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Summary
STUDY AIMS: Paediatric drug prescription is complex, especially in the paediatric intensive care 
unit (PICU), where errors may be particularly harmful due to frequent use of high-risk medications. 
The widespread use of electronic prescriptions is a national goal in Switzerland to improve the 
quality of prescriptions and reduce medication errors.With this background, this study assessed 
the quality of drug prescriptions before and after implementation of electronic prescriptions on the 
PICU of a tertiary Paediatric University Hospital.
METHODS: This quality improvement study was conducted during implementation of a Computer‐
ised Physician Order Entry (CPOE) on the PICU of a Swiss paediatric university hospital. A paediat‐
ric dosing standard with an integrated dose calculator was incorporated as a default clinical deci‐
sion support tool. Manual prescriptions before (April–September 2022) and electronic prescrip‐
tions after (September–December 2022) CPOE implementation were assessed for (1) dose calcula‐
tion errors (primary outcome), (2) eight quality criteria defining a formally complete prescription 
according to the internal medication standard and (3) dose compatibility with the paediatric dosing 
standard (secondary outcomes).
RESULTS: A total of 767 (348 manual, 419 electronic) prescriptions from 107 patients (53 before 
and 54 after CPOE implementation) were collected. No dose calculation errors were detected in 
electronic prescriptions versus three in manual prescriptions (0.8%, p = 0.09) from three patients 
(5.6%). A total of 16 (5%) manual prescriptions were formally complete versus 197 (47%) of elec‐
tronic prescriptions following CPOE implementation (p <0.001) according to the internal medication 
standard. The most frequently missing elements in manual prescriptions were total daily dose 
(64%), pharmaceutical form (58%) or brand name (32%), versus total daily dose (38%), pharma‐
ceutical form (25%) or strength (2%) in electronic prescriptions. Dosing was consistent with the 
paediatric dosing standard in 235 (68%) of manual prescriptions and 313 (75%) of electronic pre‐
scriptions (p = 0.035).
CONCLUSION: The findings of this quality study provide arguments for the potential of CPOE with 
integrated paediatric dose selection and calculation to improve paediatric medication safety on PI‐
CU, in particular by increasing completeness and standardisation of drug prescriptions. Neverthe‐
less, only 47% of electronic prescriptions were formally complete, and new potential sources of 
prescribing errors linked to increased complexity of drug prescriptions were seen. This underlines 
the need for close interdisciplinary monitoring of electronic prescription systems, additional train‐
ing time for users, and flexibility for adjustments based on user experience with corresponding 
dedicated resources.
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ABBREVIATIONS
CPOE Computerised Physician Order Entry 
PICU Paediatric Intensive Care Unit
PRN pro re nata (as needed)

Introduction
Medication safety was declared a “Global Patient Safety Challenge” by the World Health Organiza‐
tion in 2017. Critically ill children on a paediatric intensive care unit (PICU) are among patients at 
particular risk of medication errors and preventable medication-related harm due to polypharmacy, 
complex dosing of drugs in children and frequent prescription of high-risk (high-alert) medica‐
tions [1, 2]. Critical illness of children on a PICU, along with alterations in pharmacokinetics 
and pharmacodynamics, renders them particularly vulnerable to iatrogenic injuries [3, 4]. A 
medication error can be defined as any event that is preventable and may result in improper 
medication use or patient harm and that occurs during prescribing, order transmission, product 
labelling, packaging and nomenclature, compounding, dispensing, distribution, administration, 
education and monitor‐ing [5]. Drug prescribing errors are among the most frequent errors in the 
paediatric setting [6] and are of particular relevance as they stand at the very beginning of the 
medication process.

Determining medication dosages for children is inherently more complex and prone to er‐
rors compared to adults. This complexity arises from individual dose calculations based on age, 
weight or body surface area, needed to account for dynamic developmental changes in pharmaco‐
kinetics and pharmacodynamics [7–10]. Frequently, liquid formulations are used, which requires 
another calculation step to convert the individual calculated dose into a suitable volume of pharma‐
ceutical product to be administered. For parenteral administrations, dose-dependent dilution may 
also need to be considered [10]. Paediatric dosing and drug preparation approaches are subject to 
highly heterogeneous internationally and nationally, which can partly be explained by high rates of 
off-label use [11, 12].

In Switzerland, national paediatric dosing standards have been established in recent years 
for many drugs based on the latest scientific evidence and best clinical practices, and they are 
available in a publicly available database (SwissPedDose) [13]. These recommendations are contin‐
uously implemented in a commercial paediatric clinical decision support (CDS) tool, PEDeDose 
(Pedeus AG, Zürich, Switzerland), a software certified as a medical device for paediatric dose se‐
lection and individual dose calculations [14]. Calculation of the individual dose is however not 
enough for a complete drug prescription. To be comprehensible, every prescription should also be 
formally correct in terms of brand name, strength, pharmaceutical form [2], active pharmaceutical 
ingredient and route of administration (ROA). Further elements include specification of the single 
dose with unit (and corresponding dose volume, where appropriate), dosing interval and if neces‐
sary further instructions for correct preparation and administration [7].

Incomplete prescriptions are a key factor increasing the risk for medication errors. At the 
University Children’s Hospital Basel (UKBB), the prescribing process is regulated in internal quality 
standards by a dedicated medication safety commission. A complete drug prescription is defined 
as one with the following information items: active pharmaceutical ingredient, brand name, phar‐
maceutical form, strength, individual or total daily dose, single dose, route of administration and 
dosing interval.

In the hospital setting, prescribed drugs should mostly be limited to an updated clinic-spe‐
cific pharmacy list where possible. Many of the challenges for safe paediatric drug prescription are 
thought to be overcome by implementation of electronic drug prescription, also called computer‐
ised physician order entry (CPOE). CPOE including an integrated paediatric dosing standard with a 
calculator as a clinical decision support tool seems to be promising for supporting physicians in 
choosing the right drug for an indication with the appropriate dosage [13, 14]. Previous research 
has indicated challenges in transition electronic prescription systems, leading to the emergence of 
new errors and obstacles in the prescribing process [17–19]. Hence, it is crucial to assess the tran‐
sition from paper-based systems to electronic prescribing when using new CPOE systems, as the 
effectiveness in preventing errors or the risk of introducing new ones can be system-specific. Our 
hospital was the first in Switzerland to introduce a CPOE system with an integrated clinical deci‐
sion support for paediatric dosing. This combination is becoming increasingly available throughout 
Switzerland. Therefore, this setting represented a unique context (CPOE with integrated clinical de‐
cision support for paediatric dosing) during the implementation period for our hospital but also for 
the CPOE company and the clinical decision support company. New challenges and error sources
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have to be assessed to monitor and enhance medication safety and to our knowledge have not yet
been evaluated on a PICU in Switzerland. Our experience can thus be of value for other children’s
hospitals, particularly in the context of complex drug prescription on a PICU. 

The aim of the project was to evaluate drug prescription quality before and after implemen‐
tation of electronic prescription by assessing: (1) errors in dose calculation as a primary outcome
and a particular safety concern; (2) adherence to internal quality criteria defining a formally com‐
plete drug prescription; and (3) compatibility of prescribed doses with paediatric dosing standards,
which could already be accessed online before CPOE implementation and which were integrated
within the clinical decision support tool with CPOE implementation.

Materials and methods
This quality improvement study was conducted in our tertiary children’s hospital (University Child‐
ren’s Hospital Basel, Switzerland) during implementation of CPOE on our 8-bed PICU). Drugs are
primarily prescribed by resident physicians under the supervision of senior physicians specialised
in paediatric intensive care according to the written guidance regarding internal quality standards.

The teaching hospital provides both inpatient (approximately 6000 patients/year) and out‐
patient care. Inpatient care is subdivided into general paediatrics, orthopaedics/surgery, haemato-
oncology, paediatric intensive care (PICU), neonatology and neonatal intensive care (NICU). The
prescribing process is regulated in internal quality standards by a dedicated medication safety
commission. A clinical decision support tool, incorporating paediatric dosing standards and a
paediatric dose calculator, was launched in 2019 [20]. Before CPOE implementation, drugs on the
PICU were prescribed manually using a structured word sheet. A dedicated in-house-developed
calculation support tool was only used for weight-based continuous infusion prescriptions on the
PICU such as sedatives and vasoactives (“DripCalc”); other prescriptions (e.g. parenteral and oral
anti-infectives) were made without a specific calculation support tool.

CPOE rollout
The CPOE system KISIM (CISTEC AG, Zürich, Switzerland) was provided with PEDeDose (PEDeus
AG, Zürich, Switzerland, web-server based) [20], an integrated clinical decision support tool for
calculating paediatric doses (e.g. by weight or body surface area). It was the first rollout of KISIM
with this integration. Initially, the rollout was planned as a “big bang” on all inpatient and outpatient
wards simultaneously in November 2021. Due to special needs and challenges for paediatric inten‐
sive care and neonatology, an iterative rollout strategy was adopted during the project: it was rol‐
led out on the PICU in September 2022, 10 months after initial implementation on the general
paediatric, orthopaedic/surgery and haemato-oncology wards and outpatient departments. This
special situation led to the decision to examine the introduction of the CPOE on the PICU. Physi‐
cians were introduced to electronic prescribing with e-learning modules and an in-person training
session a few weeks before going live. During the rollout, enhanced user support (limited to the
first week) was provided. Since the introduction of the new CPOE, incoming physicians receive a
brief in-person introduction to electronic prescribing, in addition to completing e-learning modules.

Evaluation of prescriptions
Manual prescriptions for PICU patients were retrieved both prospectively and retrospectively dur‐
ing the pre-implementation period (April to September 2022) and electronic prescriptions were re‐
trieved during the post-implementation period (September to December 2022) at regular intervals
(approximately weekly) by a resident physician or clinical pharmacist. Potential uncertainties were
discussed to reach consensus. Study data were collected and managed using REDCap version
12.2.1 (Vanderbilt University, Nashville, TN, USA) electronic data capture tools hosted at UKBB. All
patients with at least one drug prescription were included; patients from the neonatal intensive
care unit were excluded (CPOE rollout planned for a later time point due to unsolved technical chal‐
lenges). Both prescriptions for regular drug administration and pro re nata were included, compris‐
ing also parenteral nutrition prescribed under the “medication” section in manual prescription
sheets. Infusion solutions, blood products, enteral nutrition products and dietary supplements were
excluded (separate section in manual prescription sheets). Figure 1 shows the study design and
patient recruitment.
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Figure 1: Study design with inclusion and exclusion criteria, along with total number of patients and prescriptions included in
the study.

The goal was to record at least 200 drug prescriptions in each time period, based on the expecta‐
tion that electronic prescription may decrease medication or dose calculation errors from approxi‐
mately 5% to 1% (providing 80% power, two-sample test of proportions, alpha = 0.05) [21]. To cap‐
ture variability in prescriber behaviour, this was translated into a minimum of 50 corresponding pa‐
tients per period.

Evaluation of the intervention and measures
Data were analysed by a resident physician or clinical pharmacist for the following three outcomes:
(1) dose calculation errors as a primary outcome; and as secondary outcomes (2) formal complete‐
ness of the prescription and (3) dose compatibility with paediatric dosing standards. Potential un‐
certainties were discussed to reach consensus.

The criteria for assessing primary and secondary outcomes were defined as follows. Dose
calculation errors were defined as a non-congruent relationship between intended (weight-based)
individual dose (e.g. in mg/kg), absolute dose (e.g. in mg) and the to-be-administered amount (e.g.
dose volume in mL). Rounding to the appropriate drug strength was not considered a calculation
error. Completeness of prescriptions was assessed with respect to the eight criteria defined in in‐
stitutional quality standards for the drug prescribing process (active pharmaceutical ingredient,
brand name, pharmaceutical form, strength, individual or total daily dose, single dose, route of ad‐
ministration and dosing interval). These criteria were classified as “present”, “absent” (missing but
formally required) or “not applicable” (e.g. there is no brand name for formula drugs). Compatibility
of dosing with paediatric dosing standards (PEDeDose) was classified as “in line” (no discrepan‐
cies with any of the indication-specific dose recommendations), “not in line” (differences in age or
bodyweight-based recommendations) or “not available” (no recommendation found). Prescriptions
classified as “not in line” or “not available” were then evaluated against an internal medical guide‐
line, where one was available. If an internal medical guideline was not available, the Summary of
Product Characteristics (SmPC) was reviewed for recommendations for approved dosing informa‐
tion for paediatrics.

The collected data were analysed with Microsoft Excel® version 2211 (6 December 2022)
(Microsoft Corporation, Redmond, WA, USA). Sample size calculation and statistical testing were
performed with R version 4.3.2 (R Foundation for Statistical Computing, Vienna, Austria). Figures
were created with GraphPad Prism version 9 (GraphPad Software, Boston, MA, USA).

Swiss Medical Weekly · www.smw.ch · published under the copyright license Attribution 4.0 International (CC BY 4.0) 4

ORIGINAL ARTICLE Swiss Med Wkly. 2026;156:4978



Table 1: 

Analysis
Patient demographics were summarised as age (years), bodyweight (kg) and type of inpatient ad‐
mission (elective or emergency). Prescription characteristics were classified as most frequently
prescribed drug, pharmaceutical forms and route of administration, and prescriptions were classi‐
fied as fixed-dose medication or pro re nata (PNR) medication.

The primary and secondary outcomes were summarised as counts and percentages with
95% confidence intervals. Proportions before and after implementation of electronic prescription
were compared with the two-sample test of proportion. Due to low frequencies, Fisher’s exact test
was used for comparing dose calculation error outcomes.

Continuous variables were summarised with medians (interquartile range, IQR), categorical
variables as counts (%).

Ethics
As a quality improvement study, approval from the Ethics Committee of Northwestern and Central
Switzerland (EKNZ) and an ethics study protocol were not needed (clarification of responsibility
number 2022-00396); informed consent was not necessary either. In addition, as a quality im‐
provement study, the study was not registered.

Results
A total of 767 (348 manual, 419 electronic) prescriptions from 107 patients (53 before and 54 after
implementation) were collected. Patient and prescription characteristics are shown in table 1.

Patient and prescription characteristics.

Characteristics Before CPOE        implementation Missing data (absent/not
applicable)

After CPOE implementation Missing data

Patient characteristics n(total) of patients 53   54  

Bodyweight in kg, median (IQR) 13.4 (8.3–25.5)   11.2 (5.6–17.8)  

Age in years, median (IQR) 3.2 (0.9–10.3)   2.0 (0.2–4.78)  

Type of admission, n (%) Elective 21/53 (40%)   13/54 (24%)  

Emergency 32/53 (60%)   41/54 (76%)  

Prescription characteristics n(total) of drug prescriptions 348   419  

Nº of prescriptions / patient 6.6   7.8  

Most frequently prescribed
drugs (in terms of active
pharmaceutical ingredient),
n (%)

n(total) with API specified, n (%) 264 (76%) 76 (22%) / 8 (2%) 419 (100%) –

Amoxicillin + clavulanic acid 9/264 (3.4%)   22/419 (5.3%)  

Chloral hydrate     26/419 (6.2%)  

Ibuprofen 11/264 (4.2%)   20/419 (4.8%)  

Midazolam 8/264 (3.0%)   27/419 (6.5%)  

Morphine 12/264 (4.5%)   38/419 (9.1%)  

Nalbuphine 15/264 (5.7%)   6/419 (1.4%)  

Ondansetron 15/264 (5.7%)      

Paracetamol 40/264 (15.2%)   52/419 (12.4%)  

Vitamin D 10/264 (43.8%)   20/419 (5%)  

Most frequently prescribed
route of administration, n
(%)

n(total) with route of administration
specified, n (%)

288 (82.8%) 60 (17%) / – 419 (100%) –

Intravenous (injection, infusion) 158/288 (54.9%)   159/419 (37.9%)  

Oral* 98/288 (34.0%)   124/419 (29.6%)  

Type of prescription, n (%) n(total) with type of prescription speci‐
fied, n (%)

348 (100%) – 419 (100%) –

Scheduled 261/348 (75.9%)   250/419 (59.7%)  

Pro re nata 84/348 (24%)   169/419 (40.3%)  

* Including gastric administration via a feeding tube
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Figure 2: 

Calculation errors
Dose calculation errors were detected in 3 of the 348 manual prescriptions (0.8%, 95% CI: 0.2–
2.7%), versus no calculation errors in the 419 electronic prescriptions (0%, 95% CI: 0–0.9%, p =
0.09). Two of the errors resulted in a 10-fold overdose. In one prescription, the source of the calcu‐
lation error could not be determined (e.g. errors related to decimal placement or an incorrect dos‐
age equation). These three prescription errors affected 3 of the 53 patients included before CPOE
implementation (5.6%, 95% CI: 1.5–16.6%). There were no prescriptions with a missing dose.

Formally complete prescriptions
16/348 (5%, 95% CI: 2.7–7.5%) of manual prescriptions were formally complete versus 197/419
(47%, 95% CI: 42.2–51.9%) of electronic prescriptions (p <0.001). Details for each of the eight
quality criteria are shown in figure 2; a corresponding numerical summary is given in the supple‐
mental data. For electronic prescriptions, dosing interval and route of administration are 100%
present because of the requirements provided by the CPOE. Prescriptions with missing “single
dose” comprised especially PRN medications, which can be completed without a specific dose
recommendation (“?” instead of dose).

Evaluation of the criteria for a formally complete prescription classified as present/not applicable/absent. e-prescrip‐
tions: electronic prescriptions.

Dose compatibility with the paediatric dosing standard
In 235 of the 348 manual prescriptions (68%, 95% CI: 62.3–72.4%), doses were in line with paedi‐
atric dosing standards, versus 313/419 (75%, 95% CI: 70.2–78.7%) of electronic prescriptions (p =
0.035). Further details regarding availability of internal medical standards or paediatric labelled
dosing are shown in figure 3.
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Figure 3: Compatibility of prescribed doses with the paediatric dosing standard, and availability of internal medical guidelines
or paediatric label recommendations for non-compatible dosing (dosing not in line with paediatric dosing standard or missing
standard).

Of 75 manual prescriptions classified as “not in line” with the paediatric dosing standards, the three
most prescribed drug classes were anti-infectives (n = 11, 15%), benzodiazepines (n = 8, 11%) and
corticosteroids (n = 7, 9%). Of 38 manual prescriptions for which a paediatric dosing standard was
“not available”, 11 (29%) were for external use (inhalation, topical, nasal or buccal application). Nine
prescriptions (24%) referred to antiepileptic drugs, six (16%) to products not registered as medici‐
nal products (e.g. certain probiotics or fibre-based laxatives). Of 113 manual prescriptions that
were not in line with the paediatric dosing standard or for which no standard was available, no in‐
ternal medical standard could be found for 51. Of these 51 prescriptions, the most frequently pre‐
scribed drug classes were antihypertensives (n = 6, 12%), antiepileptics (n = 6, 12%), anti-infec‐
tives (n = 4, 8%) and proton pump inhibitors (n = 4, 8%).

Of 33 electronic prescriptions classified as “not in line” with the paediatric dosing standard,
the most prescribed drugs were antiepileptic drugs (n = 6, 18%), drugs for treating nausea (n = 6,
18%) and analgesics (n = 4, 12%). Of 73 electronic prescriptions for which a paediatric dosing
standard was “not available”, 36 (49%) were for external use (nasal, ocular, skin), 9 (12%) were an‐
tiepileptic drugs, 6 (8%) analgesics and 22 (30%) were categorised as “Other” (including e.g. B vi‐
tamins, laxatives, intravenous electrolyte substitution). No internal medical guideline was found for
30 of the electronic prescriptions for which the dose was not in line or no paediatric dosing stand‐
ard was found: most of these drugs (n = 9, 30%) were for treating epilepsy, 5 (17%) prescriptions
were for external use (nasal, ocular, skin) and therefore without recommendation; the remaining 16
(53%) comprised diverse drugs (e.g. B vitamins, sedative agents, proton pump inhibitors).

Discussion
This study is to our knowledge the first to provide information about dose calculation errors on a
PICU before and after the implementation of electronic drug prescription (CPOE) with an integrated
clinical decision support tool in Switzerland, along with an assessment of prescription quality. The
0.8% rate of dose calculation errors in manual prescriptions (corresponding to 5.6% of patients af‐
fected) was low compared to the literature [23, 24]. With the introduction of CPOE, this error could
be numerically eradicated in our study, although this was not statistically significant. Furthermore,
a significant improvement in the quality of prescriptions was noted in terms of formal complete‐
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ness (increase from 5% to 47%) and compatibility of the prescribed dose with defined paediatric
dosing standards (increase from 68% to 75%). This finding shows the potential of CPOE with inte‐
grated paediatric clinical decision support for dose selection and calculation to improve medication
safety on the PICU, particularly by increasing completeness and standardisation of drug prescrip‐
tions.

Dose calculation errors before and after CPOE implementation
In our primary outcome, we could not demonstrate a significant reduction in dose calculation er‐
rors after CPOE implementation. This may be due to the lower than expected pre-CPOE error rate
and accordingly relatively small target sample size. However, the observation of numerically re‐
duced dose calculation errors post-CPOE implementation, along with significantly increased stand‐
ardisation of dose prescription, may be considered consistent with the potential benefit of CPOE in
decreasing prescribing errors in PICU patients and paediatric inpatients in general [24]. Dosing er‐
rors have indeed been found to represent one of the most common medication errors in the PICU
[6]. In the (P)ICU, CPOE implementation has partly also been associated with improved patient out‐
comes, but not consistently [25]. For example, van Rosse et al. [26]demonstrated in a meta-analy‐
sis in 2009 a noteworthy decrease in prescribing errors through the utilisation of CPOE systems,
although no significant reduction was observed in adverse drug events or mortality rates.

Our pre-CPOE dose calculation error rate of 0.8% (defined as an incongruent relationship
between intended weight-based dose and absolute dose or dose volume) may be considered low
when compared to the literature. This may be due to the fact that heterogeneous, partly more
strict, definitions of dosing errors have been used in other studies that went beyond our pragmatic
definition of dose calculation errors, including e.g. additionally rounding to greater than ±10% to
±20% [14, 17] and up to 25% [22]. Corresponding reported rates of inaccurate dosing in paediatric
patients have ranged from 11.3% prescription errors in inpatients [16] to 36.5% prescription errors
in doctors undergoing a prescribing competency assessment [27].

None of the identified dose calculation errors concerned high-risk medications, many of
which are administered as a continuous infusion in the PICU. This may be explained by the fact
that an internal calculation support tool for PICU-specific continuous infusions (e.g. vasoactives,
sedatives, opioids) was already available for manual prescriptions and was routinely used. Two of
three instances of dose calculation errors involved a 10-fold overdose in drug prescriptions, indi‐
cating an incorrect placement of the decimal point. Although it is acknowledged that 10-fold errors
are frequent in paediatric prescriptions, the exact frequency and severity of their occurrence re‐
main unclear [28]. The third case involved an incomprehensible dose calculation, resulting in a de‐
viation of 60% from the target dose. No association between dose calculation errors and type of
admission could be found (emergency admission, transition from other unit and transition from ex‐
ternal).

Completeness of prescriptions before and after CPOE implementation
The CPOE includes compulsory fields (“dosing interval” and “route of administration”) which sub‐
stantially increased the overall completeness of prescriptions from 5% to 47% (p <0.001). The high
rate of formally incomplete prescriptions pre-CPOE is in line with assessments of manual prescrip‐
tions [16], where incomplete prescriptions accounted for 41% of errors in paediatric inpatients. Al‐
so, in the ambulatory setting, high rates of formally incomplete manual prescriptions have been re‐
ported [29]. To the best of our knowledge, an official definition of the minimal requirements of a
drug prescription in the hospital setting does not exist. For our study, we used eight formal criteria
defined in our internal hospital standard. These are partly based on mandatory drug-related fields
required for ambulatory drug prescriptions in Switzerland, including the correct name of the pre‐
scribed medicine, strength, pharmaceutical form, number of packages and duration of therapy [29,
30]. According to the World Health Organization’s (WHO) Guide to Good Prescribing, a prescription
should contain the generic name of the drug, strength, pharmaceutical form and total amount, and
label with instructions and warnings (next to prescriber and patient details) [31]. As individual or
total daily dose (e.g. in mg/kg/day) is not among these requirements, it may not be surprising that
this was the most frequently missing item both pre- and post-CPOE implementation. Still, the intro‐
duced CPOE system allows for these items to be depicted (which was verified by the medication
safety standard group before implementation). It even proposes as primary prescription process
guided individual dose prescription supported by the implemented clinical decision support tool,
which will depict the total daily dose in mg/kg/day in the prescription. This has probably contrib‐
uted to the increase from 34% to 61% post-CPOE. In this context, it must be noted that this guided
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prescription is technically not feasible in every use case. For example, somewhat irregular timing
of administration (e.g. necessary to avoid compatibility issues in parenteral polypharmacy) techni‐
cally cannot be prescribed in this way. Also for every parenteral infusion, a mixture needs to be
pre-configured in the system. A previous study underpins the recommendation of compulsory
fields concerning the bodyweight and indication/reason for prescribing [32]. Other definitions re‐
garding completeness can be found in the scope of inpatient prescription error rate evaluation.
Here, incomplete prescriptions have for example been defined as prescriptions “that require fur‐
ther clarification in order to be executed” [24], or as those affecting dispensing, with “necessary
information not provided or incorrect advice provided” (classifications by the Pharmaceutical Care
Network Europe [PCNE] used by Satir et al.) [24]. The low number of formally complete prescrip‐
tions pre-CPOE may indicate that our internally defined prescription standard was too detailed to
be followed in routine clinical practice, or that regular monitoring and/or training sessions for cor‐
rect prescribing practices should have been provided earlier (no regular monitoring was establish‐
ed due to lack of resources).

Interestingly, our data show that even post-CPOE, formal criteria for a complete prescription
are not necessarily fulfilled to 100%. Also Satir et al. reported in 2023 that even after CPOE imple‐
mentation, the most frequent type of prescribing error was lack of necessary information or incor‐
rect advice for dispensing (representing 44.1% of post-CPOE errors) [24]. The potentially missing
elements “pharmaceutical form” and “strength” are related to registered product names in the drug
master data file provided in our hospital via HospINDEX (HCI Solutions AG, Bern, Switzerland) and
cannot be influenced by the prescriber, with the exception of free-text prescriptions (e.g. used for
formula drugs that have not been registered). During CPOE use, we adjusted for some of these
products the displayed name in the hospital-specific master file in the context of reported critical
incidents. This comprises also ward-specific suffixes, e.g. to distinguish low concentrated neona‐
tology-specific from higher concentrated paediatric-specific products, or to indicate alternatives
during periods of drug shortage. The absence of “pharmaceutical form” (missing in 19% of elec‐
tronic prescriptions) may pose a particular safety risk, if a drug is available in various pharmaceuti‐
cal forms that may be applied by a wrong route of administration when confused [33]. While the
“brand name” specification may seem a desirable property in particular for paediatric prescriptions
(due to variable paediatric licence status and/or potentially harmful inactive ingredients), more-
flexible, active ingredient-based prescriptions linked to a range of possible suitable products
and/or routes of administration would frequently be practical. This is especially the case for PRN
medications (where the most suitable route of administration can be unclear) or in the context of
drug shortages, where available products may frequently vary.

Paediatric dose prescription before and after CPOE implementation
While statistically more prescriptions were in line with the institutional paediatric dosing standard
following CPOE implementation (75% versus 68% pre-CPOE), the absolute increase by 7% may be
considered small. This might be explained by the fact that a web application of the dosing standard
(PEDeDose©) was already in use by many physicians before CPOE implementation and mostly re‐
flected in internal medical guidelines. It must be noted that 100% use and consistency is probably
not achievable, as drugs for external use (as well as infusion solutions, which were not included in
this study) cannot currently be prescribed using the integrated clinical decision support tool. Fac‐
tors that may still have contributed to a further enhancement, especially by reducing dose pre‐
scriptions “not in line” with the standard (from 21% to 8%, figure 2) and/or those with unclear dos‐
ing reference (reduction of 7% to 2%, figure 2), could be the opening of the clinical decision sup‐
port window by default linked to the integrated dose calculation tool. The window needs to be ac‐
tively closed if the physician wants to execute the prescription without the clinical decision support
tool. Given that for 11% to 17% of prescriptions the clinical decision support tool could not be used
(“no standard available”), closing the window is required in approximately one out of five to nine
prescriptions (or more frequently when including solutions for infusions), which has been reported
as cumbersome by clinicians. A second justification for enhancement could be the facilitation and
apparent reassurance during the prescription process. While this may be perceived a benefit espe‐
cially for junior doctors, the associated possible “loss of dosing knowledge” has been criticized by
experienced clinicians. Having a look at systemically used drugs for which a dosing standard was
“not available” mainly shows drugs used rather infrequently in the general paediatric population
(including several anti-epileptics), as indicated by currently lacking national paediatric dose recom‐
mendations [13]. Ongoing national collaborations and regular experienced-based feedback be‐
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tween hospitals and the providers of paediatric dosing standard tools could close this gap [13]. 
The high prevalence of rare diseases in paediatric hospitals [34] with corresponding specialised 
treatment approaches may however remain a challenge.

Other changes observed with CPOE implementation
Both pre- and post CPOE implementation, drugs that were not in stock in the hospital pharmacy, or 
even off-market, were occasionally prescribed, suggesting wrong drug prescriptions as an equiva‐
lent alternative was most likely used. While frequently probably harmless, problems can arise in 
case of different strength of formulations, paediatric-inappropriate active ingredients or in the 
event of a product recall. Pre-CPOE implementation, we noted that parenteral drug prescriptions 
were frequently imprecise, even though fulfilling formal completeness criteria of our medication 
standard. For example, the mode of intravenous administration was rarely distinguished  (injection 
vs infusion) and the duration of infusion and information on reconstitution were partly/frequently 
lacking. The correct preparation and mode of parenteral administration were mainly a responsibility 
of the nursing staff pre-CPOE and became a new responsibility for physicians with CPOE imple‐
mentation. To simplify parenteral drug prescription, standardised preconfigured infusion mixtures 
were developed, with integrated information on preparation, administration and incompatibilities. 
Nevertheless, the correct prescription of parenteral infusion mixtures has been a major challenge 
and has required development of dedicated training material, including e-learnings, paper docu‐
mentation and a “Room of horror” quiz highlighting the most frequent prescribing errors/pitfalls 
(which incidentally can be shared with other hospitals upon request; please see the “Data availabil‐
ity” statement).

Further changes observed with CPOE implementation included the increase in PRN medica‐
tion (table 1), probably due to use of standardised post-operative order sets. Also, a lower rate of 
“gastric” versus “oral” prescriptions was noted, while it remains unclear whether this was appropri‐
ate or unintentional (e.g. associated with pre-defined primary route of administrations).

Interestingly, a steady rise in overall reported critical incidents has been noted since the in‐
troduction of the new clinical information system providing CPOE in our hospital (an 80% increase 
from 2021 to 2023). This partly points towards new sources of errors and/or increased motivation 
to report due to dissatisfaction with system usability. The percentage of medication-related reports 
did however not increase (31% in 2021, 27% in 2023). Internal analysis suggests that several inci‐
dents can still, at least in part, be linked to technical aspects of CPOE. In line with points mentioned 
above, these include for example the technically challenging (non-intuitive) prescription of paediat‐
ric parenteral drugs, selection of the wrong drug or strength associated with defaults proposed by 
the system (e.g. when a drug is available in the broader clinic-specific pharmacy list, but not nec‐
essarily in a particular unit, or in case of changes due to drug shortages), or misreading of the 
medication overview (relevant information may be hidden by less relevant information, potentially 
leading to double prescriptions, or wrong drug or volume administration). Other patient populations 
may present further challenges that are beyond the scope of this investigation. For example, in ne‐
onatology, factors such as appropriate dose rounding, age-specific dose selection (based on ges‐
tational, postnatal or postmenstrual age), transparent prescription updates in response to changes 
in body weight and age, and the need for precise fluid management planning, have thus far impe‐
ded the implementation of CPOE in our institution.

Limitations
One limitation of this study is that the broader clinical appropriateness of drug prescriptions – e.g. 
using the Pharmaceutical Care Network Europe (PCNE) classification for prescribing errors [12] 
and the clinical significance of prescribing errors e.g. based on the NCC MERP index [24] – was 
not assessed. Accordingly, no statement can be made on the accuracy of prescriptions, even if 
formally classified as complete and in line with dosing standards. However, it must also be noted 
that systematic assessments of prescribing errors using the classification scales mentioned above 
are known to be subject to significant inter-rater variability [24]. For example, variable dosing ap‐
proaches are common in paediatric care, and classifying a dose as correct may vary with the dos‐
ing reference considered. Whether a formally incomplete prescription requires further clarification 
highly depends on the experience of the nursing staff (e.g. also critical incidents with intravenous 
application of liquid oral formulations have been reported, for which equivalent parenteral formula‐
tions are not marketed). Hence, this analysis focused on objectively assessable aspects of the 
drug prescription process, that may be easily applicable to other hospitals and patient populations, 
while some inter-observer variability cannot be excluded (e.g. as there was no clear definition of
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2.

3.

4.

5.

6.

7.

acceptable dose rounding). These aspects may be considered quality metrics regarding the initial
part of a medication process. Quality metrics are regularly requested in the scope of external in‐
spection and accreditation processes that aim to improve safety and quality of care [35], albeit
with controversially discussed impact on patient-relevant outcomes and cost-effectiveness [36]. In
future assessments, it would be interesting to evaluate the usability and efficiency of CPOE (e.g. as
indicated by the time needed to complete a prescription and/or number of prescription adjust‐
ments, accounting for previous CPOE experience), and/or to evaluate the effectiveness of standar‐
dised training programmes in electronic prescribing [37] on prescription and administration errors.
Such assessments may further consider the following aspects: 1) including a wash-in phase to pre‐
clude influence of enhanced user support during the first week of CPOE rollout and recent training
sessions, 2) including an additional control group (e.g. separate hospital), 3) double-checking and
reviewing prescriptions by independent raters to support physicians in electronic prescribing, 4)
accounting for previous user experience with the CPOE system used (e.g. from another ward or
hospital), and 5) planning assessments at the same seasonal intervals to reduce the risk of bias by
time trends. For example, the post-CPOE phase fell within the respiratory syncytial virus infection
season, which may explain why a shorter time period was sufficient to collect equal numbers of
prescriptions during the post-CPOE implementation period. Finally, from a sample size perspec‐
tive, to demonstrate a significant decrease of dose calculation errors from approximately 1% to
0%, a sample size increase to 700–800 prescriptions per period would be required.

Conclusion
Electronic prescribing (CPOE) is one of the main priorities of European eHealth activities [38]. Find‐
ings of this quality study provide arguments for the potential of CPOE with integrated paediatric
dose selection and calculation to improve paediatric medication safety on PICU, in particular by in‐
creasing completeness and standardisation of drug prescriptions. Nevertheless, only 50% of elec‐
tronic prescriptions were formally complete, and new potential sources of prescribing errors linked
to increased complexity of drug prescriptions were seen, with many of them being paediatric-spe‐
cific. This underlines the need for close interdisciplinary monitoring of electronic prescription sys‐
tems, additional training time for users and flexibility for adjustments based on user experience
with corresponding dedicated resources.
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