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Tracheostomy is one of the oldest procedures in medicine, 
and vestiges of its long history can be traced back over  
3,500 years to records in the ancient scrolls of Egypt and 
Vedic Sanskrit hymns of India. Legend has it that in the 
Hellenistic era, Alexander the Great used the tip of his sword 
to open the trachea of a choking soldier (1). Such depictions 
capture the role of tracheotomy as a heroic procedure 
reserved for life-threatening asphyxia or upper airway 
obstruction. Over the course of millenia, the indication 
and approach for tracheostomy have evolved to encompass 
a growing number of conditions, and the most common 
indications for tracheotomy now relate to respiratory failure 
and ventilatory support. The transition of tracheotomy to 
a largely elective procedure has coincided with a shift from 

a dramatized intervention by the individual to a carefully 
planned procedure engaging diverse team members.

Pandemic challenges in tracheostomy care

The coronavirus disease 2019 (COVID-19) pandemic 
heralded a new era for tracheotomy. During successive waves 
of pandemic, the procedure was performed in unprecedented 
numbers. Often, decisions regarding care were fraught 
with ethical questions around safety or allocation of scarce 
resources. The challenges that confronted clinicians across 
countries and continents posed new questions around 
infection control and timing. The high rates of mortality at 
overwhelmed hospitals underscored a need for coordinated, 
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interprofessional care. An international quality improvement 
effort, the Global Tracheostomy Collaborative, has elevated 
awareness of preventable harm and used patient level-data 
to drive improvements in safety and quality of care (2). The 
collaborative also applied its guiding principles to improve 
quality of life, given the importance of recovery of speaking, 
swallowing, mobility, and other aspects of survivorship (3-6).

At the height of the COVID-19 pandemic, clinicians 
grappled with how to deliver patient-centered care without 
threatening the safety of healthcare professionals during 
aerosol-generating procedures. As concerns rose to a 
crescendo, fear and uncertainty constrained decision-
making, but eventually scientific and clinical evidence 
accrued (7-9). The systemic stressors arising from hospital 
resource capacity strain, supply chain disruptions, and 
personnel shortages were an impetus for new strategies. 
COVID-inspired approaches ranged from deployment of 
healthcare professionals to using artificial intelligence to 
predict liberation from the ventilator. Virtual team rounds 
facilitated social distancing, and immersive technologies 
were developed to accelerate learning and onboarding of 
staff. This period coincided with the emergence of the 
largest global quality improvement effort to date, which has 
made measurable progress in enhancing safety and overall 
standards for tracheostomy care (1,10).

The pandemic reinvigorated longstanding controversies 
around timing, technique, and postoperative care for 
patients with a tracheostomy. Wide variations occurred in 
international practices and protocols for tracheostomy care 
(11-14). Timing of tracheostomy became the flash point 
because many speculated that performing tracheostomy 
before 10 or 14 days might increase the risk of viral 
transmission to healthcare professional. Whereas prolonged 
orotracheal intubation increased the risk of laryngotracheal 
stenosis, early tracheostomy afforded the prospect of 
accelerating liberation from the ventilator, thereby easing 
strain related to the scarcity of equipment, personnel, 
and intensive care unit (ICU) beds. Guidance documents 
and international protocols proliferated, but unexpected 
challenges could complicate decision-making even after 
a successful procedure. One key consideration is how to 
prevent or manage tracheostomy tubes that are poorly 
tolerated in critically ill patients.

Patterns of unplanned tube changes after 
tracheostomy in patients with COVID-19

In a recent issue of Journal of Thoracic Disease, McCauley 

and colleagues report on outcomes in ventilated patients 
with COVID-19. The study focused on unplanned 
t racheostomy tube  exchange  among 43  pat ients 
undergoing tracheostomy (15). The need for an unplanned 
tracheostomy tube exchange suggests an extreme safety risk 
of respiratory compromise, partial dislodgment, accidental 
decannulation, or device-related pressure injury. Incorrect 
caliber, angulation, or length can lead to unintended 
endobronchial placement, erosion of the luminal surface, 
and patient discomfort (16-19). Furthermore, an inadequate 
seal can result in loss of positive end-expiratory pressure 
(PEEP), derecruitment, and aerosolization of virus-laden 
particles, with risk of transmission to healthcare workers. 
The retrospective report of outcomes of tracheostomy 
for COVID-19 reveals the difficulty of standardizing 
tracheostomy care. Nearly one-third of patients (n=14) 
who underwent tracheostomy received an unplanned 
tracheostomy tube change, and the most common reason 
for tube change was persistent air leakage, as noted in  
10 patients. Other reasons for tube change included patient-
ventilator dyssynchrony, discomfort, inability to clear 
secretions, and accidental decannulation. 

The study also reflects the growing trend towards 
using percutaneous tracheostomy as a first-line treatment 
in critical settings (8,19-21). Most tube changes involved 
increasing tube length or caliber. Among the 14 patients 
requiring tube exchange, there was a change to a longer 
device [e.g., ShileyTM to Shiley Extended Length Tube 
(XLT)TM] in 8 patients; upsizing of the device in five 
patients, and both upsizing and transitioning to XLT device 
in the remaining patients. The timing for these unplanned 
tube changes ranged from <24 h to over a month, with 
a mean of 5.5 days. The authors highlight the counter-
intuitive characteristics of International Organization for 
Standardization (ISO) 8.8 mm tracheostomy tubes, which 
correspond to inner diameters of 7.0 mm (Portex® Blue Line 
Ultra®), 7.5 mm (ShileyTM flexible adult TaperGuardTM), 
and 8.0 mm (Tracoe® Twist). The authors standardized 
their approach using the ShileyTM line of products, but 
the 33% incidence of unplanned tracheostomy changes 
underscores the need for a tailored approach to selecting 
tracheostomy devices based on patient anatomy, physiology, 
and ventilatory requirements. 

The tracheostomy tube exchanges were performed with 
relatively few difficulties. From a patient safety perspective, 
there was no evidence of significant derecruitment, based 
on the absence of significant differences in FiO2, PEEP, 
or peak airway pressure assessed at days 1, 3, and 5 after 
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placement of the tracheostomy tube. This favorable 
outcome may partly have reflected standardized protocols 
to exchange the tube efficiently and minimize the loss of 
PEEP, or perhaps the signs of derecruitment were measured 
too late since derecruitment typically occurs immediately. 
The parameters measured usually returned to baseline 
by days 1, 3, or 5. The authors also report routine use of 
cuff manometry to minimize the risk of ischemic injury or 
aspiration arising from over- or under-inflation of cuffs, 
respectively. Anecdotally, personnel concerned with viral 
transmission from an incompletely sealed circuit sometimes 
over-inflated cuffs, and reports of subglottic stenosis after 
prolonged intubations are increasing (22). The authors also 
used a defined protocol for enlarging the stoma site with 
a Blue Rhino® dilator when performing upsizing and did 
not report instances of false passages caused by devices, 
thus avoiding respiratory compromise, subcutaneous 
emphysema, and exposure of personnel to aerosols. 

Predictors and management of unplanned 
tracheostomy tube exchange

Several insights regarding etiologic factors in unplanned 
tracheostomy tube exchange can be drawn from the present 
study. Consistent with prior literature, patients with obesity 
are more likely to have a longer distance from the skin or 
flange to the trachea and thus require a longer proximal 
length of the tracheostomy tube; therefore, initial placement 
of a proximal XLT device should be considered in patients 
with body mass index (BMI) >30 kg/m2, or if the skin-cricoid 
distance is >4 cm on computed tomography imaging (23).  
Even individuals with lower BMI may have sufficient soft 
tissue in the neck to result in suboptimal device position 
and reduction of ventilatory flow. This observation is borne 
out by findings in the present study that change to an XLT 
was the intervention most used to resolve problems with 
excessive air leakage, including several patients without 
elevated BMI. Ensuring adequate ventilation in patients 
with tracheostomy tubes is a perennial challenge due to 
anatomic variances.

The 2014, the United Kingdom National Confidential 
Enquiry of Outcomes and Death (UK NCEPOD) related to 
tracheostomy examined 2,199 new tracheostomy insertions 
(70% percutaneous) occurring in the National Health 
Service over an 11-week period in nearly 200 hospitals (24).  
Sixty-two percent of patients were overweight (24.8% 
obese; 4.8% morbidly obese), yet the rate of XLT tubes 
used at first insertion was 10.1% overall and 18.8% in obese 

patients. The authors comment that these factors almost 
certainly contributed to the 27% of tubes changed within 
the first seven days post-insertion amongst the critical care 
cohort, 50.4% of which were unplanned (25). Data from 
the present study corroborates these observations and 
emphasizes need for an individualized approach. 

A variety of factors might explain the improvement 
observed after tracheostomy tube upsizing in this study. The 
increased tube diameter facilitates optimal bedside suctioning 
and pulmonary hygiene using bronchoscopy for patients 
with thick secretions that can occlude the device. It also 
decreases airway resistance allowing increased volumetric 
airflow and facilitating improved ventilation for patients with 
high ventilatory requirements. In addition, as the authors 
observe, malposition or partial dislodgement can contribute 
to inadequate airflow. Although tracheostomy tubes are 
designed to have the distal end flowing freely into the distal 
airway, approximately 10% of tracheostomy tubes have 
malposition that causes >50% blockage of the distal tube 
opening. This degree of malposition can cause irritation, 
granulation, or erosion of the trachea, in addition to 
increased resistance that prolongs the duration of ventilation 
and predisposes to potentially life-threatening dislodgement. 
The longer length of an upsized tube can bypass blockages, 
decreasing airway resistance and improving airflow.

Air-leakage may indicate suboptimal tube placement, but it 
can also be a consequence of high ventilatory airway pressures 
relative to the cuff seal pressure in the trachea. Bronchoscopy 
is recommended to assess any problems with the tube 
prior to changing the tube; doing so can provide important 
information about tube position and orientation (26). 
Making the correct initial tube choice requires experience, 
supplemented by physical and imaging assessments before 
placement. Meticulous post-insertion endoscopy can identify 
poorly positioned tubes at the time of insertion; however, it 
is important that the assessment of tube position occurs with 
the patient in the “resting” position (usually the head of the 
bed elevated at 30 degrees), which is the position that they 
will spend the following days or weeks in, rather than the 
hyperextended neck “insertion” position (27). The optimal 
time to identify and address a poorly positioned tube is when 
the insertion team is assembled at the bedside, and not when 
a problem occurs later.

Generalizability of findings

An important question is  whether these data are 
generalizable across devices, institutions, and eras. The 
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present study was conducted in a large tertiary center, and 
characteristics of patients or care delivery may differ from 
other centers. Hospitals and ICUs can differ in healthcare 
structure, available resources, and regulatory constraints, 
all of which can shape outcomes. In the context of a 
COVID-19 surge, the availability of ICU beds, personnel 
to promote pulmonary hygiene, and supplies may have 
been constrained. Approaches to acute respiratory distress 
syndrome (ARDS) in patients with COVID-19 need 
not deviate markedly from established best practices for 
ARDS, although patients with COVID-19 ARDS were 
likely to receive prone ventilation, which is often regarded 
as a contraindication to tracheostomy. The limited 
sample reflects challenges not only in analyzing outcomes 
during the COVID-19 pandemic but also difficulty in 
comprehensive data capture related to tracheostomy. 

The retrospective analysis captured relevant discrete 
events, but it does not reflect the fluidity of tracheostomy 
care, including nuances of patient management and 
real-time corrections not necessarily documented in 
electronic health records. Care of critically ill patients 
with a tracheostomy is highly complex, and the outcome 
of exchange of a device affords relatively little insight 
into the severity of cuff leakage or other difficulties 
encountered. Furthermore, an experienced team can 
perform interventions to temporize tube dysfunction, 
potentially underestimating the frequency of difficulties. 
When an acute situation is resolved without harm, some 
adverse events, or re-insertions might not be documented. 

Prospective data capture is needed to iteratively improve 
decision-making and management. Such data can minimize 
the need for additional procedures, such as unplanned tube 
changes. Other contributing factors, such as tracheomalacia, 
airway bleeding, or malposition related to deterioration of 
stoma sites, were not necessarily detected. 

High reliability tracheostomy care

A well-integrated interprofessional team is critical for 
achieving a high-reliability system of tracheostomy care. 
This approach draws on several fields of expertise in 
tracheostomy care (Figure 1). Despite notable progress 
in the past decade, tracheostomy-related adverse events 
remain a global problem. The conditions that necessitate 
an unplanned change of tracheostomy tube can, if not 
resolved, lead to permanent harm. Up to half of airway-
related hypoxic brain injury and death in critical care units 
involves a tracheostomy (28,29). The Global Tracheostomy 
Collaborative (GTC), created in 2012, works to improve 
the safety and quality of care. Its guiding principles 
include standardized training for health professionals; 
multidisciplinary and interprofessional team collaboration; 
active engagement of patients and families; and collecting 
data to allow tracking of outcomes (1).

Having a specialized database on tracheostomy care has 
been instrumental in demonstrating improvements, such as 
reduction in mortality, reduced frequency and severity of 
adverse events, and reduced hospital and ICU length of stay. 

Interprofessional approach to tracheostomy care

Otolaryngology -  
head and neck surgery

Respiratory (physio) therapy

Interventional pulmonology 
and critical care intensivists

Speech-language pathology

Nursing and  
advanced practice providers

Physical medicine  
and rehabilitation

Figure 1 Multidisciplinary and interprofessional collaboration in tracheostomy care. Multiple stakeholders including medical professionals, 
nurses, and allied health professionals with patients and families must coordinate efforts and planning to achieve optimal patient-centered 
outcomes of care.
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The patient-level data has also shown how teamwork leads 
to shorter times to functional goals such as speaking and 
swallowing. The database was built through collaboration 
between quality improvement specialists, health information 
technology experts, clinicians from nine disciplines, and 
legal counsel to assure compliance with global data privacy 
laws; the interface has allowed for prospective data capture 
and audit trails across over 10,000 patients. Patient-level 
data on demographics, comorbidities, and adverse events can 
facilitate benchmarking outcomes to peer institutions (1).  
In addition, an expanded data set allows for tracking of 
functional recovery outcomes, including speech, swallowing, 
decannulation, and other aspects of rehabilitation (Figure 2).

Many aspects of care modify the relationship between 
tracheostomy tubes and patient outcomes. At the 
intersection of interventional pulmonology and critical care 
is therapeutic bronchoscopy, which can improve pulmonary 
hygiene, facilitating liberation from the ventilator and 
improving quality of life (30,31). Effective care requires 
partnership across all professionals participating in 
tracheostomy care, and the GTC scaffolds quality 
improvement efforts on a global scale across institutions, 
allowing for benchmarking of outcomes. Data are also 
emerging on the role for tracheostomy in patients receiving 
extracorporeal membrane oxygenation (32). In the future, 
artificial intelligence and machine learning will likely 
improve safety and allow predictive modeling to assist 
clinicians with decision-making.

Harness ing the power of  data  a l lows a  deeper 
understanding of the factors that contribute to favorable 

recovery and untoward outcomes. In the present study, 
unplanned tracheostomy tubes are a potential marker 
for variations in anatomy or physiology that predispose 
to hypoxia, bleeding, or erosion (33). Currently, the 
GTC database can provide institutional comparisons to 
norms, identify predictors of adverse events, and quantify 
events per 1,000 bed days across tracheostomy-specific 
outcomes such as accidental decannulation, tracheostomy-
related hemorrhage, tube obstruction, skin breakdown, 
cuff-related airway injury, infection, tracheomalacia, or 
tracheoesophageal fistula. Data can also be extracted on 
causes and outcomes of these complications. For example, 
data can be used to identify predisposing factors for 
hemorrhage across the age continuum, with or without 
anticoagulation. Precision patient care is made possible by 
collecting data on specific contexts, for example in patients 
with COVID-19 or in individuals with altered anatomy, 
for example, patients with cancer or head and neck 
reconstruction.

Humanizing care in the ICU and improving 
survivorship

Interprofessional teamwork also has an essential role in 
humanizing care. Doing so involves engaging patients, 
families, and caregivers to promote successful recovery (4).  
A cohesive team provides not only technically sound 
care but also makes effective use of interprofessional 
communication systems to avoid inconsistent messages 
or fragmented care. Engaging patients as partners in 

Global tracheostomy collaborative  

REDCap DATABASE 3.0

• Clinical information
- Indication for tracheostomy
- Comorbidities

• Hospital course
- Length of stay
- Intensive care unit utilization
- Mechanical ventilation

• Outcomes
- Adverse events
- Decannulation
- Survival to discharge

Core section standard Expanded section detailed

• Preoperative information
• Intraoperative information
• Post-operative information
• Tracheostomy tube changes 
• Major unanticipated adverse events
• Decannulation information 
• Communication 
• Swallowing 
• Patient/family education
• Discharge information 
• Advanced care directives & care goals

Figure 2 Data tracking to improve outcomes. The multi-institutional tracheostomy database of the Global Tracheostomy Collaborative 
allows capture of patient-level data for core data (demographics, course, and outcomes) and an expanded data set (swallowing, 
communication, decannulation, etc.). REDCap, Research Electronic Data Capture.
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care can be fostered by using eye contact, augmentative 
and alternative communication systems, and therapeutic 
touch (34,35). Patients with tracheostomy are susceptible 
to feelings of isolation and stigma; therefore, welcoming 
family members to engage in tracheostomy hygiene, tube 
feeding, swallowing, or other aspects of rehabilitation can 
promote recovery. Care such as suctioning, stoma care, 
and tracheostomy tube changes should be done at times 
that minimize disruption of sleep, eating, or family visits. 
Modifications to the ICU environment (reducing noise, 
harsh lighting, or extremes of temperature) can improve 
comfort and reduce stress. Furthermore, providing décor 
reminiscent of a home environment, including personal 
items, and minimizing disruption of circadian rhythm can 
improve well-being.

A holistic approach to tracheostomy care requires 
transcending traditional siloes. Often, data collection is 
restricted to a particular segment of the patient journey, 
such as the procedure or ICU stay, but this approach is 
limiting. A whole-systems approach spans from prior to 
the performance of tracheostomy procedure, through the 
intensive care unit stay, and to the transition to home. Many 
patients with a tracheostomy will experience post-intensive 
care syndrome (PICS), which includes physical, cognitive, 
and mental health impairments after ICU stay; these 
barriers to resuming a meaningful life degrade survivorship 
experience.  In ICU sett ings,  optimal  t iming and 
management of tracheostomy can reduce the morbidity of 
orotracheal intubation, reducing risk of pressure injuries to 
mucosal and cartilaginous structures. During rehabilitation, 
identification and intervention for scarring of the larynx or 
trachea can restore ability to breathe, speak, and swallow 
normally. Appropriate placement and management of 
tracheostomy tubes and cuffs can mitigate airway risks. Last, 
in this era of digital health, using telehealth and wearable 
technology, such as pulse oximetry or cameras, can facilitate 
remote assessment. 

Conclusions

McCauley and colleagues reveal how unplanned exchange 
of tracheostomy tubes provides a window into tracheotomy 
outcomes after COVID-19. The study emphasizes 
the role for integrated interprofessional care before, 
during, and after the index procedure. Seeming isolated 
complications, such as malfunctioning devices, erosion of 
luminal structures, or laryngotracheal stenosis, are often 
symptomatic of siloed or fragmented care. By integrating 

patients and family into the work of multidisciplinary, 
interprofessional teams, it is possible to minimize the risk 
of adverse events and accelerate recovery. Increasingly, 
standardized protocols, prospective data tracking, and 
preemptive airway surveillance are allowing high reliability 
tracheostomy teams to improve acute tracheostomy care 
and survivorship.
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