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Abstract

The “guidelines movement” was formed to reduce variability in practice,

control costs, and improve patient care outcomes. Yet the overall impact on practice and
outcomes has been disappointing. Evidence demonstrates that the most effective method of
stimulating awareness of and compliance with best practices is computer-generated reminders
provided at the point of care. This paper reviews five steps along the path from the development
of a guideline to its integration into practice and the subsequent evaluation of its impact on
practice and outcomes. Issues arising at each step and obstacles to moving from one step to the
next are described. Last, developments that could help overcome the obstacles are highlighted.
These include 1) more rapid knowledge acquisition using data mining, 2) better accommodation
to imprecise knowledge in clinical algorithms using fuzzy logic, 3) development of a shareable
model for guideline representation and execution, and 4) more widespread availability of
clinically robust information systems that support decision-making at the point of care.

m JAMIA. 1998;5:227-236.

The need to reduce variability in practice, control
costs, and improve patient care outcomes has stimu-
lated the development of myriad practice guidelines
over the past several years.' ® Yet systematic reviews
have shown that the mere existence of these guide-
lines does not necessarily lead to changes in prac-
tice.”® Problems with the dissemination of guidelines
are frequently cited as a major reason for failure to
impact practice.” " Certainly, if clinicians are unaware
of best practices, they cannot implement them; and if
they haven’t been convinced of their utility, they will
not use them. Even before the “guidelines movement”
came into being, nursing literature reflected a long-
standing concern with the difficulties of promoting
the utilization of research findings in practice.”” "
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A Response to a Problem: Online Practice
Guidelines

One response to the dissemination problem has been
to increase accessibility by making practice guidelines
available online. A review of current applications
shows a wide range of what is meant by this. In some
settings, text guidelines are made available within an
agency’s existing information system'” or by means of
an intranet using World Wide Web technology. At
Partners HealthCare System in Boston, Massachusetts,
for example, clinicians can access a variety of text
guidelines using an intranet application known as
“Handbook.” Figure 1 illustrates the text that is dis-
played when the guideline for “Endocarditis Prophy-
laxis for Procedures” is selected. Some organizations
like the U.S. Agency for Health Care Policy and Re-
search (AHCPR) and the Canadian Medical Associa-
tion have public Web sites where the guidelines de-
veloped by the agency can be accessed at will."

This type of application solves the problem of acces-
sibility to the guideline itself. But access to the knowl-
edge embedded in the guideline can still be problem-
atic when the guideline is long and complex and the
answer to a specific question is needed quickly. In to-
day’s environment, clinicians have less time than ever
to elicit from the patient the specific problems needing
attention and then apply the appropriate knowledge
for diagnosing or treating the problems.” Recent
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Which p‘rocedures need coverage?

SOME PROCEDURES FOR WHICH PROPHYLAXIS IS RECOMHENDED
This 15 a partial. list. Prophylaxis way be indipated for other procedures
depencung on the partl:ular\satuacum and the patient's level of. risk.

Dental procedures whi&h induce g1ng1va1 or. mucosal bleeding 1nc1ud1ng
professional cleaning! .

Tonsillectomy and/or adenoxdeccomy

Surgical operations involving intestinal or respiratory muc:asa
Bronchoscopy.with a rigid b:onchuscape = .
Sclerotherapy for esophageal varices

Esophageal dilatation ...

Gallbladder surgery

Cystoscopy

Urethrgl dilatation

Uzechral catheterization IF urinary tract infection is present ¥
Prostatic surgery

Incision and drainage of infected tissue *

Vaginal hysterectomy L

Vaginal -delivery 1n the -presence of Lnfar:t.xcm o

Figure 1 Example of a text guideline
made available to clinicians through an
agency’s intranet.
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publications have stressed the need to adapt an in-
dustrial paradigm, namely, supplying clinical infor-
mation to clinicians “just in time” to influence the de-
cision at hand.""” One method of dealing with this
need is to provide selective access to the knowledge
embedded in the guideline. By entering search
phrases or choosing index words, the clinician can be
guided to pertinent sections of the guideline, thus en-
abling rapid retrieval of the needed information. For
example, guidelines available at the AHCPR Web site
can be accessed by entering search words'’; Figure 2A
illustrates what happens when a user, after selecting
the urinary incontinence guideline, has entered the
search phrase “urge incontinence.” This causes the
first section of the guideline where the phrase “urge
incontinence” occurs to be displayed, as shown in Fig-
ure 2B. Another method of providing access to rele-
vant portions of a guideline is to manually index a
guideline with key words, then supply an interface
that allows the clinician to select from the list of key
words. Jenders et al.”’ describe how the AHCPR Pres-
sure Ulcer Prevention and Treatment Guidelines were
indexed and made available to clinicians in this man-
ner.”

Interactive algorithms can increase decision support
based on guideline knowledge. By entering parame-
ters that are specific to a particular patient, the clini-
cian can get recommendations tailored to that clinical
situation.”’ " In the more sophisticated applications,
a rationale is provided for the recommendations
given. No data are stored about any individual
patient—the application is used as a reference only.
Figure 3 illustrates a prototype system for Web-based
access to algorithms for pressure ulcer prevention and
treatment adapted from the AHCPR guidelines.” The

specific topic selected in the illustration is manage-
ment of tissue loads. After responding yes or no to a
series of questions (with the option of getting an ex-
planation of the question if desired), a recommenda-
tion is provided. In the illustration, an explanation of
the rationale for the recommendation has been re-
quested and is displayed at the bottom of the screen.

The most sophisticated form of online guideline is
when a guideline is embedded in a computer-based
patient record system. In this situation, programmed
rules derived from the guideline operate in the back-
ground. The rules are triggered by patient data; when
necessary, data unavailable in the record are sought
from the clinician interactively; patient-specific rec-
ommendations are provided interactively or by vari-
ous messaging methods. There are only a few exam-
ples of this advanced form of guideline-based
decision support (see, for example, references 26—30),
and only a very few are aimed at nurses.”**'~* At Bos-
ton’s Brigham and Women'’s hospital, physicians get
evidence-based advice about the appropriateness of
certain radiology orders based on information entered
with an order.* Figure 4 illustrates the advice given
when a physician orders an abdominal radiograph to
determine the cause of gastrointestinal bleeding. Fig-
ure 5 summarizes the range of decision support of-
fered by online guidelines based on the degree of
structure and integration with the patient’s record.

Fully Integrating Highly Structured Guidelines
into the Clinical Setting

Reviews of the effectiveness of various methods of
guideline dissemination show that the most predict-
able impact is achieved when the guideline is made
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accessible through computer-based, patient-specific
reminders that are integrated into the clinician’s
workflow.” * If this is known to be true, why don’t
we see more examples of it in the literature and in
practice? The reason is that there are many obstacles
between developing an officially accepted guideline
and making it available in the form of patient-specific
reminders. Figure 6 summarizes the steps along the
path. Experience has shown, however, that the path
is not smooth. What follows is a discussion of the is-
sues that must be faced at each step and the obstacles
that often occur. (These are summarized in Table 1.)
In the final section, we highlight developments that
may help in overcoming the obstacles, making it eas-

ier to deliver the promise of influencing practice
through evidence-based guidelines.

Step 1: Develop the Guideline

Cook et al.*' describe a clinical practice guideline quite
simply as an “attempt to distill a large body of med-
ical expertise into a convenient, readily usable for-
mat.” Despite the simplicity of the description, devel-
oping a good practice guideline is an exhausting and
expensive process.”** Cook and colleagues developed
a model describing the steps involved, which begin
with assembling a multidisciplinary team to define
the problem, distill the available knowledge, and

Urinary Incontinence In Adults: Acute and Chronic Management

HSTAT Full Text Query Screen

Clinical Practice Guideline Number 2 (1996 Update)

AHCPR Fublicatior No. 96-0652: March 1996

A Search

H Table of Contents &

Enter the diagnosis, sign, symptom, or ather phrase or key word(s):

Iurge incontinence

Figure 2 A, Example of a text guide-

E General Information about the AHCPR Guidelines

line that allows the clinician to retrieve
sections of interest. Here, the clinician
wants to search for sections related to
“urge incontinence.” B, Having entered
the search, the clinician has been pre-
sented with a list of sections containing
the phrase “urge incontinence,” has se-
lected a section, and gets the text shown
here.

2. Identifying and Evaluating Urinary Incontinence
Symptoms and Subtypes

{4 Urge Incontinence

4 The symptom of urge incontinence is the involuntary loss of urine associated with a strong desire to void

4 (urgency) Urge incontinence is usually, but not always, associated with the urodynamic finding of involuntary
detrusor contractions, referred to as detruser mstability (DI). Although DI can be associated with neurclogic

disorders, it also occurs in individuals who appear to be neurologically normal. The uninhibited bladder

contractions associated with DI can cause UI with and without symptoms of urgency, it can also cause
symptoms of urgency without concomitant incontinence (Fantl, Wyman, McClish, et al., 1891 ). Whena

causative neurologic lesion is established, the DI is called detrusor hyperreflexia (DH) (Abrams, Blarvas

Stanton, et al , 1988). A common neurologic disorder associated with DH iz stroke. In patients with <

W Cantinue | | suprasacral spinal cord lesions and multiple sclerosis, DH is commonly accompanied by detrusor sphincter
il dyssynergia (DSD) (inappropriate coniraction of the external sphincter with detrusor contraction). This can
result in the development of urinary retention, vesicoureteral reflux, and subsequent renal damage (cGuire,

Woodside, Borden, et al, 1981).

{ Another urodynamic diagnosis associated with the symptom of urge incontinence in frail, elderly patients 1s
detrusor hyperactivity with impaired bladder contractility (DHIC) Resnick and Yalla, 1385). Patierts with
DHIC have mvoluntary defrusor contractions, yet must strain to empty their bladders either mcompletely or
completely. Clinically, patients with DHIC generally have symptoms of urge incontinence and an elevated

postwoid residual (PVR) volume, but they may also have symptoms of obstruction, stress incontinence, or

i overflow incontinence. DHIC must be distinguished from other types of UL because it can mitnic thern, -+l

S SRR




230

rame - Microsoft Internet Explorer

ZIELSTORFF, Online Practice Guidelines

S N
Recommendation

Use a device that moves air across the skin.

(Contiruc SRR Done I Ecpiain

=

Figure 3 Example of an interactive al-
gorithm, this one on managing tissue
loads. The clinician has responded to a
series of questions and has received the
recommendation shown above. When
the clinician then asks the system to
“explain” the recommendation, the ex-
planation appears at the bottom of the
screen. There is also an optional link to
vendor descriptions of the recom-
mended product.
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“When excess moisture on mtact skin is a potential source of maceration and skin breakdown, a support sutface that provides
airflow (e.g. air-fluidized and low-air-loss beds) can be important in drying the skin and preventing additional pressure ulcers.
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produce recommendations. The guideline must then
be implemented and used; process and outcome data
must be collected and analyzed; and this information
must be combined with updated knowledge to refor-
mulate the recommendations.*' The process is so com-
plex that organizations around the world that have
had experience with the development process are be-
ginning to publish guidelines on how to develop
guidelines.**

Obstacles

Many agencies can attest to the difficulties in achiev-
ing consensus on practice guidelines, which range
from a sometimes inadequate scientific knowledge

Blsics m
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base, to conflicting evidence, to an inability to agree
on recommendations.””” These obstacles have led to
many aborted attempts to develop practice guidelines
on particular topics. In the United States, the sheer
magnitude of the task is what spurred the creation by
Congress of the Agency for Health Care Policy and
Research. One of the charges of this agency was to
develop authoritative practice guidelines based on
best available evidence.

Step 2: Develop an Algorithm from the Text
Guideline

In order to develop rules that can be processed by the
computer, the text guideline must be converted to an

Rl RN
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Figure 4 Example of an evidence-
based guideline embedded in a patient
record system. Here, the physician has
ordered an abdominal radiograph, has
responded to prompts for the patient’s
history, and gets this advisory.
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algorithm. The criteria for each decision point in the
algorithm must be fully specified without ambiguity.
“Walffling” statements such as “in certain circum-
stances,” “under some conditions,” and ‘““some ex-
perts advise” cannot be computed until the circum-
stances and conditions are defined precisely. Because
clinicians at the point of care will not accept guideline
recommendations at face value, the rationale for each
recommendation must be clearly stated, with sup-
porting references. Barahona et al.” describe the
“deep medical knowledge” that is needed to develop
clinical guidelines. They assert that this knowledge,
often implicit in the guideline itself, must be made
explicit for two reasons: 1) to enable better transfer-
ence to computer-based decision support systems and
2) to promote greater acceptability among clinicians.™

Obstacles

Those who have had experience with trying to de-
velop computable algorithms from text guidelines cite
the following problems: incompletely specified deci-
sion criteria, ambiguity, and failure to account for
all possibilities in the clinical situation (lack of
comprehensiveness).”**~* Trying to fill in the gaps in
order to produce a computable algorithm is tanta-
mount to amending the guideline, a process which
may or may not be feasible, depending on the re-
sources assigned to the project.

Step 3: Disseminate Rules and Protocols in a
Local Environment

Even when a computable algorithm is achieved, the
guideline must be implemented in a particular clinical
setting. Ultimately, all clinical decisions are made in a
local environment, which includes the practice cul-
ture, the characteristics of the particular clinician, and
the characteristics of the particular patient. Efforts to
educate clinicians and patients about best practices
range from publications and continuing education
courses to “detailing” by personnel specifically hired
for the task.™ In some cases, organization leaders
launch major initiatives to promote a culture change
that places high value on evidence-based practice.”®”

Integrated
) Selective with
OnLine Retrieval of Interactive Patient
Text Text Algorithm

Record

Least Most

Figure 5 Continuum of decision support offered by
various modes of online practice guidelines.
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& outcomes, monitor new
knowledge

4. Integrate into workflow with
computer-based reminders

Figure 6 Steps toward fully integrating online guide-
lines into practice.

Obstacles

Among the many obstacles to achieving clinician ac-
ceptance of practice guidelines is conflict with person-
ally held values and beliefs. Even when efforts to ed-
ucate clinicians about practice guidelines are well
carried out, there is evidence that guidelines that con-
flict with individual practitioners’ values and beliefs
are unlikely to be followed.”” Some clinicians resent
the very notion of guideline-based practice, denigrat-
ing it as “cookbook medicine.” The degree of
decision-making autonomy provided to practicing
clinicians has been related to satisfaction and profes-
sionalism, and some view prescribed practice pa-
rameters as an infringement on their professional
responsibility.

Some clinicians have ethical concerns about imple-
menting guidelines whose primary aim is to reduce
costs.” Others worry about the legal ramifications of
using their professional judgment to override nation-
ally promulgated guidelines of care.”

Lack of confidence in the validity of the guideline is
frequently cited as a reason for poor acceptance.” This
is a legitimate concern, as hard evidence for the rec-
ommendations prescribed in guidelines is often lack-
ing and their ability to impact outcomes is even less
proven.”*® Even when a guideline is based on good
evidence, applying it in a certain specific environment
may yield no benefit or even harmful results, as Wein-
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Summary of Steps and Obstacles to Online Guidelines Fully Integrated into Practice

Step

Description

Obstacles

Step 1: Develop guideline.

Step 2: Develop algorithm from
text guideline.

Step 3: Disseminate rules and
protocols in a local environ-
ment.

Step 4: Integrate guideline-based
rules into clinical record sys-
tem with computer-based re-
minders.

Step 5: Examine impact on pro-
cesses and outcomes, monitor
new knowledge, and refine
guideline as needed.

Distill relevant knowledge, provide
recommendations reflecting “best
practices.”

Distill decision points and criteria for
decisions; convert to decision flow-
chart or decision table.

Implement guideline in local setting
through education of clinicians,
“detailing” by personnel, remind-
ers, etc.

Install software that runs guideline
algorithm within electronic patient
record; use existing data or query
clinician for needed data; provide
patient-specific reminders inte-
grated into workflow.

Establish mechanisms for measuring
impact on processes and out-
comes; carry out as appropriate.

Establish mechanisms for periodic
review of knowledge and revision
of guideline as appropriate.

Inadequate knowledge base
Conflicting evidence
Difficulty achieving consensus
among experts

Incompletely specified deci-
sion criteria

Ambiguity

Lack of comprehensiveness

Conflicts with individual clini-
cians’ values and beliefs
Ethical concerns

Legal concerns

Lack of confidende in validity
of guideline

Lack of evidence for impact
on outcomes

Difficulty applying general
guideline to case at hand
Lack of administrative sup-
port, especially infrastructure

Lack of clinically focused pa-
tient record systems with
structured, coded data amena-
ble to processing of rules
Difficulty designing systems
that are easy to use by clini-
cians

Variable accuracy of data
stored in computer record
Incomplete data in computer
record

Time and effort to write pro-
grams for each guideline to be
implemented

Lack of infrastructure for car-

rying out studies on processes
and outcomes

Lack of resources for carrying
out knowledge synthesis, revi-
sion of guideline

Expense

garten® points out. It is theoretically possible to build
a system that allows local variation of the guideline,
even at the practitioner level. Fridsma et al.” propose
a model for doing that, as does Lobach.” It seems
paradoxical to produce practice guidelines to reduce
variations in practice and then build in mechanisms
that facilitate local variations, but it seems to be nec-
essary in order to achieve clinician acceptance.

One of the most frequently cited reasons for poor
compliance with guidelines is difficulty applying rec-
ommendations that are made for populations of pa-

tients to the case of a particular patient.* Poring
through pages of prose to find a recommendation that
applies to the case at hand (if one can find the pages
of prose to begin with) is simply not practical in to-
day’s health care environment.” "

The final reason sometimes cited for the failure of
guidelines to gain acceptance at a local level is lack of
administrative support in 1) promoting a culture
where evidence-based practice is valued and recog-
nized, 2) providing the information technology infra-
structure needed to support clinical decision-making
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based on guidelines, 3) committing the resources to
establishing the validity of guidelines in the local en-
vironment, and 4) carrying out ongoing quality im-
provement efforts to examine the impact of the guide-
lines on process and outcomes. Enlightened leaders
are beginning to recognize this, as shown by recent
reports that demonstrate strong organizational com-
mitment to providing appropriate support.””

Step 4: Integrate Guideline-based Rules into the
Clinical Record System through Computer-based
Reminders

It was stated earlier that the most effective method of
influencing clinical decision-making is to provide on-
line, interactive, patient-specific reminders that are de-
livered in time to affect the decision being made.” But
such a capability depends on having a relatively ro-
bust computer-based patient record, in order to have
the data to make appropriate recommendations. Pa-
tient demographic data, laboratory findings, diagnos-
tic test results stored in coded format, medication and
treatment orders and, ideally, patient findings are all
essential to the provision of patient-specific recom-
mendations in the context of a particular guideline. In
addition, there must be some mechanism for sending
messages to the responsible clinician, ideally in a way
that is integrated with the workflow. There are several
examples in the literature,® > but the sophisticated
information systems needed for this type of applica-
tion are the exception rather than the rule.

Obstacles

There is currently an insufficient technologic infra-
structure in most settings to provide patient-specific,
guidelines-based decision support. Attaining success-
ful clinical systems is a long, arduous, and risky en-
deavor. It will be some years before these systems are
widespread enough to provide the foundation for
such support. Whether these systems will be designed
with clinical decision support in mind is another mat-
ter, and if they are not, then additional work must be
done to try to provide appropriate “hooks” to the
data and to the clinician interface.

Even when the infrastructure is available to support
online decision support, designing the system to be
easy to use and no more time-consuming than tradi-
tional methods is often problematic.” Failure to ad-
dress these concerns is often cited as a reason for poor
compliance with automated reminder systems.”

Another concern is the accuracy of the data on which
the algorithms operate. In a recent review of studies
on the subject, Hogan and Warner” conclude that the
“studies report highly variable levels of accuracy” of
data in computer-stored records. Litzelman and Tier-

ney’' cite incompleteness of data (even in their nota-
bly robust computer-based patient record) as a signif-
icant reason for inappropriate reminders to clinicians.
Kuperman et al.”” describe an application especially
designed to retract alerts in cases where erroneously
entered data that caused alerts are subsequently cor-
rected.

An additional obstacle to widespread patient-specific
decision support based on guidelines is the fact that
even if a computable algorithm were developed from
a text guideline and made generally available, each
site must then program the algorithm to fit in its own
technical environment. The programming resources
needed to achieve this goal can be considerable, lead-
ing to extended delays in implementation and little
ability to reuse either the knowledge or the programs.

Step 5: Examine Impact on Processes and
Outcomes, Monitor New Knowledge, and Refine
Guideline as Needed

There is universal agreement that assessing the impact
of guidelines on processes and outcomes of care is
essential.””” When guideline recommendations are
based mainly on expert opinion, it is critical that data
be gathered to demonstrate their validity in clinical
practice. Weingarten® asserts that even when a guide-
line shows good evidence of validity in general pop-
ulations, it may not be portable to particular environ-
ments. There are some examples of attempts to
evaluate the clinical validity and impact on patient
outcomes of particular guidelines, and Weingarten
cites several of them.® In addition, Petrucci et al.*®
demonstrated that when recommendations from an
incontinence guideline were carried out, the number
of wet incidents among patients decreased signifi-
cantly in comparison with the number in units where
the recommendations were not available. Willson et
al.” reported that preliminary results of an automated
reminder system pertaining to pressure ulcer preven-
tion indicate a significant reduction in the incidence
of pressure ulcers. East et al.” showed that standard-
ization of care in critically ill patients with adult re-
spiratory distress syndrome was dramatically im-
proved after implementation of automated protocols,
with consequent reduction in patient mortality.

Since knowledge is not static, it is also important to
build in the ability to keep abreast of new knowledge
and incorporate it into guidelines as appropriate.”
New knowledge may require substantial revision of
the recommendations, necessitating revision of the de-
rived algorithms and a whole new cycle of imple-
mentation. Continuous quality improvement applies
not only to the care delivered under practice guide-
lines, but to the guidelines themselves.
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Obstacles

The obvious obstacles to this process are the expense
and effort required. Some organizations have taken on
the task of maintaining the validity of the content for
particular topics.”*” For some, a commitment to ex-
amining the effects of guidelines on costs, processes,
and outcomes of care is not so much an academic pur-
suit as a strategic imperative, since outdated or in-
valid guidelines embedded in the organization’s clin-
ical practice have such potential for harm.

Promising Developments

A vision of the future with respect to online guidelines
is one where the obstacles to each step in Figure 6 are
overcome. Advances in clinical research, partly as-
sisted by technology, can improve the clinical knowl-
edge base, possibly shortening the time to consensus
for achieving evidence-based guidelines. When ran-
domized controlled trials do not provide answers,
new technologies such as data mining may help. By
this technique, large accumulated clinical data bases
are searched to ascertain correlations among findings,
diagnoses, treatments, and outcomes, thus enabling
the discovery of knowledge based on experience.”*”
Better experimental and empirical evidence could de-
crease the need to rely on expert opinion, which is
often the source of difficulty in achieving consensus
about best practices. Clearer guidelines well sup-
ported by evidence may more easily gain clinician ac-
ceptance.

Clearer guidelines based on better evidence would
also make it easier to construct algorithms and deci-
sion tables, leading more readily to computer-based
decision support applications. When knowledge re-
mains imprecise, advances in computing methods
such as fuzzy logic may assist us in developing de-
cision-support algorithms that take into account the
imprecision of the knowledge base.”

In an ideal world, these algorithms and tables will be
developed in standard interchange formats that per-
mit installation in a wide variety of technical infra-
structures, with only moderate programming needed
for local requirements. The InterMed Collaboratory®
has as one of its goals the generation of a shareable
model for clinical guideline representation. According
to its investigators, “The purpose of this representa-
tion is to facilitate the sharing of clinical guidelines,
as well as the documentation amplifying on the
guideline or particular steps thereof. It enables the
construction of translation facilities for conversion of
guideline information to and from site-specific for-
mats, and provides a substrate upon which to build

ZIELSTORFF, Online Practice Guidelines

software components that wish to interchange guide-
line data at runtime.”® Such a capability would
greatly shorten the amount of time currently needed
to implement patient-specific decision support based
on particular guidelines.

The strategic value of clinical information has in-
creased dramatically since the advent of managed
care in the United States. This has stimulated concen-
trated efforts to develop more advanced clinical in-
formation systems. This impetus could lead to an en-
vironment where robust systems with structured,
coded clinical data provide integrated decision sup-
port as a commonplace resource. Evaluation of the ef-
fects of guideline-based decisions on patient outcomes
can be facilitated by the clinical information system,
providing the means to refine the guideline and im-
prove practice still further.

Evidence-based practice made possible through prac-
tice guidelines makes great sense to clinicians, payers,
and policymakers alike. Efforts to achieve that goal
have been labor-intensive and uneven in their impact.
Technology holds great promise to make evidence-
based practice a reality, leading to the ultimate goal
of high-quality, cost-efficient patient care.
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