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A B S T R A C T 

Objective: Although tracheal stomal stenosis can be life-threatening, factors associated with 
the occurrence of stomal stenosis remain unknown. This study was performed to evaluate these 
factors in adult patients. 
Methods: We retrospectively identified adult patients who underwent tracheostomy from 2010 to 
2016 using a Japanese national inpatient and outpatient database. We performed Cox proportional 
hazard regression analyses to evaluate factors associated with the occurrence of tracheal stomal 
stenosis. 
Results: We obtained data on 25,436 eligible patients. The proportion of tracheal stomal stenosis 
was 0.9%. Tracheal stomal stenosis was significantly less likely to occur in patients with regular 
use of oral steroids [hazard ratio (HR), 0.28; 95% confidence interval (CI), 0.09–0.88; P = 0.03] 
and in male patients (HR, 0.75; 95% CI, 0.57–0.97; P = 0.03). The occurrence of tracheal stomal 
stenosis was significantly associated with use of a mechanical ventilator at home (HR, 2.54; 95% 

CI, 1.55–4.15; P < 0.001) and a body mass index of < 18.5 kg/m 

2 (HR, 1.45; 95% CI, 1.06–1.99; 
P = 0.02). 
Conclusion: Our study revealed several factors that are associated with tracheal stomal stenosis. 
These findings may help physicians to manage tracheal stomas. 

© 2021 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights 
reserved. 
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. Introduction 

Tracheostomy complications are classified into early and
ate complications [1–4] . Early complications occur within 7
ays after tracheostomy and include accidental decannulation,
ucus plugging, bleeding, pneumothorax, and subcutaneous

mphysema. Late complications occur after 7 days and in-
lude peristomal granulation, tracheal stenosis, tracheomala-
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ia, infection, stomal breakdown, tracheocutaneous fistula, tra-
heoinnominate artery fistula, tracheoesophageal fistula, and
eath [5] . A previous study showed that the causes of tra-
heal stenosis were classified into simple web stenosis with
r without circumferential fibrosis and granulation [6] . Severe
eristomal granulation often induces stomal stenosis and diffi-
ult cannula exchange because of bleeding or airway stenosis
7] . 

In several previous studies, peristomal granulation occurred
n 6.1 to 24.0% of pediatric patients [ 4 , 8 –11 ] and in 0.8 to
3.7% of adult patients after tracheostomy [ 3 , 12 ]. Another
tudy showed that the most common late complication was
eristomal granulation in institutionalized children with long-
erm tracheostomy and ventilator assistance [2] . 

Tracheal stomal stenosis due to peristomal granulation can
nduce difficulty in exchanging the cannula; however, factors
ssociated with the occurrence of tracheal stomal stenosis re-
ain unclarified. The present study was performed to investi-

ate factors associated with the occurrence of stomal stenosis
fter tracheostomy in adult patients. 

. Materials and methods 

.1. Data source 

We used the Japanese Diagnosis Procedure Combination
atabase. We only used data from 255 hospitals that had
oth inpatient and outpatient data. The database consists of
npatient claims data and discharge abstract data, including
he hospital identifier; patient’s sex, age, height, and weight;
ates of admission and discharge; surgical procedures; main
iagnosis and International Statistical Classification of Dis-
ase (ICD)-10 codes; comorbidities on admission coded with
CD-10 codes; surgical procedures coded with Japanese pro-
edure codes; performance of bacterial culture testing; drugs
sed; and mechanical ventilation. Outpatient data included the
ates of medical examinations, drug prescriptions, and proce-
ures. A previous study reported the validity of the diagnostic
ecords in the Diagnosis Procedure Combination database and
ndicated that the specificity of diagnoses exceeded 96% [13] .

This study was approved by the review board of The Uni-
ersity of Tokyo. The requirement for informed consent was
aived because the study data were anonymous. 

.2. Patient selection 

We enrolled patients who underwent tracheostomy from
uly 2010 to March 2017. We excluded patients with laryn-
eal or hypopharyngeal cancer who underwent laryngectomy
r pharyngolaryngectomy, patients with incomplete data, and
atients aged < 20 years. We selected the first operation if the
ame patients underwent tracheostomy multiple times. 

.3. Independent variables 

The independent variables were the patient’s sex, age, reg-
lar use of oral steroids, use of a mechanical ventilator at
ome, body mass index (BMI) ( < 18.5, 18.5–24.9, 25.0–29.9,
nd ≥30.0 kg/m 

2 ), performance of respiratory specimen cul-
ure, and comorbidities. We classified BMI according to the
efinition established by the World Health Organization. Co-
orbidities included chronic heart failure, chronic pulmonary

isease, malignancy, and diabetes mellitus with or without
omplications. These comorbidities include components of
he Charlson comorbidity index [ 14 , 15 ]. A previous study
howed that the Charlson comorbidity index was associated
ith tracheostomy-related mortality [16] . 

.4. Outcomes 

The primary outcome was tracheal stomal stenosis. We
dentified tracheal stomal stenosis using the written diagnoses
n Japanese text and ICD-10 code (J950) or records of stomal
tenosis extension surgery (operation procedure code). 

.5. Statistical analysis 

We performed Cox proportional hazard regression and
hecked for the absence of a violation of the proportional
azard assumption using Schoenfeld residuals and a log-log
lot. We checked variance inflation factors for each variable
nd considered that variance inflation factors of > 10 indi-
ated multicollinearity. Variables that indicated multicollinear-
ty were excluded from the analyses. 

A P value of < 0.05 was considered statistically signifi-
ant. All analyses were performed by STATA version 15.0
StataCorp, College Station, TX, USA). 

. Results 

We obtained data on 27,988 patients from 255 hospitals.
e excluded 1240 patients who underwent laryngectomy or

haryngolaryngectomy and 5 patients with incomplete data.
e also excluded 1307 patients aged < 20 years. Finally, we

ncluded 25,436 eligible patients in the present study. 
Table 1 shows the baseline characteristics and the pro-

ortions of stomal stenosis after tracheostomy. The overall
roportion of stomal stenosis was 0.9%. The median inter-
al from tracheostomy to the onset of stomal stenosis was
5 days (interquartile range, 28.0–270.5 days). Age indicated
ulticollinearity, and the performance of respiratory speci-
en culture indicated the absence of the proportional hazard

ssumption. 
Table 2 shows the factors associated with the occurrence

f stomal stenosis. Tracheal stomal stenosis was significantly
ess likely to occur in patients with regular use of oral steroids
hazard ratio (HR), 0.25; 95% confidence interval (CI), 0.08–
.78; P = 0.02] and in male patients (HR, 0.75; 95% CI, 0.57–
.97; P = 0.03). The occurrence of tracheal stomal stenosis
as significantly associated with use of a mechanical venti-

ator at home (HR, 2.54; 95% CI, 1.55–4.15; P < 0.001)
nd BMI of < 18.5 kg/m 

2 (HR, 1.45; 95% CI, 1.06–1.99;
 = 0.02). 
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Table 1. Characteristics and proportions of stomal stenosis after tracheostomy. 

Patients Outcome P value 

Total 25,436 234 (0.9) 

Sex 
Male 16,666 (65.5) 136 (0.8) 0.02 
Female 8770 (34.5) 98 (1.1) 
Age (years) 
20–29 566 (2.2) 15 (2.7) < 0.001 
30–39 816 (3.2) 13 (1.6) 
40–49 1556 (6.1) 14 (0.9) 
50–59 2934 (11.5) 34 (1.2) 
60–69 6427 (25.3) 69 (1.1) 
70–79 7852 (30.9) 68 (0.9) 
80–89 4823 (19.0) 19 (0.4) 
≥90 462 (1.8) 2 (0.4) 
Body mass index (kg/m 

2 ) 
< 18.5 5958 (23.4) 65 (1.1) 0.31 
18.5–24.9 12,643 (49.7) 102 (0.8) 
25.0–29.9 3407 (13.4) 32 (0.9) 
≥30.0 875 (3.4) 11 (1.3) 
Unspecified 2553 (10.0) 24 (0.9) 
Regular use of oral steroids 3257 (12.8) 3 (0.1) < 0.001 
Use of a ventilator at home 362 (1.4) 18 (5.0) < 0.001 
Respiratory specimen culture 15,809 (62.2) 112 (0.7) < 0.001 
Comorbidities on admission 
Chronic heart failure 2175 (8.6) 11 (0.5) 0.03 
Chronic pulmonary disease 1548 (6.1) 21 (1.4) 0.06 
Malignancy 2207 (8.7) 27 (1.2) 0.12 
Diabetes mellitus without complications 3437 (13.5) 26 (0.8) 0.28 
Diabetes mellitus with complications 735 (2.9) 7 (1.0) 0.93 

Data are presented as n (%). 

Table 2. Hazard ratios for tracheal stomal stenosis by Cox proportional hazard regression. 

Variables Hazard ratio 95% Confidence interval P value 

Sex (male) 0.75 0.57–0.97 0.03 
Body mass index (kg/m 

2 ) 
< 18.5 1.45 1.06–1.99 0.02 
18.5–24.9 Reference 
25.0–29.9 1.18 0.80–1.76 0.42 
≥30.0 1.47 0.79–2.75 0.23 
Unspecified 1.73 1.11–2.71 0.02 
Regular use of oral steroids 0.28 0.09–0.88 0.03 
Use of a ventilator at home 2.54 1.55–4.15 < 0.001 
Comorbidities on admission 
Chronic heart failure 0.62 0.34–1.14 0.12 
Chronic pulmonary disease 1.28 0.82–2.02 0.28 
Malignancy 1.26 0.84–1.89 0.26 
Diabetes mellitus without complications 0.84 0.56–1.27 0.41 
Diabetes mellitus with complications 1.36 0.64–2.91 0.42 
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. Discussion 

In the present study, tracheal stomal stenosis was signifi-
antly associated with the use of a mechanical ventilator at
ome and an underweight status (BMI of < 18.5 kg/m 

2 ). Reg-
lar use of oral steroids and male sex were associated with a
ower incidence of tracheal stomal stenosis. 

In previous studies, younger age and long-term tra-
heostomy were associated with peristomal granulation [ 4 , 12 ].
n the present study, younger patients were more likely to
evelop tracheal stomal stenosis than older patients, which is
onsistent with the findings in these previous studies. The rea-
ons for the higher likelihood of stomal stenosis in younger
atients than older patients are unknown. In another previ-
us study, the reason for the negative correlation between
nstances of hypergranulation in adult patients and age was
lso unclear [12] . Additionally, the use of a mechanical ven-
ilator at home can be a surrogate variable of long-term tra-
heostomy; therefore, our results are also compatible with
hose of previous studies. 

We identified an association between an underweight sta-
us and the occurrence of stomal stenosis. A previous study
howed an inverse relationship between BMI and tracheal
ize [17] . Underweight patients may have a larger tracheal
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ize. Therefore, commonly used endotracheal tubes may be
oo small for underweight patients, and a larger endotracheal
ube may be needed to ensure an adequate fit within their
ndotracheal lumen. A larger endotracheal tube may be too
ight for patients with a tracheal stoma. 

Although an animal study and a case report showed a po-
ential effect of steroids on granulation [ 18 , 19 ], large clinical
ata are lacking. Our study showed that tracheal stomal steno-
is including granulation was less common when systemic
teroids were regularly used. Previous studies have suggested
hat infection may contribute to the pathogenesis of tracheal
tenosis [ 20 –22 ]. Regular use of systemic steroids may im-
rove mucosal inflammation and edema, resulting in a lower
ncidence of stenosis. 

Male patients had a lower incidence of stenosis in our
tudy, but the reason for this remains unknown. Although a
revious study showed that sex was not associated with tra-
heal stenosis [20] , the association between tracheal stomal
tenosis or granulation and sex has not been thoroughly eval-
ated and needs further investigation. 

The findings in the current study could help physicians
o manage problems in patients with tracheostomy because
atients and their families can be informed of the various
isk factors, allowing patients to be more watchful. 

This study indicates that effective prevention of stomal
tenosis includes regular use of oral steroids and attention to
nfection. Previous studies have implicated that granulation
issue can be caused by bacterial infection, gastroesophageal
eflex, suture material, the presence of powder from surgi-
al gloves, and use of stents in laryngotracheal reconstruction
23] . Therefore, prevention of granulation may be achieved
y topical or systemic antibiotics, anti-gastroesophageal re-
ex measures, creation of a formal skin-to-trachea stoma, and
egular changes of the tracheostomy tube [ 21 , 23 ]. 

Many previous reports have described treatments of gran-
lation, including topical steroid cream, topical steroid injec-
ion, topical antibiotic cream, silver nitrate, steroid inhala-
ion therapy, bronchoscopy with carbon dioxide laser therapy,
ronchoscopy with YAG laser therapy, bronchoscopic-guided
xcision through the stoma, electrocautery, external explo-
ation, and polyurethane foam dressing [ 7 , 23 –29 ]. Changing
he tracheostomy tube every 2 weeks after tracheostomy can
ecrease the need for surgical treatment of granulation tissue
23] . Additionally, the use of large endotracheal tubes (size of
 7.5) has been shown to be associated with the development

f airway stenosis [3] . 
Our study had several limitations. First, we were unable

o obtain data when patients were transferred to other hos-
itals. Second, we were unable to determine the causes of
tomal stenosis and the sites of granulation because of the
ack of data. Analyses stratified by the causes of stomal steno-
is and by the sites of granulation are needed to clarify the
actors in more detail. Third, we could not differentiate be-
ween surgical tracheostomy and percutaneous tracheostomy.
ourth, the database did not contain detailed information on
urgical procedures such as stoma maturation techniques and
se of a Bjork flap. A previous study showed no relation-
hip between stoma maturation and the development of pedi-
tric tracheostomy-related granulation tissue [4] . Other stud-
es have indicated that the use of Bjork’s inferiorly based
ap increased the incidence of stomal granulations [ 10 , 30 ].
ormation of stomal granulation was not associated with tra-
heostomy techniques, a vertical tracheal incision, or a hor-
zontal tracheal incision with creation of an inferiorly base
racheal flap [31] . Studies on the relationship between per-
utaneous dilatational tracheostomy and tracheostomy-related
ranulation have shown conflicting results. Some studies re-
ealed that the risk of severe suprastomal tracheal stenosis
ncreased after dilatational tracheostomy [ 32 , 33 ], while oth-
rs showed no significant difference between percutaneous
ilational tracheostomy and hypergranulation [ 12 , 34 ]. Further
valuation of the relationship between surgical procedures and
tomal stenosis is needed. 

. CONCLUSION 

We identified several factors associated with the occur-
ence of tracheal stomal stenosis in adults. These findings
ill be helpful for physicians to manage patients with tra-

heal stomas. 
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