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Abstract

Objective. To quantify the tracheostomy-related morbidity

and mortality, readmissions, and airway interventions in

tracheostomy-dependent children with bronchopulmonary

dysplasia (BPD).

Study Design. Retrospective chart review.

Setting. Tertiary care children's hospital.

Methods. Infants with BPD who received tracheostomy by

an otolaryngologist between January 2016 and December

2022 at a single institution were included. Surviving

patients were followed to at least 2 years of age. Data

were extracted from electronic medical records for

patient characteristics, clinical encounters, and surgical

visits.

Results. There were 76 patients included in this study.

The overall mortality was 30.3% (23/76) with one

tracheostomy-related death. Tracheostomy occurred at

a median 56 weeks postmenstrual age (PMA). Tracheitis

was the most common short- and long-term adverse

event (within the first postoperative week, 21%; after

postoperative day 7, 81%). Other complications observed

include stomal granuloma (77%), airway stenosis (69%),

and accidental decannulation (38%). The 30-day and

2-year readmission rates were 32% and 61%, of which 61%

and 76% were for tracheostomy-related causes, respectively.

The most common reason for readmission over these time

periods was tracheitis. Overall decannulation rate for surviving

patients was 68%, and decannulation occurred at a median 3.1

years of age. Most surviving patients returned for operative

airway intervention (85%); 43% required open airway

reconstruction.

Conclusion. Tracheostomy-related morbidity was low in this

cohort despite a majority of patients experiencing multiple

tracheostomy-related adverse events and readmissions.

Patient comorbid conditions, BPD severity, and socio-

economic status were not significantly associated with

outcomes. Larger studies are needed to assess the airway

interventions and outcomes in this population.
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Bronchopulmonary dysplasia (BPD) is the most
common morbidity of prematurity, with an
annual incidence of 10,000 to 15,000 infants per

year in the United States.1 BPD affects both the small and
large airways and is characterized by heterogeneous lungs
with alveolar simplification and abnormal pulmonary
vasculature.2,3 With the improved overall survival of
infants with BPD due to advancements in clinical
management, including surfactant and postnatal steroid
administration, the rate of chronically ventilated patients
has increased. As a result, tracheostomy rates have also
increased, and tracheostomy is performed in
approximately 23% of all infants with BPD, although
this rate varies depending on the center.4

Although the population of tracheostomy‐dependent
infants with BPD is increasing, data on tracheostomy
outcomes, specifically surgical interventions, are limited.
Specifically, the readmission rates, tracheostomy‐related
complications, as well as the prevalence of laryngotra-
cheal stenosis, tracheobronchomalacia, and subsequent
airway surgery are not well understood. Thus, the
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primary objective of this study was to determine the
tracheostomy‐related outcomes, readmissions, and airway
interventions in tracheostomy‐dependent children with
BPD. In terms of outcomes, we hypothesize that patient
survival and rehospitalizations would be negatively
associated with increasing medical complexity and lower
socioeconomic status. Understanding these outcomes can
help guide counseling and long‐term airway surveillance
for this population.

Materials and Methods
This retrospective study was approved by the Nationwide
Children's Hospital Institutional Review Board before the
start of data collection. We performed a retrospective
single‐center cohort study of children with BPD who
underwent tracheostomy between January 1, 2016, and
December 31, 2022. The institution's electronic medical
record system was queried for patients with BPD and
tracheostomy (defined by International Classification
of Disease 10 and Current Procedural Terminology/
Healthcare Common Procedure Coding System codes).
All pediatric patients diagnosed with BPD who received
tracheostomy by a pediatric otolaryngologist at a single
tertiary care children's hospital were included. BPD
diagnosis was verified using Jensen criteria and was
applied for patients born <32 weeks gestational age
(GA).5 Surviving patients were followed until at least 2
years of age. Patients who did not meet BPD diagnosis
criteria, had insufficient follow‐up, and/or did not have a
tracheostomy performed at our institution were excluded.

Electronic medical records were reviewed for demo-
graphic information, comorbid conditions, age at tra-
cheostomy, age at initial hospital discharge, postoperative
adverse events, unplanned hospital readmissions, all
operative airway surveillance and/or interventions, and
age at decannulation. To assess the socioeconomic status
of patients, patient zip codes were obtained, and the

childhood opportunity index (COI) scores were generated
using data from 2019. Tracheitis in this study was
defined by increased tracheal secretions with a diagnosis
of tracheitis by a clinician and subsequent antibiotic
treatment. Tracheostomy‐related mortality was defined
by death caused by accidental decannulation, mucous
plugging or obstruction, sepsis from tracheal infection,
false tract, tracheoesophageal fistula, or tracheoinnomi-
nate fistula. Surgical airway interventions were recorded
for all patients. Airway findings in surviving patients were
obtained from operative notes after tracheostomy until
the most recent follow‐up or airway reconstruction.

Statistical Analysis
Demographic characteristics were summarized using
count and percentage for categorical variables and
median and interquartile range (IQR; 25th and 75th
percentile) for continuous variables. Univariable logistic
regression models were used to estimate odds ratios for
outcomes (survival or 30‐day readmission) with exposure
variables (patient characteristics, adverse events, and age
at discharge). Estimates and 95% confidence intervals
are presented with P‐values; no adjustments were made to
control for multiple comparisons. All analyses were done
in R version 4.3.

Results
Our center cares for a large volume of patients with BPD,
and 76 patients met the inclusion criteria as defined by
the diagnosis of BPD and presence of an existing
tracheostomy (Figure 1). Patient characteristics and
demographics are summarized in Table 1. In terms of
patient socioeconomic status, 62% of patients (n = 46/76)
were from zip codes with low or very low COI scores
(Table 2). Specific rates of comorbid conditions are given
in Supplemental Table S1, available online. The median

Figure 1. Flowchart depicting the inclusion of 76 patients born at <32 weeks gestational age, diagnosed with BPD who received

tracheostomy at a single institution. Nine patients were lost to follow-up.
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age at tracheostomy was 56 weeks postmenstrual age
(PMA) (IQR 50‐62). Ninety‐three percent (93%, n = 71/
76) of patients received tracheostomy before primary
discharge. Fifty‐six patients were discharged (74%) at a
median age of 80.9 weeks PMA (IQR 63‐102). The
median time from tracheostomy to discharge was 34
weeks (IQR 17‐43). Out of patients discharged, 5.4%
(n = 3) of patients were discharged to foster care, and
7.1% (n = 4) were discharged to long‐term care facilities.
At primary discharge, 49% (n = 25) of patients were

discharged with home mechanical ventilation, 47%
(n = 24) were discharged on supplemental oxygen, and
4% (n = 2) were discharged on room air.

Tracheostomy-Related Mortality Was Rare Despite
High Overall Mortality
The median length of follow‐up for all patients was 3.9
years (IQR 2.3‐6.1). The overall mortality rate was 30.3%
(n = 23); 78% of these patients (n = 18/23) died during
primary admission, most commonly from severe BPD
with subsequent withdrawal of care (Supplemental
Table S2, available online). The median age at death
was 1.6 years PMA (IQR 1.4‐2). There were no
tracheostomy‐related deaths during primary hospitaliza-
tion. One (1.7%) tracheostomy‐related death was identi-
fied in the entire cohort, resulting from accidental
decannulation at home. When comparing the number of
comorbid conditions, BPD severity, and COI of patients
who survived versus those who died, no significant
differences were observed (Table 2).

Tracheitis Was the Most Common Tracheostomy-
Related Adverse Event and Was a Common Reason
for Readmission
In the early postoperative period (ie, the first week
following tracheostomy), 50% of patients (38/76) had at
least one tracheostomy‐related adverse event and in the
late postoperative period (beyond the first week to the
end of surveillance period), 94% of surviving patients
(n = 50/53) had at least one adverse event with
patients experiencing a median of four types of adverse
events after the first postoperative week (Table 3). The
most common adverse event was tracheitis with early and
late rates of 21% (n = 16) and 81% (n = 43), respectively
(Table 3). Following discharge, the 30‐day unplanned
readmission rate was 32% (n = 18/56). Of the 18 patients

Table 1. Patient Characteristics

Characteristics No. or median IQR or %

Sex, male 44 58

Race

White 40 53

Black or African American 25 33

Asian 1 1.3

Multiracial 9 12

Ethnicity, Hispanic 1 1.3

Gestational age at birth, wk 26.64 25.00, 28.14

Birth weight, kg 0.78 0.59, 1.00

Jensen grade (BPD severity)

1 (mild) 5 11

2 13 28

3 (severe) 29 62

Comorbid conditionsa

1-2 13 19

3-4 38 57

>4 25 37

Abbreviations: BPD, bronchopulmonary dysplasia; IQR, interquartile range;

IUGR, intrauterine growth retardation; NEC, necrotizing enterocolitis; SGA,

small for gestational age.
aComorbid conditions: IUGR, SGA, NEC, pulmonary hypertension, cardiac

condition, neurologic condition, metabolic condition, and genetic

syndromes.

Table 2. Patient Characteristics by Outcome

Characteristic Overall (n = 76)a Expired (n = 23)a Survived (n = 53)a ORb 95% CIb P-value

Comorbid conditionsc 4.00 (3.00, 5.00) 4.00 (3.00, 5.50) 4.00 (3.00, 5.00) 1.31 0.95, 1.85 .11

Severe BPDd 53 (71%) 19 (86%) 34 (64%) 3.54 1.03, 16.4 .065

COIe

Very high 9 (12%) 3 (13%) 6 (12%) - -

High 10 (14%) 2 (8.7%) 8 (16%) 0.50 0.05, 3.96 .5

Moderate 9 (12%) 3 (13%) 6 (12%) 1.00 0.13, 7.50 >.9

Low 24 (32%) 10 (43%) 14 (27%) 1.43 0.30, 8.07 .7

Very low 22 (30%) 5 (22%) 17 (33%) 0.59 0.11, 3.56 .5

Abbreviations: BPD, bronchopulmonary dysplasia; IQR, interquartile range; IUGR, intrauterine growth retardation; NEC, necrotizing enterocolitis; SGA, small

for gestational age.
aMedian (IQR); n (%).
bOR = odds ratio, CI = confidence interval.
cComorbid conditions: IUGR, SGA, NEC, pulmonary hypertension, cardiac condition, neurologic condition, metabolic condition, and genetic syndromes.
dn = 75.
eChildhood opportunity index; n = 74.
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readmitted over 30 days, 61% (n = 11) of patients were
readmitted for tracheostomy‐related causes. The most
common reasons for early readmission were tracheitis
(n = 10, 48%), BPD exacerbation (n = 5, 19%), and lack
of caregiver (n = 2, 10%, Table 4). In the first 2 years
following primary discharge, 61% of living patients
(33/54) were readmitted with a median of two unplanned
readmissions/2 years (IQR 1‐6); 76% (n = 41/54) of these
patients had at least one readmission for a tracheostomy‐
related cause, the most common of which was tracheitis
(n = 43, 36%, Table 4). Patients who were readmitted in
the first 30 days following discharge had significantly fewer
comorbid conditions (n = 11/56, 3 comorbid conditions vs
n = 45/56, 4 comorbid conditions P= .034, Table 5). There
were no significant differences in readmissions when
comparing COI, age at discharge, or BPD severity in this
cohort (Table 5).

Posttracheostomy Airway Stenosis and Malacia
Were Commonly Observed With Open Airway
Reconstruction Required in 43% (n = 23/53) of the
Surviving Population
Airway findings and interventions were documented in
surviving patients. Overall, 98% of patients (n = 52/53)
returned to the operating room (OR) for airway
surveillance and/or intervention following tracheostomy
placement for a median of 1.1 times per year (IQR
0.5‐1.9). During bronchoscopy surveillance, 3.8%

(n = 2/52) had a subglottic cyst, and one patient (1.9%)
had a posterior tracheal wall diverticulum. Notably, 69%
(n = 36/52) of patients had a type of laryngotracheal
stenosis. Specifically, 52% (n = 27/52) had subglottic
stenosis (SGS) with 23% (n = 12/52) of them being grade
3 or 4. Tracheal stenosis was observed in 38% of patients
(n = 20/52) with A‐frame deformities as the most common
finding. Suprastomal collapse was common and seen in
58% of this group (n = 30/52). Tracheomalacia was seen
in 35% of patients (n = 18/52) and bronchomalacia was
seen in 33% (n = 17/52) with 23% having tracheobronch-
omalacia (n = 12/52). Of the patients who returned to the
OR, 87% received some form of airway intervention
(45/52, Table 6). Overall, 43% of patients (n = 23/53)
required open airway reconstruction.

68% of Surviving Patients Were Decannulated
at a Median 3.1 Years of Age
Overall, 68% of surviving patients (n = 36/53) were
decannulated at a median age of 3.1 years (IQR

Table 3. Tracheostomy-Related Adverse Events of Patientsa

Adverse event Early (n = 76)b Late (n = 53)b

Tracheitis 16 (21) 43 (81)

Stomal wound 13 (17) 6 (11)

Pneumothorax 5 (7) 4 (8)

Bleeding from stoma 5 (7) 16 (30)

Accidental decannulation 4 (5) 20 (38)

Mucous plug 4 (5) -

Pneumonia 4 (5) -

Death 0 (0) 1 (2)

Stomal granuloma - 41 (77)

Airway stenosisc - 36 (69)

Grade I SGS - 9 (17)

Grade II SGS - 5 (10)

Grade III SGS - 11 (21)

Grade IV SGS - 1 (2)

Tracheal stenosis - 20 (38)

TCF requiring surgical closure - 17 (32)

TEF - 3 (6)

TIF - 0 (0)

Abbreviations: SGS, subglottic stenosis; TCF, tracheocutaneous fistula; TEF,

tracheoesophageal fistula; TIF, tracheoinnominate fistula.
aEarly events occurred in the first postoperative week. Late events occurred

any time after postoperative day 7. A “-” indicates event not measured.
bn (%).
cn = 52.

Table 4. Unplanned Readmissionsa

Readmission causes

30

days

(n = 21)b

30 days to 2

years

(n = 121)b

*Tracheitis 10 (48) 43 (36)

Respiratory distress (viral URI

and/or BPD exacerbation)

5 (24) 26 (21)

Lack of caregiver 2 (10) 3 (2)

*Accidental decannulation 1 (5) 3 (2)

*Bloody secretions from trach 1 (5) 4 (3)

G-tube displacement 1 (5) 0 (0)

Ventilator setting adjustment 1 (5) 0 (0)

Gastrointestinal 0 (0) 16 (13)

Pneumonia 0 (0) 3 (2)

Hypothermia 0 (0) 3 (2)

*Mucous plug 0 (0) 1 (1)

Benzodiazepine withdrawal 0 (0) 1 (1)

Pulmonary hypertension 0 (0) 1 (1)

Sepsis workup 0 (0) 1 (1)

*Blood clot in trach 0 (0) 1 (1)

Hydrocephalus 0 (0) 1 (1)

Chest wall abscess 0 (0) 1 (1)

Femur fracture 0 (0) 1 (1)

Parental concerns 0 (0) 1 (1)

*Increased tracheal secretions 0 (0) 1 (1)

Desaturations 0 (0) 1 (1)

*Stomal hemorrhage 0 (0) 1 (1)

Failure to thrive 0 (0) 1 (1)

Abbreviation: BPD, bronchopulmonary dysplasia.
aEighteen patients were readmitted 21 times within 30 days after primary

discharge. Thirty-three patients were readmitted 121 times between 30 days

and 2 years after primary discharge. Tracheostomy-related causes are noted

with a *.
bn (%).
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2.5‐4.1), and a median of 2.6 years (IQR 2.1‐3.6) after
tracheostomy. The median age of the 17 patients (32%)
not decannulated at follow‐up was 4.0 years (IQR 2.6‐
6.3). When comparing characteristics between patients
who were decannulated at 3 years versus those who were
not, no significant differences were observed (Table 7).
The reasons for continued tracheostomy‐dependence at 3
years of age are summarized in Supplemental Table S3,
available online. A summary of tracheostomy outcomes
for each patient is given in Figure 2.

Discussion
Tracheostomy‐dependent children with BPD represent a
medically complex patient population, as highlighted in
our cohort. The median number of additional comorbid
conditions in this group was high with 71% (n = 54) of

patients having four or more additional comorbid
conditions. We speculate that these comorbid conditions,
including cardiac, neurologic, and genetic conditions,
could impact these listed outcomes, including mortality
and time to decannulation. A majority of patients were
diagnosed with grade III (severe) BPD by Jensen criteria,
meaning they required mechanical ventilation at 36 weeks
PMA. This is consistent with existing literature, with one
study reporting that patients with grade III BPD were
6 times as likely to receive tracheostomy.4 Our patient
population meets many priorly reported risk factors for
receiving tracheostomy in BPD patients, including male
sex, extreme prematurity (less than 28 weeks GA), weight less
than 1 kg at birth, and intrauterine growth restriction.6,7

Our cohort also demonstrated sociodemographic
complexity. A majority of infants were white with an
overrepresentation of black infants. An increased rate of
tracheostomy in black infants with BPD has been reported
in the literature with one study finding that black infants
were 25% more likely to receive tracheostomy compared to
white infants.8 A majority of patients in this study also
were from areas with low or very low COI. The overlap of
poor socioeconomic status and high patient complexity in
this group can be seen in the relatively high rate of
readmissions for lack of caregiver availability, with 9% of
surviving patients being readmitted for this reason. Parents
and family members of tracheostomy‐dependent children
experience significant caregiver burden.6 Future studies on
the improvement of caregiver education at discharge and
reducing caregiver burden may be important in decreasing

Table 5. Patient Characteristics by 30-Day Readmission Status

Characteristic Overall (n = 56)a Not readmitted (n = 45)a Readmitted (n = 11)a n ORb 95% CIb P-value

Comorbid conditionsc 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 3.00 (1.50, 4.50) 56 0.56 0.31, 0.92 .034*

PMA at discharge 81 (63, 101) 87 (65, 108) 66 (62, 78) 56 0.97 0.93, 1.00 .051

Severe BPD 36 (65%) 28 (64%) 8 (73%) 55 1.52 0.38, 7.71 .6

COId 54

Very high 7 (13%) 6 (14%) 1 (9.1%) - -

High 8 (15%) 7 (16%) 1 (9.1%) 0.86 0.03, 25.0 >.9

Moderate 6 (11%) 5 (12%) 1 (9.1%) 1.20 0.04, 36.0 >.9

Low 16 (30%) 14 (33%) 2 (18%) 0.86 0.07, 20.5 >.9

Very low 17 (31%) 11 (26%) 6 (55%) 3.27 0.41, 69.5 .3

Early adverse event 56 0.91 0.33, 2.12 .8

0 31 (55%) 25 (56%) 6 (55%)

1 18 (32%) 14 (31%) 4 (36%)

2 6 (11%) 5 (11%) 1 (9.1%)

3 1 (1.8%) 1 (2.2%) 0 (0%)

Late adverse event 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 4.50 (3.00, 6.00) 51 1.19 0.81, 1.84 .4

ENT OR trips 6.0 (2.0, 9.3) 5.0 (2.0, 9.0) 8.0 (5.0, 9.5) 56 1.08 0.94, 1.24 .3

Abbreviations: BPD, bronchopulmonary dysplasia; ENT OR, ear, nose, and throat operating room; IUGR, intrauterine growth retardation; NEC, necrotizing

enterocolitis; PMA, postmenstrual age; SGA, small for gestational age.

*P < .05.
aMedian (IQR); n (%).
bOR = odds ratio, CI = confidence interval.
cComorbid conditions: IUGR, SGA, NEC, pulmonary hypertension, cardiac condition, neurologic condition, metabolic condition, and genetic syndromes.
dChildhood opportunity index.

Table 6. Ear, Nose, and Throat Interventions Performed on

Surviving Patients (n = 53)

Intervention n (%)

Granuloma removal 36 (68)

Dilation 19 (36)

Laryngotracheal reconstruction (LTR) 17 (32)

Single-stage LTR 7 (13)

Kenalog injection 10 (19)

Slide tracheoplasty 4 (8)

Tracheal resection 2 (4)

Sher et al. 5
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rates of tracheostomy complications and readmissions in
this population. COI lacks specificity and is based on
average zip code data, rather than actual patient data,
which limits the specificity of socioeconomic status for this
study. Further research regarding other social determi-
nants of health and their effect on tracheostomy outcomes
is needed.

Patients in this study received tracheostomy at a median
56 weeks PMA. This is a later age at placement than some
other institutions have reported, with a multi‐institutional
study showing a median of 48 weeks PMA at tracheostomy
placement.7 The decision to proceed with tracheostomy is
quite challenging, especially given the absence of evidence to
support tracheostomy criteria and timing.9 Our center is a
national referral center for BPD care, known for a low
tracheostomy rate, and many families travel here with the
hope of avoiding tracheostomy. Our clinical practice offers
multiple extubation attempts for appropriate patients in an
attempt to avoid tracheostomy if that is the family's goal.
We feel comfortable with this later time to tracheostomy
and supporting older patients on non‐invasive positive
pressure for longer periods of time, as long as they are
functionally doing well with good neurodevelopmental and
growth outcomes. Outcomes for our development and
growth‐focused BPD program support this practice.10

With a paucity of guidelines on optimal timing of
tracheostomy placement in children with BPD, it is
difficult to know the ramifications of later tracheostomy.
Even in critically ill adult patients, the evidence on early
tracheostomy placement after initiation of mechanical
ventilation is mixed with no overall effect on mortality.11

General considerations for age at tracheostomy
placement should include the risks inherent with tra-
cheostomy, duration of neurosedative medications,
neurodevelopment, and respiratory stability of the
patient.

Although later tracheostomy placement may allow
patients more time for ventilator weaning and possible
extubation, associations of later tracheostomy placement
could include higher rates of vocal cord immobility,
airway stenosis, and malacia. Large airway malacia in this
cohort was common with 35% and 33% of patients having
tracheomalacia or bronchomalacia, respectively. These
rates are comparable to published rates of malacia in
ventilator‐dependent children as well as infants with BPD
who undergo bronchoscopy.12,13 There does not appear
to be an increase in malacia in tracheostomy‐dependent
children with BPD. Prospective studies examining the
rates of malacia in this group could be more useful in
determining malacia rates before and after tracheostomy.

The mortality in our cohort was 24% of all patients
dying before primary discharge (30% overall mortality of
patients for the study duration). We suspect this mortality
rate reflects the nature of our BPD program, where we
care for patients who are referred to our program at later
ages with severe BPD and multisystem involvement.
Often, these patients are referred to our program after
the referring team has exceeded treatment options. As
reflected in the cause of death listed in Supplemental
Table S2, available online, 65% of these cases had
compassionate withdrawal of care by the family. We
suspect the severe multisystem involvement and

Table 7. Patient Characteristics by 3-Year Decannulation Rates

Characteristic Overall (n = 46)a Not decannulated (n = 28)a Decannulated (n = 18)a

Comorbid conditionsb 4.00 (2.75, 5.00) 4.00 (3.00, 4.75) 4.00 (2.00, 5.00)

PMA at discharge 88 (69, 108) 92 (73, 106) 77 (63, 115)

Severe BPD 31 (67%) 20 (71%) 11 (61%)

COIc

Very high 7 (16%) 3 (11%) 4 (24%)

High 6 (14%) 3 (11%) 3 (18%)

Moderate 5 (11%) 3 (11%) 2 (12%)

Low 12 (27%) 11 (41%) 1 (6%)

Very low 14 (32%) 7 (26%) 7 (41%)

Early adverse event

0 26 (57%) 15 (54%) 11 (61%)

1 15 (33%) 9 (32%) 6 (33%)

2 4 (9%) 3 (11%) 1 (6%)

3 1 (2%) 1 (4%) 0 (0%)

Late adverse eventsd 4.50 (3.00, 5.75) 5.00 (3.00, 5.00) 4.00 (3.00, 6.00)

ENT OR trips 6.50 (3.00, 10.0) 7.50 (3.25, 10.0) 6.00 (2.75, 10.5)

Abbreviations: BPD, bronchopulmonary dysplasia; ENT OR, ear, nose, and throat operating room; IQR, interquartile range; IUGR, intrauterine growth

retardation; NEC, necrotizing enterocolitis; PMA, postmenstrual age; SGA, small for gestational age.
aMedian (IQR); n (%).
bComorbid conditions: IUGR, SGA, NEC, pulmonary hypertension, cardiac condition, neurologic condition, metabolic condition, and genetic syndromes.
cChildhood opportunity index (n = 44).
dn = 44.
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comorbidities seen in these patients also impact survival.
Additionally, 12% of these patients died from non‐BPD
causes, including hepatoblastoma and sepsis.

This mortality rate is comparable to a similar‐sized
study on patients with severe BPD and tracheostomy in
which 20% of patients died before primary discharge.14

Tracheostomy‐related mortality was low in our study
with only one patient (1.7%) dying from accidental
decannulation, despite 38% of surviving patients having
a documented accidental decannulation event. Our

reported tracheostomy‐related mortality rate was lower
than rates reported in studies on children with tracheos-
tomies, with one study reporting 27% of mortalities from
tracheostomy‐related causes.15 This may be related to
caregiver education including routine and emergency
tracheostomy care that is standard at our institution.

Although the tracheostomy‐related mortality was low
in this group, the prevalence of tracheostomy complica-
tions was high, with 50% of patients having some adverse
event in the first postoperative week and 94% of surviving

Figure 2. Swimmer's plot of tracheostomy outcomes of 76 patients with bronchopulmonary dysplasia who received tracheostomy between

2016 and 2022.

Sher et al. 7
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patients having one or more adverse event over the
follow‐up period. These complication rates are much
greater than published rates of late complications
reported as 38.8% and 43%.16,17 Notably, accidental
decannulation occurred in more than a third of surviving
patients, and 7% of discharged patients were readmitted
for accidental decannulation. Other retrospective studies
in tracheostomy‐dependent children have reported lower
rates of accidental decannulation between 0.7% and
20%.18 However, a more recent prospective study showed
that 67% of admitted tracheostomy‐dependent children
had at least one accidental decannulation with very few
requiring serious intervention, conveying accidental de-
cannulation as a common occurrence.18 Comorbid con-
ditions, patient age, and socioeconomic status may play a
role in the rate of accidental decannulation observed in
this cohort, but further studies are needed on how to
mitigate accidental decannulation.

The most common early and late tracheostomy‐related
adverse event was bacterial tracheitis, with 81% of
surviving patients having had at least one episode.
Additionally, tracheitis was the most common reason
for readmission both in the first 30 days after primary
discharge and 2 years after discharge, surpassing BPD
exacerbations and viral illnesses. Although rates of
tracheitis are high in mechanically ventilated patients,
the incidence in children with severe BPD appears to be
higher than ventilated pediatric patients (81% vs 6.92%‐
7.3%),19,20 possibly related to prolonged hospitalization
and steroid administration in this group. To our knowl-
edge, the elevated incidence of tracheitis in this group has
not been highlighted in prior studies. Improved manage-
ment of tracheitis in the future could reduce the number
of hospitalizations in this cohort, but evidence‐based
preventative measures are limited, and diagnostic and
treatment guidelines are evolving.19

Airway stenosis rates were high in this cohort, with
69% of surviving patients having laryngotracheal stenosis
(subglottic or tracheal) following tracheostomy place-
ment. These rates appear to be higher compared to the
literature on airway stenosis, with one study finding
21% of pediatric patients who underwent tracheostomy
developed SGS and another finding that 8.8% of adults
developed tracheal stenosis.21,22 However, we did not
look specifically at preoperative or operative findings
to determine if airway stenosis was present before
tracheostomy placement. Further studies are needed to
investigate the effect of timing of tracheostomy placement
in patients with BPD as well as the interplay between
large airway changes in BPD and airway stenosis.

Open and endoscopic airway procedures were common
in our cohort. Almost half of all surviving patients in our
cohort received open airway reconstructive surgery, with
laryngotracheal reconstruction being the most common
open procedure. To our knowledge, the high rate of open
airway reconstructive surgery has not been documented
in this group. The high rate of airway stenosis and

subsequent airway reconstruction is not surprising,
however, as patients in this group were ventilator‐
dependent and tracheostomy‐dependent for a prolonged
period. Additionally, tracheostomy‐dependent BPD
patients are often steroid‐dependent, have recurrent
infections, and have difficulties feeding, leading to
poorer wound healing and potentially higher risk for
posttracheostomy airway scar formation and stenosis.

The overall decannulation rate for surviving patients of
68% in this cohort was high compared to similar studies,
which reported 32% to 50%.7,23,24 Time at decannulation
varies in the literature from 2.25 to 4 years of age, with the
patients in our cohort decannulated at a median 3.1 years,
although not all patients were followed through time to
deccannulation.7,24 Overall, surgical intervention was
needed in a majority of patients for decannulation: 19%
of patients were decannulated with single‐stage open
airway reconstruction, and 47% of decannulated patients
required surgical closure of a tracheocutaneous fistula.

When examining barriers to decannulation at 3 years
of age, 25% of the patients in this study were working
towards decannulation and were no longer oxygen‐
dependent, whereas the others were still ventilator‐
dependent or reliant on tracheostomy for secretion
management. With greater follow‐up time, it is possible
that more patients in this group will achieve
decannulation.

Study Limitations
This study is limited in several aspects. First, it is a
relatively small retrospective study of heterogeneous and
complex patients without direct comparisons to a control
cohort of infants with BPD who were not tracheostomy‐
dependent. Additionally, this study was conducted at a
tertiary care children's hospital with a specialized BPD
unit, which could bias our population toward more
complex patients, thus affecting the wider applicability of
our findings. Importantly, our site performs tracheos-
tomies in BPD infants at a later age, which may influence
the airway outcomes and complications compared to other
institutions. Finally, although tracheostomy placement for
BPD appears to be becoming more common, the size
limitations of our study prevented greater statistical
analysis. Larger, multicenter studies are needed to further
elucidate the overall outcomes and airway interventions of
tracheostomy‐dependent infants with BPD.

Conclusion
In this retrospective cohort study, we described the
tracheostomy outcomes of infants with BPD, high-
lighting some findings previously not reported in
the literature. Tracheostomy‐dependent infants with
BPD are a medically complex group with a significant
risk of mortality, tracheostomy complications, and
readmissions. Most notably in this study was the
high percentage of readmissions for tracheitis and
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accidental decannulation. Also notable in this cohort
were the high rates of laryngotracheal stenosis and
subsequent open airway reconstruction. Future studies
should focus on optimal timing of tracheostomy
placement, tracheitis mitigation, the progression of
laryngotracheal stenosis, and subsequent timing of
open airway reconstruction.
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