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Summary

Medication errors are among the most common medical
adverse events and an important cause of patient mor-
bidity and mortality, affecting millions of people worldwide
each year. This problem is especially acute in paediatric
settings, where most drugs given intravenously to children
are provided in vials prepared for the adult population.
This leads to the need for a specific, individual, weight-
based drug-dose calculation and preparation for each
child, which varies widely across age groups. This error-
prone process places children at a high risk for life-threat-
ening medication errors, particularly in stressful and criti-
cal situations, such as cardiopulmonary resuscitation. To
limit and mitigate the likelihood of their occurrence, hospi-
tals are increasingly adopting eHealth interventions aimed
at supporting and securing each individual stage along the
whole medication process, but there is mixed evidence
regarding their positive contribution. These technologies
are helpful as long as they are used within the scope of
their application and users are aware of their limitations,
as their introduction has sometimes led to new, often un-
foreseen, types of errors.

The aim of the present work is to provide an overview
of some of the main eHealth interventions used across
the various stages of the medication process and to high-
light areas that require attention in order to implement suc-
cessful digital technologies. More specifically, the contri-
bution of eHealth technologies in paediatrics is discussed,
including the out-of-hospital setting, as well as barriers to
their implementation in low- and middle-income countries.
Finally, we describe our own work in this field with re-
gards to the development and use of an innovative, ev-
idence-based mobile device application (PedAMINES) to
address the unmet need of reducing paediatric medica-
tion errors, especially during cardiopulmonary resuscita-
tion. The PedAMINES app has also the potential to make
a very effective contribution to the goals of the Third World
Health Organization Global Patient Safety Challenge to
reduce severe, avoidable medication-associated harm by
50% in all countries over the next 5 years, including low-
and middle-income countries.

Keywords: medication errors, biomedical technology,
mobile applications, paediatrics, resuscitation

Introduction

Unsafe medication practices and errors are a leading cause
of injury and avoidable harm in healthcare systems world-
wide. The global economic burden of medication errors
has been estimated at US$ 42 billion annually [1]. In 2017,
the World Health Organization (WHO) Third Global Pa-
tient Safety Challenge called for the reduction of serious
and avoidable medication-associated harm by 50% in all
countries over the following 5 years [1]. Providing med-
ication at the point of care implies a five-stage process
traditionally subdivided into: (1) prescribing/ordering; (2)
transcribing; (3) dispensing; (4) administering; and (5)
monitoring and reporting of medication effects on patients.

In a prospective cohort study in adults, Leape et al. ob-
served that without the support of eHealth systems, most
errors occurred during the physician prescription (39%)
and nurse administration (38%) stages. The remaining er-
rors were almost equally divided between transcription
(12%) and dispensing (11%) [2]. To limit and mitigate the
likelihood of medication errors, several eHealth interven-
tions have been developed in recent decades to target and
support each individual medication stage from prescribing
to treatment monitoring [3]. Placed end-to-end, these in-
terventions form a closed-loop digital medication manage-
ment system that has largely become an international gold
standard for hospitals striving to achieve the highest lev-
el of medication safety [4] (fig. 1). However, the introduc-
tion of these technologies has sometimes led to new, often
unforeseen, types of errors and their implementation as a
whole is not always feasible in all settings.

In this narrative review, we first provide a non-exhaustive
summary of some of the main eHealth interventions used
across the various stages of the medication process and ar-
eas that could benefit from their application, with a spe-
cial focus on the paediatric emergency field. We then de-
scribe our own work in this field with the development
and use of an innovative mobile device application – the
paediatric accurate medication in emergency situations
(PedAMINES) app – designed as a step-by-step guide for
the preparation to delivery of intravenous drugs to address
the unmet need of reducing paediatric medication errors.
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eHealth technologies and the medication man-
agement process

Prescription and transcription stages
Innovative interventions aimed at preventing in-hospital
medication errors at the prescribing stage mainly focus on
the transition from error-prone, handwritten, paper-based
ordering to electronic prescribing (ePrescribing) through
computerised provider/physician order entry (CPOE) sys-
tems. CPOE requires users to place medication orders into
an electronic system, which then transmits the order direct-
ly to the recipient responsible for carrying out the order.
These systems alleviate the problem of poor handwriting
or incorrect transcription and, at a minimum, they ensure
standardised, legible and complete orders, including drug
name, dose and route [6]. They also often include function-
alities such as drug dosage support, alerts about harmful in-
teractions and built-in clinical decision support, which may
further reduce errors [7]. Numerous systematic reviews
have reported the overall efficiency of CPOE systems in
decreasing prescription errors [8–12], some in specific ar-
eas of clinical care. For instance, a systematic review and
meta-analysis observed that the transition from paper-
based ordering to CPOE systems in adult and paediatric in-
tensive care units was associated with an 85% reduction in
prescribing error rates [13]. In four studies, the implemen-
tation of CPOE in paediatric emergency departments and
intensive care units significantly reduced medication pre-
scribing errors [14–17].

However, the optimistic adoption and widespread use of
CPOE in paediatrics should be somewhat tempered be-
cause of its unintended consequences, including the poten-
tial for other errors and impediments to effective perfor-
mance [18, 19]. Indeed, a growing body of evidence shows
that CPOE (with or without clinical decision support) has
the potential to introduce or facilitate new types of pre-
scription errors, such as failure to follow established pro-
tocols, inexperience or lack of training in using the CPOE

Figure 1: Closed-loop medication management process. This
process completely encloses, supports and secures the medica-
tion process using digital eHealth technologies. Adapted from [5].
ADC = automated dispensing cabinet; BCMA = bar-coded medica-
tion administration; CPOE = computerised provider/physician order
entry

system, or ignoring/overriding alerts [20–23]. A system-
atic review observed that the prevalence of prescription
errors related to the use of CPOE systems relative to all
prescription medication errors varied widely across studies
(6.1–77.7%; median 26.1%) [21]. Moreover, as stated by
Kahn et al., the necessity in some hospitals to adapt CPOE
designed for adults to meet the unique prescribing needs of
children, as well as the lack of uniform design among stud-
ies involving CPOE in paediatrics, preclude wide general-
isability of results on the true impact of CPOE in reducing
prescription and transcription errors among paediatric pa-
tients [24].

Dispensing stage
Computerised drug storage devices, such as automated dis-
pensing cabinets (ADCs), have become widely used as de-
centralised medication-distribution systems at the point of
care in emergency departments. ADCs are locking cabi-
nets that electronically control access one at a time to com-
partmentalised medication via passwords or a fingerprint
scan and provide an inventory control on their use. Al-
though there is evidence that they enhance efficiency of
medication distribution [25, 26], studies on their use have
so far shown inconsistent results regarding their capaci-
ty to reduce non-negligible, medication administration er-
rors [26, 27]. Moreover, ADCs themselves may give rise
to medication errors. For example, errors that stem from
overfilled drawers and the ensuing possibility of wrongly
choosing too many vials of the prescribed drug, or choos-
ing the wrong medication with look-alike drug names from
an alphabetical pick list on the ADC screen (e.g., dopamine
and dobutamine) [28]. Additionally, since refilling of the
cabinet depends on human intervention, an upstream fill-
ing error by the pharmacy or a drug returned to the wrong
space in the cabinet could be a future cause of medication
error. To date, the usefulness of ADCs in paediatric emer-
gency medicine, especially during cardiopulmonary resus-
citation (CPR) and life-threatening events, has not been in-
vestigated.

Administration stage
The administration stage is the last moment to intercept
any prior error that has occurred along the medication
process before it reaches the patient. It is also an important
source of errors. Barker et al. reported that, without any
eHealth system support, every fifth medication dose ad-
ministered was associated with an error, including the
wrong time of administration (43%), omission of a dose
(30%), wrong dose (17%) and other errors (10%) [29].
Non-technological solutions such as the use of prefilled
color-coded syringes have been shown in a simulated mod-
el to decrease paediatric dosing errors at the administration
stage [30]. However, these results were limited to direct in-
travenous pushes requiring no prior complex preparation.
And the implementation and adoption of this solution in
clinical practice remains to be assessed.

On the technological front, bar-coded medication adminis-
tration (BCMA) technology has been identified as a way
of reducing medication errors at the administration stage
by ensuring the six “rights” of medication administration:
the right patient, drug, dose, route, time and documenta-
tion. By means of a simple scan, this system reconciles the
patient identity in the form of a bar-coded label or wrist-
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band and the bar-coded drug to be administered at the bed-
side. In the case of non-congruity, the nurse is notified
prior to drug delivery. In early studies performed on in-
house developed systems, BCMA technology was shown
to reduce administration errors by up to 54%. However,
later studies performed on commercial bar-coded systems
demonstrated an inconsistent decrease in errors [31]. Fur-
thermore, errors specifically caused by BCMA technolo-
gy have been reported, such as mislabelling of medication
with an incorrect bar code, lack of bar code, inability to
scan the bar code, overriding of error warning, bar code
not scanned, workarounds, wrong patient and system fail-
ure [32]. Unfortunately, there has been no study until now
to assess whether BCMA might reduce medication errors
during paediatric resuscitation at the administration stage.

Drug administration through smart infusion pumps is an-
other eHealth intervention to prevent medication admin-
istration errors. These pumps allow users to input the re-
quired patient information and then select the desired drug
from predefined built-in drug libraries. The pump then
checks the nurse’s programmed medication administration
against pre-established institutional limits [33]. When a
programmed infusion outside the limits, the smart pump is-
sues alerts before the infusion is started. Soft alerts prompt
the user to reconsider administering a given dose, whereas
hard alerts theoretically prevent the user from adminis-
tering an infusion outside the recommended parameters.
However, these alerts can be overridden to force the infu-
sion start. Although increasingly used in some countries,
with 88.1% of hospitals in the USA reporting their use
in 2017 [34], there is mixed evidence that smart infusion
pumps prevent medication error and adverse drug events
[35, 36]. Issues that have been raised in the literature in-
clude workarounds, such as the use of basic infusions that
do not employ the drug library dosing limits, improper pa-
tient or medication identification during pump program-
ming and high override rates for soft alerts, all of which
negate the safety features of smart pumps [37]. In addition,
little is known about the kind of errors that smart pumps
may actually introduce themselves with their use. It should
also be kept in mind that when used during paediatric re-
suscitation, standardising drug concentrations of premixed
drugs and varying infusion rates with smart pumps imply
dealing with poor dose and rate precision in already unsta-
ble and critically-ill children. Furthermore, their price and
the lack of a specialised pharmacy facility in many small-
er hospitals limit their use, particularly in low- and mid-
dle-income countries. Thus, like other eHealth technolo-
gies, smart infusion pumps may be of great assistance in
reducing medication errors, provided that their drawbacks
are clearly borne in mind and risks associated with their
use are never disregarded in order to achieve patient safety
goals.

Areas for medication safety improvement
through eHealth technology

eHealth in paediatric emergency medicine
Children represent a vulnerable population with specific
medical needs compared to adults. Owing to paediatric-
specific constitutional and physiological considerations,
notably age-related variations in pharmacokinetics in terms
of absorption, distribution, metabolism and elimination,

they are particularly vulnerable to medication errors [38].
The latter occur in 5–27% of all paediatric prescriptions
and cause significant mortality and morbidity, including
7000 patient deaths each year in the USA [39]. Errors can
occur at any step during the medication process, from drug
prescription to delivery. In paediatric emergency depart-
ments, one in every 32 prescriptions contains a 10-fold er-
ror on the recommended dose [40]. This becomes partic-
ularly concerning in paediatric critical situations, such as
septic shock, cardiogenic shock, CPR and return of sponta-
neous circulation following CPR for cardiac arrest, where
the accurate and safe preparation and administration of in-
travenous drugs is mandatory [30, 40, 41]. Notably, most
drugs given intravenously to children are provided in vials
originally prepared for the adult population. This leads to
the need for a specific, individual, weight-based dose cal-
culation and drug preparation for each child that varies
widely across age groups [42]. This error-prone process
and the lower dosing error tolerance of children [43, 44]
place them at a high risk for life-threatening medication er-
rors [40, 42, 45, 46].

Despite well-equipped and staffed environments with nu-
merous available safeguards, direct intravenous medica-
tion errors have been reported in up to 41% of cases during
simulated in-hospital paediatric resuscitations, 65% of
which were incorrect medication dosage, thus making it
the most common error [47]. In neonatal and paediatric in-
tensive care units, errors in handwritten continuous infu-
sion orders may be as high as to 70% [48]. The rate of
medication errors further increases in critical care environ-
ments requiring the administration of several drugs which
each may have its own concentration, dose and volume
[40]. This is especially true in the high-risk out-of-hospital
setting, where health care for children is often provided by
caregivers who have little exposure to critically ill children
and lack specialised paediatric skills required for weight-
based drug dosage, conversion, calculation and dilution. In
addition, they are often unfamiliar with their diseases and
medication unique needs.

eHealth in the out-of-hospital setting
Medication errors in the prehospital setting are reported
as occurring in more than 30% of all paediatric drugs ad-
ministered [49]. In this particular context, initial care has
to be delivered quickly by emergency medical services
(EMS) in challenging field environments where resources
and providers are limited [50]. Relying on his/her sole ex-
pertise and knowledge to make decisions during care pro-
vision, a single paramedic is often in charge of determin-
ing the patient’s weight, choosing the most suitable drug,
calculating the drug dose and appropriate volume to inject,
and administering it to the patient. However, as paramedics
have little exposure to critically ill children, they lack they
experience to administer emergency medications at paedi-
atric doses [51], with minimal opportunities to gain and
maintain competence in this skill [52, 53].

Until now, the use of technology to support paramedic
practices has mainly concentrated on interventions to cap-
ture and transmit patient data through the use of telehealth/
telemedicine [54–56]. In particular, Almadani et al. pro-
posed an e-Ambulance framework to provide real-time re-
mote patient monitoring with bidirectional communica-
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tion between the EMS and off-site emergency department
physicians. This system aimed to ensure optimal patient
care during transportation and to prepare the incoming
admission, while limiting ambulance transport time [57].
This latter consideration is particularly important. The
chain of survival in advanced life support critically relies
on early out-of-hospital CPR by the EMS [58] and the
on-site administration of emergency drugs without delay
[59–61] before a rapid transfer to the paediatric emergency
department and advanced care. Indeed, during the first
15 minutes of paediatric CPR, survival and a favourable
neurological outcome decrease linearly by 2.1% and 1.2%
per minute, respectively [62], and rely in part on drug
preparation time in out-of-hospital settings [60]. Among
non-shockable paediatric out-of-hospital cardiac arrests,
each minute of delay to epinephrine delivery is associated
with a 9% decrease in survival odds [59, 60].

Unfortunately, to our knowledge, no study has ever as-
sessed the impact of prehospital telemedicine on medica-
tion error rates. Additionally, although numerous inter-
ventions involving information technologies have been
developed to improve the in-hospital security of the med-
ication process [24], there has been no reciprocal inter-
vention to reduce paediatric prehospital medication errors
so far. Data regarding EMS-related prehospital medication
errors and error prevention strategies are scarce [49, 63,
64]. Prehospital dosing errors were reported to affect ap-
proximately 56,000 children treated by EMS each year
in the USA [49], with drugs administered outside of the
proper dose range described in up to 39.8% of more than
5500 children. These results were similar to previous re-
porting that paramedics commit dosing errors 49–63% of
the time, with miscalculation as a primary cause [45]. Al-
though substantial, these errors are likely to be under-
estimated as not all are reported [49]. EMS are greatly
exposed to opportunities for out-of-hospital medication er-
rors, thus severely compromising patient safety. In this set-
ting, children are likely to require immediate care [50] and
resources are limited. Emotional anxiety, as well as exoge-
nous conditions such as challenging field environments,
parental stress and time pressure to prepare the drugs on-
site are other factors encountered during prehospital pae-
diatric resuscitation that potentially add to the complexity
of the process [65, 66]. Providing EMS with ready access
to a weight-estimation device app and a drug-dosing guide,
such as the Broselow-Luten tape, was shown to lack suf-
ficient accuracy and information to function independent-
ly as a complete resuscitation aid for the prevention of a
high rate of prehospital medication errors [67, 68], with
epinephrine dosing errors exceeding 60–70% [45]. Under-
lying causes of errors include the incorrect estimation of
weight, incorrect use of the Broselow-Luten tape, incorrect
recall of doses, difficulty with calculations under stress,
mg/kg to milligrams to millilitre conversion errors, inac-
curate measurement of volumes, and failure to cross-check
doses between providers [67].

Hence, the sole expertise of paramedics helped by conven-
tional methods is not sufficient to ensure a fast and reliable
conversion and preparation of paediatric emergency intra-
venous medication. In a US national survey among EMS,
72.6% of paramedics rated that an EMS-specific mobile
device app would be helpful to very helpful in decreasing

paediatric drug dosing errors [49]. To date, no mobile app
has been shown to support the EMS medication process.

eHealth in low- and middle-income countries
Although low- and middle-income countries have the high-
est burden of disease [69], efforts to promote medication
safety through technological innovations have mostly tak-
en place in high-income countries. Indeed, the above-men-
tioned eHealth interventions are often costly and resource
consuming, thus hindering their deployment in countries
with limited financial resources for medical technology,
low levels of education and poor infrastructures for de-
livering and maintaining technology. Furthermore, invest-
ing resources in new technologies for potential improve-
ment should be put in perspective with the improvement
linked to investment in more traditional healthcare activi-
ties [70]. In this context, the increasing coverage of around
40% of the population of low- and middle-income coun-
tries by mobile internet and the widespread use of smart
mobile devices may play a pivotal role in the integration of
mobile health (mHealth) solutions in limited-resource set-
tings [71].

Mobile technologies allow cheap and easy-to-deliver inter-
ventions, but important barriers may limit their integration
into existing healthcare systems and their use by frontline
physicians and health workers. As recognised by Wallis
et al., lack of adequate legislative and regulatory frame-
works, such as laws to protect patient privacy, are like-
ly to be the first barrier [72]. Technology-related issues,
such as inadequate mobile and/or cellular infrastructure,
prohibitive costs and unreliable technology, may represent
a second barrier, whereas poorly designed devices/apps,
difficulty changing clinical behaviour and poor technolo-
gy literacy constitute a third barrier. Finally, poor access
to the scientific literature and knowledge-sharing by re-
searchers and colleagues in low- and middle-income coun-
tries must be addressed to improve the culture of medica-
tion errors as the overwhelming majority of publications
originate in high-income countries and contribute to limit
support for research and innovation in settings that need
them most [73, 74]. Aware of these limitations, the integra-
tion of mHealth solutions into healthcare systems may be
a way to reduce medication errors in low- and middle-in-
come countries.

Role and contribution of mobile device apps to
prevent medication errors

Several interventions involving information technologies
have been developed to improve the security of the med-
ication process. However, apart from CPOE systems and
smart infusion pumps, few robust data are available to
measure their real impact on patient safety [75]. The het-
erogeneity in current paediatric medication error interven-
tion studies prevents the wide generalisability of results
and yields unclear guidance to hospitals on which inter-
ventions are best to adopt [39]. In a systematic review and
meta-analysis focused on the efficacy of interventions for
reducing medication administration errors, Berdot et al. did
not find evidence that technology-related interventions can
effectively decrease medication errors [76]. Similar results
were published by Rinke et al., who were unable to find
bias-free, robust and rigorous evidence in the paediatric lit-
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erature to recommend CPOE, bar coding technology and
unit dose-dispensing systems to reduce medication errors
[39]. In addition, there are usually challenges with regard
to the costs involved, sustainability, staff acceptability and
other implementation issues [75].

Some authors have advocated automated actions to reduce
as much as possible tasks inducing the cognitive load dur-
ing paediatric resuscitation, in order to optimise patient
care and diminish medication errors [77]. In this, mobile
device apps could be game changers. In the field of CPR, a
recent study identified 34 available mobile apps on Google
Play and Apple App stores [78]. However, many of these
apps are marginally medically correct and have limited us-
ability and poor user-friendliness [79]. It is also unknown
whether they actually improve or impede clinical care, es-
pecially in paediatrics, since the effectiveness of most of
these apps has not been validated in evidence-based stud-
ies [79]. In addition, the few reports published have been
shown to be methodologically flawed [80, 81]. For in-
stance, Baumann et al. recently conducted a randomised
crossover trial among anaesthesiologists to assess the im-
pact of a mobile app in reducing intravenous medication
administration errors in adults and children [80]. They
found that given drug doses were more frequently in the
accurate dosing range in both age groups when administra-
tion was supported by their app. Unfortunately, as no car-
ryover effect was investigated by the authors, the efficacy
of the app could potentially have been different depending
on the first method used in the crossover design (i.e., bi-
ased), and results should be interpreted with caution [82].

Although digitalisation has strongly influenced the way
medications are provided in emergency care through the
introduction of eHealth intervention [3], assistance for re-
al-time medication delivery during CPR has been judged
as almost impossible due to the specific constraints of the
situation. As a consequence, in many critical situations,
physicians and nurses are still dependent on paper-based
support, empirical calculators or spreadsheets in order to
ensure correct drug delivery. To address the above-men-
tioned flaws, we developed the PedAMINES app.

The PedAMINES mobile device app: development and
characteristics
The PedAMINES project was launched at Geneva Uni-
versity Hospitals (Geneva, Switzerland). The app was de-
veloped with a user-centred and evidence-based approach,
with emergency department caregivers, ergonomists and
computer scientists from a research and development ser-
vice. The key functionalities and processes to be imple-
mented were identified following observations of paedi-
atric resuscitation and focus groups [83]. The content,

design, interface and usability of the app was assessed it-
eratively until the app was considered to work to the satis-
faction of physicians and nurses.

The app lists all the available resuscitation drugs in al-
phabetical order with doses automatically adapted to the
weight or age of the patient based on information entered
when starting the app (age-based weight estimates are
based on the Paediatric Advanced Life Support values set
by the American Heart Association). Each of the listed
drugs for direct intravenous injection or continuous infu-
sion (highlighted in yellow) can be selected in a menu on
the left of the app and are displayed on the right pane with
a detailed preparation procedure according to a standard-
ised and simplified pathway (fig.2). In the case of a direct
intravenous injection, this pathway is composed of two
steps: (1) drug selection; (2) conversion of the prescribed
dose in mg/kg into a volume in ml; and, if necessary, an
additional step for dilution of the initial drug concentration
with compatible fluids (sodium chloride 0.9%, etc.). In the
case of a continuous infusion, this pathway is composed
of three steps: (1) drug selection; (2) dilution of the initial
drug concentration; and (3) conversion of the prescribed
dose rate in μg/kg per min into an infusion pump rate in
ml/h. For each drug, the exact amount to prepare is clearly
displayed and thus the necessity for calculations is avoided
(fig. 2). This is based on the app’s ability to automatical-
ly calculate the optimal weight-based final volume to in-
ject or infusion pump rate and to describe the preparation
sequence required to achieve it, independent of the user’s
competency in this domain.

When administering continuous infusions, the user can
start, pause, stop, increase or decrease the perfusion rate at
any time. Multiple drugs can be prepared and run in par-
allel, including continuous infusions. Colour-coded boxes
are used to display the stages of the current medication
process: drugs selected and preparation steps (in blue),
drugs ready for administration (in grey), running continu-
ous infusions (in yellow), and drugs already delivered (in
green) (table 1).

For direct intravenous boluses, once administered, the state
of the drug switches directly to the “administered” stage in
green, whereas for continuous infusions the app displays
the timed ongoing process. Once the drug is delivered to
the patient, the user has to click on the stop button and the
stage automatically switches to “administered” with a sum-
mary of the total amount of drug administered and time
spent to achieve it. At the top of the screen, a header dis-
plays a timer indicating either the time since the start of the
medication process (e.g., during CPR) or the current time.
This information is provided to avoid the loss of sense

Table 1: Information displayed on the app when preparing drugs.

Stage Drug type Colour Option Displayed information

Preparation Direct intravenous bolus, continu-
ous infusion

Blue Dose increments Drug name, dose, preparation
steps

Ready to be administered Direct intravenous bolus, continu-
ous infusion

Grey Drug concentration and volume
to be administered

Administration in process Continuous infusion Yellow Prescribed dose rate in μg/kg/min, dose rate
increment, options to pause, start, stop the
infusion

Time since start of the infusion,
drug name, dose rate in μg/kg/
min, options, and infusion pump
rate in mL/h

Administered Direct intravenous bolus, continu-
ous infusion

Green Amount/volume administered,
time of administration
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of time that is frequent during stressful situations such as
CPR and may preclude timely adherence to resuscitation
guidelines or reporting of procedures in a timely manner.
Finally, once the whole process is completed, all actions
done by the user, as well as drug concentrations used, flow
rates, etc., are sequentially saved locally on the device in
historical files to preserve information that can be retrieved
at any time for debriefing or medicolegal purposes. Histor-
ical files can also be erased or safely exported in pdf format
to be saved in the patient’s electronic health records (fig.
3).

Importantly, the app contains a drug editor that allows
users to create exhaustive lists of drugs they use in their
own settings and to edit them according to local formu-
lations and habits (fig. 4). Sharing the lists between care-
givers and institutions is possible through upload and
download options via identity codes created by the list
owner. Then, when requested by another user, the list own-
er can decide whether to share the list by providing the
unique identity code for that list in order for the other user
to retrieve the list on the server and to download it on his
device. Once this is done, the user can either use it as is
or modify the list on his or her device. But in no case
will these modifications affect the original list saved on the
server. This new list will have to be uploaded by the new
user onto the server under a new name and with a new
unique identity code. For that purpose, it was necessary

Figure 2: PedAMINES screenshot. List of bolus intravenous
drugs (white boxes) and drugs for continuous infusion (yellow box-
es) are selectable in the left margin of the application. The right
window shows drugs selected by the nurse for a child weighing 10
kg. In this screenshot example, epinephrine is being delivered at
0.3 µg/kg/min. Amiodarone is selected and ready to be injected,
waiting for the nurse’s confirmation. Dopamine preparation is dis-
played step-by-step. The printer logo in the upper right corner indi-
cates that all actions performed by the nurses are sequentially
saved in historic files that can be retrieved and printed at any time.

Figure 3: Screenshot of the export activity window.

to install a server on the secured infrastructure of Geneva
University Hospitals and to link it to a database storing the
existing lists. Once the list(s) is uploaded on a device, the
app has full functionality without the requirement of cellu-
lar or WiFi connectivity and can be used anywhere, includ-
ing in remote areas.

As an attempt to improve one step further the safety of the
medication process, we recently implemented cost-effec-
tive alternatives to ADC and BCMA on the app. This was
achieved in the form of both a remote LED lighting solu-
tion, and an in-app matrix quick-response code recognition
technology, respectively. The first system consists of LED
strips placed at the level of the pharmacy drawers on which
each LED can be turned on independently with assigned
colours to indicate where to find each drug selected on
the app. In this sense, the system is very similar to ADCs.
However, our solution circumvents some flaws of tradi-
tional ADCs by offering a lightweight, affordable, flexible
and scalable system to each region of the world, includ-
ing low- and middle-income countries. The second system,
based on quick-response codes, associates a unique matrix
code to each type of drug at disposal. At the time of dis-
pensing, this system allows users to scan the matrix code
stick on the drug vial (or packaging) via the in-built cam-
era of the device. The app drug editor on the other side
allows association of any chosen quick-response codes to
a specific drug. Matching codes validate the drug selec-
tion and authorise users to go further in the drug prepara-
tion and aims to prevent errors associated with selection
of look-alike/sound-alike medications. In the case of non-
matching codes, the app issues a warning and does not al-
low drug preparation. This system has the advantage of
being totally free and resource-sparing as it only uses the
camera features of the mobile device. It is also scalable
to any location and settings since quick-response codes al-
ready in place on vials or packaging could be used with-
out upstream manipulations or transformation, thus avoid-
ing mislabelling of medication with an incorrect or missing
bar code. However, workarounds are still possible without
quick-response codes as the scanning option on the app can
be deactivated. The impact of both systems on medication
errors will be assessed in forthcoming studies. Finally, ac-
cording to the six “rights” of medication administration, it
is worth pointing out that the app, at the moment, does not
have a dedicated solution to guarantee the choice of the
“right patient” and “right indication”.

Figure 4: Screenshot of the drug editor. All drug-related infor-
mation can be edited here.
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PedAMINES, an evidence-based app
In a previous multicentre, randomised, controlled,
crossover trial, which was funded by the Swiss National
Science Foundation (SNSF) and received the Pfizer Re-
search Award in February 2020, we reported the ability
of PedAMINES to significantly reduce the occurrence of
in-hospital medication errors compared with an interna-
tionally used drug infusion rates table for the preparation
of continuous drug infusion during simulation-based pae-
diatric resuscitations [84] (video available at
www.pedamines.com). One-hundred and twenty-eight
nurses from paediatric emergency departments across six
Swiss institutions were randomly assigned to participate in
the trial. We observed that 96 of 128 drug administrations
(75%) were associated with medication errors using the in-
fusion rates table compared with only 9 of 128 (7%) de-
livered when guided by the app, thus representing a sig-
nificant absolute reduction of 68% in medication errors.
Additionally, the mean time to drug preparation and drug
delivery were reduced by 45% and 40%, respectively. We
detected no carryover effect and observed that hospital size
and nurses’ experience did not modify the intervention ef-
fect.

The strengths of this trial were based on the methods used
in accordance with guidelines for healthcare simulation re-
search [85] and the previous single-centre pilot study con-
ducted to validate the app [86]. There were some limi-
tations associated with the trial. First, it was conducted
during a resuscitation simulation-based scenario. Today,
high-fidelity simulation is an essential investigative
methodology to answer research questions that otherwise
could not be answered during real CPR, as the diversity
among patients and their diseases make CPR studies hard
to standardise in critical situations [87]. Second, the
5-minute app training was just before the scenario. In real
life, the interval between training and actual use would
probably have been months. However, training with the
app months before the study would have unblinded partic-
ipants to its purpose and could have created a preparation
bias.

In a second multicentre, randomised, controlled trial fund-
ed by the SNSF, we compared the PedAMINES app with
conventional calculation methods for the preparation of di-
rect intravenous administered emergency medications by
152 paramedics in several EMS located in different regions
of Switzerland during simulation-based paediatric out-of-
hospital cardiac arrest scenarios [88]. Enrolment was com-
pleted in January 2020 and publication is expected in a few
months. Preliminary results are promising and we already
anticipate a significant impact of the app on reducing pre-
hospital paediatric medication errors. As most of the re-
sults obtained from simulation-based resuscitation studies
agree with those obtained in real-life studies, we are confi-
dent that our results will be of great interest for a potential
application in real-life situations. From perspective, using
PedAMINES in low- and middle-income countries could
be of particular interest, as it could overcome many of the
above-mentioned limitations that generally hamper the im-
plementation of new technologies in these countries.

Conclusion and future directions

Medication errors are a leading cause of global, potentially
avoidable, morbidity and mortality and a serious challenge
for our healthcare systems and societies. This might be
partly mitigated by implementing adequate eHealth inter-
ventions. Although a growing body of evidence calls for
their widespread implementation, important barriers may
limit their use, such as their high costs or restricted scal-
ability across countries. However, efforts should be made
to ensure that vulnerable populations, particularly children,
or those living in remote areas, benefit from these interven-
tions. Similar to others, we believe that mHealth technolo-
gies can play a major role in this process. To the best of our
knowledge, PedAMINES is the only evidence-based mo-
bile app to assist medical drug preparation for in-hospital
and out-of-hospital paediatric resuscitation, with the abili-
ty to reduce medication errors as well as time to drug de-
livery. We consider that this mobile app has the potential
to change critical care clinical practice when intravenous
drugs have to be prepared and to improve quality of care in
the paediatric vulnerable population. Its development also
contributes to the goals of the WHO Third Global Patient
Safety Challenge, which aims to reduce severe, avoidable
medication-associated harm by 50% in all countries over
the next 5 years [1]. It remains to be determined whether
the use of PedAMINES in real-life situations may similarly
reduce medication error rates, especially in the prehospital
setting and in remote areas where paramedics and health
workers are less exposed to paediatric resuscitation.
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