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Abstract
Rising costs have forced policy makers in the United States to reorganize the finance and

delivery of health care. This reorganization, combined with documented variation in prac-

tice patterns, has produced widespread interest in methods for improving quality of care,

and specifically in dissemination of guidelines for clinical use as one such method. Clini-

cal-practice guidelines (CPGs) provide a systematic means to review patient management

and a formal description of appropriate levels of care; their use can enhance the quality,

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

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

and in evidence synthesis; at the local level, such resources often are not available, or are

prohibitively costly. These requirements thus pose two main problems for developers of

CPGs: (1) the prohibitive cost of the required resources conflicts with the desire of local

clinical communities to implement their own CPGs that reflect their particular sites or

patient populations, and (2) the CPGs are static, placing limitations on the ability of

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

In this thesis work, I developed a new approach that allows developers and users to create,

disseminate, and tailor CPGs, using normative decision models (DMs). My approach is

designed to improve CPG applicability, relevance, and acceptance by local clinicians and

guideline developers, and thus to promote high-quality and cost-effective health care. I

propose that guideline developers can use computer-based DMs that reflect known global

and site-specific data to generate evidence-based CPGs. Such CPGs are of high quality,
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can be custom tailored to specific clinical settings, and can be modified automatically over

time as the underlying DM or evidence evolves. 

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

and formalized a method for mapping between these two representations. To make this

mapping possible, I designed a DM annotation editor that queries the decision analyst for

missing knowledge. The two conceptual models, the DM annotation editor, and the map-

ping algorithm allow guideline developers to create evidence-based CPGs, and permit

local users to do the updating and tailoring needed for the CPGs to succeed. I describe

implementation of the ALCHEMIST system that encompasses these two conceptual models,

the mapping algorithm, and the resulting tailoring abilities.

I evaluated my thesis work in three ways. First, to show that the DM conceptual model

and DM annotation editor provide information necessary for the efficient transformation

of a DM into a CPG, I evaluated the design and expressivity of both conceptual models,

and demonstrated the accuracy of the DM-to-CPG mapping algorithm. Second, to show

that ALCHEMIST produces CPGs that satisfy published criteria for high-quality guidelines,

I had guideline users rate the quality of generated CPGs using a guideline-rating key, and

rate the performance of ALCHEMIST's CPG browser. Finally, I evaluated ALCHEMIST's

dynamic patient and site tailoring abilities.

Because it creates CPGs from normative DMs, ALCHEMIST is able to specify explicitly the

alternatives, outcomes, and evidence in a clinical problem. Using the DM best-estimate

inputs and sensitivity analyses, the generated CPG quantifies the need for CPG tailoring.

ALCHEMIST automates the DM-to-CPG process and distributes the generated CPG over

the World Wide Web to allow guideline developers at each local site to apply, tailor, and

maintain a globally produced CPG. In my thesis work, I argue that my DM-to-CPG con-

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

care.
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1

C h a p t e r  1

Automated Creation of
Clinical-Practice Guidelines

from Decision Models

Rising health-care costs have forced policy makers in the United States to reorganize the

finance and delivery of health care. This reorganization, combined with documented vari-

ation in practice patterns (Chassin et al. 1986, Conway et al. 1995, Fisher et al. 1992,

Health Services Research Group 1992a, Iscoe et al. 1994, Keller et al. 1990, Welch et al.

1993, Wennberg and Gittelsohn 1973), has produced widespread interest in methods for

improving quality of care, and in dissemination of guidelines for clinical use (Woolf

1990). The Institute of Medicine (IOM) defines clinical-practice guidelines (CPGs) as

"systematically developed statements to assist physician and patient decisions about

appropriate health care for specific clinical circumstances" (Institute of Medicine 1992).

CPGs provide a systematic means to review patient management and a formal description

of appropriate levels of care; their use can enhance the quality, appropriateness, and effec-

tiveness of health care, while also containing costs (US Department of Health and Human

Service 1995).

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

analyses, decision analyses, clinical epidemiology, cost-effectiveness analyses, and
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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, I explore these problems that impede CPG success. One potential solu-

tion is to use decision models (DMs) as an aid for developing CPGs. I define DMs as

abstract representations of a decision problem that take into account the uncertain,

dynamic, and complex consequences of a decision, and the assignment of value to those

consequences (Owens and Nease 1993, Owens and Sox 1990). I developed a new

approach that allows developers and users to create, disseminate, and tailor CPGs, using

normative DMs. My approach is designed to improve CPG applicability, relevance, and

acceptance by local clinicians and guideline developers, and thus to promote high-quality

and cost-effective health care.

1.1 Hypothesis

I propose that guideline developers can use computer-based DMs that reflect known glo-

bal and site-specific data to generate evidence-based CPGs. Such CPGs are of high qual-

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

over time as the underlying DM or evidence evolves. 

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

DMs, and formalized a method for mapping between these two representations. The two
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conceptual models and the mapping algorithm allow guideline developers to create evi-

dence-based CPGs in algorithmic form, and permit local users to do the updating and tai-

loring needed for the CPGs to succeed. I describe implementation of the ALCHEMIST

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

resulting tailoring abilities. I evaluated three subhypotheses:

1. The DM conceptual model provides information necessary for the

efficient transformation of a DM (specifically, of a decision-tree rep-

resentation of the expected outcomes and available alternatives) into

CPGs, thereby allowing the creation of guidelines that are evidence

based.

2. ALCHEMIST produces CPGs that satisfy published criteria for good

practice guidelines.

3. ALCHEMIST's mapping algorithm allows dynamic patient and site tai-

loring, and, therefore, produces local CPGs that provide expected

health outcomes that are based on the DM and that produce expected

outcomes (measured in quality-adjusted life years) that are equal to

or better than those expected from static global CPGs for specific

patient populations.

My main goal, therefore, has been to develop a method that uses DMs to create CPGs. My

method takes advantage of the resources available to large guideline-development organi-

zations, but allows for local tailoring and updating. To accomplish this goal, I answered

six questions:

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

should she be able to perform? What questions should she be able to

answer? (Section 2.4)
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2. What is the minimal set of knowledge required of CPGs for a user to

perform all these required tasks? How can we specify this knowledge

most efficiently? (Section 2.6)

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

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

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

not currently available in the DM? (Section 4.3)

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

practice algorithm? (Section 5.4)

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

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

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

ments for conceptual models for CPGs and for DMs

2. To implement the DM conceptual model; my computer-based imple-

mentation requires that decision analysts specify additional informa-

tion that is necessary to develop a CPG from the DM

3. To design a mapping between the conceptual model of a DM and the

conceptual model of a CPG; I show that, given appropriate additional

specification of information in the DM, the knowledge represented

in either model is available in the other 

4. To implement and evaluate the ALCHEMIST system, which uses my

mapping between the conceptual models to create an annotated algo-

rithmic CPG directly from the DM; I evaluated the resulting CPG,

the updating and tailoring capabilities of ALCHEMIST, and the consis-

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

mentation can be extended to a larger subset of CPGs

1.2 Clinical-practice guidelines

Current CPGs encompass numerous formats, levels of complexity, and sources. Each has

its own methods of development and dissemination, and therefore its own strengths and

limitations. CPGs can be represented in several different formats, including text, protocol

charts or lists, flowcharts, or any combination thereof. This diversity in CPG formats,

styles, graphics, and methods of development limits widespread use and dissemination

(Society for Medical Decision Making (SMDM) Committee on Standardization of Clini-

cal Algorithms (CSCA) 1992). I concentrate on CPGs that are represented as clinical

algorithms as defined by the SMDM CSCA, and that allow the guideline developer to

communicate a complex series of conditional statements in a structured manner. The

flowchart representation (Figure 1.1) is integrated with textual output that follows a pub-

lished structure for CPGs developed by Hayward and colleagues (Hayward et al. 1993).

This organization and content promote a consistent structure for reporting CPGs and

enhance a user's ability to determine the applicability, importance, and validity of a CPG

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

1.3 Evidence-based guidelines

Many CPGs are developed based on expert opinion, local practice, or consensus. In this

dissertation, I emphasize the creation of evidence-based CPGs (EB-CPGs), which I

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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that local guideline developers normally cannot afford. The compromise of implementing

locally CPGs that were created by large institutions or funding agencies often leads to a

reduction of guideline acceptance and, therefore, of the guidelines' potential effectiveness,

because recommendations are not perceived as reflecting the actions appropriate for a spe-

cific patient or site (Grimshaw and Russell 1993, Owens 1994). I maintain that my work

helps to alleviate this problem.

1.4 Problems in the development of clinical-
practice guidelines

I address several problems associated with the creation, dissemination, and updating of

CPGs. The creation of EB-CPGs is limited because it requires numerous resources that

are not normally available to a local guideline developer. Allowing CPGs to be produced

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. 
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on a global level, yet maintained and updated by the local guideline implementer or clini-

cian, reduces this resource requirement. The assumptions and clinical evidence on which

CPGs are based are often hidden from the end user. This weakness causes CPGs to behave

like black boxes, limiting their acceptance by clinicians (Abendroth et al. 1988, Shiffman

and Greenes 1991). ALCHEMIST attempts to address this problem by making the assump-

tions an explicit element in the DM conceptual model (and, therefore, in the resulting

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 implementation. ALCHEMIST

allows the user to make changes at the local level while providing access to the clinical

evidence on which the CPG is based.

1.5 Decision models

Basing CPG creation on DMs enriches the produced CPGs (Nease and Owens 1991, Odd-

one et al. 1994, Owens and Nease 1997, Parmigiani et al. (submitted for publication)).

DMs provide a normative analytic framework for representing the evidence, outcomes,

and preferences involved in a clinical decision. They clearly define the available alterna-

tives and events of interest, and combine these elements in an objective and predictable

way to produce a recommendation that is consistent with underlying data and
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assumptions. In addition, the ability to perform sensitivity analyses allows the guideline

user to identify critical variables to focus refinement of the guideline. I assume that guide-

line developers and clinicians desire such a normative model of a decision, and create

CPGs based on such normative models. Current CPGs are not usually based on DMs;

even when both representations exist for the same clinical problem, the advice or logic of

the two representations may not correlate. I address this lack of correlation and provide a

method for mapping between DMs and CPGs. There are several DM representations,

including decision trees, influence diagrams, spreadsheet models, and state-transition

models. I concentrate on the decision-tree representation initially (Figure 1.1), because it

serves as a common model representation used in the medical decision-making commu-

nity for simple decision analyses, Markov models, and cost-effectiveness studies. Several

software packages are also available for building such decision trees on the computer.

Such software packages include Decision Maker (Sonnenberg and Pauker 1987), SMLtree

(Hollenberg 1984), and Data by TreeAge. I work with decision trees modeled using the

Decision Maker software. 

1.6 Overview of ALCHEMIST  architecture

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

the individual modules of Figure 1.2.

1. Decision model: The decision analyst — using the Decision Maker software —

creates The DM. Then, using ALCHEMIST's World Wide Web-based interface, the

decision analyst loads the DM into the ALCHEMIST system.

2. DM conceptual model: ALCHEMIST maps the DM onto the DM conceptual model

and automatically produces the results of the model and the flowchart algorithm

for the CPG. ALCHEMIST also obtains knowledge explicit in the DM (such as

best-estimate values and the available alternatives).
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3. DM annotation editor: ALCHEMIST dynamically creates a web-based DM annota-

tion editor using the information obtained from the DM. The DM annotation edi-

tor queries the decision analyst for missing information required by the CPG

conceptual model

4. DM-to-CPG mapping algorithm: ALCHEMIST's mapping algorithm uses the

knowledge that ALCHEMIST extracted automatically from the DM and knowledge

that ALCHEMIST obtained through the DM annotation editor to translate formally

the DM conceptual model into the CPG conceptual model

5. CPG conceptual model: ALCHEMIST instantiates the CPG conceptual model

using the information provided through the mapping algorithm.

6. Guideline browser and custom-tailoring editor: ALCHEMIST creates a web-based

interface using the information from the CPG conceptual model. The interface

allows the user to browse the created CPG and to adjust input-variable values.

These new values entered by the user on the web page are then fed back by

Figure 1.2. Schematic representation of ALCHEMIST ’s architecture. Each box represents 
an individual module of this dissertation. DM = decision model, CPG = clinical practice 
guideline. 
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ALCHEMIST to the DM, and the DM-to-CPG creation process is repeated (without

any additional input from the decision analyst or from the DM annotation editor),

producing an updated or tailored CPG.

1.7 Conceptual-model framework

Conceptual models are designed to describe a part of the world, the concepts about that

part of the world, and the relationships among those concepts. I use conceptual models to

represent the different knowledge required and provided by both DMs and CPGs.

Figure 1.3 demonstrates the different knowledge representations found in ALCHEMIST.

The goal of my thesis research was to determine (1) what knowledge is needed for a CPG

(the white ellipse), (2) what knowledge is inherent in a DM (the dark-gray ellipse), (3)

what the intersection of these two knowledge sets is (the light-gray section), (4) how to

obtain the missing CPG knowledge from the DM (or other sources), and (5) how to link

the additional DM knowledge to the CPG such that it can be used for updating and main-

taining of the CPG at a later time (i.e., how best to store the union of these sets). It is with

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

1.8 Conceptual model for CPGs

I define a conceptual model for a subset of CPGs (Section 2.6). This subset includes those

CPGs that can practically be based on a DM (e.g., I exclude development of guidelines for

patients who have numerous comorbid conditions). I discuss the restrictions that this sub-

set places on the applicability of my thesis to other CPG-development work, and describe

methods for extending my model to include other CPG formats (Section 2.3). I defined

the knowledge that is necessary and sufficient for creating and maintaining a CPG by

studying the development and use of existing CPGs. I identified the key questions that a

user should be able to answer, and the tasks that she should be able to perform with a
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CPG. I describe the data, functional, and knowledge requirements for a conceptual model

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

describe their advantages and disadvantages (Section 2.5). Of the several existing guide-

line representations (Cimino 1995, Stoufflet 1995, Stoufllet 1996, Ohno-Machado 1998),

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

1.9 Conceptual model for decision models 

I studied the insight inherent in a subset of DMs, and determined what knowledge

required by the CPG conceptual model is not currently available. I created a conceptual

model that details the combination of this knowledge (Section 3.6). I restricted the subset

of DMs to which my conceptual model applies, although I included dual utilities (cost-

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. 
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effectiveness models), Markov nodes (to deal with real-time dynamics), and multiple-

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

I expanded work by Wellman and associates (BUNYAN) (Wellman et al. 1989), Langlotz

(QxQ) (Langlotz 1989), and Sonnenberg (MIDAS) (Sonnenberg et al. 1994). These three

works provide a taxonomy for the structure and content of DMs. Both BUNYAN and

QXQ, however, are able to support only single-utility models, and none of the three taxon-

omies can describe Markov processes. I expanded these taxonomies to deal with dual-util-

ity models (for cost-effectiveness studies), and Markov nodes (for management of patients

who have chronic diseases) (Section 3.5). 

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

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

1. Modeling perspective (e.g., societal perspective). The perspective of the DM —

especially that of a DM that reflects the costs involved or patient preferences for

different strategies — affects the CPG produced.

2. Best-estimate input values and ranges (e.g., “the prior probability of mediastinal

metastases is 0.46”). The input values and sensitivity-analysis ranges used in the

base-case analysis reflect numerous assumptions made by the decision-analysis

team. The chosen input values may combine results of clinical trials, meta-analy-

ses of the current literature, and estimates based on expert opinion. Links to evi-

dence tables and sources make these assumptions an explicit part of the

generated CPG.

3. Patient characteristics (e.g., “the age-specific mortality rates used are for white

males”). My DM conceptual model makes explicit assumptions about the patient

population for whom the CPG is designed by highlighting the defining character-

istics of the population and those variables that depend on the model representing

this particular cohort. 
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4. Model structure (e.g. computed tomography and mediastinoscopy are condition-

ally independent). The structure of the model reflects assumptions regarding both

the relationships among variables and the chosen simplifications of the scope of

the DM.

Comparison of my DM and CPG conceptual models reveals numerous areas that do not

overlap, such as the CPG objective, methods used, alternative and outcome definitions,

sensitivity-analysis ranges, levels of evidence, detailed evidence tables, and the data

sources used to develop the model. The CPG conceptual model obtains this additional

information using the DM annotation editor described in Chapter 4.

1.10 Mapping between DM and CPG 
representations

I defined a formal mapping between the knowledge in DMs and the knowledge required

for CPGs (Section 5.4). This mapping allows representation of an evidence-based CPG as

a flowchart algorithm, explicit representation of assumptions in the DM, and maintenance

of additional knowledge from the DM for future automated updating and tailoring of the

CPG.

Creation of the flowchart algorithm uses a combination of the automated analyses of the

DM and additional specifications from the decision analyst. The assumptions represented

in the CPG are based on those obtained directly from the structure and variable inputs

used in the DM, as well as the assumptions defined explicitly by the decision analyst

using the DM annotation editor. The CPG provides information regarding its sensitivity to

particular input variables, and the expected outcomes for different strategies. Additional

sections of the CPG, such as the definition of the patient population, comprise information

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

cardiac death).

1.11 Tailoring of CPGs 

ALCHEMIST's initial CPG reflects the DM base-case values. To make this CPG applicable

to her specific site or patient, the local user must tailor and update the input variables.

Such tailoring abilities are beneficial when clinical circumstances vary sufficiently that

guideline recommendations differ (Nease and Owens 1994, Owens and Nease 1991a,

Owens and Nease 1997). The user of the CPG is able to change the base-case variable val-

ues to reflect her specific patient population. After determining that none of the DM mod-

eling assumptions are violated, ALCHEMIST updates the results and recommended CPG

flowchart algorithm. Information indicating to which variables the CPG is sensitive, plau-

sible ranges for given variables that ensure that the resulting CPG is still clinically valid,

and relationships between variables to guarantee that modeling assumptions are not vio-

lated are all represented in the conceptual-model framework and made explicit to the CPG

user. ALCHEMIST does not allow structural updating or custom tailoring of the underlying

DM. Although it is possible to implement changes to the DM from a web interface, the

requirements for ensuring that the structurally changed model is complete and that the

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

1.12 Proposed users

In this section, I identify the parties who participate in the CPG process and who may ben-

efit from use of ALCHEMIST. I am proposing that guideline developers adopt a framework

and system that changes how certain subsets of guidelines are created, disseminated, and

maintained. It is important, therefore, to know who will be affected by use of the ALCHE-

MIST system — who will benefit and who may be encumbered. I envision two main user
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groups for ALCHEMIST: decision analysts and guideline developers. Figure 1.4 depicts the

flow of information and the users involved as a CPG is created from a DM and custom tai-

lored by a local guideline developer.

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

viously created DM into the DM conceptual model. ALCHEMIST then creates the DM

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

and local guideline developers, clinicians could also use the generated CPG. ALCHEMIST

would provide these clinicians with access to the CPG recommendations, evidence, mod-

eling assumptions and to ALCHEMIST's custom-tailoring capabilities on a patient-specific

level (Section 2.3.5).

1.13 Examples of decision problems, mappings, 
and resulting CPGs

I use three different DMs1 to demonstrate the abilities of ALCHEMIST. In increasing order

of complexity, these models are the following:

1. Lung-cancer effectiveness model (LC-EM): This DM represents the optimal

strategy for staging the mediastinum of patients with known non–small-cell lung

cancer. The only outcome modeled is life expectancy, although there are sequen-

tial decisions representing the numerous tests that can be used (Gould et al. 1997,

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

2. Lung-cancer cost-effectiveness model (LC-CEM): This DM represents the

same problem as does the LC-EM, but also models the financial costs incurred by

the different strategies. It therefore requires representation of a dual-utility

model.

1. Note that all three of the DMs used in my dissertation are for example purposes only and the
clinical recommendations that ALCHEMIST produces based on these DMs should not be used by
the reader in a clinical setting.
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3. Sudden cardiac death PORT Markov model (SCD-MM): This DM represents

a subset of the Cardiac Arrhythmia and Risk of Death Patient Outcomes

Research Team (CARD PORT) DM that the CARD PORT decision modeling

subgroup developed previously (Owens et al. 1997a, Sanders et al. 1996, Sanders

et al. 1995). This model incorporates Markov processes; it therefore demon-

strates ALCHEMIST's ability to represent time dependencies and recurrent or

repeating events.

I use the LC-EM to step through how a user would interact with ALCHEMIST. In this sce-

nario, a guideline-developing organization develops a DM that represents the alternatives,

outcomes, evidence, assumptions, and knowledge for a decision problem, such as what

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

This DM represents a patient who has a known non–small-cell carcinoma of the lung. A

chest X-ray examination reveals that the tumor does not abut the chest wall or the medi-

astinum. If mediastinal metastases are found to be present, then thoracotomy is contrain-

dicated, and the preferred treatment is radiation therapy. However, if mediastinal

metastases are absent, then thoracotomy offers a substantial survival advantage. There are

several diagnostic tests available to assess any involvement of the mediastinum (Nease

and Owens 1997). In this DM, we consider the use of only computed tomography (CT) of

the chest and mediastinoscopy. Figure 1.5 shows a schematic representation of the LC-

EM decision tree.

The first decision is whether to perform a CT. This decision is then followed by the deci-

sion of whether to perform mediastinoscopy (note that, if a CT was performed, the results

of this test are available before the decision to perform the mediastinoscopy is made).

Mediastinoscopy includes a small (but not insignificant) risk of death. Survival of medias-

tinoscopy (or the absence of mediastinoscopy altogether) is followed by the treatment

decision (thoracotomy versus radiation therapy). The results of both CT and
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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.

Figure 1.5. Schematic representation of the lung-cancer effectiveness model. Square 
nodes represent decision nodes, circles represent chance nodes. CT = computed 
tomography, MED = mediastinoscopy, XRT = radiation therapy, Surgery = thoracotomy, 
MedMets = mediastinal metastases. 
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After the decision analyst has completed the DM, he loads it into ALCHEMIST (Figure 1.6).

The ALCHEMIST implementation uses a web-based interface and common-gateway inter-

face (CGI) scripts, so it can be run on any computer platform, and the decision analysts

can load any decision tree that is located on his personal-computing environment.

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

mation obtained from the DM onto the DM conceptual-model framework. ALCHEMIST

Figure 1.6. Loading the DM into ALCHEMIST . The decision analyst enters her name and 
electronic-mail address for logging purposes. She then browses her personal files to locate 
the Decision Maker DM that she will load into the ALCHEMIST system. 
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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).

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

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

editor, the decision analyst submits this information to ALCHEMIST, which then produces

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

This web-based CPG is then subject to internal and peer review, and can be modified.

After the guideline is accepted, the developing organization distributes it to the health-

care community by adding it to a guideline-repository web page. An example of such a

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. 
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guideline repository is the newly created National Guideline Clearinghouse (NGC) by the

Agency for Health Care Policy and Research (AHCPR)) (Agency for Health Care Policy

and Research, 1998). The goal of the AHCPR in creating the NGC is to promote wide-

spread access through the development of a comprehensive electronic database for thou-

sands of guidelines. To be included in the NGC, the guidelines must satisfy a set of

inclusion criteria. I envision the guidelines created by ALCHEMIST as being eligible for to

the NGC; they would then be available for widespread use by local guideline developers.

After the global guideline is available over the web, local guideline implementers can

Figure 1.9. CPG that ALCHEMIST  produces using information from the annotation editor. 
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explore it, can examine its evidence and recommendations, and can specify site- or

patient- specific input values to produce an updated tailored CPG. Figure 1.11 shows a

guideline user changing the prior probability of mediastinal metastases from the base-case

value of 0.46 to a new value of 0.80. ALCHEMIST takes this new value, and — after check-

ing that none of the underlying assumptions in the DM are violated — produces a new

CPG. Using a base-case value for the prior probability of mediastinal metastases of 0.46,

the generated CPG (Figure 1.10) recommended a CT examination followed by mediasti-

noscopy if the CT was positive, and followed by a thoracotomy if the CT was negative.

Figure 1.10. CPG flowchart representation generated by ALCHEMIST . 
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Changing the prior-probability value to 0.80 produces the updated CPG (Figure 1.12),

which recommends immediate mediastinoscopy.

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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1.14 Evaluation

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

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

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

MIST.

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. 
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1.14.1 Conceptual-model framework 

I evaluated the design and expressivity of the DM and CPG conceptual models. Using the

guideline-assessment tool developed by the IOM (Institute of Medicine 1992), I compared

the data elements within my conceptual model to those required by the IOM assessment

tool. Of the 60 individual data elements, I found 45 (75 percent) in the CPG conceptual

model. In Section 8.1.1.3, I explain reasons for exclusion of the remaining 15 elements

from my CPG conceptual model. To determine the expressivity of the CPG conceptual

model, I retrieved a sample of current guidelines and attempted to express the information

within each of these CPGs with my conceptual framework. Overall, the CPG conceptual

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

1.14.2 Generated CPG 

I evaluated ALCHEMIST's resulting CPG in three ways: using a guideline-rating question-

naire, a user-satisfaction questionnaire, and a structured interview. For this part of my

evaluation, I solicited 15 subjects who were familiar with guideline use. First, each sub-

ject critiqued the LC-EM and a comparison CPG with reference to an established guide-

line criteria (Basinski 1995, Institute of Medicine 1992, Sonnad et al. 1993). Using the

guideline criteria, each subject gave the CPGs a numeric score based on the CPG's usabil-

ity, accountability, and accuracy. The mean score for the LC-EM was 1.502 (on a scale of

0 to 2), whereas the comparison CPG had a mean score of 0.987. The difference between

the two guidelines was statistically significant (p = 0.002). The ALCHEMIST CPG was

rated higher than the comparison CPG on all questions except for the one that asked the

subject whether the CPG had been peer reviewed.

Second, the subjects completed a user-satisfaction questionnaire to describe their experi-

ence with the ALCHEMIST web-based system. The results of this questionnaire produced

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

use at 4.76, the usefulness of the content at 3.98, and the format of the presentation at

4.64. 

Third, I conducted structured interviews with the subjects to elicit any additional com-

ments or concerns. Overall, the subjects' experience using the ALCHEMIST system was

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

1.14.3 Updating and tailoring abilities 

To evaluate the custom-tailoring and updating abilities of ALCHEMIST, the 15 subjects

entered between 1 and 3 new clinical scenarios into the ALCHEMIST system. ALCHEMIST

generated a new CPG, and I compared the expected health benefit and flowchart algo-

rithm produced by ALCHEMIST to that produced through manual computation. ALCHE-

MIST's tailoring of the CPG exactly mimicked manual computation of the flowchart

algorithm in all patient scenarios. This component of my evaluation demonstrated the fea-

sibility and accuracy of ALCHEMIST to produce tailored CPGs.

1.15 Contributions

My work combines ideas from decision analysis, health policy, and medical informatics to

produce a methodology for the automated creation of evidence-based CPGs. The design

of the CPG and DM conceptual models combines extensive domain knowledge about the

proper structure of CPGs and the knowledge within DMs. The ALCHEMIST system pro-

vides a proof of concept that the transformation of DMs into CPGs, and CPG automatic

updating and tailoring, can be performed. The evaluation of the produced CPG browser

and custom-tailoring editor generated pilot data that will be helpful to people who design

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

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

1.15.1 Medicine and medical informatics

• The ALCHEMIST system allows the automated construction of CPGs that repre-

sent explicitly the uncertainties and evidence inherent in clinical decision-mak-

ing problems, allowing users to determine the degree to which the resulting CPG

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

• The mapping algorithm provides an automated, quantitative link between the

clinical data from the literature and the CPGs, allowing users to view how

changes to the clinical data affect the resulting CPGs and their patient-manage-

ment strategies.

1.15.2 Decision theory

• The DM conceptual model provides a taxonomy of DMs and the knowledge

within those DMs, helping decision analysts to create DMs that are complete and

that guideline users can use for creating CPGs. 

• The translation of the DM into a CPG demonstrates a method for providing evi-

dence-based guidelines to users who are unfamiliar with the technical and math-

ematical details of a DM.

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

used for specific sites or patients.

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

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

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

of an algorithmic CPG.

• ALCHEMIST addresses the tension between performing comprehensive high-qual-

ity analyses centrally and accommodating legitimate variances in practice pat-

terns and in patient preferences

1.16 Guide to the dissertation

In this dissertation, I define conceptual models of CPGs and DMs, and a method for map-

ping between these two knowledge representations. If you are to understand my goals,

you must first have a general understanding of CPGs, DMs, and the knowledge inherent in

these two representations. The next two chapters provide an introduction to these topics,

explain the limitations of these formats, provide the background for understanding the

contributions of ALCHEMIST, and detail my conceptual models. I describe my mapping

algorithm, the implementation of ALCHEMIST, and my evaluation in the remaining chap-

ters.

• Chapter 2 presents an overview of CPGs and the limitations current CPG devel-

opment have for the three core CPG tasks: creation, dissemination, and mainte-

nance. I define the subset of CPGs that I used, and describe the knowledge

necessary to perform the three core tasks for this subset of CPGs. I provide a

detailed taxonomy of this knowledge, and define a conceptual model that formal-

izes this knowledge.

• Chapter 3 introduces DMs and the knowledge explicit in their structure and

inputs. I evaluate existing taxonomies of DMs, and describe my conceptual

model that formalizes the knowledge already present in the DM, and that

requires the decision analyst to enter any missing knowledge.
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• Chapter 4 describes the implementation of the DM conceptual model and the

DM annotation editor based on the conceptual model formulated in Chapter 3. I

list any restrictions on the class of DMs that ALCHEMIST will be able to transform

into CPGs, and detail the knowledge required for the creation of the CPG and

unavailable in the DM. This chapter concludes by describing extensions that

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

• Chapter 5 reviews the justification for basing CPG creation on DMs. I review

existing methods for transforming a DM representation into a textual and algo-

rithmic CPG form. I assess these differing methods, and describe my DM-to-

CPG algorithm. I detail the restrictions on the translation between DM and CPG

representations.

• Chapter 6 describes ALCHEMIST's tailoring and updating abilities. It formalizes

the process of making local adjustments to the CPGs that represent changes in

the DM, and describes restrictions on ALCHEMIST's abilities (e.g., being able to

make adjustments on the level of inputs, such as on local disease prevalence, but

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

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

These examples illustrate the performance of ALCHEMIST.

• Chapter 8 details my evaluation and results for validating my hypotheses. I report

my evaluation of the two conceptual models, the mapping algorithm, the result-

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

• Chapter 9 concludes by discussing the contributions of my work to health care, to

decision theory, and to medical informatics. I point out the limitations of my the-

sis research, and include future directions for extending my work.
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C h a p t e r  2

Clinical-Practice Guidelines

In this chapter, I define clinical-practice guidelines (CPGs) and review the rationale and

need for CPGs in our health-care system (Section 2.1). I describe current CPG develop-

ment, implementation, and maintenance projects, and then outline the specific limitations

of existing methods (Section 2.2). These current CPG projects encompass a large array of

purposes, types, domains, levels of complexity, and formats. In my thesis work, I have

placed numerous restrictions on ALCHEMIST's CPG representation. I describe the subset of

CPGs that I have addressed, and detail the restrictions that this subset imposes on the gen-

eralizability of my work (Section 2.3). I complete this chapter by describing the concep-

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

2.1 Definition of CPGs

The Institute of Medicine (IOM) defines CPGs as "systematically developed statements to

assist physician and patient decisions about appropriate health care for specific clinical

circumstances" (Institute of Medicine 1992). This broad definition encompasses numer-

ous guideline formats, types, and purpose. Common CPG formats include prose, protocol
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lists or charts, and clinical flowchart algorithms. Each of these presentation formats, or

any combination thereof, can also be paper or computer based. Similarly, computer-based

guidelines can be static or interactive. ALCHEMIST's generated CPG uses a computer-based

combination of structured text and a clinical flowchart algorithm. In Section 2.3.4, I detail

this CPG format.

There are also numerous CPG types and purposes. CPG purposes range from educational

reference for providing explanatory information on approaches to a problem, to care plans

or audits to review utilization of resources or to monitor conformance, to CPGs of

accepted practices (Eddy 1992, Ohno-Machado 1998). I concentrate on CPGs created to

assist clinical decision making by patients and practitioners. These CPGs could be devel-

oped to aid practitioners with patient-management, diagnostic, disease-screening, and dis-

ease-prevention decisions.

2.2 Current status of CPGs

This section provides a brief background on the justification for CPGs, and describes cur-

rent CPG projects. I detail the current methods of developing, disseminating, and main-

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

2.2.1 Justification

Rising health-care costs and concerns about quality of care have motivated many recent

guideline-development projects. Inspiring CPG developers is the belief that, if properly

developed and used, CPGs can lead to improved patient outcomes, enhanced patient satis-

faction, and reduced health-care costs (Shapiro et al. 1993, Walker et al. 1994, Woolf

1990). These expected benefits derive from the solution of the following health-care prob-

lems (Kaegi 1996):
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1. Inappropriate use of services: CPGs are designed to reduce inappropriate use of

health-care services. Studies have documented unnecessary radiologic proce-

dures, laboratory tests, hospital admissions, days of care, and drug use. Ten to 30

percent of diagnostic and therapeutic procedures have been judged to be per-

formed for inappropriate reasons (Kassirer 1993, Leape 1990). By providing a

systematic means of management review and a formal guideline for practitioners

to follow, developers of CPGs hope to decrease significantly the occurrence of

inappropriate care.

2. Uncertainty about health outcomes from various services: There is a high degree

of uncertainty about health outcomes produced by various medical services. This

uncertainty allows physician practice style, peer opinion, tradition, financial

incentives, and expectations of patients to affect the chosen therapy strategy and

perhaps to cause people to choose an inappropriate or more costly route. CPGs

would ideally limit this uncertainty through the explicit documentation of the dif-

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

3. Variation in practice patterns: Researchers have documented that there is signif-

icant variation in the use of services that cannot be explained consistently by dif-

ferences in practice location, patient characteristics, or patient preferences

(Conway et al. 1995, Fisher et al. 1992, Health Services Research Group 1992a,

Iscoe et al. 1994, Keller et al. 1990, Welch et al. 1993). Wide variations in use

suggest that patients in certain areas are receiving unnecessary services, whereas

others are failing to receive needed services (Leape 1990). These variations may

stem from several factors, the most obvious being a lack of consensus within the

medical community regarding the appropriate indications for many treatment or

screening strategies. The implementation of CPGs would provide a method for

reducing this variation by recommending appropriate levels of care given differ-

ent clinical scenarios.
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Physicians are required to remain abreast of a staggering body of medical knowledge

(Health Services Research Group 1992b). To make an informed patient-care decision,

physicians must identify accurately the available options, possible outcomes, and interme-

diate consequences, as well as weigh the resulting benefits, harms, and costs according to

their patient's, institution's, and society's preferences. Clearly there are many health-care

decision problems that are sufficiently straightforward that the corresponding guideline

can be developed without a formal method (e.g., whether to use sterile techniques in an

operating room) (Eddy 1992). However, many health decisions are too complicated or

have too many associated uncertainties for physicians to perform the needed analysis for

their individual patients. Indications that a clinical condition falls into this category

include the existence of wide variations in practice patterns, ongoing clinical research, and

conflicting policies (Eddy 1992). Valid CPGs developed by experts who have the required

time and expertise to review all the available evidence, and to weigh all the benefits and

harms of each decision, can greatly ease this decision-making task for physicians (Eddy

1990a). 

2.2.2 Current CPG projects

Today, estimates of the number of CPGs in the United States range from 1800 (American

Medical Association 1996, Physician Payment Review Commission 1995) to greater than

26,000 (ECRI 1997, Woolf 1998). Organizations that develop CPGs include numerous

professional societies, such as the American Medical Association and the American Col-

lege of Physicians; third-party payers; research groups such as the RAND corporation;

academic and health maintenance organization (HMO) health centers; commercial pre-

certification and utilization-review programs; and government organizations, such as the

National Institutes of Health, the Health Care Financing Administration, Physician Pay-

ment Review Commission, U.S. Preventive Services Task Force, and Agency for Health

Care Policy and Research. Each institution uses different methods of data collection and

synthesis, CPG representation, implementation, maintenance, and evaluation; each has its
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own objectives for its produced CPG. In Section 2.2.2.1 through 2.2.2.3, I briefly describe

the current methods used for development, dissemination, and maintenance of CPGs,

indicating areas where ALCHEMIST addresses the current methods' limitations.

2.2.2.1 Development

Guideline-development methods range from informal consensus development (unstruc-

tured, subjective group judgment) and formal consensus development (standardized opin-

ion gathering) to evidence-based methods (direct linkage of recommendations with

supporting science) and explicit approaches (projections of likely benefit, harms, and

costs) (Woolf 1992, Woolf 1998). Methods for evidence-based or explicit CPG develop-

ment include several important tasks: topic selection, processes for data collection (e.g.,

expert-panel consensus or meta-analysis of clinical literature), methods for combining the

available scientific evidence (e.g., decision analysis), outcomes measurement, techniques

for determining and incorporating patient preferences (e.g., time tradeoff or standard gam-

ble), and means for identifying and evaluating inconsistencies and conflicts among CPGs

on the same topic (Eddy 1992, Institute of Medicine 1992, Woolf 1991, Woolf 1992).

Each guideline-developing organization uses a different combination of these methods.

Example differences among CPG development projects involve the emphasis placed on

formal literature review and meta-analyses, the reliance on national experts as opposed to

local physicians, and the application of rigorous analytical techniques for combining the

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

The RAND corporation uses a completely different approach to guideline development. It

has designed appropriateness criteria for certain medical or surgical procedures. A nine-

member multispecialty panel reviews the background material for a given procedure and

rates each possible indication on a 9-point appropriateness scale (US Congress Office of

Technology Assessment 1994). Using these criteria, the panel rates the appropriateness of

up to several thousand separate indications for a given diagnostic or therapeutic proce-

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

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

As I described in Chapter 1, development of CPGs requires input from experts both in

clinical medicine and in evidence synthesis — resources that are not normally available to

a local guideline developer. These large resource requirements often limit produced CPGs

to global patient-management recommendations. This global perspective may prevent

CPGs from being implemented effectively in a local environment, because the guideline

user may not believe that the CPG is based an accurate representation of her patient popu-

lation (National Centre for Reviews and Dissemination 1994, Woolf 1998). ALCHEMIST is

able to take advantage of the global expertise used in developing a DM and the corre-

sponding CPG, while providing the local guideline developer the option to tailor the

guideline to reflect her specific site or patient population. 

2.2.2.2 Dissemination

Although most current guideline-related activity emphasizes the development of CPGs, if

CPGs are not properly disseminated, their potential benefit is negligible (Oxman 1993,

Shortliffe 1990). The health-care benefit of CPGs is dependent on their widespread dis-

semination and use, and on physician compliance. Current methods of disseminating

CPGs include release and promotion in peer-reviewed journals, mailings, press releases,

and presentations at major meetings (Health Services Research Group 1992b). A guide-

line implementer's desire is to find a method that allows widespread dissemination,

emphasizes the validation and support of the guideline by respected institutions and physi-

cians, and allows easy use of the CPGs and understanding of the supporting evidence. The

implementation of ALCHEMIST and its resulting CPG on the web will allow widespread

distribution of the CPG and will permit easy access to the supporting evidence (See Sec-

tion 2.2.2.4), but doesn’t support currently integration with a patient record at the point of

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

After a CPG has been developed and disseminated, the work of the guideline implementer

is far from done. Although the guideline may reflect the current state of medical knowl-

edge, periodic reviews, updating, and revisions are required for a CPG to remain valid

(Institute of Medicine 1992). The abilities of a guideline developer to use ALCHEMIST to

update the evidence used in the DM and to produce an updated version of the CPG allevi-

ate problems with current CPG maintenance. For more major updates (e.g., addition of a

new intervention), the underlying decision model (DM) can be changed; then, building off

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

2.2.2.4 Advantages of a computer-based CPG

Guideline developers can address several limitations of current CPG projects by making

the CPGs available in a computer-based environment — especially by using a web-based

interface. I previously discussed several of these advantages with reference to presenting

and explaining medical DMs using a web-base format (Sanders et al. 1996, Sanders et al.

1998). The web-based DM presentation allows authors to present their DM in detail, to

link the model inputs to the primary evidence, to disseminate the model to peer investiga-

tors for critique and collaborative modeling, and to enable users to analyze interactively

the DM at remote sites. Similar advantages are available for a CPG representation. A web-

based CPG can incorporate greater complexity than paper-based formats while maintain-

ing a consistent structure and orientation for the user. The level of detail displayed can be

varied, allowing the user to view parts of the CPG relevant to her patient or site and thus to

tailor the recommendations to her specific population (Abendroth and Greenes 1989,

Abendroth et al. 1988). The web allows easy linking to related supporting material, as

well as interaction with the underlying DM, and thereby permits updating and tailoring of

the generated CPG. 
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Prior work by Liem and colleagues describes a process for implementing algorithmic

CPGs in a graphical format on the web. That work however, assumes the prior existence

of these algorithms and does not allow creation of tailored or updated CPGs; rather, it

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

2.2.2.5 Current web-based CPGs

During the past few years, the World Wide Web has become an alternate source for guide-

line developers to disseminate CPGs. There are substantial guideline resources available

currently on the web, and use of the web by guideline developers continues to evolve rap-

idly. Table 2.1 lists several existing websites that provide full-text CPGs, serve as directo-

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

In contrast to CPGs that appear in peer-reviewed journals, a web-based CPG does not

need to undergo the same level of internal or external review before its dissemination.

AHCPR's creation of a national guideline repository (the National Guideline Clearing-

house discussed in Section 1.13) may help to ensure that web-based CPGs are of high

quality, while providing guideline developers a flexible medium through which to dissem-

inate and implement CPGs.

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

Organization or website Description of site URL

American College of Cardiol-
ogy (ACC)

ACC/AHA guidelines on 
management of heart dis-
ease

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

American College of Physi-
cians

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

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

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

http://www.cma.ca/cpgs/
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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

Centers for Disease Control 
(CDC) Prevention Guide-
lines Database

Comprehensive summary of 
all the official guidelines 
and recommendations pub-
lished by the CDC

http://aepo-xdv-
www.epo.cdc.gov/wonder/
prevguid/prevguid.htm

Decision Sciences Group, 
Harvard University

Interactive implementation of 
National Cholesterol Edu-
cation Project guidelines

http://dsg.harvard.edu/public/
guidelines/cholesterol/
chlintun.html

McMaster University, Guide-
lines Appraisal Project 
(GAP) Homepage

Appraisals, summaries, and 
dissemination of informa-
tion about CPGs

http://hiru.mcmaster.ca/cpg/
default.htm

Medical Matrix, Healthtel 
Corporation

Links to a database of 
resources that can assist cli-
nicians in patient care; the 
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

http://www.medmatrix.org/
SPages/
Practice_Guidelines.asp

Radiologic Society of North 
America

Links to many guidelines 
indexed by the developer

http://www.rsna.org/practice/
guidelin/guidelin.html

Stanford EON Project Homep-
age

Description of the EON 
project to support auto-
mated reasoning about pro-
tocol-based care

http://www-smi.stan-
ford.edu/projects/eon/

U.S. National Library of Med-
icine, Health Services 
Technology Assessment 
Text

Access to guidelines by 
AHCPR, NIH, and the 
U.S. Preventive Services 
Task Force

http://text.nlm.nih.gov/

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

Organization or website Description of site URL
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decision-analysis teams that consider both costs and efficacy can ideally aid in slowing

the rise in health-care costs by identifying three kinds of treatment: ineffective treatment

that can be withheld, the most cost-effective treatment among equally effective alterna-

tives, and alternatives that are both more effective and more expensive (Shapiro et al.

1993). The inclusion of a dual-utility function in my CPG conceptual model enables cost-

effectiveness analyses and thus allows ALCHEMIST to produce CPGs based on the cost

effectiveness of given treatment strategies.

2.2.4 Efficacy of CPGs

Although policy makers have expressed great interest in using CPGs and have recognized

CPGs' potential to increase quality of care while containing costs, they are still uncertain

about CPG efficacy (Walker et al. 1994, Woolf et al. 1990). Although several studies have

demonstrated changes and improvement in physician behavior after guidelines have been

disseminated (Weingarten 1995, Wachtel 1990, Eagle 1990, Weingarten 1993, Weingarten

1994, Weinstein 1997), other studies document that clinicians are often unaware of exist-

ing guidelines or, if they are aware, they often fail to change their behavior based on the

CPGs (Cohen et al. 1985, Grilli et al. 1991, Kosecoff et al. 1987, Lomas et al. 1989,

Lomas and Haynes 1988, Maiman et al. 1991, Pierre et al. 1991, Romm et al. 1981, Wein-

garten et al. 1994). In 1993, Grimshaw and Russell studied 59 published evaluations of

CPGs with rigorous evaluations (Grimshaw and Russell 1993); they found that implemen-

tation of CPGs significantly improved the process and outcome of care. The degree of

improvement, however, varied considerably. They did not study the costs associated with

the development and implementation of the CPG. CPGs developed at a national level and

published in journals were found to have a low probability of affecting the process of care.

Internal development strategies combined with a patient-specific reminder at the point of

care produced the highest probability of efficacy. 
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In two related studies, Hayward and colleagues designed and performed a survey of prac-

titioners to determine the importance of CPG features in helping these physicians to

decide whether to adopt a guideline, and to assess the usefulness of dissemination strate-

gies in making guidelines accessible and effective (Hayward et al. 1996, Hayward et al.

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

and gives the corresponding features of ALCHEMIST.

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

Hayward internist survey ALCHEMIST  approach

Endorsement by respected colleagues and 
major organizations

ALCHEMIST CPG will be peer reviewed 
before distribution

Short pamphlets and manuals summarizing a 
number of guidelines

Main webpage provides overview of entire 
CPG and main recommendations

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

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

Comparison between this guideline and that 
of other competing organizations

Currently not addressed

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-
ual patients

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

The IOM categorizes guidelines along five dimensions: clinical orientation, clinical pur-

pose, complexity, format, and intended users (Institute of Medicine 1992). I use these five

areas to define the subset of CPGs that I address in my thesis work, as well as to detail the

restrictions that this subset places on the applicability of ALCHEMIST. I also use the under-

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

2.3.1 Clinical orientation

Clinical orientation  reflects whether the chief focus of the guideline is a clinical condi-

tion, (e.g., lung cancer) or a technological device or process (e.g. implantable cardioverter

defibrillator). My CPG subset is not restricted to a particular clinical orientation; the CPG

problem needs only to be represented by a DM (Section 3.3.2). CPGs such as clinical

pathways that specify what to do at each point in a patient's hospitalization cannot be fea-

sibly represented by a valid DM.

2.3.2 Clinical purpose

The clinical purpose of a CPG reflects whether the guideline advises the user about

screening and prevention, evaluation or diagnosis, aspects of treatment, or other aspects of

health care. The example DMs that I have chosen for my research describe patient-treat-

ment decisions. The CPG conceptual model is not limited to representing CPGs whose

clinical purpose is treatment; it can also represent CPGs that have a wide variety of clini-

cal purposes. Screening or prevention guidelines that require long sequences of events

(e.g., the proper workup of an abnormal PAP smear) may go beyond the complexity limits

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

The IOM defines complexity as a measure of whether the guidelines are straightforward

in presentation and discussion or are marked by considerable detail, complicated logic, or

lengthy narrative and documentation (Institute of Medicine 1992). I restrict the textual

complexity of the CPG by organizing the evidence and knowledge of the CPG in a struc-

tured-abstracted format. 

2.3.4 Format

There are numerous methods for formatting  and representing the knowledge within a

CPG, including free text, tables, IF-THEN statements, critical pathways, decision tables,

protocol lists and charts, and flowchart algorithms (Gottlieb et al. 1992). Figure 2.1

through 2.3 show three different possible representations of subsets of the same CPG. Fig-

ure 2.1 shows the flowchart algorithm for managing a patient with acute low-back pain;

Figure 2.2 uses a table to list possible red flags for serious conditions that can cause low-

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

I combine a structured textual and clinical flowchart-algorithm representation for depict-

ing CPGs produced by ALCHEMIST. The flowchart representation enhances the accompa-

nying prose by depicting the logic and conditional statements behind the recommended

clinical decisions, and by using the branching structure of the flowchart to capture rela-

tionships among the elements of the decision that are difficult to characterize with textual

output (Abendroth et al. 1988). It also provides a quick visual summary of the guideline

for users, and depicts clearly any changes made to the guideline when the evidence is

updated or tailored. 
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The belief that clinical algorithms are a beneficial format for representing guideline rec-

ommendations is not unanimous among guideline developers. Possible oversimplifica-

tions in a clinical algorithm format include reducing a complex medical DM to a binary

yes-no choice, omitting important options at decision nodes, presenting decisions in a lin-

ear fashion that are properly approached in conjugate because of their complex interrela-

tionships, and failing to recognize feedback loops that require the repetition of tests and

treatments (Woolf 1998). These possible problems with clinical algorithms are all impor-

tant; however, several of them are eliminated if we restrict our CPG subset to those that

can be based on DMs (as described in Section 3.3.2). By expanding the available choice

options, a decision analyst can reduce a DM to all binary choices, the possibility of omit-

ting important options at decision nodes should be addressed in the decision modeling

when the important outcomes are identified for the given intervention. Similarly, the prob-

lems of linear representations and feedback loops both will be addressed by the decision-

analysis team when it designs the underlying DM. Finally, guideline users may worry that

the use of clinical algorithms may eliminate an individualized approach (Woolf 1998).

ALCHEMIST attempts to alleviate this concern about clinical algorithms by allowing the

guideline user to make changes to the underlying DM and to custom-tailor the generated

CPG to represent more accurately than the global CPG her patient population.
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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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Figure 2.2. Protocol chart representation. Corresponding chart to recommendations 
described in the algorithm in Figure 2.1 for the AHCPR low-back pain guideline (Source: 
Acute Low Back Problems in Adults: Assessment and Treatment. Quick Reference Guide 
for Clinicians, Number 14. 27 pp. (AHCPR 95-0643)). 
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2.3.4.1 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.

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)). 
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1. Clinical-state box (rounded rectangle). This box defines the clinical

state or problem. It has only one exit path and may or may not have

an entry path. This box always appears at the beginning of an algo-

rithm

2. Decision box (hexagon). This box represents a branching decision

whose response will lead to one of two alternative paths. It always

has one entry and two exit paths

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

either therapeutic or diagnostic.

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

breaks or to connect separated nodes to maintain path continuity.

• Arrows. Arrows flow top to bottom of the CPG, and usually flow from left to

right. Arrows should never intersect one another. Arrows originating from deci-

sion boxes should be labeled "yes" or "no," with the "yes" arrow pointing to the

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

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

to bottom.

• Title. The title of the algorithm should clearly define the clinical topic and the

intended users. Authors of the CPG should be listed under the title with their

degrees and institutional affiliations.

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

The main limitation of representing CPGs using the SMDM standard is the requirement

that all choice boxes have only "yes" and "no" exit points. This restriction implies that all

chance nodes within the corresponding DM should be binary (i.e., have the format of

"Result-Yes" and "Result-No"). This restriction does not cause problems for a decision

tree such as the LC-EM, where the chance nodes have children such as "CTpos" and
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"CTneg." However, decision analysts may need to restructure more complicated trees in

order to comply with the binary-node restriction. 

Figure 2.4. Example CPG that conforms to the SMDM standard. (Reprinted with 
permission. Source: Society for Medical Decision Making Committee on Standardization 
of Clinical Algorithms. Proposal for Clinical Algorithm Standards.Medical Decision 
Making, 1992, 12(2): 149-154). 
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2.3.4.2 Guideline abstracts

I combine the SMDM flowchart representation with a structured abstract of the CPG. This

abstract is based on a proposal by Hayward and colleagues, for writing informative

abstracts describing CPGs (Hayward 1995, Hayward and Laupacis 1993, Hayward et al.

1993). Hayward recommends use of the following classes of knowledge for organizing a

CPG: objective, options, outcomes, evidence, values, benefits, harms, and costs, recom-

mendations, validation, and sponsors. I detail these classes in Section 2.6, when I describe

my CPG conceptual model.

2.3.5 Intended users

CPGs are directed typically at physicians, nurse practitioners, or physician assistants,

though their use has broadened to include payer, patients, and other health-care workers.

The guideline's intended users is an important determinant of the CPG’s scope. The

intended users of the CPGs produced by ALCHEMIST, as described in Chapter 1, are local

guideline developers and implementers. These guideline implementers could browse the

generated CPG and its primary evidence, and then tailor the CPG to reflect their patient

population. In the future, the intended users of my CPG subset could be expanded to

include individual physicians; however, to ensure the validity of the CPG for a particular

patient, ALCHEMIST would need to allow proper assessment of the patient's utilities, to

allow extraction and integration of specific patient probabilities, and to represent exist-

ence of comorbid conditions.

2.3.6 Dimensions of practice policies

Eddy has described three dimensions of practice policies (Eddy 1992). In this section, I

describe these three dimensions and discuss where my CPG subset falls within this space

of practice policies. These dimensions are the intended use, the intended type of guid-

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

shaded in gray.

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

Figure 2.5. ALCHEMIST  dimensions of practice policies. ALCHEMIST is currently able to 
represent option and guideline pathways to provide advise to physicians. The non-shaded 
boxes indicate those types of CPGs that ALCHEMIST can be extended to cover in future 
work (Reprinted with permission. Source: Eddy DM. A manual for assessment of health 
practices and designing practice policies: the explicit approach. The American College of 
Physicians, Philadelphia. 1992; 7). 
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allowed to perform an intervention (credentialling). My CPG subset concentrates on giv-

ing advice to practitioners about the correct patient-management plan. The second dimen-

sion involves whether a policy is intended to specify a preferred practice or management

path (pathway) or to describe the limits of acceptable practices (boundary). My CPG sub-

set is restricted to pathway guidelines. The third dimension refers to the intended flexibil-

ity. Such flexibility is determined by the degree of certainty among experts about the

outcomes of the intervention and the degree of agreement among patients about the desir-

ability of the outcomes. Depending on the intended flexibility, the CPG is classified as a

standard, a guideline, or an option. The flexibility that the guideline user has to make

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

2.4 CPG conceptual model

A conceptual model is a description of a part of the world, the concepts about that part of

the world, and the relationships among these concepts. To specify the CPG conceptual

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

CPG tasks: What tasks should CPG users be able to perform? What questions should

they be able to answer? A series of published articles describes how users should use pub-

lished CPGs (Hayward et al. 1995, Wilson et al. 1995). Design of my CPG conceptual

model reflects the knowledge that guideline users must have to answer these identified

questions and to perform these tasks. Hawyard and colleagues explore the required CPG

tasks in a series of articles (Hayward et al. 1995, Wilson et al. 1995). Based on these arti-

cles, I determined that a user of a CPG developed with my conceptual model should be

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

1. Are the recommendations valid?

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

sensible process used to identify, select, and combine evidence?
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• Was an explicit and sensible process used to consider the relative value of differ-

ent outcomes? Is the guideline likely to account for important recent develop-

ments? Has the guideline been subject to peer review and testing?

2. What are the recommendations?

• Are practical, clinically important, recommendations made?

• How strong are the recommendations? What is the quality of the investigators

that provide the evidence for the recommendations? What is the magnitude and

consistency of positive outcomes relative to negative outcomes? What is the rela-

tive value placed on different outcomes?

• What is the effect of uncertainty associated with the evidence and values used in

the guidelines? The weaker the evidence linking intervention to outcome, and the

greater the possible range of competing values, the greater the need for a sensi-

tivity analysis.

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

• 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 formed the InterMed collaboratory . InterMed, an

interdisciplinary project that promotes collaborative medical informatics research,

involves six institutions: Stanford University, Brigham and Women's Hospital, Massachu-

setts General Hospital, Columbia University, McGill University, and the University of

Utah. As part of the collaboration, the researchers have produced a common language for

describing the sequential nature of CPGs. The GuideLine Interchange Format (GLIF)

language supports the description of the relationships among the different steps in the

guideline; researchers plan to extend the GLIF language to represent a description of the

guideline knowledge (Ohno-Machado 1998). As an example, the GLIF language repre-

sents the Guideline class as shown in Figure 2.6 (Deibel 1996).

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

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



2.6 My CPG conceptual model 57

criteria of the CPG are represented in my conceptual model as the patient population and

this population's defining characteristics. The steps of the CPG are represented as the clin-

ical-flowchart algorithm; the evidence, definitions, and sources elements of my CPG con-

ceptual model provide the needed supporting material. One possible extension of my

thesis is work that would ensure that the GLIF language can represent the knowledge that

ALCHEMIST requires to produce CPGs based on DMs. If GLIF had the necessary expres-

sivity, then ALCHEMIST could produce output using GLIF, and could allow incorporation

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

2.6 My CPG conceptual model

I designed the CPG conceptual model by studying current representations of CPGs and

literature describing the needed components, development methods, and shortcomings of

current CPGs. I modeled the knowledge needed to perform tasks related to the creation,

dissemination, use, and maintenance of a CPG (Section 2.4). The resulting CPG concep-

tual model identifies knowledge required to produce a flowchart algorithm for the CPG

recommendations, as well as the following essential CPG elements: objective, alternatives

considered, outcomes measured, supporting evidence and sources, values used, summary

of expected results, recommendations, key analysis information, clinical definitions, and

guideline validation (Eddy 1990b, Hayward et al. 1993). Although the recommended

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

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;

};
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global CPG flowchart algorithm can be produced without much of this information, suc-

cessful local implementation and tailoring is hindered without this supporting knowledge.

Figure 2.7 is a graphical depiction of the top layers of the CPG conceptual model and a

more detailed description of the conceptual model and how it is used to perform the

needed CPG tasks is included in Appendix A.

I describe each of these elements, and give examples from a generated CPG. Using the

knowledge in the CPG conceptual model, the guideline user can answer the questions

enumerated in Section 2.4. Of course, the CPG is based on a DM, so it will be only as

valid as the underlying DM and corresponding DM conceptual model. In Chapter 3, I dis-

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

Each CPG has an objective. This objective includes knowledge regarding what the tar-

geted health problem is, who the patient population is, who the intended users of the CPG

are, the burden of the existing clinical problem, and why there is a need for a new recom-

mendation. For example, in the LC-EM, the targeted health problem is the optimal medi-

astinal-staging strategy in patients who have non–small-cell lung cancer, and one

characteristic of the targeted patient population is that the patients have known non–small-

cell lung cancer. Because often there are numerous guideline-developing projects for a

given clinical problem it is important for a guideline developer to establish precisely the

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

Each CPG has a list of practice options. Options include diagnostic and therapeutic alter-

natives used in the guideline (e.g., CT, mediastinoscopy, thoracotomy, and radiation ther-

apy). A CPG should define these alternatives clearly and establish the evidence for

including — or excluding — an alternative from the CPG recommendations. Each option

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

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

were identified (e.g., quality-adjusted life years, or life expectancy), what economic
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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

Figure 2.7. CPG conceptual model. This schematic of the CPG conceptual model shows 
the 11 main elements of ALCHEMIST's CPGs and several of the subclasses. For example, 
each CPG objective has a targeted health problem and patient population. 
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must make clear the definition of this outcome for the future guideline users (e.g., whether

arrhythmic events include ventricular fibrillation and tachycardia).

An important part of every CPG should be the supporting evidence. The evidence of a

CPG includes the methods used to gather data (e.g., literature search, expert opinion, clin-

ical trial), to determine what evidence was used in the CPG (e.g., inclusion and exclusion

criteria, levels of evidence), and to synthesize this evidence (e.g., decision analysis, meta-

analysis, consensus panel). Note that developers of CPGs need to do more than just to cite

references if they are to claim that the recommendations are evidence based. My CPG

conceptual models, therefore, include descriptions of how the evidence was collected,

evaluated, and translated into recommendations (Woolf 1998). For the variables used in

the CPG, the generated CPG should include the best-estimate value, description of the

variables, sensitivity-analysis range, level or quality of evidence, assumptions, and a cor-

responding evidence table. The evidence table describes the study design, number of

patients involved, outcomes measured, patient population, interventions compared, biases,

observed outcomes, reported effects of the intervention, as well as the methods the guide-

line developers used to synthesize the numerous evidence sources (Eddy 1992). Uncer-

tainty normally is associated with a portion of the evidence in any CPG; therefore, the

CPG should acknowledge the uncertainties in the scientific evidence, and should make

explicit any weaknesses in corresponding recommendations. 

Another element of a CPG is the values, which are the methods that the developers used

to obtain any utilities used in the CPG that are used for outcomes (e.g., standard gamble,

time-tradeoff analysis), a preference ordering of the outcomes (e.g., thoracotomy or radia-

tion therapy with mediastinal metastases < radiation therapy without mediastinal

metastases < thoracotomy without mediastinal metastases), and a declaration of the mod-

eling perspective (e.g., societal, patient, third-party payer). The CPG should highlight any

patient utilities that affect the recommendation and provide a simplified method for the

guideline user to assess these utilities in their patient population.
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The benefits, harms, and costs of a CPG are the type, magnitude, and level of uncer-

tainty of these outcomes, and any related sensitivity-analysis results. I use a balance sheet

similar to that described by Eddy (Eddy 1990a) to represent these outcomes. This balance

sheet includes the type and magnitude of each outcome for the best-estimate strategy and

any additional custom-tailored strategies. These results should also include information

about the variables to which the CPG is sensitive, and how the expected utility is affected

by the different variables over their given clinically valid ranges. Therefore, I include in

my conceptual model a list of the sensitive variables and a tornado diagram1 for the

numerous variables.

A significant part of every CPG is the recommendations. In my CPG conceptual model,

the recommendations include a clinical flowchart algorithm in the SMDM format (Figure

2.4), and instructions for tailoring the CPGs. The CPG should identify decisions in which

patient preferences or patient-specific attributes are important — the important variables

in the CPG are listed as being “sensitive variables”. If possible, the recommendations

should also compare the clinical-flowchart recommended policies to those of earlier

guideline projects, or to current practice.

Before a CPG is disseminated to the medical community, it should undergo internal and

external peer review to ensure that the CPG is based on a valid synthesis of the available

evidence. Therefore, another element of a CPG is declaration of CPG validation. This

element includes an explicit statement of any results from external review (e.g., publica-

tion of the underlying DM in a peer-review journal) or internal validation. The CPG spon-

sors element includes definition of the key persons or groups that developed, funded, or

endorsed the guideline. The date of publication of the CPG and the sources used in creat-

ing its recommendations are listed explicitly for the guideline user. Finally, any defini-

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

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, I evaluated the quality

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

2.7 Summary

In this chapter, I reviewed the rationale for CPG development. I documented current

development methods and detailed the limitations of those methods. I then described the

subset of CPGs with which I worked. I 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, I 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.
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C h a p t e r  3

Decision Models

In this chapter, I discuss decision models (DMs) and explain the clinical problems that

they can represent. I describe briefly several possible representations of DMs, including

decision trees and influence diagrams (Section 3.2). In my work, I place several restric-

tions on the DMs that ALCHEMIST can use. I describe the subset of DMs that I address in

relation to my DM conceptual model and to my current implementation (Section 3.4). I

detail the limitations that this subset impose on the generalizability of my research. I then

describe the conceptual model that I developed for representing DMs (Section 3.6). I 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-

quences (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-
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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, I 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 trees represent 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.

Figure 3.1. Schematic 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 permission. Source: DK Owens, RD Schacter, RF Nease. Representation 
and analysis of medical decision problems with influence diagrams. Med Decis Making. 
1997 17(3): 241-62). 
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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 recommendations. ALCHEMIST 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, I describe the DM subset and the corresponding

limitations on the generalizability of ALCHEMIST's approach.

3.3 Brief background of DM development and 
use

In this section, I 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).
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1. Define the decision problem. 

2. Identify the decision alternatives.

3. List the possible clinical outcomes of each decision alternative.

4. 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. I assume that an experienced decision analyst has created the DM. I 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 that ALCHEMIST 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, therefore, ALCHEMIST 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 of ALCHEMIST uses DMs that experienced decision analysts have modeled

using the Decision Maker software for Windows. I 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 permits ALCHEMIST to control Decision Maker from its web interface. SMLtree

files also can be converted to Decision Maker format and analyzed by ALCHEMIST.

3.4 My subset of DMs

In this section, I describe the conceptual and implementation subset of DMs with which I

worked, and the future methods that I 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, I concentrated on the decision-tree representation of DMs. The restrictions that

I 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, I do not place any

restrictions on variable naming; if standard conventions were used by the decision analyst,

these structured variable names would enable ALCHEMIST 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, then ALCHEMIST could infer automatically that this

age information should be part of the patient-population definition for the generated

CPG). 
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Table 3.1 summarizes the implementation-specific restrictions that I imposed on my DM

subset.

Figure 3.2. Decision Maker ASCII file format for LC-EM. This file shows the ASCII 
format of Decision Maker that ALCHEMIST 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. 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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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, I

demonstrate ALCHEMIST's ability to represent these attributes using my three example

DMs.

1. Sequential decisions. Many 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 I 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

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 tunnel states 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. 

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 statesa Not allowed

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
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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. In ALCHEMIST, 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 saved1; it 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.
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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; I 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, allowing ALCHEMIST 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.

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

Figure 3.3. The BUNYAN taxonomy of node types. BUNYAN 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 permission. Source: From MP Wellman, MH Eckman, C Fleming, SL 
Marshall, FA Sonnenberg, and SG Pauker. Automated critiquing of medical decision 
trees. Med Decis Making 1989;9:272-284). 
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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. 

Figure 3.4. The internal structure of two frames representing nodes in QXQ. The 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 permission. Source: CP 
Langltoz, EH Shortliffe, LM Fagan. A methodology for generating computer-based 
explanations of decision-theoretic advice. Med Decis Making. 1988, 8:290-303). 
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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 abilities ALCHEMIST has. 

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

System Description Model types Single 
utility

Dual 
utility

Markov
 process

Other

BUNYAN

Wellman 1989

Decision tree 
critiquing pro-
gram; taxon-
omy

Decision tree X

QXQ 

Langlotz 1989

Representation 
of DMs; gener-
ation and inter-
pretation of 
results

Decision 
tree; influ-
ence diagram

X Can do dual 
utility 
using two 
models
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3.6 My conceptual model

Using previously developed decision-tree and influence-diagram DMs, combined with

existing DM taxonomies, I 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. I also concentrated on the knowledge inherent

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

I 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 defined variables. 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

MIDAS 

Sonnenberg 
1994

Automated con-
struction of 
DMs; clinical 
KB

Decision 
tree; influ-
ence diagram

X X Based on 
BUNYAN

ALCHEMIST Automated cre-
ation of CPGs 
from DMs

Decision 
tree; influ-
ence diagram

X X X Incorpo-
rates 
assump-
tions, evi-
dence 
tables, and 
perspective

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

System Description Model types Single 
utility

Dual 
utility

Markov
 process

Other
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(described further when I 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

Figure 3.5. Schematic representation of DM conceptual model. This 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. 
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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 simplifying assumptions. 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, I 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 perspective, ALCHEMIST identifies

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

2. Best-estimate input values and ranges. The 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 in ALCHEMIST. 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 resulting events. 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 with an outcome,

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 I 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 expected analytic

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 models, ALCHE-

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, I 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 ALCHEMIST 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 the ALCHEMIST 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 present for ALCHEMIST to use in

creating a CPG. In Chapter 4, I 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, I outline the mapping between the

DM and the CPG conceptual model.



85

C h a p t e r  4

Decision-Model Annotation
Editor

In this chapter, I describe ALCHEMIST'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. I identify this

missing information (Section 4.2), explain ALCHEMIST'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
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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, I 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 helps ALCHEMIST 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 (i.e., ALCHEMIST 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 models. An 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 utilities that ALCHEMIST uses to

calculate the recommendations and benefits, harms, and costs that are not normally repre-

sented explicitly in the CPG. ALCHEMIST 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 Identification of missing knowledge

Before it acquires the needed additional knowledge from the decision analyst, ALCHEMIST

must determine what knowledge is omitted in the DM representation. 

After the decision analyst has loaded the decision tree into ALCHEMIST, 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 example, ALCHE-

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 analyst. ALCHEMIST 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 DM. ALCHEMIST 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 to ALCHEMIST, 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 throughout ALCHEMIST; 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 by ALCHEMIST 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 ALCHEMIST 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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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 table. ALCHEMIST 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

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. 
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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. 

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. 
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A future extension of my thesis work, I 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 available to ALCHE-

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, and ALCHEMIST 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

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. 
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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.

Figure 4.4. Dynamic creation of evidence tables with the DM annotation editor. The 
decision analyst is able to choose which variables and which evidence-table elements to 
include for the DM data. 
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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 ALCHEMIST 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 before ALCHEMIST 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 the ALCHEMIST 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, I did not look at the use of a structured vocabulary, although I 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. I discuss the feasibility and ramifications of this extension in Chapter 9. 

4.6 Summary

In this chapter, I compared the knowledge provided by a DM with that required for the

creation and use of a CPG. I 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,

I discuss how ALCHEMIST 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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C h a p t e r  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, I 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), I conclude by describing ALCHEMIST'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

I 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, I 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 mapping. ALCHEMIST 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-

ommendation. ALCHEMIST 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 I discuss in Chapter 6, ALCHE-

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 representation. ALCHEMIST'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 representations. (Hayward 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 partic-
ular clinical state exists

Reflects only implicitly the underlying utili-
ties and probabilities

Quantifies the value of the outcome of a deci-
sion

May rely on qualitative reasoning

Answers: (1) Is it more desirable to do A or do 
B? (2) With what probability is A the most 
desirable action?

Algorithm prescribes that, given X, do Y

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. 1994). Decision tables are 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: IF <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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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,

Figure 5.1. Example reduced and sorted augmented decision table.  Conditional 
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, PA. Source: 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). 
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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,

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, PA. Source: 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). 
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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 1975). ALCHEMIST 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, I describe ALCHEMIST'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 architecture of ALCHEMIST's

algorithm for DM-to-CPG mapping.

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 model. ALCHEMIST 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. 

Explicit DM knowledge DM annotation-editor knowledge

Balance sheet

Graphical display of flowchart

CPG browser/ custom-tailoring editor

Flowchart algorithm Sensitive variables

CPG conceptual model



104 5.0 Algorithm for DM-to-CPG Mapping

This algorithm is implemented in a Windows environment using Windows common gate-

way interface (WinCGI) 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 DM1, and the decision analyst has

entered any additional information using the DM annotation editor, ALCHEMIST 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

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

process with the three example DMs

1. The DM is implemented using a forward-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
quickly 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 use a balance sheet to 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 1990a). ALCHEMIST 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 strategies that ALCHEMIST represents in its

balance sheet are the optimal base-case strategy, and any other competing strategies that

the guideline user identifies. ALCHEMIST represents three outcomes: costs, life expectancy,

and quality-adjusted life expectancy. ALCHEMIST 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.

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

Using the algorithm described in Section 5.5, ALCHEMIST creates the recommended flow-

chart representation. ALCHEMIST 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 population. ALCHEMIST then

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 permission Source: Eddy DM. 
Clinical Decision Making: From Theory to Practice. Comparing Benefits and Harms: The 
Balance Sheet. JAMA 263(18):2493-2505 (Copyright 1990, American Medical 
Association)). 
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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 diagram, ALCHEMIST evaluates the DM for the

low and high value of each variable (defined by the decision analyst in the DM annotation

editor). Then, ALCHEMIST 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 utility. ALCHEMIST 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 5.5). ALCHEMIST compares the resulting flowchart representation to

the best-estimate flowchart representation. If the flowcharts differ, then ALCHEMIST marks

this variable as sensitive. When ALCHEMIST creates the CPG browser, it lists all sensitive
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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. I discuss the CPG custom-tailoring editor in

Chapter 6 and the CPG browser in Chapter 7.

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). 
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5.5 Creation of the CPG flowchart algorithm

In this section, I describe the algorithm that ALCHEMIST uses to create the CPG flowchart

representation of the DM recommendations, detailing how ALCHEMIST creates the flow-

chart using the best-estimate values. ALCHEMIST 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 scenarios, ALCHEMIST 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 into the ALCHEMIST system. ALCHEMIST 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, I restrict the

DM to decision trees that have binary chance nodes. I 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 flowchart, ALCHEMIST 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 the CurrentNode. ALCHEMIST creates the flowchart representation by

determining the node type of the CurrentNode and performs the actions I detail in Section

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

If the CurrentNode is a decision node, then ALCHEMIST evaluates the node to determine

the expected utility of the node's children. ALCHEMIST 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 the OptimalNode. 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 flowchart. ALCHEMIST 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 flowchart. ALCHEMIST 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.

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

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

M ed iastinoscopy
(M E D )

Y esC T  P osit ive?
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5.5.2 Chance node

If the CurrentNode is a chance node, ALCHEMIST determines the children of this node and

adds these new nodes to the flowchart for evaluation. The graphical flowchart display

requires that ALCHEMIST 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 flowchart, ALCHEMIST 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 box. ALCHEMIST then advances to the next node

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

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

Figure 5.7. Flowchart representation that results from the evaluation of a chance node. In 
the LC-EM, when ALCHEMIST encounters the CT chance node, the possible events are a 
positive CT or a negative CT. ALCHEMIST represents these possibilities in the flowchart by 
creating the CTpositive decision box with yes and no arrows. 

C om pu ted
T om ography (C T )

N o

Y esC T  P osit ive?
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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 node, then ALCHEMIST 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 a Markov node, then ALCHEMIST 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, allowing ALCHEMIST 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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Once ALCHEMIST 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.

Figure 5.8. Psuedocode for ALCHEMIST  to create the CPG flowchart representation. 

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



114 5.0 Algorithm for DM-to-CPG Mapping

5.6 Creation of the CPG flowchart algorithm for 
dual-utility models

If the decision analyst loads into the ALCHEMIST system a dual-utility model, ALCHEMIST

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 that ALCHEMIST 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, I use a different method to create the

CPG flowchart for dual-utility models. Given a dual-utility model, ALCHEMIST 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 irrelevant. ALCHEMIST 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 strategies). ALCHEMIST 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 I

mentioned in Section 5.4.5, the tornado diagram that ALCHEMIST 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 because ALCHEMIST 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, I justified my assumption that it is beneficial to create CPGs from norma-

tive DMs. I then described the DM-to-CPG mapping algorithm, detailing ALCHEMIST's

current approach and limitations. In Chapter 6, I discuss why it is important that a guide-

line user be able to update and custom tailor a CPG, and describe ALCHEMIST's method for

addressing this need.
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C h a p t e r  6

Custom Tailoring and
Updating

In this chapter, I discuss why ALCHEMIST'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, I discuss current work on the custom tailoring of CPGs. In Section 6.5, I discuss

ALCHEMIST's custom-tailoring technique: its abilities and limitations. I 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, I identify two main problems with current CPG implementation projects:

their lack of ability to custom-tailor a CPG, and the absence of a method to update 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 site, ALCHEMIST 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. I distinguish between ALCHEMIST's custom-tailoring and updating

abilities in several ways. ALCHEMIST 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 ALCHEMIST 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, I 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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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 (El-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.

Figure 6.1. Effect of custom tailoring HIV screening guidelines for site-specific 
seroprevalence. The 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). 
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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

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). 
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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 ALCHEMIST 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 population. ALCHEMIST 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. 1996). ALCHEMIST, 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 I described in Section 1.13, as a member of the CARD PORT decision-modeling

group, I 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

When ALCHEMIST 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 information, ALCHEMIST 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, I describe

ALCHEMIST's approach to custom tailoring and updating. I detail what attributes of the

guideline can be tailored or updated, and how ALCHEMIST conserves the validity of the

new CPG. I 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. Therefore, ALCHEMIST 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 values, ALCHEMIST 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). I 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 populations. ALCHEMIST 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,

I describe ALCHEMIST'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 yes, ALCHEMIST highlights

those potentially influenced variables for further modification. Note that, when a guide-

line user changes the modeling perspective, the structure might change as well. ALCHE-

MIST does not allow such structural changes. 

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

Figure 6.3. The CPG custom-tailoring editor. The guideline user has chosen to modify the 
modeling perspective of the guideline. ALCHEMIST then indicates to the guideline user 
which variables she may need to modify. 
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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 warning, and ALCHEMIST

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 button. ALCHEMIST 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 CPG, ALCHEMIST 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 review. ALCHEMIST 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, I



6.7 Summary 129

discussed the importance of a guideline user being able to custom-tailor and update a

CPG. I described ALCHEMIST's approach to custom tailoring and its method for maintain-

ing the validity of the resulting CPG. In Chapter 7, I 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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C h a p t e r  7

ALCHEMIST Examples

In this chapter, I describe the three example decision models (DMs) that I used throughout

my thesis work (Section 7.1). In Section 7.2, I 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 the ALCHEMIST system. I 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

I 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, I describe the clinical rationale, structure, and distinguishing attributes of

each model. I implemented all three models using the Decision Maker modeling software.
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7.1.1 Lung-cancer effectiveness model (LC-EM)

The lung-cancer effectiveness model (LC-EM) is the base-case DM for my thesis work,

and is the DM that I use to step through the DM-to-CPG translation in Section 7.2. I

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 allow ALCHEMIST to demonstrate the conceptual

framework, the DM-to-CPG mapping, and the main attributes of the ALCHEMIST 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.

I 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 I

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-CEM) adds 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 therapy). ALCHE-

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 I 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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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 demonstrate ALCHEMIST'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

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. 
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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, I step through the DM-to-CPG translation for the LC-EM described in

Section 7.1.1. I emphasize how the user would interact with the ALCHEMIST 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 the ALCHEMIST system. ALCHEMIST attempts to map the

DM to the DM-to-CPG conceptual framework. ALCHEMIST 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, and ALCHEMIST 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, I detail this translation process using the LC-EM.
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Figure 7.2. Schematic of the SCD-MM decision model. The 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.

After the decision analyst has completed the DM, he loads it into ALCHEMIST (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

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. 
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load any decision tree that is located in his personal-computing environment. ALCHEMIST

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).

Figure 7.4. Decision Maker ASCII file format. This file shows the ASCII format of 
Decision Maker file that ALCHEMIST 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. 
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7.2.2 Representation of the DM in the conceptual-model 
framework

The DM is loaded into the ALCHEMIST 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

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 the ALCHEMIST system. The decision 
analyst can also indicate whether the DM represents a cost-effectiveness analysis. 
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a table of the remaining practice alternatives. ALCHEMIST 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 that ALCHEMIST completes automatically and displays for the decision analyst's confir-

mation.

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

Figure 7.6. Knowledge obtained directly from the DM by ALCHEMIST . ALCHEMIST 
creates a table with these variables names and queries the decision analyst for the 
associated free-text definitions. 
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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, ALCHEMIST 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 situations, ALCHEMIST asks the decision analyst to

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

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. 
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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.

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

submits this information to ALCHEMIST, which then produces the CPG browser and

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. 
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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 I described in Chapter 5, ALCHEMIST 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 having ALCHEMIST

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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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 value, ALCHEMIST checks that none of the

underlying assumptions in the DM are violated, and creates a new CPG that highlights the

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. 
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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 I step through the DM-to-CPG translations for the LC-CEM and

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

7.3 LC-CEM example

In addition to being able to create CPGs based on pure-effectiveness DMs, ALCHEMIST

can also translate cost-effectiveness DMs (CE-DMs) into the corresponding CPGs.

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. 
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When a decision analyst loads a CE-DM into ALCHEMIST, he indicates the dual-utility

nature of the model by checking the cost-effectiveness box on ALCHEMIST's file-loading

screen. ALCHEMIST also asks the decision analyst for his desired cost-effectiveness thresh-

old (Figure 7.17). Establishing that the DM is a cost-effectiveness model causes ALCHE-

MIST to add several elements to the DM annotation editor. ALCHEMIST (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).

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.  
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After the decision analyst has completed the required information in the DM annotation

editor, ALCHEMIST creates the CPG browser and custom-tailoring editor. ALCHEMIST adds

functionality to the CPG browser and custom-tailoring editor for CE-DMs. ALCHEMIST

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 Section 7.2.5, ALCHEMIST indi-

cates which variables are utility variables, as well as which ones are costs. 

Figure 7.12. ALCHEMIST 's list of sensitive variables. ALCHEMIST 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. 
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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 I 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 of ALCHEMIST for analyzing a Markov model is its treatment of the CycLen vari-

able. If a DM has a variable labeled CycLen, then ALCHEMIST recognizes this variable and

lists the variable in the input variables tables, but does not allow a guideline user to change

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. 
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the variable's value. I place this restriction because of the numerous variables within a

Markov model that depend on the models' cycle length. If ALCHEMIST allowed a user to

change this cycle length, then, although the model could still run, maintaining the validity

Figure 7.14. Alternate method of CPG custom tailoring. The guideline user indicates that 
she would like to change the modeling perspective of the model. ALCHEMIST then displays 
for the user the input-variables table, with the potentially relevant variables highlighted. 

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

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. 
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7.5 Summary

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

my evaluation of ALCHEMIST. I then stepped through example DM-to-CPG translations,

Figure 7.17. Loading of the a cost-effectiveness DM into ALCHEMIST . 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. 
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demonstrating the web interface and functionality of the ALCHEMIST system. In Chapter 8,

I describe my evaluation of the conceptual framework, the generated CPG, and ALCHE-

MIST's updating and tailoring abilities.

Figure 7.18. Choice of the cost variables. Using the scrolling lists, the decision analyst 
must indicate which of the input variables are cost variables. 
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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 threshold. The 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. 

Figure 7.21. Best-estimate flowchart for the SCD-MM. This algorithm shows that, with a 
cost-effectiveness threshold of $100,000 per QALY, ALCHEMIST's recommended treatment 
strategy for survivors of sudden cardiac death is implantation of an ICD. 
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C h a p t e r  8

Evaluation

My research has produced ALCHEMIST, a web-based system that creates clinical-practice

guidelines (CPGs) automatically from decision models (DMs). ALCHEMIST uses concep-

tual models of DMs and CPGs to represent the knowledge within these two representa-

tions. In this chapter, I 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 the ALCHEMIST system (Section 8.3.2).

As I 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. I

consider my work to have validated this hypothesis if I can show the following:
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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 I 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, I must determine whether the resulting CPGs satisfy established criteria for a

high-quality guideline. As a test of this assertion, I 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, I 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. Because ALCHEMIST's generated CPG is a combination of the knowledge inherent

in the DM and the additional information obtained from the DM annotation editor, I

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 published Guidelines for Clinical Practice: From

Development to Use (Institute 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, I 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 assess the quality of the CPG, rather than the effectiveness of

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).

I identified all the types of CPG information — the data 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 I identified all

the data elements in the instruments, I 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 population is satisfied in the DM annotation editor when ALCHE-

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. I indi-

cate whether the CPG conceptual model (which is instantiated from information in the

underlying DM or DM annotation editor) satisfies the data element. I explain in further

detail those data elements that the conceptual framework does not satisfy explicitly. Of the

60 individual data elements, I found 45 (75 percent) in the CPG conceptual model. In

Table 8.1, I 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 data element
CPG
CM

Explanation for those data elements not in 
design specification

Clinical applicability

Statement of guideline objective ✔
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Description of patient population ✔

Description of complex clinical 
problems

✔

Discussion of frequency of 
health problem

✔

Discussion of current treatment 
patterns

✔

Discussion of financial cost of the 
disease and its treatment

✔

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

✔

Rationale for excluding patient 
populations

Although the CPG-CM includes a description of 
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 ✔

Discussion of patient preferences 
in health-care decisions

✔

Discussion of methods of obtain-
ing patient preferences

✔

Description of ethical issues 
likely to arise in using the 
guideline

Although patient preferences are included in the 
CPG-CM, it does not require discussion of the 
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 
outside panels

✔ ALCHEMIST's CPGs do not have a set protocol 
for independent review. Clearly, such peer 
review would be needed before the adoption of 
the CPGs into clinical practice.

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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Explanation of lack of indepen-
dent review

✔

Guidelines pretested in some 
manner

Similar to the peer-review requirement in that, 
before ALCHEMIST's guidelines are dissemi-
nated, the guideline developer must establish a 
method of piloting the guidelines.

Explanation of lack of pretesting ✔

Validity

Method of collecting scientific 
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 
used, explicit description of the 
method

✔

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

✔

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

✔

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

✔

Qualitative description of health 
benefits

ALCHEMIST's CPG conceptual model provides 
only quantitative results.

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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Qualitative description of poten-
tial harms or risks

ALCHEMIST's CPG conceptual model provides 
only quantitative results.

Quantitative information or esti-
mates of health benefits

✔

Health benefits projected in terms 
of life expectancy or similar 
measures

✔

Quantitative information or esti-
mates of potential harms or 
risks

✔

Qualitative description of health 
costs or expenditures

ALCHEMIST's CPG conceptual model provides 
only quantitative results.

Quantitative information of 
health costs or expenditures

✔

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

✔

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

✔

Major recommendations made in 
the guideline

✔

Discussion of strength of the sci-
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. 

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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Possible conflicts among existing 
guidelines discussed

Although the decision analyst could mention 
possible conflicts in the objective of the guide-
line, the CPG-CM does not identify this infor-
mation explicitly.

Clarity

Language describing the health 
condition is unambiguous

✔

Language describing the options 
for management is unambigu-
ous

✔

Language describing each major 
recommendation is unambigu-
ous

✔

Recommendations are compre-
hensive and present when 
expected

✔

Recommendations are consistent ✔

Guidelines document uses clear 
headings, indexes, etc.

✔

Guideline document has accurate 
summary or abstract

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

Users can find recommendations 
easily

✔

Schedule review

Scheduled date for review or a 
procedure for arriving at such 
a date is provided

The CPG-CM indicates when the guideline was 
developed and the publication dates of the evi-
dence used in formulating the recommenda-
tions. The conceptual model, however, does 
not indicate an explicit date for a scheduled 
review.

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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Identification of the body respon-
sible for reviewing and updat-
ing the guideline

✔

Description of the parameters for 
which better information is 
needed

✔

Description of any expected 
research or technical develop-
ments that could modify the 
policy

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

Multidisciplinary process

Participation of persons in appro-
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 
conflicts of interest

✔

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

✔

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

✔

Implementation and dissemination

Listing of possible methods for 
dissemination and implementa-
tion

The implementation and dissemination of the 
CPGs are not addressed in the CPG conceptual 
model; however, the use of the web interface 
enables almost universal access to developed 
CPGs.

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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As a result of this evaluation, a future extension of my thesis work is to modify the con-

ceptual framework. I 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 I 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.

Criteria for monitoring compli-
ance

The conceptual models do not capture the com-
pliance of guideline users with the CPG.

Definition of measurable out-
comes to be monitored

✔

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

✔

Identification of key areas on 
which information for patients 
should be provided

Because the proposed users of ALCHEMIST's 
CPG are guideline developers at local institu-
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 
before ALCHEMIST could be extended for use 
by individual physicians.

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 data element
CPG
CM

Explanation for those data elements not in 
design specification
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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, I 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, I 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

I 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, I attempted to express the information contained in these guidelines using

my CPG conceptual model. I 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. I 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 Research 
(AHCPR)

Management of acute pain

Evaluation and management of early HIV 
infection
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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, I 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.

United States Preventive Services Task Force 
(USPSTF)

Screening for breast cancer

Counseling to prevent gynecologic cancers

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

US Department of Health and Human Ser-
vices: National Heart Attack Alert Program 
Coordinating Committee

Emergency department: Rapid identification 
and treatment of patients who have acute 
myocardial infarction

American Diabetes Association Foot care in patients who have diabetes

Advisory Committee for Elimination of 
Tuberculosis

Preventive therapy for tuberculous infection 
in the United States

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-
ences cited

Although the CPG-CM provides the references used in the 
guideline development, it does not provide active links 
to the corresponding full text or Medline abstracts.

Topics to discuss with patients/ 
patient education

The CPG-CM does not include information targeted 
toward explaining the CPG to the patient.

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

Endorsing organization CPG title
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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 that ALCHEMIST 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 success of the ALCHEMIST 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.

Inclusion of non-traditional 
medical options

Although nontraditional medical therapies do not consti-
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 
medical conditions

The CPG-CM is designed to represent a clinical decision 
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 
special needs (e.g., children, 
elderly patients, pregnant 
women)

Although the CPG-CM describes the patient population, 
specific groups (such as high-risk patients, elderly 
patients, and pregnant woman) are not identified.

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
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8.2 Evaluation of the decision-model annotation 
editor

As I described in Chapters 3 and 4, the adoption of the ALCHEMIST 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, I evaluate the quality of the generated CPG.

I used the ALCHEMIST web interface to enter the SCD-MM decision model — a DM for

which I have been the primary decision analyst, and, therefore, with whose structure,

assumptions, and evidence I 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. Using ALCHEMIST's web interface, I took approximately 5 hours to enter

the SCD-MM into ALCHEMIST. 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 into the ALCHEMIST 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 into the ALCHEMIST

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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1. The tree must have balance1.

2. The tree must have only two branches after each chance node.

3. The tree must have no embedded decision nodes.

4. The branches must be linked2. 

5. 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, the ALCHEMIST 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)

I evaluated and critiqued ALCHEMIST's CPG in two ways: (1) I evaluated the quality of the

CPG by comparing the CPG to established criteria, and (2) I 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, I did not envision any potential harm to the guideline user or to her future patients.

However, because I 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. I 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 developed by ALCHEMIST are implemented in a clinical setting.

Instead, I 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), I 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 I 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. I 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 of an ALCHEMIST CPG, and to assess the usability

of the ALCHEMIST browser and custom-tailoring editor.

8.3.1.3 Methods

After I determined ALCHEMIST's implementation to be sufficiently complete, I created —

using the DM annotation editor — the global CPG for the LC-EM (Appendix D). I 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 testing ALCHEMIST'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. 

I 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), I 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. I 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.

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. I random-

ized the order in which the subjects rated the two CPGs. 

Table 8.4. Endorsing societies and locations of comparison CPGs. 

Endorsing Society Title of CPG URL

American Society of Clini-
cal Oncology

Clinical Practice Guidelines for 
the Treatment of Unresectable 
Non-Small-Cell Lung Cancer

https://asco.infostreet.com/
prof/pp/html/m_lung.htm

National Cancer Institute Non-Small Cell Lung Cancer http://imsdd.meb.uni-
bonn.de/cancernet/
100039.html

Canadian Medical Associa-
tion

Cancer Management: Lung 
Tumor Group

http://www.bccancer.bc.ca/
cmm/08-1.html

American Thoracic Society Pretreatment Evaluation of Non-
Small-cell Lung Cancer

http://www.ajrccm.org/cgi/
content/full/156/1/
320#T6
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I 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-

quately 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 0 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, I solic-

ited from each subject answers to five open-ended questions. I 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 the ALCHEMIST 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, I 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 CPGs. Table 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 significant (p = 0.002).

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 I compare these individual CPGs with the

LC-EM.

Table 8.5. Main results of guideline-rating questionnaire. Comparison 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. 

Guideline Mean Median
Standard 
deviation

Difference 
between means p value

LC-EM CPG 1.502 1.519 0.274

Comparison CPG 0.987 0.986 0.461 0.515 0.002

Comparison 1 (n=5) 1.404 1.384 0.277 0.098 0.26

Comparison 2 (n=2) 1.074 1.074 0.209 0.428 0.12

Comparison 3 (n=5) 0.646 0.667 0.260 0.856 0.0002

Comparison 4 (n=3) 0.803 0.778 0.625 0.699 0.099
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When we separate the group of guideline users who rated the ALCHEMIST 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

questions 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 questionnaire. An asterisk (*) indicates that the 
difference between means was statistically significant (p < 0.05). 

Question Mean Median
Standard 
deviation

Difference 
between 
means

Usability

Is the intervention clearly defined?

• LC-EM CPG 1.867 2 0.3519

• Comparison CPG 1.467 1 0.516 0.400*

Is the desired goal of the intervention 
clearly stated?

• LC-EM CPG 1.867 2 0.3519

• 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

• Comparison CPG 1.333 1 0.724 0.667*
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Does the guideline identify the specifi-
cally known or generally expected 
exceptions to this recommendation?

• 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?

• LC-EM CPG 1.467 2 0.743

• Comparison CPG 0.867 1 0.743 0.600*

Accountability

Was the guideline developed in a multidis-
ciplinary process?

• 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?

• 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?

• LC-EM CPG 1.133 1 0.743

• Comparison CPG 0.733 1 0.799 0.400

Are the assumptions used in guideline 
development clearly stated?

• LC-EM CPG 1.933 2 0.258

• 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

• Comparison CPG 0.600 0 0.828 0.533*

Table 8.6. Summary descriptive statistics for the subjects' responses to individual 
questions in the guideline-rating questionnaire. An asterisk (*) indicates that the 
difference between means was statistically significant (p < 0.05). 

Question Mean Median
Standard 
deviation

Difference 
between 
means
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The subject's responses for almost all questions — for both CPGs — varied from 0 to 2.

This variability among subjects indicates that the reliability  of the CPG-critiquing tool

was poor. I 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

Accuracy

Are intermediate events and their relation-
ship to final outcomes clearly stated 
including intermediate events?

• LC-EM CPG 1.333 2 0.816

• Comparison CPG 1.000 1 0.655 0.333

Are the methods of measurement for the 
intervention and the outcomes clearly 
stated?

• LC-EM CPG 1.600 2 0.632

• Comparison CPG 1.133 1 0.743 0.467

Is the method used in linking the interven-
tion and guideline clearly stated?

• LC-EM CPG 1.733 2 0.704

• Comparison CPG 0.733 1 0.799 1.00*

Has the guideline been through some form 
of formal peer review?

• LC-EM CPG 0.933 1 0.884

• Comparison CPG 1.133 1 0.915 -0.200

Are patient preferences explicitly consid-
ered in development of the guideline?

• LC-EM CPG 1.800 2 0.561

• Comparison CPG 0.400 0 0.632 1.400*

Table 8.6. Summary descriptive statistics for the subjects' responses to individual 
questions in the guideline-rating questionnaire. An asterisk (*) indicates that the 
difference between means was statistically significant (p < 0.05). 

Question Mean Median
Standard 
deviation

Difference 
between 
means



8.3 Evaluation of the generated CPG 179

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 the ALCHEMIST  CPG. Using an ordinal scale of

1 to 5 where 5 is ideal; the subjects rated ALCHEMIST's ease of use at 4.76, the usefulness

of the content at 3.98, and the format of the presentation at 4.64. Table 8.7 summarizes

these results. 

8.3.1.4.3 Responses to the structured interview. Overall, 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 such as ALCHEMIST to help

them in their clinical practice. The free-form comments from the subjects revealed four

broad themes. I list and explore these themes here. 

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

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

Statement about ALCHEMIST Subject agreement 
with statement

Agreement
 (%)a

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 
exactly what you need

3.733 73



180 8.0 Evaluation

1. Need for clearer information about exceptions to the CPG: Several

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 I 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. Clearly, ALCHEMIST

requires methods for ensuring the validity of the tailored guidelines;

I discussed ALCHEMIST's approach to custom tailoring in Section 6.5.

2. Need for additional evidence for best-estimate values: Subject

expressed a desire to view the evidence tables on which the CPG was

based. Although the evidence tables are part of the ALCHEMIST 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 of the ALCHEMIST 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 I did not solicit such approval for my example DMs, I

envision that it would be part of the peer-review process and would

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

3. Need for help functionality: Numerous 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 features: Other 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. I discuss the pos-

sibility of an explanation module into the ALCHEMIST system in

Section 9.2.3.

One further suggestion by one subject was that ALCHEMIST 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 of the ALCHEMIST 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, I 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, I 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.

I 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



182 8.0 Evaluation

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 with the ALCHE-

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, I looked at ALCHEMIST's custom-tailoring and updating

abilities. I 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). I 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 accuracy of ALCHEMIST's custom-tailoring

abilities.
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8.3.2.2 Methods 

To evaluate the feasibility of updating the CPG, I 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, I 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

I 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, I

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

For clarity, I state here explicitly the evaluation tasks that I did not undertake as part of my

thesis work. To evaluate the implementation assertions 1 through 3, I would have had to

design and perform a randomized clinical trial comparing the use of ALCHEMIST 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. I did not evaluate whether physician behavior would change because

of the implementation of the ALCHEMIST CPGs. 

3. I did not evaluate what the cost effectiveness of the ALCHEMIST 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).

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

experienced decision analyst. Therefore, 

4. I 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 that ALCHEMIST must address.
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Finally, although I 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, I 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, I described my evaluation of the ALCHEMIST framework and system. To

evaluate the contribution of my work, I studied the conceptual models and mapping algo-

rithm, the generated CPG, and ALCHEMIST's custom-tailoring and updating abilities. In my

final chapter, I conclude by describing the principal contributions of my work, limitations

of my research, and areas for future work.
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C h a p t e r  9

Summary, Contributions, and
Future Work

In this chapter, I summarize ALCHEMIST (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, I

have explored the reasons for these two problems that impede CPG success. I developed a

new approach that allows people to create, disseminate, and tailor CPGs using normative

decision models (DMs). As part of my work, I developed the ALCHEMIST system, which

automates the DM-to-CPG creation process and allows for tailoring of the generated

CPG.
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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 underlying DM, ALCHEMIST can adapt

the CPG to reflect the guideline user's specific site or patient population. A guideline

developer can also use ALCHEMIST to update automatically the CPG over time as the DM

or evidence evolves. With ALCHEMIST, CPG creation is evidence based, adaptable to local

specifications, and able to be maintained.

To build such an automated CPG-creation system, I specified DM and CPG conceptual

models. I 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 allows ALCHEMIST 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 quality of ALCHEMIST'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. I discussed in Section 8.1.1 extensions of the conceptual framework that

will be needed before a system such as ALCHEMIST could be incorporated into clinical
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practice. In this Section 9.2.1 through 9.2.7, I 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 increase ALCHEMIST's usefulness.

9.2.2 Incorporation of a controlled clinical vocabulary

ALCHEMIST ignores vocabulary issues. ALCHEMIST 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 integrate ALCHEMIST with a computer-based patient record and

be able to extract automatically the needed patient-specific input data, ALCHEMIST 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 of ALCHEMIST 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 give ALCHEMIST a way to explain the

resulting recommendations. However, ALCHEMIST 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 into ALCHEMIST could help a guideline user to elicit preferences from her patient.

Such a preference-assessment method would need to be incorporated before ALCHEMIST

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
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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 useful, ALCHEMIST 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 between ALCHEMIST’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 as ALCHEMIST through an open applications-programming interface (API).

Although users of my ALCHEMIST 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 based. If ALCHEMIST were linked directly to trial-bank entries of the

supporting RCTs, ALCHEMIST 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 API would allow ALCHE-

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. Using ALCHE-

MIST, I 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, I 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, I 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 CPGs). I 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.

I 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, I 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 DMs.

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, I 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, I 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. I combined ideas from the literature on CPG creation,
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dissemination, implementation, and maintenance to justify what elements CPGs should

have, and I 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, my ALCHEMIST 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, I have argued that a computer-

based system that creates CPGs automatically from evidence-based DMs could enhance

greatly the efficacy of the generated CPG. I have further argued that conceptual models of

DMs and CPGs are necessary for such a successful CPG-creation system. I 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.
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A p p e n d i x  A

Clinical-Practice Guideline
Conceptual Model

Guideline Tasks

Task Sub-task
CPG Conceptual Model 

Component

1. Are the recommen-
dations valid?

1. Were all important options 
and outcomes clearly stated?

a. Options considered

b. Health outcomes considered

c. Economic outcomes considered

d. Definition of terms

2. Was an explicit and sensi-
ble process used to identify, 
select, and combine evi-
dence?

a. Method used to identify evidence

b. Method used to combine evidence

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 sensi-
ble process used to consider 
the relative value of different 
outcomes?

a. Utility of outcomes
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4. Is the guideline likely to 
account for important recent 
developments?

a. Publication date of guideline

b. Publication date of evidence used

c. Methods used for updating and 
maintaining CPG

d. Sources used

e. Sensitivity analysis ranges tested

5. Has the guideline been 
subject to peer review and 
testing?

a. Peer review process

b. Pretesting of CPG

c. Comparison to existing CPGs

2. What are the rec-
ommendations

1. Are practical, clinical 
important, recommendations 
made?

a. Clinical flowchart algorithm

b. Expected outcomes based on CPG

c. Comparison of CPG to existing 
recommendations

d. Burden of disease

e. Methods for implementing CPG

2. How strong are the recom-
mendations?

a. Sensitivity analyses

b. Level of evidence used

c. Grading of recommendations

3. What is the quality of the 
investigators that provide the 
evidence for the recommen-
dations?

a. Funding sources

b. Endorsement by professional soci-
eties

c. Authors of CPG

d. Clinical specialties represented in 
CPG development team

e. Potential biases

4. What is the magnitude and 
consistency of positive out-
comes relative to negative 
outcomes?

a. Balance sheet of benefits, harms, 
and costs

b. Expected outcomes

c. Flowchart algorithm

d. Marginal cost-effectiveness analy-
sis

5. What is the relative value 
placed on different out-
comes?

a. Marginal cost-effectiveness of 
strategies

b. Patient preferences for different 
outcomes

Guideline Tasks

Task Sub-task
CPG Conceptual Model 

Component
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6. What is the effect of uncer-
tainty associated with the 
evidence and values used in 
the guidelines?

a. Best-estimate variable values

b. Sensitivity analysis ranges

c. Variables to which the CPG is sen-
sitive

d. Tornado diagram

3. Will the recom-
mendations help you 
in caring for your 
patients?

1. Is the primary objective of 
your guideline consistent 
with your objective?

a. Objective of guideline

b. Targeted health problem

c. Targeted CPG user

2. Are the recommendations 
applicable to your patients?

a. Targeted patient population

b. Instructions for tailoring guideline 
to specific populations

c. Patient preferences

d. Method for obtaining patient pref-
erences

e. Sensitive variables

f. Ranges used in sensitivity analyses

g. Perspective of CPG

Guideline Tasks

Task Sub-task
CPG Conceptual Model 

Component
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A p p e n d i x  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 deci-
sion alternative

a. Health benefits for each alternative

b. Health disutilities for each alterna-
tive

c. Economic benefits for each alterna-
tive

d. Economic costs for each alterna-
tive

4. Represent the sequence of events leading to the 
clinical outcomes by a series of chance and decision 
nodes

a. Structure of the decision model

b. Children of decision nodes

c. Children of chance nodes
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5. Choose a time horizon and discount rate for the 
problem

a. Cycle length for Markov models

b. Time horizon for acute models

c. Discount rate for health benefits

d. Discount rate for costs

6. Determine the probability of each chance outcome a. Best-estimate variable values

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 produced

Decision Modeling Task DM Conceptual Model Component
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A p p e n d i x  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., uDie); 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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CycLen Length of Markov cycle, in years

tHoriz Time horizon for the analysis, in years

Variable Meaning
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A p p e n d i x  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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A p p e n d i x  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                                                
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A p p e n d i x  F

Clinical-Practice Guideline
Evaluation

Clinical-Practice Guideline Evaluation

Please describe yourself, by checking all that apply:
1. Sex � Female � Male
2. Training Level � Pre-Med � MD � MS � PhD � Other
3. Do you use or have

exposure to current clinical
practice guidelines?

� Yes � No

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)
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Usability
4 Is the intervention clearly defined? � ND � 0 � 1 � 2
5 Is the desired goal of the intervention clearly stated? � ND � 0 � 1 � 2
6 Does the guideline state explicitly the population to

which the statements apply?
� ND � 0 � 1 � 2

7 Does the guideline identify the specifically known or
generally expected exceptions to this
recommendation?

� ND � 0 � 1 � 2

8 Is guidance offered about how to modify the
guideline for differing clinical circumstances?

� ND � 0 � 1 � 2

Accountability
9 Was the guideline developed in a multidisciplinary

process?
� ND � 0 � 1 � 2

10 Is the evidence used in drawing conclusions
included?

� ND � 0 � 1 � 2

11 Can you determine the process used to synthesize
evidence and develop the guideline?

� ND � 0 � 1 � 2

12 Are the assumptions used in guideline development
clearly stated?

� ND � 0 � 1 � 2

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

� ND � 0 � 1 � 2

Accuracy
14 Are intermediate events and their relationship to final

outcomes clearly stated including intermediate
events?

� ND � 0 � 1 � 2

15 Are the methods of measurement for the intervention
and the outcomes clearly stated?

� ND � 0 � 1 � 2

16 Is the method used in linking the intervention and
guideline clearly stated?

� ND � 0 � 1 � 2

17 Has the guideline been through some form of formal
or peer review?

� ND � 0 � 1 � 2

18 Are patient preferences explicitly considered in
development of the guideline?

� ND � 0 � 1 � 2
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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? � ND � 0 � 1 � 2
5 Is the desired goal of the intervention clearly stated? � ND � 0 � 1 � 2
6 Does the guideline state explicitly the population to

which the statements apply?
� ND � 0 � 1 � 2

7 Does the guideline identify the specifically known or
generally expected exceptions to this
recommendation?

� ND � 0 � 1 � 2

8 Is guidance offered about how to modify the
guideline for differing clinical circumstances?

� ND � 0 � 1 � 2

Accountability
9 Was the guideline developed in a multidisciplinary

process?
� ND � 0 � 1 � 2

10 Is the evidence used in drawing conclusions
included?

� ND � 0 � 1 � 2

11 Can you determine the process used to synthesize
evidence and develop the guideline?

� ND � 0 � 1 � 2

12 Are the assumptions used in guideline development
clearly stated?

� ND � 0 � 1 � 2

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

� ND � 0 � 1 � 2

Accuracy
14 Are intermediate events and their relationship to final

outcomes clearly stated including intermediate
events?

� ND � 0 � 1 � 2

15 Are the methods of measurement for the intervention
and the outcomes clearly stated?

� ND � 0 � 1 � 2

16 Is the method used in linking the intervention and
guideline clearly stated?

� ND � 0 � 1 � 2

17 Has the guideline been through some form of formal
or peer review?

� ND � 0 � 1 � 2

18 Are patient preferences explicitly considered in
development of the guideline?

� ND � 0 � 1 � 2
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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. Is the clinical-practice guideline sensitive to these changes?

� Yes
� No

4. What is the expected utility for the new clinical-practice guideline?

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?

� Yes
� No

8. What is the expected utility for the new clinical-practice guideline?

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?

� Yes
� No

12. What is the expected utility for the new clinical-practice guideline?
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Overall Evaluation: Please answer questions 19-26 using the following scale:

1 = Almost never
2 = Some of the time
3 = Almost half of the time
4 = Most of the time
5 = Almost always

19 Is the information clear? � 1 � 2 � 3 � 4 � 5
20 Does ALCHEMIST provide the precise

information you need?
� 1 � 2 � 3 � 4 � 5

21 Is ALCHEMIST user-friendly? � 1 � 2 � 3 � 4 � 5
22 Does the information content meet your

needs?
� 1 � 2 � 3 � 4 � 5

23 Do you think the output is presented in a useful
format?

� 1 � 2 � 3 � 4 � 5

24 Is ALCHEMIST easy to use? � 1 � 2 � 3 � 4 � 5
25 Does ALCHEMIST provide sufficient

information?
� 1 � 2 � 3 � 4 � 5

26 Does ALCHEMIST provide reports that seem
to be just about exactly what you need?

� 1 � 2 � 3 � 4 � 5
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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 modification 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    = Level is clearly stated and rationale is present
0 = It is 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    = It 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.
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