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ABSTRACT 

Introduction: Studies had shown that the leading factor contributing to medication 

administration errors in hospitals was inadequate knowledge. Fortunately, most errors did 

not cause harm to patients; those that did often involve high alert medications (HAMs). 

Hence, it is vital for nurses in charge of medication administration to acquire sufficient 

knowledge about HAMs. This paper aims to evaluate the effectiveness of an educational 

intervention in strengthening nurses’ knowledge towards HAM in SGH. 

 
 

 

 

 

Methods: We conducted a pre-post intervention study among nurses in SGH. An 

educational intervention on four main groups of high-alert medications (insulin, 

anticoagulants, adrenergic agonist agents and injectable Potassium Chloride) given. Their 

knowledge regarding these medications were assessed using a validated self-developed 

questionnaire. Participating nurses had to answer a similar set of questionnaire three times: 

just before the intervention (pre-test), right after the intervention (post-test 1) and four 

months later (post-test 2). The tests correspond to the measurement of current, immediate 

retention and long-term retention of knowledge respectively. 
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Results: A total of 105 staff nurses participated. The mean score difference for pre- and 

post-test 1 was 5.57 (p<0.01). However, the score of post-test 2 was lower as compared to 

post-test 1, with a significant mean difference of 3.31 (p <0.01). Nevertheless, the post-test 

2 score was still higher than the pre-intervention score, with a mean difference of 2.26 

(p=0.003). Years of service, age and educational background did not influence knowledge 

score. This result suggests that the intervention is useful in improving knowledge about 

HAM among nurses regardless of seniority nor education level, and improvement in 

knowledge score is still significantly sustained after four months.  

 
 

Conclusion: The proposed intervention tool is appropriate and useful in improving 

knowledge about high alert medication among nurses. However, to ensure proper retention 

of knowledge, regular update on HAM from time-to-time is needed.   

 

Keywords: High-alert Medications (HAMs), knowledge, nurses 
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INTRODUCTION  

Medication safety is a significant concern and the issue of medication errors has been 

widely discussed by health professionals due to its potential to cause harm to patients (1-

4). Medication error is defined as “any preventable event that may lead to inappropriate 

medication use or patient harm while the medication is in control of health professional, 

patient or consumer” (2). A study in 2012 which included 12 Ministry of Health (MOH) 

primary care clinics in Malaysia showed medication errors were the most common clinical 

management error, contributing about 41.3% of total errors (5, 6). The high alert 

medications such as medications for cardiovascular system and central nervous system 

were responsible for 54.9% of deaths in 496 fatal medication errors (7).  In Sarawak 

General Hospital (SGH), the total number of near-miss medication errors are 569 cases, 

and the total number of actual medication errors are 89 cases in Year 2017. Thus, more 

research on medication safety were encouraged (8, 9). 

 

Although the rate of medication errors occurring in hospitals is nearly one in every five 

doses, most errors do not harm patients (10). Harmful events are mainly due to injection of 

high-alert medications, and these remain the most problematic drugs associated with 

medication error (3). The Institute for Safe Medication Practices (ISMP) defines high-alert 

medications as drugs that bear a heightened risk of causing significant patient harm when 

used in error (3).  

 

Based on studies from San Diego Patient Safety Council in the United States 2009, 34% to 

49% are high alert IV medication administration error. Furthermore, 41% of the drug 

administration mortalities were associated with dosing errors. Dosing errors were by far 

the most common type of medication error at 28%. While 70% are ordering errors with 

only 6% of wrong dose errors occurring in the nurse administration stage. The second most 

common cause of administration errors was delivery problems and infusion pumps, which 

contributed 13%. Moreover, based on a study performed in Mangalore, India in 2012, 10-

18% of all reported hospital injuries have been said to be caused by medication errors and 

nurses can be involved in the occurrence of these errors (11). 

 

The Institute for Health Care Improvement’s Five Million Lives Campaign found that 

emphasising on a few groups of high-alert medications such as anticoagulants, narcotics, 

sedatives, insulin and other specific medications have the most significant impact due to 
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their high volume of use coupled with inherent risks. Thus, they are responsible for most 

of the harm due to all high-alert medications (1). A review of medical event reports from 

the US national database showed that potassium chloride, heparin, xylocaine, and 

epinephrine (adrenaline) were the drugs most commonly involved in critical incidents (12). 

 

Medication errors can occur at any stage (i.e., prescription, transcription, filling, dispensing 

and administering, monitoring the effects of a medication), but the administration stage 

accounts for the significant portion, and nurses have therefore been held responsible for a 

substantial number of errors (13, 14). It is mainly because medication administration is part 

of nurses’ responsibility to ensure that patients receive the correct medication (9). Studies 

had shown that the leading factor contributing to administration errors was insufficient 

knowledge, which was about 44% (3, 15-17). Among the medication errors, the 

administration of an intravenous (IV) bolus push of a high-alert medication is one of the 

most significant factors contributing towards patient harm (2). A study on ten wards in two 

UK hospitals indicated that 95% of these administration technique errors were due to the 

dose being administered too quickly, leading to moderately severe harm to patients (18). 

According to a study about “Critical Care Nurses’ Knowledge and Practice Regarding 

Administration of Selected Positive Inotropes at Cairo University Hospitals", the majority 

of critical care nurses had unsatisfactory knowledge level (87.1%), and unsatisfactory 

practice level (98.6%) regarding selected positive inotropic medications (11). 

 

In a cross‐sectional study done by Hsiao et al. at Taiwan in 2006, out of 305 nurse 

participants, only 3.6% of nurses considered themselves to have sufficient knowledge 

about high‐alert medications, and 84.6% of them hoped to gain more training. Out of 184, 

the most prominent medication errors are wrong drug (33.7%) and wrong dose (32.6%). 

The leading obstacle for medication errors was still insufficient knowledge (75.4%) (19).  

 

In order to assess the knowledge and practices of nurses concerning intravenous 

administration of potassium, a study in Turkey shows 61.9 of the 105 nurses did not know 

all the elements of a correct potassium order (20). The mean knowledge score was 9.48 

(3.21), while the mean practice score was 10.85 (2.04), which was relatively low compared 

to the highest scores of both knowledge and practice about intravenous potassium 

administration (21). Intravenously administered potassium chloride and potassium 

phosphate are considered as high alert medication as they can cause ventricular tachycardia, 
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ectopic beats and ventricular fibrillation if administered erroneously.  They suggested to 

develop protocols regarding intravenous potassium administration and adding this to the 

nursing curriculum or in-service training programs.  

 

In short, there is a need to create awareness about the risk of high alert medications and 

develop comprehensive strategies to provide the latest knowledge about these medications 

to reduce medication error rate among all healthcare providers including nurses. The 

general aim of this research is to evaluate the effectiveness of an educational intervention 

in improving nurses’ knowledge about high-alert medications in SGH. This research also 

aims to assess the current level of knowledge of nurses in SGH regarding HAM. On top of 

that, this study also intends to ascertain whether intervention effects would decay with the 

passage of a specific period.   

 

METHODS 

Study participants 

We applied quantitative research method in this study (17). The study design was one 

sample group pre-test/post-test design. The population of this study was all registered 

nurses (including head nurses, matron and sisters) working in SGH wards; sample was those 

purposively chosen by their matrons to participate in our educational intervention.    

However, we excluded the nurses who were unwilling to consent participation in pre- and 

post-tests. Subject’s participation in this study was voluntary. There were no replacements 

for the withdrawn subjects, but we included the data before their withdrawal.  

 

Sample size determination 

The total number of respondents was determined using power & sample size software (22). 

Prior data indicate that the difference in the response of matched pairs was normally 

distributed with a standard deviation of five. We believe that an average increase of five 

points out of a maximum of 30 per respondents (16.7% improvement) will be meaningful. 

Based on PS programme software, if the true difference in the mean response of matched 

pairs is five, we need to study ten pairs of subjects to be able to reject the null hypothesis 

that this response difference is zero with probability (power) 0.8. The Type 1 error 

probability associated with this test of this null hypothesis is 0.05. Our target was 100 nurses 

with the anticipation that some non-responses and losses to follow up was likely, especially 

during the second post-test.   
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Study intervention and instrument 

The educational intervention was a Microsoft PowerPoint presentation prepared by study 

investigators and validated by five clinical pharmacists. Information used to prepare the 

presentation were from highly reliable tertiary source of references, including Micromedex, 

Lexicomp Drug Information and Medscape, as well as local Ministry of Health (MOH) 

guidelines such as Clinical Practice Guideline on Management of Type 2 Diabetes Mellitus 

(5th Edition), Guideline on safe use of High Alert Medications, Guideline of Handling 

Look-Alike, Sound-Alike Medications and Dilution Guide of High Alert Medications. Our 

educational intervention focused on four main groups of the high-alert medications: Insulin, 

Anticoagulants, adrenergic agonist agents and Injectable Potassium Chloride.   

 

The presentation was given by a neutral presenter who had a bachelor degree in Pharmacy 

and five years of working experience in the clinical setting to reduce bias. The whole oral 

presentation took around one hour. Additional referral notes were not provided to the nurses 

to reduce bias while answering the questionnaire. Questionnaires on HAM based on the 

presentation were distributed to the nurses before the teaching session, right after the 

teaching session, and four months after the teaching session.  

 

The questionnaire used is a self-developed questionnaire prepared by study investigators and 

validated by the same five clinical pharmacists. The questionnaires have two sections. The 

first section regarding personal information of the nurses participating in this study consisted 

of seven questions. The second section on the knowledge of high-alert medications consisted 

of 30 questions. This section aims to examine and assess the knowledge and understanding 

of nurses toward high-alert medications. The questions covered some of the standard 

practices (focuses on the medications’ administration stage) and calculations regarding high-

alert medications in the wards. Both pre- and post-test questionnaires were the same. We 

used close-ended and objective questions and awarded  “1” mark for each correct response 

and “0” mark for incorrect response. The total score was determined by dividing the number 

of correct responses obtained by each subject by the total number of questions and expressed 

as a percentage (%). There was no passing or failing scores; however, HAMs are classified 

as an unacceptable level of knowledge if <50%, 50-79% as moderate, >80% as good.  

 



Sarawak Journal of Pharmacy (2019), volume 5, issue 2, page 17-31 

 

23 

 

As noted earlier, a pre-test was conducted immediately before the teaching session, and the 

first post-test (post-test 1) was conducted right after the session. The second post-test (post-

test 2) was conducted four months post-intervention to study the long-term retention of 

knowledge.  We collected contact number of nurses to minimise loss due to follow-up for 

the second post-test.  

 

Statistical analysis 

Data gathered was analysed using SSPS software version 22.0. Paired t-test was to assess 

the educational effectiveness by determining the statistically significant differences between 

the results of pre-, first and second post-test. Pearson Correlation was used to observe the 

correlation between years of service and age with the improvement of knowledge after 

intervention whereas Kruskal-Wallis test for the association between educational 

background and knowledge improvement after intervention.  

 

Ethical consideration 

Each questionnaire included a cover letter which explains the purpose of the study, the 

voluntary nature of the study, the anonymity of the response as well as the informed consent 

form. Respondent's confidentiality was assured, and we emphasised that they could 

withdraw at any stage of the study. We provide contact and address to allow further enquiries 

concerning the study (if any).  We registered the current study with the National Medical 

Research Register (NMRR-17-965-35133) and ethical approval for this study was obtained 

from the Medical Research and Ethics Committee (MREC), Ministry of Health Malaysia. 

 

RESULTS 

A total of 105 staff nurses participated in this study. However, 66 participants were lost to 

follow up due to various reasons (maternity, further studies and transfer out of SGH) and 

unreachable contact numbers. The nurses were from various departments (Medical, 

Paediatric, Urology, Intensive Care, Psychiatric, Surgical, Emergency, and Obstetrics & 

Gynaecology) in SGH, with an average age of 32 ± 8 years and total year of service of 9 ± 

8 years. Most of the participants are female (94.3%). Regarding the level of education, most 

of them completed high school (76.2%) and only a few obtained their degree (3.8%) and 

post-basic qualification (1.9%) (Table 1). 
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Table 1: Demographic characteristics (n=105) 

Variables n (%) Mean (SD) 

Age 

Total year of service 

Gender 

     Male 

     Female  

Highest level of education  

     Diploma  

     Degree  

     Masters 

     Others 

 

 

 

6 (5.7) 

99 (94.3) 

 

80 (76.2) 

4 (3.8) 

2 (1.9) 

19 (18.1) 

32.92 (7.61) 

9.46 (7.36) 

- 

 

 

 

 

 

SD=Standard deviation  

 

 

Table 2: Mean and standard deviation for pre-test, post-test 1 and post-test 2  

Variables 

Pre-test, Mean 

(SD) 

n=105 

Post-test 1, Mean 

(SD) 

n=41 

Post-test 2, Mean 

(SD) 

n=41 

Knowledge Score 19.24 (3.24) 24.84 (2.45) 21.26 (4.08) 

 

 

Table 3: Change of knowledge scores (related to HAM) after intervention among 105 

respondents  

Comparison 
Mean of score difference between 

Pre-test and Post-test 1 (95% CI) 

t- statistics 

(df) 
p valuea 

Post-test 1 - Pre- 

test 

5.57 (6.14, 5.00) 19.28 (105) < 0.01 

Post-test 2 - Pre-

test 

2.26 (3.69, 0.83) 3.19 (41) 0.003 

Post-test 2 - Post-

test 1 

-3.31 (-1.96, -4.66) -4.97 (41) < 0.01 

a. Paired t-test 

 



Sarawak Journal of Pharmacy (2019), volume 5, issue 2, page 17-31 

 

25 

 

The knowledge score changed significantly from pre-intervention to both post-

intervention (p < 0.05). We observed that Post-test 1 and Post-test 2 score are 

significantly higher than Pre-test score. However, we noted that the Post-test 2 score is 

significantly lower than Post-test 1.  

 

Table 4: Influence of years of service over knowledge score differences 

Variables n Correlation Coefficient, r p valuea 

Pre-test - Post-test 1 105 - 0.125 0.208 

Pre-test - Post-test 2 41 0.020 0.899 

Post-test 1- Post-test 2 41 0.104 0.519 

a. Pearson Correlation  

 

There is no significant correlation between years of service of nurses and knowledge 

score differences over time (p > 0.05). 

 

Table 5: Influence of age over knowledge score differences  

Variables n Correlation Coefficient, r p valuea 

Pre-test - Post-test 1 105 - 0.100 0.314 

Pre-test - Post-test 2 41 0.021 0.896 

Post-test 1- Post-test 2 41 0.091 0.569 

a. Pearson Correlation 

 

There is no significant correlation between age of nurses and knowledge score 

differences over time (p > 0.05). 
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Table 6: Comparing the influence of education level over knowledge score differences  

Variable  n Median (IQR) 
x2 statistics 

(df)a 

p 

valuea 

Pre-test - 

Post-test 1 

High School 

Degree  

Post-graduate 

Others   

105 

6 (4) 

5.5 (-) 

- 

6 (2) 

0.611 (3) 0.894 

Pre-test - 

Post-test 2 

High School  

Degree 

Post-graduate 

Others   

41 

3(7) 

-1.5 (-) 

- 

-0.5 (6.75) 

1.865 (2) 0.393 

Post-test 1- 

Post-test 2 

High School  

Degree  

Post-graduate 

Others   

41 

-2 (3) 

-7 (-) 

- 

- 

3.672 (2) 0.159 

a. Kruskal- Wallis Test 

 

The medians of score difference is not significantly different (p > 0.05) for all education 

level. Hence, education level is not associated with the understanding and retention of 

knowledge for High Alert Medication. 

 

DISCUSSION 

In recent years, nurses in SGH have exposure to knowledge about HAM via a printed 

list of latest HAM. Good practices such as putting high alert stickers on HAM and 

separating look-alike sound-alike (LASA) medications using Tallman letterings were 

also enforced and further monitored by the Pharmacy Department during routine ward 

checks that were carried out every three months in various wards. However, as the 

turnover rate of nurses was high, it was unknown whether all nurses exposed regarding 

HAM as well as their knowledge levels regarding these medications. Thus, this study 

aims to emphasise the importance of HAM among nurses in SGH in order to reduce 

medication errors.  

 

Based on the pre-test findings, the average score was 19, which showed that the nurses 

had moderate knowledge regarding HAM. After the teaching session, the average score 

of first post-test improved to 24 which indicated that the educational intervention tool 

was informative and effective. Even four months after the pre-test, the average score of 

second post-test was still higher than pre-test, which was 21. We expected the score of 
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the second post-test to be lower than the first post-test, as the nurses might not be able 

to retain the knowledge. Thus, we recommend teaching session as regular as every four 

months in order to enhance the knowledge. However, there were no studies on 

knowledge retention that we could find to make a comparison. Hence, more studies on 

knowledge retention are needed.  

 

Years of service 

Our result showed that the year of service does not significantly correlate with pre- 

interventional and first post and second post interventional test score among nurses in 

SGH after three months (p=0.208, p=0.899). In contrast, a randomised controlled trial 

done in Taiwan in 2009 (3) found that total nursing year significantly affect the pre- 

interventional score, this discrepancy might be due to the knowledge regarding high 

alert medication is not up to date or many related knowledge forgotten over the years. 

Most importantly, nurses did not attend any training in HAM before unlike those study 

in Min et al. in 2011, 25.9% of the nurses had undergone training for HAM. On top of 

that, this also expressed that the years of service do not affect the retention of post-

intervention knowledge after three months, thus suggesting educational tool can be 

beneficial for all nurses even for those with more experiences. Therefore, we proposed 

to use the educational tools on a periodical basis to provide training for HAM for nurses 

or even staffs in SGH to ensure the knowledge is always up to date.  

 

Age of nurses 

According to our result, there is no significant difference between the age of nurses and 

pre- interventional and first post and second post interventional test score (p > 0.05) in 

SGH. Age does not influence the knowledge on high alert medication. Therefore, 

periodical training or education program on high alert medication is needed for all ages 

of healthcare personnel to improve patient medication safety. This finding concurred 

those of Loo et al. in 2016, where age of the nurses is not one of the factors affecting 

the knowledge of nurses on high alert medication in Hospital Kanowit, Sarawak as both 

age and year of service were highly collated after the multicollinearity test (23).  

 

Furthermore, we found that there is no significant correlation between age and retention 

of knowledge across the three months, which indicates that this educational tool can be 

beneficial across all ages and it is understandable regardless different level of age 
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groups.  Thus, it is essential to implement this educational tool into the training 

programs in all age groups to ensure their knowledge on high alert medications are 

always up-to-date in order to prevent medications error related to high alert situations 

which in turn, improving patient’s quality of life. 

 

Education background 

Based on our results, we found that previous education level does not affect the pre- 

and post-interventional test score (refer table 6, p>0.05). This result was similar to the 

study done by Min et al. in 2011, which showed that there are insignificant differences 

between different education degree (p=0.179) (3).  Besides, based on another study done 

by Lan et al. in 2014, nurses with higher nursing degrees (bachelor) were not more 

knowledgeable about pharmacology than nurses with lower nursing degrees (associate 

degrees) (p=0.52). Thus, based on our studies, regardless of the education background, 

continuous provision of in-service training for all nurses to maintain the required level 

of knowledge regarding HAM is necessary. HAM knowledge benefits from previous 

high-school learning may not apply to the practical working experience.  

 

 Based on studies done by Ahmed et al. in 2015, implementation of a 

comprehensive educational program as well as individual nurse training of preparation 

and administration procedures could reduce the medication administration errors by 

37%. Wrong administration rate reduced by 23% and 12% for both minor and moderate 

harm, respectively (24). 

 

LIMITATIONS 

There are a few limitations in this study. Firstly, the sampling method applied was 

purposive sampling. Therefore, not all nurses had equal opportunity to be part of the 

research, study findings may not be as representative of the population.  Second, many 

participants dropped out during the second post-test. Upon investigation, some of the 

participants were on maternity leave, and some transferred out of the hospital. Other 

participants did not have a specific reason but were not cooperative.  Many participants 

achieved a lower score during the second post-test, thus reflect the knowledge retention 

of nurses over time that can be used as a guide to improve the study. 
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CONCLUSION 

Overall, the educational intervention on high alert medication is effective; however, 

retention of knowledge decreases with time. Multiple refresher course on HAM is 

required to ensure nurse’s knowledge on HAM is updated. 
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