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Objective: To determine baseline levels of medication errors and their 
root causes so as to highlight areas of potential process improvements 
and serve as a ruler against which to measure future improvements.
Design: A prospective pharmacist intervention study determining errors in 
1014 medication orders at Baylor University Medical Center. Only errors in 
the process of medication ordering were documented; errors in drug ad-
ministration were not considered. Root causes of errors were examined.
Results: The baseline medication error rate was 111.4 per 1000 orders 
(n = 1014). Most common were dosing errors (43.4 per 1000 orders), fol-
lowed by frequency errors (19.7 per 1000 orders) and unavailable drug 
errors (12.8 per 1000 orders). Of the 113 total errors found, 52 (46%) had 
a transcription-based cause, i.e., an error in inputting the handwritten 
physician order into a computer system. System- or process-related root 

causes (such as duplicate orders or lack of crossover from one information 
system to another) accounted for 35.4% of the errors, and prescribing-
based causes (such as wrong dosage or nonformulary drugs) accounted 
for 18.6% of errors.
Conclusions: Implementing a computerized physician order entry (CPOE) 
system would eliminate order-entry transcription-based errors. Its abil-
ity to resolve system/process-based and prescribing-based root causes 
of error is not as clear. Furthermore, the modification of processes due 
to implementation of CPOE could lead to new types of errors. Present 
processes must be redesigned according to evidence-based medicine, and 
future processes must be anticipated as technological changes occur. Such 
efforts—rather than outright reliance on technology—are more likely to 
lead to an error-free environment after CPOE is implemented.

As Baylor Health Care System embarks on a 7-year odyssey 
of clinical transformation that will include implementa-
tion of a computerized physician order entry (CPOE) 

system, leaders needed baseline data on medication errors and 
their root causes. Such data could highlight areas of potential 
process improvements and serve as a ruler against which to mea-
sure future improvements.

Since 1991, many studies have attempted to quantify iatro-
genic errors, including medication errors, in the USA (1–6). All 
studies have found “a substantial amount of injury to patients 
from medical management” (1) and have agreed that “ADRs 
[adverse drug reactions] represent an important clinical issue” (2). 
In one study, adverse drug events made up 19.4% of the disabling 
adverse events, and 45% of the adverse drug events were due to 
medication errors (3).

A number of studies have specifically addressed the frequency 
of medication errors (7–9), and these frequencies have varied. 
The heterogeneity of the studies’ definitions, indicators, and 
techniques cannot be underestimated. The diversity of method-
ologies, the differences of opinion as to what should be counted 
and what is not worthy of being counted, and the use of a variety 
of indicators as a determinant of the presence of error (from the 
administration of so-called antidote drugs to the use of pharma-
cist interventions) have had an impact on the numbers reported 
in the studies, and the importance attached to these numbers is 
affected by the reader’s perspective. However, what cannot be 
ignored is that medication errors are occurring during so-called 
“time-honored manual systems” processes (7) and that CPOE 
is being considered as a means of reducing medication errors. It 
would be foolhardy to believe that replacing one process with 
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another will solve a problem without fully understanding the 
causes of the problem.

At Baylor Health Care System, earlier studies attempted to 
assess the level of medication errors; these studies focused either 
on voluntarily reported errors or on retrospective chart reviews 
documenting adverse drug events discovered after the fact (8). In 
embarking on this baseline study, the research team made several 
fundamental decisions about design:
•   Medication errors were defined as “errors in the process of 

ordering, dispensing, or administering a medication, regard-
less of whether an injury occurred or whether the potential 
for injury was present” (4). 

•   A prospective observational study of pharmacists at the time of 
medication order verification was chosen. While a prospective 
observational study at the point of care would have been ideal, 
it was cost-prohibitive. The research group decided against 
using a voluntary reporting system or a retrospective chart 
review for the baseline study. In voluntary systems, fears of 
recrimination or heavy workloads might prevent the reporting 
of information (10), whereas retrospective chart reviews about 
adverse events have had poor interrater reliability (11). 

•   The study considered 2 key process junctures at which medi-
cation errors occur: prescribing by the physician (example of 
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error: ordering a drug that is contraindicated or miscalculat-
ing dosage or frequency) and transcription and order entry 
(example of error: “Q/D” being entered into the system as 
“QID”). Because the evaluation took place at the pharmacy 
rather than at the point of care, 2 other processes were not 
analyzed: dispensing of medication (example of error: pa-
tient getting wrong drug) and administration of medication 
(example of error: a missed or duplicate dose). The Figure 
summarizes how these 4 key processes are implemented begin-
ning at one of Baylor University Medical Center’s 57 remote 
nursing stations.
Baylor plans to compare the results of this baseline study 

to results of a follow-up study after implementation of a CPOE 
system. 

METHODS
A sample size estimate was calculated with the following 

considerations: 
1.   The baseline rate for medication errors was assumed to be 30 

per 1000 orders.
2.   The intervention would reduce the medication error rate by 

67% to 10 per 1000 orders.
3.   Type I error rate = 0.05, type II error rate = 0.20 (power = 

0.80). 
With these assumptions, the sample size estimate was calculated 
to be 800. To make the estimates more precise, the research 
team decided to collect 1000 orders. Data collection took place 
between March 10 and April 14, 2003. To minimize bias, data 
collection times (between 7:00 AM and 9:00 PM) and verification 
stations (5 possible stations) were randomly assigned to the day of 
collection. Data were collected 7 days a week until approximately 
1000 cases were in the data file. Microsoft Access was used to 
store the data.

Each medication order verification by the pharmacist was 
observed and documented. If the order required the pharmacist’s 
intervention, the pharmacist brought it to the attention of the 
data collector. Two broad questions were raised:
1.   Was there a medication error and, if so, what type of error 

was it? 
2.   What type of “rework” occurred on the part of the pharmacist 

(to help determine the root cause)? 
For the purposes of this study, only errors in the process of 

medication ordering were measured. The pharmacist who verified 
the medication order was the sole determinant of whether such 

RN or unit assistant faxes a copy 
of the order to the pharmacy

RN or unit assistant enters the 
order into the HIS

Drug is administered

Pharmacy technician is prompted 
to dispense the medication to 

the floor

Drug is available for dispensing
on nursing floor

PIS notifies HIS that drug has 
been verified

Dispense logic in PIS generates 
a label in pharmacy

Verification in PIS sends the 
order, via an interface, to 
automated medication 

dispensing system (Pyxis)

Ordering MD writes order in patient’s chart

Pharmacist compares and verifies the 
accuracy and appropriateness of the faxed 

and electronic orders

The order is electronically 
transmitted, via an interface,

from the HIS to the PIS

The faxed order is placed into 
one of 5 verification bins

Verifying pharmacist receives the 
faxes for his verifying station

The fax information is used to
pull up the patient in the PIS

Order is corrected, if needed, 
and then verified

Figure. Medication order process at Baylor University Medical Center. PIS indicates 
pharmacy information system; HIS, hospital information system. 

Table 1. Definitions of medication errors*

Medication error 
classification Explanation

Dose error
Dose ordered was an overdose or underdose;
dosage information was omitted; dose was missed; 
dose form was wrong

Frequency error
Frequency information was incorrect or omitted; 
timing errors were present

Unavailable drug Drug was not on the formulary

Avoidable delay
A delay in patient treatment resulted because
medication order information was not available to 
the verifying pharmacist

Route error Route information was incorrect or omitted 

Inappropriate 
drug

Prescribed drug was not the appropriate interven-
tion for the condition

Substitution
The wrong drug was given, or the wrong patient 
received the drug

Drug-allergy 
interaction

Patient had a documented allergy to the prescribed 
drug 

Drug-drug
interaction

The prescribed drug was contraindicated because of 
another drug already prescribed to the patient

Drug-lab
interaction

The prescribed drug was contraindicated because of 
lab values indicating renal or liver function problems 

Unknown

*Adapted from reference 4. 
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an error had occurred. Interventions to accommodate 
regulatory requirements, billing issues, and change of 
medication administration requests were not included 
in the error counts. Table 1 defines the medication er-
ror categories used, as proposed in the work of Bates 
et al (4).

Determinations of root cause of error were retro-
spective and based on free-text descriptors written at 
the time of observation that described the type of error 
and the steps the pharmacist took to correct it. The 
research team divided root causes into 3 broad groups. 
Prescribing-based root causes are those associated with 
physician-prescribing mistakes, oversights, substitutions, 
and omissions and include both obvious errors such as 
entering a wrong dosage and less obvious errors such as 
prescribing nonformulary drugs. Transcription-based 
root causes can be traced back to the order entry action 
of the unit assistant or nurse. Such errors are detected 
when the pharmacist notes a discrepancy between the 
physician’s written order and the order placed into the 
hospital information system. System/process-based 
causes cover a variety of issues and frequently are related 
to communication failures, as when patient information 
did not cross over between systems for verification. 

RESULTS
The baseline medication error rate was 111.4 per 1000 orders 

(n = 1014). The most common errors were dosing errors (43.4 per 
1000 orders), followed by frequency errors (19.7 per 1000 orders) 
and unavailable drug errors (12.8 per 1000 orders) (Table 2).

When errors were grouped by root cause, the most common 
cause was transcription-based (46% of interventions) (Table 2). 
Transcription causes were more likely to result in dose errors, 
frequency errors, and route errors than other types of errors. In 
this study, transcription-based causes did not result in unavail-
able drug errors.

The second most common cause of pharmacist intervention 
was system/process-based root causes (35.4% of interventions). 
Again, dose errors were the most frequently occurring error, fol-
lowed by avoidable delay errors. Unavailable drug errors, route, 
and inappropriate drug errors tied for third. System/process-based 
errors were quite diverse. Some mistakes occurred because of a 
variation in the customary process (e.g., a telephoned medication 
order). Others occurred when interfaces between the hospital in-
formation system and pharmacy information system failed to deliv-
er the same message or when limitations in one of the information 
systems prevented the successful transmission of the medication 
order. Sometimes, errors occurred when procedures were changed 
and the ordering physician was unaware of the change.

The least common cause of pharmacist intervention was pre-
scribing-based root causes (18.6% of interventions). The most 
common errors for this category were unavailable drug errors. 
Dose errors and frequency errors occurred less frequently. 

DISCUSSION
The medication error rate determined by this study was 111.4 

per 1000 orders. Because of differences in processes and levels of 
technology at different centers, it is difficult, if not impossible, 

to find studies that are identical or even similar to ours and thus 
validate our error rate.

During the baseline study of Bates et al, of 10,070 medication 
orders, there were 242 non–missed-dose medication errors, an 
error rate of 24.0 per 1000 orders (4). However, that study dif-
fered in several ways from our study. We used the same definition 
for medication errors as Bates et al. Our study, however, focused 
specifically on the ordering process and did not consider other 
sources of medication errors such as dispensing and administering 
medication. Because Bates et al included these other sources, one 
would expect their numbers to be higher. However, the majority 
of medication errors in their baseline study were discovered after 
reviewing medication sheets, thus focusing more specifically on 
prescribing-based causes of errors. Bates et al conceded that their 
study “differentially detected ordering errors” (4), and because at 
the time of their study there was no interface between a hospital 
information system and a pharmacy information system and 
all orders were handwritten in order books, there was no such 
thing as a transcription-based cause for a medication error, as 
described in our study, nor any discussion about system/process-
based root causes. In our study, 20.7 errors per 1000 orders were 
due to prescribing-based causes, a figure that is almost the same 
as that of Bates et al. It is noteworthy that the introduction of 
technology (an interface between a hospital information system 
and pharmacy information system) introduces new sources of 
errors (transcription- and system/process-based errors), even as 
it makes a paper-based process more efficient. 

In another study based on clinical pharmacy interventions 
in an Australian teaching hospital (12), the percentage of errors 
related to improper dosing was 54%; in our study the percentage 
was 39%. In the Australian study, however, only interventions 
“considered to be of major significance” (12) were submitted for 

Table 2. Medication error rates and their root causes in a study of 1014
medication orders at Baylor University Medical Center

Error type

Total no. 
(rate per 

1000 orders)

Root cause (no. [% of error type])

Transcription
System/
process Prescribing

Dose error 44 (43.4) 18 (40.9) 22 (50.0) 4 (9.1)

Frequency error 20 (19.7) 17 (85.0) 1 (5.0) 2 (10.0)

Unavailable drug 13 (12.8) 0 (0.0) 2 (15.4) 11 (84.6)

Avoidable delay 12 (11.8) 0 (0.0) 11 (91.7) 1 (8.3)

Route error 9 (8.9) 7 (77.8) 2 (22.2) 0 (0.0)

Inappropriate drug 8 (7.9) 6 (75.0) 2 (25.0) 0 (0.0)

Substitution* 3 (3.0) 3 (100.0) 0 (0.0) 0 (0.0)

Drug-allergy interaction 1 (1.0) 0 (0.0) 0 (0.0) 1 (100.0)

Drug-drug interaction 1 (1.0) 0 (0.0) 0 (0.0) 1 (100.0)

Drug-lab interaction 1 (1.0) 0 (0.0) 0 (0.0) 1 (100.0)

Unknown 1 (1.0) 1 (100.0) 0 (0.0) 0 (0.0)

Overall 113 (111.4) 52 (46.0) 40 (35.4) 21 (18.6)

*All 3 substitution errors were transcription-based and were caught at the point of pharmacist 
verification of the transcribed order and not at the time of administration of the medication.
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analysis; interventions thought to represent “minor to moderate 
significance” were excluded. Our study was more inclusive and 
did not make a distinction between potential major and minor 
outcomes. 

Our study design presented some limitations. Because all 
medication errors were determined as a result of pharmacist 
intervention at the time of verification of the medication order, 
any personal biases the pharmacist might have had as to what 
constituted an intervention and/or medication error would be re-
flected in our reporting of the data. Similarly, root cause determi-
nations were dependent upon the data collector’s interpretation 
of the pharmacists’ interventions and may have been affected by 
personal biases and knowledge-based limitations. No assessment 
of reliability was made. Interventions that may have occurred at 
times other than the verification of the medication order were 
not included. Examples of such interventions included pharma-
cist-physician consults on the patient floors and by telephone. 
Because this study was conducted entirely in the pharmacy and 
because many of Baylor’s intensive care units have verifying sta-
tions on site, there was an underrepresentation of medication 
orders generated from the intensive care units. Furthermore, at 
the time of this study, a pharmacy pilot study that involved order 
entry by pharmacists dedicated to specific patient care units was 
in place, and these orders were also not considered. Finally, this 
evaluation was performed at only one medical center, so results 
might be different elsewhere.

Implications for the CPOE system
These baseline data will be compared with data after imple-

mentation of the CPOE system at Baylor. It is clear from the 
literature that Baylor cannot expect pharmacist interventions 
to cease after the new system is used. Senholzi et al analyzed a 
control and study patient care unit for a 6-week period before 
and after CPOE implementation and again after allowing time 
for physicians to become familiar with the new system (13). They 
showed that despite a reduction in incomplete orders, wrong 
dosage/route/frequency, and therapeutic interchange orders, the 
number of pharmacist interventions increased significantly after 
the CPOE was implemented (13). The authors explained that the 
system created inconsistent orders and/or duplicate orders and did 
not prevent physicians from ordering the wrong drug.

In an accompanying editorial, pharmacy directors from 
Tufts, Cedars-Sinai, and the University of Illinois medical 
centers enumerated 11 specific “realities and challenges” to be 
addressed in CPOE implementations (7), including the fact that 
CPOE systems “take more time and are far more complex than 
the time-honored manual systems that they replace” and that in 
comparison with pharmacists who have many years of experience 
with medication order entry, “order entry by physicians and other 
prescribers is a new skill and will be associated with a significant 
learning curve, which may result in new sources of medication 
errors” (7). Their observations that “CPOE systems are not ‘plug 
and play’ and require a systematic approach to process redesign” 
echo many of the sentiments strongly held by our team.

A CPOE system will have different effects on different types 
of errors. The system would immediately eliminate all order-entry 
errors that occurred as a result of transcription-based root causes, 
but its ability to resolve errors occurring as a result of system/

process-based root causes and prescribing-based root causes is 
not as clear. 

For example, the most common type of prescribing-based 
medication error in our study was “unavailable drug,” which gen-
erally occurred when the physician ordered a nonformulary drug. 
The end result was a delay in the patient’s therapy. Maintaining 
a formulary and communicating accepted prescribing practices 
to physicians are dynamic processes. The issue at hand is not 
whether a data entry person can properly build and maintain a 
list that accurately reflects the formulary’s contents but whether 
physicians can agree on prescribing practices and incorporate 
them into a best practices model that is evaluated and modified 
as evidence-based practices evolve. 

The next most common types of prescribing-based medication 
errors were dose and frequency errors. Some of these errors were 
omissions, and a properly designed CPOE system can make it im-
possible for the physician to complete the medication order until 
all of the critical information, such as the dose and frequency, 
has been entered. Nevertheless, under normal circumstances, a 
“forcing function” such as this is a nuisance. It can be difficult 
to determine when “expected” information can be realistically 
left out. 

Medication errors caused by system/process-based causes ac-
counted for 35.4% of all errors in this study. A CPOE is unable 
to eliminate these errors; as mentioned earlier, any new system is 
likely to increase process errors. Nevertheless, some of the errors 
noted in our study—such as 14 duplicate medication orders—
should have been captured by current technology but weren’t; 
CPOE should decrease the frequency of such errors.

Those who understand the process of medication ordering 
must be able to design a system that works with the physician in 
an intuitive manner, prevents the wrong thing from happening, 
and provides feedback without delaying the process. The “rules” 
in the system should be carefully considered. If too many alerts 
are given for situations such as an inappropriate dose for a par-
ticular drug and patient type, the alerts will ultimately be ignored, 
as Gouveia et al warned (7). Further, system developers should 
ensure that when alerts and notices are given, the physician does 
not have to start the ordering process from scratch but can quickly 
resolve the issue and move on. Senholzi et al also warned that 
when physicians were stymied or frustrated when presented with 
certain options, they developed “workarounds” that resulted in 
new medication errors so that they could complete an order (13). 
While physician-based causes of medication errors accounted for 
only 18.6% of errors in our study, any system that can ultimately 
challenge a physician order requires a process that is thorough, 
trusted, dynamic, and quickly and easily responsive to change.

The value of pharmacist verification
Whether a medication order system is paper-based or elec-

tronic, errors will occur, and the verification of medications by 
a pharmacist seems both necessary and cost-efficient. Although 
most errors are of little consequence, some can result in a bad 
outcome for the patient. Classen et al estimated the average cost 
per adverse drug event at $2000 (14). We do not know what pro-
portion of these medication errors would have resulted in adverse 
drug events. If we assume that one of our study’s 113 medication 
errors could have culminated as an adverse drug event, pharmacist 
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interventions during the verification process of 1014 medication 
orders would save Baylor $2000. If we further assume that the 
numbers from the baseline study are representative of the 1 mil-
lion medication orders at Baylor each year, then pharmacists’ 
interventions would save Baylor $1,972,386 annually. 

Conclusion
A twofold opportunity exists. First, technology has a role in 

helping health care providers assimilate large amounts of informa-
tion for their patients’ care. A CPOE system with full decision 
support, to include warning systems, rules and cross-checks, and 
real-time notifications of potential problems with accompanying 
information, if embraced by the medical staff, could bring tre-
mendous opportunities for improving the delivery of appropriate 
medication orders. At the same time, however, process redesign is 
needed—derived from evidence-based clinical guidelines; imple-
mented, reviewed, and revised consistently; and appropriately 
communicated to all stakeholders. These opportunities present 
important challenges. 
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Computerized physician order entry (CPOE) has been 
found to reduce medication error rates, although most 
of the published data come from a relatively small num-

ber of centers (1–3). In this issue of BUMC Proceedings, Seeley 
et al report an evaluation of their medication error rate before 
the implementation of CPOE, which brings up a number of 
important issues. 

One is how best to measure medication safety. The answer 
varies, depending upon the resources available and the intent 
(4). In this instance, Seeley et al elected to use medication pre-
scribing errors intercepted by pharmacists. This is an extremely 
useful approach, which has been used by Lesar to assess many 
important problems (5), and was probably the best one in this 
instance, because it is inexpensive and has a high yield of errors 
that can be prevented by using CPOE. But depending upon the 
circumstances, other methods may be better; for example, Barker 

Invited commentary

Computerized physician order entry and its impact on
medication safety

et al have demonstrated that the direct observation approach is 
reliable and valid for administration errors (6), and before imple-
menting an intervention to improve administration safety, this 
would represent a better choice.

Both these approaches have an important shortcoming in that 
they do not measure the frequency of harm caused by these errors. 
Other approaches are better for this: chart review has been the 
standard, although it is too expensive for routine use. Computer-
ized adverse drug event monitoring, in which monitors look for 
signals suggesting that an adverse drug event has occurred, are 
probably the main way that adverse drug events will be detected 
in the future (2). 

While it is widely believed that reducing medication error 
rates will improve safety, the extent to which this is true is un-
tested, and it is clear that some errors have much greater potential 
for harm than others. For example, an order for a hundredfold 
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overdose may actually be less likely to cause harm than a fivefold 
overdose, because the former would almost always be intercepted 
even without CPOE, while the latter might not. 

The evidence on CPOE clearly demonstrates that it reduces 
the overall medication error rate and the serious medication er-
ror rate—serious medication errors are those that either result 
in harm or have the potential to do so (1, 2). While some have 
expressed concern about whether CPOE reduces the preventable 
adverse drug event rate, in fact, a study with adequate power to ad-
dress this has not been performed, and it would be very expensive 
to do one because of the infrequency of the outcomes. The Ad-
verse Drug Event Prevention Study used the serious medication 
error as the outcome, and it cost >$1 million. No such study is 
planned, but in the interim, organizations need to make decisions 
about what safety interventions to implement.

Another issue is whether it is necessary to measure the medi-
cation error rate before implementing CPOE. Given the evidence 
to date that CPOE improves medication safety, my opinion is that 
it is not essential, although there are a number of reasons that it 
may be very useful to do so. Perhaps the most important is that 
much of the benefit of CPOE depends on the associated decision 
support, and assessing the types of medication errors can help with 
prioritization of implementation of checks, as well as providing a 
check to see to what extent important checks are in place. In the 
current study, as is usually the case (1, 2), dosing problems were 
the most frequent type of error. Implementation of default dos-
ing—in which the computer suggests an initial dose—and renal 
dose checking (7) probably represent two of the most important 
types of safety checks. Another reason to check the medication 
error rate is to show that the problem exists at that particular 
institution; although it always does, leadership is often not aware 
of the magnitude of the problem.

Finally, there are many types of errors in the medication use 
process and a wide array of strategies for improving medication 
safety, so CPOE is only one piece of the puzzle. Among the specific 

interventions that organizations will need to consider are barcod-
ing, “smart” pumps (pumps that can be told what medications 
are being given and warn the nurse if they attempt to enter too 
high a dose), and dispensing robots, as well as nontechnological 
strategies such as having a pharmacist round with teams in the 
intensive care unit (8). While this may stretch hospitals’ budgets, 
ultimately a combination of strategies will almost certainly be 
needed to improve medication safety by two or more orders of 
magnitude. 
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