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ABSTRACT 
Introduction 
Medication errors more frequently occur in a neonatal intensive care setting, 
and most of these errors occur during the administration phase of medication 
use process (MUP) (Krzyzaniak and Bajorek, 2016). Administration errors 
during continuous intravenous infusions especially high-risk infusions can be 
detrimental to already sick individual in the critical care unit (Alanazi et al., 
2016). Several health information technologies (HIT) are emerging to inter-
cept these errors. However, implementation of these technologies brings 
changes in clinical workflow due to lack of integration with existing systems 
that eventually increase the clinicians’ workload and lead to unintended 
consequences. The national system -Maternal and newborn electronic health 
record (EHR) will be implemented in the study unit in the last quarter of 
2017. This dissertation aimed at appraising the clinical workflow at the 
administration phase of high-risk infusions in upcoming maternal and 
newborn EHR in a simulated environment. 
Study design and methods  
Clinical simulation method was utilised to identify the type of potential errors 
and the severity to cause potential harm, that could arise due to change in 
the clinical workflow in upcoming maternal and new-born EHR. Thirty-one 
simulation sessions were conducted in March- April 2017. The nurses work-
ing in the NICU, Rotunda Hospital, participated in the study. Participants 
were asked to retrieve the information from the computer screen, cross-
checked against medication protocol, prepare syringe labels and program 
the pump. Data was collected using mixed method approach. Quantitative 
data was gathered on set forms to identify errors at the administration 
phase. Qualitative data was collected in the form of a post-simulation survey 
to explore the perceptions of the participants about the administration pro-
cess. The researcher observed the simulation session to gain the insight of 
administration process. 

 

 



Results 
Out of 155 prescription orders, thirty-one prescription orders had either pro-
gramming error (n=11, 7%) or wrong labelling parameters (n=12, 7.7%) or 
both programming error and wrong labelling parameter (n=8, 5.2%). All the 
syringe labels had one or more missed labelling parameters. 89% of all the 
programming errors belongs category ‘C’ and category ‘D’ on NCC-MERP 
index of medication errors. More than half (52.6%, n=10, N=19) of the 
infusion orders with programming errors led to more than ±10% deviation 
from the prescribed dose, and 77%(n=7, N=10) of these deviations were 
due to programming wrong concentration. Further, logistic regression analysis 
showed that increase in labelling errors increases the likelihood of program-
ming errors.  

Conclusion 
Taken together, these results suggested that the changes (need of compu-
tation of concertation and preparing syringe labels) in the workflow at the 
administration phase of high-risk infusions in future EHR primed to serious 
errors that can be detrimental in the real clinical setting. This study strongly 
suggested to include concertation in the prescription order, and either has 
printed syringe labels or standard labelling template to enhance patient 
safety. Further research is required to evaluate the clinical workflow in a 
real clinical setting using the actual system. 
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GLOSSARY 
Automated dispensing cabinet: It is an automated cabinet made up of a 
touch screen monitor and keyboard, with various other secure storage 
spaces connected to it (i.e. refrigerator). 

Barcode Medication Administration (BCMA): BCMA is an inventory control 
system that uses barcodes to prevent human error at the administration 
phase by ensuring that “five rights” are confirmed- right patient, right 
medication, right dose, right time, and right route of administration. 

Clinical workflow: Clinical workflow is a directed series of steps comprising 
a clinical process that 1) are performed by people or equipment/computers 
and 2) consume, transform, and produce information where patient outcomes 
count as information. 

Cognitive walkthrough: The cognitive walkthrough is a usability evaluation 
method in which one or more evaluators work through a series of tasks and 
ask a set of questions from the perspective of the user (Wharton et al., 
1994)  

Computerised patient order entry (CPOE): A system in which prescriber 
places the order electronically, with the orders transmitted directly to the 
recipient. A CPOE with clinical decision support system (CDSS) prevents 
the errors at the prescribing stage, dispensing stage and transcribing stage 
by ensuring standardised, legible and complete orders.  

Environment fidelity; Environment fidelity concerns the extent to which 
physical characteristics of the real-world environment (beyond the training 
equipment) are realistically represented in the simulation (Dahl et al., 2010) 

Equipment fidelity: Equipment fidelity refers to the extent to which the 
appearance and feel of real tools, devices, or systems (hardware and soft-
ware) is replicated for simulation participants to operate on (Dahl et al., 
2010)  

Error of Commission: An error which occurs as a result of an action taken 
(National Steering Committee on Patient Safety (Canada), 2002). 
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Error of omission: An error which occurs as a result of an action not taken 
(National Steering Committee on Patient Safety (Canada), 2002). 

Functional Fidelity: Functional Fidelity describes the degree to which the 
simulation reacts like “the real thing,” that is, that it provides realistic re-
sponses to the tasks and actions executed by the participant (Dahl et al., 
2010). 

Hawthorne effect: Hawthorne effect is defined as the effect where people 
in studies change their behaviour because they are watched (Andale, 2016).  

High-risk infusions: High-risk infusions are drugs that bear a heightened risk 
of causing significant patient harm when used in error and may lead to 
devastating complications for patients (ISMP) 

Human Factors: Study of the interrelationships between humans, the tools 
they use, and the environment in which they live and work 

Labelling error: Labelling error is defined as incomplete or inaccurate infor-
mation in the syringe labels 

Medical Error: an act of omission or commission in planning or execution 
that contributes or could contribute to an unintended result (Grober and 
Bohnen, 2005).  

Medication Errors: A medication error is any preventable event that may 
cause or lead to inappropriate medication use or patient harm while the 
medication is in the control of the health care professional, patient, or 
consumer (NCC-MERP, 2017). 

Smart Infusion Pump (SIP) / Drug error reduction system (DERS): An 
infusion pump equipped with IV medication error-prevention software that 
alerts operators when a pump setting is programmed outside of pre-
configured limits. 

Task fidelity: Task fidelity describes the degree to which tasks involved in 
the actual environment for a given domain are replicated in the simulation 
(Dahl et al., 2010). 
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CHAPTER 1 INTRODUCTION 
“There is no direct way to reduce errors or harm. Instead, errors are 
reduced when the conditions of work (i.e., the work system) positively 
shape the way that healthcare professionals (HCPs) perform cognitive work; 
harm is reduced when the conditions of work allow HCPs to perform well 
under challenging or disruptive conditions.”  (Karsh et al., 2006) 

In late 1999 “To Err is Human: Building a Safer Health System” the landmark 
report by the Institute of Medicine (IOM) spurred the awareness in the health 
industry about medical errors and the urgent need to develop more reliable 
health system (Kohn et al., 2000). However, even after several years since 
the publication of the report, the 2nd report by IOM “Crossing the Quality 
Chasm” stated that the expected improvements had not been achieved yet 
(Chuo and Hicks, 2008). Medication errors account for half of medical errors, 
and the majority of them are preventable (Agency for Healthcare Research 
and quality, 2015). Fortunately, most of them either do not reach patients 
or cause actual harm (Aspden et al., 2007, p.38). According to a recent 
report by FDA, (2016), medication error leads to at least one death every 
day in the United States. Amongst all health care facilities, the incidence of 
medication errors is highest in neonatal intensive care units (NICU) (Krzyza-
niak and Bajorek, 2016). Nearly half of medication errors in NICU occur 
during the administration phase of medication use process (Krzyzaniak and 
Bajorek, 2016; Stavroudis et al., 2010).    

During the last few decades, health information technology (HIT) has 
managed to curtail medical errors and to enhance patient safety (Ammen-
werth and Rigby (eds.), 2016, p.196). Adoption of electronic health records 
(EHR) is gaining momentum worldwide with the aim to minimise medical 
errors, augment workflow efficiency and guarantee patient safety (Mack et 
al., 2016). However, design and implementation of any health information 
system (HIS) play a critical role in the success. Poor design and inappro-
priately implemented systems can increase the difficulty of already complex 
health care settings, and that can result in unintended adverse consequences 
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further damaging patient safety (Harrison et al., 2007). Furthermore, organi-
sations must keep in mind that HIT is a technical system of computer and 
software that operates in a complex sociotechnical system that includes a 
collection of various IT systems already in operation within an organisation 
and consists of people that operate the system and work processes (Borycki 
and Kushniruk, 2010). Nevertheless, it is imperative to prospectively evaluate 
these technologies in a simulative environment to detect potential unintended 
errors so that health care organisation can anticipate and if possible, correct 
before going live (Sittig and Singh, 2010). 

The Irish health system is in the process of implementing a maternal New-
born-electronic health record (EHR) in nineteen Irish maternity hospitals 
known as the MN-CMS (Maternal and New-born clinical management sys-
tem). As the researcher is a neonatal nurse and has an interest in medica-
tion safety in a neonatal unit, this study was proposed to evaluate the 
clinical workflow for administering high-risk infusions in a neonatal intensive 
care unit (NICU) in the new maternal and new-born EHR. The following 
section will describe medication use process (MUP), its complexity in the 
context of the neonatal intensive care environment and the changes in the 
clinical workflow in upcoming maternal and new-born EHR. 

1.1 MEDICATION USE PROCESS AND ITS COMPLEXITY 
Medication use process (MUP) is a complex and multifaceted process and 
encompasses several phases and involvement of numerous people at dif-
ferent stages (see Figure 1.1.a). It is a cyclic process which starts with the 
evaluation of the patient’s medical history and clinical condition and ends 
with monitoring the effects and side effects of administered medications and 
re-evaluation. Every step of the MUP is error prone as it involves several 
users (patient, doctors, nurses and pharmacists), equipment (smart infusion 
pumps, computer, syringes and barcode scanner) and systems (e-prescrip-
tion, computer patient order entry (CPOE)) (Karavasiliadou and Athanasakis, 
2014). 
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The next section explains the different phases of MUP and various HITs 
utilised to ameliorate potential errors at each phase. 

1.1.1 Prescribing phase 
In the prescribing phase, the prescriber writes the medication order after 
evaluating patients’ medical history and clinical condition using his or her 
expertise. Evidence from published research demonstrated that the majority 
of errors occur at this stage of the MUP and if not detected resulted in 
death (Bates and Slight, 2014). Furthermore, this applies in ICU environ-
ments where the changes are often made at the patient’s bedside. Infants 
in NICU and a paediatric setting are among the sickest and most complex 
patient populations, receiving large numbers of potentially dangerous and 
untested medications(Krzyzaniak and Bajorek, 2016).  

 
Figure 1.1.a Medication use process 
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Prescribing errors consists of wrong drug, wrong dose, wrong units, wrong 
route of administration, error relating to the frequency of administration and 
missing patient information (Krzyzaniak and Bajorek, 2016). CPOE, e-pre-
scribing with or without clinical decision support systems (CDS) has been 
exploited to address these errors (Santesteban et al., 2015). Nevertheless, 
unintended errors have been reported while prescribing using these technol-
ogies due to the poor human- machine interface, for instance, the prescriber 
chose the wrong drug, wrong route of administration or wrong concentration 
from the drop down menu (Cheung et al., 2014). Thus, it is mandatory to 
have regular audits, teaching and evaluation of these HIT.  

1.1.2 Dispensing Phase 
Drug dispensing involves the preparation, packaging, labelling, record-
keeping and transfer of a prescription drug to a patient or an intermediary 
who is responsible for the administration of the drug. It should be done by 
the pharmacist and should only be taken by the nurse/midwife in exceptional 
circumstances after reviewing the order against set medication guidelines 
(An Bord Altranais (ABA), 2007). For infusion therapy, the dispenser prepares 
or uses readymade solutions per the prescribed order. However, there is 
potential for a transcribing error to occur especially with hand- written pre-
scriptions. Electronic prescription systems and CPOE have been utilised to 
reduce the risk of illegible or missing information (Santesteban et al., 2015). 
Nurses usually prepare medication infusions in emergency or intensive care 
units after reviewing the order. Some prescription errors are identified in the 
reviewing process during the dispensing phase. Automatic dispensing tech-
nology has been utilised to lessen the errors at this stage (Dib et al., 2006). 
In the study unit, the nurses prepare the prescribed medication. 

1.1.3 Administration phase 
Adminnnistttration phase is the last phase where medication error can be 
intercepted before reaching the patient. Nurses usually administer the pre-
scribed medicine and to ensure medication safety at the administration phase 
of MUP. Nurses adhere to six rights of medication administration: Right 
patient, Right Drug, Right dose, Right time, Right route of administration 
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and Right documentation. Continuous intravenous (IV) infusion constitutes 
the delivery of medicine within a large drug volume at a constant rate over 
a prescribed period. Syringe drivers should be used to ensure the safe 
delivery at the prescribed rate (Health Service Executive, 2013, p.14). Pro-
gramming the pump is critical to safe and accurate medication delivery, and 
wrong programming can lead to fatal medication errors. As a result, Flynn 
and colleagues (2003) proposed right programming should be considered as 
a seventh right of medication administration. Nevertheless, inaccurate and 
incomplete labelling is also a recognised risk for safe administration of 
medication (Strbova et al., 2015). In some health care organisations, phar-
macy applies a barcode to the medication after preparation and then dis-
penses it to the unit. The nurse then scans the barcode and checks patient 
identification and prescription order and then administers medication. How-
ever, in the study unit, the nurse prepares all intravenous infusions and 
labels the syringes. To address medication safety issues in the study unit, 
smart infusion pump (SIP) technology with drug error reduction software 
(DERS), a drug library and e-prescription software linked to a label printer 
for six high-risk infusions was initiated in 2016 as a pilot project. The results 
of the pilot project demonstrated the significant reduction of medication errors 
at the administrative phase.  

1.1.4 Documentation and Monitoring phase 
In this phase, nurses document the administered drug, time of administration 
and any side effect of the drug in the patient record. Nurses should monitor 
the patient’s reaction to the drug, advise the prescriber of the need to adjust 
the dose based on clinical condition and response particularly in an ICU 
setting and simultaneously document all the changes in the patients’ medical 
record. 
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1.2 COMPLEXITY OF NICU ENVIRONMENT AND VULNERABLE 

NEONATAL POPULATION 
Medication errors occur more frequently in certain areas like intensive care 
units and emergencies which may be due to high use of multiple drugs. 
Figure 1.2.a describes a typical dynamic NICU environment where several 
things happen at the same time such as new admissions, ward rounds, 
changing care plans, airway management activities and several medical 
personnel are involved. Moreover, certain populations like neonates and 
paediatrics are more vulnerable to medication errors as the drug doses 
depend on their daily weight and age which necessitates additional attention 
and expertise from the prescribers (Krzyzaniak and Bajorek, 2016).  

Furthermore, lack of evidence of the effect of drugs in a neonatal population 
and their inability to metabolise certain drugs due to the immaturity of the 
liver and kidney makes it an arduous task for the prescribers (Kieran et al., 
2014; Laforgia et al., 2014). Santesteban et al., (2015) point out that intra-
venous infusions are riskier than other forms of medication administration. 
Due to this complex environment, errors of commission and omission are 

t  

Figure 1.2.a Depicts the complexity of NICU environment and chances of 
errors 
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more prevalent in NICU (Krzyzaniak and Bajorek, 2016). However, remind-
ers, double-checking and IT system are being put in place to intercept these 
errors before they reach the patient (Keers et al., 2014; Ohashi et al., 2013; 
Krzyzaniak and Bajorek, 2016). 

1.3 EXPECTED CHANGES IN CLINICAL WORKFLOW  
Successful implementation of an EHR relies on the integration of the system 
into the current clinical workflow. Poor integration with existing systems can 
lead to unintended consequences which in turn can be catastrophic to patient 
safety (Harrison et al., 2007). In September 2017, a national Maternal and 
New-born EHR is to be implemented in the study site which aims at in-
creasing patient safety by automating several clinical processes and provid-
ing easy access to patient information on demand. However, the current 
prescription and syringe label printer will not be integrated into the future 
EHR. Consequently, the three-step administration process in the current 
workflow will become five step process in the MN-CMS (see Table 1.3.A). 
Key changes that will be required are as follows: 

Retrieval of information from the system: 

In the new EHR, the nurses will access the prescription from the computer 
screen and will check it against the built-in protocols. Whereas in the existing 
process the nurse has the prescription information written on a drug chart. 

Calculation of concentration of the infusion: 

Currently, the concentration of prescribed infusion is stated on the 
prescription, but in the new EHR, the nurse must compute the prescribed 
concertation. 

Preparing the syringe labels: 

The label printer is currently integrated with an electronic prescribing system 
and the prescriber prints the syringe labels and prescription at the same 
time. As the label printer will not be integrated in the new EHR, the nurse 
will be preparing handwritten syringe labels.  
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Table 1.3.A Comparison of clinical workflow at the administration phase 
of high-risk infusion in current system and Maternal and new-born EHR 

Current clinical workflow Clinical workflow in Maternal and new-
born EHR 

Step1: Crosscheck the information on 

the printed prescription labels with 

the medication protocol. 

Step 2: Prepare the infusion and ap-

ply the printed syringe label 

Step 3: Program the infusion pump 

as per prescription 

  

Step 1: Retrieve the information from 
the system 
Step 2: Crosscheck with the medica-
tion protocol and calculate the pre-
scribed concentration. 
Step 3: Prepare the syringe labels 

Step 4: Prepare the infusion and ap-
ply the syringe label 
Step 5: Program the infusion pump 

as per prescription  

1.4 RESEARCH QUESTION 
The research question is 

“Will the introduction of the new clinical workflow contain in the MN-
CMS impact on medication safety during the administration phase of 
high-risk infusion in NICU?” 

1.4.1 Objectives of the study 
To prospectively evaluate the clinical workflow and patient safety issues 
related to administration of high-risk infusions in a NICU using a clinical 
simulation technique in maternal and new-born EHR. 

Measurable outcomes: 

1. Type of potential errors in the drug administration process in the 
system. 
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2. Error rate per 100 infusions at the drug administration process in 
maternal and new-born EHR. 

3. The severity of errors in terms of potential to cause harm. 

1.5 OVERVIEW OF RESEARCH 
Patient safety organisations (AHRQ, 2016) recommended the evaluation of 
HITs in a simulated environment before their deployment in a real clinical 
environment. Therefore, the research question was addressed through a 
mixed method approach to appraise the clinical workflow and identify patient 
safety issues at the administrative phase of high-risk infusions in the Mater-
nal and New-born EHR in the simulated environment. As it was a simulation 
study, the evaluation of whole administration process of MUP for high-risk 
infusions was outside the scope of this study. For this reason, the researcher 
only examined some steps of the administration phase; retrieving information 
from the system, cross-checking against the medication protocol, preparing 
syringe labels and programming the infusion pump.  

This research was used to identify the potential type, number and severity 
of medication errors at the administrative phase of high-risk infusions in 
maternal and new-born EHR due to change of clinical workflow. Eventually, 
it will help the organisation to plan any necessary measures to ensure 
patient safety when the Maternal and New-born EHR goes live in September 
2017. 

The first stage of the research involved the review of current literature 
related to HITs utilised to prevent medication errors in neonatal and/or 
paediatric populations and their impact on patient safety. The literature re-
view also aided in identifying the reasons behind the failure of HITs. 

The second stage involved preparation and conduction of simulation sessions 
to identify potential medication errors at the administrative phase of high-
risk infusions in the Maternal and new-born EHR and their severity in term 
of potential to cause harm. The survey was conducted to explore the per-
ceptions of end-users regarding the change in the workflow in the MUP 
associated with the new EHR. 
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Following the simulation session data was analysed. The findings of the 
study are presented in Chapter 4, page no 442. Conclusions were drawn 
culminating in suggestions for the organisation to consider before the EHR 
is implemented in September 2017 to improve patient safety.  

1.6 OVERVIEW OF DISSERTATION 
Chapter 1 presented the dissertation topic, the motivation behind the re-
search, research questions and introduced the research undertaken. 

Chapter 2 details the findings of the literature review. The review presents 
the use of HITs to reduce medication errors, the benefits and risk of the 
interventions, reasons behind the failure of interventions and suggestions for 
successful implementation of HITs.  

Chapter 3 describes the study design and research methodologies. This 
chapter explains the research question, aims and objectives and research 
approach utilised to answer the question. The discussion includes a descrip-
tion of the study duration and setting, sampling method and ethical consid-
erations. 

Chapter 4 presents the results of the study. The type of errors and the 
severity of potential errors that were identified are presented. Additionally, 
key findings of the post-simulation survey were summarised. 

Chapter 5 evaluates and analyse the results of the study. The results of 
the study are discussed to answer the research questions and to reflect on 
the literature review. 

In chapter 6, the study results are reflected upon, strengths and limitations 
of the study are discussed, and areas for future research are identified. 
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CHAPTER 2 LITERATURE REVIEW 
This chapter presents a review of current, published scientific evidence of 
the impact of health information technology on medication errors in neonatal 
and paediatric patients and the methodology used to extract the literature. 

2.1 AIM OF THE LITERATURE REVIEW: 
The search was conducted to identify studies that showed the impact of 
various interventions especially health information technology on the medi-
cation errors in paediatric/neonatal populations. 

2.2 METHODS 

2.2.1 Search Strategy 
A systematic search was conducted using several scientific databases 
namely. Scopus, Science Direct, PubMed and CINHAL complete. The 
keywords “smart infusion pumps”, “electronic patient records”, “medication 
errors”, “electronic health record” and “interventions used to reduce 
medication errors” were used to identify relevant literature published in the 
English language between 2010-2017. Using current time frame assured the 
retrieval of up-to-date information regarding the selected topic. 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram was utilised to systematically select papers for in-
clusion (Liberati et al. 2009). Figure 2.2.a on the next page presents the 
methodological approach adopted to extract the literature. Out of retrieved 
(n=272) articles, only 23 articles were included for final review. 

2.2.2 Selection criterion  
The following criteria were used to extract the relevant literature. 

Study Type:  

Empirical studies describing quantitative, qualitative and mixed-method stud-
ies were included for the examination. Other papers such as editorials 
conference proceedings, reviews, case studies and opinions were excluded 
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from the final review. Peer reviewed articles written in English language 
articles were considered. 

Scope 

Studies describing interventions used for reducing medical errors in the 
paediatric population and neonatal units in the hospital settings were 
included. Further, the studies describing both adult and paediatric or neonatal 
population were also included for the review. However, the studies in an 
ambulatory setting or adult only were excluded. The majority of research 
studies originated either from the USA or Europe. Very few studies were 
identified from Asia or Australia. One possible explanation for this may be 
US government initiative of promoting HITs to enhancing patient safety.  

 

 
Figure 2.2.a Methodology approach to extract the literature 
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Data Extraction 

Data were extracted using Microsoft Excel spreadsheet as a data collection 
form. A similar form was employed by Berdot et al., (2016). The data 
collection form included the characteristics of the study (author name, 
publication year, type of study, origin of study, methodology used), type of 
interventions used (type of HIT used, educational and training), study area 
(paediatric unit, neonatal unit), outcome (type of errors, severity of errors 
and percentage of errors) and source of measurement outcome (pump 
logging data, voluntary reporting system, electronic reporting system and 
audits). No study author was contacted for additional data. 

Data Analysis: 

Given the heterogeneity in the methodology used as well as the use of 
different measuring outcome techniques, the researcher did not perform a 
meta-analysis. All the findings were analysed and assessed discretely. 

Limitation of literature: 

Heterogeneity amongst the identified literature decreases the generalizability 
of the results due to the utilisation of different definitions for errors as well 
as reporting of near-miss errors. There is a paucity of published studies that 
were conducted in a NICU setting. 

2.3 OVERVIEW OF RESULTS 

2.3.1 Study Characteristics 

Study Design:  

Eighteen out of twenty-three retrieved studies were research studies others 
were systematic studies. Nearly half of the studies used pre and post-
intervention effect on medication errors. Only two were comparative studies 
in which one study compares the prescribing system in two different health 
information systems (Westbrook et al., 2011) and second one compares the 
error rate due to the use of the system by two separate set of users 
(paediatric nurses and emergency nurses) (Yamamoto and Kanemori, 2010). 
Only two included studies were randomised control trials (RCTs) (Trbovich 
et al., 2010; Yamamoto and Kanemori, 2010).  
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In eight of the studies data was collected retrospectively (Pawluk et al., 
2016; Stultz and Nahata, 2015; Guérin et al., 2015; Cheung et al., 2014; 
Westbrook et al., 2013; Hennings et al., 2010; Stavroudis et al., 2010; 
Samaranayake et al., 2012) and only seven studies took the prospective 
approach of data collection (Manrique-Rodríguez et al., 2016, 2014c; 
Campino et al., 2016; Russell et al., 2010, 2015; Pang et al., 2011; Chedoe 
et al., 2012) . Three of eighteen studies were conducted in the simulative 
environment (Sowan et al., 2010; Yamamoto and Kanemori, 2010; Trbovich 
et al., 2010), and all the other included studies have been carried out in 
the real clinical environment.  

The data collection techniques varied among the studies with direct 
observation the most commonly adopted approach (n=8) (Manrique-
Rodríguez et al., 2016; Campino et al., 2016; Russell et al., 2010; Bergon-
Sendin et al., 2015; Manrique-Rodriguez et al., 2013; Russell et al., 2015; 
Pang et al., 2011; Chedoe et al., 2012). Direct observation is considered 
the most appropriate method to identify medication administration errors, as 
it identifies the largest number and full range of errors compared with chart 
review and self-reporting. However, observational studies are susceptible to 
a potentially high risk of bias due to Hawthorne effect (Andale, 2016). Eight 
studies utilised incident reporting data mostly included voluntary reporting in 
nature which includes both electronic and paper-based reporting techniques 
(Pawluk et al., 2016; Stultz and Nahata, 2015; Santesteban et al., 2015; Li 
et al., 2015; Guérin et al., 2015; Cheung et al., 2014; Stavroudis et al., 
2010; Samaranayake et al., 2012). One study collected the data using an 
incidence reporting system integrated with the electronic medical record (Li 
et al., 2015). Other methods used were pump logging data (n=3) (Manrique-
Rodríguez et al., 2014c; Hennings et al., 2010; Cousins et al., 2013). 

2.3.2 Setting and demographic:  
The majority of the research studies (n=16) were carried out in a single 
centre. Only one study was conducted at various institutions (Cheung et al., 
2014), and one study was conducted across two institutions  (Westbrook et 
al., 2013). Of the included studies, only five were focused solely on the 
neonatal intensive care unit (NICU) (Campino et al., 2016; Santesteban et 
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al., 2015; Guérin et al., 2015; Bergon-Sendin et al., 2015; Chedoe et al., 
2012), and six studies focused only on the paediatric intensive care unit 
(PICU) (Manrique-Rodríguez et al., 2016; Stultz and Nahata, 2015; Russell 
et al., 2010; Manrique-Rodríguez et al., 2014c, 2014a; Russell et al., 2015). 
Two studies included both PICU as well as adult unit (Hennings et al., 2010; 
Yamamoto and Kanemori, 2010), and only one study included both PICU 
and NICU (Maaskant et al., 2015a). In one study, research was carried out 
in several settings including the PICU, NICU, Adult ICU and general wards 
(Cheung et al., 2014). 

2.3.3 Types of interventions used  
Types of interventions studied to see the impact on medication errors were 
Smart Infusion Pump (SIP) technology with inbuilt drug library, CPOE, Bar-
coding, automatic dispensing and training and education. The majority of the 
studies (n=17) investigated the SIP technology with or without other inter-
vention. Twelve studies investigated the impact of CPOE on medication 
errors. Most of the studies mentioned the impact of two or more interven-
tions. However, only two studies investigated the impact of integration of 
two or more health technology with EMR on the medication errors (Li et al., 
2015; Russell et al., 2010) 

2.3.4 Impact of interventions 

Error rate 

Fifteen out of twenty-three studies showed the positive impact of interven-
tions on the error rate. However, some studies showed mixed results of 
interventions (Russell et al., 2010; Maaskant et al., 2015a; Ohashi et al., 
2014). On the other hand, a couple of studies found no significant impact 
of interventions on the error rate (Guérin et al., 2015; Sowan et al., 2010). 
Several studies (n=7) reported the reduction of programming errors and 
human errors, which are most common error when infusion pumps are used 
(Manrique-Rodríguez et al., 2016; Russell et al., 2010; Bergon-Sendin et al., 
2015; Keers et al., 2014; Hennings et al., 2010; Russell et al., 2015; Trbovich 
et al., 2010). Nonetheless, only two studies examined the discrepancies 
between programmed dose and prescribed dose (Russell et al., 2010, 2015) 
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and revealed that there is a reduction in programming error, but it was not 
statistically significant. Hence, standalone SIP technology can reduce the 
risk of programming out of safe range, but there is still a probability of 
discrepancies between programming dose and prescribed dose with the use 
of SIP.     

Error type 

Nearly one-half of errors occur at either prescribing stage, or administration 
phase of medication process (Santesteban et al., 2015; Stultz and Nahata, 
2015; Cheung et al., 2014) and One-half of those errors were related to IT 
system (Stultz and Nahata, 2015). On the contrary, (Stultz and Nahata, 
2015) reported only 1.6% of total errors were related to IT system. The 
most common cause of medication error was the weak interface between 
the system and human (Santesteban et al., 2015). 

Error severity 

Researchers used different methods to measure the severity of errors. Thus, 
it was difficult to analyse the result.  

2.4 DISCUSSION OF FINDINGS 

2.4.1 Benefits of interventions used to reduce the medication 
errors 
Several interventions have been investigated in the literature to intercept the 
medication errors at different stages of medication process. HITs such as 
CPOE, e-prescription, SIP and BMCA have been utilised more often than 
automatic dispensing that might be due to the high incidence of errors at 
prescription and administrative stage of a medication process (Maaskant et 
al., 2015b; Santesteban et al., 2015). The majority of institutions introduced 
two or more interventions at the same time for instance CPOE and SIP or 
SIP, CPOE and BMCA (Santesteban et al., 2015), SIP, CPOE, BMCA and 
automatic dispensing (Manrique-Rodríguez et al., 2016; Samaranayake et 
al., 2012; Cheung et al., 2014).  
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CPOE aided in intercepting prescription errors related to illegible writing or 
incomplete information and calculation errors (Sowan et al., 2010; Yamamoto 
and Kanemori, 2010). Furthermore, it would intercept more errors if it is 
interfaced with EHR and Clinical decision support system that directs all the 
relevant information related to patient and drug to the system (Santesteban 
et al., 2015).  

Smart infusion pumps have been widely used in intercepting dosing, wrong 
rate and programming errors at the administrative stage that leads to a 
diminution of adverse drug event rates (Manrique-Rodríguez et al., 2014b). 
However, SIP technology reduced the error by applying soft and hard limits 
to abet the errors but did not eliminate the error (Ohashi et al., 2014 
Santesteban et al., 2015). Guérin et al., (2015) examined the administration 
error rate pre and post implementation of SIP technology and used adverse 
event reporting system to identify the error rate. They did not find any 
reduction of administration errors rate by SIP technology in a maternity 
hospital. However, the main weakness in their study was the use of adverse 
incident reporting data for determining the error rate which is under-reported 
most of the times due to voluntary in nature (AHRQ, 2014).   

2.4.2 Negative impact of interventions used on medication 
errors 

Discrepancy Between programmed dose and prescribed dose 

Smart infusion pump can only alarm the user about the changes programmed 
outside the limits, but errors in entering the weight, drug concentration and 
dose within the range is outside the scope of SIP detection. Thus, such 
errors could be easily missed when the error rate is measured using pump 
log data without integrated patient data (Sowan et al., 2010). Russell et al., 
(2015) investigated the difference between the prescribed dose on CPOE 
and programmed pump using observation and detected 42.4% inaccuracies 
in the observed Iv fluid administration. However, the study failed to detect 
the origin of the error. Trbovich et al., (2010) conducted a simulation study 
to compare if a nurse can detect a planted administration error using 
traditional pump vs. smart infusion pump vs. smart infusion pump integrated 
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with barcode technology. They revealed no difference in error detection rate 
between traditional pump and SIP. Interestingly, they noticed more errors 
recovery when SIP technology was integrated with barcode technology which 
confirms that integration of SIP, CPOE with BCMA is needed to increase 
medication safety (Trbovich et al., 2010). Hennings et al., (2010) evaluated 
the use of SIP technology in adult intensive care and paediatric intensive 
care and revealed that there were 1.68 times more likely to intercept pro-
gramming errors in paediatric populations than in adult populations. The 
authors of this study suggest that the most likely explanation for these 
findings is the use of weight and age-based doses in paediatric populations 
(Hennings et al., 2010).  

Inability to intercept errors: 

Retrospective analysis of medication errors reported by voluntary reporting 
and reporting using rule triggering revealed that despite extensive use of 
HIT to intercept medication errors, medication errors were still prevalent 
particularly at prescribing phase (27-49.3%) and at the administration phase 
(53-64%) that reach patients (Stultz and Nahata, 2015). Likewise, San-
testeban et al., (2015) reported that half of medication errors occur during 
the administration phase. Another study by Cheung et al., (2014) reported 
more prescribing errors reach the patient, and the prescribing errors were 
more severe than errors at the administration. However, the majority of 
those errors did not cause any harm to the patient. Furthermore, Russell et 
al., (2015) found highest errors rate with the intravenous fluid administration 
in comparison to other forms of medication administration. Thus, it is imper-
ative to appraise these technologies, especially when used for high-risk 
infusions. 

Change of workflow 

Implementation of any HIS brings change in clinical workflow. Russell et al., 
(2015) analysed the impact of an interface between CPOE and Pharmacy 
system on the order and infusion pump discrepancies and revealed that 
there were more omitted discrepancies on the CPOE which was unexpected. 
Following the review, they uncovered that practice had been influenced as 
a result of delays of prescribed medications from the pharmacy. In an 
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attempt to circumvent this, clinicians started to prescribe in advance i.e. the 
day before surgery. However, it was not always needed and was then 
recorded as omitted and thus an error in the system. Likewise, Westbrook 
et al., (2013) also reported an increase of prescribing error rate due to 
change of workflow at the prescribing phase and some of these errors were 
severe enough to endanger patient safety. The evidence from these studies 
suggests that it is essential to evaluate the clinical workflow before imple-
mentation of any IT system. 

2.4.3 Reasons behind failure of interventions 
In the preceding section, the limited benefits of standalone SIP technology 
in intercepting administration errors was described. This section presents the 
available literature that described the rationale behind the failure of SIP 
technology to mitigate administration error rates.  

Lack of integration 

DERS and SIPs technology have reduced the error rate by preventing 
programming of dose outside set safety limits (Keers et al., 2014; Ohashi 
et al., 2014). However, the SIP technology alone cannot prevent the manual 
programming errors. For example, if there is no integration between CPOE/ 
EMR and SIP, the infusion pump will not have any information about the 
prescription order. If nurse programs the wrong drug or wrong concentration 
or wrong dose but within safety limits, the infusion pump will infuse whatever 
is set which can be fatal for the patient in the critical care unit.  Ohashi et 
al., (2013) evaluated the cause for administration errors associated with an 
infusion pump and identified human programming errors like the selection 
of wrong drug or typing wrong information as one of the common reason 
for a programming error. Vanderveen and Husch, (2015) suggested having 
a closed loop medication systems in which all the medication safety system 
such as EMR, pharmacy system, smart infusion pump, CPOE, BCMA and 
automatic dispenser will be integrated to enhance medication safety (see 
Figure 2.4.a). 
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Gerhart et al., (2013) examined the impact of a closed-loop medication 
safety system named intravenous clinical integration (IVCI) system at Well-
Span Health on patient safety. The HITs in the IVCI system are 
interconnected with bi-directional interfaces that facilitate the flow of required 
information from the CPOE to the infusion pump. The nurse also receives 
the alert on EHR in the case of new order. Then nurse scans the prepared 
infusion from the automatic dispenser delivered by the pharmacy using 
BCMA to confirm positive identification and right drug. After scanning the 
pump and confirming the patient details and drug using BCMA, the nurse 
start the infusion. The pump then automatically sends the information back 
to the EMR. This system also provided visibility of pump data with real-time 
clinical information (Gerhart et al., 2013). This study revealed that the IVCI 
improved the patient safety by reducing the medication errors for high-risk 
infusions, freed up the nursing time and increased the staff efficiency. Un-
fortunately, few hospitals have such systems and building these closed loop 
medication system is a challenging task. 

 

 
Figure 2.4.a Integrated closed loop medication safety system (A 

system of systems) Source: Vanderveen and Husch, (2015) 
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Inappropriate use 

HITs are devised to safeguard the MUP and increase patient safety. 
However, inappropriate use of HITs like overriding the alarms and bypassing 
the technology (use the SIP with drug library but actually program the pump 
without using drug library on the pump) have been reported especially during 
the initial phase of introduction of technology by Ohashi et al., (2014) and 
Bergon-Sendin et al., (2015). Similarly, Stultz and Nahata (2015) analysed 
the use of HITs such as CPOE and SIP to detect the origin of error and 
revealed that the majority of the IT preventable errors still exist due to 
inappropariate use (such as override, bypasses)  of technology by different 
healthcare professionals at various phases of MUPs. This study also reported 
that the inappropriate use at prescribing phase and administration phase led 
to severe errors that have the potential to cause patient harm. Manrique-
Rodríguez et al., (2014b) examined the implementation process to ascertain 
the reasons that lead to inappropriate use of SIP technology. They revealed 
the following: slow upload and update of data on the systems forced the 
nurses to reprogram the infusion pump without using the safety software, 
lack of training of nursing staff led to incorrect profile or standard 
concentration of the drug selection.  

Human- machine interaction 

Human-machine interactions like choosing the wrong drug, dose or route of 
administration were main causes of CPOE and prescription error (Cheung 
et al., 2014; Westbrook et al., 2013; Samaranayake et al., 2012).   

Hardware problems 

There were very few problems with the actual interface with IT systems like 
print out. However, lack of information on the printout can lead to serious 
medication administration error (Cheung et al., 2014).  
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2.4.4 Steps to make the intervention successful 
The following section explores the literature to identify steps involved in 
making the intervention successful. Review of the literature identified the 
evaluation, education and training and customisation of the systems which 
are discussed below. 

SIP technology enables the reduction of medication administration errors. 
However, these technologies need continuous evaluation (Berdot et al., 
2016). Ideally, evaluation should be done in real time by integrating SIP, 
EMR, CPOE and pharmacy system (Guérin et al., 2015). Ohashi et al., 
(2014) suggested upgrading drug libraries, developing standardised drug 
libraries, decreasing the number of unnecessary warnings, and developing 
stronger approaches to minimise workaround is essential to improve the 
appropriate and safe use of technology. Bergon-Sendin et al., (2015) 
demonstrated that the implementation of SIP along with Random safety 
audits improves the appropriate use of technology. According to Hennings 
et al., (2010), root cause analysis can make SIP technology safer Integration.  

Education and training 

Several studies reported better and improved utilisation of HITs to reduce 
medication errors by increasing training and education of the staff (Stultz 
and Nahata, 2015; Westbrook et al., 2013; Berdot et al., 2016). A systematic 
review by Keers et al., (2014) reported a significant decline in medication 
error rates with the use of a simulation training session, lecture and practice 
based training session in comparison to a direct observation method of 
training.  

Customisation of system per the unit policies 

IT systems should be developed per specific population (ISMP, 2009). Using 
CPOE without CDS may not bring a significant difference to medication error 
rate rather it may increase the errors due to low sensitivity (Maaskant et 
al., 2015a). 
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2.5 LIMITATION OF THE LITERATURE REVIEW 
There is an insufficient body of literature available which examined the 
impact of HITs on administration errors along with the origin of errors. 
Moreover, there was heterogeneity between the definition of administration 
errors and data collection techniques which lessen the significance of re-
ported findings.  

2.6 SUMMARY 
Health information technologies such as SIP, COPE, BCMA are emerging 
to alleviate the occurrence of medication errors at different stages of medi-
cation use processes. However, a lack of integration between these tech-
nologies and inappropriate use can lead to serious medication errors. The 
administration phase of the medication process is the last opportunity for 
capturing medication errors and avoiding medication them to reaching the 
patient. Moreover, customisation of the technologies as per unit policies and 
developing better human-computer interfaces is essential to ensure patient 
safety. The introduction of any HITs at ward level leads to change of clinical 
workflow that can cause medical errors and endanger patient safety. Thus, 
it is imperative to evaluate these clinical workflows before deploying any 
HITs so that the organisation can take essential steps to eliminate or reduce 
the risk of errors and enhance patient safety.  

 

2.7 CONCLUSION 
This chapter presented a review of current published research findings that 
enabled the researcher to identify available HITs to make MUP safer and 
their impact on the patient safety. This review also presented the ways 
described in the literature for successful implementation of HITs. 

The next chapter delineates the research methodology and the study design 
utilised to answer the research question.   
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CHAPTER 3 RESEARCH METHODOLOGY 
As the literature review in the previous chapters enlightens the importance 
of evaluation of clinical workflow before deploying any HITs to ensure the 
patient safety via identifying, eliminating or reducing the risk of medical 
errors. Therefore, the researcher decided to evaluate the clinical workflow 
at the administration phase of high-risk infusions in MN-CMS. This chapter 
describes the research methodology and rationale behind chosen 
methodology. 

3.1 INTRODUCTION 
HITs are snowballing to facilitate efficient, safe and timely patient care and 
to ease the work of clinicians (Mack et al., 2016). However, inadequate and 
poorly designed interfaces escalate the cognitive workload of clinicians (Har-
rison et al., 2007). According to Magrabi et al., (2016), this negatively 
impacts on the usability, and it does not allow the users to complete their 
tasks efficiently. Consequently, it can instigate unintended errors, changes 
in clinical workflow, decreased efficiency and it can also lead to wastage of 
resources, actual harm and patient death (Ammenwerth and Rigby, 2016). 
Therefore, it is critical to evaluate HITs before deploying in the real clinical 
setting. The evaluation in health informatics is defined as 

“An act of measuring or exploring properties of a health information system 
(in planning, in development, in implementation, or in operation), the result 
of which informs a decision to be made concerning that system in a 
specific context.”  (Ammenwerth et al., 2004) 
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3.2 RESEARCH QUESTION 
As speculated in section 1.3 the deployment of the maternal & new-born 
EHR will bring the changes in the clinical workflow at the administration 
phase of high-risk infusions in the NICU at the study unit. 

The research question is 

“Will the introduction of the new clinical workflow contain in the MN-
CMS impact on medication safety during the administration phase of 
high-risk infusion in NICU?” 

3.3  AIMS AND OBJECTIVES OF THE STUDY 
The aim of the study is to prospectively evaluate the clinical workflow 
and patient safety related to administration of high-risk infusions in a 
NICU using a clinical simulation technique in maternal & new-born EHR. 
The specific objectives are: 

1. Type of potential errors in the drug administration process in the 
system. 

2. Error rate per 100 infusions at the drug administration process. 

3. The severity of errors in terms of potential to cause harm. 

3.4 DEFINING THE QUESTION 
To answer the research questions and ensure the validity and reproducibility 
of the study, it is imperative to define the different types of medication error 
at the administration phase that will be used for this study. Next section 
states the definitions used to describe a different type of errors at the 
administration phase of high-risk infusions. 

3.4.1 Programming errors: 
A programming error in this study is defined as any deviation in programming 
pump parameters from the prescribed infusion order. Error! Reference 
source not found. states the operational definitions of the different type of 
programming errors. 
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Table 3.4.A Operational definitions for programming errors 

Error Type Definition 
Wrong concentration An amount of medication in unit of solution is differ-

ent from the prescribed order 
Wrong dose The dose of prescribed medication is different from 

the prescription order 
Wrong weight Programmed weight is different from the prescription 

order 
Wrong rate Programmed infusion rate in the infusion where drug 

library is not available is different from the prescrip-
tion order 

 

3.4.2 Labelling errors 
Labelling error is defined as incomplete or inaccurate information in the 
syringe labels. After comparing labelling parameters recommended by 
Australian Commission on Safety and Quality in Health Care (ACSQHSC), 
(2015); ISMP, (2010); Larsen, (2005) (explicitly designed for neonatal 
population) and currently printed syringe labels used in the NICU, a total of 
16 labelling parameters were identified to be included on syringe labels (see 
Appendix A). After consultation with the Registered Advanced Nurse 
Practitioner (RANP) and clinical pharmacist, fourteen parameters were 
included in the final analysis which were further divided into two categories: 
Essential labelling parameters (which must be on the labels to ensure 
medication safety) and Non-essential labelling parameters (which should be 
on the label)(see Table 3.4.B). As this is a simulation study, expiry date 
was excluded from the labelling parameters as the participants were not 
provided with actual drug. Drug amount and drug volume were put together 
as both parameters provide almost same information.  
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Table 3.4.B Labelling parameters included in the study for final analysis 

3.4.3 Categorisation of identified errors: 
The National Coordinating Council for Medication Error Reporting and 
Prevention (NCC MERP) provided the index to categorise the medication 
error per harm (NCC-MERP, 2001). There are main four categories: No 
error; Error no harm; Error harm; Error, a death which is further divided into 
nine categories from ‘A’ to ‘I’ (see Figure 3.4.a). As it is a simulation study, 
errors were categorised from A to D only. Programming errors were dis-
cretely examined for the potential harm and categorised from category A to 
D and were reviewed by RANP and Clinical pharmacist. A criterion used 
for categorising the labelling errors is described in (see Table 3.4.C). 

 

 

No Essential labelling parameters  Non-essential labelling parameters 

1 Patient's Name 10 Starting dose 

2 Weight 11 Start rate of infusion 

3 Drug Label 12 Route  

4 Concentration  13 Dose range 

5 Drug volume/drug amount 14 Signature 

6 Diluent Added    

7 Preparation date   

8 Preparation time   

9 Hospital no   
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Table 3.4.C Criteria used for categorising labelling errors on NCC-MERP 
index 

Error cate-
gory 

Criteria 

A Incomplete label with missing only non-essential parame-
ters 

B Incomplete label with missing essential parameters 
C Syringe label with wrong information/missing essential la-

belling parameter and has category ‘C’ programming error  
D Syringe label with wrong information/with missing essential 

parameter and has Category ‘D’ programming error 
 

 

 
Figure 3.4.a NCC-MERP index to categorise medication errors (Source: 

NCC-MERP, 2001) 
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3.5  RESEARCH DESIGN 
Designing an evaluation study is similar to peeling an onion where the 
answer to a question leads to another question at the next level and 
decisions made at every level primes to actual planning of a scientific 
evaluation study in health informatics (McNair, 2016). A rigorous approach 
based on scientific method is indispensable to perform a scientific evaluation 
study and secure an appropriate level of evidence (McNair, 2016). Further, 
the method of performing a scientific evaluation of a HIT hinges on the 
purpose of evaluation and the timing of the project (Marcilly et al., 2016).  

Expert evaluation is typically carried out in a laboratory setting at the 
starting or formative stage of a health information system to verify the 
functionality of the system (McNair, 2016). Experts usually use heuristic 
evaluation methods and cognitive walkthrough. This type of evaluation is 
known as formative evaluation. 

User testing and simulation methods are carried out with real end-users in 
a controlled environment where the researcher observes the end-users in-
teracting with the HIT performing a specific task. User testing usually takes 
place in a lab/office whereas simulation is carried out in real or realistic 
settings that provide the ecological validity to the evaluation. These evalua-
tion studies aim at identifying any safety issues and unintended errors due 
to technology and end-user interaction in a specific environment. This type 
of evaluation is known as summative evaluation (McNair, 2016). 

Post-market surveillance is the highest possible fidelity evaluation method 
to identify usability flaws and system errors in the post-implementation pe-
riod. Evaluation is done through observation, feedback survey, interview or 
reviewing incidents reports or system logging data. This type of evaluation 
provides insight to unintended use of technology and workaround behaviours.  
A simulation study can be either a computer-based simulation or a clinical 
simulation. A computer-based simulation is used in the early stages of 
development of an information system for optimisation, safe engineering, 
modelling, and examining the effects of human systems whereas a clinical 
simulation is used in the later stages, and it involves real end-users enacting 
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in the realistic clinical scenario (Borycki et al., 2010, pp.31–32). It brings 
humans in the loop and assesses the health information system that aids 
in uncovering the sociological aspect of socio-technical interaction such as 
the effect of an information system in different clinical context, its efficiency, 
user satisfaction (Jensen et al., 2015). Thus, clinical simulation is considered 
as a rigorous method of evaluation of user interface in comparison to the 
other types of usability evaluations (Jensen, 2016). As the system under 
evaluation is in pre-implementation stages, and the researcher aims at eval-
uating clinical workflow and identifying unintended errors at the administration 
phase of high-risk infusions, the researcher decided to conduct a clinical 
simulation study.  
A scientific theory and rigorous approach are crucial for enhancing the 
credibility of an evaluation study (Ammenwerth et al., 2004). Hence, the 
researcher opted to adopt the methodological approach to conducting clinical 
simulation described by Jensen et al., (2015) which is garnered from twenty 
clinical simulation studies aimed at evaluating and optimising clinical infor-
mation system before deploying them in real clinical practice. Overall the 
methodological approach described by Jensen et al., (2015) comprises of 
four phases  1.Purpose, 2. Planning, 3. Preparing and 4. Performing. Each 
phase has some steps to conduct a clinical simulation study (see Figure 
3.5.a)  
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Figure 3.5.a Methodological Approach for clinical simulation (adapted 

from Jensen et al. (2015)) 

 

Purpose

• No1: The purpose of the clinical simulation must be focused 
and anchored in the organization

Planning

• No. 2: Choice of scenarios is crucial and must reflect the 
purpose of clinical simulation

No. 3: Choice and profile of clinicians must reflect the purpose 
of the clinical simulation

Prepairing

• No. 4: Complexity in scenarios and patient records must be 
carefully considered

• No. 5: Planning and preparing clinical simulation is resource 
demanding in order to make it time effective for clinicians

• No. 6: Degree of fidelity must reflect the purpose of the 
clinical simulation and the maturity of the technology

• No. 7: Rehearsals and pilot studies are important and well 
worth the effort

Performing

• No. 8: Real clinicians should be used as participants

• No. 9: Cost saving analysis methods like IDA are very useable 
and can be practically applied to analyze the resultant data

• No. 10: It should be made clear what the mandate of the 
clinicians and the observers is and how the results will be 
used, reported and implemented
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3.5.1 Purpose 
The purpose of an evaluation study guides almost all the study design 
decisions. Therefore, the purpose of the study should be clearly delineated 
at the preliminary stage, and it should signify the necessity of the study ( 
guidelines for good evaluation practice in health informatics (GEP-HI) by 
(Nykänen et al., 2011). The Maternal and new-born EHR will be deployed 
at the study site in September 2017, and one of the aims of the system is 
to ensure medication safety. Hence, given the complexity of NICU environ-
ment (described in section 1.2) and medication use process (outlined in 
section 0) and the inherent increased risk of medication errors in neonatal 
population, the main purpose of this study is as follow:  

1. To prospectively evaluate the clinical workflow and risks to patient safety 
associated administration of high-risk infusions in a NICU in Maternal and 
new-born EHR.  

2. To identify the type of potential errors in the drug administration process 
in the system.  

3.To measure the error rate per 100 infusions at the drug administration 
process. 

Further, such prior information will offer insight to the organisation decision-
makers of the impact of changes arising from the introduction of Maternal 
and new-born EHR on patient safety issues related to high-risk infusion at 
the administration phase. Consequently, an organisation can take proactive 
decisions such as better customisation of technology that fits clinical context 
or interventions like training and support to mitigate any patient safety risk 
before the deployment of the system (Borycki et al., 2010, p.34).  

3.5.2 Planning 
The researcher planned and defined the scope of the study to accomplish 
the purpose of the study identified in the first phase. The first step in 
planning a simulation study involves the choice of scenarios for inclusion. 
The scenarios should reflect the typical tasks in a small fraction of the 
clinical work practice and cover the parts of the workflow affected by the 
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new technology (Jensen et al., 2015). In the current study, each participant 
was given a prescription of five infusion orders on the computer screen. 
The participant retrieved the information from the computer screen and cross-
checked the prescription with the clinical protocol. If the prescription order 
was correct; each participant made syringe labels and programmed the drug 
in the infusion pump. Each participant repeated the same procedure for five 
infusion orders. 

The next crucial step in planning the simulation is the choice and profile of 
clinicians involved which should reflect the purpose of the clinical simulation. 
As best practice to ensure medication safety, in the real world of clinical 
practice, two registered nurses are involved in the administration phase for 
double-checking of the prescription especially for the administration of high-
risk medications as recommended by (An Bord Altranais (ABA), 2007, p.11). 
However, a pragmatic approach was considered due to a shortage of staff. 
Thus, only one registered nurse working in NICU per simulation session 
was included as a participant who will be a real end-user of the Maternal 
and new-born EHR. Given the short timeframe, it was decided to conduct 
thirty simulation sessions. 

3.5.3 Preparing 
Preparing phase includes writing up the scenarios, recruiting the appropriate 
users of the system and preparing for clinical and technical set up for the 
planned simulation session (Jensen et al., 2015). The first step in this phase 
is to create a complex clinical scenario that mimics real clinical practice. 
Careful consideration has been taken to create ten scenarios based on the 
actual clinical settings. Each scenario included prescription orders for five 
high-risk infusions for two patients. The prescription order generated from 
the Maternal and new-born EHR consist of frequently used six high-risk 
medications namely, morphine, insulin, dopamine, adrenaline, vasopressin 
and milrinone. As the unit is in the process of developing a drug library for 
high-risk medications, the drug library for adrenaline, vasopressin and milri-
none was not available at the time of the study. Where the drug library was 
unavailable, the participants were asked to programme the prescribed infu-
sion rate to deliver the medication as prescribed. Initial scenarios were 
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drafted onto the Excel spreadsheets which were reviewed and finalised by 
a clinical pharmacist (see Appendix B). 

Once the clinical scenarios were agreed steps were taken to ensure, the 
simulation exercise was not burdensome regarding the time taken to com-
plete. With this in mind, screen shots of prescription orders as well as the 
nurse’s view of the prescription were generated using the training module 
of the Maternal & new-born EHR. The screenshots were arranged in portable 
document format (pdfs) per planned ten scenarios with necessary details 
(see Appendix C.).  

The realism and acceptance of a degree of fidelity of simulation set up 
which must reveal the purpose of clinical simulation (Ammenwerth and Rigby 
(eds.), 2016, p.156). Simulation acceptance model by Dahl et al., (2010) 
described the four types of fidelity under main two headings physical fidelity 
and psychological fidelity (see Figure 3.5.b). 

 

Equipment fidelity was high in the designed study as the equipment used 
such as infusion pump, and computer screen were similar to those used in 
the real clinical setting. Similarly, high environment fidelity was attained as 
the simulation sessions were conducted in an environment analogous to the 
clinical setting. Likewise, the task fidelity was at a high level in the designed 
study as the task performed in the clinical simulation was reflective of real 

 
Figure 3.5.b Types of simulation fidelity (Dahl et al., 2010) 
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clinical activity performed by healthcare professionals.  However, the func-
tional fidelity was not as high as the researcher did not use the real clinical 
information system. However, in an effort to improve functional fidelity, an 
electronic prototype of the system was created in the form of pdfs to 
demonstrate the concept. 

According to Jensen et al., (2015), rehearsals of scenarios, the clinical set 
up, technical set up, test data implemented in the information system and 
data collection before the actual simulation session make the process time 
effective. Therefore, an initial rehearsal was carried out using the drafted 
pdfs in an empty room within NICU to match the real clinical setting. This 
rehearsal benefitted in modifying the pdfs, and corresponding clinical medi-
cation protocols were added along with prescription pdfs. The rehearsal also 
facilitated the appraisal of the clinical and technical set up as well as the 
data collection process. Modified pdfs included the linked clinical medication 
protocol which forced the participants to switch in-between to look for med-
ication protocol like the actual clinical information system. It helped in en-
hancing the task fidelity of the planned simulation. Overall, the designed 
study has attained nearly high fidelity. 

3.5.4 Performing 
Performing phase of clinical simulation consists of conducting actual simu-
lation with the participants (Jensen, 2016). This phase involves three steps; 
1. Introduction, 2. Simulation, and 3. Debriefing. Introduction phase included 
a brief description of the system and activity to be performed during the 
simulation session. Ammenwerth and Rigby (eds.), (2016, p.156) state that 
extent of training before the simulation depends on the purpose of evaluation. 
Participants were already aware of medication use processes in the current 
study as a part of their current practice. Hence, a standardised reference 
guide for the simulation procedure (see Appendix D) and a brief introduction 
was provided to the participant just before the clinical simulation. Participants 
were also informed that the purpose of the simulation was an evaluation of 
the system and not their practice as recommended by Jensen et al., (2015). 
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After a brief introduction of the simulation procedure and environment, the 
participants performed the real activity. The participants were made comfort-
able during the session. The researcher observed the activity of the partic-
ipant from the other side of the room. The researcher stayed in the room 
in the initial part of simulation session to facilitate the use of technology. 
After completion of a simulation session, participants were asked to complete 
the post-simulation survey (see Appendix E) which was completely optional. 
The questionnaire must reveal the purpose of the study and should contain 
questions concerning efficiency and satisfaction concerning simulation sce-
narios. The post-simulation feedback survey comprised of three questions to 
gather relevant demographic information, eight questions about participant’s 
perception of the system’s safety and degree of difficulty (using a Likert-
style) and two open-ended question about their perception of the simulation 
session and suggestions to improve the information system under evaluation. 

To create high fidelity simulation, it is essential to include the clinicians who 
are familiar with the current practice. Hence, the registered nurses who are 
currently working in the NICU were invited for the study. However, the 
clinician who was involved in the development of maternal and new-born 
EHR project at the time of the study was excluded. Extensive experience 
with the testing of the system can lead to personal bias which can affect 
the output of the evaluation study (Jensen et al., 2015). It is recommended 
that there should be an adjoining room to the simulation room separated by 
glass window to observe and instruct the participants during the session. 
However, there is no such facility in the research site, therefore, taking a 
pragmatic approach a room within the unit was used as a simulation room. 
The researcher observed the participant from the far side of the room to 
reduce Hawthorne effect.  

The final step in the simulation studies is to make the participants aware of 
what is expected of them during the session and how the results will be 
used, reported or implemented (Jensen, 2016).  A participants’ information 
leaflet (see Appendix F) containing brief information about the motivation 
and purpose of the study, the simulation session and reporting of the results, 
was provided at least 24 hours before they decided to participate in the 
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study. Further consent (see Appendix G) was obtained before the simulation 
session.  

3.6 CONTEXT AND STUDY SETTING 
An evaluation study using a clinical simulation method should be conducted 
in the realistic setting of the unit where the technology is to be deployed 
reflecting the real clinical setting. The neonatal intensive care unit, Rotunda 
Hospital, Dublin was chosen as the study site as maternal and new-born 
EHR is planned to be deployed in the Rotunda hospital in last quarter of 
2017. The participants have kept away from the clinical duties for the 
duration of the simulation session. 

3.7 STUDY POPULATION 
A high-fidelity evaluation study must involve real end-users of the technology 
(Sligo et al., 2017). For this reason, registered nurses working in NICU at 
the time of the study were identified as the eligible participants as they will 
be the end-users of the Maternal and new-born EHR and will be involved 
in the process under investigation. 

Inclusion criteria:  

Nurses or midwives employed by the Rotunda Hospital but not working in 
NICU. 

Exclusion Criteria:  

All other than nurses working in the NICU, Rotunda Hospital were excluded 
from the study.   

3.8 SAMPLING 

3.8.1 Sampling method 
Convenient sample method which is a nonprobability sampling method was 
chosen for this study to achieve the purpose of the study.  



 

38 
 

3.8.2 Justification for sample size 
The sample size was chosen as a pragmatic approach given the staffing 
constraints and current workload in the NICU. After the discussion with the 
supervisor at the site, it was decided to have 100-150 prescription orders 
in 25-30 simulation sessions, and one participant per simulation session. 

3.9 ETHICAL APPROVAL PROCESS 
Before conducting the research, it is indispensable to consider a number of 
factors such as any harm to participants/system during the study, confiden-
tiality and participant/organisation privacy. 

3.9.1 Ethical consideration 
The study involved the interaction between a system and the participant at 
the time of simulation session. Measures were taken by the researcher to 
protect the participants from harm. As a pragmatic approach, simulation 
sessions were conducted while the participants were at work to facilitate 
recruitment. The participants were informed a day before the simulation 
session. However, some planned simulation sessions were postponed due 
to increased clinical activity and the researcher made sure that the study 
did not affect the clinical work and patient safety. Recruited participants 
received information leaflet, and informed consent was obtained before the 
session. The participants were informed that they could withdraw from the 
study at any point.  

3.9.2 Confidentiality 
No identifiable data related to participants was collected during the study. 
To maintain confidentiality, all the data was stored on the secure hospital 
network in a NICU folder that is accessed through password protected 
computer. Hard copies of data were kept in a researchers’ safe locker in 
NICU, Rotunda Hospital. 

3.9.3 Ethical approval 
A research proposal (see Appendix H) was submitted to the research ethical 
committee of the Rotunda hospital in Nov 2016. Minor changes were made 
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as suggested by the committee, before re-submission. After receiving written 
ethical approval from both the Rotunda hospital (see Appendix IAppendix H) 
and Trinity College, Dublin’s School of Computer and Statistics Research 
Ethics Committee (see Appendix J), the simulation sessions were conducted.  

3.10 RECRUITMENT OF PARTICIPANTS 
Recruiting participants for research involving human subject is an exigent 
task and necessitates a number of activities such as identifying eligible 
participants, explaining the study to potential participants, and recruiting 
adequate desired sample based on study goals and design, obtaining 
informed consent, maintaining ethical standards and retaining participants 
until completion of the study (AHRQ, 2016). A recruitment flyer (see Appen-
dix KAppendix H) was displayed on the unit notice board to inform potential 
participants of the research project and inviting participation. The researcher 
also approached potential participants and explained the study briefly to 
facilitate recruitment. Participant information leaflet was provided to the in-
terested end-users, and informed consent was obtained.  

3.11 DATA COLLECTION AND ANALYSIS 
Given the socio-technical nature of information systems, only multidimen-
sional analysis can draw the ‘whole picture’ in the evaluation of a health 
information system. Due to the complexity of this relationship, a mixed 
method approach was adopted as it leads to a holistic investigation of the 
health information system (Ammenwerth and Rigby (eds.), 2016, p.102). 
Mixed method research is defined as a  

“research in which the investigator collects and analyses data, integrates 
the findings, and draws inferences using both qualitative and quantitative 
approaches or methods in a single study or program of inquiry.”  

                                         (Tashakkori and Creswell, 2007) 

In the current study, the researcher collected both qualitative and quantitative 
data. During the simulation session, the researcher captured the data via 
observation which enabled the researcher to describe the interaction between 
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the system and the users to carry out the mentioned task using the tech-
nology in question. Additionally, the quantitative data were collected on the 
labelling sheet (see Appendix L) which helped to capture and quantify the 
number of labelling errors or discrepancies during the administration process. 
Programming data was captured using pump logging data after the simula-
tion session on the pump logging data collection sheet (see Appendix M) 
to identify programming errors at the administration phase. Participants feed-
back about the simulation session was collected using a post-simulation 
feedback survey (see Appendix D). All the data was then transferred onto 
an excel spreadsheet.  

Descriptive analysis of the data was performed using IBM SPSS Statistics 
24 data analysis software to identify the number of errors per 100 infusions, 
type of errors and degree of severity of errors at the administrative phase 
using Maternal & new-born EHR prototype. Binary logistic regression analysis 
was performed to identify if there is any statistically significant relationship 
and to answer the following questions. 

Does the age, NICU experience and frequency of use of drug library have 
an influence on the occurrence of programming errors (yes vs. no)?  

How does the probability of occurrence of programming error at the admin-
istration phase of MUP change for every additional missed or wrong labelling 
parameters per infusion order? 

Does time taken at the administration phase of MUP influence on the 
occurrence of programing errors (yes vs. no)? 

Does lack of drug library have an influence on the occurrence of a 
programming error (yes vs. no)? 
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3.12 SUMMARY 
This chapter described the research methodology adopted to answer the 
research question. A mixed method approach was considered as the appro-
priate method to evaluate the clinical workflow in Maternal and new-born 
EHR at the administration phase of high-risk infusions in NICU. This chapter 
also presented the rationale behind the adopted approach. The following 
chapter will impart the results of the research.  
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CHAPTER 4 RESULTS 
This chapter presents the results of research conducted using the method-
ology described in Chapter 3 to answer the research question ( see Chapter 
1 section1.4.)  

4.1 INTRODUCTION 
Thirty-two simulation sessions have been carried out to measure the error 
rate and degree of severity of errors at the administration phase using 
maternal & newborn EHR. However, one simulation session was not included 
in the final data analysis as it was interrupted due to the clinical work 
situation. The first section of this chapter describes demographic character-
istics of the participants. The total number of errors and type of errors 
identified during simulation session at the administration process will be 
presented. The second section will introduce the categorization of errors per 
the degree of the severity. The last part describes findings of a qualitative 
analysis of a post-simulation survey that details the perception of participants 
regarding the clinical workflow at the administration phase.  

From a total population of 75 registered nurses working in NICU at the 
study site, thirty-two registered nurses participated in the research study. 
However, one session was interrupted as the participant was required at the 
workplace to resume clinical responsibilities. Only the data collected in com-
pleted simulation sessions were included in the final analysis. 
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4.2 DEMOGRAPHICS OF THE PARTICIPANTS 
Table 4.1.A showed the frequency distribution and relative frequency distri-
bution of included participants’ demographic characteristics. The majority of 
the participants were above 40 years of age. More than half of the nurses 
had more than sixteen years of experience, and nearly two-third of the 
participants used drug library at least once a week. However, all the sample 
population had attended the training session for using drug library as part 
of in-service education. 

 

Table 4.2.A Shows demographics of participants 

 

 

 

CHARACTERISTICS FREQUENCY (N=31) RELATIVE FREQUENCY 
IN PERCENTAGE (%) 

Age group     

20 -30 years 3 9.7 

31-40 years 8 25.8 

41-50 years 12 38.7 

over 50 years 8 25.8 

Experience in NICU      

0-5 years 7 22.6 

6-15 years 7 22.6 

16-25 years 9 29.0 

>25 years 8 25.8 

Use of drug library     

Never 4 12.9 

1-2 times per month 9 29.0 

once a week 5 16.1 

Most days 13 41.9 
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4.3 POTENTIAL ERRORS AT THE ADMINISTRATIVE PHASE 
This section of the report describes the type and number of potential errors 
identified at the administrative phase of medication process. The study ex-
amined a total of 155 prescription orders for potential errors at the admin-
istration phase in the simulated environment. Figure 4.3.a portrays the de-
viation of essential and non-essential labelling parameters, wrong labelling 
parameters as well as programming errors per prescription order. Out of 
155 prescription orders, thirty-one prescription orders had either programming 
error (n=11) or wrong labelling parameters(n=12) or both programming error 
and wrong labelling parameter (n=8). There were few programming errors 
(n=22, 14.2%, Mean=0.14, N=155, range=1-2) and few wrong labelling pa-
rameters (n=22, 14.2%, Mean=0.14 N=155, range=1-2). However, there were 
numerous labelling deviations (n=722, Mean= 4.65, N=155, range=1-8) when 
compared to the labelling standards. Almost all syringe labels had more 
than one deviation per syringe labels (Figure 4.3.a).  
  

 
Figure 4.3.a Number of labelling deviations and programming errors 

per prescription order 
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4.3.1 Types of errors at Programming stage 
Out of N=155 prescription order, twenty-two different types of programming 
errors were identified in 12.3% (n=19).  Figure 4.3.b represents the percent-
age distribution of identified programming errors. Three (15.8%) of a total of 
nineteen prescription orders had two programming errors per prescription 
order. Wrong concentration (31.6%, n=6) and wrong weight (31.6%, n=6) 
were the most frequent errors at the programming stage. There were only 
three prescription orders (15.8%) in which an inaccurate infusion rate was 
programmed.  

 

   

 
Figure 4.3.b Depicts percentage distribution of different type of errors at 

programming stage 
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4.3.1 Deviation from prescribed dose due to different types of 
errors at programming stage 
Figure 4.3.c portrays the percentage deviation from the prescribed dose in 
19 prescription orders with programming errors. It is visible in Figure 4.3.c 
programming wrong concentration led to biggest deviation in six prescription 
orders. In prescription order no 52, 53, 43, 44, 45, programming wrong 
concentration preceded to nearly 100 percent deviation from the prescribed 
dose. Furthermore, programming wrong weight in prescription order no 132 
and the wrong dose in prescription order no 5 resulted in 40 percent more 
drug dose administered than the prescribed dose.  

 

 
Figure 4.3.c Shows percentage deviation from the prescribed dose in 
19 prescription orders with programming errors and type of error at 

programming stage 
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4.3.2 Types of errors at labelling stage  
Most syringe labels have some deviation, and it varied across all the syringe 
labels. Table 4.3.A shows the frequency distribution of labelling parameters.  

Table 4.3.A Frequency distribution of labelling parameters (N=155) 

N=155 Essential labelling pa-
rameters 

Non-essential labelling param-
eters 

 Missed Wrong Missed Wrong 
Sum 369 5 353 17 
Mean 2.4 0.03 2.3 0.11 

 

Only 6.5% (n=10. N=155) of syringe labels had all the nine essential labelling 
parameters mentioned in Table 3.4.B. Concentration (55%, n=85, N=155) 
and weight (49%, n= 76, N=155) were the most common missed labelling 
parameters out of nine essential labelling parameters (see Figure 4.3.d). 
There were very few wrong essential labelling parameters (3%, n=5) and 
only three syringe labels had the wrong essential labelling parameters 

 
Figure 4.3.d A stacked bar graph presents the percentage distribution 

of missed and wrong essential labelling parameters (N=155) 
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4.4 CATEGORISATION OF ERRORS AS PER THE SEVERITY 
Figure 4.4.a and Figure 4.4.b portrays the percentage distribution of pro-
gramming errors and labelling errors as per NCC-MERP index for categori-
sation of medication errors. The majority of programming errors (89%, n= 
17) belongs to category ‘C’ and ‘D’ whereas only 11% (n=17) of total 
labelling errors belongs to category ‘C’ and ‘D’.  

 

Figure 4.4.a Percentage distribution of programming errors (N=19) as per 
NCC-MERP index 
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Figure 4.4.b Percentage distribution of labelling errors (N=727) as per NCC-

MERP index 
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Table 4.4.A and Table 4.4.B presents the description of the programming 
errors more than ±10% and less than ±10% deviation from the prescribed 
dose respectively. Dopamine (n=6) is the most common high-risk infusion 
with programming error followed by morphine (n=4) and insulin (n=4). Fur-
ther, out of nineteen prescription orders with programming errors, more than 
half of the prescription orders had more than ±10% deviation from the 
prescribed dose. Dopamine (n=3), morphine (n=3) and insulin (n=4) were 
the most common infusions with more than ±10% deviation from the pre-
scribed dose, and 70% of them had wrong concentration programmed. 
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Table 4.4.A Categorisation and description of programming errors with more than ±10% deviation from the 
prescribed dose 

Prescription 
order no 

Drug name Programming error  Prescribed  Programmed Deviation from 
prescribed 
dose (%) 

category 

132 Dopamine Wrong weight 0.5 kg 0.7 kg 40 D 

52 Dopamine Wrong concentration 3000 mcg/ml 1500 mcg/ml 100 D 

45 Dopamine Wrong concentration 3000 mcg/ml 1500 mcg/ml 100 D 

5 Morphine Wrong dose 7 mcg/kg/hour 10 mcg/kg/hour 40 D 

43 Morphine Wrong concentration 100 mcg/ml 50 mcg/ml 100 D 

122 Morphine Wrong dose  
Wrong weight 

8 mcg/kg/hour 
0.78 kg 

8.33 mcg/kg/hour 
0.6 kg 

-16.67 C 

53 Insulin Wrong concentration 0.2 unit/ml 0.1 units/ml 92 D 

44 Insulin Wrong concentration 0.2 unit/ml 0.1unit/ml 100 D 

134 Insulin Wrong concentration                0.1 unit/ml 0.2 unit/ml -47.62 D 

54 Insulin Wrong dose 
Wrong concentration 

0.02 unit/kg/hour 
0.1 units/ml 

0.05 units/kg/hour 
0.2 units/ml 

28.57 D 
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Table 4.4.B Categorisation and description of programming errors with less than ±10% deviation from the 
prescribed dose 

Prescription 
order no 

Drug name Programming error  Prescribed  Programmed Deviation from 
prescribed 
dose (%) 

category 

143 Adrenaline Wrong rate 0.16 mls/hour 0.15mls/hour -6.25 C 

142 Dopamine Wrong weight 0.78 kg 0.76 kg -3.23 C 
2 Dopamine Wrong dose 

Wrong concentration 
10mcg/kg/min 
1500 mcg/ml 

5 mcg/kg/min 
3000 mcg/ml 

0 C 

87 Dopamine Wrong weight 0.78 kg 0.79 kg 3.22 C 

86 Morphine Wrong weight 0.78 kg 0.79 kg 0 B 

82 Fentanyl Wrong weight 3.98 kg 4.0 kg 0 B 

57 Fentanyl Wrong weight 3.9 kg 4 kg 2.56 C 

83 Vasopressin Wrong rate 2.99 mls/hour 3 mls/hour 0.33 C 

111 Milrinone Wrong rate 0.59 mls/hour 0.6 mls/hour 1.69 C 
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Mean time taken to prepare one syringe label and program the pump was 
9.21±2.64 (Range=12, min=6, max=18). The results of cross-tabulation of dif-
ferent demographic categories and time taken per infusion order are portrayed 
in Figure 4.4.c. The majority of participants (77%, n=24, N=31) took 5-10 
minutes to complete the process. The participants belong to age group 20-30 
years spent less time than the other age groups. Further, participants with 6-
25 years of NICU experience completed the process quicker than other groups. 
Participants with no experience with drug library spent more time than the 
participants with some experience of using drug library.   

 
Figure 4.4.c Result of cross-tabulation of different demographic 

categories and time taken per infusion order 
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4.5 RESULTS OF LOGISTIC REGRESSION ANALYSIS 
Binary logistic regression analysis was carried out to predict if there is any 
statistically significant relationship between demographics of participants and 
the likelihood of occurrence of programming errors (see Figure 4.5.aError! 
Reference source not found.). Participants aged between 31-40 years are 
less likely to have programming error when compared to age group 20-30 
years (odds=0.12, 95% C.I. lower 0.02 and 0.90). However, no statistically 
significant relationship was found in the occurrence of a programming error 
between more NICU experience and less NICU experience. Similarly, there 
was no statically significant difference in the likelihood of a programming error 

 
Figure 4.5.a shows the results of binary logistic regression analysis 

to predict likelihood of programming error as per different 
demographic factors 

 
 

   represents odds ratio and  denotes upper and lower C.I. for odds ratio 
 the value <=0 is not plotted in forest plot 
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in participants with never/less use of drug library and frequently use of drug 
library. 

 Figure 4.5.b shows the results of binary logistic regression analysis for the 
prediction of a programming error in case of missing or wrong labelling 
parameters. The chances of occurrence of a programming error increase with 
an additional wrong labelling parameter and missing non-essential labelling 
parameter. There was not any statistically significant relation between other 
labelling deviations and the likelihood of programming error. 

Factors     Effect Odds ratio 
95% C.I. 

(lower-upper) 

 

 
1.346 

(0.789-2.296) 

1.674 
(1.248-2.247) 

1.436 
(0.533-3.871) 

4.286 
(1.643-11.181) 

 

 Figure 4.5.b shows the results of binary logistic regression analysis to 
predict likelihood of programming error due to missing/ wrong labelling 

parameters.  
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   represents odds ratio and  denotes upper and lower C.I. for odds ratio 
 the value <=0 is not plotted in forest plot 
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Figure 4.5.c presents the results of binary logistic regression analysis to show 
the effect of drug library availability and time taken per infusion order on the 
likelihood of programming error. There was no statistically significant relation-
ship of non-availability of drug library on the occurrence of a programming 
error. Furthermore, there was no statistical difference in the likelihood of 
programming error in case of participants taking additional time to prepare a 
label and program the pump.  

 

 

 

Factors     Effect Odds ratio 
95% C.I. (lower-

upper) 

 

 
0.833 (0.225-3.007) 

 

Reference 

0.236 (0.03-1.857) 
0 

 

Figure 4.5.c shows the results of binary logistic regression analysis to 
predict likelihood of programming error due to drug library availability 

and time take per infusion order. 
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  Represents odds ratio and  denotes upper and lower C.I. for odds ratio 
 The value <=0 is not plotted in forest plot 
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4.6 POST-SIMULATION FEEDBACK SURVEY 
This section will present the findings of a post-simulation survey that contains 
three questions related to demographics, eight Likert-style items on a scale of 
five from strongly agree to strongly disagree and two open-ended questions. 
Statistical analysis related to demographics is presented in the first section of 
this chapter (see section 4.2). Therefore, data from the remaining items on 
the questionnaire are presented in this section. 

The researcher divided the questions into two subcategories for the analysis: 
1) Questions related to the degree of difficulty of the administration process 
(Likert item no 4, 7, 9 & 11); 

2) and Questions related to the safety of the administration process (Likert 
item no 5, 6, 8 & 10) (see Appendix D). The researcher will present the 
frequency of responses to each statement in percentage.    

4.6.1 Perception of participants about the easiness of the 
administration process in maternal & new-born EHR 
Error! Reference source not found.Error! Reference source not found. shows 
the responses of the participants to the statement- “overall the administration 

 
Figure 4.6.a Depicts frequency distribution (%) of responses to questions 

related to easiness of process of overall administration process in Maternal 
and new-born EHR 
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process in Maternal & new-born EHR is easy to implement”. It indicates that 
the majority of the participants (62.4%, n=19) agreed/ strongly agreed that the 
steps of the administrative process examined in the study would be easy to 
implement in the real clinical scenario.  

Figure 4.5.b portrays the responses to the statement related to the of the 
process at different stages of the administrative process. Nearly 84% partici-
pants were strongly agreed/agreed that programming the infusion pump was 
easy whereas only 48% participants agreed/strongly agreed that labelling the 
syringe was easy. About 64% participants reported that transcribing the pre-
scription was easy. 

 

 

 
Figure 4.6.b Depicts frequency distribution (%) of responses to questions 

related to easiness of process at different stages of administration 
process 
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.  

4.6.2 Perception of participants about the safety of the 
administration process in maternal and new-born EHR 
This section presents the findings of the responses of questions related to the 
safety of the steps of the administration process examined in the study. About 
two-third of the participants (67.8%) of the participants were agreed/ strongly 
agreed with the statement that the steps of the administration phase examined 
in the study are safe to implement in real clinical scenario (see Figure 4.6.c). 

 

 

 

 

 

 
Figure 4.6.c Shows the responses to an item- overall the 
administrative process in maternal and new-born EHR is safe to 
implement in real scenario 
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The majority of participants were agreed/ strongly agreed that the programming 
the pump (84%) and transcribing the prescription order (62%) are safe in 
maternal and new-born EHR. However, only 48% of the participants felt that 
the labelling the syringe is safe in maternal and new-born EHR (see Figure 
4.6.d). 

 

 
Figure 4.6.d Depicts frequency distribution (%) of responses to questions 
related to easiness of process at different stages of administration 
process 
 

29%

23%

42%

19%

39%

42%

16%

13%

19%

13%

10%

16%

13%

6%

Labelling the syringe

Transcribing the prescription order

Programming the infusion pump

N=31

S
ta

g
e
s
 o

f 
a
d

m
in

is
tr

a
ti

o
n

 p
ro

c
e
s
s
 

Strongly agree Agree Neither agree or disagree Strongly disagree Disagree



 

60 
 

4.6.3  Perception of the participants about the simulation session 
and the administration process 
Table 4.6.A shows participants perception of the simulation session. Only two 
third of the participants responded to the question (64.5%, n=20). More than 
one-third of participants (38.7%, n=12) reported that they were concerned 
about the clarity of the prescription order especially the starting dose and 
concentration in the order. One fifth of the participants mentioned the necessity 
of practice and concentration to avoid errors (19.4%. n=6). Few participants 
(12.9%, n=4) also mentioned the screen display (small font size height of 
monitor) and needed to switching from one screen to another to check the 
prescription order as circumstances that can cause errors in the administration 
process. 

Table 4.6.A Perception about the simulation session and process 

Responses PERCENTAGE OF 
PARTICIPANTS 

(N=31) 
Unclear about content prescription order like starting 
dose, concentration of infusion 

38.7 

Need practice and concentration 19.4 

Display problems like font size, height of monitor 
and need of switching from one screen to another 
screen 

12.9 

Enjoyed the simulation session 12.9 

Difficulty in labelling process 9.7 

No response 35.5 
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Participant’s suggestions to improve the administration process in Maternal and 
newborn EHR are listed in Table 4.6.B. More than half of the participants 
(51.6%, n=16) felt that printed labels or standard label template can decrease 
the errors at the labelling stage of the administration process. Further, nearly 
one-third of the participants (32.3%, n=10) suggested some amendments to 
prescription order like adding concentration, drug volume, highlighting starting 
dose and patients’ details. 

 

Table 4.6.B Participant’s suggestions to improve the administration 
process in Maternal & New-born EHR 

SUGGESTIONS PERCENTAGE OF 
PARTICIPANTS 

(N=31) 

Printed labels / standard template for labels 51.6 

Amendments to prescription like adding concentra-
tion, highlighting starting dose and patient’s details, 
adding volume of drugs and area for nurses to 
acknowledge the dose 

32.3 

Need for full drug protocols 9.7 

Practice session 9.7 

Prepared by pharmacy 6.5 

Display suggestion like large font size, one drug at 
a time 

6.5 

Double checking with another person 3.2 

No response 19.4 
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4.7 FINDINGS OF OBSERVATION DURING SIMULATION SESSION 
The majority of the participants were not sure of the prescribed dose, and 
they confused the default start dose with the prescribed dose. Interestingly, 
the majority of the participants utilised most of their time to the process of 
calculating the concentration, and they were confused about the prescribed 
concentration. Initially, nearly half of the participants did not recognise that 
they must find the concentration before programming the pump. Almost all the 
participants took more time to finish their first prescription order than the 
subsequent orders.    

4.8 SUMMARY 
This chapter presented the results of the study. Changes in the clinical work-
flow in Maternal and newborn EHR at the administrative phase of high-risk 
infusions led to programming errors and labelling deviations in the simulated 
environment. Programming errors were less frequent, but the majority of these 
errors caused more than ± 10% deviation from the prescribed dose. Further, 
more than half of the programming errors fall in category ‘C’ and ‘D’ (i.e. error 
but no harm) on the NCC-MERP index. Binary logistic regression analysis was 
portrayed to predict the factors that can increase the likelihood of programming 
errors and revealed that every increase in labelling deviation could increase 
the risk of occurrence of a programming error. Lastly, the researcher presented 
the findings of post-simulation survey and observations made during a 
simulation session.  

The next chapter will appraise and discuss the results of the study to answer 
the research questions and to reflect on the present literature. 
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CHAPTER 5 DISCUSSION 
This chapter aspires to evaluate and analyse the results presented in the 
previous chapter to answer the research questions stated in section 1.4 and 
to reflect on the literature review. 

5.1 INTRODUCTION 
Before interpreting the results of the study, I would like to reiterate the goal 
of this study which is to evaluate the clinical workflow in upcoming maternal 
& new-born EHR at the administrative phase of high-risk infusions in NICU 
and identify patient safety issues. 

5.2 TYPES AND NUMBER OF IDENTIFIED MEDICATION ERRORS 
Ohashi et al., (2013) investigated the medication administration errors and 
reported that programming errors and labelling errors are prevalent even after 
the introduction of SIP technology. Similar to Ohashi et al., (2013), when 
compared with labelling standards, numerous labelling deviations (n=722) were 
discerned in the current study which could pose a risk to patient safety in real 
scenarios. 

There are very few studies identified in the literature that investigate the 
discrepancy between programmed dose and prescribed dose. Russell et al., 
(2010) reported 24% discrepancies in programming when compared to the 
prescription orders. Whereas, this study found only 12% discrepancies in the 
programming and only half of those discrepancies led to more than ±10% 
deviation from the prescribed dose. It is critical to know how and why these 
discrepancies occur so that necessary steps can be taken to make the MUP 
safer. There are very few evidence in the literature that explained the reason 
behind these discrepancies. The next section will analyse these errors against 
the changes in clinical workflow to identify the cause behind these 
discrepancies.  
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5.3 ANALYSIS OF IDENTIFIED RISKS AGAINST CHANGE IN CLINICAL 

WORKFLOW AND POTENTIAL RISK TO PATIENT SAFETY 
Human factors engineering research acquainted that an increase in cognitive 
workload as a consequence of changes in workflow enhances the risk to 
patient safety (Harrison et al., 2007). The following were three main changes 
identified in the clinical workflow of administration process of high-risk infusions 
in the upcoming EHR identified; 

1. Retrieving information from the system,  

2. Computing the prescribed concentration, and  

3. Preparing syringe labels (see Table 1.3.A).  

5.3.1 Effect of change in the process of retrieving information 
from the system 
Given it is the first exposure to the proposed MN-CMS, most of the participants 
perceived the retrieval of information was easy and safe (Figure 4.6.b and 
Figure 4.6.d). That was evident in the analysis of actual data collected during 
the session as 87.7 % percent of the participants retrieved the right information 
from the system in the simulation session. Wrong concentration programmed 
or labelled was not considered an information retrieval error as these are 
mainly due to wrong computation rather than information retrieval. After ex-
cluding those infusion orders with the wrong concertation programmed or la-
belled, only nineteen infusions had wrong information programmed (n=12) or 
labelled (n=19).  

The participants needed mainly five parameters from the system to program 
the infusion: prescribed drug, working weight, prescribed dose, drug amount 
and rate of infusion. Fourteen programming parameters in thirteen prescription 
order were not programmed as prescribed. After a thorough analysis of the 
programming errors, it was found that the actual reason for the discrepancy 
was rounding off rather than retrieval of information (see Table 4.4.A and 
Table 4.4.B) and all of these proceeded to less than ±10% deviation from the 
prescribed dose which can be considered as clinically insignificant. Like Ohashi 
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et al., (2013) and Manrique-Rodríguez et al., (2014a), this study also found 
programming of wrong parameter ‘weight’ and ‘dose’ in the rest of eight 
infusions. The detailed analysis of programming errors by Ohashi et al., (2013) 
revealed that human programming error like selecting the wrong drug and 
pushing a key to change the number, of errors was the common reason for 
a programming error. Likewise, in the current study, there is probability that 
participants may have erroneously pressed the key while programming the 
infusion. For example in the prescription order no 86 and 87, the participant 
might have pressed the key one extra time and programmed weight 0.79 
instead of 0.78. In the current study, only half of those errors (n=4) caused 
clinically significant deviation from the prescribed dose but there is probability 
that nurses can select the wrong drug or from the drug library that can lead 
to significant deviation from the prescribed dose. Thus, one can say that it is 
less likely that any change in the information retrieval process would pose a 
clinically significant risk to patient safety.   

5.3.2 Effect of the need of computation of prescribed 
concentration 
The next change in the clinical workflow of high-risk infusions administration 
process is the necessity of calculation of the prescribed concentration which 
can increase the cognitive workload on the nurses (Trbovich et al., 2013). 
However, during the simulation session, many of the participants did not rec-
ognise the need to calculate the concentration until they started programming 
the infusion. One explanation for this finding may be due to the change in the 
prescription parameters in the upcoming system as the prescribed concentra-
tion is already mentioned on the prescription labels in the existing system.  

In this study, only 6.3% (n=8) of all the prescription orders (N=127) with drug 
library option, had the incorrect drug concentration programmed (see Table 
4.4.A &Table 4.4.B). Discrepancies related to the wrong concentration except 
one (prescription order no 2) led to more than ±10% deviation from the 
prescribed dose which is clinically significant and carries the risk of real harm 
to the patient in the actual setting. Though there was no deviation from the 
prescribed dose in prescription order no 2, it cannot be ignored as it presents 
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wrong clinical information. In this scenario, the clinician can think the patient 
is getting 5 mcg/kg/min of dopamine as displayed on the pump but the patient 
will be receiving 10 mcg/kg/min. Particularly in situations where the patient 
has not improved, and the clinician decides to increase the dose, it could 
have a detrimental effect. Furthermore, all the prescription orders with a pro-
grammed wrong concertation error led to more than 90% deviation from the 
prescribed dose in this study. These were categorised as category ‘D’ errors 
(i.e. error with no harm) on NCC-MERP index in the study as there was no 
involvement of the patient. However, if these errors reach the patient in a real 
scenario, these can lead to category ‘E’ to ‘I’ on the NCC-MERP index (i.e. 
error and harm/death). Hence, these study findings confirmed that the in-
creased need for computation at the administration phase of high-risk infusions 
could increase cognition workload that has potential to enhance the risk to 
patient safety in the real settings. 

5.3.3 Effect of preparing syringe labels   
Incomplete or inaccurate labelling of high-risk infusions in intensive care unit 
is recognised risk factor for patient safety (ACSQHSC, 2015). The nurses 
working in the study unit will be preparing hand-written syringe labels for high-
risk infusions due to the lack of integration of future EHR with the current 
label printer. As these are continuous infusions and prepared for 24 hours, 
syringe labels are the way vital information about the infusion characteristics 
are communicated. U.S. Food and Drug Administration, (2015) also recom-
mends the checking of syringe labels and programming parameters at the 
change of shifts to ensure patient safety at the administration phase. Moreover, 
there are frequent changes made in infusion rate of high-risk infusions in the 
intensive care unit depending on the condition of the patient. In that case, 
incomplete or inaccurate information on the labels can increase the risk of 
errors occurring greatly (Ohashi et al., 2013).  

Incomplete labelling of IV infusions had been reported previously by Ohashi 
et al., (2013). Similarly, this study also found that almost all the labels had 
one or more missed parameters. Further, it is apparent in Figure 4.3.d that 
concentration and weight were the most common missed parameters out of 
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all the vital parameters which are compulsory to cross-check the setting of the 
infusion pump during the change of shift and to change the dose of the 
infusion. However, one can only speculate so as to the clinical significance of 
these errors, but the incomplete labelling could adversely affect clinical decision 
making and can probably cause inappropriate changes in therapy and clinician 
uncertainty about drug administration.   

The results of binary logistic regression analysis shown in Figure 4.5.b indi-
cates that every increase in labelling errors enhances the risk of occurrence 
of a programming error. Additionally, more than half of the participants also 
felt that the labelling the syringe is neither easy nor safe (see Figure 4.6.b 
and Figure 4.6.d) and suggested that the unit should have printed labels or a 
standard template (see Table 4.6.B). Above discussion confirmed that preparing 
syringe labels in the simulation session enhances the error rate at the labelling 
stage which can negatively impact patient safety. Moreover, it is more time-
consuming as well. This study showed that the average time taken per infusion 
to complete the whole process was 9.21±2.64 minutes which can be 
significantly cut by the introduction of printed labels or standard template in 
upcoming EHR.   

5.4 ANALYSIS OF ERRORS IN ADMINISTRATION PROCESS RELATION TO 

THE DEMOGRAPHICS  
Few studies reported that the age, NICU experience and knowledge of the 
use of drug library could significantly reduce the risk of medication errors 
(Westbrook et al., 2011). However, on the contrary to previously reported 
findings by Westbrook et al., (2011), this study did not find any statistically 
significant relationship between NICU experience and occurrence of a 
programming error. The results of logistic regression analysis found that the 
nurses aged between 31-40 years are less likely to have a programming error 
in comparison to nurses aged between 20-30 years. Whereas, there was no 
statically significant difference in the occurrence of programming errors in other 
age-groups (see Figure 4.5.b). Further, the study also examined the availability 
of drug library and time taken per infusion order and the likelihood of occur-
rence of programming error but could not able to find any statistically significant 
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relationship. However, it is more likely in a real clinical setting that if the 
system could make these processes less time-consuming, the nurses could 
able to concentrate more important activities in the critical area. 

5.5 SUGGESTIONS TO IMPROVE THE ADMINISTRATIVE PROCESS IN 

MATERNAL AND NEW-BORN EHR 
Real end-users input plays a vital role in improving the clinical workflow in 
any system (Sligo et al., 2017). Although, the participants perceived the steps 
of the administration process examined in this study as safe and easy. They 
suggested some changes to make the process more efficient in real clinical 
settings. For example, nearly half of the participants in this study intimated 
that having printed labels or a template would increase efficiency and reduce 
the difficulty. Further, one-third of the participants also proposed adding the 
concentration parameter in the prescription as well as highlighting the start 
dose in the prescription order. Other potentially better practice suggestions 
included having practice sessions, preparation of high-risk infusions by the 
pharmacy and double checking with another person to reduce the risk of 
errors. 

5.6 SUMMARY 
The discussion of the results of the study in the above sections revealed that 
the changes in the clinical workflow in upcoming Maternal and new-born EHR 
could potentially increase the risk to patient safety. The need to calculate the 
drug concentration in the proposed new work-flow led to increased program-
ming errors that could be detrimental to the patient. The results of this study 
suggest that the lack of integration of a label generation process (i.e. linked 
label generation and printing) can pose a risk to patient safety, especially in 
the intensive care setting. However, the identified risks can be reduced by 
modifying prescription orders (adding concentration and highlighting the starting 
dose) and integrating label printer with the upcoming EHR. 
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5.7 CONCLUSION 
This chapter discussed the results of the study to answer the research question 
which was the evaluation of clinical work-flow at the administration phase of 
high-risk infusion in upcoming maternal and new-born EHR to identify potential 
errors and consequently estimation of potential risk to cause patient harm. 
This chapter also presented the end-users’ suggestions to make the clinical 
workflow more efficient. 

The next chapter will impart the strengths and limitations of the study. The 
chapter will also inform the reader about dissemination of findings, the 
implication for the organisation to improve quality and recommendation for 
future research. 
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CHAPTER 6 CONCLUSION 
The concluding chapter outlines the strengths and limitations of the research 
study, identifies areas for future research along with the implications for the 
organisation in improving the quality of patient care and avoiding medication 
errors. The researcher concludes the chapter with a reflection on the research 
process.  

6.1 INTRODUCTION 
While all research studies have strengths and limitations, this section describes 
the strengths and limitations of this study.  

6.1.1 Strengths of the study 
The first strength of this study is the research methodology utilised to answer 
the research question that enabled the researcher to design a near to high 
fidelity simulation study. The simulation environment offered some unique ben-
efits. It allows the researcher to examine the administration process of high-
risk infusion in great details, in a standardised environment and allowed to 
involve the real end-users of upcoming EHR in the study unit. This methodol-
ogy enabled the research to identify the types of errors that could occur with 
severe consequences should they be repeated in the real world of clinical 
practice. Another benefit of this approach was that the errors could be made 
safely as no patient involved and learning can still occur. Additionally, due to 
mixed method approach utilised for data collection in this research enabled 
the researcher to identify the reason for errors which have not previously 
mentioned in the literature.   

The Irish health system is moving from paper records to electronic health 
records. However, it is critical to evaluate the clinical workflow of error-prone 
processes before implementation. This study demonstrated the feasibility of a 
clinical simulation method to assess the clinical workflow of high-risk processes 
before deployment of a new system which will help the organisation to improve 
the processes before go-live. The qualitative data collected illuminated end 
user's feelings and perceptions of the changed workflow and valuable yet 
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insightful suggestions to improve the process which is critical for the successful 
implementation of any system.   

6.1.2  Limitations of the study 
While all research studies, to some degree, will suffer from limitations, this 
section outlines the limitation of this study. Firstly, due to time constraints, the 
study only examined some steps of the administration phase of MUP, and 
there is a chance of errors occurring at the other steps like the preparation 
and documentation phase of the administration process. Secondly, in real 
clinical settings, the nurses double check the prescription orders with another 
nurse that can intercept the errors before they reach the patient whereas due 
to staffing constraints, this study only involved one nurse per session. However, 
the participants have kept away from the clinical responsibilities during the 
simulation session which enabled them to concentrate on the process in this 
study whereas clinicians can have numerous interruptions during MUP in a 
real clinical setting which can cause more errors. 

Thirdly, the researcher used the mature prototype of the system to examine 
the clinical workflow rather than the actual system so the effect can be different 
when using the ‘real’ system. Nonetheless, this study provided baseline data 
to examine the effect of interventions used so as to improve the system in 
the future. Data collected using observation can be subject to the Hawthorne 
effect resulting in changed behaviour that was not reflective of the real clinical 
scenario. Finally, this was the first time participants were exposed to the 
system which can lead to more errors that can be mitigated with more expo-
sure, practice and education sessions before implementation. 
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6.2 RECOMMENDATION FOR FUTURE RESEARCH 
As this study looked at only a few steps of the administration phase of high-
risk infusions using a prototype in a simulated environment future research 
should examine the whole MUP in a real clinical environment using the actual 
system. Like this study, the researcher recommends evaluation of error-prone 
processes in a simulated environment to identify the potential risk to patient 
safety. Once the MN-CMS has been implemented and embedded, it would be 
beneficial to look at the number or medication errors and compare both to the 
number of actual errors before the EHR and during the simulation sessions. 

 

 

6.3 IMPLICATION FOR ORGANISATION MANAGEMENT AND QUALITY 
The researcher recommends the closed loop medication system as described 
in Figure 2.4.a to mitigate the risk of identified error in the study at the 
administration phase of high-risk infusions in MUP. However, as the study unit 
is very near to implementing the Maternal and new-born EHR and there is 
insufficient time to do. However, the researcher recommends that some 
changes in the prescription order like the addition of concentration and high-
lighting starting dose to decrease the cognitive workload on the nurses should 
be strongly considered. Such changes have the potential to reduce the risk of 
medication errors. Additionally, either a label printer should be integrated with 
upcoming EHR or a standard template for syringe labels be designed to reduce 
labelling discrepancies. Finally, the organisation should support the evaluation 
of clinical workflow around high-risk processes in a simulated environment to 
identify potential risk to patient safety before implementation of the new sys-
tems in the organisation. Education and practice sessions in preparation for 
the new system can be tailored to highlight the error-prone processes and 
how they can be avoided.    
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6.4 DISSEMINATION OF FINDINGS 
A truncated version of the results will be submitted to the neonatal medication 
safety committee in the study unit that may help the unit to take necessary 
steps to reduce the identified risk and enhance patient safety. A final copy of 
the research study will be made available to the organisation and participants 
if they wish. The researcher hopes to publish the results in a respected journal 
such as Irish journal of medical sciences and present at local and international 
conferences. 

6.5 REFLECTIONS ON THE RESEARCH PROCESS 
This section presents the personal reflection of the research process and 
lessons learned during the process. It is imperative to select a topic for 
research that suits as per given time frame. Initially, the researcher decided 
to evaluate the two error prone phases of MUP (administration as well as 
prescription), but one of the supervisors advised to narrow down the scope 
due to the given shorter time frame. Hence, the researcher decided to evaluate 
only error prone steps at the administration phase of high-risk infusions.  

Additionally, it is important to choose the right study design that is suitable for 
answering the research question. The researcher adopted the evidence-based 
approach recommended by Jensen et al., (2015) to design clinical simulation 
study to evaluate the clinical information system. The steps recommended by 
Jensen et al. (2015) helps to identify several issues throughout the process. 
For instance, this approach suggests performing rehearsal before the actual 
simulation session to identify any issues. Thus, after the rehearsal session, 
the researcher modified the prescription pdfs and included the medication 
protocols as well. The later version impersonates the maternal and new-born 
EHR as the links of the protocol will be available to the end-users in the real 
system. Another difficulty faced was the recruitment of participants for the 
study. However, one of the supervisors advised approaching the participants 
individually to increase the involvement. The potential participants were per-
sonally approached to explain the purpose and benefits of the study and clear 
the doubts. Overall, the whole research process was challenging, but many 
lessons were learnt throughout the process, and the experience was gained.  
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6.6 CONCLUSION 
This chapter confers the strengths and limitations of the study along with the 
implications for the organisation management and recommendation for future 
research. This study presented the identified potential errors and their severity 
to cause potential harm during the administration phase of high-risk infusions 
in upcoming maternal and new-born EHR. The personal reflection was pre-
sented to share the experiences and lessons learned throughout the research 
process.  
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APPENDICES 
COMPARISON OF LABELLING PARAMETERS 

Parameters to be included 
in the syringe labels 

Currently used 
label  

Recommended 
by ISMP 
(ISMP, 2010) 

Recommended by (Austral-
ian Commission on Safety 
and Quality in Health Care 
ACSQHSC, 2015, p.18) 

Specific for neona-
tal population 
(Larsen et al., 
2005) 

Patient's Name     

Weight     

Drug Name     

Concentration      

Starting dose     

Start rate of infusion     

Preparation date     

Preparation time     

Signature     

Hospital number     

Drug volume     

Drug amount     

Diluent added     

Route      

Dose range     

Expiration date     
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 CLINICAL SCENARIOS FOR CLINICAL SIMULATION 
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 REFERENCE GUIDE FOR SIMULATION PROCEDURE 

 



 

117 
 

 

 

 



 

118 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

119 
 

POST-SIMULATION FEEDBACK SURVEY 
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PARTICIPANTS INFORMATION LEAFLET 
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CONSENT FORM 
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 RESEARCH PROPOSAL 
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ETHICAL APPROVAL FROM THE ROTUNDA HOSPITAL 
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ETHICAL APPROVAL FROM TRINITY COLLEGE DUBLIN 
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RECRUITMENT FLYER 
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DATA COLLECTION AT THE LABELLING PHASE 
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 PUMP LOGGING DATA COLLECTION SHEET 

 


