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Introduction

Abstract

The emphasis provided by quality improvement strategies on performance
measurement and evaluation often results in our understanding of
processes of care and, perhaps, better outcomes. There are different
references for process evaluation: external peers, regional profiles of
performance or a trending of one’s own performance patterns. This paper
proposes a methodology that enables learning from the daily practice of
medicine by comparing alternative care processes and outcomes. Since it is
estimated that 15-20% of medical practices are based on rigorous scientific
data establishing their effectiveness, we have much to learn. We propose to
learn from our daily practice by combining clinical research methods with
quality improvement tools. The products comprise modified clinical trial
and case—control studies. In a modified clinical trial, we would use a prac-
tice guideline as a control group and modify the guideline to create an
experimental group. This method would maintain the internal validity of
efficacy research while maintaining the external validity of effectiveness
research. In the case—control method, it is possible to quantitate risk for a
given outcome and focus improvement effort on factors associated with that
outcome. We believe physicians will accept this learning approach because
it is a more valid learning method than traditional quality improvement
and, unlike randomized clinical trials, learning will occur in the daily
practice of medicine.

of most care processes (Wennberg et al. 1989;
Wennberg 1995). To improve productivity, we must

The goal of quality improvement in medicine is to
create a learning environment where we use the daily
practice of medicine to continually evaluate and
improve care processes and, perhaps, outcome
(Senge 1992; Berwick 1996). If learning is defined as
the ability to make valid inferences between two or
more alternatives, care providers seem to learn little
from the routine practice of medicine because
random variation in practice is greater than the effect

© 1999 Blackwell Science

approach our daily work with the mental model:
‘learning to learn’. This paper proposes a metho-
dology that enables learning from the daily practice
of medicine by comparing alternative care processes
and outcomes. It is estimated that 15-20% of medical
practices are based on rigorous scientific data
establishing their effectiveness. Therefore, learning
to improve quality of care implies learning about the
science of medicine as much as its artful application
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(Fink et al. 1987, Ropwe et al. 1988). Teaching
institutions and university medical centres could
champion this methodology and demonstrate its
impact on performance.

TQM to control random variation

To reduce variation and improve quality, medicine
has been experimenting with Total Quality Man-
agement (TQM) principles that have been successful
in other industries (Shewart 1931; Demming 1986).
Proponents of these principles state that if we reduce
random variation, we will reduce waste and improve
quality. TQOM initiatives in medicine attempt to
reduce random variation by creating standardized
care processes such as practice guidelines or critical
paths, which are common tools used in peer review
and evaluation. Indeed, there are valid methods to
create evidenced-based practice guidelines, and
these guidelines have had some success (Field &
Lohr 1992).The use of practice guidelines decreased
mortality in patients with the adult respiratory dis-
tress syndrome, decreased deep wound infections
after surgery and decreased length of stay (Horn &
Hopkins 1994). Although TOM has reduced random
variation in medicine, we propose that it has not
created a learning environment. Evidence-based
guidelines are rare and the evidence fo support
guidelines is often lacking (Blumenthal 1996).
Additionally, TQM has generally used historical
controls as a comparison group to evaluate treatment

alternatives. The use-of historical controls-produces: -

weak inferences about treatment alternatives, thus
limiting our ability to improve practice guidelines.
Reducing random variation may not mean
increasing appropriateness (choosing the right
patients to receive the guideline). Appropriateness is
often measured by the rate at which health services

are received in a population, such as the rates of
gastrointestinal

carotid endarterectomy, upper
endoscopy and coronary angiography in a population
(Brook et al. 1990). Indeed, studies that evaluated the
appropriateness of care in patients with different
rates of health services have shown that the propor-
tion of inappropriate case management may be
higher within the ‘lower rate’ category compared to
the ‘higher rate’, thus high variation, category
(Chassin et al. 1987). For example, patients with a
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myocardial infarction treated at a hospital with
higher rates of angiography had better outcomes
than patients treated at hospitals with lower rates
(Selby et al. 1996). Thus, unless reduction in random
variation is associated with an evaluative component,
it will lack the scientific rigour to create a learning
environment, i.e. make valid comparisons between
treatment alternatives (Chassin 1996). Additionally,
the relationship between structure, process and out-
come in industry is deterministic, but this relation-
ship in health care is usually unknown, mainly
probabilistic, and overwhelmingly untested. Because
of this, most practice guidelines are opinion-based
rather than science-based and should be thought of
as ‘doing the same thing’ rather than ‘doing the right
thing’ (Field & Lohr 1992; Kramer & Shapiro 1997).

Additionally, the TOM approach may not evalu-
ate ‘risk’ adequately. While TQOM can identify out-
liers (both good and bad), it does not weigh and
quantify the risk associated with structure and
process variables that lead to that statistically distinct
(outlier) status. The inability to assign risk limits our
ability to target and replicate resources efficiently, or
eliminate the factors with the highest risk for the
outcome. For example, through TOM we can
identify a clinic with high patient satisfaction, but we
may not measure the factors that lead to high
satisfaction. Without such explanatory variables, the
satisfaction survey becomes an exercise, not a
strategy towards performance improvement. How-
ever, TQM does reduce variation and if combined

‘with clinical research methods can create a learning

environment. We propose to combine TOM with
clinical trials and case—control studies.

Learning cannot be achieved without a framework
within which epidemiological findings are translated
to clinically applicable principles. We propose that
an epidemiological approach fulfils the very defini-
tion of ‘what befalls the people’, and the ‘people’
need not always be the population at risk in its
entirety, but can be patients; a segment of the
population with a medical need who already has
access to the care system. Thus, the universe upon
which learning is based has well-defined risk factors
(comorbidities, demographics, severity) and enablers
(socio-economic factors, cultural expectations).
Although focusing on patients rather than the
population at large predisposes to selection bias, we

(@ 1999 Blackwell Science, Journal of Evaluation in Clinical Practice, 5, 1, 3340



propose to minimize the effect of such biases through
a case—control approach and randomization, which
we discuss later (Sackett 1979). Additionally,
patients who present for health services are often the
denominator of interest.

The importance of a rapprochement between
epidemiology, clinical practice and quality improve-
ment is receiving renewed interest (Sackett et al.
1985; Proctor, 1994; Kazandjian 1996). The rationale
for incorporating public health methodologies into
randomized clinical trials (RCTs) and use of the
observed outputs as an educational curriculum is
attractive. A specific model has already been devel-
oped for select haematological diseases in the
Northern Region of the United Kingdom (Charlton
et al. 1997). This model, the population-adjusted
clinical epidemiology (PACE) strategy, emphasizes
well-controlled studies to obtain valid numerators,
adjusts the estimates for the relevant denominator
population, and uses these finding to inform clinical
practice in a continuous process. Although metho-
dologically elegant, PACE can be applied only where
data are available about each patient, where data can
be trended, where utilization and case management
data can be linked to outcomes and where a formal
auditing system assures complete, accurate and
timely data. Such systems are rarely encountered.
The alternative is to create a performance assess-
ment, evaluation, distribution and monitoring
scheme around a disease registry. The cost—effort
analysis of such a model, limited to a handful of
clinical conditions, may be prohibitive. The cost—
usefulness analysis of focusing on a few conditions
may render the education curriculum a mere
seminar. We therefore propose to incorporate the
epidemiological principles within a performance
improvement mindset in the form of modified
clinical trials (MCTs).

Modified clinical trials

In industry, learning occurs through multiple
randomized experiments which often use a factorial
design. A factorial design is a type of experiment that
tests the effect of more than one treatment (Moen et
al. 1991). The equivalent of these randomized
experiments in health care are randomized clinical
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trials (RCTs). A randomized clinical trial is the most
powertul technique to evaluate alternative therapies
but is rarely used in health care because a trial is
rigid, expensive and often not generalizable (Ber-
wick 1989). To maintain internal validity, clinical
trials have strict entry criteria and treatment proto-
cols which limit their ability to be applied to every-
day clinical practice (external validity) (Horn 1995).
For these reasons, few treatments have been eval-
uated with clinical trials and learning is divorced
from the daily practice of medicine.

However, clinical trials have many beneficial fea-
tures and should not be abandoned. Since RCTs
control for known and unknown confounders and
treatment bias, they provide the strongest evidence
for a treatment effect (Meinert 1986). A confounder
is a variable that is associated with both a care pro-
cess and outcome, and may distort the relationship
between the process and outcome. For example, if
we were evaluating mortality after coronary artery
bypass surgery, age is a potential confounder because
age is associated with the outcome (death) and age is
also associated with risk of coronary artery bypass
surgery. The most important confounders are sever-
ity of illness and comorbid diseases. Treatment bias is
a systematic error that occurs when patients who are
offered treatment are different from patients who are
not offered treatment. For example, we enrol
younger patients who are more likely to survive in a
clinical study and exclude older patients who are
more likely to die. Rather than abandon these
methods, RCTs can be adapted and incorporated
into TOM methodology in the form of modified
clinical trials (MCTs).

Modified clinical trials allow learning from the
daily practice of medicine. Indeed, alternative care
processes can be compared through MCTs and
inferences made about the effect of care process on
outcome without the expense and burden of formal
clinical trials. These modified clinical trials would
increase external validity (generalizability) because
we would include all patients who receive the prac-
tice guideline in the study. Additionally, randomi-
zation and the practice guideline (which would serve
as a study protocol) would maintain internal validity.
Thus, modified clinical trials would maintain the
internal validity of efficacy studies, maintaining the
external validity of effectiveness studies.
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There are two steps to the conduct of a modified
clinical trial. First, we must reduce variation in a
process with a practice guideline or critical path. The
receptivity of providers to the use of practice guide-
lines plays a critical part in the success of this step.
Once interest in learning from a clinical trial is
assured, and willingness to experiment with clinical
guidelines is secured, TQM techniques can be used to
identify, understand and manage variation.
Secondly, we must compare alternative care
processes and make inferences about the effect of
these processes on outcome. To accomplish this, we
would vary one (or more) of the care processes in the
practice guideline and assign patients randomly to
receive either routine (control group) or altered
(treatment group) care processes. We would choose
care processes that are not evidence-based and are
likely to affect the outcome (Sackett 1989; Evidence-
based Medicine Working Group 1992). To increase
the rate of learning, we could alter multiple care
processes at once (factorial design), especially if
large numbers of patients are available.

The art of managing probabilities

As stated at the outset, most processes are causative
in other industries but are correlative in medicine.
Therefore, to make valid inferences about the effect
of a care process, these modified clinical trials must
be conducted with the same scientific rigour as larger
clinical trials. Specifically, these MCTs should have
the following characteristics: (1) be hypothesis-
driven; (2) have a strict protocol for both treatment
and control groups; (3) have a valid outcome mea-
sure; (4) have power and sample size calculations
based on a primary outcome variable; (5) evaluate
for potential confounders and interaction; (6)
perform appropriate statistical analysis; and (7) draw
valid conclusions. This stepwise methodology will
allow us to learn from the daily practice of medicine.

For example, suppose a critical path for patients
having a colectomy include H2 antagonists (Fig. 1).
While this practice seems logical, there is little evi-
dence to support it. We would randomize all patients
in this critical path to receive H2 or no H2 antagonist.

All patients eligible for
Colectomy critical path

Randomized

/\.

Control group
H2 blocker
Otherwise standard critical path

Outcome
Upper Gl bleed

Treatment group
No H2 blocker
Otherwise standard critical path

Outcome
Upper Gl bleed

Figure 1 Model of modified clinical trial in colectomy patients.
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In this example, randomization would occur in the
pharmacy and patients would receive either an H2
antagonist (control group) or a placebo (experi-
mental group). Our outcome measure would be an
upper gastrointestinal (GI) bleed that requires a
blood transfusion. In patients on this critical path, the
incidence of upper GI bleed that requires a transfu-
sion (P1 — probability in control group) is 1%, and we
would calculate our sample size to demonstrate that
P2 (probability in treatment group) is also 1%. We
are already collecting data on adherence to the cri-
tical path and complications after surgery which
include an upper GI bleed that requires a transfu-
sion. Therefore, with little additional effort, we will
be able to evaluate the effect of H2 antagonist in
patients having colectomies and learn from the daily
practice of medicine. The need for informed consent
with this methodology must be addressed but is not
the focus of this essay.

Case—control study

The case—control study is a well-tested epidemiolo-
gicalmethod which allows estimation of risks between
care processes and outcome. In a case~control study,
we compare a group of people with an outcome of
interest (cases) to a group of people without the
outcome of interest (controls). For example, we may
identify a hospital that has a low mortality rate after
aortic surgery, but this information does not tell us
what care processes are associated with the low
mortality. Therefore, we are unable to focus
improvement efforts on care processes that are
associated with low mortality. However, we can use
the case—control method to evaluate the strength of
the factors (risks) that lead to the good outcome. We
found that patients who had a post-operative infec-
tion had a 2.8 times increased risk of death and an
increase in total charges of US$40000. Additionally,
patients who had a post-operative myocardial
infarction had a 10 times increased risk of death
(Pronovost 1997). We can use these data to focus
improvement efforts by calculating the attributable
fraction (population attributable risk) for each risk
factor. Attributable fraction is the proportion of
disease occurrence that could potentially be elimi-
nated if the risk factor were prevented (Kelsey et al.
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1994). We could focus improvement on the factors
with the highest attributable fraction (Fig. 2).

Additionally, the case-control methodology can
be used to identify risk factors for errors in clinical
practice (Lilienfield & Lilienfield 1979) For example,
to identify factors associated with medication errors,
we could identify patients who had a medication
error (cases) and those without medication errors
(controls). The number of controls will depend on
the number of cases and the desired power of the
study. At the time the case is identified, we could
choose 4-5 patients who were receiving medication
but did not have an error. We choose 4-5 controls for
every case to increase power, which is the ability to
detect a difference if one truly exists (Cochran & Cox
1957). We will then choose exposure factors from the
available literature and expert opinion. In this
example, exposure factors could include ordering the
medication, transcribing the order, processing the
order and dispensing the medication. Using a case—
control method we can assign risk (odds ratio) to the
exposure variables that are associated with a medi-
cation error. This method moves beyond traditional
quality assurance because it identifies risk factors on
which we can focus improvement efforts. The
immediate benefits of this case—control design, con-
trasted to a traditional design to study errors, is in the
smaller sample size needed for the former approach.
Indeed, the case—control design achieves similar
power with fewer cases than the traditional quality
assurance approach, which often does not select the
cases with strict criteria for risk stratification.
Ultimately, through the case—control method, we can
eliminate (or replicate) the care processes strongly
associated with the outcome.

Requirements for this new methodology

The combination of TQOM and clinical research will
require an integrated clinical information system, or
health informatics. The specific requirements of the
informatics system will depend on the health-care
delivery level where the methodology is to be
applied: clinic, hospital or integrated health systems
level. To use this methodology at the clinic or
hospital level would require either chart abstractors
or a clinical information system. Many hospitals are
already monitoring adherence to practice guidelines
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Case
Abdominal aortic surgery
patient
In-hospital death

Exposed*
Patient has a Not exposed
specific No complication

complication

Control
Abdominal aortic surgery
patient
Discharged alive

Exposed*
Patient has a Not exposed
specific No complication
complication

Target for improvement is the complication with the highest
population attributable risk (PAR)

PAR = P(OR-1)
P(OR-1) + 1

P is the proportion of the population that has the complication
OR is the odds ratio for death if you have the complication

* |n this example, exposure is defined as having an in-hospital complication. For
example, nosocomial pneumnonia, postoperative infection, or line sepsis. Exposure

can be any structure or process of care.

Figure 2 Case control method.

and have clinical information systems. To use this
methodology at the health system level would
require a large clinical information system. Many
managed-care organizations and health systems are
collecting process and outcome data on patients who
are treated according to a practice guideline. On
either level, we must maintain the same data quality
standards as clinical research. Nevertheless, little is
written about quality control in clinical information
systems. However, as the demand for information
about performance and quality amplifies within the
realm of social accountability (e.g. the recent deaths
of 29 babies in the Bristol Royal Infirmary) the need
for performance indicators and clinical information
systems will increase (National Committee for
Quality Assurance 1995).

The combination of clinical research with TOM
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will also require a multi-disciplinary team of admin-
istrators, clinicians, clinical trial methodologists and
biostatisticians. While large managed-care organi-
zations do not currently have the resources to
perform these studies, university medical centres are
uniquely qualified to implement this methodology
and become centres of excellence in quality of care
research (Lawrence 1998). In the competitive health-
care market, university medical centres are seen as a
liability because their average costs are 15-30%
above competitors. This parochial view fails to
acknowledge university medical centres’ intellectual
capital and value for improving quality. This new
methodology will also require capital investment.
The required capital could come from the following
sources: (1) management in an effort to improve
quality; (2) consultation fees for quality of care
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research from managed-care organizations, disease
management companies or integrated delivery
systems; (3) university medical centre (acting as an
insurer); and (4) government.

Summary

Through the union of clinical research with TQM, we
can learn continually by evaluating the association
between care processes and outcome. This strategy
will require knowledge of both clinical research and
TQM and will allow us to learn from the daily practice
of medicine. This paper proposes the usefulness of
MCTs and case-control studies to the learning
methodology based on daily practice analysis (Fig. 3).

Maodified clinical trials

We believe that physicians will accept this learning
approach because it is a more valid learning method
than TQM and, unlike RCTs, learning will occur in
the daily practice of medicine. The methods discussed
in this paper capture aspects of performance and daily
practice as they take place, without the effect of
observer-over-the-shoulder, or the resulting Haw-
thorn effect (Lied & Kazandjian, in press).
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Case based improvement

All patients eligible for
critical path Case Control
Randomized Exposed o Exposed ot
exposed exposed

e

Altered critical

Routine critical

path path
Qutcome

J Outcome

Figure 3 Epidemiologic methods to learn from the daily practice of medicine.
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