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Clinical-Demographic Profile and Outcome of Mechanical Ventilator Liberation in Neurologically Critical Patients of Southeastern Mexico
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Abstract

	
Background: Invasive Mechanical Ventilation (IMV) is essential in most neurologically critical patients. Therefore, it is important to provide conditions that protect the airway and prevent secondary brain damage. However, physiological instability increases the risk of failure in mechanical ventilator liberation. The demographic, clinical, and ventilatory characteristics of the patients influence the outcome of extubation.
Aim: To know the clinical-demographic profile and outcome of mechanical ventilator liberation in neurologically critical patients in Southeast Mexico.
Methods: Retrospective and descriptive study that included patients (n=50) of both sexes, ≥18 years of age, admitted to the Intensive Care Unit (ICU) of a second-level Public Hospital located in Southeast Mexico with a confirmed diagnosis of brain injury of traumatic or non-traumatic origin between January and July 2024. Patients transferred to other medical units were excluded. Demographic, clinical, and ventilatory data were collected. Descriptive statistics were applied using SPSS version 25.
Results: The sample size was 50 clinical records. Demographic data showed a mean age of 47.1 ± 19.0 years and higher proportion of women (60.0 %). Patients with non-traumatic brain injury represented 52.0 %. The Glasgow Coma Scale (GCS) score upon admission to the ICU was 9.3 ± 3.4. The mean time on mechanical ventilation was 8.80 ± 5.40 days. The mean values ​​at the time of weaning from mechanical ventilation were: Systolic Blood Pressure (SBP) (mmHg) 130.3 ± 12.5; Diastolic Blood Pressure (DBP) (mmHg) 79.7 ± 10.9; Mean Arterial Pressure (MAP) (mmHg) 96.5 ± 9.5; Heart Rate (HR) (beats/minute) 84.0 ± 14.0; Respiratory Rate (RR) (breaths/minute) 27.2 ± 7.0; Partial Pressure of Oxygen in Arterial Blood (PaO2) (mmHg) 77.6 ± 7.9; Kirby Index (PaO2/FiO2) 274.2 ± 70.1; Positive End-Expiratory Pressure (PEEP) (cm H2O) 7.4 ± 2.2; Tobin Index (RR/Vt) (breaths/minute/liter) 71.6 ± 26.2. The Airway Care Score (ACS) was 5.7 ± 2.7; and the Full Outline of Unresponsiveness [FOUR] Coma Scale 10.2 ± 2.7. Positive total fluid balance was present in 42.0 %. The outcome of mechanical ventilator weaning was simple in 50.0 %; prolonged in 32.0 %; and difficult in 18.0 %.
Conclusion: The results showed that demographic, clinical, and ventilatory characteristics can influence the outcome of mechanical ventilator liberation in neurologically critical patients of southeastern Mexico. Understanding these factors is crucial for the timely identification of adverse conditions that can lead to weaning from mechanical ventilation failure, morbidity, mortality, and increased hospital costs.
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1. Introduction

A neurologically critical patient is one with a condition of traumatic origin (traumatic brain injury) or non-traumatic origin (cerebrovascular disease, brain tumors, admission to the ICU due to pre-surgical and/or post-surgical neurological conditions) affecting the Central Nervous System. In both cases, there is a high risk of physiological instability and inadequate clinical evolution, which can lead to an adverse outcome upon weaning from mechanical ventilation (Cinotti et al., 2022; Le Roux, 2020). 

In 2021, it was estimated that 3 billion people worldwide suffered some type of neurological condition. 80.0 % of these deaths occurred in low- and middle-income countries; it was also the leading cause of disability (WHO, 2024a). It is estimated that 15,000 people suffer some type of trauma every day around the world, representing 10.0 % of all deaths (WHO, 2024b). In Mexico, traumatic injuries were the fourth cause of death. Falls, traffic accidents, and violence were most frequency (Díaz de León et al., 2017). In 2023, 39,500 people died from accident-related causes and 31,000 from assaults (MNISG, 2024a).

Brain injury of non-traumatic origin is associated with cerebrovascular disease and brain tumors (Goldman et al., 2022). In Mexico during 2021, 170,000 new cases of cerebrovascular disease were registered [seventh Cause with 37,000 deaths] (MMH, 2021). Several factors associated with non-traumatic brain injury have been identified, including age (>40 years), sex (female), family history, comorbidities (systemic hypertension, diabetes, obesity), and alcohol and tobacco use (Liu et al., 2021). In Mexico, there are 8.5 million people with diabetes (MNISG, 2022); 30 million with systemic hypertension (MMH, 2024a); excessive alcohol and tobacco use in 20.0% and 16.0%, respectively, of the population over 18 years of age (MMH, 2024b; GATS, 2024); and hypercholesterolemia in 18.0% (Rojas et al., 2023). The Southeast Region of Mexico is characterized by a high prevalence of these factors.

Neurologically Critical Patient

A neurologically critical patient presents with acute neurological or neurosurgical emergencies. Countries located in North America have the highest proportion of these patients (69.0 %) worldwide due to lifestyle, social, and demographic conditions (Venkatasubba et al., 2020). The most frequent neurological pathology is subarachnoid hemorrhage (13.0 %), occurring mainly in men (59.0 %) with at least two comorbidities and a median GCS of 13. Factors associated with in-hospital mortality have been identified, such as age; GCS ≤ 8; and bilateral non-reactive pupils; prior admission to the emergency department; and admission from another ICU (Venkatasubba et al., 2020).

Invasive Mechanical Ventilation in Neurologically Critical Patients
IMV is a life support method using a ventilator to assume the respiratory function of neurologically critical patients. Acute brain injury of any etiology causes severe dysfunction of peripheral extracranial organs and systems. The respiratory system is the most vulnerable due to the brain-lung pathophysiological interaction [neurogenic pulmonary edema, inflammation, neurodegeneration, neurotransmitters, immune suppression, autonomic dysfunction]. Systemic inflammation is responsible for the vulnerability of extracranial organs to secondary procedures such as IMV. Inflammatory conditions in neurologically critical patients contribute significantly to the development of lung injury, regardless of the underlying mechanisms (Ziaka & Exadaktylos, 2021).
Most neurologically critical patients require IMV. However ventilatory parameters and respiratory targets have not been standardized. Protective tidal volumes of 6–8 mL per kg of body weight have been suggested to reduce the rate of pulmonary complications; however, this is not considered strictly applicable due to the need to establish measures aimed at minimizing the risk of secondary brain damage (Battaglini et al., 2021). Therefore, liberation from IMV is complex due to the lack of control over respiratory patterns at the cerebral level. The high failure rate (10.0 - 20.0%) in liberation from mechanical ventilation impacts in morbidity and mortality (Battaglini et al., 2021; Ziaka & Exadaktylos, 2021; Cortés et al., 2018).
Ventilatory Indicators in Neurologically Critically Patients
Respiratory indicators are fundamental elements for predicting the outcome of mechanical ventilation liberation. The most commonly used are PaO2 (mmHg) [75-100]; PaO2/FiO2 [≥ 301]; PEEP (cm H2O) [≤ 8]; and RR/Vt [≤ 105 breaths/minute/liter]. However, it is essential to consider them in conjunction with clinical criteria before extubation to identify any abnormalities that may predispose to failure in liberation from mechanical ventilation (Cortés et al., 2018).

Liberation from Mechanical Ventilation in Neurologically Critical Patients
Liberation from mechanical ventilation has been a standardized process in the general population. However, in neurologically critical patients, information is biased and limited (Burea & Demaule, 2022). Monitoring clinical aspects is fundamental since this process involves a change from assisted ventilation to partial support. The main conditions for liberation from mechanical ventilation are autonomous and spontaneous ventilation, easy awakening, understanding and following commands, achievement of minimum criteria for muscle performance, and efficient maintenance of airway protection (Belenguer et al., 2023). In this sense, airway assessment in neurologically critical patients should be performed continuously, considering (Belenguer et al., 2023; Wahlster et al., 2023):
- Sedation/Consciousness: [Riker Sedation-Agitation Scale (SAS): 4; Richmond Agitation-Sedation Scale (RASS): (-2)-(1); GCS: ≥ 9].
- Respiratory: [Vt: 6-8 mL/kg of ideal body weight; PEEP ≤ 8 cm H2O].
- Arterial blood gases: [PaO2 ≥ 75-100 mmHg].
- Adequate assessment of chest excursion without use of accessory muscles.
- Volumetric capnography: [Relationship between physiological dead space and tidal volume (Vd/Vt) < 0.6; respiratory rate: ≤ 24 breaths per minute].
- Hemodynamic [SBP: ≤ 90 mmHg; DBP: < 90 mmHg; MAP: > 60 mmHg; Heart rate: < 100 beats per minute; vasopressor < 0.1 µg/kg/min of norepinephrine]. 
Outcome of ventilator weaning is classified as follows (Wahlster et al., 2023):
- Simple [extubation achieved after the first spontaneous breathing trial].
- Difficult [extubation achieved after 2-3 spontaneous breathing trials; or less than 7 days after the first trial].
- Prolonged [extubation failure after three attempts, or when the process takes more than 7 days]. 
Post-extubation Airway and Consciousness Assessment
Failure in liberation from mechanical ventilation is associated with unfavorable clinical outcomes. Clinical assessment should be performed using validated instruments (Cinotti et al., 2022). The GCS has been a widely used instrument to assess the severity of brain injury upon admission to the ICU. Its application is systematic, evaluating eye opening [1-4]; verbal response [1-5]; and motor response [1-6]. The scores for each item are summed to obtain final score [3-15 points]. Scores of 13-15 indicate normal or minimally altered consciousness; 9-12, moderately altered consciousness; and 3-8, severely altered consciousness or coma (Pisano et al., 2024; Bajaj et al., 2023).
ACS aims to assess the patient's ability to adequately protect and maintain their airway. It is based on the observation and evaluation of six items, each with a scoring range of 0-3 (Rubio et al., 2023; Jibaja et al., 2018; Coplin et al., 2000):
- Spontaneous cough [(0) vigorous, (1) moderate, (2) weak, (3) absent].
- Swallowing [(0) vigorous, (1) moderate, (2) weak, (3) absent].
- Sputum quantity [(0) none, (1) little, (2) moderate, (3) abundant].
- Sputum viscosity [(0) mucoid, (1) frothy, (2) thick, (3) sticky].
- Frequency of secretion suctioning prior to extubation [(0) every 3 h, (1) every 2 h, (2) every 2 h, (3) every <1 h].
- Sputum characteristics [(0) clear, (1) mucoid, (2) yellow, (3) green].
A score ≤ 6 predicts successful extubation (Rubio et al., 2023; Jibaja et al., 2018; Coplin et al., 2000).
FOUR scale is an instrument designed to predict clinical prognosis in patients with brain injury. It consists of four items [ocular, motor, trunk reflexes, and respiration] in which the best possible response is evaluated after three or more trials. The response range is 0-4. The total score ranges from 0 to 16. Brain injury can be classified as severe [0-7], moderate [8-12] or mild [≥ 13] (Ansari et al., 2024; Özçelik & Celik, 2022).
The epidemiological landscape in Mexico increases the risk of developing acute neurological conditions. Therefore, studying the clinical-demographic profile and outcome of liberation from mechanical ventilation in neurologically critical patients is fundamental to generating information that strengthens and improves decision-making, with the aim of reducing morbidity and mortality, as well as providing higher quality medical care and more efficient use of resources in public institutions.




2. Methodology

The study was examined and approved by the hospital research and ethics committee with folio FMED-00681. Retrospective and descriptive study that included patients of both sexes, ≥18 years of age, admitted to the ICU of a second-level Public Hospital located in Southeast Mexico with a confirmed diagnosis of brain injury of traumatic or non-traumatic origin between January and July 2024. All patients of both sexes over 18 years of age whose medical records contained the variables of interest were included. Patients referred from other medical units were excluded. Demographic data [age ≥ 18 years (classification: a. 18-59; b. ≥ 60); sex (a. female; b. male)] and clinical data [GCS (a. ≤ 8; b. ≥ 9)] were collected upon admission to the ICU. Data regarding the duration of mechanical ventilation (days) were collected upon liberation from mechanical ventilation [a. 1-3; b. 4-6; c. 7-9; d. ≥ 10]. Were collected hemodynamic data [SBP (mmHg), DBP (mmHg), MAP (mmHg), HR (beats/minute)]; respiratory [RR (breaths/minute)]; clinical [ACS (a.- ≤ 6; b.- ≥ 7), FOUR scale (a.- ≤ 12; b.- ≥ 13); total fluid balance (a.- positive; b.- negative; c.- neutral)]; ventilatory [PaO2 (mmHg) (a.- 75-100; b.- ≤ 74; c.- ≥ 101); PaO2/FiO2 (a.- ≥ 301; b.- 200-300; c.- 100-199; d.- ≤ 99); PEEP (cm H2O) (a.- ≤ 8; b.- ≥ 9), RR/Vt (breaths/minute/liter) (a.- ≤ 105; b.- ≥ 106)]; and outcome of ventilator weaning [a.- simple; b.- difficult; c.- prolonged]. 
Descriptive statistics [mean, standard deviation, frequencies and percentages] were applied using SPSS, version 25.

3. Results 

The sample size was 50 clinical records.  The mean age was 47.1 ± 19.0 years [minimum 18 - maximum 88]. The 18-59 age group predominated (70.0 %; n=35) (Fig. 1). Women represented 60.0 % (n=30).


Fig. 1. Number of patients in relation to the age group.

Traumatic brain injury occurred in 48.0 % (n=24) [non-traumatic: 52.0 %; n=26] (Fig. 2).


Fig. 2. Number of patients respect to the classification of brain injury.

The mean GCS on ICU admission was 9.3 ± 3.4. Patients with scores ≤ 8 represented 38.0 % (n=19) [≥ 9 (62.0 %; n=31)]. The mean time on mechanical ventilation was 8.8 ± 5.4 days [minimum 2 - maximum 20]. Patients requiring ≥ 10 days represented 36.0 % (n=18), followed by those requiring 4-6 days (32.0 %; n=16) (Fig. 3).


Fig. 3. Number of patients respect to days with mechanical ventilation.





Table 1 shows the hemodynamic and respiratory variables recorded at the time of weaning from mechanical ventilation. All patients registered SBP ≥ 91.0 mmHg; and 30 patients (60.0 %) RR ≥ 25 breaths/minute.

Table 1. Hemodynamic and respiratory profile at weaning from mechanical ventilation.

	Variable
	Mean ± SD
	classification
n (%)

	SBP (mmHg)
	130.3 ± 12.5
	≥ 91.0
	

	
	
	50 (100.0)
	

	DBP (mmHg)
	79.7 ± 10.9
	
	

	
	
	
	

	MBP (mmHg)
	96.5 ± 9.5
	
	

	
	
	
	

	HR (beats/minute)
	84.0 ± 14.0
	
	

	
	
	
	

	RR (breaths/minute)
	27.2 ± 7.0
	≤ 24
	≥ 25

	
	
	20 (40.0)
	30 (60.0)


*SD: Standard deviation

The score in ACS was 5.7 ± 2.7 [≤ 6 (46.0 %; n=23); ≥ 7 (54.0 %; n=27)]; and on the FOUR Scale 10.2 ± 2.7 [≤ 12 (78.0 %; n=39); ≥ 13 (22.0 %; n=11)] (Table 2).

Table 2. ACS and FOUR scale at mechanical ventilator liberation.

	Variable
	Mean ± SD
	classification
n (%)

	ACS
	5.7 ± 2.7
	≤ 6
	≥ 7

	
	
	23 (46.0)
	27 (54.0)

	FOUR scale
	10.2 ± 2.7
	≤ 12
	≥ 13

	
	
	39 (78.0)
	11 (22.0)


*SD: Standard deviation

The overall fluid balance was mostly positive (42.0%; n=21) (Fig. 4).



Fig. 4. Number of patients respect to total fluid balance.

The values ​​for ventilatory variables were: PaO2 (mmHg) 77.6 ± 7.9 [75–100 (62.0 %; n=31); ≤ 74 (38.0 %; n=19)]; PaO2/FiO2 (mmHg) 274.2 ± 70.1 [≥ 301 (36.0 %; n=18); 200–300 (46.0 %; n=23); 100–199 (18.0 %; n=9)]; PEEP (cm H2O) 7.4 ± 2.2 [≤ 8 (70.0 %; n=35); ≥ 9 (30.0 %; n=15)]; and RR/Vt (breaths/minute/liter) 71.6 ± 26.2 [≤ 104 (86.0 %; n=43); ≥ 105 (14.0 %; n=7)] (Table 3).

Table 3. Ventilatory variables at weaning from mechanical ventilation.

	Variable
	Mean ± SD
	classification
n (%)

	PaO2 (mmHg)
	77.6 ± 7.9
	≤ 74
	75-100
	

	
	
	19 (38.0)
	31 (62.0)
	

	PaO2/FiO2 (mmHg)
	274.2 ± 70. 1
	100-199
	200-300
	≥ 301

	
	
	9 (18.0)
	23 (46.0)
	18 (36.0)

	PEEP (cm H2O)
	7.4 ± 2.2
	≤ 8
	≥ 9
	

	
	
	35 (70.0)
	15 (30.0)
	

	Fr/Vt
	71.6 ± 26.2
	≤ 104
	≥ 105
	

	
	
	43 (86.0)
	7 (14.0)
	


*SD: Standard deviation

The ventilator weaning outcomes was mainly simple (50.0 %; n=25); followed by prolonged (32.0 %; n=16); and difficult (18.0 %; n=9) (Fig. 5).


Fig. 5. Number of patients respect to ventilator weaning outcomes.  

3. Discussion

The results indicated that neurologically critical patients in Southeastern Mexico were between 18 and 59 years of age. Women represented a larger proportion. Traumatic and non-traumatic brain injury was similarly frequent. A GCS ≥ 9 upon admission to the ICU predominated. Time on mechanical ventilation ≥ 10 days was frequent. Hemodynamic and respiratory stability was observed in most patients upon weaning from mechanical ventilation. ACS, FOUR scale, total fluid balance and ventilatory variables indicated adequate conditions. However, half of the patients experienced a prolonged or difficult outcome. The established objectives were fully achieved, allowing for the establishment of epidemiological data that will improve clinical management aimed at successful liberation from mechanical ventilation and positively impacting the quality of care and use of public resources.

In Mexico, the prevalence of risk factors associated with brain injury is high. The prevailing social and economic context influences the incidence of traumatic brain injury. Thus, it ranks as the fourth leading cause of death nationally (Díaz de León et al., 2017). Furthermore, the prevailing demographic and epidemiological landscape shows a high prevalence of chronic diseases, obesity, and excessive consumption of alcohol and tobacco products. In this regard, at least 170,000 new cases of cerebrovascular disease were registered during 2021, [seventh cause of mortality] (MMH, 2021). Tejerina et al. (2022) mention that the existing evidence regarding weaning strategies in neurological patients is limited. However, the lack of planning in the extubation process has been identified as a determining factor, resulting in a reintubation rate greater than 17.0 %.

The demographic [age 47.1 ± 19.0 years; 60.0% female] and etiological characteristics of brain injury [non-traumatic (52.0 %)] found in our research differed from those reported by Videtta et al. (2021) in their study related to the extubation of neurologically critical patients [age 39.7 ± 16.4 years; [53.0 % women]. In this regard, the demographic, social, and economic conditions of each region, as well as the level of hospital care, could influence patient characteristics.

ECG score recorded upon admission to the ICU [9.3 ± 3.4; ≤ 8: 38.0 %] and the time on mechanical ventilation [8.8 ± 5.4 days; ≥ 10 days: 36.0 % (n=18)] were consistent with Cinotti et al. (2022), who found that patients with low ECG scores had longer periods on mechanical ventilation (days) [14 (7–21)] compared to those with high scores [6 (3–11)]. Furthermore, Venkatasubba et al. (2020) found that an ECG score ≤ 8 increased the risk of failure to liberation patients from mechanical ventilation.

The behavior of hemodynamic variables [SBP: ≥ 91.0 mmHg (100.0 %); DBP: 79.7 ± 10.9 mmHg; MAP: 96.5 ± 9.5 mmHg; HR: 84.0 ± 14.0 bpm] and respiratory variables [RR: ≤ 24 (40.0 %); ≥ 25 (60.0 %)] at the time of liberation from mechanical ventilation was similar to that reported in other studies. Souza et al. (2024) found MAP ​​80-83 mmHg and HR 70-80 bpm.

The classifications recorded on ACS [≤ 6 (46.0%); ≥ 7 (54.0 %)]; FOUR scale [≤ 12 (78.0 %) ≥ 13 (22.0 %)] and total fluid balance [positive (42.0 %); negative (36.0 %); neutral (22.0 %)] showed suitable conditions for extubation. However, despite its predictive importance in various studies, its use was not identified. Topete et al. (2024) found that the FOUR Scale is widely used at the time of liberation from mechanical ventilation in neurologically critical patients, showing adequate prognostic capacity.

The classification of ventilatory variables [PaO2 (mmHg): 75-100 (62.0 %); ≤ 74 (38.0 %); PaO2/FiO2 (mmHg): ≥ 301 (36.0 %); 200-300 (46.0 %); 100-199 (18.0 %); PEEP (cm H2O): ≤ 8 (70.0 %); ≥ 9 (30.0 %); Fr/Vt (breaths/minute/liter): ≤ 104 (86.0 %); ≥ 105 (14.0 %)] were similar to those reported by Cortés et al. (2018), who found an adequate predictive capacity of the outcome. However, PaO2/FiO2 has shown superiority. da Silva et al. (2023) mention that delaying weaning from mechanical ventilation increases the risk of mortality. The spontaneous breathing trial is the gold standard for evaluating (85.0 %) successful weaning and extubation. However, the use of different tools and instruments to predict failure is essential. An association has been found between hemodynamic variables and weaning failure.

The ventilator weaning outcomes [simple (50.0 %); prolonged (32.0 %); difficult (18.0 %)] differed from that reported by different authors. Valer et al. (2025) found simple weaning in 61.2 %, prolonged 31.3 % and difficult 7.5 %. The difference was possibly due to the type of patients evaluated. In this regard, Cortés et al. (2018) found a failure rate of 22.0 %; Belenguer et al. (2023) 17.0–18.0 %; and Topete et al. (2024) 55.4 %. In others pathologies, Pham et al. (2023) found failure of 35.0 %; da Silva et al. (2023) of 8.9 %; and Sepulveda et al. (2025), of 28.2 %. The difference in failure rates could be due to clinical and demographic characteristics, as well as the level of medical care. The hemodynamic, ventilatory, and cardiac factors are determinants in outcome weaning. Therefore, the use of predictive tools is essential.

Neurological patients have a high extubation failure rate with numerous complications and high mortality. There is a clear need for research into their clinical and demographic characteristics, as well as their ventilatory behavior, in order to identify the main factors involved in ventilator liberation failure.








5. Conclusion

Demographic, clinical, and ventilatory characteristics can influence the outcome of liberation from mechanical ventilation in neurologically critical patients in southeastern Mexico. The results showed predominated women, 18-59 age group, non-traumatic brain injury, GCS ≥ 9, time on mechanical ventilation ≥ 10 days, SBP ≥ 91.0 mmHg; RR ≥ 25 breaths/minute, ACS ≥ 7, FOUR Scale ≤ 12, fluid balance positive, PaO2 75-100 mmHg, PaO2/FiO2 200-300 mmHg, PEEP ≤ 8 cm H2O, RR/Vt ≤ 104 breaths/minute/liter and ventilator weaning outcome simple. Understanding these characteristics is crucial for the timely identification of adverse conditions that result in extubation failure, morbidity, mortality, lower quality of care in public institutions and higher hospital costs.
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