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Tracheostomy is a routine surgical procedure in patients with severe traumatic brain injury, which requires mechanical ventilation to maintain gas exchange and avoid hypoxemia. Inadequate tracheostomy timing, nursing care, and decannulation would lead to a series of complications, such as aggravated pneumonia and prolonged intubation. The effects of early tracheostomy versus late tracheostomy have been explored. And early tracheostomy is more likely associated with shorter hospital stays and fewer complications. But the relevant reports are controversial. A safe and fast tracheostomy decannulation would facilitate the recovery. However, there was a broad variability in the indications and timing of tracheostomy and decannulation. High-quality evidence is subsequently lacking. We conducted this review to address gaps in knowledge regarding the management strategy and nursing protocol in patients with tracheostomy and decannulation following traumatic brain injury. A multidisciplinary tracheostomy team containing nursing care was also discussed to provide the best service to these patients.
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Introduction

Patients suffered from severe traumatic brain injury (sTBI, the list of abbreviations was shown in Table 1) usually require mechanical ventilation in the neurosurgical intensive care unit (ICU). Approximately 31.8% of patients in the TBI cohort have experienced tracheostomy, which is more frequent than patients in general ICU cohorts with rates of about 10% (1). As the state of unconsciousness is persistent, tracheostomy is commonly performed to maintain gas exchange to avoid hypoxemia and accelerate liberation from mechanical ventilation. With the stable airway access provided, the tracheostomy tube could also be convenient for suctioning (2). The main indications for tracheostomy in patients with sTBI include absence of protective airway reflexes, impairment of respiratory drive, prolonged mechanical ventilation, reduction of dead space to facilitate ventilatory weaning, and difficulties in managing secretions (1, 3). However, optimal timing for tracheostomy is still controversial.



TABLE 1 List of abbreviations.
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A safe and fast decannulation in tracheostomized patients with sTBI is considered as a main rehabilitative goal. However, there was substantial heterogeneity in tracheostomy care and decannulation practices among the different centers (4). In this study, we reviewed the effects of tracheostomy, tracheostomy timing, and decannulation timing to provide valuable information for clinicians. We further discussed the role of a multidisciplinary tracheostomy team, especially the nursing care protocol, in the clinical management of tracheostomized patients with sTBI.



The effects of tracheostomy on patients with sTBI

It has been reported that tracheostomy has advantages in improving outcomes of patients with sTBI compared with prolonged endotracheal intubation. Villemure-Poliquin N et al. (5) conducted a retrospective multicenter cohort study and examined the potential benefits of tracheostomy versus prolonged endotracheal intubation. Tracheostomy was shown to be associated with decreased 30-day mortality. The increased survival owing to tracheostomy was also confirmed by Stephen S et al. (6). Specifically, tracheostomy could comfort the patients by reducing oropharyngeal irritation, reducing sedative administration, and achieving more autonomy earlier (7). Besides, tracheostomy could decrease the risk of ventilator-associated pneumonia and ventilator-induced lung injury (8). Patients with long-term mechanical ventilation could also get positive weaning and shorter duration by tracheostomy. As an invasive procedure, tracheostomy would inevitably have risks for the airway, including tracheomalacia, hemorrhage, and tracheal stenosis (9). However, tracheostomy would still be recommended for sTBI patients when weighing the benefits and risks (10).



The timing of tracheostomy for patients with sTBI

Conventionally, tracheostomy is commonly used for patients with sTBI under the condition of Glasgow Coma Scale (GCS) score ≤ 8 and these who rely on a mechanical ventilator for more than 7 days (11, 12). According to the recommendations of the European Society of Intensive Care Medicine consensus (13), tracheostomy is strongly recommended in mechanically ventilated patients with acute brain injury (ABI) who have failed one or several trials of extubation. It should also be considered in mechanically ventilated patients with ABI who have persistently reduced consciousness levels (weak recommendation).

Although tracheostomy is generally indicated for patients with sTBI, the timing of tracheostomy for patients with sTBI is unclear (14). Tracheostomy is usually defined as early tracheostomy (ET, performed within 7 days of admission) or late tracheostomy (LT, performed more than 7 days after admission). A previous study classified ET and LT as tracheostomy performed ≤10 days and > 10 days after tracheal intubation, respectively (15). Another study defined ET and LT as tracheostomy performed ≤3 days and > 3 days after admission, respectively (16). The effects of early tracheostomy versus late tracheostomy have been explored. But the results are controversial. According to a retrospective, 15-year observational cohort study from January 1990 to December 2005, 3,277 patients with TBI were found to have a tracheostomy (17). The investigation indicated a relationship between tracheostomy timing and prognosis, and suggested that ET may lead to a better overall clinical outcome than LT. Similarly, Shibahashi K et al. (18) explored the performance of earlier tracheostomy (within 72 h of admission) and found a decrease in the duration of mechanical ventilation and length of stay (LOS) in patients with TBI, with acceptable mortality. Besides, a propensity-matched analysis on children’s patients with sTBI and a retrospective cohort study on adult patients both showed that ET was related with shorter hospital LOS and fewer complications (8, 19). Along with a decreased risk of pneumonia, a lower risk of deep venous thrombosis, and decubitus ulcer, a decreasing trend of pulmonary embolism was observed in ET. A lower incidence of gram-negative microorganism-related nosocomial pneumonia and shorter antibiotic duration use were also identified in ET (20). In a meta-analysis comparing ET and LT in sTBI or stroke, the mean time to tracheostomy in the ET cohort was 7.1 ± 0.00 days and 15.3 ± 0.01 days in the LT cohort. ET was shown to reduce the risk for ventilator-associated pneumonia and decrease mechanical ventilation duration in ICU and hospital LOS (21). Another meta-analysis comparing ET and LT in sTBI displayed similar results (10). However, a recent US national analysis showed that mortality was slightly higher in ET than in LT, while other benefits from ET notably existed (22). Villemure-Poliquin N et al. (5) revealed no effect on mortality was observed when comparing ET and LT. Relevant studies on time to tracheostomy in patients with severe TBI in Table 2.



TABLE 2 Studies on time to tracheostomy in patients with severe TBI.
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In general, priority seems to be given to ET for patients with sTBI rather than delayed tracheostomy or LT. However, high-quality evidence is lacking. In 2020, an international consensus panel attempted to provide a recommendation regarding the optimal timing of tracheostomy in patients with ABI. But they failed due to contradictory and low-quality evidence (13). Following that, results from CENTER-TBI as a prospective observational longitudinal cohort study on patients with TBI were reported (1). The study demonstrated that LT was more likely to have a worse neurological outcome, poor neurological sequels, and longer LOS. Due to various tracheostomy timing, different brain injury severity, and a mix of isolated brain injury versus multiple injury, there was a broad variability in current studies. Standardized comparisons are needed in future research. Given the variable indications for mechanical ventilation and the different underlying lung mechanics in patient subgroups, more detailed information is needed to implement guidelines (23).



The timing of decannulation for patients with sTBI

The majority of patients with tracheostomy who survive to hospital discharge could be successfully decannulated (24). An early decannulation could avoid secondary complications, such as respiratory infections and airway obstructions, to improve clinical outcomes and facilitate the recovery (25). However, the indications and optimal time for decannulation remain unclear. According to a systematic scoping review on critically ill patients in mixed ICU, the assessment criterion differed as informed consent, clinical stability, airway patency, physiological decannulation, swallowing assessment, consciousness level, effectiveness of cough, and clearance of secretions (26). However, it would not be adequate for patients with sTBI. Because patients with sTBI are usually in a coma, and the ability of self-body control and executing simple voluntary tasks are lost.

Weaning protocols are difficult for decision-making. There are numerous and confounding factors to judge. For example, common comorbidities such as diabetes and acute kidney injury would influence the chances for decannulation in patients with sTBI (27). Despite that, identifying efficient factors for time to decannulation is essential for safe weaning. It is reported that the predictive factors for safe removal of the tracheal tube in patients with ABI including high neurological status, TBI rather than stroke or anoxic brain lesions, younger age, effective swallowing, an effective cough, and the absence of pulmonary infections (28). Independent breathing and airway protection may indicate successful decannulation in patients with sTBI. Perin C et al. (29) found that mean expiratory pressure, spontaneous cough, and cough strength were positive predictors of tracheostomy tube removal. However, in a decannulation study on 74 patients with ABI, airway patency, cough reflex test, SpO2, and GCS ≥ 8 showed high specificity but low sensitivity (30). Shrestha KK et al. also proposed that consciousness level based on GCS score was not significant in successful decannulation (31). Meanwhile, a higher coma recovery scale-revised (CRS-R) score was suggested to accurately evaluate the state of consciousness, which was demonstrated to be associated with a higher probability of decannulation (32). Thus, accurate parameters for accessing consciousness need to be used for studies on decannulation indications in depth.

Several methods have been observed to contribute to successful decannulation. Lanini B et al. (33) emphasized the roles of flexible bronchoscopy and thought it would guide successful tracheostomy weaning. Zanata Ide L et al. (34) thought that phonation and coughing were helpful for early tracheal decannulation in 20 patients with TBI. Moreover, the swallowing ability was verified in a retrospective study with a Danish population of 324 participants. Eskildsen SJ et al. (35) found that an improvement in swallowing ability during the initial 4 weeks of rehabilitation was associated with an 8.2-day reduction in time to decannulation. This study concluded that swallowing ability is a potentially significant factor with reduced time to decannulation. Relevant studies on time to decannulation in patients with severe TBI in Table 3. In general, the clinical criteria for tracheostomy decannulation in patients with sTBI included: (1) toleration of tracheostomy tube capping for 72 h (36); (2) Absence of severe dysphagia, defined as the ability to manage secretions (37); (3) endoscopic patency of airways (lumen diameter > 50%) (38); (4) swallowing instrumental assessment (penetration assessment scale 5, no aspiration events); and (5) blue dye test (absence of blue traces) (30).



TABLE 3 Studies on time to decannulation in patients with severe TBI.
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Multidisciplinary tracheostomy team

Inadequate tracheostomy timing, nursing care, and unsafe decannulation would lead to complications, such as aggravated pneumonia, prolonged intubation, or induced paroxysmal sympathetic hyperactivity (39). Therefore, a multidisciplinary team trained and qualified is essential. Patients would benefit from a specialized multidisciplinary tracheostomy team. LeBlanc J et al. (40) retrospectively compared the effect of a multidisciplinary tracheostomy team from 27 patients before implementation of the tracheostomy team approach and 34 patients followed by the team. The team comprised trauma surgeons and residents, respiratory therapists, speech-language pathologists, and clinical nurse specialists. The results suggested that patients in the multidisciplinary group had a significantly shorter LOS and decreased time to decannulation. Based on research in the Level I trauma center of Carolinas Medical Center of America, Alvin et al. (41) investigated whether the multidisciplinary team would decrease LOS. The team was called a dedicated multiprofessional acute trauma health care (mPATH) team, consisting of a physical, occupational, speech, and respiratory therapist, nurse navigator, social worker, advanced care provider, and physician. They retrospectively compared the patients in the year before the mPATH team was established (n = 60) to those in the first full year following the team implementation (n = 70). As the primary endpoint, LOS obviously decreased due to the successful team. Meanwhile, a cost savings of US $11,238 per index hospitalization was observed. Thirty-day readmission and mortality rates had no significant change. Hence, the involvement of a multidisciplinary team is feasible during the entire hospitalization from tracheostomy to decannulation. However, it should be noted that the population sample size of the above study is limited, and more prospective research evidence is needed.



Nursing care

In a recent methodological study conducted in a public hospital in the city of Belém in Brazil (42), 34 nursing professionals participated in this survey. Developed through two phases: (I) target audience characterization and (II) technology development, and guided by the 5W2H management tool: 1 – What; 2 – Who; 3 – When; 4 – Where; 5 – Why; 1 – How; 2 – How Much, investigators thought the educational demands and continuing health education, with an emphasis on standardizing care through a protocol, were important for critical patients with tracheostomy. Although the study was limited by the lack of content validity by expert judges, appearance validity by design judges, semantic validity by the target audience, and usability assessment, clinical significance may truly exist. Because they appealed that care protocols and educational technologies were effective tools to address inconsistent topics in assisting patients with tracheostomy in NICU. A cross-sectional descriptive study involving a self-administered questionnaire conducted in a tertiary medical center in Saudi Arabia also recommended continuous training and competency evaluation for delivering optimal nursing care (43).

Tracheostomy is an invasive procedure and requires the participation of specialized multidisciplinary tracheostomy team collaboration (44). Among those, if the nursing work is not in place, various complications could arise, and the clinical prognosis would be affected. Hence, evidence-based nursing for patients with tracheostomy is beneficial to form standardized practices and prevent complications (45).

According to our experience, an individualized and feasible respiratory care plan should be developed by the supervising nurse based on the patient’s condition. Firstly, different body postures should be used for patients with different disease conditions. For example, patients with irritating cough should be given a semi-recumbent position. Secondly, the suction method should be adjusted based on coughing and changes in airway pressure. The appropriate suction tube should be selected, and airway patency should be ensured. Each suction time should be approximately 15 s to prevent situations such as hypoxia and suffocation caused by prolonged suction. Thirdly, attention should be paid to airway humidification. After tracheostomy, the patient’s respiratory tract is in direct contact with air. Therefore, sodium chloride solution should be used for humidification. Simultaneously, a tracheostomy mask could be used to achieve a humidification effect. The gas could be humidified and filtered to protect the tracheal mucosa. Finally, complication care for stoma is important. Nurses should strengthen nursing patrols, check the incision, and prevent infection. The incision needs to be kept clean, the tracheal cuff should be replaced promptly, and disinfected with alcohol or iodine solution. Observe the incision for secretions, collect and culture bacteria, and use sensitive antibiotics to prevent infection.



Discussion

Tracheostomy and its decannulation are common procedures for patients with sTBI. Although ET is mostly reported to be associated with decreased LOS and fewer complications, mortality remains controversial. The different outcomes reported in different studies are likely associated with the various patient models used. Evaluations for ET or LT are more effective when considering 7 days as a cut-off point. Further investigation into standardized patient models could provide more precise insights into the optimal timing for tracheostomy and improve patient outcomes across diverse clinical settings. In addition, the current evidence on protocols for the assessment of tracheostomy decannulation is inadequate. Most recommendations are insufficient due to time bias, population bias, or the small sample size owing to the nature of the study. With the results from CENTER-TBI proving that ET can improve patient outcomes, more prospective randomized controlled trials exploring the timing of tracheostomy and decannulation are warranted to provide clinical guidelines.

The multidisciplinary tracheostomy care is important and its scope is expanding in order to manage the complex needs and expectations of tracheostomy patients. Initiatives such as the Global Tracheostomy (Quality Improvement) Collaborative1 have the potential to collect meaningful patient-level data around the quality of care delivered (46). Quality improvement programs such as this can deliver data that are relevant to patients and their families, multidisciplinary health care professionals and also hospital administrators that can comprehensively benchmark the effectiveness of multidisciplinary tracheostomy care in the future (47). Even when overlapping with other roles from the multidisciplinary team, specialist nursing programs including continuous training and competency evaluation have been shown to be a cost-effective method of improving hospital-wide tracheostomy care.

There are some limitations in this review. Firstly, the included literatures were relatively insufficient. Several researches published before 2000 years were ruled out. And only English literature has been adopted. Articles in other languages such as Chinese, German, and French were not available. Secondly, we only focused on the results and conclusions of the existing research, and did not further analyze the data of the study comprehensively. In addition, the evidence of the multidisciplinary tracheostomy team and nursing care were not powerful. Therefore, some insights may be controversial.



Conclusion

An ET performed within 7 days of admission in TBI patients could increase the opportunity of patient’s early rehabilitation. The toleration of tracheostomy tube capping, the ability to manage secretions, the endoscopic patency of airways, the swallowing ability, and the blue dye test may be potentially factors for early decannulation decision-making. A multidisciplinary tracheostomy team with specialist nursing care is crucial to improve clinical outcomes and prevent complications.
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