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We developed and validated a questionnaire assessing intensive care unit (ICU) nurses’ knowledge, attitude,
and practice (KAP) regarding early mobilization of patients who are critically ill following liver transplantation.
Using KAP theory, an initial questionnaire was formed via a literature review, Delphi expert consultation, and
pre-survey. In January 2024, ICU nurses from 7 Chinese tertiary hospitals conducting liver transplants were sur-
veyed, yielding 334 valid responses.

The Early Activity Assessment Tools for ICU Nurses after Liver Transplantation Based on the Theory of Knowledge,
Attitude, and Practice contains 3 dimensions and 40 entries, including 17 entries in the knowledge dimension,
10 entries in the attitude dimension, and 13 entries in the practice dimension. The content validity index (CVI)
of the questionnaire was 0.937, and the CVI of each entry ranged from 0.800 to 1.000. The exploratory factor
analysis extracted 3 male factors, accounting for a cumulative variance contribution of 86.852%. The Cronbach’s
alpha coefficient of the questionnaire was 0.976, the folded half reliability was 0.772, and the retest reliabili-
ty was 0.784.

The reliability of the Early Activity Assessment Tools for ICU Nurses after Liver Transplantation Based on the
Theory of Knowledge, Attitude, and Practice is good, and the tool can support the preliminary verification of
the knowledge, attitude, and practice level of ICU nurses on early activities of patients who are critically ill fol-
lowing liver transplantation.
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Introduction

End-stage liver disease, the final stage of progressive liver dis-
orders, including decompensated cirrhosis and liver failure [1],
relies on liver transplantation as the only curative treatment;
however, the procedure’s complexity and invasiveness pose
substantial postoperative complications, threatening the prog-
nosis [2]. Early mobilization (planned, individualized activi-
ties such as passive stretching, sitting, and standing initiat-
ed postoperatively once stable) is well-established as pivotal
for liver transplant recovery. This approach promotes gastro-
intestinal function, reduces complications (eg, intestinal ob-
struction, pulmonary infections), mitigates muscle atrophy/
joint stiffness, shortens hospital stays, and reduces medical
costs [3]. This is further endorsed by the ‘Expert Consensus
on Enhanced Recovery Management during the Perioperative
Period of Liver Transplantation in China’, which recommends
graded early mobilization to improve patient outcomes [4].

As the primary implementers of early mobilization for patients
who are critically ill after transplantation, intensive care unit
(ICU) nurses’ knowledge and attitude directly determine imple-
mentation effectiveness [5]. A systematic review and meta-anal-
ysis by Lee et al [6] demonstrated that nurse-involved early mo-
bilization programs significantly decreased ICU length of stay,
although the specific roles of nurses in these programmes re-
mained poorly defined. Similarly, Neilson et al [7] surveyed clini-
cians in an Australian quaternary ICU and found that although
94% of respondents held positive beliefs about early mobiliza-
tion, awareness of clinical guidelines was low (23%), and persis-
tent system-level barriers (staffing, equipment, time constraints)
hindered implementation despite favorable attitudes. These in-
ternational findings underscore that even when healthcare pro-
fessionals recognise the value of early mobilization, knowledge
gaps and institutional barriers prevent consistent practice [8,9].
However, existing assessment tools focus primarily on patient
physiological function [10], lacking 2 key attributes: 1) specifici-
ty to ICU nurses’ roles in post-liver transplant early mobilization
and 2) comprehensive coverage of knowledge, attitude, and prac-
tice (KAP) dimensions. This gap prevents the scientific quantifi-
cation of nurses’ competency and the factors influencing early
mobilization, leading to fragmented clinical practices and sub-
optimal patient outcomes [11-13]. Therefore, developing a tar-
geted KAP assessment tool for this specific context is essential.

The primary theoretical foundation for this study is KAP theo-
ry. This is one of the classic models for changing health-relat-
ed behaviors, positing that human behavior evolves through
3 interconnected stages: knowledge acquisition, attitude for-
mation, and behavioral practice [14]. As a foundational frame-
work for analyzing nursing behaviors, the theory’s core logic
emphasises that ‘knowledge is the basis, attitude is the me-
diator and practice is the outcome’, specifically, for ICU nurses
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caring for patients during early mobilization after liver trans-
plant. Mastering specialized knowledge (eg, indications, contra-
indications) is a prerequisite for developing a positive attitude
and ultimately translating this into standardized, evidence-
based practice. Although other theoretical models, such as
the Health Belief Model and the Theory of Planned Behavior
(TPB), offer valuable complementary perspectives on the bar-
riers and facilitators of behavior change, the development
and validation of this assessment tool are strictly guided by
the KAP framework to maintain conceptual coherence and a
clear focus on the knowledge-attitude—practice continuum.

The objective of this study, therefore, was to develop and vali-
date a reliable and valid KAP questionnaire specifically for ICU
nurses regarding early mobilization in patients who are criti-
cally ill following liver transplantation. By establishing this in-
strument, we aim to systematically evaluate ICU nurses’ KAP
levels in this specific clinical scenario, thereby laying a foun-
dation for subsequent educational interventions, quality im-
provement initiatives and standardized early mobilization prac-
tices for patients undergoing liver transplantation.

Research Hypotheses

—_

.The developed KAP questionnaire will demonstrate good
content validity (content validity index [CVI] >0.80) and re-
liability (Cronbach’s alpha [a] coefficient >0.70 for each di-
mension and the total questionnaire), meeting the psycho-
metric requirements of a standardized assessment tool.

2. Exploratory factor analysis (EFA) and confirmatory factor

analysis (CFA) will support the three-factor structure (knowl-

edge, attitude, practice) of the questionnaire, consistent with
the theoretical framework.

Material and Methods

Questionnaire Development and Methods
Study Design and Validation Framework

This study focused on the initial development and preliminary
validation phase of the KAP questionnaire. Although the hy-
potheses include CFA, the primary objective of this multicenter
investigation was to explore the factor structure using EFA in
the current sample. Consequently, CFA is not reported in this
paper and is planned for future research with an indepen-
dent sample to confirm the factor structure established here.

Establishment of the Research Team

The team consisted of 15 members, including 4 men and 11
women, aged 34 to 55 years, mainly middle-aged medical staff
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Dimension Division
3 core dimensions: Knowledge/attitude/practice

Literature Search & Guideline Analysis
Initial item pool generated: 48 ltems
Expert Interviews & Research Team Discussions
Preliminary screening of irrelevant items

1% Round Delphi Expert Consultation

8 items deleted (mean importance <3.5/CV >0.25)

Item Merging & Wording Revision
2 items merged-+ ambiguous expressions revised

2" Round Delphi Expert Consultation
[tems retained with >80% expert consensus

L 4

Preliminary Survey (30 ICU Nurses)
2 items with vague wording revised

A 4

Figure 1. Flow diagram of the generation, optimization, and
finalization of questionnaire items for the KAP
assessment tool of ICU nurses’ early mobilization after
liver transplantation.

with extensive experience. In terms of positions, there is 1 dep-
uty director of the nursing department, 1 team-leading direc-
tor, 1 head nurse of the department, and 2 deputies, with the
remainder holding no official position. Regarding professional
titles, the team included 2 associate chief physicians, 2 associ-
ate chief nurses, 1 attending physician, 2 nurse practitioners, 5
chief physicians, and 1 associate professor. The team covered
multidisciplinary backgrounds such as critical care medicine,
nursing science, rehabilitation medicine, and clinical medicine,
with work experience ranging from 8 to 31 years. Additionally,
4 members served as master’s and doctoral supervisors, pos-
sessing comprehensive capabilities in clinical practice, teach-
ing, and research supervision, thereby meeting the needs of
multidisciplinary collaboration, medical services, and staff
training. Team members were assigned clearly defined roles:
the ICU director was responsible for clinical pathway review
and quality control, the head nurse coordinated resource al-
location and nursing practice, ICU specialists provided medi-
cal assessments and contraindication guidance, the rehabili-
tation physician developed mobilization programs and safety
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assessments, and the 4 ICU specialized nurses were divided
into 2 groups for the handling of literature searches, estab-
lishment of the items pool, and preliminary surveys. The team
adopted a ‘phased collaboration-focused discussion’ model,
holding interdisciplinary meetings every 2 weeks to ensure
efficient collaboration throughout the process from literature
search and item selection to questionnaire validation. Data
analysis was conducted by a doctoral-level statistician using
SPSS 26.0 (IBM, Armonk, NY, USA) for item analysis and reli-
ability and validity testing, thus ensuring methodological rigor.

Establishment of the Questionnaire Items

Figure 1 presents a flow chart of the establishment of the
questionnaire for this study. The main processes involved are
outlined below.

Literature Analysis

1) For the literature search and screening, a retrieval strate-
gy combining subject terms and free words was employed,
using ‘liver transplantation’, ‘early mobilization’, ‘critical ill-
ness’, and ‘KAP questionnaire’ as search terms in Chinese da-
tabases, including China National Knowledge Infrastructure,
Wanfang, VIP, and Medlive, as well as English databases
such as PubMed and Web of Science. Guided by KAP theory
(core logic: knowledge is the basis, attitude is the mediator,
and practice is the outcome), we initially divided the ques-
tionnaire into 3 dimensions and formed a pool of 48 items
through reading the titles, abstracts, and relevant guide-
lines, with 40 items finalized following expert interviews and
group discussions. This included 17, 10, and 13 items in the
knowledge, attitude, and practice dimensions, respectively.
Specifically, the knowledge dimension was scored using a
3-point Likert scale from ‘unaware’ to ‘aware’, with scores of
1 to 3 points; the attitude dimension ranged from ‘strong-
ly disagree’ to ‘strongly agree’ and the practice dimension
from ‘never’ to ‘always’, both using a Likert 5-point scale
with scores of 1 to 5 points.

The knowledge dimension focuses on ICU nurses’ comprehen-
sion of core content such as the definition, indications/con-
traindications, safety assessment, and emergency response
of early mobilization following liver transplantation. The atti-
tude dimension reflects nurses’ subjective tendency towards
implementing early mobilization for patients who are critical-
ly ill after liver transplantation. The practice dimension mea-
sures nurses’ actual implementation behavior in early mobili-
zation, based on their professional knowledge and attitudes.

2) Item selection followed a four-step principle [15]: content
relevance (items with weak relevance to nursing following
liver transplantation [eg ‘routine postoperative care’] were
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removed); expert scoring threshold (in the first round of
the Delphi method, items with a mean importance score
<3.5, a maximum score ratio <20% or a coefficient of vari-
ation [CV] >0.25 were deleted, resulting in the removal of 8
items); clinical operability (the items ‘mobilization assess-
ment content’ and ‘indications for mobilization initiation’
were merged into K6 items); and language conciseness (am-
biguous expressions were revised, eg, changing ‘mobilization
principles need to ensure safety’ to ‘ensure patient safety
and personal safety’). After 2 rounds of discussions within
the research team and consultations with Delphi experts,
an initial questionnaire containing 40 items was finalized,
consisting of 17, 10, and 13 items in the knowledge, atti-
tude, and practice dimensions, respectively.

Expert Consultation
Selection of Consultation Experts

Experts were selected using purposeful sampling to ensure di-
versity of expertise and relevance to the study topic. A total of
15 experts were selected from relevant fields, such as critical
care medicine, nursing management, and rehabilitation relat-
ed to liver transplantation, for consultation. The inclusion cri-
teria for experts were: (1) at least 10 years of experience in
critical care medicine, critical nursing, nursing management, re-
habilitation, or related fields concerning liver transplantation;
(2) bachelor’s degree or higher; (3) intermediate professional
title or above; and (4) voluntary participation in this research
and active cooperation in completing the expert consultation.

Development of the Expert Consultation Questionnaire

Based on the previously established item pool, a custom-de-
signed expert consultation questionnaire was created, which
included 4 parts. (1) Guidance for the consultation question-
naire: This introduced the background, purpose, and signifi-
cance of the research and a description of the questionnaire.
(2) Main body of the questionnaire: This contained the impor-
tance evaluation, relevance evaluation, and revision suggestion
column for the KAP questionnaire items, with importance and
relevance evaluated using a 5-point Likert scale with the fol-
lowing criteria. Importance evaluation: not important=1 point,
slightly important=2 points, neutral=3 points, quite important=4
points, very important=5 points. Relevance evaluation: com-
pletely irrelevant=1 point, slightly irrelevant=2 points, some-
what relevant=3 points, completely relevant=4 points. Experts
were also invited to suggest modifications or additions/dele-
tions of items. (3) Basic information survey for experts: This
included gender, age, position, title, institution, profession-
al field, and years of work experience. (4) Self-assessment of
expert authority: This was a self-assessment form regarding
the basis for judgment and familiarity with the questionnaire
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content. Items with a mean importance score <3.5, a maxi-
mum score ratio <20%, or a CV >0.25 were revised or removed.

Conducting Expert Consultation

The expert consultation was conducted between August and
October 2023. In the first round, an electronic questionnaire
(in Excel format) containing the research purpose, prelimi-
nary item pool, and evaluation criteria (relevance, clarity, and
feasibility of each item were rated on a 5-point Likert scale:
1=strongly irrelevant/unclear/unfeasible to 5=strongly relevant/
clear/feasible) was sent to 15 experts via email. They were in-
vited to propose suggestions for item modification, addition
or deletion, with a 2-week response period, and a reminder
email was sent to non-respondents at 1 week. In the second
round, items with a CVI <0.33 (low expert recognition) or du-
plicate items were first deleted based on feedback from the
first round, and some items were revised to form a revised
questionnaire, which was then re-sent to the same group of
experts for re-evaluation. For items with discrepancies, the
research team held an online consensus meeting, conducted
anonymous voting combined with literature evidence (eg, the
‘Expert Consensus on Enhanced Recovery Management dur-
ing the Perioperative Period of Liver Transplantation in China’)
and retained items with agreement from >80% of experts. For
items with significant controversy (eg, ‘pain management’),
the principal investigator, along with 2 external experts who
did not participate in the consultation, served as arbitrators.
Subsequently, the expert consultation was conducted again
until the coordination coefficient of expert opinions reached
>0.70 (indicating good consistency), ensuring the clinical ap-
plicability and theoretical integrity of the items.

Preliminary Survey

The preliminary survey was conducted using convenience sam-
pling, with 30 ICU nurses selected from a tertiary hospital in
Beijing in November 2023. Notably, this hospital performs over
100 liver transplant surgeries annually, and the ICU nursing
team has extensive experience in postoperative management,
with the educational background of the nurses (85% with bach-
elor’s degrees) and their work experience (40% with 5 to 10
years’ experience) closely aligning with the characteristics of
national multicenter samples, ensuring extrapolation of the
preliminary survey results. The evaluation assessed wheth-
er the language of the questionnaire items was clear and un-
derstandable and whether the number of items was reason-
able. The inclusion criteria were: (1) registered nurses currently
working in the ICU; (2) directly involved in the care of patients
who are critically ill following liver transplantation; (3) having
at least 1 year of working experience and at least 6 months
of working in the ICU; and (4) voluntary participation in this
study and signing the informed consent form. The exclusion
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criteria were: (1) intern nurses, visiting nurses, and nurses in
standardized training, and (2) nurses who have been away
from their positions in the ICU for 3 consecutive months or
more due to various reasons (eg, sick leave, maternity leave,
out-of-town education).

Formal Survey

ICU nurses from 7 tertiary general hospitals across China that
perform liver transplant surgeries were selected in January
2024 for a validity and reliability test using convenience sam-
pling. Among the survey participants, 30 nurses were select-
ed to complete a second questionnaire 2 weeks after the first
survey to assess test-retest reliability, with the same inclusion
and exclusion criteria as in the preliminary survey. The ques-
tionnaire in this study included 40 items, and the estimated
sample size was 200 to 400, following the principle that the
sample size required for the reliability and validity tests of the
questionnaire should be at least 5 to 10 times the number of
questionnaire items [15]. The survey was distributed through
the Questionnaire Star platform and consisted of 3 parts: in-
formed consent, general information, and the KAP question-
naire for ICU nurses regarding early mobilization of patients who
are critically ill after liver transplantation. A total of 348 ques-
tionnaires were collected, and those with a short completion
time were excluded, resulting in 334 valid questionnaires, with
a valid response rate of 95.98%. This study was approved by
the hospital’s ethics committee (approval no. 2022-P2-032-01).

Statistical Methods

Data analysis was performed using IBM SPSS Statistics software
(version 26.0). Frequency and percentage were used to describe
the categorical variables; means+standard deviation or medi-
an (P25-75) were used to describe the continuous variables.

Evaluation of Expert Consultation

The expert consultation process was quantitatively evaluat-
ed using several key metrics: experts’ familiarity (Cs) with the
topic, the theoretical and practical basis (Ca) for their judg-
ments, and the authority coefficient (Cr), which is the arithme-
tic mean of Cs and Ca. The degree of consensus among experts
was assessed using Kendall’s coefficient of concordance (W)
and the CV. A CV <0.25 and a significant Kendall’'s W (P<0.05)
were considered indicative of a satisfactory level of consensus.

Item Analysis

Item analysis was conducted to refine the initial item pool. The
critical ratio (CR) method was used to compare the total scores
of the highest and lowest 27% of respondents (independent
samples t test). Items with a non-significant CR (P>0.05) were
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considered for removal. Additionally, the corrected item-total
correlation was calculated by correlating each item’s score with
the total score of its respective dimension, excluding that item.
Items with a correlation coefficient <0.4 were deemed to have
poor discriminative power and were eliminated.

Reliability Testing

The reliability of the final questionnaire was evaluated primar-
ily through internal consistency, measured by Cronbach’s o co-
efficient for the entire scale and for each dimension. A split-
half reliability coefficient (using the Spearman-Brown formula)
was also computed to further assess scale stability.

Validity Testing

The validity of the questionnaire was examined from 2 perspec-
tives. Content validity was quantified using the CVI, which in-
cluded the item-level CVI (I-CVI), and the scale-level CVI (S-CVI),
calculated as the proportion of experts who rated items 3 or 4
on a 4-point relevance scale. Structural validity was assessed
using EFA. The suitability of data for EFA was confirmed via the
Kaiser-Meyer-Olkin (KMO) measure (values »0.80) and Bartlett’s
test of sphericity (P<0.001). Principal component analysis (PCA)
with varimax rotation was used to extract factors. Factors with
eigenvalues >1 were retained to reduce the data and maximize
the variance explained in the observed variables, thus providing
a clear and concise summary of the underlying structure during
the initial exploratory phase of scale development.

For all statistical tests, a two-tailed P value <0.05 was con-
sidered statistically significant. To test the research hypoth-
eses, a series of predefined analyses was conducted. First,
to address Hypothesis 1 regarding content validity and reli-
ability, we calculated the CVI based on expert ratings and as-
sessed internal consistency (Cronbach’s o), split-half reliabil-
ity, and test-retest reliability. Second, to address Hypothesis
2 regarding the three-factor structure, EFA was performed to
determine whether the empirical data aligned with the theo-
retical KAP dimensions.

Results

Expert Consultation Results

A total of 15 experts aged 34 to 55 years (mean age: 43.6+6.22
years) from Beijing, Zhejiang, Chongging, Shanghai, Gansu, and
Sichuan were invited. The average work experience of the ex-
perts was 21.27 years, and the Cr was 0.96 (Ca: 0.95, Cs: 0.97),
indicating a high level of professionalism in their opinions.
Among the experts, 8 held bachelor’s degrees, 3 had master’s
degrees, 3 had PhDs, and 1 was a postdoctoral researcher, with
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Table 1. Demographic characteristics of ICU nurses in the survey.

LiS.etal:
Validation of early activity assessment tools for ICU nurses
© Ann Transplant, 2026; 31: 952175

Gender Male 66 (19.8)

Female 2802
A MeanssD (years) 314857
© Educational background Associate degree 8 174)

 Bachelorsdegee 271 @811

© Master's degree or higher s s
 Professional titles junior tites 242 (2%

intermediate titles 87 261)

©Seniortites s s
© Years of ICU work experience osyears 80 (240

s10years 89 267)

10asyeas o7 90

overisyeas 68 (204
U work category GenerallCUnurses 243 (128)

 Specialized ICU nurses o1 @1

4,5, and 5 experts holding intermediate, associate senior, and
senior professional titles, respectively. The response rate for the
first round of consultation was 93.75% (15/16), with familiari-
ty level, judgment basis, and authority coefficients being 0.97,
0.95, and 0.96, respectively. Kendall's W was 0.298 (x?=210.255,
P<0.001), suggesting low coordination in the initial opinions of
the experts, possibly due to vague item descriptions or differ-
ences in professional understanding. The research team con-
ducted anonymous voting on controversial items, resulting in
the deletion of 8 items with CV >0.25. In the second round, the
response rate was 100% (15/15), and Kendall’s W significantly
improved to 0.512 (2=299.322, P<0.001), with CV <0.25 for all
items, indicating high consistency in expert opinions following
item revisions (eg, adding ‘nutritionist’ to K5, specifying ‘activ-
ities of daily living training’ in K8, and including ‘transfer train-
ing’ in K9). This change reflects the effectiveness of the Delphi
method in integrating multidisciplinary perspectives and en-
hancing the scientific rigor of the items. Ultimately, the KAP
questionnaire for ICU nurses regarding early mobilization in
patients who are critically ill after liver transplantation was fi-
nalized, consisting of 3 dimensions and 40 items.

Preliminary Survey Results

The preliminary survey included 30 ICU nurses, with an effec-
tive response rate of 93.3% (28/30). Feedback from nurses re-
garding their understanding of the items resulted in the origi-
nal item ‘changes in consciousness’ being revised to ‘abnormal

This work is licensed under Creative Commons Attribution-
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consciousness’ due to vague wording (some nurses mistakenly
thought it included ‘emotional changes’). Another item, ‘safety
risks include unplanned extubation’, was revised to ‘common
safety risks mainly include unplanned extubation’ because it did
not specify ‘common’ risks. Following these modifications, the
factor loadings for the revised items in the formal survey were
0.872 (K14) and 0.890 (K12), both exceeding the critical value of
0.4, and nurses reported that “the revised items are more aligned
with clinical scenarios.” Additionally, the average completion time
for the preliminary survey decreased from 18 to 12 min, along
with reduced redundancy of items, indicating that simplified
items effectively enhanced the operability of the questionnaire.

General Information of Survey Participants

A total of 348 questionnaires were collected in this study, with
334 valid questionnaires, resulting in an effective response rate
of 95.98%. As shown in Table 1, regarding the demograph-
ic characteristics of the respondents, there were 268 women
(80.24%), and the age range was 21 to 52 years (mean age:
31.4145.73 years). In terms of educational background, the
proportion of those with a bachelor’s degree was the high-
est, accounting for 81.14%. Regarding professional titles, ju-
nior titles were the most dominant, accounting for 72.46%. For
years of ICU work experience, the group with 10 to 15 years
of experience accounted for the highest percentage (29.04%).
In terms of work category, general ICU nurses constituted the
largest proportion, accounting for 72.75%.
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Table 2. Results of exploratory factor analysis of KAP Questionnaire for ICU Nurses on early mobilization in critically ill patients after
liver transplantation (n=334).

K1: Concept of early mobilization in critically ill patients after liver transplantation 0.834 0.066 0.246
K2: In('jlcatlons and cor‘1tra|nd|cat|ons for early mobilization in critically ill patients 0.834 0.056 0.268
after liver transplantation

K3:‘Cr|t.|cally ill Pa.tler.lts after.llver tr.ansplar.ltatlon sh.oul.d en.gage in early passive or 0.860 0.128 0.265
active limb mobilization despite having various monitoring lines

K4: The principles of early mobilization in critically ill patients after liver

transplantation are to ensure patient safety and personal safety, improve functional

impairment, and prioritize tasks, with the main goals of lung function recovery, 0.879 0.152 0.251

sitting, and standing for conscious patients, and prevention of complications (eg, lung
infections, pressure injuries, deep vein thrombosis, joint contractures, and muscle
atrophy) for unconscious patients

K5: The professional team implementing early mobilization in critically ill patients
after liver transplantation includes doctors, nurses, rehabilitation therapists, and 0.845 0.112 0.239
nutritionists, with comprehensive management through multidisciplinary collaboration

K6: Consensus recommends that daily assessments of consciousness, muscle
strength, and cooperation ability be conducted for critically ill patients after liver
transplantation, along with the formulation of goals and plans for individualized
activity to achieve the goal of daily activity

K7: The indications for early mobilization initiation in critically ill patients after liver
transplantation include stable cardiovascular, neurological, and respiratory systems, 0.888 0.119 0.243
with patent drainage tubes in place

K8: Early mobilization in critically ill patients after liver transplantation focuses on
exercises for respiratory function, limb muscle strength, joint mobility, and activities 0.885 0.117 0.257
of daily living (ADL)

K9: The mobilization plan for critically ill patients after liver transplantation should
be progressive, including supine training, transfer training, sitting training, standing 0.885 0.077 0.243
training, and walking training

K10: Pain management after liver transplantation is divided into preventive and
multimodal analgesia, with personalized pain relief based on individual differences

. ., . . 0.88 0.070 0.2
and a focus on post-treatment pain assessment to create conditions for implementing > 6
early mobilization
K11: Safety risk assessment indicators during early mobilization in critically ill
patients after liver transplantation: monitoring basic vital signs (eg, heart rate,
respiration, blood pressure, and blood oxygen saturation), assessing surgical-related 0.911 0.094 0.240

APPROVED GALLEY PROOF

complications (eg, wound bleeding, abdominal bleeding, and bile leakage), closely
monitoring drainage fluid color, blood routine, liver function, coagulation routine,
biochemical indicators, and subjective feelings of patients

K12: Common safety risks during early mobilization in critically ill patients after liver
transplantation: unplanned extubation, falls, falling off bed, pressure injuries, and 0.890 0.101 0.251
hemodynamic changes

K13: Emergency plans for common safety risks during early mobilization in critically ill
patients after liver transplantation: risk assessment, safety measures, and personnel 0.880 0.089 0.215
arrangements

K14: Indications for early mobilization suspension in critically ill patients after liver
transplantation: hemodynamic instability, abnormal respiratory rhythm and frequency, 0.872 0.098 0.234
changes in symptoms, abnormal consciousness, and patient intolerance

K15: Outcome indicators for critically ill patients after liver transplantation: the
incidence of complications, physical function (eg, muscle strength), hospital stays, ICU 0.878 0.064 0.247
stays, duration of mechanical ventilation, and ADL scores
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Table 2 continued. Results of exploratory factor analysis of KAP Questionnaire for ICU Nurses on early mobilization in critically ill
patients after liver transplantation (n=334).

K16: Main surgical methods for liver transplantation: classic orthotopic liver

transplantation, classic piggyback liver transplantation, split liver transplantation,

and assisted liver transplantation. Main postoperative complications: intra-abdominal 0.848 0.060 0.252
bleeding, bile leakage, bile duct obstruction, infection, liver graft dysfunction, vascular

complications, rejection reactions, and metabolic complications

K17: Prolonged bed rest for critically ill patients after liver transplantation increases
the risks of lung function impairment, inadequate tissue oxygenation, and lower limb

1 .07 2

venous thrombosis, with a higher incidence of complications and longer ICU and 0.90 0.078 0.256
hospital stays
Al:lam V\.nAllmg_ to assist critically ill patients after liver transplantation in engaging in 0.149 0911 0.151
early mobilization
A2: I_l?eln?ve |'t is (_:r_uual _for ICl_J nurses to 'master the relevfamt knowledge of early 0123 0.944 0.205
mobilization in critically ill patients after liver transplantation
A3: | think ICU nurses should master postoperative pain management methods and

. L . - . - 0.083 0.943 0.234
the effectiveness assessments for critically ill patients after liver transplantation
A4: | believe that common safety risks during early mobilization in critically ill patients 0.111 0.929 0.198
after liver transplantation can be prevented through medical efforts ’
A5:.| think ICU nu.r.ses 'sho.uld tfc?nducF emeljgency dnlls' for common em'ergenaes 0.092 0.933 0.220
during early mobilization in critically ill patients after liver transplantation
A6: | believe ICU nurses should master the content and methods for assessing the 0.078 0.947 0.229

effectiveness of early mobilization in critically ill patients after liver transplantation

A7: | think the benefits of early mobilization after liver transplantation outweigh the
risks and can help restore gastrointestinal motility, improve postoperative tolerance, 0.085 0.943 0.219
reduce pulmonary complications, and prevent postoperative atelectasis

A8: | believe early mobilization in critically ill patients after liver transplantation is of
great significance and value

A9: | think that planned and purposeful early mobilization in critically ill patients after
liver transplantation is safe and effective

A10: | believe ICU nurses should make scientific, prudent, and effective nursing
decisions following evidence-based guidance to care for and guide rehabilitation for 0.094 0.956 0.223
critically ill patients after liver transplantation

P1: I will proactively learn about early mobilization-related knowledge for critically ill
patients after liver transplantation and accept relevant training

P2: | will assess the vital signs, consciousness, muscle strength, cooperation ability,
and catheterization of each tube for critically ill patients after liver transplantation 0.328 0.226 0.833
daily as needed

P3: | will continuously monitor the graft function status of critically ill patients after
liver transplantation

P4: | will actively communicate with critically ill patients after liver transplantation to
provide psychological support and help them build confidence

P5: | will proactively educate critically ill patients after liver transplantation and their
family members and actively implement early mobilization after obtaining their 0.270 0.255 0.872
informed consent

P6: | will assist other medical staff in the professional team to develop individualized

APPROVED GALLEY PROOF

e . L 0.269 0.215 0.840
mobilization plans based on each patient’s characteristics
P7: | will make adequate preparations for early mobilization, including auxiliar
; S [ RIS Dl Sy B y 0.247 0.232 0.886
equipment, rescue devices, and medications
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Table 2 continued. Results of exploratory factor analysis of KAP Questionnaire for ICU Nurses on early mobilization in critically ill

patients after liver transplantation (n=334).

P8: | will help critically ill patients after liver transplantation engage in activities
during early mobilization using professional assistance facilities

P9: | will gradually implement early mobilization, starting with passive bedside

exercise and transitioning to active bedside exercise, 1 to 2 times a day for 5 to 10

min each time while fully considering the patient’s tolerance and making personalized

adjustments based on daily goals

P10: | will closely monitor vital signs, catheter patency, pain levels, and drainage fluid

status during early mobilization and report any abnormalities to doctors in a timely

manner

P11: | will proactively assess the wound, subjective feelings, and effects of early

mobilization for patients after implementing early mobilization

P12: | will proactively learn about the surgical methods for liver transplantation in

critically ill patients and promptly identify complications related to surgery and early

mobilization

Cumulative variance contribution (%)

Item Analysis Results

(1) Critical ratio method: Based on the overall score of the
questionnaire, the top 27% were categorized as the high-score
group and the bottom 27% as the low-score group. An inde-
pendent samples t test revealed statistically significant differ-
ences between each item in the high- and low-score groups
(P<0.001), indicating good discriminative ability for all items,
which were retained. (2) Homogeneity test method: The cor-
relation of each item with the corresponding dimension total
score and the overall questionnaire score was calculated using
Pearson’s correlation analysis. The results showed a correlation
coefficient of r=0.875-0.945 for knowledge-related items cor-
responding to the overall knowledge score, r=0.933-0.986 for
attitude-related items corresponding to the overall knowledge
score, r=0.819-0.965 for practice-related items corresponding
to overall knowledge score and r=0.657-0.852 for all items cor-
responding to the overall questionnaire score. All correlation
coefficients were >0.4 (P<0.01), indicating good correlations of
each item with their corresponding dimensions and the over-
all questionnaire score, leading to the retention of all items.

Reliability and Validity Analysis

The questionnaire’s psychometric properties were systemat-
ically evaluated through content validity, structural validity,
and reliability tests, with the results as follows. Content valid-
ity was assessed via the second round of expert consultation,

This work is licensed under Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

0.271 0.250 0.895
0.330 0.185 0.849
0.319 0.209 0.854
0.313 0.203 0.860
0.313 0.170 0.874
0.305 0.181 0.854
22.280 4.278 8.183
35.477 24.108 27.267
35.477 59.585 86.852

yielding an I-CVI ranging from 0.800 to 1.000. The mean CVI
values for the knowledge, attitude and practice dimensions
were 0.918, 0.940, and 0.959, respectively, with an S-CVI of
0.937, indicating good content relevance. For structural valid-
ity, EFA confirmed data suitability (KM0=0.956; Bartlett’s test
of sphericity: x2=26,348.889, P<0.001). Using PCA with vari-
max rotation, 3 factors with eigenvalues >1 were extracted,
explaining 86.852% of the total variance. All item factor load-
ings exceeded 0.70 (range: 0.733-0.956), indicating a well-
defined structure (see Table 2 for the rotated factor matrix).

As detailed in Table 3, the questionnaire demonstrated excel-
lent internal consistency (Cronbach’s «=0.976 overall; dimen-
sion-specific o: 0.987-0.993) and split-half reliability (0.772
overall; dimension-specific: 0.956-0.987), all exceeding the rec-
ommended threshold of 0.80 [16]. Test-retest reliability was
evaluated by reassessing 30 ICU nurses after a 2-week interval
(inclusion criteria excluded nurses in rotational shifts or con-
tinuing training to ensure population consistency), yielding an
overall coefficient of 0.784 (knowledge=0.856, attitude=0.867,
practice=0.866), which meets the psychometric requirement of
>0.70 [12]. Notably, the questionnaire’s overall test-retest reli-
ability (0.856) outperformed the pediatric ICU (PICU) nurse KAP
questionnaire reported by Luo (2023) (0.742) [17], potentially
due to the clarity and clinical relevance of the revised items.

Guided by KAP theory, the questionnaire was developed via 2
rounds of Delphi consultation (expert authority coefficient=0.96)
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Table 3. Reliability of knowledge, attitude, and practice dimensions.
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Knowledge 0.987
Attitude 0.993
Practice 0.985
Overall questionnaire 0.976

and pre-survey optimization, with improved expert opinion con-
sistency (Kendall’s W=0.298-0.512). Key psychometric tests con-
firmed its excellent reliability (Cronbach’s a=0.976, test-retest
reliability=0.856) and validity (S-CVI=0.937; EFA extracted 3
KAP-consistent factors, cumulative variance=86.852%).

Discussion

High Scientific Validity and Reliability of the Questionnaire

This study presents preliminary evidence for the psychomet-
ric properties of a newly developed KAP questionnaire for ICU
nurses regarding early mobilization following liver transplan-
tation. Guided by KAP theory, the questionnaire was devel-
oped through literature analysis, 2 rounds of Delphi expert
consultation, and pre-survey optimization. Expert opinions
showed increasing consistency, with all items having a CV
<0.25. Reliability and validity tests confirmed the question-
naire’s excellent psychometric properties: Cronbach’s a coef-
ficient=0.976, split-half reliability=0.772, and test-retest reli-
ability=0.856. For validity, the I-CVI ranged from 0.800 to 1.000,
with an S-CVI of 0.937. The EFA extracted 3 common factors
(consistent with the KAP framework) with a cumulative vari-
ance contribution rate of 86.852%, and all item factor loadings
ranged from 0.733 to 0.956 (>0.4). Although these initial find-
ings are promising and confirm the tool’s scientific reliability
in this sample, they should be considered preliminary findings
pending further validation in independent cohorts using CFA.

Notably, the overall Cronbach’s o coefficient of the question-
naire reached 0.976, and the o coefficients of each dimension
were as high as 0.987 to 0.993, which not only fully demon-
strated strong internal consistency of the scale and high cor-
relation between items in the same dimension but also may
indicate a certain degree of item redundancy. The high item cor-
relation may be due to the fact that some items in the knowl!-
edge and practice dimensions were designed with overlapping
connotations in the process of combining clinical guidelines
and expert opinions, such as the correlation between items
related to ‘mobilization safety risk assessment’ and ‘mobili-
zation suspension indications’ in the knowledge dimension.
Although all items were retained following item analysis due
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0.956 0.856
0.987 0.867
0.959 0.866
0.772 0.784

to good discriminative ability and homogeneity, the possible
item redundancy needs to be further optimized in follow-up
research, such as merging items with highly overlapping con-
notations or deleting repetitive items on the premise of ensur-
ing the comprehensiveness of the scale content.

Unique Advantages and Significance of the Questionnaire

The primary contribution of this study lies in addressing a sig-
nificant gap in the existing literature. Although previous stud-
ies have developed KAP questionnaires for early mobilization
targeting general ICU patients [18] or specific populations, such
as patients with trauma or those undergoing cardiac surgery
[19,20], a validated tool specifically for liver transplant recipi-
ents has been notably absent. This gap is critical because the
postoperative recovery trajectory of patients undergoing liver
transplant is unique, involving specific risks and considerations.
Our research methods and results align with the rigorous stan-
dards established in prior studies for developing disease-spe-
cific KAP questionnaires. For example, the high content validi-
ty achieved through the Delphi expert consultation method is
consistent with the validation process reported in Mahaptra’s
study on developing and validating a KAP questionnaire for
relevant clinical scenarios [21]. This consistency underscores
the importance of expert consensus-based methods in ensur-
ing the relevance and comprehensiveness of the tool for the
target clinical context, be it delirium assessment or early mo-
bilization following liver transplantation.

Following liver transplantation, patients face various compli-
cations and recovery challenges in ICUs. In recent years, early
mobilization has been gaining increasing attention as an ef-
fective nursing intervention [22,23]. The KAP theory concludes
that knowledge, attitude, and practice are part of a continu-
ously developing process, where human behavior is based
on specific knowledge and attitude; the more knowledge the
individual possesses, the stronger their beliefs are, and the
more likely the individual is to form behavioral habits [24,25].
In this regard, the KAP of nurses when implementing nursing
measures significantly impacts patient recovery outcomes [5].
Currently, despite some available assessment tools targeting
ICU nurses or patients in early mobilization, their design con-
cepts and applicability involve certain limitations. For example,
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the assessment tool for early mobilization participation devel-
oped by Knutsen et al (2024) focuses on the subjective ex-
periences and physiological function indicators of patients,
without addressing the knowledge reserves and behavior-
al practices of nursing staff [10]. Although the KAP question-
naire for PICU nurses compiled by Luo includes knowledge, at-
titude, and practice dimensions, its item design mainly focuses
on pediatric patients who are critically ill, lacking specificity for
the complex pathological characteristics and multidisciplinary
collaboration needs of patients after liver transplantation[16].
Additionally, the KAP scale for deep vein thrombosis preven-
tion developed by the Chinese scholar Wang is framed with-
in KAP theory but focuses on managing a single complication,
without systematically covering the entire assessment process
of early mobilization [26].

In contrast, the questionnaire in this study offers several dis-
tinct advantages. (1) Targeted design: The items closely align
with the clinical characteristics of patients who are critically ill
following liver transplantation (eg, line management, postop-
erative complication risks, and multidisciplinary collaboration),
integrating core recommendations from the ‘Expert Consensus
on Enhanced Recovery Management during the Perioperative
Period for Liver Transplantation in China’, ensuring the tool’s
high relevance to clinical practice. (2) Multidimensional cov-
erage: Existing tools mostly focus on a single dimension of
knowledge or practice [27], whereas our questionnaire com-
prehensively reflects the knowledge, attitude, and practice
of ICU nurses through a collaborative assessment across 3
dimensions: knowledge (17 items), attitude (10 items), and
practice (13 items), which aligns more closely with the inter-
pretation of KAP theory regarding the continuity of behavioral
changes [14,22]. (3) Advantages in reliability and validity: The
Cronbach’s « coefficient, CVI, and cumulative variance contribu-
tion rate of this questionnaire are higher than those of similar
tools [16], indicating good measurement precision and struc-
tural stability of the scale in the preliminary validation stage.

Clinical Significance and Application Prospects of the
Research Findings

The formulation of this questionnaire provides scientific refer-
ences for improving the quality of ICU nursing for patients un-
dergoing liver transplantation. In addition to its rigorous psy-
chometric properties, this questionnaire provides an important
reference for clinical practice and healthcare policy in the pre-
liminary application stage. Clinically, it can serve as a target-
ed assessment tool to accurately identify nurses’ knowledge
gaps (eg, unclear understanding of mobilization timing follow-
ing liver transplantation) and attitude barriers (eg, excessive
concern about the risk of graft injury), providing a basis for
developing personalized educational intervention programs
and standardizing early mobilization practices. By addressing
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these deficiencies, the approach can indirectly improve pa-
tient outcomes, such as reducing the incidence of postopera-
tive complications (eg, deep vein thrombosis, pulmonary infec-
tion) and shortening hospital stays, aligning closely with the
goals of the Enhanced Recovery After Surgery protocol for liv-
er transplant recipients. At the institutional and policy levels,
the questionnaire can be integrated into nursing quality con-
trol systems to monitor and enhance the specialized rehabil-
itation nursing competence of ICU teams, offering empirical
data for optimizing post-liver transplant nursing training pro-
grams and improving clinical practice guidelines. This practical
relevance enhances the study’s academic value and provides
robust support for advancing evidence-based improvements
in specialized nursing care.

Study Limitations

This study has some limitations. First, although the sample
size met the statistical requirements for EFA, the surveyed
population was only from tertiary hospitals performing liv-
er transplantation in several regions of China. Moreover, the
sample selection was based on convenience sampling, which
led to certain regional limitations in sample representative-
ness and in the coverage of ICU nursing staff across different
levels of medical institutions in China. Second, as this was a
preliminary validation study, we conducted EFA to explore the
factor structure. The absence of CFA in an independent sam-
ple means the three-factor structure requires further verifi-
cation. Future research should recruit a separate, larger sam-
ple to perform CFA and cross-validate the model. Third, this
study did not perform cross-cultural validation of the ques-
tionnaire, and the scale was developed based on the clinical
guidelines and expert consensus of Chinese liver transplanta-
tion perioperative management; therefore, its applicability in
other countries and regions with different medical systems,
clinical practice norms, and nursing education backgrounds
is unknown, and cross-cultural adaptation and validation are
needed in the follow-up. Finally, this study only relied on the
KAP model to construct the questionnaire framework, which
only focuses on the continuous relationship between know!-
edge, attitude, and practice, and may not fully cover all the
factors affecting nurses’ early mobilization practice, such as
organizational management factors, resource support factors,
and inter-professional collaboration factors. Future research
should incorporate other theoretical models such as the TPB
to complement and verify the research results.

Conclusions

This study successfully completed the preliminary develop-
ment and validation of a specialized KAP assessment tool
for ICU nurses regarding the early mobilization of critically ill
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patients after liver transplantation. The scale covers 3 dimen-
sions — knowledge, attitude, and practice — and demonstrates
satisfactory reliability and validity in the current research sam-
ple. It fills the gap in specialized assessment tools in China,
addresses the limitations of traditional general tools and pro-
vides a standardized basis for accurately identifying nurses’
competency gaps, formulating targeted training programmes
and optimizing the perioperative rehabilitation nursing pro-
cess for liver transplantation. The tool also facilitates imple-
mentation of the patient-centred enhanced recovery concept in
critical care, enriches the array of liver transplantation nursing
assessment tools, and offers a reusable measurement instru-
ment for subsequent research. Future research could expand
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