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Factors leading to rehospitalization for tracheostomized and
ventilator-dependent infants through 2 years of age
G Akangire1,2, W Manimtim1,2, M Nyp1,2, N Townley1,2, H Dai2, M Norberg1 and JB Taylor1,2

OBJECTIVE: To identify factors leading to readmission for tracheostomized, ventilator-dependent infants o2 years of age.
STUDY DESIGN: Retrospective cohort study of 117 tracheostomized, ventilator-dependent infants followed through 2 years of age.
RESULTS: Home ventilator use (at hospital discharge, 6 and 12 months of age), inhaled steroid use (at 12 and 24 months of age),
oxygen dependence (at 6 and 12 months of age) and tracheostomy (at discharge, 6 and 12 months of age) were increased risks for
rehospitalization. Equipment malfunction throughout the first 2 years also contributed to readmissions. Viral infection, with
rhinovirus/enterovirus the most commonly identified pathogen, was the most common etiology for rehospitalization. Diuretic use
and initial comorbid diagnoses were not associated with increased risk of rehospitalization.
CONCLUSION: The risk for rehospitalization for infants requiring tracheostomy and ventilator support was affected by prolonged
oxygen use, prolonged ventilator dependence, inhaled steroid use and equipment malfunction, and was equally distributed
throughout the first 2 years of life.
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INTRODUCTION
Tracheostomy is being done for a wide variety of reasons in
infants before their first discharge from the hospital after birth.1

Some infants are discharged with tracheostomy alone, but most
are also dependent on ventilator support secondary to their
underlying medical condition.2,3,4 In the past, infants had a
tracheostomy placed primarily for upper airway abnormalities
causing obstruction. However, as medical technology has
improved over the past decade, survival of extremely premature
infants has significantly increased and a larger portion of recent
tracheostomy placements has been in this population because of
severe bronchopulmonary dysplasia (BPD) and chronic lung
disease (CLD) that require prolonged ventilatory support.5

In 2009, there were 21 541 children with preexisting tracheost-
omy rehospitalized in the United States, leading to health-care
costs of ~ $1.4 billion in 1 year.6 Taking care of these infants can be
exhaustive at home, involving serious efforts from parents, home
health nurses, physicians, social service providers and many
others.7 After tracheostomy placement and discharge from the
neonatal intensive care unit (NICU), management of these infants
is variable, and there are no current national guidelines that
address the care of this rapidly increasing, at-risk population.6

Children’s hospitals are quickly moving toward developing and
strengthening dedicated teams to care for these patients through
the first years of life to promote better outcomes, improve
prognosis and decrease future inpatient health-care utilization
that further increases the infant’s risk of nosocomial infections and
affects the family’s social structure and finances.7

Our objective was to identify the factors that lead to
rehospitalization of tracheostomized, ventilator-dependent infants
in the NICU through their first 2 years of life. This will help future
management teams better identify at-risk infants over time,
decrease the mortality and morbidity in this population and
minimize the health-care burden. Ultimately, assessing risk in this

population will help physicians and their teams design protocols
at the time of NICU discharge for long-term management,
anticipate home nursing needs and help guide parental discharge
education modules to improve the patient’s short-term and
long-term outcomes.

METHODS
At Children’s Mercy Hospital, once discharge criteria are met, parents and
home caregivers are extensively trained and educated on the care of
infants requiring chronic home invasive ventilation. The training and
education was fairly close to American Thoracic Society clinical practice
guidelines.8 At least two caregivers are specifically trained on pulmonary
care and assessment, tracheostomy care, emergency response, ventilator
training, infection control practices, oxygen and medication administra-
tion, tracheal suctioning, pulmonary toilette and use of monitoring devices.
A local durable medical equipment company provides for all the
equipment and supplies at home. In addition, parents/family caregivers
are required to stay with their child for at least 48 h in the parent care unit,
where they care for their child independently within the physical confines
of the intensive care unit. After hospital discharge, 24/7 private duty
nursing and physician access via phone are provided. Regular follow-up
visits are scheduled in the multidisciplinary infant home ventilator clinic.
Our data were obtained from the Center for Infant and Pulmonary

Disorders (CIPD), located at Children’s Mercy Kansas City (CMH) in Kansas
City, MO, USA. The CIPD houses the Infant Pulmonary Disorders Data
Repository that provided de-identified data for this study with CMH
institutional review board approval. Inclusion criteria for this study
included any infant who received tracheostomy and ventilator support
before the first discharge from the NICU regardless of underlying
diagnosis. Infants who were readmitted at a later date for tracheostomy
with or without ventilator dependence were excluded from this study.
There were 117 infants born between 1 January 2008 and 30 September
2015 who met these criteria. Of these infants, 80% were 42 years old and
20% were 18 months to 2 years old by 30 September 2015. Diagnoses
were obtained by the ICD-9 and ICD-10 (The International Classification of
Diseases, Ninth and Tenth Revision) codes in the electronic health records.
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Abstracted data were entered into the CIPD database by two abstractors to
minimize transcribing error.
A retrospective cohort study was designed to assess the factors that led

to readmission to the pediatric inpatient ward, pediatric intensive care unit
or NICU in this population through the first 2 years of life. The primary
categorical outcome variable was rehospitalization. Categorical variables
evaluated as potential risk factors for rehospitalization were: (1) the
admission reason for rehospitalization (cardiac, gastrointestinal/feeding,
pulmonary infectious, other pulmonary complications, equipment
malfunction and other reasons (social, and so on)); (2) the underlying
comorbid diagnosis of the patients (dysphagia, pulmonary hypertension,
adrenal insufficiency, cardiac abnormalities, CLD, structural airway
anomalies, reflux/dysphagia/feeding issues, neurological and other dis-
orders (genetic, syndromic, craniofacial diagnosis)); and (3) clinical factors
including oxygen dependence, ventilator dependence, inhaled steroid use
and diuretic use at the time of NICU discharge, 6 months, 1 year and 2
years of age. Continuous variables included number of rehospitalizations
between 0 and 12 months of age, number of rehospitalizations between
13 and 24 months of age, patient age at the time of tracheostomy
placement and number of equipment malfunctions.

Data analysis
Statistical analysis used the SAS programming version 9.2 software
package (SAS Institute, Cary, NC, USA) and SPSS 20 (IBM Corporation,
Armonk, NY, USA). We first performed univariate analysis between the
different identified risk factors (listed above) and rehospitalization by using
either the χ2 or Fisher’s exact test. For equipment malfunction, which had a
category of zero (equipment malfunction/no hospitalization), the exact test
was used for analysis. The variables of interest were determined through
medical record reviews of the NICU discharge summary, ‘6 months,
12 months and 24 months NICU home tracheostomy/ventilator clinic
notes’ and subsequent emergency room and hospital discharge notes. A
stepwise logistic regression was then performed using the following
variables: age at tracheostomy placement; equipment malfunction;
ventilator dependence at NICU discharge, 6 months and 1 year of age;
diuretic use at 6 months and 1 year of age; inhaled steroid use at 6 months
and 1 year of age; dysphagia; and pulmonary hypertension. The odds ratios
(ORs) and 95% confidence intervals (CIs) were reported for each variable.
Statistical significance was claimed with Po0.05 for the logistic regression
model. The univariate analysis had both the P-values and the Bonferonni
corrected P-values reported (that helped minimize confounding).

RESULTS
Demographics
A total of 117 infants were identified as having tracheostomy and
ventilator dependence in the NICU. Of these infants, 100 met the
inclusion criteria for the study. Seventeen infants were excluded
for reasons that included death before NICU discharge (6 patients),
tracheostomy upon readmission to the NICU (2 patients) and
prolonged hospitalization in the NICU without discharge at the
end of the retrospective timeframe for the study (9 patients)
(Figure 1). Four infants died before 2 years of age after their first
discharge from nursery. Three infants were decannulated before 2
years of age after discharge from nursery. The cohort consisted of
51 male infants (51%) and 49 female infants (49%). Forty-three
infants (43%) were born between 23 and 28 weeks of gestational
age (GA), 15 infants (15%) were born between 28 and 34 weeks of
GA, 15 infants (15%) were born between 35 and 38 weeks of GA
and 27 infants (27%) were born between 38 and 42 weeks of GA.
These infants received tracheostomy with varying degrees ofFigure 1. Patient flow diagram over 2-year study period.

Figure 2. % of underlying diagnoses of our patient cohort.
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ventilatory support for a wide variety of reasons, including BPD
due to extreme prematurity, cardiac disease, upper airway
structural abnormalities/obstruction, CLD, gastrointestinal or
feeding problems, neurological problems and underlying genetic
disease or syndrome. BPD (28%) and CLD without BPD (23%) were
the major underlying diagnoses in our patient population
(Figure 2).

Causes of rehospitalization
We assessed the common causes of rehospitalization based on
the admission and discharge diagnosis. The most common cause
of hospital readmissions was infectious etiology, specifically
pulmonary infections (24%), followed by other pulmonary causes
(respiratory failure/hypoxia with no infection) (22%), other causes
(including social issues, apneic spells, cyanosis, BRUE (Briefly
Resolved Unexplained Events, formerly ALTE), dehydration, failure
to thrive and so on) (21%), gastrointestinal/feeding issues (14%),
equipment malfunction (tracheostomy or gastrostomy-related
malfunctions) (8%), admissions for surgery/procedure (8%) and
cardiac issues (0.6%) (Figure 3).
Further analyses of pulmonary infections showed that viral

infections were the major cause of readmissions (26%). On several
occasions, viral infections with 2 or more viruses were present. Of
all viral infections, rhinovirus/enterovirus (37%) was the most
common virus isolated in this population, followed by respiratory
syncytial virus (9%) (Figure 4). All patients in our cohort (100%)
received Synagis (palivizumab, Medimmune, Gaithersburg, MD,
USA) per national guidelines during the respiratory syncytial virus
season to help decrease the risk of its infection.
Our findings showed that our patients’ medical needs increased

over time (in terms of oxygen requirement and diuretic and
inhaled corticosteroid use), plateaued at 12 months of age and
then showed gradual, steady improvement (Figure 5). At
12 months of age, 42% had ventilator dependence, 25% were
on a diuretic, 29% were on supplemental oxygen and 34% were
on inhaled steroids (Figure 5).

Risk factors for rehospitalization
Univariate analysis was performed using either χ2 analysis or
Fisher’s exact test to determine risk factors for rehospitalization
(Table 1). Ventilator dependence at NICU discharge (OR= 2.37,
95% CI 1.04 to 5.40, P= 0.037), 6 months of age (OR = 4.36, 95% CI
1.59 to 11.94, P= 0.0027) and 12 months of age (OR = 3.24, 95% CI
1.38 to 7.58, P= 0.0058) was significantly associated with hospital
readmission. Inhaled steroid use at 12 months of age (OR= 2.87,

95% CI 1.13 to 7.28, P= 0.022) and 24 months of age (OR= 4.63,
95% CI 1.25 to 17.08, P= 0.0139) was also significantly associated
with increased rehospitalization rate. Oxygen dependence at
6 months of age (OR= 3.38, 95% CI 1.04 to 10.9, P= 0.034) and
12 months of age (OR = 3.32, 95% CI 1.20 to 9.16) increased the
rate of rehospitalization. Having a tracheostomy increased the rate
of rehospitalization at 6 months of age (OR= 9.37, 95% CI 3.52 to
24.89, P= 0.0001), 12 months of age (OR= 8.166, 95% CI 3.26
to 20.44, P= 0.0001) and 24 months of age (OR = 3.02, 95% CI 1.23
to 7.41), P= 0.014). Equipment malfunction also increased the risk
of readmission (OR = 8.50, 95% CI 2.63 to ∞, P= 0.002). We further
looked at the specific equipment malfunctions from 2008 to 2014
that led to readmission and the most common reasons were
tracheal plugging and tracheal dislodgement followed by
ventilator/tubing malfunction, tracheostomy obstruction due to
granuloma, G-tube dislodgement and cardiac pacemaker failure
(Table 3 and Figure 6).
The analysis of variance trend test showed that the younger the

patient at the time of tracheostomy, the greater the rate of
readmission before 1 year of age (P= 0.0390; Figure 7). A backward
logistic regression model was then created for the outcome
variable of rehospitalization (Table 2). Variables included in the
model were age at tracheostomy procedure; ventilator depen-
dence at NICU discharge, 6 months and 1 year of age; diuretic and
inhaled steroid use at 6 months and 1 year of age; pulmonary
hypertension; and dysphagia. This model showed that ventilator
dependence at 6 months and 1 year increased the risk for
rehospitalization (OR= 29.199, 95% CI 1.985 to 429.442, P= 0.0139;
and OR= 20.749, 95% CI 1.276 to 337.41, P= 0.0331, respectively).
We also examined the timing of readmissions in first 2 years of life
(Figure 8). We found that 40% of readmissions were before 1 year
of age, 40% were from 1 to 1.5 years of age and 20% were
between 1.5 and 2 years of age.

DISCUSSION
With advanced medical technology in health care, survival of
extremely low birth infants with CLD has been increasing.
Currently, no national guidelines and standardized care models
are available for this population. These infants are frequently
rehospitalized, causing ongoing family emotional and psycholo-
gical stress. Frequent readmissions also increase the health-care
burden, especially in intensive care units.9–10 A few studies have
been published about readmission of pediatric tracheostomized
ventilator-dependent infants; however, not much has been
reported in the literature about risk factors that lead to

Figure 3. Readmissions based upon diagnosis.
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rehospitalizations in this population.11–12 In our study we
examined the factors leading to rehospitalizations in this
population. Because these factors may be modifiable, identifying
them may eventually help caregivers minimize these risks and
decrease subsequent hospitalizations.
In our univariate analysis model, equipment malfunction was

predominantly related to tracheostomy issues, 12 out of 14 total
equipment malfunctions. (Figure 6). The incidence of equipment
malfunction was equally distributed over the 2 years—indicating
that family/nursing familiarity with equipment, which increases
over time, was not a likely factor in this finding. The incidence of
equipment malfunction did not change significantly over the time
period of the study despite improved parental education,
discharge planning and close follow-up in the clinic. However, of
note, the cohort size increased by over 4 times during the period
of the study and there was progressive diminution of private duty
nursing support at home over time. Equipment malfunction rates
stayed the same, suggesting that of the interventions may have
affected the outcomes and further prospective investigation is
warranted. The univariate analysis also showed that risk factors for
readmission in this population included (1) being on a ventilator at
discharge, 6 months and 1 year of age, (2) oxygen dependence at

6 months and 1 year of age and (3) dependence on inhaled
corticosteroids at 1 and 2 years of age. Overall, increased
respiratory support in terms of ventilator dependence, oxygen
requirement and inhaled corticosteroid use affected readmission
rate, indicating that these factors can be used to screen patients
who may need closer outpatient supervision over time. Interest-
ingly, diuretic use at any age and the underlying comorbid
conditions of the patients were not associated with an increased
rate of hospital readmission. Further studies in a larger sample size
will be needed to further evaluate this finding. It will be interesting
to see whether underlying comorbid conditions affect the rates of
weaning off the ventilator support and time to decannulation. The
singular importance of the need for home ventilatory support on
clinical outcomes was further illustrated in our logistic regression
model that showed that ventilator dependence at 6 months and 1
year of age was strongly associated with the risk of hospital
readmission.
To our knowledge, this is the first study to examine the specific

factors for readmission in this age group. There are several
strengths to our study. Our sample size is large, n= 100, our study
adds to the scant literature available for this complex patient
population and our study assessed multiple factors for risk of

Figure 4. Viral infections leading to readmissions.

Figure 5. % of total patients with ventilator dependence, diuretics, O2 and inhaled steroids at 6, 12 and 24 months of age.
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rehospitalization through the first 2 years of life. The patients
included in this study were born recently (2008 to 2015),
and this minimizes the variability of ventilator strategies used to
support them. The infants were all cared for in our NICU, the
only tertiary referral center for children with complex illness
in this geographic area. The CIPD cohort was compared by

Truog et al.13 with a national registry and found to have similar
characteristics and outcomes. As our population has very specific
and complex medical needs, the lost-to-follow-up rate was
extremely low (2%); furthermore, although our retrospective
review was limited to our electronic medical record system, over
86% of regional pediatric cases, and closer to 100% of high-risk

Table 1. Univariate analysis comparing risk factors for hospital readmission in infants with tracheostomy/ventilator dependence in the NICU through
the first 2 years of life

Exposure Y/N Rehospitalization OR P-value (0.05) *P-value (0.005)

Dysphagia Yes 9 (45%) 0.44 (0.16–1.18) 0.101
No 52 (65%)

PHTN Yes 12 (58%) 2.14 (0.63–7.19) 0.21
No 49 (58%)

Adrenal insufficiency Yes 2 (50%) 0.621 (0.08–4.64) 0.642
No 59 (61%)

Cardiac diagnosis Yes 32(65%) 1.42 (0.63–3.2) 0.38
No 29 (56%)

CLD Yes 19 (61%) 1.01 (0.42–2.4) 0.96
No 42 (60%)

Airway malacia Yes 15 (53.5) 0.65(0.26–1.57) 0.342
No 46 (63.8%)

GI Yes 6 (85%) 1.14 (0.47–35.83) 0.24
No 55 (59%)

Neuro Yes 23 (69.7%) 1.69 (0.69–4.12) 0.242
No 38 (57.5%)

Equipment malfunction Yes 13 (100%) 8.50 (2.63–∞) 0.002 *
No 48 (55.1)

Vent at NICU DC Yes 38 (70.37%) 2.37 (1.04–5.40) 0.037
No 23 (50%)

Vent at 6 months Yes 27 (81.82%) 4.36 (1.59–11.94) 0.002 *
No 34 (50.75%)

Vent at 1 year Yes 36 (75%) 3.24 (1.38–7.58) 0.005
No 25 (48.08%) *

Vent at 2 years Yes 14 (66.67%) 1.36 (0.49–3.74) 0.54
No 47 (59.49%)

D at NICU DC Yes 26 (72.22%) 2.21 (0.918–5.355) 0.073
No 34 (53.97%)

D at 6 months Yes 19 (76%) 2.488 (0.89–6.93) 0.075
No 42 (56%)

D at 1 year Yes 18 (72%) 1.9 (0.71–5.12) 0.192
No 43 (57.33%)

D at 2 years Yes 5 (83.33%) 3.39 (0.381–30.20) 0.399
No 94 (56.57%)

iSter at NICU DC Yes 28 (68.29%) 1.69 (0.73–3.91) 0.212
No 33 (55.93%)

iSter at 6 months Yes 10 (83.33%) 3.627 (0.75–17.54) 0.09
No 51 (57.95%)

iSter at 1 year Yes 26 (76.47%) 2.87 (1.13–7.28) 0.022
No 35 (53.03%)

iSter at 2 years Yes 17 (85%) 4.63 (1.25–17.08) 0.014
No 44(55%)

O2 at NICU DC Yes 31 (70.4%) 2.066 (0.89–4.75) 0.085
No 30 (53.57%)

O2 at 6 months Yes 17 (80.9%) 3.38 (1.04–10.9) 0.034
No 44 (55.7%)

O2 at 1 year Yes 23 (79.31%) 3.32 (1.20–9.16) 0.016
No 38 (53.52%)

O2 at 2 years Yes 11 (73.33%) 1.925 (0.56–6.54) 0.288
No 50 (50.8%)

Trach at 6 months Yes 41 (85.42%) 9.37 (3.52–24.89) o0.0001 *
No 20 (38.46%)

Trach at 1 year Yes 49 (79.03%) 8.166 (3.26–20.44) o0.0001 *
No 12 (31.58%)

Trach at 2 years Yes 29 (76.32%) 3.02 (1.23–7.41) 0.014
No 32 (51.61%)

Abbreviations: CLD, chronic lung disease; D, diuretics; DC, discharge; GI, gastrointestinal; iSter, inhaled steroid; Neuro, neurological; NICU, neonatal intensive
care unit; O2, oxygen; OR, odds ratio; PHTN, pulmonary hypertension; Trach, tracheostomy; Vent, ventilator dependence; Y/N, yes/no . P-values for both original
χ2 analysis and Bonferroni adjusted P-values* are reported.
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cases (unpublished CMH demographic cases), are hospitalized at
our center.
Our study also had multiple limitations that must be taken into

account when evaluating these results. The medical records that
were accessed for the study included hospital records within our
system. Outside medical records from the primary care physician,
other emergency room/urgent care centers outside our system
and durable medical equipment companies were not accessible.
Minor equipment-related issues handled exclusively by the
durable medical equipment companies at home without the
need for physician intervention were not documented in our
hospital records and did not affect our data related to equipment
malfunction. Cristea et al.14 reported that socioeconomic status
might have some impact on mortality and outcome of the

patients on home ventilation. These data were not available for
this cohort but warrant further evaluation in future cohorts.14

Our analyses showed that viral infections were the most common
cause of hospital readmissions in this population. Taylor et al.15

have shown that viral infections cause more respiratory morbidity in
preterm infants than bacterial infections. NICU surveillance studies
have shown that rhinovirus can be present in NICU patients before
discharge without causing traditional respiratory signs.16 Rhino-
virus/enterovirus was the most frequently isolated virus in our
cohort, with respiratory syncytial virus being second. This finding
was likely because of strict adherence to the national palivizumab
guidelines in our home neonatal tracheostomy/ventilator clinic with
all infants receiving palivizumab monoclonal antibodies before
discharge and in the home neonatal tracheostomy/ventilator clinic
when clinically indicated.
Most readmissions in our cohort happened within the first 1.5

years of life. Close outpatient vigilance for these infants, with the
opportunity for timely evaluation in the outpatient setting, could
prevent hospital readmissions. In our cohort, 3% of infants were
decannulated by 2 years of age. Cristea et al.17 have reported that
median age of decannulation in severe BPD specific population is
37 months, and hence we plan to continue to follow these infants
and assess the median age of decannulation in our cohort based
on their underlying diagnosis.17 In our cohort, mortality was 4% by
2 years of age and is consistent with DeMauro et al.18 who have
shown that children with tracheostomy have significantly lower

Figure 7. Age at tracheostomy placement and number of read-
missions by 1 year of age.

Figure 6. Readmission reasons due to equipment malfunctions.

Table 3. Equipment malfunction-related readmissions from 2008 to
2014

Year Number of readmissions

2008 1
2009 1
2010 1
2011 5
2012 2
2013 4
2014 1

Table 2. Backward logistic regression model looking at the outcome
variable of hospital readmission in a cohort of infants with
tracheostomy and ventilator dependence

Effect β-Estimate P-value Odds ratio (95% CI)

Intercept − 1.5904 0.246
Age_at_Trach − 0.00987 0.0902 0.99 (0.979–1.002)
Vent_at_NICU_DC − 2.9045 0.0628 0.055 (0.003–1.168)
Vent_at_6mo 3.3741 0.0139 29.199 (1.985–429.442)
Vent_at_1_year 3.0325 0.0331 20.749 (1.276–337.41)
D_at_6mo 2.1672 0.0966 8.733 (0.677–112.581)
D_at_1_year 0.1316 0.8598 1.141 (0.265–4.909)
iSter_at_6mo 0.1895 0.8812 1.209 (0.101–14.495)
iSter_at_1_year 0.65 0.459 1.916 (0.343–10.704)
Dysphagia − 0.0564 0.9317 0.945 (0.26–3.433)
Pulm_HTN 1.0095 0.262 2.744 (0.47–16.01)

Abbreviations: CI, confidence interval; D, diuretics; iSter, inhaled steroid;
mo, month; NICU, neonatal intensive care unit; Pulm HTN, pulmonary
hypertension; Trach, tracheostomy; Vent, ventilator dependence.

Figure 8. Number of readmissions at various time intervals.
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risk of mortality compared with children without tracheostomies,
especially in extremely preterm infants. Wootten et al.19 in 2006
reported 20% mortality in the first year of life in this population.
Gien et al.7 in 2015 reported that interdisciplinary ventilator care
programs can improve survival in this population. We also assert
that the same approach will be helpful in preventing readmission
in these patients.
In conclusion, our study further adds to the sparse literature on

a quickly expanding, high-risk patient population. Our study
indicates the need for close vigilance of these patients in the first
1.5 years of life and identifies risk factors for rehospitalization,
including ongoing ventilator support needs, ongoing oxygen
needs and inhaled steroid use—all indicators of the severity of the
underlying lung disease. Interestingly, underlying comorbid
medical conditions did not seem to affect rehospitalization risk
in our population, further strengthening the current clinical trend
of having these patients followed in a neonatal and infant home
ventilator clinic as their primary medical home with close
subspecialist involvement instead of having them followed
primarily by a generalist and other subspecialty clinics. Diuretic
use also did not seem to affect rehospitalization risk. The primary
readmission cause was viral illness, with rhinovirus/enterovirus
being the most common, supporting the need for good
preventive care strategies for the family on how to prevent the
spread of viral infections in the home, strategies that should be
started before NICU discharge.
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