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ABSTRACT
Emergency critical illness is a common disease in the emergency department. However, whether it contributes to the effects of pneumatic ventilator on emergency critical remains unknown. Thus, the present study investigated the transport effect of pneumatic ventilator in emergency critical athletic patients using Meta-analysis. A comprehensive literature search was conducted in platforms of PubMed, Embase, Cochrane Library, and Web of Science. The basic features of 5 studies was evaluated using The Cochrane Collaboration's tool for assessing risk of bias. Pneumatic ventilator increased Vt in emergency critical athletic patients (Mean difference = 0.66, 95%CI: 0.38-0.93, p<0.00001). Pneumatic ventilator also increased PEEP in emergency critical patients (Mean difference = 0.29, 95%CI: 0.13-0.45, p=0.0004). Pneumatic ventilator enhanced Ti in emergency critical athletic patients (Mean difference = 0.24, 95%CI: 0.19-0.30, p<0.00001). pneumatic ventilator not affected Ti/Ttot in emergency critical patients (Mean difference = 0.08, 95%CI: -0.18-0.35, p=0.53). Pneumatic ventilator reduced RR in emergency critical athletic patients (Mean difference = -1.65, 95%CI: -2.52--.077, p<0.0002). Pneumatic ventilator increased MAP in emergency critical athletic patients (Mean difference = 5.90, 95%CI: 1.99-9.82, p=0.003). These data demonstrate that The effect of comprehensive nursing for pneumatic ventilator could improve emergency critical athletic patients.
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1. INTRODUCTION
The in-hospital transfer and handover of emergency critical athletic patients is the transfer and handover of athletic patients to other departments in the hospital (including ward (including ICU), operating room, etc.) due to the needs of diagnosis and treatment after the initial rescue treatment in the emergency department (Brotherton et al., 2019). Although this process only takes a few minutes to ten minutes, There are many high-risk factors such as endangering athletic patients' lives and information errors in hospital transfer (Hodges & Larra, 2021). It has been reported in the literature that up to 71% of the transit patients had slight or even serious complications during transit or examination, and the mortality rate of the athletic patients was 9.6% higher than that of the normal (Bernfeld, 2020). 
For the athletic patients in the emergency department, they often have the characteristics of urgency, danger and severity. If the first-aid measures are not taken for the athletic patients in time, the best chance to save lives may be missed (Murray et al., 2021). In addition, the athletic patients in the emergency department have the characteristics of diverse disease types, serious illness, complexity and variability, and poor work predictability (Reynolds et al., 2020). A little negligence will lead to hidden dangers in medical treatment and nursing, and even cause dissatisfaction of athletic patients and their families, resulting in medical disputes (Noble, Owens, Thulien, & Suleiman, 2022). The traditional first aid mode cannot meet the needs of the new era (Swain O'Fallon, 2021). Therefore, it is necessary to establish a new first aid nursing mode that adapts to social development (Tran & Witek, 2021). The humanized whole process nursing mode has become one of the most important explorations in recent years, and has achieved very good results (Meuli et al., 2021).
Comprehensive nursing intervention is a whole process high-quality nursing service aimed at improving the therapeutic nursing effect (Mikkelsen et al., 2020). The comprehensive nursing intervention measures were applied to put forward the nursing safety problems existing in the hospital transfer of emergency athletic patients, and the improvement was made to make the nursing work more perfect (Stollings et al., 2021). The implementation of comprehensive nursing intervention measures for emergency critical athletic patients can reduce the accidents that may occur in the process of transport, increase the satisfaction of athletic patients with the quality of care, improve the quality of life of patients, and promote the good relationship between nurses and athletic patients (Haines, Quasim, & McPeake, 2018). It is worth popularizing in the clinic (Tume et al., 2015).The emergency department is a special department of the hospital. Most of its service objects are critically ill athletic patients (Kearl & Hooper, 1993). After early treatment, they usually need to be transferred to other departments in the hospital for further treatment. During this period, the athletic patient's condition is prone to sudden change, and a slight carelessness will lead to deterioration of the condition, thus causing medical disputes (Knorr et al., 2020). Some studies have shown that critical athletic patients in the emergency department are often accompanied by severe hypoxemia (Al-Dorzi et al., 2022; Ige, Adetunla, Amudipe, Adeoye, & Glucksberg, 2022). When they are transported in the hospital, sufficient oxygen supply is given to ensure the stability of respiratory circulation, which is of great significance to prevent asphyxia and death during transport and improve the success rate of transport (Langer et al., 2019). Therefore, it is necessary to strengthen the management of respiratory tract of critically ill athletic patients in emergency department. The pneumatic ventilator is the main equipment for respiratory support (Marjanovic et al., 2017). The main machine is simple in structure and small in design. It is driven by oxygen pressure during use. It does not need external power supply and is easy to move (Savary et al., 2020). It is often used in out of hospital emergency, in hospital transport and family treatment (Al-Dorzi et al., 2022). However, whether it contributes to the effects of pneumatic ventilator on emergency critical remains unknown. Thus, the present study investigated the transport effect of pneumatic ventilator in emergency critical athletic patients.
2. Materials and Methods
2.1 Literature search 
The experiment was searched from PubMed, Embase and Web of Science, and last search was performed on August 2022. The MeSH terms and free words adopted were as follows: “comprehensive nursing”, “pneumatic ventilator”, “Care”, “emergency critical”, “their combinations”. The reference lists of previous relevant reviews were manually checked to find additional publications of interest. The language of publications was 
2.2 Inclusion and exclusion criteria 
The following inclusion criteria were used to select eligible studies: (i) the diagnosis of emergency critical was pathologically confirmed; (ii) if more than one articles from one athletic patient's cohort were identified, the most complete one was selected. The exclusion criteria were: (i) abstract, review, case report or comment letter; (ii) animal studies; (iii) duplicate publications; (iv) published not in English.
2.3 Data extraction and Statistical analysis
Two independent reviewers using a standardized form extracted relevant data from eligible studies as literature (Pu, Wang, Xie, Wang, & Hao, 2017). Data were analyzed by Review Manager 5.3 as literature (Pu et al., 2017). Heterogeneity among studies was examined using Chi-square based Q test in which I2 indicates level of heterogeneity. I2<50% or Pheterogeneity>0.1 were represented low heterogeneity. P<0.05 was considered as statistically significant.
3. Results
3.1 Sketch and characteristics of included studies 
This experiment identified using a meta-analysis through systematic literature searching. Then, 122 literatures were evaluated and the literature selection process was shown in Figure 1. The basic features of 5 studies (Kuo et al., 2016; Liu et al., 2015; Liu et al., 2021; Moerer et al., 2008; Savary et al., 2020) (2015 to 2021) were shown in Table 1 and the sample size ranged from 16 to 40, and total sample size was 157. The quality of literatures was evaluated using The Cochrane Collaboration's tool for assessing risk of bias (Fig 2A-2B). The numerous numbers of studies were randomized, correct allocation concealment strategies, reported incomplete outcome data and doubleblind (Fig 2A-2B).  
Table 1: Basic characteristics of included studies.
	STUDY YEAR
	COUNTRY
	ETHNICITY
	CASES
	GROUP 

	KUO 2016
	China
	East Asia
	33
	19/14

	LIU 2015
	China 
	East Asia
	24
	12/12

	LIU 2021
	China
	East Asia
	16
	8/8

	[bookmark: _Hlk485992651]MOERER 2008
	Canada
	North American population
	40
	20/20

	SAVARY 2020 
	France
	Caucasian population
	20
	10/10


[image: ]
Figure 1: Sketch of included studies
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Figure 2: Characteristics of included studies
Risk of bias summary (A), Risk of bias graph (B)
3.2 The transport effect of pneumatic ventilator on Tidal volume (Vt) and PEEP (positive end expiratory pressure) in emergency critical athletic patients
The study analyzed the transport effect of pneumatic ventilator on Vt and PEEP in emergency critical athletic patients. Pneumatic ventilator increased Vt in emergency critical athletic patients (Mean difference = 0.66, 95%CI: 0.38-0.93, p<0.00001, Figure 3A). Pneumatic ventilator also increased PEEP in emergency critical athletic patients (Mean difference = 0.29, 95%CI: 0.13-0.45, p=0.0004, Figure 3B). So, these results showed that pneumatic ventilator recovered Vt and PEEP in emergency critical athletic patients. 
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Figure 3: The transport effect of pneumatic ventilator on Tidal volume (Vt) and PEEP (positive end expiratory pressure) in emergency critical patients.
Vt (A) and PEEP (B).
3.3 The transport effect of pneumatic ventilator on neural inspiratory time (Ti) and Ti/Ttot (total neural inspiratory and expiratory time) in emergency critical athletic patients
Next, we explored the transport effect of the pneumatic ventilator on Ti and Ti/Ttot in emergency critical patients. Pneumatic ventilator enhanced Ti in emergency critical athletic patients (Mean difference = 0.24, 95%CI: 0.19-0.30, p<0.00001, Figure 4A). 
However, the pneumatic ventilator did not affect Ti/Ttot in emergency critical patients (Mean difference = 0.08, 95% CI: -0.18-0.35, p=0.53, Figure 4B). Thus, these results showed that the pneumatic ventilator recovered Ti in emergency critical athletic patients. 
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Figure 4: The transport effect of pneumatic ventilator on neural inspiratory time (Ti) and Ti/Ttot (total neural inspiratory and expiratory time) in emergency critical patients.
Ti (A) and Ti/Ttot (B).
3.4 The transport effect of pneumatic ventilator on respiratory rate (RR) and MAP (mean arterial pressure) in emergency critical athletic patients
Lastly, this experiment explored the transport effect of pneumatic ventilator on RR and MAP in critical emergency athletic patients. Pneumatic ventilator reduced RR in emergency critical athletic patients (Mean difference = -1.65, 95%CI: -2.52--.077, p<0.0002, Figure 5A). 
The pneumatic ventilator increased MAP in emergency critical patients (Mean difference = 5.90, 95% CI: 1.99-9.82, p=0.003, Figure 5B). Thus, these results showed that the pneumatic ventilator recovered RR and MAP in emergency critical athletic patients.
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Figure 5: The transport effect of pneumatic ventilator on respiratory rate (RR) and MAP (mean arterial pressure) in emergency critical patients
RR (A) and MAP (B).
3.5 Publication bias 
Funnel plots for meta-analysis of major complications and hospital death of athletic patients with emergency critical were shown in Fig 6. The funnel plots for all analysis were symmetric, indicating no obvious publication bias. 
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Figure 6: Publication bias
Publication bias for Vt (A), PEEP (B), Ti (C), Ti/Ttot (D), RR (E) and MAP (F).
4. Discussion 
Emergency critical illness is a common disease in the emergency department (Fox & Irwin, 2008). Generally, after a series of rescue measures, the athletic patient's condition is effectively controlled and needs to be transferred to the corresponding department for in-depth treatment (Bowles, Lichtenberger, & Lennox, 2007). In the process of transport, the safety of athletic patients’ needs special attention of medical personnel to avoid accidents (Fox & Irwin, 2008). The emergency department is an important department to undertake rescue tasks (Grover, Porter, & Morphet, 2017). The patients admitted by the emergency department are in critical condition and develop rapidly. Therefore, the workload of medical workers is huge. If the patients cannot be treated in time, the life safety of the athletic patients will be endangered (Zimmer, Czarniecki, & Sahm, 2021). In the rescue process, accurate and rapid treatment is important, but whether high quality nursing can be provided will directly affect the success rate of emergency rescue (Reynolds et al., 2020). 
The condition of emergency critical athletic patients is complex and changes quickly. The rescue must be carried out in a fast and agile manner (Kuriakose et al., 2022). Any delay will affect the rescue treatment of athletic patients and even endanger their lives. This requires nurses to have skilled nursing operation skills, have solid basic theoretical knowledge, be able to master various first-aid technologies, have strong adaptability and good professional quality (Laubach, Kobbe, & Hutmacher, 2022; Zhang, Wang, Xu, Xie, & Pu, 2021). Having these conditions is conducive to the smooth progress of rescue work, winning valuable rescue time, and also conducive to the tacit understanding between doctors and nurses (Li et al., 2022). It will greatly improve the success rate of rescue of critically ill athletic patients, reduce nursing complications, strengthen communication between doctors and nurses, write the nursing records of critically ill athletic patients in a timely, objective, accurate, true and serious manner, and put an end to medical disputes caused by writing defects (Ganesan, Chawengkijwanich, Gopalakrishnan, & Janjaroen, 2022; Lin et al., 2022). Our results showed that the basic features of 5 studies were included in the meta-analysis.
Most ICU patients are in critical condition, and their immune function is declining. Due to the disease, the application of ventilator, combined with some invasive operations and long-term bed rest, the incidence of lung infection and other related infections in athletic patients has increased significantly. Most of the patients in the ICU are comatose or confused, with an artificial airway inserted, which cannot be directly expressed in words, and the nursing staff cannot be directly informed of any adverse reaction. Therefore, it is difficult to observe the adverse reaction symptoms when some diseases and organ functions are changed. Sometimes, the nursing staff fail to observe the adverse drug reactions in time due to the heavy rescue or treatment workload. During the course of medication, the nursing staff should closely observe the general conditions of the athletic patients. In case of adverse drug reactions, they should assist the doctors in timely emergency treatment while stopping medication. 
For athletic patients with critical illness, their psychological state is usually not very ideal, and there will be fear and fear in their hearts, which will have a serious adverse impact on the emergency rescue effect of critical patients (Girard et al., 2018). It is necessary for relevant nursing personnel to conduct targeted psychological counseling in the process of emergency rescue for patients (Girard et al., 2018). The whole process nursing is one of the strict whole process nursing service modes (Gomes, Calanzani, Curiale, McCrone, & Higginson, 2013). Its basic service concept is patient-oriented, patient-centered, and wholeheartedly serving the majority of patients (Gomes et al., 2013). The basic principles of the whole process nursing service are rapid, early warning and early warning, so as to strive for more effective treatment time for emergency rescue athletic patients as much as possible, so as to significantly improve the success rate of emergency rescue for such athletic patients (Haines et al., 2018). The whole course nursing service is a professional and whole course clinical nursing service mode from the time when the athletic patient enters the emergency department of the hospital to the time when the patient is transferred to the Department (Mikkelsen et al., 2020). The implementation of the whole process nursing service can effectively communicate with the patients in the treatment process, and fully establish a good doctor-patient relationship (Jones et al., 2020). It can not only effectively mobilize the enthusiasm of the patients for treatment, but also ensure that the athletic patients can more closely cooperate with the clinicians, put the patients in the first place in the emergency rescue work, and implement all-round nursing intervention for the athletic patients, so as to improve the treatment effect and the athletic patients' satisfaction with the nursing service (Franks et al., 2021).
The emergency department is the front line of the hospital to serve athletic patients. In the process of in-hospital transport, athletic patients have high risk factors (Chiang, Castro, & Sánchez, 2022). Although the time is short, there are hidden dangers (Snooks et al., 2022). Therefore, we should change the traditional concept of in-hospital transport, regularly carry out training, do a good job in risk management, strengthen the service awareness of nursing staff, minimize the risks in the process of transport, do a good job in all aspects, and provide sufficient oxygen to athletic patients, Prevention of nursing disputes (Schell et al., 2022). The present study showed that Pneumatic ventilator increased Vt and PEEP in emergency critical patients. 
Closely monitor the athletic patient's vital signs, properly adjust the ventilator, and observe whether the athletic patient has spontaneous breathing, insufficient ventilation or excessive ventilation (Corey et al., 2020). If the patient has sudden dyspnea, irritability and other conditions, the reason should be quickly found and handled in time. If the ventilator confronts, find out the reason (Fang et al., 2020). If the confrontations are serious, consider whether to take off-line, and then go to the simple respirator to supply oxygen until the patient recovers to the original level; Do a good job in the care of athletic patients' tracheal intubation, drainage tube, infusion tube, etc. during the pipe care, the soft packaging plastic bag liquid shall be used for infusion, and the drip rate shall be controlled during the infusion (Mirvakili, Sim, & Langer, 2021). In this study, Pneumatic ventilator enhanced It in emergency critical athletic patients. 
In hospital nursing risk management is a long-term work. To strengthen risk management, it is necessary to constantly improve the prevention awareness and ability of nursing staff, establish a sound nursing management mechanism, and ensure the safety of patient transfer (Templier et al., 2007). For patients using non-invasive respirators or patients with high oxygen requirements, oxygen cylinders are used alone to provide oxygen sources (Santivanez et al., 2021; Shavit et al., 2019). For patients with endotracheal intubation, a ventilator combined with an oxygen cylinder was used to maintain respiratory function (Williams, Flory, King, Thornton, & Dingley, 2010). These study suggested that Pneumatic ventilator reduced RR and increased MAP in emergency critical patients. The present study has some limitations. Firstly, five kinds of literature were identified and evaluated in this study. A relatively low number of studies depicted the relationship between pneumatic ventilators and emergency critical. Second, the transport effects of pneumatic ventilator in patients with emergency critical. We will need to develop high-quality, large-scale studies with more complete athletic patient types to verify our results. 
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