 0.200
Is the evidence used in drawing conclu-
sions included?
e LC-EM CPG 1.267 1 0.704
* Comparison CPG 1.133 1 0.915 0.133
Can you determine the process used to
synthesize evidence and develop the
guideline?
e LC-EM CPG 1.133 1 0.743
e Comparison CPG 0.733 1 0.799 0.400
Are the assumptions used in guideline
development clearly stated?
e LC-EM CPG 1.933 2 0.258
e Comparison CPG 0.600 0 0.737 1.333*

Is there a procedure for scheduled reviews
included in this guideline?

* LC-EM CPG 1.133 1 0.516
e Comparison CPG 0.600 0 0.828 0.533*
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Table 8.6. Summary descriptive statistics for the subjects' responses to individual
guestions in the guideline-rating questionnaireAn asterisk (*) indicates that the
difference between means was statistically signifigart @.05).

Difference
Standard between
Question Mean Median deviation means
Accuracy
Are intermediate events and their relation-
ship to final outcomes clearly stated
including intermediate events?
e LC-EM CPG 1.333 2 0.816
e Comparison CPG 1.000 1 0.655 0.333
Are the methods of measurement for the
intervention and the outcomes clearly
stated?
e LC-EM CPG 1.600 2 0.632
e Comparison CPG 1.133 1 0.743 0.467
Is the method used in linking the interven-
tion and guideline clearly stated?
e LC-EM CPG 1.733 2 0.704
e Comparison CPG 0.733 1 0.799 1.00*
Has the guideline been through some form
of formal peer review?
e LC-EM CPG 0.933 1 0.884
e Comparison CPG 1.133 1 0.915 -0.200
Are patient preferences explicitly consid-
ered in development of the guideline?
e LC-EM CPG 1.800 2 0.561
e Comparison CPG 0.400 0 0.632 1.400*

The subject's responses for almost all questions — for both CPGs — varied from 0 to 2.
This variability among subjects indicates that tbkability of the CPG-critiquing tool

was poor. | use the coefficient of variation to express the reliability of the responses. This
value is simply the standard deviation of the set of repeated measurements divided by the
set of measurement's mean, ordinarily expressed as a percentage. Although the standard

deviation itself is a measure of variability, we put it in perspective by relating it to the
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mean, because the larger the measured values, the more absolute variability we expect

(Friedman 1994). The reliability of the LC-EM scores was 18.2%.

8.3.1.4.2 User satisfaction with theaLCHEMIST CPG. Using an ordinal scale of
1 to 5 where 5 is ideal; the subjects ratedHEMIST's ease of use at 4.76, the usefulness
of the content at 3.98, and the format of the presentation at 4.64. Table 8.7 summarizes

these results.

Table 8.7. Responses to the user-satisfaction section of the guideline-rating
guestionnaire.

Statement aboutALCHEMIST Subject agreement Agreement
with statement (%)
The information is clear 4.333 93
ALCHEMIST provides the precise information you need 3.733 73
ALCHEMIST is user friendly 4.200 87
The information content meets your needs 3.933 73
The output is presented in a useful format 4.600 100
ALCHEMIST is easy to use 4.800 100
ALCHEMIST provides sufficient information 3.467 67
ALCHEMIST provides reports that seem to be just about 3.733 73

exactly what you need

a. Agreements defined as the percentage of subjects who assigned either a 4 or 5 to the ques-
tion.

8.3.1.4.3 Responses to the structured intervie@verall, the subject's experience
with the ALCHEMIST system was extremely positive. All subjects who held medical
degrees said they would consider using a guideline system suclkeHBMIST to help
them in their clinical practice. The free-form comments from the subjects revealed four

broad themes. | list and explore these themes here.



180

8.0 Evaluation

1. Need for clearer information about exceptions to the CB&ueral

subjects expressed a desire for more information about when the
CPG would not apply to their patient population or when there
would be other exceptions to treatment recommendations. As | noted
in Section 8.1.1.3, these exclusion criteria should be added to my
CPG conceptual framework. One subject noted that, because an
expert panel does not review each custom-tailored algorithm, she
would question the algorithm's accuracy. Clealy,CHEMIST
requires methods for ensuring the validity of the tailored guidelines;

| discussed\LCHEMIST's approach to custom tailoring in Section 6.5.

. Need for additional evidence for best-estimate valugsbject

expressed a desire to view the evidence tables on which the CPG was
based. Although the evidence tables are part fitbaemMIST CPG-

CM (Section 4.3), this capability was not implemented when the user
evaluation took place. The inclusion of these evidence tables would
have strengthened the accountability scores ofitheEMIST guide-

line. One subject said that approval of the CPG by a recognized clin-
ical organization would have increased her faith in the CPG.
Although | did not solicit such approval for my example DMs, |
envision that it would be part of the peer-review process and would

be required before a CPG was implemented into a clinical setting.

. Need for help functionalityNumerous subjects said that they would

have liked a help function to describe nonclinical terms such as
QALY, societal perspective, tornado diagram, and time-tradeoff. One
subject also wanted a more detailed introduction to the site and its
functionality. Because my users were for the most part familiar with
decision analysis, their concern with this terminology makes the

addition of a help functionality to the CPG all the more important.
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4. Need for additional featuresOther suggestions by the subjects
pointed to additional features that could be implemented in future
work. Such features include a method for indicating visually in the
flowchart algorithm the strength of the recommendations (i.e., by the
thickness of the line), providing links to the relevant Medline cita-
tions, and incorporation of an explanation facility. | discuss the pos-
sibility of an explanation module into the.CHEMIST system in
Section 9.2.3.

One further suggestion by one subject wasAbatEMIST enable a guideline user to sug-
gest an algorithm for the system to critique through evaluation of the underlying DM. This
feature would change the overall purpose oltteHEMIST CPG from producing the opti-

mal CPG for a given clinical population to critiquing potential CPGs for the population.
Although this critiquing could be beneficial to guideline user, it is not the main objective
of the ALCHEMIST CPG system. It is however, a way that future researchers could adapt

my work.

8.3.1.5 Discussion

There are several factors that confound the findings of this evaluation study. Chief among
them is that the users were not blinded to the origin or development method of the CPGs.
To thus blind the users, | would have had to eliminate the custom-tailoring abilities of the
ALCHEMIST CPG — and thus to eliminate a core element of the system's design. There-
fore, | biased the evaluation toward the comparison set of CPGs by allowing the subject to
choose the professional society who endorsed the CPG, and by highlighting the greater

level and detail of evidence that was presented in the comparison CPGs.

| discussed in Section 8.3.1.4.1 the variability of the subject's responses to the guideline-
rating questionnaire in rating the LC-EM CPG. There was a poor interrater reliability of

the Sonnad CPG-assessment tool. Although the users had access to the guideline-rating
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key, they were not trained to use the instrument, and, therefore, there were still several
instances when the subjects were confused about what the meaning of the questions was
or how to adapt the questionnaire's language to the specific guideline that they were

assessing.

My evaluation of the quality of the LC-EM CPG and the user satisfaction wit te-

MIST system demonstrated that a guideline created automatically from a DM produced a
high-quality and usable CPG as compared to current CPGs. The subjects were generally
pleased with the system's presentation of information, with the usefulness of that informa-
tion, and with the system's ease of use. Because only one CPG-rating instrument was used
by only 15 subjects on only the two CPGs, the conclusions and the generalizability of this
study are limited. Nevertheless, this study complements the evaluation of the properties of
my DM and CPG conceptual models (Section 8.1), and lays the groundwork for future

evaluations of automatically generated CPGs.

8.3.2 Evaluation of the CPG custom-tailoring and updating editor

In the final part of my evaluation, | lookedAtCHEMIST's custom-tailoring and updating
abilities. | restricted all changes to the CPG to variable changes (e.g., updating the prior
probability of mediastinal metastases in the LC-EM), as opposed to structural changes
(e.g., adding positron emission tomography (PET) examinations as a possible diagnostic
alternative). | evaluated the feasibility of custom tailoring and updating a CPG using the

ALCHEMIST system, and the accuracy of the changed CPG (under certain restrictions).

8.3.2.1 Objective

My objective was to evaluate the feasibility and accuraey OfEMIST'S custom-tailoring

abilities.
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8.3.2.2 Methods

To evaluate the feasibility of updating the CPG, | asked the 15 subjects to change input
variables of the LC-EM CPG to reflect different clinical scenarios. To help the subjects
determine which variables to change, | permitted them to look at the listed sensitive vari-
ables and the tornado diagram. For this evaluation, the subjects were able to change any
combination of the values listed in the input-variables table. Each subject then recorded
whether the algorithm was sensitive to these changes and what effect the changes had on
the (quality-adjusted) expected utility. The subjects completed one to three such scenar-

ios.

8.3.2.3 Results and discussion

| considered the CPG accurate if the new CPG produced the same expected outcomes and
flowchart algorithm as those obtained directly by the DM and through manual computa-
tion. The clinical validity of the new CPG was not assessed. The 15 subjects completed 38
such scenarios, all of which corresponded to the expected utility and algorithm calculated

through manual derivation.

All the subjects said that they were pleased with the custom-tailoring abilities of the
ALCHEMIST system. Several subjects attempted to predict how changes in the input vari-
ables would affect the guideline, and made subsequent changes to test their intuitions. Of
note, several subjects — through the use of the custom-tailoring abilities — realized that a
change in the CPG did not necessarily correspond to a change in the expected utility (or

vice versa).

An additional evaluation metric that was not part of my thesis work uses real clinical sce-
narios (and population distributions) to determine the expected change in overall health
benefit if a guideline user were able to custom tailor a CPG. From such an analysis, |

could determine the expected value of custom tailoring for a given CPG.
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8.4 Assertions not evaluated

For clarity, | state here explicitly the evaluation tasks that | did not undertake as part of my
thesis work. To evaluate the implementation assertions 1 through 3, | would have had to
design and perform a randomized clinical trial comparing the useceEmMIST to current

standard of care, or to other existing CPGs. Such work is beyond the scope of my thesis.

1. I did not evaluate whether patients' health outcomes were improved

because of my CPGs.

2. 1 did not evaluate whether physician behavior would change because

of the implementation of theL.CHEMIST CPGs.

3. 1 did not evaluate what the cost effectiveness oALGBIEMIST sys-

tem is.

All three evaluations are important aspects of the measurement of the quality and effec-
tiveness of a CPG in improving quality of care. Even if guideline raters judge a CPG to be
high quality, there are numerous criteria that must be met before the CPG can be linked to
improvement of patient outcomes. Guidelines must be disseminated and understood by
physicians (Pierre et al. 1991). These physicians must agree with the guideline recom-
mendations (Burack and Liang 1987), and must translate the guideline recommendations
into their clinical practice (Grilli et al. 1991, Kosecoff et al. 1987, Lomas et al. 1989,
Pierre et al. 1991).

| assumed that the initial DM used in creating the CPG was valid and was created by an

experienced decision analyst. Therefore,

4. | did not evaluate to what extent the initial DM was valid.

I envision the assessment of the validity of the DMs to be part of the peer-review process

and therefore not a task thafcHEMIST must address.
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Finally, although | included the content of the DM annotation editor in my evaluation of
the conceptual framework (Section 8.1), and detailed a portion of the DM annotation
requirements (Section 8.2), my research does not concentrate on interface design, and,
therefore, | did not evaluate the ease of use of the DM annotation editor by decision ana-

lysts, or otherwise assess the interface design:

5. I did not evaluate the ease-of-use or efficiency of the DM annotation-

editor interface

8.5 Summary

In this chapter, | described my evaluation of AneHEMIST framework and system. To
evaluate the contribution of my work, | studied the conceptual models and mapping algo-
rithm, the generated CPG, amdCHEMIST's custom-tailoring and updating abilities. In my
final chapter, | conclude by describing the principal contributions of my work, limitations

of my research, and areas for future work.
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Chapter 9

Summary, Contributions, and
Future Work

In this chapter, | summariza CHEMIST (Section 9.1), discuss the current limitations and
future extensions of my research (Section 9.2), and describe the contributions of my work

to medical informatics, to decision theory, and to health research and policy (Section 9.3).

9.1 A decision-analytic approach to CPG
development

Current difficulties faced by guideline users who want to create and maintain clinical-
practice guidelines (CPGs) can be attributed to the large amount of required resources
(e.g., experts in clinical medicine and in evidence synthesis) that developers need to create
high-quality CPGs, and to the static nature of most produced CPGs. In my thesis work, |
have explored the reasons for these two problems that impede CPG success. | developed a
new approach that allows people to create, disseminate, and tailor CPGs using normative
decision models (DMs). As part of my work, | developedAbeHEMIST system, which
automates the DM-to-CPG creation process and allows for tailoring of the generated

CPG.

187
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How will ALCHEMIST help guideline developers to create high-quality CPGs that can be
custom tailored to specific patient populations? A local guideline developer, using my
ALCHEMIST system, can review a globally generated CPG, including its recommendations,
underlying evidence, and assumptions. Using the underlyingADBHEMIST can adapt

the CPG to reflect the guideline user's specific site or patient population. A guideline
developer can also useCHEMIST to update automatically the CPG over time as the DM
or evidence evolves. WithL.cHEMIST, CPG creation is evidence based, adaptable to local

specifications, and able to be maintained.

To build such an automated CPG-creation system, | specified DM and CPG conceptual
models. | also designed a DM annotation editor to retrieve missing information from the
decision analyst to allow the creation and automatic updating of a CPG. This conceptual
framework allowsALCHEMIST to produce CPGs based on DMs from various clinical
domains, using different DM representations that have a variety of attributes, and repre-
senting different types and purposes of CPGs. 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. In my evaluation of the
ALCHEMIST system, health-services researchers rated the quakiyceEmisT's CPG to

be significantly higher than that of currently available guidelines. The subjects also gave
high marks to the functionality of the CPG browser and to the system's custom-tailoring

abilities.

9.2 Future work

I intend the work presented in this dissertation to lay a foundation for the use of DMs by
guideline developers in the automated creation of CPGs. There are therefore many areas
for future work. | discussed in Section 8.1.1 extensions of the conceptual framework that

will be needed before a system suchaasHEMIST could be incorporated into clinical
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practice. In this Section 9.2.1 through 9.2.7, | discuss additional areas of future work that

would be required.

9.2.1 Expansion to other types of decision models

ALCHEMIST requires the DM to be in a Decision Maker format. A decision analyst can
easily port SMLtree files over to the Decision Maker software file format; therefore, this
restriction does not impose a strong limitation if the decision analyst uses conventional
decision-tree representations. Although my DM conceptual model can depict influence-
diagram representations, the web-based interface requires a Decision Maker file; there-
fore, use of influence diagrams to create the CPG automatically would require additional
software development, but would increase greatly the number of potential users, and,

therefore, would increage CHEMIST's usefulness.

9.2.2 Incorporation of a controlled clinical vocabulary

ALCHEMIST ignores vocabulary issues.CHEMIST does not place any restrictions on the
naming conventions that the decision analyst uses when he builds the underlying DM.
Also, ALCHEMIST's DM annotation editor queries the decision analyst for free-text defini-
tions for variables and for certain CPG attributes (e.g., the guideline objective). Before a
guideline developer could integratecHEMIST with a computer-based patient record and

be able to extract automatically the needed patient-specific inputadat&EMIST would

require the addition of a structured vocabulary to both the DM modeling process and the
DM annotation editor. Although such a vocabulary would restrict in some ways the
expressiveness of the decision analyst, it would allow easier incorporation of the gener-
ated CPG into a hospital information system, and would increase the amount of knowl-

edge that could be extracted automatically from the DM.
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9.2.3 Incorporation of an explanation module

The explanation abilities agfLCHEMIST are limited. The presentation of the evidence on
which the recommendations are based, and the facilities for the guideline user to make
changes to the data and to view resulting CPGs, may\goHEMIST a way to explain the
resulting recommendations. HowevercHEMIST does not provide explicit textual output

that steps through the reasoning behind the creation of the CPG. A potential extension of
my work would combine my generated CPGs with an explanation module (Jimison 1988,

Langlotz et al. 1988, Suermondt and Cooper 1992).

9.2.4 Incorporation of a utility-assessment module

Currently, ALCHEMIST treats utility variables the same as any other input variable. An
extension of my work would incorporate research on computer-based utility assessment to
help the guideline user to determine her patient's utilities (Lenert et al. 1995, Nease et al.
1996, Sanders et al. 1994, Sumner et al. 1991). As an example, George Scott and col-
leagues have developed SecondOpinion, a web-based program for eliciting patient prefer-
ences for relevant health states (Scott et al. 1997). SecondOpinion explains the desired
health states to the user, assesses the user's preferences, detects and corrects logic errors in
the elicited preferences, and provides feedback to the user on the implications of his pref-
erence-assessment results. The incorporation of the SecondOpinion system or of a similar
program intoALCHEMIST could help a guideline user to elicit preferences from her patient.
Such a preference-assessment method would need to be incorporatedimfarasT

could be used to recommend or assist in patient-specific (in contrast to institution- or pop-

ulation-specific) decisions.

9.2.5 Modification of the DM structure

ALCHEMIST restricts tailoring and updating to changes of the input-variable value (e.g.,

changing the value for the prior probability of mediastinal metastases). Changes to the



9.2 Future work 191

structure of the model (e.g., adding a positron-emission-tomography (PET) scan as a diag-
nostic-test choice) are not possible. If it is to be clinically usef@iEMIST may need to

allow such structural changes. If guideline users wanted to add a new diagnostic test, they
would need to know how the results of that test affected the results of any subsequent
tests, and whether there are additional outcomes that the guideline would now need to
consider (e.g., what is the risk of death from a PET scan? what additional costs would the
patient incur?). Ensuring that the underlying DM is still valid after a guideline user makes

a structural change is an area for extensive research.

9.2.6 Integration with web-based host site for sharable guidelines

As part of the InterMed Collaboratory, Stanford, Harvard, and Columbia are collaborating
on the creation of methods for sharing clinical guidelines, and development tools for
authoring guidelines. An area of possible future research would to work with members of
the InterMed team to develop a mapping betwaerHEMIST'S generated CPGs and the

GLIF language. This mapping would allow CPGs to be maintained at a central resource,
custom tailoring to be done on the central CPG resource, with updated CPGs — expressed

in GLIF — then downloaded for local application.

9.2.7 Incorporation of a randomized clinical trial-bank

There are efforts underway to establish a worldwide network of standardized, structured
knowledge bases for randomized clinical trials (RCTs) (Sim 1997). These trial banks will
contain all the information necessary for reasoning about RCTs, and will be accessible to
systems such ag cHEMIST through an open applications-programming interface (API).
Although users of mMgLCHEMIST system can now review the evidence tables for variables
used in the CPG creation, they cannot examine the details of the studies on which the rec-
ommendations were basedAlfcHEMIST were linked directly to trial-bank entries of the

supporting RCTsALCHEMIST users could examine in detail the design, execution, and
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results of the supporting RCTs, and could examine and use subgroup results to custom tai-
lor the CPG. As new relevant RCTs are published, the trial-bank APl wouldaltove-

MIST to identify these trials and to incorporate their results into the CPGs automatically.

9.3 Contributions

My work combines ideas from medical informatics, decision analysis, and health policy
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 about the information within DMs. AlsiAg-

MIST, | demonstrated that it is possible to transform DMs into CPGs, and to perform auto-
matic updating and tailoring of CPGs. Using my evaluation of the generated CPG browser
and custom-tailoring editor, | generated pilot data that will be helpful to guideline devel-
opers who design quantitative studies that compare the use of automated CPGs with that
of existing guidelines. Descriptions follow of the specific contributions to the domains of

medical informatics, decision theory, and health policy.

9.3.1 To medicine and medical informatics

In this dissertation, | have detailed the application of informatics methods to the creation
and use of CPGs. Current CPGs, although promoted by policy makers and health-care
institutions, have been hindered in effectiveness by their static nature, variety of creation
methods, and requirement for intensive resources (for evidence-based CPGSs). | have pro-
vided a method for combining decision-analytic techniques with a computer-based repre-

sentation and interface that supports doing this work in medical informatics.

| based my research on my long-term goal of using decision analysis to create CPGs that
guideline users are able to use, to custom tailor, and to maintain. My mapping between the

DM and CPG conceptual models provides an automated, quantitative link between the
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clinical data from the literature and CPGs, allowing users to view how changes to the clin-
ical data affect the resulting CPGs and their patient-management strategies. In addition,
ALCHEMIST allows the automated construction of CPGs that explicitly represent the uncer-
tainties and evidence inherent in clinical decision-making problems, allowing users to
determine the degree to which the resulting CPG is pertinent to their patient population,

and thus whether it requires tailoring.

9.3.2 To decision theory

In reviewing current DM taxonomies, | identified three main shortcomings: (1) their
inability to represent dual-utility DMs, (2) their inability to model Markov processes, and
(3) their inability to model the DM’s underlying assumptions. My DM conceptual model
combines previous DM research with these additional modeling capabilities to create an

extended taxonomy of the knowledge within DMSs.

Although DMs provide a normative approach to clinical decision making, guideline
developers often do not use DMs to create CPGs. My translation of a DM into a CPG
demonstrates an automated method for providing evidence-based CPGs to users unfamil-
iar with the technical and mathematical details of a DM,; it thereby allows guideline devel-

opers to obtain the benefits of evidence-based CPG creation.

Although, in my research, | concentrated on clinical DMs, the DM conceptual model and
the transformation of the DM into algorithmic form are domain independent, and can be

applied to fields other than medicine.

9.3.3 To health research and policy

In reviewing current approaches to CPG creation, | explored and categorized CPG short-
comings and noted that a computer-based method for creating CPGs from DMs can allevi-

ate many of these limitations. | combined ideas from the literature on CPG creation,
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dissemination, implementation, and maintenance to justify what elements CPGs should
have, and | designed a detailed, complete, and extensible CPG conceptual model that
includes this knowledge. This conceptual model will provide insight to other health

researchers who are interested in the properties of successful CPGs.

In addition, myALCHEMIST system resolves the tension between performing comprehen-
sive high-quality analyses centrally and accommodating legitimate variation in circum-

stances, practice settings, and patient preferences.

9.4 Concluding remarks

As health-care costs have continued to rise, policy makers have recognized the need for
cost-effective health care. These policy makers consider CPGs to be a potential method
for improving quality of patient care, because CPGs provide a means to review patient
management and formal descriptions of appropriate levels of care. Existing CPG-develop-
ment projects have had limited success. In this dissertation, | have argued that a computer-
based system that creates CPGs automatically from evidence-based DMs could enhance
greatly the efficacy of the generated CPG. | have further argued that conceptual models of
DMs and CPGs are necessary for such a successful CPG-creation system. | believe that
my work will increase the usefulness of both DMs and CPGs, and will enable a broader
audience to incorporate systematic analyses into both policy and clinical decisions. In an
era when great importance is placed on defending clinical practice with rigorous support-
ing evidence, my work offers a powerful approach for mapping from such evidence to

familiar guidelines suitable for clinical adoption.



Appendix A

Clinical-Practice Guideline
Conceptual Model

Guideline Tasks

CPG Conceptual Model

Task Sub-task Component
1. Are the recomment 1. Were all important optiong a. Options considered
dations valid? and outcomes clearly stated?, Health outcomes considered
c. Economic outcomes considered
d. Definition of terms
2. Was an explicit and sensit a. Method used to identify evidence
ble process used to identify, ", "Method used to combine evidende
select, and combine evi- = o
dence? c. Evidence tables
d. References used in CPG develop-
ment

e. Use of expert opinion

f. Description of event pathway
g. Modeling assumptions

3. Was an explicit and sensit a. Utility of outcomes
ble process used to consider
the relative value of differen
outcomes?
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Guideline Tasks

Task

Sub-task

CPG Conceptual Model
Component

4. Is the guideline likely to

a. Publication date of guideline

account for important recen

b. Publication date of evidence use(

i

developments?

c. Methods used for updating and
maintaining CPG

. Sources used

. Sensitivity analysis ranges testeq

5. Has the guideline been

. Peer review process

subject to peer review and

. Pretesting of CPG

testing?

. Comparison to existing CPGs

2. What are the rec-
ommendations

1. Are practical, clinical

. Clinical flowchart algorithm

important, recommendation
made?

\"2

. Expected outcomes based on CH

G

o|lo|o|lo|lc|o|o|

. Comparison of CPG to existing
recommendations

d. Burden of disease

e. Methods for implementing CPG

2. How strong are the reconi

-a. Sensitivity analyses

mendations?

b. Level of evidence used

c. Grading of recommendations

3. What is the quality of the

a. Funding sources

investigators that provide th
evidence for the recommen

F b. Endorsement by professional sod
eties

dations?

c. Authors of CPG

d. Clinical specialties represented if]
CPG development team

e. Potential biases

4. What is the magnitude an
consistency of positive out-

da. Balance sheet of benefits, harms
and costs

comes relative to negative
outcomes?

b. Expected outcomes

c. Flowchart algorithm

d. Marginal cost-effectiveness analy
sis

5. What is the relative value
placed on different out-

a. Marginal cost-effectiveness of
strategies

comes?

b. Patient preferences for different

outcomes
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Task

Sub-task
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CPG Conceptual Model
Component

6. What is the effect of unce

r-a. Best-estimate variable values

tainty associated with the

b. Sensitivity analysis ranges

evidence and values used in
the guidelines?

c. Variables to which the CPG is se
sitive

N-

d. Tornado diagram

3. Will the recom-
mendations help you
in caring for your
patients?

1. Is the primary objective o

a. Objective of guideline

your guideline consistent

b. Targeted health problem

with your objective?

c. Targeted CPG user

2. Are the recommendation

a. Targeted patient population

applicable to your patients?

b. Instructions for tailoring guideling
to specific populations

c. Patient preferences

d. Method for obtaining patient pref;
erences

e. Sensitive variables

f. Ranges used in sensitivity analys

g. Perspective of CPG
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Appendix B

Decision Model Conceptual
Model

Decision Modeling Task DM Conceptual Model Component

1. Define the decision problem a. Modeling assumptions
b. Structure of decision model

c. Patient population

d. Perspective of the analysis

2. Identify the decision alternatives a. Available alternatives
b. Test alternatives

c. Treatment alternatives

3. List the possible clinical outcomes of each dec}-a. Health benefits for each alternatiye

sion alternative b. Health disutilities for each alterng
tive

c. Economic benefits for each alterrja-
tive

d. Economic costs for each alterna
tive

4. Represent the sequence of events leading to the. Structure of the decision model
clinical outcomes by a series of chance and deci$i@N children of decision nodes
nodes

c. Children of chance nodes
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Decision Modeling Task

DM Conceptual Model Component

5. Choose a time horizon and discount rate for thea. Cycle length for Markov models

problem

b. Time horizon for acute models

c. Discount rate for health benefits

d. Discount rate for costs

6. Determine the probability of each chance outcq

me a. Best-estimate variable valud

7. Assign a value to each clinical outcome

a. Analytical results

b. Sensitivity analyses

c. Threshold analyses

d. Tornado diagram

8. Additional information

a. Decision analyst

b. Date decision model was produc




Appendix C

Naming Conventions for
Model Variables

(Based on (Nease and Owens 1996)) By convention, all probability variables should begin
with a lowercase ‘p’ (e.g., pDie); all utility variables should begin with a lowercase ‘u’
(e.g., ubDie); and all switches should begin with a lowercase ‘s’. (A switch is a variable
that may take one of a finite number of values. For example, sIndCst might include indi-
rect costs when set at one, and exclude them when set at zero). In Markov analyses, the
names of Markov states should be fully capitalized (e.g., WELL). For clarity, other vari-
ables should avoid the use of these conventions (e.g., all variables beginning with a lower-

case ‘c’ should be cost variables).

The following naming conventions should also be used:

Variable Meaning

InitAge Age of the patient at the start of the analysis (an input), in years

Age Current age of the patient, in years

dCost Annual discount rate for costs (e.g., 0.05 = 5% annual discount rate)

dHealth  Annual discount rate for health benefits (e.g., 0.05 = 5% annual discount rate)

pMale The proportion of the cohort that is male (may be excluded in analyses involving a
single sex)
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Variable Meaning

CyclLen Length of Markov cycle, in years
tHoriz Time horizon for the analysis, in years




Appendix D

Global CPG: Lung-Cancer
Effectiveness Model

The following pages are the global LC-EM CPG that the subjects used in evaluation of the

ALCHEMIST system.
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Appendix E

Human Subjects: Informed
Consent Form

Consent Form

FOR QUESTIONS ABOUT THIS STUDY, CONTACT:
Gillian Sanders
Medical School Office Building X215
Stanford University
Stanford CA 94305
email: sanders@smi.stanford.edu
phone: (415) 725-3395

DESCRIPTION:

You are invited to participate in a research study on the automated creation of clinical practice guidelines
(CPGs) from decision models. You have been selected as a possible participant in this study because you
have been identified as a potential guideline user.

If you decide to participate, you will be asked to use a guideline-rating key to score two guidelines. You
will be asked to perform some guideline-related tasks using a web-based CPG interface and to evaluate the
ease of this system.

RISKS AND BENEFITS:

There is no risk to you or to your patients. The benefit of this study is that it will help us determine the
quality, benefit, and use of an automated CPG system based on decision models.
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TIME INVOLVEMENT:
Your participation in this experiment will take approximately 45 minutes to one hour.

PAYMENTS:
You will not receive any payment for your participation

SUBJECT'S RIGHTS:

If you have read this form and have decided to participate in this project, please understand your
participation is voluntary and you have the right to withdraw your consent or discontinue participation at
any time without penalty. You have the right to refuse to answer particular questions. Your individual
privacy will be maintained in all published and written data resulting from this study.

We will not track any information regarding your identity and will, therefore, assure your confidentiality in
our study and in any data published as a result of this study.

If you have any questions about your rights as a study participant, or are dissatisfied at any time with any
aspect of this study, you may contact — anonymously, if you wish — the Administrative Panels Office,
Stanford University, Stanford, CA (USA) 94305-5532 (or by phone (415) 723-4697 — you may call collect)
The extra copy of this consent form is for you to keep.

SIGNATURE DATE




Appendix F

Clinical-Practice Guideline
Evaluation

Clinical-Practice Guideline Evaluation

Please describe yourself, by checking all that apply:

1. Sex U Female U Male
2. Training Level O Pre-Med O MD d ms O php O Other
3. Do you use or have O Yes O No

exposure to current clinical
practice guidelines?

For the given clinical-practice guideline (Guideline No. ), blease use the
following scale to answer questions 4-18:
ND = Cannot determine whether or not the criterion has been met from the
guideline and accompanying materials
0 = Criterion is not met
1 = Criterion is partially or inadequately met
2 = Criterion is clearly fulfilled

(You may refer to the attached  Guideline-Rating Key for a more detailed
description of the requirements)
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Usability

4 Is the intervention clearly defined?

5 Is the desired goal of the intervention clearly stated?

6 Does the guideline state explicitly the population to
which the statements apply?

7 Does the guideline identify the specifically known or
generally expected exceptions to this
recommendation?

8 Is guidance offered about how to modify the

guideline for differing clinical circumstances?

Accountability

9 Was the guideline developed in a multidisciplinary
process?

10 Is the evidence used in drawing conclusions
included?

11 Can you determine the process used to synthesize
evidence and develop the guideline?

12 Are the assumptions used in guideline development
clearly stated?

13 Isthere a procedure for scheduled reviews included
in this guideline?

Accuracy

14  Are intermediate events and their relationship to final
outcomes clearly stated including intermediate
events?

15  Are the methods of measurement for the intervention
and the outcomes clearly stated?

16 Is the method used in linking the intervention and
guideline clearly stated?

17  Has the guideline been through some form of formal
or peer review?

18  Are patient preferences explicitly considered in
development of the guideline?

U OO0

U (I N Ny N W U

I N R W

ND
ND
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

U OO0

U U 00000 U

(I N N W

o o

U OO0

U U 00000 U

(I N N W

=

U OO0

U (I N Ny N W U

I N R W

N
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For the given clinical-practice guideline (Guideline No. ), please use the
following scale to answer questions 4-18:
ND = Cannot determine whether or not the criterion has been met from the
guideline and accompanying materials
0 = Criterion is not met
1 = Criterion is partially or inadequately met
2 =Criterion is clearly fulfilled

(You may refer to the attached  Guideline-Rating Key for a more detailed description
of the requirements)

Usability

4 Is the intervention clearly defined? O Qo Q21 Q2

5 Is the desired goal of the intervention clearlystated? O Nnp O o O 1 O 2

6 Does the guideline state explicitly the population to Ono Qo Qa1 Q2
which the statements apply?

7 Does the guideline identify the specificallyknownor O np D o O 1 O 2
generally expected exceptions to this
recommendation?

8 Is guidance offered about how to modify the O Qo O21 Q2
guideline for differing clinical circumstances?

Accountability

9 Was the guideline developed in a multidisciplinary Ono Oo O21 42
process?

10 Is the evidence used in drawing conclusions UOno Qo Q21 Q2
included?

11 Can you determine the process used to synthesize O Do Q21 Q2
evidence and develop the guideline?

12 Are the assumptions used in guidelinedevelopment O ND Qo O 21 Q2
clearly stated?

13 Isthere a procedure for scheduled reviewsincluded O Np Qo O 1 U 2
in this guideline?

Accuracy

14  Areintermediate events and their relationshiptofinal O ND Qo O 1 O 2
outcomes clearly stated including intermediate
events?

15  Are the methods of measurement fortheintervenon D ND Qo O 1 Q4 2
and the outcomes clearly stated?

16  Is the method used in linking the intervention and Onxo Qo O O2
guideline clearly stated?

17  Has the guideline been through some formoffoomal O Np O o O 1 Q4 2
or peer review?

18  Are patient preferences explicitly considered in O Do Q21 QA2

development of the guideline?
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ALCHEMIST
CPG Browser and Customization Editor Evaluation

Customization Tasks: Please perform the following tasks for up to_three scenarios.

SCENARIO 1:
1. Change any of the given input variables to values within the high and low range. List the
chosen variables and their new values here:

2. Click on the “Update Guideline” button at the bottom of the guideline
3. s the clinical-practice guideline sensitive to these changes?
O vYes
U No
4. What is the expected utility for the new clinical-practice guideline? I:I

SCENARIO 2:
5. Change any of the given input variables to values within the high and low range. List the
chosen variables and their new values here:

6. Click on the “Update Guideline” button at the bottom of the guideline
7. Is the clinical-practice guideline sensitive to these changes?
U vYes
U No
8. What is the expected utility for the new clinical-practice guideline? I:I

SCENARIO 3:
9. Change any of the given input variables to values within the high and low range. List the
chosen variables and their new values here:

10. Click on the “Update Guideline” button at the bottom of the guideline
11. Is the clinical-practice guideline sensitive to these changes?
O vYes

O No
12. What is the expected utility for the new clinical-practice guideline? I:I
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Overall Evaluation: Please answer questions 19-26 using the following scale:

1 = Almost never

2 = Some of the time

3 = AImost half of the time
4 = Most of the time

5 = Almost always

19 |Is the information clear? U1 Q2 O3 Q4 Qs

20 Does ALCHEMIST provide the precise U1 Q2 O3 a4 Qs
information you need?

21 Is ALCHEMIST user-friendly? 1 2 Q3 Q4 Qs

22 Does the information content meet your Qi1 O2 O3 Q4 Qs
needs?

23 Do you think the output is presentedinauseful Q1 Q2 O3 O 4 Qs
format?

24 |s ALCHEMIST easy to use? U1 Q2 O3 Q4 Qs

25 Does ALCHEMIST provide sufficient U1 Q2 O3 Q4 Qs
information?

26 Does ALCHEMIST provide reports that seem U1 Q2 QU3 04 Qs

to be just about exactly what you need?
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Please answer questions the questions 27-31 in the space provided.

23. What information, if any, did you feel was missing from the guideline layout?

24. Would you consider using such a guideline system to help you in your clinical care?

25. What are your concerns, if any, for such a system as this?

26. Any additional features which you would like for such a system?

27. Any additional comments or concerns?

THANK YOU VERY MUCH!!!
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Guideline Rating Key

This guideline-rating procedure developed by Sonnad and colleagues (Sonnad S, McDonald
TW, Nease RF, Oleske J, Owens DK. An evaluation of the methodology of guidelines for
zidovudine therapy in HIV disease. Medical Decision Making. 1993;13:398.) is based on a
combination of the criteria proposed by David M. Eddy and by the Institutes of Medicine (1990).
Each numbered component is rated ND, 0, 1, or 2; where:

ND = Cannot determine whether or not the criterion has been met from the
guideline and accompanying materials

0 = Criterion is not met

1 = Criterion is partially or inadequately met

2 = Criterion is clearly fulfilled.

The numbered items are then averaged to obtain a score for the overall rating of the guideline.
Usability

Clarity

QUESTION 4: Is the intervention clearly defined?

A clear definition of the intervention should include a clear statement of the intervention
procedure (e.g., a list of criteria for the user to identify before implementing the procedure, steps
of the procedure itself are clearly understandable) and a clear statement of interventions goal
(e.g. reduction of hospitalized days for HIV infected persons). Measurement methods for the
intervention should also be included.

2 =If the definition, procedure, and measurement method are all included
1 = Any of the above are missing
0 = Any 2 or more of the above are missing

QUESTION 5: Is the desired goal of the intervention stated clearly in terms of health
outcomes (harms or benefits) and economic outcomes?

E.g., broad statement of an increase in the overall QALY/cost ratio for patients under the
protocol in the guideline versus the current intervention procedures.

2 = A clear and specific statement of the outcomes (in terms of health status change
with or without economic outcomes)

1 = Nonspecific or non health status outcomes that are clearly states

0 = No statement of desired outcomes rates a 0.

Applicability
QUESTION 6: Does the guideline state explicitly the populations to which statements
apply?

2 = Explicit statement
1 = Unclear definition of population
0 = No statement
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Flexibility

QUESTION 7: Does the guideline identify the specifically known or generally expected
exceptions to its recommendations?

Ideally sub populations for which the guideline must be altered will be identified. These
subpopulations may be defined demographically or by health status measures. There should be
an explicit statement about exceptions. General statements about using clinical judgment are not
acceptable for fulfilling this criterion.

0 = Sub populations are explicitly designated
0 = Mention of possible exceptions or a statement that there shouldn’t be exceptions,
0 = No mention

QUESTION 8: Is guidance offered about how to modify the guideline for differing clinical
circumstances?

2 = Specific modifications to make in various clinical circumstances
1 = General or possible modifications without linkage to specific clinical situations
0 = No maodification guidance

Accountability/ Defensibility

Multidisciplinary Process

QUESTION 9: Was the guideline developed in a multidisciplinary process?

Inclusion in the development process only of physicians from varied disciplines is preferable to

single discipline guidelines, but ideally the development process should include representatives
of all affected groups (e.g. nurses, hospital administrators, pharmacists, computer/data support
staff).

2 =Teams that include representatives from other disciplines
1 =Inclusion of a variety of physicians only
0 = None of the above

Documentation

QUESTION 10: Is the evidence used in drawing conclusions included?

This should include references to studies, names of panel members (in the case of consensus
opinions being used as evidence), indication of whether evidence is direct or indirect, and
reasons for not incorporating evidence contrary to the final guideline recommendations.
Evidence used in developing the guideline should be clearly described along with justification for
their use in the particular setting of the guideline.

2 = Methods, justification, and contrary evidence all are presented
1 = Any one of the above are missing
0 = Two or more of the above are missing.
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QUESTION 11: Can you determine the process used to synthesize evidence and develop
recommendations for the guideline?

It should be clear whether global-subjective judgment, evidence-based judgment, outcomes-
based judgment, or preference-based judgment was used in the development of the guideline
(see Eddy [Eddy, 1990 #206] for full definition of these approaches). Rationale for the method
used should also be present

2 =Levelis clearly stated and rationale is present

0 =Itis unclear, but possible to determine what level of importance incorporation was
used

0 = Not indicated.

QUESTION 12: Are the assumptions used in guideline development clearly stated?
These might include assumptions about treatment mortality/morbidity for new interventions,
assumptions about degree of patient compliance with guideline.

1 = Assumptions are explicitly stated
1 = Assumptions are implicit, but discernible
0 = Nothing is said

QUESTION 13: Is there a procedure for scheduled reviews included in the guideline?

2 = Explicit schedule and procedure
1 = Mention of review, but no procedure
0 = No mention

Accuracy/ Predictability

Intervention/Outcome
QUESTION 14: Are the intermediate events and their relationship to final outcomes clearly
stated including intermediate events?

2 = Quantitative methodologies for establishing these linkages
1 = Logical chains or qualitative reasoning
0 = No established linkages

QUESTION 15: Are the methods of measurement for the outcome clearly stated?
E.g. what scale of quality adjustment will be used, will cost be included in the outcome, is there a
method of keeping track of how often the intervention was not correctly administered.

2 = Possible to reproduce the same results about outcomes (e.g. same ratios or
utilities from description rate

1 = Described, but not reproducible

0 = Rate not mentioned

QUESTION 16: Is the method used in linking the intervention and guideline clearly stated?
This should include whether quantitative or qualitative methods were employed.

2 = Quantitative methodologies
1 = Qualitative methodologies
0 = No statement of methodology
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Review method

QUESTION 17: Has the guideline been through some form of external or peer review?
This would include review of the guideline by experts or peers outside of the development
process of the guideline.

2 =t has been through review with suggestions incorporated
1 =Informal review process
0 = No external review

Patient preferences

QUESTION 18: Are patient preferences explicitly considered in development of the
guideline?

This should include information on how patient preferences were obtained and how they were
incorporated in guideline development.

2 = Quantitative assessments of any type
0 = The guideline explicitly incorporates preferences regardless of method
0 = No mention of patient preferences.



Bibliography

Abendroth, T. W,, and R. A. Greenes. 1989. Computer presentation of clinical algorithms.

MD ComputingSept-Oct: 295-299.

Abendroth, T. W., R. A. Greenes, and E. A. Joyce. 1988. Investigations in the use of clini-

cal algorithms to organize medical knowled§€AMC: 90.

Agency for Health Care Policy and Research. 1998. Invitation to submit guidelines to the
National Guideline Clearinghouse (TM). [Web document] http://www.ahcpr.gov/fund/
ngcguidl.htm

American College of Physicians. 1992. Guidelines for counseling postmenopausal women

about preventive hormone therapyn Intern MedL17: 1038-41.

American College of Physicians. 1994. Screening for ovarian cancer: Recommendations
and rationaleAnn Intern MedlL21: 141-42.

American College of Physicians. 19@Hinical practice guidelines (1995 editiarhmer-

ican College of Physicians, Philadelphia.

American Medical Association. 199Birectory of practice parameters: titles, sources,

and updatesAmerican Medical Association, Chicago.

223



224

American Society of Clinical Oncology. 1997. Clinical practice guideline for the treat-
ment of resectable non-small-cell lung cadeurnal of Clinical Oncologyl5: 2996-

3018.

American Thoracic Society, and European Respiratory Society. 1997. Pretreatment evalu-
ation of non-small-cell lung cancé&merican Journal of Respiratory and Critical Care
Medicinel56: 320-32.

Audet, A. M., S. Greenfield, and M. Field. 1990. Medical practice guidelines: current
activities and future directiondnn Int Med113: 703-714.

Barnes M., Barnett G.O. 1995. An architecture for a distributed guideline senvezed-
ings of the nineteenth annual Symposim on Computer Applications in Medical Care.

233-7.

Basinski, A. S. H. 1995. Evaluation of clinical practice guidelif@mnadian Medical
Association Journal53: 1575-1581.

Beck, J. R., and S. G. Pauker. 1983. The Markov process in medical prolleasBecis
Making 3: 419-458.

Brook, R. 1989. Practice guidelines and practicing medidiglA 262: 3027-30.

Burack, R. C., and J. Liang. 1987. The early detection of cancer in the primary care set-
ting: factors associated with the acceptance and completion of recommended proce-

dures.Prev Medl16: 739-51.

Carlson, K. J., S. J. Skates, and D. E. Singer. 1994. Screening for ovarian &ancer.
Intern Med121: 124-32.



225

Carter, A. O., R. N. Battista, M. J. Hodge, and et al. 1995a. Report on activities and atti-
tudes of organizations active in the clinical practice guidelines f3&d.Med Assoc J

153: 901-907.

Carter, A. O., R. N. Battista, M. J. Hodge, and et al. 1995b. Proceedings of the 1994 Cana-
dian clinical practice guidelines network workshdanadian Medical Association
Journal 153.

Chassin, M. R., R. H. Brook, J. Keesey, A. Fink, J. Kosecoff, and et al. 1986. Variations in
the use of medical and surgical services by the Medicare populdtiemyl J Med314:
285-90.

Cimino J. J., Socratous S.A., Clayton P.D. 1995. Automated guidelines implemented via
the World Wide WebProceedings of the Nineteenth Annual Symposim on Computer

Applications in Medical Care941.

Clemen, R. T. 1996vaking hard decisions: an introduction to decision analysis (2nd edi-

tion). Duxbury Press, Belmont.

Cluzeau, F., and P. Littlejohns. 1996. Towards valid clinical guidelines: development of a

critical appraisal instrumenitiealth Care Risk Repo#: 16-18.

Cluzeau, F., P. Littlejohns, J. Grimshaw, and G. Feder. 1997. Appraisal instrument for

clinical guidelines. St. George's Hopsital Medical School, London.

Cluzeau, F., P. Littlejohns, J. Grimshaw, and A. Hopkins. 1995. Appraising clinical guide-
lines and the development of criteria - a pilot studwrnal of Interprofessional Caf@
227-235.



226

Cohen, S. J., M. Weinberger, S. L. Hui, W. M. Tierney, and C. J. McDonald. 1985. The
impact of reading on physicians' nonadherance to recommended standards of medical

care.Soc Sci Me@1: 909.

Conway, A. C., R. B. Keller, and D. E. Wennberg. 1995. Partnering with physicians to
achieve quality improvemenioint Commission Journal on Quality Improvemaiit

619-26.

Detsky, A. S., G. Naglie, M. D. Krahn, D. Naimark, and D. A. Redelneier. 1997a. Primer
on medical decision analysis: Part 1 - Getting staiiedl Decis Makind.7: 123-125.

Detsky, A. S., G. Naglie, M. D. Krahn, and D. A. Redelmeier. 1997b. Primer on medical
decision analysis: Part 2 - Building a tréed Decis Makind.7: 126-135.

Deibel, S. R. A. 1996. [Web document] Introduction to the InterMed common Guideline
Model and Guideline Interchange Format. http://dsg.harvard.edu/public/intermed/

glif_overview.htm

Doll, W. J., and G. Torkzadeh. 1988. The assessment of end-user computing satisfaction.
MIS Quarterlyl2: 259-274.

Eagle K.A., Mulley A.G., Skates S.J. et al. 1990. Length of stay in the intensive care unit:
effects of practice guidelines and feedbaddA 264: 922-7.

ECRI. 1997. Health care standards, 199ymouth Meeting, PAECRI, Plymouth, PA.

Eddy D. M.. 1982. Clinical policies and the quality of clinical practit&ngl J Med307:
343-347.

Eddy, D. M. 1990a. Comparing benefits and harms: the balance 3ARE.263: 2493-
2505.



227

Eddy, D. M. 1990b. Designing a practice policy, Standards, guidelines, and ojpAbi#s.
263: 3077-3084.

Eddy, D. M. 1990c. Guideline for policy statements: the explicit appra#diA 263:
2239-43.

Eddy, D. M. 1990d. Practice policies: guidelines for methds1A 263: 1839-1841.

Eddy, D. M. 1990e. Practice policies: what are thidv1A263: 877-80.

Eddy D. M., 1990f. Anatomy of a decisialAMA 263: 441-3.

Eddy, D. M. 1991a. Screening for breast cancer. Pages 229-254 in D. M. Edclgmred.

mon Screening Test8merican College of Physicians, Philadelphia.

Eddy, D. M. 1991b. Screening for cervical cancer. Pages 255-285 in D. M. Eddgned.

mon Screening Test8merican College of Physicians, Philadelphia.

Eddy, D. M. 1991c. Screening for colorectal cancer. Pages 286-311 in D. M. Eddy, ed.

Common Screening Testsmerican College of Physicians, Philadelphia.

Eddy, D. M. 1991d. Screening for lung cancer. Pages 312-325 in D. M. Ed@pred.

mon Screening Test8merican College of Physicians, Philadelphia.

Eddy, D. M. 1992A manual for assessment of health practices and designing practice

policies: the explicit approacihe American College of Physicians, Philadelphia, PA.

El-Sadr, W., J. M. Oleske, B. D. Agins, K. A. Bauman, C. L. Brosgart, G. M. Brown, and
et al. January 1994&valuation and management of early HIV infection. Clinical Prac-

tice Guideline No. 7Agency for Health Care Policy and Research, Public Health Ser-



228

vice, U.S. Department of Health and Human Services, AHCPR Publication No. 94-
0572. Rockville, MD.

Ettinger, D. S., J. D. Cox, R. J. Ginsberg, R. Komaki, M. G. Kris, R. B. Livingston, and D.
J. Sugarbaker. 1996. NCCN Non-small-cell lung cancer practice guideliines.

National Comprehensive Cancer Network Oncolbgy81-111.

Evidence-Based Medicine Working Group. 1992. Evidence-based medicine. A new

approach to the practice of medicidAMA 268: 2420-5.

Fahs, M. C., J. Mandelblatt, C. Schechter, and C. Muller. 1992. Cost effectiveness of cer-

vical cancer screening for the eldedAyin Intern MedL17: 520-7.

Fisher, E. S., H. G. Welch, and J. E. Wennberg. 1992. Prioritizing Oregon's hospital
resources. An example based on variations in discretionary medical utilization [see

comments]JAMA267: 1925-31.

Fishman, N., and M. Bronstein. 1975. Is mediastinoscopy necessary in the evaluation of

lung cancerAnnals of Thoracic Surge30: 678-686.

Fletcher, R. H., and S. W. Fletcher. 1990. Clinical practice guidelxmes.Intern Med
113: 645-6.

Fridmsa, D. B., J. H. Gennari, and M. A. Musen. 1996. Making generic guidelines site-
specific. Pages 597-601 in J. J. Cimino, &BLIA Annual Fall SymposiuniHanley &
Belfus, Washington, DC.

Friedman, G. D. 1994rimer of epidemiology (4th editionMcGraw-Hill, Inc., New
York, NY.



229

Gold, M. R., J. E. Siegel, L. B. Russell, and M. C. Weinstein, eds. T994-effective-

ness in health and medicin®xford University Press, New York, NY.

Goldman, L. 1996. The value of cardioloiyed Decis Making35: 1918-9.

Gottlieb, K., H. N. Sokol, K. O. Murrey, and S. C. Schoenbaum. 1992. Algorithm-based
clinical quality improvement. Clinical guidelines and continuous quality improvement.

HMO Practice6: 5-12.

Gould, M. K., R. F. Nease, H. C. Sox, and D. K. Owens. 1997. A decision model for
mediastinal staging in non-small cell lung candeurnal of General Internal Medicine

12: 61.

Grady, D., S. M. Rubin, D. B. Petitti, C. S. Fox, D. Black, B. Ettinger, V. L. Ernster, and S.
R. Cummings. 1992. Hormone therapy to prevent disease and prolong life in postmeno-

pausal womerAnn Intern MedL17: 1016-37.

Granata, A. V., and A. L. Hillman. 1998. Competing practice guidelines: Using cost-effec-

tiveness analysis to make optimal decisidx® Intern MedL28: 56-63.

Grilli, R., G. Apolone, S. Marsoni, A. Nicolucci, P. Zola, and A. Liberati. 1991. The
impact of patient management guidelines on the care of breast, colecteral, and ovarian

cancer patients in Italfvled Care29: 50-63.

Grimshaw, J. M., and I. T. Russell. 1993. Effect of clinical guidelines on medical practice:

a systematic review of rigorous evaluatiomsncet342: 1317-1322.

Hayward, R. S., M. C. Wilson, S. R. Tunis, E. B. Bass, and G. Guyatt. 1995. User's guides
to the medical literature. VIII. How to use the clinical practice guidelines. A. Are the
recommendations valid? The Evidence-Base Medicine Working GOAMA 274:

570-4.



230

Hayward, R. S., M. C. Wilson, S. R. Tunis, G. H. Guyatt, K. A. Moore, and E. B. Bass.
1996. Practice guidelines. What are internists looking Jot®nal of General Internal

Medicinell: 176-8.

Hayward, R. S. A. 1995. Proposal to develop and evaluate a prototype registry and data-
base of clinical practice guidelines. Guideline Appraisal Project, McMaster University,

Hamilton, Ontario.

Hayward, R. S. A., G. H. Guyatt, K. A. Moore, K. A. McKibbon, and A. O. Carter. 1997.
Canadian physicians' attitudes about and preferences regarding clinical practice guide-

lines.CMAJ156: 1715-23.

Hayward, R. S. A., and A. Laupacis. 1993. Initiating, conducting, and maintaining guide-
lines development progran@San Med Assoc 148: 507-512.

Hayward, R. S. A., M. D. Wilson, and S. R. Tunis. 1993. More informative abstracts of
articles on clinical practice guidelingsan Intern MedL18: 731-737.

Health Services Research Group. 1992a. Small-area variations: What are they and what

do they mean€anadian Medical Association Journd6: 467-70.

Health Services Research Group. 1992b. Standards, guidelines, and clinical [i2dicies.
Med Assoc 146: 833-837.

Holland, R. R. 1975. Decision tables: Their use for the presentation of clinical algorithms.

JAMA233: 455-457.

Hollenberg, J. P. 1984. The decision tree builder: an expert system to simulate medical

prognosis and managemelitedical Decision Making: 531.



231

Howard, R. 1988. Decision analysis. Practice and prorkiaaagement Scien@: 679-

695.

Institute of Medicine. 1992Guidelines for clinical practice: From development to.use

National Academy Press, Washington, DC.

Iscoe, N. A., V. Goel, K. Wu, G. Fehringer, E. J. Holowaty, and C. D. Naylor. 1994. Varia-
tion in breast cancer surgery in Ontai@anadian Medical Association JournabO:
345-52.

Jimison, H. B. 1988. A representation for gaining insight into clinical decision models.
Proceedings of the Twelfth Annual Symposium on Computer Applications in Medical

Care: 110-113.

Kaegi, L. 1996. From paper to practice to point of care: Reports from a Zitter Group Con-

ference on Implementing Guidelindaurnal on Quality Improvemen651-589.

Kamae, I. R., and R. A. Greenes. 1991. A computational model of approximate bayesian

inference for associating clinical algorithms with decision analgeaMC: 691-5.

Kassirer, J. P. 1993. The quality of care and the quality of measuring it [edifsriahg|
J Med329: 1263-65.

Keller, R. B., D. N. Soule, J. E. Wennberg, and D. F. Hanley. 1990. Dealing with geo-
graphic variations in the use of hospitals. The experience of the Maine Medical Assess-
ment Foundation Orthopaedic Study Grodpurnal of Bone and Joint Surgei2:
1286-93.

Kosecoff, J., D. E. Kanouse, W. H. Rogers, L. McCloskey, C. M. Winslow, and R. H.
Brook. 1987. Effects of the National Institutes of Health Consensus Development Pro-
gram on physician practic@AMA 258: 2708-2713.



232

Krahn, M. D., G. Naglie, D. Naimark, D. A. Redelmeier, and A. S. Detsky. 1997. Primer
on medical decision analysis: Part 4 - Analyzing the model and interpreting the results.

Med Decis Makind.7: 142-151.

Kulikowski, C. A. 1996. AIM: Quo Vadis3AMIA 3.

Langlotz, C. 1989. A decision theoretic approach to heuristic planviedical Informa-

tion SciencesStanford University, Stanford.

Langlotz, C. P., E. H. Shortliffe, and L. M. Fagan. 1988. A methodology for generating
computer-based explanations of decision-theoretic adMee. Decis Making: 290-
303.

Larsson, S. 1976. Mediastinoscopy in bronchogenic cancer: A study of 486 cases with
special reference to indications and limitatiochsan J Cardiovasc Sut® (Suppl): 1-
23.

Leape, L. L. 1990. Practice guidelines and standards. An ove@ie®. Qual Rev Bull
16: 42-49.

Lenert, L. A., D. Michelson, C. Flowers, and M. R. Bergen. 1995. IMPACT: an object-ori-
ented graphical environment for construction of multimedia patient interviewing soft-
ware.Proceedings of the Nineteenth Annual Symposium on Computer Applications in

Medical Care: 319-23.

Liem, E. B., J. S. Obeid, P. Shareck, L. Sato, and R. A. Greenes. 1995. Representation of
clinical practice guidelines through an interactive World-Wide-Web interface. Pages
223-227.SCAMG New Orleans, LA.



233

Littenberg, B., A. M. Garber, and H. C. Sox, Jr. 1991. Screening for hypertension. Pages
22-46 in D. M. Eddy, edCommon Screening Tes&merican College of Physicians,
Philadelphia.

Litzelman D.K., Dittus R.S., Miller M.E., Tierney W.M. 1993. Requiring physicians to
respond to computerized reminders improves their compliance with preventive care

protocols.J Gen Intern Me®: 311-7.

Lomas, J., G. M. Anderson, K. Domnick-Pierre, and et. al. 1989. Do practice guidelines
guide practice? The effect of a consensus statement on the practice of phyNicians.

Engl J Med321: 1306-11.

Lomas, J., and R. B. Haynes. 1988. A taxonomy and critical review of tested strategies for
the application of clinical practice recommendations: From 'official' to ‘individual' clin-

ical policy. American Journal of Preventive Medicidgsuppl): 77-94.

Maiman, L. A., P. Greenland, N. G. Hildreth, and C. Cox. 1991. Patterns of physicians'

treatments for referral patients from public cholesterol screeAmg] Prev7: 273-9.

Manton, K. G., and E. Stallard. 19883hronic disease modeling: Measurement and evalu-

ation of the risks of chronic disease process€kdord University Press, New York, NY.

Margolis, C. Z. 1983. Uses of clinical algorithrd8MA 249: 627.

McNeil, B. J., R. Weichselbaum, and S. G. Pauker. 1978. Fallacy of the five-year survival
in lung cancem Engl J Med299: 1397-1401.

Melton, J. L., lll, D. M. Eddy, and C. C. Johnston. 1991. Screening for osteoporosis.
Pages 202-28 in D. M. Eddy, edlommon Screening Tesfsmerican College of Physi-

cians, Philadelphia.



234

Musen M.A., Tu S.W,, Das A.K., Shahar Y. 1996. EON: A component-based approach to
automation of protocol-directed therappMIA, 3: 367-388.

Mutnick, A. H., and B. A. Szymusiak-Mutnick. 1996. Locally derived clinical practice

guidelines using a decision analysis mod&CN Clin Issue#&ug 7: 448-55.

Naglie, G., M. D. Krahn, D. Naimark, D. A. Redelmeier, and A. S. Detsky. 1997. Primer
on medical decision analysis: Part 3 - Estimating probabilities and utiMess.Decis
Making17: 136-141.

Naimark, D., M. D. Krahn, G. Naglie, D. A. Redelmeier, and A. S. Detsky. 1997. Primer
on medical decision analysis: Part 5 - Working with Markov proceséed. Decis

Making 17: 152-159.

National Centre for Reviews and Dissemination. 1994. Implementing clinical practice
guidelines: can guidelines be used to improve clinical practice? NHS Centre for

Reviews and Dissemination, York.

Nease, R. F, L. H. Hynes, and B. Littenberg. 1996. Automated utility assessment of glo-
bal healthQual Life Re$: 175-82.

Nease, R. F., and D. K. Owens. 1991. Decision models as an aid to short-term evaluation

of clinical guidelines [abstractMed Decis Makind.1: 325.

Nease, R. F., and D. K. Owens. 1994. A method for estimating the cost-effectiveness of
incorporating patient preferences into practice guidelivMedical Decision Making

14: 382-392.

Nease, R. F.,, and D. K. Owens. 1996. Naming conventions for model variables.



235

Nease, R. F., and D. K. Owens. 1997. Use of influence diagrams to structure medical deci-

sions.Medical Decision Making.7: 263-275.

Oddone, E. Z., G. Samsa, and D. B. Matchar. 1994. Global judgments versus decision-
model-facilitated judgments: are experts internally consistdetfical Decision Mak-
ing 14: 19-26.

Ohno-Machado L., Gennari J.H., Murphy S., et al. 1998. The guideline interchange for-

mat: A model for representing guidelind8MIA (in press).

Owens, D. K. 1994. Commentary on "Clinical guidelines and medical practice: A

review". Ann Internal MedL20: 85.

Owens, D. K. 1998. Spine update. Patient preferences and the devlopment of practice
guidelines Spine23: 1073-9.

Owens, D. K., and R. F. Nease. 1991a. Evaluating the impact of variation in clinical cir-
cumstance on optimal guideline development: the expected value of customization

[abstract] Med Decis Makindg.1: 330.

Owens, D. K., and R. F. Nease. 1991b. A model-based approach for prioritizing informa-

tion acquisition during guideline development [abstradgd Decis Makind.1: 330.

Owens, D. K., and R. F. Nease. 1993. Development of outcome-based practice guidelines:
a method for structuring problems and synthesizing eviddoo&. Commission Jour-

nal on Quality Improvemenit9: 248-263.

Owens, D. K., and R. F. Nease. 1997. A normative analytic framework for development of

practice guidelines for specific clinical populationked Decis Makind.7: 409-426.



236

Owens, D. K., R. F. Nease, and R. A. Harris. 1993. Use of cost-effectiveness and value of
information analyses to customize guidelines for specific clinical practice settings

[abstract] Med Decis Makindg.3: 395.

Owens, D. K., G. D. Sanders, R. A. Harris, K. M. McDonald, P. A. Heidenreich, A. D.
Dembitzer, and M. A. Hlatky. 1997a. Cost effectiveness of implantable cardioverter
defibrillators relative to amiodarone for prevention of sudden cardiac deathls of

Internal Medicinel26: 1-12.

Owens, D. K., R. D. Schacter, and R. F. Nease. 1997b. Representation and analysis of

medical decision problems with influence diagramed Decis Makind.7: 241-62.

Owens, D. K., and H. C. J. Sox. 1990. Medical decision making: Probabilistic medical
reasoning. Pages 70-116 in E. Shortliffe, L. Perreault, L. Fagan, and G. Widerhold, eds.
Medical Informatics: Computer Applications in Health Cafaeldison-Wesley, Read-
ing, MA.

Owens, D. K., H. C. J. Sox, and S. K. Inouye. 1989. Strategies for test selection in the
staging of lung neoplasmSeminars in Respiratory Medicii®: 195-202.

Oxman, A. D. 1993. Coordination of guidelines developntehtAJ 148.

Parmigiani, G., M. Ancukiewicz, and M. D. (submitted for publication). Decision models

in clinical recommendations development: the Stroke Prevention Policy Model. .

Physician Payment Review Commission. 1995. Annual report to congress 1995. US Gov-

ernment Printing Office, Washington DC.

Pierre, K. D., E. Vayda, J. Lomas, M. W. Enkin, and G. M. Anderson. 1991. Obstetrical
attitudes and practices before and after the Canadian Consensus Conference Statement
on Cesarean Birtfsoc Sci Me®2: 1283-9.



237

Reinwald, L. T., and R. M. Soland. 1966. Conversion of limited entry decision tables to
optimal computer programs |: Minimum average processing timenal of the ACM
13: 339-358.

Reinwald, L. T., and R. M. Soland. 1967. Conversion of limited entry decision tables to
optimal computer programs II: Minimum storage requiremamirnal of the ACML4:
742-755.

Romm, F. J., S. W. Fletcher, and B. S. Hulka. 1981. The periodic health examination:

comparison of recommendations and internists' perform&ocegh Med J4: 265-71.

Sanders, G. D., A. D. Dembitzer, P. A. Heidenreich, K. M. McDonald, and D. K. Owens.
1996. Presentation and explanation of medical decision models using the world wide
web. Pages 60-6#&roceedings of the 1996 AMIA Annual Fall Symposhvashington,

DC.

Sanders, G. D., C. G. Hagerty, F. A. Sonnenberg, M. A. Hlatky, and D. K. Owens. 1998.
Distributed decision support for guideline development using a web-based interface:

prevention of sudden cardiac death. Stanford University, Stanford.

Sanders, G. D., R. A. Harris, M. A. Hlatky, and D. K. Owens. 1995. Prevention of sudden
cardiac death: a probabilistic model for decision support. Pages 258+862edings
of the Nineteenth Annual Symposium on Computer Applications in MedicalNeave

Orleans, LA.

Sanders, G. D., D. K. Owens, N. Padian, A. B. Cardinalli, A. N. Sullivan, and R. F. Nease.
1994. A computer-based interview to identify HIV risk behaviors and to assess patient
preferences for HIV-related health statesceedings of the Eighteenth Annual Sympo-

sium on Computer Applications in Medical Cai20-24.



238

Schapira, M. M., D. B. Matchar, and M. J. Young. 1993. The effectiveness of ovarian can-

cer screening. A decision analysis modein Intern MedL18: 838-43.

Schoenbaum, S. C., and L. K. Gottlieb. 1990. Algorithm based improvement of clinical
guality. BMJ 301: 1374-1376.

Scott, G. C., D. J. Cher, and L. A. Lenert. 1997. SecondOpinion: Interactive web-based
access to a decision modetoc AMIA Annual Fall Symposiunvy69-773.

Scottish Intercollegiate Guidelines Network (SIGN). 1995. Draft criteria for appraisal of

clinical guidelines for national use. [Web document].

Shapiro, D. W., R. D. Lasker, A. B. Bindman, and P. R. Lee. 1993. Containing costs while
improving quality of care: The role of profiling and practice guidelides Rev Publ
Health14: 219-41.

Shiffman, R. N. 1991. A critique of published medical logic representation schemata: how
decision tables can help. [Abstra@gction on Computers, American Academy of Pedi-

atrics New Orleans.

Shiffman, R. N. 1995. Guideline maintenance and revision: 50 years of the Jones criteria
for diagnosis of rheumatic fevekrchives of Pediatrics and Adolescent Medicl4é:
727-32.

Shiffman, R. N., and R. A. Greenes. 1991. Use of augmented decision tables to convert
probabilistic data into clinical algorithms for the diagnosis of appendi&§GRAMC:

686-90.

Shiffman, R. N., and R. A. Greenes. 1992. Rule set reduction using augmented decision
table and semantic subsumption techniques: application to cholesterol guidelines.
SCAMC: 339-43.



239

Shiffman, R. N., and R. A. Greenes. 1994. Improving clinical guidelines with logic and
decision table techniques: application to hepatitis immunization recommendations.

MDM 14: 245-54.

Shiffman, R. N., L. L. Leape, and R. A. Greenes. 1993. Translation of appropriateness cri-
teria into practice guidelines: application of decision table techniques to the RAND cri-

teria for coronary artery bypass gr&CAMC: 248-52.

Shortliffe, E. H. 1997. Intermed Grant Proposal. Stanford University, Stanford.

Shortliffe, E.H. 1990 Medical informatics and clinical decision making: The science and
the Pragmaticsvled Dec Makind.1: S2-S14.

Sim, I. 1996. Sharable database of randomized clinical trials: In support of computer-
assisted evidence-based medickection on Medical InformaticStanford University,

Stanford.

Sim, 1. 1997. Trial Banks: An informatics foundation for evidence-based medicine. Pages

246.Medical Information ScienceStanford University, Stanford.

Singer, D. E., J. H. Samet, C. M. Coley, and D. M. Nathan. 1991. Screening for diabetes
mellitus. Pages 154-178 in D. M. Eddy, @&bmmon Screening Tes&merican Col-
lege of Physicians, Philadelphia.

Society for Medical Decision Making (SMDM) Committee on Standardization of Clinical
Algorithms (CSCA). 1992. Proposal for clinical algorithm standavtisi Dec Making
12: 149-54.

Sonnad, S., T. W. McDonald, R. F. Nease, J. Oleske, and D. K. Owens. 1993. An evalua-
tion of the methodology of guidelines for zidovudine therapy in HIV disédsdical
Decision Makingl3: 398.



240

Sonnenberg, F. A. 1997. Decision analytic support for clinical guidelines. UMDNJ/R.W.J.

Medical School, New Brunswick, NJ.

Sonnenberg, F. A., and J. R. Beck. 1993. Markov models in medical decision making: a

practical guideMedical Decision Making.3: 322-38.

Sonnenberg, F. A., C. G. Hagerty, and C. A. Kulikowski. 1994. An architecture for knowl-

edge based construction of decision moddkd Decis Makind4: 27-39.

Sonnenberg, F. A., and S. G. Pauker. 1987. Decision maker: an advanced personal com-
puter tool for clinical decision analysRroceedings of the Eleventh Annual Symposium

Computer Applications in Medical CarleEE Computer Society, Washington, DC.

Sonnenberg, F. A., and S. G. Pauker. 1997. Decision Maker 7.0: Operating Manual. Divi-

sion of Clinical Decision Making, New England Medical Center, Boston.

Sox, H. C., M. A. Blatt, M. C. Higgins, and K. I. Marton. 198&dical decision making

Butterworth-Heinemann, Boston, MA.

Sox, H. C., Jr., A. M. Garber, and B. Littenberg. 1991a. The resting electrocardiogram as
a screening test: A clinical analysis. Pages 47-80 in D. M. Eddgoadmon Screening

Tests American College of Physicians, Philadelphia.

Sox, H. C., Jr., B. Littenberg, and A. M. Garber. 1991b. The role of exercise testing in
screening for coronary artery disease. Pages 81-112 in D. M. Eddgoatmon

Screening Test®\merican College of Physicians, Philadelphia.

Sox, H. C., and S. H. Woolf. 1993. Evidence-based practice guidelines from the US Pre-
ventive Services Task ForciAMA 269: 2678.



241

St. Louis, M., K. J. Rauch, L. R. Petersen, J. E. Anderson, C. A. Schable, and T. J. Don-
dero. 1990. Seroprevalence rates of human immunodeficiency virus infection at sentinel
hospitals in the United States. The Sentinel Hospital Surveillance Gidtipgl J Med
323: 213-8.

Stoufflet P., Deibel S., Traum J., Greenes R.A. 1995. State transition method of modeling

clinical encountersAmerican Medical Informatics Association Spring Congress

Stoufflet P.E., Ohno-Machado L. Deibel S.R.A., Lee D., Greenes R.A. 1996. GEODE-
CM: A state transition framework for clinical managemé@AMIA Symposium supple-

ments924

Suermondt, H. J., and G. F. Cooper. 1992. An evalutation of explanations of probabilistic

inference SCAMC: 579-85.

Sumner, W., R. Nease, and B. Littenberg. 1991. U-titer: A utility assessmenPrtool.
ceedings of the Fifteenth Annual Symposium on Computer Applications in Medical
Care: 701-5.

Tunis, S. R., R. S. A. Hayward, M. C. Wilson, and et al. 1994. Internists' attitudes about
clinical practice guideline®Ann Intern MedL20: 956-63.

US Congress Office of Technology Assessment. 1994. Idenitifying health technologies

that work: Searching for evidence. US Government Printing Office, Washington DC.

US Department of Health and Human Service. 198%ng clinical practice guidelines to
evaluate quality of care. Volume 1: IssubsS. Dept. of Health and Human Services,
Rockville, MD.

US Preventive Services Task Force. 1996ide to clinical preventive serviced/illiams
& Wilkins, Baltimore.



242

Wachtel T.J., O’Sullivan P. 1990. Practice guidelines to reduce testing in the hdspital.
Gen Intern Med5: 335-41.

Walker, D. R., M. O. Howard, and M. D. Lambert. 1994. Medical practice guidelines.
West J Med 61: 39-44.

Wears, R. L., P. H. Stenklyft, and R. C. Luten. 1994. Using decision tables to verify the
logical consistency and completeness of clinical practice guidelines: Fever without

source in children under thre&cademic Emergency Medicitie A35.

Weingarten S., Agocs L., Tankel N., et al. 1993. Reducing lengths of stay for patients hos-
pitalized with chest pain using medical practice guidelines and opinion leAder3.

Cardiol. 71: 259-62.

Weingarten, S. R., M. S. Riedinger, L. Conner, and et al. 1994. Practice guidelines and
reminders to reduce duration of hospital stay for patients with chest pain. An interven-
tional trial. Ann Intern MedL20: 257-63.

Weingarten S., Sotone E., Hayward R. et al. 1995. The adoption of preventive care prac-
tice guidelines by primary care physicians: Do actions match intenfidaen Intern

Med10: 138-144.

Weinstein M.C., Stason W.B. 1977. Foundations of cost-effectiveness analysis for health

and medical practicebl Engl J Med296 (13): 716-21.

Welch, W. P., M. E. Miller, H. G. Welch, E. S. Fisher, and J. E. Wennberg. 1993. Geo-
graphic variation in expenditures for physicians' services in the United States [see com-
ments].New Engl J Me®28: 621-7.



243

Wellman, M. P., M. H. Eckman, C. Fleming, S. L. Marshall, F. A. Sonnenberg, and S. G.
Pauker. 1989. Automated critiquing of medical decision trigkesl Decis Making:
272-284.

Wennberg, J., and A. Gittelsohn. 1973. Small area variations in health care d8kwery.
encel82: 1102-8.

Wilson, M. C., R. S. Hayward, S. R. Tunis, E. B. Bass, and G. Guyatt. 1995. User's guides
to the medical literature. VIIl. How to use clinical practice guidelines. B. what are the
recommendations and will they help you in caring for your patients? The Evidence-

Based Medicine Working GroupAMA 275: 1630-2.

Woo B., Woo B., Cook E.F., Weisberg M., Goldman L 1985. Screening procedures in the
asymptomatic adult. Comparison of physician’s recommendations, patients’ desires,
published guidelines, and actual practi®MA 254: 1480-4.

Woolf, S. H. 1990. Practice guidelines: A new reality in medicine. |. Recent develop-
ments.Arch Intern Medl50: 1811-18.

Woolf, S. H. 1991. Manual for clinical practice guideline development: A protocol for
expert panels convened by the office of quality and effectiveness in health care.

AHCPR, Rockville, MD.

Woolf, S. H. 1992. Practice Guidelines: A new Reality in Medicine. 1. Methods of Devel-
oping GuidelinesArch Intern Medl52: 946-952.

Woolf, S. H. 1998. Do clinical practice guidelines define good medical care? The need
for good science and the disclosure of uncertainty when defining "best pracicest'.

113: 166S-171S.



244

Woolf, S. H., R. N. Battista, G. M. Anderson, A. G. Logan, and E. Wang. 1990. Assessing
the clinical effectiveness of preventive maneuvers: analytic principles and systematic
methods of reviewing evidence and developing clinical practice recommendations.

Clin Epidemiol43: 891-905.



