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ABSTRACT

Background: In Alberta, pharmacists are eligible to obtain additional
prescribing authority (APA). At the University of Alberta Hospital, a
transition was made from a paper-based prescriber order entry system to
a computerized prescriber order entry (CPOE) system.

Objectives: The primary objective was to quantify any change in
pharmacist prescribing after CPOE implementation. The secondary
objective was to compare the paper-based and CPOE systems in terms of
drug schedule, order type, medication class, and the pharmacist’s area of
clinical practice.

Methods: A retrospective comparative review of pharmacist orders was
completed using 2-week periods of data from each of the paper-based
order entry system and the CPOE system, spaced 1 year apart (in January
2019 and January 2020).

Results: Pharmacists prescribed a mean of 3.76 (95% confidence
interval 1.97-5.96) more orders per day within the CPOE system than in
the paper-based system (p < 0.001). Schedule | medications accounted
for a higher proportion of pharmacists’ prescriptions in the CPOE system
than in the paper-based system (77.7% versus 70.5%, p < 0.001). In
terms of order type, discontinuation orders accounted for a much higher
proportion of pharmacists' orders in the CPOE system than in the paper-
based order entry system (58.0% versus 19.8%, p < 0.001).

Conclusions: This study showed that a CPOE system resulted in more
use of APA by pharmacists, with schedule | medications accounting

for a higher proportion of pharmacists' prescriptions. With the CPOE
system, pharmacists used their prescribing privileges to discontinue

a higher proportion of orders than was the case with the paper-

based system. Therefore, the CPOE system is a potential facilitator of
pharmacist prescribing.

Keywords: pharmacist, prescribing, computer, medical order entry
systems

INTRODUCTION

Since 2007, pharmacists in Alberta have been able to obtain
additional prescribing authorization (APA), which allows
them to prescribe nearly all provincially regulated drugs
that require a prescription (i.e., schedule I drugs), on the
basis of their own assessments. Use of APA in the hospital
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RESUME

Contexte : En Alberta, les pharmaciens peuvent obtenir des pouvoirs

de prescription supplémentaires (PPS). A I'hdpital de I'Université de
I'Alberta, le systéme de saisie des ordonnances est passé d'un systéme sur
papier a un systeme de saisie électronique des ordonnances (SSEO) par
les prescripteurs.

Objectifs : L'objectif principal consistait a quantifier tout changement
dans la prescription des pharmaciens aprés la mise en place du SSEO.

L' objectif secondaire visait & comparer le systéme sur papier et le SSEO en
matiére d'annexe des médicaments, de type d'ordonnance, de catégorie de
médicament et de domaine de pratique clinique du pharmacien.

Méthodes : Un examen comparatif rétrospectif des ordonnances des
pharmaciens a été réalisé a |'aide de périodes de données de 2 semaines
provenant de chacun des systémes (papier et électronique), avec un
intervalle d'un an (janvier 2019 et janvier 2020).

Résultats : Les pharmaciens prescrivaient en moyenne 3,76 (intervalle de
confiance a 95 % 1,97-5,96) ordonnances de plus par jour avec le SSEO
qu’avec le systéme sur papier (p < 0,001). La part des ordonnances de
médicaments de I'annexe | était plus importante avec le SSEO qu'avec le
systeme sur papier (77,7 % contre 70,5 %, p < 0,001). En ce qui concerne
le type d'ordonnance, la part des ordonnances de cessation était beaucoup
plus élevée avec le SSEO qu'avec le systeme de saisie sur papier (58,0 %
contre 19,8 %, p < 0,001).

Conclusions : Cette étude a démontré un plus grand recours au PPS
lorsque les pharmaciens utilisaient un SSEO et les médicaments de I'annexe
| représentant une proportion plus élevée des ordonnances. Avec le SSEO,
les pharmaciens ont utilisé leur pouvoir de prescription pour interrompre
une part plus élevée d'ordonnances que ce n'était le cas avec le systeme
sur papier. Le SSEO est donc un facilitateur potentiel de la prescription par
les pharmaciens.

Mots-clés : pharmacien, prescription, informatique, systemes d'entrée des
ordonnances par les

practice setting differs from APA use in the community, as
a hospital pharmacist must have APA to order any medica-
tion independently, including medications that could be dis-
pensed by a community pharmacist without a prescription.!
Without APA, a hospital pharmacist would require authoriz-
ation or a cosignature from an authorized prescriber to order
any medication, regardless of the medication schedule.
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In Alberta hospitals, most pharmacists have obtained
APA.% A 2015 survey determined that hospital-based phar-
macists who were working in oncology and had APA pre-
scribed for about half of the patients under their care. Most
of these prescriptions were for antibiotics or anticoagulant
drugs, and pharmacists were most often adjusting medica-
tion doses based on renal function or clinical assessment.?
A cross-sectional study of electronic orders placed by hos-
pital pharmacists in Calgary, Alberta, conducted in 2017,
showed that 90% of hospital pharmacists used their pre-
scribing authority, and they averaged 11.3 initial access pre-
scriptions per pharmacist monthly.? Fully half of the orders
they placed were for discontinuation of medications.?

Since 2007, a number of Canadian studies have dem-
onstrated the benefits of APA in community settings. Hav-
ing patients see a prescribing pharmacist allowed for better
control of risk factors in stroke patients,* better control of
blood glucose levels and hemoglobin A1C in patients with
diabetes,® better blood pressure control,® a higher rate of
cure for urinary tract infection,” and a reduction in cardio-
vascular events.® In contrast, there is a lack of evidence for
the benefit of pharmacists prescribing in hospital settings.

In 2019, the University of Alberta Hospital in Edmon-
ton implemented a computerized prescriber order entry
(CPOE) system called Connect Care (Epic Systems Cor-
poration). This new system drastically changed the pro-
cess of prescribing from a written order entry system to a
computerized system. To date, there are no data on how
CPOE systems may influence pharmacist prescribing. The
transition to Connect Care at the University of Alberta
Hospital presented an opportunity to analyze the correla-
tion between CPOE and pharmacist prescribing. It has also
provided insight for pharmacy and interdisciplinary teams
that are considering CPOE implementation into how CPOE
systems and pharmacist prescribing may be related. As
such, the purpose of this study was to determine whether
pharmacist prescribing practices changed after the imple-
mentation of CPOE.

The primary objective of this study was to compare
pharmacist prescribing rates before and after implemen-
tation of the CPOE system. The secondary objectives were
to compare various aspects of prescribing before and after
implementation of CPOE, specifically, therapeutic class and
schedule of prescribed medications, clinical care area of pre-
scribing pharmacists, and type of order.

METHODS

Study Design and Time Frame

The study was a retrospective comparative review of medi-
cation orders prescribed by pharmacists with APA in a ter-
tiary care hospital. All paper-based orders from January 15
to 28, 2019 (scanned to the BD Pyxis Connect system, Bec-
ton, Dickinson and Company), and pharmacist-prescribed
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CPOE orders from January 15 to 28, 2020 (processed in the
Connect Care system), at the University of Alberta Hospi-
tal were reviewed. The period January 15-28 was chosen
to balance pharmacist vacation scheduling and seasonal
factors. The data collection start date of January 2020 for
the CPOE group of prescriptions was 3 months after the
CPOE system was launched, and was chosen to ensure
that pharmacists had sufficient time to develop proficiency
with the system. This period was also before the COVID-19
pandemic had affected hospital bed occupancy rates in
Alberta, where elective surgeries were cancelled beginning
March 18, 2020.°

Ethics approval was obtained from the Research
Ethics Board (Pro00104379). The need for informed consent
was waived.

Data Sources and Extraction

Three data sources were used for this study. The first data
source was BD Pyxis Connect, the system in which medi-
cation orders were scanned and stored at the University of
Alberta Hospital before implementation of the CPOE sys-
tem; this system was used to collect data for the paper-based
order entry period of the study. In this system, prescribers
wrote the prescriptions on order sheets, which were scanned
and stored for pharmacy order verification. The scanned
orders remained in the system after pharmacy order veri-
fication and dispensing of the medication. All scanned
orders within the study time frame that met the inclusion
criteria were entered into the data collection form for the
study, which was prepared using Research Electronic Data
Capture (REDCap) data collection software.

The second data source was the health care chart-
ing system Connect Care, introduced at the University of
Alberta Hospital in November 2019. Connect Care con-
tains all elements of the patient chart, including medica-
tion orders. Data for the CPOE group of prescriptions were
obtained from Connect Care reports. More specifically, one
of the authors (S.M.) used Connect Care to run separate
reports for all medication orders prescribed, held, and dis-
continued by University of Alberta Hospital pharmacists.
These data were entered into the same REDCap data col-
lection tool as used for the paper-based order entry period.

The third data source was archived pharmacist sched-
ules, which were used to determine the clinical practice
area of each pharmacist.

Inclusion and Exclusion Criteria

Any medication order prescribed by a University of Alberta
Hospital pharmacist for an inpatient during either of the
specified study periods was included. Orders were excluded
if they were verbal orders received from a nonpharmacist
prescriber or pharmacist suggestion orders with a cosig-
nature from a nonpharmacist prescriber. Orders made by
pharmacists in the dispensary and pharmacists in training
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were also excluded, as were orders for laboratory investiga-
tions and nonmedicinal products.

Outcomes

The primary outcome was the relative numbers of phar-
macist orders per clinical pharmacist shift (7.75 h) over the
2 study periods (data from Pyxis Connect, January 15-28,
2019, for paper-based order entry; data from Connect Care,
January 15-28, 2020, for CPOE), overall and categorized
according to weekdays and weekends.

Four secondary outcomes were used to determine
differences in proportionate pharmacist prescribing pat-
terns before and after CPOE implementation. First, each
medication order in the 2 study periods was classified
by medication schedule (schedule I, schedule II, sched-
ule III, or unscheduled), which determines whether a pre-
scription or pharmacist assessment is required for a drug
to be sold in a community pharmacy. Schedule I medica-
tions must have a prescription to be dispensed. Schedule II
and IIT medications can be sold only when a pharmacist is
present, and schedule II medications must be kept behind
the counter. “Unscheduled” medications can be sold at any
store with or without a pharmacist present. Drug schedules
are determined by the National Association of Pharmacy
Regulatory Authorities!® and the Alberta College of Phar-
macy.!! Second, we reported proportionate differences in
the order type (new order, order modification, or immediate
order discontinuation). Modified orders were subsequently
sorted according to the type of order modification: change
to administration instructions, change in duration of ther-
apy, change in dose, or “other”. Third, we sorted medica-
tions by medication class (e.g., gastrointestinal, antibiotics),
as per the First Data Bank Therapeutic Classification Sys-
tem, the classification criteria used by the Connect Care
system. Fourth, the orders were proportionally analyzed by
the prescribing pharmacist’s clinical care area (e.g., internal
medicine, surgery). These clinical care areas were adapted
from those used by Saunders and others? and were inten-
tionally kept broad to preserve the confidentiality of phar-
macists at the research location.

Sample Size Considerations

Saunders and others? reported that 64 293 orders were
placed by 172 pharmacists in 1 year, which corresponded to
17 new orders per pharmacist per month and about 31 total
orders per pharmacist per month. There are approximately
25 full-time clinical pharmacists working at the University
of Alberta Hospital each day, accounting for differences in
weekday and weekend staffing. Therefore, we expected to
collect 775 orders in each period of the study. With a stan-
dard deviation of 5 orders, collecting data from 775 orders in
each period would provide 95% power to detect a difference
between the groups. Data collection was stopped after 2 weeks
because more than the predicted sample size was obtained.
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Data Analysis

The analysis included ¢ tests to determine whether there
was a significant difference in mean number of total orders
prescribed per clinical pharmacist before and after CPOE
implementation. For all secondary outcomes, a Z test was
performed to determine whether there was a significant dif-
ference in proportion of orders placed in each group before
and after CPOE implementation. Statistical significance
was determined by p values less than 0.05.

RESULTS

A total of 1049 orders screened for the period January 15 to
28, 2019, met the inclusion criteria for the paper-based order
entry group of prescriptions. In this period, pharmacists
prescribed 2.23 orders per clinical pharmacist shift (stan-
dard deviation [SD] 1.35). The number of prescriptions per
clinical pharmacist shift was higher on weekdays than on
weekends (3.02 [SD 0.42] and 0.25 [SD 0.29], respectively)
(Figure 1). A total of 2522 orders screened for the period
January 15 to 28, 2020, met the inclusion criteria for the
CPOE group of prescriptions. In this period, pharmacists
prescribed 5.99 orders per clinical pharmacist shift (SD 2.98).
This group also had more prescriptions per clinical pharma-
cist shift on weekdays than on weekends (7.56 [SD 1.03] and
2.00 [SD 2.35], respectively). Pharmacists prescribed a mean
of 3.76 more orders per shift after implementation of the
CPOE system than with the paper-based order entry system
(95% confidence interval 1.97-5.96, p < 0.001).

Pharmacists prescribed a higher proportion of sched-
ule I drugs after implementation of CPOE (70.5% with
paper-based system versus 77.7% with CPOE system,
p <0.001) and lower proportions of schedule IIT drugs (5.1%
with paper-based system versus 3.1% with CPOE system,
p = 0.030) and unscheduled drugs (18.1% with paper-based
system versus 14.1% with CPOE system, p = 0.003) (Table 1).

There were notable differences in the types of orders
prescribed (Table 2). Pharmacists prescribed lower propor-
tions of new and modified orders after CPOE implementa-
tion and a higher proportion of immediate discontinuation
orders. The largest category of orders in the paper-based
order entry period consisted of new orders (47.3%), whereas
the majority of orders in the CPOE period were discontinu-
ation orders (58.0%). The proportion of modified orders
was higher with the paper-based order entry system than
the CPOE system (27.3% versus 11.8%, p < 0.001). Modified
orders were further analyzed by modification type (Fig-
ure 2). There was a significantly higher proportion of dose
changes in the paper-based order entry period (77.7% with
the paper-based system versus 74.7% with the CPOE sys-
tem, p < 0.001), and a higher proportion of duration chan-
ges in the CPOE period (2.5% with the paper-based system
versus 11.1% with the CPOE system, p < 0.001). Difterences
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FIGURE 1. Mean number of prescriptions per clinical pharmacist per day in paper-based order entry and
computerized prescriber order entry (CPOE) periods, according to days of the week.

in the proportions of administration instruction modifica-
tions and “other” modifications were not statistically sig-
nificant (Figure 2).

There were significant differences in proportionate pre-
scribing patterns for many of the medication classes before
and after CPOE implementation (Table 3). The 3 medica-
tion classes with the highest proportion of prescriptions in
the paper-based order entry period were gastrointestinal
drugs, antibiotics, and vitamins. Gastrointestinal drugs
and antibiotics remained among the top 3 in the CPOE
period, with the third being cardiovascular drugs. There
were also differences in the proportions of orders placed by
pharmacists in various clinical care areas before and after
CPOE implementation (Table 3). Despite the statistically
significant differences between the CPOE and paper-based
periods, internal medicine and cardiology pharmacists
represented the top 2 categories of prescribers both before
and after CPOE implementation, whereas critical care

TABLE 1. Proportional Differences in Orders by Drug
Schedule in Paper-Based and CPOE Study Periods

pharmacists represented the lowest category of prescribers
in both periods.

DISCUSSION

To our knowledge, this is the first study comparing phar-
macist prescribing between a paper-based order entry sys-
tem and a CPOE system. According to data for the primary
outcome, pharmacists used their prescribing privileges sig-
nificantly more often after the Connect Care CPOE system
was implemented. Pharmacists also prescribed a higher
proportion of schedule I medications within the CPOE
system than the paper-based order entry system. Phar-
macists used their prescribing authority to discontinue a
higher proportion of orders using the CPOE system than

TABLE 2. Proportional Differences in Type of Order in
Paper-Based and CPOE Study Periods

Study Period; No. (%) of Orders

Paper-Based CPOE
Study Period; No. (%) of Orders Type of Order (n =1048) (n = 2520) p Value
Paper-Based CPOE New 496 (47.3) 709 (28.1) < 0.001
Schedule (n =1049) (n =2522) p Value Discontinue 208 (19.8) 1461 (58.0) <0.001
Schedule | 740 (70.5) 1959 (77.7) < 0.001 Modify 286 (27.3) 297 (11.8) < 0.001
Schedule Il 65 (6.2) 128 (5.1) 0.18 Hold 24 (2.3) 46 (1.8) 0.36
Schedule Il 54 (5.1) 79 (3.1) 0.030 Unhold 6 (0.6) 7 (0.3) 0.19
Unscheduled 190 (18.1) 356 (14.1) 0.003 Reorder 28 (2.7) 0 (0) <0.001
CPOE = computerized prescriber order entry. CPOE = computerized prescriber order entry.
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in the paper-based order entry system and prescribed a
lower proportion of new orders in the CPOE system. There
were some proportional differences in therapeutic classi-
fication of medications and clinical care area before and
after CPOE implementation, but these findings were less
clinically significant.

Overall, these findings suggest that CPOE may be a
facilitator of pharmacist prescribing to full scope. There are
a number of potential reasons for this result. First, the con-
venience of placing orders in a computerized system rather
than writing out orders by hand may have contributed.
Second, many pharmacists have computer access on their
clinical unit, which means the CPOE and all of the patient
information that it contains are more readily available to
inform pharmacist prescribing and to facilitate convenient
order entry than is the case with a paper chart being used
by many team members. Third, Connect Care includes a
secure chat feature that allows members of the care team
to contact each other directly. This feature allows phar-
macists to easily communicate with the interprofessional
team when prescribing, which is a requirement for pharma-
cist prescribing, according to the Alberta College of Phar-
macy Standards of Practice.!! Finally, Connect Care was a
relatively new system at the time of study, and practition-
ers may have made mistakes when ordering medications.
Pharmacists may be prescribing more in the CPOE system
because of the need to amend these errors.

The main reason for the difference in numbers of
orders before and after CPOE implementation was the
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drastic increase in discontinuation orders during the CPOE
period of the study. Pharmacists may have been respon-
sible for more discontinuation orders in the CPOE period
because Connect Care has a best possible medication his-
tory (BPMH) feature that autopopulates medications from
the patient’s electronic health record and previous hospi-
tal visits. However, the information in the system does not
always accurately reflect the patient’s home medication list,
and pharmacists are likely the providers who will reconcile
these discrepancies, which presumably involves the use of
discontinuation orders. A high proportion of discontinu-
ation orders was also noted by Saunders and others,? who
collected data on pharmacist prescribing habits in a CPOE
system and noted that 50% of the orders placed were for
discontinuation of medications. Despite the lower propor-
tion of new orders in the CPOE system, due to the increased
proportion of discontinuation orders, there was a higher
total number of new orders in the CPOE period (709 versus
496), which further supports the idea that the CPOE system
facilitates pharmacist prescribing.

In terms of medication classification, gastrointes-
tinal medications and antibiotics were among the most
frequently prescribed medication classes in both periods,
which is consistent with data from previous studies.? Find-
ings regarding clinical care practice area were somewhat
consistent with data from the previous study,? in which
internal medicine and surgical pharmacists had the most
prescriptions and intensive care pharmacists the least.

This study had some limitations. First, pharmacist
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TABLE 3. Proportional Differences in Therapeutic Classification and Clinical Care Area

Study Period; No. (%) of Orders

Paper-Based CPOE

Class or Clinical Area (n = 1049) (n =2522) p Value

Therapeutic classification
Gastrointestinal drugs 130 (12.4) 321 (12.7) 0.79
Antibiotics 129 (12.3) 287 (11.4) 0.44
Vitamins 100 (9.5) 170 (6.7) 0.004
Cardiac drugs 91 (8.7) 297 (11.8) 0.010
Anticoagulants 79 (7.5 113 (4.5) 0.010
Antihyperglycemics 70 (6.7) 164 (6.5) 0.85
Antiasthmatics 65 (6.2 96 (3.8) 0.002
Electrolytes and miscellaneous nutrients 55 (5.2) 156 (6.2) 0.79
Eye, ear, nose, throat preparations 52 (5.0 45 (1.8) < 0.001
Analgesics 51 (4.9) 136 (5.4) 0.52
Hormones 24 (2.3) 88 (3.5 0.06
Unclassified drug products 23 (2.2) 53 (2.1) 0.87
Diuretics 23 (2.2) 81 (3.2 0.10
Antiplatelet agents 19 (1.8) 82 (33) 0.18
Psychotherapeutic drugs 13 (1.2) 55 (2.2) 0.06
Immunosuppressants 8 (0.8) 42 (1.7) 0.040
Other 17 (1.2) 336 (13.3) 0.80

Clinical care area
Internal medicine 556 (53.0) 1107 (43.9) <0.001
Cardiology 284 (27.) 810 (32.1) <0.001
Surgery 127 (12.1) 208 (8.2) < 0.001
Pediatrics 66 (6.3) 233 (9.2) 0.003
Other 8 (0.8) 102 (4.0 < 0.001
Critical care 8 (0.8 62 (2.5 <0.001

CPOE = computerized prescriber order entry.

documentation was not accessed, so details supporting the
medication orders could not be obtained. A chart review
would have allowed us to analyze whether new medications
ordered by pharmacists represented continuation of home
medications or initial prescriptions. It also would have pro-
vided the rationale for modifications made by pharmacists
(e.g., renal dose adjustments, correction of errors). Second,
this study was a single-centre evaluation and consequently
may lack generalizability to other centres. However, Epic
Systems software has been implemented at many other
hospitals in Canada, and these results may be of use to
those centres.

CONCLUSION

In this study, pharmacists generated more prescriptions in a
CPOE system than a paper-based order entry system at the
University of Alberta Hospital, with a higher proportion of
schedule I medications prescribed. This finding could be
due to convenience and easy access to the CPOE system, as
well as the CPOE system’s ability to facilitate interprofes-
sional collaboration. More data are needed to determine
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whether increased pharmacist prescribing in the CPOE
system correlates with improved patient outcomes.
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