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Abstract

Objectives—We sought to investigate how race, ethnicity, and socioeconomic status relate to
tracheostomy insertion and post-tracheostomy mortality among infants with bronchopulmonary
dysplasia.

Methods—The Vizient Clinical Database/Resource Manager was queried to identify infants
born <32 weeks with bronchopulmonary dysplasia admitted to United States hospitals from
January 2012-December 2020. Markers of socioeconomic status were linked to patient records
from the Agency for Healthcare Research and Quality’s Social Determinants of Health Database.
Regression models were used to assess trends in annual tracheostomy insertion rate and odds

of tracheostomy insertion and post-tracheostomy mortality, adjusting for sociodemographic and
clinical factors.

Results—There were 40,021 ex-premature infants included in the study, 1,614 (4.0%) of whom
received a tracheostomy. Tracheostomy insertion increased from 2012-2017 (3.1% to 4.1%), but
decreased from 2018-2020 (3.3% to 1.6%). Non-Hispanic Black infants demonstrated a 25%
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higher odds (aOR 1.25, 1.09-1.43) and Hispanic infants demonstrated a 20% lower odds (aOR
0.80, 0.65-0.96) of tracheostomy insertion compared to non-Hispanic White infants. Patients
receiving public insurance had increased odds of tracheostomy insertion (aOR 1.15, 1.03-1.30),
but there was no relation between other metrics of socioeconomic status and tracheostomy
insertion within our cohort. In-hospital mortality among the tracheostomy-dependent was 14.1%
and was not associated with sociodemographic factors.

Conclusions—Disparities in tracheostomy insertion are not accounted for by differences in
socioeconomic status or the presence of additional neonatal morbidities. Post-tracheostomy
mortality does not demonstrate the same relationships. Further investigation is needed to explore
the source and potential mitigators of the identified disparities.

Keywords
Chronic lung disease; Prematurity; Healthcare inequities

Introduction

Bronchopulmonary dysplasia (BPD) is the most common complication of premature birth,
affecting over 40% of infants born before 30 weeks’ gestation.! Recent studies have
demonstrated a growing population of children with BPD supported with tracheostomy
insertion and chronic mechanical ventilation, with estimates peaking at 3.5 tracheostomy
insertions for patients with BPD per 100,000 live births in 2017.2 Evidence-based guidelines
to direct whether and when to offer tracheostomy are lacking, but typical indications in
patients with BPD include failure to separate from invasive ventilation, intolerance of
noninvasive interfaces, acquired structural airway abnormalities including subglottic stenosis
or tracheobronchomalacia, and poor growth or compromised neurodevelopment.3 Despite
the growing population of chronically ventilated patients with BPD, little is known about
the factors associated with tracheostomy insertion or post-tracheostomy clinical outcomes in
these children.

The effects of sociodemographic factors on prematurity-related morbidities and outcomes
have been extensively studied.*® Regarding BPD specifically, results of studies evaluating
race as a risk factor for the disease have been inconsistent. Findings have ranged from
reports of a lower incidence among children of Black women®, to no association with race/
ethnicity’, to a recent investigation demonstrating in a “fetuses-at-risk” analysis that Black
mothers have a greater than 4 times increased risk of their infant being diagnosed with
BPD.> Studies evaluating outcomes within the BPD population are more uniform.8:2 Black
infants demonstrate increased risk of hospital admission, longer lengths of hospital stay, and
increased odds of mortality.8:9 Socioeconomic status as measured by neighborhood median
household incomel911 and neighborhood deprivation index!2 has also been associated with
higher rates of readmission and mortality in patients with BPD. There has been limited
assessment, however, of how sociodemographic factors relate specifically to tracheostomy
insertion or how race/ethnicity and socioeconomic status affect post-tracheostomy outcomes
in patients with BPD.
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In a large United States-based inpatient database, we sought to identify the relationships
between race/ethnicity, socioeconomic status, and tracheostomy placement in patients
with BPD. Additionally, we provide a contemporary assessment of practice trends in
tracheostomy insertion for patients with BPD in the US. We hypothesized that the
increasing frequency of tracheostomy insertion previously described among patients

with BPD has continued. Further, we hypothesized that the disparities in outcomes

for patients from historically marginalized racial or ethnic backgrounds or who are
socioeconomically disadvantaged would manifest as differences in tracheostomy insertion
and post-tracheostomy mortality rates.

Materials and Methods

We performed a retrospective multicenter cohort analysis of inpatient data from hospitals
contributing to the Vizient Clinical Database/Resource Manager (CDB/RM™). Vizient
CDB/RM collects administrative, financial, and clinical outcomes data from hospital
discharge records.3 Data are compiled from over 8.5 million admissions per year and
from over 95% of the country’s academic medical centers and their community affiliates.
Individual patient records are linked across readmissions and then deidentified prior to
release to the study team. Since all data were deidentified, the study was deemed exempt
from review by the local Institutional Review Board. The data that support the findings of
this study are available from Vizient. Restrictions apply to the availability of these data,
which were used under license for this study. Data are available from the authors with the
permission of Vizient.

CDB/RM was queried for admissions from January 1, 2012 - December 31, 2020 of
ex-premature children <18 years old with a diagnosis of bronchopulmonary dysplasia.

We included only admissions with diagnosis codes for BPD and prematurity (< 32

weeks’ gestation), defined by International Classification of Disease (ICD) 9 and 10

coding (Supplemental Table 1). Vizient patient records include sociodemographic data and
comorbid diagnoses. Race and ethnicity data are extracted from each institution’s electronic
medical record. Details regarding how patient-level race was collected at each institution
were not available to the study team. Data on social determinants of health were linked from
the Agency for Healthcare Research and Quality’s (AHRQ) Social Determinants of Health
Database by the household zip code listed in each patient’s index admission.1* Z-scores
were calculated from the mean and standard deviation of the overall distribution for the
following sociodemographic variables: patient’s neighborhood median household income,
percentage living below the poverty line, and percentage over 25 years old with a bachelor’s
degree.1® The Z-scores were used to cohort into 3 groups for each of the variables (Z-score
less than —1.0, Z-score —1.0 to 1.0, and Z-score greater than 1.0). The primary outcome

was tracheostomy insertion during any admission, as indicated by ICD procedure coding
(Supplemental Table 1). These tracheostomy procedure ICD codes have been previously
validated.216:17 Mortality, defined as an in-hospital death at one of the Vizient institutions,
was additionally assessed.

Trends in the rate of tracheostomy insertion per year were assessed using logistic regression
models applied to 2 time periods within the data: 2012-2017 (to replicate prior literature)?
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and 2018-2020. Next, associations between sociodemographic or clinical factors and
tracheostomy insertion were assessed using crude odds ratios (OR). Adjusted odds ratios
(aOR) were determined from models adjusting for sex, race/ethnicity, primary insurance
provider (private versus public/self-pay/other), and neighborhood sociodemographic
characteristics, specifically median household income and percentage with a bachelor’s
degree. Variables included in multivariable modeling were chosen a priori with the intention
of focusing our primary analysis on the effects of sociodemographic factors. Neighborhood
percentage with income below the poverty level was excluded from multivariable models
due to its collinearity with median household income. A sensitivity analysis was performed
using generalized estimating equations that incorporated hospital site as the clustering
variable to assess how between-hospital variation in tracheostomy practices might affect
the population-level associations between tracheostomy and the included covariates.

Clinical factors were then serially added to the multivariable model to determine how
clinical differences might account for differences between sociodemographic groups.
Gestational age, followed by an indicator for the presence of non-respiratory neonatal
morbidities (necrotizing enterocolitis, intraventricular hemorrhage grade >2, periventricular
leukomalacia, and/or retinopathy of prematurity stage >2)!8, followed by additional
comorbid diagnoses of pulmonary hypertension, structural airway abnormalities, and
congenital heart disease were added to the model and effects on the odds of tracheostomy
insertion were assessed (Supplemental Table 1). Lastly, mortality was assessed stratified by
tracheostomy status. Crude ORs for mortality were determined, followed by aORs adjusting
for the same sociodemographic factors as above. All analyses were performed using R
statistical software.19

Our data query yielded records from 75,699 admissions of 55,642 patients with a diagnosis
of BPD. After including only those with an ICD code indicating gestational age < 32

weeks, we were left with 40,021 patients with BPD, 1,614 (4.0%) of whom received a
tracheostomy (Figure 1). Table 1 contains baseline characteristics of patients with and
without tracheostomy. Overall, most patients were male, completed < 26 weeks of gestation,
and utilized Medicaid/self-pay/other primary insurance (versus private insurance). The
race/ethnicity of the plurality of patients was reported as non-Hispanic White, followed

by non-Hispanic Black. Median postnatal age at tracheostomy insertion was 4.6 months
(IQR 3.6-5.9 months). Tracheostomy insertion rates per BPD patients per year ranged

from a minimum of 1.6% in 2020 to a maximum of 4.1% in 2016 (Figure 2). There

was a significant upward trend in the rate of tracheostomy insertion per year from
2012-2017 (p=0.021). This trend reversed, however, from 2018-2020 when there was a
significant downward trend in tracheostomy (p<0.001). There were 227 (14.1%) deaths in
the tracheostomy cohort and 1,857 (4.8%) deaths in the non-tracheostomy cohort (p<0.001).

Associations between sociodemographic and clinical factors and tracheostomy insertion
are presented in Figure 3. Crude analyses closely mirrored the results of multivariable

modeling adjusting for sex, race/ethnicity, insurance provider, and relative neighborhood
median household income and neighborhood percentage of population with a bachelor’s
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degree (Supplemental Table 2). We demonstrated greater odds of tracheostomy insertion
among males (aOR 1.20, 95% CI 1.08-1.33, p<0.001), non-Hispanic Black patients (aOR
1.38, 95% CI 1.22-1.56, p<0.001; reference: non-Hispanic White patients), and patients
with Medicaid/self-pay/other insurance (aOR 1.15, 95% CI 1.03-1.30, p=0.018). In crude
analyses, tracheostomy insertion was additionally associated with gestational age < 26
weeks and comorbid diagnoses of non-respiratory major neonatal morbidity, pulmonary
hypertension, structural airway abnormalities, and congenital heart disease. Tracheostomy
insertion was less likely in Hispanic patients (aOR 0.77, 95% CI 0.64-0.92, p=0.005).
Within our cohort, tracheostomy insertion was not associated with relative neighborhood
median household income, neighborhood percentage with income below the poverty line, or
neighborhood percentage with a bachelor’s degree. In our model clustered by hospital site
to account for tracheostomy practice variation between centers, point estimates did not differ
from the values in the non-clustered model (Supplemental Table 3).

We next serially added gestational age, presence of a non-respiratory major neonatal
morbidity, and then additional comorbidities to the adjusted model (Table 2). The

observed associations of tracheostomy placement with race/ethnicity persisted with limited
attenuation of the increased odds for non-Hispanic Black patients (aOR 1.25, 95% Cl
1.09-1.43; p=0.001) and decreased odds for Hispanic patients (aOR 0.80, 95% CI 0.65-0.96;
p=0.02) in the fully adjusted models (Supplemental Table 4).

Lastly, we analyzed factors associated with mortality (Supplemental Table 5 and Figure

4). In crude analyses of patients with tracheostomy, the odds of mortality were lower for
patients with a comorbid diagnosis of airway abnormality and higher for patients with

race unknown. In multivariable analysis, there were no significant associations between
mortality and race/ethnicity, nor were there associations with primary insurance provider or
relative neighborhood metrics of socioeconomic position for the tracheostomy cohort. In the
non-tracheostomy group, Hispanic ethnicity was associated with lower odds of mortality,

as was higher neighborhood proportion with a bachelor’s degree, while public insurance
and lower neighborhood median household income were associated with higher odds of
mortality.

Discussion

Our findings provide updated insight into tracheostomy practice trends and the factors
associated with tracheostomy insertion and post-tracheostomy mortality for infants with
BPD. Surprisingly, though tracheostomy insertion rates increased from 2012-2017,

there was a notable drop from 2018-2020. We found that non-Hispanic Black infants
demonstrated a 25% higher odds of tracheostomy insertion that was not explained by
differences in gestational age at birth or the presence of additional prematurity-related or
cardiopulmonary comorbidities. Hispanic patients, on the other hand, had a 20% lower
odds of tracheostomy insertion. Patients on Medicaid/self-pay/other primary insurance
plans also had increased odds of tracheostomy insertion, but differences in neighborhood
metrics of socioeconomic status were not associated with tracheostomy placement. The
overall mortality rate post-tracheostomy was low, suggesting a growing cohort of living
BPD tracheostomy-dependent patients. Sociodemographic disparities were not evident in
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evaluation of post-tracheostomy mortality. These findings begin to elucidate when and how
inequity manifests among patients with BPD, which is an important first step in addressing
the undue burden of disease that affects structurally disadvantaged communities.

We provide updated insight into nationwide tracheostomy practice trends. Our findings
replicate those of Donda et al, demonstrating an increase in the rate of tracheostomy
insertion per year through 2017.2 From 2018-2020, however, the rate of tracheostomy
insertion per year decreased significantly to an overall low of 1.6% of BPD admissions

in 2020. It is unclear what contributed to this change in the last several years and this
observational study is unfortunately limited in its capacity to meaningfully explore this
finding. Several prior studies have demonstrated a significant decline in preterm birth that
coincided with the onset of the COVID-19 pandemic and national lockdowns.2%:21 In the
United States, the decrease in preterm birth was found to be related to a decline in preterm
cesarean sections and induced deliveries.29 There have also been studies citing decreased
rates of transmission of other respiratory viral illnesses during the COVID-19 pandemic,
which may have limited the risk of viral respiratory illnesses contributing to respiratory
failure in the particularly fragile BPD population.22 Our data do demonstrate a decrease

in the total number of admissions of patients with BPD during 2020, but the drop in
tracheostomy rate preceded this. Further understanding of why the practice of tracheostomy
insertion has changed in recent years is needed, especially in light of our findings that
patients with BPD fare well with low mortality rates post-tracheostomy.

A number of prior studies have demonstrated an outsized burden of respiratory disease

in the Black infant population. In 2017, Keller et al reported that Black infants born <

29 weeks had a 1.6-fold increased odds of developing post-prematurity respiratory disease
requiring hospitalization, medications, or home respiratory support through 1 year of life
compared to White premature infants.23 Studies evaluating tracheostomy insertion rates
and post-tracheostomy outcomes across indications for tracheostomy also demonstrate
disparities. Black race has previously been associated with a 1.2 times increased odds of
tracheostomy placement compared to children of other races,24 while Hispanic patients
have been shown to receive proportionally fewer tracheostomies in a recent assessment

of tracheostomy practices at a single center.25 In the neonatal tracheostomy-dependent
population specifically, a multicenter study previously demonstrated a 1.3 times higher
odds of tracheostomy insertion during the first hospitalization for non-Hispanic Black
infants compared to non-Hispanic White infants.26 Studies evaluating how race/ethnicity is
associated with post-tracheostomy outcomes show mixed findings, with some demonstrating
a longer time to decannulation for Asian and Hispanic patients?’-28 and others showing

no differences in decannulation, neurocognitive ability, or mortality between racial/ethnic
groups.25

Our study extends and refines the existing literature by examining these relationships
specifically within the BPD population and across a wide breadth of hospital systems. Given
the growing recognition of the benefits of tracheostomy for patients with BPD and the well-
established disparities in BPD outcomes such as length of stay, readmissions, and mortality,
it is important to evaluate how race/ethnicity might relate to tracheostomy practices and
post-tracheostomy outcomes. We identified similar patterns of increased tracheostomy
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insertion in Black patients and decreased tracheostomy in Hispanic patients as has been
described previously outside of BPD.24-26 These differences could not be explained

by controlling for degree of prematurity or burden of prematurity-related and other
comorbidities and were unchanged after accounting for possible center-specific practice
variation. Post-tracheostomy in-hospital mortality rates between these groups, however,
were similar. It is unclear what leads to the disparities in the use of tracheostomy in this
population, but given the similar rates of post-tracheostomy mortality, one possibility may
be differing clinical thresholds for the intervention between different racial/ethnic groups.
There also may be differences in severity of BPD not captured by our analyses controlling
for gestational age and comorbid diagnoses. A phenomenon termed the “Hispanic paradox”
has previously been described based on observations that despite disparities with respect to
prenatal care, education, and socioeconomic status, birth outcomes tend to be encouraging
in the Hispanic population.?® Our finding of a lower tracheostomy rate among Hispanic
patients fits with these observations. Various factors could contribute to this “paradox”,
including self-selection of the healthiest immigrants, protective cultural factors, and strong
community support systems. Related to the latter two, it may be that the support afforded
or available to patients of different demographic backgrounds post-tracheostomy differs,
leveling the outcomes once a tracheostomy is in place. In the non-tracheostomy population,
we found no difference in mortality for non-Hispanic Black patients relative to non-Hispanic
White patients, and lower mortality for Hispanic patients. Consistent with prior studies,
markers of lower socioeconomic status were associated with increased mortality.10-12 The
fact that these differences are absent in the tracheostomy cohort speaks towards effective
efforts to provide care that levels disparities among the technology-dependent. Our data
was limited in its capacity to address this area further or to evaluate alternative longitudinal
outcomes, but further investigation is warranted.

Within our cohort, differences in socioeconomic status as measured by neighborhood
median household income, percentage living below the poverty line, and percentage with

a bachelor’s degree were not associated with tracheostomy insertion or post-tracheostomy
mortality, although we did find that patients with Medicaid/self-pay/other insurance
providers had increased odds of tracheostomy. Higher household income has been associated
with improved health outcomes in children across a variety of other diseases, including
asthma, obesity, and injury.29-31 Within the BPD population, Cristea, et al reported in 2015
concern for a serious health disparity in a cohort of 94 patients with BPD on chronic home
ventilation.1% Though only 61.7% of the cohort were from families living in an area with

a median annual income below the state median, 14 of the 15 (93%) patients who died

were from low income areas. Our nationwide data encouragingly did not replicate such a
disparity within a more recent cohort. It is possible that this is due to a learned selection
bias, whereby physicians have grown more selective of the families to whom they offer
tracheostomy. However, it also may reflect effective efforts to more adequately support
patients from socioeconomically disadvantaged homes. Interestingly, our cohort of patients
with tracheostomy demonstrated worse averages compared to national statistics in each of
the socioeconomic markers studied. In 2020, the nationwide median household income,
percentage living below the poverty line, and percentage over 25 years old with a bachelor’s
degree in the US were $67,521, 11.4%, and 32.1%, respectively, compared to $50,827,
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16.0%, and 14.8% in our tracheostomy cohort.32:33 Poverty and lower education level have
been related to increased risk for premature birth itself in both the US and Canada, however
the differences between our technology-dependent BPD cohort and the national averages are
stark.3435 It is encouraging that within-cohort differences in these measures did not relate to
the outcomes studied, however it remains to be seen how this evident disproportion of low
income, low education families may be influencing the care and outcomes of ex-premature
infants.

There were a number of limitations to our study. First, our data were limited to what could
be obtained from administrative records (i.e. demographics and ICD codes) and lacked
important clinical details to better describe BPD severity, indication for tracheostomy, and
other important risk factors such as birth weight, fetal growth restriction, maternal health,
smoke exposure, and other environmental factors. We also did not capture information

about out-of-hospital mortality. A recent single center report noted post-tracheostomy 5-year
mortality rates of 21% for preterm and 27% for extremely preterm patients, higher rates than
what we identify in this cohort.36 Race and ethnicity were not collected in a standardized
manner across all institutions contributing to the Vizient CDB/RM. Misclassification of race/
ethnicity in administrative data is a well-described limitation in health equity research.3
The data obtained from the AHRQ’s Social Determinants of Health Database provide

only a partial, surrogate representation of socioeconomic status. Nonetheless, the income
and education metrics evaluated are established factors associated with health outcomes

in children.3® While we did our best to address the effects of inter-center tracheostomy
practice variation in the analysis phase of our study, it is important to acknowledge that
there is no absolute indication for tracheostomy and the decision is often driven by local
practice.38 Lastly, though we are able to report important disparities in the BPD population,
we were unable to explore the mechanisms of the inequity underlying these findings. There
is insightful work being done exploring how structural and institutional racism3%-46 and
differences in peripartum and neonatal quality of care*#7-51 may drive these findings. We
hope that our results continue to inspire clinicians and researchers to question and address
the underpinnings of these health inequities.

In conclusion, our findings provide valuable insight into tracheostomy practices amongst
the BPD population, highlighting important differences in insertion rates between racial and
ethnic groups that are not accounted for by differences in clinical factors or socioeconomic
status. The reasons for such disparities must be further investigated in order to develop
targeted strategies to mitigate inequities in this vulnerable population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Flow chart depicting the inclusion of 40,021 ex-premature infants with bronchopulmonary

dysplasia and rates of tracheostomy insertion and mortality.
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Figure 2:
Tracheostomy insertion rates per year, represented as percentage of total BPD patient

admissions. Regression lines depict an increasing rate of insertion from 2012-2017 and a
decreasing rate from 2018-2020.
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Figure 3:

Forest plot of adjusted odds ratios for tracheostomy insertion. The model was adjusted

for patient sex, race/ethnicity, primary insurance provider, relative neighborhood median
household income, and relative neighborhood percentage of the population with a bachelor’s
degree. Males, non-Hispanic Black, and patients with Medicaid/self-pay/other primary
insurance had increased odds while Hispanic patients had decreased odds of tracheostomy
insertion.
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Figure 4:

Forest plot of adjusted odds ratios for mortality among tracheostomy-dependent patients.
The model was adjusted for patient sex, race/ethnicity, primary insurance provider, relative
neighborhood median household income, and relative neighborhood percentage of the
population with a bachelor’s degree. There were no significant differences in mortality
between subgroups.
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