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Objective: This study aimed to evaluate the association between Plan-Do-Study-Act (PDSA) cycle-based quality improvement 
measures and the correct implementation rate of head-of-bed elevation, artificial airway cuff pressure compliance, and ventilator- 
associated pneumonia (VAP) incidence in mechanically ventilated patients, and to identify independent influencing factors of the two 
core care indicators.
Methods: A total of 4305 patients receiving mechanical ventilation for ≥48 hours in the Emergency Intensive Care Unit (EICU) and 
Respiratory Intensive Care Unit (RICU) were enrolled, divided into the pre-implementation group (n=2163, Jan-Dec 2024) and the 
post-implementation group (n=2142, Jan-Dec 2025). The post-implementation group received comprehensive improvement measures 
based on the PDSA cycle, including standardized monitoring, normalized measuring tools and continuous quality control. The two 
indicators’ compliance rates and VAP incidence were compared between groups. Univariate and multivariate Logistic regression 
analyses were used to identify influencing factors, and Spearman correlation analysis was performed to explore the relationship 
between indicator compliance and VAP incidence.
Results: The post-implementation group had significantly higher compliance rates of both indicators and lower VAP incidence (all 
P<0.05). Both indicators were significantly negatively correlated with VAP incidence (all P<0.001). APACHE II score ≥25, 
mechanical ventilation ≥10 days, patient agitation and delirium, and insufficient nursing staffing were independent risk factors for 
lower compliance rates, while standardized processes and quality monitoring were independent protective factors (all P<0.05).
Conclusion: PDSA cycle-based comprehensive quality improvement measures were associated with improved compliance rates of 
head-of-bed elevation and artificial airway cuff pressure in mechanically ventilated patients, and lower VAP incidence. Standardized 
procedures and continuous quality monitoring are key to maintaining high compliance of these two core VAP prevention indicators.
Keywords: PDSA cycle, ventilator-associated pneumonia, head-of-bed elevation, cuff pressure, nursing quality improvement, 
compliance rate

Introduction
Ventilator-associated pneumonia (VAP) is the most common nosocomial infection in patients with artificial airways 
receiving mechanical ventilation.1 Its occurrence significantly prolongs mechanical ventilation duration and hospital stay, 
increases medical resource consumption, and raises in-hospital mortality, making it a key challenge in nosocomial 
infection control and nursing quality management in critical care settings.2 Head-of-bed elevation at 30°~45° and 
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maintenance of artificial airway cuff pressure at 25~30 cmH2O are two core preventive measures strongly recommended 
by international and domestic VAP prevention guidelines, and critical links to block VAP pathogenesis.3 Head-of-bed 
elevation reduces gastroesophageal reflux and microaspiration of oropharyngeal secretions by altering patient position, 
thereby lowering the risk of lower respiratory tract colonization by pathogenic bacteria. This operation requires no 
additional equipment and is a cost-effective VAP prevention measure. The maintenance of artificial airway cuff pressure 
within the optimal range of 25~30 cmH2O is the core point of airway barrier management. This pressure value can not 
only ensure the close fit between the cuff and the airway wall, effectively block the secretions retained above the cuff 
from falling into the lower respiratory tract, but also avoid airway mucosal ischemic injury caused by excessive pressure 
or sealing failure due to insufficient pressure, which is the core quality control indicator for artificial airway 
management.4,5 The standardized implementation and high-quality management of these two indicators are the important 
foundation for VAP prevention and control, and their clinical compliance rate directly affects the overall effect of VAP 
prevention and control, and is also an important sensitive indicator for evaluating the nursing quality of Emergency 
Intensive Care Unit (EICU) and Respiratory Intensive Care Unit (RICU).6

In recent years, although hospitals worldwide have increasingly emphasized standardized VAP prevention and 
control, suboptimal compliance with core preventive measures remains a persistent global challenge. International 
multicenter studies have reported that the correct execution rate of head-of-bed elevation ranges from 45% to 78% 
across different regions, while cuff pressure compliance rates vary between 32% and 65% in low- and middle-income 
countries (LMICs) and 58% to 82% in high-income countries.7–9 Even in well-resourced healthcare settings, compliance 
rates often fail to meet guideline-recommended targets due to systemic barriers, staff workload constraints, and 
inconsistent implementation protocols. In China, despite growing national attention to VAP prevention and control, 
similar issues persist, with low correct execution rates of head-of-bed elevation and non-standard cuff pressure monitor
ing still prevalent in clinical practice. The traditional management model is mainly based on single training or phased 
supervision, lacking systematic root cause analysis, targeted improvement strategies and sustainable quality control 
mechanisms, leading to poor clinical compliance with preventive measures and difficulty in achieving the ideal effect of 
VAP prevention and control.10,11

The Plan-Do-Study-Act (PDSA) cycle is an iterative scientific quality improvement method. Through closed-loop 
management of formulating improvement plans by stages, implementing improvement measures, analyzing implementa
tion effects and optimizing improvement strategies, it can accurately solve quality problems in clinical practice.12,13 It 
has been widely used in many fields such as the continuous improvement of hospital nursing quality and nosocomial 
infection control, and can effectively improve the standardization and compliance of clinical measure 
implementation.14,15 This study was conducted in a complex clinical environment where multiple simultaneous practice 
changes may have contributed to the observed outcomes. This inherent characteristic of real-world quality improvement 
research should be considered when interpreting the results of the before-after study design, which is susceptible to 
temporal confounding but provides pragmatic evidence for translating evidence into routine clinical practice. In view of 
this, this study took the PDSA cycle as a quality improvement tool, systematically analyzed the causes and formulated 
improvement countermeasures for the existing problems in the management of head-of-bed elevation and artificial 
airway cuff pressure in our hospital’s EICU and RICU. By analyzing the nursing quality monitoring data and clinical 
outcomes of mechanically ventilated patients in our hospital’s EICU and RICU from 2024 to 2025, it aimed to verify the 
effect of the PDSA cycle on improving the compliance rates of the two core prevention and control indicators, clarify 
their independent influencing factors, and evaluate the impact of the compliance rates of the two indicators on the 
incidence of VAP, so as to provide empirical evidence for further optimizing the VAP prevention strategy and establish
ing a long-term mechanism for the continuous improvement of artificial airway nursing quality.

Materials and Methods
Study Subjects
Patients who received mechanical ventilation for ≥48 hours in the EICU and RICU of our hospital from January 2024 to 
December 2024 were selected as the pre-implementation group, and those who received mechanical ventilation in the 
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same units from January 2025 to December 2025 were the post-implementation group. The sample size included all 
eligible patients admitted to the EICU and RICU during the study periods. Inclusion criteria: (1) Aged ≥18 years; (2) 
Underwent orotracheal/nasotracheal intubation or tracheotomy for mechanical ventilation; (3) Complete clinical data and 
nursing quality monitoring data. Exclusion criteria: (1) Contraindications to head-of-bed elevation (such as severe 
hypotension, increased intracranial pressure, spinal cord injury, etc).; (2) Duration of mechanical ventilation 
<48 hours; (3) Patients receiving hospice care or with abandoned treatment. This study was conducted in accordance 
with the Declaration of Helsinki and approved by the Ethics Committee of The Affiliated Hospital of Southwest Medical 
University (Approval No.: KY2025694). A total of 4305 patients were finally enrolled, including 2163 in the pre- 
implementation group and 2142 in the post-implementation group.

Study Methods
The pre-implementation group adopted the traditional nursing management model: routine theoretical training on VAP 
prevention and control was carried out, there was no unified standardized process for head-of-bed elevation and cuff 
pressure monitoring, which were implemented by nurses based on clinical experience; quality control was mainly based 
on quarterly random checks, and there was no unified electronic traceability system for monitoring results.

The post-implementation group adopted a quality improvement model based on the PDSA cycle. A quality improve
ment team consisting of 3 physicians and 6 nurses from EICU and RICU, 2 nursing department quality control 
specialists, 2 hospital information department staff and 1 clinical pharmacist was established, and targeted improvements 
were implemented in strict accordance with the four stages of the PDSA cycle. The specific measures were as follows:

(1) Plan stage (root cause analysis): By retrospectively analyzing the 2024 nursing quality monitoring data, bedside 
field observations and semi-structured interviews with nursing staff, combined with the fishbone diagram root cause 
analysis method (Figure 1), the core problems of poor implementation of the two measures were identified: ① Non- 
standard monitoring processes, failing to meet the standard of monitoring at least once every 6–8 hours specified in WS/T 
661–2023 Specifications for Artificial Airway Cuff Management (p.12); ② Improper use of measuring tools, relying on 

Figure 1 Fishbone diagram of root cause analysis for poor implementation of head-of-bed elevation and cuff pressure management. 
Abbreviation: VAP, ventilator-associated pneumonia.
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subjective judgment methods such as digital palpation with large pressure measurement errors; ③ Lack of an effective 
quality supervision and control mechanism, with no closed-loop management for problem rectification; ④ Insufficient 
knowledge and understanding among medical and nursing staff regarding the importance of these measures in preventing 
VAP (Table 1 and Figure 2).

(2) Do stage (implementation of the improved plan): ① Standardized monitoring process: A dual system of 
monitoring every 4–8 hours + re-measurement during shift handover was formulated, and four core monitoring time 
nodes were fixed: 8:00 for N-A (night to morning) shift handover, 12:00 for the extra shift, 16:00 for A-P (afternoon to 
evening) shift handover and 0:00 for P-N (evening to night) shift handover. Monitoring results were recorded in the 
electronic nursing system in real time to achieve full-process traceability; ② Normalized measuring tools: Precision 
manual cuff pressure gauges were uniformly equipped, digital palpation was completely eliminated, and hands-on 
operation training on tool use was organized for all staff; ③ Intensified special training: Special training on VAP 
prevention guidelines, cuff pressure management standards, standardized processes and emergency treatment specifica
tions was carried out with a model of theory + hands-on operation + scenario simulation, and the qualified rate of post- 
training assessment reached 100%.

(3) Study stage (effect analysis): The compliance rate data of the two measures in the first 3 months of the 
implementation stage were summarized and compared with the same period before the implementation. The difficult 
problems in process implementation (such as unskilled operation of junior nurses, missed measurements due to 
insufficient staffing during peak hours) were analyzed, and targeted optimization plans were formulated.

(4) Act stage (quality control consolidation): A long-term mechanism for continuous quality control was established: 
① Daily random checks: Head nurses and the quality control team randomly checked the cuff pressure monitoring 
records of 20% of patients every day to verify the measurement time, numerical accuracy and record integrity; ② 

Monthly analysis: Special sensitive indicator data were summarized monthly to analyze the change trend of the 
compliance rates of the two measures, and special rectification meetings were held for abnormal problems; ③ 

Rewards and punishments linkage: The results of random checks and monthly analysis were linked to the performance 
of nursing staff to strengthen implementation compliance; ④ Dynamic optimization: The monitoring process was 
continuously improved according to actual clinical problems, such as supplementing the pressure measurement specifica
tions for patients with prone position ventilation and configuring backup pressure gauges.

Observation Indicators
1. General data: Gender, age, Acute Physiology and Chronic Health Evaluation II (APACHEII) score, mechanical 
ventilation duration, and type of artificial airway were collected from the hospital’s electronic medical record system.

2. Correct execution rate of head-of-bed elevation in mechanically ventilated patients: Calculated by the formula 
“Number of mechanically ventilated patients with correctly executed head-of-bed elevation (30°–45°) within a certain 
period/Total number of mechanically ventilated patients during the same period × 100%”. Measured and recorded by 
responsible nurses using an angle ruler daily, and randomly verified by head nurses.

3. Compliance rate of artificial airway cuff pressure: Calculated by the formula “Number of patients with artificial 
airway whose measured cuff pressure is within 25–30 cmH2O within a certain period/Total number of patients with 
artificial airway during the same period × 100%”. Systematic monitoring was not conducted before April 2024; manual 
cuff pressure gauges were used from April 2024 (finger palpation was eliminated); the “monitoring every 4–8 hours + re- 
measurement during shift handover” system was implemented from 2025, and measurement data were recorded in the 
electronic nursing system in real time.

4. VAP incidence: Independently determined by two full-time infection control specialists who were blinded to the 
group allocation of patients according to the diagnostic criteria in the “Diagnosis and Treatment Guidelines for Hospital- 
Acquired Pneumonia and Ventilator-Associated Pneumonia in Chinese Adults (2018 Edition)”,16 and VAP occurrence 
during mechanical ventilation was recorded.
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Table 1 Survey Results of Influencing Factors for Head-of-Bed Elevation and Cuff Pressure Management

Category of 
Influencing 
Factors

Specific Influencing Factors Agreement 
Frequency (n)

Percentage (%) Cumulative 
Percentage 
(%)

System and 

process

No standardized monitoring time nodes, inconsistent frequency 59 14.82 14.82

Tool use Over-reliance on digital palpation, low utilization rate of manual 

pressure gauges

53 13.31 28.13

Quality control 
mechanism

Lack of daily random checks and timely feedback, no closed-loop 
rectification

48 12.06 40.19

Medical and 

nursing 
cognition

Insufficient understanding of the correlation between cuff pressure 

and VAP, and the mechanism of mucosal injury

42 10.55 50.74

Operational 

specifications

Unclear emergency treatment process for abnormal pressure (<20 

or >30 cmH2O)

37 9.29 60.03

Practical skills Junior nurses are unskilled in pressure gauge calibration and value 

reading

32 8.04 68.07

Equipment 

support

No backup pressure gauges, monitoring interruption due to 

equipment failure

26 6.53 74.60

Patient 
cooperation

Measurement errors or failure of smooth operation due to patient 
agitation and cough

16 4.02 78.62

Education 

materials

Lack of practical training manuals for medical staff and health 

education materials for patients

12 3.01 81.63

Record 

traceability

Monitoring data not linked to the electronic nursing system, 

incomplete records

10 2.51 84.14

Nursing staffing Missed measurements due to insufficient nursing staff during peak 
hours and priority given to emergency operations

9 2.26 86.40

Bed unit 

environment

Inconvenient operation during pressure measurement due to 

limited bed unit space

8 2.01 88.41

Training form Training mainly based on theory, lack of scenario simulation and 

practical assessment

7 1.76 90.17

Shift handover 
process

Unclear responsibility for cuff pressure re-measurement during 
shift handover, prone to omission

6 1.51 91.68

Sense of 

responsibility

Insufficient attention to routine monitoring by some nurses, 

existence of fluke mentality

5 1.26 92.94

Equipment 

maintenance

Pressure gauges not calibrated regularly, decreased accuracy after 

long-term use

4 1.01 93.95

Marking 
management

No clear marking on pressure gauges, easy to be confused with 
other equipment 

, 

4 1.01 94.96

Work rhythm Routine monitoring temporarily shelved during the concentrated 
rescue of critically ill patients

3 0.75 95.71

Communication 

and 
collaboration

Untimely communication of patient condition changes between 

medical and nursing staff, affecting the timing of pressure 
measurement

3 0.75 96.46

Assessment 

mechanism

No special assessment system, failure to include monitoring 

implementation in performance evaluation

3 0.75 97.21

Emergency 

supplies

Lack of emergency inflation equipment for cuff air leakage 2 0.50 97.71

Lighting 
conditions

Poor light in the ward at night, affecting the accuracy of value 
reading

2 0.50 98.21

Family cognition Family members’ misunderstanding of monitoring operations, 

interfering with bedside implementation

2 0.50 98.71

(Continued)
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Quality Control
A unified Nursing Quality Data Collection Form was formulated, and two researchers received unified training and could 
participate in data extraction only after passing the post-training assessment; data were extracted independently by two 
persons and cross-checked after extraction, and discrepancies were resolved through group discussion or consultation 
with third-party experts in critical care medicine; logical verification was conducted on the collected data to ensure 
a reasonable numerical range and consistent records, avoiding entry errors; the quality control team supervised the entire 
research process to ensure that the research process met the design requirements and reduce bias.

Statistical Analysis
SPSS 26.0 statistical software was used for data analysis. Measurement data conforming to normal distribution were 
expressed as mean ± standard deviation (χ � s), and inter-group comparison was performed using t-test; data not 
conforming to normal distribution were expressed as median (interquartile range) [M (Q1, Q3)], and inter-group 

Table 1 (Continued). 

Category of 
Influencing 
Factors

Specific Influencing Factors Agreement 
Frequency (n)

Percentage (%) Cumulative 
Percentage 
(%)

Special 

circumstances

Unclear pressure measurement process for patients with prone 

position ventilation

2 0.50 99.21

Pipeline 
matching

Insufficient length of pressure gauge connecting pipelines, pulling 
the tracheal intubation during operation

1 0.25 99.46

Knowledge 

update

Failure to timely synchronize the cuff pressure management 

standards in the latest guidelines

1 0.25 99.71

Psychological 

factors

Operational errors of new nurses due to nervousness when facing 

critically ill patients

1 0.25 99.96

Environmental 
interference

High noise in the ward, affecting nurses’ concentration and prone 
to missed data recording

1 0.04 100.00

Figure 2 Pareto chart of survey results of influencing factors for head-of-bed elevation and cuff pressure management.
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comparison was performed using Wilcoxon rank-sum test. Categorical data were expressed as count (percentage) [n (%)], 
and inter-group comparison was performed using χ2-test. Univariate analysis was used to screen potential factors 
influencing the compliance rates of the two core measures (head-of-bed elevation correct implementation rate and 
artificial airway cuff pressure compliance rate). Variables with P<0.05 in univariate analysis were included in the 
multivariate Logistic regression model to identify independent influencing factors for head-of-bed elevation correct 
implementation rate ≥90% and artificial airway cuff pressure compliance rate ≥90%, respectively. Spearman correlation 
analysis was used to explore the correlation between the compliance rates of the two measures and VAP incidence. The 
sample size included all eligible patients admitted to the EICU and RICU during the study periods. A P<0.05 was 
considered statistically significant.

Results
Baseline Characteristics of Study Subjects
There were no statistically significant differences in baseline data such as gender, age, APACHEII score, mechanical 
ventilation duration, and type of artificial airway between the two groups (P>0.05), indicating comparability. (Table 2).

Temporal Change Trends of the Compliance Rates of the Two Core Nursing Measures 
and the Incidence of VAP
Before the implementation, the annual average correct execution rate of head-of-bed elevation was 1751/2163 (80.95%), 
and the annual average compliance rate of artificial airway cuff pressure was 1705/2163 (78.84%), with both indicators 
below 90% throughout the year. After the implementation, the compliance rates of the two measures remained at a stable 
and high level: the correct execution rate of head-of-bed elevation was stable at 91.76%~96.99% with an annual average 
of 2017/2142 (94.16%), and the compliance rate of artificial airway cuff pressure was stable at 90.91%~96.55% with an 
annual average of 2016/2142 (94.10%). The annual average values of the two indicators were significantly higher than 
those before the implementation (χ2=156.324, df=1, P<0.001; χ2=172.589, df=1, P<0.001). The mean incidence of VAP 
was 227/2163 (10.52%) before the implementation and 83/2142 (3.87%) after the implementation, with a statistically 
significant difference between the two groups (χ2=43.986, df=1, P<0.001, OR=0.342, 95% CI: 0.263–0.445) (Figure 3).

Correlation Between the Compliance Rates of the Two Core Nursing Measures and 
the Incidence of VAP
Spearman correlation analysis showed that the correct execution rate of head-of-bed elevation was significantly 
negatively correlated with the incidence of VAP (r=−0.782, P<0.001), and the compliance rate of artificial airway cuff 
pressure was also significantly negatively correlated with the incidence of VAP (r=−0.765, P<0.001), indicating that the 
higher the compliance rates of the two measures, the lower the incidence of VAP (Figure 4).

Table 2 Baseline Characteristics of Study Subjects [n (%)/χ � s]

Clinical Data Pre-Implementation (n=2163) Post-Implementation (n=2142) t/χ2 P

Age (years) 62.5±11.3 63.1±10.8 −1.781 0.075

Gender 0.213 0.666
Male 1245 (57.6) 1218 (56.9)

Female 918 (42.4) 924 (43.1)

APACHEII Score (points) 22.3±5.6 22.1±4.8 1.258 0.209
Mechanical Ventilation Duration (days) 7.8±4.2 7.7±3.9 0.809 0.418

Type of Artificial Airway 1.169 0.558

Orotracheal Intubation 1358 (62.8) 1316 (61.4)
Nasotracheal Intubation 425 (19.6) 448 (20.9)

Tracheotomy 380 (17.6) 378 (17.6)
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Figure 3 Line chart of the correct execution rate of head-of-bed elevation, cuff pressure compliance rate and VAP incidence from January to December 2024 (pre- 
implementation) and 2025 (post-implementation). 
Abbreviation: VAP, ventilator-associated pneumonia.
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Factors Influencing the Combined Compliance Rate of the Two Core Nursing 
Measures
Univariate Analysis
With the correct implementation rate of head-of-bed elevation and cuff pressure compliance rate ≥90% as the dependent 
variables respectively, univariate analysis results showed that APACHE II score, duration of mechanical ventilation, 
patient agitation and delirium, type of artificial airway, implementation of standardized procedures, conduct of quality 
monitoring and nursing staffing were significantly correlated with the correct implementation rate of head-of-bed 
elevation (P<0.05), while age had no significant effect on it (P>0.05). APACHE II score, duration of mechanical 
ventilation, patient agitation and delirium, implementation of standardized procedures, conduct of quality monitoring 
and nursing staffing were significantly correlated with the cuff pressure compliance rate (P<0.05), while age and type of 
artificial airway had no significant effect on it (P>0.05) (Tables 3 and 4).

Figure 4 Scatter plots of the correlation between (A) head-of-bed elevation correct execution rate and VAP incidence, and (B) cuff pressure compliance rate and VAP 
incidence from January to December 2024 (pre-implementation) and 2025 (post-implementation). 
Abbreviation: VAP, ventilator-associated pneumonia.

Table 3 Univariate Analysis of Influencing Factors for the Correct Implementation Rate of Head-of-Bed Elevation [n (%)]

Factor Correct Implementation Rate of Head-of 
-Bed Elevation ≥90% (n=2458)

Correct Implementation Rate of Head-of 
-Bed Elevation <90% (n=1847)

χ2 P

Age (years) 1.825 0.177

≥65 1126 (45.81) 856 (46.34)
<65 1332 (54.19) 991 (53.66)

APACHE II Score 

(points)

32.154 <0.001

≥25 925 (37.63) 956 (51.76)

<25 1533 (62.37) 891 (48.24)

Mechanical Ventilation 
Duration (days)

18.967 <0.001

≥10 823 (33.48) 815 (44.13)

<10 1635 (66.52) 1032 (55.87)

(Continued)
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Multivariate Logistic Regression Analysis
Variables with P<0.05 in univariate analysis were included in the multivariate Logistic regression model. The results 
showed that APACHEII score ≥25 points (OR=1.331, 95% CI: 1.165–1.520, Wald χ2=16.258, df=1, P<0.001; OR=1.367, 
95% CI: 1.201–1.557, Wald χ2=20.587, df=1, P<0.001), duration of mechanical ventilation ≥10 days (OR=1.295, 95% 
CI: 1.128–1.487, Wald χ2=12.587, df=1, P<0.001; OR=1.316, 95% CI: 1.152–1.503, Wald χ2=15.126, df=1, P<0.001), 
patient agitation and delirium (OR=1.445, 95% CI: 1.238–1.688, Wald χ2=20.169, df=1, P<0.001; OR=1.510, 95% CI: 
1.305–1.748, Wald χ2=27.895, df=1, P<0.001), and insufficient nursing staffing (OR=2.191, 95% CI: 1.920–2.505, Wald 
χ2=124.896, df=1, P<0.001; OR=2.285, 95% CI: 2.005–2.612, Wald χ2=146.985, df=1, P<0.001) were independent risk 
factors for reducing the correct implementation rate of head-of-bed elevation and the cuff pressure compliance rate; the 
implementation of standardized procedures (OR=0.324, 95% CI: 0.282–0.372, Wald χ2=238.569, df=1, P<0.001; 
OR=0.311, 95% CI: 0.271–0.357, Wald χ2=279.658, df=1, P<0.001) and the conduct of quality monitoring 
(OR=0.319, 95% CI: 0.276–0.368, Wald χ2=233.897, df=1, P<0.001; OR=0.306, 95% CI: 0.267–0.351, Wald 
χ2=269.357, df=1, P<0.001) were independent protective factors for improving the correct implementation rate of head- 
of-bed elevation and the cuff pressure compliance rate, and the type of artificial airway was not an independent 
influencing factor (P>0.05) (Tables 5 and 6).

Discussion
This study used the PDSA cycle as a quality improvement tool and implemented full-process improved plans for the 
existing problems in the management of head-of-bed elevation and artificial airway cuff pressure in our hospital’s EICU 
and RICU, achieving significant improvements in the compliance rates of the two core VAP preventive measures and 
a substantial decrease in the incidence of VAP. The results showed that after the implementation of the intervention, the 
compliance rates of both head-of-bed elevation and cuff pressure increased significantly and remained at a stable high 
level, while the incidence of VAP decreased markedly. These findings support the potential application value of the 
PDSA cycle in the continuous improvement of nursing quality, consistent with the conclusion of the systematic review 

Table 3 (Continued). 

Factor Correct Implementation Rate of Head-of 
-Bed Elevation ≥90% (n=2458)

Correct Implementation Rate of Head-of 
-Bed Elevation <90% (n=1847)

χ2 P

Agitation and Delirium 36.892 <0.001
Yes 425 (17.29) 528 (28.59)

No 2033 (82.71) 1319 (71.41)

Type of Artificial Airway 5.012 0.025
Orotracheal Intubation 1652 (67.21) 1222 (66.16)

Nasotracheal 

Intubation/ 
Tracheotomy

806 (32.79) 625 (33.84)

Implementation of 

Standardized Processes

315.268 <0.001

Yes 1886 (76.73) 925 (50.08)

No 572 (23.27) 922 (49.92)

Conduct of Quality 
Monitoring

338.594 <0.001

Yes 1865 (75.87) 888 (48.08)

No 593 (24.13) 959 (51.92)
Nursing Staffing 168.357 <0.001

Yes 1658 (67.45) 865 (47.05)

No 800 (32.55) 978 (52.95)
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by Martinez-Reviejo et al2 that structured quality improvement strategies can enhance the implementation effect of VAP 
preventive measures.

From the perspective of the management optimization of the two core indicators, artificial airway cuff pressure 
management is a weak link in clinical VAP prevention and control. A survey of 194 tertiary hospital ICUs in China found 
that only 58% of departments could maintain a cuff pressure compliance rate of over 80%, with a manual pressure 

Table 4 Univariate Analysis of Influencing Factors for the Cuff Pressure Compliance Rate [n (%)]

Factor Cuff Pressure Compliance Rate ≥90% 
(n=2386)

Cuff Pressure Compliance Rate <90% 
(n=1919)

χ2 P

Age (years) 1.569 0.210

≥65 1085 (45.47) 897 (46.74)

<65 1301 (54.53) 1022 (53.26)
APACHE II Score (points) 28.976 <0.001

≥25 902 (37.80) 942 (49.10)

<25 1484 (62.20) 977 (50.90)
Mechanical Ventilation Duration 

(days)

15.632 <0.001

≥10 806 (33.80) 832 (43.35)

<10 1580 (66.20) 1087 (56.65)

Agitation and Delirium 42.185 <0.001
Yes 402 (16.85) 563 (29.33)

No 1984 (83.15) 1356 (70.67)

Type of Artificial Airway 2.158 0.142
Orotracheal Intubation 1580 (66.22) 1204 (62.74)

Nasotracheal Intubation/ 

Tracheotomy

806 (33.78) 715 (37.26)

Implementation of Standardized 

Processes

342.685 <0.001

Yes 1852 (77.62) 823 (42.89)
No 556 (23.30) 1096 (57.11)

Conduct of Quality Monitoring 365.927 <0.001

Yes 1830 (76.70) 823 (42.89)
No 556 (23.30) 1096 (57.11)

Nursing Staffing 185.639. <0.001

Yes 1605 (67.27) 822 (42.83)
No 781 (32.73) 1097 (57.17)

Table 5 Multivariate Logistic Regression Analysis of Influencing Factors for the Correct 
Implementation Rate of Head-of-Bed Elevation

Variable β SE Wald χ2 OR 95% CI P

APACHEII Score 0.286 0.071 16.258 1.331 1.165–1.520 <0.001
Mechanical Ventilation Duration 0.259 0.073 12.587 1.295 1.128–1.487 <0.001

Agitation and Delirium 0.368 0.081 20.169 1.445 1.238–1.688 <0.001

Type of Artificial Airway 0.112 0.075 2.216 1.119 0.968–1.292 0.136
Implementation of Standardized Processes −1.125 0.073 238.569 0.324 0.282–0.372 <0.001

Conduct of Quality Monitoring −1.142 0.075 233.897 0.319 0.276–0.368 <0.001

Nursing Staffing 0.785 0.070 124.896 2.191 1.920–2.505 <0.001

Notes: APACHEII score: ≥25=1, <25=0; Mechanical ventilation duration: ≥10 days=1, <10 days=0; Agitation and delirium: 
Yes=1, No=0; Type of artificial airway: Orotracheal intubation=1, Nasotracheal intubation/Tracheotomy=0; Implementation of 
standardized processes: Yes=1, No=0; Conduct of quality monitoring: Yes=1, No=0; Nursing staffing: Insufficient=1, 
Sufficient=0.
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measurement error rate of up to 15%.6 In contrast, this study standardized the use of precision manual cuff pressure 
gauges and eliminated subjective finger palpation, stabilizing the cuff pressure compliance rate at a high level. In 
addition, a systematic review by Mastrogianni et al17 pointed out that the effect of nursing bundle interventions depends 
on “process operability”. This study refined the guideline-recommended monitoring every 6–8 hours to monitoring every 
4–8 hours + re-measurement during shift handover and specified specific time points, transforming abstract guideline 
requirements into actionable behavioral norms for nurses. This optimization addresses the shortcoming of vague 
processes in previous bundle interventions and provides key support for improving measure adherence.

Multivariate Logistic regression analysis showed that APACHE II score ≥25 points, duration of mechanical ventila
tion ≥10 days, patient agitation and delirium, and insufficient nursing staffing were the common independent risk factors 
for reducing the compliance rates of the two indicators, which was consistent with clinical practice. Critically ill patients 
with an APACHE II score ≥25 points are often accompanied by multiple organ dysfunction. Postural adjustment of head- 
of-bed elevation may cause hemodynamic fluctuations, and the operation of cuff pressure monitoring may also interfere 
with the stability of patients’ vital signs. Nurses tend to prioritize “maintaining the stability of vital signs” over 
“implementing preventive measures” in the trade-off, which is consistent with the research conclusion of Wang et al5 

It also suggests that clinical individualized indicator implementation plans should be formulated for critically ill patients 
to implement standardized operations as much as possible on the premise of ensuring the stability of vital signs. For 
patients with mechanical ventilation duration ≥10 days, nurses tend to shift their work focus to dominant indicators such 
as airway humidification and infection control due to the “nursing fatigue effect”, while basic preventive measures such 
as head-of-bed elevation and cuff pressure monitoring are easily ignored.18 Güner et al4 also reported a negative 
correlation between the duration of mechanical ventilation and the correct implementation rate of head-of-bed elevation, 
confirming that the implementation of basic nursing measures for patients with long-term mechanical ventilation needs to 
strengthen special quality control. Patient agitation and delirium were another important risk factor, consistent with the 
findings reported in previous studies.19 This is because agitation not only makes it difficult to maintain the position of 
head-of-bed elevation, but also causes displacement of the cuff pipeline and interruption of pressure measurement 
operations, and even the measured pressure value deviates from the real level due to the patient’s struggle. It suggests that 
clinical timely sedation, physical restraint and other intervention measures should be taken for patients with agitation and 
delirium to ensure the standardized implementation of the two indicators.20 Consistent with the findings of this study, 
international research has also identified insufficient nursing staffing as a major barrier to high-quality VAP prevention 
care.21 Because patients in the ICU have severe conditions and high nursing needs, when staffing is insufficient, nurses 
tend to choose time-saving and subjective operations to replace standardized operations. This result is highly consistent 
with the conclusion of Shao et al6 that staffing shortage reduces the cuff pressure compliance rate by 15%–20%, 
suggesting that the quality improvement of ICU VAP prevention and control cannot only focus on the measures 
themselves, but also needs to be supported by a dynamic staffing allocation plan based on the severity of patients’ 
conditions, rather than a fixed “nurse-patient ratio” standard. Only by dynamically adjusting staffing according to the 
patients’ disease grading and the difficulty of nursing operations can the implementation of basic nursing measures be 

Table 6 Multivariate Logistic Regression Analysis of Influencing Factors for the Artificial Airway 
Cuff Pressure Compliance Rate

Variable β SE Wald χ2 OR 95% CI P

APACHEII Score 0.312 0.069 20.587 1.367 1.201–1.557 <0.001

Mechanical Ventilation Duration 0.275 0.071 15.126 1.316 1.152–1.503 <0.001

Agitation and Delirium 0.412 0.078 27.895 1.510 1.305–1.748 <0.001
Implementation of Standardized Processes −1.168 0.070 279.658 0.311 0.271–0.357 <0.001

Conduct of Quality Monitoring −1.185 0.072 269.357 0.306 0.267–0.351 <0.001

Nursing Staffing 0.826 0.068 146.985 2.285 2.005–2.612 <0.001

Notes: APACHEII score: ≥25=1, <25=0; Mechanical ventilation duration: ≥10 days=1, <10 days=0; Agitation and delirium: 
Yes=1, No=0; Type of artificial airway: Orotracheal intubation=1, Nasotracheal intubation/Tracheotomy=0; Implementation of 
standardized processes: Yes=1, No=0; Conduct of quality monitoring: Yes=1, No=0; Nursing staffing: Insufficient=1, 
Sufficient=0.
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fundamentally guaranteed, which provides a new thinking direction for the optimization of nursing management.7 It is 
important to note that while the present study demonstrates the significant impact of compliance with these core care 
processes on VAP incidence, patient prognosis is determined not only by nursing practices but also by the patient’s 
underlying physiological status. In this context, bedside, easily applicable parameters such as the Shock Index (SI), 
Modified Shock Index (MSI), and Age Shock Index (ASI) have been shown to be significant predictors of mortality in 
critically ill patients and can provide valuable guidance for clinical decision-making.22 Integrating these physiological 
indicators into routine risk assessment alongside process compliance monitoring may help identify high-risk patients 
more accurately and implement targeted interventions to improve overall patient outcomes.

At the same time, this study clarified that the implementation of standardized procedures and the conduct of quality 
monitoring are the common independent protective factors for improving the compliance rates of the two indicators (all 
OR values < 0.325), and the protective effect on the cuff pressure compliance rate is slightly higher than that on the head- 
of-bed elevation. The reason is that the operation standardization of cuff pressure monitoring is higher, and procedure 
consolidation and quality monitoring can more directly reduce subjective operation errors, while the implementation of 
head-of-bed elevation is slightly interfered by individual factors such as patients’ postural tolerance and bed unit 
environment. This difference provides a basis for formulating targeted clinical optimization strategies: for the imple
mentation of head-of-bed elevation, an individualized postural assessment link can be added, and the elevation angle can 
be adjusted and effectively fixed according to the patient’s condition and body shape to reduce postural deviation; for cuff 
pressure management, procedure consolidation and regular equipment calibration can be further strengthened, the 
frequency of pressure gauge calibration can be increased, and standby pressure measurement equipment can be 
configured to continuously improve the accuracy of monitoring.8 In addition, univariate analysis showed that the type 
of artificial airway was correlated with the correct implementation rate of head-of-bed elevation, but this effect was offset 
by other strong factors in multivariate analysis, confirming that the type of artificial airway is not an independent 
influencing factor of the two indicators. It suggests that there is no need to formulate differentiated implementation 
standards according to the type of artificial airway in clinical practice, and standardized management requirements can be 
uniformly implemented to reduce the complexity of nursing operations and improve the compliance of measure 
implementation.23

Spearman correlation analysis accurately quantified the correlation between the two core indicators and the incidence 
of VAP, confirming that both the correct implementation rate of head-of-bed elevation and the compliance rate of 
artificial airway cuff pressure are significantly and strongly negatively correlated with the incidence of VAP, that is, the 
incidence of VAP will decrease by a corresponding margin for every 1 percentage point increase in the compliance rates 
of the two indicators, which clarifies the core value of the two indicators in VAP prevention and control. From the 
perspective of pathophysiological mechanism, the two indicators achieve the synergistic effect of VAP prevention from 
two dimensions of upstream block and airway barrier: head-of-bed elevation at 30°–45° reduces gastroesophageal reflux 
and microaspiration, reducing the risk of oropharyngeal colonizing bacteria invading the lower respiratory tract from the 
source,24 maintaining the cuff pressure at 25~30 cmH2O effectively seals the airway and prevents secretions above the 
cuff from falling into the lungs.25 Both are core measures to block the key pathogenesis of VAP, and their standardized 
implementation is an important foundation for reducing the incidence of VAP. Mastrogianni et al17 pointed out that VAP 
prevention bundle measures can significantly reduce the infection rate, but did not clarify the prevention and control 
value of a single core indicator. This study focused on two core indicators strongly recommended by guidelines and 
confirmed that improving their compliance rates through the PDSA cycle can achieve a substantial decrease in the 
incidence of VAP. This finding has important practical implications for resource-limited settings: prioritizing these two 
easily implementable, cost-effective core indicators through standardized, continuous management may represent 
a pragmatic starting point to reduce VAP risk, particularly when resources are insufficient to implement full compre
hensive bundles. It is critical to emphasize that these data support the independent value of these two indicators, but do 
not negate the potential benefits of more comprehensive VAP prevention bundles in settings where they can be fully 
implemented and sustained.26,27

Compared with previous studies,9,28 the innovations of this study are mainly reflected in three aspects: first, a full- 
process quality improvement plan for the two core indicators was formed with the PDSA cycle as a tool, forming 
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a closed-loop management from root cause analysis and measure implementation to effect monitoring and long-term 
consolidation, which provides a replicable and operable practical path for clinical promotion and application; second, it 
uses 2-year complete time-series data to show the dynamic variation trends of measure compliance rates, indicating that 
the implementation difficulties of different measures vary and targeted optimization of intervention strategies is needed; 
third, it quantifies the interaction between patient-level and nursing-level factors through multivariate analysis, providing 
empirical evidence for formulating individualized and systematic quality improvement plans in clinical practice.

Limitations
This study has several important limitations that should be acknowledged. First, it was a single-center before-after 
observational study, which is vulnerable to temporal confounding factors such as secular trends in clinical practice, 
infection control strategies, staffing changes and case mix variations that may have contributed to the observed outcomes 
independently of the PDSA intervention. Second, the intervention was multicomponent, making it impossible to 
determine which specific component drove the observed improvements in compliance and VAP incidence. Third, 
important clinical variables such as sedation level, enteral nutrition practices and antibiotic use were not included in 
the analysis, which may have introduced residual confounding. Fourth, formal interrupted time series analysis was not 
performed, which would have provided a more robust evaluation of the system-level intervention. Finally, the long-term 
sustainability of the intervention beyond 2025 was not tracked. In the future, multi-center and prospective studies are 
needed to further verify the conclusions of this study and include more confounding factors for analysis to provide more 
comprehensive empirical evidence for VAP prevention and control.

Conclusion
PDSA cycle-based comprehensive quality improvement measures including standardized monitoring procedures, stan
dardized measuring tools and continuous quality control were associated with improved compliance rates of head-of-bed 
elevation and artificial airway cuff pressure in mechanically ventilated patients, maintained the two indicators at a stable 
high level, and lower VAP incidence. Patient agitation and delirium, insufficient nursing staffing, high APACHE II score 
and long duration of mechanical ventilation are the main risk factors affecting the compliance rates of the two measures, 
while the implementation of standardized procedures and continuous quality control are important protective factors. 
Both the correct implementation rate of head-of-bed elevation and the compliance rate of artificial airway cuff pressure 
are significantly and strongly negatively correlated with the incidence of VAP. Strengthening the standardized imple
mentation of these two core indicators has important clinical significance for improving patient prognosis, enhancing 
nursing quality and reducing medical burdens.
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