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A s part of improvement collaboratives that aimed 
to reduce overuse of continuous pulse oximetry in 
children hospitalized with bronchiolitis, researchers 
used the presence of an active order for it as a proxy 

for the actual use of such monitoring.1,2 With use of this proxy, 
investigators on a national study documented a high burden 
of continuous oximetry overuse (86.5% before quality improve-
ment interventions and 45.5% after),1 but the validity of orders 
in representing actual monitoring practice is unknown. If the 
presence of an active pulse oximetry order accurately identifies 
infants on monitors, electronic health record data could inform 
epidemiologic estimates of monitoring overuse and measure 
the success of quality improvement and deimplementation 
interventions. Alternatively, if nurses commonly begin and/or 
discontinue pulse oximetry without updated orders, a pulse 
oximetry order would not be an accurate proxy, and additional 
data capture methods (eg, bedside observation or data cap-
ture from bedside monitors) would be needed. 

Understanding the validity of orders for detection of actual use 
is critical because continuous pulse oximetry monitoring is con-
sidered an overused practice in pediatric acute viral bronchiolitis,3 
and national guidelines recommend against its use in low-risk 
hospitalized children.4,5 Continuous monitoring may identify trivi-
al, self-resolving oxygen desaturation and its use is not associat-
ed with improved outcomes.6-9 When self-resolving desaturations 
are treated with additional supplemental oxygen, hospital stays 
may be unnecessarily prolonged.10 In order to reduce unnecessary 
continuous pulse oximetry use, measurement of the extent of the 
overused practice is necessary. In this 56-hospital study,11 we aimed 
to determine the validity of using active continuous pulse oximetry 
orders instead of bedside observation of actual monitor use.

METHODS 
Design
In this multicenter, repeated cross-sectional study, investiga-
tors used direct bedside observation to determine continuous 
pulse oximetry monitor use and then assessed whether an ac-
tive continuous monitoring order was present in the electronic 
health record. The study took place during one bronchiolitis 
season, December 1, 2018, through March 31, 2019. 

Setting and Patients
Investigators at 56 freestanding children’s hospitals, children’s 
hospitals within general hospitals, and community hospitals in 
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The accuracy of pulse oximetry monitor orders for 
identifying infants with bronchiolitis who are being 
continuously monitored is unknown. In this 56-hospital 
repeated cross-sectional study, investigators used 
direct bedside observation to determine continuous 
pulse oximetry monitor use and then assessed if an 
active continuous monitoring order was present in the 
electronic health record. Investigators completed  
3,612 observations of infants aged 8 weeks to 23 months 
hospitalized with bronchiolitis and on room air.  

Most monitored infants did not have an active  
monitoring order (sensitivity 49% [95% CI, 41-57]).  
The positive predictive value of a monitoring order  
was 77% (95% CI, 72-82), and the negative predictive 
value was 69% (95% CI, 61-77). Teams intending 
to measure continuous pulse oximetry use should 
understand the limitations of using electronic health 
record orders as a stand-alone measure. Journal of 
Hospital Medicine 2020;15:665-668. © 2020 Society  
of Hospital Medicine
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the Pediatric Research in Inpatient Settings (PRIS) Network col-
lected data on infants aged 8 weeks to 23 months who were 
hospitalized with bronchiolitis. As this work was a substudy of 
the larger Eliminating Monitor Overuse study, only infants not 
currently receiving supplemental oxygen were included.11 In-
vestigators observed eligible infants outside of the intensive 
care unit on general hospital medicine units. We excluded in-
fants born premature (documented prematurity of <28 weeks’ 
gestation or documented “premature” without a gestational 
age listed), as well as those with a home oxygen requirement, 
cyanotic congenital heart disease, pulmonary hypertension, 
tracheostomy, primary neuromuscular disease, immunodefi-
ciency, or cancer.

Data Collection
Investigators used the electronic health record to identify el-
igible infants. Investigators entered patient rooms to confirm 
the infant was not on supplemental oxygen (hence confirming 
eligibility for the study) and determine if continuous pulse ox-
imetry was actively in use by examining the monitor display 
for a pulse oximetry waveform. Investigators then confirmed 
if active orders for pulse oximetry were present in the patient’s 
chart. Per study design, site investigators aimed to observe ap-
proximately half of eligible infants during the day (10 am to 5 
pm) and the other half during the night (11 pm to 7 am).

Analysis
We excluded patients with conditional orders (eg, monitored 
only when certain conditions exist, such as when asleep) be-
cause of the time-varying and wide range of conditions that 
could be specified. Furthermore, conditional orders would not 
be useful as proxies to measure oximetry use because investi-
gators would still need additional data (eg, bedside observa-
tion) to determine current monitoring status. 

We calculated the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) of active 
orders using the reference standard of direct bedside ob-
servation, as well as corresponding 95% CIs that accounted 
for within-hospital clustering. We calculated these test char-
acteristics overall and as stratified across four age groups:  
8 weeks to 5 months, 6 months to 11 months, 12 months to 17 
months, and 18 months to 23 months. We also calculated the 
test characteristics for each hospital. We decided a priori that 
a PPV and NPV of 80% would represent a reasonable thresh-
old to use active orders as a proxy in multicenter research. For 
hospital-level analyses we included only hospitals with 60 or 
more total observations and more than 15 observations with 
active orders for PPV and more than 15 observations without 
active orders for NPV. We used Stata (StataCorp LLC, College 
Station, Texas) version 15.1 for analysis. 

For US sites, the Institutional Review Board (IRB) at Children’s 
Hospital of Philadelphia approved the study as the single re-
viewing IRB, and the remaining US sites established reliance 
agreements with the reviewing IRB. Research Ethics Boards at 
the Canadian sites (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.

RESULTS 
Investigators completed 3,612 observations in 56 hospitals. 
This included 33 freestanding children’s hospitals, 14 hospitals 
within large general hospitals, and 9 community hospitals. Of 
3,612 completed observations, on 631 occasions (17%) pa-
tients had conditional orders (eg, continuous monitoring only 
when sleeping) and were excluded from further analysis.

Most pulse oximetry–monitored infants did not have an ac-
tive monitoring order (670 out of 1,309; sensitivity of 49%). Test 
characteristics, stratified by age group, are presented in the Ta-
ble. Across all observations, the overall PPV was 77% (95% CI, 
72-82), and the overall NPV was 69% (95% CI, 61-77). Variation 
of all test characteristics across age group was small (eg, the 
sensitivity ranged from 43% to 51%).

With inclusion of only those hospitals with sufficient observa-
tions, hospital-level variation in the PPV and NPV of using active 
orders was substantial (PPV range of 48% to 96% and NPV range 
of 30% to 98%). Only two hospitals had both a PPV and NPV for 
using monitor orders that exceeded the 80% threshold.

DISCUSSION
Active continuous pulse oximetry orders did not accurately rep-
resent actual monitoring status in this study. Monitoring orders 
alone frequently misrepresent true monitoring status and, as 
such, should be interpreted with caution in research or quality 
improvement activities. If more valid estimates of monitoring use 
and overuse are needed, potential measurement options include 
direct observation, as used in our study, as well as the use of more 
complex data streams such as the output of monitoring devices or 
pulse oximetry data in the electronic health record. In only two of 
the hospitals, using active continuous monitoring orders was a rea-
sonable proxy for detecting actual monitor use. Monitoring orders 
could potentially be validly used for deimplementation efforts at 
those centers; other hospitals could consider targeted improve-
ment efforts (eg, morning huddles examining the discordance 
between monitoring orders and monitoring status) to improve the 
accuracy of using continuous pulse oximetry orders.

We acknowledge several limitations of this study. Site inves-
tigators employed a convenience sampling approach, so it is 
possible that some investigators observed sicker or less sick 
infants. Although the PRIS network includes a geographically 
diverse group of North American hospitals, community hospi-
tals were underrepresented in this study. Our results hence gen-
eralize more precisely to freestanding children’s hospitals than 
to community hospitals. We did not observe infants currently 
on supplemental oxygen, so we do not know to what degree 
using orders is valid in that context. We did not collect data on 
why actual monitoring status differed from monitoring orders 
and hence cannot quantify to what extent different factors (eg, 
nurse belief that monitors are a safety net or infants inadvertent-
ly left on monitors after a spot check pulse oximetry reading) 
contributed to this discordance. Finally, our study only examined 
one electronic health record variable—the presence of an active 
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order. It may be that other variables in the health record (eg, 
minute-by-minute pulse oximetry values in a vital sign flowsheet) 
are much better proxies of actual continuous monitor use. 

CONCLUSION
Using an active order for continuous pulse oximetry has poor 
sensitivity, PPV, and NPV for detecting true monitoring status at 
the bedside. Teams intending to measure the actual use of pulse 
oximetry should be aware of the limitations of using active orders 
alone as an accurate measure of pulse oximetry monitoring. 
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TABLE. Test Characteristics of the Relationship Between Active Orders and Actual Pulse Oximetry Monitoring,  
Both Overall and as Stratified by Age

Overall Patient monitored Patient unmonitored

Active order present 639 192 PPV: 77% 
(95% CI, 72%-82%)

Active order absent 670

Sensitivity: 49% 
(95% CI, 41%-57%)

1,480

Specificity: 89% 
(95% CI, 85%-92%)

NPV: 69% 
(95% CI, 61%-77%)

8 wk – 5 mo Patient monitored Patient unmonitored

Active order present 339 76 PPV: 82% 

(95% CI, 76%-88%)

Active order absent 330

Sensitivity: 51% 
(95% CI, 41%-60%)

695

Specificity: 90% 
(95% CI, 87%-93%)

NPV: 68%

(95% CI, 60%-76%)

6 mo – 11 mo Patient monitored Patient unmonitored

Active order present 172 62 PPV: 74% 
(95% CI, 67%-80%)

Active order absent 182

Sensitivity: 49% 
(95% CI, 39%-58%)

406

Specificity: 87% 
(95% CI, 83%-91%)

NPV: 69% 
(95% CI, 60%-78%)

12 mo – 17 mo Patient monitored Patient unmonitored

Active order present 80 35 PPV: 70% 
(95% CI, 60%-79%)

Active order absent 104

Sensitivity: 43% 
(95% CI, 33%-54%)

247

Specificity: 88% 
(95% CI, 82%-93%)

NPV: 70% 
(95% CI, 62%-78%)

18 mo – 23 mo Patient monitored Patient unmonitored

Active order present 48 19 PPV: 72% 
(95% CI, 58%-85%)

Active order absent 54

Sensitivity: 47% 
(95% CI, 35%-59%)

132

Specificity: 87% 
(95% CI, 80%-95%)

NPV: 71% 
(95% CI, 61%-81%)

Abbreviations: mo, months; NPV, negative predictive value; PPV, positive predictive value; wk, weeks.
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