
Preventive Medicine Reports 39 (2024) 102637

Available online 3 February 2024
2211-3355/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Effect of a physician-nurse integrated lung protection care model in 
neurocritical patients 

Xuan Li a,1, Yu Wang a,1, Qian Zhang a,* 

a Neurosurgical Intensive Care Unit, Xijing Hospital, the Fourth Military Medical University, Xi ’an 710032, China   

A R T I C L E  I N F O   

Keywords: 
Lung function protection care 
Care model 
Physician-nurse coordination 
Prognosis 

A B S T R A C T   

Background: Lung injury resulting from diffuse pulmonary interstitial and other lung-related complications is a 
significant contributor to poor prognosis and mortality in patients with critical neurological diseases. To enhance 
patient outcomes, it is essential to investigate a lung protection model that involves the collaboration of doctors, 
nurses, and other medical professionals. 
Methods: Patients receiving different care styles were divided into two groups: routine care (RC) and lung 
function protection care (LFPC). The LFPC group included airway and posture management, sedation and 
analgesia management, positive end-expiratory pressure titration in ventilation management, and fluid volume 
management, among others. Statistical analysis methods, such as chi-square, were used to compare the incidence 
of acute lung injury (ALI), neurogenic pulmonary edema (NPE), ventilator-associated pneumonia (VAP), acute 
respiratory distress syndrome (ARDS), and length of stay between the RC and LFPC groups. 
Results: The RC group included 68 patients (33 males; 34–74 years of age). The LFPC group included 60 patients 
(29 males; 37–73 years of age). Compared with the RC group, the LFPC group had lower occurrence rates of ALI 
(20.0 % vs. 38.2 %, P = 0.024), NPE (8.3 % vs. 23.5 %, P = 0.021), VAP (8.3 % vs. 25.0 %, P = 0.013), and ARDS 
(1.7 % vs. 16.2 %, P = 0.015). The length of hospital stay was shorter in the LFPC group than in the RC group 
(11.3 ± 3.5 vs. 14.3 ± 4.4 days, P = 0.0001). 
Conclusion: The physician-nurse integrated lung protection care model proved to be effective in improving 
outcomes, reducing complications, and shortening the hospital stay length for neurocritical patients.   

1. Introduction 

Neurocritical patients refer to individuals with severe nervous sys
tem conditions, including acute cerebrovascular diseases, craniocerebral 
injury, and intracranial tumors. These patients are identified by a 
Glasgow Coma Scale (GCS) score of less than 12 points (Kramer & 
Couillard, 2020; Kuroda, 2016; Oddo et al., 2019). The most common 
admission diagnosis is subarachnoid hemorrhage, and the majority of 
patients are male with at least two complications, such as traumatic 
brain and spinal cord injury, myasthenia, epilepsy, and irreversible 
hypoxic brain injury (Broessner et al., 2007; Suarez et al., 2020; Ven
katasubba Rao et al., 2020; Zacharia et al., 2012). However, neuro
critical illness can be caused by various diseases, each with its own 
specific epidemiology and prognosis. Generally, these conditions have a 
poor prognosis and high mortality rate (Broessner et al., 2007; Kramer & 
Zygun, 2013). 

According to the ’brain-lung double-hit theory’, the interaction and 
action of brain-lung function can result in various factors such as 
increased intracranial pressure and catecholamine release. These factors 
can lead to the development of neurogenic pulmonary edema (NPE), 
respiratory system injury (e.g., ARDS), and hypercapnia. Additionally, 
these diseases cause systemic changes in both pulmonary and systemic 
circulation, which in turn affect the brain tissue. This aggravates the 
symptoms of nervous system ischemia and hypoxia, creating a vicious 
cycle that further impacts the prognosis of patients (Mascia, 2009; 
Mrozek, Constantin, & Geeraerts, 2015; Mrozek, Gobin, Constantin, 
Fourcade, & Geeraerts, 2020). Impairment of lung function (respiratory 
failure, pulmonary edema, pendant pneumonia, septicemia, etc.) is the 
most common complication in many neurocritical patients during hos
pitalization (Hoesch et al., 2012; Lee & Rincon, 2012). For critically ill 
patients, lung diseases can aggravate brain injury, and respiratory fail
ure and pendulous pneumonia are independent prognostic risk factors 
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for brain injury patients (Chinese Neurosurgical Society of Chinese 
Medical Association & China Collaborative Group of Neurosurgical 
Intensive Care Management, 2020). 

Therefore, treatment and protection of the lungs in neurocritical 
patients is crucial to improve their prognosis. At the same time, effective 
measures should be taken to protect the lungs of neurocritical patients 
during the treatment and care process. This is crucial to reduce the 
mortality rate and associated complications and improve the recovery 
rate (Tao et al., 2019). Mechanical ventilation is an invasive interven
tion associated with pneumonia, cognitive dysfunction and prognosis in 
neurocritical patients (Bilotta, Giordano, Sergi, & Pugliese, 2019; Kamuf 
et al., 2018), emphasizing the importance of adequate patient moni
toring and care. Therefore, an appropriate and optimized ventilation 
management protocol is essential to avoid further neurological damage. 

New diagnostic and treatment methods are a blessing for patients 
with critical neurological diseases, as a large number of complications 
lead to a poorer prognosis. Compared to other care models (Corradi 
et al., 2018a), we not only have a multidisciplinary care team, but also 
increased and improved fluid management, an information-integrated 
lung injury risk assessment system, early individualized analgesia and 
sedation, balloon pressure detection and airway humidification through 
the three directions of “early warning-treatment-rehabilitation”. With 
this in mind, this study aims to explore a model of lung protection in 
neurocritical care patients that involves collaboration between physi
cians, nurses and caregivers, and the impact of this model on the inci
dence of pulmonary complications and hospitalisation. 

2. Methods 

2.1. Study design and patients 

In this study, retrospective data collection and prospective design 
analyses were performed on patients with severe neurocritical patients 
admitted to the Department of Neurosurgery at the First Affiliated 
Hospital of the Air Force Military Medical University from March 2018 
to April 2020. 

Patients enrolled between May 2018 and January 2019 were 
included in the RC group due to insufficient testing devices and in
dicators to assess lung function. Since February 2019, a collaborative 
lung protection strategy for doctors, nurses and healthcare staff has been 
introduced for patients with neurocritical illnesses. Patients admitted 
after this date received more sophisticated care to protect lung function 
based on the RC group and were included in the LFPC group. The main 
differences between the RC and LFPC groups are shown in Supplemen
tary Table 1. 

The inclusion criteria were 1) inpatients in the neurosurgery ward, 2) 
diagnosed with acute and severe neurological disease such as cerebro
vascular disease, traumatic brain injury, and intracranial tumor by 
computed tomography (CT) and cerebral angiography, 3) mechanical 
ventilation lasted longer than 12 h, and 4) GCS was 3–12 points (Bodien 
et al., 2021). The exclusion criteria were 1) patients with primary car
diac and pulmonary disease or 2) patients who had been in the intensive 
care unit (ICU) for less than 24 h. 

2.2. Routine care 

The patients in the RC group were diagnosed and treated by the 
doctors in the neurosurgical care unit. They received oxygen therapy, 
ventilation therapy, lung recruitment and medication. The nurses fol
lowed the doctors’ instructions for routine care. Interventions that were 
part of the monitoring and treatment of lung injuries included airway 
management and postural management. Airway management required a 
balloon pressure monitor to monitor balloon pressure, timely inhalation 
of a nebulizer, and assessment of aspiration risk in combination with 
traditional intra-abdominal pressure monitoring. Postural management 
required the patient to lie supine and on their side and to aspirate 

sputum independently. No additional attention was paid to the moni
toring and treatment of pulmonary function impairment (Ntoumeno
poulos et al., 2018; Oddo et al., 2018; Qin et al., 2019). 

Doctors were responsible for examining and diagnosing patients, 
administering oxygen therapy, ventilation therapy, lung recruitment 
and drug therapy, giving medical orders and monitoring the situation 
after implementation. For patients with no contraindications, nurses 
raised the head of the bed 45◦, turned patients over and patted them on 
the back every two hours, and had them inhale nebulized oxygen six 
times a day (tracheal intubation and intratracheal infusion for patients 
using a ventilator). The healthcare staff carried out the relevant exam
inations on the instructions of the doctors and reported the results. 

2.3. Lung function protection care 

To reduce the incidence of lung-related injuries in severe neuro
critical patients, a multidisciplinary cooperative intervention team was 
formed with the head of the neurosurgical intensive care unit and the 
head nurse as team leaders (Fig. 1) (Laopoulou et al., 2019). Under the 
leadership of the Director of the Neurosurgical Intensive Care Unit, the 
team, in collaboration with physicians, nurses and medical pro
fessionals, performed early screening of the risk of lung function injury 
and appropriate treatment of patients to improve patient outcomes, 
reduce the incidence of acute lung injury (ALI), neurogenic pulmonary 
edema (NPE), ventilator-associated pneumonia (VAP), respiratory 
distress syndrome (ARDS) and average length of hospital stay. 

The multidisciplinary team consisted of 15 members: four doctors 
from the neurosurgery department, eight nurses from the critical 
neurosurgery department, one nurse from the respiratory department, 
one doctor from the ultrasound department and one healthcare 
specialist from the radiology department. 

2.4. Admission patient risk evaluation 

All patients were mechanically ventilated for at least 12 h prior to 
admission. All patients were assessed for risk of lung injury on admis
sion. Risk screening was performed using the Murray Lung Injury Score 
(Murray, Matthay, Luce, & Flick, 1988) and the Lung Injury Prediction 
Score (LIPS score) (Gajic et al., 2011; Mikkelsen et al., 2013; Trillo- 
Alvarez et al., 2011). The two scores were evaluated within 2 h of the 
patient’s admission to the emergency department (scoring results were 
not recorded). The Murray lung injury score > 0 points indicates lung 
injury, and the LIPS score > 4 indicates high risk. In these patients, blood 
gas analysis was performed twice a day, patients were turned over and 
patted on the back once an hour (compared to 2 h in the low-risk pa
tients), and the expectoration device was used three times a day. Lung 
injury treatment improvement rate = (number of people who have 
improved lung injury treatment/number of people who have suffered 
lung injury) × 100 %. Improved mechanical ventilation rate was 
calculated as: (number of people successfully extubation/total patients) 
× 100 %. All data were collected from patient’s medical records. 

2.5. Integrated lung protection strategy 

The implementation of the integrated lung protection strategy was 
based on the cooperation of several medical care departments. The lung 
protection mode referred to the proactive prevention and treatment of 
acute lung injuries that may occur or have occurred due to various 
causes and risk factors in order to prevent pulmonary complications, 
preserve patients’ lung function and promote early recovery (Nieman 
et al., 2020). In the pulmonary protective care model, more compre
hensive diagnosis and treatment were provided through the collabora
tion of physicians, nurses and healthcare professionals to reduce the 
incidence of lung-related injuries. During rehabilitation, medications, 
physical therapy and equipment were used to improve the final 
outcome. 
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Fig. 1. Schematic representation of the integrated team of physicians, nurses, and healthcare professionals for lung protection care.  

Fig. 2. Schematic representation of the process of the lung protection ventilation strategy.  
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Respiratory and postural management was led by the nurses. The 
doctors were involved in postural management. Sedation, analgesia and 
volume management were led by the physicians. Ventilator manage
ment was led by the physicians and involved the medical officers and 
nurses. Airway management included reduction of airbag leaks and 
airway injury, continuous nebulization as needed, an improved method 
of monitoring intra-abdominal pressure, nasal insertion of jejunal tube 
feeding, alternating cold and warm oral care, and training in swallowing 
function. 

Postural management required positioning the patient in the prone 
position and integrating auscultation of mucus sounds, changing body 
position, tapping on the back and suctioning. 

2.6. Sedation and analgesia management 

The process of lung protection ventilation strategy also included 
sedation and analgesia (Fig. 2). The patients with a Richmond Agitation- 
Sedation Scale (RASS) (Sessler et al., 2002) score ≥ 2 received sedation 
and analgesia. The patients who required sedation were reassessed every 
1 to 2 h. If necessary, the interval between assessments could be short
ened to determine whether to continue sedation. The ideal light sedation 
state was evaluated by a RASS of 0–2 points. For patients with agitation, 
physical restraint, drug sedation, and analgesia were combined. 
Commonly used drugs included dexmedetomidine injection and mid
azolam injection. After reaching the sedation goal, the nurse evaluated 
the patients every 2 h and waked up the patient every day. The nursing 
staff closely monitored the vital signs and adverse drug reactions. 

2.7. PEEP titration management 

The ventilation strategy process for lung protection included positive 
end-expiratory pressure (PEEP) titration and volume management 
(Fig. 2). Continuous arterial blood gas monitoring was performed for 
PEEP titration, and the optimal oxygenation method, P-V curve and 
other methods were combined to titrate the best PEEP. Intracranial 
oxygenation had to be maintained while preventing alveolar hyper
ventilation and avoiding exacerbation of lung injury. The air was 
warmed and humidified. Nurses received increased training in under
standing the meaning of an alarm for each baseline parameter and 
initiating an appropriate emergency response, reporting and acting in a 
timely manner. 

2.8. Fluid volume management 

A non-invasive blood flow variability detector was used to dynami
cally monitor the plethrogen variability index (PVI) in real time to guide 
fluid volume; >14 % indicated the need for active fluid infusion. In
dications for blood transfusion were based on the total hemoglobin in
dicator (SpHb). When administering fluid therapies, infusion pumps 
were used to tightly control the flow rate (Oddo et al., 2018). 

2.9. Statistical analysis 

The categorical data are presented as n (%) and were analyzed using 
the chi-square test. The continuous data were tested for normal distri
bution using the Kolmogorov-Smirnov test. Those with a normal dis
tribution are presented as means ± standard deviations and were 
analyzed using Student’s t-test; otherwise, they are presented as medians 
(interquartile ranges) and were analyzed using the Mann-Whitney U 
test. P-values < 0.05 are considered statistically significant. The data 
were managed and analyzed using SPSS 22.0 (IBM Corp., Armonk, NY, 
USA). 

3. Results 

3.1. Characteristics of the patients 

Finally, 68 patients were included in the RC group according to the 
exclusion criteria. Of these, 33 (48.5 %) were male and 35 (51.5 %) were 
female. There were 31 patients with acute cerebrovascular disease, 14 
with intracranial tumor, 23 with head injury, 53 with surgical treatment 
and 15 with non-surgical treatment. Sixty patients with neurocritical 
illnesses were included in the LFPC group. Among them, 29 (48.3 %) 
were male and 31 (51.7 %) were female. There were 26 patients with 
acute cerebrovascular disease, 13 with intracranial tumor, 21 with head 
injury, 47 with surgical treatment and 13 with non-surgical treatment. 
There were no significant differences in age, sex, GCS score, diagnosis, 
heart function, comorbidities, intracranial hypertension, and surgery 
between the two groups (all P > 0.05) (Table 1). Therefore, the com
parison of the assessment of lung function impairment between the RC 
and LFPC groups could be performed using inclusion and exclusion 
criteria. 

3.2. Medical care and intervention on lung-related injuries between 
routine care and the multidisciplinary lung protection model 

Compared with the RC group, the LFPC group showed lower fre
quencies of LIPS > 4 (15.00 % vs. 32.35 %, P = 0.029) and Murray score 
> 0 (20.00 % vs. 38.23 %, P = 0.039); sedation and analgesia (40.00 % 
vs. 17.65 %, P = 0.009), individualized PEEP (53.33 % vs. 20.59 %, P <
0.001); fluid volume management (100 % vs. 30.88 %, and higher 
volume of IV infusion during night (1226.8 ± 189.6 vs. 657 ± 110.9 ml, 

Table 1 
Characteristics of patients with brain injury in the RC and LFPC groups from 
2018 to 2020 in Xijing Hospital (n = 128).  

Characteristics Total 
n = 128 

RC group 
n = 68 

LFPC group 
n = 60 

P* 

Sex, n (%)     0.562 
Male 62 33 (53) 29 (47)  
Female 66 35 (53) 31 (47)  
Age (years), n (%)     0.398 
≥55 77 40 (52) 33 (48)  
<55 55 28 (51) 27 (49)  
GCS, n (%)     0.430 
Mild/Moderate 64 35 (55) 29 (45)  
Severe 64 33 (52) 31 (48)  
Diagnosis     
Cerebrovascular disease, n (%)     0.469 
Yes 57 31 (54) 26 (46)  
No 71 37 (52) 34 (48)  
Intracranial tumor, n (%)     0.526 
Yes 27 14 (52) 13 (48)  
No 101 54 (53) 47 (47)  
Craniocerebral injury, n (%)     0.237 
Yes 54 23 (43) 31 (57)  
No 74 45 (61) 29 (39)  
Diabetes, n (%)     0.573 
Yes 30 16 (53) 14 (47)  
No 98 52 (53) 46 (47)  
Hypertension, n (%)     0.491 
Yes 46 25 (54) 21 (46)  
No 82 43 (52) 39 (48)  
Surgery, n (%)     0.565 
Yes 100 53 (53) 47 (47)  
No 28 15 (54) 13 (46)  

Abbreviations: lung function protection care (LFPC); routine care (RC); Glas
gow coma scale (GCS) (Mehta & Chinthapalli, 2019):Mild (13–15); Moderate 
(9–12); Severe (3–8). Diabetes: No diabetes-related complications (diabetic 
ketoacidosis, etc.); Hypertension: No hypertension-related complications 
(myocardial infarction, cerebral infarction, etc.); Surgery: No tumor-related 
surgery. 

* Note: Chi-square test is used as a statistical method to obtain the P-values. 
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P < 0.001), and lower volume of IV infusion during day (2088.8 ± 322.8 
vs. 262804 ± 443.6 ml, P < 0.001). Compared with the RC group, the 
LFPC group had lower occurrence rates of ALI (20.0 % vs. 38.2 %, P =
0.024), NPE (8.3 % vs. 23.5 %, P = 0.021), VAP (8.3 % vs. 25.0 %, P =
0.013), and ARDS (1.7 % vs. 16.2 %, P = 0.015). The length of hospital 
stay was shorter in the LFPC group than in the RC group (11.3 ± 3.5 vs. 
14.3 ± 4.4 days, P = 0.0001). From the above results, we found that the 
time to diagnose lung injury (P < 0.001) and the mortality related to 
lung injury (P < 0.01) could be significantly shortened by improving the 
detection indicators and improving the diagnosis and treatment 
methods (Table 2). 

4. Discussion 

Neurocritical patients have a high risk of suffering a lung injury 
during hospitalization, which would worsen their condition (Hoesch 
et al., 2012; Lee & Rincon, 2012; Mascia, 2009; Mrozek et al., 2015; 
Mrozek et al., 2020). This study aims to investigate a lung protection 
model for neurocritical patients, which involves collaboration among 
physicians, nurses, and healthcare professionals. The study also aims to 
assess the impact of this model on the occurrence of pulmonary com
plications and length of hospital stay. The results suggest that compared 
to conventional routine care, the physician-nurse integrated lung pro
tection model was effective in improving outcomes by reducing related 
complications and shortening the length of hospital stay for neuro
critical patients. 

In the treatment of neurocritical patients, a patient-centered multi
disciplinary approach should be used to provide holistic treatment and 
nursing care. This approach aims to prevent the oversight of overall 
organ functions while focusing on the disease development at specific 

locations (Glass, Rogers, Peloquin, & Bonifacio, 2014; Kramer & Zygun, 
2013; Tao et al., 2019). Western countries such as the United Kingdom 
and the United States have implemented a “lung protection” strategy 
that prioritizes prevention, professional diagnosis and treatment, and 
multidisciplinary collaboration (Hu, Pittet, Kerby, Bosarge, & Wagener, 
2017). In China, there is a greater focus on treatment rather than pre
vention, which often results in missed opportunities for preventing and 
treating lung injuries, leading to poor outcomes such as dependence on 
ventilators and even death. Currently, the negative impact of pulmonary 
complications on the outcomes of neurocritical patients is well known 
(Wang, 2019), but the specific pathogenesis of these diseases remains to 
be further studied. This study has demonstrated that implementing a 
lung protection strategy can reduce lung-related injuries to some extent, 
warranting clinical application and ongoing improvement. 

In this study, lung protection for critically ill patients was imple
mented through three phases: early warning, rescue, and rehabilitation. 
The early warning stage involves early identification of lung injury using 
the lung injury assessment scale, an improved method for monitoring 
intra-abdominal pressure, and a convenient operation. It also includes 
the implementation of graded early warning management for critically 
ill patients, high injury risk hanging signs, and key transfers for each 
class. 

The treatment stage involved controlling the source of stress through 
sedation and analgesia. Patients with severe neurological illnesses may 
exhibit poor cooperation and intense agitation. Nociceptive pain stim
ulation can lead to the body remaining in a heightened state of stress by 
activating the sympathetic-adrenal medulla system, which can result in 
lung function damage and increased oxygen consumption (Aubanel, 
Bruiset, Chapuis, Chanques, & Payen, 2020; Gelinas, Klein, Naidech, & 
Skrobik, 2013). Therefore, the Richmond Agitation-Sedation Scale 
(RASS) was used to evaluate the effect of sedation. Furthermore, the 
treatment involved maintaining a stable circulation of body fluids. The 
patients were monitored for a week to create a 24-hour patient intake 
curve. There was a noticeable correlation between the amount of fluid 
infusion and nursing work: the volume was sufficient during the day and 
decreased during the night. For this reason, the following enhancements 
have been implemented. The nurse utilized the infusion pump to 
administer the liquid at a consistent rate, adjusted the infusion speed 
based on the physician’s instructions, and dynamically monitored the 
perfusion variation index (PVI) and other indicators. In this study, the 
concept of neurocritical nursing was transformed by shifting from a 
passive response to instrument alarms to an active observation and 
evaluation. The nurses were trained to interpret blood gas analysis and 
other monitoring parameters, and they also participated in medical 
rounds. The medical team utilized various indicators and nursing feed
back, along with guidance from the respiratory department, to dynam
ically adjust the parameters of the ventilator and implement prone 
ventilation when necessary. 

In the rehabilitation stage, continuous humidification of the airway 
was performed. The benefits of continuous humidification include 
consistent delivery, minimal use of humidification liquid, reduced risk 
of coughing, and nebulization to offset the ongoing loss of water in the 
patients’ airways due to ventilation. The airway is consistently humid
ified, which reduces the viscosity of sputum, ensures an unobstructed 
airway, and enhances patient comfort. In addition, swallowing training 
was performed to prevent aspiration. 

The prevention strategy proposed in this study achieved good out
comes, as supported by other strategies developed elsewhere on the 
globe (Beuret et al., 2002; Corradi et al., 2018b; Lee & Rincon, 2012; 
Mrozek et al., 2015). The advantages of the strategy proposed here are 
that it requires no additional tools and equipment besides those already 
used in neurocritical care, and it favors the active participation of the 
whole neurocritical care team. 

Nevertheless, this study has limitations. The sample size is small and 
from a single hospital. In addition, the two groups of patients are from 
two different time periods, which could induce bias due to possible 

Table 2 
Monitoring and treatment of lung-related injuries in the two groups from 2018 
to 2020 in Xijing Hospital (n = 128).  

Medical care RC group 
(n = 68) 

LFPC group 
(n = 60) 

P* 

Time from the patient’s admission to 
the diagnosis of lung injury (days) 

3.32 ± 1.19 2.37 ± 0.95  0.00 

Time (days) from the patient’s 
admission to the start of treatment of 
lung injury 

3.51 ± 1.30 2.40 ± 0.93  0.00 

Lung injury treatment improvement 
rate, n (%) 

57 (83.8) 55 (91.7)  0.28 

Lung injury mortality, n (%) 11 (16.2) 1 (1.7)  0.01 
Lung injury monitoring: Murray Score 1.16 ± 0.34 0.74 ± 0.21  0.00 
Lung injury monitoring: LIPS    0.04 
>4, n (%) 22 (32.4) 9 (15)  
<4, n (%) 46 (67.6) 51 (85)  
Airway management: airbag leakage 

and airway injury, n (%) 
11 (16.2) 5 (8.3)  0.28 

Sedation and analgesia, n (%) 12 (17.6) 24 (40)  0.01 
RASS > 2, n (%) 8 (11.8) 2 (3.3)  0.15 
Individualized PEEP, n (%) 14 (20.59) 32 (53.33)  <0.001 
Liquid volume management, n (%)    0.00 
IV infusion at day time, ml 2628.4 ±

443.6 
2088.8 ±
322.8  

IV infusion at nigh time, ml 657.1 ±
110.9 

1226.8 ±
189.6  

Acute lung injury, n (%) 26 (38.2) 12 (20.0)  0.024 
Neurogenic pulmonary edema, n (%) 16 (23.5) 5 (8.3)  0.021 
Ventilator-associated pneumonia, n (%) 17 (25.0) 5 (8.3)  0.013 
Acute respiratory distress syndrome, n 

(%) 
11 (16.2) 1 (1.7)  0.015 

Average length of in-hospital (day) 14.3 ± 4.4 11.3 ± 3.5  0.0001 

Abbreviations: LFPC: lung function protection care; RC: routine care; LIPS: lung 
injury prediction score; RASS: Richmond agitation-sedation scale; PEEP: positive 
end-expiratory pressure. 

* Note: The continuous variable P-value comes from the weighted student t- 
test; The categorical variable P-value is derived from the weighted chi-squared 
test. 
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differences in practice, but it also ensured that the control group was not 
influenced and biased by the changes in practice due to the lung pro
tection strategy in the other group. Nevertheless, additional studies are 
necessary to optimize the strategy. 

In conclusion, the physician-nurse integrated lung protection care 
model effectively reduces lung injury-related complications and im
proves the prognosis of patients with critical neurological conditions. 
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