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Abstract
BACKGROUND
The prognosis of cerebrovascular diseases treated with mechanical ventilation during perioperative has not been clearly reported.

AIM
To analyze mortality and functional disability and to determine predictors of unfavorable outcome in the patients with cerebrovascular diseases treated with mechanical ventilation. 

METHODS
A retrospective follow-up study of 111 cerebrovascular disease patients who underwent mechanical ventilation during the perioperative period in the First Hospital of Jilin University from June 2016 to June 2019 was performed. Main measurements were mortality and functional outcome in-hospital and after 3-month follow-up. According to the modified rankin scale (mRS), the functional outcome was divided into three groups: Good recovery (mRS ≤ 3), severe disability (mRS = 4 or 5) and death (mRS = 6). Univariate analysis was used to compare the differences between three functional outcomes. Multivariate logistic regression analysis was used to for risk factors of mortality and severe disability.

RESULTS
The average age of 111 patients was 56.46 ± 12.53 years, 59 (53.15%) were males. The mortality of in-hospital and 3-month follow-up were 36.9% and 45.0%, respectively. Of 71 discharged patients, 46.47% were seriously disabled and 12.67% died after three months follow-up. Univariate analysis showed that preoperative glasgow coma scale, operation start time and ventilation reasons had statistically significant differences in different functional outcomes. Multiple logistic regression analysis showed that the cause of ventilation was related to the death and poor prognosis of patients with cerebrovascular diseases. Compared with brainstem compression, the risk of death or severe disability of pulmonary disease, status epilepticus, impaired respiratory center function, and shock were 0.096 (95%CI: 0.028-0.328), 0.026 (95%CI: 0.004-0.163), 0.095 (95%CI: 0.013-0.709), 0.095 (95%CI: 0.020-0.444), respectively.

CONCLUSION
The survival rate and prognostic outcomes of patients with cerebrovascular diseases treated with mechanical ventilation during the perioperative period were poor. The reason for mechanical ventilation was a statistically significant predictor for mortality and severe disability.
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Core Tip: We were aimed to analyze mortality and functional disability and to determine predictors of unfavorable outcome in the patients with cerebrovascular diseases treated with mechanical ventilation. Our study indicated that survival and functional outcome in the patients of cerebrovascular diseases who treated with mechanical ventilation during the perioperative period were poor. The reason for mechanical ventilation (pulmonary disease, status epilepticus, shock, impaired respiratory center function and brainstem compression) could be a predictor for mortality and severe disability in these patients.

INTRODUCTION
Cerebrovascular diseases remain major cause of disability in the world. Studies showed that approximately 60% of the stroke patients die during the acute phase of therapy and the majority of the survivors suffered from severe disability[1-3], especially, the patients require intensive care therapy and mechanical ventilation. Patients with intracerebral hemorrhage, arteriovenous malformations, subarachnoid hemorrhage require mechanical ventilation because of pneumonia, pulmonary edema, brainstem ischemia or compression, and status epilepticus[4-6]. Mechanical ventilation often has been shown to be cost-ineffective at extending life with good recovery in the patients with stroke or other cerebrovascular diseases[7,8]. However, the dilemma is that although mechanical ventilation could sustain life in patients with acute respiratory failure[9], the survival rate and functional outcome for the patients of cerebrovascular diseases who treated with mechanical ventilation had a poor prognosis. Therefore, identification of risk factors affecting long-term survival and functional outcome in these patients could be useful to improve management after mechanical ventilation, to help family making decision on continuation or withdrawal of care, and to guide orientation after discharge. 
Previous studies indicated that mortality of the patients with cerebrovascular disease was 18%-19% and majority of the survivors remained severely disabled[10,11]. Several factors, including age (> 65 years), unconsciousness at admission [glasgow coma scale (GCS) score], intubation, and disappearance of brainstem reflexes, have been identified as independent predictors for the long-term survival and functional outcome in the patients with cerebrovascular diseases who required mechanical ventilation [1,2,12,13]. However, the prognosis of cerebrovascular diseases treated with mechanical ventilation during perioperative has not been clearly reported.
The aim of the current study was to evaluate mortality and severe disability of patients with cerebrovascular diseases who required mechanical ventilation during acute phase of treatment at an intensive care unit (ICU) (in-hospital), and to explore the predictors of death and functional disability of these patients. 

MATERIALS AND METHODS
Patients 
This cross-sectional study focuses on patients with cerebrovascular disease who underwent ventilator-assisted respiration during perioperative period. 113 patients from the neurovascular surgery ICU of the First hospital of Jilin University were collected from June 2016 to June 2019. The inclusion criteria included: (1) Patients had neurovascular surgery perioperative ventilator assisted breathing; (2) patients were on mechanical ventilation at least for 48 h; and (3) age ≥ 18 years old. The exclusion criteria are the patient’s family members gave up treatment or the patient died of disease. Two patients under the age of 18 were excluded. Finally total of 111 patients were included. The patient diagnoses cerebral hemorrhage, cerebral arteriovenous malformation, subarachnoid hemorrhage, cerebral vascular stenosis or occlusion, cerebral infarction, etc. through head computerized tomography (CT), CT angiography and cerebrovascular angiography. This study was adhered to the strengthening the reporting of observational studies in epidemiology statement for reporting[14].

Ethics statement
The study protocol was approved by the Ethics Committee of the First Hospital of Jilin University. Informed consent was waived due to the retrospective nature of this study.

Information collection and follow-up 
Basic demographic information and following clinical information were collected and analyzed: Age, gender, smoking, hypertension, diabetes, diagnosis of cerebrovascular diseases[15], tracheotomy, subarachnoid hemorrhage (SAH) gradings[16]. Preoperative GCS score, surgical operation methods, reason for mechanical ventilation, time from admission to start using ventilator, ventilation initiation, operation hours, mechanical ventilation time, and reason for ventilation. 

Outcome
The primary outcome of this study was death or functional outcome in patients with cerebrovascular disease 3 mo after discharge. The secondary outcome was death or functional outcome at discharge. Patient’s outcome was scaled with modified rankin scale (mRS) score[17], mRS ≤ 3 was defined as good recovery; mRS = 4 or 5 as severe disability; mRS = 6 as dead. Functional outcome assessment was carried out by a physician through telephone call. 

Statistical analysis 
Discrete variables were expressed by frequency (%), χ2 test and fisher exact test were used to compare outcomes of the patients with various features. The Kolmogorov-Smirnov test was used to test the normality of the continuous variables. Continuous variables that fit the normal distribution were expressed by either mean ± SD otherwise as median and interquartile range (IQR). Wilcoxon rank sum test or Kruskal-Wallis rank sum test was used to compare outcomes of the patients with various features. We used ordinal Logistic Regression to analyze the association of mortality and functional outcome in patients with cerebrovascular disease and related factors. R software (R version 4.1.2) was used to perform all analysis and P value < 0.05 was considered as significant. 

RESULTS
Basic demographic information of the patients 
Average age of the 111 patients, who received surgical operation and peri-operative mechanical ventilation at a neurovascular surgical department during the 3-month study period, was 56.46 ± 12.53 years old, the median preoperative GCS was 9 (8, 15), and operation hour was 3.30 h (IQR: 2.14-4.70). Of them, 53.15% were male and 30.63% were smokers. Majority of them had comorbidities with 72.07% of hypertension and 16.22% diabetes (Table 1). Of the 111 patients, 96 (86.48%) were diagnosed as hemorrhagic cerebrovascular disease, 4 (3.6%) were brain tumor, and 10 (9.01%) were malformed or narrowed intracerebral blood vessels. The following operation methods were applied in this study: Aneurysm clipping in 29 (26.13%) cases; aneurysm embolization in 23 (20.27%) patients; craniotomy for hematoma removal in 30 (27.03%) patients; external ventricular drainage in 12 (10.81%) patients; cranial drilling and hemorrhage drainage in 8 (7.21%) patients, and other surgeries in the rest of 9 (8.11%) cases. Of the 111 patient, 16 (55.2%) were non-SAH, 5 (17.2%) were SAH grading I, 3 (10.3%) were SAH grading II and 5 (17.2%) were SAH grading III (Table 1). 
Median mechanical ventilation hour was 113 h with 69-187 h of IQR. Over half of the patients (50.45%) had tracheotomy for the mechanical ventilation. Majority (94, 84.68%) patients were given mechanical ventilation before the surgery and rest 17 (15.32%) were on ventilation after the surgery. There were variety kinds of reasons for the patients to have mechanical ventilation. Of them, 55 (49.55%) cases were due to pulmonary disease; 9 (8.11%) were status epilepticus; 6 (5.41%) were due to impaired function of respiratory center function; 14 (9.73%) were shock; 27 (24.32%) were because of brainstem compression with cerebral hemorrhage and brain herniation (Table1). 

Comparison of mRS score in hospital and 3-month follow up
Figure 1 showed the comparison of mRS score with cerebrovascular disease at discharge and 3 mo after discharge. Of 71 survivors, 46.47% were seriously disabled and 12.67% died after three months of follow-up. Compared with the period of hospitalization, 11 patients with poor prognosis turned to good, and 9 deaths were added. In general, compared with hospitalization, the proportion of patients with good prognosis (MRS ≤ 3) after 3 mo of discharge has increased. However, the number of deaths continues to increase, and the total mortality rate reaches 45.0% after three months. 

Patients characteristics of the study population stratified by the functional outcome
After 3 mo of follow-up, 29 (26.1%) of the 111 patients had good recovery, there were 32 (28.8%) patients with poor prognosis and 50 deaths (45.0%). The results of univariate analysis showed that there was also no significant difference in age, gender, smoking, hypertension, diabetes, diagnosis of neurovascular diseases, tracheotomy, SAH gradings, surgical operation methods, ventilation initiation, operation hours, and mechanical ventilation time (P > 0.05). There were significant differences in preoperative GCS score (P = 0.002), time from admission to start using ventilator (P = 0.038) and reason for ventilation (P < 0.001) among different prognostic groups (Table 2). 

Analysis of risk factors for mortality and prognosis of patients after mechanical ventilation
Multiple logistic regression analysis showed that preoperative GCS score and time from admission to start using ventilator were not related to the death and prognosis of patients with cerebrovascular diseases (P > 0.05), and the reason of ventilation was related to the death and poor prognosis of patients with cerebrovascular diseases. Compared with brainstem compression, The risk of death or severe disability of pulmonary diseases was 0.096 times (P < 0.001, 95%CI: 0.028-0.328); The risk of death or severe disability of status epilepticus was 0.026 times (P < 0.001, 95%CI: 0.004-0.163), The risk of death or severe disability of impaired respiratory center function was 0.095 times (P = 0.022, 95%CI: 0.013-0.709), The risk of death or severe disability of shock was 0.095 times (P = 0.003, 95%CI: 0.020-0.444) (Table 3).

DISCUSSION
In the current study, we found that mechanical ventilation was required for the patients who underwent surgical operation with various kinds of cerebrovascular diseases. Outcome of mechanical ventilation in these patients, however, revealed that mortality and occurrence of severe disability were high. Prognosis of the patients treated with mechanical ventilation in this study was associated with the comorbidities that required mechanical ventilation. Compared with brainstem compression, the survival and functional outcome of pulmonary disease, status epilepticus, status epilepticus, impaired respiratory center function, and shock are relatively well.
Patients with cerebrovascular diseases requiring ventilator support treatment have poor prognosis with high mortality and severe disability even though they were treated aggressively in the ICU[18]. Cerebrovascular diseases such as intracerebral hemorrhage, subarachnoid hemorrhage, and cerebral arteriovenous malformations often cause severe intracerebral hemorrhage, which blocks normal circulation of cerebrospinal fluid and results in brain herniation and even death. These patients, therefore, often need to be mechanically ventilated before and/or after surgery. Comorbidity rate of surgery in the patients with cerebrovascular diseases were 14% and some of them require mechanical ventilation[19]. In this regard, Mayer et al[12]reported that 5% of ischemic stroke patients, 26% of intracerebral hemorrhage patients, and 47% of subarachnoid hemorrhage patients required mechanical ventilation, with two third of mortality rate and majority of neuro-dysfunction. In the current study, we found that in-hospital mortality of the patients with cerebrovascular diseases was 36.9% and 45.0% during the 3-month follow-up period, and that 46.8% of them had 4-5 mRS score at discharge from the hospital and 29.7% of them had 4-5 mRS score 3 mo after discharge. 
Steiner et al[2]reported that GCS (< 10) at admission was one of the seven independent factors that influenced 2-month fatality for the stroke patients who received mechanical ventilation. Although our univariate analysis showed that preoperative GSC had statistically significant differences in different prognostic outcomes, considering the confounding factors among multiple variables, further multiple regression analysis did not find a correlation between GSC and poor prognosis. Similarly, Fugate[19] also believe that preoperative GCS score could not predict the patient’s outcome because the intervention of surgical operation could affect the outcome, which could be good recovery, severe disability or even death. It has been reported that mechanical ventilation treatment in the comatose patients resulting from inoperative acute intracerebral hemorrhage, especially patients had brainstem compression due to brain herniation, could only prolong unresponsive life[20]. Brainstem compression causes changes in respiratory rhythm and even respiratory arrest, it is the second reason (24.3%) in this study for the patients required mechanical ventilation and majority of them (85.2%) died. Brainstem compression occurred in the patients with acute hydrocephalus following aneurysm subarachnoid hemorrhage. Although external ventricular drainage might release the pressure, difficulty in weaning from the mechanical ventilator was a problem. The retrospective cohort study of Chang et al[21] concluded that brainstem compression is the predictor of mortality within 6-months in patients with spontaneous cerebellar hemorrhage, which is consistent with our findings. 
Prognosis of the patients with perioperative mechanical ventilation largely depends on the comorbidities[22]. Pneumonia or other pulmonary complications are often the cause of mechanical ventilation in the cerebrovascular patients following surgeries. It has been reported that mortality of the stroke patients with pneumonia was three times higher than that of the patients without pneumonia[23-25]. The main cause of stroke associated pneumonia is aspiration caused by swallowing dysfunction[26], pneumonia was closely associated with GCS score at admission, that is, patients with lower GCS score were often unconsciousness, vomiting and aspiration may occur when the disease occurs. In severe cases, mechanical ventilation and tracheotomy may be required[27,28]. In the current study, 49.5% of the patients were mechanically ventilated due to pulmonary disease. Of them, mortality was 32.7% and severe disability was 43.6%. 
It has also been reported that status epilepticus was an independent risk factor for fatality of the patients with spontaneous cerebral hemorrhage[29], especially, in the patients with refractory and nonconvulsive epilepsy. These patients often require intubation and mechanical ventilation because these patients might stop breathing and heart-beating. In our study, 9 patients had status epilepticus with unexpected unconsciousness, stop breathing, but normal brain CT examination. Of them, 3 patients had status epilepticus before the surgery and the rest 6 patients had it after the surgery. One of the six patients had it 334 h after the surgery. The treatment of status epilepticus is to ensure the airway, maintain circulation, and give benzodiazepines, such as diazepam, lorazepam, midazolam, etc.[30].
We also identified that shock could be a prediction of the outcome for the patients with mechanical ventilation. In the early stage of shock, due to the excitement of the patient's respiratory center and the increase of ventilation, it can cause hypocapnia and respiratory alkalosis. Generally, it can be used as an early indicator of shock before the decrease of blood pressure and the increase of lactate. However, in the late stage of shock, acute respiratory failure often occurs, which is characterized by progressive hypoxemia and dyspnea, which is called shock lung. Those with hypoxemia in the early and late stage of shock need ventilator assisted respiration[31]. In this regard, total 11 patients were ventilated after being diagnosed as shocked. Of them, 4 patients who were diagnosed in early stage of shock and given treatment such as raising blood pressure and improving circulation. The patients recovered well. While 5 patients who were diagnosed at a late stage of shock, died, suggesting identification of shock at its early stage is crucial for the patient’s outcome. Myint et al[32] reported that shock index at presentation to the emergency department predicts patient-related clinical outcomes in ischemic and hemorrhagic stroke. 
There are some limitations in the current study. First, the study design was observational and follow-up period was short. Second, relatively small sample size might limit significant effects for some predictive factors that potentially influence outcome. Third, quality of life in those patients, who had severe disability, was not evaluated. Fourth, the retrospective collection of the data may have introduced bias, especially, patients ventilated for less than 48 h were excluded from this study, and thus, this result may not easily be extrapolated to a general elderly population. Finally, the data was from only one department of single center. In the future, we will include more samples, fully consider various confounding factors, and conduct a prospective cohort study to verify the causal relationship between various ventilation causes and the poor prognosis of patients with cerebrovascular diseases undergoing perioperative mechanical ventilation.

CONCLUSION
Taken together, mortality and severe disability rate were high in the cerebrovascular patients who had perioperative mechanical ventilation. The outcome of these patients was not associated with time-length of mechanical ventilation, primary diagnosis of cerebrovascular diseases, surgical operation method, and whether ventilated before or after the surgery. However, comorbidities that require mechanical ventilation significantly affected mortality and functional outcome of the patients in this study. Compared with brainstem compression, the survival and functional outcome of pulmonary disease, status epilepticus, status epilepticus, impaired respiratory center function, and shock are relatively well.

ARTICLE HIGHLIGHTS
Research background
The dilemma is that although mechanical ventilation could sustain life in patients with acute respiratory failure, the survival rate and functional outcome for the patients of cerebrovascular diseases who treated with mechanical ventilation had a poor prognosis. Therefore, identification of risk factors affecting long-term survival and functional outcome in these patients could be useful to improve management after mechanical ventilation, to help family making decision on continuation or withdrawal of care, and to guide orientation after discharge.

Research motivation
The survival rate and prognostic outcomes of patients with cerebrovascular diseases treated with mechanical ventilation during the perioperative period were poor. The reason for mechanical ventilation was a statistically significant predictor for mortality and severe disability.

Research objectives
The average age of 111 patients was 56.46 ± 12.53 years, 59 (53.15%) were males. The mortality of in-hospital and 3-month follow-up were 36.9% and 45.0%, respectively. Of 71 discharged patients, 46.47% were seriously disabled and 12.67% died after three months follow-up. Univariate analysis showed that preoperative glasgow coma scale, operation start time and ventilation reasons had statistically significant differences in different functional outcomes. Multiple logistic regression analysis showed that the cause of ventilation was related to the death and poor prognosis of patients with cerebrovascular diseases. Compared with brainstem compression, the risk of death or severe disability of pulmonary disease, status epilepticus, impaired respiratory center function, and shock were 0.096 (95%CI: 0.028-0.328), 0.026 (95%CI: 0.004-0.163), 0.095 (95%CI: 0.013-0.709), 0.095 (95%CI: 0.020-0.444), respectively.

Research methods
A retrospective follow-up study of 111 cerebrovascular disease patients who underwent mechanical ventilation during the perioperative period in the First Hospital of Jilin University from June 2016 to June 2019 was performed. Main measurements were mortality and functional outcome in-hospital and after 3-month follow-up. The functional outcome was divided into three groups based the modified rankin scale. Univariate analysis was used to compare the differences between three functional outcomes. Multivariate logistic regression analysis was used to for risk factors of mortality and severe disability.

Research results
To analyze mortality and functional disability and to determine predictors of unfavorable outcome in the patients with cerebrovascular diseases treated with mechanical ventilation.

Research conclusions
To analyze mortality and functional disability and to determine predictors of unfavorable outcome in the patients with cerebrovascular diseases treated with mechanical ventilation. 

Research perspectives
The prognosis of cerebrovascular diseases treated with mechanical ventilation during perioperative has not been clearly reported.
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Figure 1 Comparison of modified rankin scale score in hospital and 3-month follow up. mRS: Modified rankin scale.
Table 1 Basic demographic information of the patients
	[bookmark: _Hlk90394906][bookmark: _Hlk90555680]Characteristic
	Number

	Age (mean ± SD)
	55.46 ± 12.53

	[bookmark: _Hlk90457144][bookmark: RANGE!A20]Preoperative GCS score, median (IQR)
	9 (8, 15)

	Male gender, n (%)
	59 (53.15)

	Smoking, n (%)
	

	Yes
	34 (30.63)

	Hypertension, n (%)
	

	Yes
	80 (72.07)

	Diabetes, n (%)
	

	Yes
	18 (16.22)

	Diagnosis of neurovascular diseases, n (%)
	

	Ischemic cerebrovascular disease
	1 (0.90)

	Hemorrhagic cerebrovascular disease
	[bookmark: _Hlk90460150]96 (86.48)

	Brain tumor
	4 (3.60)

	Malformed or narrowed intracerebral blood vessels
	10 (9.01)

	[bookmark: _Hlk90465341]SAH grading, n (%)
	

	Non-SAH
	62 (55.86)

	I
	12 (10.81)

	II
	13 (11.71)

	III
	18 (16.22)

	IV
	6 (5.41)

	Surgical operation methods, n (%)
	

	Aneurysm clipping
	29 (26.13)

	Aneurysm embolization
	23 (20.72)

	Craniotomy for hematoma removal
	30 (27.03)

	External ventricular drainage
	12 (10.81)

	Cranial drilling and drainage
	8 (7.21)

	Others
	9 (8.11)

	[bookmark: _Hlk90457865]Mechanical ventilation time, median (IQR)
	113 (69, 187)

	[bookmark: _Hlk90456456]Tracheotomy, n (%)
	

	Yes
	[bookmark: _Hlk90461222]56 (50.45)

	Time from admission to start using ventilator
 (h), median (IQR)
	40 (4, 86)

	[bookmark: _Hlk90457816]Ventilation initiation, n (%)
	

	Post-operation
	94 (84.68)

	Pre-operation
	17 (15.32)

	[bookmark: _Hlk90457795]Operation hours (h), median (IQR)
	3.3 (2.1, 4.7)

	[bookmark: _Hlk90457881][bookmark: RANGE!A34]Reason for ventilation, n (%)
	

	[bookmark: _Hlk90461515]Pulmonary disease
	55 (49.55)

	Status epilepticus
	9 (8.11)

	[bookmark: _Hlk90453864]Impaired respiratory center function
	6 (5.41)

	Shock
	14 (12.61)

	Brainstem compression
	27 (24.32)


SAH: Subarachnoid hemorrhage; GCS: Glasgow coma scale; IQR: Interquartile range.

Table 2 Patients characteristics of the study population stratified by the functional outcome
	Characteristic
	[bookmark: RANGE!B1]Good recovery (n = 29)
	[bookmark: RANGE!C1]Severe disability (n = 32)
	Death (n = 50)
	Statistical value
	P value

	Age, median (IQR)
	55 (46, 63)
	61 (50.5, 65)
	59 (51.2, 66)
	2.984
	[bookmark: RANGE!F2]0.225

	Male gender, n (%)
	17 (58.6)
	19 (59.4)
	23 (46.0)
	1.873
	0.409

	Smoking, n (%)
	
	
	
	
	

	Yes
	10 (34.5)
	12 (37.5)
	12 (24.0)
	1.948
	0.407

	Hypertension, n (%)
	
	
	
	4.524
	0.104

	Yes
	19 (65.5)
	20 (62.5)
	41 (82.0)
	
	

	Diabetes, n (%)
	
	
	
	1.271
	0.544

	Yes
	3 (10.4)
	5 (15.6)
	10 (20.0)
	
	

	Tracheotomy, n (%)
	
	
	
	4.298
	0.115

	Yes
	12 (41.4)
	21 (65.6)
	23 (46.0)
	
	

	Diagnosis of neurovascular diseases, n (%)
	
	
	
	0.690
	0.406

	Ischemic cerebrovascular disease
	1 (3.4)
	0 (0.0)
	0 (0.0)
	
	

	Hemorrhagic cerebrovascular disease
	22 (75.9)
	29 (90.6)
	45 (90.0)
	
	

	Brain tumor
	2 (6.9)
	1 (3.1)
	1 (2.0)
	
	

	Malformed or narrowed intracerebral blood vessels
	4 (13.8)
	2 (6.2)
	4 (8.0)
	
	

	SAH, n (%)
	
	
	
	5.609
	0.234

	[bookmark: _Hlk90554483]Non-SAH
	16 (55.2)
	19 (59.4)
	27 (54.0)
	
	

	[bookmark: _Hlk90554597]I
	[bookmark: _Hlk90554570]5 (17.2)
	3 (9.4)
	4 (8.0)
	
	

	[bookmark: _Hlk90554643][bookmark: _Hlk90554615]II
	3 (10.3)
	2 (6.3)
	8 (16.0)
	
	

	[bookmark: _Hlk90554673]III
	[bookmark: _Hlk90554649]5 (17.2)
	6 (18.8)
	7 (14.0)
	
	

	IV
	0 (0)
	2 (6.3)
	4 (8.0)
	
	

	Preoperative GCS score, median (IQR)
	11 (9, 15)
	9 (9, 10)
	9 (8, 10)
	12.575
	0.002

	Surgical operation methods, n (%)
	
	
	
	15.956
	0.082

	Aneurysm clipping
	8 (27.6)
	13 (40.6)
	8 (16.0)
	
	

	Aneurysm embolization
	9 (31.0)
	2 (6.3)
	12 (24.0)
	
	

	Craniotomy for hematoma removal
	5 (17.2)
	9 (28.1)
	16 (32.0)
	
	

	External ventricular drainage
	1 (3.4)
	3 (9.4)
	8 (16.0)
	
	

	Cranial drilling and drainage
	3 (10.3)
	2 (6.2)
	4 (8.0)
	
	

	Others
	3 (10.3)
	3 (9.4)
	2 (4.0)
	
	

	Time from admission to start using ventilator (h), median (IQR)
	50 (9, 80)
	71.0 (26.2, 102.8)
	27.0 (1.0, 74.5)
	6.537
	0.038

	Operation hour (h), median (IQR)
	3.5 (2.0, 5.3)
	3.5 (2.8, 4.7)
	3.1 (2.0, 4.4)
	1.694
	0.249

	Ventilation initiation, n (%)
	
	
	
	1.235
	[bookmark: RANGE!F34]0.559

	Postoperation
	24 (82.8)
	29 (90.6)
	41 (82.0)
	
	

	Preoperation
	5 (17.2)
	3 (9.4)
	9 (18.0)
	
	

	Mechanical ventilation time (h), median (IQR)
	111.5 (64.5, 223.0)
	127.0 (75.0, 182.5)
	102.5 (69.5, 181.0)
	0.98
	0.613

	Reason for ventilation, n (%)
	
	
	
	11.033
	< 0.001

	Pulmonary disease
	13 (44.8)
	24 (75.0)
	18 (36.0)
	
	

	[bookmark: _Hlk90470622]Status epilepticus
	6 (20.7)
	2 (6.3)
	1 (2.0)
	
	

	Impaired respiratory center function
	3 (10.3)
	1 (3.1)
	2 (4.0)
	
	

	Shock
	7 (24.1)
	1 (3.1)
	6 (12.0)
	
	

	Brainstem compression
	0 (0.0)
	4 (12.5)
	23 (46.0)
	
	


SAH: Subarachnoid hemorrhage; GCS: Glasgow coma scale; IQR: Interquartile range.

Table 3 Analysis of risk factors for mortality and prognosis of patients after mechanical ventilation
	Value
	Estimate
	Standard error
	Wald
	P value
	OR
	95%CI

	[Outcome = 1]
	-4.692
	1.05
	20.13
	0.000
	0.009
	0.001
	0.071

	[Outcome = 2]
	-3.128
	1.00
	9.80
	0.002
	0.044
	0.006
	0.311

	Preoperative GCS score
	-0.149
	0.09
	2.89
	0.089
	0.861
	0.725
	1.023

	Time from admission to start using ventilator
	0.000
	0.00
	0.03
	0.865
	1.000
	0.995
	1.006

	Pulmonary disease
	-2.345
	0.63
	13.95
	< 0.001
	0.096
	0.028
	0.328

	Status epilepticus
	-3.668
	0.94
	15.08
	< 0.001
	0.026
	0.004
	0.163

	Impaired respiratory center function
	-2.352
	1.02
	5.27
	0.022
	0.095
	0.013
	0.709

	Shock
	-2.359
	0.79
	8.94
	0.003
	0.095
	0.020
	0.444

	Brainstem compression
	-
	-
	-
	-
	-
	-
	-


GCS: Glasgow coma scale.
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