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Abstract
Quantitative and qualitative assessments were

conducted to determine the value of a computerized
pharmacy system in operation since 1975. Patient
prescriptions were processed and critiqued for
contraindications. It was found that the number of
medication monitoring alerts increased over the 15 year
period. Physicians have increasingly complied with the
changes recommended by the computer system and want to
expand the computer capability. Integration of patient data
from multiple sources, especially clinical laboratory, was
essential to making the medication monitoring system
effective. A Benefit/Cost analysis showed that there was
about a 4 to 1 Benefit to Cost Ratio for the system.

Introduction
As medical knowledge has expanded and the acuity

of hospitalized patients has increased, physicians have had
an ever-increasing amount of patient data to evaluate and
assess. One result from this expansion of knowledge has
been the application of computers for classification and
analysis. The computerized pharmacy alerting system at
LDS Hospital [1] has gained wide physician acceptance and
is now financially subsidized by the hospital administration.

Investigators have pointed out the value and
conceptual worth of computerized pharmacy systems [2-9],
such as the MENTOR system [2], the Boston Collaborative
Drug Surveillance Program [6] and outpatient pharmacy
systems [8,9]. Educational methods have been shown to
improve prescribing behavior, but may not be long lasting
[4]. The work presented here resulted from quantitative
and qualitative assessment procedures and illustrates the
benefits of a computerized pharmacy system.

Materials and Methods
The LDS Hospital in Salt Lake City, Utah, is a 520

bed facility with a clinical computer system (HELP) that
gathers data from many services within the hospital [10,11].
The result is a rich clinical patient database. Data in the
system is obtained from automated equipment in clinical
laboratories and intensive care units, as well as from
pharmacy, surgery, multiphasic screening areas, admitting,
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and medical records areas [10,11].
Figure 1 is a flow chart of the pharmacy module of

the HELP system in operation since 1975. Medication
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Figure 1 Flow Diagram of Computerized Medication

Monitoring System

orders are entered by hand into the patient chart, then are
-entered into the HELP computer system by a pharmacist
or a nurse [10,11]. The integrated database and decision-
making capabilities of the HELP system made it possible
to evaluate the medication orders for Drug-Drug, Drug-
Laboratory and Drug-Allergy interactions. If the drug is
appropriate, the pharmacist dispenses the medication. If
the computer indicates that the medication is not
appropriate a pharmacist contacts the prescnbing physician.

Assessment of the effectiveness of the system is
based on five evaluations: 1) the number and type of
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alerts, 2) Physician compliance with pharmacy alerts, 3)
Physician attitudes toward the pharmacy system, 4) The
type of patient data used to make decisions, and 5)
Benefit/Cost estimation of the alerting system. The
procedure for each of the five assessments is presented
below.
Number and type of alerts

Statistics on the number and type of each generated
alert have been kept since the system's inception in 1975.
In 1979 the alerts were subdivided into two categories:
informational and action oriented. "Informational" alerts
were important to the care of the patient, but did not
require immediate therapy change, "Action oriented" alerts
required prompt physician interaction to change therapy.
With each "action oriented" alert, a clinical pharmacist
contacted the responsible physician for a detailed
assessment of the medication order.
Physician Compliance Rates

The attending pharmacist was responsible for
assessing physician compliance with the alert. Assessment
of physician compliance rates were based on data derived
from the physician compliance log shown in Figure 1.
Physician Attitudes

Evaluation of physician attitudes toward the HELP
system was based on a questionnaire sent to 360 staff
members in the Spring of 1989 [12]. Several questions
about the value of the pharmacy system and its effect on
their practice were asked.
Data Sources Required for Pharmacy Alerts

Alerts were categorized according to the sources of
data required to trigger them. Drug-Drug alerts compared
new medication orders to data in the patient's medication
profile. Drug-Allergy alerts required not only drug
information, but also knowledge about the patient's
allergies to medications. Drug-Laboratory alerts required
knowledge about medications plus data from the clinical
laboratory.
Benefit/Cost Analysis

A charge of $0.35 per monitored patient day was
instituted to cover the cost of the computer resource, and
developmental costs for the program were funded by a
grant from the Public Health Service. As a result, the
denominator of the Benefit/Cost ratio was readily
determined.

Evaluating the benefit of the alerting scheme was
much more difficult [13]. Two clinical pharmacists from
LDS Hospital and three clinical pharmacists from the
University of Utah College of Pharmacy assessed the value
of each alert using a modified Delphi approach [14,15].
The pharmacists were provided a list of current hospital
costs and were asked to estimate probable complications
resulting from each adverse drug reaction addressed in the
alerting system. Each was then asked to assess the value
of the alert to the patient in terms of dollar costs. They
were asked to make this judgment in response to the
question, "If this adverse drug reaction occurred in the
patient, what would it cost to treat the adverse reaction?"

No further instructions were given and each expert was
asked to make an independent judgment of dollar value.

The benefit was calculated by using the dollar value
of each alert. The dollar value was determined from an
average of the five pharmacists responses multiplied by
actual incidence rate of the alerts for a two year period.
We noted that some alerts that were judged to be life
threatening and had very high benefit as judged by the
clinical pharmacists never occurred during the year. As a
result, the effect of having these alerts were assumed to
have no value. However, had they occurred, the computer
system would have provided a lifesaving alert!

Results
Number and type of alerts

During 1989, LDS Hospital admitted 20,470 patients
who stayed for a total of 114,108 days (average length of
stay 5.58 days). Approximately 1.3 million doses of
medications were given. Figure 2 plots the alerting
experience at LDS Hospital from the inception of the
computerized medication monitoring system in 1975
through 1989. In 1979, the logging of total alerts and
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Figure 2 Alerts and "action oriented" alerts -- change
over time

"action oriented" alerts was begun. Note that, except for
the years 1988 and 1989, the number of alerts has grown
almost continuously. In 1981 alerts decreased as the HELP
system was transferred from the old hardware platform to
the Tandem hardware. The downturns noted in 1988 and
1989 were due to changes in the software operating systems
that reduced the effectiveness of some of the data driven
capability of the HELP system. The situation causing the
problem has now been corrected.
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Physician Compliance Rates
Figure 3 plots the physician compliance rate to the

pharmacy alerting system. The compliance rate in 1975,
the first year of operation, was about 80% and dropped to
about 70% in 1977. In 1979, the alert categories were
changed so compliance assessments were made only from
"action oriented" alerts. As a result, in 1979 the
compliance rate jumped to about 90%. Since 1979, except
for the year 1981 when we changed the HELP system to a
new hardware platform, there has been a continual
improvement in rate of physician compliance to alerts. In
1989 there were 703 "action oriented" alerts and all 703
resulted in physician compliance!

Physicians were also asked to rank the 10 features
of the LDS Hospital computer system that most
contributed to their professional practice. Table 1 shows
that the pharmacy alerts ranked third.

Table 1
Physician Ranking of Computer Features

1. Lab Results
2. Vital Sips
3. Pharmacy Alerts

1st 2nd 3rd Score Sum First
3 Choices

132 27 10 1,848 169
11 36 35 1,264 82
20 40 19 1,262 79

Medicaotion Monitoring System
Ccmplionce Rote 1975 through 1989

Data Sources Required for Pharmacy Alerts
Figure 4 shows the percentage of time each data

source resulted in a pharmacy alert. Drug-Laboratory
alerting had the largest percentage of alerts (55.5% of the
time) while Drug-Drug interaction capability produced
36.3% of the alerts.

Alerts By Doto Source
For Colendor Yeor 1989

Drug-Drug (36 3%)

Drug-Lob (55 5%)

1982
Yeor

Drug-Aller;y (8 2%)

Figure 3 "Action Oriented" Alert Compliance Plot from
1979 through 1989

Physician Attitudes
Two hundred forty six of the 360 physician

questionnaires mailed in the spring of 1989 were returned
(65% return rate). The questionnaires provided a rich
source of assessment data on a variety of subjects. The
questions and responses regarding the pharmacy system are
noted below.

When physicians were asked to rank existing
computer features they ranked "Alerts that warn of
potentially dangerous situations such as life-threatening
laboratory abnormalities or drug interactions" at the top
with a score of 4.63 (out of a possible high of 5).
"Medication monitoring and generation of pharmacy alerts
at the time an order is placed," was given a score of 4.34.
When physicians were asked to rank what future computer
features were needed, they placed 'Direct physician access
to the pharmacy knowledge base for prescription advice,"
with a score of 4.26, second only to expansion of laboratory
alerting [16].

Figure 4 Pie Chart of Percentage of each Alert Type

Benefit/Cost Analysis
Benefit/Cost analysis was based on the assessments

by five clinical pharmacists. Results of this analysis are
presented in Table 2. Benefit for each type of alert was
determined by averaging the dollar value estimates from
the five clinical pharmacists. There were wide variations
between the estimates of the clinical pharmacists because
of their uncertainty about severity of the reaction. For
example, with penicillin allergy it was necessary to evaluate
two separate questions: 1) What was the incidence of
reaction for those who "claimed" to have penicillin allergy?
and 2) What was the severity of the reaction when a
person with positively known penicillin allergy was given
penicillin? Some patients think they are allergic to
penicillin, because they get a skin reaction from ampicillin.
Thus the incidence of true penicillin allergies from the
population who think they have penicillin allergies may be
only about 50%. On the other hand, for a patient known
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to have a penicillin allergy one could use a worst case
analysis and assume that every patient given penicillin
would have anaphylactic shock and could die. There is a
continuum of reactions ranging from no reaction or a mild
reaction to a severe reaction or death.

Table 3 summarizes the benefits and the
Benefit/Cost ratio for the computerized alerting system.
During the two-year experience, over 53,000 patients were
monitored for more than 246,000 patient days. Less than
4% of the patients had medication alerts and less than
0.7% of the drugs ordered resulted in an alert. Charges of
35 cents per day resulted in the charge for service of just
over $86,000 for the two-year period. Table 3 also shows
the Benefit to the patient was more than $339,000, or a
Benefit/Cost ratio of 3.94. Features that were felt to be of

TABLE 2

Experience with 24
most beneficial alerts -- 2 Years activity

that accounts for approximately 90% of the benefit

Rank $ Benefit Total
by $ # Average $
Value Alert Compliance 5 Experts Benefit

1 Aminoglycoside Monitoring 256
2 K+ when Hyper Kalemic 85
3 Digitalis & Hypo Kalemia 90
4 K+ Spare Diuretic - Hyper K 43
5 Codeine Allergy 139
6 Penicillin Allergy 65
7 K+, Renal Failure 44
8 Gentamicin, Renal Status 19
9 Aspirin Allergy 67
10 Meperidine Allergy 53
11 TNC Antacids 178
12 Lomotil excess 35
13 Chloramphenicol 19
14 K+ with K+ Diuretic 14
15 Coumarin 28
16 Sulfonamide Allergy 20
17 KCI - Hypo K+ & HypoCl- 21
18 Morphine Allergy 13
19 Low Na+ Diet 14
20 Coumarin, Thyroid 17
21 Cholestyramine 22
22 NaF - Ca 30
23 Amp - Allopurinol 13
24 Laxative & Anti-Laxative 17

360
380
341
590
170
202
286
651
170
170
49
235
317
360
157
189
118
170
148
100
55
25
32
23

TOTAL for all 86 Alert Types 1,459

92,160
32,300
30,690
25,370
23,630
13,130
12,584
12,369
11,390
9,010
8,722
8,225
6,023
5,040
4,396
3,680
2,478
2,210
2,072
1,700
1,210
750
416
391

$339,752

value but were not considered as benefits in this analysis
included: 1) administrative support such as billing,
dispensing, and printing of medication labels, 2) pharmacy

data review and reporting capabilities used by nurses and
physicians, 3) pharmacy support of other computerized
decision support capabilities, such as the computerized
microbiology system operating on the HELP system [17-
19], 4) the printing of patient profiles, 5) reduced
malpractice risks for physicians and the hospital, and 6)
availability of the database for research.

TABLE 3

Computerized Alerting Experience
and Benefit to Cost Analysis

Patients Monitored
Patient Days Monitored
Drug Orders Monitored
Number of Alerts
% Patients with Alerts
% Drug Orders with Alerts
Cost per Patient Day for System
Cost for 2 years Service
Estimated Benefit (see Table 2)
Benefit/Cost Ratio

53,006
246,521
312,518

2,110
3.98%
0.68%
$0.35

$86,282
$339,752

3.94

Discussion
It was demonstrated that a computerized pharmacy

system could be used in a clinical setting to the benefit of
patients. Physicians appreciated and responded
appropriately to the medication alerts. In addition there
was a continuing growth in the number of alert conditions.
The alerts could have resulted in a learning effect that
would reduce the number of alerts over time. If there was
a learning effect it was small. Tierney and associates have
shown a similar lack of learning effect with a computerized
ordering system [201. Physicians were very responsive to
the alerts and appreciated the "safety net" effect of the
computerized system. In 1989, 100% of the "action
oriented" alerts were responded to appropriately. A
questionnaire determined that our physicians appreciated
the alerts and wanted even more computerized capability.
It become apparent through examination of the patient
data used to generate the alerts that an integrated database
with at least a link to the laboratory data was crucial.
There seemed to be a salutary Benefit to Cost ratio.
However, better methods need to be developed to prove
the actual benefit of such a system.

Tierney, Shortliffe, and McDonald have pointed out
the need for computer systems that aid physicians in their
decision making [20,21,22]. The pharmacy alerting system
described and assessed here is an important step in using
computers to improve the care process. The use of such
systems may improve the care process much as surgeons
have found that there is "high cost for low frequency
events" [23]. A computerized system is clearly the best
"safety net" yet developed for such improvements.
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