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Abstract

Background: Medication administration errors (MAEs) are a frequent cause of morbidity and mortality in acute care

settings and can result in a prolonged hospital stay. The WHO estimated that medication errors cost up to $42 billion

globally per a year. Therefore, MAEs was among the most common medical errors to occur in acute care settings. Studies of

medication error usually focus on system factors, thus creating a gap between what researchers know about the causes of

MAEs, and what frontline nurses actually do in the clinical setting. The purpose of this review is to fill a gap in the existing

literature by focusing on the relationship between nurses’ characteristics and MAEs.

Methods: Online databases were accessed, including CINAHL, PsycINFO, PubMed, Scopus, and Google Scholar from

2007–2020 period. This review was guided by the methods described by Whittemore and Knafl. Studies that addressed

the occurrence of medication errors based on RN demographics were included in this review. The included studies were

reviewed and analyzed by the two authors.

Results: Of the 1141 publications retrieved, 19 studies met inclusion criteria. The result provided strong evidence that

nurses’ level of education, length of experience, and attendance at training courses, are directly associated with the occur-

rence of MAEs. There is weak evidence of MAEs being influenced by the age and gender of nurses. Other nurse character-

istics, such as cognitive load, frustration with technology, negligence, lack of attentiveness, and nurse ethnicity, are not

adequately examined across the reviewed studies necessitates further research.

Conclusion: Focusing on nurses’ characteristics might facilitate other researchers to suggest appropriate interventions that

may reduce the incidence of MAEs. Interventional studies may provide convincing evidence as to whether one variable has a

causal effect on another variable, and control the influence of confounding variables to enhance the generalizability of the

findings.
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Medication errors, especially medication administration

errors (MAEs), are a frequent cause of morbidity and
mortality. MAEs have been identified as a priority issue

among hospitalized patients and can result in a prolonged
hospital stay. A number of studies have reported that
MAEs are among the most common medical errors to

occur in acute care settings (Samsiah et al., 2020;
Vrbnjak et al., 2016).

The Institute of Medicine estimates that medication
errors in the U.S. cause between 44,000 to 98,000 deaths
per year (Shahrokhi et al., 2013). The World Health
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Organization (2017) estimated that medication errors
cost up to $42 billion globally per a year. Therefore,
MAEs was among the most common medical errors to
occur in acute care settings (Vrbnjak et al., 2016).
Generally, medication errors can occur at any stage in
the medication process, but a substantial number of
these errors occur during medication administration,
thus implicating nurses as the Registered Nurse (RN)
plays a significant role in the administration medications
in the clinical setting.

Since the IOM report (1999), a vast number of
research studies have described medication errors in clin-
ical settings. These studies have evaluated the role of
medication education in conforming to new medication
policies (Sluggett et al., 2017), improving medication cal-
culation to decrease medication errors (Latimer et al.,
2017), and determining barriers to reporting medication
errors (Vrbnjak et al., 2016).

Although MAEs in acute care settings are generally
thought to occur due to human error, there is growing
recognition of the role of system errors as a contributing
factor in the occurrence of medication errors (Asad,
2015). The U.S. IOM reported that a fundamental revi-
sion of systems of work was required in order to provide
safe and holistic care (Hajibabaee et al., 2014).
Medication errors are seldom the product of a singular
cause, and in fact the true cause of the problem is often
difficult to identify (Hajibabaee et al., 2014).
Understanding the causes behind medication errors
might help to predict and control the risks for such errors.

In the course of the last two decades, two reviews
have found that organizational factors, such as nursing
staffing levels and heavy workloads, were strongly asso-
ciated with medication errors in acute care settings
(Brady et al., 2009; O’Shea, 1999). There is also strong
evidence indicating that the psychological factors among
nurses, such as burnout and compassion fatigue, were
associated with medication errors (Zarea et al., 2018).
Studies that examine the influence of system factors
and psychological factors on MAEs are extensively
documented in the literature. However, to our knowl-
edge, no recent reviews concerning the relationship
between nurses’ characteristics and medication errors
have been published recently.

Based on Reason’s human error model, errors occur
because of a multifaceted interaction between how indi-
viduals act, and the systems under which the individual
works (Reason, 1990, 2000). The system approach con-
tributes to only one part of the error, while the person
approach constitutes the other part of the error (Reason,
2000). Studies of medication error usually focus on
system factors, thus creating a gap between what
researchers know about the causes of MAEs, and what
frontline nurses actually do in the clinical setting.
Therefore, given the focus of previous studies on

system factors, the purpose of this review is to fill a
gap in the existing literature by focusing on the relation-
ship between nurses’ characteristics and MAEs.

Methods

In order to ensure a rigorous review and valid outcomes,
this review was guided by the methods described by
Whittemore and Knafl (2005). There are five stages to
this review: problem identification, literature search,
data evaluation, data analysis, and presentation
(Whittemore & Knafl, 2005).

Data Search

Online databases were accessed, including CINAHL,
PsycINFO, PubMed, Scopus, and Google Scholar.
The search terms included: medication administration
errors, reasons for medication errors, nurses’ character-
istics, individual contributory factors, and nurse-related
factors. Each online database provided a vast number
of results, thus making it challenging to review all of
them.

A subsequent search was conducted of specific data-
bases, such as CINAHL and PubMed, using major
headings to include only relevant studies that could
answer the research question. Also, the search was lim-
ited to research studies published in the English language
and that were published between 2007 and 2020. We
focus on this 2007–2020 period because the last review
that examined the nurses’ characteristics and medication
errors was published in 2009. Most of the studies includ-
ed in that review were conducted prior to 2007 (Brady
et al., 2009). Furthermore, four additional research stud-
ies were included via tracking references and hand
searches.

The initial search yielded 1141 studies. Following
the removal of duplicated studies, 890 studies were
retrieved. The remaining studies were reviewed for sig-
nificance using a four stage process. In the first stage,
titles were scanned to determine their relevance, with
studies that obviously did not address RN character-
istics and medication errors being excluded. In the
second stage, abstracts were scanned to ensure that
the research studies were focused specifically on
nurses rather than pharmacists or physicians. In stage
three, the methods and findings were scanned to ensure
that the studies were concerned with factors contribut-
ing to MAEs by RNs. And in the fourth stage, the
studies were assessed based on the inclusion and exclu-
sion criteria.

Inclusion Criteria

All the research studies must meet the following criteria:
(a) quantitative, qualitative, or mixed methods studies;
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(b) research studies published in English describing

nurses’ characteristics and MAEs; (c) studies were pub-

lished between 2007 and 2020; and (d) studies specifically

addressing patient safety or adverse events, and report-

ing the occurrence of medication errors based on RN

demographics.

Exclusion Criteria

The exclusion criteria include the following: (a) non-

research studies; (b) literature reviews; (c) research stud-

ies focusing on pharmacists or physicians; (d) research

studies focused on nursing medication errors in home

care or ambulatory care (i.e., because this review is con-

cerned with acute in-patient care); and (e) books, theses,

dissertations, and conferences.

Level of Evidence

Cooper (2016) suggested that the degree of correspon-

dence between methods and inferences in research stud-

ies should be the primary criterion for evaluating the

level of evidence of a study. The Johns Hopkins

Nursing Evidence-Based Practice grading scale was

used to measure the level of evidence of the selected

studies. The level of evidence for each study is deter-

mined based on the following domains: adequacy of

sample size; reliability and validity of the instruments;

generalizability of the results; and consistency between

methods, findings and conclusions (Newhouse et al.,

2007). High quality studies are graded as level A, good

quality studies level B, and low quality studies level C

(Table 1). The included studies were reviewed and

Figure 1. PRISMA flow diagram for included and excluded studies.
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d
ic
at
io
n
e
rr
o
rs

w
e
re

re
la
te
d
to

in
co
r-

re
ct

in
fu
si
o
n
ra
te
.

S
tr
e
n
g
th
s:

-S
u
ff
ic
ie
n
t
sa
m
p
le

-
T
h
e
re
su
lt
s
w
e
re

co
n
si
st
e
n
t
fo
r
th
is

st
u
d
y.

L
im

it
a
ti
o
n
s:

-T
h
e
sa
m
p
lin
g
m
e
th
o
d

an
d
th
e
d
u
ra
ti
o
n
o
f

th
e
in
te
rv
e
n
ti
o
n
w
as

n
o
t
p
ro
vi
d
e
d
.

-
A
ll
th
e
p
ar
ti
ci
p
an
ts

w
e
re

re
cr
u
it
e
d
fr
o
m

o
n
e
h
o
sp
it
al
.

L
ev
e
l
I

an
d
h
ig
h
q
u
al
it
y
A

V
at
an
k
h
ah

e
t
al
.

(2
0
1
7
)

C
ro
ss
-s
e
ct
io
n
al

d
e
sc
ri
p
ti
ve

st
u
d
y

-N
o
th
e
o
ry

P
u
rp
o
se
:

-T
o
d
e
te
rm

in
e
th
e

re
la
ti
o
n
sh
ip

b
e
tw

e
e
n
n
u
rs
e
s’

ch
ar
ac
te
ri
st
ic
s

(g
e
n
d
e
r
an
d
w
o
rk

e
x
p
e
ri
e
n
ce
)

an
d
ra
te

o
f
m
e
d
ic
at
io
n

e
rr
o
r
in

a
u
n
iv
e
rs
it
y

h
o
sp
it
al
.

N
¼
5
4
0
n
u
rs
e
s.

-7
6
%

o
f
p
ar
ti
ci
p
an
ts

w
e
re

fe
m
al
e
.

A
ve
ra
ge

le
n
gt
h
o
f

e
x
p
e
ri
e
n
ce
:
5
to

1
0
ye
ar
s.

Se
tt
in
gs
:
Te
ac
h
in
g

h
o
sp
it
al
.

Se
lf-
re
p
o
rt

u
si
n
g
q
u
e
s-

ti
o
n
n
ai
re
.

R
e
lia
b
ili
ty

w
as

ca
lc
u
la
te
d
to

b
e
av
e
r-

ag
e
ly
0
.6
9
.

T
h
e
re

w
as

a
si
gn
ifi
ca
n
t

re
la
ti
o
n
sh
ip

b
e
tw

e
e
n

ge
n
d
e
r
an
d
th
e
ac
cu
ra
-

cy
o
f
m
e
d
ic
at
io
n
d
o
se

p
<
.0
0
0
1
.

T
h
e
le
n
gt
h
o
f
e
x
p
e
ri
e
n
ce

w
as

n
o
t
si
gn
ifi
ca
n
tl
y

p
re
d
ic
ti
n
g
m
e
d
ic
at
io
n

e
rr
o
rs

p
¼
.8
1
.

S
tr
e
n
g
th
s:

-
G
o
o
d
d
e
ta
ils

fo
r

p
o
w
e
r
si
ze

b
as
e
d
o
n

th
e
sa
m
p
le
.

-A
re
lia
b
le

sc
al
e

-
A
p
p
ro
p
ri
at
e
e
x
p
la
n
a-

ti
o
n
fo
r
th
e
se
ar
ch

L
im

it
a
ti
o
n
s :

-T
h
e
fe
m
al
e
to

m
al
e

ra
ti
o
(7
6
%

fe
m
al
e
)

m
ay

in
flu
e
n
ce

th
e

re
su
lt
to

re
fle
ct

th
at

fe
m
al
e
p
ar
ti
ci
p
an
ts

w
e
re

m
o
re

lik
e
ly
to

L
ev
e
l
II
I

an
d
h
ig
h
q
u
al
it
y
A

(c
o
n
ti
n
u
e
d
)
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T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

(y
e
ar
)

D
e
si
gn

an
d
p
u
rp
o
se

Sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

an
d
se
tt
in
g

M
e
as
u
re
m
e
n
ts

Fi
n
d
in
gs

an
d
co
n
cl
u
si
o
n

St
re
n
gt
h
s
&
L
im
it
at
io
n
s

L
ev
e
l
o
f
ev
id
e
n
ce

co
m
m
it
m
e
d
ic
at
io
n

e
rr
o
rs

th
an

m
al
e
s.

N
o
av
ai
la
b
le

d
at
a

ab
o
u
t
th
e
sa
m
p
lin
g

m
e
th
o
d
s.

T
re
ib
e
r
an
d
Jo
n
e
s

(2
0
1
0
)

Q
u
al
it
at
iv
e
:

in
te
rp
re
ti
ve

an
al
ys
is
.

T
h
e
o
ry
:
B
e
n
n
e
r’
s

(1
9
8
5
)
in
te
rp
re
ti
ve

m
o
d
e
l
w
as

u
se
d
to

gu
id
e
th
e
an
al
ys
is
.

P
u
rp

o
se
:
To

u
n
d
e
r-

st
an
d
an
d
d
e
sc
ri
b
e

th
e
p
e
rc
e
iv
e
d
ca
u
se
s

o
f
m
e
d
ic
at
io
n
e
rr
o
r

b
as
e
d
o
n
n
u
rs
e
s’

p
e
rs
p
e
ct
iv
e
s.

-T
h
e
su
rv
ey
s
w
e
re

d
is
tr
ib
u
te
d
ra
n
d
o
m
-

ly
to

p
ar
ti
ci
p
an
ts

in

al
l
o
ve
r
th
e
st
at
e
.

-8
7
%

o
f
p
ar
ti
ci
p
an
ts

w
e
re

fe
m
al
e
.
T
h
e

le
n
gt
h
o
f
e
x
p
e
ri
e
n
ce

ra
n
ge
d
fr
o
m

1
to

m
o
re

th
an

4
0
ye
ar
s

o
f
e
x
p
e
ri
e
n
ce
.
T
h
e

av
e
ra
ge

o
f
e
x
p
e
ri
-

e
n
ce

w
as

ap
p
ro
x
i-

m
at
e
ly
2
0
Y
e
ar
s.

N
u
rs
e
s
d
e
sc
ri
b
e
d

m
e
d
ic
at
io
n
e
rr
o
rs

in

th
e
ir
o
w
n
w
o
rd
s

“s
e
lf-
d
e
sc
ri
p
ti
o
n
s
o
f

e
rr
o
rs
”

In
te
rv
ie
w
:
th
e
co
d
e
s

an
d
th
e
m
e
s
u
se
d
to

in
te
rp
re
t
th
e
tr
an
-

sc
ri
b
e
d
ve
rb
at
im
.

Fo
u
r
th
e
m
e
s
e
m
e
rg
e
d
:
1
-

E
x
te
rn
al
co
n
tr
ib
u
ti
n
g

fa
ct
o
rs
,

2
-L
ac
k
o
f
e
x
p
e
ri
e
n
ce

“b
e
in
g
n
ew

”,

3
-F
e
ar

o
f
m
ak
in
g
e
rr
o
rs

4
-F
ru
st
ra
ti
o
n
w
it
h
te
ch
-

n
o
lo
gy
:
la
ck

o
f
k
n
o
w
l-

e
d
ge

d
u
e
to

la
ck

o
f

tr
ai
n
in
g
co
u
rs
e
s
in
u
si
n
g

ad
va
n
ce
d
te
ch
n
o
lo
gi
ca
l

d
ev
ic
e
s)
.

S
tr
e
n
g
th
s:

-A
d
e
q
u
at
e
e
x
p
la
n
a-

ti
o
n
s.

-U
si
n
g
a
th
e
o
ry

to

gu
id
e
th
e
an
al
ys
is
.

L
im

it
a
ti
o
n
s:

-
L
o
w

re
sp
o
n
se

ra
te

(8
.2
%
)

-N
o
in
fo
rm

at
io
n
o
n

th
e
sa
m
p
le

si
ze
.

-T
h
e
re

w
as

n
o
h
o
m
o
-

ge
n
e
it
y;
8
7
%

o
f
p
ar
-

ti
ci
p
an
ts

w
e
re

fe
m
al
e
.

-I
t
is
ch
al
le
n
gi
n
g
to

ge
n
e
ra
liz
e
th
e

re
su
lt
s
to

d
iff
e
re
n
t

se
tt
in
gs
.

L
ev
e
l
II
I
an
d
lo
w

q
u
al
it
y
C

R
o
d
ri
gu
e
z-

G
o
n
za
le
z
e
t
al
.

(2
0
1
2
)

-P
ro
sp
e
ct
iv
e
o
b
se
rv
a-

ti
o
n
al
st
u
d
y

-N
o
th
e
o
ry

P
u
rp

o
se
:
To

d
e
te
r-

m
in
e
th
e
re
la
ti
o
n
-

sh
ip

b
e
tw

e
e
n

p
o
te
n
ti
al
ri
sk

fa
ct
o
rs

an
d
m
e
d
ic
at
io
n
e
rr
o
rs

as
a
w
ay

to
id
e
n
ti
fy

p
o
te
n
ti
al

ca
u
se
s.

T
h
e
to
ta
l
sa
m
p
le

si
ze

w
as

n
o
t
p
ro
vi
d
e
d
.

Se
tt
in
g:
tw

o
ga
st
ro
e
n
-

te
ro
lo
gy

u
n
it
s
in

a

te
ac
h
in
g
h
o
sp
it
al
in

Sp
ai
n
.

A
ve
ra
ge

ag
e
s:
4
2

A
ve
ra
ge

e
x
p
e
ri
e
n
ce
:

2
ye
ar
s.

D
is
gu
is
e
d
O
b
se
rv
at
io
n

Te
ch
n
iq
u
e
.

C
o
m
p
u
te
ri
ze
d
p
re
-

sc
ri
p
ti
o
n
o
rd
e
r

e
n
tr
y
p
ro
gr
am

w
as

u
se
d
to

d
e
te
rm

in
e

th
e
fr
e
q
u
e
n
cy

o
f

m
e
d
ic
at
io
n
e
rr
o
r

ra
te
s,
ac
cu
ra
cy

o
f

m
e
d
ic
at
io
n
p
re
p
ar
a-

ti
o
n
,
an
d
fr
e
q
u
e
n
cy

o
f
m
e
d
ic
at
io
n
u
se
d

in
th
e
d
e
p
ar
tm

e
n
t.

T
h
e
re

w
as

n
o
si
gn
ifi
ca
n
t

as
so
ci
at
io
n
b
e
tw

e
e
n

n
u
rs
e
s’
ch
ar
ac
te
ri
st
ic
s

(a
ge
,
ty
p
e
o
f
n
u
rs
e
,
an
d

le
n
gt
h
o
f
e
x
p
e
ri
e
n
ce

in

m
e
d
ic
al
/s
u
rg
ic
al
w
ar
d
s)

an
d
m
e
d
ic
at
io
n
ad
m
in
-

is
tr
at
io
n
e
rr
o
rs
.

S
tr
e
n
g
th
s:

-
Su
ff
ic
ie
n
t
sa
m
p
le
si
ze
.

-
C
o
n
si
st
e
n
t
re
co
m
-

m
e
n
d
at
io
n
b
as
e
d
o
n

th
e
re
su
lt
s.

-
R
e
lia
b
le

sc
al
e
u
se
d
.

-
R
e
as
o
n
ab
le

re
su
lt
s

an
d
co
n
cl
u
si
o
n
s

L
im

it
a
ti
o
n
s:

-S
am

p
le

si
ze

w
as

n
o
t

p
ro
vi
d
e
d
.

-N
o
e
n
o
u
gh

in
fo
rm

a-

ti
o
n
ab
o
u
t
p
ar
ti
ci
-

p
an
ts
’
d
e
m
o
-

gr
ap
h
ic
s.

L
ev
e
l
II
I
an
d
h
ig
h

q
u
al
it
y
A

(c
o
n
ti
n
u
e
d
)
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T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

(y
e
ar
)

D
e
si
gn

an
d
p
u
rp
o
se

Sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

an
d
se
tt
in
g

M
e
as
u
re
m
e
n
ts

Fi
n
d
in
gs

an
d
co
n
cl
u
si
o
n

St
re
n
gt
h
s
&
L
im
it
at
io
n
s

L
ev
e
l
o
f
ev
id
e
n
ce

Sh
e
u
e
t
al
.
(2
0
0
9
)

-
C
o
rr
e
la
ti
o
n
-d
e
sc
ri
p
-

ti
ve

d
e
si
gn
.

To
u
n
d
e
rs
ta
n
d
th
e

re
as
o
n
s
b
e
h
in
d

m
e
d
ic
at
io
n
e
rr
o
rs
.

Sa
m
p
le

si
ze
:
8
5
.

D
e
m
o
gr
ap
h
ic
in
fo
rm

a-

ti
o
n

w
as

n
o
t
p
re
se
n
te
d
.

-S
n
o
w
b
al
l
sa
m
p
lin
g

m
e
th
o
d
.

A
se
m
i-
st
ru
ct
u
re
d

q
u
e
st
io
n
n
ai
re
.

F
in
d
in
g
:

-3
2
8
m
e
d
ic
at
io
n
ad
m
in
is
-

tr
at
io
n
e
rr
o
rs

w
e
re

re
p
o
rt
e
d
.

-5
1
.2
%

o
f
m
e
d
ic
at
io
n

e
rr
o
rs

w
e
re

co
m
m
it
te
d

b
y
p
ar
ti
ci
p
an
ts

w
h
o

h
o
ld

as
so
ci
at
e
d
e
gr
e
e
.

-5
3
%

o
f
e
rr
o
rs

w
e
re

co
m
m
it
te
d
b
y
n
u
rs
e
s

w
it
h
le
ss

th
an

2
ye
ar
s
o
f

e
x
p
e
ri
e
n
ce
.
.

-T
h
e
w
ro
n
g
d
o
se

w
as

th
e

m
o
st

fr
e
q
u
e
n
t
m
e
d
ic
a-

ti
o
n
e
rr
o
r
re
p
o
rt
e
d
b
y

n
u
rs
e
s.

S
tr
e
n
g
th
s:

-R
e
su
lt
s
w
e
re

re
as
o
n
-

ab
ly
su
ff
ic
ie
n
t
fo
r

th
is
st
u
d
y.

-A
d
e
q
u
at
e
sa
m
p
le
si
ze
.

-
C
o
n
si
st
e
n
t
re
co
m
-

m
e
n
d
at
io
n
s
an
d

co
n
cl
u
si
o
n
.

-A
d
e
q
u
at
e
e
x
p
la
n
a-

ti
o
n
s.

L
im

it
a
ti
o
n
s:

-N
o
d
e
m
o
gr
ap
h
ic
s

av
ai
la
b
le

L
ev
e
l
II
I
an
d
h
ig
h

q
u
al
it
y
A

C
h
e
ra
gi
e
t
al
.

(2
0
1
3
)

-C
ro
ss
-s
e
ct
io
n
al

d
e
sc
ri
p
ti
ve

st
u
d
y.

P
u
rp

o
se
:
To

in
ve
st
i-

ga
te

th
e
ty
p
e
s
an
d

ca
u
se
s
o
f
m
e
d
ic
at
io
n

e
rr
o
rs
,
an
d
th
e
ir

re
la
ti
o
n
sh
ip

w
it
h

n
u
rs
in
g

ch
ar
ac
te
ri
st
ic
s.

N
¼
2
3
7

R
an
d
o
m

se
le
ct
io
n

fr
o
m

o
n
e
h
o
sp
it
al
in

Ir
an
.

D
e
m
o
gr
ap
h
ic
s:

-6
7
.1
%

o
f
p
ar
ti
ci
p
an
ts

w
e
re

fe
m
al
e
.

-5
1
.1
%

w
e
re

u
n
d
e
r

3
0
ye
ar
s,
-5
4
.8
5
%

w
e
re

co
n
tr
ac
t

n
u
rs
e
s,

-4
3
.5
%

o
f
p
ar
ti
ci
p
an
ts

h
ad

at
te
n
d
e
d
d
ru
g

ad
m
in
is
tr
at
io
n

co
u
rs
e
s.

-6
4
.5
5
%
o
f
p
ar
ti
ci
p
an
ts

re
p
o
rt
e
d
m
e
d
ic
at
io
n

e
rr
o
rs
.

Se
lf-
m
ad
e
q
u
e
st
io
n
-

n
ai
re
.

T
h
e
re
lia
b
ili
ty

o
f
th
e

q
u
e
st
io
n
n
ai
re

w
as

te
st
e
d
an
d
ap
p
ro
ve
d

b
y
t-
te
st

(r
¼.

9
).

-T
h
e
m
o
st

co
m
m
o
n
e
rr
o
r

w
as

w
ro
n
g
d
o
se
.

-
L
ac
k
o
f
p
h
ar
m
ac
o
lo
gi
ca
l

k
n
o
w
le
d
ge

w
as

th
e

m
o
st

co
m
m
o
n
ca
u
se

o
f

m
e
d
ic
at
io
n
e
rr
o
r.

-T
h
e
re

w
as

n
o
st
at
is
ti
ca
l

re
la
ti
o
n
sh
ip

b
e
tw

e
e
n

ye
ar
s
o
f
e
x
p
e
ri
e
n
ce

an
d

ag
e
o
f
n
u
rs
e
s
w
it
h

m
e
d
ic
at
io
n
e
rr
o
rs
.

T
h
e
re

w
as

a
si
gn
ifi
ca
n
t

re
la
ti
o
n
sh
ip

b
e
tw

e
e
n
th
e

fr
e
q
u
e
n
cy

o
f
IV

(d
o
se

ro
u
te
)
an
d
ge
n
d
e
r.

S
tr
e
n
g
th
s:

-
C
o
n
si
st
e
n
t
re
su
lt
s

an
d
su
ff
ic
ie
n
t
sa
m
p
le

si
ze
.

-
A

re
lia
b
le

sc
al
e

-A
p
p
ro
p
ri
at
e
m
e
th
o
d
s

L
im

it
a
ti
o
n
s:

-T
h
e
re
se
ar
ch
e
rs

d
id

n
o
t
re
p
o
rt

th
e
m
e
an

ag
e
an
d
le
n
gt
h
o
f

e
x
p
e
ri
e
n
ce

o
f

p
ar
ti
ci
p
an
ts
.

L
ev
e
l
II
I

an
d
h
ig
h
q
u
al
it
y
A

T
h
o
m
as

e
t
al
.

(2
0
1
7
)

-H
ie
ra
rc
h
ic
al
d
e
si
gn

-T
o
e
x
am

in
e
th
e

im
p
ac
t
o
f
in
d
iv
id
u
al

n
u
rs
e
s’
ch
ar
ac
te
ri
s-

ti
cs

an
d
w
o
rk

e
n
vi
-

ro
n
m
e
n
ta
l
fa
ct
o
rs

N
¼
7
9
R
N
s.

T
h
e
m
aj
o
ri
ty

(9
3
.6
7
%
)

w
e
re

fe
m
al
e
,
th
e

m
e
an

ag
e
w
as

3
8
.1
4
ye
ar
s,
th
e

av
e
ra
ge

le
n
gt
h
o
f

1
-S
tr
u
ct
u
re
d
o
b
se
rv
a-

ti
o
n
sh
e
e
t

2
-
N
A
SA

T
as
k
L
o
ad

In
d
e
x
to

m
e
as
u
re

m
e
n
ta
l
w
o
rk
lo
ad

N
u
rs
e
s’
ag
e
s
an
d
m
e
d
ic
a-

ti
o
n
ad
m
in
is
tr
at
io
n

e
rr
o
rs

(p
<
.0
4
3
).

In
ad
e
q
u
at
e
sk
ill
s
to

d
e
al

w
it
h
e
le
ct
ro
n
ic
d
o
cu
-

m
e
n
ta
ti
o
n
s
w
e
re

th
e

St
re
n
gt
h
s:

-A
d
e
q
u
at
e
sa
m
p
le

si
ze

-P
ro
vi
d
e
d
a
cl
e
ar

d
ir
e
ct
io
n
fo
r
fu
tu
re

re
se
ar
ch
.

-C
o
gn
it
iv
e
lo
ad

an
d

L
ev
e
l
II
I

an
d
h
ig
h
q
u
al
it
y
A

(c
o
n
ti
n
u
e
d
)
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T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

(y
e
ar
)

D
e
si
gn

an
d
p
u
rp
o
se

Sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

an
d
se
tt
in
g

M
e
as
u
re
m
e
n
ts

Fi
n
d
in
gs

an
d
co
n
cl
u
si
o
n

St
re
n
gt
h
s
&
L
im
it
at
io
n
s

L
ev
e
l
o
f
ev
id
e
n
ce

(i
n
te
rr
u
p
ti
o
n
s
an
d

d
is
tr
ac
ti
o
n
s,
an
d
co
g-

n
it
iv
e
lo
ad
)
o
n

m
e
d
ic
at
io
n

ad
m
in
is
tr
at
io
n
e
rr
o
rs

(M
A
E
s)
.

e
x
p
e
ri
e
n
ce

w
as

9
.5
9
ye
ar
s.

E
d
u
ca
ti
o
n
al
le
ve
l:

5
.0
6
%

m
as
te
rs
,

6
2
.0
3
b
ac
h
e
lo
rs
,

3
1
.6
5
%

as
so
ci
at
e
,

an
d
1
.2
7
%

d
ip
lo
m
a.

(C
ro
n
b
ac
h

a
¼
0
.7
2
).

m
o
st
fr
e
q
u
e
n
t
ca
u
se
s
o
f

m
e
d
ic
at
io
n
e
rr
o
rs
.

T
h
e
re

w
as

a
si
gn
ifi
ca
n
t

re
la
ti
o
n
sh
ip

b
e
tw

e
e
n

In
te
rr
u
p
ti
o
n
,
an
d
d
is
tr
ac
-

ti
o
n
an
d
co
gn
it
iv
e
lo
ad

(a
ll
re
su
lt
s
yi
e
ld
e
d

p
<
.0
5
).

M
A
E
s
w
as

n
o
t

in
cl
u
d
e
d
in

o
th
e
r

st
u
d
ie
s.

-F
ir
st

st
u
d
y
sh
o
w
s
a

si
gn
ifi
ca
n
t
re
la
ti
o
n
-

sh
ip

b
e
tw

e
e
n
ag
e

an
d
M
A
E
s.

L
im

it
a
ti
o
n
s:

-l
it
tl
e
ev
id
e
n
ce

w
it
h

in
co
n
si
st
e
n
t
re
su
lt
s.

K
e
n
d
al
l-
G
al
la
gh
e
r
&

B
le
ge
n
(2
0
0
9
)

-S
e
co
n
d
ar
y
d
at
a
an
al
y-

si
s.

-T
o
e
x
p
lo
re

th
e
re
la
-

ti
o
n
sh
ip

b
e
tw

e
e
n

th
e
p
ro
p
o
rt
io
n
o
f

ce
rt
ifi
e
d
n
u
rs
e
s
in

a

u
n
it
an
d
m
e
d
ic
at
io
n

ad
m
in
is
tr
at
io
n

e
rr
o
rs
.

Se
tt
in
gs
:
a
ra
n
d
o
m

sa
m
p
le

o
f
re
gi
st
e
re
d

n
u
rs
e
s
w
o
rk
in
g
in

4
8
IC
U
s
in

2
9
h
o
s-

p
it
al
s.

Tw
o
q
u
e
st
io
n
n
ai
re
s

th
at

ad
d
re
ss
e
d

n
u
rs
e
st
af
fin
g,
ra
te
s

o
f
ad
ve
rs
e
ev
e
n
ts
,

in
d
iv
id
u
al
an
d
o
rg
a-

n
iz
at
io
n
al
ch
ar
ac
te
r-

is
ti
cs
.

N
o
in
fo
rm

at
io
n
ab
o
u
t

th
e
re
lia
b
ili
ty

o
f
th
e

sc
al
e
.

T
h
e
re

w
as

a
si
gn
ifi
ca
n
t

co
rr
e
la
ti
o
n
b
e
tw

e
e
n

le
ve
l
o
f
e
d
u
ca
ti
o
n
an
d

m
e
d
ic
at
io
n
e
rr
o
rs

(p
<
.0
1
).

T
h
e
ye
ar
s
o
f
e
x
p
e
ri
e
n
ce

d
id

n
o
t
p
re
d
ic
t
th
e

m
e
d
ic
at
io
n
ad
m
in
is
tr
a-

ti
o
n
e
rr
o
rs

(p
>
.0
5
).

S
tr
e
n
g
th
s:

-A
d
e
q
u
at
e
sa
m
p
le

si
ze

-C
o
n
si
st
e
n
t
re
su
lt
s
an
d

re
co
m
m
e
n
d
at
io
n
s.

L
im

it
a
ti
o
n
s:

-M
is
si
n
g
d
at
a
af
fe
ct
s

b
o
th

th
e
p
o
w
e
r
to

d
e
te
ct

e
ff
e
ct
s
an
d

th
e
st
ab
ili
ty

o
f

H
ie
ra
rc
h
ic
al
lin
e
ar

m
o
d
e
lin
g

p
ar
am

e
te
r
e
st
im
at
e
s.

-N
o
in
fo
rm

at
io
n
ab
o
u
t

th
e
sc
al
e
.

L
ev
e
l
II
I
an
d
go
o
d

q
u
al
it
y
B

C
h
an
g
&
M
ar
k

(2
0
0
9
)

L
o
n
gi
tu
d
in
al
st
u
d
y
(6
-

m
o
n
th
s)

To
in
ve
st
ig
at
e
th
e

as
so
ci
at
io
n
b
e
tw

e
e
n

n
u
rs
e
s’
ch
ar
ac
te
ri
s-

ti
cs

an
d
th
e
se
ve
ri
ty

o
f
m
e
d
ic
at
io
n

e
rr
o
rs
.

N
¼
4
9
5
4

D
at
a
w
e
re

co
lle
ct
e
d

fo
r
6
m
o
n
th
s
fr
o
m

1
4
6
h
o
sp
it
al
s
ra
n
-

d
o
m
ly
se
le
ct
e
d
in

th
e
U
n
it
e
d
St
at
e
s.

2
8
6
n
u
rs
in
g
u
n
it
s
(d
if-

fe
re
n
t
m
e
d
ic
al
su
r-

gi
ca
l
u
n
it
s)
.

C
o
m
m
u
n
ic
at
io
n
w
it
h

p
hy
si
ci
an

w
as

m
e
a-

su
re
d
b
y
R
e
la
ti
o
n
al

C
o
o
rd
in
at
io
n
Sc
al
e

(C
ro
n
b
ac
h
’s

al
p
h
a
¼
0
.8
2
).

N
u
rs
e
s
e
x
p
e
ri
e
n
ce

w
as

m
e
as
u
re
d
b
y

N
u
rs
in
g
E
x
p
e
rt
is
e

an
d
C
o
m
m
it
m
e
n
t
to

C
ar
e

Sc
al
e
(C

h
ro
n
b
ac
h
s

a¼
.9
2
)

T
h
e
le
n
gt
h
o
f
e
x
p
e
ri
e
n
ce

h
ad

a
st
at
is
ti
ca
lly

si
gn
if-

ic
an
t
re
la
ti
o
n
sh
ip

w
it
h

n
o
n
-s
ev
e
re

m
e
d
ic
at
io
n

e
rr
o
rs
.
T
h
e
gr
e
at
e
r
th
e

le
n
gt
h
o
f
e
x
p
e
ri
e
n
ce
,

th
e
fe
w
e
r
n
o
n
-s
ev
e
r

m
e
d
ic
at
io
n
e
rr
o
rs

(p
<
.0
1
).
N
u
rs
e
s’
le
ve
l

o
f
e
d
u
ca
ti
o
n
w
as

st
at
is
-

ti
ca
lly

si
gn
ifi
ca
n
t
w
it
h

se
ve
r
m
e
d
ic
at
io
n

e
rr
o
rs
.
T
h
e
m
o
re

B
SN

n
u
rs
e
s
in

th
e
u
n
it
,
th
e

lo
w
e
r
p
e
rc
e
n
ta
ge

o
f

S
tr
e
n
g
th
s:

-T
h
e
sa
m
p
le

w
as

h
o
m
o
ge
n
e
o
u
s.

-C
o
n
si
st
e
n
t
re
su
lt
s

-I
n
cl
u
d
e
d
th
o
u
gh
tf
u
l

re
fe
re
n
ce

to
sc
ie
n
-

ti
fic

ev
id
e
n
ce
.

-R
e
lia
b
le

sc
al
e

L
im

it
a
ti
o
n
s:

-L
ar
ge

sa
m
p
le
si
ze

m
ay

le
ad

to
o
ve
re
st
im
at
e

th
e
e
ff
e
ct

si
ze
.

- -

L
ev
e
l
II
I

an
d
h
ig
h
q
u
al
it
y
A

(c
o
n
ti
n
u
e
d
)
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T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

(y
e
ar
)

D
e
si
gn

an
d
p
u
rp
o
se

Sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

an
d
se
tt
in
g

M
e
as
u
re
m
e
n
ts

Fi
n
d
in
gs

an
d
co
n
cl
u
si
o
n

St
re
n
gt
h
s
&
L
im
it
at
io
n
s

L
ev
e
l
o
f
ev
id
e
n
ce

se
ve
r
m
e
d
ic
at
io
n

e
rr
o
rs
.

M
an
o
jlo
vi
ch

&

D
e
C
ic
co

(2
0
0
7
)

C
ro
ss
-s
e
ct
io
n
al

d
e
sc
ri
p
ti
ve

st
u
d
y

To
e
x
am

in
e
th
e

im
p
ac
ts

o
f
co
m
m
u
-

n
ic
at
io
n
sk
ill
s

b
e
tw

e
e
n
n
u
rs
e
s
an
d

p
hy
si
ci
an
s,
an
d

m
e
d
ic
at
io
n
ad
m
in
s-

tr
at
io
n
e
rr
o
rs
.

N
¼
4
6
2

N
u
rs
e
s
w
o
rk
in
g
2
5

IC
U
s
in

3
h
o
sp
it
al
s

in
M
ic
h
ig
an

h
o
sp
i-

ta
ls
.

D
e
m
o
gr
ap
h
ic
s:
8
4
%

fe
m
al
e
,

m
e
an

ag
e
:
3
9
.3
ye
ar
s,

T
h
e
av
e
ra
ge

le
n
gt
h

o
f
e
x
p
e
ri
e
n
ce
:

1
3
ye
ar
s.

E
d
u
ca
ti
o
n
:
5
9
%

o
f
p
ar
-

ti
ci
p
an
ts

h
ad

b
ac
ca
la
u
re
at
e
.

IC
U
-N

u
rs
e
-P
hy
si
ci
an

Q
u
e
st
io
n
n
ai
re

w
as

u
se
d
to

m
e
as
u
re

n
u
rs
e
-p
hy
si
ci
an

co
m
m
u
n
ic
at
io
n
.

V
al
id
it
y
w
as

as
se
ss
e
d

th
ro
u
gh

fa
ct
o
r
an
al
-

ys
is
.

T
h
e
re
lia
b
ili
ty

w
as

re
p
o
rt
e
d
,
C
ro
n
b
ac
h

a
w
as

.9
2
.

N
u
rs
e
’s
ag
e
w
as

si
gn
ifi
ca
n
tl
y
as
so
ci
at
e
d

w
it
h

n
u
rs
e
-p
hy
si
ci
an

co
m
m
u
n
i-

ca
ti
o
n
.

N
u
rs
e
-p
hy
si
ci
an

co
m
m
u
-

n
ic
at
io
n
w
as

si
gn
ifi
ca
n
t-

ly
p
re
d
ic
te
d
m
e
d
ic
at
io
n

e
rr
o
rs

(R
2
¼
.1
1
).

Y
e
ar
s
o
f
e
x
p
e
ri
e
n
ce

w
as

si
gn
ifi
ca
n
tl
y
as
so
ci
at
e
d

w
it
h
m
e
d
ic
at
io
n
e
rr
o
rs

(p
<
.0
0
0
1
).

S
tr
e
n
g
th
s:

-A
d
e
q
u
at
e
Sa
m
p
le

-c
o
n
si
st
e
n
t
re
su
lt

-r
e
lia
b
le

sc
al
e

L
im

it
a
ti
o
n
s:

-N
o
n
-e
x
p
e
ri
m
e
n
ta
l

d
e
si
gn

m
ay

fa
il
to

p
re
d
ic
t
th
e
ca
u
sa
lit
y.

L
ev
e
l
II
I
an
d
h
ig
h

q
u
al
it
y
A

P
az
o
k
ia
n
e
t
al
.

(2
0
1
4
)

-Q
u
al
it
at
iv
e
st
u
d
y

T
h
e
o
ry
:

[R
e
as
o
n
’s
h
u
m
an

e
rr
o
r

m
o
d
e
l]
.

-T
o
id
e
n
ti
fy

n
u
rs
e
s’

e
x
p
e
ri
e
n
ce
s
re
ga
rd
-

in
g
m
e
d
ic
at
io
n
e
rr
o
r

[M
E
]
an
d
it
’s
fa
ct
o
rs
.

N
¼
2
0

P
u
rp
o
si
ve

sa
m
p
lin
g

Te
ac
h
in
g
h
o
sp
it
al
in

Ir
an

A
ve
ra
ge

o
f
1
1
ye
ar
s
o
f

e
x
p
e
ri
e
n
ce
.

A
ve
ra
ge

ag
e
s:
3
4
.8
9

C
o
d
e
s
an
d
th
e
m
e
s

Tw
o
th
e
m
e
s:

1
-
In
d
iv
id
u
al
A
p
p
ro
ac
h

[n
u
rs
e
s’
ch
ar
ac
te
ri
s-

ti
cs
].

L
o
w
at
te
n
ti
o
n
le
ve
la
m
o
n
g

m
an
ag
e
rs

to
n
u
rs
e
s

p
e
rs
o
n
al
is
su
e
s
in

p
re
-

sc
ri
b
in
g
m
e
d
ic
at
io
n
s

le
ad

to
in
cr
e
as
e
th
e

ch
an
ce

o
f
th
e
M
E

am
o
n
g
n
u
rs
e
s.

A
ls
o
,
n
u
rs
e
s’
k
n
o
w
le
d
ge

h
as

a
b
ig
co
n
tr
ib
u
ti
o
n
in

th
e
m
e
d
ic
at
io
n
e
rr
o
rs
.

2
-o
rg
an
iz
at
io
n
al
ap
p
ro
ac
h

su
ch

as
w
o
rk

e
n
vi
ro
n
-

m
e
n
t
an
d
ri
sk

m
an
ag
e
-

m
e
n
t
st
ra
te
gi
e
s.

S
tr
e
n
g
th
s:

-U
si
n
g
a
th
e
o
ry

-
A
d
e
q
u
at
e
sa
m
p
le

si
ze
;
re
ac
h
e
d
th
e

sa
tu
ra
ti
o
n

L
im

it
a
ti
o
n
s:

T
h
e
d
at
a
m
ay

n
o
t
b
e

ge
n
e
ra
liz
ab
le

d
u
e
to

th
e
re
se
ar
ch

d
e
si
gn
.

L
ev
e
l
II
I
an
d
go
o
d

q
u
al
it
y
B

Fa
so
lin
o
&
Sn
yd
e
r

(2
0
1
2
)

M
ix
e
d
m
e
th
o
d
-

d
e
sc
ri
p
ti
ve

an
d
co
r-

re
la
ti
o
n
al
st
u
d
y.

To
e
x
am

in
e
th
e
re
la
-

ti
o
n
sh
ip

b
e
tw

e
e
n

n
u
rs
e
s’

N
¼
1
9
9

L
e
n
gt
h
o
f
e
x
p
e
ri
e
n
ce
:

1
2
.1
1
Y
e
ar
s.

E
d
u
ca
ti
o
n
:
8
%

D
ip
lo
m
a,
6
2
%

P
ro
fe
ss
io
n
al
P
ra
ct
ic
e

E
n
vi
ro
n
m
e
n
t
Su
rv
ey

(C
ro
n
b
ac
h
al
p
h
a¼

.9
2
)
an
d
T
M
E
su
rv
ey

(C
ro
n
b
ac
h
al
p
h
a¼

.9
8
)
.

T
h
e
re

w
as

a
si
g.
re
la
ti
o
n
-

sh
ip

b
e
tw

e
e
n
n
u
rs
e
s

w
it
h
B
SN

ag
e
(r

¼
�
.1
3
,
p
¼
.0
3
)
an
d

e
x
p
e
ri
e
n
ce

an
d
M
E
s
(r

¼
�
0
.1
6
,
p
¼
.0
0
1
).

S
tr
e
n
g
th
s

-A
d
e
q
u
at
e
sa
m
p
le

-R
e
lia
b
le

sc
al
e

-C
o
n
si
st
e
n
t
re
su
lt
s
an
d

re
co
m
m
e
n
d
at
io
n
s.

L
ev
e
l
II
I:

an
d
go
o
d
q
u
al
it
y
B

(c
o
n
ti
n
u
e
d
)

Kerari and Innab 9



T
a
b
le

1
.
C
o
n
ti
n
u
e
d
.

A
u
th
o
rs

(y
e
ar
)

D
e
si
gn

an
d
p
u
rp
o
se

Sa
m
p
le

ch
ar
ac
te
ri
st
ic
s

an
d
se
tt
in
g

M
e
as
u
re
m
e
n
ts

Fi
n
d
in
gs

an
d
co
n
cl
u
si
o
n

St
re
n
gt
h
s
&
L
im
it
at
io
n
s

L
ev
e
l
o
f
ev
id
e
n
ce

ch
ar
ac
te
ri
st
ic
s,
cl
in
i-

ca
l
e
n
vi
ro
n
m
e
n
t
an
d

te
am

m
e
m
b
e
r
e
ff
e
c-

ti
ve
n
e
ss

(T
M
E
),
an
d

m
e
d
ic
at
io
n
e
rr
o
rs

(M
E
).

as
so
ci
at
e
d
e
gr
e
e
,

an
d
3
0
%

R
N
s)
.

A
ls
o
,
yo
u
n
g
n
u
rs
e
s
w
e
re

m
o
re

lik
e
ly
to

m
ak
e

M
E
s
th
an

R
N
s.

E
d
u
ca
ti
o
n
le
ve
l
w
as

n
o
t

re
la
te
d
to

th
e
M
E
s

in
ci
d
e
n
ce
.

L
im

it
a
ti
o
n
s:

-L
ac
k
o
f
h
o
m
o
ge
n
e
it
y;

m
o
st

p
ar
ti
ci
p
an
ts

h
av
e
D
ip
lo
m
a
(6
2
%
).

N
d
o
si
&
N
ew

e
ll

(2
0
0
8
)

C
au
sa
l
co
m
p
ar
at
iv
e

an
d
co
rr
e
la
ti
o
n
al

d
e
si
gn
.

To
as
se
ss
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analyzed by the two authors using the framework of
Whittemore and Knafl (2005). In order to avoid the
selection bias, all research studies that met the inclusion
criteria were included in this review regardless their level
of evidence (Figure 1). The researchers addressed the
level of evidence for all included studies (Table 1).

Findings

Profile of Selected Studies

Of the 1141 publications retrieved, 19 studies met inclu-
sion criteria. All of the included studies, except for one
(Kendall-Gallagher & Blegen, 2009), was a primary
study. All studies were published between 2007 and
2020, with most published between 2013 and 2017
(Table 1). Studies were set in various countries, including
the United States, Canada, England, Sweden, Italy,
Taiwan, Saudi Arabia, and Iran.

A literature matrix was used to synthesize essential
information about the included studies. Research
designs ranged from quantitative, descriptive and obser-
vational designs, to mixed methods, with the majority of
studies (n¼ 14) being quantitative, non-experimental
designs. Each of the studies aimed to identify nurses’
characteristics and their relationship with MAEs. After
analyzing the methods and findings of the included stud-
ies, themes related to the MAEs were identified. Four
themes emerged: pharmacological knowledge (i.e., level
of education and attendance at training courses), clinical
experience and expertise (i.e., length of experience and
employment status), demography (i.e., age and gender).

Theme 1: Pharmacological Knowledge and Management Skills.

In relation to pharmacological knowledge, two sub-
themes emerged: level of education and attendance at
medication administration training courses.

Level of Education. Seven studies, with varied research
designs and measurements, explored the relationship
between the level of education of RNs and MAEs
(Asad, 2015; Chang & Mark, 2009; Di Muzio et al.,
2017; Fahimi et al., 2015; Fasolino & Snyder, 2012;
Kendall-Gallagher & Blegen, 2009; Sheu et al., 2009).
There was moderate consensus across two studies that
participants’ level of education was not a significant pre-
dictor of MAEs (p> .05). These studies were different in
terms of research designs: Fahimi et al. (2015) being an
experimental study, and Fasolino and Snyder (2012)
being a mixed methods descriptive and correlational
study. They also differed in terms of their selection of
participants: random selection (Fahimi et al., 2015)
versus convenience sampling (Fasolino & Snyder,
2012). Both studies used self-report and surveyed a
wide range of participants who held diplomas, BSN,

and master’s degrees. However, the majority of partici-
pants (40–65%) had BSN degrees in both studies, which
could influence the results.

On the other hand, there was strong agreement across
five studies using univariate analysis, finding that the
higher the level of education of nurses, the lower the
rate of MAEs (Asad, 2015; Chang & Mark, 2009; Di
Muzio et al., 2017; Kendall-Gallagher & Blegen, 2009;
Sheu et al., 2009). Despite the fact that these studies had
different research designs: cross-sectional (Asad, 2015;
Di Muzio et al., 2017; Sheu et al., 2009) and a longitu-
dinal study (Chang & Mark, 2009), they all used self-
report instruments for data collection. In a 6-months
longitudinal study, Chang and Mark (2009) found that
the greater the number of BSN-prepared nurses in the
unit, the lower the frequency of severe medication errors
(p< .01). In a cross sectional study, Sheu et al. (2009)
identified 328 MAEs in a teaching hospital, finding that
68.3% of these medication errors had been made by
associate degree-prepared nurses as opposed to BSN
degree-prepared nurses (26.2%). Similarly, in other
cross-sectional studies: (a) Asad (2015) found that
nurses with higher degrees (e.g., bachelors and masters)
were less likely to make MAEs than nurses with associ-
ate degrees (p< .01), and (b) Di Muzio et al. (2017)
found that nurses’ attitudes and awareness with respect
to medication errors varied based on their level of edu-
cation. Most studies consistently demonstrated that level
of education was a significant predictor of MAEs among
RNs. This result is consistent with Shahrokhi et al.
(2013), who found that the educational level of the
RNs is strongly correlated with MAEs.

Attendance at Training Courses. Four studies
addressed the influence of attending training courses
on MAEs (Cheragi et al., 2013; Lan et al., 2014;
Thomas et al., 2017; Treiber & Jones, 2010). Two studies
had cross-sectional designs and used questionnaires to
examine the effectiveness of attending training courses
with the frequency of MAEs in acute care settings
(Cheragi et al., 2013; Lan et al., 2014). These studies
were similar in terms of the ratio of nurses who attended
training courses; 40.5–43.5% of participants had
attended hospital-based drug administration courses.
Each of these studies agreed that attending training
courses on medication administration reduced the inci-
dence of MAEs (p< .05).

In one qualitative study, Treiber and Jones (2010)
interviewed participants and concluded that many par-
ticipants lacked knowledge with respect to the use of
advanced technological devices (e.g. infusion pumps) as
they had not attended training courses in the clinical
setting. While in a hierarchical quantitative study,
Thomas et al. (2017) found that inaccurate documenta-
tion and inadequate electronic documentation skills were
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often the result of having not attend appropriate training

courses and were the most frequent causes of medication

errors (p< .05).

Theme 2: Clinical Experience and Expertise. Two subthemes

emerged: employment status and length of experience.

Employment Status. Only two studies reported find-

ings related to employment status. The researchers

used random sampling techniques and recruited a wide

range of participants working in different hospitals with

different employment status (Asad, 2015; Fahimi et al.,

2015). The samples included: staff nurses (Asad, 2015;

Fahimi et al., 2015), those working on a temporary 1-

year contract, temporary 3-year contract (Fahimi et al.,

2015), and head nurses (Asad, 2015). Both studies

reported a significant relationship between employment

status and MAEs. Specifically, researchers found that:

(a) staff nurses scored significantly higher than head

nurses in medication administration (Asad, 2015), and

(b) temporary 1-year contract nurses were statistically

significantly correlated with medication error rates

(p< .0001) (Fahimi et al., 2015). The influence of

employment status on MAEs was not addressed in pre-

vious reviews (O’Shea, 1999).

Length of Experience. The majority of studies, 15

studies, explored the relationship between the RN’s

length of experience and the occurrence of MAEs in

acute-care settings. Research designs included cross-

sectional (n¼ 8), secondary analysis (n¼ 2), observation-

al (n¼ 2), longitudinal (n¼ 1), and experimental study

(n¼ 1). Eight studies had cross-sectional designs and

used questionnaires to measure the influence of nurses’

length of experience on MAEs (Asad, 2015; Cheragi

et al., 2013; Lan et al., 2014; Manojlovich & DeCicco,

2007; Di Muzio et al., 2017; Phua & Tan, 2011; Soori

et al., 2019; Vatankhah et al., 2017). Five cross-sectional

studies (Fasolino & Snyder, 2012; Lan et al., 2014;

Manojlovich & DeCicco, 2007; Sheu et al., 2009; Soori

et al., 2019) examined the frequency of medication errors

for RNs with different length of experiences (7–13 years),

and reported that the greater the number of years of

experience, the lower the rate of MAEs (p< .05). Sheu

et al. (2009) reported that over 50% of MAEs were com-

mitted by nurses with less than 2-years of experience.
The other two cross-sectional studies (Di Muzio et al.,

2017; Phua & Tan, 2011) examined the pharmacological

knowledge of RNs based on their length of experience.

Both studies indicated that nurses’ pharmacological

knowledge and length of experience were correlated;

the greater the length of experience, the greater pharma-

cological knowledge, and the lower rate of MAEs. Phua

and Tan (2011) found that senior staff (M ¼ 66.5%) had

significantly high medication knowledge scores than
junior staff (M ¼ 59.6%).

The two observational studies examined nurses’ expe-
riences, as measured by way of the disguised observation
technique, to determine the correlation between poten-
tial risk factors and MAEs in teaching hospitals
(Rodriguez-Gonzalez et al., 2012; Sulaiman et al.,
2017). Rodriguez-Gonzalez et al. (2012) reported that
there was no significant relationship between length of
experience and MAEs. It has been argued in the litera-
ture that teaching hospitals provide specific medication
programs for nurses that might positively influence the
frequency of medication errors (Rodriguez-Gonzalez
et al., 2012; Sheu et al., 2009). However, Sulaiman
et al. (2017) conducted a study in a teaching hospital
and reported that the frequency of medication errors
was associated with the length of experience (r2¼.456,
p< .042).

On the other hand, three cross-sectional studies
(Asad, 2015; Cheragi et al., 2013; Vatankhah et al.,
2017) and the experimental study (Fahimi et al., 2015)
used questionnaires and reported that length of experi-
ence was not a significant predictor of medication errors.
Nevertheless, with the exception of Fahimi et al. (2015),
none of these studies reported the length of experience of
participating nurses. Most studies (10 out of 15) demon-
strated that the nurse’s length of experience was a sig-
nificant predictor of MAEs. This result is consistent with
a review by Shahrokhi et al. (2013), who focused on
addressing the contributing factors involved in medica-
tion errors.

Themes 3: Demography. Only eight studies were found
that addressed nurses’ age and gender as independent
variables (Asad, 2015; Cheragi et al., 2013; Fahimi
et al., 2015; Lan et al., 2014; Thomas, Donohue-
Porter, & Fishbein, 2017; Rodriguez-Gonzalez et al.,
2012; Soori et al., 2019; Vatankhah et al., 2017). In
four cross-sectional descriptive studies, researchers
(Asad, 2015; Cheragi et al., 2013; Soori et al., 2019;
Vatankhah et al., 2017) used questionnaires and found
a significant relationship between the gender of the nurse
and medication dosage accuracy (p< .0001). Each of
these three cross-sectional studies reported that partici-
pants’ age was not statistically significant (p> .05), but
they all agreed that female nurses were less likely to
make medication errors than males. One major limita-
tion in these studies was that the majority of participants
(67.1–76%) were female. The samples may not have
been representative of the population of interest, which
may threaten the internal and external validity of these
studies.

In the experimental study, Fahimi et al. (2015)
reported no statistically significant correlation between
the age and gender of nurses and the rate of MAEs
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(p> .05). In the two observational studies, researchers
found: (a) participants’ age did not predict medication
errors (Rodriguez-Gonzalez et al., 2012), and (b) youn-
ger nurses were more likely to commit medication errors
(p< .043) (Thomas, Donohue-Porter, & Fishbein, 2017).
Despite significant difference in terms of research
designs and instruments, six out of eight studies provid-
ed strong evidence with which to indicate that partici-
pants age was not a significant predictor of MAEs
(Asad, 2015; Cheragi et al., 2013; Fahimi et al., 2015;
Lan et al., 2014; Rodriguez-Gonzalez et al., 2012;
Vatankhah et al., 2017). On the other hand, there was
a weak evidence that participants’ gender was a signifi-
cant predictor for MAEs (p< .05) (Asad, 2015;
Vatankhah et al., 2017), warranting further research
with more homogeneous samples and stronger designs.

Discussion

Although there is a wealth of literature concerning
MAEs in acute care settings, literature specified to
nurses’ characteristics is only a recent area of scholarly
interest. Numerous studies have focused on environmen-
tal and psychological factors, creating a gap with respect
to nurses’ characteristics and their influence on MAEs.
The current integrative review examined research on
nurses’ characteristics and MAEs, addressing a gap in
the prior research literature. Despite the 13-year time
frame for inclusion in this review, most of the studies
that we reviewed were published in the last 5 years, most
likely due to the increased interest in understanding the
personal characteristics of RNs in acute care settings.

Nurses Characteristics and MAEs

The result of this review showed some consistency with
older literature reviews and reported approximately sim-
ilar factors contributing to MAEs (Brady et al., 2009;
O’Shea, 1999). These reviews explained the occurrence
of MAEs and presented unidirectional relationships
between the contributing factors and MAEs. Other
recently published reviews have primarily focused on
presenting both organizational and individual factors,
their findings suggesting that nurse-related factors were
the dominant factors in MAEs (Shahrokhi et al., 2013,
Innab, 2019). However, this integrative review focused
specifically on nurses-related factors, identifying several
contributing factors not examined in previous reviews.

In this integrative review, the main contributing
factor identified among nurse characteristics was the
length of experience, which was similarly identified by
Innab (2019), and Shahrokhi et al. (2013). Level of edu-
cation was the second most prevalent factor in MAEs
from perspective of nurses in these studies, which again
was something that other researchers had identified as a

factor complicit in the incidence of MAEs (Asad, 2015;
Chang & Mark, 2009; Di Muzio et al., 2017; Shahrokhi
et al., 2013; Sheu et al., 2009). Stronger evidence was
found in this integrative review than in the review by
Parry et al. (2015), who reviewed studies with a broader
scope of contributing factors related to medication
errors. The evidence included experimental, cross-
sectional, and longitudinal designs; used a wide range
of sampling methods and instruments; and reported
that nurses’ level of education was predictive of MAEs.

Inadequate pharmacological knowledge due to
having not attended training courses was another
factor that influenced the incidence of MAEs (Cheragi
et al., 2013; Lan et al., 2014; Thomas et al., 2017; Treiber
& Jones, 2010). Attending training courses in medication
administration was not addressed in reviews by Parry
et al. (2015). Various researchers have subsequently rec-
ommended attendance at medication administration
training courses to enhance nurses’ pharmacological
knowledge because of the necessity of learning the indi-
cations of old drugs and the continuous supply of vari-
ous drugs in the drug market (Cheragi et al., 2013;
Innab, 2019; Thomas et al., 2017).

There was weak evidence of MAEs being influenced
by the age and gender of nurses. Only four studies
showed a significant relationship between gender and
MAEs (Asad, 2015; Cheragi et al., 2013; Soori et al.,
2019; Vatankhah et al., 2017). Also, only one study
found that younger nurses had more MAEs than older
nurses (Thomas, Donohue-Porter, & Fishbein, 2017).
However, most of these studies had an issue with the
sample homogeneity, which could influence the result.
Further research with more homogeneous sample is
needed.

Other factors contributing to the incidence of MAEs
was noted, but not adequately addressed across studies.
These factors include: cognitive load (Thomas et al.,
2017), negligence (Bj€orkst�en et al., 2016), frustration
with technology (Thomas et al., 2017; Treiber & Jones,
2010), nurse ethnicity (Asad, 2015), and forgetfulness or
lack of attentiveness (Pazokian et al., 2014). Because
these factors were not adequately examined, further
research is needed.

In this integrative review, most studies employed a
cross-sectional design and relied on self-report, indicat-
ing a need for further research with stronger designs to
determine causality between variables, thus determining
appropriate interventions to reduce MAEs in acute-care
settings. Despite these limitations, most research studies
reviewed here examined the frequency of MAEs and
their relationship with nurse characteristics, which pro-
vided new insights for future research.

There was some inconsistency with respect to the
attention given to factors contributing to MAEs in
acute care settings. Three studies focused exclusively
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on environmental factors, and did not pay adequate

attention to nurse-related factors (Bj€orkst�en et al.,

2016; Di Muzio et al., 2017; Sulaiman et al., 2017). A

further three studies, while exploring both nurse-related

factors and environmental factors, failed to consider the

interaction between nurse-related factors with environ-

mental factors with respect to the causes of MAEs

(Ndosi & Newell, 2009; Pazokian et al., 2014; Treiber

& Jones, 2010). In contrast, the reset of studies focused

solely on nurse characteristics and MAEs (Asad, 2015;

Bj€orkst�en et al., 2016; Chang & Mark, 2009; Cheragi

et al., 2013; Fahimi et al., 2015; Kendall-Gallagher &

Blegen, 2009; Lan et al., 2014; Manojlovich & DeCicco

et al., 2007; Phua & Tan, 2011; Rodriguez-Gonzalez

et al., 2012; Sheu et al., 2009; Thomas et al., 2017;

Vatankhah et al., 2017). Because these 13 studies

endeavored to account for this dynamic relationship,

their results present an uncomplicated relationship

between the variables.

Strengths and Weaknesses of the Studies

Several strengths and weaknesses were identified in the

selected studies. The strengths of these studies include:

(a) each study, except one, had an adequate sample size

(Ndosi & Newell, 2009); (b) all studies, except two, used

reliable and valid scales (Ndosi & Newell, 2009; Phua &

Tan, 2011); (c) in six studies, participants were recruited

randomly from different departments or hospitals

(Asad, 2015; Chang & Mark, 2009; Cheragi et al.,

2013; Fahimi et al., 2015; Kendall-Gallagher & Blegen,

2009; Treiber & Jones, 2010); and (d) nine studies were

marked as high quality studies (Chang & Mark, 2009;

Cheragi et al., 2013; Di Muzio et al., 2017; Fahimi et al.,

2015; Manojlovich & DeCicco, 2007; Rodriguez-

Gonzalez et al., 2012; Sheu et al., 2009; Thomas et al.,

2017; Vatankhah et al., 2017).
Weaknesses include: (a) a number of studies had an

issue with sample homogeneity, with over 60% of par-

ticipants being female (Asad, 2015; Cheragi et al., 2013;

Lan et al., 2014; Vatankhah et al., 2017), and over 75%

of participants had associate degrees (Lan et al., 2014) or

BSN (Fahimi et al., 2015; Fasolino & Snyder, 2012); (b)

two studies did not report participant demographics

(Asad, 2015; Vatankhah et al., 2017); (c) three studies

were considered low quality (Sulaiman et al., 2017;

Ndosi & Newell, 2009; Treiber & Jones, 2010), (d)

only two studies incorporate theories (Pazokian et al.,

2014; Treiber & Jones, 2010); and (e) none of the studies

implemented an intervention for nurses. As such, these

studies reflect the growing interest in understanding the

personal characteristics of RNs in acute care settings.

Limitations

The first limitation of this review was the inclusion of

English language papers only. Other non-English papers

could provide insightful and meaningful results.

Secondly, limiting the search to five databases was

another limitation. Other databases may have yielded

relevant studies that had been missed. Third, focusing

only on studies of acute care settings may have limited

the exploration of nurse-related factors on MAEs.

A large number of studies had cross-sectional designs

and used self-report measures, which may have influ-

enced the determination of causality between variables.
Fifth, there was a lack of consistency with respect to the

definition of nurse characteristics; due to this discrepan-

cy, factors associated with MAEs were open to

interpretation.
Also, most studies did not report the type or severity

of the MAEs, or link these with the nurses’ character-

istics. Consequently, there was some ambiguity in inter-

preting the most and least factors associated with

particular types or the severity of MAEs. Furthermore,

this review included studies from various countries. This

diversity may diminish the generalizability of the find-
ings; thus there is a need for caution in interpreting the

findings of these studies. A lack of similarities with

respect to nurses’ characteristics in most studies can

reduce the value of the evidence for this integrative

review.

Recommendations

Because there were few studies focusing on organization-

al or psychological factors, there were few details with

respect to the influence of nurses’ age, gender, cognitive

abilities, and employment status on MAEs, thus reveal-

ing a gap in the current review. Future studies should
look to focus on these factors. Also, more than one third

of these studies were cross-sectional studies. As such, the

design of these studies makes it difficult to answer the

research question by demonstrating which of these char-

acteristics makes the largest contribution to MAEs. This

result indicates a need for future research with stronger

designs.
This integrative review indicated that nurse’s level of

education, length of experience, and attendance at train-

ing courses in clinical settings were the factors most
strongly associated with the incidence of MAEs in

acute care settings. However, this review did not provide

a definitive answer to the question of what other nurse-

related factors influence MAEs. Future research might

emphasize nurses’ characteristics and their relationship

with the severity of MAEs. Focusing on nurse’s charac-

teristics might facilitate other researchers to suggest

appropriate interventions that may reduce the incidence
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of MAEs. Interventional studies, such as RCTs, provide

convincing evidence as to whether one variable has a

causal effect on another variable, and control the influ-

ence of confounding variables in terms of randomization

(Polit & Beck, 2017; Shadish et al., 2002).

Conclusion

Administering medication is a high-risk task routinely

performed by RNs in clinical settings. The current

review confirms that the occurrence of MAEs is a

multi-dimensional phenomenon, which was seen from

organizational and personal perspectives. Despite a

number of empirical studies over the last two decades,

there is still a gap in the research literature with respect

to how these medication errors occur. Using the

Whittemore and Knafl (2005) framework for integrative

reviews, the result provided strong evidence that nurses’

level of education, length of experience, and attendance

at training courses, are directly associated with MAEs.

Other nurse characteristics not adequately examined

across the reviewed studies necessitates further research.

Acknowledgments

The authors extend their appreciation to the Deanship of

Scientific Research at King Saud University for logistically

supporting this study through the Research Assistant

Internship Program.

Author Contributions

A. K. participated in reviewing the literature, created the inclu-

sion and exclusion criteria, designing the PRISMA chart, sum-

marizing the selected studies, and drafting the work. A. I.

participated in writing the background, methods, and discus-

sion sections and revise the content. Selecting the appropriate

journal and assigned to be the corresponding author.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of this

article.

Funding

The author(s) received no financial support for the research,

authorship, and/or publication of this article.

ORCID iD

Adnan Innab https://orcid.org/0000-0002-9527-1078

References

Asad, M. (2015). Assessment of nurses’ knowledge for possible

occurrence of medication errors in Riyadh province, Saudi

Arabia. Asian Journal of Nursing Education and Research,

5(2), 191.

Bj€orkst�en, K. S., Bergqvist, M., Anders�en-Karlsson, E.,

Benson, L., & Ulfvarson, J. (2016). Medication errors as

malpractice-a qualitative content analysis of 585 medication

errors by nurses in Sweden. BMC Health Services Research,

16(1), 431.
Brady, A., Malone, A., & Fleming, S. (2009). A literature

review of the individual and systems factors that contribute

to medication errors in nursing practice. Journal of Nursing

Management, 17(6), 679–697.
Chang, Y. K., & Mark, B. A. (2009). Antecedents of severe and

non-severe medication errors. Journal of Nursing

Scholarship, 41(1), 70–78.
Cheragi, M. A., Manoocheri, H., Mohammadnejad, E., &

Ehsani, S. R. (2013). Types and causes of medication

errors from nurse’s viewpoint. Iranian Journal of Nursing

and Midwifery Research, 18(3), 228.
Cooper, H. M. (2016). Research synthesis and meta-analysis: A

step by step approach (5th ed.). SAGE.
Di Muzio, M., De Vito, C., Tartaglini, D., & Villari, P. (2017).

Knowledge, behaviors, training and attitudes of nurses

during preparation and administration of intravenous med-

ications in intensive care units (ICU): A multicenter Italian

study. Applied Nursing Research, 38, 129–133.
Fahimi, F., Forough, A. S., Taghikhani, S., & Saliminejad, L.

(2015). The rate of physicochemical incompatibilities,

administration errors. Factors correlating with nurses’

errors. Iranian Journal of Pharmaceutical Research,

14(Suppl), 87.
Fasolino, T., & Snyder, R. (2012). Linking nurse character-

istics, team member effectiveness, practice environment,

and medication error incidence. Journal of Nursing Care

Quality, 27(2), E9–E16.
Hajibabaee, F., Joolaee, S., Peyravi, H., Alijany, -Renany, H.,

Bahrani, N., & Haghani, H. (2014). Medication error

reporting in Tehran: A survey. Journal of Nursing

Management, 22(3), 304–310.
Harkanen, M., Vehvilainen-Julkunen, K., Murrells, T.,

Rafferty, A. M., & Franklin, B. D. (2019). Medication

administration errors and mortality: Incidents reported in

England and Wales between 2007–2016. Research in Social

and Administrative Pharmacy, 15(7), 858–863.
Innab, A. (2019). The influence of individual and system factors

on medication administration errors in acute care settings in

Saudi Arabia [Doctoral dissertation]. Saint Louis

University.
Kendall-Gallagher, D., & Blegen, M. A. (2009). Competence

and certification of registered nurses and safety of patients

in intensive care units. American Journal of Critical Care:

An Official Publication, American Association of Critical-

Care Nurses, 18(2), 106–113.
Lan, Y. H., Wang, K. W. K., Yu, S., Chen, I. J., Wu, H. F., &

Tang, F. I. (2014). Medication errors in pediatric

nursing: Assessment of nurses’ knowledge and analysis of

the consequences of errors. Nurse Education Today, 34(5),

821–828.
Latimer, S., Hewitt, J., Stanbrough, R., & McAndrew, R.

(2017). Reducing medication errors: Teaching strategies

that increase nursing students’ awareness of medication

16 SAGE Open Nursing

https://orcid.org/0000-0002-9527-1078
https://orcid.org/0000-0002-9527-1078


errors and their prevention. Nurse Education Today, 52,
7–9.

Manojlovich, M., & DeCicco, B. (2007). Healthy work envi-
ronments, nurse-physician communication, and patients’
outcomes. American Journal of Critical Care: An Official

Publication, American Association of Critical-Care Nurses,
16(6), 536–543.

Ndosi, M. E., & Newell, R. (2009). Nurses’ knowledge of phar-
macology behind drugs they commonly administer. Journal
of Clinical Nursing, 18(4), 570–580.

Newhouse, R., Dearholt, S., Poe, S., Pugh, L. C., & White, K.
(2007). The Johns Hopkins nursing evidence-based practice

rating scale. The Johns Hopkins Hospital, Johns Hopkins
University School of Nursing.

O’Shea, E. (1999). Factors contributing to medication errors:
A literature review. Journal of Clinical Nursing, 8(5),
496–504.

Parry, A. M., Barriball, K. L., & While, A. E. (2015). Factors
contributing to Registered Nurse medication administration
error: A narrative review. International Journal of Nursing

Studies, 52(1), 403–420.
Pazokian, M., Zagheri Tafreshi, M., & Rassouli, M. (2014).

Iranian nurses’ perspectives on factors influencing medica-
tion errors. International Nursing Review, 61(2), 246–254.

Phua, L. C., & Tan, S. C. (2011). Practical knowledge of drugs:
How do nurses fare? Singapore Nursing Journal, 38(1), 7–14.

Polit, D. F., & Beck, C. T. (2017). Nursing research: Generating

and assessing evidence for nursing practice. Wolters Kluwer
Health.

Reason, J. (1990). Human error. Cambridge University Press.
Reason, J. (2000). Human error: Models and management.

BMJ (Clinical Research ed.), 320(7237), 768–770.
Rodriguez-Gonzalez, C. G., Herranz-Alonso, A., Martin-

Barbero, M. L., Duran-Garcia, E., Durango-Limarquez,
M. I., Hernández-Sampelayo, P., & Sanjurjo-Saez, M.
(2012). Prevalence of medication administration errors in
two medical units with automated prescription and dispens-
ing. Journal of the American Medical Informatics

Association, 19(1), 72–78.
Samsiah, A., Othman, N., Jamshed, S., & Hassali, M. A.

(2020). Knowledge, perceived barriers and facilitators of
medication error reporting: A quantitative survey in
Malaysian primary care clinics. International Journal of

Clinical Pharmacy, 42(4), 1118–1127.
Shadish, W. R., Cook, T. D., & Campbell, D. T. (2002).

Experimental and quasi-experimental designs for generalized

causal inference. Wadsworth Cengage Learning.

Shahrokhi, A., Ebrahimpour, F., & Ghodousi, A. (2013).
Factors effective on medication errors: A nursing view.
Journal of Research in Pharmacy Practice, 2(1), 18–23.

Sheu, S. J., Wei, I. L., Chen, C. H., Yu, S., & Tang, F. I.
(2009). Using snowball sampling method with nurses to
understand medication administration errors. Journal of

Clinical Nursing, 18(4), 559–569.
Sluggett, J. K., Ilom€aki, J., Seaman, K. L., Corlis, M., & Bell,

J. S. (2017). Medication management policy, practice and
research in Australian residential aged care: Current and
future directions. Pharmacological Research, 116, 20–28.

Soori, S., Rostami, Z., & Aghilidehkordi, G. (2019).
Occurrence and reporting of nurses’ medication errors in
a teaching hospital in Isfahan. Journal of Health

Administration, 21(74), 75–86.
Sulaiman, Z. H., Hamadi, S. A., Obeidat, N. M., & Basheti,

I. A. (2017). Evaluating medication errors for hospitalized
patients: The Jordanian experience. Jordan Journal of

Pharmaceutical Sciences, 10(2), 87–101.
Thomas, L., Donohue-Porter, P., & Fishbein, J. S. (2017).

Impact of interruptions, distractions, and cognitive load
on procedure failures and medication administration

errors. Journal of Nursing Care Quality, 32(4), 309–317.
Treiber, L. A., & Jones, J. H. (2010). Devastatingly human: An

analysis of registered nurses’ medication error accounts.
Qualitative Health Research, 20(10), 1327–1342.

Vatankhah, S., Moradi, F., Esfandnia, A., Seroush, A.,
Eghbali, A., Ovaisi, M., & Bayatmoghadam, S. (2017).
Demonstration measure of medical errors using self-
reporting method and its relation with gender and work
experience in nurses of university of medical science in
Kermanshah in the second half of 2014. Annals of

Tropical Medicine and Public Health, 10(4), 933.
Vrbnjak, D., Denieffe, S., O’Gorman, C., & Pajnkihar, M.

(2016). Barriers to reporting medication errors and near
misses among nurses: A systematic review. International

Journal of Nursing Studies, 63, 162–178.
Whittemore, R., & Knafl, K. (2005). The integrative review:

Updated methodology. Journal of Advanced Nursing, 52(5),
546–553.

World Health Organization. (2017). Patient safety: Making

health care safer. http://apps.who.int/iris/bitstream/10665/
255507/1/WHO-HIS-SDS-2017.11-eng.pdf

Zarea, K., Mohammadi, A., Beiranvand, S., Hassani, F., &
Baraz, S. (2018). Iranian nurses’ medication errors: A
survey of the types, the causes, and the related factors.
International Journal of Africa Nursing Sciences, 8, 112–116.

Kerari and Innab 17

http://apps.who.int/iris/bitstream/10665/255507/1/WHO-HIS-SDS-2017.11-eng.pdf
http://apps.who.int/iris/bitstream/10665/255507/1/WHO-HIS-SDS-2017.11-eng.pdf

