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Abstract

Objective—Laryngotracheal stenosis is largely considered a structural entity, defined on 

anatomic terms (i.e. percent stenosis, distance from vocal folds, overall length). This has 

significant implications for identifying at-risk populations, devising systems-based preventive 

strategies, and promoting patient-centered treatment. The present study was undertaken to test the 

hypothesis that LTS is heterogeneous in regard to etiology, natural history, and clinical outcome.

Study Design—Retrospective cohort study of consecutive adult tracheal stenosis patients from 

1998–2013.

Methods—Subjects diagnosed with laryngotracheal stenosis (ICD-9: 478.74, 519.19) between 

January 1, 1998 and January 1, 2013 were identified. Patient characteristics (age, gender, race, 

follow-up duration), and comorbidities were extracted. Records were reviewed for etiology of 

stenosis, treatment approach, and surgical dates. Stenosis morphology was derived from 

intraoperative measurements. The presence of tracheostomy at last follow-up was recorded.

Results—150 patients met inclusion criteria. 54.7% had an iatrogenic etiology followed by 

idiopathic (18.5%), autoimmune (18.5%), and traumatic (8%). Tracheostomy dependence differed 
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based on etiology (p<0.001). Significantly more patients with iatrogenic (66%) and autoimmune 

(54%) etiologies remained tracheostomy dependent compared to traumatic (33%) or idiopathic 

(0%) groups. On multivariate regression analysis, each additional point on Charlson Comorbidity 

Index was associated with a 67% increased odds of tracheostomy dependence (OR 1.67, 95% CI 

1.04 – 2.69; p=0.04).

Conclusions—Laryngotracheal stenosis is not a homogeneous clinical entity. It has multiple 

distinct etiologies that demonstrate disparate rates of long-term tracheostomy dependence. 

Understanding the mechanism of injury and contribution of comorbid illnesses is critical to 

systems-based preventive strategies and patient-centered treatment.
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INTRODUCTION

Laryngotracheal stenosis (LTS) is a life threatening, fixed, extrathoracic restriction in 

pulmonary ventilation. LTS is an umbrella term, encompassing luminal compromise at the 

level of the larynx, subglottis or trachea, which exists in a watershed of specialty care. 

Diagnosis is frequently delayed as patients rapidly transition from acute inpatient care to 

outpatient facilities. The majority of patients are not definitively diagnosed until outpatient 

specialty evaluation1. Many specialists (e.g. intensivists, otolaryngologists, interventional 

pulmonologists, thoracic surgeons) initially interact with this population. This makes it 

difficult to establish the natural history of the disease, define universal predictors of disease 

outcome and create cogent personalized plans of care. Additionally, long-term sequelae of 

intensive respiratory support (endotracheal intubation and elective tracheostomy) do not 

develop on a timescale necessary for recognition by practitioners providing acute care, 

impeding quality-driven improvement efforts2.

Moreover, LTS is generally described in terms of its structural characteristics, defined on 

anatomic terms (i.e. percent stenosis, distance from vocal folds, overall length). This 

neglects the unique biology driving luminal compromise in heterogeneous patient 

populations and has significant implications for identifying at-risk populations, devising 

systems-based preventive strategies, and promoting patient-centered treatment directed at 

the diverse pathophysiology driving airway injury. The present study was undertaken to test 

the hypothesis that LTS is heterogeneous in regard to etiology, natural history, and clinical 

outcome.

PATIENTS & METHODS

This study was performed in accordance with the Declaration of Helsinki, Good Clinical 

Practice, and was approved by the Baylor College of Medicine Institutional Review Board 

(IRB No. H33195).
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Patients

Subjects diagnosed with laryngotracheal stenosis (ICD-9: 478.74, 519.19) between January 

1, 1998 and January 1, 2013 were identified. Those with a history of tracheal malignancy or 

isolated laryngeal stenosis were excluded. Laryngeal and tracheal stenosis share an 

association with both prolonged endotracheal intubation, and many of the same comorbid 

medical risk factors. However, isolated laryngeal stenosis remains a distinct anatomic and 

structural injury with a unique treatment algorithm, meriting dedicated independent study, 

and is not discussed in the present work. Patients meeting inclusion were grouped into 4 

categories based on stenosis etiology: idiopathic, iatrogenic, autoimmune, and polytrauma 

(Table 1).

Idiopathic: No history of significant laryngotracheal injury. No significant history 

of endotracheal intubation or tracheotomy within 2 years of the presentation. No 

thyroid or major anterior neck surgery. No neck irradiation. No caustic or thermal 

injuries to the laryngotracheal complex. No history of vasculitis. Negative titers for 

angiotensin-converting enzyme (ACE) and antinuclear cytoplasmic antibody 

(ANCA). The lesion must involve the subglottis.

Iatrogenic: Patients that developed subglottic or tracheal stenosis following 

tracheostomy. Or subglottic or tracheal stenosis developing within 2 years of 

intubation.

Autoimmune: Patients with documented clinical along with serologic and/or 

histologic diagnosis of Wegener’s (GPA), Relapsing Polychondritis (RPC), 

Systemic Lupus Erythematous (SLE), Rheumatoid Arthritis (RA), Epidermolysis 

Bullosa (EB), Sarcoidosis, or Amyloidosis

Polytrauma: Patients presenting with Laryngotracheal stenosis following 

documented traumatic injuries involving multiple organ systems.

Data Collected

Patient characteristics (age, gender, race, follow-up duration), and comorbidities were 

extracted. Records were reviewed for etiology of stenosis, treatment approach (i.e. 

endoscopic, open), and surgical dates. Stenosis morphology [% luminal obstruction, distance 

from glottis (cm), and overall length (cm)] and tracheomalacia were derived from 

intraoperative findings. Patients were staged with the established Cotton-Myer, Lano, & 

McCaffrey classification systems as previously described3–5 (Table 2). The number and 

frequency between repeat procedures were captured.

Procedures

Treatments for tracheal stenosis included: 1) endoscopic dilations of the stenotic trachea6, 2) 

open surgical resection of the diseased tracheal segment with end-to-end anastomosis7, and 

3) permanent tracheostomy. The treatment algorithm consisted of initial endoscopic dilation 

for all patients. In patients who required multiple dilation procedures rigorous selection 

criteria were applied for consideration of open surgical reconstruction. Patients less than 45 

years old, without type II diabetes or connective tissue disease, and with stenosis 2cm or 
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more below the glottis and less then 2cm in length were offered open surgical 

reconstruction.

Outcomes

Presence of a tracheostomy at last follow-up was the primary outcome. This represented 

failure of surgical management to correct airway narrowing.

Statistical Analysis

All data management and analysis were done using STATA/MP version 12.1 software 

(STATACorp, College Station, Texas). Univariate analyses were performed using ANOVA, 

Pearson’s chi-squared tests, and Fisher’s exact tests as appropriate. Stepwise multivariate 

logistic regression analysis was used to identify independent risk factors for tracheostomy. A 

significance level of p<0.20 on univariate analysis was used as the criterion for inclusion in 

multivariate model. As convention, p<0.05 was required for statistical significance in the 

model.

RESULTS

A total of 340 patients with a diagnosis of tracheal or laryngeal stenosis were identified. 

Excluded were those with tracheal malignancy (N=9), isolated bilateral vocal fold 

immobility (N=181). In all, 150 patients met inclusion criteria. The most common etiology 

was iatrogenic (54.7%) followed by idiopathic (18.5%), autoimmune (18.5%), and traumatic 

(8%; Table 3). Mean follow-up was 39.3 months (95% Confidence Interval (CI) 31.9 – 

46.6), but varied significantly by etiology (p<0.001; Table 3).

Univariate Analysis

Patient Characteristics—Age at presentation differed significantly by strata (p=0.002) 

with those in the traumatic group being significantly younger than all others (34.4 years, CI 

23.5 – 45.3; Table 3). Gender distribution also differed based on etiology (p<0.002; Table 

3). In order, the idiopathic group had a significantly higher percentage of females (93%) 

than autoimmune (68%) iatrogenic (62%), or traumatic (33%) LTS patients. Charlson 

Comorbidity Index (CCI) varied between groups (p<0.001). Iatrogenic and autoimmune 

strata had significantly higher indices than either idiopathic or traumatic strata (Table 3).

Examination of the individual components of the CCI showed cardiovascular comorbidities 

(i.e. myocardial infarction, congestive heart failure, peripheral vascular disease, and 

cerebrovascular disease) and type II diabetes were significantly more prevalent in the 

iatrogenic strata than in other etiologies (Figure 1A and Table 3). There were not significant 

differences in the rate of gastroesophageal reflux disease (GERD) between strata (Table 3).

Disease Morphology—Degree of stenosis differed between etiologic strata (p=0.01). 

Idiopathic LTS involved less of the tracheal lumen (mean 57%; CI 52 – 63%) than those in 

the autoimmune or iatrogenic groups (Table 3). There were no differences in the mean 

distance from the glottis (p=0.11) or the length of stenoses between strata (p=0.44). In the 

iatrogenic group, LTS occurred in the subglottis (1.5cm from the glottis) in 59% of patients 
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(49/82) (Figure 1B). Even in those patients presenting with iatrogenic LTS following 

tracheostomy, 41% (16/39) had subglottic injuries on intra-operative examination.

Treatment—There was no difference in number of surgeries per year of follow-up 

(p=0.49) or the types of surgeries performed by etiologic strata (p=0.14; Table 3). Most 

patients were treated with tracheal dilation (84%), followed by T-tube placement (8%), 

resection (6%), and no treatment (2%).

Tracheostomy Dependence—Tracheostomy dependence differed based on etiologic 

strata (p<0.001) (Figure 1C). Significantly more patients in the iatrogenic (66%) and 

autoimmune (54%) groups were tracheostomy dependent at last follow-up compared to 

those in either the traumatic (33%) or idiopathic (0%) groups. Tracheostomy dependence 

also differed based on established staging systems (Figure 2A). When stratified via Cotton-

Myer staging (based on the degree of luminal obstruction), significantly more patients with 

grade III (90%) and grade IV (90%) lesions were tracheostomy dependent at last follow-up 

compared to those in either the grade II (38%) or grade I (32%) groups. (p<0.001; Figure 

2A). When stratified by the Lano classification (based on the stenosis location), increasing 

subsite involvement was significantly associated with a higher rate of tracheostomy 

(p<0.001; Figure 2A). When staged according to the McCaffrey classification system (based 

on both stenosis location and length), increased stage was associated with progressively 

increased risk of tracheostomy (p<0.01) (Figure 2A).

All 3 established adult LTS staging systems accurately stratified patients’ outcomes based 

on the severity of their structural injury. Overall (consistent with prior reports), patients in 

our series with more severe luminal compromise, those with longer stenosis, and those with 

lesions spanning multiple subsites (glottis, subglottis &/or trachea) had a much higher 

incidence of tracheostomy. However, this observation did not hold when patients were 

stratified by etiology of injury (Table 4.) No patients in the idiopathic group required 

tracheostomy (even those with lengthy, severe stenosis, involving multiple subsites). 

Conversely, patients with iatrogenic injuries had a significantly higher rate of tracheostomy 

even when matched at lower stenosis grades when compared with the other etiologic strata. 

The non-uniform rate of tracheostomy observed in different etiologic groups was seen in all 

three established LTS classification systems (Table 4).

Tracheal Structural Instability—Patients with iatrogenic injuries had a significantly 

higher rate of tracheomalacia seen on bronchoscopic evaluation (37% vs. 8%, p<0.001; 

Figure 2B). Given the retrospective nature of this work, it is not possible to establish a 

causative relationship between the initial injury and the loss of structural integrity associated 

with tracheomalacia. However, it is interesting that among the iatrogenic group, 45% of 

patients without malacia required tracheostomy, while 97% of those with malacia 

necessitated long-term tracheostomy (p<0.001; Figure 2C).

Multivariate Analysis

Multivariate regression analysis was performed to determine independent predictors of 

ultimate tracheostomy dependence. Each additional point on CCI was associated with a 67% 
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increased odds of tracheostomy dependence (OR 1.67, 95% CI 1.04 – 2.69; p=0.04). 

Moreover, there was a 3% increased odds of tracheostomy dependence for each additional 

percentage of airway compromise (OR 1.03, 95% CI 1.01 – 1.06; p=0.001). LTS patient 

characteristics (etiology, age, sex, race) were not significantly associated with odds of 

tracheostomy dependency.

DISCUSSION

Although most airway stenosis appears similar on anatomic imaging and clinical 

examination, we present data supporting the hypothesis that different mechanisms of injury 

are associated with differing rates of long-term tracheostomy dependence. The relationships 

between the anatomic stenosis characteristics (% stenosis, location, & length) and 

endoscopic or open surgical “success” have been established through pioneering work in 

both children8,9 and adults7. In advanced centers, procedural intervention for LTS offers a 

high rate of long-term tracheostomy free survival4,10,11. However, success in these large 

published series remains critically dependent on patient selection. With our consecutive 

series of both inpatient and outpatient consultations, we believe this study captured a more 

representative cross-section of symptomatic LTS patients than many prior adult surgical 

case series. In the “real world”, those patients deemed poor operative candidates (e.g. sicker 

patients) are often left with limited therapeutic options regardless of the structural 

morphology of their stenosis.

Endotracheal intubation and tracheostomy can be lifesaving, but should not be considered 

benign procedures. They harbor significant long-term risks to communication12, 

swallowing13, and breathing 14, particularly in the subset of patients with comorbid 

illness15. Ironically, this is also the population that more frequently requires intensive 

respiratory support. In our series each additional point on CCI was associated with a 67% 

increased odds of tracheostomy dependence. Although this association doesn’t appear 

surprising, we believe it is powerful. It demonstrates the suitability of the CCI to serve as a 

systems-based protocol to identify patients who mandate a heightened awareness of 

complication from these procedures.

Consistent with previously published series4,16,17, despite many risk factors for iatrogenic 

injury being clarified over the past 40 years15,18–20, more than half the LTS burden in our 

cohort was potentially preventable. Overall, 59% of iatrogenic injuries occurred within the 

subglottis and, therefore, are attributable to intubation. In a post hoc analysis, 83% (15/18) 

“healthy” patients (those without DMII or cardiovascular disease) with iatrogenic LTS were 

women. This previously reported observation21 suggests that endotracheal tube size may 

contribute to tracheal injury and should be carefully considered in the smaller female 

trachea22.

As has been consistently shown across other large series15, patients with DMII are 

particularly vulnerable to airway injury and have a higher likelihood of long-term 

tracheostomy dependence when injury occurs. Interestingly, the rate of gastroesophageal 

reflux disease (GERD) was not significantly different between the etiologic subgroups. 

Although other investigators have suggested a tight relationship between GERD and adult 
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idiopathic LTS, this was not seen in our patient population. The limits of retrospective 

review prevent us from direct comparison of the objective data on the frequency and 

severity of reflux episodes between individuals and subgroups. Increased body mass index 

(BMI) also has a suggested association with increased risk of tracheal injury with intubation 

and worse response to procedural intervention. Our series lacked the biometric data to 

address this concept. Additionally, the limits of our tertiary care referral center (with limited 

out-of-network medical records) prevented us from exploring the relationship between the 

length of intubation, or type of tracheostomy procedure (open vs. percutaneous) and the 

ultimate injury severity or treatment outcome.

A strong association between the degree of stenosis and ultimate decannulation has 

previously been reported in children23. Our series supports these prior observations in the 

pediatric population and now extends them to adults. As previously reported in adults, the 

location of injury and the length of stenosis are also essential components to predict long-

term tracheostomy dependence. Critically, we now also offer data supporting an additional 

relationship between the cause of upper airway injury and its ultimate response to therapy. 

This relationship had been assumed; we offer the first formal demonstration.

Anatomic staging systems are numerous3–5,24–28 yet, the ideal system in adult LTS remains 

unresolved. The most established allow some degree of prognosis, promote individualized 

treatment planning, and facilitate multi-institutional comparison. In this work we utilized 

three separate, established LTS classification systems. As expected, they all effectively 

stratify patient’s risk of long-term tracheostomy. However, interestingly, in adult LTS it 

appears the McCaffrey and Lano systems offer more precision than does the Cotton-Myer 

scale.

While in general, patients in our series with more severe luminal compromise, longer 

stenoses, and lesions spanning multiple subsites had a much higher incidence of 

tracheostomy, this observation did not hold in the idiopathic group (whom never required 

tracheostomy), suggesting a unique injury. Conversely, while lower LTS stages (in all 3 

systems) overall had a lower rate of tracheostomy, patients with iatrogenic injuries had a 

significantly higher rate even when matched at lower stenosis grades (identically in all 3 

systems). Grouping LTS patients solely by an anatomic classification of their injury neglects 

a critical component of the heterogeneous biology responsible for tracheal scar. Patients 

with iatrogenic stenosis appear to possess unique medical comorbidities. Their disease 

ultimately behaves differently as evidenced by their disparate rate of long-term 

tracheostomy dependence even when matched for similar degree of luminal compromise. 

These separate subgroups likely merit tailored treatment strategies.

The finding of the high rate of tracheomalacia in the subgroup with iatrogenic injuries, and 

the significant association between tracheomalacia and long-term tracheostomy dependence 

in this subgroup, raises questions regarding the relative contributions of mucosal injury and 

cartilaginous injury in LTS. Ultimately, we believe the degree of tracheal wall injury (what 

we term “superstructure instability”) may have significant prognostic power for overall 

response to therapy. However, this is difficult to quantify at present with our current 

diagnostic modalities and remains an area of active research.
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Our study represents one of the largest published adult LTS series in the scientific literature. 

The data supports the hypothesis that laryngotracheal stenosis is a common endpoint to 

multiple pathophysiologic processes. While different mechanisms of airway injury 

physiologically affect the patient in similar ways, we show they occur in unique populations 

and have divergent responses to therapy. Management and prevention strategies should 

carefully consider this heterogeneous pathophysiology. This difference is not reflected in 

staging systems limiting themselves to an anatomic description of the tracheal scar.

CONCLUSION

Relief through endoscopic dilation, or open tracheal resection is attainable in some cases of 

LTS; however, treatment is not universally successful. It is incumbent on the scientific 

community to move beyond viewing LTS as a purely anatomic problem, remedied only 

through surgical reconstruction. Rather, the management of airway stenosis should transition 

from reactive surgical intervention to prevention through early recognition 1 of at-risk 

populations and increasingly personalized care through careful consideration of the 

pathophysiology driving airway injury in the unique subgroups affected with LTS.
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Figure 1. 
Heatmap grouped by different etiologies of stenosis. Each line represents an individual 

patient. Tracheostomy status (red indicating trach), medical comorbidities (presence 

highlighted in red), and sex (blue indicating male, purple indicating female). In Autoimmune 

subgroup: GPA (granulomatosis with polyangitis, i.e. Wegener’s granulomatosis), RPC 

(relapsing polychondritis), EB (epidermolysis bullosa) (A.). Location of tracheal stenosis in 

iatrogenic injuries. Histogram showing location of stenotic lesion in iatrogenic subgroup in 

relation to distance from glottis (B.). Tracheostomy status of different etiologies at last f/u. 

Asterisk denotes statistical significance from idiopathic group (C.)
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Figure 2. 
Tracheostomy status of different Cotton-Myer, Lano, & McCaffrey grades at last f/u. For 

Cotton-Myer staging, asterisk denotes statistical significance between Grade I&II vs. III&IV 

(A.). Diagnosis of tracheomalacia stratified by etiology. Asterisk denotes statistical 

significance between iatrogenic etiology and all other groups (B.). Rate of tracheostomy in 

iatrogenic etiology patients with and without a diagnosis of tracheomalacia. Asterisk denotes 

statistical significance (C.).
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