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Objective: Errors in the preparation and administration of intravenous medications are significant contributors to morbidity and 
mortality rates in medical practice. Early reporting and the implementation of preventive measures can mitigate these errors. This 
study aims to identify patterns and frequencies of errors in IV medication preparation and administration, along with associated 
factors, at Omdurman Military Hospital in Khartoum, Sudan.
Methods: This observational, descriptive, cross-sectional study was conducted in the emergency department of Omdurman Military 
Hospital from January to May 2022. We observed 60 nurses responsible for intravenous drug preparation and administration using 
a pretested questionnaire and checklist on multiple occasions. The data was analyzed by SPSS and the descriptive and inferential statistics 
were applied.
Results: Our findings reveal that 98% of the nurses reported a lack of formal training in IV drug preparation and administration. 
The observed preparation area was characterized as untidy in 59.6% of observations, and 52.5% were conducted in crowded 
environments. We identified six distinct types of errors during drug preparation, with the most common being the absence of 
aseptic techniques (63.2%) and the failure to check drug expiry dates before administration (99%). In contrast, five types of 
administration errors were reported, with the most prevalent being incorrect administration rates (68.7%) and the absence of post- 
administration side-effect assessments (84.8%). Additionally, 83.3% of nurses did not label the unused portion of a drug intended 
for the next dose.
Conclusion: This study identifies a total of 11 different types of errors in IV drug preparation and administration, some of which are 
associated with the hospital’s work environment. The lack of formal training among 98% of the nurses stands out as a significant 
contributor to the increasing frequency of these errors.
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Introduction
Medication errors represent a significant challenge within healthcare systems, with direct consequences for patient 
safety.1–3 Recognizing the gravity of this issue, the World Health Organization (WHO) embarked on a global initiative to 
reduce morbidity and mortality associated with medication errors by 50% by 2022.4

Nurses play a pivotal role in patient care, including the preparation, reconstitution, and administration of medications. Their 
actions at this crucial juncture can significantly influence the outcome of therapy.3,5 Medication administration errors are 
typically defined as deviations from the prescriber’s medication order, manufacturer’s preparation/administration instructions, 
or institutional policies.6–8 Among these errors, those involving IV medications carry the highest risk and potential harm due to 
the rapid introduction of drugs into the bloodstream. Shockingly, 61% of life-threatening errors are associated with IV 
medications.9,10 Al-worafi et al, 2020 have mentioned several definitions for MEs. Furthermore, they mentioned two main 
types for MEs in the study conducted in Yemen.11

Previous studies have identified that the majority of these errors occur during the administration of bolus doses 
or the preparation of drugs requiring complex multi-step processes.12–14 Factors contributing to medical errors 
encompass various aspects, including hospital-related factors such as unfavorable working conditions, inadequate 
facilities, and drug shortages.15,16 Additionally, errors may be linked to medical staff-related factors, including 
lack of experience, knowledge, job satisfaction, fatigue, disorganized work schedules, and a shortage of senior 
staff.16

A previous study conducted at our institution revealed that medication errors were prevalent, with 97.7% of samples 
showing at least one error. These errors spanned various stages, with pre-preparation errors occurring in 91.2% of 
samples, preparation errors in 32.8%, labeling errors in 3.2%, and administration errors in 88.6% of samples. Notably, the 
preparation environment was often suboptimal, with inadequate cleaning, lack of sterile gloves, and omission of essential 
swabbing procedures.17 Infusion-controlled IV drugs exhibited a lower incidence of errors, underscoring the importance 
of technology in error prevention. Despite these findings, errors remained more prevalent during bolus drug administra
tion, particularly at morning.17

Further analysis showed that specific types of errors, such as wrong intravenous rates, mixture, volume, and drug incompat
ibility, constituted 91.7% of the errors. Notably, each year of nursing experience reduced the risk of error, emphasizing the 
importance of expertise. Administration by bolus significantly increased the risk of errors, while diligent patient identification 
reduced the risk by 56%.18 Another study discerned that errors were divided between preparation and administration. Fast 
injection of bolus doses beyond recommended rates accounted for a substantial portion of errors. Amikacin had the highest error 
rate, and errors were more prevalent during IV rounds. Surprisingly, no significant correlations were found between error 
frequency and nurses’ demographics.19

A recent systematic review has showed that an education emerged as a critical factor in error prevention, with one 
study demonstrating a significant improvement in error rates after an educational intervention that used wall posters and 
informative pamphlets to educate nurses on correct IV drug preparation and administration.20

In another study, parenteral medications were found to contain errors in preparation and administration in a staggering 
79% of cases, with 33% of doses exhibiting two or more errors. The most common errors involved incorrect drug 
preparation (57%) and administration rate (33%). Alarmingly, double-checking procedures were absent in all prepara
tions and administrations. Failure to label syringes properly was associated with a higher error rate.21

A study further emphasized that errors in the preparation and administration of IV drugs are prevalent, with bolus 
injections at an increased risk.22 Errors encompassed injection rates, preparation, administration, and compliance with 
doctor’s orders. Amikacin was frequently involved in these errors.23

Nurses are the responsible healthcare providers and connection channel between the management plan and the 
therapeutic effect so they should properly prepare and give IV drugs.24,25 Thus, this study was conducted in Sudan to 
assess IV medication errors in our complex hospital environment. This will include assessing the MEs in preparation and 
administration of IV medications.
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Methods
Study Design
This is an observational descriptive cross-sectional study. It was conducted at Omdurman Military Hospital to identify 
the errors of IV administration of medication.

Study Area
The study was conducted at the emergency department in Omdurman Military Hospital, Khartoum, Sudan.

Study Period
The study was conducted over a period from January to May 2022 in the selected department of the hospital.

Sampling and Sample Size
The study used the purposive sampling of the preparation and administration of IV medications to assess the practice of 
60 nurses involved in the preparation and administration of IV drugs in the hospital. The nurses who work at Omdurman 
Military Hospital ED, and agreed to participate were included in the study and being observed during IV preparation and 
administration.

Data Collection Technique
The data was collected by questionnaire, and observation checklist that were prepared and pretested using the last 
evidence-based recommendations in good preparation and administration practices of IV drugs. The researcher have 
obtained permission from hospital authorities and head of ED to collect the data from working nurses. The questionnaire 
was filled from nurses at the nurse station and then one drug preparation and administration was attended by the 
researcher while the nurse preparing and administering the drug to patient at ER. The checklist was completed by the 
researchers during procedure and re-checked after completing the procedure. The included nurses have provided written 
consent to participate in the study and their provided information were kept confidential.

Data Collection Tools
The questionnaire is composed of two parts; part one includes the sociodemographic characteristics of the participants 
like age, gender, and duration of the experience and part two includes the experience and attitude of nurses towards errors 
in the preparation and administration of IV medications. The questionnaire was adapted from the previous study 
conducted by Di Muzio 2016.26

The checklist also included observation of the administration composed of type of drug, expiry date, labeling, storage, 
side effects, compatibility with solvent and other concomitant IV drugs, and several given drugs at the same time in 
addition to aseptic and safety technique, dosage concentration, solvent compatibility, and rate of administration and 
environmental factors (tidiness, crowdedness, preparation area), it was obtained from the study conducted by Truter 
2017.27

Pilot Study
To indicate the tool’s validity and reliability of the questionnaire was reviewed by expertise in the field for accuracy and 
was pretested on a sample of emergency department in two hospitals from Khartoum state. The Cronbach’s alpha was 
found to be 0.83.

Data Analysis
The collected data was revised, coded, and entered, an excel data sheet using SPSS version 22.0. The analysis of the 
collected data was conducted using both descriptive and inferential statistics; the descriptive method was applied for all 
variables to get frequencies and percentages and to present data in tables and/ or figures, while the inferential statistics 
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including chi square test was used to identify the associations between the variables. A p-value of 0.05 was considered 
statistically significant.

Results
Sociodemographic Characteristics
Table 1 shows that the study included 60 nurses working in the Emergency Department at Omdurman Military Hospital 
were examined in terms of sociodemographic characteristics and working conditions. The majority of participants were 
female (81.7%), with educational backgrounds ranging from bachelor’s degrees (68.3%) to diplomas (5%) and master’s 
degrees (26.7%). Their work experience varied, with 30% having less than 12 months, 45% between 12 and 36 months, 
and 25% more than 36 months of experience. These nurses followed a 24-hour shift schedule, spanning departments such 
as C1 (23.3%), C2 (23.3%), ICU (20%), trauma (23.3%), and wards (10%). Medication administration adhered to 
specific time slots, including 6:00 am, 12:00 pm, 2:00 pm, 6:00 pm, and 12:00 am, with additional responsibilities for 
newly prescribed or urgently needed drugs at any time during their shifts. Each nurse underwent multiple observations, 
providing a comprehensive perspective on their medication preparation and administration practices.

Frequency and Type of Administered Drugs
The study observed the frequency and types of intravenous (IV) medications administered by nurses, revealing a diverse 
range of medications in their practice. Antibiotics accounted for the majority, constituting 50.5% of the administered 
drugs, followed by analgesics/antipyretics at 14.1%, electrolyte solutions at 13.1%, acid-suppressing agents at 16.2%, 
anticonvulsants at 5.1%, and corticosteroids at 1% as shown in Table 2.

Table 1 The Sociodemographic Characteristics of Nurses at 
Omdurman Military Hospital, Khartoum, Sudan

Demographic characteristics Frequency Percentage

Gender

Male 11 18.3

Female 49 81.7

Department

C1 14 23.3

C2 14 23.3

ICU 12 20

Trauma 14 23.3

Ward 6 10

Level of education

Bachelor 41 68.3

Diploma 3 5

MSc 16 26.7

Experience

1 - ˂ 12 months 18 30

12 −36 months 27 45

˃ 36 months 15 25

https://doi.org/10.2147/IJGM.S497591                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2025:18 126

Ahmed et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)



Experience and Attitude of the Observed Nurses
The study delved into the experience and attitudes of the observed nurses regarding the preparation and administration of 
intravenous (IV) drugs. An alarming 98% of the nurses disclosed that they had never undergone any formal training 
program in this critical aspect of their practice.

Work Environment
The examination of the work environment yielded important insights. It was found that 39.4% of the IV drugs observed 
were prepared at the nurse station, while a majority of 60.6% were prepared in proximity to a patient’s bedside. Notably, 
the observed preparation areas were characterized as tidy and non-crowded in only 40.4% of cases, with a concerning 
59.6% being documented as untidy and 52.5% as crowded. Additionally, it was discovered that readily available 
information on drug and solvent compatibilities was lacking at the nurse station, and there were no written instructions 
and policies in place regarding aseptic techniques, as detailed in Table 3.

Preparation Errors
There were 6 different types of errors observed while preparation of IV drugs: no checking of patient/ prescription 
identification was observed in 14.1%, lack of a septic technique was observed in 63.2%, no checking of the expiry date 

Table 2 Frequency and Type of Administered 
Medications Among Nurses at Omdurman 
Military Hospital, Khartoum, Sudan

Drug Frequency Percent

Antibiotic 50 50.5%

Analgesics/ antipyretic 14 14.1%

Electrolyte solutions 13 13.1%

Acid suppressive agents 16 16.2%

Anticonvulsant 5 15.1%

Corticosteroids 1 1

Total 99 100

Table 3 Criteria of Administered Medications Among Nurses at Omdurman Military Hospital, Khartoum, 
Sudan

Criteria Percentage

Preparation area 39.4% nurse station

60.6% near patient

Tidiness 40.4% tidy

59.6% untidy

Crowdedness 47.5% uncrowned

52.5% crowded

Readily available information in the department for solvent compatibility 0%

Written instructions and policies in the department for aseptic techniques and preparation and 

administration of IV drugs

0%
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before drug administration was observed in 99%, incompatible solvent for the drug was observed in 6.0%, an insufficient 
solvent amount for the required concentration was 21.7%, incompatibility of concomitant intravenous drugs 27.2%, 
Figure 1.

Figure 1 Types of preparation errors among nurses at Omdurman Military Hospital, Khartoum, Sudan The figure show six types of medication errors associated in the 
study.

Figure 2 Types of administration errors among nurses at Omdurman Military Hospital, Khartoum, SudanThe figure show five types of medication errors associated in the 
study.

Table 4 Association Between Work Environment Factors and Medication Preparation Errors Among Nurses at 
Omdurman Military Hospital, Khartoum, Sudan

Work environment Error type Percent Chi square p-value

Tidiness of the station No checking of patient/ prescription identification 18.5% X2 =19.813 <0.001

Lack of a septic technique 46.5%

No checking of the expiry date before drug administration 80.0%

Incompatible solvent for the drug 8.9%

Insufficient solvent amount for the required concentration 28.3%

Incompatibility of concomitant intravenous drugs 20.4%

(Continued)
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Administration Errors
This study showed five different types of administration errors: wrong rate of administration 68.7%, incomplete 
administration of all the volume of the dose 25.3%, no checking for possible side effects after drug administration 
84.8%, no labeling of the unused amount of the drug which is intended to be used in the next dose 83.3%, improper 
storage of the unused amount of the drug which is intended to be used in the next dose 66%. A summary of 
administration errors was illustrated in Figure 2.

Associations Between Errors and Other Related Factors
Table 4 shows the association between work environment factors and medication preparation errors, it presents that the 
tidiness, crowdedness and type of drug of the station associate significantly with error types. The lack of an aseptic 
technique was significantly associated with the tidiness of the area (P<0.001), and the crowdedness of the area (P<0.05). 

Table 5 Association Between Work Environment Factors and Medication Administration Errors Among Nurses at 
Omdurman Military Hospital, Khartoum, Sudan

Work environment Error type Percent Chi 
square

p-value

Tidiness of the station 
(Tidy)

Improper storage of unused amount of the drug 74.1% X2 =19.813 <0.001

No labelling of unused amount of the dose 77.6%

No checking for possible side effects of drug after 

administration

81.0%

Incomplete administration of all volume of the drug 15.8%

Wrong rate of drug administration 71.0%

Improper storage of unused amount of the drug 58.5%

(Continued)

Table 4 (Continued). 

Work environment Error type Percent Chi square p-value

Crowdedness of the station No checking of patient/ prescription identification 10.1% X2 =4.219 <0.05

Lack of a septic technique 32.0%

No checking of the expiry date before drug administration 87.6%

Incompatible solvent for the drug 5.7%

Insufficient solvent amount for the required concentration 27.3%

Incompatibility of concomitant intravenous drugs 39.5%

Type of the drug No checking of patient/ prescription identification 16.3% X2 =18.691 <0.05

Lack of a septic technique 47.1%

No checking of the expiry date before drug administration 89.8%

Incompatible solvent for the drug 9.1%

Insufficient solvent amount for the required concentration 27.2%

Incompatibility of concomitant intravenous drugs 38.9%
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Incomplete administration of the volume of the drug was significantly associated with the crowdedness of the area 
(P=0.05) and there was no significant association with other work environment factors. The chi-square and p-values 
indicate the statistical significance of these associations.

Table 5 shows the association between work environment factors and medication administration errors, it presents 
that the tidiness, crowdedness and type of drug of the station associate significantly with error types. Incompatible type of 
solvent (P< 0.05), and insufficient solvent amount for the required concentration of the drug (P<0.05) were significantly 
associated with the type of the given drug. Labeling of the unused amount of the drug which is intended to be used in the 
next dose was significantly associated with many given drugs (P<0.001). The chi-square and p-values indicate the 
statistical significance of these associations.

Discussion
This study was carried out in ED as it has a higher pattern of stressful unexpected workflow, which is a major leading 
cause of errors. In this study, 98% of the nurses who were included in the observation of IV drug preparation and 
administration did not receive any training program or guidance in the preparation and administration of IV drugs in the 
hospital which may be considered as a modified contributing factor of errors. Training and education may reduce the 
frequency of error as mentioned in a systematic review that was carried out recently which confirmed a reduction in the 
incidence of errors after educational intervention about proper preparation and administration of IV drugs.28

In this study, more than one error was reported in all observations of preparation and administration of IV drugs 
(100%), this inconsistency with a study which was conducted in a tertiary care hospital in Malaysia (2013) which 
reported 97.7% of the samples had at least one medication error.17 However, this result is higher than records of two 
studies, carried out in ICU in a tertiary hospital in Malaysia (2016)21 and Iran (2012)29 in which 79%, 49% of the 
parenteral medications prepared and administered had one or more error respectively.

Patient/ prescription identification was checked in 85.9% unlike a previous study which was conducted at the 
Universiti Kebangsaan Malaysia Medical Center (2011), which showed that Patient identification was only checked in 
47.9% of administrations but it was associated with a 56% reduction in intravenous error risk.30

Table 5 (Continued). 

Work environment Error type Percent Chi 
square

p-value

Crowdedness of the station  
(non-crowded)

Improper storage of unused amount of the drug 75.8% X2 =4.219 <0.05

No labelling of unused amount of the dose 75.7%

No checking for possible side effects of drug after 

administration

32.2%

Incomplete administration of all volume of the drug 65.1%

Wrong rate of drug administration 56.8%

Improper storage of unused amount of the drug 84.0%

Type of the drug (IV) Improper storage of unused amount of the drug 76.2% X2 =18.691 <0.05

No labelling of unused amount of the dose 29.8%

No checking for possible side effects of drug after 
administration

65.5%

Incomplete administration of all volume of the drug 55.4%

Wrong rate of drug administration 79.0%

Improper storage of unused amount of the drug 83.9%
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One of the most frequently occurring errors was the lack of a septic technique which was recorded in 63.2% of 
observations. This error occurs because of poor facilities and a low supply of aseptic implements such as: disinfecting 
alcohol, gloves, and facemask. This finding is similar to that of a previous study which was observed that in 81 samples 
(n=307, 98.7%) neither the hands were washed nor sterile gloves were worn.24

Incompatibility of the solvent 6.0%, and insufficient solvent amount for the required concentration 21.7% have lower 
occurring frequencies because both errors did not occur in some brands in which the compatible solvent type and amount is 
available in the same package with the drug powder vial, unlike a previous study which was conducted in the emergency 
department at the university hospital, 48% of the prepared drug infusions contained wrong concentration errors.31

In this study wrong rate of administration, 68.7% was one of the more frequent errors when compared with other 
types of errors, similar findings observed in previous studies as described below: (n=257, 85.1%) was recorded in a study 
that was conducted in two teaching hospitals,32 (94%) was reported in a study that was conducted in university 
Kebangsaan Malaysia Medical Center,21 and (33%) was reported in a study that was conducted in the emergency 
department at the university hospital in Brazil.31

In this study crowdedness of the area was significantly associated with a lack of aseptic technique (P<0.05) and incomplete 
administration of all the volume of the drug (P=0.05), this part corresponds to a systematic review study which was done to 
determine the incidence and prevalence of intravenous medication errors in the UK at which nurses frequently reported that 
the quality of intravenous dose-checking activities was compromised due to high perceived workload.3

Conclusion
In summary, this study was conducted in Sudan to assess IV medication errors during preparation and administration in 
a hospital environment, it has brought to light various types of errors in the preparation and administration of intravenous 
(IV) drugs, occurring at varying frequencies, with multiple errors often observed in a single instance. A substantial 
portion of these errors can be attributed to factors within the hospital’s work environment. A concerning finding is that 
a significant majority of nurses, 98%, reported a lack of formal training or guidance in IV drug preparation and 
administration, highlighting this as a prominent contributing factor to these errors. Furthermore, the absence of written 
instructions and policies for proper preparation and administration within the work area compounds the problem.

Recommendations
To address medication administration errors, it is recommended to improve the hospital work environment, implement 
training programs, ensure sound drug supply practices, and collaborate with manufacturing companies to optimize IV 
drug packaging. Future research encompassing diverse hospitals across various regions is recommended. Additionally, 
promoting the consistent use of aseptic techniques during IV drug preparation and administration stands as a crucial 
measure to minimize the risk of infections.
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