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ABSTRACT

Objectives: Adverse drug events (ADEs) cause or contribute to one in nine emergency department (ED)
presentations in North America and are often misdiagnosed. EDs have insufficient clinical pharmacists to
complete medication reviews in all incoming patients, even though pharmacist-led medications reviews have
been associated with improved health outcomes. Our objective was to validate clinical decision rules to identify
patients presenting with ADEs so they could be prioritized for pharmacist-led medication review.

Methods: This multicenter, prospective study was conducted in two tertiary and one community hospital in
Canada. We enrolled 1,529 adults presenting to EDs over 12 months. We applied two clinical decision rules and
collected baseline variables prior to assessments by clinical pharmacists and physicians. We compared the
physician and pharmacist diagnoses with the decision rule results. The primary outcome was a moderate or
severe ADE, defined as an unintended and harmful event related to medication use or misuse, which required a
change in medical therapy, diagnostic testing, consultation, or admission. An independent committee adjudicated
uncertain and discordant cases. We calculated the diagnostic accuracy of both rules.

Results: Among 1,529 patients, 184 (12.0%) were diagnosed with an ADE. Rule 1 contained the variables 1)
having a preexisting medical condition or having taken antibiotics within 1 week and 2) age > 80 years or having
a medication change within 28 days. They had a sensitivity of 91.3% (95% confidence interval [Cl] = 86.3%—
95.0%) and a specificity of 37.9% (95% CIl = 35.3%-40.6%) for ADEs.

Conclusions: Our study validated clinical decision rules that can be applied by clinical pharmacists to limit the
number of patients requiring medication review, while identifying the majority of patients presenting with clinically
significant ADEs.
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| Yreventable adverse events related to medical care
are a common cause of emergency department

(ED) visits and hospitalizations and a leading cause of

dealth.? Of deaths attributable to medical care, those

3,
are the most common. *

related to medications
Prospective studies indicate that adverse drug events
(ADEs) cause or contribute to one in nine ED visits,
indicating a large burden of disease.”® With the popu-
lation aging and medication use expanding, these
numbers are expected to continue to rise.

Physicians working in EDs and on inpatient units
do not recognize a medication-related cause in 20%
to 50% of ADEs.”'° Lack of timely recognition, cor-
rection, and communication of ADEs may prolong

to the

excess morbidity, health services use, and costs asso-

harmful medication use and contributes

ciated with these events.”!'™ In contrast to physi-

cians, clinical pharmacists whose training and
professional practice focus on medication manage-
ment are more likely to recognize medication-related
presentations.'® Pharmacistled medication review in
high-risk patients in the ED has been associated
with reduced hospital length of stay among those
requiring admission.' '8

Clinical pharmacists remain a scarce and expensive
resource, making routine medication review in all
incoming patients untenable.'”?! As a result, the
majority of patients presenting to EDs with clinically
significant ADEs—recognized or not—are discharged
without medication review.” Evidence-based criteria
can enhance the identification and treatment of
patients presenting with ADEs and are needed to
ensure that high-risk patients are evaluated by clinical
pharmacists to optimize their outcomes and reduce
subsequent health services utilization.

Our group previously prospectively derived clinical
decision rules that allow care providers in EDs to
identify incoming patients presenting with ADEs.® In
the derivation study, the objective was to derive clinical
decision rules that were sensitive for the detection of
adverse events. This would allow their identification
early in a patient’s hospital course so that patients
could be referred to a clinical pharmacist for medica-
tion review. In the present study, our goal was to vali-
date these rules (Figures 1 and 2) by assessing their
diagnostic accuracy in a new cohort of patients. A sec-
ondary aim was to evaluate the accuracy of variables
collected by nurses, to evaluate whether nurses could
apply the rules. Based on derivation, our hypothesis

was that at least one rule would maintain a sensitivity
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of >90% in identifying patients with moderate or
severe ADEs.

METHODS
Study Design and Setting

This was a prospective cohort study that was con-

ducted in two Canadian teaching hospitals (Vancouver
General Hospital, Vancouver, British Columbia; and
the Ottawa Civic Hospital, Ottawa, Ontario) and one
urban community center (Lions Gate Hospital, North
Vancouver, British Columbia) with a combined
annual ED census of 215,000 visits. One of these sites
had participated in the previous derivation study.®

The research ethics boards of all participating sites
approved the study protocol and waived the need for
informed consent for study enrollment, prospective
data collection, and subsequent chart review (for fol-
low-up after the ED visit). Written informed consent
was mandated for any follow-up telephone calls. We
set out to validate two clinical decision rules in this
study, as evaluating more than one rule at a time
increases the chances of successfully validating at least
one rule and allowed us to target different perfor-
mance metrics for different EDs.

Selection of Participants
All patients who presented to a participating ED
between August 2014 and September 2015 during a
scheduled data collection shift were eligible for enroll-
ment. We scheduled day (0800-1559 hours), evening
(1600-2359 hours), and weekend shifts proportional
to the volume of incoming patients during the same
time interval in the prior fiscal year. We did not
schedule data collection shifts between 0000 and 0759
hours as the number of eligible patients presenting at
nighttime had been small during the prior derivation
study, rendering nighttime enrollment inefficient and
costly.®

Enrollment of consecutive eligible patients during
data collection shifts would have overwhelmed our
ability to complete data collection forms and outcome
assessments without disrupting the flow of patients
through the EDs. To minimize the study’s impact on
patient flow and enroll a representative sample of
patients, research pharmacists used a previously devel-
oped algorithm to systematically select patients for the
study from among all incoming patients.”® Pharma-
cists tallied the number of patients presenting in the
hour prior to their start time, from which they
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[ ]Yes
!

taken antibiotics in the past 7 days?

Has the patient taken medications in the past 2 weeks?*
[ INo - LOWRISK

Does the patient have any preexisting medical problems or has the patient

[ Yes [ INo ->LOW RISK

A
Is the patient = 80 years old or has the patient changed any medications in the
past 28 days?t

[ ]Yes [ INo - LOWRISK

2

HIGH RISK
ADE

Decision Rule Yes No
Positive 168 835
Negative 16 510

Sensitivity 91.3% (95% CI = 86.3%-95.0%)

Specificity 37.9% (95% CI = 35.3%-40.6%)

Negative Predictive Value 97.0% (95% Cl = 95.2%-98.1%)
Positive Predictive Value 16.8% (95% Cl = 15.9%-17.6%)
Positive Likelihood Ratio 1.47 (95% Cl = 1.38-1.56)
Negative Likelihood Ratio 0.23 (95% CI = 0.14-0.37)

Figure 1. Rule 1 used to screen for moderate or severe ADEs, and its classification performance. *During clinical decision rule derivation
having taken medication in the previous 2 weeks was an inclusion criterion; however, during piloting the triage nurses applying the rule
asked that this criteria be built into the first step of each rule to enhance its ease of use and functionality. TMedication changes included
medication stops and starts, and changes to dose, frequency or route of administration. ADE = adverse drug event.

randomly selected one patient using an online random
number generator. As sicker patients tend to linger in
the ED and are systematically different from patients
discharged rapidly, this strategy allowed us to avoid the
selection bias that would have occurred had pharma-
cists randomly selected from among all patients in the
ED. After completing enrollment and data collection
on the first patient, research pharmacists used fixed
time intervals (e.g., 45 minutes) from the first patient’s
presentation to approach subsequent eligible patients.
This was quicker than retallying patients who had pre-
sented within the past hour and ensured that lingering
patients could not be sampled more than once. When
applied in a previous study,’ this algorithm yielded a
sample representative of the age, sex, and triage acuity
of all presenting patients (unpublished data).

We enrolled patients who were 19 years of age or
older, reported using at least one prescription or

overthe-counter medication in the 2 weeks prior to
presentation, and who either spoke English or had a
translator available when they presented to the ED.
We excluded patients if they exhibited violent behav-
ior; presented with intentional self-poisoning, needle-
stick injury, or sexual assault; were previously enrolled;
presented for a scheduled revisit; were transferred
directly to an admitting service; were triaged to a fast-
track zone (in which the time to patient disposition
was too rapid for enrollment); or left against medical
advice or prior to seeing the physician and pharmacist.

Intervention

After enrollment, research assistants placed data collec-
tion forms containing standardized clinical variables
and the clinical decision rules to be validated in
patient charts (Figures 1 and 2). The standardized clin-
ical variables were ones that were associated with
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\

\

1. Has the patient taken medications in the past 2 weeks?*
[ ]Yes [ ]No-> LOW RISK

2. Does the patient have any preexisting medical problems or
has the patient taken antibiotics in the past 7 days?

[]Yes [ JNo- LOW RISK

3. Any moderate-risk criteria present:

—Change in medications within 28 dayst

—Avrrival by ambulance & CTAS 1-3

—Admission to hospital within 1 month

—History of renal failure or creatinine > 150 umol/L
—Taking 4 or more prescription drugs

[ ]Yes [ ]No-> LOW RISK
d
HIGH RISK
ADE
Decision Rule Yes No
Positive 176 1,038
Negative 8 307

Sensitivity 95.7% (95% Cl = 91.6%-98.1%)
Specificity 22.8% (95% Cl = 20.6%—25.2%)

Negative Predictive Value 97.5% (95% Cl = 95.1%—-98.9%)
Positive Predictive Value 14.5% (95% Cl = 14.0%-15.0%)
Positive Likelihood Ratio 1.24 (95% CI = 1.19-1.29)
Negative Likelihood Ratio 0.19 (95% CI = 0.10-0.38)

Figure 2. Rule 2 used to screen for moderate or severe ADEs, and its classification performance. *During derivation having taken medica-
tion in the previous 2 weeks was an inclusion criterion; however, during piloting the nurses applying the rule asked that this criteria be built
into the first step of each rule to enhance its ease of use and functionality. TMedication changes included medication stops and starts, and
changes to dose, frequency or route of administration. ADE = adverse drug event; CTAS = Canadian Triage Acuity Score.

ADEs in the derivation study, but were not used in
our final models.® ED nurses who were unfamiliar
with the study were briefly oriented to the study proce-
dures and data collection forms at the beginning of
data collection shifts by research assistants. Nurses

completed data collection forms during their initial
patient assessments and prior to the research pharma-
cist’s assessments. Nursing data collection forms were
removed from patient charts prior to research pharma-
cist assessments. We incentivized nurses to use the
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forms with monthly prize draws; each completed form
was counted as one entry toward the prize.

Research pharmacists, both residency-trained clinical
pharmacists (KB and AZ) who normally worked in the
ED or on a hospital ward, collected demographic and
clinical information in the ED, including diagnostic
test and imaging findings from emergency physicians
and by chart review. They obtained best-possible medi-
cation histories using provincewide electronic medica-
tion dispensing data from PharmaNet and the
Ontario’s Drug Profile Viewer for all patients in
whom data were available and from patient, family
provider The
reviewed the electronic information for medication

and care interviews: pharmacists
accuracy, completeness, and adherence by interviewing
patients and care providers. They determined any
over-the-counter or alternative therapies by patient and
care provider interviews. When required, they called
the patients’ family physicians and community phar-
Given the

patients who might not be able to provide an accurate

macists for clarification. inclusion of
history (e.g., patients with delirium) and the difficulty
of asking nurses to collect detailed, high-quality medi-
cation data in busy EDs, we prespecified that when
nursing variables were missing or inaccurate, we
would replace them with variables derived from hospi-
tal registration, laboratory, and medication-dispensing
data (i.e., PharmaNet for patients enrolled in British
Columbia and Ontario Drug Benefits Program for
low-income and >65 vyearold patients enrolled in
Ontario). Variables derived from electronic medica-
tion-dispensing data were verified by research pharma-
cists when collecting a best possible medication history
and were documented prior to outcome assessments.

Outcome Ascertainment

Research pharmacists evaluated whether or not the
patient presented with an ADE using a validated
causality algorithm, previously adapted to our ADE
definition.”? After completing and documenting their
outcomes assessments, pharmacists interviewed the
treating physician using a standardized questionnaire
to determine whether or not the physician believed the
patient had suffered an ADE (yes/no/uncertain) and
to identify any alternative diagnoses for the patient’s
presentation. When the physician and pharmacist
determinations of a patient’'s ADE status were concor-
dant (ratings yes/yes or no/no), this was considered
the criterion standard. If there was any disagreement
(ratings yes/no, yes/uncertain, or no/uncertain), or if
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both ratings were uncertain, an independent commit
tee, composed of a pharmacist and physician otherwise
uninvolved in the study, adjudicated the case using a
previously developed algorithm (Figure 3).

If enrolled patients were admitted to hospital, we
followed their course of care until discharge by chart
review and telephoned consenting patients after hospi-
tal discharge, if follow-up was necessary to determine
whether or not an ADE was present upon presenta-
tion (e.g., for the results of Clostridium difficile toxin

assays pending at discharge).

Outcome Definition
Varying case definitions of ADEs exist.?’>?® We
an ADE, as an

“untoward and unintended event arising from the

defined the primary outcome,

appropriate or inappropriate use of a prescription or
overthe-counter medication.””>*>?® ADEs  included
adverse drug reactions, a response to a prescription or
overthe-counter drug that is noxious and unintended
and occurs at doses normally used in man for the pro-
phylaxis, diagnosis, or therapy of disease,”® and events
due to nonadherence or drug withdrawal, errors in pre-
scribing, dispensing or medication administration, drug
interactions, supra- or subtherapeutic dosing, untreated
indications, and inappropriate drug use. The severity
of all ADEs was rated as: 1) severe, if the event caused
death or required admission; 2) moderate, if it resulted
in a change in medical management (medical therapy,
a diagnostic procedure or consultation); and 3) mild, if
the event required no change in therapy.” To meet the
outcome definition we prespecified that events had to
be categorized as at least moderate in severity, based on
the actions of the treating physician. All events identi-
fied in this study are described in more detail in Data
Supplement S1 (available as supporting information in
the online version of this paper, which is available at
http://onlinelibrary.wiley.com/doi/10.1111/acem.
13407/full). Events were categorized as related to the
chief complaint, if the patient’s chief complaint was a
direct result of the ADE (e.g., “vomiting blood” in a
patient with an nonsteroidal anti-inflammatory induced
gastric ulcer), and categorized as incidentally found if it
the chief complaint was unrelated to the ADE (e.g.,
“fall” in a patient found to have an international nor-
malized ratio of 6).

Data Analysis
We calculated the inter-rater reliability of the outcome
measure during the pilot period using Cohen’s kappa
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Evaluation by a Pharmacist: Evaluation by a Physician:
Using causality algorithms, combined with Physicians were interviewed at the end of the
their global ADE assessment: ED visit to see if they diagnosed an ADE:
Yes/No/Uncertain Yes/No/Uncertain
Yes/Yes ADE .| Final ADE Rating
No/No ADE by Consensus
All other
ratings
In the ED: &
|
After ED visit: l

Algorithm for adjudication committee:

. No evidence that symptom was due to treatment.

SUE W~

. Symptom was probably due to treatment.
. Symptom was definitely due to treatment.

considered an ADE.

and problem.

1. Each rater independently evaluated the case and rated the likelihood that the
complaint/problem was related to medication use:*

. Little evidence that symptom was due to treatment.
. Symptom was possibly due to treatment but more likely due to disease.
. Symptom was possibly due to treatment and more likely due to treatment than disease.

2. Each rater’s score was recorded. If all ratings were >4, the case was
considered an ADE. If all ratings were one to three the case was not

3. Ifall ratings were the same, that number was the final rating for that patient
4. If the ratings were different, the case was discussed until consensus was

reached on the final rating. The final consensus rating determined whether
or not the case was considered an ADE (score 4-6) or not (score 1-3).

A4

Final Rating by Adjudication

Figure 3. Adjudication procedure for uncertain or discordant events. In the ED each patient was evaluated by a clinical pharmacist and the
treating emergency physician independently and blinded to each other’s evaluations. The ratings were combined while the patient was still
in the ED, but after each rater had documented their assessment. If there was any disagreement about the rating (i.e., yes/no, yes/uncertain,
no/uncertain, etc.), or if one or both of the evaluations were uncertain, the case proceeded to independent adjudication by a committee con-
sisting of a pharmacist and physician who were not in any other way involved in the study. ADE = adverse drug event

and reported it with 95% confidence intervals (Cls).””
The sample size calculation was based on the clinical
decision rule maintaining a sensitivity of >90% with a
desired precision of +£5%.%*® Given a conservative
prevalence of 10% for moderate and severe ADEs in
prior studies, we estimated requiring a sample size of
1,500 to capture 150 outcomes.”® This would yield an
accuracy of 95%Cls between 85% to 94% for a rule
with an estimated 90% sensitivity.

We performed a planned interim analysis at mid-
point of data collection. First, we assessed the quality
of data collected by nurses by evaluating the propor-
tion of patients misclassified for four key variables for
which objective comparisons were available in adminis-
trative data: age category (i.e., >80 years), renal failure
(i.e., creatinine >150 pmol/L), number medications
(i.e., use of >4 medications), and recent medication
changes. To be acceptable for uptake into clinical prac-
tice, our goal was to validate rules that were parsimo-
nious and accurate. A priori, we aimed for fair
specificity while maintaining sensitivity above 90%."
We collected additional potential predictor variables

and measured their univariate associations with the
study outcome using two-sided Student’s ttests and
the Pearson chi-square test.

We calculated the sensitivity, specificity, and post-
test predictive values for each of two rules for identify-
ing patients presenting with one or more ADEs with
95% Cls. For the purpose of estimating the propor-
tion of patients who would be identified as high risk
by the rules if implemented in clinical practice, we
emulated a prior implementation study, in which we
categorized all excluded patients as low risk, as they
were either clinically deemed to be a very low risk of
an ADE (e.g., on no medications within 2 weeks, pre-
senting with needlestick injuries, sexual assault, imag-
ing results), or medication review in the ED would
not be feasible without incurring substantial additional
resources or changes in patient flow (e.g., not English
speaking and no translator available or presented for a
direct admission).!”'® Thus, we determined the pro-
portion of patients who would be identified as high
risk by the rules in clinical practice, by determining
the proportion who all

screen  positive, over
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approached patients (N = 2,513). We used Stata/SE,

version 13, for all analyses.

RESULTS

Characteristics of Study Subjects

We enrolled 1,529 patients between September 2014
and August 2015. The patient flow diagram is
depicted in Figure 4. The mean (£SD) age of enrolled
patients was 59.3 (+20.9) years, 55.7% were female,
and the median number of prescribed medications
was 5 (interquartile range [IQR] = 3-9; Table 1).

Assessment of Outcomes

The interrater reliability of the pharmacist assessments
of ADEs during the pilot period was 0.86 (95% CI =
0.6-1.0). In 1,369 (89.5%) of patients, the clinical
pharmacist’s and treating physician’s outcome assess-
ment was concordant; all others were adjudicated by
an independent committee (Table 2). In total, 170
patients with missing physician assessments (n = 46)
or discordant or uncertain ratings (n = 124) were

www.aemj.org 1021
adjudicated, of whom 85 met the final outcome defini-
tion. Three patients with a missing physician assess-
ment were ultimately diagnosed with an ADE.
Physicians did not recognize the ADE in 63/181
(34.8%) patients and were uncertain about 28/181
(15.5%) patients who met the final outcome defini-
tion.

Among enrolled patients, 184 (12.0%, 95% CI =
10.4%—13.8%) were diagnosed with 202 moderate or
severe ADEs meeting the primary outcome definition
and thus required a change in medical management
according to the treating emergency physicians (Fig-
ure 4, Data Supplement S1). These included 96
(6.3%, 95% CI = 5.1%—7.6%) adverse drug reactions.
Of 184 patients, 76.6% (95% CI = 69.8%—-82.5%)
experience ADEs that were chief complaintrelated,
and 23.4% (95% CI = 17.5%—-30.2%) had events that
were incidentally found by pharmacists. None of these
were fatal. In 34.5% (95% CI = 27.5%— 42.1%) of
cases ultimately attributed to ADEs, emergency physi-
cians did not attribute the presentation to a drug
(Table 2). They were uncertain about whether an

2,513 Patients selected by

the algorithm

S~

747 Excluded

242 No medications within 2 weeks
115 Direct transfer for admission
105 Under 19 years of age

81 Scheduled revisit

53 Refused participation

51 Triaged to rapid assessment zone
44 Left against medical advice

29 Intentional overdose, needlestick
injury, sexual assault

21 No English/translator available

e 6 Violent behavior

1,766 Patients enrolled

\

232 Excluded
e Left prior to completion of nursing and
pharmacist assessment

Assessment for study

outcomes

-

1,345 Outcomes absent*

(&

202 Outcomes present in 184 pts+

Adverse drug reaction = 96
Nonadherence = 38

Drug withdrawal = 7
Sub-/supratherapeutic dose = 35
Drug interaction = 3
Therapeutic failure = 10
Untreated indication = 8
Prescription errors = 5

%

Figure 4. Patient flow. *No moderate or severe ADEs identified. At least one moderate or severe ADE identified. ADE = adverse drug

event.
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Table 1
Characteristics of Enrolled Patients

Table 2
Outcomes Assessment by Provider Group

Number of Patients

Characteristics (N = 1,529)
Age (years) 59.3 (+20.9)
Age > 80 years 331 (21.7)
Female 851 (55.7)
Arrived by ambulance (n = 14,92) 496 (33.24)
CTAS

1 8 (1.2)

2 418 (27.4)

B 794 (52.0)

4 273 (17.9)

5) 3 (1.5)
Most common chief complaints (n = 1,432)

Abdominal pain 127 (9.72)

Chest pain 127 (9.72)

Shortness of breath 62 (4.72)
Most common comorbid conditions

Hypertension 497 (32.5)

Mental health diagnosis 385 (25.2)

Atrial fibrillation 153 (10.0)
Comorbid conditions 0.96 (+1.05)
Most common prescription medications

Levothyroxine 228 (14.9)

Pantoprazole 218 (14.3)

Atorvastatin 208 (13.6)

Ramipril 165 (10.8)

Metformin 159 (10.4)

Prescription medications

5 (3-9)
708 (47.64)

Complementary and
alternative medication use

lllicit drug use 123 (8.22)
Followed by a general practitioner 1331 (88.26)
Hospital admission 237 (15.5)
Died in hospital 0 (0.0)

Data are reported as mean (+SD), n (%), or median (IQR).
CTAS = Canadian Triage Acuity Score; IQR = interquartile range.

adverse event had occurred in an additional 16.1%

(95% CI = 11.0%—-22.4%).

Main Results

Standardized variables strongly associated with ADEs
included age; use of opioids, antihypertensives, or
antibiotics; recent medication changes; and the num-
ber of prescription medications (Table 2). Nurses mis-
classified 2.7% (8/311) of patients over 80 years old
as being younger, 60.5% (26,/43) of patients with crea-
tinine values of over 150 umol/L as not having renal
failure, 45.4% (465/1023) of patients taking four or
more regular medications as taking less, and 40.7%
(319/783) of patients with recent medication changes

Physician Rating*

Pharmacist Rating No ADE ADE Uncertain Total
No ADE 1,200 137 20+ 1,233
ADE 79+ 99 15F 193
Uncertain 32} 7t 187 57
Total 1,311 119 53 1,483

All cases in whom a rating was missing, or in whom ratings were
discordant or uncertain, were adjudicated by an independent
committee otherwise uninvolved in the study. Cases in which the
pharmacist’s and physician’s ratings were concordant (ADE/ADE
or no ADE/no ADE) were considered final.

ADE = adverse drug event.

*Physician assessments were missed in 46 patients; all of which
went to adjudication.

tAll discordant and uncertain cases (n = 124) were adjudicated.

as having not had changes to their medications. As a
result, we assessed the rules’ accuracy using variables
laboratory, and
PharmaNet data for medication-related variables.

Rule 1 identified 168/184 patients experiencing an
ADE for a sensitivity of 91.3% (95% CI = 86.3%—
95.0%) and a specificity of 37.9% (95% CI = 35.3%-—
40.6%; Figure 1). These criteria identified 39.9% of

all incoming patients as high risk, after excluding

derived from hospital registration,

patients who did not meet inclusion criteria and
would have therefore been deemed “low risk” by the
rule (N = 2,513 patients).

Rule 2 identified 176/184 ADEs, yielding a sensitiv-
ity of 95.7% (95% CI = 91.6%-98.1%) and a speci-
ficity of 22.8% (95% CI = 20.6%—-25.2%; Figure 2).
identified 48.3% of all incoming
patients as high risk after excluding patients who did

These criteria
not meet inclusion criteria and would have therefore

been deemed low risk by the rule (N = 2,513
patients).

DISCUSSION

We validated criteria to identify ED patients presenting
with clinically significant ADEs in a new cohort of
patients. Both sets of criteria we evaluated were sensi-
tive for the detection of this outcome. Implementation
of either tool would allow clinical pharmacists to
rapidly screen patients entering EDs for their risk of
ADEs prior to proceeding with full medication review.
We previously demonstrated the value of this strategy
in a prospective implementation study in one tertiary
and two community hospitals, in which pharmacistled
medication review in the ED was associated with a
reduction in subsequent hospital bed utilization in
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Table 3
Univariate Association Between Standardized Variables and ADEs

Outcome Measure

Characteristic No ADE (n = 1,345) ADE (n = 184) Difference (95% ClI)
Age (years) 58.4 (+20.9) 66.1 (+19.8) 7.7 (4.5 to 10.9)*
Age cutoff > 80 years 274 (20.4) 57 (31.0) 10.6 (4.0 to 17.9)*
Female 742 (55.2) 109 (59.2) 4.1 (-3.6 to 11.4)
CTAS
1 6 (1.2) 2 (1.1) 0.1 (0.0 to 1.2)
2 357 (26.6) 61 (33.3) 6.6 (0.0 to 14.1)
B 692 (51.5) 102 (55.4) 3.9 (-3.7 to 11.5)
4 257 (19.1) 16 (8.7) 10.4 (5.1 to 14.4)*
5) 1(1.6) 2 (1.1) 0.5 (0.0 to 1.6)
Creatinine > 150 pmol/L} 5 (5.4) 18 (19.2) 13.8 (6.9 to 22.7)*
lllicit drug use 106 (7.9) 17 (8.9) 1.0 (2.7 to 6.1)
Present medication use
Antihypertensives 436 (32.4) 90 (48.9) 16.5 (8.9 to 24.1)*
Aspirin 254 (18.9) 43 (23.3) 4.5 (1.5 to 11.4)
Opioid 157 (11.7) 43 (23.3) 11.7 (5.9 to 18.5)*
Antibiotic 149 (11.1) 35 (19.0) 7.9 (2.6 to 14.4)
Insulin/hypoglycemic 110 (8.2) 31 (16.8) 8.7 (3.7 to 14.9)*
Benzodiazepines 136 (10.2) 20 (10.9) 0.8 (-3.4 t0 6.3)
Antiepileptic 4 (3.3) 9 (4.7) 1.6 (-1.0 to 5.8)
Medical history
Renal failure 4 (4.8) 17 (9.2) 4.5 (0.9 to 9.6)*
Diabetes 136 (10.1) 31 (16.9) 6.7 (1.7 to 13.0)*
Heart failure 7 (7.2) 24 (13.0) 5.8 (1.5 to 11.6)*
Atrial fibrillation 107 (8.0) 22 (12.0) 4.0 (0.0 to 9.6)
Mental health diagnosis 212 (15.8) 33 (17.9) 2.1 (-3.1 to 8.6)
On > 3 prescription medicationst 684 (52.4) 141 (82.0) 25.8 (18.6 to 31.9)"
On > 4 prescription medicationst 560 (42.8) 126 (73.3) 26.8 (19.3 to 33.6)"
Antibiotic use within 7 days 146 (10.9) 38 (19.9) 9.0 (3.6 to 15.4)*
Ambulance arrival 424 (32.2) 72 (40.7) 7.6 (0.4 to 15.2)*
Hospitalized in the past 28 dayst 217 (18.8) 40 (25.2) 5.6 (0.0 to 12.4)
Medication changes within 28 days 863 (64.2) 154 (83.7) 19.5 (12.7 to 24.9)*
Assistance taking medicationst 229 (17.5) 45 (25.7) 7.4 (1.4 to 14.4)*

Data are reported as mean (+SD) or n (%).
*Statistically significant at p < 0.05.

tDenominator less than 1,345 for patients without and 184 for patients with ADEs.

ADE = adverse drug event; CTAS = Canadian Triage Acuity Score.

high-risk patients.'™® Given the multitude of other
tasks pharmacists are expected to fulfill in busy EDs,
these criteria can help identify high-risk patients likely
to benefit from medication review, as well as low-risk
patients in whom the intervention can safely be omit
ted. In addition to validating the clinical decision
rules, our study confirms the high proportion of
patients who present to EDs with clinically significant
ADEs,>®?? as well as the significant proportion of
events that physicians are unlikely to attribute to a
without ~ pharmacist

medication-related cause

assessment, >0 highlighting the need to improve care
for this patient group.

Even though the specificity of our rules was limited,
ADEs were so common that pharmacists identified
clinically significant events in every fifth high-risk
patient. Without the rules in place, all patients would
have needed to be seen by a clinical pharmacist to
redress the high rate of ADEs that would not have
been attributed to a medication-related cause by physi-
cians. We believe that reducing this number by 60%
represents a substantial improvement.
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Medication- and laboratory-based variables collected
by nurses at the point of care were inaccurate. There-
fore, we validated the criteria using variables derived
from hospital registration, laboratory, and outpatient
medication dispensing data with clinical pharmacists
verifying the medication history with the patient or his
or her family. As a result, the rules can be imple-
mented by clinical pharmacists as a rapid screening
tool in centers that do not yet have access to electronic
medication dispensing or other electronic data, allow-
ing those hospitals to reduce hospital bed utilization
in high-risk patients.!”'®

With the near universal adoption of electronic
health records in the United States over the past dec-
ade, their accelerating uptake throughout Canada, and
plans to develop electronic drug information hubs in
the Canadian provinces, these rules may be automated
and integrated into electronic medical records to pro-
vide patientlevel decision support.’®’" Even in juris-
dictions without access to electronic medication
dispensing data, algorithms can be developed that
allow the electronic medical record to autopopulate the
rules with known data elements (e.g., age), so that the
pharmacists can efficiently screen patients by entering
only data not already contained in the electronic medi-
cal record. Once integrated into electronic medical
records, automated screening is likely to facilitate their
widespread uptake.

Strengths of this

methodological standards for the validation of clinical

study include adherence to

decision rules, and patient enrollment from tertiary
care and community hospitals in two provinces,
enhancing their generalizability.*” Study subjects were
selected using a standardized enrollment algorithm to
ensure a representative sample. The outcome measure
was clearly defined, prospectively ascertained, and
independently assessed by two raters, a pharmacist
and a physician. If any disagreement or uncertainty
occurred, an independent committee adjudicated the
case. Clinical variables used as predictors were stan-
dardized and collected prior to determination of the
patient’s outcome. The most commonly implicated cul-
prit medications and ADEs were consistent with those
identified in population-based estimates from the Uni-
ted States, and therefore, the rules are likely generaliz-
able to other hospitals and jurisdictions.”®** We
tested the accuracy and effectiveness to two different
sets of criteria: less sensitive but simpler criteria for

centers with less clinical pharmacists and more

Hohl et al. ® VALIDATING THE ADVERSE DRUG EVENT RULE

sensitive criteria for centers with greater pharmacist

availability.

LIMITATIONS

There is generally a tradeoff between the sensitivity
and specificity of diagnostics tests. As a result, we
deliberately did not set the desired sensitivity of our
criteria to 100%, allowing us to maintain a higher
specificity that would facilitate the uptake of this tool
into clinical practice. While some clinicians may view
this as a disadvantage, recognition of 90% of events
represents a substantial improvement of the current
practice in which only 51% to 62% of events are iden-
tified by emergency physicians.”!°

We assessed the accuracy of nursing variables given
the challenges experienced with prospective data collec-
tion in busy EDs in other studies and found their
accuracy inconsistent. In retrospect, we might have
been able to mitigate this by training nurses more
carefully on the application of the rules. However,
based on our observations we concluded that rules
based on data collected by nurses at the point of care
may not achieve high accuracy and we used variables
derived from hospital registration, laboratory, and
medication dispensing data that had been verified by
clinical pharmacists. This means that the criteria can
be applied by clinical pharmacists who work in EDs
as rapid screening tools to identify high-risk patients.
Alternatively, the criteria can be integrated as elec-
tronic algorithms into electronic medical records with
access to electronic data to provide automated patient-
level decision support tools; however, this will be lim-
ited by the ability of medication dispensing data to
reflect the realworld medication regimen of the
patient. Due to a restrained study budget, we were
unable to enroll patients at nighttime, limiting the gen-
eralizability of our findings, as nighttime data collec-
tion was inefficient and costly in derivation.® While
we hope future validation studies will address this limi-
tation, current pharmacist staffing models in most
North American EDs generally exclude nighttime cov-
erage, making our study generalizable to those patients
in whom the rules would applied.”> Finally, as we
regarded ADEs as diagnoses of exclusion, some pre-
sentations that are commonly multifactorial (e.g., falls,
delirium) may have been underrepresented in our out-
comes, as we would have categorized these as non-
ADEs unless alternative diagnoses had been ruled out.
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CONCLUSIONS

We validated clinical criteria that enable ED pharma-
cists to rapidly and efficiently screening patients for
adverse drug events, allowing them to capture the
majority of these events at the earliest time point
within a hospital encounter and limit harm. The
enthusiasm for more widespread application of medi-
cation management interventions and current Cana-
standards the
relevance of this strategy to current health care prac-

dian hospital accreditation reflects

tices. In future studies, these rules can serve as a start
ing point to develop risk stratification methods for
patients in other practice settings in which adverse
drug events are common.

The authors acknowledge the physicians and nurses working at
Vancouver General, Lions Gate, and the Ottawa Civic Hospitals.
This study would not have been possible without their dedica-
tion and support. The authors give particular thanks to Drs.
Gina Gill, Frank Scheuermeyer, and Christina Bui for their ser-
vice on the adjudication committee. The authors thank Dr. Vi
Ho, Kelsey Seal, Puneet Vashisht, Carl Chan, and Robert Yao
for their assistance in data collection. Finally, the entire research
team thanks all patient participants for their willingness to be
involved in the research process and patience with data collec-
tion.

References

1. Baker GR, Norton PG, Flintoft V, et al. The Canadian
Adverse Events Study: the incidence of adverse events
among hospital patients in Canada. Can Med Assoc ]
2004;170:1678-86.

2. Institute of Medicine. To Err Is Human: Building a Safer
Health System. Woashington, DC: National Academy
Press, 2000.

3. Forster A, Asmis T, Clark H, et al. Ottawa Hospital
Patient Safety Study: incidence and timing of adverse
events in patients admitted to a Canadian teaching hospi-
tal. Can Med Assoc ] 2004;170:1235-40.

4. Leape LL, Brennan TA, Laird N, et al. The nature of
adverse events in hospitalized patients. Results of the Har-
vard Medical Practice Study II. N Engl ] Med
1991,324:377-84.

5. Zed PJ, Abu-Laban RB, Balen RM, et al. Incidence, sever-
ity and preventability of medication-related visits to the
emergency department: a prospective study. Can Med
Assoc ] 2008;178:1563-9.

6. Hohl CM, Brubacher J, Hunte G, et al. Clinical decision
rules to improve the detection of adverse drug events in
emergency department Acad Emerg Med

2012;19:640-9.

patients.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

1025

Hohl CM, Robitaille C, Lord V, et al. Emergency physi-
cian recognition of adverse drugrelated events in elder
patients presenting to an emergency department. Acad
Emerg Med 2005;12:197-205.

Hohl CM, Zed PJ, Brubacher JR, Abu-Laban RB, Loewen
PS, Purssell R. Do emergency physicians attribute drug-
related emergency department visits to medication-related
problems? Ann Emerg Med 2010;55:493-502.

Classen D, Pestotnik S, Evans S, Lloyd J, Burke ]J.
Adverse drug events in hospitalized patients. ] Am Med
Assoc 1997;277:301-6.

Klopotowska JE, Wierenga PC, Smorenburg SM, et al.
Recognition of adverse drug events in older hospital-
ized medical Eur ] Clin Pharmacol
2013;69:75-85.

Bates D, Spell N, Cullen D, et al. The costs of adverse
hospitalized JAMA

patients.

drug  events in
1997;277:307-11.
Bond CA, Raehl CL. Clinical pharmacy services, phar-
macy staffing, and hospital mortality rates. Pharmacother-
apy 2007;27:481-93.

Bordet R, Gauthier S, Louet HL, Dupuis B, Caron ].
Analysis of the direct cost of adverse drug reactions in
hospitalized patients. Eur ] Clin Pharmacol 2001;56:935—
41.

Hohl CM, Nosyk B, Zed P, et al. Outcomes of emergency
department patients presenting with adverse drug events.
Ann Emerg Med 2011;58:270-9.

Field T, Gilman B, Subramanian S, Fuller ], Bates D,

Gurwitz J. The costs associated with adverse drug events

patients.

among older adults in the ambulatory setting. Med Care
2005;43:1171-6.

Hohl CM, Zed PJ, Abu-Laban RB, Brubacher JR, Loewen
PS. Comparative performance of emergency physicians
and clinical pharmacists in evaluating patients for drug-
related ED visits. Can ] Emerg Med 2009;11:274.

Hohl CM, Partovi N, Ghement I, et al. Impact of
early in-hospital medication review by clinical phar-
macists on health PLoS One
2017;12:e0170495.

Scullin C, Hogg A, Luo R, Scott MG, McElnay JC. Inte-
grated medicines management - can routine implementa-
tion improve quality? ] Eval Clin Pract 2012;18:807-15.
Hohl CM, Brubacher ], Singer ]. Emergency physicians

services utilization.

attitudes about routine screening for adverse drug events.
Can ] Emerg Med 2010;12:260.

Hospital Pharmacy in Canada Editorial Board. 2007/08
Hospital Pharmacy in Canada Report. 2008. Available at:
http://www.lillyhospitalsurvey.ca/hpc2/content/2008_report/
2007_08_full.pdf. Accessed Jan 12, 2011.

Serour S, Zelovics M, Trudel N, Manoukian C. Pharma-
cist Needed in the ER, Stat. Can ] Hosp Pharm
1999;52:387-92.


http://www.lillyhospitalsurvey.ca/hpc2/content/2008_report/2007_08_full.pdf
http://www.lillyhospitalsurvey.ca/hpc2/content/2008_report/2007_08_full.pdf

1026

22.

23.

24.

25.

26.

27.

28.

29.

30.

Naranjo CA, Busto U, Sellers EM, et al. A method for
estimating the probability of adverse drug reactions. Clin
Pharmacol Ther 1981;30:239-45.

Edwards IR, Aronson JK. Adverse drug reactions: defini-
tions, diagnosis, and management. Lancet 2000;356:
1255-9.

Hepler C, Strand L. Opportunities and responsibilities in
pharmaceutical care. Am ] Hosp Pharm 1990;47:533-43.
Nebeker J, Barach P, Samore M. Clarifying adverse drug
events: a clinician’s guide to terminology, documentation,
and reporting. Ann Intern Med 2004;140:795-801.
WHO. International Drug Monitoring: The Role of the
Hospital. Report of a WHO Meeting. WHO Technical
Report Series 1969;425:5-24.

Fleiss JL. Statistical Methods for Rates and Proportions.
3rd ed. New York: John Wiley & Sons Inc, 2003.

Hohl CM, McGrail K, Sobolev BG. The effect of pharma-
cistled medication review in high-risk emergency depart-
ment patients: an evaluation protocol. CMAJ] Open
2015;3:e103-10.

Hohl CM, Dankoff ], Colacone A, Afilalo M.
Polypharmacy, adverse drugrelated events, and poten-
tial adverse drug interactions in elderly patients pre-
senting to an emergency department. Ann Emerg
Med 2001;38:666-71.

Henry ], Pylypchuk Y, Searcy T, Patel V. Adoption of Elec-
tronic Health Record Systems among U.S. Non-Federal
Acute Care Hospitals: 2008-2015. ONC Data Brief 35.

Hohl et al. ® VALIDATING THE ADVERSE DRUG EVENT RULE

Washington DC: Office of the National Coordinator for
Health Information Technology, 2016.

31. Chang F, Gupta N. Progress in electronic medical record
adoption in Canada. Can Fam Phys 2015;61:1076-84.

32. Stiell I, Wells G. Methodologic standards for the develop-
ment of clinical decision rules in emergency medicine.
Ann Emerg Med 1999;33:437-47.

33. Budnitz DS, Pollock DA, Mendelsohn AB, Weidenbach
KN, McDonald AK, Annest JL. Emergency department
visits for outpatient adverse drug events: demonstration
for a national surveillance system. Ann Emerg Med
2005;45:197-206.

34. Budnitz DS, Lovegrove MC, Shehab N, Richards CL.
Emergency hospitalizations for adverse drug events in
older Americans. N Engl ] Med 2011;365:2002—-12.

35. Thomas MC, Acquisto NM, Shirk MB, Patanwala AE. A
national survey of emergency pharmacy practice in the

United States. Am ] Health Syst Pharm 2016;73:386-94.

Supporting Information

The following supporting information is available in
the online version of this paper available at http://
onlinelibrary.wiley.com/doi/10.1111/acem.1 3407 /full

Data Supplement S1. Adverse drug events meeting
the primary outcome definition (N = 202) identified
in 184 of 1529 patients.


http://onlinelibrary.wiley.com/doi/10.1111/acem.13407/full
http://onlinelibrary.wiley.com/doi/10.1111/acem.13407/full

