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Abstract

The ability of knowledge, attitude, and practice of intensive care unit (ICU)

nurses to perform medical device-related pressure injuries (MDRPIs) can affect

the incidence of MDRPI in ICU patients. Therefore, in order to improve ICU

nurses' understanding and nursing ability of MDRPIs, we investigated the

non-linear relationship (synergistic and superimposed relationships) between

the factors influencing ICU nurses' ability of knowledge, attitude, and practice.

A Clinical Nurses' Knowledge, Attitude, and Practice Questionnaire for the

Prevention of MDRPI in Critically Ill Patients was administered to 322 ICU

nurses from tertiary hospitals in China from January 1, 2022 to June 31, 2022.

After the questionnaire was distributed, the data were collected and sorted out,

and the corresponding statistical analysis and modelling software was used to

analyse the data. IBM SPSS 25.0 software was used to conduct Single factor

analysis and Logistic regression analysis on the data, so as to screen the statis-

tically significant influencing factors. IBM SPSS Modeler18.0 software was

used to construct a decision tree model of the factors influencing MDRPI

knowledge, attitude, and practice of ICU nurses, and ROC curves were plotted

to analyse the accuracy of the model. The results showed that the overall pass-

ing rate of ICU nurses' knowledge, attitude, and practice score was 72%. The

statistically significant predictor variables ranked in importance were educa-

tion background (0.35), training (0.31), years of working (0.24), and profes-

sional title (0.10). AUC = 0.718, model prediction performance is good. There

is a synergistic and superimposed relationship between high education back-

ground, attended training, high years of working and high professional title.

Nurses with the above factors have strong MDRPI knowledge, attitude, and

practice ability. Therefore, nursing managers can develop a reasonable and

effective scheduling system and MDRPI training program based on the study
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results. The ultimate goal is to improve the ability of ICU nurses to know and

act on MDRPI and to reduce the incidence of MDRPI in ICU patients.
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Key Messages
• the incidence of MDRPI in ICU patients remains high, causing poor disease

prognosis for patients and placing a huge burden on the health care
industry

• this study focuses on constructing a CART tree model of the factors
influencing ICU nurses' medical device-related pressure injury ability of
knowledge, attitude, and practice using a decision tree algorithm in a
machine learning algorithm to explore the non-linear relationships (syner-
gistic and superposition relationships) between the influencing factors

• the statistically significant predictor variables ranked in importance were
education background (0.35), training (0.31), years of working (0.24), and
professional title (0.10)

• there is a synergistic and superimposed relationship between high education
background, attended training, high working years and high professional
title

1 | INTRODUCTION

The term “medical device-related pressure injury
(MDRPI)” was first introduced by Black et al.1 The 2014
edition of the international Pressure Injury Prevention
and Treatment: A Guide to Clinical Practice contains the
first definition of MDRPIs.2 The 2014 edition of the Inter-
national Guidelines for the Prevention and Treatment of
Pressure-related Injuries: Clinical Practice provides the
first specific definition of a MDRPI and suggests interven-
tion strategies and guidance for the prevention of
MDRPI. In 2016, a guideline developed by the US Pres-
sure Ulcer Advisory Panel (NPUAP),3 guidelines devel-
oped by the NPUAP expanded the definition of pressure
injury to include “medical devices” and referred to pres-
sure ulcers caused by medical devices as MDRPI.

MDRPI is a pressure injury caused by the use of medi-
cal devices used for diagnostic or therapeutic purposes,
such as casts, ventilator masks, tracheal intubation
machines to fix stents, etc.4 The most common sites of
injury are the nose, fingers and ears.5,6 The shape of the
injury is often consistent with the shape of the medical
devices. The prevalence of MDRPI in critically ill patients
in the intensive care unit (ICU) is due to the frequent use
of various medical devices, extensive drug therapy and
patients' own characteristics such as skin edema.7-10 It is
now one of the more serious adverse events in ICU
patients.11,12 Some studies ICU nurses, as the closest
caregivers to critically ill patients play a critical role in

identifying critically ill patients at risk of MDRPI.13,14

The ability of ICU nurses to know and act on their
knowledge of MDRPI largely determines their preventive
and interventional behaviour toward patients at risk of
developing MDRPI.15,16 However, most studies have
shown that ICU nurses have the problem of insufficient
MDRPI ability of knowledge, attitude, and practice.17

Therefore, It is necessary to investigate the factors
influencing ICU nurses' ability of knowledge, attitude,
and practice. However, most studies have only used tradi-
tional statistical methods to investigate the linear rela-
tionship between the factors influencing ICU nurses'
knowledge, attitude, and practice competence, without
predicting and evaluating the synergistic and superim-
posed effects between the factors influencing ICU nurses'
knowledge, attitude, and practice competence, or ranking
the importance of the influencing factors. Therefore, this
study analysed the non-linear relationships (synergistic
and superimposed relationships) among the factors
influencing ICU nurses' MDRPI knowledge, attitude, and
practice ability through a decision tree algorithm. The
ranking of the importance of influencing factors and
exploring the differences of ICU nurses in MDRPI knowl-
edge, attitude, and practice ability, providing reference
for nursing managers to develop more accurate Schedul-
ing systems and MDRPI training programs. Finally, the
purpose of improving the MDRPI knowledge, attitude,
and practice ability of ICU nurses and reducing the inci-
dence of MDRPI in ICU patients is achieved.
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2 | MATERIALS AND METHODS

2.1 | Approach

The study consists of three phases. The first stage is the distri-
bution of the questionnaire, aiming to investigate the general
information of ICU nurses and the current situation of pres-
sure injuries related to medical devices. The second stage is
data collection and collation, aiming to delete unqualified
questionnaires or questionnaires with missing data to ensure
that the final survey results are true and effective. The third
stage is data analysis, including general data analysis, Single-
factor analysis, Logistic regression analysis and model con-
struction, etc. The purpose is to obtain the factors affecting
nurses' ability to know, belief and practice, and make the
results more clear and accurate through figures and models.

2.2 | Samples and setting

A medical device related pressure injury knowledge, attitude
and practice questionnaire was administered to 322 ICU
nurses from tertiary hospitals in China from January 1, 2022
to June 31, 2022. Sample size calculation: the ratio of the
number of entries to the sample size was 1:5 to 10,18 accord-
ing to the ratio of 1:10, the number of predictor variables
included in the study was 9, so the minimum sample size
required was 90. Inclusion criteria: obtained professional
qualification as a nurse; worked in ICU for more than 1 year.
Exclusion criteria: nurses who were not on duty during the
survey period (on leave, studying away, etc.); questionnaire
response time less than 300 seconds. The respondents of this
study gave their informed consent and voluntarily partici-
pated in this study. A total of 322 nurses were finally
included according to the inclusion and exclusion criteria.

2.3 | Data collection

2.3.1 | Data collection instruments

General information questionnaire
After reviewing relevant literature and data and combin-
ing with clinical practice, we developed our own general
information questionnaire, including age, gender, depart-
ment, years of working, professional title, position, edu-
cation background, forms of employment, and MDRPI
knowledge and skills training.

MDRPI knowledge, attitude, and practice questionnaire
The clinical nurses' knowledge, attitude, and practice ques-
tionnaire for the Prevention of MDRPI in critically ill
patients was created by Yu-ding Hu in 2018.19 The scale is

divided into three dimensions: “knowledge, attitude, and
practice”, and the first dimension are to investigate the
knowledge of ICU nurses about MDRPI, including the defi-
nition of MDRPI, causes of occurrence, prevalent sites,
injury stages, criteria for different stages, risk factors, assess-
ment tools, prevention measures, treatment points, learning
initiatives, academic lectures or training, and whether they
have cared for MDRPI patients. The second dimension is a
survey on ICU nurses' attitudes toward MDRPI prevention
and care, which includes participation in training to help
nurses better prevent MDRPI occurrence, prevention is
more important than treatment, the vast majority of MDRPI
can be avoided, the importance of continuous assessment
and daily care, the importance of MDRPI training, and the
importance of developing standardised nursing processes in
9 parts. The third dimension is mainly a survey on ICU
nurses' MDRPI prevention and nursing practice, mainly
including the frequency of taking nursing measures to pre-
vent the occurrence of MDRPI, the MDRPI occurrence
reporting behaviour, and nursing examination recording
behaviour in 14 parts. A total of 38 entries can be used to
comprehensively evaluate the knowledge, attitude, and prac-
tice of clinical nurses in preventing MDRPI in critically ill
patients. The scale uses the Likert 5-point scale, with a total
score of 38–190 and 114 points passing, the higher the score,
the higher the level of clinical nurses' knowledge, attitude,
and practice in preventing MDRPI in critically ill patients.
The total scale Cronbach's α coefficient was 0.962, and the
reliability was >0.9. When applying the scale survey, the sur-
vey completion time should be between 5 and 10 min.

2.3.2 | Data collection method

With the consent of the hospital nursing department and the
head nurses of the departments, questionnaires were distrib-
uted to nurses through the Questionnaire Star online plat-
form. Nurses could fill in the questionnaires through their
mobile phones or computer terminals, and each IP address
could only be filled in once to avoid duplicate submissions
from survey respondents. After the questionnaires were col-
lected by the researcher, two people checked and double-
entered the data, eliminating those questionnaires that took
less than 5 minutes to answer and those that showed obvious
regularity of answers. In the end, 322 valid questionnaires
were obtained.

2.4 | Data analysis

SPSS 25.0 was used for data entry and analysis. Count data
were expressed as number of cases (percentage), and com-
parisons between groups were made using the pearson χ2
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test, Pearson's continuous corrected χ2 test or Fisher's exact
probability method. Single-factor analysis and Logistic regres-
sion analysis were used to screen candidate predictor vari-
ables, and chi-square test was used for single-factor analysis,
with predictor inclusion criteria of 0.1 and 0.05, respectively.
SPSS Modeller 18.0 was used to construct the CART classifi-
cation tree model, setting the ratio of the training and test
sets to 7:3, the number of random seeds to 2 147 371 679,
the maximum tree depth was set to 10, and the tree model
was pruned to prevent over fitting. The maximum risk differ-
ence was set to 1, the minimum number of records in the
parent branch was 2%, the minimum number of records in
the child branch was 1%, the significance level for both split
nodes and merged categories was 0.05, and the model output
was oriented from left to right. The predictive value of the
model was assessed using the area under curve (AUC) of the
receiver operating characteristic (ROC) curve.

2.5 | Ethical considerations

Consent was obtained from the head nurses before the
start of the study. The ICU nurses participating in the
study participated in the study voluntarily. This study
passed the review by the hospital ethics committee.

3 | RESULTS

3.1 | General information questionnaire
for ICU nurses

A total of 322 nurses from 13 departments were included
in the study, with the majority of nurses coming from spe-
cialist ICU. The male to female ratio was roughly 1:4.
61.8% of the nurses were aged 18 to 30 years. The highest
proportion of nurses (32.2%) had 6 to 10 years of working
experience. The highest proportion of nurses were general
nurses (92.5%) and only 5% were pressure sore organisation
liaison officer. The highest level of education background
was a master's degree with only 4 (1.2%) and the highest
number of nurses with a bachelor's degree (69.6%). Only
12.8% of the nurses had N3 or higher in the nursing com-
petency level. The number of nurses who had not attended
training was 90 (28%). The results are shown in Table 1.

3.2 | Assignment of factors influencing
ICU nurses' MDRPI knowledge, attitude,
and practice

The influencing variables in the general data are num-
bered and assigned to facilitate the analysis of the study

data. The influence variables were all categorical vari-
ables, with successively assigned values 1, 2, 3, etc. The
results are shown in Table 2.

3.3 | Single-factor analysis of ICU nurses'
MDRPI knowledge, attitude, and practice
scores

Univariate analysis of variance was conducted with
the scores of knowledge, attitude, and practice as
the dependent variables (dichotomous variable: pass
and fail) and the general information of ICU nurses
as the independent variables, as shown in Table 3.
The results showed that the differences in the
scores of knowledge, attitude, and practice of the
independent variables were all statistically signifi-
cant (P < .1).

3.4 | Logistic regression analysis of
general information of ICU nurses

In this study, the total score of ICU nurses' MDRPI
knowledge, attitude, and practice was used as the
dependent variable, and the statistically significant
independent variables were screened out from the
univariate analysis and included in the logistic analy-
sis to select candidate predictor variables for the con-
struction of the decision tree model, as shown in
Table 4. The results show that years of working, pro-
fessional title, education background and training are
associated with high and low scores of knowledge,
attitude, and practice, and can be included as predic-
tors in the CART decision tree algorithm.

3.5 | Decision tree algorithm model

The total knowledge, attitude, and practice score were
used as the target variable and years of working, pro-
fessional title, education background and training were
included in the CART tree model as predictor vari-
ables. The number of nodes in the tree model was
18, pruned to leave nodes 1, 2, 5, 6, 9, 10, 17 and
18, and the number of terminal nodes was 3, with a
depth of 4. The results of the tree model showed that a
total of 5 predictive model groupings of factors
influencing the knowledge, attitude, and practice score
were formed, namely trained, untrained and working
years >5 years, untrained and working years 3 to
5 years, untrained and years of work 1 to 2 years and
college degree, untrained and 1 to 2 years of working
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and bachelor's degree. Specific results are shown in
Figure 1. The importance of the predictor variables for
the total knowledge, attitude and practice score were

ranked as education background (0.35), training (0.31),
years of working (0.24) and professional title (0.10),
Specific results are shown in Figure 2.

TABLE 2 Assignment of factors influencing ICU nurses' MDRPI knowledge, attitude, and practice.

Variables Number Assignment

Age X1 1: 18 to 30 years; 2: 31 to 40 years; 3: >40 years

Gender X2 1: Male; 2: Female

Years of working X3 1: 1 to 2 years; 2: 3 to 5 years; 3: 6 to 10 years; 4: 11 to 20 years; 5: >20 years

Professional title X4 1: Nurse; 2: Senior nurse; 3: Supervisor nurse; 4: Associate chief nurse or above

Position X5 1: General nurse; 2: Pressure Sore Organisation Liaison Officer; 3: Head nurse

Education background X6 1: Masters or above; 2: Bachelor degree; 3: Three-year college education or below

Form of employment X7 1: Contract system; 2: Personnel Agents; 3: Preparation

Nursing competence Level X8 1: N0; 2: N1; 3: N2; 4: N3; 5: N4

Training X9 1: Yes; 2: No

TABLE 1 General information on ICU nurses [n (%), N = 322].

General information n (%) General information n (%)

Departments Position

Obstetric ICU 8 (2.50%) General nurse 298 (92.50%)

Cardiovascular ICU 27 (8.40%) Pressure sore 16 (5%)

Respiratory medicine ICU 41 (12.70%) Organisation liaison

Emergency department ICU 16 (5.00%) Officer

ICU, burns unit 25 (7.80%) Head nurse 8 (2.50%)

Orthopaedic ICU 34 (10.60%) Professional title

Neurology ICU 16 (5.00%) Nurse 112 (34.80%)

Neurosurgery ICU 25 (7.80%) Senior nurse 129 (40.10%)

Gastroenterology ICU 28 (8.70%) Supervisor nurse 78 (24.20%)

Cardiovascular medicine ICU 21 (6.50%) Associate chief nurse or above 3 (0.90%)

Cardiothoracic surgery ICU 25 (7.80%) Education background

Department of intensive care medicine 39 (12.10%) Masters or above 4 (1.20%)

Coronary care unit 17 (5.30%) Bachelor degree 224 (69.60%)

Gender Three-year college education or below 94 (29.20%)

Male 60 (18.60%) Forms of employment

Female 262 (81.40%) Contract system 261 (81.10%)

Age Personnel agents 6 (1.90%)

18 to 30 199 (61.80%) Preparation 55 (17.10%)

31 to 40 110 (34.20%) Nursing competence level

>40 13 (4.00%) N0 11 (3.40%)

Years of working N1 135 (41.90%)

1 to 2 91 (28.30%) N2 135 (41.90%)

3 to 5 69 (21.40%) N3 34 (10.60%)

6 to 10 104 (32.30%) N4 7 (2.20%)

11 to 20 43 (13.40%) Training

>20 15 (4.70%) Yes 232 (72.00%)

No 90 (28.00%)

2586 SUN ET AL.



T
A
B
L
E

3
Si
n
gl
e-
fa
ct
or

an
al
ys
is
of

IC
U

n
ur
se
s'
M
D
R
PI

kn
ow

le
dg

e,
at
ti
tu
de
,a
n
d
pr
ac
ti
ce

sc
or
es

[n
(%

)]
(N

=
32
2)
.

V
ar
ia
bl
es

K
n
ow

le
d
ge

A
tt
it
u
d
e

P
ra
ct
ic
e

χ2
va

lu
es

P
-v
al
u
e

P
as
s

F
ai
l

P
as
s

F
ai
l

P
as
s

F
ai
l

A
ge

16
1.
30

0.
03
3

18
to

30
13
5
(5
7.
20
%
)

64
(7
4.
40
%
)

16
4
(5
8.
60
%
)

35
(8
3.
30
%
)

16
0
(5
9.
00
%
)

39
(7
6.
50
%
)

31
to

40
88

(3
7.
30
%
)

22
(2
5.
60
%
)

10
3
(1
6.
80
%
)

7
(1
6.
70
%
)

99
(3
6.
50
%
)

11
(2
1.
60
%
)

>
40

13
(5
.5
0%

)
0

13
(4
.6
0%

)
0

12
(4
.4
0%

)
1
(2
.0
0%

)

G
en

de
r

12
6.
70

<
0.
00
1

M
al
e

35
(1
4.
80
%
)

25
(2
9.
10
%
)

49
(1
7.
50
%
)

11
(2
6.
20
%
)

51
(1
8.
80
%
)

9
(1
7.
60
%
)

F
em

al
e

20
1
(8
5.
20
%
)

61
(7
0.
90
%
)

23
1
(8
2.
50
%
)

31
(7
3.
80
%
)

22
0
(8
1.
20
%
)

42
(8
2.
40
%
)

Y
ea
rs

of
w
or
ki
n
g

80
.7
0

<
0.
00
1

1
to

2
51

(2
1.
60
%
)

40
(4
6.
50
%
)

70
(2
5.
00
%
)

21
(5
0.
00
%
)

70
(2
5.
80
%
)

21
(4
1.
20
%
)

3
to

5
51

(2
1.
60
%
)

18
(2
0.
90
%
)

56
(2
0.
00
%
)

13
(3
1.
00
%
)

56
(2
0.
70
%
)

13
(2
5.
50
%
)

6
to

10
85

(3
6.
00
%
)

19
(2
2.
10
%
)

99
(3
5.
40
%
)

5
(1
1.
90
%
)

93
(3
4.
30
%
)

11
(2
1.
60
%
)

11
to

20
35

(1
4.
80
%
)

8
(9
.3
0%

)
40

(1
4.
30
%
)

3
(7
.1
0%

)
38

(1
4.
00
%
)

5
(9
.8
0%

)

>
20

14
(5
.9
0%

)
1
(1
.2
0%

)
15

(5
.4
0%

)
0

14
(5
.2
0%

)
1
(2
.0
0%

)

P
ro
fe
ss
io
n
al

ti
tl
e

11
6.
20

<
0.
00
1

N
ur
se

66
(2
8.
00
%
)

46
(5
3.
50
%
)

86
(3
0.
70
%
)

26
(6
1.
90
%
)

86
(3
1.
70
%
)

26
(5
1.
00
%
)

Se
n
io
r
n
ur
se

10
3
(4
3.
60
%
)

26
(3
0.
20
%
)

11
5
(4
1.
10
%
)

14
(3
3.
30
%
)

11
0
(4
0.
60
%
)

19
(3
7.
30
%
)

Su
pe
rv
is
or

n
u
rs
e

64
(2
7.
10
%
)

14
(1
6.
30
%
)

76
(2
7.
10
%
)

2
(4
.8
0%

)
73

(2
6.
90
%
)

5
(9
.8
0%

)

A
ss
oc
ia
te

ch
ie
f
n
ur
se

or
ab
ov
e

3
(1
.3
0%

)
0

3
(1
.1
0%

)
0

2
(0
.7
0%

)
1
(2
.0
0%

)

P
os
it
io
n

50
8.
30

<
0.
00
1

G
en

er
al

n
ur
se

21
5
(9
1.
10
%
)

83
(9
6.
50
%
)

25
7
(9
1.
80
%
)

41
(9
7.
60
%
)

24
9
(9
1.
90
%
)

49
(9
6.
10
%
)

Pr
es
su
re

so
re

or
ga
n
is
at
io
n
lia

is
on

of
fi
ce
r

13
(5
.5
0%

)
3
(3
.5
0%

)
15

(5
.4
0%

)
1
(2
.4
0%

)
15

(5
.5
0%

)
1
(2
.0
0%

)

H
ea
d
n
ur
se

8
(3
.4
0%

)
0

8
(2
.9
0%

)
0

7
(2
.6
0%

)
1
(2
.0
0%

)

E
du

ca
ti
on

ba
ck
gr
ou

n
d

22
8.
00

<
0.
00
1

M
as
te
rs

or
ab
ov
e

4
(1
.7
0%

)
0

4
(1
.4
0%

)
0

1
(1
.5
0%

)
0

B
ac
h
el
or

de
gr
ee

17
5
(7
4.
20
%
)

49
(5
7.
00
%
)

20
4
(7
2.
90
%
)

20
(4
7.
60
%
)

19
8
(7
3.
10
%
)

26
(5
1.
00
%
)

T
h
re
e-
ye
ar

co
lle

ge
ed
uc
at
io
n
or

be
lo
w

57
(2
4.
20
%
)

37
(4
3.
00
%
)

72
(2
5.
70
%
)

22
(5
2.
40
%
)

69
(2
5.
50
%
)

25
(4
9.
00
%
)

F
or
m

of
em

pl
oy
m
en

t
34
1.
20

<
0.
00
1

C
on

tr
ac
t
sy
st
em

18
2
(7
7.
10
%
)

79
(9
1.
90
%
)

22
1
(7
8.
90
%
)

40
(9
5.
20
%
)

21
5
(7
9.
30
%
)

46
(9
0.
20
%
)

Pe
rs
on

n
el

A
ge
n
ts

6
(2
.5
0%

)
0

6
(2
.1
0%

)
0

6
(2
.2
0%

)
0

Pr
ep
ar
at
io
n

48
(2
0.
30
%
)

7
(8
.1
0%

)
53

(1
8.
90
%
)

2
(4
.8
0%

)
50

(1
8.
50
%
)

5
(9
.8
0%

)

(C
on

ti
n
ue

s)

SUN ET AL. 2587



3.6 | ROC curve to assess the predictive
value of the model

The subject working characteristic curve showed a speci-
ficity of 79.00%, a sensitivity of 77.80% and an area under
the ROC curve of 0.718, Specific results are shown in
Figure 3.

4 | DISCUSSION

4.1 | ICU nurses' MDRPI knowledge,
attitude, and practice still do not meet
clinical needs

ICU nurses scored 53.89 ± 9.45 for knowledge, 37.48
± 6.05 for attitude and 56.44 ± 9.46 for practice, for a
total score of 147.81 ± 21.03, with pass rates of 73.10%,
86.70%, 83.90% and 72.00% respectively. The knowledge,
attitude, and practice scores showed that the ICU nurses'
knowledge about MDRPI was far from meeting the clini-
cal needs, which is consistent with Erbay Dalli Ö, et al.'s
findings.20 The questionnaire found that the majority of
ICU nurses had never taken the initiative to learn about
MDRPI and its progress, and very few had attended train-
ing, lectures or cared for MDRPI patients. ICU nurses
showed more positive attitudes toward MDRPI care,
which is consistent with the findings of Beeckman
D. et al.21 However, their awareness of prevention was
weak, with nearly 1 in 5 nurses still neutral or opposed to
the avoidability of MDRPI, the importance of continuous
assessment, daily attention and the development of stan-
dardised processes, indicating that ICU nurses are still
not sufficiently aware of MDRPI prevention in their daily
nursing practice. With approximately 80% of clinical
adverse events occurring due to problems with the opera-
tion of the treatment facility in question, it is important
to strengthen ICU nurses' proficiency in the use of medi-
cal devices to increase their awareness of the prevention
of MDRPI. In addition, the survey showed that most ICU
nurses chose sometimes or often more than consistently
for questions such as the number of times they checked
patients' skin per shift, the number of times the oxygen
saturation finger cuffs were changed, the number of
times they kept the skin under the device clean and dry,
and the number and time they relaxed the blood pressure
cuff. It is evident that ICU nurses also have many defi-
ciencies in the prevention of critical care patient behav-
iour, in line with Khojastehfar S et al.'s findings.22

Currently in clinical practice stage 2 and above pressure
injuries are included in the nursing professional quality
control indicators and all pressure injuries must be
reported, but only 54.85% of ICU nurses in this studyT
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TABLE 4 Logistic regression analysis of ICU nurses' total knowledge, attitude, and practice scores

Variables B coefficient Standard coefficient Wald values P-value OR value 95% CI

Constants �3.85 0.12 58.14 .010 0.02 …

Age 0.15 0.24 5.63 .734 1.16 0.49–2.75

Gender �0.16 0.03 3.88 .647 0.86 0.44–1.67

Years of working �0.66 0.12 14.33 .014 0.52 0.31–0.88

Professional title 0.86 0.17 7.20 .020 2.37 1.15–4.88

Position �0.62 0.54 3.32 .301 0.54 0.33–0.75

Education background 1.04 0.26 14.55 .003 2.83 1.42–5.62

Form of employment �0.35 0.20 5.34 .128 0.71 0.45–1.11

Nursing competence level 0.12 0.17 9.92 .719 1.13 0.58–2.20

Training 0.94 0.27 22.24 .001 2.55 1.50–4.33

Note: …: Indicates no data output from the system.

FIGURE 1 Simple decision tree model for ICU nurses' MDRPI total knowledge and trustworthiness scores.

FIGURE 2 Importance

sorting of the predictor variables.
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would promptly report a patient who had a MDRPI, and
there were deficiencies in the preventive care practice of
ICU nurses for MDRPI and in the reporting of MDRPI
after it had occurred.

4.2 | More positive attitude toward
prevention among highly educated nurses

The results of the tree model showed that nurses with a
bachelor's degree had a higher score pass rate than
nurses with a college degree, and nurses with >5 years of
work experience also had a higher score pass rate than
nurses with 3 to 5 years of work experience, which may
be related to the more extensive access to MDRPI knowl-
edge and more positive attitudes toward prevention
among nurses with higher education. The results of a
study by Zhang YB. et al. showed that nurses' education
degree was associated with MDRPI prevention attitudes,
and the knowledge, attitude, and practice scores of nurses
with bachelor's degree and above were 0.978 units higher
than those of nurses with low education, but the results
of their study showed no correlation between nurses'
education and knowledge scores, which is inconsistent
with the results of the present study, which could be the
result of using a different scale instrument for nurses.23 It
can be seen that education background, as the first pre-
dictor variable in the order of importance, occupies an
important position in the judgement of ICU nurses'
knowledge, attitude, and practice. Moreover, the survey
of this study found that nurses with specialist education
still accounted for 29.2% in tertiary hospitals. Therefore,
clinical managers should focus more on the educational
upgrading and re-education of nurses with low educa-
tion. In addition, the relationship between knowledge,
attitude, and practice is positively correlated, and the pre-
ventive attitude of ICU nurses with MDRPI largely deter-
mines the thickness of their accumulated knowledge and
the generation of preventive behaviour.24 In clinical
work, the tutorial system can be implemented to improve
the prevention attitude of low-educated nurses to high-
risk MDRPI patients, and finally achieve the purpose of
promoting their active study.

4.3 | Nurses who have received MDRPI
training are more competent in
knowledge, attitude, and practice

Education background and training of ICU nurses about
MDRPI are very important to prevent the occurrence and
prognosis of MDRPI in critically ill patients, and the inci-
dence of MDRPI is also a key indicator to assess the qual-
ity of care.25 The lack of knowledge of MDRPI prevention
and care among ICU nurses is one of the main reasons
for the hinder development of their preventive attitudes
and practice.26 The results of the tree model showed that
whether or not they had received MDRPI training as the
root node, the knowledge score of nurses who had
received training was 56.38 ± 8.80 and passed 78.4%, and
the knowledge score of nurses who had not received
training was 47.57 ± 7.80. In addition, the results of the
importance ranking of the predictor variables showed
that the importance of training was 0.31, which was sec-
ond only to education. This shows that training in
MDRPI-related knowledge and skills plays an important
role in improving ICU nurses' ability of knowledge, atti-
tude, and practice. In addition, the results of a cross-
sectional study by Lotfi M et al. showed that the develop-
ment of relevant training programs could improve nurses'
attitudes toward MDRPI prevention and nursing execu-
tive competence.27 There is a synergistic relationship
between ICU nurses' education background, whether or
not they have attended training, years of working and
professional title, which have the same effect on ICU
nurses' MDRPI knowledge, attitude, and practice compe-
tencies. Therefore, nursing managers should reconsider
the allocation of charge nurses for patients at high risk of
MDRPI based on the synergistic relationship between the
four influencing factors, and arrange nurses with high
education background, have experience in training,
extensive work experience and high professional title to
care for patients at high risk of MDRPI occurrence as
much as possible. In addition, Wang SL et al. noted that
knowledge education, the adoption of PE foam-bound
gloves, and regular audits of ICU nurses' standards of
nursing behaviour were effective in reducing the occur-
rence of MDRPI.28 Therefore, nursing managers should
develop more reasonable and effective training programs
based on the synergistic relationship between the
influencing factors, and a group-led model can be imple-
mented in the training, in which a nurse who has partici-
pated in the training and has high education is arranged
to teach two to three nurses who have not participated in
the training and have low education. Training methods
should be lively and interesting, such as group discussion
and exchange, case study workshops, role-playing and
audition methods, and regular self-critical and reflective

FIGURE 3 Subject work characteristic curve (ROC).
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brainstorming activities. Some studies have pointed out
that regular self-critical behaviour and reflection can
improve the competence of nurses.29 Lead teachers can
control the whole process of training activities and create
a positive and good learning atmosphere to reduce
nurses' training fatigue, improve ICU nurses' training
motivation, and stimulate ICU nurses' interest and initia-
tive in learning.30

4.4 | Years of working and professional
title as influencing factors of ICU nurses'
ability of knowledge, attitude, and practice

The more experience ICU nurses have, the more positive
their practice behaviours are to prevent the occurrence of
MDRPI. And their work experience is improved with the
increase of working years.23 Nursing as a highly practical
discipline, the degree of their accumulated work experi-
ence largely determines the quality of their care. In
another study on nurses' knowledge, attitude, and prac-
tice about pressure ulcer prevention, it was pointed out
that nurses' attitudes toward pressure ulcer prevention
were related to their accumulated knowledge and years
of working, and the higher their years of working, the
more solid their knowledge and the more positive their
attitudes toward prevention.29 Therefore, nurses with
high working years should be assigned to care for
patients at high risk of MDRPI such as tracheal intuba-
tion and breathing masks in order to minimise the occur-
rence of MDRPI in patients. The professional title as one
of the influencing factors of ICU nurses' ability of knowl-
edge, attitude, and practice was pruned in the CART tree
model, but this does not mean that the professional title
has no role in predicting ICU nurses' ability of knowl-
edge, attitude, and practice. This may be due to the fact
that professional title has the same influencing effect as
years of working, and according to clinical experience,
nurses with higher years of working have higher profes-
sional titles. The non-linear relationship between profes-
sional title and other influencing factors was not
reflected in the tree model, but professional title is a pre-
dictor of ICU nurses' ability to knowledge, attitude, and
practice with confidence.

4.5 | Building multidisciplinary
collaborative teams

ICU patients are characterised by critical conditions and
complex diseases, and the influencing factors are differ-
ent for different diseases, so the prevention and

management of MDRPI is a great challenge for ICU
nurses. In contrast, multidisciplinary teamwork can
reduce nurses' stress while also improving their attitude
toward MDRPI prevention and teamwork.26,31 Studies
have pointed out that the use of measures such as develop-
ing standard work processes for multidisciplinary teams
and using skin protection devices under masks can largely
reduce the occurrence of MDRPI.32 The multidisciplinary
collaborative team should include the patient's primary
care physician, charge nurse, and caregiver together. A
standardised MDRPI prevention process can be developed
on the basis of multidisciplinary teamwork, and a standar-
dised prevention process can help improve the execution
of nurses. In addition, it has been noted that verbal
prompts and alerts are facilitators of preventive behaviours
among ICU nurses.33 ICU nurses have a heavy workload,
and the setting of verbal prompts and alerts can reduce
their workload to a certain extent, but nowadays, pressure
alert devices are not set for tracheal intubation fixed stents
and breathing masks, which are most prone to MDRPI, in
clinical practice. Therefore, in the future, a pressure alarm
for MDRPI high-risk devices can be further considered to
prompt regular interventions by ICU nurses.

5 | CONCLUSION

The results of this study showed that ICU nurses' MDRPI
knowledge, attitude, and practice need to be improved.
And there are no systematic prevention and interventions
for patients at risk for MDRPI, and there is a lack of
appropriate guidelines to guide the implementation of
their routine care.34 Educational background, training,
years of working and professional title have a synergistic
effect in predicting the ability of ICU nurses to knowl-
edge, attitude, and practice. Therefore, nursing managers
can accurately identify ICU nurses with different charac-
teristics according to the results of this study, and use
nurses with better MDRPI knowledge, attitude and prac-
tice as responsible nurses for patients at risk of MDRPI
according to the flexible scheduling system of the depart-
ment as much as possible, in order to reduce the inci-
dence of MDRPI in ICU patients.
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