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Adverse Drug Events
In Hospitalized Patients

Excess Length of Stay, Extra Costs, and Attributable Mortality

David C. Classen, MD, MS; Stanley L. Pestotnik, MS, RPh; R. Scott Evans, PhD; James F. Lloyd; John P. Burke, MD

Objective.—To determine the excess length of stay, extra costs, and mortality
attributable to adverse drug events (ADEs) in hospitalized patients.

Design.—Matched case-control study.

Setting.—The LDS Hospital, a tertiary care health care institution.

Patients.—All patients admitted to LDS Hospital from January 1, 1990, to De-
cember 31, 1993, were eligible. Cases were defined as patients with ADEs that oc-
curred during hospitalization; controls were selected according to matching
variables in a stepwise fashion.

Methods.—Controls were matched to cases on primary discharge diagnosis re-
lated group (DRG), age, sex, acuity, and year of admission; varying numbers of
controls were matched to each case. Matching was successful for 71% of the cases,
leading to 1580 cases and 20 197 controls.

Main Outcome Measures.—Crude and attributable mortality, crude and attrib-
utable length of stay, and cost of hospitalization.

Results.—ADEs complicated 2.43 per 100 admissions to the LDS Hospital dur-
ing the study period. The crude mortality rates for the cases and matched controls
were 3.5% and 1.05%, respectively (P<<.001). The mean length of hospital stay
significantly differed between the cases and matched controls (7.69 vs 4.46 days;
P<.001) as did the mean cost of hospitalization ($10 010 vs $5355; P<.001). The
extra length of hospital stay attributable to an ADE was 1.74 days (P<.001). The
excess cost of hospitalization attributable to an ADE was $2013 (P<.001). Alinear
regression analysis for length of stay and cost controlling for all matching variables
revealed that the occurrence of an ADE was associated with increased length of
stay of 1.91 days and an increased cost of $2262 (P<<.001). In a similar logistic re-
gression analysis for mortality, the increased risk of death among patients experi-
encing an ADE was 1.88 (95% confidence interval, 1.54-2.22; P<.001).

Conclusion.—The attributable lengths of stay and costs of hospitalization for
ADEs are substantial. An ADE is associated with a significantly prolonged length

of stay, increased economic burden, and an almost 2-fold increased risk of death.
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the total cost of cardiovascular care or
diabetes care in the United States.! A
major component of these costs is ad-
verse drug reactions (ADEs).2 In addi-
tion, ADEs may account for up to 140 000
deaths annually in the United States.?

DRUG-RELATED morbidity and mor-
tality have been estimated to cost more
than $136 billion a year in the United
States.! These estimates are higher than
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More than 2 decades ago, seminal work
by the Boston Collaborative Drug Sur-
veillance Project estimated that approxi-
mately 30% of hospitalized patients ex-

perience adverse events attributable to
drugs and that from 3% to 28% of all
hospital admissions are related to
ADEs.* Moreover, fatal ADEs are ex-
pected in approximately 0.31% of hos-
pitalized patients in the United States.5®

See also pp 307, 312, and 341.

ADEs were the most common type of
adverse event experienced by patients in
the Harvard Medical Practice Study, a
study of over 30000 inpatient hospital-
izations that were intensively reviewed
to ascertain the occurrence of adverse
events at several hospitals in New York
State in the mid 1980s.” The study docu-
mented that at least 3.7% of all hospital-
ized patients developed a serious, dis-
abling, and clinically important adverse
event during their hospitalizations, of
which almost 20% were ADEs. Since that
study was not designed to determine the
attributable impact of an ADE, the in-
vestigators did not specifically evaluate
theimpact of an ADE on mortality, length
of stay, or resource utilization during hos-
pitalization. The exact costs attributed to
ADEs are unknown and although sev-
eral earlier studies attempted to estimate
these costs, they were hampered by crude
and inadequate methods®®

We have developed and implemented
ahospital-wide surveillance program for
the detection and characterization of
ADEs in our hospital population that
has been ongoing since 1983.! In the "
present study we describe a matched
case-control study of hospitalized pa-
tients using a severity adjustment sys-
tem to evaluate the attributable costs,
length of stay, and mortality for ADEs
in hospitalized patients.
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METHODS

The LDS Hospital is a 520-bed teach-
ing hospital affiliated with the Univer-
sity of Utah School of Medicine in Salt
Lake City. The present study was per-
formed using a hospital information sys-
tem that has a computerized medical re-
cord that contains an integrated patient
database drawn from numerous sources
including pharmacy, laboratory, surgery,
radiology, and admitting, among others.!?
In addition to the integrated patient da-
tabase, an interactive modular knowledge
base is used that continually analyzes in-
formation contained in the computerized
medical record. Criteria-based algorithms
for drug usage have been developed and
used to improve drug use and the quality
of patient care.!t1315

This system has been also been adapted
to perform computerized surveillance of
hospital patients for ADEs and has been
in continuous clinical operation since May
1989.111¢ These programs allow for vol-
untary reporting through physician,
nurse, or pharmacist entry of potential
ADEs from all computer terminals
throughout the hospital. Once activated,
this program allows easy entry of patient
name, type of ADE symptoms, and re-
porter identification. In addition, algo-
rithms were created within the knowl-
edge base for automated detection of
potential ADEs through the use of vari-
ous automated signals (drug stop orders,
antidote orders, abnormal laboratory
tests, ete). Then each of these patients
was evaluated for a suspected ADE by 1
of us (S.L.P) and confirmed with the at-
tending physician. A comprehensive and
consistent protocol has been used for the
evaluation, diagnosis, and characteriza-
tion of all ADEs. For example, all ADEs
are scored for severity (mild, moderate,
severe), causality (Naranjo algorithm),
and allergic or not (type B or A).!' If an
ADE occurred, relevant information was
stored in the electronic medical record. A
large database of this ADE information
has been created and used in this and
other studieg.111415

Study Design

This matched case-control study in-
cluded all patients admitted to LDS Hos-
pital from January 1, 1990, to December
31, 1993, and who had a confirmed ADE.
Patients with ADEs were designated as
cases, and selected patients without
ADEs from this same time frame were
labeled as matched controls. Cases were
excluded if they had more than 1 ADE
or developed any nosocomial infection.

Case Finding

Wedefined ADEs based on the World
Health Organization definition': an ADE
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is one that is “noxious and unintended
and occurs at doses used in humans for
prophylaxis, diagnosis, therapy, or modi-
fication of physiologic functions.” Fur-
thermore, for the purposes of this in-
vestigation, this definition excluded
therapeutic failures, poisonings, and in-
tentional overdoses.

Matching and Selection
of Matched Controls

Matched controls were selected among
all patients admitted to LDS Hospital
over the study period according to
matching variables. We required that a
matched control patient have no evi-
dence of either an ADE or a nosocomial
infection.

The matching criteria included admis-
sion to LDS Hospital during the study
period, sex, age (10 years), exact pri-
mary discharge diagnosis related group
(DRG), same calendar year of admis-
sion, and same hospital acuity score cat-
egory (1, 2, 3, or 4). The selection of the
matched controls was performed as de-
scribed in earlier reports in a stepwise
manner, first attempting to match on
exact discharge DRG, then acuity score
category, then year of admission, then
age, and finally sex; control patients were
included only if successfully matched on
all variables. Varying numbers of con-
trols were matched to each case.!'>!¢ A
consistent method has been used to cal-
culate patient acuity based on actual
nursing resource use.!” The method used
to calculate these acuity scores involves
nurse responses to numerous standard-
ized questions about the care of the pa-
tient calculated for every nursing shift
of the patient’s hospitalization. These
questions are based on objective mea-
sures of patient care for 10 different
clinical care categories for which a pre-
determined amount of time has been
assigned. The 10 clinical care nursing
categories are constant time assignment,
vital sign measurement, fluid intake/diet,
output/drainage tubes, respiratory care
on the part of the nurse, medications,
turning and/or assisted activity, labo-
ratory work, daily eare/cleanliness, and
miscellaneous special procedures. Many
health service researchers have used
similar nursing assessments to measure
severity of illness.®# Accordingly, we
used the nursing acuity system to cre-
ate a severity of illness model based on
the nursing acuity score and the pri-
mary discharge DRG. The mean nurs-
ing acuity score for the hospitalization is
assigned to 1 of 4 categories (1, 2, 3, or
4) based on increasing acuity (intensity)
of care; this category is then combined
with the primary discharge DRG to cre-
ate a severity ofillness model. This model
was validated by measuring its ability

to predict length of stay, cost of hospi-
talization, and mortality with a large
linear regression model for length of stay
and cost of hospitalization and a logistic
regression model for mortality.’®! This
model has been found to predict length
of stay (R2=0.56), cost of hospitalization
(R?=0.67), as well as mortality (R?=0.51).
These R? values are all higher than a
comparative commercially available se-
verity of illness model.’®16

Cost outcomes were determined from
atransaction-based microcosting system
called the standard cost manager (SCM),
a microcomputer software system de-
signed and developed by Intermountain
Health Care, Inc, and Ernst and Whin-
ney.?® This system is a cost-based ac-
counting system that uses time and mo-
tion studies to estimate the actual costs
of all aspects of hospital care, updated
each year, and is used widely through-
out US hospitals,1516

Study Objectives and Outcomes

The objectives of this study were to
examine the crude and attributable ex-
cess length of stay, extra costs, and mor-
tality associated with the occurrence of
an ADE. Crude excess length of stay
was the difference between mean length
of stay in cases and mean length of stay
in matched controls. Crude extra cost
was the difference between mean total
hospital costs in cases and mean total
hospital costs in matched controls. Crude
mortality ratio was the ratio of the mor-
tality rate in cases divided by the mor-
tality rate in matched controls.

A different approach was used to de-
termine attributable length of stay and
attributable cost of hospitalization.??
Rather than comparing the mean group
values for these variables between all
cases and all controls, the attribution
method compares the difference between
each case and the mean for all controls
specifically matched to that case. Then
the individual differences are summed
for each of the case/matched control sets,
and an overall mean difference is cal-
culated for the outcome variable in ques-
tion.2# Separate analyses using the at-
tribution methods were conducted for
selected types of ADEs (itching, nausea
and vomiting, diarrhea, arrhythmia, etc).

Statistical Analysis

A ttest (forindependent samples) was
used to detect statistically significant
differences between the overall groups
of cases and matched control patients in
hospital length of stay and cost of hos-
pitalization. A paired ¢ test was used
to look for statistically significant dif-
ferences in attributable length of stay
and cost of hospitalization between cases
and matched controls. All £ tests were 2
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tailed. Since the patients in the case
group and the matched control group
were not randomly assigned with re-
spect to risk of an ADE, we developed
stepwise regression models to predict
the impact of an ADE on length of stay,
cost, and mortality while controlling for
other factors that might be confounded
with the occurrence of an ADE.? A lo-
gistic regression model was created for
mortality. Linear regression models
were created for length of stay and cost
of hospitalization, which were continu-
ous variables. Independent variables in
the 3 models included all match criteria
(age, sex, acuity, exact discharge DRG,
and year of admission) as well as the
occurrence of an ADE. Independent
variables were analyzed as categories
using dummy variables for sex, DRG,
acuity, and year of admission.” Age was
handled as a continuous variable. Nu-
merous individual DRGs were found to
be significant in the regression models,
and they were each treated as a sepa-
rate category and the remaining DRGs
were placed in a single group. Using a
backward stepwise method, independent
variables remained in the model if found
tohave a significance level of .10 or less.

RESULTS

BetweenJanuary 1,1990, and Decem-
ber 31, 1993, a total of 91574 patients
were admitted to LDS Hospital. A total
of 2227 patients developed ADEs dur-
ing this period, for a rate of 2.43 per 100
admissions. The average time from ad-
mission to development of an ADE was
3.67 days, and the average number of
different drugs given to patients before
they experienced an ADE was 12.52. A
mean of 18.39 different drugs were given
to patients who experienced an ADE.
Overall, 28% of these patients spent time
in an intensive care unit, and the aver-
age time spent for those patients in an
intensive care unit (ICU) was 4.7 days.
The leading causal drugs were morphine
(patient-controlled infusion, routine in-
travenous, and epidural), digoxin, me-
peridine, oxycodone and acetaminophen,
imipenem, cefazolin, warfarin, and van-
comycin. The leading types of ADEs
were itching, nausea/vomiting, rash, diz-
ziness, fever, renal failure, confusion, and
arrhythmia (Table 1).

Among the 2227 ADE patients, 1580
cases were matched to a total of 20197
control patients who were admitted dur-
ing the 4-year study period (Table 1). A
total of 647 unmatched case patients had
an average length of stay of 9.17 days
and an average cost of hospitalization of
$12 252, These patients had a higher mor-
tality, acuity score, more severe ADEs,
and more drug exposures, but the causal
drugs and types of ADEs did not differ
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Table 1.—Adverse Drug Events (ADEs): Attributable Length of Stay and Costs*
]

Matched Attributable
Case Patients Controls® Difference
No. 1580 20197
Age, y 54 45
Mortality, % ) 3.5 1.05
Acuity category, %
1 7.3 26
2 50 46.6
3 323 20
4 10.4 7.4
ADE severity, %
Mild 2.02
Moderate 92.1
Severe 5.79
Type of ADE liching, nausea/vomiting,
rash, dizziness, fever, renal
failure, confusion, arrhythmia
Causal drug Morphine (3 types), digoxin,
meperidine, oxycodone,
imipenem, cefazolin,
warfarin, vancomycin
No. of drugs given 16.97 10.52 e
Mean length of stay, d 7.69t 4.46t1 1.74%
Mean cost of hospitalization, $ 10010t 5355t 2013.80%

L _______________________________________________________________________________|
*These data reflect group comparisons only. Each patient was matched to a variable number of contro! patients
having the same characteristics. The method of analysis compares each case to its matched controls, not overall

group mean comparisons.
1P<.001, ttest for independent samples.

+P<.001, paired t 2-tailed {each case vs specific matched controls).

from the cases. The unmatched cases
were excluded from further analysis; the
following analysis applies only to the.
1580 cases that were matched. The case
patients had a mean age of 54 years, and
the matched control patients had a mean
age of 45 years. The matched control
patients had a crude mortality rate of
1.05% vs 3.5% (P<.001) for the case pa-
tients with ADEs. The crude mortality
ratio of cases to controls was 3.33 (Table
1). The matched control patients had a

mean length of stay of 4.46 vs 7.69

(P<.001) days for patients with ADEs,
and 16.4% of the matched controls spent
time in an ICU with an average ICU
length of stay of 3.11 days. The matched
controls had a mean total cost of hospi-
talization of $6355 compared with $10 010
(P<<.001) for patients with ADEs (Table
1). Attributable excess length of hospi-
tal stay was 1.74 days (P<.001). Total
excess length of stay was 2749 days for
the case patients. The mean attribut-
able excess hospital cost for an ADE
was $2013 (P<.001) (Table 1). Total ex-
cess costs for this study were $3 180 540
for the case patients. For the subset of
cases with severe ADEs the attribut-
able length of stay was 3.6 days and the
attributable cost of hospitalization was
$3634.

To estimate the excess costs associ-
ated with each individual type of ADE
based on the major symptoms of the
ADE, we broke out subsets of ADEs
(Table 2). Itching, a common ADE, was
associated with an increased cost of $677
and almost 18 hours of excess length of

stay, while nausea and vomiting was
associated .with an increased cost of
$1712 and an excess length of stay of
1.37 days. Diarrhea was less common,
yet it was associated with an excess cost
of $4631. Cardiac arrhythmias were com-
mon and associated with an excess cost
of $4410 and an excess length of stay of
3.93 days. Drug-induced bleeding and
drug-induced fever were quite costly at
$6700 and $9022, respectively.

Regression Models

The stepwise logistic regression model
for mortality revealed several variables
that were associated with an increased
risk of mortality: increased age, higher
acuity levels, and DRG 105 (cardiac valve
procedure with pump and without car-
diac catheterization) and DRG 108 (other
cardiovascular or vascular procedure with
pump). The occurrence of an ADE was
associated with an increased risk of death
(odds ratio (OR)=1.88; 95% confidence
interval (CI), 1.54-2.22; P<<.001). The step-
wise linear regression model revealed
several variables to be associated with
prolonged length of stay: higher acuity
levels (3 and 4 from a scale of 1 to 4),
numerous DRGs, age, sex, and the oc-
currence of an ADE (Table 3). Increased
age and female sex posed slightly in-
creased risks. Certain DRGs (see foot-
note, Table 3) were associated with an
increased risk of an ADE (including
DRGs 104, 105, and 108, which were car-
diac and other vascular procedures re-
quiring a pump, and 148 [major small and
large bowel procedures with complica-
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Table 2.—Attributable Costs for Various Types of Adverse Drug Events*
-]

Total No. of Attributable Attributable Length
Type of ADE Patients Cost, $ of Stay, d
Cardiac arrhythmia 561 4410 3.93
Diarrhea 182 4631 4.40
Fever 26 9022 5.49
Nausea/vomiting 526 712 1.37
Renal failure 324 1371 4.54
Confusion 98 2232 2.50
Rash 108 1868 1.37
Itching 548 677 0.72
Hypotension 75 3563 2.94
Bleeding 26 6702 4.89

|
*Each patient with the specified adverse drug event (ADE) was compared with his or her matched control (see
“Methods”).

Table 3.—Length of Stay and Cost (Linear Regression Model) and Mortality (Logistic Regression Model)*

Coefficient for Coefficient for Cost Mortality,

Parameter Length of Stay, d of Hospitalization, $ OR (95% Cl)
Age (continuous) 0.17 —16.5 1.07 (1.06-1.08)
Sex (female) —0.805 —1884
Acuity score category 3 1.20 493
Acuity score category 4 4.51 15010
DRG 104 5.00 17693 - .
DRG 105 2.32 10079 3.06 (2.39-3.72)
DRG 108 3.66 9585 8.16 (7.6-8.71)
DRG 148 3.73 2538
DRG 373 —2.60 —3305
DRG 112 —2.23 —1951
DRG 337 —3.60 —3891
DRG 124 —2.97 —4084
DRG 198 —2.51 —1751
DRG 219 —2.03 —1982
DRG 222 —-3.25 —2799
DRG 127 —1.931 —4031 Ce.
Adverse drug event 1.91 2262 1.88 (1.54-2.22)
R? 0.36 0.51

. ___________________________________________________________________|

*P<.001 for all parameter values given. OR indicates odds ratio; and Cl, confidence interval. Diagnosis related
group (DRG) 104, cardiac valve procedure with pump and cardiac catheterization; DRG 105, cardiac valve procedure
with pump, without cardiac catheterization; DRG 108, other cardiovascular or vascular procedure with pump; DRG
112, vaseular procedures except major reconstruction without pump; DRG 124, circulatory disorders except acute
myocardial infarction, with cardiac catheterization and complex diagnosis; DRG 127, heart failure and shock; DRG
148, major small and large bowel procedures with cardiac catheterization; DRG 198, cholecystectomy except by
laparoscope without circulatory disorders and without cardiac catheterization; DRG 219, lower extremity and
humerus procedures except hip, foot, femur, in patients older than 17 years, without cardiac catheterization; DRG
222, knee procedure without cardiac catheterization; DRG 337, transurethral prostatectomy without cardiac cath-

eterization; and DRG 373, vaginal delivery without complicating diagnosis.

tion]). Other DRGs were associated with
adecreased risk (DRGs 337, transurethral
prostatectomy without complication, 373,
vaginal delivery without complicating di-
agnosis, 222, knee procedures without
complication, and 124 circulatory disor-
ders except acute myocardial infaretion
(AMI), with cardiac catheterization and
complex diagnosis). An ADE was asso-
ciated with an excess length of stay of
1.91 days (Table 3).

The linear regression model for total
cost of hospitalization revealed several
variables to be associated with increased
costs of hospitalization including sever-
ity of illness, several DRGs, sex, age,
and the occurrence of an ADE (Table 3).
Younger age was associated with a lower
cost of hospitalization, as was male sex.
Higher acuity levels were associated
with higher costs of hospitalization. The
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same DRGs associated with higher risk
for ADEs were associated risk with
higher hospital costs (DRGs 104, 105,
108, and 148). Certain DRGs were as-
sociated with lower costs (DRGs 373,
vaginal delivery without complicating
diagnosis; 124, circulatory disorders ex-
cept AMI, with cardiac catheterization
and complex diagnosis; and 127, heart
failure and shock). An ADE was asso-
ciated with a cost of $2262 (Table 3).

COMMENT

This study focused on ADEs in hos-
pital patients because ADEs can cause
significant increases in patient mortal-
ity and cost of hospitalization, as well
significant outpatient disability." Before
widespread enthusiasm can develop to
prevent these events, further documen-
tation of their impact must be provided.

At the LDS Hospital approximately 2.4%
of all patients develop an ADE.! These
are not rare and unusual events; indeed,
as in the Harvard Medical Practice
Study, they are quite common. In a re-
cent study the rate of ADEs was even
higher at 6.5%,2” suggesting that rates
may vary depending, in part, on meth-
ods of detection (ADE definition, com-
puterized or manual surveillance) and
case ascertainment (all hospital patients
or focused hospital unit surveillance).
These differences may explain differ-
ences in rates between institutions that
have focused on ADE detection.

The average cost of an ADE at LLDS
Hospital was $2013 with a range of $677
to $9022 for common types of ADEs.
This is similar to what is reported in
other studies using cost measurements,
although the cost of various types of
ADEs has not been previously eluci-
dated.?®® For instance, an episode of
drug-related itching may increase costs
by $677; this may seem high, but the
increased costs can be explained by the
resulting symptomatic treatment and di-
agnostic search for the cause, which in
our institution can lead to a prolonga-
tion of hospital stay of almost 18 hours.
A total of 567 ADEs were detected in
1992 at LDS Hospital, and the direct
hospital costs were $1099413 in that
year alone. Over a 4-year period, the
excess hospital costs alone were
$4 482 951 and the excess hospital days

‘were 3874 days. These do not include

liability costs or the costs of injuries to
patients. If 50% of these ADEs are po-
tentially preventable, then successfully
targeted programs could save more than
$500 000 annually and prevent almost
450 extra days of hospitalization annu-
ally at LDS Hospital.

If these figures are extrapolated to the
United States as a whole, using LDS Hos-
pital ADE occurrence rates and an esti-
mated 32 million yearly hospital visits,
then over 770 000 hospital patients in the
United States experience an ADE, and
the direct hospital costs to treat these
events are approximately $1.56 billion an-
nually.Z If a higher rate of ADEs is as-
sumed, as in the study by Bates et al?’
then the annual figure for hospital costs
alone would be $4.2 billion and the na-
tional excess hospital length of stay at-
tributable to ADEs would exceed 1.5 mil-
lion hospital days. These costs reflect the
direct hospital costs to treat ADEs only,
and they do not include the costs associ-
ated with outpatient treatment or dis-
ability, which could raise this estimate by
an order of magnitude. Indeed, 1 esti-
mate put the costs of drug misadventures
in the United States at $79 billion.!

As others have noted, little attention
has been focused on the detection and
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prevention of ADEs by hospitals, pro-
fessional organizations, or by the gov-
ernment.'*¥ The result is that hospi-
tals detect only about 5% of ongoing
ADEs, and the traditional paper-based
detection method is far too expensive to
be routinely and widely implemented.?”
However, given the frequency of ADEs
noted in this and other studies, and the
costs of these effects, rigorous tracking
of ADEs as an outcome of drug therapy
may be wise.?*% Failure to track ADEs
can be deleterious. As an example, our
hospital pharmacy department decided
to switch the brand of vancomyein, an
antibiotic used in our hospital. This de-
cision resulted in an annual $5000 cost
savings to the pharmacy. However, our
ADE detection system revealed 25 ex-
tra ADEs (rash, fever) related to this
new brand of vancomyein with approxi-
mately $50000 in extra costs of care
each year (unpublished data). Without
rigorously tracking ADEs, the hospital
pharmacy decision would have been
viewed as a wise and prudent; however,
with the perspective of ADE monitor-
ing, the decision actually cost the hos-
pital an extra $45 000. Indeed, Sloan and
colleagues have shown that this ap-
proach, called component cost manage-
ment, may save money in the pharmacy
budget, but these savings may be more
than offset due to greater costs during
the course of hospitalization for the treat-
ment of drug-related morbidity * Clearly
new methods of detection are needed;
as we and others have noted,'»*?" com-
puterized identification of ADEs offers
great promise in more efficient and ef-
fective detection. Our system, based on
automated alerts for targeted drug or-
ders and laboratory tests, can be easily
implemented at other hospitals through
a linkage between laboratory and phar-
macy computer systems. Currently sev-
eral commercial vendors are offering
these linkage programs.

Our goal in developing an ADE de-
tection system has always been to de-
velop programs to prevent ADEs. As
such, we studied the causes of ADEs in
our hospital by tracking all ADEs to
their root causes.’” We have found that
almost 50% of all ADEs are potentially
preventable. Excessive dosage ofa drug
for the patient’s weight and calculated
renal function accounted for 42% of all
ADEs in our study and were felt to be
potentially preventable. Drug interac-
tions accounted for 4.6% of all ADEs
and known drug allergies accounted for
1.5% of all ADEs; both of these catego-
ries werefelt tobe preventable. Finally,
medication errors accounted for 1% of
all ADEs, including giving the correct
drug to the wrong patient, giving the
wrong drug to the correct patient, giv-
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ing the wrong dose (not the ordered
dose) to the correct patient, and giving
the wrong dosage frequency (not the
ordered frequency) to the correct pa-
tient.” This work has led to a variety of
prevention programs, most implemented
after the period of this study, that could
be easily implemented at other hospi-
tals without sophisticated computer sys-
tems. First, we began timely feedback
of ongoing ADEs to physicians to pre-
vent progression of ADEs to a more
severe form. This intervention resulted
in a decline in severe ADEs at our in-
stitution.*® We also began a more effec-
tive program for tracking patient drug
allergies, and this intervention reduced
the occurrence of ADEs due to drug
allergies.® Next, we began a program
that automatically estimates daily renal
function of patients (using the patient’s
age, height, weight, and creatinine to
calculate a creatinine clearance) receiv-
ing antibiotics eliminated by the kidney,
and provided the information, through
consultation by a clinical pharmacist with
attending physicians. This program
resulted in a decline in antibiotic-asso-
ciated ADEs.® Finally, we have devel-
oped a computerized disease manage-
ment program for antibiotic use that
hasincluded all of these prior approaches
unified in an overall program incorpo-
rating physician order entry of all an-
tibiotic orders. This program has been
our most effective tool at decreasing the
incidence of ADEs, with a 75% decline
in ADEs related to antibiotics.® Wehave
implemented several different strate-
gies at our hospital to reduce the occur-
rence of ADEs, most of which can be
easily adapted and implemented at other
hospitals without highly sophisticated
computer systems. However, the most
successful approach appears to be com-
puter-based programs that continually
monitor drug use for appropriate selec-
tion and dosage and intervene through
ongoing disease management programs;
this is also the most technically chal-
lenging approach.

As Powe and Griffiths noted, the ap-
proaches to formating economic analyses
and identifying costs vary substantially.*
The admittedly complex methods used in
the present study, incorporating all drugs
and using a sophisticated hospital cost-
accounting system, should help to avoid
many sources of bias in such studies; none-

theless, our study may still have some -

bias because the patients were selected

. nonexperimentally. Although this study

was analyzed retrospectively, it does have
many features of a cohort control study.®
The ADEs were, in fact, evaluated pro-
spectively by a member ofthe study teain
and validated by the attending physician
using an ongoing, longitudinal, compre-

hensive and consistent protocol that
screened all patients admitted to LDS
Hospital for ADEs since May 1989. We
matched cases and controls on measures
of disease severity as well as demographic
features and year of hospitalization to
attempt to control for confounding in ad-
dition to applying regression models to
better control for the potential confound-
ing effects of diagnosis, age, sex, year of
admission and severity of illness on the
outcome variables of cost, length of stay,
and mortality. Unfortunately, no measure
of disease severity has achieved accep-
tance as the “gold standard,” although
thereis growing acceptance for the use of
nursing assessments as part of severity
models.’*2 In spite of these efforts, the
use of severity measures to compare and
explain differences in outcomes is fraught
with difficulty and remains a potential
confounder in this study. In addition, we
were unable to find matched controls for
647 cases, primarily because these pa-
tients were much more severely ill and
the rigor of our matching process pre-
vented us from attaining controls for these
patients. Although these patients were
more severely ill, they did not differ in
types of ADEs or causative drugs from
the matched cases, but the inability to
include these patients in the analysis
clearly limits the generalizability of our
results. Another limitation of this study
is that the occurrence of ADEs in this
study may be much less frequent than at
other facilities because of our computer-
ized drug-ordering systems that inter-
cept and prevent many potential ADEs
and because certain types of ADEs may
not be easily detected by our detection
system. Therefore, our ADE database,
although large, longitudinal, and consis-
tent, may not represent the universe of
ADEs, and thus the total economic con-
sequences of ADEs at other institutions
may be substantially greater than at our
institution.

We conclude that the occurrence of
ADEs significantly prolongs hospital
length of stay and increases costs as
well as mortality. The potential costs of
ADEs both institutionally and nation-
wide are enormous. Improvements in
this area will come from a system-wide
approach to improve the process of drug
use that includes a monitoring program
for the occurrence of ADEs as an im-
portant outcome of drug therapy.
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