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Two-Year Mortality, Complications, and Healthcare Use in Children

With Medicaid Following Tracheostomy
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Objectives/Hypothesis: To assess patient characteristics associated with adverse outcomes in the first 2 years following
tracheostomy, and to report healthcare utilization and cost of caring for these children.

Study Design: Retrospective cohort study.
Methods: Children (0–16 years) in Medicaid from 10 states undergoing tracheostomy in 2009, identified with Interna-

tional Classification of Diseases, Ninth Revision, Clinical Modification procedure codes and followed through 2011, were
selected using the Truven Health Medicaid Marketscan Database (Truven Health Analytics, Inc., Ann Arbor, MI). Patient demo-
graphic and clinical characteristics were assessed with likelihood of death and tracheostomy complication using chi-square
tests and logistic regression. Healthcare use and spending across the care continuum (hospital, outpatient, community, and
home) were reported.

Results: A total of 502 children underwent tracheostomy in 2009, with 34.1% eligible for Medicaid because of disability.
Median age at tracheostomy was 8 years (interquartile range 1–16 years), and 62.7% had a complex chronic condition. Two-
year rates of in-hospital mortality and tracheostomy complication were 8.9% and 38.8%, respectively. In multivariable analy-
sis, the highest likelihood of mortality occurred in children age < 1 year compared with 131 years (odds ratio [OR] 7.3;
95% confidence interval [CI], 3.2–17.1); the highest likelihood of tracheostomy complication was in children with a complex
chronic condition versus those without a complex chronic condition (OR 3.3; 95% CI, 1.1–9.9). Total healthcare spending in
the 2 years following tracheostomy was $53.3 million, with hospital, home, and primary care constituting 64.4%, 9.4%, and
0.5% of total spending, respectively.

Conclusion: Mortality and morbidity are high, and spending on primary and home care is small following tracheostomy
in children with Medicaid. Future studies should assess whether improved outpatient and community care might improve
their health outcomes.
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Level of Evidence: 4.
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INTRODUCTION
Over the last decades, tracheostomy has been

increasingly performed in children with complex health-
care needs, including children with upper airway
obstruction, those unable to breathe independently
requiring long-term ventilation, and those with multiple
complex and chronic conditions.1–4 The health problems
experienced by these children are associated with

ongoing care burden, risk of adverse health outcomes,
and significant healthcare utilization.

In adult patients, much is known about the life
experience associated with tracheostomy, the potential
for adverse outcomes, and associated healthcare costs.4,5

However, less is known regarding such issues in chil-
dren following tracheostomy.6–8 Nearly 8% of children do
not survive the hospital stay when tracheostomy is per-
formed.9,10 The majority of deaths are not tracheostomy-
related but rather secondary to the child’s underlying
chronic conditions.10,11 Between 15% to 19% of children
experience a tracheostomy-related complication.9,12

Some children experience recurrent hospitalizations
because of these complications as well as their fragile
health status.1,9

Counseling families on the risks and benefits of tra-
cheostomy, and what to expect from the health system
afterward for their child, is challenging. This is largely
because the children experience a heterogeneous array
of relatively rare, chronic conditions that make it diffi-
cult to project their prognosis. Most single-centered stud-
ies in children with tracheostomy have sample sizes that
limit the ability to assess how specific patient character-
istics affect health outcomes.13,14 These studies might
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also be heavily influenced by center-specific practices
and reflect regional resource variability. Although it is
known that some children with tracheostomy are prone
to high hospital use,1,9 there is a paucity of information
on their use of other health services in the system (e.g.,
primary care, emergency department care, home
healthcare).

The objectives of this study were to 1) describe the
characteristics of children assisted with tracheostomy
captured by a Medicaid database, 2) identify patient
characteristics that correlate with adverse outcomes in
the first 2 years following tracheostomy, and 3) report
healthcare utilization and cost of caring for children in
the first 2 years following tracheostomy. Such informa-
tion may improve our understanding of the comprehen-
sive needs of these children and set a baseline against
which to measure the success of future interventions
designed to optimize the quality of care and health out-
comes of children with tracheostomy.

MATERIALS AND METHODS

Study Design and Setting
This is a retrospective cohort analysis of the Truven

Health Medicaid Marketscan Database (Truven Health Ana-

lytics, Inc., Ann Arbor, MI) from 2009 to 2011. The Marketscan

Medicaid Multistate Database (Truven Health Analytics) con-

tains the pooled healthcare experience of approximately 7 mil-

lion Medicaid enrollees from 12 contributors; seven state

contributors, and five Medicaid health plans from multiple geo-

graphically dispersed states. It contains comprehensive claims

data across the care continuum, including paid claims and

encounter data for health services and prescription drug and

durable medical equipment claims. The Truven database is de-

identified and fully compliant with the Health Insurance Port-

ability and Accountability Act of 1996 (HIPAA). Because this

study did not involve the collection, use, or transmittal of indi-

vidually identifiable data, Boston Children’s Hospital Institu-

tional Review Board review was waived.

Study Participants
Children age 0 to 16 years who were discharged from an

inpatient facility in 2009 following tracheostomy placement

with continuous follow-up through 2011 were identified from

International Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) procedural coding for tracheostomy

(31.1 or 31.2). All children were continuously enrolled in Medic-

aid for 11 out of 12 months during each year of the follow-up

period unless death intervened.

Main Outcome Measures
The main outcome measures were in-hospital mortality

and tracheostomy-related adverse events in the first 2 years fol-

lowing tracheostomy, excluding hospitalization when the trache-

ostomy was performed. Tracheostomy-related adverse events

were identified from ICD-9-CM diagnosis codes for tracheotomy

infection (519.01), tracheostomy-related hemorrhage or tracheo-

esophageal fistula (519.09), tracheal stenosis (519.02), and

unspecified tracheostomy complication (519.00).

Secondary outcomes were healthcare utilization and

spending that were assessed via paid claims data for health

services in the first 2 years following tracheostomy, such as

inpatient (excluding the hospitalization when the tracheostomy
was performed), primary care, laboratory, dental, emergency
room, home healthcare, durable medical equipment, specialty
care, and retail pharmacy.

Patient Characteristics
Demographic variables included age at tracheostomy

placement (< 1 year, 1–4 years, 5–12 years, � 13 years), gender,
and race/ethnicity (white, black, Hispanic, other, or missing).
Indication for tracheostomy was defined as an upper airway
anomaly or other. Upper airway anomalies (748.x) included
diagnoses such as subglottic stenosis (748.74); vocal cord paraly-
sis (748.34); tracheal stenosis; and other anomalies of larynx,
trachea and bronchus (748.3), as identified by ICD-9-CM diag-
nosis codes. Other indications for tracheostomy included prema-
turity, chronic lung disease, neurological impairment, and
trauma.

Patient complexity was assessed with chronic condition
type and number, as well as presence of a disability and use of
additional medical technology beyond the tracheostomy. The
presence and number of any chronic condition was assessed
with ICD-9-CM codes in the Agency for Healthcare Research
and Quality (AHRQ) Pediatric Chronic Conditions Indicator
(CCI) and Clinical Classifications Software (CCS). The ICD-9-
CM codes in the Complex Chronic Conditions (CCC)15,16 were
used to assess the presence of a complex condition. Disability
was assessed from the child’s eligibility for Medicaid enroll-
ment. Medical technology assistance was assessed as the pres-
ence of other technology apart from respiratory (e.g.,
gastrostomy tube, ventriculoperitoneal shunt) using ICD-9-CM
codes.

Statistical Analysis
We assessed patient characteristics (age at tracheostomy,

gender, race/ethnicity, chronic condition type, number of chronic
conditions, presence of other technology, and disability) with in-
hospital mortality and tracheostomy-related adverse events
using bivariable (chi-square, Wilcoxon rank-sum) and multivari-
able (logistic regression) analysis. We used a multivariable
model to assess the adjusted odds of mortality with respect to
age, race, and disability. Likewise, we assessed the adjusted
odds of a tracheostomy-related complication with respect to age,
chronic condition type, disability, and other technology. A multi-
variate model (exponential regression) was also used to assess
patient characteristics (chronic condition type, presence of other
technology, and disability) and cost. All analyses were con-
ducted with a statistical significance threshold of P < .05 and
performed using SAS version 9.3 (SAS Institute Inc., Cary, NC).

RESULTS
There were 502 children in Medicaid undergoing

tracheostomy in 2009 who were identified in the Market-
scan Medicaid Database (Truven Health Analytics).
Median age at tracheostomy was 8 years (interquartile
range [IQR] 1–16); of those, 42.0% were female and
43.0% were non-Hispanic white. Upper airway anomaly
was the primary indication for tracheostomy in 27.9%.
Sixty-two percent of children had a complex chronic con-
dition, with 43.4% having � three chronic conditions.
Thirty-four percent were eligible for Medicaid because of
disability. Twenty-eight percent had additional medical
technology beyond tracheostomy, including gastrostomy
tubes and ventriculoperitoneal shunts (Table I). The in-
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hospital mortality rate for children in the first 2 years
following tracheostomy was 9% (Table II). In the follow-
up period, 38.8% of all children experienced a
tracheostomy-related complication (Table III). Hemor-
rhage/tracheoesophageal fistula was the most common
complication (37.9%).

Analysis of Patient Characteristics and
Mortality

In bivariable analysis, median age (IQR) at trache-
ostomy placement was significantly lower in children
who died versus in those who survived (1 year [IQR 0,
10] vs. 8 years [IQR 0, 16]; P < .001]. Two-year mortality
rates varied significantly across children’s race/ethnicity.
Hispanic children had a higher mortality (28.0%) than
non-Hispanic white (7.9%) and non-Hispanic black
(8.7%) children, P 5 0.008. Mortality also varied signifi-
cantly across the children’s type of chronic condition.
Mortality rates were higher in children with a complex
chronic condition versus in those without a complex
chronic condition (12.4% vs. 2.6%, P < 0.001). Mortality
did not vary significantly (P � 0.1) by gender, tracheos-
tomy indication (upper airway vs. other), tracheostomy
complication type, chronic condition number, eligibility
for Medicaid because of disability, or the presence of
other medical technology.

In multivariable analysis, the highest likelihood of
mortality was observed in infants age < 1 year com-
pared with children ages 131 years (OR 7.3; 95% CI,
3.2–17.1), children with Hispanic ethnicity compared to
non-Hispanic white (OR 4.7; 95% CI, 1.5–14.1), and in
children enrolled in Medicaid because of a disability (OR
2.8; 95% CI, 1.3–5.7).

Analysis of Patient Characteristics and
Tracheostomy-Related Adverse Events

In bivariable analysis, the median age (IQR) at tra-
cheostomy placement was significantly lower in children
who experienced a tracheostomy-related adverse event
compared to those who did not (2 years [IQR 1, 8] vs. 12
years [IQR 3, 17]; P < .001). Tracheostomy-related adverse
event rates varied significantly across children’s race/eth-
nicity. Hispanic children had a higher rate of adverse
events (38.9%) than non-Hispanic white (23.6%) and non-
Hispanic black (28.7%) children, P 5 0.008. Adverse event
rates increased as the children’s number of chronic condi-
tions increased from 0 to � 3 (13.9%–42.9%, P < 0.001).
Adverse event rates were higher in children with a com-
plex chronic condition versus in children without a com-
plex chronic condition (42.4% vs. 14.8%, P < 0.001) and in
children enrolled in Medicaid with a disability compared
with another reason (45.2% vs. 26.1%, P < 0.001).

In multivariable analysis, the highest likelihood of
tracheostomy-related adverse events was observed in

TABLE I.
Demographic and Clinical Characteristics of the Study Population.

Characteristic Finding

Demographic Characteristics

Median (IQR) age in years at tracheostomy 8 years (1,16)

Age categories (%)

0–11 months 37.3

1–4 years 37.3

5–12 years 17.9

� 13 years 7.6

Female (%) 42.0

Race/ethnicity (%)

Hispanic 25.0

Non-Hispanic White 43.0

Non-Hispanic Black 25.1

Other 26.9

Enrolled in Medicaid because of disability (%) 34.1

Clinical Characteristics

Number of chronic conditions (%)

0 7.8

1 23.9

2 24.9

� 3 43.4

Type of chronic conditions (%)

Non-complex 37.3

Complex 62.7

Technology assistance (%) 27.9

IQR 5 interquartile range.

TABLE II.
Association of Two-Year Mortality With Patient Demographic and

Clinical Characteristics.

Characteristic

Two-Year Mortality Following
Tracheostomy

Yes
(n 5 45)

No
(n 5 457)

Demographic Characteristics

Median (IQR) age in years
at tracheotomy

1 year (0,10) 8 years (0,16)

Female (%) 46.7 41.6

Race/ethnicity (%)

Hispanic 15.6 3.9

Non-Hispanic White 37.8 43.5

Non-Hispanic Black 24.4 25.2

Other 22.2 27.4

Enrolled in Medicaid because
of disability (%)

44.4 33.0

Clinical Characteristics

Number of chronic conditions (%)

0 6.7 7.9

1 24.4 23.9

2 24.4 24.9

� 3 44.4 43.3

Type of chronic conditions (%)

Noncomplex 13.3 39.6

Complex 86.7 60.4

Technology assistance (%) 35.6 27.1

IQR 5 interquartile range.
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children ages 1 to 4 years versus 131 years (OR 4.0; 95%
CI, 2.4–7.5), children with a complex chronic condition
versus those without a complex chronic condition (OR
3.3; 95% CI, 1.1–9.9), and children with additional medi-
cal technology versus those additional medical technology
(OR 2.0; 95% CI, 1.3–3.3), P < 0.01 for all.

Healthcare Utilization and Spending
Total healthcare spending in the 2 years following

tracheostomy for the 502 children in our study was
$53.3 million, of which 64.5% ($34.4 million) was spent
on hospital care (not including the hospitalization when
tracheostomy occurred) (Table IV). The median (IQR)
cost was $27,335 ($1,643–$112,608) over the 2-year
period, with 50.3% in the first 6 months, 22.4 % in the
second 6 months, and 27.4% in the second year. Fifty-six
percent (56.4%) of children experienced at least one hos-
pital admission in the 2 years following tracheostomy;
hospitalized children experienced a median of two (IQR
1–4) admissions that collectively cost a median $60,704
(IQR $20,012–$149,016). A tracheostomy complication
was listed as the primary diagnosis in only 4.5% of these
hospitalizations. Respiratory (41.2%), gastrointestinal
(6.5%), neurological (10.4%), and other (37.4%) health
problems were the primary diagnoses in the remaining
admissions. Beyond hospital care, examples of health
services that accounted for the remainder of spending
included specialty care (10.8%, $5.7 million), home
healthcare (9.4%, $5.0 million), pharmacy (4.7%, $2.5
million), durable medical equipment (1.7%, $.9 million),
emergency department (0.6%, $0.3 million), and primary
care (0.5%, $0.2 million) (Table IV). Of note, 19.7% of
children did not have a visit with a primary care physi-
cian, and 62.4% did not use home healthcare services in
the 2-year follow-up period (Fig. 1).

In multivariate analysis, the mean cost of children
with tracheostomy and a complex chronic condition was
138% higher (92.38; 95% CI, 1.6–3.5) than that of children
without a chronic condition, and the mean cost of children
with additional medical technology was 68% higher (91.68;
95% CI, 1.4–2.1) compared to children without additional
medical technology, P < 0.01 for all (Table V).

DISCUSSION
This study complements existing literature by

reporting 1) patient characteristics associated with in-

TABLE III.
Association of Two-Year Tracheostomy-Related Adverse Events

With Patient Demographic and Clinical Characteristics.

Characteristic

Two-Year Tracheostomy-
Related Adverse Event

Yes
(n 5 45)

No
(n 5 457)

Demographic Characteristics

Median (IQR) age in years
at tracheotomy

12 years

(3, 17)

2 years

(1, 8)

Female (%) 41.7 41.3

Race/ethnicity (%)

Hispanic 3.5 4.9

Non-Hispanic white 48.4 32.9

Non-Hispanic black 26.1 23.1

Other 22.0 39.1

Enrolled in Medicaid because
of disability

71.9 55.9

Clinical Characteristics

Number of chronic conditions (%)

0 9.9 3.5

1 28.7 13.3

2 25.5 23.8

� 3 35.9 59.4

Type of chronic conditions (%)

Noncomplex 49.3 18.2

Complex 50.6 81.8

Technology assistance (%) 21.7 39.1

IQR 5 interquartile range.

TABLE IV.
Association of Two-Year Tracheostomy-Related Health Service Utilization

Health Service % of Children Utilizing

Health Service Use

Median (IQR) Number of Visits Median (IQR) Cost per Patient ($)

Inpatient 56.4 2 [1, 4] 60,703 [20,012, 149,016]

Specialty care 85.1 31 [7, 132] 3,447 [542, 17,865]

Home health 37.6 15 [6, 207] 4,119 [1456, 51,561]

Pharmacy 90.2 11 [6, 19] 1,192 [204, 4,625]

Therapy 69.5 24 [7, 62] 3,291 [1071, 7,432]

Rehabilitation/other care 73.7 9 [3, 20] 651 [241, 1,401]

Medical equipment 60.4 24 [7, 50] 2,210 [645, 4,589]

Testing 84.5 17 [7, 36] 780 [285, 17,77]

Mental health 43.6 12 [4, 36] 1,038 [264, 2,639]

Emergency department 60.8 9 [4, 20] 632 [266, 1,367]

Primary care 81.3 9 [4, 17] 467 [199, 855]

Dental 33.3 5 [3, 11] 159 [80, 445]

IQR 5 interquartile range.
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hospital mortality and tracheostomy adverse events in
children in the first 2 years following tracheostomy, and
2) healthcare use and spending across the care contin-
uum associated with caring for these children during
this time. The findings from the study suggest that mor-
bidity and mortality can be high following tracheostomy
in children, especially for those children with underlying
complex chronic conditions. The findings also suggest
that most healthcare spending for children with trache-
ostomy goes to hospital care, with a much smaller
amount spent on outpatient and community care such as
primary care and home healthcare.

As evidenced in other studies,1–4 the children in our
cohort were very medically complex, with 62% having a
complex chronic condition, 43% having three or more
chronic conditions, and 29% having medical technology
in addition to tracheostomy. For many of these children,
we speculate that tracheostomy may be required for a
number of years, if not a lifetime, with a need for long-
term, complex tertiary care and labor-intensive home
care, especially in those children requiring chronic venti-
latory support. Guidance and counseling for the families
of these children with multiple chronic diagnoses on
what to expect long-term following tracheostomy has
always been challenging. The data presented in this
study may allow a greater understanding with respect to
which children are at higher risk for substandard health
outcome, as well as how much healthcare spending is
occurring to care for these children in the first 2 years
after tracheostomy.

Both in-hospital mortality (9%) and tracheostomy
complication (39%) were high following tracheostomy in

children with Medicaid. These findings are congruent
with other national studies on pediatric tracheostomy,
which have reported an overall mortality rate of 7%.10,14

In the present study, children of younger age (< 1 year)
at the time of tracheostomy placement, children of His-
panic ethnicity, and children with more complex chronic
condition type all had increased likelihood of death. This
was particularly striking in the multivariable analysis
with children under the age of 1 year having more than a
seven-fold increased odds of mortality compared to older
children (OR 7.3; 95% CI, 3.2–17.1). For the first time, we
identified that children enrolled in Medicaid due to dis-
ability also showed increased mortality in the multivari-
able analysis (OR 2.8; 95% CI, 1.3–5.7). Previous studies
have identified a lower mortality in children with an
upper airway anomaly following tracheostomy9; however,
in our study there was no significant difference between
the two groups with mortality rates of 11.4% and 8.0% in
the upper airway and other group, respectively.

We were not able to identify the exact cause of in
hospital mortality; however, in keeping with other stud-
ies, we speculate that the vast majority of deaths in chil-
dren with tracheostomy are probably not tracheostomy-
related but rather secondary to the child’s underlying
diagnosis and clinical characteristics.17–21 Of the children
who had a tracheostomy complication (38.8%), mortality
was low (4.1%), suggesting that death in all children was
not tracheostomy-related in the majority of patients. Sim-
ilar patient characteristics were also associated with
tracheostomy-related adverse events, with an increased
incidence in children aged 1 to 4 years, children with a
complex chronic condition, and also children with addi-
tional medical technology. Likewise, in the 56.4% of
patients who had a least one-hospital readmission in the
2-year period following tracheostomy, a tracheostomy-
related complication was the primary diagnosis for read-
mission in only 4.5% of these patients, again demonstrat-
ing the complexity of this patient group.

This study was performed using healthcare utiliza-
tion data across the care continuum, allowing us to ana-
lyze spending by service types in caring for these children
from a comprehensive perspective. The main strength of
this approach is the payment information: the actual paid
dollars by the insurer. A clear disproportionate allocation
of funds was identified, with the majority spent on hospi-
tal care following tracheostomy. It is well recognized that
children with tracheostomy are at risk for recurrent hos-
pitalizations due to tracheostomy-related complications
and respiratory infections.22–24 One study reported that
11% of children required four or more hospitalizations

TABLE V.
Multivariate Analysis of Patient Characteristics and Costs in Children With Medicaid Undergoing Tracheotomy in 2009.

Effect Estimate Lower 95% Confidence Upper 95% Confidence P Value

Group complex chronic group vs. none 2.3845 1.6308 3.4864 < .0001

Group noncomplex chronic group vs. none 1.2244 0.825 1.8171 0.3141

Group blind/disabled vs. not 1.2679 1.0378 1.549 0.0203

Other technology present vs. not 1.6819 1.3639 2.0741 < .0001

Estimates are ratios of means.

Fig. 1. Percent of total spending for health resource users and
total aggregate cost in $millions. [Color figure can be viewed in
the online issue, which is available at www.laryngoscope.com.]
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within 6 months after tracheostomy.1 Another study
observed a 30-day readmission rate of 52% in children
under 1 year of age after tracheostomy. 25

As previously noted, children with tracheostomy in
the community have increased medical needs due to
their medical complexity, and it is expected that the fam-
ilies of these children have a close relationship with
their primary care and are availing of necessary home
care services. However, to our surprise, 19.7% of chil-
dren in our study did not have a visit with a primary
care physician, and 62.4% did not use home health serv-
ices in the 2-year follow-up period. Spending on primary
(0.5%, $0.2 million) and home care (9.4%, $5.0 million)
was extremely small compared with spending on hospi-
tal care (64.4%, $34.4 million). Of the 37.6% of patients
who received home healthcare services at least once, the
median cost per patient was $4,119 (IQR $1456.8,
$51561.7), with a median of 15 visits.

The explanation for this disproportionate spending
remains unclear. It could possibly be secondary to the
inability of claims-based data to provide information on
a host of attributes that are presumed more common in
the Medicaid population than in the commercially
insured, including low income, lower education, and
social/financial instability.26,27 Reported multi-institutional
studies on children with tracheostomy do not adjust for
these factors; however, disparities in care related to race
and income have been widely reported in adult Medicaid
studies.28,29 Additional family and societal costs of the
missed work of caregivers during their child’s hospitaliza-
tion (absenteeism) and altered productivity (presenteeism)
when parents are coordinating care while in the work
place, notable given the lack of primary care contact, also
remain unmeasured.

From a policy as well as a quality perspective, the
data in this study suggest that more attention on pri-
mary, outpatient care, and homecare services might be
necessary when caring for children with tracheostomy in
Medicaid. It is well reported that there is substantial var-
iability in the surveillance and management of children
with tracheostomy, with many receiving disorganized and
fragmented care from multiple providers.30,31 The lack of
coordinated multidisciplinary care for these children with
Medicaid in the community may undoubtedly be contrib-
uting to the increased number of hospitalizations and
associated high inpatient hospital claims. Many children
with tracheostomy have chronic ventilation support needs
and would benefit from enhanced outpatient and commu-
nity care following discharge after tracheostomy place-
ment. This study does not specifically address the
increased needs of children with ventilator dependence,
and future studies focused on analyzing this data from
administrative database are paramount. It is possible
that if greater spending was allocated to these areas, and
that if these children experienced effective transitional
nursing and homecare, subsequent hospital readmissions,
inpatient charges, mortality, and morbidity might be
reduced.32 Multiple studies advocating a multidisciplinary
team approach in caring for patients with tracheostomy
have shown great success in improvement of health out-
comes and reduction of adverse events.33–36 Although

these studies have been reported in adults, it seems plau-
sible that children with tracheostomy would benefit from
a similar coordinated approach.

We identified patients of younger age, Hispanic eth-
nicity, and increasing medical complexity as having
increasing risk of mortality and adverse events in the 2
years following tracheostomy. Clinical programs identify-
ing such patients as high risk on hospital discharge and
in the community may lead to the avoidance of predictable
adverse events with subsequent hospital readmissions.37,38

A recent study by Mosquero et al. examined how an
enhanced medical home setting that provided comprehen-
sive care to prompt effect care versus usual care in high-
risk children with chronic illness reduced the incidence of
serious illness and hospital costs.39 Quality of care for
children and parent satisfaction were substantially
increased in this study, but they reported that the benefits
and savings identified seem likely to be achievable only in
high-risk populations treated in major academic centers
with the necessary subspecialists, resources, and clinician
commitment. Such medical homes may potentially be the
most cost-effective for high-risk patients, such as children
with tracheostomy; however, payments required to
develop and sustain such programs may not be forthcom-
ing unless they are shown to improve outcomes with no
increase in current costs.38,40,41 Similar findings were also
reported by Berman et al.; enrollment of children with
multisystem disorders in a comprehensive primary care
program was associated with a decreased length of stay
for nonintensive care hospitalizations.42

The findings in our study should be interpreted with
several limitations in mind. Firstly, this is a retrospective
study based on administrative claims data; therefore, the
selection of patients is dependent on the accuracy and
completeness of diagnostic and procedural ICD-9-CM cod-
ing, which may be influenced by variations in coding pre-
cision at different institutions and are thus susceptible to
coding error and bias.43 Secondly, administrative claims
data are limited in their ability to assess the clinical rea-
son for death, that is, whether it was related to the tra-
cheostomy or a coexisting comorbidity. The true nature
and severity of tracheostomy complications are limited
to access from ICD-9-CM coding. For example, the trache-
ostomy ICD-9-CM code 519.09 combines tracheostomy
hemorrhage with the extremely rare complication of tra-
cheoesophageal fistula; it is not possible to identify
whether bleeding episodes were minor secondary to sto-
mal granulation versus life-threatening hemorrhage.

We were able to identify in-hospital mortality; the
Medicaid data does not contain information on death for
children who experienced mortality at home or at another
community setting. Previous studies have shown that an
increasing number of children with complex medical con-
ditions may experience mortality outside of the hospital.44

Therefore, the in-hospital mortality that we observed may
underestimate the mortality rate in these children
because we are not capturing those who died at home. It
is also important to note that our healthcare costs reflect
only Medicaid charges and payments, and thus estimates
may be underestimated because some children with this
degree of special healthcare need frequently have dual
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commercial and Medicaid healthcare coverage. The gener-
alizability of our study findings is thus limited to children
with tracheostomy in Medicaid.

Despite these limitations, we hope that the findings
in this study may be used by pediatric tracheostomy pro-
viders of all types to better inform families on what to
expect regarding outcomes and healthcare encounters
after their child receives a tracheostomy. Future investi-
gations should consider opportunities to assess 1) how
healthcare spending might be reallocated from hospital
care to outpatient, community, and home care; and 2)
how this reallocation may help optimize health and
increase the quality of life for these children and their
families while also reducing hospital costs. Additional
factors that influence health outcomes and hospitaliza-
tions with more clinically detailed inpatient, outpatient,
and community data need to be explored to best identify
and help children with tracheostomy who are most at
risk for substandard health outcomes.

CONCLUSION
Children with tracheostomy are a unique medically

complex group of patients. Mortality and morbidity are
high and spending on primary and home care is small
following tracheostomy in children with Medicaid.
Future studies should assess whether improved outpa-
tient and community care might improve their health
outcomes and reduce healthcare expenditure.
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