
Frontiers in Medical Science Research 
ISSN 2618-1584 Vol. 8, Issue 3: 78-83, DOI: 10.25236/FMSR.2026.080311 

Published by Francis Academic Press, UK 
-78- 

Suture Fixation, Stoma Care, and Recurrent 
Laryngeal Nerve Injury-Related Airway Risks after 
Tracheostomy: A Narrative Review 

Chi-Shing Kwok, Hang-Kai Cheung 

Department of Otorhinolaryngology-Head and Neck Surgery, Kiang Wu Hospital, Macau, China 

Abstract: This narrative review examines airway risks after tracheostomy related to suture fixation, 
stoma care, and recurrent laryngeal nerve injury, with particular attention to their effects on cannula 
security, stoma-related complications, capping, and decannulation. Thirty-five publications addressing 
tracheostomy techniques, cannula fixation, stoma care, recurrent laryngeal nerve injury, special 
populations, and emerging digital care were synthesized and analyzed from three interrelated 
perspectives: suture fixation, stoma management, and upper airway neural function. The available 
literature indicates that appropriate suture fixation, particularly the use of stay sutures and selected 
stoma-maturation techniques, may reduce early accidental decannulation, false passage formation, 
and related mortality, while standardized stoma care can decrease infection, granulation tissue, airway 
stenosis, and tube obstruction. Recurrent laryngeal nerve injury may impair glottic mobility and 
swallowing function, thereby influencing the likelihood of successful capping and decannulation; 
although intraoperative nerve monitoring may reduce selected nerve injury risks, it cannot replace 
direct intraoperative nerve identification. Obese patients, children, patients with head and neck cancer, 
and patients with COVID-19 have distinct risk profiles and require individualized assessment. Overall, 
airway safety after tracheostomy should be managed through an integrated approach combining 
cannula fixation, stoma assessment, and upper airway evaluation, supported by standardized checklists, 
stoma care bundles, pre-decannulation upper airway assessment, and multidisciplinary workflows to 
reduce accidental decannulation, infection, stenosis, and decannulation failure. 
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1. Introduction 

Airway risk after tracheostomy is rarely attributable to a single factor. The choice of surgical 
technique, cannula stability, the stoma environment, and upper airway function are closely interrelated; 
failure at any one of these steps may progress to an acute event and may even result in death. In a 
prospective randomized study including 60 adult patients, the Björk flap group had substantially lower 
rates of intraoperative bleeding (43.3% vs. 70%), subcutaneous emphysema (6.7% vs. 30%), stoma 
granulation (10% vs. 70%), tube obstruction (10% vs. 70%), and infection (10% vs. 73.3%) than the 
conventional tracheostomy group. Visual analogue scale scores during tube changes on days 2 and 7 
also suggested easier care after Björk flap tracheostomy [1]. With respect to functional recovery, 
another prospective comparative study of 79 patients showed that patients who underwent Björk flap 
tracheostomy required a shorter interval from failure of the first fiberoptic endoscopic evaluation of 
swallowing to a subsequent successful assessment (9 +/- 4 days vs. 16 +/- 5 days) and fewer 
assessments (2 +/- 1 vs. 4 +/- 1), suggesting that this technique may accelerate swallowing recovery [2]. 
The timing of tracheostomy has long remained controversial. A meta-analysis of 17 randomized 
controlled trials involving 3,145 critically ill patients reported that early tracheostomy (<=7 days) was 
associated with a lower incidence of ventilator-associated pneumonia, more ventilator-free days, and a 
shorter intensive care unit stay, although it had no significant effect on short-term mortality [3]. Taken 
together, these findings indicate that the choice of technique and timing influences not only short-term 
complications but also longer-term functional recovery. 

2. Methods 

This review adopted a narrative literature review approach. Relevant literature was primarily 
identified through searches of PubMed, Google Scholar, the Cochrane Library, and databases of related 
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otolaryngology, thoracic medicine, and surgical journals. The reference lists of included articles were 
also screened to identify additional relevant studies. Search terms included “tracheostomy,” 
“tracheotomy,” “stay suture,” “Björk flap,” “stoma care,” “recurrent laryngeal nerve injury,” 
“intraoperative nerve monitoring,” and “decannulation,” together with their corresponding Chinese 
terms. The search mainly focused on publications from 2013 to 2025. A total of 35 articles related to 
tracheostomy techniques, tube fixation, stoma care, recurrent laryngeal nerve injury, special patient 
populations, and digital care technologies were ultimately included for narrative analysis. 

3. Upper Airway Function and Basic Care 

A common blind spot in airway risk assessment is neglecting the condition of the upper airway 
itself. A systematic review emphasized that recurrent laryngeal nerve dysfunction is not limited to 
surgical injury. Autoimmune disease, neuropathy, metabolic disorders, infection, and medications may 
all cause a wide spectrum of manifestations, ranging from hoarseness to inspiratory stridor and severe 
respiratory distress. Reported systemic etiologies include systemic lupus erythematosus, sarcoidosis, 
Guillain-Barre syndrome, diabetes mellitus, Lyme disease, COVID-19, and drugs such as nivolumab 
and vincristine [4]. To standardize pediatric tracheostomy care, the American Thoracic Society clinical 
practice guideline recommends that ethical principles guide decision-making, that standardized 
discharge processes be implemented, and that high-risk children be accompanied by an awake and 
trained caregiver. Before decannulation, a comprehensive airway evaluation is recommended, 
including the nasal cavity, oropharynx, supraglottis, subglottis, and tracheobronchial tree [5]. Although 
it involves a different anatomical site, a prospective trial of intestinal stoma closure provides useful 
principles for wound management: no infections occurred among 34 patients who underwent purse-
string closure, whereas 3 of 14 patients who underwent linear closure developed infection (P=0.021). 
Although this is indirect evidence, it highlights the influence of closure technique on infection rates [6]. 
Regarding the selection of adult tracheostomy techniques, a retrospective study of 217 patients found 
that the Björk flap was more frequently used in patients requiring prolonged ventilation and in those 
with a higher body mass index, whereas tracheal window procedures were more commonly used in 
patients with head and neck cancer and those with a history of neck irradiation. No significant 
differences in postoperative bleeding or decannulation success were observed between the two groups 
[7]. 

4. Recurrent Laryngeal Nerve Injury and Intraoperative Nerve Monitoring 

An editorial noted that unilateral recurrent laryngeal nerve paralysis usually presents with 
hoarseness, whereas bilateral paralysis may cause severe respiratory distress requiring tracheostomy; 
nerve protection is therefore particularly important during thyroid and neck surgery [8]. A meta-
analysis of 21 randomized controlled trials involving 3,621 patients produced findings consistent with 
earlier comparisons of early and late tracheostomy: earlier tracheostomy reduced the duration of 
mechanical ventilation (mean difference, -2.77 days) and intensive care unit stay (mean difference, -
6.36 days), but had limited effects on all-cause mortality and pneumonia [9]. In 387 children 
undergoing 426 high-risk aerodigestive and cardiovascular procedures, intraoperative nerve monitoring 
reduced postoperative vocal fold motion impairment from 20.2% to 11.4% (P=0.019). Bilateral vocal 
fold motion impairment was 14 times more common when intraoperative nerve monitoring was not 
used, and the protective effect was particularly evident in children with pre-existing vocal fold motion 
impairment (7.8% vs. 25%) [10]. From the perspective of long-term appearance, a case-control study of 
156 patients showed no significant difference in scar cosmesis between open and percutaneous 
tracheostomy. However, patient and observer scar assessment scores were significantly worse when the 
cannula remained in place for more than 15 days, suggesting that cannulation duration, rather than the 
surgical approach itself, may be the key determinant [11]. Returning to thyroid surgery, a meta-analysis 
integrating 103 studies and 132,212 patients showed that intraoperative nerve monitoring reduced the 
risk of temporary unilateral recurrent laryngeal nerve injury by 38% and permanent injury by 51%. 
Continuous intraoperative nerve monitoring, lower stimulation currents (<=2 mA), and avoidance of 
neuromuscular blocking agents appeared to offer greater protection [12]. In 24 patients undergoing 
minimally invasive esophagectomy, intraoperative nerve monitoring did not significantly reduce the 
rate of vocal fold paralysis (33.3% vs. 59.1%, P=0.08), but it increased the number of dissected lymph 
nodes (44.4 vs. 38.8) and reduced the need for tracheostomy and bronchoscopy [13]. 
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5. Laryngeal Complications, Nerve Repair, and Anatomical Variants 

Laryngeal complications after prolonged intubation and tracheostomy are easily underestimated. An 
educational review reported laryngeal injury rates of 57-83%, dysphonia in up to 76%, hoarseness in up 
to 83%, and dysphagia in up to 49%. These symptoms directly affect the success of extubation and 
tracheostomy decannulation and require multidisciplinary involvement, including speech and language 
therapists [14]. Once nerve injury has occurred, the question is whether immediate repair can still be 
effective. In a 10-patient case series in an oncological setting, 12-month follow-up showed that only 10% 
of patients continued to have dysphagia and only 10% had mild voice impairment. One patient regained 
bilateral vocal fold movement, three showed mild ipsilateral twitching, and most patients recovered 
functional phonation through contralateral compensation [15]. Intraoperative identification of the 
recurrent laryngeal nerve cannot rely solely on its usual course. A study of 2,094 patients described a 
new right recurrent laryngeal nerve variant characterized by an additional cranially ascending branch in 
addition to tracheal, esophageal, and laryngeal branches, reminding surgeons to remain vigilant for 
anatomical variations [16]. 

6. Challenges in Obesity, Pediatric Patients, and Emerging Technologies 

The burden of post-tracheostomy care in obese patients is often underestimated. A study of 391 
patients found that each one-unit increase in body mass index was associated with a lower rate of 
tracheostomy tube change (rate ratio, 0.86; 95% confidence interval, 0.77-0.96), whereas the proportion 
of patients who remained ventilator-dependent at discharge increased significantly with increasing 
body mass index (P<0.001) [17]. Pediatric tracheostomy is even more challenging because the trachea 
is short, compliant, and prone to collapse, while the thyroid gland is relatively large and vascular. Most 
centers therefore continue to prefer conventional open tracheostomy with stay sutures. Percutaneous 
tracheostomy is not recommended in patients younger than 1 year because accidental decannulation 
may be fatal [18]. To improve the safety of initial puncture, a research team developed a prototype for 
trans-oral robotic-assisted needle direct tracheostomy puncture. This inside-out approach was designed 
to reduce the risks of injury to the cricoid cartilage, cervical esophagus, and cervical vessels. In a 
porcine model, it successfully penetrated muscle and auricular cartilage, but the technology remains at 
the prototype stage and has not yet been validated in cadavers or humans [19]. A study of 387 patients 
further showed that the overall complication rate in obese patients was 28.8%, significantly higher than 
the 15.8% observed in non-obese patients. The most common complication was accidental 
decannulation (13.7% vs. 5.6%). Patients with a body mass index greater than 40 had a higher risk of 
multiple complications or death (P=0.009); among three deaths in patients with class III obesity, two 
resulted from cardiac arrest after decannulation [20]. These data indicate that postoperative monitoring 
in obese patients should not simply follow routine pathways designed for the general population. 

7. Neuroprotective Strategies and Home Care 

Recurrent laryngeal nerve palsy after minimally invasive esophagectomy is often temporary and 
recovers within approximately 6-12 months, although some cases are permanent. A narrative review 
emphasized that when bilateral paralysis causes severe respiratory distress, tracheostomy should not be 
delayed, because progression to fatal complications must be avoided. Preventive strategies such as 
nerve integrity monitoring and robot-assisted minimally invasive esophagectomy still require further 
validation [21]. In a retrospective review of 623 thyroid operations, the recurrent laryngeal nerve injury 
rate was approximately 4.98%. The rate was markedly higher in reoperative cases than in primary 
operations (10.81% vs. 4.61%), and routine exposure of the recurrent laryngeal nerve effectively 
prevented injury. Severe bilateral injury sometimes required tracheostomy combined with carbon 
dioxide laser arytenoid surgery; in that study, one patient experienced substantial improvement in 
dyspnea 1 year after this treatment [22]. An umbrella review synthesizing 48 systematic reviews and 
meta-analyses reached a more conservative conclusion: in thyroidectomy, intraoperative nerve 
monitoring may reduce temporary and overall recurrent laryngeal nerve injury, but its effect on 
permanent injury remains uncertain and requires additional prospective randomized controlled trials 
and cost-effectiveness studies [23]. Whether some aspects of care can be transferred to the home setting 
is another important question. A study involving 14 children who underwent 77 home tracheostomy 
tube changes and 82 gastrostomy tube changes reported no complications, 100% family satisfaction, 
and lower perceived stress for children at home than in hospital (1.29/5 vs. 3.86/5). Overall, 85.7% of 
families preferred home replacement [24]. These findings support the feasibility of home-based care as 
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an option for long-term pediatric tracheostomy management when appropriately trained teams and 
suitable family conditions are present. 

8. Biomechanics and Clinical Evidence for Fixation Methods 

Should adult surgical tracheostomy routinely include a Björk flap? A literature review adopted a 
cautious position. Existing data suggest that the procedure can be performed with a low complication 
rate, and some studies have reported less tracheal stenosis (in the Dukes comparison, 95% after 
excisional window vs. 10% after Björk flap; P<0.01). However, the strength of evidence remains 
insufficient to support universal routine use, and multicenter randomized controlled trials are still 
needed [25]. For children who require long-term tracheostomy, starplasty tracheostomy directly sutures 
the trachea to the skin to create a mature stoma. In a 39-patient case series, no early complications, 
accidental decannulations, or tracheostomy-related deaths were reported, and reinsertion after 
decannulation was easier [26]. Individualization of fixation tension is also important. A case report 
showed that overly tight ties combined with forceful coughing can cause extensive cervicofacial 
subcutaneous emphysema. Symptoms improved after loosening the ties and providing antitussive and 
sedative supportive therapy, highlighting the importance of monitoring tie tightness [27]. Experimental 
models provide concrete biomechanical evidence. In an artificial neck model, the addition of medial or 
lateral sutures required a greater force to dislodge the tracheostomy tube than ties alone, and medial 
sutures were more resistant to pullout than lateral sutures (all P<0.0001). Shiley tubes were also 
generally more resistant to dislodgement than Portex tubes [28]. Clinical translation likewise supports 
this approach. In a prospective cohort study of 205 patients, no deaths from accidental decannulation 
occurred in the stay-suture group, whereas three deaths occurred in the conventional tracheostomy 
group (P=0.024). The authors recommended that this technique be considered particularly for obese 
patients and those with short necks [29]. 

9. Limitations of Intraoperative Monitoring, COVID-19 Experience, and Integrated Care 

In a single-center experience of 1,471 thyroid operations, intraoperative nerve monitoring and 
neurostimulation laryngoscopic assessment both showed high negative predictive values for normal 
postoperative vocal fold function (99.5% and 99.2%, respectively). Patients with bilateral vocal fold 
paralysis may require tracheostomy or vocal fold lateralization depending on symptoms, indicating that 
even good monitoring cannot completely eliminate the need for tracheostomy [30]. The COVID-19 
pandemic further highlighted the complexity of tracheostomy timing and safety. In one single-
institution study, the median time to tracheostomy was 22 days after initiation of ventilation, and the 
median duration of mechanical ventilation was 39.4 days. Earlier tracheostomy was associated with 
shorter ventilator duration, but 45% of patients experienced adverse events, mostly anticoagulation-
related bleeding. No healthcare workers involved in tracheostomy in that study developed COVID-19 
within 1 month after the procedure, suggesting that the procedural risk is controllable with appropriate 
protection [31]. In a large Brazilian retrospective study of 356 patients, in-hospital mortality was 68% 
and was not significantly associated with tracheostomy after more than 21 days. Instead, mortality was 
associated with age greater than 60 years, chronic lung disease, diabetes mellitus, lack of vaccination, 
and a PaO2/FiO2 ratio below 200 on the day of surgery. These findings suggest that decision-making 
should integrate the patient's overall condition rather than relying only on ventilator days [32]. Looking 
forward, digital tools such as artificial intelligence, virtual reality simulation, and telemedicine may 
help address inconsistent training, difficulties in home follow-up, and variation in care. Some studies 
suggest that artificial intelligence-driven training can reduce critical errors in tracheostomy care, but 
clinical validation, algorithmic transparency, and ethical governance remain necessary [33]. 
Intraoperative nerve monitoring also has risks. A case report suggested that excessive stimulation may 
cause nerve fatigue and postoperative paresis. Visual identification of the nerve remains the gold 
standard for nerve protection, and the authors recommended that intraoperative nerve monitoring be 
used as an adjunct in difficult cases rather than as a universal substitute [34]. At the level of daily stoma 
care, a comprehensive wound care review recommends inspection every 4-8 hours after a new 
tracheostomy, maintaining tie tightness such that one finger can fit beneath the ties, maintaining cuff 
pressure at 20-25 mmHg, performing the first tube change 10-14 days after percutaneous tracheostomy 
and 3-7 days after open tracheostomy, and ensuring that decannulation candidates have an effective 
cough, can protect the upper airway, and can clear secretions [35]. 
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10. Conclusions 

Returning to the central question of this review--how should airway safety after tracheostomy be 
maintained?--the core answer is that cannula fixation, stoma status, and upper airway function should 
be managed as an integrated whole. Appropriate suturing can reduce accidental decannulation and false 
passage formation; standardized stoma care helps reduce infection, granulation tissue, and stenosis; and 
early recognition of recurrent laryngeal nerve injury is critical to the success of capping and 
decannulation. In addition, special populations such as obese patients, children, patients with head and 
neck cancer, and patients with COVID-19 differ in risk profile and management needs, requiring 
individualized consideration. Clinically, standardized checklists, stoma care bundles, pre-decannulation 
upper airway evaluation, and multidisciplinary collaboration should form the core of management. 
Future prospective studies remain necessary to establish more consistent fixation strategies, stoma care 
standards, and decannulation assessment pathways for high-risk patients. 
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