Research Article a Applied Clinical Informatics 731

Renal Drug Dosing

Effectiveness of Outpatient Pharmacist-Based vs. Prescriber-Based
Clinical Decision Support Systems

Erin A. Vogel'%; Sarah J. Billups'?; Sheryl J. Herner':%; Thomas Delate'-?

'Pharmacy Department, Kaiser Permanente Colorado, Aurora, CO;
2Department of Clinical Pharmacy, Skaggs School of Pharmacy and Pharmaceutical Sciences, University of Colorado Anschutz
Medical Campus, Aurora, CO

Keywords
Renal insufficiency, clinical decision support systems, computerized provider order entry, medi-
cation errors, pharmacists

Summary

Objective: The purpose of this study was to compare the effectiveness of an outpatient renal dose
adjustment alert via a computerized provider order entry (CPOE) clinical decision support system
(CDSS) versus a CDSS with alerts made to dispensing pharmacists.

Methods: This was a retrospective analysis of patients with renal impairment and 30 medications
that are contraindicated or require dose-adjustment in such patients. The primary outcome was the
rate of renal dosing errors for study medications that were dispensed between August and De-
cember 2013, when a pharmacist-based CDSS was in place, versus August through December 2014,
when a prescriber-based CDSS was in place. A dosing error was defined as a prescription for one of
the study medications dispensed to a patient where the medication was contraindicated or improp-
erly dosed based on the patient’s renal function. The denominator was all prescriptions for the
study medications dispensed during each respective study period.

Results: During the pharmacist- and prescriber-based CDSS study periods, 49,054 and 50,678 pre-
scriptions, respectively, were dispensed for one of the included medications. Of these, 878 (1.8%)
and 758 (1.5%) prescriptions were dispensed to patients with renal impairment in the respective
study periods. Patients in each group were similar with respect to age, sex, and renal function
stage. Overall, the five-month error rate was 0.38%. Error rates were similar between the two
groups: 0.36% and 0.40% in the pharmacist- and prescriber-based CDSS, respectively (p=0.523).
The medication with the highest error rate was dofetilide (0.51% overall) while the medications
with the lowest error rate were dabigatran, fondaparinux, and spironolactone (0.00% overall).
Conclusions: Prescriber- and pharmacist-based CDSS provided comparable, low rates of potential
medication errors. Future studies should be undertaken to examine patient benefits of the pre-
scriber-based CDSS.
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1. Background and Significance

Renal impairment is a well-known risk factor for adverse drug events. Such impairment is often as-
sociated with medication dosing errors where a dose is not properly adjusted for renal impairment
or dispensed when the medication is contraindicated based on renal function [1-7]. Reports of dose
non-adjustment/contraindication in patients requiring renal adjustment range from 19% to 67%
and 25% to 69% in the inpatient and ambulatory settings, respectively [2, 3, 6].

Clinical decision support systems (CDSS) have been developed within electronic health records
(EHR) to identify patients with renal impairment when such patients are prescribed a medication
that requires renal adjustment/contraindication [4, 8-10]. These systems require patient-specific
laboratory and demographic data to be available during medication ordering or dispensing. Some
systems provide notification and clinical decision support to the prescriber while others target the
dispensing pharmacist. While CDSS generally have demonstrated improvements in appropriate
drug dosing, most reports are from the inpatient setting [8-11]. Conversely, reports from the out-
patient setting are few and restricted to specific medications or populations (e.g., erythropoietin and
patients requiring dialysis) [8, 12]. In addition, existing studies do not address which member of the
healthcare team is the most appropriate recipient of a notification (alert) from a CDSS [13].

In 2003, Kaiser Permanente Colorado (KPCO) implemented an effective Drug Renal Alert Phar-
macy Program (DRAP) where alerts of a potential renal dosing error were made to dispensing phar-
macists in the outpatient pharmacy [4]. With the implementation of a new pharmacy dispensing
system at KPCO in 2014, this functionality was no longer available. To continue to provide renal
dosing alerts, a new system was developed that displays a renal-dose adjustment alert, when indi-
cated, to the prescriber at the time of computerized provider order entry (CPOE) without alerting
the dispensing pharmacist. It is unknown if alerting the prescriber is as effective as alerting the dis-
pensing pharmacist.

2. Objectives

The purpose of this study was to compare the effectiveness of a system that alerted prescribers at the
time of order entry versus a system that alerted pharmacists at the time of dispensing on the rate of
medication dispensing errors for medications requiring dose adjustment or contraindicated in pa-
tients with renal impairment.

3. Methods
3.1 Study Design and Setting

This was a retrospective analysis that compared medication error rates due to inappropriately dosed
or contraindicated medications in patients with renal impairment between August 1, 2013 and De-
cember 31, 2013, when a pharmacist-based CDSS was in place, versus August 1, 2014 and December
31, 2014, when a prescriber-based CDSS program was in place.

This study was conducted at KPCO, a nonprofit, group model, integrated health care delivery
system that provides services to over 620,000 members at 29 medical offices in Colorado. Each clinic
provides primary care and outpatient pharmacy services, and there is a centralized pharmacy that
provides mail order pharmacy services. Kaiser Permanente Colorado utilizes an outpatient elec-
tronic health record (EHR) that provides e-prescribing capabilities and interfaces with the internal
pharmacy and laboratory systems.

3.2 Study Population

All adult KPCO patients with renal impairment who had a medication dispensed that requires dose
adjustment or is contraindicated in patients with renal impairment between either August 1, 2013
and December 31, 2013 or August 1, 2014 and December 31, 2014 were eligible for inclusion. Medi-
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cations included in the study were amantadine, ciprofloxacin, colchicine, dabigatran, dofetilide, en-
oxaparin, famciclovir, fondaparinux, gabapentin, glyburide, levofloxacin, metoclopramide, non-ste-
roidal anti-inflammatory drugs (NSAID), sotalol, spironolactone, sulfamethoxazole/trimethoprim,
and trimethoprim (»Table 1). The study medications were only those that were included in both
systems. Patients with a serum creatinine (SCr) measured within 365 days before the prescription
dispense date during the study period whose most proximal value resulted in an SCr below the
threshold for the dispensing of a medication requiring renal dose adjustment/contraindication were
included. Patients who were receiving dialysis at the time of the prescription were excluded.

3.3 Intervention

The DRAP was a CDSS in the outpatient pharmacy (pharmacist-based CDSS) implemented at
KPCO in 2003 that has been described in detail previously [4]. Briefly, laboratory data (i.e., SCr) and
demographic data (i.e., age, sex, height and weight) were downloaded into the pharmacy system
nightly to calculate each patient’s estimated creatinine clearance (eCrCl) using the Cockroft-Gault
equation so that there was no meaningful time gap in the information being available [14]. When a
new or refill prescription for a medication that required renal dose adjustment or was contraindi-
cated at a certain threshold of renal function was put into workflow to be dispensed, an alert was
triggered if the patient’s eCrCl was below the threshold or unavailable. The trigger did not allow the
medication to be dispensed. A medication decision guide was printed in place of the prescription
label, including the result and date of the most recent creatinine and eCrCl if available within the
previous year. The guide provided specific dosing guidelines and alternative therapies. The dispens-
ing pharmacist reviewed this information and could contact the prescriber to recommended alter-
native therapy, if indicated, or bypass the alert based on clinical judgment. Pharmacists had access to
the EHR and were able to review a patient’s full medical history before making a recommendation to
the prescriber about alternative therapy. Instead of recommending an alternative therapy, the dis-
pensing pharmacist could have also recommended a creatinine test. The pharmacist-based CDSS
was activated for both new medication fills and refills, creating multiple opportunities to identify er-
rors throughout the “life” of the prescription. This system demonstrated a 20% reduction in renal
dosing errors compared to similar prescriptions before the system was initiated [4].

In 2014, KPCO developed a CDSS for the EHR for prescribers (prescriber-based CDSS) in re-
sponse to procurement of a new pharmacy dispensing system (P Figure 1 for the CDSS process
map). The medication list (»Table 1) was updated to include 37 renal medications. If the threshold
had been updated from the pharmacist-based CDSS to the prescriber-based CDSS, the more conser-
vative value was used. For example, the NSAID renal dosing threshold for the pharmacist-based sys-
tem was eCrCl <40 ml/min and for the prescriber-based system, it was changed to eGFR <45 ml/
min to better align with chronic kidney disease stage 3b. For the study, eGFR <40 ml/min was used.

With the prescriber-based CDSS, there were two types of alerts that displayed. One was at the
time of CPOE or renewal of a prescription if there was an eGFR in the last 365 days and the medi-
cation ordered required renal dose adjustment (P> Figure 2 for an example alert) or was contraindi-
cated (P> Figure 3 for an example alert) for a patient whose renal function was below the medication’s
threshold (P Table 1). The alert provided recommendations for appropriate dosing or alternative
therapy. If there was not an eGFR in the last 365 days and the patient’s age was 260 years, the alert
recommended to order a creatinine to assess renal function (» Figure 1). Prescribers could cancel or
ignore the alert based on clinical judgment.

Another type of alert was for surveillance. This alert occurred when the EHR was opened and a
patient’s most recent eGFR fell below the threshold but only for specific high-risk maintenance
medications that were contraindicated at a certain eGFR (i.e., dabigatran, dofetilide, enoxaparin,
fondaparinux, NSAID, or sotalol). This allowed for screening of high risk medications that were
being refilled in the pharmacy where renal function may have deteriorated before the prescription
was renewed by the prescriber.

The eGFR equation for estimating renal function was based on the laboratory’s ability to auto-
matically report eGFR with all creatinine values and the acceptance of using eGFR for drug dosing
in most situations [14-20]. All prescriber-based CDSS medication alerts were based on the patient’s
eGFR with the majority dosed on that value. The five anti-arrhythmic and anticoagulant medication
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(dabigatran, dofetilide, enoxaparin, fondaparinux, or sotalol) alerts were based on the eGFR with
recommendations in the alert for the dose to be based on CrCl with actual body weight (ABW)
(> Figure 3). This was done because of the narrow range of toxicity of these medications and spe-
cific manufacturer dosing recommendations in the package insert.

Before the prescriber-based CDSS was implemented, a 20-minute webinar and continuing medi-
cal education videoconference describing the CDSS were presented to prescribers, pharmacists, and
nurses. All educational materials were posted for reference on the internal KPCO clinical reference
and pharmacy websites. After the prescriber-based CDSS was implemented, the pharmacist-based
CDSS was discontinued.

3.4 Study Outcomes

The primary study outcome was the five-month rate of dosing errors among eligible prescriptions. A
dosing error was defined as a prescription for one of the 30 study medications dispensed to a patient
where the medication was improperly dosed or contraindicated based upon the patient’s renal func-
tion. The denominator was all prescriptions for the study medications dispensed during the respect-
ive study periods regardless of the patient’s renal function. Non-steroidal anti-inflammatory medi-
cations were combined together and reported as one medication class. A single patient could have
more than one prescription included if she/he had multiple medications dispensed during the study
period that meet the inclusion criteria.

Renal-dosing thresholds were determined using tertiary drug references and manufacturer pre-
scribing information and all thresholds were approved by physicians representing primary care or
specialty departments that typically prescribe each medication. Renal function was estimated for
both groups by calculated glomerular filtration rate (eGFR) using the Modification of Diet in Renal
Disease (MDRD) equation [15-20]. The five anti-arrhythmic and anticoagulant medication (dabi-
gatran, dofetilide, enoxaparin, fondaparinux, or sotalol) errors were reviewed by calculating CrCl
ABW at the time of dispensing to assess whether an error actually occurred.

3.5 Data Analysis

No a priori power/sample size analysis was performed as all eligible patients were included in the
study. Prescriber and pharmacist characteristics are reported as percentages. Patient characteristics
are reported as means (+ standard deviation) and percentages. Error rates are reported as percen-
tages. Characteristics and outcomes were compared between the groups using chi-square tests of as-
sociation for nominal/ordinal data and t-tests for interval-level data.

4. Results

During the pharmacist- and prescriber-based CDSS study periods, 49,054 and 50,678 prescriptions,
respectively, were dispensed for the study medications (> Figure 4). Of these, 878 (1.8%) and 758
(1.5%) prescriptions written for 790 and 704 patients, respectively, were eligible for evaluation (i.e.,
the patient had a serum creatinine drawn within the past year that indicated an eGFR below the
threshold for obligatory dose-adjustment or contraindication). There were 140 pharmacists who
utilized the pharmacist-based CDSS during the study period; comprised of doctors of pharmacy
(44.9%) and bachelors of science in pharmacy (55.1%). Pharmacists had 0-3 (33.3%), 3-5 (16.1%),
6-11 (37.9%), and 12+ (12.6%) years of experience. A total of 1,345 prescribers utilized the pre-
scriber-based CDSS during the study period; comprised of medical doctors (68.9%), physician assis-
tants (10.4%), nurse practitioners (7.6%), doctors of osteopathic medicine (5.9%), and other pre-
scribers (e.g., optometrists) (7.2%). Prescribers had 0-2 (0.4%), 3-5 (5.9%), 6-11 (20.7%), and 12+
(73.1%) years of experience.

Patients in both groups were similar with respect to age (p=0.128), female sex (p=0.546), eGFR
(p=0.665), SCr (p=0.102), and stage of renal function (p=0.464) (»Table 2). The mean lengths of
time in days from SCr measurement date to prescription dispense date were 59.1 (£ 77) and 60.9 (+
78) for the pharmacist- and prescriber-based CDSS, respectively (p=0.776).
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Opverall, the five-month rate of medication errors due to dispensing of a medication improperly
dosed or contraindicated in a patient with renal impairment was 0.38%. Five-month rates of medi-
cation errors for all study medications were equivalent between the two groups: 0.36% and 0.40% in
the pharmacist- and prescriber-based CDSS, respectively (p=0.523) (»Table 3). The medication
with the highest error rate was dofetilide (0.51% overall) while the medications with the lowest rate
were dabigatran, fondaparinux, and spironolactone (0.00% overall).

5. Discussion

Patients with renal impairment are at risk for adverse events when they are treated with prescription
medications that require renal dose adjustment that aren’t appropriately adjusted/withheld [2, 3]. In
our retrospective analysis of patients with renal impairment who were prescribed a medication that
required renal dose adjustment or was contraindicated at the patient’s renal function, we found that
renal dosing error rates for a prescriber-based CDSS were equivalent to those from a pharmacist-
based CDSS. This finding is important as it provides evidence that a CPOE system with a CDSS alert
for patients who may require renal dose adjustment can prevent inappropriate dispensing of such
medications as effectively as a pharmacy-based system where pharmacists must intervene to prevent
inappropriate dispensing. In addition, it is probable that the prescriber-based CPSS is more econ-
omical as it likely requires less time and fewer inputs to achieve appropriate renal dosing.

The pharmacist-based CDSS in our analysis was studied previously in an RCT [4]. That evalu-
ation identified a 20% reduction in renal dosing errors but it did not compare the pharmacist-based
CPSS to a prescriber-based CDSS [4]. Similar results were found in a recent cluster randomized trial
with a 17% reduction in renal dosing errors among physicians who received clinical decision sup-
port in both an inpatient and outpatient university health system setting [21]. This investigation
utilized similar customized best practice alerts to ours within the Epic EHR. Other investigations of
pharmacy- and prescriber-based CDSS in outpatient settings have been performed. Joosten and col-
leagues described a system where a report was sent to an outpatient pharmacist when a patient’s
serum creatinine measurement indicated an eGFR < 40 ml/min [1]. The pharmacist manually re-
viewed the patient’s medication profile to check for medications requiring dose adjustment due to
renal impairment and then, if warranted, sent a recommendation to the prescribing physician.
While the system identified a number of patients at risk for an adverse drug event due to renal im-
pairment, no formal assessment of its effectiveness in required renal dose adjustment/withholding
was performed [1]. Erler and colleagues evaluated a prescriber-based system in Germany and ident-
ified that the use of the system resulted in a >30% trend in the reduction of prescriptions exceeding
the standard daily dose for patients with renal impairment compared to prescribers without the sys-
tem [7]. Twadrous and colleagues conducted a systematic review of CDSS in kidney-related medi-
cation prescribing but of the 32 systems studied, only 3 were in an outpatient setting and these tar-
geted very specific medications in dialysis or kidney transplant recipients [8]. We were unable to
identify any studies that compared prescriber- vs. pharmacist-based CDSS in patients with renal im-
pairment.

The medication we identified with the most errors was gabapentin. Gabapentin is an analgesic
with a wide dosing range that is exclusively renally-eliminated by the kidneys; thus, assumed to put
patients with chronic kidney disease at risk for central nervous system toxicity [22]. Because gaba-
pentin was prescribed frequently during the study period, the overall error rate was low despite the
relatively high number of errors. Conversely, we identified dofetilide with the highest reported error
rate. Dofetilide has a narrow therapeutic range and is a class III antiarrhythmic drug that is initiated
during hospitalization [23]. Accumulation of dofetilide can produce life-threatening QT prolon-
gation. Dofetilide is recommended to be dose adjusted at eCrCl thresholds between 20-40 ml/min
and is contraindicated at a threshold < 20 ml/min [23]. None of the dofetilide errors we identified in
either the pharmacist- or prescriber-based CDSS were at the contraindicated level. The error rates
we identified with chronic medications may have been higher in the prescriber-based CDSS since
refills were not screened and renal function could have changed over the time between prescription
orders.
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The prescriber-based CDSS we evaluated resulted in low error rates similar to an effective phar-
macist-based system [4]. The prescriber-based CDSS has a theoretical disadvantage in that it pro-
vides limited surveillance for the period between CPOE in the EHR, potentially a year prior to dis-
pensing for chronic medications, and actual dispensing of the prescription to a patient. When a pa-
tient’s EHR is opened, surveillance alerts will display for medications that require dose adjustment/
are contraindicated at a certain level of renal function. This inadequacy did not occur in the phar-
macist-based CDSS because every time a potentially offending medication was dispensed, an alert
would be triggered. To overcome this theoretical disadvantage, patients’ medication and laboratory
data could be electronically monitored over time and an alert automatically displayed to the pre-
scriber or dispensing pharmacist whenever a patient’s clinical profile changes.

There is another potential issue with prescriber-based CDSS. It has been reported that EHR alerts
displayed during CPOE are commonly ignored [9, 25-27]. While prescribers may be more likely to
act on the severity of the alert [25], it is unknown how prescribers view the severity of renal dose ad-
justment alerts. The implications of ignored prescriber-based alerts without the potential for phar-
macist renal dosing review is substantial as prescribers may develop a prejudice towards alerts and
disregard potentially valuable prescribing advice.

Conversely, a prescriber-based CDSS has potential advantages over pharmacist-based CDSS. A
prescriber-based CDSS does not depend upon prescriptions being dispensed at a health system’s in-
ternal pharmacy. With point of prescribing alerting, the medication is already dose adjusted appro-
priately and the patient can take the prescription to any pharmacy for dispensing. In addition, pre-
scriber-based CDSS is likely more efficient. It identifies a potential error at the point of prescribing
before the order is transmitted to the pharmacy; thus, eliminating any need for a pharmacist to con-
tact the prescriber to recommend renal dose adjustment/withholding of the medication. Fur-
thermore, prescriber-based CDSS is recommended by the Office of the National Coordinator for
Health Information Technology [28]. Among other evidence-based recommendations, the guide-
lines recommend “CDS(S) alerts are displayed in the relevant clinical context” and “Critical patient
information is visible during the order entry process”. These are important components of the
studied prescriber-based CDSS.

The strengths of our study were its large sample size, ability to incorporate laboratory, medical,
and pharmacy data, and comparison of two distinct CDSS. However, our study had limitations that
need to be taken into account. While pharmacists and prescribers were the recipients of the inter-
ventions in this study, results were analyzed at the prescription-level due to data collection limi-
tations. The analysis of prescription-level data could potentially lead to the effects of pharmacist/
prescriber factors (e.g., experience with respective CDSS, ability to override renal dose warning) on
the results not being accounted for. In addition, analysis at this level results in low numerical error
rates. Other investigators have used other metrics to describe error rates (e.g., use of patients with
renal dysfunction). We were able to ascertain only limited information on the characteristics of the
prescribers and pharmacists during the respective study periods. We did not utilize such informa-
tion to adjust our results for potential confounding as the literature does not provide information on
which prescriber/pharmacist characteristics are likely to impact renal dosing medication errors.

We were unable to examine if the study medications were refills or new prescriptions. We were
unable to determine the individual patient’s benefit from appropriate/non-appropriate dose adjust-
ment/withholding. While few CDSS trials have reported clinical outcomes [29], we identified no
study that has reported on a major outcome benefit (e.g., reduced hospitalization, decreased mortal-
ity, increased health-related quality of life). We were unable to perform a cost comparison of the
studied CDSS. Costs associated with developing and implementing a CDSS have been reported with
the most time intensive piece being development of the contents of the CDSS [30]. We are aware of
no study that compared the cost of use of two distinct types of CDSS. Additionally, we did not
measure prescriber satisfaction with the prescriber-based CDSS. If prescribers were unsatisfied, they
may be more likely to ignore renal dosing alerts.

Another limitation is that we did not examine benefit of using both systems concurrently or in a
randomized fashion. Randomization or assignment of patients to the pharmacist-based CDSS was
not feasible since with the implementation of a new pharmacy dispensing system at KPCO in 2014,
the pharmacist-based CDSS functionality was no longer available. Randomization of patients to the
prescriber-based CDSS or placebo could place the control group at increased risk of potentially se-
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vere adverse reactions. In the ambulatory care setting, a lack of interoperability between outpatient
EHR and outpatient pharmacy information systems does not support renal dosing CDSS alerts at all
of the stages of the medication use process, particularly at the dispensing stage. Providing renal dos-
ing CDSS at only one stage is not ideal, but most outpatient pharmacies are unable to create renal
dosing CDSS at the dispensing stage because renal function test results are often unavailable in the
outpatient pharmacy to support the system.

Both the pharmacist-based and prescriber-based CDSS systems required a serum creatinine re-
sult to be available over the past year. In the ambulatory care setting for a general health system
population, patients may not have a creatinine value available over the past year. Using a shorter
time gap between the creatinine result and the prescription could contribute to unnecessary labora-
tory monitoring in stable ambulatory patients. National nephrology guidelines, KDIGO and
KDOAQ], support assessing renal function at least annually in patients with CKD [31].

6. Conclusions

This study of approximately 100,000 prescriptions for medications that require renal dose adjust-
ment in patients with renal impairment identified that a prescriber- and pharmacist-based CDSS
provided comparable, low rates of potential medication errors. Enhancements to the prescriber-
based CDSS should focus on improvement of continuous surveillance of patients with renal impair-
ment and to identify those who develop renal impairment while receiving a medication that requires
renal dose adjustment. In addition, future studies should be undertaken to examine cost-effective-
ness and patient benefits of a prescriber-based CDSS and examine the effect of layering a prescriber-
based and pharmacist-based CDSS in combination.

Clinical Relevance Statement

The presented data compared prescriber- and pharmacist-based CDSS on their ability to prevent
potential medication errors for medications that require renal dose adjustment in patients with renal
impairment. That the prescriber-based CDSS provided comparable, low rates of potential medi-
cation errors is important as the Office of the National Coordinator for Health Information Tech-
nology recommends that prescriber-based CDSS in an EHR be the national standard.
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SAFETY ALERT! CIPROFLOXACIN & RENAL IMPAIRMENT: Patients with GFR less than 30 may have increased risk of seizures
and tendon rupture.
ACTION:
* Adjust dose if applicable, then click "Accept”

Last CR=1.2 mo/dL Collected on 51072016 3:39 PM

Last CR=1.3 mo/dL Collected on 51072016 3:39 PM

Last GFRMOMAFRAM=22.8 mL/min/1.73m2 Collected on 5/10vV2016 3:39 PM
Last GFRMOMNAFRAM=28.8 mL/min/1.73m2 Collected on 5/10v2016 3:39 PM
Last GFRAFRAM=34.8 mL/minf1.73m2 Collected on 5/10/2016 3:39 PM
Last GFRAFRAM=34.8 mL/min/1.73m2 Collected on 5/10/2016 3:39 PM

Remove the following orders?
171 Ciprofloxacin 500mg 7 days take 1 tab po bid for 7 days for
LS5 fecn infection * Disp-14, R-0 * starting 7/1/2016 » Oral

Apply the following?
Order Do Mot Order tiy Ciprofloxacin 250 mg Tab GFR <30 take 1 tab 2 times a day

Order Do Not Qrder 17 CREATININE

" Accept Dismiss

Fig. 2 Example of a Dose Adjustment Medication Alert in the Prescriber-based CDSS

SAFETY ALERT! DOFETILIDE & RENAL IMPAIRMENT: Patients with GFR less than &0 are at increased risk of QT Prolongation and

Torsades.
Mote: Alert triggered from GFR, medic ation dosing adjustment use CRCL.

ACTION:
* For dosing questions, please send a note to p_cardiology (the cardiology pool).

* For urgent matters, please call the heart line 303-583-3048

Last CR=2.2 mg/dL Collected on 3/4/2016 4:30 PM
Last GFRAFRAM=26.5 mL/min/_73m2 Collected on 3/4/2016 4:30 PM
Last GFRNONAFRAM=21.9 mLimin/1.73m2 Collected on 3/4/2016 4:30 PM

Remove the following orders?
{1y TIKOSYN 500 MCG ORAL CAP starting 7/1/2016 » Normal «

L3 Oral * Long-term
Apply the following?

" Accept Dismiss

Fig. 3 Example of a Contraindicated Medication Alert in the Prescriber-based CDSS
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49,054 eligible prescriptions sold
between 8/1/2013 and 12/31/2013

v

Serum creatinine within past year?

Yes

Dialysis?

Nol

eGFR at or below threshold for
medication dispensed?

Yes 1

878 prescriptions for 790 patients
included

50,678 eligible prescriptions sold
between 8/1/2014 and 12/31/2014

v

Serum creatinine within past year?

Yes

Dialysis?

Nol

eGFR at or below threshold for
medication dispensed?

Yes l

758 prescriptions for 704 patients
included

No
—_— 15,323 (31.2%)
Yes
— 111 (0.2%)
No
— 5 32,742 (66.7%)
No
— 14,654 (28.9%)
Yes
—_ 119 (0.2%)
—_— 35,147 (69.4%)

Fig. 4 Patient Dispositions
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Medication eGFR Threshold Maximum Daily Dose/ Table 1
(mL/min) Contraindication Status Study Medications and Their eGFR
Amantadine <50 100 mg Thresholds and Maximum Daily
<30 50 mg Dose/Contraindication Status
<15 29 mg
Ciprofloxacin <30 500 mg
Colchicine <30 0.3 mg
Dabigatran’ <30 contraindicated
Dofetilide’ 40 - <60 500 ug
20 - <40 250 pg
<20 contraindicated
Enoxaparin’ <30 contraindicated
Famciclovir 40 - <60 1000 mg
20 - <40 500 mg
<20 250 mg
Fondaparinux' <30 contraindicated
Gabapentin 30-44 1200 mg
15-29 600 mg
<15 300 mg
Glyburide <51 contraindicated
Levofloxacin 20 - <50 250 mg (most cases)
375 mg (complicated / pneu-
monia)
<20 125 mg
Metoclopramide <40 20 mg
NSAID'2 <40 contraindicated
Sotalol 30 - <60 administer g 24 hours
10-<30 administer q 36—48 hours
<10 individualize dose
Spironolactone <10 contraindicated
Trimethoprim/ 15-<30 DS
Sulfamethoxazole 5 contraindicated
Trimethoprim 15-<30 100
<15 not recommended

" High risk medications that are contraindicated at a certain eGFR;
medication dose adjustments were made with actual creatinine clearance
and body weight

ZIncludes ibuprofen, celecoxib, etodolac, flubiprofen, indomethacin, keto-
profen, ketorolac, meloxicam, nabumetone, naproxen, sulindac, and tolmetin

© Schattauer 2016 EA Vogel et al.: Clinical Decision Support Effectiveness



Research Article a Applied Clinical Informatics 742

Table 2 Characteristics of Patients Meeting eGFR Thresholds by CDSS Type

Characteristic Pharmacist-Based CDSS  Prescriber-Based CDSS  P-value
(n=790) (n=704)

Age (mean, SD) 72.4 (12.4) 73.4 (12.4) 0.128

Male (n, %) 281 (36) 261 (37) 0.546

Estimated glomerular filtration rate ~ 35.9 ml/min (10.4) 35.8 ml/min (10.2) 0.665

(mean, SD)

Serum creatinine (mean, SD) 1.8 mg/dI (1.2) 1.9 mg/dI (1.0) 0.102

Renal function per estimated glomerular filtration rate (n, %) 0.464

Stage 3 (30-59 ml/min) 551 (70) 503 (71)

Stage 4 (15-29 ml/min) 209 (26) 169 (24)

Stage 5 (<15 ml/min) 30 (4) 32 (5)

CDSS — clinical decision support system; EHR — electronic health record; SD — standard deviation

Table 3  Error Rates by CDSS Type Overall and by Individual Medication

Medication Pharmacist-Based CDDS Prescriber-Based CDDS

Error  Total Rx Error  Error  Total Rx Error

Count Dispensed Rate Count Dispensed Rate
Amantadine 4 213 1.88% 8 221 3.62%
Ciprofloxacin 13 8091 0.16% 12 7862 0.15%
Colchicine 7 614 1.14% 6 632 0.95%
Dabigatran 0 50 0.00% 0 244 0.00%
Dofetilide 2 43 465% 3 55 5.45%
Enoxaparin 1" 1147 0.96% 7 1353 0.52%
Famciclovir 9 1287 0.70% 22 1311 1.68%
Fondaparinux 0 22 0.00% 0 21 0.00%
Gabapentin 37 5428 0.68% 40 6762 0.59%
Glyburide 5 211 237% 5 172 2.91%
Levofloxacin 29 2103 138% 46 2717 1.69%
Metoclopramide 8 696 115% 6 623 0.96%
NSAIDS 28 19932 0.14% 32 21314 0.15%
Sotalol 5 170 2.94% 2 166 1.20%
Spironolactone 0 3419 0.00% 0 3922 0.00%
Trimethoprim/ Sulfamethoxazole 16 4915 033% 11 2745 0.40%
Trimethoprim 2 713 0.28% 1 558 0.18%
Overall 176 49,054 0.36% 201 50,678 0.40%*
* P=0.523

CDSS — clinical decision support system; EHR — electronic health record; Rx — prescriptions
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