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Abstract
Background: Medication errors are common in neonatal care and can lead to significant
harm. We sought to explore utilization of various medication error prevention strategies
across Australian and New Zealand neonatal units (NNUs) through a clinical practice survey.
Methods: An electronic survey was distributed in October 2016 to relevant staff at each of
the 29 level III NNUs identified as members of the Australian and New Zealand Neonatal
Network (ANZNN). The survey contained questions relating to a range of medication error
prevention strategies identified from a previous systematic review on the topic. The evaluated
interventions targeted different aspects of the medication-use process including prescribing,
evaluation/checking of orders by clinical pharmacists, transmission, preparation and
dispensing of orders, storage of medications, and medication administration.
Results: From the 20 respondents, the evidence-based strategies most commonly utilized
were use of smart pumps (n = 18; 90%), and ward-based clinical pharmacists (n = 17;
85%). Interventions least commonly utilized included barcode scanning with medication
administration (n = 0; 0%), electronic prescribing and clinical decision support (n = 1; 5%), and
dedicated medication administration nurse (n = 2; 10%). The total number of evidence-based
medication error prevention strategies utilized in each NNU ranged from 2 to 10 (median = 7),
10 of 16 strategies were utilized by less than 50% of NNUs.
Conclusion: While evidence supports utilization of a number of medication error prevention
strategies, these appear inconsistently utilized across current practice settings.
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Introduction
Medication errors represent a significant cause of
neonatal morbidity and mortality and in many
cases are potentially preventable. Neonates have
been described as being more prone to medication errors across each step of the medication use
process due to the inherent increased need for
calculations, dilutions, and manipulations of
medications.1 In many cases, medications are
used off label, that is, they are not licensed for use
in neonates, meaning that evidence to guide safe
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use in the neonatal setting is often limited and
available dosing strengths and formulations are
less suitable for neonatal use.2
In light of the complexity of medication use in the
neonatal setting, the high frequency with which
medications are used and the potential for serious
adverse events of even minor medication errors,
intervention strategies to increase medication
safety are of great importance. Previous systematic
reviews have highlighted common causes of
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medication errors in the neonatal setting (e.g.
dilution of medications, prescribing errors, medication selection errors),2,3 or have outlined a range
of interventions which have been demonstrated to
reduce the incidence of medication errors including electronic prescribing (e.g. electronic prescribing, standardized infusion concentrations,
ward-based clinical pharmacy services, use of
smart pumps for medication administration, smart
pump medication administration library, and barcode medication administration system).3–5
While there has been interest in identification of
factors contributing towards medication errors and
the evaluation of interventions for improving medication safety in neonatal care, there is a paucity of
comprehensive data evaluating the utilization of
specific error prevention strategies in neonatal units
(NNUs). Therefore, the objective of this study was
to explore utilization of various medication error
prevention strategies in routine clinical practice
across Australian and New Zealand NNUs.
Methods
We undertook a systematic review of interventions for reducing medication errors in neonatal
care. Based on these findings, we developed a survey designed to evaluate utilization of 16 evidence-based interventions across various clinical
practice settings. The evaluated interventions targeted different aspects of the medication use process. These were broadly assigned to three
categories including prescribing and evaluation of
medication orders, obtaining and storing medications, and medication administration. The survey
was expanded to include an additional six interventions that were considered to be of uncertain
efficacy. These were included based on knowledge of interventions studied in adult settings, or
those utilized in the study author’s own NNU,
but where published evidence to support such
strategies in the NNU setting was unavailable.
Pilot testing of the survey was undertaken at two
sites, resulting in minor modifications to improve
clarity. The electronic survey was distributed
between October 2016 and January 2017 to relevant staff at each of the 29 level 3 neonatal units
(NNU) identified as members of the Australian
and New Zealand Neonatal Network (ANZNN).
Surveys were emailed to pharmacists and neonatal unit managers at each site. Survey recipients at
the same site were asked to assist each other with
providing one consolidated response. Reminder
610

emails were sent at 4 and 8 weeks if no response
had been received following the original email.
Recipients were advised that responses received
would be de-identified and collated for analysis
and publication of results. Individual participant
consent was not required, as this clinical practice
survey was considered exempt from ethical review
by the Southern Adelaide Clinical Human
Research Ethics Committee.
A copy of the survey is included as an appendix
(Appendix 1). All questions were positively
worded, with a combination of closed and openended questions utilized. Responses consisted of
either simple yes/no answers, or a four-item scale
of ‘Always’, ‘Frequently’, ‘Sometimes’, or
‘Never’. The four-item scale was introduced following pilot testing of the survey, as respondents
felt uncomfortable answering all questions as
either yes or no where certain interventions were
not utilized all of the time. Responses of ‘Always’
or ‘Frequently’ were combined (indicating ⩾50%
use) to determine utilization of medication error
prevention strategies.
De-identified survey responses were entered into
a Microsoft Excel spreadsheet and reported using
descriptive statistics. Comparisons in the median
medication safety score according to country and
hospital type were undertaken using the Wilcoxon
rank-sum test. Statistical significance was defined
as a two-sided p value of <0.05. All statistical
analyses were undertaken using STATA IC 14
(Stata, College Station, Texas).
Results
Responses were received from 20 of 29 ANZNN
NNUs (response rate 69%), with the response
rate similar across Australia (n = 16/23; 70%)
and New Zealand (n = 4/6; 67%). Responses
were received from hospitals located in all states
and territories within Australia, including the
Australian Capital Territory (n = 1), New South
Wales (n = 4), Northern Territory (n = 1),
Queensland (n = 3), South Australia (n = 2),
Tasmania (n = 1), Victoria (n = 3) and Western
Australia (n = 1). Hospital types included a mixture of general hospitals (n = 14; 70%) and specialist maternity or paediatric hospitals (n = 6;
30%). The majority of surveys were returned
electronically by pharmacists (n = 18).
A summary of 16 aspects of clinical care considered important for medication safety according to
journals.sagepub.com/home/taw
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Figure 1. Utilization of medication error prevention strategies by Australian and New Zealand neonatal
intensive care units.

previous systematic reviews is provided in Figure
1. Interventions most commonly utilized across
NNUs included use of smart pumps for medication infusions (n = 18; 90%), availability of a
ward-based clinical pharmacist (n = 17; 85%)
and requirement for nursing staff to complete a
medication administration calculation test to be
able to administer medications (n = 17; 85%).
Interventions less commonly utilized included
barcode scanning with medication administration
(n = 0; 0%), electronic prescribing and clinical
decision support (n = 1; 5%), and availability of
dedicated medication administration nurse
(n = 2; 10%). Of the 18 sites reporting a wardbased clinical pharmacy service, none reported
having a 7-day service. Of the 17 sites reporting
use of a medication administration calculation
test, this was specific to the neonatal unit in 15
sites, and 6 sites reported that this was only
required to be completed once, rather than
repeated. Eight sites reported using an on-site
sterile pharmacy service to prepare high-risk medications. The most commonly provided examples
included morphine (n = 4), inotropes such as
dopamine (n = 4), amphotericin B (n = 3),
alprostadil (n = 3), indometacin (n = 3), amikacin (n = 2), ganciclovir (n = 2), fentanyl (n = 2)
and midazolam (n = 2). Five sites reported
journals.sagepub.com/home/taw

having prediluted medications available on the
ward. The most commonly provided examples
included amikacin (n = 2), caffeine citrate
(n = 2), gentamicin (n = 2), vancomycin (n = 2)
and alprostadil (n = 1).
The total number of evidence-based medication
error prevention strategies utilized in each NNU
ranged from 2 to 10 (median = 7; Figure 2).
There was no difference in the total number of
medication error prevention strategies utilized
between Australian (7, range 2–10) and New
Zealand (7, range 6–8; p = 0.847) NNUs, or
between general hospitals (7, 2–10) and specialist maternity or paediatric hospitals (6.5, 5–9;
p = 0.583).
A summary of the additional six aspects of clinical
care that were considered to be of uncertain benefit is provided in Supplemental Figure 1. All of
these interventions were utilized by less than 50%
of NNUs. These included pharmacist prescribing
(n = 1; 5%), nursing documentation of dilution
and administration calculations when administering medications (n = 4; 20%), standardized medication administration times for routine medications
(n = 7; 35%), preprinted prescribing stickers
(n = 8; 40%), routine use of electronic rather than
611
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Figure 2. Histogram of number of medication error
prevention strategies utilized by Australian and New
Zealand neonatal intensive care units.

utilization of a similar range of medication safety
intervention strategies.6 They obtained responses
from 55% of surveyed NNUs, with more than
85% reporting adherence to practices including
use of electronic health records, computerized
physician order entry, and clinical decision support.6 This is in stark contrast to our survey where
such interventions were utilized by just one (5%)
Australian NNU. A slightly lower percentage of
NNUs in the United States reported routine use
of barcoding of medication administration (72%),
compared with no site using this technology in
our survey. These findings demonstrate significant variability in the use of technology-based
interventions across US, and Australian or New
Zealand NNUs. In contrast, the presence of pharmacists on ward rounds (36%) was similar to that
reported in our survey (45%).

paper-based medication guidelines (n = 8; 40%),
and pharmacist attendance at ward rounds (n = 9;
45%). The one site utilizing pharmacist prescribing reported the ability of the pharmacist to prescribe cholecalciferol and nystatin. Among the
eight sites reporting use of preprinted prescribing
stickers, these were most commonly used for prescribing eye drops for eye examinations (n = 4) or
sucrose for analgesia (n = 4). Individual sites
reported use of preprinted stickers for prescribing
other medications such as iron, vitamins, nystatin,
probiotics and vancomycin.

Findings from clinical practice surveys such as
this provide an important snapshot of current
clinical practice and highlight many opportunities
for neonatal units to implement additional practices to reduce the risk of medication errors.
Results can be utilized as part of benchmarking
for NNUs to identify areas for further improvement in line with their own knowledge about
what the incidence of medication errors are within
their NNU and what the causes of these errors
might be. Reporting of such findings also provides opportunity for shared learnings between
NNUs with respect to the process of implementing, evaluating, and sustaining various practices.

Discussion
While evidence supports the role of various medication error prevention strategies in improving
medication safety in neonatal care,3–5 our clinical
practice survey of 20 NNUs across Australia and
New Zealand identified that such strategies are
poorly utilized. Underutilization of medication
error prevention strategies may place vulnerable
newborns at risk of potentially preventable medication-related harms.
To the best of our knowledge, we are not aware of
previous surveys providing a comprehensive overview of the utilization of such error prevention
strategies within current clinical practice in the
Australasian setting. Our results, however, can be
compared with the recent publication of a national
survey of medication safety practices of NNUs in
the United States.6 Utilizing the same methodology, Greenberg and colleagues asked about
612

While previous systematic reviews clearly demonstrate that a range of interventions are associated with reductions in medication errors, no
single intervention has been demonstrated as
clearly superior to others.3–5 Further, interventions differ in their abilities to reduce medication
errors related to prescribing, administration or
both.3–5 Given medication errors can occur across
different stages of the medication use process,
the findings of these reviews suggest that multifaceted approaches that target each aspect of the
medication use process are essential for promoting medication safety in clinical practice.3–5 A
notable limitation of the existing medication
safety literature in the neonatal setting is the
heavy reliance on observational study designs
that are subject to a range of biases rendering
interpretation of the true effect difficult.5 A further limitation is the lack of data relating to cost
effectiveness, particularly for technology-based
interventions. The financial burden associated
journals.sagepub.com/home/taw
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with some strategies may represent a significant
barrier to their uptake and explain their relatively
low utilization in this survey.
Our survey identified, albeit infrequent, utilization of a range of intervention strategies that were
considered to be of uncertain effectiveness in
reducing risk of medication errors. This highlights a range of interventions that should be subject to formal evaluation, such as pharmacy
prescribing, pharmacist attendance at ward
rounds, or requiring nursing staff to document
dilution and administration calculations prior to
administering medications. The concept of pharmacist prescribing is new to Australia, but is common in places like the United Kingdom. A recent
survey of neonatal unit pharmacists in the UK
identified that 47% were able to prescribe medications.7 While there were many perceived benefits of pharmacist prescribing, including the
potential for reducing prescribing errors, the
practice is still lacking formal evaluation in this
setting. Similarly, while pharmacist involvement
in undertaking clinical review of patients in the
neonatal unit is an important medication safety
intervention, the benefit of attendance on consultant ward rounds is uncertain. Evidence supporting involvement can be taken from a recent
systematic review of interventions to reduce medication errors in adult intensive care which identified a number of studies demonstrating reductions
in medication errors following inclusion of a
pharmacist in consultant ward round.8 Whether
their findings are generalizable to the neonatal
intensive care unit setting is uncertain. Lastly, the
rights of medication administration (e.g. right
patient, drug, dose, route and time) is a familiar
concept incorporated within hospital policies and
guidelines and nursing education practices to
reduce the risk of medication errors.9 The requirement for nursing staff to document these rights,
including dilution and administration calculations, prior to administering medications is seen
by some as improving accountability, increasing
the likelihood of nursing staff identifying prescribing errors, and reducing risk of administration errors. While this documentation process
may assist in reducing unintended dosing errors
due to incorrect dosing calculations, medication
errors can still occur where nursing staff fail to
identify that an incorrect dose was prescribed in
the first place. Given the potential for dosing
errors in the neonatal setting, formal evaluation of
strategies for reducing administration errors are
required.
journals.sagepub.com/home/taw

A strength of this survey is the high response rate,
with good representation of hospitals located
across Australia and New Zealand. The response
rate obtained in this study (69%) was higher than
that of a similar recent medication safety intervention survey undertaken in the United States
(55%). A limitation was that medication safety
scores or utilization of various interventions were
not able to be correlated with the incidence of
medication errors within each NNU. This would
be of interest for subsequent studies, noting,
however, the difficulties of accurately determining the frequency and severity of medication
errors when relying on medication incident
reports, rather than detailed clinical audit.10 A
further limitation is that there may be additional
aspects of clinical practice that may contribute
towards medication safety that have not been
captured by the survey. Also, the survey evaluated
whether or not medication safety intervention
strategies were utilized at each site but could not
determine adherence to such interventions. For
example, while some sites had a policy for highrisk medications to be prepared in a dedicated
area away from the patient, we could not determine if staff were 100% adherent to this policy.
Such adherence measures could only be evaluated through detailed observational studies at
each site.
In conclusion, our clinical practice survey provides an important snapshot of current practice
across Australian and New Zealand NNUs and
demonstrates relatively poor uptake across a
range of medication error prevention strategies.
Further research should focus on exploring the
key barriers to uptake of such strategies, while
also expanding the strength of evidence pertaining to the effectiveness of various strategies (particularly their cost effectiveness). Finally, greater
emphasis should be placed on facilitating shared
learnings from the implementation of such strategies where they are being utilized and evaluating
the impact of such strategies on medication errors
and patient safety.
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Appendix 1
Survey on neonatal medication error prevention strategies
This clinical practice survey is considered exempt from ethical review according to the NHMRC National
Statement on Ethical Conduct in Human Research 2007.
Name:

Position:

Unit:

All answers provided below will be de-identified prior to analysis and presentation of results.
Country:

 Australia  New Zealand

Hospital type:

 General hospital (adult and children)
 Specialist women’s/pediatric hospital

Please use the following as a guide when answering the questions below:
Always = 85–100% Frequently = 50–84% Sometimes = 20–49% Never = 0–19%
Prescribing
(1) Does your unit prescribe medications
electronically?
 Yes →
 No (go to next question below)

If yes, is dose range checking software available
and enabled in the electronic dispensing system?
 Yes  No

(2) Medication infusions are ordered at
standardized (i.e. fixed) concentrations (i.e.
morphine ordered as 40 µg/ml or 80 µg/ml)

 Always  Frequently  Sometimes  Never

(3) Does your unit employ the use of standardized
times for the prescribing/administration of routine
medications such as vitamins, iron, probiotics?
e.g. All Penta-vite® at 12 p.m.

 Always  Frequently  Sometimes  Never

(4) When prescribing or administering
medications on the ward, how are staff instructed
to access neonatal medication guidelines?

 Electronically only
 Paper-based folder/s
 Either

(5) Does your unit utilize any preprinted stickers
for prescribing medications?
 Yes →
 No (go to next question below)

If yes, please specify for which medications:

Role of the pharmacist
(6) Does your unit have access to a clinical
pharmacist who is physically present on the ward?
 Yes →
 No (go to next question below)

If yes, please specify number of days a week this
service is provided:
 5 days a week (Mon to Fri)
 7 days a week
 Other, please describe:
The clinical pharmacist is present on daily
consultant clinical rounds?
 Always  Frequently  Sometimes  Never

(7) Are clinical pharmacists able to prescribe any
medications in the unit?
 Yes →
 No (go to next question below)

If yes, please specify which medications?

(Continued)
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Appendix 1. (Continued)
Survey on neonatal medication error prevention strategies
(8) Does the clinical pharmacist in the unit run
any educational in-services for staff?
 Yes →
 No (go to next question below)

If yes, please specify:
 Nursing staff  Medical staff Both
If yes, how often are in-services run?
 2–3 times a week
 Once weekly
 Monthly
 Other, please describe:

Preparation and administration

616

(9) Does your unit utilize an automated
dispensing cabinet (imprest system) for dispensing
medications on the ward instead of through
pharmacy?
 Yes →
 No (go to next question below)

If yes, please specify the number of medications
kept on imprest that can be accessed through the
automated dispensing cabinet:
 All medications
 Most medications
 Some medications
 Few medications
Are medications kept in the fridge also accessed
through the automated dispensing cabinet?
 Yes  No

(10) Does your unit have prediluted medications
available on imprest?
e.g. vancomycin prediluted to 5 mg/ml rather than
500 mg stock vial
 Yes →
 No (go to next question below)

If yes, please specify for which medications:

(11) Does your unit have access to a sterile
pharmacy production/manufacturing service?
Yes →
No (go to next question below)

If yes, please specify the location of this service:
 On site
 Off site
 Both (i.e. may use a combination of both)
 Other, please describe:

(12) Does your unit utilize the sterile pharmacy
production/manufacturing service to make/dilute
high-risk medications (e.g. morphine infusions)?
 Yes →
 No (go to next question below)

Please describe which medications are most
commonly obtained:

(13) Are staff on the ward able to put additives
(i.e. additional potassium, sodium) into parenteral
nutrition solution bags?
 Yes
 No

If yes, what additives are commonly added?

(14) When performing double checks prior to
medication administration, the second check is
most commonly performed by:

 Any nurse who happens to be close by (as long
as they are appropriately credentialled)
 The shift coordinator or senior nurse supervising
the relevant clinical area
 A dedicated medication administration nurse
who is not designated as the shift coordinator or
senior nurse

(15) Where are more complex medications, such
as continuous intravenous infusions or medications
requiring double dilutions, prepared (e.g.
vancomycin double dilution, morphine infusion)?

 Bedside bench
 Portable medication trolley
 Separate medication preparation area
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Appendix 1. (Continued)
Survey on neonatal medication error prevention strategies
(16) Do you employ any visual cues to ensure staff
are not interrupted when preparing medications
(e.g. staff wear medication vest or prepare
medications in an area warning people not to
interrupt them)?
 Yes →
 No (go to next question below)

If yes, what kinds of visual cues are utilized?

(17) Does your unit have smart pumps available
for administration fluids/medications?
 Yes →
 No (go to next question below)

Do your smart pumps have a functional
medication library programmed in them?
 Yes  No

(18) Does your unit use in-line filters (e.g.
PALL filters) for administration of parenteral
medications?

 Always  Frequently  Sometimes  Never
If answered ‘Frequently’ or ‘Sometimes’, please
specify which medications are not filtered.

(19) Staff are required to document calculations
performed when diluting or drawing up
medications (i.e. for medications dosed in mg,
documenting the calculations performed to
determine the mL to be given)?

 Always  Frequently  Sometimes  Never
If required, how are the calculations documented?
 Electronically
 Pre-printed calculation sheets
 Medication chart
 Other, please describe

(20) Does your unit utilize any barcoding/
scanning technology at the bedside to verify
patients and medications/solutions before
administration?
 Yes
 No
Continuing education and training
(21) In order to be able to administer medications
in the neonatal unit, staff are required to
undertake a calculation test?
 Yes →
 No (go to next question below)

If yes, is this:
 Hospital specific
 Neonatal unit specific
 Required to complete both
How often is the test required to be completed:
 Yearly
 Every 2 years
 Every 3 years
 Other, please specify:

Additional comments:
Are there any additional medication error prevention strategies that you would like to share?
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