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BACKGROUND: It is unknown how the initial choice of respiratory support by pediatric ICU pro-
viders contributes to outcomes of nonintubated obese children with respiratory failure. We hypothe-
sized that body mass index and the type of initial respiratory support applied are associated with
poor clinical outcomes in patients who carry respiratory failure-associated diagnoses. METHODS:
This is a retrospective analysis of de-identified patient data obtained from the Virtual PICU System
database (2009-2018). We included subjects 2-18 y old who received bi-level positive airway pres-
sure/CPAP or high-flow nasal cannula as the initial respiratory support and were assigned respira-
tory failure-associated diagnoses (ie, acute hypoxic respiratory failure). The study population was
divided into 2 body mass index percentile groups, underweight/healthy weight (< 85th percentile) and
overweight/obese (= 85th percentile), and subjects were evaluated for the following outcomes: endo-
tracheal intubation requirement, medical and physical PICU length of stay, and mortality scores.
RESULTS: A total of 1,721 subjects were included: 1,091 (63.4%) underweight/healthy weight and
630 (36.6%) overweight/obese. Body mass index percentile was not associated with the initial respira-
tory support utilized (odds ratio 0.961 [95% CI 0.79-1.17], P = .73). Multivariable logistic regression
analysis demonstrated that the odds of requiring endotracheal intubation (odds ratio 1.60 [95% CI
1.10-2.35], P = .02) were significantly higher in overweight/obese subjects initially placed on high-
flow nasal cannula. Body mass index and bi-level positive airway pressure/CPAP therapy were both
positively associated with medical and physical PICU length of stay, Pediatric Risk of Mortality
Score 3 (PRISM3) scores, and Pediatric Index of Mortality 2 (PIM2) scores when separate multi-
variable models were fit for these 4 response variables. CONCLUSIONS: The selection of respira-
tory support may place overweight/obese pediatric patients at higher risk for endotracheal intubation.
Due to methodological limitations, we were unable to draw conclusions about the initial approach to
the respiratory management of overweight/obese pediatric patients. Further investigation may be
warranted. Key words: pediatrics, obesity; acute respiratory failure; bilevel invasive respiratory sup-
port; high flow nasal cannula. [Respir Care 2021;66(9):1425-1432. © 2021 Daedalus Enterprises]

Introduction

Childhood and adolescent obesity are significant health
concerns throughout the world. It is associated with adverse
health outcomes, including hypertension, hyperlipidemia,
metabolic syndrome, type II diabetes, sleep apnea, asthma,
and fatty liver disease, as well as a long-term increased
likelihood of morbidity and mortality.'?

In the United States, the prevalence of pediatric obesity
has been increasing,’ and critically ill obese children have an
increased overall mortality risk.* For obese children with re-
spiratory failure, the mortality risk is similar to normal-weight
children, but it is associated with a significant increase in the
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use of noninvasive as well as invasive mechanical ventilation
and longer duration of invasive mechanical ventilation in
indirect lung injury ARDS.>”

Obese children with respiratory failure require special con-
sideration, as they have a variety of altered respiratory
mechanics and comorbidities.®'° Therefore, it stands to reason
that the initial approach to respiratory support should be
focused on understanding the factors that have an impact on
the outcomes of obese pediatric patients with respiratory fail-
ure. It is unknown, however, whether the clinician’s initial
approach to the management of respiratory failure is a con-
tributing factor to overall clinical outcomes. It is also
unknown whether the use of noninvasive positive pressure
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therapy, such as bi-level positive airway pressure (BPAP)/
CPAP and high-flow nasal cannula (HFNC), is beneficial in
this group. By evaluating the outcomes associated with initial
respiratory support in obese pediatric patients with respiratory
failure, physicians may be able to provide better care to this
population.

The objective of this study is to analyze data from the
multi-institutional Virtual PICU Systems database (VPS LLC,
Los Angeles, California) to determine the outcomes of pediat-
ric subjects with an elevated body mass index (BMI) who
received non-invasive respiratory support (BPAP/CPAP or
HENC) as an initial mode of respiratory support for resp-
iratory failure-associated VPS Star diagnostic codes. We
hypothesized that, for overweight/obese subjects diagnosed
with acute hypoxemic respiratory failure, the type of initial re-
spiratory support applied is associated with increased mortal-
ity, longer ICU length of stay, increased duration of HFENC or
BPAP/CPAP, and the need for endotracheal intubation.

Methods
Data Source

Data for this study were obtained from the Virtual
PICU Systems (VPS) database, a prospectively collected
web-based research database developed by an online pedi-
atric critical care network formed by the Children’s
Hospital Association and Children’s Hospital Los
Angeles."! It is a prospective observational cohort of con-
secutive pediatric ICU (PICU) admissions from a variety
of hospitals caring for children across the United States,
where the data were collected and entered by trained indi-
viduals. The institutional review board at Penn State
College of Medicine categorized this study as non-human
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Current knowledge

Childhood and adolescent obesity are significant health
concerns throughout the world. Obese children with re-
spiratory failure require special consideration, as they
have altered respiratory mechanics and comorbidities.

What this paper contributes to our knowledge

Body mass index was not associated with time on
bi-level positive airway pressure/continuous airway
pressure (BPAP/CPAP) or high-flow nasal cannula
(HFNC). Overweight/obese subjects initially placed on
HENC had an increased odds of endotracheal intuba-
tion, and overweight/obese subjects initially placed on
BPAP/CPAP were associated with higher mortality
scores as well as an increased PICU length of stay.
These results may have implications for the approach
to the initial respiratory management of overweight/
obese patients admitted for acute respiratory failure in
the pediatric ICU.

research because the data involved the analysis of de-
identified patient information.

Patient Population

Using this data source, de-identified data were obtained
from the VPS database for subjects 2—18 y old who were
unscheduled admissions receiving HFNC or BPAP/CPAP
for their initial respiratory support from January 1, 2009,
through December 1, 2018. The initial study population
included 3,780 PICU admissions from 142 hospitals.
Diagnostic and procedure codes were used to identify the
included cohort. Unscheduled PICU admission subjects
were included in this study if they were between the ages
of 2 and 18 y; were determined to have any one of the fol-
lowing VPS Star code diagnoses: (1) pulmonary insuffi-
ciency/shock lung, adult respiratory distress syndrome,
acute hypoxic respiratory failure, acute lung injury (ie,
VPS Star Codes 518.84, 518.81, 518.83, 518.5, 518.82);
(2) dyspnea/tachypnea, respiratory distress/insufficiency,
respiratory distress (ie, VPS Star Codes 786.06, 786.01,
786.09, 786.00, 786.05, 786.02); and (3) asphyxia (not
birth or trauma), hypoxemia, and hypoxia (ie, VPS Star
Codes 799.02, 799.01, 799.0); and were initially placed on
non-invasive respiratory support (HFNC or BPAP/CPAP)
as the initial respiratory treatment strategy. Subjects
who received BPAP and CPAP were placed in the same
group due to the low quantity of subjects placed on
CPAP first.
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The following patients were excluded from the study: <
2y old, > 18 y old, encounters lacking height data, encoun-
ters that triggered a height or weight error during BMI cal-
culation, patients who were not initiated on HFNC, BPAP,
or CPAP upon admission, patients who were started on 2
different forms of respiratory support (HFNC, BPAP, or
CPAP upon admission), or patients who had a tracheos-
tomy in place on admission.

Data Collection

Demographic data (age, gender, and anthropometric data
including height and weight) and clinical data (primary diag-
nosis, secondary diagnosis, PICU mortality, Pediatric Index of
Mortality 2 [PIM2] scores, Pediatric Risk of Mortality Score 3
[PRISM3]), procedure codes, the start and end time of each
procedure code, length of PICU medical stay (time spent in
the PICU until medically discharged from PICU services),
and length of PICU physical stay (time spent in the PICU until
physically discharged) were collected. The procedure codes
were used to determine the proportion and duration of subjects
requiring HFNC, BPAP/CPAP, and endotracheal intubation.
Due to the limitations of the database, we were unable to
determine the HFNC or BPAP/CPAP settings and the reason-
ing behind the interventions applied.

Once the data were collected, BMI percentiles were calcu-
lated using the Centers for Disease Control and Prevention’s
online information: “Children’s BMI Tool for Schools.”
(https://www.cdc.gov/healthyweight/assessing/bmi/childrens_
bmi/tool_for_schools.html Accessed April 6, 2021). The
cohort was then determined by splitting the subject population
into 2 groups: underweight/healthy weight group defined as
having a BMI percentile < 85%, and overweight/obese group
characterized as having a BMI percentile = 85%."2

Statistical Analysis

Summary statistics were computed for quantitative varia-
bles (eg, means and standard deviations) and categorical vari-
ables (eg, counts and proportions). Contingency tables, odds
ratios, and chi-square tests were used to explore associations
between pairs of binary variables of interest. Negative bino-
mial regression was applied to explore the association
between PRISM3 scores and BMI while controlling for respi-
ratory therapy (HFNC or BPAP) after goodness-of-fit testing
suggested that Poisson regression was not appropriate.
Because linear model diagnostics suggested that the neces-
sary model assumptions were not satisfied, a robust linear
modeling approach based on bootstrap resampling was uti-
lized to fit linear models to investigate the association
between log-transformed values of the response variables of
length of medical stay, length of physical stay, and BMI
while controlling for respiratory therapy. Briefly, linear mod-
els were fit and the regression coefficients were recorded
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based on 10,000 bootstrap samples. The empirical covariance
matrix of the bootstrap regression coefficients was then com-
puted, and this was used to perform separate Wald tests for
each of the explanatory variables based on the appropriate
contrast matrices. Multivariable logistic regression models
were used to explore the association between endotracheal
intubation and obesity after controlling for PIM2 scores and
age. These models were fit separately after restricting to sub-
jects who received either HFNC or BPAP. Hosmer-
Lemeshow tests were applied to assess goodness of fit for the
logistic regression models. The Spearman correlation coeffi-
cient was used to assess the association between respiratory
therapy time and BMI. R 3.6.3 (R Core Team) was used to
perform all statistical analyses."

Results
Overview

A total of 3,780 patient encounters were provided. Patient
encounters were excluded if anthropometric data lacking
height (n = 1,663), height or weight error was triggered dur-
ing BMI percentile calculation (n = 75), if the encounter
was a scheduled admission (n = 48), if the patient was not
initiated on HFNC, BPAP, or CPAP upon admission (n =
268), or if the patient was placed on 2 different forms of re-
spiratory support upon admission (n = 5). Following exclu-
sion criteria, the study population totaled 1,721 subjects.

Subject Demographics

The non-overweight/obese (< 85%) group consisted of
1,091 (63.4%) subjects, while 630 subjects (36.6%) com-
prised the overweight/obese (= 85%) group. Baseline de-
mographic data were similar in both groups, including
age, height, race, subject origin, outcome, limitation of
care, withdrawal of support, critical care role in the man-
agement of these subjects, length of PICU medical stay,
length of PICU physical stay, PIM2 and PRISM3 scores,
and overall mortality. Mean weight, BMI, and BMI per-
centiles were within the ranges expected for each group
(Table 1).

Initial Respiratory Support Utilized

Subject body type was not associated with the initial re-
spiratory support utilized (odds ratio 0.961 [95% CI 0.79—
1.17], P = .73). Of the study population, 915 (53.2%) sub-
jects were placed on BPAP/CPAP, and 806 (46.8%) were
placed on HENC oxygen as their initial respiratory therapy.
Of the overweight/obese subjects, 331 (52.5%) were ini-
tially placed on BPAP/CPAP, and 299 (47.4%) were placed
on HFNC as the initial mode of respiratory support upon
admission to the PICU. Of the underweight/healthy weight
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Table 1.  Demographics
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Underweight/Healthy Weight (BMI < 85%)

Overweight/Obese (BMI = 85.0%)

Subjects, n 1,091 (63.4)
Age, months 101.1 £ 60.2
Weight, kg 244 = 12.8
Height, cm 118.5 = 24.5
Sex
Male 593 (54.4)
Female 498 (45.6)
BMLI, kg/m* 162 £ 2.5
BMI percentile 34.6 = 28.3
Race
White 580 (53.2)
Hispanic or Latino 156 (14.3)
Black or African-American 204 (18.7)
Other 90 (8.2)
Subject origin
Another hospital 86 (7.9)
Emergency department 507 (46.5)
General care floor 344 (31.5)
Step-down unit/intermediate care unit 86 (7.9)
Other 68 (6.2)
Outcome
Died 47.0 (4.3)
Survived 1044 (95.7)
Limitation of care 60.0 (5.5)
Withdrawal of support 26.0 (2.4)
Critical care role
Primary managing service 906.0 (83.0)
Concurrent care service 95.0 (8.7)
Consulting service 13.0 (1.2)
No role 4.0 (0.37)
PICU medical length of stay, d 6.3 £6.3
PICU physical length of stay, d 6.5 £ 12.1
PIM2 score —4.03 = 1.22
PRISM3 score 298 =4.28
Virtual PICU Systems Star Code
Asphyxia (not birth or trauma)/hypoxemia/ 81(7.4)
hypoxic
Pulmonary insufficiency/shock lung, adult respi- 720 (66.0)
ratory distress syndrome, acute hypoxic respira-
tory failure, acute lung injury
Dyspnea/tachypnea, respiratory distress/insufti- 290 (26.6)

ciency, respiratory distress

Data are presented as n (%) or mean = SD.
BMI = body mass index

PICU = pediatric ICU

PIM2 = Pediatric Index of Mortality 2
PRISM3 = Pediatric Risk of Mortality Score 3

630 (36.6)
97.9 = 588
36.3 =272
115.1 =27.6

345 (54.8)
285 (45.2)
240 6.9
95.7 =42

295 (46.8)
104 (16.5)
121 (19.2)

76 (12.1)

64 (10.2)
278 (44.1)
192 (30.5)

65 (10.3)

31 (4.9)

22 (3.5)
608 (96.5)
31 (4.9)
12 (1.9)

533 (84.6)
43 (6.8)
14 2.2)

3(0.50)

6.7 = 10.5

6.9 = 10.5
410 = 1.20
3.07 + 4.36

34 (54)

456 (72.4)

140 (22.2)

subjects, 584 (53.5%) were placed on BPAP/CPAP, and 507
(46.5%) were placed on HENC as the initial mode of respira-

tory support. There was no statistically significant associa-

tion noted between BMI and time spent on HFNC
(Spearman r = —0.036, P = .31) or BPAP/CPAP (Spearman

r=-0.05, P = .13).
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Association of Body Type With Endotracheal
Intubation

A total of 302 (17.5%) subjects required endotrach-
eal intubation. Of the HFNC group, 66 (10.5%) over-

weight/obese subjects required endotracheal intubation
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Fig. 1. Subjects initially placed on high-flow nasal cannula (HFNC) or bi-level positive airway pressure (BPAP)/CPAP on admission requiring en-

dotracheal intubation.

Table 2.

Univariate and Multivariate Analysis for Type of Noninvasive Respiratory Support and Association With Endotracheal Intubation

Univariate Analysis

Multivariate Analysis

Endotracheal Intubation BPAP/CPAP HENC BPAP/CPAP HENC

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Overweight/obese group 1.11 (0.78-1.58) .62 1.53 (1.07-2.21) .026 1.12 (0.78-1.59) .55 1.61 (1.10-2.35) .01
PIM2 1.03 (0.86-1.22) 77 1.94 (1.61-2.34) <.001 1.03 (0.87-1.22) 75 1.99 (1.63-2.42) <.001
Age 1.00 (1.00-1.00) .96 1.00 (1.00-1.01) .09 1.00 (1.00-1.00) > .99 1.00 (1.00-1.00) .67

BPAP = bi-level positive airway pressure
HENC = high-flow nasal cannula

OR = odds ratio

PIM2 = Pediatric Index of Mortality 2

versus 79 (7.2%) in the non-overweight group. For subjects
placed initially on BPAP/CPAP, 60 (9.5%) overweight/obese
subjects required endotracheal intubation compared to 97
(8.9%) in the non-overweight group (Figure 1).

For subjects who initially received HFNC, obese sub-
jects had significantly increased odds of requiring endo-
tracheal intubation (odds ratio 1.53 [95% CI 1.07-2.21],
P = .026). In contrast, for subjects who were originally
treated with BPAP/CPAP, obesity was not associated with
endotracheal intubation. Similar findings were observed
after fitting multivariable logistic regression models. For
subjects who initially received HFNC as their respiratory
support, those who were obese had significantly increased
odds of requiring endotracheal intubation (odds ratio 1.61
[95% CT 1.10-2.35], P = .01) after controlling for age and
PIM2 scores. The associations between obesity and endo-
tracheal intubation were not statistically significant for
subjects who were originally treated with BPAP/CPAP
(odds ratio 1.12 [95% CI 0.78-1.59], P = .55), again after
controlling for age and PIM2 scores. Age for all groups
and the PIM2 in the BPAP group were not significant fac-
tors for endotracheal intubation in multivariable models
(Table 2).
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Hosmer-Lemeshow goodness-of-fit tests suggested poten-
tial issues with model fit when applied to the multivariable
logistic regression model for endotracheal intubation with
the BPAP/CPAP group. For this reason, a more complex
model was fit that included interaction terms between over-
weight/obesity and age as well as overweight/obesity and
PIM2. No issues with goodness of fit were identified in the
more complex model. As observed earlier, the association
between obesity/overweight and endotracheal intubation was
not statistically significant (odds ratio 1.49 [95% CI 0.35—
6.27], P = .59; see the supplementary materials at http://
www.rcjournal.com). When the likelihood ratio test was
applied to perform model selection, the results indicated that
the more parsimonious model without the interaction terms
was preferred (likelihood ratio test P > .05).

Association of Mortality Scores With BMI and BPAP/
CPAP Usage

Subjects requiring BPAP/CPAP usage as the initial respi-
ratory support and subjects with elevated BMI were signifi-
cantly associated with higher PRISM3 scores (Table 3).
Subjects placed on BPAP had a significantly higher PIM2
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Table 3.  Negative Binomial Regression Analysis for PRISM3 Scores
and Association With BMI and BPAP/CPAP Usage

Estimate Standard Error Z Score P
Intercept 0.58 0.14 4.05 <.001
BPAP/CPAP 0.23 0.08 2.75 .01
BMI 0.003 0.01 2.97 <.01

PRISM3 = Pediatric Risk of Mortality Score 3
BMI = body mass index
BPAP = bi-level positive airway pressure

Table 4.  PIM2 Scores and Association With BMI and HENC or
BPAP/CPAP Usage

HENC BPAP/CPAP P
All subjects -4.76 = 1.03 343 *1.00 <.001
Underweight/healthy weight —4.77 = 1.05 -3.39 =098 < .001
Overweight/obese —475*099 -351*105 <.001

BMI = body mass index

PIM2 = Pediatric Index of Mortality 2
HENC = high-flow nasal cannula

BPAP = bi-level positive airway pressure

Table 5.  Bootstrap Analysis Between Length of Stay and BPAP/
CPAP Usage and BMI

Medical Length of Stay  Pediatric ICU Length of Stay

Predictor
Estimate P Estimate P
BPAP/CPAP 0.4798 < .001 0.4408 < .001
BMI 0.0146 .035 0.0128 .040

BPAP = bi-level positive airway pressure
BMI = body mass index

score, and this association was seen regardless of body type
(Table 4).

Association of Length of Stay With BPAP/CPAP Usage
and BMI

Utilizing HENC as the reference state, increasing BMI and
BPAP/CPAP usage were significantly associated with longer
medical stay and physical PICU stay. These groups included
subjects who received endotracheal intubation (Table 5).

Discussion

We hypothesized that, for overweight/obese subjects
diagnosed with acute hypoxemic or hypercapnic respiratory
failure, the type of initial respiratory support provided (ie,
BPAP/CPAP or HENC) is associated with poor clinical out-
comes. The main findings of this study were that BMI is
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not associated with time on BPAP/CPAP or HENC; over-
weight/obese subjects initially placed on HFNC have
an increased odds of endotracheal intubation, and over-
weight/obese subjects initially placed on BPAP/CPAP are
associated with an increased length of medical and physical
length of PICU stay. These results may have implications
on the approach to the initial respiratory management of
overweight/obese patients admitted for acute respiratory
failure in the PICU.

Noninvasive forms of respiratory support such as
BPAP/CPAP and HFNC have been used increasingly for
pediatric respiratory failure.'*'> Both BPAP/CPAP and
HENC facilitate respiratory distress resolution and can
reduce the need for invasive mechanical ventilation.'®%!
When both of these modes are compared, HFNC appears to
be non-inferior to BPAP/CPAP in certain clinical condi-
tions.'® Obese children, however, have special considera-
tions that may need to be assessed before the selection of
respiratory support. They have reduced chest wall compli-
ance, often have restrictive and obstructive lung disease,
and are at increased risk of atelectasis.”> While HFNC may
prevent airway collapse and avoid decreases in functional
residual capacity and anatomical dead space depending on
the settings utilized, the data supporting its use in this sub-
ject population are limited.”* Focusing on the approach to
initial respiratory management and the clinical decision-
making process may be a novel way to improve patient out-
comes and may potentially highlight new areas of research
to improve the morbidities associated with overweight and
obese pediatric patients who are experiencing respiratory
failure.

In this study, we investigated whether there is a difference
in outcomes depending on the initial respiratory therapy
selected for the obese population. We found that the odds of
requiring endotracheal intubation were significantly higher
in overweight/obese subjects placed on HFNC compared to
those initially placed on BPAP/CPAP. These findings may
indicate that BPAP/CPAP should be favored as the initial
form of respiratory support in overweight/obese patients.
HFNC provides humidified gas through a nasal cannula
interface, allows more precise oxygen delivery by decreasing
the amount of room air entrainment, and increases functional
residual capacity.>*** The pressure applied by HFNC is vari-
able depending on whether the patient is breathing with the
mouth open or closed, and HFNC may not be able to provide
sufficient PEEP in patients with severe lung disease (ie,
ARDS).”® These are important factors, considering that
obese patients’ underlying respiratory physiology may
require more PEEP to not only address the patient’s underly-
ing lung disease but abdominal competition.

Even though obese children with respiratory failure
who initially received BPAP/CPAP for support were
not associated with intubation, increasing BMI and
BPAP/CPAP usage were significantly associated with
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greater length of medical and physical PICU length of
stay and higher PRISM3 scores. This implies that patients
who have an elevated BMI and are initially placed on
BPAP/CPAP therapy have a higher severity of illness,
may be at higher risk of complications related to acute
illness, and may have a prolonged recovery period.*’
Alternatively, these findings may indicate that a different
respiratory strategy needs to be considered. Endotracheal
intubation, for instance, may offer benefits in this patient
population, such as the unloading of ventilatory muscles
decreasing systemic or myocardial oxygen consumption
and allowing for suctioning of secretions.”®*’ Due to the
limitations of this study, additional study is warranted to
investigate the optimal approach to respiratory illness for
overweight and obese patients and whether the benefits
associated with invasive mechanical ventilation out-
weigh the risks.*

Limitations

This study has several limitations. We were limited to
the variables collected and present within the VPS data-
base. The VPS database does not account for patients who
utilize home CPAP/BPAP. Because the VPS database
does not record the flow for patients initially placed on
HENC, it is unknown whether the set flow exceeded the
patient’s inspiratory flow and minimized room air entrain-
ment or its PEEP effect. Device settings for BPAP or
CPAP were not available, so we were unable to determine
whether intubation in this study population was due to
progressive respiratory failure or the settings initially
selected. Due to lack of arterial access (and/or arterial
blood sampling) on admission for a significant number of
subjects, variables such as P,q, in arterial blood, the P,co,
in arterial blood, and Fjp, were not available. Without
these variables, we were limited in our ability to deter-
mine whether the differences we observed between the 2
groups were due to differences in BMI or in the severity
of respiratory failure. The presence of other medical
comorbidities (ie, asthma, obstructive sleep apnea) as well
as the pathologies that lead to acute respiratory failure
were not assessed, limiting our ability to control for these
factors in multivariate analyses. An evaluation of signifi-
cantly obese children (BMI > 99th percentile or Z score
> 2.3) was considered. Due to a small population of sub-
jects, however, we opted not to evaluate this subset of
patients. As more data are collected on critically ill obese
children, it may be possible to examine this population
more closely in the future. Due to the retrospective, multi-
institutional nature of this study and the limitations of the
database, we could not consider the different clinical
approaches, types of equipment, escalation of care in sub-
jects with progressive respiratory failure, and regional
PICU practices in this analysis.
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Conclusions

The selection of respiratory support may place over-
weight/obese pediatric patients at higher risk for endotra-
cheal intubation, but it may also result in a decreased length
of PICU stay. Due to methodological limitations, we are
unable to draw conclusions about the initial approach to the
respiratory management of overweight/obese pediatric
patients. Further investigation may be warranted.
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