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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 (SpO2) monitoring has enabled timely detection of oxygen 

desaturation and improved outcomes in operating rooms1 and other high-risk settings2 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.4 Bronchiolitis hospital 

care is primarily supportive, including nasopharyngeal suctioning, nasogastric or intravenous 

fluids, and supplemental oxygen. Continuous SpO2 monitoring in children with bronchiolitis 

who are not also requiring supplemental oxygen has been recognized as a form of medical 

overuse.5–7

Risks associated with continuous SpO2 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 SpO2 monitoring in bronchiolitis is guided by an American 

Academy of Pediatrics (AAP) Clinical Practice Guideline5 and Society of Hospital Medicine 

(SHM) Choosing Wisely recommendations.6 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.”6

The primary objective of this study was to determine the extent of continuous SpO2 

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 SpO2 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 SpO2 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.16 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).17 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

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” (10AM - 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 protocol16) 

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.19 

In addition to reporting, we planned to analyze race and ethnicity as variables possibly 

associated with continuous SpO2 monitoring, which could suggest important disparities in 

care based on race or ethnicity.

Analysis

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 SpO2 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 (CI) 

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 risk20–23 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.24,25 These methods adjust for case mix 

differences among hospitals using patient-level factors, thus permitting comparison of 

hospital performance.25 This approach also assumes that there are underlying differences 

between hospitals, allowing us to distinguish within-hospital variation from between-

hospital variation in continuous SpO2 monitoring use.26

For each hospital, we first calculated the “expected” continuous SpO2 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 P values <.2 for being continuously SpO2 
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monitored in the model described in the “Unadjusted” section above. We retained variables 

in this model with P values 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% CIs for the risk-standardized proportions 

of each hospital based on 1000 samples.25,26 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.25 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.27 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% CIs. Statistical 

significance was indicated by P <.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 SpO2 monitoring use was 46% (95% CI 40–53% accounting for 

clustering at the hospital level, 2-sided P <.001 rejecting the null hypothesis that the 

proportion was 30%). Of the 49 hospitals that collected at least 20 observations, the hospital-
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level unadjusted continuous SpO2 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 P value <.2 but was eliminated from the multivariable model for a 

composite P value of .34.

In the final adjusted mixed effects regression analysis (Table 2), the following variables were 

significantly associated with being continuously SpO2-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, P<.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, P<.001), 

and nighttime (OR 2.07, 95% CI 1.76–2.43, P<.001).

Risk-standardized proportions of continuous SpO2 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 

SpO2 monitoring occurred frequently and this practice varied widely among hospitals.

To our knowledge, this is the first study to measure continuous SpO2 monitoring use in 

bronchiolitis using direct observation. In a multicenter pediatric quality improvement 

collaborative, use of continuous SpO2 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 SpO2 

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 SpO2 monitoring practice.11 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 SpO2 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 SpO2 monitoring after patients were weaned 

to every 2-hour albuterol treatments or off supplemental oxygen to room air.29

This work provides evidence suggesting continuous SpO2 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,31 

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.35,36 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

Limitations

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,39 or characteristics of the nurse work environment 

associated with patient safety40) 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 SpO2 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 SpO2 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 SpO2 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 SpO2 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%.

Meaning:

Continuous pulse oximetry monitoring among a sample of hospitalized children with 

bronchiolitis but without an apparent indication for its use had high prevalence.
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Figure 1. 
Flow diagram of hospitals and observations used in the study.
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Figure 2. 
Continuous pulse oximetry use in patients with bronchiolitis not receiving any supplemental 

oxygen or nasal cannula flow at 49 hospitals. Patients were 8 weeks through 23 months old. 

Points represent the proportion of patients with bronchiolitis actively monitored with 

continuous pulse oximetry, measured using direct observation. The risk-standardized 

proportion for each hospital is the ratio of the predicted to expected use proportions 

multiplied by the overall proportion across all hospitals. Hospitals are ordered by risk-

standardized proportion of patients monitored.
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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
a

3251 (90%)

  Sex

   Male 2125 (59%)

   Female 1485 (41%)

   Not specified 2 (<1%)

  Race
b

   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%)

  Ethnicity
b

   Not Hispanic or Latino 2454 (68%)

   Hispanic or Latino 766 (21%)

   Unknown 259 (7%)

   Other 133 (4%)

Illness characteristics at time of observation

  Time since weaning from supplemental oxygen or flow

   Never received 1190 (33%)

    Off < 1 hr 80 (2%)

    Off 1 - < 2 hrs 148 (4%)

    Off 2 - < 4 hrs 244 (7%)

    Off 4 - < 6 hrs 234 (6%)

    Off 6 - < 12 hrs 505 (14%)

    Off 12 - < 24 hrs 687 (19%)

    Off 24 hrs + 499 (14%)
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Variable Observations, n (%)

    Unknown 25 (<1%)

  Prior intensive care unit stay during present hospitalization  884 (24%)

  Apnea or cyanosis
c 235 (7%)

  Comorbid condition associated with neurologic impairment
d 93 (3%)

  Enteral feeding tube in place (nasogastric or gastrostomy) 305 (8%)

  Hospital type
e

   Freestanding (n=33) 2667 (74%)

   Children’s hospital within hospital (n=14) 591 (16%)

   Community (n=9) 354 (10%)

  Time of day observation performed

   Day (10AM - 5PM) 2073 (57%)

   Night (11PM - 7AM) 1539 (43%)

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

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.

b
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.

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

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

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