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Abstract

Importance: National guidelines discourage the use of continuous pulse oximetry monitoring in
hospitalized children with bronchiolitis not requiring supplemental oxygen.

Objective: Measure continuous pulse oximetry use in bronchiolitis.

Design, Setting, and Participants: A multicenter cross-sectional study was performed on
pediatric wards in 56 US and Canadian hospitals of the Pediatric Research in Inpatient Settings
Network from December 1, 2018 through March 31, 2019. Participants included a convenience
sample of patients 8 weeks through 23 months old with bronchiolitis but without active
supplemental oxygen administration. Patients with extreme prematurity, cyanotic congenital heart
disease, pulmonary hypertension, home respiratory support, neuromuscular disease,
immunodeficiency, and cancer were excluded.

Exposure: Hospitalization with bronchiolitis but without active supplemental oxygen
administration.

Main Outcomes and Measures: Primary outcome, receipt of continuous pulse oximetry, was
measured using direct observation. Continuous pulse oximetry use proportions were risk-
standardized using the following variables: nighttime (11PM — 7AM), age combined with preterm
birth, time since weaning from supplemental oxygen or flow, apnea or cyanosis during the present
illness, neurologic impairment, and presence of an enteral feeding tube.
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Results: The sample included 3612 patient observations in 33 freestanding children’s hospitals,
14 children’s hospitals within hospitals, and 9 community hospitals. Patients were 59% male, 56%
white, and 15% black; their ages were 48% 8 weeks — 5 months, 28% 6 months — 11 months, 16%
12 months — 17 months, and 9% 18 months — 23 months. The overall continuous pulse oximetry
monitoring use proportion in these patients, none of whom were receiving any supplemental
oxygen or nasal cannula flow, was 46% (95% confidence interval [CI] 40-53%). Hospital-level
unadjusted continuous pulse oximetry use ranged from 2% to 92%. After risk standardization, use
ranged from 6% to 82%. Intraclass correlation coefficient suggested that 27% (95% CI 19-36%)
of observed variation was attributable to unmeasured hospital level factors.

Conclusions and Relevance: In a convenience sample of children hospitalized with
bronchiolitis but without active supplemental oxygen administration, monitoring with continuous
pulse oximetry was frequent and varied widely among hospitals. Because of the apparent absence
of a guideline- or evidence-based indication for continuous monitoring in this population, this
practice may represent overuse.

INTRODUCTION

Continuous pulse oximetry (SpO,) monitoring has enabled timely detection of oxygen
desaturation and improved outcomes in operating rooms® and other high-risk settings? over
the past 50 years. Continuous monitoring use has since expanded to hospital wards without
supporting evidence of benefit, likely due to perceptions that it improves safety with little
downside.3

Acute viral bronchiolitis is the leading cause of infant hospitalization.# Bronchiolitis hospital
care is primarily supportive, including nasopharyngeal suctioning, nasogastric or intravenous
fluids, and supplemental oxygen. Continuous SpO, monitoring in children with bronchiolitis
who are not also requiring supplemental oxygen has been recognized as a form of medical
overuse.>’

Risks associated with continuous SpO, monitoring in bronchiolitis include prolonged length
of stay,8-11 increased costs attributable to delayed discharge, supplemental oxygen, and
oximeter probes,12 and potential for iatrogenic harm.13 Monitor alarms also contribute to
alarm fatigue among nurses, which is associated with delays in alarm response time.14.15

Appropriate use of continuous SpO, monitoring in bronchiolitis is guided by an American
Academy of Pediatrics (AAP) Clinical Practice Guideline® and Society of Hospital Medicine
(SHM) Choosing Wisely recommendations.® The AAP Guideline states “Clinicians may
choose not to use continuous pulse oximetry for children with a diagnosis of bronchiolitis.”
Choosing Wisely recommendations state “Do not use continuous pulse oximetry routinely in
children with acute respiratory illness unless they are on supplemental oxygen.”®

The primary objective of this study was to determine the extent of continuous SpO-,
monitoring in a population in whom continuous monitoring is not indicated: hospitalized
children with bronchiolitis not requiring supplemental oxygen. The primary hypothesis was
that continuous SpO, monitoring use would exceed 30% in the population specified above
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across sites. The 30% cut point was selected as a guide to inform the decision to
subsequently perform a deimplementation trial.

METHODS

Design

We performed a multicenter cross-sectional study using in-person observation to sample the
practice of continuous SpO, monitoring during bronchiolitis season, December 1, 2018
through March 31, 2019. An overview of this study’s protocol and the projects that will
follow was previously published.18 For US sites, the Institutional Review Board (IRB) at
Children’s Hospital of Philadelphia approved the study and the remaining US sites
established reliance agreements with the reviewing IRB. Research Ethics Boards at
University of Calgary and The Hospital for Sick Children also reviewed and approved the
study. All sites granted waivers of consent, assent, parental permission, and HIPAA
authorization.

Setting

We performed this study in 56 US and Canadian hospitals participating in the Pediatric
Research in Inpatient Settings Network (PRIS). PRIS is an independent, hospital-based
research network that aims to improve the health of and healthcare delivery to hospitalized
children and their families. Member hospitals were categorized as (a) freestanding children’s
hospitals (hospitals devoted entirely to the care of children including a full range of pediatric
subspecialty services), (b) children’s hospitals within hospitals (general medical hospitals
that care mainly for adult patients and include a pediatric department offering a full range of
pediatric subspecialty services), and (c) community hospitals (general medical centers that
care mainly for adult patients and include a pediatric department offering limited or no
pediatric subspecialty services). We performed observations only on acute care pediatric
inpatient units not classified as intensive care.

Patients

We included patients 8 weeks through 23 months old. Eligible patients had an active primary
diagnosis of bronchiolitis in the hospital chart and were not receiving any supplemental
oxygen or nasal cannula flow (even with room air [21% fraction of inspired oxygen]) at the
time of data collection. While the majority of children with bronchiolitis receive
supplemental oxygen at some point during their hospital admission, some require only
supportive care for respiratory distress (e.g. frequent nasal suctioning) or feeding difficulties
(e.g. intravenous fluids or nasogastric feedings).1” Included patients were cared for by
generalist services. We excluded patients documented as having experienced “premature” or
“preterm” birth without a numeric gestational age listed and those with documented extreme
prematurity (< 28 weeks gestation), cyanotic congenital heart disease, pulmonary
hypertension, home oxygen or positive pressure ventilation requirement, tracheostomy,
neuromuscular disease, immunodeficiency, or cancer.
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Data collection

Analysis

Observational rounds for primary outcome—Staff at each hospital performed
observational rounds during the study period by walking to the bedside of each patient who
met the criteria outlined above. Investigators determined the continuous monitoring status of
the patients based on visual confirmation of waveforms and data displayed on the bedside
monitor. Each Site Principal Investigator used convenience sampling based on the
availability of their data collection team to determine which dates to perform observational
rounds. We restricted observational rounds to occur only during certain hours, designated as
“daytime” (L0OAM - 5PM) or “nighttime” (11PM - 7AM). We asked sites to aim to collect at
least 60 observations during the bronchiolitis season, targeting approximately 50% of
observations during nighttime hours. Weekends were not specifically targeted for data
collection. The end time of daytime was extended from 4PM (as in the original protocol6)
to 5PM at the request of Site Principal Investigators prior to the start of data collection to
increase feasibility.

While we did not collect patient identifiers, we required that each observational rounds data
collection session be separated by at least 36 hours to limit within-patient repeated measures
given that the median length of stay for bronchiolitis is 2 days.18

Chart review for demographic and clinical variables (covariates)—Following the
in-person data collection, investigators reviewed patients’ charts for demographic and
clinical information including age, gestational age, previous respiratory support during the
same hospitalization, presence of feeding tube, apnea or cyanosis during the present illness,
prior intensive care unit stay during the present hospitalization, and the presence of
conditions associated with neurologic impairment. Patient family-reported race and ethnicity
were abstracted from charts in categories defined by the Standards for the Classification of
Federal Data on Race and Ethnicity, in compliance with NIH inclusion reporting policies.1?
In addition to reporting, we planned to analyze race and ethnicity as variables possibly
associated with continuous SpO, monitoring, which could suggest important disparities in
care based on race or ethnicity.

We estimated the frequency of within-patient repeated measures by first generating a patient
“phenotype variable” for each unique combination of hospital, unit, age category, gestational
age category, race, ethnicity, sex, presence of gastrostomy, and neurologic impairment.
Based on bronchiolitis length of stay data from a randomized trial,12 we considered
observations of the same patient phenotype that were separated by less than 4 days
(approximately the 75th percentile of length of stay in the trial’s usual care group) to
possibly represent the same patient.

Because of the straightforward approach to data collection, with basic elements collected
from the chart combined with in-person direct observation of monitoring, we expected only
trivial amounts of missing data. However, we anticipated missing numeric gestational age
documentation in some patients, and designed the data collection form to accommodate this
issue. If a numeric gestational age was not listed in the chart, the data collector reviewed the
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chart for qualitative descriptions of the patient as “full term,” “premature,” or “preterm.”
Patients described as premature or preterm in the absence of a documented gestational age
were assumed to be born prior to 28 weeks and were excluded. Those described as full term
or without a qualitative description of gestational age were included. In the analysis, we
dichotomized included patients as preterm (28 0/7 to 33 6/7 weeks documented in chart) or
not preterm. We did not perform imputation or use any other methods to replace missing
data with values.

Unadjusted—We calculated the unadjusted observed continuous SpO, monitoring use
proportion for each hospital as a simple proportion of the total number of observations
during which patients were continuously monitored divided by the total number of
observations performed at that hospital, comprised exclusively of patients not receiving any
supplemental oxygen or nasal cannula flow. We estimated the 95% confidence interval (Cl)
of the unadjusted monitoring proportion accounting for clustering at the hospital level using
linear regression with a sandwich estimator for the standard errors allowing for intra-hospital
correlation (Stata “regress” command with “vce cluster” option). We performed a one-
sample test of this proportion against the hypothesized proportion of 30%, specifying a
conservative intraclass correlation of 40% to account for the hospital-level clustering (Stata
“prtest” command with “cluster” and *“rho” options).

We then examined the bivariable associations of the chart-abstracted demographic and
clinical covariates listed above with continuous monitoring use using fixed-effects logistic
regression. Given that in clinical practice, gestational age and chronological age are often
considered in combination when thinking about risk, we used dichotomous preterm status
and categorical chronological age jointly as an interaction term in all models (categories
shown in Table 1).

Adjusted: We then performed multivariable analysis to compare hospitals” monitoring
proportions in a standardized way, accounting for differences in the patient-level variables
potentially associated with monitoring. The purpose of this risk-standardization was to
approximate what we would have found if we had hospitalized a similar cohort of infants in
each of the hospitals, and to permit identification of statistical outlier hospitals. We chose
this approach because we anticipated that patient-level factors associated with use would
differ between sites due in part to site-level differences in patient populations with different
degrees of risk29-23 and in part due to differences in sampling. To do this, we used methods
developed for the Centers for Medicare & Medicaid Services (CMS) for public reporting of
hospital quality based on administrative data.24:2° These methods adjust for case mix
differences among hospitals using patient-level factors, thus permitting comparison of
hospital performance.2® This approach also assumes that there are underlying differences
between hospitals, allowing us to distinguish within-hospital variation from between-
hospital variation in continuous SpO, monitoring use.28

For each hospital, we first calculated the “expected” continuous SpO, monitoring use
proportion given the hospital-specific differences in case mix using patient-level variables.
We used a fixed effects multivariable logistic regression model that included the covariates
meeting pre-specified criteria of having composite Pvalues <.2 for being continuously SpO,
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monitored in the model described in the “Unadjusted” section above. We retained variables
in this model with Pvalues that remained <.2 when included in the multivariable model.
This expected use proportion estimates the monitoring proportion if the set of patients
observed at this hospital were treated at the average hospital.26

We then calculated the “predicted” use proportion for each hospital by incorporating the
hospital-specific random effect into the multivariable fixed effects model (resulting in the
final mixed effects regression model that accounts for hospital-level clustering). We
computed a risk-standardized monitoring proportion for each hospital as the ratio of the
predicted to expected use proportions multiplied by the unadjusted overall proportion across
all hospitals. We constructed percentile-based 95% Cls for the risk-standardized proportions
of each hospital based on 1000 samples.2>:26 We considered hospitals to be “statistical high
use outliers™ if the lower bound of the 95% CI was higher than the overall observed
monitoring proportion, and “statistical low use outliers” if the upper bound of the 95% CI
was lower than the overall proportion.2> We excluded hospitals that submitted fewer than 20
observations from the hospital comparisons.

We used data collection forms designed in REDCap and hosted centrally at Children’s
Hospital of Philadelphia.?’ We used SAS software (SAS Institute Inc.) version 9.4 and Stata
(StataCorp LLC) version 15.1 for analysis. We used publicly available statistical code in the
2018 CMS Mortality Measures “SAS Pack™ to calculate the risk-standardized monitoring
proportion for each hospital and to construct percentile-based 95% Cls. Statistical
significance was indicated by £ <.05 in 2-sided tests.

RESULTS

We collected 3612 observations in 33 freestanding children’s hospitals, 14 children’s
hospitals within hospitals, and 9 community hospitals during the 4-month study period
(Figure 1). Seven hospitals collected fewer than 20 observations and were excluded from
hospital comparisons. Of the 49 hospitals with at least 20 observations, the median number
of observations per hospital was 63 (IQR 50-89). Two hospitals were in Canada; the
remainder were in the US.

The study population of children with bronchiolitis was 59% male, 56% white, 15% black,
and 21% Hispanic or Latino. Their ages were 48% 8 weeks through 5 months, 28% 6
months through 11 months, 16% 12 months through 17 months, and 9% 18 months through
23 months. Overall, 66% of patients had received supplemental oxygen or flow earlier
during their current admission. Investigators performed 43% of observations during
nighttime hours (11PM - 7AM). We found that 10% of observations had another observation
of the same patient phenotype in the preceding 4 days. Other characteristics are in Table 1.

In the patients with bronchiolitis we included, none of whom were receiving any
supplemental oxygen or nasal cannula flow at the time of data collection, the overall
proportion with continuous SpO, monitoring use was 46% (95% CI 40-53% accounting for
clustering at the hospital level, 2-sided £<.001 rejecting the null hypothesis that the
proportion was 30%). Of the 49 hospitals that collected at least 20 observations, the hospital-

JAMA. Author manuscript; available in PMC 2021 April 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bonafide et al.

Page 8

level unadjusted continuous SpO, monitoring use proportions ranged from 2% to 79% for
the 30 freestanding children’s hospitals (hospital-level median 40%), from 7% to 92% for
the 12 children’s hospitals within hospitals (hospital-level median 58%), and from 22% to
77% for the 7 community hospitals (hospital-level median 48%).

In unadjusted fixed effects analysis, the following variables met the pre-specified criteria to
be included in the multivariable model: nighttime, age combined with preterm birth, time
since weaning from supplemental oxygen or flow, documented history of apnea or cyanosis
during the present illness, neurologic impairment, and presence of an enteral feeding tube
(Table 2). Ethnicity met initial criteria to enter the multivariable model based on having a
bivariable association Pvalue <.2 but was eliminated from the multivariable model for a
composite Pvalue of .34.

In the final adjusted mixed effects regression analysis (Table 2), the following variables were
significantly associated with being continuously SpO,-monitored: age combined with
preterm birth (e.g. odds ratio [OR] of age 8 weeks through 5 months and born preterm =
2.58, 95% CI 1.65-4.02, P<.001 relative to reference group of age 18 months through 23
months and not born preterm), time since weaning from supplemental oxygen or flow (e.g.
OR of patients off supplemental oxygen for 2 - < 4 hrs = 5.55, 95% CI 3.91-7.89, /<.001
relative to reference group of never having received supplemental oxygen or flow),
documented history of apnea or cyanosis during the present illness (OR 1.40, 95% CI 1.01-
1.93, P=.041), presence of an enteral feeding tube (OR 1.98, 95% CI 1.46-2.67, /<.001),
and nighttime (OR 2.07, 95% CI 1.76-2.43, £<.001).

Risk-standardized proportions of continuous SpO, monitoring use ranged from 6% to 82%
(Figure 2). Seventeen hospitals were statistical high use outliers (9 freestanding, 6 children’s
hospitals within hospitals, and 2 community hospitals), and 10 hospitals were statistical low
use outliers (6 freestanding, 2 children’s hospitals within hospitals, and 2 community
hospitals). The adjusted model’s intraclass correlation coefficient suggested that 27%
(95%CI 19-36%) of the observed variation was attributable to unmeasured hospital level
factors.

DISCUSSION

In this multicenter cross-sectional study involving a convenience sample of children
hospitalized with bronchiolitis, but not actively receiving supplemental oxygen, continuous
SpO, monitoring occurred frequently and this practice varied widely among hospitals.

To our knowledge, this is the first study to measure continuous SpO, monitoring use in
bronchiolitis using direct observation. In a multicenter pediatric quality improvement
collaborative, use of continuous SpO, monitoring in patients with bronchiolitis off
supplemental oxygen was assumed if an active monitoring order existed at the time the
patient was discharged, but the investigators did not measure the use of continuous SpO,
monitoring at other points in the hospitalization.28 A single center quality improvement
project targeting length of stay reduction in bronchiolitis also used orders as a measure of
continuous versus intermittent SpO, monitoring practice.1! Neither project validated the
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presence of orders against actual monitoring at the bedside. A second single center quality
improvement project identified continuous SpO, monitoring status in children with
wheezing by examining monitor data that was directly integrated into the electronic health
record in order to quantify time on continuous SpO, monitoring after patients were weaned
to every 2-hour albuterol treatments or off supplemental oxygen to room air.2°

This work provides evidence suggesting continuous SpO, monitoring overuse in
bronchiolitis despite national guidelines discouraging its use in this population, and also has
broader implications. Recent estimates suggested that the total cost of waste from
overtreatment or low-value care in United States ranges from $75.7 billion to $101.2 billion.
30 Since the publication of a landmark 2010 article challenging medical specialty societies to
create “Top 5 lists” of frequently ordered tests or treatments that provide little benefit,3!
attention to minimizing the use of low-value, ineffective, or unproven health care practices
increased.32-34 There is an emerging science of deimplementation, the systematic, structured
reduction or elimination of a low value care practices, that may inform efforts to reduce
monitoring overuse.3%:36 This project represents essential first steps in deimplementing an
overused low value care practice: measuring “baseline” or “usual care” practices, measuring
contextual contributors to overuse, and identifying outlier sites to begin the process of
assessing barriers and facilitators to deimplementation.37

This study has several limitations. First, it is possible that the convenience sampling
approach resulted in a sample not representative of the entire population of stable patients
with bronchiolitis. This pragmatic approach was necessary to include a diverse set of
hospitals, many of which had limited resources for data collection. However, since at some
hospitals, data collectors were physicians and nurses, it is possible that during very high
census days in the hospital those individuals were required to provide direct patient care and
thus were unavailable to collect data. If, during high census days, monitor use was more
prevalent, this convenience sampling approach would have biased our findings toward the
null. As physiologic monitoring data become more easily accessible, it is likely that future
studies will determine continuous monitoring status using electronic health record data only,
eliminating the need for in-person data collection. Second, freestanding children’s hospitals
were overrepresented in the sample. There is a need to include more community hospitals in
research since less than 30% of pediatric hospitalizations in the United States take place in
freestanding children’s hospitals.38 Third, the relationships of other hospital-level factors
(e.g. presence of clinical pathways, which have been shown to improve quality of care and
reduce overuse in pediatric asthma,3? or characteristics of the nurse work environment
associated with patient safety#) and other patient-level factors (e.g. work of breathing,
respiratory rate, other comorbidities) were not analyzed in this study but might contribute to
continuous SpO, monitoring use. Fourth, since observers only visited each bedside once
during data collection rounds, it is possible that some patients were classified as being
continuously monitored at time points when they were actually having intermittent vital sign
measurements. Fifth, no data were available to determine if actions were taken to change
monitoring practice during the study period in response to occurrence of the observational
data collection rounds. Actively changing individual practice was discouraged by requiring
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that the data collectors not be simultaneously involved in the care of the patients whose data
were being collected. Actively changing group practice (e.g. at the unit or department level)
in response to feedback of continuous SpO, use results was prevented by hosting and
managing the REDCap database centrally. Individual sites had data entry access only and
could not generate reports or download their raw data. Continuous SpO» use data were
shared with hospitals after the data collection period ended. Sixth, the statistical analysis
accounted for clustering at the hospital level but could not account for patient, nurse, or
physician clustering due to limitations of the data collected.

Conclusions

In a convenience sample of children hospitalized with bronchiolitis but without active
supplemental oxygen administration, continuous SpO, monitoring was frequent and varied
widely among hospitals. Because of the apparent absence of a guideline- or evidence-based
indication for continuous monitoring in this population, this practice may represent overuse.
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KEY POINTS
Question:

What proportion of children hospitalized with viral bronchiolitis who are not receiving
any supplemental oxygen are continuously monitored with pulse oximetry?

Findings:

In this cross-sectional study that included 56 hospitals and 3612 observations of children
hospitalized with bronchiolitis, but without receipt of supplemental oxygen, pulse
oximetry use ranged from 2% to 92%, with a mean of 46%.

M eaning:

Continuous pulse oximetry monitoring among a sample of hospitalized children with
bronchiolitis but without an apparent indication for its use had high prevalence.

JAMA. Author manuscript; available in PMC 2021 April 21.
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Included in descriptive statistics and regression analysis

n=56 hospitals
n=3612 observations

Freestanding children’s hospitals Children’s hospitals within hospitals Community hospitals
n=33 hospitals n=14 hospitals n=9 hospitals
n=2667 observations n=591 observations n=354 observations

Hospitals excluded for collecting
fewer than 20 observations

n=7 hospitals
n=87 observations

Freestanding children’s hospitals
n=3 hospitals
n=39 observations

Children’s hospitals within hospitals
n=2 hospitals
n=24 observations

Community hospitals
n=2 hospitals
n=24 observations

A4
Included in hospital comparisons

n=49 hospitals
n=3525 observations

Freestanding children’s hospitals Children’s hospitals within hospitals Community hospitals
n=30 hospitals n=12 hospitals n=7 hospitals
n=2628 observations n=567 observations n=330 observations
Figurel.

Flow diagram of hospitals and observations used in the study.
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Table 1.

Characteristics of sampled patients with bronchiolitis not receiving any supplemental oxygen or nasal cannula
flow.

Variable Observations, n (%)

Patient Demographics

Age
8 weeks through 5 months 1742 (48%)
6 months through 11 months 1001  (28%)
12 months through 17 months 560 (16%)
18 months through 23 months 309 (9%)
Gestational age
Preterm (28 0/7 to 33 6/7 weeks documented in chart) 361  (10%)
Not preterm? 3251 (90%)
Sex
Male 2125 (59%)
Female 1485  (41%)
Not specified 2 (<1%)
Raceb
White 2,034 (56%)
Black or African American 553  (15%)
Specified as “Other” 500 (14%)
Specified as “Unknown” 279 (8%)
Asian 144 (4%)
More than one race 56  (2%)
Native Hawaiian or Pacific Islander 30 (1%)
American Indian or Alaska Native 16  (<1%)
Ethnicityl7
Not Hispanic or Latino 2454 (68%)
Hispanic or Latino 766  (21%)
Unknown 259  (7T%)
Other 133 (4%)

IlIness characteristics at time of observation

Time since weaning from supplemental oxygen or flow

Never received 1190 (33%)
Off<1hr 80  (2%)
off1-<2hrs 148 (4%)
Off 2-<4hrs 244 (T%)
Off4-<6hrs 234 (6%)
Off 6 - <12 hrs 505  (14%)
Off 12 - < 24 hrs 687  (19%)
Off 24 hrs + 499 (14%)

JAMA. Author manuscript; available in PMC 2021 April 21.
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Variable
Unknown

Prior intensive care unit stay during present hospitalization

. C
Apnea or cyanosis

Comorbid condition associated with neurologic impairmentd

Enteral feeding tube in place (nasogastric or gastrostomy)

Hospital type®
Freestanding (n=33)
Children’s hospital within hospital (n=14)
Community (n=9)
Time of day observation performed
Day (10AM - 5PM)
Night (1LPM - 7AM)

Observations, n (%)
25 (<1%)
884  (24%)

235 (79%)
93 (3%)
305 (8%)

2667  (74%)
501 (16%)
354 (10%)

2073 (57%)
1539 (43%)

Note: For some variables, the sum of percentages does not equal 100% due to rounding.

Page 18

a . A . .
Not preterm included the following: documented gestational age 34 0/7 weeks and above, or absence of gestational age but documented as full
term, or absence of gestational age but not labeled in chart as preterm or premature.

bPatient family-reported race and ethnicity were abstracted from charts in categories defined by the Standards for the Classification of Federal Data
on Race and Ethnicity, in compliance with NIH inclusion reporting policies.

Includes documentation of apnea or cyanosis occurring at home or in hospital during the present illness.

dStatic encephalopathy, cerebral palsy, hydrocephalus, spina bifida, epilepsy/seizure disorder, or hypotonia.

eNumber of observations by hospital type (median, IQR): Freestanding (70, 61-95); Hospital within hospital (38, 24-62); Community (35, 29-57).

JAMA. Author manuscript; available in PMC 2021 April 21.



Page 19

Bonafide et al.

apn|joul 10
Qu pnjoul 10N
apNnjoul 10

Qc pnjout 10N
[souaiayai]
8T LET 0S80

—8T°0
g6’ 'l 10T

=20
8y’ 8G'T LL0

—8€°0

100>

T LT 9T

€60
8y’ S0C 12T

=20
L00° €0¢ 16T

<11
100> 20y 8G'C

—S9'T
VIN VIN VIN VIN
Lnrea aneA 1D %S6 AJpwixo
Jo1s0duion d AloBare)d as|nd
; snonu1uod
Joasn 1o} 4O

numm:.u,q

19

45

I

VIN

Lnea
d91sodwo)

4%} €2'1-06°0
68 LY'2-9%°0
g8 SY'T-v.°0
L6 98'1T-¢5°0
T €7’ 1-68°0
89’ 65 T-7.°0
€0 99'T-€0'T
[4) €8'CCT'T
VIN VIN
anfeA 1D %56
d AloBare)d
peisnipeun

[ERIEIETEY]|

S0'T

[EREIETEY]]

[Bouaiayai]

VIN

A1Bwixo
as|nd
snonuuod
jo

asn Joj 4O

ei4

A4
9

44

14

14

44

4

144

67

99

ti4

%

‘K1pwixo as|ind
Yim peoliuow
Asnonunuo)

8€6

c0L
116

0ct

0T

6T¢

0¢

4014

Ly

85/

€01

¥€0¢

S8v1
§¢1e

98¢

€¢

4%

8y

768

L0T

6SST

€8T

aMUM

a0e
;oo

alewaS
aleN
xS

wiayaud
J0U ‘syluow €2
ybnoayy syluow g1

wiayaud
‘sypuow €2
ybnoayy syuow g1

wiayaud
J0U ‘syluow /T
ybnoayy syluow zZ1

wiayaud
‘sypuow /T
ybnoayy syluow zZT1

wiayaud
J0U ‘syluow TT
ybno.y} syluow 9

wiayaud
‘sypuow TT
ybno.y} syluow 9

wiayaud
J0U ‘syjuow
G ybnoayy syeam g

wuglald ‘syjuow
G ybnouy syeam g

u\romo“mu abe [euoireisab pue aby

6/9T

u
‘K1wixo as|nd
yiim paJoyiuow

Asnonunuo)

¢19¢

u‘reloL

(srendsoy
9G=U)|[e BAO

a|qel.re/

"MOJJ BjNuUURI [eseu 1o usbAxo euawsalddns Aue Buiaiadal Jou siIIjoIyduoIg Yum sjuaied ul asn Anawixo asjnd snonunuo)

Author Manuscript

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2021 April 21.



Page 20

Bonafide et al.

0" Y0 €6'T or'T
=101
apN[oul 10
Qc pnjoul 10N
€0’ 160 S0
-850
(/4 SY'T 9T'T
—€6°0
100> cLe [4%4
—G9'T
100> €Ty 96°¢C
HOOV —€T'¢
100> 68'L G5'S
-16°€
100> 0€'6 L6'S
-8’
100> L0'6 108
-9.°C
[souaiayai]
apnjoul 10
Qu pnjoul 10N
2nren aneA 1D %S6 A1pwixo
qe1soduos d AloBere) as|nd
: snonu1uod
joasn Jo} 4O
nvwm:.c<

20 20 98T-L0T
S
vS  6ET-Y80
vL TET890
100 08T-860

100> €6'¢¢v'l

100> 8G°¢-6V'T

100>
T00> 19'6-1€¢C
T00™> GE'8-09°¢C
T00° €6°TT-06'T
06’ 189'1T-¢90
€g’ 89'T-LL0
w 200 86T-S0T
€g’ 8¢'T-¢9°0
Ly €9'T-¢80
PNeA anfeA 1D %S6
dasodwion d Alobare)d
pasnipeun

A

[ERIEIETET]|

80T

§6'0

SL'y

[souaiayai]

160
vi'T
SY'T

[souaiayai]

060

4"
A1BWwIxo
as|nd
snonu1uod
0

asn 1o} 4O

¥S

9
8y

8¢t

§5¢T
vey

S€¢C

8¢le
788

SSA

u\w_wo%\ﬂo
1o eaudy

ON
SIA

uolirezifelidsoy jussad Bulinp Aels 1luUnaJed aAsUBIU |

9€

144

SS9

85

89

€L

IZA

LE

6.1

c0¢€

9/¢

SET

99T

80T

65

1444

66V

189

S0S

144

1444

8T

08

06TT

+ 81y vZ HO

slyye >-2¢lH0

Siyer>-940

SIy9>-vHO

Siyy>-¢Ho

siyec>-THO

YT>40

[SEAVEREIWENEIN]

gVl 10 uabAxo rewsws|ddns wo .y Buiueamaouis awi |

144
8y
¥S
144

o4

6%

%

‘AlpWixo as|nd
Ylm pa.Joyiuow
Asnonunuo)

89
€Ct
[0)47

880T

6€C

¢0S

u
‘A1pwixo as|nd
Uiim paoyiuow

Asnonunuo)

€ET
65¢
99/
145144

€55

G¢0T
u‘reloL

B_YIO
umouxun
oureT Jo oruedsiH

oune
J1o o1uedsiH 10N

A1
P 10luylg

uedLIBWY
UBdLYY 10 Moe|g

JBy10
a|qelren

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2021 April 21.



Page 21

Bonafide et al.

aJnyewsald Jo wuslaud

se 1eyd Ul pajage] Jou Ing abe [euorielsah Jo 9oUasqe 40 ‘W3) [N} Se PaIUBWINI0P NG bk [eUONLISaH JO 9OUBSTR IO ‘BA0JE PUB SHI9M //0 7€ 3Bk [euonelsah parusunoop :Buimol|oy ayy papnjour wisiald 1N,

7€ 10 an[eA d 8}1S0dW o9 B 40} [9pOW 3|qeIIEAI}NW Y} WOJ) Pajeulwl]d Sem Ing Z'> anjeA d 8)1sodwod Uole1dosse ajgelieAlq e Buiney
UO paseq [apoW 8y} Ja)ua 0} BLIaILI [eniul 1w ANd1uyl3 pawopad uoleasasqo Aep Jo awiy pue ‘aoejd ul agny Buipasy [elsjus ‘Juswiiredwi 9160]04NaU UM PaleIdosSe UOIIIPUOD PIGIOW0d ‘SISoueAd 1o eaude
‘Mol} 10 uabAxo [eyuawajddns wouy Buiueam aduls awi ‘A106ayed abe [euoijeisab pue aby :[apow dqeLIeAI}NW By} Ul papnjoul aq 03 (SPOYIBIAl 98S) eLIalLI0 paiioads-aid ay) 1w sajqerien Buimoljoy ay

q

1591 pIeAA Buisn paurelqo anjeA-d ausodwod ‘sario0bared ajdiynw Yim sajqerien c_m

"0138J SPPO ‘YO [eAISIUI BOUSPYUOD ‘| SUOIRINBIGAY

100>

100>

oT

Enrea
d91sodwo)

100> ev'e 10¢C
9.1
[ERIEIETET]]
3pNn|aul 10
Qu pnjoul 10N
[souaiayai]
100> 19C 86T
—-or'1T
[souaiayai]
oT e 0S'T
—€6°0
[ERIEIETEY]|
aneA 1D %S6 A1BWIxo
d AloBere) as|nd
snonuuod
joasn Jo} 4O
nvwﬁ:.u(

100>  S8T-/TT
100>

98 20°7-S50

62 €LTL0
8

100> 100> LTZ€2T

80’ 80" 907960

PNEeA anfeA 1D %96

d91sodwo) d Aiobered
peENIpeun

€597

[ERIEIETET]|

90T
T

[8ouauayai]

[8ouauayai]

91T

[souaiayai]

A

[ERIEIETEY]|

A1BWwIxo
as|nd
snonu1uod
0

asn 1o} 4O

€9

474

9
¥S

4

4
89

4
SS

608

0.8

6€ST (ANVL
- INATT) WBIN

€102 (AdS
- NV0T) Ae@

pow Joyed uoirensesqo Aep joawi]

Y91
LT€

86TT

€0ST
9.1

8¢91
18

Yy

¥5e  (6=U) Anunwwod
165 (yT=u) rendsoy
uiyum Jendsoy

S.uapiiyo

1992 (gg=u)
Buipuelsaaiq

adA} [eyidsoH

L0ge ON
S0€ SOA
aoe|d uiagnl buipssy [eeug
61GE ON
€6 SOA

meE:mQE_ 21600 rBU Y1IM PaTRIDOSSE UOI1IPUOoD PigJowo)

ei4

%

‘AlpWixo as|nd
Ylm pa.Joyiuow
Asnonunuo)

TSGT

u
‘A1pwixo as|nd
Uiim paoyiuow

Asnonunuo)

LIEE ON
u‘reloL a|qelren

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

JAMA. Author manuscript; available in PMC 2021 April 21.



Page 22

Bonafide et al.

‘Awoiso.ised 1o o_:wmmo%zc

"e1u030dAY Jo ‘1apiosip ainzias/Asdajida ‘epiiq euids ‘snjeydasoipAy ‘Asjed [eigasad ‘Ayredofeydsous Q:Smm
"ssau|1 Juasaid ayy Burnp eydsoy ut Jo swoy Je BurLInago sIsoueAd Jo eaude Jo UOIEIUBLINIOP mwu:_ocw
"9]qeL WoJy papnjoxe (Gg=u) Buiueam aduls swr umowiun,

‘umou|un se paiy1oads ‘ayio se patyloads

‘3081 9UO UBY) 2JOW SB paijIoads ‘Iapuels| o119ed 10 UBliBMEH SAIIBN ‘UBISY ‘SAITRN BYSe|Y JO URIpU| UBdLIBWY Sa1i0Ba1ed BuIMo||0) 8y} JO |[e SauIquiod 8.l , J3Ll0,, ‘dIdeL Siul U] 'sa1aljod Burodas

uoIsN|oUl HIN Yyam souerjdwod Ut ‘AloIuylg pue soey Uo ejeq [elapa- JO UOITRILISSe|D ay) J0) SpIepuels a1 Aq paunyap saliobales ul SLeyd Wwody paloensae aiam ANd1uyis pue soel pariodai-Ajiwey Em:mau

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAMA. Author manuscript; available in PMC 2021 April 21.



	Table T1
	Abstract
	INTRODUCTION
	METHODS
	Design
	Setting
	Patients
	Data collection
	Observational rounds for primary outcome
	Chart review for demographic and clinical variables (covariates)

	Analysis
	Unadjusted
	Adjusted



	RESULTS
	DISCUSSION
	Limitations
	Conclusions

	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

