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hpredictive instrument (or index) previously reported to be of value in reducing
unnecessary coronary care unit admissions was tested in a randomized study.
Acceptability to the physician was then measured by monitoring utilization in a

subsequent nonrandomized phase and by debriefing.

The predictive instrument retained predictive accuracy in the new setting with
good correlation between predicted and actual risk of acute cardiac ischemia (r
=0.925). False-positive diagnosis rate decreased from 71 percent to 0.0 percent
(P=.0096) in a subgroup admitted to the intermediate care unit, consistent with
previously reported usefulness in low-risk patients. Acceptability was poor, how-
ever, with utilization rate of only 2.8 percent of eligible patients. Debriefing re-
vedled low perceived usefulness. This problem will need to be addressed if wide-
spread utilization is to occur. The criteria of predictive accuracy, usefulness, and
acceptability are suggested as a standard panel for testing new predic-

tiveinstruments.

recently developed predictive index for acute cardiac

A ischemia has been reported to be safe and effective
in reducing unnecessary coronary care unit (CCU) ad-
missions.12 The authors of these reports proposed the
gereral use of this instrument in hospital emergency de-
partments, with an expected resultant decrease of 250,000
unnecessary CCU admissions each year. Before accepting
such an extrapolation, the instrument must be subjected
totesting in community hospitals where the resources and
visible presence of a research team are absent. A test ol
the acute ischemic heart disease predictive instrument
(AIHD-PI) in such a community hospital setting is re-
ported here.

Three test criteria were defined before beginning the
stuy.

1  Predictive accuracy, ability of the AIHD-PI to es-
timate risk;

2. Usefulness, ability of this estimate of risk to improve
diagnostic accuracy of the physician;

3 Acceptability, ability ofthe AIHD-PI to be perceived
& worthwhile by the emergency department staff who
Ueit.
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The first two criteria were chosen on the basis of published
editorial commentary on the subject3and the validation
difficulties encountered by another predictive index.45 A
recent review included these two criteria as important tests
for clinical prediction rules.6 The third criterion was felt
to be crucial in that, no matter how accurate or useful a
predictive instrument is, it can be of no value if physicians
decline to use it.

It should be noted that most published studies of pre-
dictive tools utilize the first criterion (predictive accuracy)
only.7-21 Fewer studies address the second criterion (use-
fulness).122223 Assessment of the third criterion (accept-
ability) has not been previously addressed.

METHODS

This study had two phases, a randomized controlled use
ofthe predictive index followed by an assessment of actual
use combined with a debriefing of physicians. Approval
of the hospital Investigational Review Committee was
granted for both phases of the study.

Study Setting

The study was conducted at St. Margaret Memorial Hos-
pital in Pittsburgh, Pennsylvania, a 250-bed privately
funded community hospital that also supports a non-uni-
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versity-affiliated family practice residency. The emergency
department is staffed by full-time emergency physicians,
part-time private physicians, and moonlighting family
practice residents.

Physician and nursing staffs were instructed in the de-
tails of obtaining consent and completing their sections
ofthe form. Reprints of the original studies were provided.
Emphasis was given to the previously reported value of
the predictive index.

Calculation of the Predictive Index Probability

The AIHD-PI utilizes a logistic regression function to
evaluate the probability of acute cardiac ischemia based
on four historical and three electrocardiographic variables.
In the original studies, a research assistant used a pro-
grammable calculator to solve the function and provide
the emergency department physician with the calculated
predictive instrument probability (PIP), the probability
of acute cardiac ischemia in a given patient.

Several methods of calculating the PIP have been sug-
gested.2425 This study utilized a simple worksheet, allow-
ing rapid calculation of the PIP as well as recording of
appropriate data. The PIP was represented as percent
chance of acute cardiac ischemia, ranging from 4 percent
to 90 percent.

Study Subjects

All men aged 30 years and older and all women aged 40
years or older presenting to the emergency department
from October 25, 1984, to March 25, 1985, with a chief
complaint of chest pain, shortness of breath, or changed
pattern of angina pectoris were eligible. Entry criteria were
the same as those used in the multicenter AIHD-P1 study.2
Either the physician or the nursing staff could initiate en-
rollment ofeligible patients. Written consent was obtained
from each patient.

An equal number of experimental and control work-
sheets were placed in closed envelopes and arranged in
random order through use ofa random number generator.
Patients were enrolled when consent was obtained and
then were assigned a random form.

Administering the AIHD-PI

The emergency department nurse assigned to each en-
rolled patient was responsible for obtaining answers to
the four historical questions on the form. The physicians
interpreted the electrocardiogram and completed the three
questions pertaining to it. The physicians then used a table
at the bottom of the worksheet to compute the probability
of acute ischemia. The same data input and electrocar-
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diogram interpretation were required on the contrd
worksheet, but it did not have a table with which to com
pute the PIP.

As in the multicenter AIHD-PI study, physicians vere
instructed that they could incorporate the predictive indx
probability into their decision making but were not in
formed on how to do so and were free to ignore it dto-
gether.

Data Collection

Initial diagnosis was determined from the emergency c=
partment record. Diagnosis was coded as “acute cardiac
ischemia” (acute myocardial infarction or unstable a
gina) or “not acute cardiac ischemia.” When initial d-
agnosis was not clearly specified on the record, admission
to a monitored bed was taken as evidence of suspected
acute ischemia.

Follow-up of patients who were not admitted to te
hospital was accomplished by telephone interview with
the patient and by telephone or mail correspondence with
the patient’s primary physician. Follow-up of patients wo
were hospitalized was obtained by reviewing the hospital
record and by communication with the primary physician,
who was not aware of the experimental or control statLs
of the case. All reviews of hospital records, electrocardio-
grams, and all communication with patients and treir
physicians were conducted by one ofthe authors whows
blinded to experimental or control status of each case
The final diagnosis indicated by the primary physician,
after inpatient or outpatient investigation, was taken &
final. Diagnosis was coded as either “acute cardiac isch
emia” or “not acute cardiac ischemia,” as above. Follow-
up was obtained on 100 percent of the patients. Interval
between enrollment and follow-up was between one ad
five months.

Data Analysis

The false-positive diagnosis rate was calculated as fds-
positives/(true positives + false positives), where paositive
applied to any patient whose initial diagnosis was acute
cardiac ischemia. True positive thus indicated that te
initial impression was correct, and false positive indicated
that the initial impression was incorrect. These definitions
were identical to those used in the multicenter AIHD-PI
study.

Nonrandomized Phase

The goal of this nonrandomized phase was to obsene
patterns of use by physicians in an uncontaminated
model. The nonrandomized phase eliminated the rax
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domization protocol and consent form, items that were
believed to be nuisances to a busy emergency department
daff. Physicians were instructed to use the AIHD-PI at
their discretion. The physician needed only to obtain an
AIHD-PI data form from a convenient dispenser and
sperd from 30 to 60 seconds to calculate the PIP. The
forms were numbered to determine how many the phy-
sicianswere using. Presence ofthe author in the emergency
department was also limited to a weekly visit to monitor
utilization of the data forms.

Debriefing of Emergency Department Staff

A structured debriefing interview was designed for both
the physicians and the nurses who were present in the
emergency department while the trial was under way. The
interviewwas administered at the completion of the study.
Tre six physicians who had utilized the AIHD-PI most
frequently were interviewed. Full-time emergency de-
partment staff, part-time staff, and moonlighting residents
were represented in this group, accounting for 64 percent
ofenrolled patient encounters. Included in the structured
physician debriefing were three questions addressing ac-
ceptability-related issues.

Statistical Methods

Actual numbers of patients with acute ischemia were
compared with predicted numbers, at each PIP, using a
linear regression model. This comparison was utilized to
test calibration of the AIHD-PI. Significance testing was
besed on Pearson’s correlation coefficient. The receiver
operating characteristic curve was used to assess the ability
ofthe AIHD-PI to distinguish ischemia from no ischemia.
Significance testing of this ability was based on a two-
sample t test of the PIPs of patients with ischemia vs no
ischemia. These procedures for testing calibration and
discriminant ability are fully described elsewhere.24 Linear
regression and t tests were performed using BMDP6D
and BMDP3D programs, respectively. Comparison of
false-positive diagnosis rates and utilization rates were
conducted using a chi-square test corrected for continuity,
or Fisher’s exact test if so stated, and two-tailed signifi-
cance levels were reported.

RESULTS

Two patients were excluded from the study after random-
ization. One patient (experimental group) did not have
anelectrocardiogram (at the discretion of the emergency
department physician) and was discharged from the
emergency department with a diagnosis of bronchitis. An
electrocardiogram is necessary for calculation of the PIP.
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A second patient (experimental or control status un-
known) was excluded because the data form was lost in
the emergency department.

Predictive Accuracy

Calibration, the match of predicted probabilities of cardiac
ischemia with observed probabilities, is examined in Fig-
ure 1L Good correlation is seen (r = 0.925, P = .0001)
between the number of patients predicted to have ischemia
and the number who actually did have ischemia at each
PIP level.

Discrimination, the ability of the AIHD-PI to distin-
guish disease from nondisease, is demonstrated graphically
by the receiver-operating characteristic (Figure 2). Patients
with acute cardiac ischemia had a higher mean PIP than
those without acute ischemia (52.5 percent vs 28.1 percent,
P = .0001), demonstrating statistically significant dis-
crimination.

Usefulness

The ability of the AIHD-PI to improve physician diag-
nostic accuracy is depicted in Table 1 Fewer false positives
were admitted to the intermediate care unit (IMC) when
the AIHD-PI was used (P = .0096, Fisher’s exact test). A
trend toward fewer false positives in all monitored beds
was seen, but this trend did not reach statistical signifi-
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Specificity

Figure 2. Receiver-operating characteristic analysis of
predictive index as though it were a diagnostic test. Hy-
pothetically assigning each predictive index probability as
upper limit of normal, sensitivity and specificity relationships
are determined. The straight diagonal line represents a test
with no discriminant ability

cance. An unexpected trend toward more false-positive
diagnoses was observed in the CCU, though this trend
also did not reach statistical significance. No false-negative
diagnoses were observed in this study.

Acceptability

During the randomized phase of the study, 462 eligible
patients were seen in the emergency department and 58
were enrolled. During the subsequent nonrandomized
phase, 71 eligible patients were seen in the emergency
department, but the AIHD-PI was used in only two cases.
Utilization ofthe AIHD-PI decreased during the nonran-
domized phase from 12.6 percent to 2.8 percent (P
= .027).

Structured debriefing yielded the responses displayed
in Table 2. Unsolicited criticisms ofthe AIHD-PI, offered
by more than one physician, addressed specific weaknesses
of some of the variables. As an example, a patient with
electrocardiographic acute myocardial infarction may
have a PIP identical to that of a patient with old right
bundle branch block. Credibility was lost in subsequent
cases once the physician witnessed such an obvious error.

DISCUSSION

The CCU and the IMC were treated separately because
the philosophy of admitting to these units differs at the
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study institution. Discussion with physician staff revealed
that patients with lower likelihood of ischemia were ad-
mitted to the IMC rather than the CCU. The positive
findings of this study in the IMC were consistent with
previous findings, that the AIHD-P1 was most helpful in
patients with less than definitive or borderline presenta-
tions.12Patients admitted to the CCU have a higher prob-
ability of acute ischemia and do not benefit from the ue
of the AIHD-PLI.

The 2.8 percent utilization rate of the AIHD-PI during
the real-life phase was clearly disappointing. The support
and visible presence of a research effort during the ran
domized phase appeared to enhance utilization of tre
AIHD-PI.

Despite the beneficial effect on false-positive diagnosis
rate in the IMC, the AIHD-PI was not perceived as being
helpful by the physicians who used it. A lack of concor-
dance here is the important finding. While the PIP nay
supply enough information to influence triage decisions,
it may not provide a dramatic or memorable result fre-
quently enough to be perceived as worthwhile. This con-
tention is consistent with the magnitude of effect seenin
the large multicenter study of the AIHD-PI. The 30 per-
cent decrease in unnecessary admissions noted in that
study would translate to an altered decision in only ore
in 16 patients presenting to the emergency department
with chest pain.2 If a physician’s decision to utilize tre
AIHD-PI is based on anecdotal recollection, this rae
would provide little stimulus for its use.

Cautions are in order regarding the positive findings of
this study. Changes in admission behavior may have re-
sulted merely from the awareness that a study intervention
was present, a Hawthorne effect.26 A carefully designed
control group was used to minimize this possibility.

Low enrollment rates hinder generalization of the pos-
itive findings regarding predictive accuracy and usefulness.
The single setting design with a limited number of phy-
sicians limits generalizability regarding acceptability re-
sults.

CONCLUSIONS

Predictive Accuracy. The AIHD-PI retained predictive
accuracy in the new setting. Inspection of the receiver-
operating characteristic curve reveals that high sensitivity
was available only at loss of considerable specificity. Abil-
ity to discriminate disease from nondisease is thus only
moderate.

Usefulness. The AIHD-PI retained an ability to alter tre

triage behavior of physicians in this setting. As in prior
studies, the AIHD-PI was shown to reduce the number
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table 1. USEFULNESS OF ACUTE ISCHEMIC HEART DISEASE PREDICTIVE INSTRUMENT

INDECREASING FALSE-POSITIVE RATE

False-Positive Diagnosis (Percent)

Disposition Control
Coronary care unit 18 45
Intermediate care unit 71
Al monitored beds 39 25

-Fisher's exact test

TABLE 2. RESULTS OF STRUCTURED DEBRIEFING OF
PHYSICIANS AFTER USING ACUTE ISCHEMIC HEART
DISEASE PREDICTIVE INSTRUMENT (AIHD-PI)
Question Yes No

Does the predictive instrument probability

(PIP) give you information that you do

not already have? 0 6
Does the time required to calculate the

PIP present a problem? 1 5
Should the use of the AIHD-PI be

continued now that the study has

ended? 0 6

offalse positives in patients less likely to have acute isch-
ema An overall beneficial effect cannot be claimed from
these study results, however.

Acceptability. The AIHD-PI was poorly accepted by the
physician staff. Readily available to physicians trained to
weit, the AIHD-PI simply was not used. Physicians per-
ceived lack of usefulness and variables that could lead to
misleading PIP scores in some cases.

Practical use of the AIHD-P1 in its current form would
certainly fail at the study institution owing to poor ac-
ceptability to the physician staff. A list of strategies to
improve acceptability should be directed at the deficiencies
perceived by the physicians who use it. Improvement of
trereceiver-operating characteristic to achieve more per-
ceptible information gains is a direct solution, though dif-
ficiit Modification of variables that are intuitively dis-
turbingto physicians may also be important. Right bundle
branch block, for example, must not influence PIP scores
asgreatly as acute myocardial infarction.

Athree-step approach was needed to characterize fully
tre performance of the AIHD-PI. Use of fewer criteria
would have been quite misleading. The format used in
testing the AIHD-PI should be of general value in testing
future predictive instruments in both academic and non-
academic settings. The criteria of predictive accuracy,
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Experiment

Number of Patients Significance

22 P= .36
16 P =.0096%
33 P=.74

usefulness, and acceptability are suggested as a standard
panel for this purpose.
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Commentary

Stephen H. Gehlbach, MD
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t should surprise no one that physicians are preoccu-

pied with being right. Proper choices on the MCAT
examination are essential to medical school admission,
and correct responses to the queries of the National Board
of Medical Examiners must follow that. The right answers
to attending physicians about the pathophysiology of
congestive heart failure or the latest enzyme levels of the
coronary care patient with a possible heart attack are re-
quired to get the proper letters of recommendation to the
right residency program. By the time students are ready
to assume patient care responsibilities, they are well
steeped in the culture of being right, or perhaps, more
accurately, of not making mistakes. To be sure, this ob-
session has its virtues. When the physician makes mis-
takes, the patient suffers, and most of us would argue
quite passionately that the drive to make correct decisions
is motivated by concern for the patient’s welfare.

It is puzzling, then, that we appear reluctant to accept
a growing number of schemes to improve the accuracy
of our decision making. The foregoing article by Corey
and Merenstein illustrates this disturbing paradox. Eval-
uating a previously validated index for predicting acute
cardiac ischemia in their 250-bed community hospital,
these authors confirm the findings of previous investiga-
tors12 that this readily computed scoring system, based
on a logistic regression model, accurately discriminates
between patients with and without acute ischemia. It can
reduce the number of patients unnecessarily admitted to
the coronary care unit by 25 percent and still properly
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identify 95 percent of patients with true cardiac ischemia;
When Corey and Merenstein evaluated the acceptability
ofthe instrument, however, they found little enthusiasm
During a nonrandomized, follow-up phase of their trid,
the index was used on only two of 71 eligible patients. A
debriefing session with the emergency department phy
sicians uncovered uniform lack of interest.

Why was this instrument not perceived as useful? Ac
cording to Corey and Merenstein, the index lost credibility
with physicians when they discovered a possible errorin
the scale. But is this sufficient grounds for rejecting this
statistical tool out of hand? Every technology has its lim
itations, and there is no diagnostic methodology we kow
ofthat is error free. Similar resistance to decision-making
technology was documented some years ago when Qum
mins3 reported on the failure of clinicians to utilize ali¢
of high-yield indications in determining which patients
with head trauma required skull radiography. The listd
high-yield criteria had been developed from careful dinical
studies and shown to be effective at distinguishing heed
trauma patients for whom skull radiographs might ke
useful from those for whom it was a low-yield procedure.
Cummins found that almost 80 percent of skull rado-
graphs were requested for patients who had none ofte
indications on the well-publicized, high-yield list.

When Cummins interviewed the first- and second-year
residents responsible for ordering these emergency room
radiographs, he found a number of explanations for mt
adhering to guidelines: disagreement with the criteria, @
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tient or peer pressure to order examinations, and a feeling
thet ordering was a routine part of patient evaluation and
needed no scrutiny. Fear of malpractice was not an issue.
While Cummins found these explanations to be neither
“perverse nor irrational,” they do not seem compelling
reasors for rejecting a simple, elfective, decision-making
technology.

Is something else occurring? Are there other reasons
whywe physicians so eagerly embrace new diagnostic im-
aging techniques and laboratory tests for which efficacy
isoften poorly demonstrated, yet resist a tested technology
to improve decision making? Several observations are
worth consideration.

All errors are not alike. In our efforts to make correct
diagnostic decisions, we constantly balance the risks of
twotypes of error: We may fail to recognize that a patient
hes a condition such as a myocardial infarction or skull
fracture, or we may decide that the patient has a disease
orcondition when he does not. In the current decision-
making parlance, these are type | and type Il errors, re-
spectively, and relate to the often described properties of
thesensitivity and the specificity of a diagnostic procedure.
Clinicians are much more concerned with type | than
withtype Il errors. We would far prefer to order excessive
numbers of examinations or hospitalize too many patients
than to miss the diagnosis. In our minds the medical con-
sequences of failing to diagnose disease easily outweigh
the cost considerations and iatrogenic risks of overdi-
agnosis and treatment. This attitude endures despite ev-
idence that the medical benefits of admission to coronary
care units or identification of linear skull fractures may
beless dramatic than we suppose.456 We are activists and
prefer doing something for our patients to doing nothing
aall. Unfortunately most ofthe decision-making devices
suggest we do less rather than more. Decision-making
tools, in short, go against our grain as interventionists.

Overvalued intuition. A second part of the problem may
ke overestimating our capacity as diagnosticians. The
physicians queried by Corey and Merenstein and Cum-
mins found exceptions to the rules offered by the decision-
making instruments and felt they could do better by
themselves. The literature does not support this notion.
The studies on which the acute ischemia and high-yield
skull radiograph criteria instruments were based show that
the instruments are more accurate than physicians op-
eratingon their own. Studies by deDombal et al7on com-
puter-assisted diagnosis of abdominal pain are elegant
demonstrations that systematic application of Bayesian
analysis outperforms the clinician’s inconsistent diagnostic
reasoning. Scriven8argues that a large body of literature
supports the superiority of even the simplest statistical
models over clinicians’ routine performances. The models
andcomputers have no more information than clinicians
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but process the information more completely and con-
sistently. Human decision makers may form premature
hypotheses that bias data gathering or allow recent ex-
perience and social or emotional features of the case to
distort their estimates of the true probability of disease.

Matter over mind. The idea that statisticians and com-
puters are superior diagnosticians to physicians is the straw
that breaks the predictive instrument’s back. None of the
rest of our evolving new technology is as personally
threatening to physicians as decision-making tools. We
can accept the superiority of new magnetic resonance im-
aging and immunofluorescent antibody techniques. They
do not compete with our mental processes. But when
technology betters the way we think, watch out! No one
wants to be replaced by a computer. What were all those
years of medical school and residency training good for
if a regression equation can do it better? Did we waste all
those hours of learning to be right?

Corey and Merenstein suggest that a predictive instru-
ment must be measured on its acceptability to physicians.
Obviously these instruments are of little value if they are
not utilized. Whether the root of this unacceptability lies
in the inadequacies of the instrument or the frailties of
human nature, however, requires further thought. Can
we as a profession successfully develop and adopt statis-
tical decision-making models into our clinical activities,
or are the threats too great? How willing are we to chal-
lenge our treasured intuition to really improve our chances
of being right?
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