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Knowledge, attitudes, and practices 2
of Chinese anesthesiologists toward difficult
airways
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Abstract

Background Difficult airways (i.e., when a healthcare provider with skills in airway management encounters
difficulties when using recognized techniques) require proper training (or supervision), experience, risk assessment,
and clinical judgment, but the knowledge, attitude, and practice (KAP) of Chinese anesthesiologists toward difficult
airways is poorly known. This study aimed to remedy that problem.

Methods This cross-sectional study enrolled Chinese anesthesiologists from September 1, 2023, to November

30, 2023. The KAP toward difficult airways was assessed using a questionnaire (Cronbach’s a=0.705). Scores > 85%
indicated good/positive/proactive knowledge/attitudes/practice, 50-75% were moderate, and < 50% were poor. The
factors associated with practice were identified by multivariable logistic regression.

Results A total of 992 questionnaires were included. The participants were 39.89+8.46 years, 52.72% were male,
79.13% were working in tertiary hospitals, and 19.96% had 6-10 years of experience in anesthesia. The mean
knowledge, attitude, and practice scores were 18.09+ 2.46 (69.58% of the maximum), 32.22 £2.77 (92.06% of the
maximum), and 63.80+5.54 (85.07% of the maximum), respectively. 97.18% of anesthesiologists reported that

they frequently assess all patients for the risk of difficult airway and aspiration prior to anesthesia administration or
airway management. Notably, however, 30.14% of doctors indicated that they may not confirm the availability of
difficult airway equipment in the operating room if the patient has not been evaluated as having a difficult airway.
Furthermore, only 41.93% of anesthesiologists reported being able to successfully use awake fiberoptic intubation
when managing a difficult airway on a frequent basis. The high attitude scores (Odds Ratio [OR]=1.234, 95%
Confidence Interval [Cl]: 1.164-1.307, P<0.001), master's degree or above (OR=2.262, 95%Cl: 1.539-3.323, P<0.001),
and participated in training on difficult airway assessment and management in the past 6 months (OR=1.943, 95%Cl:
1.388-2.720, P<0.001) were more likely to achieve higher practical scores. After adjustment, the SEM showed that
knowledge directly influenced attitude (3=0.338, P=0.011) but not practice (P=0.637); attitude directly influenced
practice (3=0.584, P=0.003).
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Conclusion Anesthesiologists in China have favorable KAP toward difficult airways. Nonetheless, certain practices
require enhancement. Since knowledge is associated with attitude and attitude with practice, educational and
motivational activities should be designed to improve practice.

Clinical trial number not applicable.

Keywords Difficult airway, Anesthesiologists, Knowledge, attitude, practice, Cross-sectional study

Background

Airway intubation is a basic technique for critically ill
patients requiring mechanical ventilation and patients
undergoing general anesthesia for surgery [1]. The dif-
ficulty level of a given airway depends upon several
factors, including patient characteristics, medical and
surgical history, airway examination, clinical context
for airway management, and the patient’s status and
vital signs [2, 3]. An airway is considered difficult when
a healthcare provider with skills in airway management
encounters difficulties when using recognized techniques
[4, 5]. Healthcare providers should have proper training
(or supervision), experience, risk assessment, and clini-
cal judgment when performing airway management [6,
7]. Trained and experienced healthcare providers are
expected to succeed in managing basic and straightfor-
ward airways without complications. In the real world,
airway assessment is highly subjective and will vary
among healthcare providers based on training, skills, and
experience; furthermore, depending on the patient popu-
lation, as many as 90% of airways might be unanticipated
[8]. Complex airways will require infrequently used tech-
niques and access to teams with special skills and equip-
ment. They will typically require more than one attempt
before success, delaying proper patient management in
life-threatening situations or resulting in complications
[6, 7]. The most common complications are inadvertent
esophageal intubation, bronchial intubation, vocal cord
displacement, tooth damage, mediastinal intubation,
tracheoesophageal fistula, tracheal stenosis, and death,
especially for patients requiring emergent ventilation but
with intubation failure [6, 7]. Hence, irrespective of the
degree of difficulty of an airway, patients requiring airway
management will ultimately be successfully managed for
proper care [3].

Although many clinicians may have to perform airway
management, anesthesiologists perform airway man-
agement routinely as part of their practice. In addition,
they are the specialists who are called for help with dif-
ficult airway management [7, 9, 10]. Recent guidelines
provide significant advancements in airway manage-
ment [11]. Even among anesthesiologists, proper airway
management requires knowledge of the techniques and
devices available, a positive attitude toward difficult air-
ways, and adequate techniques in given clinical scenarios.
Knowledge, attitude, and practice (KAP) studies provide

qualitative and quantitative data about the gaps, miscon-
ceptions, and misunderstandings that may hinder the
optimal performance of a given subject in each popula-
tion [12, 13]. KAP studies can identify gaps that can be
targeted by educational and motivational interventions
to improve practice. Results from KAP studies can be
used to improve physicians’ practice on a precise sub-
ject, which can translate into improved patient outcomes
[12-14]. No previous studies performed a comprehensive
KAP assessment of anesthesiologists’ KAP toward diffi-
cult airways, but some partial data are nonetheless avail-
able on specific aspects, mainly practice, from countries
such as India, the United Kingdom, and the Republic of
Macedonia [15-20]. Therefore, this study aimed to exam-
ine the anesthesiologists’ KAP toward difficult airways.
Chinese anesthesiologists follow international guidelines
on difficult airway management, but access to specific
or super-specialized tools can be limited. Hence, assess-
ing the KAP of Chinese anesthesiologists toward airway
management is important.

Methods

Study design and participants

This cross-sectional study was conducted from Septem-
ber 1, 2023, to November 30, 2023, and enrolled anes-
thesiologists from multiple hospitals in China. This study
was approved by the Institutional Review Board of the
Second Affiliated Hospital of Hainan Medical Univer-
sity (LW2023161), and all participants provided written
informed consent.

The inclusion criteria were (1) anesthesiologists work-
ing in hospitals in China and (2) provided informed con-
sent. Non-practicing physicians during the study period
(e.g., sick leave or purely administrative position) were
excluded.

Questionnaire introduction

The questionnaire was designed based on the rel-
evant guidelines and literature [7, 21, 22]. After the
initial design, modifications were made based on feed-
back from four anesthesia experts. The questionnaire
underwent two small-scale pilot testing (consisting of
47 and 46 responses, respectively). The final version of
the questionnaire (Appendix) was obtained following
adjustments based on the feedback from pilot testing.
The Cronbach’s a coefficient of the pilot test was 0.705,
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indicating acceptable internal consistency reliability. The
participants of the pilot testing were also asked to report
any difficulties in understanding the questions to evalu-
ate face value.

The final questionnaire comprised four dimensions:
demographic information (education level, gender,
job type, institutional nature, professional title, etc.),
knowledge dimension, attitude dimension, and practice
dimension. The knowledge dimension consisted of 13
questions, with correct answers scoring 2 points, uncer-
tain answers scoring 1 point, and incorrect answers scor-
ing 0 points, resulting in a score range of 0—26 points. The
scores for each item were calculated as the total scores of
all participants divided by the maximum possible score.
The attitude dimension included seven questions, utiliz-
ing a 5-point Likert scale ranging from “very positive” (5
points) to “very negative” (1 point), with a score range
of 7-35 points. The practice dimension comprised 15
questions, also using a 5-point Likert scale ranging from
“always” (5 points) to “never” (1 point), with a score range
of 15-75 points. Higher KAP scores indicate better KAP.
We used a modified Bloom criterion for categorizing the
KAP dimension scores [23]. Scores>75% were good,
50-75% were moderate, and <50% were poor. Such cut-
offs were used in previous KAP studies [24].

Questionnaire collection and quality control

Three trained research assistants were involved in this
study to apply quality control throughout the entire pro-
cess. It encompassed the following aspects: comprehen-
sive standard operating procedures that comply with
regulations, ethics, and scientific standards, protection of
the rights of participants, selection of qualified research
centers and researchers, training of research person-
nel, thorough recording and reporting of experimental
data, and collection, storage, and updating of the neces-
sary documents. These measures suggest that the survey
adhered to scientific principles was conducted credibly,
and maintained high data quality standards.

The hospital selection criteria were not limited by hos-
pital level or province to minimize bias. Forty hospitals
were initially considered through convenience sampling
(Hainan, Sichuan, Tianjin, Shandong, Guangxi, Guang-
dong, Henan, Jilin, Zhejiang, Shaanxi, Xinjiang, Jiangsu,
and Guizhou, covering all regions of China), but 26 (in
nine provinces) finally participated in the study. The pro-
portion of secondary and tertiary questionnaires was
determined according to the number of beds. In Chinese
hospitals, the number of beds determines the scale and
level of the hospital; furthermore, the number of medi-
cal staff is assigned according to the number of beds,
and the number of anesthesiologists is assigned accord-
ing to the number of surgeons. Therefore, a hospital
with a small number of beds means that there are fewer
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anesthesiologists, so fewer questionnaires were assigned,
and the questionnaires were distributed using the Ques-
tionnaire Star platform based on the number of hospital
beds (hospital level). Approximately 20 questionnaires
were distributed per secondary and lower-level hospitals
(including private hospitals), and approximately 60 were
distributed per tertiary hospitals.

Informed consent was the first part of the question-
naire and was mandatory to gain access to the question-
naire itself. A given IP address could be used only once
to submit a questionnaire. All questions were mandatory
for submission. During quality control, questionnaires
with excessively short (<90 s) or long (> 1800 s) response
times, numerical errors, logic errors, and filled with all
the same answers (e.g., all first choices) were excluded.
Those quality control criteria were applied because not
carefully reading and answering the questions would
affect the quality of the data.

Measures to mitigate the social desirability bias
included the use of the Likert scale, cross-questioning
of forward and reverse questions, and, before the begin-
ning of the questionnaire, it was made clear to the par-
ticipants that they needed to accurately feedback their
understandings and opinions rather than speculate on
the expected answers.

All questionnaires were completed anonymously. Only
the IP address was retained to avoid double-completion
of questionnaires. All data were accessible only by the
investigator and the research team. Once the study was
completed, all IP address data were destroyed, and only
anonymous data were kept for analysis.

Statistical analysis

Descriptive analysis was conducted for the demo-
graphic data and KAP scores. Continuous variables were
described using means +standard deviations (SDs) and
analyzed using the Mann-Whitney U-test (two-level
comparisons) or the Kruskal-Wallis H-test (analysis of
more than two levels). The Spearman analysis was used
to examine the correlation between knowledge, atti-
tudes, and practice scores. Univariable and multivariable
logistic regression analyses were performed to explore
the factors associated with the KAP dimensions. Struc-
tural equation modeling (SEM) was used to analyze the
relationships among the dimensions of the question-
naire. The model fit was evaluated using the incremen-
tal fit index (IFI), Tucker-Lewis index (TLI), comparative
fit index (CFI), root mean square error of approxima-
tion (RMSEA), and chi-square minimum divided by the
degrees of freedom (CMIN/DF). The mediating role of
attitudes in knowledge and practice was assessed using
Bootstrap analysis. Statistical analyses were conducted
using SPSS 26.0 (IBM, Armonk, NY, USA). Two-sided
P-values < 0.05 were considered statistically significant.
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Results

Characteristics of the participants

A total of 1050 questionnaires were distributed, and 1021
questionnaires were returned. Of the 1021 question-
naires, four were excluded for taking<90 s to complete,
23 for >1800 s to complete, one with age reported as
137 years, and one with reported work experience >100
years. Hence, 992 valid questionnaires were included.
Cronbach’s a was 0.700 for the entire study population,
and the Kaiser-Meyer-Olkin (KMO) was 0.839. The par-
ticipants were 39.89 + 8.46 years. For each characteristic,
the highest frequency was observed for males (52.72%),
master’s degree and above (50.20%), intermediate title
(42.84%), tertiary hospitals (79.13%), with 6-10 years of
experience in anesthesia (19.96%), did not participate in
difficult airway training in the past 6 months (56.65%),
did not encounter patient death caused by difficult airway
(87.90%), encountered cases where surgery was stopped
due to difficult airways (61.09%), encountered cases of
difficult airways and successfully rescued (90.83%), rarely
encounter difficult airways (60.69%), no death related to
difficult airways in the department in the past 6 months
(96.77%), and no cases where the surgery was stopped in
the past 6 months in the department (80.14%) (Table 1).

Knowledge

The mean knowledge score was 18.09+2.46 (on a maxi-
mum of 26, 69.58%). For knowledge, gender showed
a marked difference (P=0.001), with females scoring
higher (18.36+2.37) than males (17.85+2.50). Title
(P<0.001) and participation in difficult airway training
(P=0.078) also influenced knowledge, though training
did not reach significance., (Table 1). The highest knowl-
edge accuracy was observed for K6 (97.58%; “Informing
patients or their families in advance of the risks and pro-
cedures of difficult airway management is part of prepar-
ing for difficult airways”), while the lowest knowledge
accuracy was observed for K1 (3.02%; “Airway risk assess-
ment and airway examination before anesthesia or airway
management are mainly based on physical examination
and additional special assessment methods.”) (Table S1).

Attitudes

The mean attitude score was 32.22 +2.77 (on a maximum
of 35, 92.06%). Attitude scores differed significantly by
gender (P<0.001), education (P=0.001), institution type
(P<0.001), and successful rescue of difficult airway cases
(P<0.001). Notably, higher education levels (Master’s/
above: 32.53+2.52 vs. Bachelor’s/associate: 31.92 +2.97)
and public Level Three institutions (32.38 +2.72 vs. Level
Two/below: 31.58 +2.97) were associated with better atti-
tudes. (Table 1). The highest attitude score was observed
for Al (98.79% - comprising 90.22% strongly agreeing
and 8.57% agreeing; “You believe that assessing the risk
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of difficult airway and aspiration before anesthesia or air-
way management is crucial”) while the lowest attitude
score was observed for A3 (77.62% t—39.01% strongly
disagreeing and 38.61%; “You strongly resist participat-
ing in the anesthesia and management of difficult air-
way patients due to concerns about causing injury from
improper handling. (negative)”) (Table S2).

Practices

The mean practice score was 63.80+5.54 (on a maxi-
mum of 75, 85.07%). For practice, significant differences
emerged by title (P<0.001), years of anesthesia experi-
ence (P<0.001), recent training (P<0.001), encountering
surgery-stopped cases (P=0.002), and successful rescue
experiences (P<0.001). Participants with associate senior
titles (64.74+5.08) and those with >30 years of experi-
ence (65.11 £4.39) scored highest in practice, while train-
ing attendees (64.90+5.21) outperformed non-attendees
(62.95+5.63). No significant differences were observed in
practice scores by gender, institution type, or most clini-
cal encounter frequencies. (Table 1). The highest practice
score was observed for P1 (97.18% - comprising 77.32%
always and 19.86% often; “Before administering anesthe-
sia or airway management, you assess the risk of difficult
airway and aspiration for all patients”), while the lowest
practice score was observed for P12 (41.93% - comprising
13% always and 29.13% often; “When handling difficult
airways, you successfully use awake fiberoptic intubation.
(positive)”). Of note, for P7, only 48.69% (12.3% always
and 17.84% often) were proactive regarding “If a patient
is not assessed as having a difficult airway, you may not
confirm whether the operating room is equipped with
difficult airway equipment before administering anesthe-
sia” (Table S3).

Correlations

The knowledge scores were correlated to the attitude
scores (r=0.177, P<0.001) but not to the practice scores
(r=0.039, P=0.216). The attitude scores were correlated
to the practice scores (r=0.282, P<0.001) (Table 2).

Multivariable analysis for practice

The attitude scores (OR=1.234, 95%CI: 1.164-1.307,
P<0.001), master’s degree or above (OR=2.262, 95%CI:
1.539-3.323, P<0.001), and participated in training on
difficult airway assessment and management in the past
6 months (OR=1.943, 95%CIL: 1.388-2.720, P<0.001)
were independently associated with the practice scores
(Table 3).

Structural equation modeling

According to structural equation model (SEM) analy-
sis (Figure S1), the model goodness of fit was signifi-
cantly improved in the baseline adjusted model (Figure
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Table 1 Characteristics of the participants and KAP scores

n (%) Knowledge P Attitude P Practice P
n=992
Total score 18.09+2.46 3222+277 63.80+5.54
Age 39.89£8.46
Gender 0.001 <0.001 0.252
Male 523(52.72) 17.85+250 31.90+£295 63.89£5.59
Female 469 (47.28) 18.36+237 32.59+£2.50 63.69+£5.49
Education 0.094 0.001 0.004
Bachelor's/associate degree 494 (49.80) 1793251 31.92+297 63.16+£6.02
Master's and above 498 (50.20) 18.25+2.39 32.53+252 64.43+494
Title <0.001 0.712 <0.001
Junior and below 196 (19.76)  1749+2.70 31.94+£3.13 62.22+6.39
Intermediate 425 (42.84) 18.09+247 3225+2.74 63.70+5.33
Associate senior and above 371(37.40) 1840+2.24 32.35+259 64.74+5.08
Nature of institution 0.184 <0.001 0.271
Public Level Two and below 173(1744) 17.78+£2.63 31.58+297 62.82+6.58
Public Level Three 785(79.13) 18174243 3238+2.72 64.01£5.29
Private Hospital 34 (343) 17.74+2.06 31.82+2.38 63.82+4.90
Years of experience in anesthesia 0.179 0448 <0.001
0-5 194 (19.56) 17.76+2.52 3225+£297 62.36+5.88
6-10 198 (19.96) 17.90+2.58 32.03+295 63.01£581
11-15 173 (1744) 1810245 3222+290 63.73£5.62
16-20 164 (16.53) 1828+249 3235+247 64.96+5.06
21-25 102 (1028) 1839+223 3268+2.39 64.49+531
25-30 105 (10.58) 1843+234 31.98+2.84 64.85+4.96
More than 30 56 (5.65) 18.11+£2.18 32.09+2.25 65.11+4.39
Participated in training on difficult airway assessment and 0417 0.028 <0.001
management in the past 6 months
Yes 430 (4335) 1801+250 32394281 64.90+5.21
No 562 (56.65) 18.15+242 3210+£2.73 62.95+5.63
Encountered cases where patient death was caused by a 0.792 0.190 0312
difficult airway
Yes 120 (12.10)  17.99+259 31.87+£297 64.13£5.64
No 872(87.90) 18104244 32274274 63.75+553
Encountered cases where surgery was stopped due to a 0.341 0.140 0.002
difficult airway
Yes 606 (61.09) 18.15+241 3235+264 64.28+5.14
No 386 (3891) 17.99+253 32.03+£295 63.03+6.04
Encountered cases of difficult airways and successfully 0.078 <0.001 <0.001
rescued
Yes 901 (90.83) 18.14+241 3235+267 64.10£5.21
No 91 (9.17) 17.59+2.85 31.02+3.38 60.82+7.54
Frequency of encountering difficult airway patients in your 0.188 0.069 0324
department
Rarely 602 (60.69) 18014242 32134272 63.68+5.78
Sometimes 311 (3135 1829+246 3233+£282 63.76+5.24
Often 79 (7.96) 1791+2.69 32.56+£291 64.82+£4.65
Death due to a difficult airway in the past 6 months in the 0.031 0.399 0477
department
Yes 32(3.23) 17.09+3.19 31.00+£4.38 63.78+7.51
No 960 (96.77) 18124242 3227+269 63.80+547
Cases where surgery was stopped due to a difficult airway in 0.646 0.129 0.156
the past 6 months in the department
Yes 197 (19.86) 18.15+2.73 3232+3.00 64.20£551

No 795(80.14) 18.08+238 3220+2.71 63.70+554
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Table 2 Correlation analysis of KAP scores

Knowledge Attitude Practice
Knowledge 1
Attitude 0.177 (P<0.001) 1
Practice 0.039 (P<0.216) 0.282 (P<0.001) 1

S1C), and indicators such as RMSEA (0.056) and CFI
(0.728) reached acceptable levels (Table S4). The results
showed that knowledge had a significant direct positive
effect on attitude (f=0.338, p=0.011; Table 4), while the
direct effect of knowledge on practice was not significant
(B=0.041, p=0.637). As a key mediating variable, atti-
tude showed a strong direct effect on practice (f=0.584,
p=0.003), and mediated the indirect effect of knowledge
on practice through this path (indirect effect p=0.197,
p=0.006; 95%CI:0.119-0.303), indicating that attitudes
play a central role in the translation of knowledge into
practice behavior (Table 4). In addition, experience in
anesthesia (f=0.026, p<0.001), participation in train-
ing (B=0.089, p<0.001) and successful handling of diffi-
cult airway cases (f=0.092, p=0.006) directly improved
practice level, and the latter significantly enhanced atti-
tude (=0.074, p=0.007; Table S5). In the measurement
model, all observed variables of attitudes (A1-A7) and
practices (P1-P15) were significantly correlated with their
corresponding latent variables (p<0.001), verifying the
validity of the scale structure (Table S5).

Discussion

Anesthesiologists performing airway management
should have proper training (or supervision), experience,
risk assessment, and clinical judgment when encounter-
ing difficult airways. Improper management of difficult
airways can have dire consequences for the patients. No
studies comprehensively examined the KAP of anesthe-
siologists toward difficult airways. Therefore, this study
aimed to investigate the anesthesiologists’ KAP toward
difficult airways. The study showed that anesthesiolo-
gists in China have favorable KAP toward difficult air-
ways. Some knowledge and attitude items were identified
as suboptimal. Since knowledge is associated with atti-
tude and attitude with practice, educational and motiva-
tional activities should be designed to improve practice
and maybe patient outcomes. Education should focus
on the definition and assessment of difficult airways,
the Mallampati score, and the risk of excessive attempts.
The practice of fiberoptic intervention should also be
improved. Such interventions could include lectures,
podcasts, interactive websites, and practical training. The
KAP of the participants could be evaluated before and
after the intervention. The impact of the intervention on
the patient outcomes could be evaluated, but it can be
hypothesized that such interventions could translate into
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a higher success rate of intubation and/or lower compli-
cation rates.

Establishing and maintaining proper airway manage-
ment is critical in many patients but may be challeng-
ing and can lead to a catastrophe in case of failure [7,
22]. Previous studies examined some aspects of the KAP
toward difficult airways but not comprehensively. Indeed,
in India, Rajesh et al. [15] reported that anesthesiolo-
gists routinely performed preoperative assessments, and
they thought that hospitals should keep an inventory of
various tools for intubation. As assessed in P7, the pres-
ent study showed that only about half of the participants
thought the operating rooms should have all the equip-
ment and tools for difficult airways. Still, the question
was about the operating room, not the hospital itself, but
the time needed to bring special equipment from storage
to the operating room can be long enough to cost lives.
In Denmark, Kristensen et al. [16] observed that anes-
thesiologists have room for improved knowledge and
skill of difficult airways. In the present study of Chinese
anesthesiologists, knowledge was moderate, but attitudes
were positive, and practice was proactive. The present
study highlights the necessity for enhancing knowledge
regarding methods for preoperative airway assessment,
the Mullampati score, use of video laryngoscopy, and
adherence to guideline recommendations regarding the
number of intubation attempts. Of note, only 42% of
the participants reported using fiberoptic intubation, a
recognized technique for difficult airway management
[25, 26]. Why the anesthesiologists in China do not use
fiberoptic intubation remains to be explored, but a study
from Canada also showed a declining use of fiberoptic
intubation over a 6-year period [27]. The increasing role
of video laryngoscopy, declining education and training,
elective use on patients, and/or cost may contribute to
the lack of use of fiberoptic intubation in China. Further-
more, this study revealed that 20% of anesthesiologists
were strongly resisting participating in difficult airway
management, which is a worrying problem. However,
the reason for their resistance is that they are not con-
fident in their own skills and worry about the damage
caused by improper handling of patients with difficult
airways. Therefore, we suggest that these doctors should
strengthen their skills training and seek timely help from
colleagues when encountering emergency airway man-
agement. It will be explored in the future.

A study from Brazil showed that residents’ knowledge
about difficult airways increased with residency time [17].
Kristensen et al. [16] also advocate that anesthesiologists
be trained on the management algorithms and special
intubation techniques. Still, experience is required since
a study showed that residents gained most of their expe-
rience when managing emergent intubations outside of
the operating room instead of simulators, with a sharper
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Table 3 Factors of practice based univariable and multivariable logistic regression
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Univariable logistic

Multivariable logistic

regression regression

OR (95%Cl) P OR (95%Cl) P
Knowledge score 1.065 (1.004-1.130) 0.036 0977 (0.914-1.045) 0.500
Attitude score 1.235(1.172-1301)  <0.001 1.234(1.164-1.307) <0.001
Age 1.039(1.020-1.058)  <0.001 1.053(0.996-1.113) 0.067
Gender
Male 1.181(0.884-1.577) 0.259
Female ref
Education
Bachelor’s /associate degree ref ref
Master's and above 1917 (1426-2.577)  <0.001 2.262(1.539-3323) <0.001
Title
Junior and below ref ref
Intermediate 1.792 (1.244-2.582) 0.002 1.192 (0.669-2.123) 0.550
Associate senior and above 2.587(1.749-3.828) <0.001 1.194 (0.553-2.580) 0.652
Nature of institution
Public Level Two and below ref ref
Public Level Three 1.514 (1.054-2.175) 0.025 0.980 (0.622-1.544) 0932
Private Hospital 1.261(0.551-2.882) 0.583  1.231(0.510-2.968) 0.644
Years of experience in anesthesia
0-5 ref ref
6-10 1.188 (0.775-1.823) 0430 60 (0.607-2.218) 0.653
11-15 1.536 (0.971-2.429) 0.067 73(0.501-2.742) 0713
16-20 2.498 (1.500-4.159) <0.001 997 (0.700-5.703) 0.196
21-25 1.790 (1.024-3.130) 0.041 0973 (0.279-3.401) 0.966
25-30 2.092 (1.181-3.706) 0.011 48 (0.273-4.825) 0.851
More than 30 4(0.976-4.154) 0.058 0.942 (0.175-5.075) 0.945
Participated in training on difficult airway assessment and management in the past
6 months
Yes 1.847(1.362-2.503)  <0.001 1.943(1.388-2.720) <0.001
No ref ref
Encountered cases where patient death was caused by a difficult airway
Yes 1.141 (0.724-1.799) 0.570
No ref
Encountered cases where surgery was stopped due to a difficult airway
Yes 1.373 (1.024-1.840) 0.034 1.026 (0.720-1.462) 0.888
No ref ref
Encountered cases of difficult airways and successfully rescued
Yes 2.069 (1.320-3.245) 0.002  0.996 (0.582-1.706) 0.990
No ref ref
Frequency of encountering difficult airway patients in your department
Rarely ref ref
Sometimes 1.234 (0.896-1.700) 0.198  1.129(0.779-1.638) 0.521
Often 2.038 (1.074-3.867) 0029 1.682 (0.826-3.426) 0.152
Cases of death due to difficult airway in the past 6 months in the department
Yes 0.978 (0.433-2.206) 0.957
No ref
Cases where surgery was stopped due to a difficult airway in the past 6 months in
the department
Yes 1.522 (1.030-2.251) 0.035 1.545(0.984-2.424) 0.059

No

ref

ref
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Table 4 Bootstrap analysis of mediating effect significance test for the final model

Model paths (model graph after Ml index adjustment) Standardized P 95%ClI Standardized P 95%ClI

direct effects indirect effects

Knowledge — Attitude 0.351 0014  0.206-0.491

Knowledge — Practice 0.044 0622 -0.125-0.173

Attitude — Practice 0.604 0005 0516-0.726

Knowledge — Practice 0.212 0.006  0.133-
0324

Model paths (model graph after baseline adjustment Standardized P 95%Cl Standardized P 95%ClI

added) direct effects indirect effects

Knowledge — Attitude 0338 0.011 0.206-0477

Knowledge — Practice 0.041 0637 -0.129-0.157

Attitude — Practice 0.584 0.003  0497-0.717

Knowledge — Practice 0.197 0.006 0.119-
0.303

increase in knowledge and algorithm adherence [18]. On
the other hand, a study on German healthcare provid-
ers showed that a simulator-based training intervention
could effectively improve the participants’ attitudes and
behavior toward difficult airways [20]. A study in Mace-
donia showed that airway assessment, adequate training,
experience, and availability of essential equipment were
critical to managing difficult airways [19]. Nevertheless,
the SEM and multivariable analyses showed that knowl-
edge was associated with attitude, that attitude was asso-
ciated with practice, and that knowledge was associated
with practice through attitude. Although knowledge had
no direct influence on practice, it had an indirect influ-
ence through attitudes. Hence, improving knowledge
and attitude should also improve the practice. Although
the study showed a statistically significant association
between knowledge and attitude and behavior change,
the strength of the association was only below moder-
ate. This means that improving knowledge and posi-
tive attitudes alone are not enough to fully translate into
actual behavior change. Therefore, in addition to imbuing
knowledge and fostering positive attitudes, other key ele-
ments such as providing practice opportunities, enhanc-
ing self-efficacy, and creating a supportive environment
need to be focused on when designing an intervention or
educational programme. A combination of these mea-
sures can be more effective in driving desired behavior
change.

Furthermore, higher education levels correlated with
improved practice scores, likely attributed to more exten-
sive training. Additionally, engagement in difficult airway
training within the past 6 months was associated with
enhanced practice, possibly due to the refresher effect
and revisiting current guidelines. Both undergraduate
and postgraduate students are engaged in the same type
of work in clinical practice. Still, as 79% of the question-
naire came from tertiary hospitals, the proportion of
postgraduate students was relatively high.

Although the hospital levels were not independently
associated with practice, they have different infrastruc-
tures or policies that could influence training and experi-
ence. Indeed, primary hospitals are community hospitals
that perform the routine care of patients and the man-
agement of common chronic conditions. Secondary
hospitals are regional hospitals that can handle more
complicated conditions and common surgeries. Tertiary
hospitals are specialized academic hospitals that handle
complex conditions and surgeries. Of course, novel tech-
nologies are more likely to be experimented first in ter-
tiary hospitals than in primary hospitals. Nevertheless,
access to novel technologies is dependent upon the costs
and the will of the stakeholders, which could explain the
lower use of fiberoptic intubation.

A strength of this study is the inclusion of multiple
hospitals across the country. Still, the study also had
limitations. Only 26 hospitals were selected, represent-
ing a very small proportion of the hospitals in China,
resulting in fewer participants when considering the
number of anesthesiologists in China. On the other
hand, the sample size requirement of 5-10 participants
times the number of items (n=35) [28], i.e.,, 175-350
participants, was satisfied. The study used convenience
sampling, which can introduce a selection bias, but the
general distribution of the participants across the hospi-
tal levels was representative of the actual distribution of
the anesthesiologists in China. Nevertheless, rural area
representativeness could be insufficient. The study was
cross-sectional, and the results represent KAP at a single
time point. Nevertheless, the results could serve as a his-
torical baseline for future intervention studies. In addi-
tion, cross-sectional designs do not allow the analysis of
causality. A SEM analysis was performed to downplay the
issue. In a SEM analysis, “directional associations” can be
inferred based on predefined hypotheses, but the results
have to be interpreted with caution because such direc-
tional associations, which are not causality, are statisti-
cally inferred and based on hypotheses defined arbitrarily
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[29-31]. All KAP studies are at risk of the social desir-
ability bias, which entails that the participants can be
tempted to answer what they know they should think
and do instead of what they are thinking and doing [32,
33]. Considering that the knowledge scores were rela-
tively high, that bias is possible. Although IFI, TLI, and
CFI are slightly below the criterion of 0.8, our model
performs well on CMIN/DF and RMSEA with 4.053 and
0.056, respectively, indicating a high model fit overall. We
acknowledge the importance of IFI, TLI, and CFI indica-
tors and agree that model improvement remains neces-
sary. Future studies will increase the sample size, which
could allow the addition of more paths, such as hospital
policy and hospital support.

Conclusion

In conclusion, anesthesiologists in China have favor-
able KAP toward difficult airways. Some knowledge
and attitude items were identified as suboptimal. Since
knowledge is associated with attitude and attitude with
practice, educational and motivational activities should
be designed to improve practice and maybe patient
outcomes. Future studies could examine the impact of
such interventions and correlate the KAP with patient
outcomes. Policymakers should include difficult air-
way training in the continuing education and training
curricula.
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