MAKU |. Health Sei. Inst. 2021, 9(1): 12-20.
doi: 10.24998 | maensabed.803284

Research Article / Aragtirma Makalesi

http://detgipatk.gov.tr/maeusabed

Nurses’ Knowledge Level about High-Alert Medications

Hemsgirelerin Yiiksek Riskli Laglar Hakkindaki Bigi Diizeyleri

Ulkis GOUNES!"' ) Huri OZTURK?*/, Elgin EFTELI?
Ege University, Faculty of Nursing, Department of Fundemantals of Nursing, Izmir, Turkey
2Swansea University, College of Human and Health Sciences, Department of Nursing, Swansea, United Kingdom

3Burdur Mehmet Akif Ersoy University, Faculty of Health Sciences, Department of Nursing, Burdur, Turkey

Abstract: This study was conducted to investigate nurses' knowledge of high-alert medications. Nurses' Knowledge
of High-Alert Medications Questionnaire was used to evaluate nurses' knowledge level in a university hospital's clinics
where high-alert medications were frequently administered. The questionnaite items, which have two subscales, "drug
administration" and "drug regulation", were rated on a 3-point Likert type scale. The study population comprised 187
nurses, and the study sample included 77 nurses as the response rate was 57%. The correct response rate was 61%
for the "Drug administration" subscale and 62.1% for the "Drug regulation" subscale. The item with the lowest correct
response rate (7.8%) in the "Drug administration" subscale was "Chemotherapeutic drugs' doses should be calculated
according to body surface atea in adults and according to body weight in children". The item with the lowest cortect
response rate (10.4%) in the "Drug regulation" subscale was "For pediatric dosage calculations, teaspoon units should
be used". The present study results supported the assumption that nurses' knowledge of high-alert medications is
inadequate.
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Oz: Bu calisma, hemsirelerin yitksek riskli ilaclar hakkindaki bilgilerini arastirmak icin yapilmistir. Degerlendirmede
Hemsirelerin Yiiksek Riskli Tlac Bilgisi anketi bir tiniversite hastanesinin yiiksek riskli ilaclarin siklikla uygulandigt
kliniklerinde kullanilmistir. Olgegin “ilag yonetimi” ve “ilag diizenleme” olmak iizere iki alt Slgeginin maddeleri 3'ia
Likert tipi bir 6lcekle derecelendirilmistir. Calisma poptlasyonu 187 hemsireden olusmaktadir ve yanit orant % 57
oldugu i¢in 77 hemsire arastirma 6rneklemini olusturmustur. Dogru yanit orant “ilac yonetimi” alt élcegi icin % 61 ve
“ilag diizenlemesi” alt 6lcegi icin % 62.1'dir. Ilag uygulama alt élceginde “Kemoterapétik ilaclarin dozlart yetigkinlerde
viicut yiizey alanina ve ¢ocuklarda viicut agirligina gore hesaplanmalidir” ifadesi en disitk dogru yanit oranina (%7,8)
sahip maddedir. Tla¢ diizenlemesi alt élceginde “Pediatrik doz hesaplamalart icin cay kasigi birimleri kullantlmalidir”
ifadesi en dustik dogru yanit oranina (%10,4) sahip madde olmustur. Bu ¢alismanin sonuglari, hemsirelerin yiiksek
riskli ilaglar hakkindaki bilgilerinin yetersiz oldugu varsayiminit desteklemektedir.
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Introduction

Although one of the National Patient Safety Goals
safety,

ensuring drug safety remains a severe problem

is improving high-alert medications'
among health professionals (Tang et al., 2007; Lu
et al,, 2013). One of the main reasons for nurses'
medication errors is a lack of relevant knowledge
(Lu et al.,, 2013). Medication errors, mostly, may
not lead to severe harm, but misadministration of
high-alert medications can lead to the patient's
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death (Hsaio et al., 2010; Institute for Safe
Medication Practices ISMP), 2015).

Institute for Safe Medication Practices (ISMP)
identified that the first five high alert medications
are "insulin, opiates and narcotics, injectable
concentrated potassium chloride, intravenous (IV)
anticoagulants, and chloride solutions above
0.9%" (Belknap, 2001, pp. 339; ISMP, 2017).
Based on this medication classification, studies
(Franke et al., 2009; Otero et al., 2014) have been
conducted to make these high-alert medication
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groups specific for patient groups. These drugs are
harmful, they
administered appropriately. Therefore, high-alert
should be

supervision, and there are essential points to be

potentially even when are

medications administered under
taken into consideration during implementation
(Lu et al., 2013).

One of the most critical issues that can cause harm
to the the
administration of high-alert medications is the
method of drug administration (Hicks et al., 2004).
Studies have shown that the factor leading to
high-alert

patient  during intravenous

errors during medications
administration is administering the drug at the
wrong rate. Hicks et al. (2004) showed that 6.2%
of the

misadministration techniques. The cause of 97%

medication errors were due to
of the 265 IV medication errors was administering
drugs faster than the recommended rate. Hsaio et
al. (2010) pointed out that the administration of
concentrated electrolytes or epinephrine at a high
rate could cause harm to the patient. They
reported that nurses' knowledge levels in this

regard should be assessed.

Besides  the the

administration technique includes other factors,

administration  rate, drug
such as route, timing, and administration dose. In
their medication error analysis, Hicks et al. (2004)
reported that 1.9% of the errors were due to
incorrect dosing and 2.6% were due to the
administration's  incorrect  route.  Nurses'
inadequate skills to calculate drug doses increase
the incidence of errors occurring during the
preparation of infusions by 15-49% (Parshuram et

al., 2008).

In addition, the storage of high-alert medications
in easily accessible areas, keeping look-alike and
sound-alike medications together, lack of warning
labels on medicines, and the use of illegible
handwriting and inappropriate abbreviations cause
many avoidable errors (Hsaio et al., 2010; Lu et al.,
2013). The precautions to be taken differ
depending on the group the high-alert medication
belongs to (Lo, et al., 2013). These precautions
include the regulation and storage of high-alert
medications (Lu et al., 2013). For example, the
storage of insulin and heparin vials in the same
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place may lead to confusion. Neuromuscular
blocking agents and concentrated electrolytes
should not be stored together with other routine
stocks in easily accessible areas (Paparella, 2004;
Loria, 2012). Narcotics should be stored in
double-locked cabinets by two separate staff
(Cohen et al., 2007). Not to confuse look-alike and
sound-alike medications, verbal orders should not
be accepted; they should be stored at different
cabinets, different product labels should be used
for different products, reminders or alarms should
be used. Independent double-check and bar-code
systems should be used, and possible errors should
be reported (Tuohy and Paparella, 2005; Cohen et
al., 2007).

Although many nurses frequently use high-alert
drugs in the care, studies show that nurses do not
have sufficient knowledge about high-alert drug
administrations (Tang et al., 2007; Hsaio et al.,
2010; Sahmsuddin and Safie, 2012; Lu et al., 2013).
Only one study (Kucukakca and Ozer, 2016) has
been conducted to assess nurses' knowledge of
high-alert medications in our country. Therefore,
this study aims to determine the knowledge level
on high-alert medications of the nurses who work
in a university hospital's intensive care units and
emergency services.

Materials and Methods

This descriptive study was conducted between
February 2016 and January 2017 in a university
hospital. The nurses were recruited from a
university hospital's intensive care units of
neurology, internal medicine, neurosurgery,
general surgery, anaesthesia and reanimation
clinics and emergency services (N=187). The
study comprised nurses working only in these
units as high-alert medications are mostly used in
the hospital's internal medicine clinic, surgical
clinic, and emergency departments. Nurses with
less than six months of experience were excluded
from the study. One hundred thirty-six eligible
nurses were enrolled in the study. Thirty of them
refused to participate in the study, and 29 nurses
were on leave. When those were excluded, the
study was completed with 77 nurses. The response

rate of the study was 57% of the sample.
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Data were collected using the sociodemographic
characteristic form, including age, gender, years of
expetience in nursing and clinic and Nurses'
Knowledge  of  High-Alert = Medications
Questionnaire by closed envelope method. Hsaio
etal. (2010) developed this questionnaire consisted
of 20 questions divided into two parts: In part A,
there are ten questions examining drug
administration such as drug delivery routes and
dosage. In part B, there are questions on how high-
alert medications should be stored, regulated and
prescribed. The items in both sections are rated as

"true", "false", and "I do not know".

The questionnaire was translated into Turkish
after author permission was received from Hsaio
et al. (2010) by four nursing instructors and one
The

reviewed all translated versions to develop the tool

English language specialist. researchers
in Turkish. Then, the English language specialist
translated the initial version of the questionnaire
back into English. The questionnaire statements
were drawn between the original English text
statements and translated text from Turkish into
English, and revisions that considered necessary
were made. The questionnaire's clarity and
relevance to the topic were evaluated by five
academics and five nurses who were experts in
their fields. Each expert rated the form's content
using a 3-point Likert scale (3: appropriate, 2: 1
have no idea, 1: inappropriate).

At the end of the assessment, three items whose
content validity index value was lower than 0.62
the the

questionnaire included 17 items. The items

were removed from scale, and
removed from the questionnaire were items 5, 9,
and 10 in Part B. Reliability analysis was conducted
the
consistency. Cronbach's alpha was 0.63 for part A

and 0.74 for part B.

to determine questionnaire's  internal
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The data were analyzed with SPSS 22.0 (Statistical
Package for the Social Sciences Version 22.0).
Statistical advice was obtained from a statistician
to analyze the data. The sample was analyzed using
the descriptive statistics used to describe the
sample  characteristics. ~ Frequencies  and
percentages were used to describe the correct

answer rates.

Study approvals were obtained from the Scientific
Research and Publication Ethics Committee of the
University  (27344949-605.01-25785) and the
hospital (69631334-044-23454), where the study
was to be conducted. The participating nurses
were informed about the aim of the study, and
their obtained. The

participants were assured that they could refuse to

verbal consents were
participate in or withdraw from the study at any

time, and the data were rendered anonymous.
Results

As shown in Table 1, of the 77 participants, 64
were women, 13 were men, and their mean age was
29.51 £ 5.60 years. Of the nurses, % 49.3 had 1-5
years of experience in nursing. A total of 17
questions were answered by 77 nurses (response

rate 57%), with an average overall correct answer
rate of 65.5%.

While of the participants, 61% chose the correct
options in Part A (Drug administration), 24.9%
chose the wrong options and 14% chose the
option "I do not know". Of the nurses, 89.6%
chose the correct option for the item that "cc or
mL is the dosage expression for insulin injection”,
85.7% for the item that "10% Ca gluconate, and
10% CaCly ate the same drug and can be used
interchangeably, and 84.4% for the item that
"when an emergency such as ventricular
fibrillation happens, push fast 15% KCI 10 mL
into IV".
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Table 1. Distribution of cortect responses by the sociodemographic characteristics of the nurses.

Variable Correct Answers

n (%) X SD P value
Gender
Female 64 83.1 11 2.21 0.22
Male 13 16.9 11.84 2.64
Age (years)
20-25 18 23.4 9,88 3,23
25-30 31 40.3 11.35 1.76 0.024
31-35 19 24.6 11.31 1.76
>36 9 11.7 12.55 1.74
Education
License 73 94.8 11.07 2.23 0.14
MSc 4 5.2 12.25 2.36 ’
Nursing experience
6 months-1 year 10 13 11,60 2.71
1-5 years 38 49.3 10.65 1.66 0.17
6-10 years 17 221 11.17 1.91
>10 years 12 15.6 12.25 2.45
Length of service in the clinic
6 months-1 year 28 36.4 10.46 3.04
1-5 years 30 39 11.50 1.40 0.18
6-10 years 13 16.8 11.23 1.87
>10 years 6 7.8 12.33 2.16
Clinic
Emergency 34 44.1 11.26 2.81
Anesthesia & Reanimation IC 10 13.0 11.50 0.97
Neurosurgery 1C 10 13.0 10.70 1.70 0.90
Neurology IC 6 7.8 11.50 1.22
Internal Medicine 1C 7 9.1 11.28 2.36
General Surgery IC 10 13.0 10.50 2.46

In this part, the item with the lowest correct
response rate (7.8%) was "chemotherapeutic
drugs' doses should be calculated according to
body surface area in adults and according to body
weight in children". Many participating nurses
(64.8%) did not know that the port A route should
not be used for blood drawing or drug
administration (Table 2).

While of the participants, 62.1% chose the correct
options in Part B (Drug regulation), 33% chose the
wrong options, and 4.8% chose the option "I do
not know". In this part, the item with the lowest
correct response rate (10.4%) was "For pediatric
dosage calculations, teaspoon units should be

used". While 22.1% of the nurses correctly knew
that the term "unit" should not be abbreviated as
"U" in the dose expression, 96.1% of the nurses
accurately knew that distinctive labels should be
used for look-alike drugs (Table 2).

A statistically significant relationship was found
between the number of correct responses given by
the participating nurses and their ages (F= 3.34,
p<0.05). There was no significant relationship
between the number of correct answers provided
by the participating nurses and the variables such
as gender, education level, length of service in the
clinic (p>0.05).
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Table 2. Ranking of knowledge of drug administration (Part A) and drug regulation (Part B) by correct
answer rate (n =77).

Wrong
Correct Correct Responses
Option Responses  / do not

Item Question (T/F) (%) know (%) Rank

Part A

4 "cc" or "mL" is the dosage exptession for F 89.6 9.1/1.3 1
insulin injection

3 10% Ca gluconate and 10% CaCl; are the F 85.7 0/14.3 2
same drug and "can be used
interchangeably”

6 When an emergency such as ventricular F 84.4 6.5/9.1 3
fibrillation happens, push fast 15% KCI 10
mL into IV

2 When an emergency happens, fast IV push  F 71.4 16.9/11.7 4
10% CaClz 10 mL in 1-2 minutes

8 Insulin syringe can be replaced by 1 mL F 71.4 234/52 5
syringe

9 Fast IV infusion of 3% NaCl 500 mL for F 63.6 32.5/3.9 6
patient who has low sodium level

1 Fast IV push 1:1000 epi 1 amp for patient  F 61 15.6/23,4 7
who has mild allergic reaction

7 15% KCl better added to Ringer’s solution I 45.5 19.5/35.1 8
for rapid infusion

10 Port-A route can be used for blood F 29.9 64.9 /5.2 9
withdrawal and drug injection generally

5 Chemotherapeutic drugs' doses should be ~ F 7.8 61.0/31.2 10
calculated according to body surface area in
adults and according to body weight in
children

Part B

2 Use distinctive labeling on look-alike drugs T 96.1 2.6/1.3 1

1 Use "Amp" or "Vial" for dose expression F 94.8 3.9/1.3
instead of "mg" or "gm"

4 For convenience, heparin and insulin F 87.0 10.4/2.6 3
should be stored together in the
refrigerator

7 15% KCl is frequently used, so it should be F 64.9 29.9/52 4
casily and freely accessed by nurses

6 If patient can tolerate, potassium can be T 59.7 31.2/9.1 5
administered orally instead of IV route

3 "U" is used instead of "unit" to express the F 221 74/3.9 6
amount of doses

8 For pediatric dosage calculations, teaspoon P 10.4 79.2/10.4 7

units should be used

T/F, true /false; KCL, potassium chloride; Ca, calcium; NaCl, sodium chlotide; Epi, epinephrtine; CaCly,
calcium chloride; IV, intravenous; BW, body weight; BSA, body surface area.
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Discussion

In the present study, 90% of the nurses answered
correctly that "cc" or "mL" should not be used as
a unit of dose measurement in insulin injections,
and 74% of them were aware that 1 mL injectors
should not be used as an insulin injector. Similar
results were reported by Hsaio et al. (2010) and Lu
etal. (2013). Although nurses have this knowledge,
they are still forced to apply insulin injections using
1 mL injectors or tuberculin injectors in our
experiences. Although most insulin products
come from companies in 100 units / mL, due to
the recent increase in obesity, insulin resistance,
and the use of insulin pumps, the use of 500 units
/ mL insulin has also begun to increase. However,
clinics do not have an insulin injector designed to
measure 500 units of insulin dose. Therefore, the
nurses have to administer 500 units of insulin
using 100 units / mL insulin injectors, tubercle
injectors or 1 ml injectors. This leads to the
administration of insulin in high doses (Prescrire
International, 2014).

It is reported that 26% of patient safety incidents
related to insulin were caused by administering the
wrong insulin dose and resulted in severe harm
and deaths (Sharpe, 2012). Therefore, companies
must produce injectors suitable for high-dose
insulin products for patients to receive the
appropriate dose of medicine. Insulin should be
administered only with insulin injectors, and all
healthcare professionals should be informed and
trained about such errors.

Concentrated electrolytes come at the top of high-
alert medications and errors made during these
medications' administration lead to fatal outcomes
in patients treated with medications. When these
solutions are administered as an IV bolus injection,
they bring severe consequences. For instance, 15%
KCl may cause cardiac arrest (Grissinger, 2011;
Gyeongae, 2014). In the present study, one-third
of the nurses did not choose the correct option for
the item that "3% NaCl and 10% CaCl; solutions
should not be administered fast", and mote than
half of them (55%) did not choose the correct
15% KCl should be
administered. Similar results have been reported in

option about how
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other studies (Hsaio et al., 2010; Chen et al., 2014).
Hsaoi et al. (2010) also showed that more than
30% of the nurses did not understand that "15%
KCl should not be administered by IV bolus under
any circumstances". These results show that more
time should be allocated to pharmacology lessons
in nursing education and that this information
should be updated with in-service training when

necessary.

In this part, the item with the lowest correct
response rate (7.8%) was "Chemotherapeutic drug
doses should be calculated according to body
surface area in adults and according to body weight
in children". The low correct answer rates related
to the same issue were reported in Hsaio et al.'s
(2010) and T et al.'s (2013) studies too (24.6%,
33.3%, respectively). Chemotherapy drugs are
the  high-alert

classification, and doses of these drugs are of great

included in medications
importance in terms of the treatment's efficacy
(Yu et al., 2013). Body surface area is a variable
difficult body

physiological assessment (Gerina-Bérzina et al.,

with a constitutional and
2013). Despite some limitations, it remains the

most commonly used parameter regarding
chemotherapy of cancer patients. The dosage of
chemotherapeutic drugs has been based on the
patients' physiologic variables related to drug
basal

function and hepatic

metabolism and elimination, such as

metabolic rate, renal
function. It varies by individuals' body surface area
(Sacco et al., 2010). It is reported that medication
errors occur with high incidence (44%) in
chemotherapy due to the lack of specific
knowledge and training of health professionals in
chemotherapy, prescription, preparation and
administration. It leads to fatal patient safety
incidences, such as chemotherapy overdose or
dose calculation errors (Khan et al., 2012; Yu et al.,
2013). Nurses, therefore, should have adequate
knowledge and training about chemotherapy in
nursing school and throughout the in-hospital

continuing education.

Of the nurses, 64.9% chose the correct option for
the item 15% KCl is frequently used, so nurses
should easily and freely access it. However, about
one-third of the nurses (35.1%) in the present
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study do not know the correct answer was
shocking. In 2002, in line with the national patient
safety goals, concentrated electrolytes were
removed from the patient care units unless
clinically necessaty, and nurses' easy access to this
This

mentioned above was taken due to tragic errors
fast

medication was prevented. measure

such as intravenous administration of
concentrated potassium made by nurses because
they lacked the necessary knowledge. Although
potassium chloride is removed from clinics, nurses
in hospitals where 24-hour pharmacy setrvice is not
available are able to get this medication from the
drug cabinets at nights and on weekends.
Therefore, this drug still poses a threat to patient
safety in clinics (Grissinger, 2011). Although
limited access to potassium chloride has reduced
fatal errors, nurses should be aware of the risks
associated with the use of this drug. The results of
the present study support the view that nurses

should be educated about the subject.

Of the participating nurses, 74% chose the
incorrect option for the item "U is used instead of
the unit to express the amount of doses". Similatly,
the incotrect response rate in Hsaio et al.'s (2010)
study was 62.3%. Administration of insulin, a vital
drug for patients with diabetes, in high doses
results in hypoglycemia, coma and death, and in
low doses results in hyperglycemia and
ketoacidosis. Insulin administration errors usually
occur due to the use of abbreviations when
medication orders are given. The use of 'U' instead
of 'unit' often results in a 10-fold overdose because
'U' is mistaken for '0". In addition, using 1 mL
injectors as an insulin injector leads to the
administration of insulin in overdoses (ISMP,
2015). These results indicate that more attention
should be given to nursing education and that
should be

through in-service training.

nurses'  knowledge strengthened

Many nurses (79.2%) in the current study did not
know that teaspoon should not be used as a unit
in pediatric dosing calculations. The present study
results are consistent with those of Hsaio et al.'s
study (2010). The most common medication error
in paediatrics and neonatal units is the dose
calculation errors. In the US, each year, more than
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70,000 children are admitted to emergency
departments due to "medication overdoses"”
(Franke et al., 2009). Medication overdose is
associated with the use of inappropriate dose-
measuring devices (Neville et al., 2015). Yin and
colleagues (2014) reported that 39.4% of parents
made an error in measuring the intended dose.
When medicine is given with teaspoons or
dessertspoons of different sizes, children can
receive a medication overdose or underdose. The
medication  overdose can  bring  about
consequences as severe as liver failure. If the child
gets a medication underdose, then he/she has to
take the medication in shorter periods because the
desired effect is not achieved in the child.
Therefore, children

medicines, injectors or measuting spoons must be

when are administered
used. Although these errors are mostly known as
errors made by parents, it is noteworthy that
nurses who are health professionals did not know
that teaspoons/dessertspoons should not be used
as a dose-measuring device (Yin et al.,, 2014).
These errors may be due to the widespread use of
spoons because the measuring spoons provided
with liquid medicine cannot always be kept in the
medicine carton package. Our study results
support that this issue should be emphasized more
in nursing education.

While such sociodemographic characteristics of
the participating nurses as sex, education level,
length of employment and the clinics they worked
in did not affect the number of correct responses
they gave (all p> 0.05). There was only a significant
correlation between the nurses' age and correct
responses (F = 3.34, p <0.05). Similatly, in the
literature, a significant relationship has been
determined between the nurses' age and their
knowledge levels (Lu et al, 2013, Hsaio et al,
2010). Although no statistically
correlation determined  between

significant
the
participants' length of service and their knowledge

was

levels, the nurses with more than ten years of
length of service had a higher number of correct
responses. Similar studies have also shown that as
the length of service increases, so does the number
of correct responses. Besides, nurses' education
level might have affected the knowledge level in
the present study; of the participants, 93.5% had
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an undergraduate degree, which is thought to yield
this result.

Conclusions

The study had some limitations, as the sample
included nurses working in only one university
hospital, so the results cannot be generalized. Our
results should be interpreted with great caution
due to biased sampling. Also, while filling out the
questionnaires, the participants may have been
influenced by each other; therefore, their answers

may not reflect their actual responses.

Despite these limitations, the current study results
support the view that nurses' knowledge of high-
alert medications is inadequate. The majority of
the nurses lack information, especially about
chemotherapeutic drugs' doses, pediatric dosage
calculations and unite. Nurses' knowledge of high-
alert medications should be updated via in-service
that  the

pharmacology courses in the nursing curriculum

training, and time allocated to

should be increased.
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