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OBJECTIVES The use of continuous infusion medications with individualized concentrations may increase 
the risk for errors in pediatric patients. The objective of this study was to evaluate the effect of computerized 
prescriber order entry (CPOE) for continuous infusions with standardized concentrations on frequency of 
pharmacy processing errors. In addition, time to process handwritten versus computerized infusion orders 
was evaluated and user satisfaction with CPOE as compared to handwritten orders was measured. 
METHODS Using a crossover design, 10 pharmacists in the pediatric satellite within a university teaching 
hospital were given test scenarios of handwritten and CPOE order sheets and asked to process infusion or-
ders using the pharmacy system in order to generate infusion labels. Participants were given three groups 
of orders: five correct handwritten orders, four handwritten orders written with deliberate errors, and five 
correct CPOE orders. Label errors were analyzed and time to complete the task was recorded. 
RESULTS Using CPOE orders, participants required less processing time per infusion order (2 min, 5 sec ± 58 
sec) compared with time per infusion order in the first handwritten order sheet group (3 min, 7 sec ± 1 min, 
20 sec) and the second handwritten order sheet group (3 min, 26 sec ± 1 min, 8 sec), (p<0.01). CPOE elimi-
nated all error types except wrong concentration. With CPOE, 4% of infusions processed contained errors, 
compared with 26% of the first group of handwritten orders and 45% of the second group of handwritten 
orders (p<0.03). Pharmacists were more satisfied with CPOE orders when compared with the handwritten 
method (p=0.0001).
CONCLUSIONS CPOE orders saved pharmacists’ time and greatly improved the safety of processing con-
tinuous infusions, although not all errors were eliminated. pharmacists were overwhelmingly satisfied with 
the CPOE orders

KEYWORDS continuous infusions, CPOE, medication errors, pediatric critical care, standardized concentrations

J Pediatr Pharmacol Ther 2010;15:189–202

ABBREVIATIONS CPOE, computerized prescriber order 
entry; HW, handwritten; ICU, Intensive Care Unit; PICU, 
Pediatric Intensive Care Unit

INTRODUCTION

Children and neonates are vulnerable popula-
tions at risk for medication errors, especially in 
intensive care units where continuous infusion 
medications are vital treatment components.1 Er-
rors associated with intravenous medications in 
pediatric settings are very common2 and often re-

sult in serious adverse events.3,4 The Institute for 
Safe Medication Practices5 recommends careful 
prescribing, compounding and administration 

of continuous infusion medications (e.g., insulin, 
dopamine) and categorizes these medications 
as “high-alert” because of their narrow safety 
margins. Despite the high risk for errors associ-
ated with continuous infusions, few studies are 
available regarding the incidence and severity 
of such errors.6 
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Pediatric continuous infusion medications 
have been historically dosed and compounded 
using the “rule-of-six,” a weight-based method to 
calculate a standardized infusion rate by varying 
the infusion concentration. Using the rule-of-six, 
the amount of drug in milligrams that should be 
added to 100 mL of a diluent equals six times the 
patient weight in kilograms, and the infusion 
rate per hour (mL/hr) equals the ordered dose 
in mcg/kg/min.7 This results in a unique concen-
tration for each patient weight. The rule-of-six 
technique was originally developed to dose and 
compound infusions in emergency situations; 
however, it became a common practice even in 
non-emergency situations because of its conve-
nience in calculating continuous infusions where 
a frequent dose titration is needed. 

Weight-based dosing using equations in pe-
diatrics was responsible for 70% of calculation 
errors at a large teaching hospital.8 In addition, 
the use of individualized concentrations was 
distinguished as an error-prone and time-con-
suming process for pharmacists9 and nurses.10 
As a consequence, per the National Patient Safety 
Goals for 2003, The Joint Commission regarded 
the rule-of-six as an error-prone activity and man-
dated all pediatric institutions to transition to a 
limited number of standardized concentrations.11 

In response to The Joint Commission man-
date of using standardized concentrations and 
to improve safety and standardize the process 
of ordering, compounding, and administering 
continuous infusion medications, we developed 
and implemented a computerized prescriber or-
der entry (CPOE) system in a pediatric intensive 
care unit (PICU) at a large university teaching 
hospital.12 The system generates two to four 
standardized concentrations (low, intermediate, 
high and maximum concentrations) that can 
meet diverse weight ranges of PICU patients for 
each continuous infusion drug. In addition, the 
system recommends the “optimal concentration” 
that would result in a clinically acceptable fluid 
load for a patient’s weight. Decision support 
capabilities were incorporated into the CPOE 
system to prevent inadvertent drug overdose 
when continuous infusion medications are pre-
scribed. In addition, the CPOE system generates 
order sheets that include detailed instructions for 
pharmacists and nurses to safely process, com-
pound and administer infusion orders. 

We have conducted several different studies at 

our institution to evaluate the effect of this CPOE 
on patient safety during the entire continuous 
infusion medication management process (or-
dering, dispensing and administering stages) by 
comparing the system with the previously used 
handwritten (HW) system based on the rule-of-
six.13 This study focuses on the system effect on 
the medication dispensing process. 

Pharmacists’ practices are known for their high 
level of accuracy in compounding medications. 
Dispensing accuracy measured in 50 different 
pharmacies in six cities in the United States re-
vealed an accuracy rate of 98.3 per 100 prescrip-
tions.14 In addition, the United States Pharmaco-
peia4 recommended limiting the preparation of 
all intravenous medications to pharmacists, and 
in 2003, The Joint Commission15 mandated the 
removal of dangerous medications (such as con-
centrated potassium chloride) from floor stocks 
and recommended the limiting of opiate and nar-
cotic floor stocks. Furthermore, dispensing errors 
were found to be the least common type of errors 
when compared with medication prescribing 
and administration errors,16-19 although in some 
of these studies, the self-report of errors, which 
is inherently biased, was a major error-detection 
methodology. As a result, some studies recom-
mended increasing the clinical responsibilities of 
pharmacists and involving pharmacists in physi-
cian rounds to decrease medication errors and 
enhance safety.20 On the other hand, using a direct 
observation technique, other studies found that 
dispensing errors were the second most common 
type of errors and accounted for 34% of the total 
potential adverse drug events in an ICU,21 and 
other studies classified 26% of the total reported 
dispensing errors (out of 82 errors) as significant 
errors.22 Methodological differences accounted 
for the difference in the detected dispensing er-
ror rate. Therefore, medication errors can result 
from any stage of the medication management 
process, and strategies should be implemented 
to decrease such errors. 

The CPOE was found to be an effective strat-
egy to decrease medication prescribing errors,23 

although it is not a panacea.24 The introduction 
of a CPOE system requires a change at the insti-
tutional level that also involves restructuring the 
process of dispensing and administering medica-
tions. Therefore, examining the system effect on 
the medication dispensing process and capturing 
pharmacists’ opinions about the system should 
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be an integral part of CPOE evaluation. In gen-
eral, there is limited evidence about the effect 
of CPOE systems on incidence of medication 
dispensing errors. In one study, the use of CPOE 
resulted in a 19% reduction in prescribing errors 
and a 68% reduction in medication dispensing 
errors.25 In addition, no previous studies have 
examined the effect of a CPOE system with 
standardized concentrations on decreasing errors 
of continuous infusion medications in a PICU. 
Furthermore, there is limited evidence about 
the safety of using standardized concentrations 
when compared with the rule-of-six method in 
delivering continuous infusion medications.9,26,27 

Larsen et al. provided the highest error reduc-
tion data, showing a 73% decrease in errors upon 
the implementation of multiple interventions 
including standard concentrations, user-friendly 
medication labels and smart pump technology. 
However, handwritten or preprinted orders were 
used and not CPOE.9 Apkon et al. performed a 
failure mode effects analysis to compare rule-of-
six ordering with standardized concentrations; 
results revealed lower risk priority numbers with 
the use of standardized concentrations.26 Lehm-
ann et al. evaluated the effect of a calculator and 
a decision-support system to assist prescribers in 
ordering rule-of-six pediatric continuous intra-
venous infusions.27 Although this study did not 
look at the safety of standardized infusions, the 
authors claimed that since they found an initial 
27% error rate in the handwritten rule-of-six infu-
sion orders, this supports the use of standardized 
concentrations. 

The purpose of the current study was to de-
termine if CPOE-generated order sheets with 
standardized concentrations are better than 
rule-of-six HW orders with regard to pharmacy 
processing errors, processing time, and pharma-
cist satisfaction with CPOE-generated orders. 

MATERIALS AND METHODS 

Design
Approval from the study hospital Institutional 

Review Board was obtained and participants 
were consented. The study was conducted in a 
quiet room in a tertiary care teaching hospital 
with a 24-bed PICU. All pharmacists in the pedi-
atric satellite (n=12) were eligible to participate. 
Using a crossover design, participants were given 
test scenarios of HW and CPOE-generated order 

sheets and asked to process infusion orders us-
ing the computerized pharmacy system and 
generate infusion labels. Errors in the generated 
infusion labels were examined, as well as time 
to complete the task and pharmacist satisfaction 
with CPOE orders. 

Dispensing Process of Continuous Infusion 
Medications 

The dispensing process of continuous infu-
sion orders at the study hospital has two steps: 
1) order processing, which includes entering/
selecting order parameters by the pharmacist 
using the computerized pharmacy system to 
generate an infusion label; and 2) order creation 
(compounding). The focus of this study was on 
order processing. The study was conducted six 
months after the implementation of CPOE in 
the PICU and the use of CPOE-generated order 
sheets by pharmacists. Prior to implementation, 
pharmacists used HW infusion orders that were 
processed using weight-based (rule-of-six) dos-
ing and non-standardized concentrations. 

The steps of the infusion dispensing process, 
using the CPOE and HW methods at the study 
hospital, are described in Appendix 1. As shown, 
integration of CPOE mnemonics for standardized 
concentrations into the computerized pharmacy 
system shortened order processing by decreasing 
the number of manual steps that required “typing 
in” order information and eliminating the need 
for calculation.

CPOE Order Sheets 
The CPOE-generated order sheet with stan-

dardized concentrations has safety features for 
pharmacists to process and compound infusion 
orders (Appendix 2). These include legible and 
complete orders, a dosing-infusion rate refer-
ence table that helps quickly identify the correct 
dose-infusion rate relationship without the need 
for calculation, and a mnemonic for each drug 
that helps the pharmacist process the order 
(also without the need for calculation) using the 
computerized pharmacy system. Each continu-
ous infusion drug was assigned a unique mne-
monic, and these mnemonics were incorporated 
into the computerized pharmacy system. Each 
mnemonic consists of four components. For 
example, the mnemonic shown in Appendix 2 
“std2000dobu2” is interpreted as follows: “std” 
refers to a standardized concentration; “2000” is 

Computerized Orders with Standardized Concentrations
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the amount of drug that should be added to the 
ordered volume of the diluent; “dobu” refers to 
the drug dobutamine; and “2” refers to volume of 
the infusion, in this example, 2 refers to 250 mL. 

Simulated Test Environment 
In this study, participants were given infusion 

orders and were asked to generate infusion la-
bels (process the order using the computerized 
pharmacy system). Each participant was required 
to process five computerized infusion orders, 
five error-free HW orders and four inaccurate 
HW orders. Since errors in ordering continuous 
infusions are common, and it is the pharmacist’s 
responsibility to detect and correct these errors, 
the HW order sheet with four inaccurate infusion 
orders was used to check pharmacists’ ability to 
identify and correct errors in order to mimic real-
life practice. In this HW order sheet, two drugs 
were deliberately ordered with the wrong infu-
sion rate (calculation errors), and the other two 
drugs were deliberately ordered with concentra-
tions that exceeded the maximum recommended. 

The selection of the drugs in the three order 
sheets was based on the most commonly used 
infusions in the PICU. Scenarios were based on 
realistic patient cases and constructed by two 
PICU physicians, two PICU nurses and two 
pediatric pharmacists. 

Prior to the actual study, the entire testing 
procedure was pilot-tested using a senior and 
a junior pharmacist. Test subjects were able to 
complete the task accurately and indicated they 
received clear instructions. These subjects did not 
participate in the study.

Standardized instructions for participation 
were given to pharmacists at the beginning of 
the study, and testing sessions were conducted 
in a quiet room. The initial method (CPOE or 
HW orders) presented to participants to process 
the orders and generate infusion labels was 
randomly assigned to each pharmacist. Phar-
macists were asked to check orders for accuracy, 
identify and correct the wrong order (by keeping 
the same dose ordered and without exceeding 
the maximum recommended concentration), 
process all infusion orders using the comput-
erized pharmacy system, and print labels for 
all orders. In addition, each participant was 
required to identify his/her inability to process 
any order. Time required to process infusion or-
ders for each order sheet was recorded. Finally, 

the pharmacist completed a user satisfaction 
questionnaire on the web. Help resources were 
available in the study room to participants 
while processing orders and included a list of 
the recommended maximum concentrations 
for each drug based on the pharmacy policy, a 
calculator, and the most commonly used drug 
information handbooks. 

Main Outcome Measures
Medication Errors 

All infusion labels generated by participants 
were analyzed for errors using predetermined 
classifications (Table 1) that were based on the 
National Coordinating Council28 definition of 
medication errors. Errors that would result in a 
100% deviation or more between dose specified 
in the order sheet and dose processed by phar-
macists were classified as “high-risk” errors; all 
others were categorized as “low-risk” errors. 
This cutoff value was based on consensus of two 
PICU physicians and two pediatric pharmacists. 
Infusion labels were tested for errors by two in-
dependent researchers: a nurse and a pharmacist. 

Time to Completion 
Time to completion was measured as the total 

time required to process all infusion orders and to 
generate labels for all drugs in each order sheet.

 
User Satisfaction 

User satisfaction was measured by a web-ad-
ministered questionnaire consisting of four vali-
dated items selected from the literature29-31 based 
on a 5-point Likert response scale. Pharmacists 
were asked to indicate their agreement on each 
of four items about CPOE orders “as compared 
to HW orders.” Demographic data including age, 
sex, and computer skills, as well as information 
about pharmacist confidence in processing the 
orders, were collected via the questionnaire. 

Data Analysis 
Statistical tests included a paired sample t-test 

to compare time using the two methods, Wil-
coxon test for paired data to compare percentages 
of medication errors using the two methods, 
one-sample t-test to compare user satisfaction 
between the two methods, and Pearson’s cor-
relation coefficient to examine relationships 
between variables. Data were analyzed using 
SPSS (version 12.5, SPSS Inc., Chicago, IL) with 
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a significance level of 0.05. Since we already 
have a small number of available pharmacists 
(N=10), a priori power analysis to decide on the 
sample size was not conducted, and instead a 
convenience sampling approach of all willing 
pharmacists was utilized. However, a power 
analysis was conducted in order to decide on the 
number of infusions that should be processed by 
all pharmacists. Using t-test, results showed that 
we needed 51 infusions in each group (process-
ing method) using an alpha level of 0.05 and a 
medium effect size of 0.5 to reach a power of 
80% for a one-tailed directional hypothesis. This 
means that each of the 10 available pharmacists 
(see results section) had to process 5 infusions 

using each processing method. 

RESULTS

Pharmacist Characteristics
Out of the 12 pharmacists in the pediatric 

satellite, 10 participated in the study. The other 
2 pharmacists were excluded form the study 
as they participated in the testing procedure 
of the scenarios. Participant characteristics are 
described in Table 2. Participants varied widely 
in years of experience as a pharmacist, years of 
experience in processing continuous infusion 
orders for the pediatric/neonatal ICU, and aver-
age number of months using the computerized 

Table 1. Targeted Errors in Infusion Labels

Error Definition

Wrong concentration The infusion concentration is the total amount of drug in a speci-
fied total volume of diluent (e.g., epinephrine 20 mg in 100 mL 
D5W). Wrong drug amount and/or wrong diluent volume would 
result in a wrong concentration, if these parameters in the infu-
sion label do not match the parameters in a correct order.

Missing label information A complete infusion label should include: patient’s name and 
medical record number, drug name, total bag volume, concentra-
tion (amount of drug and volume of diluent), diluent name, dose 
and infusion rate. Any omission of this information is considered 
a “missing label information” error.

Wrong total bag volume The total bag volume is the total “drug amount and diluent vol-
ume” in milliliters and should match the amount of the diluent 
ordered. Therefore, the total drug amount in milliliters should 
be deducted from the total diluent volume to maintain the total 
volume requested by the prescriber. For example, if 100 mg of 
drug X occupies 15 mL and will be diluted to make a final volume 
of 100 mL for a resultant 1 mg/mL concentration, we will need 
to add the 15 mL of the drug to 85 mL diluent to ensure that the 
concentration is maintained and the total volume of drug plus 
diluent does not exceed 100 mL.

Exceeding the maximum concentration The concentration of the drug processed by the pharmacist ex-
ceeded the maximum allowed concentration based on literature 
reference or pharmacy policy. 

Inability to process an order If a participant indicated his/her inability to process an order 
because of the lack of knowledge of the process. Some drugs 
in the pharmacy system have no pre-built template, requiring 
the pharmacist to build the template from scratch to process an 
order. This may pose some challenges to pharmacists who are 
not aware of the process.

Failure to identify/correct a wrong infusion order Processing inaccurate infusion order without identifying and/or 
changing the deliberately introduced errors of wrong infusion 
rate and/or exceeding the maximum concentration (applicable 
only to the second HW order sheet which contained errors).

D5W=Dextrose 5% in water, HW=handwritten

Computerized Orders with Standardized Concentrations
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orders in the pharmacy. Only 2 of 10 pharmacists 
reported less than one year of experience in the 
profession or in processing continuous infu-
sions. The majority of pharmacists (6 of 10) had 
used the computerized orders for six months at 
the time of the study, and the others reported 
one to three months of use. Mean self-reported 
computer skills were “above average” using a 
5-point Likert type scale (3.9 ± 0.6). Pharmacists 
varied in their confidence “before this study” to 
process HW infusion orders based on a 5-point 
Likert type scale (3.7 ± 1.1), although half were 
“moderately confident.” In contrast, there was a 
little variability in confidence to process comput-
erized orders “before this study” when compared 
with HW orders (4.6 ± 0.5). 

Time to Process Continuous Infusion Orders
With the CPOE method, the average processing 

time per one infusion order was 2 min, 5 sec (± 
58 sec) as compared to 3 min, 7 sec (± 1 min, 20 
sec) in the first HW order sheet (p=0.01), and 3 

min and 26 seconds (1 min, 8 sec) in the second 
HW order sheet (p=0.001) (Figure 1). 

There was no relationship between total time 
spent processing infusion orders using each 
of the HW order sheets and duration of using 
the CPOE orders in real clinical practice in the 
pharmacy (p>0.05).

Medication Errors in Processing Continuous Infu-
sion Orders

There was a 100% agreement between the nurse 
and the pharmacist who analyzed the errors in 
infusion labels. 

Incidence of Errors
Each of the 10 participants processed five 

correct infusion orders generated by the CPOE 
method (total 50 orders), five correct orders for 
the first HW order sheet (total 50 orders), and 
four inaccurate infusion orders for the second 
HW order sheet (total 40 orders). With the CPOE 
method, there were two infusions (4%) with 

Table 2..Pharmacist.Demographics.(n=10)

Variable

Age.(yrs)

20-30 6.(60%)*

31-40 3.(30%)*

41-50 1.(10%)*

Sex

Female 8.(80%)*

Male 2.(20%)*

Highest.education.level

Baccalaureate 2.(20%)*

PharmD.or.Postgraduate 8.(80%)*

Employment.status

Full-time 8.(80%)*

Part-time 2.(20%)*

Variable

Total.experience.as.a.pharmacist.(yrs) 5.5.±.5.5.(0.1-19)†

Experience.preparing.continuous.infusions.for.the.PICU/NICU.(yrs) 3.0.±.2.9.(0.1-10)†

Experience.using.CPOE.orders.in.clinical.setting.prior.to.the.study.(mo) 4.6.±.1.9.(1-6)†

Computer.skills.(Likert.scale.1.to.5) 3.9.±.0.6.(3-5)†

Confidence.in.processing.HW.infusion.orders.prior.to.the.study.(Likert.scale.1.to.5) 3.7.±.1.1.(2-5)†

Confidence.in.processing.computerized.infusion.orders.compared.to.HW.orders.prior.to.the.
study.(Likert.scale.1.to.5)

4.6.±.0.5.(4-5)†

*Frequency (%)
†Mean ± SD (range)
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processing errors, compared with 13 infusions 
(26%) for the first HW order sheet (p=0.03) and 
18 infusions (45%) for the second HW order sheet 
(p=0.007) (Figure 2). Some of the infusion labels 
had more than one error type (e.g., exceeded 
maximum concentration and had missing label 
information). Errors in the CPOE method were 
committed by two of the 10 participants, while 
errors in the first and second groups of HW or-
ders were committed by seven and nine of the 
10 participants, respectively. 

Although the difference in errors between 
the two HW order sheets (processing correct 
infusion orders vs. orders with deliberate errors 
placed within them) was not part of the study 
purpose, interestingly, there was no difference 
in the percentage of infusions with processing 
errors (p>.05). Typically, one would expect fewer 
errors when correct infusion orders are being 
processed. 

Types of Errors 
There was a total of two error elements while 

processing the computerized orders, 15 error 
elements for the first group of HW orders and 
21 error elements for the second group of HW 
orders. No relationship was found between the 
total number of errors in each of the HW order 
sheets and duration of using CPOE orders in 
clinical practice (p>0.05).

With CPOE orders, the only error type found 
was wrong concentration (Table 3). One error 
was a result of selecting twice the concentration 
ordered from the computerized pharmacy sys-
tem (500 mcg of epinephrine in 250 mL diluent 
instead of 200 mcg in 100 mL diluent). Although 
this type of error would not result in a dosing 
error, it would result in waste. The other error 

resulted from selecting a wrong drug amount 
(Table 4), which would result in a wrong dose. 
In addition to these two errors, two participants 
processed two different infusion orders without 
using the mnemonics. 

For the first HW order sheet, wrong concen-
tration was also common (5 errors), although 
missing label information was the most common 
type of error (8 errors). This included omitting 
the dose and infusion rate information. In addi-
tion, one of the participants indicated his/her 
inability to process a vasopressin order due to 
confusion about how to appropriately process 
the medication order. 

With the second HW order sheet, the most 
common type of error was failure to identify and 
to correct the deliberate errors (two infusion rate 
errors and 14 exceeding maximum concentra-
tion), which resulted in orders being processed 
incorrectly.

High Risk Errors
With the CPOE method, there was one infu-

sion (2%) processed with high-risk errors, not 
statistically different from the 5 infusions with 
high risk errors (10%) in the first group of HW 
orders, or the 4 infusions (10%) in the second 
HW order sheet (p>0.05). The majority of 
high-risk errors in both methods resulted from 
processing the wrong drug amount. High-risk 
errors in the CPOE method and in the first 
HW orders would result in 100-fold over- or 
underdose. Table 4 illustrates some actual or-
ders processed by pharmacists as examples of 
high-risk errors. 

Pharmacist Satisfaction with CPOE Orders 
The reliability of the pharmacist satisfaction 

questionnaire was high (Cronbach’s alpha= 0.70). 
Pharmacists were more satisfied with CPOE 

Figure 1. Average processing time per one infusion order 
using computerized prescriber order entry (CPOE) and 
handwritten (HW) order sheets. *p=0.01, **p= 0.001.

Figure 2. Percentage of errors using computerized pre-
scriber order entry (CPOE) and handwritten (HW) orders. 
*p= 0.03; **p=0.007.

Computerized Orders with Standardized Concentrations
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when compared with the HW method at each 
individual item and at the scale level (p=0.0001) 
(Table 5). 

DISCUSSION

Continuous infusion medications are vital in 
the treatment of critically ill children. However, 
intravenous medication delivery is associated 
with a high level of errors and adverse drug 
events.2,3 Although a few studies are available 
about errors associated with continuous infu-
sion medications, to our knowledge, no study 
addresses errors associated with infusion labels 
generated by pharmacists processing continu-
ous infusion orders comparing computerized 
orders with standardized concentrations and HW 
orders. Infusion labels are used to prepare and 
compound medications; therefore, errors in the 
labels may result in preparing and delivering the 
wrong medication to patient units. In addition, 
infusion labels are a main reference for nurses 
to program infusion pumps. This study focused 
on processing continuous infusions for pediatric 
patients by comparing CPOE-generated orders 
using standardized concentrations with HW or-
ders using rule-of-six method. Major findings of 
this study showed that CPOE-generated orders 
with standardized concentrations significantly 
decreased errors in this process, shortened time 
required by pharmacists to process orders and 
resulted in satisfied users. 

The use of CPOE orders with standardized 
concentrations resulted in 33% to 39% reduction 
in the time spent processing each infusion order. 
This anticipated finding reflects the positive 
changes in processing infusion orders as a result 

of integrating CPOE mnemonics for standardized 
concentrations into the pharmacy system, which, 
in turn, results in reducing unnecessary activities 
and eliminating the need for calculation. In the 
pediatric pharmacy, there is an average of three 
infusion orders processed every hour, which 
results in a total of 72 orders per day. This study 
showed that the time saved per infusion order 
ranged from 1 min to 1 min, 20 sec. Accordingly, 
this would result in a total time savings of 72 min 
to 93 min a day. 

Errors in the HW method were very common 
and committed by almost all participants. More 
surprisingly, almost all participants were unable 
to identify erroneous orders in the second HW 
order sheet, and there was no difference between 
the number of errors in processing correct and 
incorrect HW infusion orders. This suggests 
that processing rule-of-six orders is a high-risk 
process for errors, even when orders are written 
correctly with no errors. Of particular importance 
to note is that 10% of the orders processed in 
each HW order sheet contained high-risk errors 
that would result, in some cases, in a 100-fold 
overdose. Although the 2% error rate in CPOE 
orders was not statistically different from the 
handwritten orders, it may be clinically signifi-
cant. In addition, some of the rule-of-six orders 
were too challenging for some pharmacists to 
process. These errors occurred even though the 
selection of drugs in our study was based on the 
most commonly used drugs in the PICU. Data 
also showed that the high error rate found in the 
HW method was not associated with the period 
of using CPOE orders in real clinical practice; 
therefore, it is less likely that the time lapsed of 
not processing HW orders (since pharmacists 

Table 3..Error.Type.Using.CPOE.and.Handwritten.Orders.

Type of Error

Frequency of Errors

CPOE
(Total = 50 infusion 

labels)

1st HW Orders
(Total = 50 infusion 

labels)

2nd HW Orders
Total = 40 infusion 

labels)

Wrong.concentration .2 .5 .1

Missing.label.information .0 .8 .3

Wrong.total.bag.volume .0 .1 .1

Unable.to.process.an.order .0 .1 .0

Unable.to.identify.errors.in.the.orders NA NA 16

Total.number.of.errors 2 15 21

CPOE, computerized prescriber order entry; HW, handwritten; NA,= not applicable
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stopped using these orders 6 months before con-
ducting the study) would affect the accuracy of 
processing these orders in this study. 

Use of CPOE orders resulted in an 81% reduc-
tion of infusion processing errors, but it did not 
eliminate the wrong concentration errors. One of 
these errors resulted from mistakenly identifying 
a drug concentration as one that exceeded the 
maximum recommended by one of the partici-
pants following the concentration limits used in 
the old HW system, which resulted in changing 
the drug amount by the pharmacist to generate 
a label. This can be attributed to ineffective com-
munication about the updates in drug concentra-
tions after using CPOE orders. Studies showed 
that although a simple CPOE system had the 
potential to decrease medication errors by 66%, 
effective communication between healthcare 
team members had the potential to decrease er-
rors by 76%.32 Although CPOE orders eliminated 
the missing information in infusion labels, which 
is a critical benefit that will enhance communica-
tion between healthcare team members as nurses 
depend on this information to program infusion 
pumps, effective communication about changes 
resulting from implementing the technology is 
critical for patient safety. 

Another error that resulted from using CPOE 
orders was related to possible selection of the 
wrong drug concentration from the computer-
ized pharmacy system. This critical finding sug-
gests that integrating decision support systems 
into the pharmacy system and a double-check 

policy are important to prevent such an error 
from occurring.

Despite the benefits of CPOE orders, the pos-
sibility of processing infusion orders without 
using the mnemonics was an unexpected finding 
and has considerable implications. Implement-
ing the correct technology is not sufficient to 
deliver a safe practice. Noncompliance in using 
mnemonics may increase the likelihood of com-
mitting other types of errors found in the HW 
system and suggests the need for forced use of 
mnemonics for order processing. This approach 
would provide a standardized process for the 
appropriate use of the computerized orders. 

Pharmacists felt more confident in processing 
the computerized orders and were significantly 
more satisfied with CPOE orders, indicating 
that the system was carefully designed to meet 
user needs. 

Consistent with other findings, this study 
found that HW medication systems in pediatric 
settings are error-prone,2 errors of continuous in-
fusions are very frequent,6,10 many are important 
errors that may result in adverse events,33 and 
that CPOE did not eliminate all types of errors.23 

We responded to The Joint Commission man-
date of the transition to standardized concentra-
tions using a comprehensive, computerized, and 
easily customizable solution that can be used by 
different pediatric institutions. Our CPOE system 
was found to be a very effective strategy in de-
creasing errors of processing orders and in saving 
clinicians’ time. This CPOE was a stand-alone 

Table 4. Examples of High-Risk Errors Processed By the Participants

Error Type Example: Given to Participants as: Processed by Participants as:

CPOE: wrong concentration as a result 
of processing wrong drug amount 
(100-fold underdose)

Correct order: epinephrine 20 mg 
in 100 mL D5W TRA 1.1 mL/hr = 0.7 
mcg/kg/min

Epinephrine 0.064 mg in 100 mL TRA 
3.8 mL/hr = 0.7 mcg/kg/min

The drug amount and infusion rate 
processed would result in 0.0075 mcg/
kg/min dose

1st HW: Wrong concentration as a result 
of processing wrong drug amount 
(100-fold overdose)

Correct order: Vasopressin 8600 mil-
liunits in 100 mL D5W TRA 2 mL/hr = 
20 milliunits/kg/hr

Vasopressin 5 units in 100 mL D5W 
TRA 344 mL/hr = 20 milliunits/kg/hr

2nd HW: Unable to identify infusion rate 
error (10-fold underdose)

Given to pharmacist as: dobutamine 
186 mg in 100 mL D5W TRA 0.4 mL/
hr = 4 mcg/kg/min

Processed as ordered without identify-
ing and correcting the error. Correct 
order should be 4 mL/hr = 4 mcg/
kg/min

CPOE = computerized prescriber order entry; D5W, dextrose 5% in water; HW, handwritten; TRA, to run at
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system designed with the possibility of easy 
future integration into a larger CPOE system. 
Our system is relatively easy to implement and 
had immediate benefits at the point of care; thus, 
offering a practical solution for institutions who 
face the challenge of implementing a large CPOE 
system. Widespread use of the CPOE system in 
this study by different healthcare institutions 
may encourage pharmaceutical manufacturers to 
produce two to four standardized concentrations 
for each continuous infusion medication, which 
may have great potential for decreasing medi-
cation manipulation, perhaps further reducing 
medication errors and waste. 

The current study has some limitations. First, 
the study examined the use of CPOE-generated 
infusion orders for children; therefore, the results 
may not be applicable to other CPOE systems. 
Second, we examined errors using a simulation 
methodology that may be different than the error 
rate which occurred in real clinical practice; how-
ever, our simulation mimicked the exact steps of 
order processing in real-life practice. In addition, 
the use of simulation identified new limitations 
of the HW ordering systems and explored types 
of errors that have never been investigated in 
previous studies, such as the inability of the 
pharmacist to identify erroneous orders or pro-
cess infusion orders. It also facilitated examining 
different variables, such as errors and time, in a 
manageable way. Finally, although the sample 
included all pharmacists in the pediatric satel-
lite, it consisted of only 10 participants, which 
hindered conducting extra analyses to investigate 
the relationships between pharmacist character-
istics and main study outcomes. 

In conclusion, errors of processing continu-
ous infusions are very common in the pediatric 
population. The implementation of effective 

system-based error prevention strategies should 
be a priority in pediatric hospitals. The rule-of-six 
HW medication management system has inher-
ent weaknesses that can be managed by using 
CPOE with standardized concentrations; how-
ever, CPOE is not a panacea. CPOE orders with 
standardized concentrations resulted in faster 
medication processing and more satisfied users, 
and they greatly decreased errors associated 
with processing infusion orders. More attention 
is warranted regarding the integration of CPOE 
into the pharmacy system and pharmacists’ com-
pliance with the appropriate use of CPOE orders. 
Effective communication about the changes in-
troduced by CPOE into different work processes 
is vital to improving patient safety. Future stud-
ies should evaluate the effect of the additional 
enhancements of CPOE on eliminating errors. 
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