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Summary
Background: After implementation of a system-wide EMR within our university system, e-prescrib-
ing is now commonplace. 
Objective: The authors conducted a study to assess whether optimization of computerized pro-
vider order entry (CPOE) can reduce errors in these electronically transmitted prescriptions and 
would require less frequent interventions from pharmacists, in particular the need for them to “call 
to clarify” (CTC) details of particular prescriptions. Secondary analysis based on cost assumptions 
was preformed to presume cost differences before and after optimization changes.
Materials and Methods: In order to generate complete, error-free prescriptions, optimization 
changes were implemented in the form of in line validation messages. These messages were gener-
ated if (1) an order did not specify a provider or pharmacy; (2) the DEA requirements were not met; 
(3) character limits were exceeded in patient sig or demographics or (4) administration instructions 
had breaks or had both discrete and free text elements. Retrospectively, prescriptions were ran-
domly selected from a nine month period before and after implementing changes. These prescrip-
tions were analyzed by a pharmacist and a nurse to identify types of errors that would require a 
CTC to a prescribing provider. Errors were compared statistically to determine effectiveness of 
changes pre and post optimization.
Results: A total of 602 prescriptions were analyzed; 301 before changes and 301 after changes. Of 
these prescriptions, 20.27% had errors before changes and 12.96% had errors after changes. The 
decline in the error rate was considered statistically significant for p<0.05. The cost savings were 
estimated at $76 per 100 prescriptions for pharmacist and physician time-cost estimates combined.
Conclusions: Implementing optimization changes to the CPOE resulted in a reduction in error rate 
requiring pharmacist CTC. This study identifies effective optimization changes for electronic pre-
scribing that can reduce prescribing errors and may result in cost saving.
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1. Background
Medication errors are reported to be responsible for more than 7000 deaths annually [1]. The adop-
tion of computerized provider order entry (CPOE) systems can reduce medication errors [2]. E-pre-
scribing has been widely adopted and has been shown to reduce the need for manual prescription 
entry. However, pharmacy staff still frequently must complete or edit certain fields, particularly drug 
name and patient instructions [3].

E-prescribing reduces manual prescription entry by the healthcare provider, but it can still result 
in patient safety concerns. These safety concerns include validity and completeness of the informa-
tion regarding medications, accidentally prescribing duplicate medications, and selecting the wrong 
drug or dose due to drop-down menus and small screen size [4]. On average, pharmacist may have 
to intervene 3.8% of the time for e-prescription. This percentage increases with new prescriptions 
(4.1%) due to errors of omission, dosing etc [5]. The most common intervention by pharmacists is 
contacting the prescriber (64.1%) for information verification. Such action requires an average of 
6.07 minutes to conduct their intervention and an incremental dispensing cost of $4.74 [5].

Implementing CPOE can reduce medication errors, but optimizing CPOE systems may also sig-
nificantly improve performance. In this study, we aim to analyze how optimization of CPOE can 
further reduce the error rate. The guidelines published by SureScripts [6] may result in improved 
error rates by transmitting more complete prescriptions.

2. Objectives
The objective of this study is to identify the most common types of errors seen by pharmacists in 
electronically transmitted prescriptions as well as to investigate the effects of implementation of op-
timization changes in CPOE on reduction of such errors. 

3. Material and Methods

3.1 Inclusion criteria
Randomly selected e-prescriptions were extracted from Epic EMR nine months prior to implement-
ing changes (Jan 2013-Sep 2013) and nine months after implementing changes (Oct 2013 to June 
2014). This random sample was drawn from the inpatient and outpatient departments of all poten-
tially affected clinics and hospitals at the University of Mississippi Medical Center. 

3.2 Exclusion criteria
Prescriptions were excluded if they were written manually, or if the information could not be 
extracted. E-prescriptions were excluded if they were not transmitted due to technical reasons. Also, 
written and held prescriptions which were not actually transmitted were also excluded from the 
study. In order to fulfill criteria for exclusion, selected prescription were selected from EMR pre-
scriptions which had completed the electronic transmission process.

3.3 Study design
This study was done retrospectively, to determine effectiveness of the optimization changes that 
were implemented in Epic-EMR CPOE in September 2013.

The changes were determined appropriate based upon the guidelines published by SureScripts 
[6].

In-Line Validation Messages were generated if the e-prescription order:
1. Did not have e-prescribing provider
2. Did not have pharmacy specified
3. Did not meet DEA requirements
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4. Contained line breaks in comments for patient sig (administration instruction)
5. Exceeded the character limit for patient sig (administration instruction)
6. Contained both discrete and free text elements in patient sig. (administration instruction)
7. Exceeded the character limit within patient demographics

Optimization changes were implemented in the EMR across all specialties at University of Mississip-
pi Medical Center. 

The project team consisted of one physician, one pharmacist, one nurse and two electronic medi-
cal record analysts. Data was retrospectively collected by querying Epic EMR for a random selection 
of prescriptions for nine month period pre and post implementation of changes. A total of 602 pre-
scriptions; 301 prescriptions prior to changes and 301 after implementing changes were extracted. 
All prescriptions were analyzed by a pharmacist (PharmD) and a nurse to identify the common 
types of errors that may require CTC with the prescribing provider. The pharmacist and nurse were 
not blinded to the status of the prescription in the study. Subsequently, prescriptions were divided 
into pre- and post- optimization groups. errors were classified and compared between the two 
groups.

3.4 Statistical Methodology
Analysis by a statistician revealed that using two tailed model, 270 prescriptions need to be included 
in each group to detect a decrease in CTC from 25% to 15% for 99% power and a P-value of 0.05. 

Extracted data about the prescriptions before and after optimization was analyzed by the phar-
macist for error rate which was defined as a need to call the provider for clarification. By forming a 
contingency table (2x2), the error rate was compared using risk ratios, odds ratio and chi square test. 
Statistical calculations were completed using the website http://vassarstats.net/odds2x2.html.

3.5 Cost calculations
Cost calculations were performed based upon the following assumptions: 5 minute of call duration 
and salaries $200,000 and $100,000 for the physician and pharmacist respectively. The cost of the 
pharmacist’s time was estimated at about $3.47 per call {5 min spent}x{(100000 estimated sal-
ary)/(60 min X 8 hrs X 25 days X 12 months)} and the cost of the physician’s time was estimated at 
about $6.94 per call. According to one published study, contacting the prescriber by pharmacists for 
information verification requires an average of 6.07 minutes and has an incremental dispensing cost 
of $4.74 [5]. We wanted to do a conservative cost analysis hence the use of conservative numbers in 
this study. Also there are potential additional costs related to pharmacy techs, physician assistants 
and nurses who may have been involved in the process. However, in this conservative analysis, those 
variables were not taken into account.

4. Results
University of Mississippi Medical Center is the only academic medical center in Mississippi. Epic 
EMR was implemented at University of Mississippi in June 2012. A total of 205,446 prescriptions 
were e-prescribed during pre-implementation period of Jan 2013 to Sep 2013, compared to 334,118 
total e-prescriptions from Oct 2013 to June 2014. These numbers included prescriptions written for 
adults and children in both outpatient and inpatient settings. The median age of the patient popu-
lation was 50 years, and the average age was 45.01 and 44.63 years respectively in each group pre- 
post- implementation.

In this study, 301 randomly selected prescriptions in each group, pre- and post-implementation, 
were extracted from the EMR. Medication errors were identified at the discretion of the pharmacist 
and the nurse where a CTC was indicated based upon the information transmitted in the e-prescrip-
tion. Afterwards, they were classified as pre and post optimization prescriptions.

The pharmacist and nurse determined there were errors in 61/301 (20.27%) and 39/301 (12.96%) 
of prescriptions pre- and post- optimization. See ▶ Figure 1. This figure shows the total number of
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e-prescriptions in each period, the number of randomly selected prescriptions in each group and the 
number of prescriptions with errors in each group. This change in the number of errors was statisti-
cally significant with Pearson chi-square of 5.8 (p=0.016, p<0.05). These errors were classified in 10 
different categories and the data presented in ▶ Figure 2.

Based upon cost estimate of $3.47 and $6.94 per call for the pharmacist and physician respect-
ively; there was an estimated $76 cost savings per 100 prescriptions. {20.27–12.96=7.31 (no of re-
duced calls per 100 prescriptions) x 10.41 (total of 3.47 + 6.94) =76}. 

Two way sensitivity analysis was performed keeping actual cost variations in mind. See ▶ Table 1
for total cost estimates based upon varying number of reduced errors per 100 prescriptions along 
with variations in cost estimates of all involved healthcare providers’ time per prescription error.

5. Discussion
In this study we identify optimization changes for electronic prescription system that could reduce 
errors by 7.31% (p<0.05) that require a CTC. We also propose that this may ultimately result in cost 
savings.

5.1 CPOE and varying error rate reduction may be due to varying de-
sign of CPOE systems. Are these optimization changes at the root of 
varying error rates?

Previous studies have reported variable results on error reduction after CPOE implementation. 
While most studies report a reduction of errors after CPOE implementation [7–15]; some authors 
have reported that CPOE may increase the errors [16]. Studies showing reductions in medication er-
rors have reported variable results. [2]. Since there is wide variation between different CPOE’s, there 
is a need to identify features/optimization changes that affect the error rate within different CPOE 
systems and to adopt those features as basic standards for future development and implementation. 
In this study we propose optimization changes that may reduce e-prescribing errors.

5.2 Why total number of e-prescriptions increased between pre and 
post optimization groups?

The significant increase in number of e-prescriptions (205,446 vs 334,118) between the two study 
periods may have resulted from changes that were implemented. Particularly, creating in line mess-
aging if provider or pharmacy information was missing, if the medication did not meet DEA 
requirements and if patient demographic exceeded e-prescribing character limit, would result in a 
provider being able to successfully e-prescribe and more likely to e-prescribe in future. Also, since 
EMR was recently implemented, it is possible that providers are becoming more comfortable with 
e-prescribing leading to an increased number of e-prescriptions. This study is limited by the fact that 
we did not analyze the number of failed e-prescription attempts.

5.3 Why error rate differs between previously reported and current 
study?

Different definitions of medication errors can be found in the literature. In this study we defined 
medication errors by whether or not the pharmacist felt a need for a CTC. Some studies define 
medication errors as events with potential to cause patient harm, while others count errors corrected 
by the hospital’s internal redundant system auditing before reaching the patient. In this study we 
adopted the latter, since the aim of the study was to reduce the redundancy of the system and mini-
mize the corrections needed before e-prescriptions were transmitted to the pharmacy. Our data esti-
mates the error rate to be 20.27% and 12.96% pre and post optimization which is much higher than 
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error rate reported in other studies. Error rates of 2.32–3.91% on handwritten and 0.82–0.69% on 
computer assisted prescriptions have been reported in an emergency department [9]. Another out-
patient study found the error rate to be 7.6% for prescribing errors. Out of these prescribing errors 
4.3% errors were at basic computerized sites vs 11% errors at handwritten prescription sites.[17]. 
This error rate discrepancy between our study and other studies may be due to the stricter definition 
of error used in our study. For example, if a dermatological cream was prescribed, but the affected 
area to be applied was not clarified in e-prescription, we counted it as an error. Also, we included 
multiple sites in a large academic center including inpatient, outpatient, and emergency room rather 
than studying a single department or setting.

5.4 Cost saving estimates- Are they underestimated or overestimated?
Considering the time spent by the pharmacist and physician for such phone calls, estimating at least 
5 minutes spent by each, we estimated a cost saving of $76 per 100 prescriptions. Additional costs 
may be incurred from other individuals who might be involved in the medication prescription pro-
cess such as nurses, physician assistants and pharmacy technicians. Thus it is likely that we have 
underestimated actual costs. Also, we assumed the pharmacist would call a physician for each error 
detected. In actual practice, the pharmacist may correct some errors without calling the provider. In 
this case we may have overestimated costs. The cost calculations in this study were done to illustrate 
potential cost savings. Further studies are needed to determine if these cost savings are accurate.

The effects of e-prescribing on physician work load was not studied. Electronic prescriptions may 
have increased work load since even simple prescriptions require multiple field inputs. In that case 
we may have overestimated cost savings. However, the opposite may be true. Physician work load 
may be decreased if the pharmacist is not required to call multiple times per day to clarify prescrip-
tion errors. The time lost due to interruptions in work flow in addition to spending time on phone 
was not taken into account; thus, cost savings may have been underestimated. Such variables were 
not taken into account.

5.5 Explaining changes in the errors between two groups
The most significant effects in error reduction or elimination were noted in the area of patient in-
struction, elimination of contrasting sig and dose clarifications. Since the provider was presented 
with in-line messages if the prescription sig contained line breaks, if it exceeded the character limit 
or if it contained both discrete and free text elements; these changes may have forced providers to 
clarify instructions, reducing the above mentioned errors.

Since there were no changes directly affecting the route of medication (for example in one in-
stance IV formulation was prescribed PO and needed clarification) and forcing providers to clarify 
time of the day when medication should be taken (for example, sedatives are best taken in the even-
ing, while the provider prescribed it “once”), those errors were not affected by optimization changes. 

Mainly when dermatological creams were prescribed, the location were cream should be applied 
was not clarified (although that should be self-understood by patients) and since no changes were 
implemented to make location a required field it did not eliminate these types of errors. The re-
ported increase in errors may have been due to random selection of these type of dermatological 
prescriptions. (i.e. random error). Also, there was no discrete field to state whether the patient is in-
structed to continue medications after using the prescribed quantity. The pharmacist would need to 
clarify the duration of treatment in this case. These type of errors were not affected by any of the 
changes implemented. 

Only in the post optimization group is there an error requiring drug/formulation clarification. In 
this error, the provider prescribed dextromethorphan instead of a typical over the counter combi-
nation cold remedy requiring additional clarification. Random selection bias is suspected in un-
covering this error.
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5.6 Limitations of study

This study is limited in several aspects. It is a retrospective study, and the team was not blinded. 
Since this was newly implemented e-prescription system, background error rate was not available 
prior to the study. Also, costs associated with phone calls including durations, were estimated and 
additional personnel such as nurses, pharmacy technicians, physician assistant who may have been 
involved in the process were not accounted for.

This study does not address the effect of a newly implemented EMR on the work load of busy 
providers and how this may have affected error rates.

With these limitations, this study was able to show potential improvements in errors by optimiz-
ing e-prescription CPOE. Further prospective randomized double blinded studies are needed to 
prove our hypothesis.

6. Conclusions
Optimizing CPOE by implementing described changes may result in a significant reduction in error 
rate requiring pharmacist CTC. This study also identifies other opportunities to optimize the pro-
cess of electronic prescribing by adding “location” as required field in dermatological prescriptions 
and restricting appropriate route of medications thus preventing accidental prescription with wrong 
route of administration for medication.
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E-prescription optimization changes in the CPOE may result in significant improvement in quality 
of prescriptions electronically transmitted to pharmacies and thus ultimately result in reduced time 
for calls to clarify prescriptions required by the pharmacists.

Conflict of Interest
The authors declare that they have no conflicts of interest in the research.

Human Subjects Protection
This study was performed in compliance with the World Medical Association Declaration of Hel-
sinki on Ethical Principles for Medical Research Involving Human Subjects, and was reviewed by 
the University of Mississippi Institutional Review Board.

Acknowledgements

Authors thank the developers and pharmacists who worked on the project and helped to 
extract data.

Research Article

J Patel et al.: Optimized Computerized Order Entry can Reduce Errors

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



593

© Schattauer 2016

Fig. 1 Total number of prescriptions, number of randomly selected prescriptions and number of prescriptions with
errors in each group.

Fig. 2 Comparing number of error-types that required pharmacist call to clarify pre- and post- optimization
changes in EMR.
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Table 1 Two way sensitivity analysis based on variable cost estimates per prescriptions and variable percent error 
reduction.

Estimated cost 
savings per 
prescription 
with errors ($)

2.5

5

7.5

10

12.5

15

17.5

20

22.5

25

27.5

30

32.5

35

37.5

40

42.5

45

47.5

50

Percent error reduction

2

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

4

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

6

15

30

45

60

75

90

105

120

135

150

165

180

195

210

225

240

255

270

285

300

8

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

320

340

360

380

400

10

25

50

75

100

125

150

175

200

225

250

275

300

325

350

375

400

425

450

475

500

12

30

60

90

120

150

180

210

240

270

300

330

360

390

420

450

480

510

540

570

600

14

35

70

105

140

175

210

245

280

315

350

385

420

455

490

525

560

595

630

665

700

16

40

80

120

160

200

240

280

320

360

400

440

480

520

560

600

640

680

720

760

800

18

45

90

135

180

225

270

315

360

405

450

495

540

585

630

675

720

765

810

855

900

20

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

850

900

950

1000
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