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OBJECTIVES This study aims to determine the prevalence and factors associated with unrounded doses
ordered via a computerized prescriber order entry (CPOE) system among children during a 1-week

reference period.

METHODS This retrospective, cross-sectional study included children younger than 18 years admitted during
a 7-day period. An unrounded dose was defined as an unrounded actual dose (eg, dose calculated to the
tenths place for non—neonatal intensive care (non-NICU) patients and dose calculated to the hundredth
place for NICU patients) or unrounded volume per dose [eg, <0.1 mL for non-NICU patients and <0.01 mL

for NICU patients]. A multilevel logistic regression model was used to determine the prevalence and factors
associated with unrounded doses via a CPOE system with adjustment for clustering effects.

RESULTS A total of 395 patients were admitted with 391 receiving medications. The overall prevalence
of unrounded doses was 30% among the 2426 doses administered. Patients on the NICU team had the
highest prevalence of unrounded doses. The odds of an unrounded dose were 4% (adjusted odds ratio,
0.96; 95% confidence interval, 0.94—-0.98) lower with each additional kilogram increase in weight after
controlling for age, route, scheduled versus as-needed administration, and cluster effects.

CONCLUSIONS The prevalence of unrounded doses was higher than in previous studies. It was higher in
smaller children after controlling for age, medication-related variables, and clustering. Future studies should
focus on the role of CPOE in preventing unrounded and unmeasurable doses and if these strategies affect

clinical outcomes (eg, adverse drug events).

ABBREVIATIONS ADE, adverse drug event; Cl, confidence interval; CPOE, computerized prescriber order
entry; EMR, electronic medical record; IV, intravenous; NICU, neonatal intensive care unit; OR, odds ratio
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Introduction

Medication errors in pediatric patients frequently
result from errors in dosage, including dose miscalcula-
tions for weight-based medications.? Implementation
of computerized prescriber order entry (CPOE) systems
has been shown to reduce these medication errors,
because weight-based doses can be automatically
calculated.® However, computerized doses are often
calculated to several decimal places, producing unrea-
sonable and unmeasurable doses. When such doses
are ordered, it is impossible to administer the exact
dose intended, and this may result in increased risk of
measurement and therapeutic errors.

Recent reports have highlighted the importance of
ensuring that pediatric doses are reasonable and easily
measured.*® However, few data exist concerning the
prevalence and impact of unrounded doses ordered
through CPOE systems. The purpose of this study was

to determine the prevalence and factors associated
with unrounded medication doses ordered for pediatric
patients in the inpatient setting.

Methods

Study Design. This retrospective, cross-sectional
study was conducted in a tertiary-care, academic
hospital licensed for 314 pediatric inpatient beds and
40 labor/delivery inpatient beds. Data were included
for all pediatric patients admitted during the 1-week
period of August 11 to 17, 2013. Patients were identi-
fied through the institution’s electronic medical record
(EMR), Meditech (Medical Information Technology Inc,
Westwood, MA). At the time of data collection, the CPOE
ordering process in Meditech involved an automatic
dose calculator for medications prescribed using a
weight-based or body surface area—based dosage regi-
men. With this system, volume calculations are based
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on the weight per volume ratio in the drug dictionary
strength field in Meditech. The dose calculator did not
round the dose automatically, and it reported doses
out to the ten-thousandths place. Parenteral nutrition
and intravenous (IV) fluids were excluded from the
analysis of the total medication count because IV infu-
sion pumps at our institution are preset to round the
infusion rate to the nearest tenths place, regardless of
the ordered rate. Other medications that are tradition-
ally not dispensed in unit doses were included in the
total number of medications but were not included for
further analysis ([eg, otic and ophthalmic drops, inhaled
medications, topical medications, and continuous
infusions (eg, patient-controlled analgesia, and seda-
tive and analgesic infusions]). Insulin doses were also
excluded from analysis because insulin syringes could
be used to measure extremely small doses.

Study Objectives and Data Collection. Data col-
lection included demographics and service provider
(eg, pediatric surgery, neonatology). All medications
received during the study period were collected and
included dose (eg, mg and mg/kg), dosage formulation,
and dosage frequency. Each medication order was
counted as a distinct medication. Thus, patients could
have had more than one order for a given medication.
All medications were placed into 1 of 24 classes ac-
cording to the American Hospital Formulary Service
Pharmacologic-Therapeutic Classification system.”

The primary objective of this study was to determine
the prevalence of unrounded doses with our CPOE
system during the study period. For the purpose of this
study, a dose was considered unrounded if the actual
dose or volume per dose were deemed unmeasurable
as defined by the study criteria. An unrounded dose
was defined as a dose calculated to <0.1 unit (eg, mg,
mcg) for non—neonatal intensive care unit (non-NICU)
patients and a dose calculated to <0.01 unit (eg, mg,
mcg) for NICU patients. An unrounded volume per dose
was defined as the corresponding volume of medica-
tion calculated to <0.1 mL for non-NICU patients and
volume dose calculated to <0.01 mL for NICU patients.
Secondary objectives included describing patient
characteristics of children with unrounded doses (eg,
total number of medications, service provider) and iden-
tification of medication classes and therapeutic agents
most commonly ordered with unrounded doses. An
additional objective was to determine the medication
and patient factors associated with unrounded doses.

Statistical Analyses. Descriptive statistics were
used to describe and summarize dose, patient, and
service provider characteristics. Multilevel logistic re-
gression was used to identify factors associated with
unrounded doses adjusted for clustering effects due to
medications being nested within patients and patients
being nested within service providers. For simplicity,
medications were treated as level 1 units, and patients
as level 2 units. Service provider level characteristics

or attributes were disaggregated to level 2 units by
assigning service provider information to each patient
served by the same provider. At the second level, the
intercept parameters from each service provider were
modeled as random effects. These intercepts allow
for between—service provider heterogeneity in the
prevalence proportions of unrounded doses, and they
represent the overall prevalence levels for each service
provider, adjusted for medication- and patient- level
covariates. The medication-related factors (level 1) of
interest included: medication class, drug dose (e.g, mg
and mg/kg), dosage formulation, route of administration,
and dosage frequency. Patient factors (level 2) included:
age, weight, and service provider attributes. Potential
interaction and confounding effects within and across
levels were examined. Prevalence of unrounded doses
in strata defined by medication class and dosage form
was also examined and adjusted for potential confound-
ing effects of patient and service provider factors and
cluster effects. Maximum-likelihood parameter esti-
mation procedures were used assuming any missing
data were missing at random. All statistical tests were
evaluated using SAS with an a set at 0.05.

Results

During the study period, 395 patients were admit-
ted. Of these, 391 patients received at least 1 medica-
tion, whereas 4 patients received no medications.
Four patients had substantial missing data and were
excluded. Of the remaining 387 patients, the median
age was 0.932 years (interquartile range [IQR], 1 month
to 6.0 years), and the median weight was 8.6 kg (IQR,
3.22-20.80). There was a wide heterogeneity in the
number of medications ordered in this cohort, with a
median of 5 (IQR, 2-10). Figure 1 also provides a list of
service providers.

A total of 3112 medications were administered in
the 387 patients who received medications during
the study. There were 686 medications that were not
analyzed for appropriate dose rounding (eg, inhaled
medications, otic drops, insulin, and continuous infu-
sions). The total number of medications analyzed was
2426. Of the 2426 medications, 723 (29.8%) were
unrounded. In the null model (the multilevel random
intercept logistic regression model without covariates),
there was substantial service provider—to—service
provider variation in the prevalence of unrounded
doses, intracluster correlation coefficient of 0.30 (95%
confidence interval [Cl], 0.25-0.37). The full model
reduced the unexplained variance of service providers
to 012 (95% ClI, 0.07-0.18), indicating the prevalence
of unrounded doses is best explained by patient and
medication factors.

The prevalence of unrounded doses ranged from
0% (obstetrics-gynecology) to 55.9% (95% Cl, 49.3%—
62.5%: NICU; Figure 1). The overall mean of log odds
of unrounded doses was —-1.0415, with a corresponding
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Figure 1. Prevalence of unrounded doses based on primary service provider.

Service Provider No. of Patients (%)
Pediatric Medicine 192 (50)
Neonatal Intensive Care Unit/Neonatology 43 (11)
Pediatric Surgery 32(8)
Family Practice 25 (6)
Orthopedics 16 (4)
Neurosurgery 15 (4)
Other 14 (4)
Otorhinolaryngology 12 (3)
Gastroenterology 7(2)
Nephrology 7(2)
Pediatric Intensive Care Unit 7(2)
Hematology 6(2)
Urology 6(2)
Obstetrics and Gynecology 3(1)
Cardiology 2(1)
Overall 387
Total no. of doses = 2426

Patient count = 395 (4 had 0 doses; 4 missing records)
*Unrounded prevalence with 95% confidence interval
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estimated probability of unrounded doses on average
of 0.260, which is slightly lower than the observed
prevalence of 0.298. For doses that were unrounded
based on the volume, the prevalence ranged from 0%
(obstetrics-gynecology) to 31.2% (95% Cl, 23.6%—38.9%:
NICU), which was lower than the total overall preva-
lence of unrounded doses.

Figure 2 describes the frequency of rounded and
unrounded medication doses per medication class.
The most common medication classes of both rounded
and unrounded doses included central nervous sys-
tem, gastrointestinal, and anti-infective medications,
which accounted for 71% of all doses and an average
unrounded prevalence of 32% (95% Cl, 29.7%—34.1%).
The remaining 14 medication classes had a varying
total number of doses (median, 17; IQR, 8-79), resulting
in heterogeneous unrounded prevalence rates with
wide confidence intervals: from 0% (local anesthetics)
to 80% (95% ClI, 44.94%—100.00%: serums, toxoids,
and vaccines).

Figure 3 shows a comparison of medication charac-
teristics, including dosage form, route of administration,
and frequency of rounded medications compared with
unrounded medications. The most common dosage
forms for both rounded and unrounded medications
were injections and liquid formulations. Intravenous and
oral were the leading routes of administration, account-
ing for 88% of all doses. The odds of an unrounded
dose was lower for those administered medications

intramuscularly compared with intravenously (OR,
0.033; 95% CI, 0.015-0.075), but they did not differ
significantly between other routes compared with the
intravenous route.

There was a wide heterogeneity in the dosage fre-
quency. A secondary analysis was performed for the
variable dose frequency by excluding doses given at
“other” frequencies and creating an ordinal set for those
given once, daily, and every 12, 8, 6, 4, or 2 hours. The
odds of an unrounded dose did not differ by dosage
frequency. However, measured nominally, the only odds
ratio (OR) differing was between doses administered
every 8 hours versus daily (reference): (OR, 1.921; 95%
Cl, 1184-3.117), after controlling for age, weight, route,
form, and clustering. The odds of an unrounded dose
was 4% (OR, 0.96; 95% Cl, 0.94—0.98) lower with each
additional kilogram increase in weight after controlling
for age, route, scheduled versus as-needed administra-
tion, and cluster effects.

Discussion

This is the first study to describe the prevalence of
unrounded doses and corresponding dosage volumes
in pediatric patients in an inpatient setting. In this study,
the definition of an unrounded dose was defined as
either an actual dose or volume per dose calculated to
<0.1 unit (eg, mg, mcg) or <0.1 mL for non-NICU patients,
or an actual dose or volume per dose calculated to
<0.01 unit (eg, mg, mcg) or <0.01 mL for NICU patients.
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Figure 2. Prevalence of unrounded doses based on medication classes (n = 2426).

Total Number Unrounded Prevalence

Medication Class of Doses (Col. %) with 95% Confidence Interval No. of Doses (Col. %)

Unrounded  Rounded
Antihistamine 76 (3.1) —— 30(4.2) 46 (2.7)
Anti-infective 506 (20.9) i 219(30.3) 287 (16.9)
Antineoplastic 14 (0.6) —_—— 4(0.6) 10 (0.6)
Autonomic 18 (0.7) s peesen 3(0.4) 15 (0.9)
Blood formation, coagulation 17 (0.7) —a— 3(0.4) 14 (0.8)
Cardiovascular 115 (4.7) e e 35(4.8) 80 (4.7)
Central nervous system 989 (40.8) = 242 (33.5) 747 (43.9)
Electrolytic, caloric, water balance 136 (5.6) — 49 (6.8) 87 (5.1)
Respiratory tract 14 (0.6) — . 3(0.4) 11(0.7)
Eye, ear, nose, throat preparation 10 (0.4) 0(0) 10 (0.6)
Gastrointestinal 234 (9.6) - 90(12.5) 144 (8.5)
Hormones, synthetic substitutes 82(3.4) brom_prer 29 (4) 53 (3.1)
Local anesthetics 1(0) 0(0) 1(0.1)
Serums, toxoids, vaccines 5(0.2) e 4 (0.6) 1(0.1)
Smooth muscle relaxants 6(0.2) - 2(0.3) 4(0.2)
Vitamins 163 (6.7) 6(0.8) 157 (9.2)
Miscellaneous therapeutic agents 40 (1.6) —a— 4(0.6) 36 (2.1)
Overall 2426 (100) [ ] 723 (100) 1703 (100)

T T T T T
20 40 60 80 100

We chose to allow for more significant digits in NICU
patients, where weight-based dosage may result in a
necessary small dose. In this study, we noted a preva-
lence in unrounded doses of 30%, which was higher
than expected. Specifically, prevalence was higher in
children with smaller weights and with children receiv-
ing every 8 hours versus daily dosage.

Two previous studies have investigated the occur-
rence of unmeasurable volume doses in pediatric
patients.*® Morecroft and colleagues®® evaluated oral
and IV liquid medications administered during a 5-week
period to non-NICU and NICU patients at 2 hospitals in
northern England. They defined unmeasurable doses
as doses that could not be measured by their smallest
syringe size. The investigators identified 196 of 1599
medications (12.3%) that were unmeasurable based on
this definition. They concluded that anti-infective and
analgesic agents accounted for most of the unmeasur-
able doses, which is similar to the findings in the pres-
ent study. Another study by Caldwell and Rackham?*
performed a point prevalence study of unmeasurable
doses during 3 nonconsecutive days within a level 3
NICU. They defined an unmeasurable dose as one
that was difficult to calculate by nursing staff. Based
on this definition, they found 31 of 261 medications
(11.8%) were unmeasurable. Similar to our study, these
investigators collected the prevalence of unmeasur-
able doses during a short period of time. Both of these
studies reported a lower prevalence of unmeasurable

doses compared with our study. However, it is difficult
to compare these study findings to our own because
they used vague definitions. The definition of unmea-
surable doses of these studies focused on whether it
could be measured accurately based on a syringe or
by nursing staff. It is feasible that if these investigators
had used a definition similar to our own that they may
have found different results.

In an effort to establish a more consistent definition
of appropriateness of dose-rounding, Johnson and
colleagues® conducted an interview of 19 pediatric
health care professional experts. The investigators also
conducted a literature review and used a Delphi model
to establish consensus recommendations for appropri-
ateness of dose rounding in pediatric patients. These
experts provided dose-rounding recommendations for
120 oral medications in children. The applicability of this
panel’'s recommendations is limited to oral medications
and has limited utility for the IV medications evaluated
in this study.

There are significant concerns that if children receive
unrounded doses, they may be at risk for potential com-
plications in the inpatient and outpatient settings. In this
study, we found that the odds of an unrounded dose
were 4% lower with each additional kilogram increase
in weight when controlling for age, route, scheduled
versus as-needed administration, and cluster effects.
It is likely that this finding may be due to the fact that
weights for neonates and infants are often recorded in
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Figure 3. Prevalence of unrounded doses based on medication dosage form, route, and frequency (n = 2426).

Total Number Unrounded Prevalence
Medication Description of Doses (Col. %) with 95% Confidence Interval Number of Doses (Col. %)
Unrounded Rounded
Dosage Form
Injection 1374 (57) - 568 (79) 806 (47)
Liquid 670 (28) - 151 (21) 519 (30)
Powder 36 (1) —a— 1(0) 35 (2)
Other 6 (0) e 1(0) 5 (0)
Tablet 265 (11) [ ] 1(0) 264 (16)
Capsule 74 (3) [ ] 0(0) 74 (4)
Route
Intramuscular 116 (5) —- 7(1) 109 (6)
Oral 882 (36) - 100 (14) 782 (46)
Intravenous 1251 (52) - 560 (78) 691 (41)
Gastrostomy tube 69 (3) -l 18 (2) 51 (3)
Subcutaneous 10 (0) — — 2 (0) 8 (0)
Nasogastric tube 92 (4) e 32 (4) 60 (4)
Endotracheal 5 (0) = 3 (0) 2 (0)
Frequency
Other 155 (6) —— 79 (11) 76 (4)
One-time dose 486 (20) - 142 (20) 344 (20)
Every 24 hours 310 (13) - 64 (9) 246 (14)
Every 12 hours 342 (14) —— 105 (15) 237 (14)
Every 8 hours 254 (10) —— 102 (14) 152 (9)
Every 6 hours 437 (18) - 110 (15) 327 (19)
Every 4 hours 353 (15) - 80 (11) 273 (16)
Every 2 hours 88 (4) —— 40 (6) 48 (3)
Overall 2425 (100) 722 (100) 1703 (100)
I T T I I I
0 20 40 60 80 100
One patient missing records for dosage form, route, and frequency

our CPOE system to the ten-thousandth place. Stud-
ies have suggested that dosage errors are the most
common type of medication errors that may lead to
potential adverse drug events (ADEs) in the pediatric
population.?® Kaushal and colleagues™ have noted that
e-prescribing may prevent up to 21% of ADEs. However,
most e-prescribing systems do not generate easily ad-
ministered doses. This may be due to the required use
of multiple decimal places as a result of weight-based
dosage, and the uncertainty of rounding numbers with
multiple significant figures. In addition to these consid-
erations, many clinicians may use these e-prescribing
systems in the inpatient setting to generate outpatient
medications. Thus, patients may be discharged home
on these unrounded doses, potentially creating confu-
sion for their caregivers. In one study, parents whose
children were prescribed oral liquid medication in the
emergency department were assessed to see if they
could accurately measure the dose of liquid medica-
tions The investigators found 41.1% of parents made
an error in measuring the prescribed dose. It is very
probable that these unrounded doses may lead to even
greater complexity in administering medications and
could lead to an increase in dose-dependent ADEs or
subtherapeutic doses.

To address concerns about unrounded and unmea-
surable doses, a number of institutions have imple-
mented protocols in response to this issue. Three
studies have described the implementation of dose
standardization practices for oral and IV medications

for the most common doses administered.®? These
protocols have resulted in a variety of positive benefits,
including a decrease in wastage and a potential cost
savings. Despite these findings, it may be difficult to
implement in all institutions. Other institutions have
used pharmacist dose-rounding policies. These poli-
cies involve pharmacists adjusting doses by a certain
percentage as approved by a pharmacy and thera-
peutics committee policy. These policies can be labor
intensive. Based on the findings of this project, our
institution implemented a dose-rounding rule within
our EMR system. A description of the dose-rounding
rule is provided in the Table. The rule is available for
approximately 250 of the most commonly used IV and
oral liquid medications. When an unrounded medica-
tion dose is entered, the EMR prompts the prescriber
that the ordered dose could be rounded to a specified
recommended dose. The provider must then accept or
reject this proposed dose. The maximum difference
between the ordered dose and the specified recom-
mended dose will not exceed 5%. Although the rule
addresses unrounded actual doses, it does not evaluate
the corresponding dosage volume. Therefore, even if
the dose looks appropriate, this could still result in an
unmeasurable dose based on the volume with commer-
cially available or extemporaneously prepared IV and
oral liquids. It should be noted that this dose-rounding
rule has not been validated. It is our belief that following
implementation of this rule, that we can decrease our
prevalence of unrounded doses, because the adjusted
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Table. Dose Rounding Rule

If Dose Is Greater Than Round to Nearest

0.01 unit 0.001 units
01 unit 0.01 units
1 unit 0.1 units
10 units 1 units
50 units 5 units
100 units 10 units
250 units 25 units
500 units 50 units
1000 units 100 units

prevalence based on dosage volume was lower than
the overall prevalence of unrounded doses. Future
efforts will be focused on implementing protocols or
policies to address issues with doses based on the
corresponding volume of liquid medications. However,
before this dose-rounding rule can be recommended,
it must first be validated, and the investigator team has
further plans to assess the impact of this intervention
on unrounded doses.

There are several limitations with this study. First, this
was a retrospective study during a short study period.
Prevalence was calculated during a 1-week period.
There were 395 patients of the 13,690 total number of
admissions in 2013, which accounted for only 2.9% of
patients during 2013. Despite the limited sample size,
this study had a study period similar to those of other
previous studies, but it had a larger sample size.**
Next, this study was performed at a single center, and
prescribing practices and EMR systems may differ
at other institutions. In addition, we did not compare
clinical outcomes (eg, ADEs, therapeutic response)
between unrounded and rounded doses. Last, there
is a lack of consistent definition of what an unmeasur-
able or unrounded dose is, as well as which specific
agents are appropriate to round. The previous study
by Johnson and colleagues® provides some guidance,
but their consensus recommendations have limited util-
ity to many medications used in the inpatient setting.
Without an appropriate understanding of the number of
significant digits that account for an unmeasurable dose
as well as what constitutes an appropriate rounding
percentage per agent, it is difficult to provide dosage
recommendations for all agents, specifically for medi-
cations with a narrow window of therapeutics. Future
studies should focus on the extent to which rounding
recommendations are accepted or overridden by pre-
scribers, as well as any incidences of ADEs that may
arise related to rounding.

Conclusions

In this study, the prevalence of unrounded doses
based on the actual dose or dosage volume was

30%. Patients on the NICU team had the highest
prevalence of unrounded doses. The prevalence was
higher in smaller children after controlling for age,
route, scheduled versus as-needed administration, and
cluster effects. Future studies should focus on the role
of CPOE and EMR systems in preventing unrounded
and unmeasurable doses and if these strategies affect
clinical outcomes (eg, ADEs).
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