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Respiratory, growth, and survival outcomes of infants with
tracheostomy and ventilator dependence
Gangaram Akangire1,2, Jane B. Taylor3, Susan McAnany1, Janelle Noel-MacDonnell2,4, Charisse Lachica1,2, Venkatesh Sampath1,2 and
Winston Manimtim1,2

BACKGROUND: Outcome of infants with tracheostomy have not been well described in the literature. Our objective was to
describe the respiratory, growth, and survival outcomes of infants with tracheostomy.
METHODS: A retrospective study was conducted on 204 infants born between 2005 and 2015 with tracheostomy at <1 year of age
and follow-up in the Infant Tracheostomy and Home Ventilator Clinic up to 4 years of age.
RESULTS: The mean age at tracheostomy was 4.5 months with median age of 3 months. Median age of decannulation was
32 months. The time from tracheostomy placement to complete discontinuation of mechanical ventilation was 15.4 months and
from tracheostomy to decannulation was 33.8 months. Mortality rate was 21% and median age of death was 18 months. Preterm
infants with acquired airway and lung disease (BPD) and born at <28 weeks’ gestation had a significantly higher survival rate
compared to term infants. The z-scores for weight and weight for length improved from the time of discharge (mean chronological
age 6.5 months) to first year and remained consistent through 3 years.
CONCLUSIONS: Premature infants had a higher rate of discontinuation of mechanical ventilation and decannulation compared to
term infants. These infants showed consistent growth and comparable survival rate.

Pediatric Research (2021) 90:381–389; https://doi.org/10.1038/s41390-020-01183-x

IMPACT:

● Infants with tracheostomy and ventilator dependence followed in a multidisciplinary clinic model may have improved survival,
growth, and earlier time to decannulation.

● Preterm infants with acquired airway and lung disease (BPD) with tracheostomy had a higher survival rate compared to term
infants with various tracheostomy indications.

● The age at tracheostomy in infants was 4.5 months and of decannulation was 37 months. Time from tracheostomy to complete
discontinuation of mechanical ventilation was 15.4 months.

● Addition of this data to the sparse literature will be crucial in counseling the families and education of medical staff.

BACKGROUND
Pediatric tracheostomy is on the rise, with 40% of tracheostomies
performed in children <1 year of age.1 Indications for tracheost-
omy in infants include congenital airway anomalies, acquired
airway and lung abnormalities (tracheobronchomalacia (TBM),
subglottic stenosis, vocal cord paralysis), bronchopulmonary
dysplasia [BPD], neurologic and cardiac anomalies, and underlying
risk factors (genetic anomalies).1,2 The significant increase in the
rate of tracheostomy in infants is partly attributed to the increased
survival of extremely preterm infants with severe BPD who require
long-term ventilation for several years.3–5 Prior studies indicate
that rehospitalization, equipment malfunction, and tracheostomy
at <1 year of age are significant risk factors for mortality.1,6

These findings have prompted children’s hospitals to develop
dedicated teams to care for these infants, not only during their
initial inpatient stay but also on an outpatient basis in

collaborative multidisciplinary teams involving several pediatric
specialties.7 The varying outcomes reported have led to confusion
about the optimal management of these infants who require long-
term ventilation, with some neonatal intensive care units (NICUs)
preferring long-term intubation over tracheostomy and home
discharge.1,8 Significant variation in practice has led to conflicting
opinions on indications, feasibility, and long-term prognosis of
infants <1 year old undergoing tracheostomy.1,8 Decannulation
time, mortality, and neurodevelopmental outcomes vary signifi-
cantly based on the indication for tracheostomy and underlying
diagnosis.8

Although the decannulation time, mortality, and comorbidities
have been described in pediatric tracheostomy, these data have
not been described in infants receiving a tracheostomy at <1 year
of age.8 Further, it has not been clearly established whether
outcomes are improved with a multidisciplinary approach to the
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care of these medically complex infants. Thus the goal of this
study was to address the knowledge gap by assessing the
respiratory outcomes (complete discontinuation of mechanical
ventilation, decannulation from tracheostomy) and survival until 4
years of age. Our second goal was to study common comorbid
conditions and growth outcomes until 3 years of age in our
established infant home ventilator program. Patients frequently
graduate from our clinic between 3 and 4 years of age. Therefore,
we chose to study our second goal until 3 years of age. These data
will show that a multidisciplinary, standardized approach will
result in improved survival and earlier and timely decannulation of
infants. These data will also enhance the sparse literature in this
area and clarify outcomes for these infants, ultimately allowing
medical providers to better counsel families.

METHODS
Composition and operations of the multidisciplinary infant
tracheostomy and home ventilator team
The infant home ventilator team is composed of four neonatol-
ogists, two advanced practice nurse practitioners, a nurse
coordinator, a social worker, and a nutritionist. Differing from
other centers, neonatologists primarily run the infant home
ventilator team and pulmonologists are involved in collaboration
with the inpatient team and then in the multidisciplinary clinic
after NICU discharge. The home ventilator team rounds weekly on
all infants with tracheostomy in the hospital and offers recom-
mendations to the primary inpatient team. The home ventilator
team participates in the management of these medically complex
infants during their inpatient stay and attends care conferences,
providing tracheostomy education and counseling on the expecta-
tions after discharge from the hospital. As part of discharge
planning, the clinic team meets the patient and family, beginning
several weeks before their discharge, to become familiar with their
medical and psychosocial needs. The infant tracheostomy and
home ventilator clinic serve as a comprehensive, multidisciplinary,
family-centered medical home for medically complex infants who
require ventilator support in the home. In addition, primary care
services, including same-day sick visits, regular growth and
neurodevelopmental surveillance, anticipatory guidance, and
routine and seasonal immunizations, are also provided to most
patients. A 24/7 on-call physician is available to parents, caregivers,
and private duty nurses for live telephone consultations. A
dedicated psychologist provides counseling and psychosocial
support to families and caregivers. Dedicated otolaryngologists,
pulmonologists, cardiologists, and a gastroenterologist provide on-
site interdisciplinary care and support. Otolaryngologists are
present in the clinic twice each month, whereas pulmonologists
and gastroenterologists are present in the clinic once per month.
Cardiology clinic visits are coordinated to be on the same day as
the home ventilator clinic visit. There is a clinic coordinator nurse
who helps coordinate the services for each patient and is the single
point of contact for the family. Additional subspecialty care with
other subspecialists is scheduled as needed. Early intervention
occupational and physical rehabilitation services are provided at
home through state-sponsored programs, with close follow-up
evaluation as needed in the rehabilitation clinic. During rehospi-
talization, care is provided in the pediatric intensive care unit
(PICU), with care oversight provided by the home ventilator team.
Most patients are transitioned to the care of local pediatricians/
primary care providers by 3–4 years of age with continued
pulmonology and other subspecialty support, at which time the
majority of these patients have already been liberated from the
ventilator and have been decannulated.

Study population
The subjects in this study were recruited from the Children’s
Mercy Infant Tracheostomy and Home Ventilator Clinic from 2005

to 2015. This clinic was established in 2005 to provide a smooth
transition for ventilator-dependent infants discharged from the
intensive care nursery and the PICU to the home setting. Prior to
hospital discharge, parents and home caregivers are trained on all
aspects of the care of infants with chronic home ventilation based
on the clinical practice guidelines set forth by the American
Thoracic Society.9 Local home nursing agencies provide private
duty nursing support at home, and one of the durable medical
equipment company supply all the equipment needed at home.

Study design
Data were abstracted from electronic medical records and entered
in the database of the Center for Infant and Pulmonary Disorders
(CIPD), located at Children’s Mercy Kansas City in Kansas City, MO.
The CIPD houses the Infant Pulmonary Disorders Data Repository,
which provided de-identified data for this study with Children’s
Mercy institutional review board approval (IRB). Requirement of
obtaining informed consent was waived by IRB. Inclusion criteria
for this study included infants who received tracheostomy with or
without ventilator support at the time of the first hospital
discharge, regardless of underlying etiology, and who were
followed in the Infant Tracheostomy and Home Ventilator Clinic
at Children’s Mercy Kansas City. Two hundred and four (n= 204)
infants met the inclusion criteria. Five patients were excluded from
the study as these patients had upper airway disorders due to
underlying genetic condition. Diagnoses were obtained by the
ICD-9 and ICD-10 codes (The International Classification of
Diseases, Ninth and Tenth Revisions) in the electronic medical
record.

Demographic data
Demographic data included sex, race, gestational age (GA),
weight, length, and head circumference at birth. Subjects were
divided into six main groups based on the primary indication for
tracheostomy, namely: (a) upper airway diseases (laryngo-tracheo-
malacia, subglottic stenosis, upper airway obstruction, or a
combination of these diagnoses); (b) lower airway diseases
(TBM, bronchomalacia); (c) combination of upper or lower airway
disease and parenchymal lung disease as with BPD; (d) congenital
heart disease with associated chronic lung disease (atrioventri-
cular canal, tetralogy of Fallot, hypoplastic left heart syndrome; (e)
neurologic disease (epilepsy, Arnold Chiari malformation, hydro-
cephalus, hypoxic ischemic encephalopathy, bilateral vocal cord
paralysis, grade 4 intraventricular hemorrhage cerebral dysgen-
esis, or a combination of these diagnoses); and (f) others
(chromosomal abnormalities, Pierre Robin sequence, severe
micrognathia, giant omphalocele, diaphragmatic paralysis, spinal
muscular dystrophy, choanal atresia, tracheoesophageal fistula,
congenital hypoventilation syndrome, obstructive or central sleep
apnea syndrome). If the upper airway anomaly was not related to
any genetic abnormality, it was categorized into upper airway
disease. Patients with upper airway disease associated with
genetic abnormality were excluded. Discharge destination, child
protective services involvement, as well as health insurance
coverage as surrogates for socioeconomic status were collected.

Outcome variables at the time of discharge and post discharge
Outcome variables at discharge (age at tracheostomy, need for
mechanical ventilation, and presence of gastrostomy tube) and
outpatient variables (complete discontinuation of mechanical
ventilation, need for polysomnogram, age at decannulation) were
collected at the time of discharge and during each home vent
clinic visit, respectively, until 4 years of age. The presence of
comorbidities (pulmonary hypertension, dysphagia, asthma, sei-
zures, obstructive sleep apnea, and adrenal insufficiency) was
reported as well. The use of medications (inhaled and enteral) as
continuous variables was obtained at 6 months, 1, 2, and 3 year’s
chronologic age. Inhaled medications were classified into inhaled
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steroids and bronchodilators, while enteral medications were
further classified based on organ systems, such as gastrointestinal,
cardiac, neurologic, endocrine, and renal. Growth outcomes
(weight and weight for length) reported as z-scores were
abstracted at discharge and at 6, 12, 24, and 36 months
chronologic age. All deaths that occurred after hospital discharge
were reviewed and reported.

Statistical analysis
Statistical analysis included general descriptive statistics of
patients and comparisons between the six defined groups.
Continuous variables were assessed using one-way analysis of
variance and comparison of categorical variables using chi-square
or Fisher’s exact tests. Logistic regression models to predict death
were also computed and included variables with cardiac
diagnoses, number of oral medications or inhaled medications
at discharge, neurologic diagnoses, GA, birth weight, and birth
weight to length. For logistic regression, we divided the entire
cohort into four groups based on GA. Group 1 consisted of infants
born at <28 weeks’ GA, group 2 consisted of infants born between
29 and 32 weeks’ GA, group 3 consisted of infants born between
33 and 36 weeks’ GA, and group 4 consisted of infants born at
>37 weeks’ gestation. Furthermore, changes in weight z-scores
and weight-to-length ratios across time points (6, 12, 24, and
36 months) were compared through Wilcoxon signed-rank tests.
Statistical analysis was done using the SAS software version 9.4
(SAS Institute Inc., Cary, NC, USA).

RESULTS
Description of the cohort
A total of 204 infants met the inclusion criteria from 2005 through
2015, and no patients were excluded from the study. Fifty-three
percent were males and 47% were females. The majority were
Caucasians (61%), followed by African Americans (18%), Hispanics
(6%), Asians (1%), and others (Native Americans, Hawaiians, and
multiracial—14%). The primary indications for tracheostomy were
abnormalities related to (a) upper airway (13.7%), (b) lower airway
(16.7%), (c) combined airway and lungs (BPD) (40.2%), (d) cardiac
(7.3%), (e) neurologic (6.9%), and (f) others (15.2%) (Table 1). For all
patients, the mean GA at birth was 31.8 weeks, mean birth weight
1733 g, mean birth length 40.1 cm, and mean head circumference
at birth was 28.2 cm. However, infants with airway and respiratory
conditions (groups a–c) were significantly more immature and
smaller at birth compared to those with cardiac, neurologic, and
other conditions (30 weeks’ gestation vs 34–36 weeks and 1.3–1.6
kg vs 2.1–2.5 kg) (Table 1). The mean age at tracheostomy was 4.5
(±4.2) months, with median age of 3 months (Q1—2, Q3—5), and
was similar for all primary indications for tracheostomy. All infants
were ventilator dependent at the time of tracheostomy. At the
time of discharge, 173/204 (85.2%) patients continued to require
assisted mechanical ventilation, while 39/204(19.1%) were weaned
off assisted ventilation.
The majority of infants (93%) were G-tube dependent for their

nutritional support at discharge; the proportion of infants who
were able to feed orally (7%) had tracheostomy only and did not
need assisted ventilation at discharge. No patients were dis-
charged with nasogastric tube (NG). Discharging these patients’
home with a NG tube was felt at higher risk for dislodgement and
complications. The mean age at hospital discharge for all infants
was 6.5 months and median age was 7 months (Q1—4, Q3—9).
One hundred and seventy-eight infants out of the total cohort
(89.9%) were discharged to the parents, while 18/204 (9.1%) had
child protective services involvement and were placed in foster
care. One infant was transferred to an out-of-state chronic care
facility. In the Kansas City area, long-term care facilities and day
programs are not available, and infants with chronic conditions
stay in the NICU until the time of discharge. This could be becauseTa
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of less densely populated areas in Kansas making it financially
difficult to pull in enough patients. Seventy-one percent of
families had Medicaid coverage, 10.1% had private health
insurance, while 17.2% had a combination of both. The population
geographic distribution based on zip code of each study subject’s
discharge residence is shown in Supplementary Fig. S1.

Outcomes post-hospital discharge
In our study, the mean age of complete discontinuation of
mechanical ventilation was 23.1 (SD 18.2) months of age (median
of 21 months [Q1—15, Q3—27]) and decannulation at mean age
of ~38.1 (SD 20.7) months (median of 32 months (Q1—26.5, Q3—
47); however, those infants with upper airway diagnoses (group a)
had a shorter duration of ventilator dependence of 17.08 (±8.9)
months; P= 0.040 (Table 1).
Eighty of the entire cohort of 204 infants were decannulated,

with 61 (30%) decannulated by 48 months of age; the highest rate
of decannulation was among the infants with BPD (50%) (Table 1).
The average time from tracheostomy to decannulation was
33.8 months (19.3) (Fig. 1), and the average age at decannulation
was 38.1 (±20.7) months (median of 32 months (Q1—26.2, Q3—
46.2) and was similar across all groups. There were 61/204 (30%) of
infants who had a sleep study prior to decannulation. Laryngo-
tracheoplasty (airway reconstruction surgery) was done in 41/204
(20.1%) of infants and we believe that it led to earlier
decannulation in most cases. These data represent the infants
followed up in the home ventilator clinic until 4 years of age. If the
infants were not decannulated by 4 years of age, they were
transitioned to the pulmonology service for ongoing care, and
outcomes have not been established for that population at this
time but will be addressed in forthcoming publications.

Growth outcomes
In terms of growth, the z-scores for weight (W) and weight for
length (W/L) improved significantly from the time of hospital
discharge to the first year of age and stayed consistent through 3
years of age. All weight z-scores were less than average weights
(Table 2 and Fig. 2). Essentially, z-score weight comparisons from
6–12, 6–24, and 6–36 months were all significantly different
overall and for each of the groups. Comparisons for 12–24, 12–36,
and 24–36 months were mostly not statistically different. In

weight to length, z-scores skewed more toward the average
throughout the time period (Fig. 2).

Comorbidities and medication use
Dysphagia was the most common long-term comorbidity present,
in 55% of all infants, followed by obstructive sleep apnea (35.3%),
seizures (32.8%), pulmonary hypertension (29.9%), and asthma
(22.1%). Most infants received multiple medications depending on
the underling primary and comorbid diagnoses. All the chronic
medications used until the age of 3 years were divided into
indication by organ system, namely: (a) gastrointestinal (ranitidine,
omeprazole, lansoprazole, erythromycin, probiotics); (b) neurolo-
gic or antiseizure medications (levetiracetam, phenobarbital,
clonidine, lorazepam); (c) cardiac (enalapril, propranolol, sotalol,
flecainide); (d) renal, mostly diuretics (furosemide, chlorothiazide,
spironolactone); (e) endocrine (hydrocortisone, prednisolone,
levothyroxine); and (f) respiratory, in the form of inhaled steroids
(fluticasone, beclomethasone, budesonide). The use of medica-
tions belonging to all the organ categories for the entire
cohort was increased at 1 year of age and then gradually
decreased over the next 2 years (Fig. 3). In the entire cohort, 7.3%
infants (15/204, sildenafil—13, bosentan—2) were on pulmonary
hypertension medications at discharge and 7.6% (16/204,
sildenafil—14, bosentan—2) infants at 1 year of age. Endocrine
medications at discharge were levothyroxine (22/204), hydro-
cortisone (8/204), prednisone (5/204), growth hormone (1/204): at
1 year of age, levothyroxine (18/204), hydrocortisone (6/204),
prednisone (5/204), growth hormone (1/204): at 2 years of age,
levothyroxine (19/204), hydrocortisone (1/204), prednisone
(1/204), growth hormone (1/204); and at 3 years of age
levothyroxine (17/204), hydrocortisone (1/204), prednisone (0/
204), growth hormone (1/204).
In the entire cohort, 88/204 (43.1%) infants were on inhaled

steroids, 78/204 (38.2%) on inhaled bronchodilators, and 60/204
(29.4%) on both at the time of discharge. At 1 year, 107/204
(52.4%) infants were on inhaled steroids, 66/204 (32.3%) on
inhaled bronchodilators, and 54/204 (26.4%) on both. At 2 years,
99/204 (48.5%) infants were on inhaled steroids, 95/204 (46.5%)
on inhaled bronchodilators, and 78/204 (38.2%) on both. At 3
years, 85/204 (41.6%) infants were on inhaled steroids, 85/204
(41.6%) on inhaled bronchodilators, and 71/204 (34.8%) on both.
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Risk factors associated with death
The overall mortality rate was 43/204 (21.1%), with corresponding
mean age at death equal to 28.8 (±30.5) months and median age
of 18 months (Q1—10, Q3—31) (Fig. 1). Of those who died, 36/44
(81.8%) died at <48 months of age. Seventeen (17/44) patients
died due to presumed cardiac arrest at home, and out of those, 8
patients died due to tracheostomy-related reasons (accidental
decannulation, plugged tracheostomy tube) and 9 patients had no
clear documentation.
Preterm infants with acquired airway and lung disease (BPD)

who were born at <28 weeks’ gestation and received tracheost-
omy had a significantly higher survival rate as compared to term
infants with various tracheostomy indications when solely looked
at the GA in an unadjusted model (P value 0.0002, odds ratio
0.119; Table 3). When adjusted to control for birth weight, length,

and oral and inhaled medications, this was no longer the case.
Logistic regression analysis showed that higher number of inhaled
medications at discharge decreased the risk of death by 40%;
however, the higher number of oral medications increased risk of
death by 24% in an unadjusted model. This finding was still
significant when adjusted for GA, birth weight, and length
(Table 3).

DISCUSSION
Published studies have reported tracheostomy outcomes for
pediatric patients ranging in age from 1 to 18 years. However, no
study has specifically examined tracheostomy outcomes for
patients <1 year of age, who make up the majority of the
pediatric tracheostomy population.1,8,10 To our knowledge, this is

Table 2. Results from the Wilcoxon signed-rank test with various comparisons and P values.

6–12 months 6–24 months 6–36 months 12–24 months 12–36 months 24–36 months

Weight

All <0.0001 <0.0001 <0.0001 0.7675 0.1175 0.0041

Upper airway <0.0001 0.0002 0.0008 0.439 0.1327 0.0663

Lower airway <0.0001 0.0035 0.0390 0.5787 0.6584 0.9333

Combined airway <0.0001 <0.0001 <0.0001 0.1776 0.0783 0.1781

Cardiac 0.0015 0.0034 0.0063 0.0022 0.4854 0.4143

Neuro 0.0425 0.1934 0.1641 0.75 0.9219 0.3203

Other 0.0003 0.0948 0.0082 0.616 0.3788 0.0198

Weight/length

All 0.2365 0.6345 0.8042 0.3026 0.4844 0.4119

Upper airway 0.3097 0.6022 0.5958 0.4684 0.9636 0.3683

Lower airway 0.2248 0.9854 0.5678 0.0233 0.0188 0.2971

Combined airway 0.5055 0.7057 0.7193 0.2727 0.2948 0.8454

Cardiac 0.1675 0.4238 0.3013 0.1677 0.7869 0.5879

Neuro 0.2661 0.8457 0.1719 0.7646 0.8457 0.2402

Other 0.6017 0.8831 0.5678 0.6265 0.3682 0.953

Bold and italic represents statistically significant P values.
z-Score weight comparisons from 6–12, 6–24, and 6–36 months were all significantly different overall and for each of the groups. Comparisons for 12–24,
12–36, and 24–36 months were mostly not statistically different. In weight to length, z-scores were mostly not statistically different.
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the first and largest tracheostomy and home ventilator follow-up
study to examine the respiratory, growth, and survival outcomes
of infants who received a tracheostomy at <1 year of age and
were followed up after hospital discharge by a dedicated
multidisciplinary home ventilator team until 3–4 years of age.
This study examined the outcomes of these infants during their
initial hospitalization in either the NICU or PICU. Most of these
infants were born outside of our regional hospital and were
transferred in for ongoing tertiary care. The rate of tracheostomy
in infants <1 year of age has been on the rise, primarily due to
improved survival of extremely premature infants with better
resuscitation strategies and technology in NICUs.11 Most children’s
hospitals have moved toward a dedicated multidisciplinary care
model with a ventilator care program for this vulnerable
population; however, outcome data for these infants are scarce
in the literature.7,11

The overall mortality rate in this cohort of infants with
tracheostomy for various indications was 21.1% by 4 years of
age, with median age of death at 18 months. Our experience is
very similar to that of Cristea et al., who reported a mortality rate
of 18.6% in their cohort, and a median age of death at
27 months.12 Acute cardiorespiratory arrest related to accidental
decannulation and plugged tracheostomy tube were the most
common tracheostomy-related causes of death that is consistent
with other centers, highlighting a need for close monitoring and
ongoing caregiver education on recognition and management of
life-threatening events at home.13,14 Ong et al. were able to
reduce the tracheostomy-related mortality significantly by a

quality improvement initiative of Trach safe practices by
surveillance bronchoscopies, training of community-based nurses,
and including a clinic survey on near missed events at clinic
visits.13 The mortality rate significantly decreased after 2 years of
age. Our unexpected findings in unadjusted and adjusted
statistical model, that the use of inhaled medications at hospital
discharge was associated with decreased risk of death by 40%,
and that the number of oral medications at discharge was
associated with increased risk of death by 24%, needs further
elucidation. Our general observation is that patients with under-
lying cardiac, neurological, and genetic abnormalities are on
several oral medications, and our use of the “number of oral
medications” as a surrogate for either “severity of primary disease”
or “presence of other comorbidity” may have led to this
association. Recently, it was reported that infants with severe
BPD are exposed to an alarming number of medications of unclear
efficacy and safety, with marked variation between centers.
Therefore, controlled trials are urgently needed for examining
the use of both inhaled and oral medications in this high-risk
populations.15–17

In our study, the mean age of complete discontinuation of
mechanical ventilation was 23.1 (SD 18.2) months of age (median
of 21.5 [Q1—15.2, Q3—27]) and decannulation at a mean age of
38.1 (SD 20.5) months (median of 32 (Q1—26.2, Q3—46.25). These
results were consistent with those Cristea et al. reported on the
outcomes for infants with severe BPD with a median age of
complete discontinuation of mechanical ventilation at 24 months
of age and decannulation at 37.5 months of age.12,18 The
decannulation rates for pediatric tracheostomy patients, as
published in the literature, range from 31 to 75%.19–26 Infants
with severe BPD have increased chance of decannulation and
survival due to improved care and ventilation to support constant
lung growth.12 Some of the variations in the rate and timing of
decannulation may be inherent to the original indication for
placing a tracheostomy, variation in the included age groups, or to
center-specific practices. In our study, 30% of infants were
decannulated by 4 years of age. According to Cristea et al., 59%
of their infants were decannulated by 6 years. Salley et al. reported
that 30% were decannulated by 5 years, with a median time to
decannulation of 30 months of age.8,12 It is important to note that
those preterm infants with airway anomalies were liberated from
the ventilator earlier, as most of them did not have severe lung
disease. Since 2013, our practice has incorporated the use of
polysomnogram to determine the patient’s favorability for
decannulation as reported by Henningsfield et al.27,28 As use
of polysomnogram was started recently, only 30% of the cohort
had a sleep study/polysomnogram prior to decannulation.

Table 3. Backward logistic regression model looking at the outcome variable of death in a cohort of infants with tracheostomy and ventilator
dependence and cluster analysis within GA subgroups.

Effect B-estimate P value unadjusted Odds ratio (95% CI)
unadjusted

P value
adjusted

Odds ratio (95% CI) adjusted with ROC
AUC= 0.8193

GA Group 1 (vs 4) −2.1296 0.0002 0.119 (0.039–0.365) 0.2907 0.218 (0.013–3.672)

GA Group 2 (vs 4) 0.1476 0.7502 1.159 (0.467–2.876) 0.9647 1.045 (0.146–7.476)

GA Group 3 (vs 4) 0.3018 0.5760 1.352 (0.470–3.894) 0.1014 3.354 (0.778–14.269)

Birth weight 0.0947 0.1142 1.099 (0.977–1.236)

Birth weight length 0.0877 0.0179 1.092 (1.015–1.174) 0.9640 0.996 (0.839–1.182)

Cardiac diagnosis −0.0712 0.9153 0.931 (0.251–3.460)

Neuro diagnosis 0.4379 0.4788 1.549 (0.461–5.205)

# oral medications at death 0.2169 0.0013 1.242 (1.088–1.418) 0.0245 1.330 (1.037–1.705)

# inhaled medications
at death

−0.5298 0.0205 0.589 (0.376–0.922) 0.0312 0.420 (0.191–0.925)

Group 1: <28 weeks’ gestation; group 2: 29–32 weeks; group 3: 33–36 weeks; group 4: >37 weeks.
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Additionally, the waiting period to schedule a polysomnogram
may have resulted in an unintended delay in the timing of
decannulation.
Until recently, no data existed describing the association

between tracheostomy placement and change in nutritional and
developmental status in preterm infants with severe BPD. In 2018,
Luo et al. reported that tracheostomy was associated with
improved growth and developmental outcomes in severe BPD
patients while in the hospital.29 To our knowledge, growth and
nutritional outcomes of infants with tracheostomy after hospital
discharge have not been studied. We followed the z-scores of
infants in our cohort over a 3-year period after birth. We found
significant improvement in weight and weight for length z-scores
by 6 months to 1 year of age that continued through 3 years of
age with no significant reduction in their scores over time. This
important finding was consistent in every subcategory of our
infants with tracheostomy. We attributed this finding to the role
that our dedicated dietitian monitors the growth of each infant
closely during each clinic visit, by adjusting fluid and nutritional
intake based on the infant’s caloric needs during baseline status
and when infants are ill or during the period when the infants
are in the process of weaning from the home ventilator.
Additionally, almost all these infants have gastrostomy tubes that
provided a guaranteed route for maximum nutritional support for
several years. Gastrostomy tubes also plays important role
during the periods of illness and avoids readmissions to the
hospital.
BPD is the most common complication of prematurity.30,31

The survival of extremely premature infants who remained
ventilator dependent at 36 weeks’ postmenstrual age has
resulted in increased performance of tracheostomy for long-
term assisted ventilation for infants who are cared for either in
the intensive care units or at home. Acquired airway abnorm-
alities, specifically TBM alone or in association with BPD, are
some of the most common indications for tracheostomy in our
preterm population. TBM has been recognized only recently as a
common complication in infants with BPD and postulated to be
the result of prolonged exposure to mechanical forces on the
developing preterm airways.32,33 Infants with cardiac, neurolo-
gic, and other conditions for which they received tracheostomy
were born with higher GA and may not necessarily have BPD by
strict definition. These infants could be more appropriately
categorized as having chronic lung disease of infancy.34 We
believe it is important to distinguish between these tracheost-
omy indications and clinical phenotypes because their ultimate
outcomes may be different.
Although no national standard exists for when to perform

tracheostomy for purposes of prolonged mechanical ventilation in
infants, the mean age at tracheostomy for our cohort was
4.5 months and was consistent across all tracheostomy indica-
tions. This age is similar to what has been reported in the
literature.8 Although all of the infants were ventilator dependent
at the time of tracheostomy, 19% of them were successfully
weaned off prior to hospital discharge. The median age at hospital
discharge of 7 months (Q1—4, Q3—9) may not be a true measure
of the patient’s need for continued hospitalization, since many
factors could affect individual discharge needs, including patient
safety concerns, availability of skilled primary caregivers and home
care nurses, as well as psychosocial and socioeconomic barriers, as
evidenced by our finding that almost 9% of infants in our cohort
were discharged to foster care.
Children who require tracheostomy and ventilatory support

have multiple comorbidities. Dysphagia (oropharyngeal phase)
was the most common comorbidity, identified in as many as 55%
of our cohort. The other comorbidities identified were obstructive
sleep apneas, seizures, pulmonary hypertension, and asthma or
airway hyperactivity. Each of these comorbidities, and the use of
medications to treat them, was specific to each of the primary

tracheostomy indications. For purposes of comparison, we
assigned each medication per intended target organ system.
Therefore, the more the medications, the more severe the disease
or the greater the number of comorbidities. In our previous study,
we reported that oxygen and diuretic use in infants with BPD
increased around 1 year of age and then gradually decreased by 2
years of age.6 In this study, we found a similar trend for
gastrointestinal and renal medications; however, cardiac medica-
tions, endocrine medications, neurologic medications, and inhaled
corticosteroids did not decrease significantly over the 3-year
period. A probable reason for this difference could be the weaning
of diuretics for severe BPD patients. At the same time, inhaled
steroids continue to be needed to treat the reactive airway disease
or asthma that is frequently triggered by viral infection in these
infants. On the other hand, infants with underlying cardiac,
neurologic, and endocrine diagnoses did not show a downward
trend in medication use throughout the first 3 years of age,
probably because their underlying disease conditions were
chronic and static.
A significant strength of our study is the relatively large

number of infants in the cohort who had regular and consistent
outpatient follow-up care by a dedicated team throughout the
first 3–4 years of age. This large number allows for more
extensive statistical modeling that can better help guide families
and care providers on important prognostic factors, outcomes,
and follow-up care plans throughout the first few critical years of
life. Specific to our cohort of infants with severe BPD with
tracheostomy, we found through regression analysis that they
have a much higher rate of survival compared to term infants
with tracheostomy, as well as a higher rate of decannulation. We
postulate that the improved overall survival outcomes in these
very high-risk infants is the result of providing a dedicated
multidisciplinary approach that ensures timely, regular, and
consistent delivery of both primary and subspecialty care, along
with optimizing nutritional support to enhance pro-growth
state, incorporating developmental surveillance in every clinic
visit, as well as addressing the caregivers’ psychosocial issues.
Our study also has several limitations, which include its
retrospective nature and the short timespan over which the
cohort data were collected. Our study was small enough and we
were unable to further analyze the patients in “others” category
and is also a limitation of this study.
In conclusion, we found that our cohort of premature infants,

who received tracheostomy at <1 year of age during their initial
hospitalization, had a higher rate of complete discontinuation of
mechanical ventilation and of decannulation compared to term
infants with various tracheostomy indications. In addition, these
infants showed consistent growth and a comparable rate of
survival by 3–4 years of age. A dedicated multidisciplinary team
providing both primary and subspecialty care appears to be the
ideal delivery care model for this vulnerable, high-risk infant
population.
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