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Continuous pulse oximetry monitoring in stable patients
with bronchiolitis is discouraged by national guidelines in
order to reduce overuse, yet wide practice variation exists
among hospitals. Understanding the association between
monitoring overuse and hospital unit-level factors may
identify areas for improvement. Conducted at 25 sites
from the Pediatric Research in Inpatient Settings (PRIS)
Network’s Eliminating Monitoring Overuse (EMO) study,
this substudy used data from 2,366 in-person observations
of pulse oximetry use in patients with bronchiolitis to
determine whether hospital unit-level factors were
associated with variation in pulse oximetry use for patients
in whom continuous monitoring is not indicated. Hospital

C

ontinuous pulse oximetry monitoring in children
with bronchiolitis who don’t require supplemental
oxygen is discouraged by practice guidelines and
is recognized as a form of medical overuse.1-3 This
practice can be associated with negative outcomes, including
prolonged length of stay,4-6 increased cost of hospitalization,7
and alarm fatigue among nurses.8 Despite initiatives to reduce
continuous pulse oximetry monitoring in stable patients with
bronchiolitis,1,2 wide practice variation exists between hospitals.9,10 Previous studies have shown that higher prevalence of
inpatient bronchiolitis admissions is associated with decreased
utilization of unnecessary interventions.11 However, the relationship between pulse oximetry use and bronchiolitis prevalence has not been studied. The objective of this study is to
test the hypothesis that hospital units with lower proportions of
patients admitted for bronchiolitis and those with fewer general pediatrics patients relative to subspecialty patients would
have higher rates of pulse oximetry overuse.
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units were classified by bronchiolitis admission burden.
Monitoring rates were analyzed in a mixed-effects model
that accounted for variation in baseline monitoring rates
among hospitals and adjusted for covariates significantly
associated with continuous pulse oximetry monitoring use
in the primary study’s analysis. Low burden units (<10% of
total admissions) had a 2.16-fold increased odds of pulse
oximetry overuse compared to high burden units (≥40% of
total admissions) (95% CI, 1.27-3.69; P = .01). These results
suggest that units caring for a lower percentage of patients
with bronchiolitis are more likely to overuse pulse oximetry
despite national guidelines. Journal of Hospital Medicine
2020;15:669-672. © 2020 Society of Hospital Medicine

METHODS

Study Design
We conducted a substudy of the Pediatric Research in Inpatient Settings (PRIS) Network’s Eliminating Monitoring Overuse
(EMO) pulse oximetry study,10,12 a 56-hospital cross-sectional
study that used direct observation to measure the prevalence
of continuous pulse oximetry monitoring in hospitalized infants with bronchiolitis who did not require supplemental oxygen between December 1, 2018, through March 31, 2019. This
substudy was not included as part of the original aims of the
project and was proposed as a separate analysis during data
collection. For US sites, the Institutional Review Board (IRB) at
Children’s Hospital of Philadelphia approved the study and
served as the central IRB. The Research Ethics Board at University of Calgary also approved the study.

Site Selection
Hospitals with at least 60 observations were eligible for inclusion. Of the 32 hospitals that conducted the minimum observations, 25 agreed to participate (21 free-standing children’s
hospitals, 3 children’s hospitals within general hospitals, and 1
community hospital).
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Patient Population
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The parent study included patients aged 8 weeks through 23
months with a primary diagnosis of bronchiolitis. Patients were
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TABLE. Pulse Oximetry Monitoring by Bronchiolitis Admission Burden Category
No. bronchiolitis bedside observations
(N = 2,366)

Unadjusted observed use, % of patients
(95% CI)b

Modeled use, % of patients
(95% CI)c

<10%

422

48.3 (35.9-60.8)

49.1 (39.5-58.7)

10% to <20%

646

39.0 (21.8-56.3)

40.3 (31.5-49.0)

20% to <30%

281

36.3 (16.0-56.5)

40.4 (30.1-50.8)

30% to <40%

484

35.7 (21.0-50.5)

35.6 (26.6-44.6)

≥40%

533

52.2 (40.3-64.0)

34.8 (24.5-44.6)

Unit’s bronchiolitis admission burdena

Percentage of bronchiolitis admissions out of unit’s total admissions.
Width of 95% CI accounts for within-hospital clustering.
c
The mixed effects model used a random intercept for each hospital to account for hospital-level variation. It is adjusted for covariates identified in the primary study’s analysis (age combined
with preterm birth, time since weaning from supplemental oxygen or flow, documented history of apnea or cyanosis during the present illness, presence of an enteral feeding tube, history of
neurologic impairment, and nighttime observation).
a

b

included only if they were not receiving supplemental oxygen
or nasal cannula flow at the time of data collection. The inclusion and exclusion criteria were for both the parent study
and the substudy. Further inclusion and exclusion criteria have
been described previously.10,12

Data Collection
In order to ascertain continuous pulse oximetry monitoring
status, staff at each hospital performed observational rounds
by walking to the bedside of each patient who met inclusion
criteria. Additional methodology for the parent study has been
published elsewhere.10,12

Bronchiolitis Admission Volume by Unit
Collaborators at each hospital gathered bronchiolitis census
data from each unit that admitted patients with bronchiolitis.
Units were identified prior to data collection and were characterized at the institution level based on previous local definitions. Each site was responsible for using institution-specific
data collection methods for determining bronchiolitis and total
admissions on each unit (eg, departmental reports or directly
querying admissions data using International Classification of
Diseases, Tenth Revision, diagnosis codes for bronchiolitis)
over the same period as the parent study. Following data analysis, bronchiolitis admission burden was classified into five categories, based on less than 10%, 10% to less than 20%, 20% to
less than 30%, 30% to less than 40%, or 40% or more of total
admissions having a primary discharge diagnosis of bronchiolitis during the study period. This categorization allowed investigators to determine whether there was a dose-dependent
response among categories.

Unit Composition
Site investigators also completed a survey identifying which
patients were admitted to each unit (eg, general pediatrics
only, medical subspecialty, surgical). Based on these results,
units were further classified into seven types (Appendix Table).
For the final analysis, units caring exclusively for general pediatrics patients were compared to all other unit types.
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Analysis
Bronchiolitis admission burden and unit composition data
were combined with observations of pulse oximetry monitoring use of patients not requiring supplemental oxygen from
the parent study. We determined unadjusted observed monitoring proportions for each unit’s bronchiolitis admission burden category across all 25 hospitals. This was calculated as a
simple proportion of the total number of observations during
which patients were continuously monitored divided by the
total number of observations performed within each unit’s admission category. We then calculated unadjusted odds ratios
using the 40% and higher bronchiolitis admission burden category as a reference. We calculated similar proportions and
odds ratios for the dichotomous unit composition variable.
Next, we used mixed-effects logistic regression with a random
intercept for each hospital to allow for differences in baseline
monitoring rates, which varied widely between hospitals (2%
to 92%),10 to calculate adjusted odds ratios for the unit’s admission category and unit’s composition. We also adjusted for the
same covariates used in the primary study’s analysis (Table).10

RESULTS
We analyzed 2,366 observations of bronchiolitis patients from
25 hospitals. Most observations were concentrated in freestanding children’s hospitals (89%), and 50% were from hospitals with more than 250 pediatric beds. Observations were well
distributed among the five categories of admit burden (Table).
In unadjusted regression, the relationship between admission burden and rate of pulse oximetry use did not appear to
be dose-dependent, and 95% CIs were wide. We then analyzed the data accounting for baseline differences in hospital
monitoring rates and adjusted for the covariates significantly
associated with continuous pulse oximetry monitoring in the
primary study’s analysis with use of a mixed-effects model.
As shown in the Table, low-burden units in which bronchiolitis constituted less than 10% of total admissions had a 2.16fold increased odds of unnecessary pulse oximetry monitoring
compared to high-burden units in which bronchiolitis constituted 40% or more of total admissions (95% CI, 1.27-3.69; P =
An Official Publication of the Society of Hospital Medicine
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.01).
In examining the subspecialty unit composition, 596 observations (25.2%) were conducted on units exclusively caring for
general pediatrics patients. In the mixed-effects model adjusted for bronchiolitis admission burden and the covariates used
in the study’s primary analysis, units exclusively caring for general pediatrics patients did not have significantly different independent odds of pulse oximetry monitoring use compared
to units with a mixed patient population (OR 1.01; 95% CI, 0.711.45; P = .95) (Appendix Table).

DISCUSSION
In this multicenter observational study of children hospitalized
with bronchiolitis not concurrently receiving supplemental oxygen, units that only occasionally cared for bronchiolitis patients
appeared to be more likely to overuse continuous pulse oximetry during bronchiolitis hospitalizations.
This finding was not immediately apparent when examining
the raw data because of wide hospital-level variation in continuous pulse oximetry monitoring use. However, when the high
degree of hospital-level variation in baseline overuse was accounted for with use of a random intercept for each hospital
in the mixed-effects model, units that cared for higher proportions of bronchiolitis patients had significantly lower odds of
continuous pulse oximetry monitoring use compared to units
that cared for these infants infrequently.
As many institutions have subspecialized units to cultivate
nursing expertise for care of certain diseases and patient populations, we hypothesized that units caring primarily for children on general pediatrics units would also have lower rates
of monitoring overuse compared to mixed units. Interestingly,
these units did not perform better, likely because potential cultural factors that might contribute to differences in monitoring
are accounted for by bronchiolitis admission burden.
Our findings build on prior literature by demonstrating that
unit-level, as well as hospital-level, factors appear to drive overuse in healthcare. A prior single-site retrospective cohort study
demonstrated an association between higher prevalence of
inpatient bronchiolitis and decreased use of unnecessary interventions such as laboratory and radiographic testing, as well as
steroid and antibiotic administration.11 Although study of the
relationship between volume and quality is not new to healthcare, to our knowledge, this study is the first to examine the
relationship between pulse oximetry overuse in bronchiolitis
and unit-level factors like admission burden and subspecialty
composition.
There are several limitations. First, because the study population included only children not receiving supplemental oxygen, both the parent study and this substudy assumed that
all observed use of pulse oximetry monitoring was overuse. In
some cases, however, there may have been other compelling
clinical reasons, institutional policies, or differences in pulse
oximetry availability that were not captured during data collection or in our adjusted model. Second, hospitals used convenience sampling. It is possible this resulted in samples that
were not representative of each unit’s underlying patient popAn Official Publication of the Society of Hospital Medicine

ulation or monitoring practice. In addition, not all of the 32 eligible sites were able to provide data related to hospital admissions at the unit level and thus are not included in our analysis.
This remains a potential source of hospital-level selection bias.

CONCLUSION
These findings demonstrate that high bronchiolitis admission burden correlates with lower rates of unnecessary pulse
oximetry monitoring in bronchiolitis. We speculate that these
outcomes might reflect differing degrees of nursing comfort,
expertise, and unit-level norms in caring for bronchiolitis patients, although our study was not designed to establish underlying causes. Identification of operating principles that
underpin low pulse oximetry monitoring on high-burden units
will provide guidance for decreasing unnecessary monitoring
and will inform future studies seeking ways to discourage continuous pulse oximetry monitoring in low-risk infants. Given the
institutional variation in monitoring rates, future studies examining both institution-wide and unit-level interventions will be
necessary to decrease unnecessary pulse oximetry monitoring
in bronchiolitis. Furthermore, these findings may be relevant to
studying care quality in other disease processes, with bronchiolitis serving as a model illness for overuse.
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