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OBJECTIVES: To evaluate the efficacy of computerized
provider order entry with clinical decision support for preventing adverse drug events in long-term care.
DESIGN: Cluster-randomized controlled trial.
SETTING: Two large long-term care facilities.
PATIENTS: One thousand one hundred eighteen longterm care residents of 29 resident care units.
INTERVENTION: The 29 resident care units, each with
computerized provider order entry, were randomized to
having a clinical decision support system (intervention
units) or not (control units).
MEASUREMENTS: The number of adverse drug events,
severity of events, and whether the events were preventable.
RESULTS: Within intervention units, 411 adverse drug
events occurred over 3,803 resident-months of observation
time; 152 (37.0%) were deemed preventable. Within control units, there were 340 adverse drug events over 3,257
resident-months of observation time; 126 (37.1%) were
characterized as preventable. There were 10.8 adverse drug
events per 100 resident-months and 4.0 preventable events
per 100 resident-months on intervention units. There were
10.4 adverse drug events per 100 resident-months and 3.9
preventable events per 100 resident-months on control
units. Comparing intervention and control units, the adjusted rate ratios were 1.06 (95% confidence interval
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(CI) 5 0.92–1.23) for all adverse drug events and 1.02
(95% CI 5 0.81–1.30) for preventable adverse drug events.
CONCLUSION: Computerized provider order entry with
decision support did not reduce the adverse drug event rate or
preventable adverse drug event rate in the long-term care
setting. Alert burden, limited scope of the alerts, and a need to
more fully integrate clinical and laboratory information may
have affected efficacy. J Am Geriatr Soc 56:2225–2233, 2008.
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T

here are nearly 1.5 million residents of long-term care
facilities in the United States.1 The intensity of medication use is high in these settings, adverse drug events
occur commonly, and many of these are preventable. One
study conducted in a sample of community-based Massachusetts nursing homes found that adverse drug events occurred at a rate of 1.9 per 100 resident-months, with at least
half being preventable.2 A more recent study, employing
enhanced ascertainment methods, reported substantially
higher rates: 9.8 per 100 resident-months, with a rate of 4.1
preventable events per 100 resident-months.3 If findings
from the more recent study are extrapolated to all U.S.
nursing homes, then nearly 1.8 million adverse drug events
may occur each year in U.S. nursing homes, approximately
40% of which may be preventable.
Computerized provider order entry with clinical decision support has been promoted as a promising tool for
reducing medication error and adverse drug event rates in
the long-term care setting,4,5 but few long-term care facilities have implemented such systems because of cost, complexity, and logistical challenges, as well as uncertainty
about how effective these systems are for reducing
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drug-related injuries.6 Although the benefits of reducing
medication error rates in other clinical settings have been
established,7,8 few studies in any clinical setting have assessed the effect of this technology on rates of adverse drug
events.9 The purpose of the present study was to evaluate
the efficacy of computerized provider order entry with clinical decision support for preventing adverse drug events in
long-term care.

METHODS
Study Settings
This study was conducted in two large, academic long-term
care facilities located in Connecticut and Ontario, Canada.
The two facilities have a combined total of 1,229 beds.
Patients residing in areas of the facilities related to shortterm care (e.g., subacute care, hospital-level care, and rehabilitation) were not included in the study population.
Each of the facilities had an existing computerized
provider order entry system without a computer-based clinical decision support system. Contracted staff prescribed all
medications; in one of the study facilities, this included 27
physicians, nurse practitioners, and physicians’ assistants.
In the other facility, 10 physicians prescribed medications.
At the time of the study, providers entered approximately
90% of new medication orders using the system. The institutional review board of the University of Massachusetts
Medical School, and the institutional review boards of the
participating facilities approved this study. This study has
been registered with ClinicalTrials.gov.
Study Design
The study was conducted over 1 year in one of the study
facilities and 6 months in the other. Across the two longterm care facilities, 29 resident care units, each with existing
computer provider order entry, were randomized to having
a clinical decision support system (intervention units) or not
(control units). Bed size of the resident care units ranged
from 20 to 60. An effort was made to match the units according to bed size and general characteristics of the residents on the units. Block randomization was undertaken
within categories, including dementia units, units where
care was provided to residents with mental health and behavioral problems, units where the residents had complex
medical needs, and units where the residents had profound
deficits in physical function.
On intervention units, prescribers ordering drugs were
presented with alerts in the form of warning messages; these
alerts were not displayed to prescribers when ordering medications for residents of control units. Although efforts were
initially made to limit crossover of prescribers between intervention and control units, over the duration of the study,
some providers worked simultaneously on both types of
units on a temporary (coverage) basis and permanently.
Design of the Clinical Decision Support System
A team of geriatricians, pharmacists, health services researchers, and information system specialists designed the
clinical decision support system; the process of developing
the clinical decision support system and its components has
been described previously.4,5 The design principles were
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that messages should be evidence-based, practitioners
should perceive the messages to be useful and informative,
and the system should have only a modest effect on the time
required for the practitioner to complete an order. The team
reviewed the types of preventable adverse drug events based
on previous research2,3 and widely accepted published criteria for suboptimal prescribing in elderly people available
at the time of this study. All serious drug–drug interactions
from a standard pharmaceutical drug interaction database
were also reviewed, and alerts were included for a limited
number of more than 600 potentially serious interactions
that were reviewed. A summary of the alerts is provided in
Appendix A.
The computerized provider order entry system in place
at the time of clinical decision support system implementation was a commercially available application capable of
linking some laboratory test results with current drug orders in real time, but the system had several important limitations, as described previously.10 At the time of the study,
it could not combine dose and strength information to determine the total daily dose associated with a drug order;
therefore, some alerts were displayed when they may not
have been necessary (e.g., the medication order was already
within the recommended dose range). The underlying software was not capable of distinguishing multiple orders for
the same drug in different forms or strengths or orders that
had been cancelled and reordered within the same prescribing session. These orders were interpreted as multiple
orders for drugs in the same category and triggered a number of inappropriate alerts about drug interactions. Despite
the fact that some triggers were likely to produce a substantial number of these unnecessary alerts, it was decided
to include them in the system if the potential effect of the
type of drug interaction in question was considered clinically important.
For residents on the intervention units, the alerts were
displayed in a pop-up box to prescribers in real time when a
drug order was entered. The pop-up boxes were informational; they did not require specific actions from the prescriber and did not produce or revise orders automatically.
On the control units, the alerts were not displayed to the
prescribers.

Case-Finding Definitions and Classification of Events
Drug-related incidents were identified through review of
medical records in monthly segments performed by trained
pharmacist investigators for each eligible long-term care
facility resident. These investigators, who were not aware
of whether the resident was located on an intervention or a
control unit, examined the records for possible drug-related
incidents, such as new symptoms or events that might represent an adverse drug event, changes in medication regimens (including acute discontinuations or initiations of
medications that might be used to treat a drug-induced
event), abnormal laboratory values, and all emergency department transfers and hospitalizations. In addition to periodic reviews, medical records were specially targeted for
review based on information derived from selected computer-generated signals including abnormal serum drug
concentrations, abnormal laboratory results, and the use of
medications considered to be antidotes for adverse drug
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effects. Administrative incident reports generated within
each participating facility were also reviewed for any indication of a drug-related incident.

Outcome Measures
The primary outcome of the study was an adverse drug
event, defined as an injury resulting from the use of a drug.
This definition is consistent with definitions used in previous studies.2,3,11–14 Adverse drug events may have resulted
from medication errors (e.g., errors in ordering, dispensing,
administration, and monitoring) or from adverse drug reactions in which there was no error.
A pharmacist investigator presented the possible drugrelated incidents to pairs of physician reviewers (JHG, JJ,
PR, LRH, and CMB). These physician reviewers independently classified incidents using structured implicit review
according to the following criteria: whether an adverse drug
event was present, the severity of the event, and whether the
event was preventable. In determining whether an adverse
drug event had occurred, the physician reviewers considered the temporal relation between the drug exposure and
the event, as well as whether the event reflected a known
effect of the drug. This structured implicit review process
has been used in numerous prior studies relating to adverse
drug events across various clinical settings.2,3,11–17 Physician reviewers were not aware of whether a drug-related
incident being reviewed had occurred in a resident of an
intervention or a control unit.
The severity of adverse events was categorized as less
serious, serious, life threatening, or fatal. Adverse drug
events categorized as less serious included a nonurticarial
skin rash, a fall without associated fracture, hemorrhage
not requiring transfusion or hospitalization, and oversedation. Examples of events categorized as serious included
urticaria, falls with associated fracture, hemorrhage requiring transfusion or hospitalization but without hypotension,
and delirium. Examples of life-threatening events included
hemorrhage with associated hypotension, hypoglycemic
encephalopathy, and acute renal failure. Adverse drug
events were considered to be preventable if they were
judged to be due to an error and were preventable by any
means available and not just in relation to the clinical decision support system. For the purpose of the analysis of the
effect of the intervention, any event characterized as serious
or greater in severity, was categorized as more severe. All
other events were considered less severe.
Preventability was categorized as preventable, probably preventable, probably not preventable, or definitely not
preventable; results were collapsed into preventable (preventable and probably preventable) and nonpreventable
(probably not preventable and definitely not preventable)
categories in the analysis.
When the physician reviewers disagreed on the classification of an incident regarding the presence of an adverse
drug event, its severity, or its preventability, they met and
reached consensus; consensus was reached in all instances
in which there was initial disagreement.
Statistical Analysis
Crude rates of events were determined, dividing the number
of adverse drug events by the total number of long-term
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care resident-months in the intervention and control units
of the two facilities. Resident-months were estimated from
census data for all residents on eligible units and were obtained monthly throughout the course of the project; absences from the facilities (e.g., for hospitalization) were also
accounted for when they occurred.
To assess the effect of the intervention, rate ratios comparing rates of all adverse drug events and preventable adverse drug events in the intervention versus control units
were estimated using Poisson regression models, adjusting
for unit and facility. Additional models were used to estimate adjusted rate ratios for more- and less-severe adverse
drug events and preventable more- and less-severe adverse
drug events. The study was designed with power of 0.90 to
identify a reduction of 20% in the rate of adverse drug
events. These power calculations were conservative, because they were based on adverse drug event rates determined in a study of community nursing homes.2 Subsequent
research, employing better methods for event ascertainment, has indicated that actual adverse drug event rates in
the long-term care setting are substantially higher.3
One of the investigators (JHG) re-reviewed all of the
adverse drug events that had been deemed probably preventable or definitely preventable to determine whether it
might have been possible for any of the alerts included in the
clinical decision support system to lead to the prevention of
these adverse drug events. This assessment was performed
for events identified on the intervention and control units,
although the reviewer (JHG) was unaware of which type of
unit the event had occurred on. In a post hoc analysis, which
considered only events for which it might have been possible for the alerts to have an effect, the rate ratio comparing
the rate of preventable adverse drug events in the intervention versus control units was estimated through a Poisson
regression model, adjusting for unit and facility, as was
done in the main analysis detailed above.

RESULTS
Across the two study sites and the 29 randomized resident
care units, 1,118 long-term care residents had an average
age of 87.2, and 71.3% were female. The residents contributed 7,060 months of observation time; there were
3,803 resident-months of observation on the intervention
units and 3,257 resident-months of observation on the control units.
Within the intervention units (Table 1), 411 adverse
drug events occurred over 3,803 resident-months of observation time. Of the 411 events, 152 (37.0%) were deemed
preventable. Within the control units, there were 340 adverse
drug events over 3,257 resident-months of observation time.
Of the 340 events, 126 (37.1%) were characterized as
preventable. There were 10.8 adverse drug events per 100
resident-months and 4.0 preventable events per 100 residentmonths on the intervention units. There were 10.4 adverse
drug events per 100 resident-months and 3.9 preventable
events per 100 resident-months on the control units. The rate
ratio estimated using Poisson regression models was 1.06
(95% confidence interval (CI) 5 0.92–1.23) for all adverse
drug events and 1.02 (95% CI 5 0.81–1.30) for preventable
adverse drug events.
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Table 1. Comparison of Rates of Adverse Drug Events (ADEs) Between Control and Intervention Units
Intervention Units

Control Units

ADE

n (%)

Rate/100
Resident-Years

n (%)

Rate/100
Resident-Years

Rate
Ratio

95% Confidence
Interval

All
Preventable
More severew
Preventable more severe
Less severe
Preventable less severe

411 (100)
152 (37.0)
123 (30.0)
79 (19.2)
288 (70.1)
73 (17.8)

10.8
4.0
3.2
2.1
7.6
1.9

340 (100)
126 (30.7)
97 (28.5)
58 (17.1)
243 (71.5)
68 (20.0)

10.4
3.9
3.0
1.8
7.5
2.1

1.06
1.02
1.07
1.15
1.06
0.92

0.92–1.23
0.81–1.30
0.82–1.40
0.82–1.61
0.89–1.26
0.66–1.28


w

Adjusted for unit and facility using Poisson regression models.
More-severe ADEs include those deemed serious, life-threatening, or fatal.

Results by Severity
In the intervention units, 123 adverse drug events with a
severity rating of serious, life-threatening, or fatal occurred
over the 3,803 resident-months of observation time (Table
1). Of these events, 79 (64%) were deemed preventable.
Within the control units, there were 97 of these more-serious adverse drug events over the 3,257 resident-months of
observation time. Of these events, 58 (60%) were characterized as preventable. There were 3.2 of these more-severe
events per 100 resident-months and 2.1 preventable events

per 100 resident-months on the intervention units. There
were 3.0 of these more-severe adverse drug events per 100
resident-months and 1.8 preventable events per 100 resident-months on the control units. The rate ratio estimated
through Poisson regression models was 1.07 (95%
CI 5 0.82–1.40) for all more-serious adverse drug events
and 1.15 (95% CI 5 0.82–1.61) for preventable more-serious events.
Within the intervention units, there were 288 less-severe adverse drug events. Of these events, 73 (25%) were

Table 2. Frequency of Types of Adverse Drug Events (ADEs)
Intervention Units
Total (n 5 411)

Preventable (n 5 152)

ADE

Hemorrhagic
Neuropsychiatric
Gastrointestinal
Metabolic or endocrine
Renal or electrolytic
Cardiovascular
Dermatological
Fall without injury
Extrapyramidal signs or symptoms
Syncope or dizziness
Infection
Hematological
Anticholinergicw
Respiratory
Anorexia
Functional declinez
Fall with injury
Ataxia or difficulty with gait
Hepatic

Control Units
Total (n 5 340)

Preventable (n 5 126)

85 (25.0)
71 (20.9)
49 (14.4)
32 (9.4)
47 (13.8)
15 (4.4)
14 (4.1)
7 (2.1)
7 (2.1)
11 (3.2)
4 (1.2)
0 (0)
5 (1.5)
5 (1.5)
4 (1.2)
2 (0.6)
1 (0.3)
0 (0)
0 (0)

20 (15.9)
28 (22.2)
18 (14.3)
13 (10.3)
29 (23.0)
8 (6.4)
1 (0.8)
2 (1.6)
1 (0.8)
4 (3.2)
0 (0)
0 (0)
2 (1.6)
3 (2.4)
2 (1.6)
2 (1.6)
1 (0.8)
0 (0)
0 (0)

n (%)

102 (24.8)
87 (21.2)
70 (17.0)
43 (10.5)
31 (7.5)
20 (4.9)
9 (2.2)
14 (3.4)
12 (2.9)
7 (1.7)
12 (2.9)
4 (1.0)
2 (0.5)
2 (0.5)
2 (0.5)
2 (0.5)
2 (0.5)
2 (0.5)
1 (0.2)

22 (14.5)
42 (27.6)
17 (11.2)
24 (15.8)
15 (9.9)
13 (8.6)
0 (0)
8 (5.3)
6 (4.0)
5 (3.3)
0 (0)
1 (0.7)
2 (1.3)
1 (0.7)
2 (1.3)
2 (1.3)
2 (1.3)
2 (1.3)
0 (0)

Note: ADEs could manifest as more than one type.

Neuropsychiatric events include oversedation, confusion, hallucinations, and delirium.
w
Anticholinergic effects include dry mouth, dry eyes, urinary retention, and constipation.
z
ADE manifested only as decline in activities of daily living without any other more-specific type of event. Other types of events may have been associated with
functional decline.
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Table 3. Frequency of Adverse Drug Events According to
Drug Category
Intervention Units

Control Units

Total Preventable
(n 5 411) (n 5 152)
Drug Category

Antiplatelet
Antipsychotic
Anticoagulant
Diuretic
Anti-infective
Cardiovascular
Hypoglycemic
Gastrointestinal
Antidepressant
Opioid
Sedative or
hypnotic
Antiepileptic
Nutrient or
supplement
Steroid
Anti-Alzheimer’s
Thyroid
Digoxin
Anti-Parkinson’s
Antihistamine
Muscle relaxant
Topical
Ophthalmic
Gout
Antineoplastic
Respiratory
Osteoporosis
Miscellaneous

Total Preventable
(n 5 340) (n 5 126)

n (%)

66 (16.1)
52 (12.7)
42 (10.2)
33 (8.0)
38 (9.3)
30 (7.3)
36 (8.8)
39 (9.5)
25 (6.1)
26 (6.3)
17 (4.1)

11 (7.2)
25 (16.5)
17 (11.2)
18 (11.8)
1 (0.7)
18 (11.8)
19 (12.5)
9 (5.9)
14 (9.2)
11 (7.2)
10 (6.6)

58 (17.1)
40 (11.7)
39 (11.5)
36 (10.6)
30 (8.8)
38 (11.2)
17 (5.0)
11 (3.2)
25 (7.4)
20 (5.9)
23 (6.8)

11 (8.7)
13 (10.3)
10 (7.9)
23 (18.3)
7 (5.6)
24 (19.1)
6 (4.8)
5 (4.0)
9 (7.1)
9 (7.1)
12 (9.5)

17 (4.1)
9 (2.2)

7 (4.6)
4 (2.6)

14 (4.1)
15 (4.4)

9 (7.1)
8 (6.3)

12 (2.9)
7 (1.7)
4 (1.0)
5 (1.2)
6 (1.5)
6 (1.5)
5 (1.2)
3 (0.7)
1 (0.2)
0 (0)
1 (0.2)
1 (0.2)
0 (0)
2 (0.5)

1 (0.7)
4 (2.6)
3 (2.0)
4 (2.6)
4 (2.6)
3 (2.0)
2 (1.3)
2 (1.3)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

6 (1.8)
7 (2.1)
8 (2.3)
5 (1.5)
3 (0.9)
2 (0.6)
3 (0.9)
1 (0.3)
2 (0.6)
3 (0.9)
1 (0.3)
1 (0.3)
1 (0.3)
4 (1.2)

0 (0)
0 (0)
5 (4.0)
2 (1.6)
1 (0.8)
1 (0.8)
2 (1.6)
0 (0)
0 (0)
2 (1.6)
0 (0)
1 (0.8)
0 (0)
3 (2.4)

Note: Drugs in more than one category were associated with some events.
Frequencies in each column sum to greater than the total number of events.

deemed preventable. Within the control units, there were
243 less-severe adverse drug events. Of these events, 68
(28%) were characterized as preventable. There were 7.6
of these less-severe events per 100 resident-months and
1.9 preventable events per 100 resident-months on the
intervention units. There were 7.5 of these less-severe
adverse drug events per 100 resident-months and 2.1 preventable events per 100 resident-months on the control
units. The rate ratio estimated through Poisson regression
models was 1.06 (95% CI 5 0.89–1.26) for all less-severe
adverse drug events and 0.92 (95% CI 5 0.66–1.28) for
preventable less-severe events.

Results According to Adverse Drug Event Type and Drug
Category
Table 2 lists the types of adverse drug events in order of
overall frequency across the intervention and control units.
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Types of adverse drug events were generally similar in the
intervention and control units. Neuropsychiatric events
(e.g., oversedation, confusion, hallucinations, and delirium)
constituted the most common type of preventable and the
second most common type of nonpreventable events in the
intervention and control units. Other frequently identified
types of preventable adverse drug events were hemorrhagic
(bleeding events), renal or electrolyte (e.g., azotemia, dehydration, hyperkalemia, hypokalemia, and renal failure),
gastrointestinal (e.g., abdominal pain, diarrhea, constipation, and impaction), and metabolic or endocrine (e.g., hypoglycemic events, thyroid abnormalities).
Table 3 lists medication categories most frequently associated with adverse drug events in order of overall frequency across the intervention and control units.
Antipsychotic agents constituted the most common medication category associated with preventable events in the
intervention and control units. Other medication categories
frequently associated with preventable adverse drug events
were anticoagulants, diuretics, antiplatelet agents, cardiovascular drugs, hypoglycemic agents, and antidepressants.
Atypical antipsychotic agents, warfarin, and loop diuretics
were the specific drug types most commonly implicated in
preventable adverse drug events across the intervention and
control units.

Post Hoc Analysis
Overall, there were 152 preventable adverse drug events on
the intervention units and 126 such events on the control
units. Each of these events was subsequently re-evaluated to
determine whether it might have been possible for any of
the alerts included in the clinical decision support system to
have led to the prevention of the adverse drug event. Of the
152 preventable events on the intervention units, 59
(38.8%) might have been prevented as a result of one or
more of the alerts. Of the 126 preventable events identified
on the control units, 56 (44.4%) might have been prevented
as a result of one or more of the alerts.
In a post hoc analysis limited to events that might have
been prevented as a result of one or more of the alerts, the
rate was 1.55 preventable adverse drug events per 100 resident-months on the intervention units and 1.72 preventable events per 100 resident-months on the control units,
for an adjusted rate ratio of 0.89 (95% CI 5 0.61–1.28).
DISCUSSION
Information technology–based interventions, including
computerized provider order entry with clinical decision
support, have been widely promoted as the most promising
approaches for improving medication safety across all clinical settings,18 but much of the previously published research relating to this particular technology has focused on
costs, organizational efficiency, appropriateness of alerts,
adherence to guidelines, effect on time for the prescriber,
satisfaction, usability, and usage.19 No previously published study has assessed the effect of computerized provider order entry with clinical decision support on adverse
drug events in the long-term care setting.
Previous studies examining the epidemiology of adverse drug events in the long-term care setting have indi-
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cated that errors in prescribing and ordering are most commonly associated with adverse drug events2,3 and that these
types of errors may be amenable to computerized provider
order entry with clinical decision support, but this study
found no effect on the overall adverse drug event rate or the
preventable adverse drug event rate.
There are a number of factors specifically related to the
clinical decision support system evaluated in this study that
probably diminished its effect on adverse drug event rates.
The clinical decision support system directly addressed only
a minority of the adverse drug events identified in the study.
Furthermore, the system must be considered first generation, because it did not offer several important advantages
recommended for optimal clinical decision support such
as providing alternative orders within alerts that prescribers
could directly accept.20,21 Additionally, it has previously
been reported that, on average, there were 2.5 alerts generated per resident-month, and more than half of the alerts
displayed to providers were determined to be unnecessary.10 This was primarily related to the inability of the
system to assess the total 24-hour dose of a drug that was
already in use and relate it to the recommended dose range
and to recognize prior medication orders, leading to unnecessary warnings about drug interactions as well as recommendations for therapies (e.g., laxatives in the setting of
opioid use) when they had already been ordered. High signal-to-noise ratios may produce alert fatigue and lead prescribers to click past alerts without considering or even
reading them.22 Finally, the alerts were addressed only to
the prescriber and did not consider the efforts of the entire
healthcare team, who are particularly important in monitoring the resident for beneficial and adverse effects of drug
therapy. Despite these limitations, the study findings remain
relevant, because the features of the clinical decision support system are comparable with or exceed those of most
commercially available products that long-term care facilities might conceivably implement at the current time. Advanced clinical decision support systems have rarely been
disseminated beyond the institutions (mainly hospitals)
where they were created.
This study had a number of additional limitations. It
focused solely on adverse drug events and did not assess the
effect of the intervention on medication errors that did not
lead to adverse drug events. There was also potential for
contamination by cross-over between intervention and control units, because clinicians exchanged duties and covered
for each on many occasions. To assess the possibility that
this may have led to changes in prescribing and orders for
corollary laboratory tests in the control units, the rate of
responses to ‘‘unseen’’ alerts in the control units during the
first versus the last quarter of the study year was assessed at
one of the study sites.10 The rate of response was lower in
the last quarter, suggesting that prescribers did not adopt
new habits due to seeing alerts while caring for residents on
the intervention units. This is consistent with a previous
study that found that physicians who had received alerts
had no better knowledge of the issues highlighted in the
alerts at the end of a 1-year period than they had at the
beginning.23
Over the coming years, it is expected that computerized
provider order entry with clinical decision support will play
an important role in improving medication safety in the
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long-term care setting. In addition to improving the efficiencies of these systems with regard to reducing alert burden and offering alternative orders within the alerts, there is
a need to increase their scope to address a broader range of
drug safety issues. Efforts are also required to further integrate additional clinical and laboratory information into
the system. This would include linking newly recognized
and documented symptoms (e.g., daytime somnolence,
bleeding, edema, cough, dizziness, loose stools) to the use of
specific medications.
These findings should not dampen enthusiasm for developing and testing health information technology interventions that may enhance patient safety in the long-term
care setting. Such systems are costly and complex to implement, and stakeholders, including payers, providers, facilities, and policy makers, require a clear understanding
about their benefits to make decisions about the substantial
investments that are required.6 Formal, rigorous evaluations of these systems are absolutely essential so that they
can be improved upon and promoted with confidence for
widespread adoption.
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CLINICAL DECISION SUPPORT IN LONG-TERM CARE

Table A1. List of Warning Messages Targeting Prescribing Decisions Associated with the Development of Adverse Drug Events in Long-Term Care
Scenario Description

Warfarin order in setting of most
recent INR of 43 triggers warning
message
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Warfarin interaction with (1)
trimethoprim with sulfamethoxazole or
(2) amoxicillin with clavulanate

Warfarin–antibiotic interaction (e.g.,
amoxicillin)

Warfarin–non-antibiotic interaction
(e.g., amiodarone)

Risk of bleeding due to overlapping
with warfarin (e.g., acetylsalicylic
acid)

Risk of bleeding due to overlapping
with antiplatelet drugs (e.g.,
acetylsalicylic acid1naproxen)

Risk of worsening renal
insufficiencyFany use of NSAIDs,
ACE inhibitors, diuretics in resident
with BUN or creatinine above certain
threshold concentrationFlaboratory
results are the most recent values

Any drug therapy that can increase
potassium concentration (ACE
inhibitors, potassium sparing
diuretics, potassium supplements,
NSAIDs) in setting of most recent
potassium concentration of 44.4
triggers warning message

Warning/Message

WARNINGFBLEEDING RISK

INR is _____. Current INR is high.
Reduce WARFARIN dose and/or
monitor closely.
WARNINGFBLEEDING RISK

This drug can interact profoundly with
WARFARIN.
Consider an alternative antibiotic or
monitor very closely. Repeat the INR in
3 days and consider reducing warfarin
dose.
WARNINGFBLEEDING RISK
This drug interacts with WARFARIN.
Repeat the INR in 3 days. Consider
reducing warfarin dose.
WARNINGFBLEEDING RISK
This drug interacts with WARFARIN.
Monitor very closely. Repeat the INR in
3 days.
WARNINGFBLEEDING RISK

The use of WARFARIN with NSAIDs
and/or ANTIPLATELET AGENTS
increases bleeding risk. Re-evaluate
need for concomitant therapy.
WARNINGFBLEEDING RISK

ANTIPLATELET AGENTS with NSAIDs
increase bleeding risk. Evaluate need
for concomitant therapy.
WARNINGFRENAL INSUFFICIENCY
RISK

Current BUN 5 _____,
Creatinine 5 _____. Worsening renal
insufficiency can result from ACE
inhibitors, angiotensin receptor blockers
(e.g., losartan), diuretics, and NSAIDs.
Evaluate medication regimen and
monitor BUN and CREATININE closely.
WARNINGFHYPERKALEMIA RISK

(Continued )
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Table A1. (Contd.)
Scenario Description

Risk of hypokalemiaFany new
prescription for thiazide or loop
diuretic therapy

Multiple psychoactive
medicationsFany three of the
following: antidepressant,
antipsychotic, sedative, hypnotic,
antiseizure medication
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Table A1. (Contd.)
Warning/Message

Most recent POTASSIUM is ____.
HYPERKALEMIA can result from
therapy with any of the following: ACE
inhibitors, angiotensin receptor
blockers (e.g., losartan), potassium
sparing diuretics, NSAIDs, and
mineralocorticoids. Re-evaluate
medication regimen and monitor
POTASSIUM concentration closely.
WARNINGFHYPOKALEMIA RISK

Hypokalemia can result from use of
thiazide and loop diuretics. Check
POTASSIUM concentration in 7–10
days and continue monitoring.
WARNINGFOVERSEDATION RISK

Use of multiple psychoactive
medications increases the risk of
oversedation, confusion, delirium,
falls, and injury. Evaluate the need for
each psychoactive medication. Use
the lowest feasible dose.
Antipsychotic drug initiation (also
WARNINGFRISK OF
include metoclopramide)
PARKINSONIAN SYMPTOMS
This drug poses a risk of tremor,
rigidity, masked facies, gait problems,
and involuntary movements. Use the
lowest possible dose and reassess
for such effects over the next 2–4
weeks.
Anticholinergic
WARNINGFHIGH RISK OF
medicationsFespecially high risk for ANTICHOLINERGIC EFFECTS
amitriptyline, doxepin, and imipramine
This drug poses a very high risk of dry
mouth, constipation, urinary retention,
and delirium. Consider alternatives
such as desipramine or SSRIs. If
absolutely necessary, use the lowest
feasible dose and monitor.
Anticholinergic medications (e.g.,
WARNINGFRISK OF
nortriptyline)
ANTICHOLINERGIC EFFECTS
This drug poses a high risk of dry
mouth, constipation, urinary retention,
and delirium. Use the lowest feasible dose. Monitor closely for these
effects.
Oxybutynin and tolterodineFurinary WARNINGFRISK OF URINARY
retention
RETENTION
Order a bladder scan 7 days after
initiation of therapy or any change in
dose and monitor.
Opioid-induced constipation
WARNINGFCONSTIPATION RISK
Opiates can cause constipation.
Monitor closely and prevent
constipation. Choose a laxative other
(Continued )

Scenario Description

Warning/Message

than docusate sodium. Order a
scheduled dose.
Risk of hyperglycemiaFconcomitant WARNINGFRISK OF
use of prednisone or thiazide diuretic HYPERGLYCEMIA
and hypoglycemic agent
Oral steroids and hydrochlorothiazide
can worsen glucose control. Monitor
finger sticks carefully.
DigoxinFany order and any order in WARNINGFRISK OF DRUG
excess of 0.125 mg per day
TOXICITY
DIGOXIN doses should rarely exceed
0.125 mg per day because of reduced
renal clearance in elderly. Recheck
digoxin concentration with any change
in dose.
Dose suggestions for
WARNINGFDOSE
benzodiazepines, NSAIDs, and
RECOMMENDATION
antipsychotics
The recommended initial dose of this
drug is __ mg. High doses increase
risk of side effects.
Selected Beers criteria drugs (e.g.,
WARNINGFRISK OF CNS SIDE
diazepam, chlordiazepoxide)
EFFECTS
Diazepam, clonazepam,
chlordiazepoxide, nitrazepam, and
bromazepam have a very long half-life
increasing risk for CNS side effects.
Consider substituting a short-acting
benzodiazepine such as oxazepam if
appropriate.
Muscle relaxants and antispasmodic WARNINGFRISK OF SEDATING
drugs: carisoprodol, chlorzoxazone,
EFFECTS
cyclobenzaprine, dantrolene,
metaxalone, methocarbamol,
orphenadrine, dicyclomine,
hyoscyamine, propantheline,
belladona alkaloids, clidinium
Most MUSCLE RELAXANTS AND
ANTISPASMODICS are poorly tolerated
leading to anticholinergic effects and
sedation. Try to avoid their use.
Low TSH in setting of thyroid
WARNINGFOVERTREATMENT
replacement therapy
Current TSH 5 _____. A low TSH level
in the setting of thyroid replacement
therapy may reflect toxicity (even
when other thyroid function tests are
normal). Reduce dose of thyroid
replacement therapy. Recheck TSH in
6 weeks.
Phenytoin initiation
WARNINGFMONITOR DRUG
CONCENTRATION
Most recent phenytoin concentration:
_______. Order phenytoin
concentration 5–7 days after initiation
of therapy or any change in dose.
Serious drug–drug interaction with
SERIOUS DRUG–DRUG INTERACTION
amiodarone (e.g., quinidine)

(Continued )
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Table A1. (Contd.)
Scenario Description

Serious drug–drug interaction with
phenytoin (e.g., trimethoprim/
sulfamethoxazole)

Serious drug–drug interaction with
lithium (e.g., hydrochlorothiazide)

Serious drug–drug interaction with
selegiline (e.g., venlafaxine)

Serious drug–drug interaction with
digoxin (e.g., verapamil)

Serious drug–drug interaction with
monoamine oxidase inhibitors (e.g.,
sertraline)

Serious drug–drug interaction with
theophylline (e.g., ciprofloxacin)

Serious drug interaction between
phenobarbital and warfarin

Serious drug–drug interaction with
bromocriptine (e.g., pseudoephedrine)

Serious drug interaction between
allopurinol and thiazide diuretics (e.g.,
hydrochlorothiazide)
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Table A1. (Contd.)
Warning/Message

Amiodarone can increase the
concentrations of many drugs. Check
for interactions. Monitor closely.
SERIOUS DRUG–DRUG INTERACTION

This combination can affect phenytoin
concentrations. Monitor closely.
SERIOUS DRUG–DRUG INTERACTION
In general, the concomitant use of
NSAIDs, diuretics or ACE inhibitors
with LITHIUM should be avoided due to
toxicity risk.
SERIOUS DRUG–DRUG INTERACTION
This combination can lead to a
serotonin-like syndromeFa
potentially life-threatening event.
SERIOUS DRUG–DRUG INTERACTION
This combination can lead to digoxin
toxicity. Monitor digoxin concentration
closely.
SERIOUS DRUG–DRUG INTERACTION

Scenario Description

Serious drug interaction between
clozapine and risperidone

Serious drug–drug interaction with
clozapine (e.g., citalopram)

Serious drug–drug interaction with
tramadol (e.g., paroxetine)

Serious drug interaction between
SSRIs and tricyclic antidepressants
(e.g., sertraline1nortriptyline)

Serious drug–drug interaction with
methotrexate (e.g., phenytoin)

This combination can lead to serotonin
syndromeFa potentially lifethreatening event.
SERIOUS DRUG–DRUG INTERACTION

Serious drug interaction between
quinidine and itraconazole

This combination can lead to
theophylline toxicity. Monitor
theophylline concentration closely.
SERIOUS DRUG–DRUG INTERACTION

Serious drug–drug interaction which
increases ECG QT interval
prolongation risk (e.g.,
haloperidol1erythromycin)

Phenobarbital can reduce the effect of
warfarin. Monitor the INR closely.
SERIOUS DRUG–DRUG INTERACTION
This combination can lead to severe
hypertension and seizures.
SERIOUS DRUG–DRUG INTERACTION

(Continued )

Warning/Message

This combination can lead to an
increased risk of hypersensitivity
reactions to allopurinol.
SERIOUS DRUG–DRUG INTERACTION
This combination may increase the
risk of toxicity from risperidone.
Monitor closely.
SERIOUS DRUG–DRUG INTERACTION
This combination may increase the
risk of toxicity from clozapine. Monitor
closely.
SERIOUS DRUG–DRUG INTERACTION
Avoid this combinationFmay
increase the risk of seizures.
SERIOUS DRUG–DRUG INTERACTION

Use this combination with extreme
cautionFthis may cause toxic
tricyclic concentrations
SERIOUS DRUG–DRUG INTERACTION
This combination can increase the risk
of methotrexate toxicity.
SERIOUS DRUG–DRUG INTERACTION
This combination can increase the risk
of quinidine toxicity and should be
avoided.
SERIOUS DRUG–DRUG
INTERACTION: ECG QT prolongation
risk
These agents may produce QT interval
prolongation and should not be used
together.

INR 5 international normalized ratio; NSAIDs 5 nonsteroidal anti-inflammatory drugs; ACE 5 angiotensin-converting enzyme; BUN 5 blood urea nitrogen; SSRIs 5 selective serotonin reuptake inhibitors; CNS 5 central
nervous system; TSH 5 thyroid-stimulating hormone; ECG 5 electrocardiogram.

