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ABSTRACT
Objective To evaluate the impact of a real-time
computerized decision support tool in the emergency
department that guides medication dosing for the elderly
on physician ordering behavior and on adverse drug
events (ADEs).
Design A prospective controlled trial was conducted
over 26 weeks. The status of the decision support tool
alternated OFF (7/17/06e8/29/06), ON (8/29/06e10/
10/06), OFF (10/10/06e11/28/06), and ON (11/28/
06e1/16/07) in consecutive blocks during the study
period. In patients $65 who were ordered certain
benzodiazepines, opiates, non-steroidals, or sedative-
hypnotics, the computer application either adjusted the
dosing or suggested a different medication. Physicians
could accept or reject recommendations.
Measurements The primary outcome compared
medication ordering consistent with recommendations
during ON versus OFF periods. Secondary outcomes
included the admission rate, emergency department
length of stay for discharged patients, 10-fold dosing
orders, use of a second drug to reverse the original
medication, and rate of ADEs using previously validated
explicit chart review.
Results 2398 orders were placed for 1407 patients over
1548 visits. The majority (49/53; 92.5%) of
recommendations for alternate medications were
declined. More orders were consistent with dosing
recommendations during ON (403/1283; 31.4%) than
OFF (256/1115; 23%) periods (p#0.0001). 673 (43%)
visits were reviewed for ADEs. The rate of ADEs was
lower during ON (8/237; 3.4%) compared with OFF
(31/436; 7.1%) periods (p¼0.02). The remaining
secondary outcomes showed no difference.
Limitations Single institution study, retrospective chart
review for ADEs.
Conclusion Though overall agreement with
recommendations was low, real-time computerized
decision support resulted in greater acceptance of
medication recommendations. Fewer ADEs were
observedwhen computerized decision support was active.

INTRODUCTION
The elderly represent one of the fastest growing
segments of society and account for an increasing
number of emergency department (ED) visits and
hospital admissions, and one third of all prescribed
medications.1e4 Despite these findings, the ED
remains an understudied setting for provision of
elderly medical care. Older patients are more than
twice as likely as younger patients to be treated in

the ED for adverse drug events (ADEs), and ADEs
account for over 10% of ED visits by older
patients.5 6 Many factors combine to increase the
potential for medical error and ADEs in the ED,
especially for geriatric patients.
Age-related differences in physiology and a high

prescription rate make the elderly more susceptible
to ADEs.7 It is known that a number of common
medications whose standard dosages for otherwise
healthy adults are potentially harmful to older
patients. Important untoward effects of medica-
tions include falls, hip fractures, intracranial
hemorrhage, gastrointestinal bleeding, over-
sedation, and delirium, all of which result in lower
quality of life and higher health service
utilization.8e16

Patients admitted to the hospital may be
continued on medication regimens initiated in the
ED. When a problem is discovered, it is often too
late, and patients may experience adverse events,
resulting in increased cost and length of stay.17 It is
important to both the quality and safety of care for
elderly patients that medication orders are initiated
correctly in the ED. Traditional approaches for
improving the appropriateness of medication use in
the elderly have focused on avoiding a particular list
or group of potentially inappropriate medications
(PIMs). Beers was among the first to compile such
a list. This list with subsequent modifications
remains one of the more well-known guidelines of
its type; it is widely used by government agencies
and supported by researchers in various
settings.18e24 This approach has also been specifi-
cally recommended for geriatric care in the ED.25

Application of Beers’ criteria in the care of elderly
outpatients suggests that nearly one third of
certain medications prescribed may be inappro-
priate.26 27 A recent study estimates that PIMs are
administered or prescribed in nearly 19.5 million or
16.8% of ED visits.28 Similar estimates have been
reported in Taiwan (20%),29 Brazil (19.6%),30 and
Austria (12.5%).31 Data from one national study of
ADEs in the ED suggest that simply avoiding PIMs
from the Beers list may be insufficient in preventing
ADEs.6 This study found that nearly 50% of all
ADEs in the ED were attributable to three classes of
medication (antiplatelets/anticoagulants, digoxin,
and diabetic medications), and among the leading
drugs in each of these classes, only one is considered
a PIM. Conversely, these medications are generally
considered critical for patients taking them. The
ADEs related to these medications appear to be due
to the narrow therapeutic windows of these
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medications, suggesting that the key for avoiding ADEs in many
cases may be in improving dosing and frequency in prescribing
rather than simply avoidance of PIMs.

Newer approaches to medication recommendations for elderly
patients include consideration of alternate dosages and
frequencies as well consideration of comorbidities and other
patient factors in medication selection and dosing.32 Because
few clinicians are expert in geriatric pharmacology, and medi-
cation orders in the ED often cannot be delayed for consultation,
real-time decision support about drug selection and dosing
would potentially be valuable to both clinicians and patients.
Computerized physician order entry (CPOE) without added
computerized decision support (CDS) has been shown to
decrease serious medication errors, near misses or potential
ADEs, and preventable ADEs.33 Computerized decision support
improves physician performance and clinical practice in roughly
two-thirds of trials.34 35 When combined, CPOE and CDS have
been shown to improve quality of care in both the inpatient36e39

and the outpatient settings,40 41 and specifically in elderly
inpatients.42 Taken together this suggests that computerized
advice on ordering medications in the elderly ED patient might
be an important additional preventive strategy.43 Accordingly,
CDS was among the highest priority recommendations made in
a proposed research agendas for geriatric emergency medicine.44 45

This study represents the first report we are aware of using
a real-time computerized decision support tool to enhance safe
medication ordering for geriatric emergency patients, and
represents a novel approach to guidance in the ED setting, with
provision of recommendations for alternate medications, dosing,
and frequency, relative to outright avoidance of PIMs. The use of
CDS with CPOE has been studied for various applications in the
ED setting but not for medication orders in the ED. We identi-
fied only a single study related to medication safety in geriatric
emergency patients, which was directed at avoiding PIMs for
prescriptions written at discharge from the ED.46 We imple-
mented age-adjusted dosing and guided medication selection
integrated with an existing computerized order entry system.
We hypothesized that CDS for medication ordering in elderly
ED patients would result in a higher proportion of drug selec-
tions and dosing that were consistent with recommendations,
and might decrease the incidence of ADEs or potential surrogate
markers for ADEs among admitted patients.

METHODS
Study setting
The study took place in an urban, academic, tertiary care ED
with 54 000 annual ED visits and approximately 10 000 visits by
patients aged 65 or older. The ED exclusively uses a computer-
ized ED order entry system (EDOE) that is integrated with the
hospital computing system for all medication orders. The
hospital is a primary site for a 4-year emergency medicine resi-
dency. Off-service residents also rotate through the ED. Orders
were placed by resident and attending physicians. The health
system IRB reviewed and approved this study. Their assessment
was that neither physician nor patient consent was required.
Use of this decision support tool was already in place in the
inpatient setting at the time of this study of its use in the ED.
Its use in various settings was planned as part of a ‘Signature
Initiative’ for the health system to share decision support tools
across platforms. We studied the tool as part of the roll-out of
the application, which remained on after the OFF and
ON periods (which were determined a priori for this study).
Physicians were aware of what they would see when alternate
medications/doses were recommended.

Patient population
The main analysis included all persons aged 65 years or older
who had an order for a medication in the knowledge base during
the study period. The study excluded patient orders in which
qualifying medication orders were subsequently cancelled (78)
and any orders with missing data (21). New medication orders
in the ED were the intended target for the CDS provided.

Study design
The study was a prospective controlled trial that took place over
four consecutive periods consisting of control or ‘OFF’ periods
(usual computerized order entry, periods 1 and 3) alternating
with intervention or ‘ON’ periods (computerized order entry
plus decision support system; periods 2 and 4. The first two
periods were comprised of 6-week blocks (7/17/6e8/29/6 and
8/29/6e10/10/6) and the second two periods were comprised of
7-week blocks (10/10/6e11/28/6; 11/28/6e1/16/07). Dates for
the periods overlap as the time for changeover in the status of
the CDS tool was 07:00. This study design of alternating study
and control periods was intended to explore whether any noted
changes appeared attributable to learning as opposed to the
active status of the application. Patient visits were assigned
to the group (intervention or control) based on the day of
admission to the treatment area of the ED.

Intervention
When ordering a medication in EDOE, after choosing the name
of a drug from a coded list, the order entry application provides
a list of potential doses; one is offered as the most commonly
used, or ‘default,’ dose. This dose is selected unless the user
chooses another dose on the drop-down list offered by the
application or selects ‘other ’ and types in a value. With few
exceptions, all medications have a frequency default setting of
‘31,’with other frequencies entered by selecting from a menu or
choosing ‘other ’ and typing in a value. These defaults are
intended to offer general guidance and to be appropriate for
most clinical circumstances in which the drug is used.
When the application detects an age greater than or equal to

65 and any medication in the study medication knowledge base
is ordered, the application potentially modifies one or more of
the following parameters: medication selection, default dosage,
or default frequency. The adjusted values are displayed in
a manner indistinguishable from routine ordering apart from
notification to the user that adjustments had been made based
on age (figure 1). The clinician can choose to accept or override
recommendations. Both structured and free text field responses

Figure 1 Ordering screen showing age-adjusted dosage options with
highlighted recommended default dosing.
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were available for use in providing a reason for overrides, which
were required only when declining alternate medication
recommendations (figure 2). Structured field options included
‘New evidence supports therapy of this type,’ ‘Patient has
tolerated this drug in the past,’ ‘Advice from a consultant,’ and
‘Other ’ with a free text box. During control periods, the appli-
cation was inactive and only the unadjusted parameters were
displayed. The intervention provided no additional education
relating to prescribing for older adults, Beers’ criteria, or the
objectives of the study before or during the study period.

Data acquisition
The application automatically stored order information into
a computerized database that included administrative and
demographic data. This included data tracking when the appli-
cation made a recommendation, the final order made by the
ordering physician, and reasons for overriding a recommenda-
tion. With the exception of the chart review component of the
study evaluating ADE rate, we obtained all data through queries
of this database.

Knowledge base
The knowledge base used was developed for a previous study in
our institution42 and was modified in part from Beers’ criteria.
An expert panel including a geriatrician, a general psychiatrist,
a pharmacist, two general internists, and an anesthesiologist
specializing in pain management developed modifications,
including dosage and frequency. The original developers of the
knowledge base intended to use this tool for the inpatient
setting. As such, no emergency physician was included on the
panel. While unfortunate, this is no different from other studies
that have applied Beers’ original or modified criteria to the ED,
which have to date also never included an emergency physician.
After reviewing the relevant literature, the expert panel
convened and reviewed all medications in the hospital’s
drug formulary and selected those medications that are known
to cause adverse events in the geriatric adults. Four classes
of medications were targeted for the intervention: benzodiaze-
pines (BZDs), opioids, sedative-hypnotics/neuroleptics, and
non-steroidal anti-inflammatory drugs.

The knowledge base included alternate dosing suggestions for
72 medications and medication substitutions for 35 others,
guided by published literature and drug monographs. In all, this
applied to 85 unique medication/route combinations. The expert
panel determined optimal adjustments in dose list, default dose

amount, and default frequency for each medication. Specific
recommendations included offering shorter-acting in place of
longer-acting BZDs, oxycodone (PO) or morphine (IV) in place
of meperidine, pentazocine, or propoxyphene, offering haloper-
idol in place of chlorpromazine or fluphenazine, and recom-
mending ibuprofen in place of non-steroidal anti-inflammatory
drugs such as ketorolac, ketoprofen, and others, and COX-2
inhibitors in patients over age 65. Due to technical reasons,
orders for oxycodone/acetaminophen were not flagged as study
medications in the knowledge base and so no decision support
was provided for this medication during the study periods.

Outcome measures
The main outcome measure evaluated the effects of the inter-
vention on physician ordering behavior. Specifically, this
regarded (i) agreement with suggested recommendations for
medication substitutions, and (ii) agreement with recommended
dosage substitutions for drug selection and initial dosing, broken
down by drug class. For dosage adjustments, we considered
a medication order entry selection to be in agreement with
recommendations if the dose did not exceed the parameters set
forth for the preferred dose in the knowledge base. Because of
potential complexities in analyzing decision support received for
repeated orders of the same medication, we focused only on the
initial order for a particular medication in an individual patient.
Secondary outcome measures included ED length of stay

(EDLOS), admission rate, 10-fold dosing orders, the number of
‘rescue’ antidote drugs administered in the study periods
(naloxone and flumazenil), and the relative proportion of ADEs
detected during ON and OFF periods. We included these
measures to serve as potential surrogate markers of ADEs to
broaden capture of potential events. For example, if otherwise
missed as an ADE in chart review, a case of oversedation or
altered mental status may have resulted in a prolonged EDLOS,
an admission, or the need for administration of a reversal agent.
Because many factors affect EDLOS and admission rate, differ-
ences in these measures are difficult to interpret and associations
require appropriate qualification. However, their inclusion was
intended to help obtain a full picture beyond the primary
outcomes assessed. The number of ‘greater than 10-fold orders’
was calculated by identifying orders where either the initial or
the total dose was at least 10-fold higher than the recommended
daily dose. A 10-fold cut-off was chosen because it has been
reported in other populations to be an important indicator of
error.47

ADE review
For each period, we reviewed a random sample of charts for the
presence of ADEs. Resource limitations precluded a large chart
review on the scale generally required to detect differences in
ADE rates, so our initial sample size calculation aimed to detect
a large reduction in ADEs of 50%, anticipating that this portion
of the study would be underpowered but nevertheless impor-
tant. Assuming a background ADE rate of 6%, we estimated that
we would need to review 1151 charts. Chart review consisted of
an initial screening for potential adverse drug events (PADEs)
based in part on certain triggers, including orders for medications
written in excess of recommended dosages and ADEs. This
review was performed by trained research nurses with specific
experience in ADE screening using explicit review and stan-
dardized forms validated for use in prior studies.48 An ADE was
defined as an injury caused by a drug.49 Determination of the
presence of an ADE required that it occurred after administra-
tion of a study medication in the ED and within 24 h of its

Figure 2 Ordering screen showing age-based medication substitution
recommendation as well as option for override.
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administration. In this review we did not attempt to further
identify preventability or severity of the events. Two physicians
blinded to the study period (RG and HL) performed a secondary
review to confirm the presence of ADEs with any disagreements
to be arbitrated by a third physician (DB). We compared ADE
rates among ON and OFF periods and present summary details.
The nursing portion of the review proceeded with random
sampling by study period with the secondary physician review
occurring after study completion.

Statistical analysis
Continuous data were presented as mean (SD) and analyzed
with t-tests. Categorical data were presented as proportions and
analyzed using the c2 test. In comparing patient cohort char-
acteristics, because the unit of analysis was patient visit and not
unique patient, we used a repeated measures analysis for the
categorical data. Data were compared either between interven-
tion and control or between the four study periods. Fisher ’s
exact test was used to compare relative ADE rates because of the
small number of outcomes. All reported p values were based on
two-tailed tests of statistical significance. All analytical
programming was conducted using SAS version 9.2.

RESULTS
After exclusions, there were 2398 orders among 1407 patients.
Fifty-one of these patients made at least one visit in both
a study and control period, for a total of 1548 visits. There were
551 orders for study medications in period 1, 600 in period 2, 564
in period 3, and 683 in period 4, and 21 orders during the study
period for rescue medications. There were no significant differ-
ences in the number of patients or the number of orders during
ON versus OFF periods, and no differences in cohort demo-
graphics (table 1). Orders written during the study period
included 38 of the 72 medications in the knowledge base.

Recommendations for alternate medications
There were 62 orders during control periods and 53 orders during
study periods for non-recommended medications, where the
decision support tool suggested an alternate medication. Among
the orders for non-recommended medications during the ON
periods, physicians declined the recommendation in 92.5%
(49/53) of suggestions. Among these 115 non-recommended
medication orders, the most common medications were

diazepam (67%), clonazepam (10%) and indomethacin (7%). In
28 cases (51%), the reason given for overriding the alternate
recommendation was the structured selection ‘patient has
tolerated this medication in the past.’ A total of 24 additional
free text responses were entered as reasons for overrides. These
included some iteration of the following: reason for use (eg, back
pain) given (7), physician preference (6), one time or low dose,
should tolerate/will monitor (4), consultant recommendation
(2), allergy or ‘had problems with (this medication) in the past’
(2), ‘this automated warning is not relevant or appropriate’ (1),
‘home medication’ (1), and ‘OK’ (1).

Recommendations for alternate dosing and/or frequency
Overall, a greater number of initial orders during the ON periods
were consistent with recommendations (403/1283; 31%) than
during the OFF periods (256/1115; 23%) periods (p#0.001;
table 2). However, overall agreement with recommendations
was low for ON periods: 403/1283 (31%; 95% CI 29% to 34%)
versus OFF periods: 256/1115 (23%; 95% CI 21% to 26%). There
did appear to be a trend between the active status of the
application and ordering behavior (table 2). There was an
insufficient number of orders for sedative-hypnotics to analyze
inter-period effects for this class.

Secondary outcome measures
No significant differences were observed in admission rate,
reversal drug administration, number of 10-fold orders, or ED

Table 1 Patient characteristics

Control (n[668) Intervention (n[739) p Value

Age 75 (7.2) 74 (7.4) 0.23

% Female 60% 61% 0.86

Race

White 69% 70% 0.37*

African-American 15% 16%

Hispanic 12% 10%

Other 4% 4%

Disposition

Admitted 50% 53% 0.30*

ED observation unit 26% 26%

Discharged 21% 17%

Other 3% 3%

*p Value presented as white versus non-white and admitted versus not admitted.
ED, emergency department.

Table 2 Acceptance rate by overall and individual periods, showing number and percentage of study medication orders consistent with
recommended dose

Period 1 Period 2 Period 3 Period 4 OFF periods ON periods
c2OFF ON OFF ON (1 and 3) (2 and 4)

Benzodiazepines

N 22/109 29/134 34/121 53/154 56/230 82/288 0.29

% 20% 22% 28% 34% 24% 29%

Non-steroidal anti-inflammatory drugs

N 11/80 10/72 6/78 17/70 17/158 27/142 0.04

% 14% 14% 8% 24% 11% 19%

Opiates

N 91/343 127/377 85/326 159/423 176/669 286/800 <0.001

% 27% 34% 26% 38% 26% 36%

Sedative-hypnotics

N 0/19 3/17 7/39 5/36 7/58 8/53 0.64

% 0% 18% 18% 14% 12% 15%

Total

N 124/551 169/600 132/564 234/683 256/1115 403/1283 <0.001

% 23% 28% 23% 34% 23% 31%
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length of stay among non-admitted patients (tables 1 and 3).
Among the 38 10-fold orders, haloperidol accounted for the
majority (23), written almost entirely in the dosage of 5 mg,
which is exactly 10 times the preferred dose in the knowledge
base. This was followed by hydromorphone (6) and BZDs (5).

ADE review
We reviewed charts for 673/1548 (44%) patient visits distributed
as 314, 141, 122, and 96, respectively across the four study
periods, with a non-uniform distribution of sampling that
resulted from resource limitations (table 4). There were 39 ADEs
identified, distributed as 8/237 (3%; 95% CI 1% to 6%) during
ON periods and 31/436 (7%; 95% CI 5% to 9%) during OFF
periods (p¼0.02). Among the 39 ADEs, 10 occurred among
patients with orders in agreement with recommendations while
29 occurred among patients whose orders were not in agreement
with recommendations (table 4).

The leading types of ADEs identified include altered mental
status (27) (this included delirium, somnolence, lethargy,
combativeness, confusion, unsteady gait), nausea/vomiting (11),
hypotension (4), and respiratory depression (1). These do not
sum to 39, as a number of ADEs included more than one
sign/symptom listed.

DISCUSSION
Responding to the geriatric ‘demographic imperative’ will
represent a major challenge for emergency medicine in the
coming decades. Experts have recommended a number of
approaches, including structural modifications to EDs, surveil-
lance schemes, protocols, specialized personnel, and computer-
ized decision support to bring evidence-based diagnostics and
therapies to bear upon the unique challenges in caring for these
patients.50

We found that providing age-related medication computerized
decision support at the point of order entry resulted in increasing
the proportion of medication orders consistent with recom-
mendations. In addition, the ADE rate was lower in the inter-
vention group, although several secondary outcomes did not
change. Findings were primarily driven by opiates, representing
approximately two-thirds of all potentially inappropriate orders.
Findings for other medication categories were mixed, some
with a potential learning (BZDs, sedative-hypnotics) and one
inter-period potential reversal effect (sedative-hypnotic).

Our study design was based loosely on a similar inpatient
study conducted in our institution, which obtained somewhat
different results. That study found an improvement in the
prescription of the recommended total daily dose, a reduction in
the incidence of 10-fold dosing orders, and in the prescription of
non-recommended drugs, and was associated with a lower in-
hospital fall rate, but showed no reduction in hospital length of
stay. Because the inpatient study had different primary and
secondary outcome measures and used a different approach for
the detection of ADEs reviewed, these are not directly compa-
rable. Because patient length of stay in the ED is measured in
hours rather than days, and since the majority of orders are for
a frequency of ‘31,’ the primary outcome measures focused on
the initial order for a medication rather than a total daily
dose received (as was the emphasis in the inpatient study).
We restricted our analysis of agreement with recommendations
to initial orders for a medication, excluding subsequent orders
for the same drug. Such multiple orders were infrequent, and
their inclusion would have complicated analysis and made
explanation cumbersome without contributing to the analysis.
Our design, consisting of alternating OFF and ON periods of

computerized decision support was intended to assess whether
changes in ordering behavior across study periods were sustained
or rather corresponded to the active status of the decision
support tool. This would indicate whether potential changes
were due to real time effects of decision support versus learning
that took place after the initial activation period. Since residents
rotate through the ED, and likely write the majority of medi-
cation orders (though this detail was not captured), this may
have been unnecessary. In order to avoid problems associated
with multiple testing, we did not perform a statistical test for
each inter-period interval. However, there was a significant
change across periods and an apparent trend present.
The decision support tool resulted in increased agreement of

medication orders with recommendations, although overall
agreement with recommendations was low, and the majority of
medication substitution recommendations made were declined.
This is likely the result of a number of factors. The first of these
is that it is notoriously difficult to change physician behavior.
Although computer interventions have fared well among various
strategies for impacting behavior, this phenomenon continues to
be a challenging area in research and quality improvement
efforts.
We believe that perhaps a more important factor may be that

the medication knowledge base used in our study was not
designed specifically for the ED setting. Medication and dosing
recommendations that are inconsistent with an emergency
physician’s experience regarding efficacy and safety in the acute
setting, may lead to rejection of recommended changes. While it
is unclear whether or to what extent input by emergency
physicians would have changed recommendations for initial
drug doses, especially for this first trial in the ED, it is possible
that the low to moderate compliance rates might indicate
general disagreement with some of these recommendations.
Emergency patients are often of higher acuity and in higher

levels of pain than those in an outpatient clinic or perhaps the
medical floor, and may in particular require higher doses of
analgesia than required in other settings. In addition, since
emergency physicians (EPs) are physically present in the treat-
ment area when medications are ordered and administered to
patients, it may be that the feedback EPs receive on the efficacy
and the dangers of commonly used medications and dosages
helps avoid the more frequent pitfalls in prescribing. In this
light, it is not surprising that the most common reason given for

Table 3 Secondary outcome measures

OFF ON p Value

Mean EDLOS (SE) for discharged patients (h) 5.8 (0.27) 5.6 (0.30) 0.71

Admission rate (%) 50 53 0.15

Rescue drugs administered 11 10 0.59

10-fold dosing orders 21 17 0.87

p Value from c2 test to evaluate for a difference across four study periods.
EDLOS, emergency department length of stay.

Table 4 Adverse drug events (ADEs) identified by period and broken
down by agreement with recommended dose (yes/no)

Period 1 Period 2 Period 3 Period 4 OFF periods ON periods

Charts reviewed 314 141 122 96 436 237

ADEs (#) 21 (7%) 1 (7%) 10 (7%) 7 (6%) 31 (7%) 8 (3%)

Agreement with recommended dose?

Yes 3 1 4 2 7 3

No 18 0 6 5 24 5
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overriding recommendations for an alternate medication was
that the patient had not had problems with the drug previously.

These findings are also consistent with those of a recent study
of the impact of CDS on prescribing behavior for outpatient
prescriptions from the ED.46 The knowledge base used in the
present study shares similarities with the Beers’ list, but as
previously noted also includes recommendations for alternate
dose, frequency, and total daily dose. It is encouraging that only
38 of the 85 unique medication/dosing recommendations were
ordered in the ED. Limited applicability of existing medication
recommendations for older adults to the emergency setting is
not unique to our study, and has been previously discussed
in the emergency medicine literature.25 51 It is worth noting that
the development of Beers’ criteria was consensus-based and
that the original expert panel and subsequent updates have not
included EP input. Recently, alternate criteria such as STOPP
(Screening Tool of Older Persons’ potentially inappropriate
Prescriptions) have been proposed and studied.52 Further guide-
line development for use in the ED would likely benefit from
site-specific adjustment.

We were interested in testing whether our intervention would
result in fewer adverse events, recognizing that our study was
potentially underpowered to detect this. We did find a decrease
in ADEs during the periods when the CDS tool was active and
that among the ADEs detected, the majority were related to
medication orders not in agreement with recommendations.
However, because the observed agreement rate with recom-
mendations was low even during ON periods, this may limit the
conclusions that can be drawn from this comparison.

As previously noted, because differences in ADE rates can be
difficult to demonstrate, we looked at a number of secondary
outcome measures intended as surrogates for adverse events,
such as increased admission rate, EDLOS for discharged patients,
use of rescue reversal drugs, and 10-fold drug orders. We did not
find differences in these secondary outcome measures.

While the majority of recommendations from the knowledge
base used in this study, in Beers’ criteria, and other criteria
proposed have focused on preventing PIMs or dosages thought
to be associated with delirium, sedation, and other untoward
outcomes, it bears consideration that there may also be risks and
problems associated with under-treatment. For example, it is
possible that recommendations erring toward subtherapeutic
dosing of sedative-hypnotics in the setting of agitated delirium
might result in an increased risk of self-harm or need for physical
restraint use. Similarly, under-dosage of analgesics may result in
under-treatment of pain and suffering. While the CDS knowl-
edge base considered 5 mg of haloperidol to be a ‘10-fold order ’
that might warrant review, many emergency physicians using
this medication for acute agitation in the elderly might find
0.5 mg to be an ineffectively low starting dose. This reflects
some of the limitations of the knowledge base which might be
very appropriate for other settings or conditions but bear
adjustment.

The decision-support tool and knowledge base could clearly be
improved further. As noted, recommendations err on the side of
conservative treatment, generally meaning alternate medica-
tions or lower dosages. Finding an appropriate range makes sense
and recommendations that are sensitive to specific indications
and to mental status would be ideal. It would also seem
important to be able to assess the additive effects of medications
of different types and among different classes. For example, if
a patient were ordered a BZD and two different narcotic medi-
cations, the ordering physician would receive the same decision
support as for a patient just receiving one of these three drugs.

Future efforts could target such additional complexities and
address errors of prescribing omission in the elderly,53 and might
include some educational intervention in addition to the CDS.
Most immediately, future work should include derivation of an
ED-specific evidence-based knowledge base for elderly medica-
tion dosing. Decision support using this knowledge base could
then be re-examined to investigate its impact on elderly ED
patients.

Limitations
This study has a number of limitations. The chart review
portion of this study included a retrospective review. Although
the previously validated screening methodology used was
directed at minimizing potential hindsight bias, the inherent
limitations of retrospective review with incomplete documen-
tation cannot be completely eliminated. Emergency physicians
and emergency medicine nurses are reported to miss >70% of
patients with cognitive dysfunction compared to prospective
data collection using validated structured screening tools.54

Chart abstraction that relies in part on documentation of
delirium, for example, would potentially miss this as well. The
effect of this would be to underestimate the number of ADEs
manifested as confusion. We did not perform an assessment of
inter-rater reliability among the nurse reviewers. However, prior
internal assessments of inter-rater reliability for the same nurse
reviewers using the same process has been $94%. Lack of
follow-up on discharged ED patients who may have sustained
ADEs manifested at home and who may have gone to other
facilities for subsequent treatment also present limitations.
Due to technical reasons, unfortunately, orders for oxyco-

done/acetaminophen were not flagged as drugs in the knowledge
base and so there was no decision support provided for this
medication during the study periods. This was discovered too
late in the study to make adjustments. Also due to technical
issues in reactivating the status of the CDS after the second OFF
period, the last two periods of the study were 1 week longer
than the first 2 weeks. This was distributed evenly for study and
control periods and we do not think it impacts the findings of
the study.
The methodology in the chart review included identification

of orders as PADEs if they were above the recommended dosage
or frequency. Because the secondary reviews for ADEs was
performed for those charts flagged as having PADEs, the likely
effect of this would be to enrich the denominator of charts
undergoing secondary review with those that were non-
compliant, potentially biasing the results. Because of this, the
significant differences observed in ADEs between compliant and
non-compliant orders must be qualified accordingly, potentially
over-estimating the impact of the decision support tool.
We did not collect data regarding physician demographics

during the study, and thus cannot report these data. Although
we collected information on reasons for declining medication
substitution recommendations, we did not collect this data for
when suggested dosage recommendations were declined. This
was in part because this information was not included for
collection in the CDS tool for the inpatient study our inter-
vention was based on, and in part related to desires to make the
CDS as least disruptive as possible. We also did not routinely
collect data on patients’ home medications as part of this study.
Our restriction of the evaluation for ADEs to a 24 h period
might conceivably limit our ability to differentiate between
ADEs caused by medication ordered in the ED versus chronic
medications that were previously described. Our study exam-
ined medication orders rather than medication administration.
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The medication administration record was not computerized
and this impaired the feasibility of using this for our review.
However, we do not expect this record to differ from the data
obtained from our ordering data.

The study was conducted in a single institution. Because the
intervention was tested at a teaching hospital where house
officers write the majority of medication orders, the results may
not be generalizable to other non-teaching hospital settings. We
did not conduct an assessment of physician acceptability for the
intervention. While the low overall compliance with the inter-
vention may speak to acceptability of the details of the recom-
mendations, this does not assess the process of the decision
support.

Although the decision support provided includes recommen-
dations for alternate frequency of dosing, as the large majority of
medication orders in the ED have the default frequency of ‘31’
this was not applicable. For a small number of orders frequency
recommendations may have been provided. However, as the
number of these was very small we did not evaluate changes in
frequency as an outcome measure.

Finally, consideration of all adults $65 years as one popula-
tion could be problematic. Confounding variables such as occult
cognitive dysfunction, functional status, frailty, fall-risk, trans-
portation deprivation, economic constraints, and insecure social
safety nets may all influence the incidence of ADEs for a given
medication and would ideally be considered for incorporation
into future trials assessing ADE interventions in older ED
populations.

CONCLUSIONS
In summary, the use of a real-time computerized decision
support tool for guided medication dosing in elderly emergency
patients resulted in improved agreement with recommended
ordering behavior among emergency physicians. Fewer ADEs
were observed when computerized decision support was active.
This association, however, must be qualified by low overall
agreement rates with CDS recommendations. Future directions
in this area might focus on ED-specific adjustment of dosing
recommendations and larger studies powered to detect and
confirm expected differences in ADEs.
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