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Abstract: Background/Objectives: This study aimed to assess and compare the rates
of medication error (ME) using the PediSTAT application compared to the conventional
method of calculating the correct dose and determining the appropriate route of medication
administration for common pediatric emergencies. Methods: A prospective cross-sectional
study design was used for the study. Data were collected using a questionnaire that was
distributed to certified paramedics holding a bachelor’s degrees or higher and working
in Riyadh City, Saudi Arabia. Alternate simple random sampling was used to recruit
the participants into two groups using the same questionnaire: the PediSTAT group and
the conventional method group. The questionnaire contained four pediatric emergency
vignettes: cardiac arrest, asthma exacerbation, seizures, and hypoglycemia. Results: A total
of 63 participants agreed to the study. Almost 80% of them were males, 81% held bachelor’s
degrees, and 87% were certified in pediatric resuscitation courses. The findings of the
study showed that the use of the PediSTAT application increased accuracy and reduced the
risk of ME for common pediatric emergencies. This was shown to be statistically signifi-
cant for asthma medication dose (p-value < 0.001, 95% CI 0.034–0.352), midazolam dose
(p-value = 0.012, 95% CI 0.030–0.764), and hypoglycemia medication dose (p-value < 0.001,
95% CI 0.046, 0.452). Conclusions: The study findings supported the use of standardized
precalculated applications such as PediSTAT, which was shown to reduce the risk of ME in
prehospital care for pediatric emergencies.

Keywords: paediatric; durg; dose; phone; prehospital; ambulance; emergency

1. Introduction
Medication error (ME) is defined as any preventable incident that results in misusing

pharmaceuticals and causing harm to the consumer [1,2]. It is a life-threatening condition
that can result in an adverse drug event (ADE), which is a medication-related injury that
can result in morbidity and mortality [3]. The World Health Organization (WHO) has
continuously aimed and called to reduce the severe, serious, and avoidable ME harm that
can be introduced by healthcare professionals [4].

Emergency medical services (EMS) personnel are healthcare professionals who are
responsible for responding to all out-of-hospital emergency cases of patients from all age
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groups. Working in such emergency care settings, which are known as highly stressful
healthcare settings, could increase the risk of ME by EMS personnel [5,6]. Managing the
critical cases of pediatric patients in such settings is even more stressful and challenging
since medications for pediatrics must be calculated based on the patient’s weight, which
may result in arithmetic errors, potentially increasing the risk of ME. In Saudi Arabia,
3.4% of emergency cases requiring out-of-hospital care are related to pediatric patients
(aged < 15 years) [7].

The healthcare system in Saudi Arabia primarily consists of public and private hospi-
tals. Public hospitals are mainly run by and follow the guidelines of the Ministry of Health
in Saudi Arabia. Private hospitals are run by their board but follow the guidelines of the
Ministry of Health. Both public and private hospitals are equipped and prepared with
personnel, equipment, and facilities to handle pediatric patients.

Evidence from Saudi Arabia showed that out of 109,382 prescribed medications over
a two-year period to pediatric patients at a large tertiary hospital, 9123 (8.3%) MEs were
reported [8]. These MEs were related to 84 different types of medications [8]. Of these ME
cases, wrong frequency was the most common type of error (39.1%) [8]. Other common
types of errors included the wrong drug (12.5%), wrong concentration or strength (12.4%),
and wrong dose (11.1%) [8]. Unfortunately, there is a lack of available data regarding ME by
EMS personnel working in Saudi Arabia. Internationally, drug dosing errors for pediatric
patients administered by EMS personnel working in out-of-hospital settings were at a
high rate despite the implementation of pediatric drug dosing references [9]. Such errors
were related to overdoses, underdoses, and dilution errors [9]. Although this evidence
showed high rates of ME among EMS personnel, it might not be applicable to paramedics
working in Saudi Arabia due to their professional qualifications and scope of practice.
ME related to medication administration and dosing can be severely harmful or fatal [10],
which highlights the need to reduce the risk of MEs to prevent these adverse outcomes.

To reduce the risk of ME, the literature examined the use of standardized precalculated
pediatric doses for out-of-hospital emergencies [6,11]. Standardized and precalculated
pediatric medication doses were shown to significantly reduce ME and increase paramedics’
confidence in pediatric medication dosing [12]. Furthermore, a literature review showed
that using pediatric height-based drug doses reduced MEs from (22%) to (9.9%), supporting
the need to use standardized measures for pediatric medication dosing and administration
to reduce MEs in out-of-hospital settings [13]. With the advancement of technology and the
availability of smartphones and applications, multiple software applications were reported
to effectively reduce pediatric MEs during out-of-hospital emergency care [14–16]. One of
the most common smartphone applications to achieve the goal of reducing MEs for pediatric
patients is PediSTAT, which is a tool intended to assist healthcare professionals mainly with
drug dosing for pediatric patients using patient weight. To our knowledge, no study has
specifically assessed the use of PediSTAT among paramedics nationally. Therefore, this
study aimed to assess and compare the rates of MEs using the smartphone application
(PediSTAT) and the conventional method of choosing correct routes and providing correct
doses using pediatric clinical vignettes.

2. Materials and Methods
2.1. Study Design

A descriptive cross-sectional design was used in this study to assess and compare the
rates of MEs when using PediSTAT compared to the conventional method of choosing the
correct route and dose of medications for pediatric patients. A validated questionnaire
involving pediatric clinical vignettes was distributed to our study sample in Riyadh City,
Saudi Arabia, from 1 September 2022 to 28 February 2023. Ethical approval was obtained
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from the King Abdullah International Medical Research Center, Riyadh, Saudi Arabia,
(approval number: IRB/1603/22) on 11 August 2022.

2.2. Setting

Data were collected from paramedics working in EMS in Riyadh City, Saudi Arabia.
Riyadh City is the capital of Saudi Arabia with a total population of around eight million
people. Several EMS systems are currently running in the city to provide prehospital care
for those in need. Saudi Red Crescent Authority is the main EMS system in Saudi Arabia
to provide prehospital care for people living in the kingdom, which includes Riyadh City.
Other EMS systems in the city include hospital-based EMS systems under the Ministry of
Health, which mainly respond to both emergency and low-equity cases in and outside of
the hospital, along with critical care transfers. Private EMS systems are also present and
work under private hospitals to cover interfacility transfers to these hospitals and respond
to emergency cases in large events and festivals conducted in the city.

2.3. Survey Administration and Content

An online survey using Google Forms was used to collect responses from the partici-
pants in the English language. An informed consent form was provided to all participants
prior to completing the survey. The survey collected demographic information from the
participants. It also included several pediatric clinical vignettes in each of which the
participants reported the correct route and dose of the medication.

Due to the lack of a previously validated questionnaire to assess the use of PediSTAT
compared to the conventional methods to correctly identify the route and dose of emergency
medication for pediatric patients, a questionnaire was developed for this study. When
developing the questionnaire, the aim of the study and the targeted population were
considered. Pediatric clinical vignettes, in each of which the participants were asked about
the route and dose of medication deemed appropriate, were used to maintain objectivity
and achieve the study's aims to assess the use of PediSTAT and compare it with the
conventional method. Demographic information was collected to describe the participants
and identify factors associated with the use of either PediSTAT or the conventional method.

The questionnaire was piloted as randomly selected researchers and paramedics
were invited to complete the survey (two paramedic researchers holding a PhD degree,
one pediatric emergency medicine consultant, and three paramedics). Face validity was
followed by the research team to approve the questionnaire before dissemination to the
participants. The questionnaire was initially sent to the invited researchers and clinicians.
A subsequent meeting was conducted with the research team to receive their feedback
about the questionnaire. The aim of this pilot was to assess the flow and clarity of the
questions and clinical vignettes, and the questionnaire supported the achievement of the
study’s aims. The piloting process showed that no major changes were required.

The questionnaire has two main parts: demographic information and clinical vignettes.
The collected demographic information included age in years, gender, degree, name of
higher education program (if applicable), workplace, specialized pediatric care course, and
the name of the course (if applicable). For the clinical vignettes, four vignettes (cardiac
arrest, severe asthma, seizure, and hypoglycemia) were provided to the participants, and
they were asked to report the route and dose of the medication in each vignette. A copy of
the questionnaire is provided in the Supplementary File S1.

2.4. Participation and Recruitment

The targeted population in this study is paramedics working in Riyadh City, Saudi
Arabia. The prehospital care system in Saudi Arabia is predominantly run by paramedics
and emergency medical technicians. Paramedics usually hold at least a bachelor’s degree
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in EMS or a higher education degree (master’s degree or Doctor of Philosophy degree).
The scope of work for paramedics working in Saudi Arabia primarily involves emergency
response to cases in the prehospital care settings and/or inter-facility and intra-facility
critical care transfers. The involvement of paramedics in fire stations is still not well
developed. Therefore, the invited paramedics in this study were working either in hospitals
or the Saudi Red Crescent Authority, which is the main authority in Saudi Arabia to respond
to all emergency cases in prehospital care settings. Emergency medical technicians were
excluded from this study as they are not allowed to provide medications to all patients.
Medical doctors and nurses were also excluded from this study as they do not usually work
in prehospital care in Saudi Arabia.

An online invitation outlining the study’s aim and objectives and how paramedics
could participate in the study was sent through social media platforms (WhatsApp and
Telegram) among workplace and academic groups. The participants who accepted the invi-
tation and wanted to participate in the study were divided into two groups randomly (1:1):
the control group (conventional method) and the intervention group (PediSTAT method).
The method of randomization was conducted using Excel sheets and those who agreed to
participate were given a unique ID number. These ID numbers were then entered into an
Excel sheet to randomize the participants into either the intervention or control group. Both
groups were provided with the same questionnaire and no additional information was
obtained from either group. The participants from both groups were individually contacted
and provided with the link to complete the survey. For the control group, each participant
was instructed to complete the questionnaire using the conventional method that they
usually use and without the use of any smartphone application that identifies the route and
calculates the dose of medications for pediatric patients, including PediSTAT. The control
group declared no use of any smartphone application when completing the survey. For the
intervention group, the participants were asked to complete the questionnaire using the
PediSTAT application only on their smartphones, whether they already had the application
or had to install it on their smartphones. If any of them did not have the application or
did not wish to have it on their smartphones, a member of the research team arranged a
time that was the best for both of them for the researcher to visit the participant in his/her
workplace and provide the application on the research team member’s smartphone. The
completion of the survey for each participant was monitored by one of the study team
members. The participant was provided with the link to the online questionnaire at a
set time and the participant was asked to complete the questionnaire within one hour of
receiving the link. A single submission only was available for all participants. The study
team members reported no issues that any of the participants in the study exceeded the
one-hour window for completing the survey.

2.5. Intervention

PediSTAT application was the used intervention in this study. It is an application tool
that can be installed on smartphones and used promptly. It calculates medication doses for
pediatric patients based on age, weight, length, and Broselow tape color codes. PediSTAT
is owned and operated by James M. Kempema and permission was obtained by the owner.
The research team used the application in accordance with the application licensing protocol
(for more details on the PediSTAT app please refer to Supplementary File S2).

2.6. Data Analysis

All collected responses were converted into an Excel spreadsheet and then coded for
analysis. Data analysis was performed using IBM SPSS statistics version 28 (IBM, New York,
NY, USA). Descriptive analysis was performed using median and interquartile ranges for
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continuous variables and frequency and percentages for categorical variables. Results were
displayed in tables and figures. For the responses to clinical vignettes, the choice of the
medication route was either the correct answer, if the predetermined correct route was
chosen, or the wrong answer if other incorrect routes were chosen (i.e., medication route
error). The medication dose was predetermined, and if the dose was the same or within
10% above or lower than the predetermined correct dose it was considered the correct
answer. If it exceeded 10% above or lower than the predetermined correct dose, it was
considered a wrong answer (i.e., medication dose error).

Pearson chi-square and Fisher exact tests were used to compare the correct and
wrong answers of the clinical vignettes and to compare whether the certification of pedi-
atric care courses was significantly associated with the ME rate for each method applied
(conventional versus PediSTAT). A p-value < 0.05 was predetermined to be considered
statistically significant.

3. Results
3.1. Characteristics of the Study Participants

A total of 63 participants out of 120 (response rate 52.5%) agreed to participate in the
study and completed the survey (Figure 1). The participants were randomly assigned to
two groups: 32 in the conventional method group and 31 in the PediSTAT group (Figure 1).
The median age of the participants was 27 years (IQR 25, 32), and most participants were
males (79.4%). Most participants held a bachelor’s degree (81%) and were certified in
pediatric life support courses (87.3%) (Table 1). The baseline information of the participants
in each group is shown in Table 1. There were no significant statistical differences in the
baseline information between the control and intervention groups.
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Table 1. Demographic details of study participants.

Variable

Conventional
(n = 32)

PediSTAT
(n = 31)

Total
(n = 63)

Descriptive Statistics *

Gender
Males 26 (81.2) 24 (77.4) 50 (79.4)
Females 6 (18.8) 7 (22.6) 13 (20.6)

Age in years 28.5 (25, 34.5) 27 (25, 30) 27 (25, 32)

Degree attained
Bachelor’s 25 (78.1) 26 (83.9) 51 (81)
Master’s 6 (18.8) 4 (12.9) 10 (15.9)
PhD 1 (3.1) 1 (3.2) 2 (3.2)

Workplace
MNGHA 25 (78.1) 25 (80.6) 50 (79.4)
SRCA 7 (21.9) 6 (19.4) 13 (20.6)

Having certification in any
pediatric course
Yes 26 (81.2) 29 (93.5) 55 (87.3)
No 6 (18.8) 2 (6.5) 8 (12.7)

* Categorical variables, frequency, and percentage.

3.2. Findings from the Control Group

The ability of paramedics to administer pediatric medication doses and routes using
conventional methods and the PediSTAT EMS application was evaluated, as shown in
Table 2. In the cardiac arrest scenario, those who used conventional methods had a 71.9%
accuracy rate for the epinephrine dose, while only 53.1% were correct with the epinephrine
route. For the asthma scenario, the accuracy rate for medication choice was 56.2%, med-
ication dose was 18.8%, and medication route was 59.4%. The seizure scenario had a
midazolam dose accuracy rate of 68.8%, while the route had a 93.8% accuracy rate. Lastly,
in the hypoglycemia scenario, there was a 93.8% accuracy rate for medication choice, 37.5%
for medication dose, and 96.9% for medication route.

Table 2. Comparing the correct and wrong answers by the two methods with p-value, odds ratio
(OR), and 95% confidence interval (CI).

Particulars

Method
Frequency (%)

OR (95% CI) Chi-Square
Value (df)

p-ValueConventional
Method

PediSTAT
EMS

Epinephrine
Dose

Correct Answers 23 (71.9) 28 (90.3) 0.274
(0.066, 1.131) 3.475 (1) 0.062

Wrong Answers 9 (28.1) 3 (9.7)

Epinephrine
Route

Correct Answers 17 (53.1) 23 (74.2) 0.394
(0.136, 1.141) 3.015 (1) 0.082

Wrong Answers 15 (46.90) 8 (25.8)

Asthma
Medication

Correct Answers 18 (56.20) 21 (67.7) 0.612
(0.219, 1.710) 0.882 (1) 0.348

Wrong Answers 14 (43.8) 10 (32.3)

Asthma
Medication Dose

Correct Answers 6 (18.8) 21 (67.7) 0.110
(0.034, 0.352) 15.432 (1) 0.001 *

Wrong Answers 26 (81.2) 10 (32.3)
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Table 2. Cont.

Particulars

Method
Frequency (%)

OR (95% CI) Chi-Square
Value (df)

p-ValueConventional
Method

PediSTAT
EMS

Asthma Medication
Route

Correct Answers 19 (59.40) 21 (67.7) 0.696
(0.248, 1.953) 0.476 (1) 0.490

Wrong Answers 13 (40.6) 10 (32.3)

Midazolam Dose
Correct Answers 22 (68.80) 29 (93.5) 0.152

(0.030, 0.764) 6.280 (1) 0.012 *
Wrong Answers 10 (31.20) 2 (6.5)

Midazolam Route
Correct Answers 30 (93.8) 31 (100.00) 0.492

(0.381, 0.635) 2.001 (1) 0.492
Wrong Answers 2 (6.2) 0 (0.0)

Hypoglycemia
Medication

Correct Answers 30 (93.8) 29 (93.5) 1.034
(0.136, 7.840) 0.001 (1) 1.000

Wrong Answers 2 (6.20) 2 (6.5)

Hypoglycemia
Medication Dose

Correct Answers 12 (37.5) 25 (80.6) 0.144
(0.046, 0.452) 12.093 (1) 0.001 *

Wrong Answers 20 (62.5) 6 (19.40)

Hypoglycemia
Medication Route

Correct Answers 31 (96.9) 30 (96.8) 1.033
(0.062, 17.282) 0.001 (1) 1.000

Wrong Answers 1 (3.1) 1 (3.2)

* Statistically significant at 5%. Test used is Pearson chi-square and Fisher exact test; df is degrees of freedom.

3.3. Findings from the Interventional Group

For PediSTAT users, the results showed that those who used the application had a
90.3% accuracy rate for the epinephrine dose in the cardiac arrest scenario. Only 74.2%
were correct with the epinephrine route. For the asthma scenario, the accuracy rate for
medication choice was 67.7%, medication dose was 67.7%, and medication route was 67.7%.
In the seizure scenario, the midazolam dose accuracy rate was 93.5%, while the route had a
100.0% accuracy rate. In the hypoglycemia scenario, there was a 93.5% accuracy rate for
medication choice, 80.6% for medication dose, and 96.8% for medication route.

3.4. Comparison Between the Two Groups

The use of the PediSTAT application has shown an increase in the accuracy of answers,
especially in asthma medication dose, with a p-value of 0.001 (95% CI 0.034–0.352), midazo-
lam dose, with a p-value of 0.012 (95% CI 0.030–0.764), and hypoglycemia medication dose,
with a p-value of 0.001 (95% CI 0.046, 0.452).

The comparison of the wrong answers between the PediSTAT users and conventional
method users is presented in Figure 2. In the cardiac arrest cases, the rates of incorrect
dose and route of epinephrine in the PediSTAT group were lower than those reported
in the conventional method group (Table 2). The same is true for the asthma cases for
medication choice, dose, and route, as those who used PediSTAT reported lower rates of
wrong answers (Table 2). Indeed, the dose of the asthma medication was significantly
lower in the PediSTAT group (p-value < 0.001). For the seizure cases, the midazolam dose
was significantly lower in the PediSTAT group (p-value = 0.012). However, the midazolam
route was lower in the PediSTAT group, but this was not significant (p-value = 0.492). The
hypoglycemia cases showed similar rates of wrong answers regarding medication choice
and route between the PediSTAT and conventional groups except for the medication dose,
which was significantly lower in the PediSTAT group (p-value ≤ 0.001) (Table 2).
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3.5. Association Between Pediatric Life Support Certification and Accuracy of Answers

Paramedics with prior pediatric life support certification incorrect answers are pre-
sented in Table 3. The findings showed lower rates of medication errors regarding the
choice, dose, and route of each medication for those who used the PediSTAT compared to
the conventional group. However, it was not statistically significant at the p-value level of
0.05 (Table 3).

Table 3. Comparing the error rates by the two methods regarding the certification of pediatric life
support courses taken by the subjects.

Particulars

Method
Frequency (%) * p-Value

Conventional PediSTAT Total

Epinephrine dose 6 (66.7) 3 (33.3) 9 (100) 0.509

Epinephrine route 14 (70) 6 (30) 20 (100) 0.269

Asthma medication 11 (55) 9 (45) 20 (100) 0.615

Asthma medication dose 20 (66.7) 10 (33.3) 30 (100) 0.517

Asthma medication route 11 (52.4) 10 (47.6) 21 (100) 0.486

Midazolam dose 6 (85.7) 1 (14.3) 7 (100) 1.000

Midazolam route 2 (100) 0 2 (100) -

Hypoglycemia medication 1 (33.3) 2 (66.7) 3 (100) 1.000

Hypoglycemia
medication dose 15 (78.9) 4 (21.1) 19 (100) 1.000

Hypoglycemia
medication route 1 (50) 1 (50) 2 (100) -

* Frequency (%) of error rate in those who took the pediatric life support course by the two methods. Statistical
test used was Fisher exact test at significance level 5%.
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4. Discussion
This study assessed the accuracy and rate of medication error when using the PediS-

TAT application and compared it with the conventional methods for choosing the correct
dose and route of administration of common emergency medications. The findings of the
study showed that the rates of medication error rates were lower when using the PediS-
TAT application than with the conventional method for choosing the correct medication
dose and route of administration. Furthermore, the use of the PediSTAT application was
significantly associated with lower rates of medication error for asthma medication dose
(p-value < 0.001), midazolam dose (p-value = 0.012), and hypoglycemia medication dose
(p-value < 0.001). Moreover, sub-group analysis for paramedics who had prior pediatric
life support certification showed that the use of the PediSTAT application resulted in lower
rates of medication error than the conventional methods, but this was not statistically sig-
nificant. Overall, the findings of the study showed that the use of the PediSTAT application
can improve the accuracy and reduce the rates of medication error in prehospital care.

Evidence from available literature argues that pediatric resuscitation care is challeng-
ing in the prehospital setting and could impact outcomes and quality of resuscitation
including the use of medications [17–19]. Medication dosing and safety in these critical
circumstances represent a major challenge in the calculation via standard mathematical
dosing and could impose the risk of medication error [20,21]. The literature reported
that standardizing medication calculation using weight estimation methods impacted
the medication error rate [22,23]. Standardized medication formulary and precalculated
weight-based impact the rate of medication dosing error [12,24].

An open-label, simulation-based, multicenter, randomized clinical trial was conducted
at 14 urban EMS centers in Switzerland with the aim of assessing whether the use of
evidence-based mobile applications is associated with lower rates of medication error for
pediatric patients in prehospital care as compared to the conventional method [15]. The
findings from this trial showed that the use of mobile applications, in comparison with the
conventional method, was significantly associated with decreased rates of medication error
and time to drug delivery of emergency medication preparation in prehospital care [15].
Dedicated mobile apps have the potential to improve medication safety and change prac-
tices in pediatric prehospital care [15]. These findings are similar to our findings showing
that the use of mobile applications is associated with improved accuracy and lower rates
of medication error compared to the conventional methods of calculating the dose and
choosing the route of emergency medications. Another study showed that the use of a
mobile application (PedAMINES) was associated with lower rates of medication error
and reduced time to administer drugs in emergency care settings [16], consistent with
our findings. Overall, the available literature highlighted that the use of different mobile
applications to calculate emergency medications for pediatric patients was associated with
lower rates of medication error than the conventional methods and is consistent with our
study findings.

The findings of our study showed that even when using PediSTAT, one-third of the
answers seemed to be wrong. If this is accurate, then a significant amount of ME is occurring
despite the use of smartphone applications. We are unsure of the reasons leading to the high
rates of ME in this study when using the PediSTAT application. The aim of this study was to
assess and compare the use of a smartphone application (PediSTAT) with the conventional
method of calculating medication dose and determining the route of administration for
pediatric patients by EMS personnel. We did not investigate why the participants gave
wrong answers, whether they were in the control group or the intervention group. However,
one potential reason for giving wrong answers in the PediSTAT group is unfamiliarity with
the application.
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Our study has notable strengths that contribute to the validity of the findings. Firstly,
the selection of the participants in the PediSTAT and conventional method groups was
random, which improved the internal validity of our findings and minimized selection
bias. Furthermore, piloting the questionnaire added validity to our questionnaire and
study findings as it allowed us to identify and address any issues or ambiguities in the
questionnaire before formally distributing it to the participants. However, this study
has some limitations that need to be highlighted. At first, we invited paramedics from
Riyadh City only, as it is the capital city of Saudi Arabia and the most populated city in
the country. This, however, could impact the generalizability of the study findings to the
country of Saudi Arabia. Furthermore, we had a low response rate from paramedics as
only 63 paramedics agreed to participate in this study. This could impact our findings
about the benefit of using the PediSTAT application over the conventional methods in
calculating the medication dose and choosing the medication route for pediatric patients in
prehospital care. Moreover, some of the participating paramedics in the PediSTAT group
were unfamiliar with the application and had never used it before. This could potentially
impact the findings of this study although none of them reported any issues when using
the application. Another important limitation that needs to be highlighted is that the results
from written tests and actual behavior differ. Even if the participants recognized the correct
answers, writing errors might occur. Also, even if they gave the correct answer in a test,
they may undertake the wrong action. This intervention may be effective in preventing ME
due to a lack of knowledge or calculation errors. However, it may not solve the already
mentioned types of ME in the introduction and discussion section of this paper. In addition,
using the PediSTAT application may introduce a risk of commercial bias. However, this
study has no intention for any commercial purposes. It reports on the findings of using
the conventional method compared to the smartphone application (PediSTAT was used
as an example of multiple available smartphone applications) for calculating medication
dose and determining the route of medication administration for pediatric patients by
EMS personnel. We chose the PediSTAT application over other available smartphone
applications because it resembles the length-based weight estimation Breslow tape, which
is familiar to paramedics in Saudi Arabia.

5. Conclusions
The findings of this study revealed that the use of the PediSTAT application could

significantly reduce the rates of medication error and improve the accuracy of determining
the required medication dose and appropriate medication route of emergency medications
for pediatric patients in prehospital care in Saudi Arabia. Pediatric life support certification
was associated with lower, but not significantly lower, rates of medication error in the
PediSTAT group compared to the conventional method of choosing the dose and route of
medication for pediatric patients in prehospital care. The findings of this study highlighted
the need to routinely use standardized precalculated applications including, for example,
PediSTAT, as they could reduce the risk of medication error for pediatric patients and have
the potential to save precious time that is usually needed in the prehospital care setting.
Further larger-scale studies with larger sample sizes and real-time scenarios are needed to
assess the use of PediSTAT in prehospital care. Other studies could investigate the use of
other smartphone applications for pre-calculated doses and the route of administration of
pediatric emergency medications for possible implementation in prehospital care.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/pediatric17010009/s1, File S1: Study questionnaire; File S2:
PediSTAT Definition and Explanation.

https://www.mdpi.com/article/10.3390/pediatric17010009/s1
https://www.mdpi.com/article/10.3390/pediatric17010009/s1


Pediatr. Rep. 2025, 17, 9 11 of 12

Author Contributions: Conceptualization, N.A.; methodology, A.A. (Alanowd Alghaith); software,
N.A.; validation, A.A. (Abdullah Alshibani); formal analysis, N.A.; investigation, N.A. and A.A.
(Abdullah Alshibani); resources, R.A. (Raghad Althaqeb), R.A. (Raghad Abuhaimed), M.A. and S.A.;
data curation, R.A. (Raghad Althaqeb), R.A. (Raghad Abuhaimed), M.A. and S.A.; writing—original
draft preparation, N.A.; writing—review and editing, A.A. (Abdullah Alshibani); visualization, N.A.
and A.A. (Abdullah Alshibani); supervision, A.A. (Abdullah Alshibani); project administration, N.A.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the King Abdullah International
Medical Research Center, Riyadh, Saudi Arabia, (IRB approval NO.: IRB/1603/22) on 11 August 2022.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be made available upon reasonable request to the principal
investigator of the study.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. National Coordinating Council for Medication Error Reporting and Prevention. Available online: https://www.nccmerp.org/

about-medication-errors (accessed on 8 September 2024).
2. Ramadanov, N.; Klein, R.; Schumann, U.; Aguilar, A.D.V.; Behringer, W. Factors, influencing medication errors in prehospital care:

A retrospective observational study. Medicine 2019, 98, e18200. [CrossRef]
3. Aljadhey, H.; Mahmoud, M.A.; Ahmed, Y.; Sultana, R.; Zouein, S.; Alshanawani, S.; Mayet, A.; Alshaikh, M.K.; Kalagi, N.; Al

Tawil, E. Incidence of adverse drug events in public and private hospitals in Riyadh, Saudi Arabia: The (ADESA) prospective
cohort study. BMJ Open 2016, 6, e010831. [CrossRef] [PubMed]

4. World Health Organization. Medication Without Harm; World Health Organization: Geneva, Switzerland, 2017.
5. Foster, M.; Tagg, A. A systems-centred approach to reducing medication error: Should pre-hospital providers and emergency

departments dose children by age during resuscitation? J. Paediatr. Child Health 2019, 55, 1299–1303. [CrossRef] [PubMed]
6. Hoyle, J.D., Jr.; Crowe, R.P.; Bentley, M.A.; Beltran, G.; Fales, W. Pediatric prehospital medication dosing errors: A national survey

of paramedics. Prehospital Emerg. Care 2017, 21, 185–191. [CrossRef]
7. Moafa, H.N.; van Kuijk, S.M.J.; Alqahtani, D.M.; Moukhyer, M.E.; Haak, H.R. Disparities between rural and urban areas of the

central region of Saudi Arabia in the utilization and time-centeredness of emergency medical services. Int. J. Environ. Res. Public
Health 2020, 17, 7944. [CrossRef]

8. Egunsola, O.; Ali, S.; Al-Dossari, D.S.; Alnajrani, R.H. A retrospective study of pediatric medication errors in Saudi Arabia. Hosp.
Pharm. 2021, 56, 172–177. [CrossRef]

9. Hoyle, J.D., Jr.; Ekblad, G.; Hover, T.; Woodwyk, A.; Brandt, R.; Fales, B.; Lammers, R.L. Dosing errors made by paramedics
during pediatric patient simulations after implementation of a state-wide pediatric drug dosing reference. Prehospital Emerg. Care
2020, 24, 204–213. [CrossRef]

10. Mulac, A.; Taxis, K.; Hagesaether, E.; Granas, A.G. Severe and fatal medication errors in hospitals: Findings from the Norwegian
Incident Reporting System. Eur. J. Hosp. Pharm. 2021, 28, e56–e61. [CrossRef]

11. Rappaport, L.D.; Markowitz, G.; Hulac, S.; Roosevelt, G. Medication errors in pediatric patients after implementation of a field
guide with volume-based dosing. Prehospital Emerg. Care 2023, 27, 213–220. [CrossRef] [PubMed]

12. Bosson, N.; Kaji, A.H.; Gausche-Hill, M. A standardized formulary to reduce pediatric medication dosing errors: A mixed
methods study. Prehospital Emerg. Care 2022, 26, 492–502. [CrossRef]

13. Kaufmann, J.; Uhl, S.; Singer, E.; Eifinger, F.; Klein, T.; Lechleuthner, A.; Engelhardt, T.; Wappler, F.; Böhmer, A. Improving
Pediatric Drug Safety in Prehospital Emergency Care—10 Years on. J. Patient Saf. 2021, 17, e1241–e1246. [CrossRef]

14. Ehrler, F.; Siebert, J.N. PedAMINES: A disruptive mHealth app to tackle paediatric medication errors. Swiss Med. Wkly 2020, 150,
w20335. [CrossRef] [PubMed]

15. Siebert, J.N.; Bloudeau, L.; Combescure, C.; Haddad, K.; Hugon, F.; Suppan, L.; Rodieux, F.; Lovis, C.; Gervaix, A.; Ehrler, F. Effect
of a mobile app on prehospital medication errors during simulated pediatric resuscitation: A randomized clinical trial. JAMA
Netw. Open 2021, 4, e2123007. [CrossRef]

https://www.nccmerp.org/about-medication-errors
https://www.nccmerp.org/about-medication-errors
https://doi.org/10.1097/MD.0000000000018200
https://doi.org/10.1136/bmjopen-2015-010831
https://www.ncbi.nlm.nih.gov/pubmed/27406640
https://doi.org/10.1111/jpc.14626
https://www.ncbi.nlm.nih.gov/pubmed/31517422
https://doi.org/10.1080/10903127.2016.1227001
https://doi.org/10.3390/ijerph17217944
https://doi.org/10.1177/0018578719882318
https://doi.org/10.1080/10903127.2019.1619002
https://doi.org/10.1136/ejhpharm-2020-002298
https://doi.org/10.1080/10903127.2022.2025962
https://www.ncbi.nlm.nih.gov/pubmed/35020551
https://doi.org/10.1080/10903127.2021.1955058
https://doi.org/10.1097/PTS.0000000000000915
https://doi.org/10.4414/smw.2020.20335
https://www.ncbi.nlm.nih.gov/pubmed/32920794
https://doi.org/10.1001/jamanetworkopen.2021.23007


Pediatr. Rep. 2025, 17, 9 12 of 12

16. Siebert, J.N.; Bloudeau, L.; Ehrler, F.; Combescure, C.; Haddad, K.; Hugon, F.; Suppan, L.; Rodieux, F.; Lovis, C.; Gervaix, A. A
mobile device app to reduce prehospital medication errors and time to drug preparation and delivery by emergency medical
services during simulated pediatric cardiopulmonary resuscitation: Study protocol of a multicenter, prospective, randomized
controlled trial. Trials 2019, 20, 1–12.

17. Alqahtani, S.E.; Alhajeri, A.S.; Ahmed, A.A.; Mashal, S.Y. Pediatric Out of Hospital Cardiac Arrest. Hamdan Med. J. 2021, 14,
115–119. [CrossRef]

18. Fovaeus, H.; Holmen, J.; Mandalenakis, Z.; Herlitz, J.; Rawshani, A.; Castellheim, A.G. Out-of-hospital cardiac arrest: Survival in
children and young adults over 30 years, a nationwide registry-based cohort study. Resuscitation 2024, 195, 110103. [CrossRef]

19. Hamzah, M.; Othman, H.F.; Almasri, M.; Al-Subu, A.; Lutfi, R. Survival outcomes of in-hospital cardiac arrest in pediatric patients
in the USA. Eur. J. Pediatr. 2021, 180, 2513–2520. [CrossRef]

20. Cicero, M.X.; Adelgais, K.; Hoyle, J.D.; Lyng, J.W.; Harris, M.; Moore, B.; Gausche-Hill, M.; Directors, P.C.o.N.A.b.N.B.o.
Medication dosing safety for pediatric patients: Recognizing gaps, safety threats, and best practices in the emergency medical
services setting. A position statement and resource document from NAEMSP. Prehospital Emerg. Care 2020, 25, 294–306. [CrossRef]
[PubMed]

21. Hoyle, J.D., Jr.; Davis, A.T.; Putman, K.K.; Trytko, J.A.; Fales, W.D. Medication dosing errors in pediatric patients treated by
emergency medical services. Prehospital Emerg. Care 2012, 16, 59–66. [CrossRef]

22. Bernius, M.; Thibodeau, B.; Jones, A.; Clothier, B.; Witting, M. Prevention of pediatric drug calculation errors by prehospital care
providers. Prehospital Emerg. Care 2008, 12, 486–494. [CrossRef]

23. Hoyle, J.D., Jr.; Ekblad, G.; Woodwyk, A.; Brandt, R.; Fales, B.; Lammers, R.L. Methods used to obtain pediatric patient weights,
their accuracy and associated drug dosing errors in 142 simulated prehospital pediatric patient encounters. Prehospital Emerg.
Care 2022, 26, 511–518. [CrossRef] [PubMed]

24. Parush, A.; Haim, N.; Jaffe, E.; Wacht, O. Design and test of a graphic medication dosage calculator in paramedic practice with
children. Pediatr. Emerg. Care 2022, 38, e343–e348. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.4103/hmj.hmj_76_20
https://doi.org/10.1016/j.resuscitation.2023.110103
https://doi.org/10.1007/s00431-021-04082-3
https://doi.org/10.1080/10903127.2020.1794085
https://www.ncbi.nlm.nih.gov/pubmed/32644857
https://doi.org/10.3109/10903127.2011.614043
https://doi.org/10.1080/10903120802290752
https://doi.org/10.1080/10903127.2021.1944407
https://www.ncbi.nlm.nih.gov/pubmed/34152929
https://doi.org/10.1097/PEC.0000000000002280
https://www.ncbi.nlm.nih.gov/pubmed/33136833

	Introduction 
	Materials and Methods 
	Study Design 
	Setting 
	Survey Administration and Content 
	Participation and Recruitment 
	Intervention 
	Data Analysis 

	Results 
	Characteristics of the Study Participants 
	Findings from the Control Group 
	Findings from the Interventional Group 
	Comparison Between the Two Groups 
	Association Between Pediatric Life Support Certification and Accuracy of Answers 

	Discussion 
	Conclusions 
	References

