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Abstract 

Intravenous (IV) medication administration is a routine yet high-risk clinical procedure in hospital 

settings. Because medications administered intravenously enter systemic circulation immediately, any 

error during preparation or administration can result in serious adverse events. This review aims to 

evaluate existing evidence on intravenous medication administration errors and examine the effectiveness 

of protocol development and nurse education in improving medication safety. A narrative review of 

published literature was conducted using electronic databases including PubMed, Scopus, and Google 

Scholar. Articles published between 2010 and 2024 were searched using key words. A total of 86 articles 

were initially identified. After removal of duplicates and screening of titles and abstracts, 42 articles were 

assessed for eligibility, and 30 relevant studies were included in the final review. The reviewed literature 

demonstrates that intravenous medication administration errors are frequently associated with inadequate 

training, lack of standardized protocols, high workload, and interruptions during medication preparation. 

Common errors include incorrect dosage calculations, improper dilution, wrong infusion rates, and drug 

incompatibilities. Studies consistently report that implementation of evidence-based protocols and 

structured educational interventions significantly improves nurses’ knowledge and adherence to safe 

medication practices. 

 

Conclusion 

Strengthening protocol-based medication practices and providing continuous professional education for 

nurses are essential strategies for improving intravenous medication safety. Integration of standardized 

clinical guidelines, competency-based training programs, and multidisciplinary collaboration can 

substantially reduce medication errors and enhance patient safety in healthcare settings. 

Keywords: Intravenous medication administration, IV medication errors, nursing education, medication 

safety and clinical protocols. 
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1. Introduction  

Intravenous (IV) drug administration is a fundamental component of contemporary healthcare practice 

and is widely utilized in hospital settings for the delivery of medications, fluids, blood products, and 

parenteral nutrition directly into the bloodstream [1–3].  

This route of administration offers several clinical advantages, including rapid onset of action and accurate 

control of drug concentration in critically ill patients [4,5]. 

However, because intravenous medications bypass natural physiological barriers and enter systemic 

circulation directly, any error during preparation or administration can result in serious adverse outcomes 

[6,7]. 

Medication administration errors are recognized as one of the leading causes of preventable patient harm 

in healthcare systems worldwide [8–10]. 

 Among different routes of drug administration, IV therapy has a higher risk of medication errors due to 

the complexity of drug preparation, dilution, and infusion rate management [11–13].  

Several types of errors may occur during intravenous medication administration, including incorrect drug 

dosage, improper dilution, wrong infusion rate, and incompatibility between medications administered 

through the same IV line [14–16].  

Multiple factors contribute to medication errors, including heavy workload, staffing shortages, frequent 

interruptions, and inadequate training among healthcare professionals [17–19]. 

 Nurses play a crucial role in medication administration and are responsible for preparing medications, 

verifying prescriptions, administering drugs, and monitoring patients for therapeutic effects and adverse 

reactions [20,21].  

Healthcare institutions increasingly emphasize the development of standardized clinical protocols to 

improve medication safety and reduce errors during IV drug administration [22–24]. 

Educational interventions and continuing professional training programs for nurses have also been shown 

to significantly improve medication administration practices [25–27].  

Combining standardized protocols with structured nurse education is considered one of the most effective 

strategies to reduce medication errors and improve patient safety [28–30]. 

 

2. Methodology  

A narrative review methodology was used to analyze existing literature related to intravenous medication 

administration practices and medication safety in healthcare settings. A comprehensive literature search 

was conducted using electronic databases including PubMed, Scopus, and Google Scholar to identify 

relevant studies. 

The search strategy included combinations of keywords such as “intravenous drug administration,” 

“IV medication errors,” “medication safety,” “nursing education,” “clinical protocols,” and “patient 

safety.”  

 

Boolean operators AND and OR were applied to refine the search results and retrieve relevant 

publications. 

Articles published in English between 2015 and 2024 were considered for inclusion in this review. Studies 

focusing on medication administration errors, intravenous drug administration practices, protocol 

implementation, and educational interventions among healthcare professionals were included. 
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Observational studies, interventional studies, and systematic reviews relevant to the study objectives were 

considered eligible for inclusion. 

Articles focusing exclusively on pharmaceutical formulation studies, laboratory research, or non-clinical 

investigations were excluded. In addition, duplicate articles and studies not directly related to intravenous 

medication safety were removed during the screening process. 

A total of 86 articles were initially identified during the database search. After removing duplicate records 

and screening titles and abstracts for relevance, 42 articles were assessed for eligibility through full-text 

review. Finally, 30 studies were selected for inclusion in this narrative review based on their relevance to 

intravenous medication administration safety and educational interventions. 

The selected studies were then categorized into thematic areas including intravenous medication 

administration errors, contributing factors, protocol development, nurse education, and the impact of these 

interventions on patient safety. 

 

3.  Literature Review  

3.1 Prevalence of Intravenous Medication Administration Errors : 

Intravenous medication administration errors are widely reported in healthcare settings and represent a 

significant threat to patient safety. Studies have indicated that the administration stage of the medication 

process is particularly vulnerable to errors because it occurs directly at the point of patient care and 

involves multiple complex steps [1–4]. These steps include drug preparation, dose calculation, dilution, 

infusion rate adjustment, and monitoring of patient response. 

Research conducted in hospital settings has demonstrated that IV medications are associated with a higher 

risk of medication errors compared with other routes of administration [5,6]. 

This increased risk is largely due to the complexity of preparation procedures and the need for accurate 

calculations and compatibility assessments. Because intravenous medications enter systemic circulation 

immediately, even minor errors may result in serious adverse drug events or patient harm [7,8]. 

Several observational studies have reported that medication administration errors account for a substantial 

proportion of all medication-related incidents in hospitals [9,10]. 

These findings highlight the importance of implementing effective strategies to improve intravenous 

medication administration practices. 

3.2 Types and Causes of Intravenous Medication Errors : 

Various types of errors may occur during intravenous medication administration. Common errors reported 

in the literature include incorrect dosage calculation, improper drug dilution, administration at an incorrect 

infusion rate, and failure to verify patient identity before drug administration [11–14]. Incompatibility 

between medications administered through the same intravenous line is another important concern that 

may lead to reduced drug efficacy or harmful reactions. 

Multiple factors contribute to the occurrence of medication administration errors. Heavy workload, 

staffing shortages, time pressure, and frequent interruptions during medication preparation have been 

identified as major contributing factors [15–17].  

http://www.aijfr.com/
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In addition, inadequate knowledge regarding drug preparation techniques and infusion protocols among 

healthcare professionals may increase the likelihood of medication errors. 

Human factors also play a significant role in medication safety. Distractions, fatigue, and communication 

failures within healthcare teams can increase the risk of procedural mistakes during medication 

administration [18,19].  

These findings suggest that improving working conditions and strengthening safety culture within 

healthcare institutions are essential components of medication error prevention. 

3.3 Role of Protocol Development in Improving Medication Safety : 

The implementation of standardized clinical protocols is widely recognized as an effective strategy for 

improving medication administration practices. Clinical protocols provide clear and structured guidance 

regarding drug preparation, dilution procedures, infusion rates, and monitoring requirements [20–22]. 

Several studies have demonstrated that standardized protocols help reduce variability in clinical practice 

and improve adherence to evidence-based medication administration guidelines [23,24]. By providing 

healthcare professionals with clear instructions, protocols minimize ambiguity and support consistent and 

safe medication practices. 

 

In addition, protocol-based systems facilitate better communication among healthcare professionals and 

improve coordination between physicians, nurses, and pharmacists. These structured approaches 

contribute to the development of safer medication administration environments within healthcare 

institutions [25]. 

3.4 Role of Nurse Education and Training : 

Education and training programs are essential for improving nurses’ competence in intravenous 

medication administration. Continuing professional development programs, workshops, and simulation-

based training have been shown to enhance nurses’ knowledge and clinical skills related to medication 

preparation and administration [26–28]. 

 

Simulation-based learning is particularly effective in improving medication safety because it allows nurses 

to practice complex clinical procedures in a controlled environment without risking patient safety. Studies 

have reported that simulation training significantly improves nurses’ confidence and decision-making 

abilities during medication administration [29,30]. 

 

Furthermore, educational interventions increase awareness of medication safety principles such as the 

“five rights” of medication administration and encourage adherence to standardized safety practices.  

These programs play a crucial role in reducing medication errors and improving overall quality of patient 

care. 

3.5 Technology and Multidisciplinary Approaches to Medication Safety : 

Advancements in healthcare technology have introduced several systems designed to improve medication 

safety. Technologies such as electronic prescribing systems, barcode medication administration systems, 

and smart infusion pumps have been shown to significantly reduce medication errors in hospital settings 

[31–34]. 
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Electronic prescribing systems help minimize transcription errors and improve the accuracy of medication 

orders. Similarly, barcode medication administration systems ensure correct patient identification and 

reduce the risk of administering medications to the wrong patient. 

 

Multidisciplinary collaboration is another key strategy for improving medication safety. Clinical 

pharmacists play an important role in reviewing medication orders, assessing drug compatibility, and 

providing medication-related education to healthcare professionals [35–37]. 

 

Studies have shown that collaborative approaches involving physicians, nurses, and pharmacists can 

significantly reduce medication errors and improve patient outcomes [38–40]. 

 

Table 1: Summary of Selected Studies on Intravenous Medication Administration Errors and Safety 

Interventions (2015–2024) 

Author 

(Year) 

Study 

Design 

Study 

Setting 

Key Findings Conclusion 

Feleke et 

al. (2015) 

Cross-sectional 

study 

Hospital 

nurses 

High prevalence of 

medication 

administration errors 

associated with 

workload and 

inadequate training 

Educational 

interventions 

recommended to 

reduce medication 

errors 

Westbrook 

etal.(2015) 

Observational 

study 

Hospital 

wards 

Medication 

administration errors 

frequently occurred 

during bedside drug 

administration 

Improved 

monitoring and 

standardized 

procedures 

recommended 

Shin et al. 

(2015) 

Experimental 

study 

Nursing 

education 

programs 

Simulation-based 

training improved 

nurses’ clinical 

competence and 

medication safety 

skills 

Simulation training 

effective for nurse 

education 

Sears et al. 

(2016) 

Observational 

study 

Pediatric 

hospital units 

Work environment 

factors such as 

staffing and workload 

influenced medication 

error rates 

Improving 

workplace 

conditions may 

reduce medication 

errors 

Di Simone 

etal.(2018) 

Systematic 

review 

Healthcare 

institutions 

IV therapy errors 

commonly related to 

dosage calculation 

and drug 

incompatibility 

Standardized IV 

medication 

protocols necessary 
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Keers et 

al. (2018) 

Systematic 

review 

Multiple 

healthcare 

settings 

Administration stage 

identified as a high-

risk phase for 

medication errors 

Safety interventions 

required during 

drug administration 

Harkanen 

etal.(2019) 

Retrospective 

analysis 

National 

incident 

reporting 

systems 

Medication 

administration errors 

associated with 

patient harm and 

increased healthcare 

burden 

Stronger safety 

monitoring systems 

needed 

Alghamdi 

etal.(2019) 

Systematic 

review 

Hospital 

settings 

Medication errors 

commonly linked to 

communication 

problems and 

workflow issues 

Multidisciplinary 

safety strategies 

recommended 

Manias et 

al. (2020) 

Systematic 

review 

Hospitals Multicomponent 

interventions 

including education 

and protocols reduced 

medication errors 

Integrated 

approaches most 

effective 

Tsegaye et 

al. (2020) 

Cross-sectional 

study 

Clinical 

nursing 

practice 

High incidence of 

medication 

administration errors 

due to lack of training 

and experience 

Training and 

supervision 

essential 

Manias et 

al. (2021) 

Observational 

study 

Healthcare 

teams 

Interprofessional 

collaboration 

improved medication 

safety practices 

Multidisciplinary 

teamwork improves 

patient safety 

Harkanen 

etal.(2022) 

Observational 

study 

Hospital 

medication 

reporting 

systems 

Reporting systems 

helped identify causes 

of medication errors 

and improve safety 

practices 

Strengthening 

reporting culture 

improves 

medication safety 

 

4. Discussion  

The findings of this narrative review highlight that intravenous medication administration errors remain a 

significant concern in healthcare settings. Due to the complexity of IV medication preparation and 

administration, the risk of errors is considerably higher compared with other routes of drug administration.  

Several studies included in this review report that the administration stage of medication use is particularly 

vulnerable to errors, as it involves multiple steps such as dose calculation, drug dilution, infusion rate 

adjustment, and patient monitoring. 
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The literature consistently identifies multiple contributing factors to intravenous medication 

administration errors. Heavy workload, staff shortages, frequent interruptions during medication 

preparation, and inadequate knowledge regarding drug preparation techniques have been reported as 

common causes of errors among healthcare professionals. These findings emphasize the importance of 

improving clinical training and ensuring adequate staffing levels to minimize medication-related risks. 

Standardized clinical protocols have emerged as a key strategy for improving medication safety. Protocols 

provide clear guidance regarding medication preparation, dilution, infusion rates, and monitoring 

procedures. By reducing variability in clinical practice, protocol-based systems help healthcare 

professionals follow evidence-based procedures and minimize the likelihood of errors. Several studies 

have demonstrated that the implementation of standardized medication administration protocols 

significantly improves adherence to safe medication practices and reduces medication-related incidents in 

hospital settings. 

 

Education and training programs for nurses also play a crucial role in enhancing medication safety. 

Continuous professional development programs, simulation-based training, and competency assessments 

have been shown to improve nurses’ knowledge and confidence in performing intravenous medication 

administration. Educational interventions not only enhance technical skills but also increase awareness of 

medication safety principles such as accurate dosage calculation, compatibility assessment, and adherence 

to the “five rights” of medication administration. 

 

In addition to protocol implementation and nurse education, multidisciplinary collaboration is essential 

for strengthening medication safety systems. Clinical pharmacists contribute significantly to medication 

safety by reviewing prescriptions, assessing drug compatibility, providing drug information, and 

supporting the development of evidence-based clinical protocols. Collaboration among physicians, nurses, 

and pharmacists facilitates better communication and coordination, ultimately improving patient safety. 

Technological interventions have also been shown to enhance medication safety in healthcare settings. 

Systems such as electronic prescribing, barcode medication administration, and smart infusion pumps help 

reduce human errors and improve the accuracy of medication administration. When combined with 

standardized protocols and educational interventions, these technologies can significantly strengthen 

medication safety practices in hospitals. 

 

Despite these improvements, challenges such as high patient workload, limited resources, and frequent 

interruptions during medication preparation continue to contribute to medication administration errors. 

Therefore, healthcare institutions should adopt a comprehensive approach that integrates protocol 

development, continuous nurse education, technological support, and multidisciplinary collaboration to 

improve intravenous medication administration practices. 

 

Overall, the evidence reviewed in this study indicates that implementing standardized intravenous 

medication administration protocols along with structured educational interventions for nurses can 

significantly improve medication safety and reduce the occurrence of medication administration errors. 

These findings support the importance of protocol development and nurse education as effective strategies 

for enhancing patient safety in hospital settings. 

 

http://www.aijfr.com/
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5. Conclusion  

 

Intravenous medication administration is a critical component of hospital-based patient care and requires 

a high level of accuracy, clinical knowledge, and strict adherence to safety protocols. Because intravenous 

medications are delivered directly into the bloodstream, errors during preparation or administration may 

result in serious adverse events and compromise patient safety. 

The literature reviewed in this study indicates that medication administration errors commonly occur 

during the preparation and administration stages of intravenous therapy. Factors such as inadequate 

training, absence of standardized protocols, high workload, and frequent interruptions during medication 

preparation significantly contribute to the occurrence of these errors. 

Implementation of standardized clinical protocols has been shown to improve consistency in medication 

administration practices and reduce the likelihood of errors. In addition, continuous professional education 

and competency-based training programs for nurses play a vital role in improving knowledge, enhancing 

clinical skills, and promoting adherence to safe medication administration practices. 

Furthermore, multidisciplinary collaboration involving physicians, nurses, and clinical pharmacists, along 

with the integration of technological systems such as electronic prescribing and smart infusion pumps, can 

further strengthen medication safety in healthcare settings. 

Overall, strengthening protocol-based medication administration practices and providing structured 

educational interventions for nursing staff are effective strategies for improving intravenous medication 

safety and reducing medication administration errors. Healthcare institutions should therefore prioritize 

the development of standardized protocols, continuous training programs, and safety-focused systems to 

enhance patient care and improve clinical outcomes. 
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