


production of a preselected prescription. Thus, our pilot study
aimed to assess the performance of this concept through the rate of
out of range dose, the lower being the better.

METHODS

Main characteristics of the neonata l C.P .O.E./C.D.S

This neonatal C.P.O.E./ C.D.S. system provides a complete pres-
elected drug prescription (Table 1). The preparation modalities are
indicated for nurses or pharmacists with the reconstitution solute,
the detailing of the dilution process (when multiple d ilutions are
required), the volume of rinsing and the volume of perfusion
tubing to be added to the total drug volume.
Each item of the prescription can be modifed by the prescriber,

and the C.P.O.E. system immediately recalculates all other related
items. As an example a screenshot of a dopamine prescription is
shown in Fig. 1.
Alerts warn the prescriber when an item value is out of the

recommended range (Table 1).
Warnings can be overlooked by the prescriber except when he/

she is asked for a d ilution solute, which is incompatible with the
drug. Main clinical characteristics and all items of prescription
lines are stored in a data warehouse, thus making the material for
this study available.

Main characteristics of the drug formulary reference

The building up of a specifc neonatal drug formulary reference
was based on: 1 – the French specifcations when available
(agence-prd.ansm.sante.fr/ php/ ecodex/ index.php); 2 – the Pedi-
atric and Neonatal Dosage Handbook of the American Pharma-
cists Association. Lexi-comp.7; 3 – the existing medical literature on
the subject. However, it was considered essential to leave the fnal
decision for drug protocols to each NICU. The local referring

neonatologist and pharmacist were given the possibility of adding
drugs to the formulary reference and of adapting recommenda-
tions (indications, dose) to the local protocols.

The pilot study

A single 29 bed neonatal ward (NICU: 8; intermediate care: 11;
neonatal medicine: 10) used this neonatal C.P.O.E./ C.D.S. system
for all prescriptions of all hospitalized newborns over an 18-month
period (March 2014 to September 2015).

Authorization to store data in a data warehouse was given by
the ‘Commission Nationale de l’Informatique et des Libertes’
(National Data Protection and Privacy Commission. N°1854394).

According to a European Delphi survey,19 unlicensed and off-
label d rugs were, respectively, defned by the use of a drug not
covered by a marketing authorization – and the use of a drug
already covered by a marketing authorization but used in an
unapproved way, related to age, indication, drug dosage (daily
dose, unitary dose, loading and maintenance dose, intervals
between successive administrations).

An out of range daily dose was identifed when the prescriber
d id not validate the preselected C.P.O.E. dose and chose a new
dose out of the range proposed by the formulary reference; the
dose was maintained and signed by the prescriber in spite of an
explicit alarm.

Sta t ist ica l analysis

Results were presented in mean (SD) for continuous variables and
percentage (%) for discontinuous variables.

RESULTS

Seven hundred and sixty newborns were included. Birth weight
and GA were 1336 731 g and 35 2 4 1 weeks gestational

Table 1. Main functional characteristics of a C.P.O.E./ C.D.S. system intended for a complete preselected drug prescription in NICUs

Functional characteristics provided by the C.P.O.E/ C.D.S. system Duties of the prescriber

Drug dose (international unit): unit dose/ Kg or dose/ Kg/ min or dose/ Kg/ day;
load ing and maintenance dose when required
Modality of administration (oral, IV, inhaled, rectal, etc.)
Frequency of dose administration, infusion rate (IV), concentration of the fnal solution,
end of treatment, duration of treatment.
Preparation modalities for nurses and pharmacists: reconstitution solute; details of the
d ilution process (including multiple dilutions); volume of rinsing and volume of
perfusion tubing to be added to the total d rug volume.
All calculations
All prescription items are modifable by the prescriber, and any change is associated
with immediate recalculation of all items as required
Collection of all hidden intakes of water, sodium, potassium, phosphorus and glucose
associated with drug preparation (the prescriber will have to consider when he
prescribes the nutrition)
Warnings: Low and high boundaries are available for: daily body weight (a change by
10% as compared to the previous value); unit dose; dose per day; frequency; infusion

rate; concentration of the fnal solution; forbidden solute; unlicensed or out of license
drug; redundant prescriptions (drugs of similar INN); interactions and incompatible
d rugs; renewal of the loading dose.

Enter gestational age and date of birth
Gives the body weight, once a day
Chooses the drug and its indication
Modifes or confrms a prescription
after a warning.



(WG; median: 36 weeks; 24–42). The sex ratio of males to females
was 55 : 45.
52 392 lines of prescriptions were analysed and distributed

among 12 812 edited and signed order sheets.
Sixty-fve d ifferent drugs were prescribed during this study.
Out of label prescriptions:
About 16 2% of the 52 392 drug prescriptions were off label
(OL). The OL prescription rate in the NICU, intermediate care
and medical neonatal unit was 26 4%, 12 3% and 5 4%, respec-
tively.
About 50 2% of the 12 812 order sheets included at least one OL
drug prescription.
About 30 4% of neonates had at least one OL drug prescription.
Exposure to OL prescription was closely related to GA: 95 8% of
the 143 preterm infants born at 24–31 WG; 19 0% of the 258
preterm infants at 32–36 WG; and 12 8% of the 359 term infants
at 37–42 WG.
About 73 1% of the prescribed drugs were concerned by at least
one OL prescription. The ‘Top Ten ’ OL drugs were as follows:
Lactobacillus rhamnosus Lcr35 (Lcr Restituo), an oral probiotic
agent (19 2% of OL prescriptions), intravenous (IV) sufentanil
(11 5%), IV acetaminophen (7 9%), per oral (PO) acetaminophen
(3 4%), IV ranitidine (3 2%), IV esomeprazole (2 9%), PO
morphine (2 6%), nalbuphine (2 0%), betamethasone (2 0%)
and ciprofoxacin (1 8%).
One per cent (1 05%) of the daily doses were outside the value
range proposed by the drug reference formulary. The corre-
sponding rates of higher and lower daily dose were 0 36% and
0 69%, respectively. Drugs more frequently prescribed with
overdose or underdose are reported in Table 2. Overdose and
underdose affected 4 9% and 20% of the study population,
respectively.

DISCUSSION

In the present study, the drug prescription in one NICU was
analysed over 18 months after implementation of a C.P.O.E./ C.D.S.
system that allowed the preselection of the complete prescription.
The study was made possible because of the computer storage of all
items of all lines of prescription. The main result was a low rate of
out of range daily dose, particularly in the feld of overdose (0 36%).

Overall, C.P.O.E./ C.D.S. systems have been deemed to improve
the safety of drug prescription.12 Their use is now recommended
by the American Academy of Pediatrics, both in NICUs and
paediatric wards.11 However, assessment of C.P.O.E./ C.D.S.
systems in NICUs has been limited to some frequently prescribed
drugs.13,17 By contrast, we made the choice of a complete
prescription process in which the prescribers’ intervention was
limited to the selection of the drug and its indication. We felt that
this mode of prescription was a good solution to avoid some risks
associated with a C.P.O.E. prescription such as: the wrong
manipulation of a rolling menu, fnal solution concentration
default and fatigue related to an high rate of alarms.

We considered it important not to limit the drug list to the most
frequently prescribed drugs in NICUs because it has been shown
that prescribing errors persist when handwritten prescription is
occasionally performed in a mixed prescription system4; the rate of
error in manual prescription of a rarely used drug is particularly
elevated.

In this study, 16 2% of drug prescriptions were OL. It is worth
noting that the prescriber was aware of the OL status of drug
prescription as he/ she had to bypass a specifc alarm and sign an
order sheet highlighting the OL prescription lines. This rate of OL
was inversely related to GA as previously observed in other
studies4,9 and was higher in the NICU than in other neonatal wards.

Fig. 1. A screenshot of a dopamine preselected prescription in a 930-g baby (the original was in French).



Previous studies have shown similar observations in NICUs, the
current rate of UOL ranging from 47 to 65%.4,9 It was 40% below 32
WG in this study, which was similar to a 47% rate previously
observed with handwritten prescription in the same neonatal
ward.4 Therefore, there is a mandatory need to reinforce the dose
rules of UOL in neonatal formularies especially as the ‘top ten’ list of
OL drugs in this study included high-risk drugs such as analgesics,
antisecretory gastric drugs, steroids and a quinolone (Table 2).
Approximately 99% of the prescribed drugs ftted well with the

formulary reference for daily dose. The 1% out of range daily dose
was much lower than the values of 4% to 10% of dose errors
reported with manual prescription.1–4,6,13,17 The 1% out of range
dose is also lower or similar to rates recorded in NICUs with other

C.P.O.E. systems, which were all limited to some specifc drug
categories.6,11,13,14,16,17

Finally, a recent thesis from Utrecht University (the Nether-
lands) described an experimental C.P.O.E. system providing a ‘by
default’ prescription at the bench.20 The authors built a system that
was similar to our preselected prescription and was able to
provide safe and effcient support for a number of test scenarios
from NICUs and paediatric intensive care units.

The main limit of this pilot study is the lack of a control period
as C.P.O.E./ C.D.S. system assessment has been sometimes based
on a before/ after design. We feel that such a design would be
possible when a limited number of drugs are studied.13,17 When
the study design includes all prescribed drugs in a neonatal ward,
the C.P.O.E./ C.D.S. implementation profoundly modifes medical
and nursing practices, organization and thinking. It can simply be
noted that the rate of out of range daily dose in this NICU was
3 1% of handwritten prescriptions before implementation of the
C.P.O.E./ C.D.S. system4 and 1% afterwards.

CONCLUSION ON PERSPECTIVES

This study shows that preselected prescription is feasible for all
d rugs in NICUs. This should avoid or limit the heterogeneity of
protocols in NICUs as it was recently observed for antibiotics in
France.21 The surrounding architecture of the C.P.O.E./ C.D.S.
system can also allow the building up of drug use database, which
is potentially useful for both benchmarking and pharmacoepi-
demiological studies.
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Table 2. Thirty-six drugs with the highest rates of out of range
daily dose in a population of 760 newborns prescribed 65 drugs
overall

INN
Prescriptions
number

%
Overdose

%
Underdose

% Out
of range
dose

Magnesium
sulphate

3 100 100

Cefaclor 3 100 100
Erythromycin 22 18 2 50 68 2
Mycamine 8 50 50
Atracurium
Besylate

10 40 40

Doxapram 33 39 4 39 4
Heparin 15 26 7 26 7
Betamethasone 119 21 0 21 0
Midazolam 285 12 6 7 4 20
Furosemide 734 15 4 15 4
Ranitid ine 185 8 6 8 6
Amikacin 24 8 3 8 3
Phosphorus 91 7 7 7 7
Imipenem/
cilastatin

55 7 3 7 3

Fluconazole 270 6 3 0 7 7 0
Norep inephrine 36 5 6 5 6
Acyclovir 22 4 5 4 5
Phenobarbital 134 3 0 1 5 4 5
Alginate Na/
Bicarb. Na

801 4 2 4 2

Sufentanyl 910 0 1 3 7 3 8
Ciprofoxacin 133 3 8 3 8
Ibuprofen 84 3 6 3 6
Hydrocortisone 98 3 1 3 1
Insulin 66 3 0 3 0
Cefotaxime 684 2 9 2 9
Vancomycin 504 0 2 2 7 2 9
Poractant alpha 47 2 1 2 1
Spironolactone 896 1 6 0 4 2 0
Phytomenadione 1794 0 1 1 4 1 5
Salbutamol IV 286 1 4 1 4
Nalbuphine 72 1 4 1 4
Acetaminophen 1766 0 4 0 7 1 1
Albumin 94 1 1 1 1
Caffeine citrate 4441 0 1 0 8 0 9
Amoxicillin 985 0 8 0 8
Gentamicin 874 0 1 0 6 0 7

INN, international non-proprietary name of drugs.
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