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Executive Summary

Medication errors are frequent; they can be serious, however, are also preventable. Actually, health 
care delivery is not perfect and errors are very common. In intensive care units (ICU), critically ill 
patients may suffer, on average, 1.7 medical errors each day and some of which may be life-
threatening. Medication errors can happen anywhere in the hospital; however, those happening in 
intensive care units can be life-threatening because of the severity of the patients and various 
comorbidities they have. Almost one-fifth (19%) of the errors in ICU are life-threatening and 
almost half (42%) cause the addition of other life-sustaining supports, adding emotional, 
psychological and financial burdens to the patient and family. Although medication errors are 
increasingly accepted as a significant patient safety issue, research and studies on this topic is 
limited in low and middle income countries (LMICs), where healthcare systems face various 
restrictions. There has been minimal research on the knowledge, attitudes, and behaviors of critical 
care nurses concerning medication safety, especially in the administration of intravenous 
medications. This study aims to address the gap by evaluating ICU nurses' comprehension of 
medication errors, their compliance with safety procedures, and the effect of focused interventions 
on enhancing safe medication practices.

The objective of this study is to evaluate the nurses’ understanding of medication errors and patient 
safety. We planned to assess knowledge, perception and behavior of nurses regarding patient 
safety. After that, we planned to implement and analyze the impact of a focused intervention 
session, mainly informative meetings with each participant. Thus, we conducted a quantitative, 
quasi experimental, cross-sectional study with pretest - posttest design. For this, we selected nurses 
working in critical care settings in a tertiary hospital, namely in the ICU, CCU, HDU and post-
operative ward. A validated questionnaire covering key variables - knowledge, perception, 
behavior and demographic details was used. Post-intervention sessions were conducted 1 week 
after data collection pertaining to explanation and discussion of correct answers to enhance 
knowledge. All the responses pretest and posttest were coded for McNemar’s test to assess 
statistical significance. Data were analyzed using SPSS, with confidence level 95%. 

Our study found high baseline compliance with protocol-driven safety practices. There was a 
significant difference in nurses’ knowledge after education intervention in the use of CPOE 
reducing medication errors (p 0.00) and alarm noises and ward emergencies increase error risk (p 
0.001). Statistically significant differences were noted in participants’ perception of the effects of 
protocols/ guidelines/ procedures on ensuring proper management of therapeutic processes (p 
0.014). The behavioral findings demonstrate near-perfect baseline compliance across all safety 
practices (98.4-100%), leaving minimal room for measurable improvement through intervention.
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This study highlights the significant impact of targeted education on improving critical care 
nurses' understanding of computerized order entry and alarm-related risks, reinforcing protocol 
adherence where initial agreement was incomplete. Despite these improvements, the near-perfect 
baseline compliance with core medication safety behaviors and strong pre-existing safety 
perceptions indicate that most fundamental practices are already well institutionalized within the 
clinical setting. These findings suggest that in mature safety cultures, focused interventions are 
more effective than broad retraining efforts, as educational programs yield greater success when 
directed at specific areas requiring enhancement rather than reinforcing well-established norms. 
We acknowledge there is a need for further research in developing country settings to establish 
broader trends. 

Abstract

Background

Medication errors are frequent but preventable. Critically ill patients may suffer, on average, 1.7 
medical errors each day & some of which may be life-threatening. Such errors can be life-
threatening because of the severity of the patients and comorbidities they have.

Objectives

To assess the knowledge about medication error and safety among critical care nurses and assess 
the effect of implementation of focused intervention sessions to improve medication safety.

Methods

This is a quantitative cross-sectional study, including all nurses working in critical care areas of a 
tertiary level hospital. A validated questionnaire was used to collect data on Knowledge, 
Perception & Behavior of nurses on medication errors and patient safety. Demographic data were 
analyzed using descriptive statistics. All data were analyzed via SPSS using McNemar’s test.

Results

Our study found high baseline compliance with protocol-driven safety practices. There was a 
significant difference in nurses’ knowledge after education intervention in the use of CPOE 
reducing medication errors (p 0.00) and alarm noises and ward emergencies increase error risk (p 
0.001). Significant differences were noted in perception of the effects of protocols/ guidelines on 
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ensuring proper management of therapeutic processes (p 0.014). The behavioral findings 
demonstrate near-perfect baseline compliance across all safety practices (98.4-100%), leaving 
minimal room for measurable improvement.

Conclusion

This study highlights significant impact of targeted education on improving critical care nurses' 
understanding of computerized order entry and alarm-related risks, reinforcing protocol 
adherence. Our findings confirm mature safety cultures, and focused interventions effective than 
broad retraining efforts.

Keywords: Knowledge, Perception, Behavior, Medication Error, Critical Care Nurses.

1. Introduction 

Health care delivery is not perfect and errors are very common. Medication errors are frequent and 
can be serious, however, are also preventable. . In intensive care units (ICUs), critically ill patients 
may suffer, 1.7 medical errors each day on average, some of which may be life threatening.1,2 The 
overall medication process involves many steps which can  broadly be categorized into 5 stages: 
prescription, transcription, preparation, dispensation and administration.3 Errors can happen in any 
of these stages, but most commonly they occur during the administration stage (53%), followed 
by prescription (17%), preparation (14%) and transcription (11%) stages.4 The medical errors can 
be further classified as errors of omission and errors of commission. An error of omission is a 
failure to perform an appropriate action and an error of commission is defined as performing an 
inappropriate action.2

Medication errors can happen anywhere in the hospital but those happening in intensive care units 
can be life-threatening because of the severity of the patients and various comorbidities they have. 
Almost one-fifth (19%) of the errors in ICU are life-threatening and almost half (42%) cause 
addition of other life-sustaining supports, adding emotional, psychological and financial burden to 
the patient and family.5 The total incidence of medication errors is very difficult to ascertain, 
largely because of underreporting. There can be many risk factors for medication errors in ICU, 
with patient illness severity being the strongest predictor of  adverse reaction from a medication 
error.6,7

Medication errors are preventable. Different strategies implemented in various hospitals have 
shown to decrease such errors. Improving the safety of the medication process is the safest and 
most efficient means of improving patient safety.8 This can be accomplished by optimizing the 
safety of the medication process, eliminating situational risk factors, and providing strategies to 
both intercept errors and mitigate their consequences. Different strategies that have proved to be 
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successful include: medication standardization,9,10 implementation of computerized physicians 
order entry (CPOE),11 medication reconciliation,12 using bar-code technology,13 and computerized 
intravenous infusion devices.3 

Although medication errors are increasingly accepted as a significant patient safety issue, research 
and studies on this topic is limited in low and middle-income countries (LMICs), where healthcare 
systems face various restrictions.  There has been minimal research on the knowledge, attitudes, 
and behaviors of critical care nurses concerning medication safety, especially in the administration 
of intravenous medications.  This study aims to address the gap by evaluating ICU nurses' 
comprehension of medication errors, their compliance with safety procedures, and the effect of 
focused interventions on enhancing safe medication practices.

2. Methodology
2.1. Design

This study was a quantitative, quasi-experimental investigation with a pretest-posttest design to 
assess critical care nurses’ knowledge, perception, and behaviors regarding medication safety.

2.2. Sample and Settings

All critical care nurses working in ICU, HDU, CCU, and postoperative wards in a tertiary-level 
hospital were included. A convenience sampling method was used for participant selection.

2.3. Data Collection

Participants were interviewed using a validated questionnaire developed by Di Muzio et al., which 
had high reliability (Cronbach’s alpha = 0.776).14 The questionnaire included variables such as 
age, gender, qualification, years of experience, training history, knowledge of medication errors, 
attitudes toward medication errors, behavior to prevent medication errors, and post-intervention 
improvements in knowledge, attitude, and behavior. Responses were recorded on a three-level 
Likert scale (Agree, Disagree, Neutral). The pre-test data was collected from October 15 to 
November 15, 2024. 

Subsequently, a focused intervention session was then conducted from November 16 to November 
30, 2024, either in-person to educate participants on strategies for preventing medication errors. 
The intervention consisted of detailed discussions of the questionnaire items, explaining the correct 
answers. One week later, a post-intervention test was administered using the same questionnaire 
to assess knowledge improvements from December 1 to December 31, 2024.

2.4. Ethical Considerations
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Informed consent was obtained from all participants before data collection. A consent form was 
attached to the questionnaire to ensure voluntary participation and ethical compliance. Before data 
collection was considered, staff in all the departments were informed in person and via social 
media texting apps like Viber and WhatsApp regarding the voluntary nature of the study. In 
addition, Google Forms had detailed description of the study consisting of Confidentiality and 
Voluntary Nature of the study as separate topics in the description. Only those who consent were 
proceeded to the questionnaires and those who do not were directed to the end page of the study.

2.5. Measures

The study variables included demographic characteristics (age, gender, qualification, years of 
experience, and training history) as well as knowledge, perception, and behaviors related to 
medication errors. The Likert scale responses were converted into binary values for statistical 
analysis, where “Agree” was coded as 1, and “Disagree” and “Neutral” were coded as 0—as the 
latter reflected the lack of knowledge or indecision.

2.6. Data Analysis

All the collected data were anonymized, and no identifiers were used. Data were only available to 
the research team. Data collected were entered into Google Forms and exported to MS Excel/SPSS 
version 26 for analysis. Forms with more than 10% missing data were excluded, and missing 
responses were recorded as ‘unknown.’ Descriptive statistics were used to analyze demographic 
data (frequencies and percentages).

Pretest data on knowledge, perception, and behavior were collected, followed by the intervention. 
The same questionnaire was then used in the post-test phase with the same sample. McNemar’s 
test was applied to determine changes in responses. Since McNemar’s test requires dichotomous 
data, responses were converted accordingly. A significance level of 0.05 with a 95% confidence 
interval was set for statistical analysis.

3. Results:

3.1 Demographic details

The pre-test included 86 participants, while the post-test had 70 participants. To ensure accurate 
one-to-one comparisons using the McNemar test, we selected the first 70 participants from the 
pre-test and all 70 participants from the post-test. The remaining 16 participants from the pre-test 
were excluded from the analysis for comparability.

For demographic details, we are using the pre-test group which includes all the post-test group 
participants as well (Table 1). All participants were females (86). The highest number of 
participants were in the 22 - 25 years age group (36%) followed by the 18-21 years age group 
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(33.7%) and 26-29 years age group (26.8%). Maximum number of participants were recently 
graduated–after 2020 AD (80%). Similarly, most of the participants had less than 2 years of 
clinical experience (75.6%). Most were PCL nurses (41.8%) followed by BSc. nursing graduates 
(38.4%). Only 20% of the participants had received formal training on proper handling of the 
medications. More than 40% of the participants claim they spend 12 hours or more time studying 
and updating themselves on clinical knowledge in any week.

Table 1: Demographic Characteristics of participants

Table 2: Knowledge-based assessment of nurses on Medication Error risks

3.2 Knowledge
There was a significant increase in nurses’ knowledge after the education intervention in the use 
of CPOE reducing medication errors (p 0.00) and alarm noises and ward emergencies increase 
error risk (p 0.001). (Table 2)

Significant differences could not be established in other areas of knowledge reducing error risk 
like IV drugs dosage calculus (p 0.187), prepackaged drug dispensation (p 0.106), use of 
informative protocols (p 0.091), importance of pharmacists’ assistance (0.112) and higher risk 
pertaining to higher workload (p 0.474). 

Table 3: Perception of nurses on Medication Error reducing strategies

3.3 Perception
Perceptions of the participants regarding various aspects of IV drug safety management before 
and after the intervention reveals a strong pre-existing consensus among participants on most 
safety practices An overwhelmingly high number of nurses agreed  on the importance of error 
reporting, clinical skill evaluations, authoritative guidelines, and staff motivation that created a 
ceiling effect in the baseline survey. This provided a  minimal space for measurable 
improvement through the intervention. The only statistically significant difference in 
participant's perception was seen in effects of protocols/guidelines/procedures on ensuring 
proper management of therapeutic processes (p = 0.014). (Table 3)

Table 4: Behavior assessment of nurses on Medication Safety Practices

3.4 Behavior
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The behavioral findings demonstrate near-perfect baseline compliance across all safety practices 
(98.6-100%), leaving minimal room for measurable improvement through intervention. While 
core protocol-driven behaviors like medication rights verification and infusion rate adherence 
showed unwavering 100% compliance - indicating thorough institutionalization - more variable 
practices like hand hygiene exhibited slight, non-significant declines. (Table 4)

4. Discussion
We performed a quantitative, quasi-experimental study with a pretest-posttest design. This study 
assessed the effect of an educational training on the knowledge, attitudes, and practices (KAP) of 
the critical care nurses working in a tertiary level hospital concerning medication errors. The 
findings present a complex scenario, indicating notable improvement in specific knowledge and 
perception domains. Although behavioral change has remained relatively unchanged–perhaps 
due to elevated baseline adherence–which might be due to education and training imparted by 
nursing educators.

Knowledge Domain
Educational interventions substantially enhanced nurses' comprehension of the utilization of 
Computerized Physician Order Entry (CPOE) systems, thereby decreasing medication errors (p = 
0.00). Kwiecień-Jaguś et al. emphasized that medication errors in ICU settings were substantially 
reduced by CPOE systems when used in conjunction with appropriate training, as they 
minimized transcription and dosage errors. 8 Piriou et al reiterated the importance of using 
computerized systems for drug prescription at different levels for eg. active checking measures 
like barcodes, use of programmable power syringes connected to a computer. 15 Similarly, 
Dionisi et al. underscored that nurses' confidence and accuracy in medication administration 
were improved by structured education on CPOE systems. 16 The positive reception among 
nurses after the intervention indicates an openness to adopting such tools, especially when their 
practical benefits are clearly demonstrated. This intervention can be used to further explore the 
potential of targeted interventions in transforming perceptions of technology in healthcare. 
Johnson et al. observed that interruptions during medication preparation and administration were 
strongly linked to procedural failures and clinical errors.17 Our study demonstrated a significant 
association between alarm noises, ward emergencies, and increased error risk (p = 0.001). This 
finding highlights the nurses' acknowledgment that continuous distracting alarm noises as well as 
frequent ward emergencies can impair focus, judgment and decision-making. This can lead to 
increased errors in care, including medication errors. This highlights the need for interventions 
that can mitigate these risks, like optimized alarm settings and improved communications during 
emergencies. Regular ward emergency exercises can improve both communication and 
situational awareness in nurses. In ICU settings, nurses frequently encounter distractions that 
jeopardize patient safety. In order to mitigate these risks, strategies such as the implementation of 
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"quiet zones" and the reduction of interruptions during medication rounds have been 
recommended.17

Our findings indicate no significant improvement in knowledge related to IV drug dosage 
calculation (p = 0.187). This is concerning, as errors in IV medication administration are among 
the most frequent and severe in ICU settings. Westbrook et al. reported that incorrect IV rates 
and dosages accounted for a significant proportion of medication errors, emphasizing the need 
for continuous education and skill development18. Hamdan et al. also highlighted gaps in nurses' 
training regarding IV drug preparation and administration.19 This may have been due to a high 
pretest score of 83% followed by 88.6% posttest score improvement. Still, we acknowledge that 
there is room for improvement. Our findings on prepackaged drug dispensation (p = 0.106) 
resonate with the challenges highlighted by Kwiecień-Jaguś et al., who noted that while 
prepackaged medications reduce manual errors, their effectiveness depends on proper labeling 
and staff familiarity.8 They recommended regular audits and pharmacist-led training to ensure 
safe implementation. Our study found no significant improvement in knowledge regarding the 
use of informative protocols (p = 0.091). Informatics tools, such as clinical decision support 
systems (CDSS), have been shown to reduce medication errors by providing real-time alerts and 
evidence-based recommendations.15 Dionisi et al. found that CDSS tools significantly reduced 
medication errors by providing real-time alerts and evidence-based guidelines. However, they 
emphasized that staff training is crucial for maximizing the utility of these systems.16 It is also 
closely aligned with one of the major objectives of our study and the findings show that we  were 
able to correct nurses’ viewpoint on the importance of informative protocols by 10% posttest 
from 64%. Medication in critical care based training which was only obtained by 20% nurses can 
reflect this finding. We acknowledge that there is an emergent need for such training in our 
center. The lack of significant improvement in understanding the role of pharmacists (p = 0.112) 
highlights a missed opportunity to leverage their expertise. Escrivá Gracia et al. demonstrated 
that pharmacist-led interventions, such as medication reconciliation and error reporting, 
significantly reduced errors in ICU settings.20 Collaborative approaches between nurses and 
pharmacists were found to enhance patient safety. Our findings on the non-significant 
association between workload and error risk (p = 0.474) contrast with the broader literature. 
Dionisi et al. identified excessive workload as a critical factor contributing to medication errors, 
particularly in high-stress environments like ICUs.16 They suggested optimizing nurse-to-patient 
ratios and implementing time-management strategies to alleviate workload pressures.

Perception Domain 

The perception section revealed generally strong pre-existing beliefs regarding safe medication 
practices. However, one item stood out; there was a significant improvement in the belief that 
protocols/guidelines/procedures shape professional behavior and support the proper management 
of therapeutic processes (p = 0.014).  This highlights the critical importance of structured 
frameworks in standardizing nursing practices and minimizing variability in medication 
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management. Other studies have also clearly demonstrated that structured guidelines influence 
professional behavior, ensuring proper therapeutic management.21 To address this, we need to 
implement protocols specifically tailored to the Nepali critical care context, developed by the 
Nepalese Society of Critical Care Medicine (NSCCM). These protocols are applicable in both 
advanced facilities, and resource-limited settings. Additionally, essential drug information, 
including accurate dosages for inotropic and vasoactive medications, should be readily available 
in every ICU room, ensuring precise and reliable medication administration.

The remaining perception items showed little to no significant changes, likely due to the high 
levels of agreement in the baseline and limited potential for short-term shifts. For instance, 97% 
of participants already acknowledge that ongoing and specific training on IV drug safety helps 
minimize errors. However, this does not imply that no further improvements are necessary. 
Given the frequent introduction of new medications in critical care, continuous learning and 
training remain essential, as insufficient education on new drugs has previously been identified 
as a major factor contributing to errors.21 These findings should be interpreted cautiously, 
recognizing that improvement is always possible, as the process is continuously evolving.

Behavior Domain

The behavioral findings demonstrate near-perfect baseline compliance across all safety practices 
(91.4-100%), leaving minimal room for measurable improvement through intervention. While 
core protocol-driven behaviors like medication rights verification and infusion rate adherence 
showed unwavering 100% compliance - indicating thorough institutionalization - more variable 
practices like hand hygiene exhibited slight, non-significant declines. These findings are better 
than other research done in similar settings. 100% compliance of nurses in checking vital signs 
during administration of vasoactive drugs compared to 88.8% in the research. Similarly, 98.8% 
nurses washed hands properly before medication administration compared to only 87.9% in the 
research. 19 The results highlight both the success of existing safety protocols in achieving high 
adherence for critical behaviors and the inherent limitations of educational interventions in 
enhancing already-optimized practices. These findings suggest future quality initiatives should 
focus on identifying and addressing specific performance gaps rather than broadly reinforcing 
well-established protocols, while maintaining vigilance to prevent erosion of existing high 
compliance standards. The data ultimately reveals an environment where fundamental 
medication safety behaviors have become deeply embedded in clinical routines.

5. Conclusion
This study highlights the significant impact of targeted education on improving critical care 
nurses' understanding of computerized order entry and alarm-related risks, reinforcing protocol 
adherence where initial agreement was incomplete. Despite these improvements, the near-perfect 
baseline compliance with core medication safety behaviors and strong pre-existing safety 
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perceptions indicate that most fundamental practices are already well institutionalized within the 
clinical setting. These findings suggest that in mature safety cultures, focused interventions are 
more effective than broad retraining efforts, as educational programs yield greater success when 
directed at specific areas requiring enhancement rather than reinforcing well-established norms. 
Future quality improvement initiatives should integrate targeted education on emerging risks 
with ongoing reinforcement of existing high standards to maintain optimal patient safety. This 
approach underscores a shift toward data-driven, customized strategies for advancing 
pharmaceutical safety in well-developed clinical environments.

6. Limitations of the study: 

This study acknowledges several constraints inherent to its cross-sectional survey design. 
Additionally, potential participant omission may limit sample representativeness. Also, as a 
quasi-experimental design lacking randomization, confounding variables (e.g., prior experience) 
could influence outcomes. This study was analyzed using McNemar's test analysis, which was 
restricted to 70 participants, reducing statistical power and necessitating larger-scale validation. 
Furthermore, selection bias might be seen due to single-center recruitment. Lastly, social 
desirability bias may persist in self-reports despite anonymization. The absence of significant 
behavioral improvements may reflect either ceiling effects from high baseline adherence or the 
inherent limitations of self-reported versus observed behaviors, including recall bias. These 
factors collectively underscore the need for cautious interpretation of findings.

List of Abbreviations:
1. BN : Bachelor in Nursing 
2. CDSS: Clinical decision support system
3. CPOE: Computerized physician order entry system 
4. ICU: Intensive Care Unit
5. IV: Intravenous
6. HDU: High Dependency Unit
7. CCU: Coronary Care Unit
8. LMIC : Low and middle income country
9. NSCCM: Nepalese Society of Critical Care Medicine 
10. p-value: Probability Value
11. RN: Registered Nurse
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