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Abstract This study assessed the rate of errors in intra-
venous medicine preparation at the bedside in neonatal
intensive care units vs the preparation error rate in a
hospital pharmacy service. We conducted a prospective
observational study between June and September 2013.
Ten Spanish neonatal intensive care units and one hos-
pital pharmacy service participated in the study. Two
types of preparation errors were considered: calculation
errors and accuracy errors. A total of 522 samples were
collected: 238 of vancomycin, 139 of gentamicin, 39 of
phenobarbital and 88 of caffeine citrate preparations. Of
these, 444 samples were collected by nurses in neonatal
intensive care units, and 60 were provided by the hos-
pital pharmacy service. Overall, 18 samples were ex-
cluded from the analysis. We detected calculation errors
in 6/444 (1.35 %) and accuracy errors in 243/444
(54.7 %) samples from the neonatal intensive care units.
In contrast, in samples from the hospital pharmacy ser-
vice, no calculation errors were detected, but there were
accuracy errors in 23/60 (38.3 %) samples.

Conclusion: While calculation errors can be eliminated
using protocols based on standard drug concentrations, accu-
racy error rates depend on several variables that affect both
neonatal intensive care units and hospital pharmacy services.

What is Known:
• Medication use is associated with a risk of errors and adverse events.
Medication errors are more frequent and have more severe
consequences in paediatric patients.

• Lack of knowledge of drug pharmacokinetics and pharmacodynamics in
relation to physiological immaturity makes neonates more vulnerable to
medication errors.

What is New:
• Calculation errors are avoided using concentration standard
preparation protocols.

• Accuracy in the preparation process depends mainly on the degree to
which commercial drug preparations meet current legal requirements
and the syringes and preparation techniques used.
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Abbreviations
HPS Hospital pharmacy service
NICU Neonatal intensive care unit

Introduction

Neonates are more prone than adults to medication errors.
This higher risk is related to a lack of knowledge of drug
pharmacokinetics and pharmacodynamics in relation to phys-
iological immaturity, off-label use of drugs or unlicensed
drugs and the unavailability of drug formulations and equip-
ment for dilution expressly adapted for neonates [4, 8, 9, 11,
12, 14–16, 30, 31]. This lack of commercial drug formulations
is well-known to be a source of preparation errors. Specifical-
ly, it results in nurses having to perform multiple steps before
medicines are ready to be administered. Further, because small
doses have to be prepared using commercial drug formula-
tions for adults, medicine preparation for neonates requires
nurses to have chemical knowledge and be trained in basic
mathematical calculations, as well as the use of accurate work-
ing methods. Hence, in neonatal intensive care units (NICUs),
variations between intended and measured concentrations of
drugs can occur and these may have clinical effects.

To our knowledge, there is no consensus document on
intravenous drug preparation in NICUs that contains informa-
tion about preparation methodology. Several guides provide
information about recommended concentrations, and others
explain how to achieve those concentrations, but we have
not found any publications describing the materials required
and preparation process in detail [22, 28]. In this context, it is
important to consider the risks associated with errors as we are
conducting a complex process targeting high-risk patients.

Medicine preparation in a hospital pharmacy service
(HPS) reduces medication errors and risk of microbio-
logical contamination, as it ensures that processes are
carried out with high safety standards (dedicated clean
working areas, adequate equipment, specific training and
minimal distractions, among other factors). Not all HPS,
however, can take on responsibility for the preparation
of all intravenous medicines administered in a hospital.
Recently published recommendations set out preparation
requirements, helping professionals with the decision of
where to prepare medications: clinical areas vs. hospital
pharmacy clean rooms [17]. If drug preparation were to
be performed in a clinical area, the guideline states that
a place that avoids airflows, poor lighting and the cir-
culation of staff should be designated for the purpose.

The objectives of this study were to (1) measure intrave-
nous medicine preparation error rates in several NICUs and
(2) identify differences between preparations made in NICUs
and those made by specialised nurses in an HPS, with the

expectation that the preparation error rate would be lower in
the HPS than in clinical areas.

Methods

Participants

Ten NICUs and the HPS of Cruces University Hospital, all in
Spain, participated in the study. According to the care level
classification published by the Spanish Neonatal Society,
NICUs included in the study were level III (that is, part of a
referral hospital with paediatric and maternity services, han-
dling at least 1,000 deliveries a year and caring for complex
critically ill neonates including those requiring mechanical
ventilation). Characteristics of participating NICUs were as
follows:

Number of births Mean, 2,913 (Range, 1,577–4,609)

Number of infants admitted
to neonatal unit/year

Mean, 492 (Range, 97–869)

Number of beds in
intensive care unit

Mean, 8 (Range, 3–19)

Number of beds in
intermediate care unit

Mean, 15 (Range, 5–26)

Drug selection

We focused on intravenously administered medications be-
cause of the difficulty of preparing them and the great poten-
tial for harm in the event of preparation errors. Among all the
intravenous drugs used, we focused our study on vancomycin,
gentamicin, phenobarbital and caffeine citrate, as they were
used frequently, were classified as high- or moderate-risk
products by the British National Patient Safety Agency [20]
and are stable under frozen conditions. Further, for this deci-
sion, we took into account the results of a survey completed by
the participating NICUs, indicating the intravenous drugs
most frequently used in the unit and the way they were pre-
pared before administration.

Commercial drug formulations had the following concen-
trations: vancomycin, 50 mg/mL after reconstitution follow-
ing manufacturer instructions; gentamicin 10, 20 or 40 mg/
mL; phenobarbital 200 mg/mL; and caffeine citrate, 10 or
20 mg/mL. The normal dosages of these drugs were as fol-
lows: vancomycin, 10 mg/kg/dose; gentamicin, 4–5 mg/kg/
dose; phenobarbital, 2.5–10 mg/kg/dose; and caffeine citrate,
5–10 mg/kg/dose (loading dose 20 mg/kg). Therefore, nurses
had to carry out multiple manipulations to obtain suitable vol-
umes and concentrations [27].
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Data collection

A prospective observational study was performed between
June and September 2013. The study was approved by the
Spanish Agency of Medicines and Medical Devices and by
ethical committees of all participating hospitals. During the
study period, dilutions prepared for administration were col-
lected during all three nursing shifts in NICUs following a
randomised list, while for samples to be collected in the
HPS, we established a randomised list to define which drug
had to be prepared each day.

In NICUs, medicine dilution was performed by a nurse
on duty according to usual clinical practice, in an open
non-aseptic environment. Once the dilution process was
completed, nurses recorded details of the preparation pro-
cess, then took one aliquot of the dilution to be adminis-
tered and stored it frozen until it was sent to the hospital
biochemistry laboratory for analysis. Patient data recorded
were dosage prescribed, method used for reconstitution
and/or dilution of the medication, diluent used, size of sy-
ringes used, volume that contained the dosage to be admin-
istered and the dilution volume that was used to pro-
gramme the infusion pump.

Medicine dilutions prepared by specialised nurses in
the HPS were used as controls. These drug preparations
were made up following what we considered a safe
preparation protocol within usual working hours (8:00–
15:00, Monday to Friday). As for the samples prepared
in NICUs, aliquots were frozen until analysis in the
biochemistry laboratory.

Drug preparation protocols for the studied medications
were collected from the participating NICUs and HPS, and

videos were recorded of participants demonstrating their rou-
tine preparation process.

Measurement of drug concentrations

Samples were analysed at Cruces University Hospital bio-
chemistry laboratory. The concentrations of vancomycin and
gentamicin were measured with latex particle-enhanced turbi-
dimetric inhibition immunoassays, using a Dimension
Xpand® Plus system (Siemens, Munich, Germany). The sen-
sitivity was 0.8 μg/mL for the vancomycin assay and 0.2 μg/
mL for gentamicin, and imprecision (percent coefficient of
variation, % CV) was 5.0 and 2.7 % for the two drugs, respec-
tively. Caffeine concentrations were measured with homoge-
neous enzyme immunoassays, also using a Dimension
Xpand® Plus system (Siemens). In this case, the sensitivity
was 1 μg/mL and imprecision (% CV) 4.9 %. Lastly, pheno-
barbital concentrations were determined with competitive di-
rect chemiluminescence immunoassays using an ADVIA
Centaur XP system (Siemens), analytical sensitivity being
0.4 μg/mL and imprecision (% CV) 11.6 %.

Definitions of errors

Two types of errors were defined:

1. Calculation errors, when the magnitude of the deviation
of the theoretical dose given, that is, the dose calculated
by the person administering the drug, from the dose pre-
scribed by the physician was more than 10 % of the
intended concentration

Dose calculated by the nurse−Dose prescribed by the doctor

Dose prescribed by the doctor
� 100

�
�
�
�

�
�
�
�
> 10 %

2. Accuracy errors, when the magnitude of the deviation
between theoretical concentration and the concentration

measured in the laboratory was over 10 % of the intended
concentration

Measured drug concentration−Theoretical drug concentration
Theoretical drug concentration

� 100

�
�
�
�

�
�
�
�
> 10 %

Two subcategories of accuracy errors were also established,
namely, under- and overdosing errors corresponding to the cases
when the deviation was greater than −10 and +10 %,
respectively.

Data analysis

We performed a descriptive analysis of the errors that oc-
curred during the study. Discrete variables were expressed
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as numbers of cases and percentages, and chi-squared tests
were used for comparisons. Continuous variables were de-
scribed with means and standard deviations, and means
were compared using Student’s t test, if the data were nor-
mally distributed; otherwise, they were described with me-
dians and percentiles, and comparisons were made using
the Wilcoxon test.

Results

A total of 522 samples were collected during the study. Eigh-
teen samples (3.4 %) were excluded from the analysis for var-
ious reasons: not meeting inclusion criteria, missing data on the
preparation process due to incorrectly completed records and
no drug being detected in the laboratory analysis. The distribu-
tion of drug samples was (N): 238 vancomycin, 139 gentami-
cin, 39 phenobarbital and 88 caffeine citrate. Overall, 444 sam-
ples were collected by nurses in the NICUs, and 60 samples
were collected from the HPS (control group) (Table 1).

Calculation errors

In 6/444 (1.35 %) of the samples collected in the NICUs, there
were calculation errors: in two of the vancomycin, two of the
caffeine citrate, one of the phenobarbital and one of the gen-
tamicin samples. No calculation errors were detected in the
control samples.

Accuracy errors

Study group (NICUs) A lack of accuracy was detected in
243/444 samples (54.7 %). This rate corresponded to errors
in 50/78 (64.1 %) of the caffeine citrate samples, 17/19
(89.5 %) of the phenobarbital samples, 51/129 (39.5 %) of
the gentamicin samples and 125/218 (57.3 %) of the vanco-
mycin samples (Table 2). In all these samples, Wilcoxon tests
showed significant differences between theoretical concentra-
tions and the concentrations measured in the laboratory
(p<0.001). Overall, the errors were more commonly due to
under- than overdosing (39.4 vs 15.3 %). By drug, there was a
higher underdosing rate in caffeine citrate (50 vs 14.1% due to
overdosing), gentamicin (24 vs 15.5 %) and vancomycin
(46.8 vs 10.6 %) samples, while the overdosing rate was
higher in the case of phenobarbital samples (10.5 % due to
underdosing vs 78.9 %). Further, deviations larger than the
concentration variation considered acceptable (±10 %) were
widespread, with accuracy errors in the ranges of −25.1 to
−50 % and 25 to 50 % (Fig. 1).

Control group (HPS) A lack of accuracy was detected in 23/
60 samples (38.3 %). This rate corresponded to errors in 2/10
(20 %) of caffeine citrate samples, 8/20 (40 %) of phenobar-
bital samples, 2/10 (20 %) of gentamicin samples and 11/20
(55 %) of vancomycin samples (Table 2). Overall,
underdosing was more common than overdosing (21.6 vs
16.6 %). By drug, the two caffeine citrate errors were related
to underdosing and the eight phenobarbital errors to
overdosing, while the underdosing error rate was higher for
vancomycin samples (20 vs. 5 %) and, in the case of genta-
micin, underdosing and overdosing rates were the same
(10 %). As in the study samples, deviations larger than the
acceptable concentration variation (±10 %) were widespread,
with accuracy errors ranging from −25.1 to −50 % and 25 to
50 % (Fig. 1).

Rates of accuracy errors varied considerably between
NICUs (Table 3). Specifically, values ranged from 25.6 % (hos-
pital 1) to 90.1 % (hospital 10), and the error rate was lower in
two NICUs (25.6 %; 36 %) than in the control group (38.3 %).
The difference between the overall accuracy error rate in NICUs
and the HPS was statistically significant (p=0.017).

Protocol analysis

A multidisciplinary group reviewed all medicine preparation
protocols submitted by each NICU. There were multiple dif-
ferences between them in relation to concentrations, volumes
and drugmanipulation. In seven NICUs, protocols were based
on standard concentrations, but we observed differences be-
tween them in relation to concentrations used and the manip-
ulation process. In the other three NICUs, standard volumes to
be administered were used, instead of standard concentrations.

Table 1 Distribution of drug samples from neonatal intensive care
units (NICUs) (hospitals 1–10) and the hospital pharmacy service (HPS)

Drug 1 2 3 4 5 6 7 8 9 10 HPS

Caffeine citrate 11 0 5 2 0 19 0 17 24 0 10

Phenobarbital 0 0 4 0 0 2 8 0 2 3 20

Gentamicin 1 22 3 30 26 9 24 14 0 0 10

Vancomycin 31 26 69 1 24 16 22 18 3 8 20

Total 43 48 81 33 50 46 54 49 29 11 60

Table 2 Accuracy errors by drug

Accuracy error rate: % (frequency)

Drug NICUs HPS

Caffeine citrate 64.1 (50/70) 20 (2/10)

Phenobarbital 89.5 (17/19) 40 (8/20)

Gentamicin 39.5 (51/129) 20 (2/10)

Vancomycin 57.3 (125/218) 55 (11/20)
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Neither the volume of syringe needed nor steps for making
dilution were indicated in any of the preparation protocols.

Control group (HPS) protocols were also analysed by the
multidisciplinary group. Protocols were all based on standard
concentrations: two different concentrations for vancomycin
(2.5 and 5 mg/mL) and phenobarbital (10 and 20 mg/mL) and
a single standard concentration for caffeine (1 mg/mL) and for
gentamicin (1 mg/mL). Standard concentrations were defined
to enable doses to be prepared to an easily measured volume,
avoiding decimal points and specifying volumes according to
patient characteristics.

Video analysis

Weak points detected in the video analysis were the use of
oversized syringes for the volume to be loaded, failure to
achieve good mixing and lack of volume control when vials
or ampoules were fully loaded in NICUs and an insufficient
mixing time in the HPS.

Discussion

Many studies have been published analysing prescription,
transcription, dispensing and medicine administration errors
[5, 6, 18, 19, 25–27]. However, few studies related to prepa-
ration errors have been reported for patients of any age group.
We identified four studies analysing the accuracy of the dilu-
tion process, when medications designed for adults were ad-
ministered to neonates. Parshuram et al. [21] analysed mor-
phine infusions prepared for children weighing 0.7–60 kg and
identified an error rate of 65 %. Allegaert et al. [3] reported
that in the case of amikacin, the use of paediatric vials im-
proved dosing precision, as assessed by measurements of
pharmacokinetic parameters. Popescu et al. [23] investigated
the difference between the vancomycin concentration pre-
scribed and that prepared by nurses at the bedside in a paedi-
atric unit and found measured drug concentrations before ad-
ministration to be a mean of 7 % lower than concentrations
that had been prescribed by the doctor. Lastly, Aguado-
Lorenzo et al. [2] studying the accuracy of the concentration
of morphine infusions reported a mean deviation from
intended concentrations of more than 20 %.

In our previous study on preparation errors in NICUs, we
collected 91 samples over 24 non-consecutive working days
in one NICU. After excluding four samples from analysis, we
determined accuracy and calculation error rates in 50 vanco-
mycin and 37 tobramycin samples. The accuracy error rate
was 32 % for vancomycin and 46 % for tobramycin, while
the overall calculation error rate was 4.6 % [7]. Hypothesising
that error rates were similar in other NICUs and that HPS
preparations were more accurate, we decided to replicate that
study in ten NICUs using an HPS as a control group.

We established 10 % range to define a preparation error,
taking into account our previous experience in recording med-
ication errors and several studies that reported discrepancies
between theoretical andmeasured drug concentrations [2, 6, 7,
21]. We also reviewed the United States Pharmacopeia, the
Spanish Pharmacopeia and legislation for drug manufacturers
before we defined a common range for the four drugs [24, 29].
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Fig. 1 Accuracy errors in terms
of deviations from prescribed
dose in samples from neonatal
intensive care units (NICUs) and
the hospital pharmacy service
(HPS)

Table 3 Accuracy errors by source of the sample: neonatal intensive
care units (NICUs) (hospitals 1–10) and the hospital pharmacy service
(HPS)

Accuracy errors

Source of the sample Frequency Percentage

NICU 1 11/43 25.6

2 36/48 75

3 49/81 60.5

4 19/33 57.6

5 18/50 36

6 23/46 50

7 27/54 50

8 25/49 51

9 25/29 86.2

10 10/11 90.9

HPS 23/60 38.3
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Several studies have detected difficulties among healthcare
professionals in performing simple mathematical calculations
[13, 33]. We identified six samples with calculation errors in
this study. Three of these came from NICUs that did not use
standard concentration protocols; rather in these NICUs, stan-
dard volumes were used in the administration process. This
method has an a priori high risk of calculation errors because
each preparation is unique and requires new mathematical cal-
culations. In the other three cases of calculation errors, the
errors can be attributed to a failure to apply the standard con-
centrations protocols (skipping the protocol).We can assert that
error calculations are avoided when standard concentrations are
used, the method of preparation is always the same and proto-
cols are followed. Nevertheless, standard concentration proto-
cols do not ensure that accuracy errors are eliminated.

Our results showed a statistically significant difference be-
tween mean errors in NICUs and in the HPS. However, al-
though the medicine preparation process in the HPS is safer
than in medical wards, it may not always be more accurate.
After analysing protocols and drug manipulation videos from
the NICUs and the HPS, we observed several weak points in
medicine preparation that influenced accuracy and that could
explain different trends in three of the four drugs: namely,
steps in drug preparation that made the process less accurate
were the use of oversized syringes for the volume to load, a
lack of good mixing and a lack of volume control when vials
or ampoules were fully loaded. In line with these observations,
we want to discuss three main factors that affect accuracy of
both NICU and HPS nurses: (1) syringe specifications, (2) the
homogenisation process and (3) drug manufacturer
legislation.

1. Syringe specifications
We observed that in many cases, the same syringe was

used to load the drug and the diluent. We believe that this
approach is not safe because large volume syringes tend to
be less accurate than small volume syringes for loading a
small volume, for instance, accuracy loading 1 mL would
be greater with a 1-mL than with a 20-mL volume syringe.
In addition, syringe providers have to comply with current
legislation (UNE-EN-ISO 7886-1:1998). Among all their
technical features, the tolerance on graduated capacity and
dead space of syringes must be highlighted because these
parameters affect accuracy. Tolerance on graduated capac-
ity is ±5 % of the expelled volume for syringes with vol-
umes up to 5 mL and ±4 % of the expelled volume for
larger volume syringes. Allowed dead space varies from
0.07 to 0.20 mL depending on the syringe volume. There-
fore, we believe both syringe volume and provider have an
influence on accuracy error rates [1, 32].

2. Homogenisation process
Lack of a correct solution-mixing process or insuffi-

cient reconstitution time, as observed in the videos, could

explain underdosing in the case of vancomycin, for exam-
ple. Nurses were unaware of the importance of mixing
time and, due to their workload, they completed the pro-
cess without allowing sufficient time to do the preparation
well.

3. Drug manufacturer legislation
Loading full ampoules and vials without checking vol-

umes could be associated with overdosing in the case of
phenobarbital and underdosing in the case of caffeine cit-
rate. In all phenobarbital protocols, the volume to load
from the ampoule was 1 mL, and this was the supposed
volume of the commercial product. However, our experi-
ence indicated that not all ampoules contained exactly
1 mL, and hence, we reviewed the Spanish Pharmacopeia
and contacted the drug manufacturer. The Spanish Phar-
macopeia states that the volume contained in vials or am-
poules has to ensure that the volume expelled by a syringe
is at least the volume stated on the label and that any
excess volume in single-dose preparations does not pres-
ent a risk for the patient [24]. This excess would not be
dangerous for an adult but when using this presentation in
neonates, overdosing carries a very high potential for
harm. The Spanish company that manufactures the phe-
nobarbital formulation used confirmed that the maximum
volume allowed was 1.15 mL/ampoule. The trend to
underdosing of caffeine citrate could be explained by the
fact that not all ampoules and vials permitted nurses to
obtain as much as the volume indicated on the label.

Our results show that use of standard concentration
protocols avoids calculation but not accuracy errors. In
addition to standard concentration protocols, a good ma-
nipulation technique is necessary, with the practitioners
being aware of the relevance of each step and conse-
quences of using incorrect materials, or insufficient
mixing time, as well as the lower accuracy associated with
working faster than recommended.

We recommend thorough implementation of standard
concentration protocols and educational interventions
stressing the importance of the material used and the time
necessary for correct preparation. In addition, health au-
thorities, drug regulatory agencies and pharmaceutical
companies should be involved in the development of safe
and appropriate drug formulations for this small, vulner-
able population. Both pharmaceutical formulations
adapted for use in neonates and robotic systems [10] for
dosing pharmaceutical preparations now on the market
should be effective strategies to improve patient safety.
To promote the development of specific paediatric drug
preparations, the European Medicines Agency published
a yearly revised priority list for off-patent medicines to be
developed [http://www.ema.europa.eu/ema/index.jsp?
curl=pages/regulation/document_listing/document_
listing_000092.jsp&mid=WC0b01ac05800260a4], and
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the European Union (EU) funds the development of drugs
on this list. Moreover, under the 2009Medicines for Chil-
dren call, the EU has funded the Global Research in Pae-
diatrics (GRIP) project, which aims to analyse all the
building blocks for the development of safer paediatric
medicines and to develop a training programme in paedi-
atric clinical pharmacology.

Limitations

Our study was limited to the assessment of four commonly
used drugs. It would be interesting to extend this study to
less frequently used drugs, especially high-risk drugs and
those with narrow therapeutic indices. Each hospital used
the commercial formulations routinely available in its or-
ganisation and these differed; therefore, variation in results
between hospitals could be influenced by this variable.
Further, we did not assess how preparation errors could
have affected the clinical course of the disease because
laboratory results were not available until weeks after sam-
ple collection. However, we believe errors in drug prepa-
ration can have clinical significance, because they would
explain situations reported by clinicians working in
NICUs, for example, excessive sedation after a correctly
prescribed dose of phenobarbital.

Conclusions

Drug preparation for intravenous administration is a critical
point in neonatal patient healthcare. While calculation errors
can be avoided by adherence to protocols based on standard
drug concentrations, accuracy errors depend on good practices
in the preparation process and knowledge of syringe specifi-
cations as well as the characteristics of commercial drug
formulations.
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