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Children hospitalized for bronchiolitis frequently re-
quire admission to the intensive care unit (ICU), 
with estimates as high as 18%1,2 and 35%3 in two 
prospective, multicenter studies. The indication for 

ICU admission is nearly always a need for advanced respiratory 
support, which historically consisted of continuous or bilevel 
positive airway pressure (CPAP and BiPAP, respectively) or me-
chanical ventilation. High-flow nasal cannula (HFNC) is a recent 
addition to the respiratory support armamentarium, delivering 
heated and humidified oxygen at rates of up to 60 L/min and 
allowing for clinicians to titrate both flow rate and fraction of 
inspired oxygen (FiO2).4 

Several studies have demonstrated that HFNC is capable of 
decreasing a child’s work of breathing,5-8 and it has the poten-

tial advantage of being better tolerated than other forms of 
advanced respiratory support.9,10 These case-series physiologic 
studies informed early ward-based HFNC protocols for bron-
chiolitis, which were adopted to decrease ICU utilization. Since 
then, single center observational studies examining the associa-
tion between ward-based HFNC protocols and subsequent ICU 
utilization have come to discordant conclusions.11-14 Studying 
the effect of employing HFNC outside of the ICU is challenging 
in the context of a randomized, controlled trial (RCT) because it 
is difficult to blind healthcare providers to the intervention and 
because crossover from the control group to HFNC is frequent. 
Two unblinded RCTs published in 2017 and 2018 found that chil-
dren randomized to conventional nasal cannula were frequently 
escalated to HFNC (flow rates of 1-2 L/kg per minute), but nei-
ther trial found a difference in ICU admission.15,16 Sample sizes 
substantially larger than those present in currently published or 
registered RCTs would be required to evaluate the impact of 
ward-based HFNC protocols on the outcome that inspired the 
protocols in the first place, namely ICU utilization.17 

Children’s hospitals have adopted ward-based HFNC pro-
tocols at different time points over the last decade, which al-
lows for a natural experiment—a promising alternative study 
design that avoids the challenges of blinding, crossover, and 
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BACKGROUND: Hospitals are increasingly adopting 
ward-based high-flow nasal cannula (HFNC) protocols 
that allow HFNC treatment of bronchiolitis outside of the 
intensive care unit (ICU). Our objective was to determine 
whether adoption of a ward-based HFNC protocol 
reduces ICU utilization. 

METHODS: We examined a retrospective cohort of 
infants aged 3 to 24 months hospitalized with bronchiolitis 
at hospitals in the Pediatric Health Information System 
database. The study exposure was adoption of a ward-
based HFNC protocol, measured by direct contact with 
pediatric hospital medicine leaders at each hospital. All 
analyses utilized an interrupted time series approach. The 
primary analysis compared outcomes three respiratory 
seasons before and three respiratory seasons after HFNC 
adoption, among adopting hospitals. Supplementary 
analysis 1 mirrored the primary analysis with the exception 
that the first season after adoption was censored. In 
supplementary analysis 2, effects among nonadopting 

hospitals were subtracted from effects measured among 
adopting hospitals. 

RESULTS: Of 44 contacted hospitals, 41 replied (93% 
response rate), of which 18 were categorized as non-
adopting hospitals and 12 were categorized as adopting 
hospitals. Included ward-based HFNC protocols were 
adopted between the 2010-2011 and 2015-2016 
respiratory seasons. The primary analysis included 26,253 
bronchiolitis encounters and measured immediate 
increases in the proportion of patients admitted to the 
ICU (absolute difference, 3.1%; 95% CI, 2.8%-3.4%) and 
ICU length of stay (absolute difference, 9.1 days per 100 
patients; 95% CI, 5.1-13.2). Both supplementary analyses 
yielded similar findings.

CONCLUSION: Early protocols for ward-based HFNC 
were paradoxically associated with increased ICU 
utilization. Journal of Hospital Medicine 2020;15:325-330. 
© 2020 Society of Hospital Medicine
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modest sample sizes. In order to have sufficient postadoption 
data for analyses, the present study is limited to ward-based 
HFNC protocols adopted prior to 2016, which we have termed 
“early” ward-based HFNC protocols. Among children with 
bronchiolitis, our objective was to measure the association be-
tween hospital-level adoption of a ward-based HFNC protocol 
and subsequent ICU utilization, using a multicenter network of 
children’s hospitals.

METHODS
We conducted a multicenter retrospective cohort study using 
the Pediatric Health Information System (PHIS) database. The 
PHIS database is operated by the Children’s Hospital Associ-
ation (Lenexa, Kansas) and provides deidentified patient-level 
information for children who receive hospital care at 55 US chil-
dren’s hospitals. Available data elements include patient demo-
graphic data, discharge diagnosis and procedure codes, and 
detailed billing information, such as laboratory, imaging, phar-
macy, and supply charges. At the patient level, the use of HFNC 
vs standard oxygen therapy circuits cannot be discriminated. 

Exposure
The study exposure was a hospital’s first ward-based HFNC 
protocol, with adoption measured at the hospital level at each 
PHIS site via direct communication with leaders in hospital 
medicine. In most cases, first contact was made with the pedi-
atric hospital medicine division chief or fellowship program di-
rector, who then, if necessary, connected study investigators to 
local HFNC champions aware of site-specific historical HFNC 
protocol details. Contact with a hospital was made only if the 
hospital had contributed at least 6 consecutive years of data 
to PHIS. Hospitals were classified as “adopting” hospitals if 
their HFNC protocol met all of the following criteria: (a) allows 
initiation of HFNC outside of the ICU (on the floor or in the 
ED), (b) allows continued care outside of the ICU (on the floor), 
(c) not limited to a small unit like an intermediate care unit, 
and (d) adopted during a specific, known respiratory season. 
Hospitals for which ward-based HFNC protocols were adopt-
ed but did not meet these criteria were excluded from further 
analysis. Our intent was to identify large scale, programmatic 
protocol launches and exclude hospitals with exceptions that 
might preclude a sizable portion of our cohort from being 
eligible for the protocol. Hospitals for which inpatient use of 
HFNC remains limited to the ICU were defined as “nonadopt-
ing” hospitals. Respondents at adopting hospitals were asked 
to share details about their protocol, including patient el-
igibility criteria and maximum HFNC rates of flow permitted  
outside of the ICU. 

Patient Characteristics 
Patients aged 3 to 24 months who were hospitalized at adopt-
ing and nonadopting hospitals were included if an Internation-
al Classification of Diseases, Ninth Revision (ICD-9) discharge 
diagnosis code for bronchiolitis (466.XX) was present in any 
position (not limited to a primary diagnosis). The lower age 
limit of 3 months was chosen to match the most restrictive 

age eligibility criteria of provided HFNC protocols (Appen-
dix 1). A crosswalk available from the Centers for Medicare & 
Medicaid Services18 was used to convert ICD-10 diagnosis and 
procedure codes from recent years to ICD-9 diagnosis and 
procedure codes. Patients were excluded if their encounter 
contained a diagnosis or procedure code signifying a complex 
chronic condition,19 if their hospitalization involved care in the 
neonatal ICU, or if their admission date occurred outside of the 
respiratory season. Respiratory season was defined as Novem-
ber 1 through April 30. 

Outcomes
Outcomes were measured during three respiratory seasons 
leading up to adoption and during three respiratory seasons 
after adoption. The primary outcome was ICU utilization, in-
cluding the proportion of patients admitted to the ICU and 
ICU length of stay, expressed as ICU days per 100 patients. 
Secondary outcomes included mean total length of stay and 
the proportion of patients who received mechanical ventila-
tion. Lengths of stay were measured in days, the most granu-
lar unit of time provided in PHIS over the entire study period. 
As such, partial days of care are rounded up to 1 full day. A 
previously published strict definition for mechanical ventilation 
that limits false positives was used, requiring that patients have 
a procedure or supply code for mechanical ventilation and a 
pharmacy charge for a neuromuscular blocking agent.20 

Primary Analysis
The primary analysis was restricted to adopting hospitals. An 
interrupted time series approach was used to measure two 
possible types of change associated with HFNC protocol 
adoption: an immediate intervention effect and a change in 
the slope of an outcome.21 The immediate intervention ef-
fect represents the change in the level of the outcome that 
occurs in the period immediately following the introduction 
of the protocol. The change in slope is the extent to which 
the outcome changes on a per season basis, attributable to 
the protocol. Interrupted time series estimates were adjusted 
for patient age, gender, race, ethnicity, and insurance type; 
linear regression was used for continuous outcomes and lo-
gistic regression for dichotomous outcomes. An ordinary least 
squares time series model was used to adjust for autocor-
relation and Newey-West standard errors were employed.22 
Analyses were performed using STATA version 14 (Stata-Corp,  
College Station, Texas).

Supplementary Analyses
Two preplanned supplementary analyses were conducted. 
Supplementary analysis 1 was identical to the primary anal-
ysis, with the exception that the first season after adoption 
was censored. The rationale for censoring the first adoption 
season was to account for a potential learning effect and/or 
delayed start to full protocol implementation. Supplementary 
analysis 2 used the nonadopting hospitals as a control group 
and subtracted the effects measured from an interrupted time 
series analysis among nonadopting hospitals from the effects 
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measured among adopting hospitals. The rationale for this 
approach was to control for unmeasured secular (eg, availabil-
ity of ICU beds) and temporal (eg, severity of a given bron-
chiolitis season) factors that may have coincidentally occurred 
with HFNC adoption seasons. The only modification to the 
interrupted time series approach for supplementary analysis 
2 was to provide the nonadopting hospitals with an artificial 
interruption point because nonadopting hospitals, by defini-
tion, did not have an adoption season that could be used in 
an interrupted time series approach. The interruption point for 
nonadopting hospitals was set at the median adoption season 
for adopting hospitals. 

RESULTS
Exposure 
Leaders at 44 hospitals were contacted regarding their hos-
pital’s use of HFNC outside of the ICU (Figure 1). Responses 
were obtained for 41 hospitals (93% response rate), 18 of which 
were classified as nonadopting hospitals. Of the 23 hospitals 
where the presence of ward-based HFNC protocols were re-
ported, 12 met inclusion criteria and were classified as adopt-
ing hospitals. HFNC protocols were adopted at these hospitals 
in a staggered fashion between the 2010-2011 and 2015-2016 
respiratory seasons (Figure 2). The median adoption season 
was the 2013-14 respiratory season. 

Nine adopting hospitals were able to provide details about 
their first HFNC protocols (Appendix 1). No two protocols 
were identical, but they shared many similarities. Minimum age 
requirements ranged from birth to a few months of age. Exclu-
sion criteria were particularly variable, with a history of chronic 
lung disease or apnea being the most common criteria. Maxi-
mum allowed rates of flow ranged from 4 to 10 liters per min-

ute. Criteria for transfer to the ICU were consistently based on 
an elevated FiO2 and duration of HFNC exposure.

Patient Characteristics
A total of 32,809 bronchiolitis encounters occurred at adopting 
hospitals during qualifying respiratory seasons, of which 6,556 

FIG 1. Number of Hospitals Screened and Categorized as Adopting Hospitals
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(20%) involved patients with a complex chronic condition and 
were excluded. Of the 26,253 included bronchiolitis encoun-
ters, 12,495 encounters occurred prior to ward-based HFNC 
protocol adoption and 13,758 encounters occurred after adop-
tion. The median age of patients was 8 months (interquartile 
range, 5-14 months). Most patients were on government insur-
ance (64%), male (58%), of white (56%) or black (18%) race, and 
of non-Hispanic ethnicity (72%). Pre- and postadoption patient 
demographics were similar (Appendix 2). 

Primary Analysis
Shifts in the level of ICU use and ICU length of stay were ob-
served at the time of adoption of a ward-based HFNC protocol 
(Figure 3). Specifically, ward-based HFNC protocol adoption 
was associated with an immediate 3.1% absolute increase (95% 
CI, 2.8%-3.4%) in the proportion of patients admitted to the 
ICU and a 9.1 days per 100 patients increase (95% CI, 5.1-13.2) 
in ICU length of stay (Table). The slope of ICU admissions per 
season was increasing after HFNC protocol adoption (1.0% 
increase per season; 95% CI, 0.8%-1.1%). When examined at 
the individual-hospital level (Appendix 3), seven hospitals were 
found to have significant increases in ICU admissions (imme-
diate intervention effect or change in slope) after adoption, 

and one hospital was found to have a significant decrease 
in ICU admissions (change in slope only). Neither immediate 
intervention effects nor changes in the slopes of total length 
of stay and mechanical ventilation were observed, with mean 
total length of stay approximately 3 days and just over 1% of 
patients receiving mechanical ventilation (Figure 3).

Supplementary Analyses
Supplementary analyses were largely consistent with the pri-
mary analysis. Associations with increased ICU utilization were 
again observed, although the immediate change in ICU length 
of stay for supplementary analysis 1 was not significant and the 
slope for ICU length of stay in supplementary analysis 2 was 
down trending (Table). Changes in total length of stay and me-
chanical ventilation were not observed in either supplementary 
analysis, with the lone exception being an increase in the pro-
portion of patients receiving mechanical ventilation per season 
(increase in slope) in supplementary analysis 1. 

DISCUSSION
This is the largest multicenter study to date evaluating ICU uti-
lization after adoption of a ward-based HFNC protocol for pa-
tients with bronchiolitis. While a principal goal of allowing HFNC 

FIG 3. Outcomes Before and After Adoption of a Ward-Based High-Flow Nasal Cannula Protocol Interrupted time series analysis, examining the trend of an outcome 
three seasons before and three seasons after protocol adoption, with the adoption season denoted by a dotted interruption line. Four sub-figures compare the 
following outcomes among patients hospitalized for bronchiolitis: (A) the proportion of patients who required intensive care unit (ICU) admission; (B) the mean ICU 
length of stay per 100 patients; (C) the mean total length of stay for a patient’s entire hospitalization; (D) the proportion of patients who required mechanical ventila-
tion.  Error bars represent the 95% confidence interval.
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use outside of the ICU is to reduce the time that patients with 
bronchiolitis spend in the ICU, we found that early protocols 
were, paradoxically, associated with increased ICU utilization. 
Ward-based HFNC protocols were not associated with changes 
in hospital length of stay or need for mechanical ventilation. Our 
findings are particularly relevant given that the majority of chil-
dren’s hospitals in our sample have adopted ward-based HFNC 
protocols to care for patients with bronchiolitis.

The increase in ICU utilization measured in our study is a 
novel finding, seemingly in contradiction to existing literature. 
Early pilot studies inspired hope that employing HFNC on the 
general ward might prevent a portion of children from need-
ing ICU care.11,12 Subsequent larger observational studies did 
not demonstrate decreases in ICU utilization after adoption 
of ward-based HFNC protocols.13,14 The two RCTs comparing 
low-flow and high-flow nasal cannula use outside of the ICU 
did not measure a statistically significant effect on ICU utiliza-
tion, an exploratory outcome in both trials.15,16 However, the 
reported point estimates for absolute differences in ICU ad-
mission were 2% to 3% higher among patients randomized to 
HFNC, which is consistent with the 2% to 4% increase in ICU 
admission measured in the present study. 

What might explain this surprising finding? While our obser-
vational study cannot speak to mechanism, the protocol details 

examined in the present study suggest that initial adoption of 
a ward-based HFNC protocol is often coupled with specific 
ICU transfer criteria that were unlikely in place prior to protocol 
initiation. For example, most protocols recommended consid-
eration of ICU transfer for elevated FiO2 or prolonged duration 
of HFNC. Transfer to the ICU for prolonged HFNC duration is 
only possible in the setting of a ward-based HFNC protocol 
and transfer for elevated FiO2 was probably unnecessary prior 
to protocol adoption given that low-flow nasal cannula gen-
erally delivers 100% FiO2. It is also possible that with HFNC 
comes a perception of increased acuity. For example, medical 
providers may see patients on HFNC as sicker than patients 
with the same amount of work of breathing but off HFNC, 
which makes providers more likely to seek ICU admission 
for patients on HFNC. The combination of unchanged total 
length of stay and increased ICU utilization suggests that early 
ward-based HFNC protocols were an ineffective instrument to 
improve hospital bed availability during the peak census times 
that often occur in bronchiolitis season.

The large sample size afforded our study by its multi-
center, retrospective design also allowed for a meaningful 
assessment of the association between a ward-based HFNC 
protocol and the need for mechanical ventilation. Early indi-
cations suggested a lack of substantial association between 
HFNC use outside of the ICU and rates of mechanical venti-
lation, but prior studies were limited by small numbers of pa-
tients receiving mechanical ventilation (<30 patients in each 
study).13,14,16 The present study, in which 783 patients received 
mechanical ventilation, supports the lack of association be-
tween early ward-based HFNC protocols and the need for 
mechanical ventilation. It should be noted that other studies 
have measured decreases in mechanical ventilation in associ-
ation with ICU-based HFNC use.23-26 In addition to examining 
HFNC use in a different clinical context, decreases in me-
chanical ventilation measured after HFNC implementation in 
the ICU could be explained by preexisting practice trends to 
limit invasive ventilation and/or selection bias resulting from 
an increase in less severely ill patients being admitted to the 
ICU over time. The interrupted time series approach and the 
staggered adoption of HFNC protocols make the present 
study less susceptible to biases from preexisting trends and 
the inclusion of patients cared for both on the ward and with-
in the ICU reduces selection bias. 

Our study has several important limitations. First, all hospitals 
included in the analysis were US children’s hospitals and these 
findings may not generalize to other practice environments, 
including community hospitals and other countries. Second, 
our cohort and outcomes were defined using administrative 
billing data, which have been incompletely validated, making 
some degree of misclassification likely. Third, we measured 
HFNC exposure at the hospital level, but could not examine 
the extent to which individual patients were exposed to HFNC 
because such data are not present in PHIS. Even if we had ac-
cess to patient-level HFNC exposure data, we would have still 
compared outcomes among all patients with bronchiolitis (not 
just those who received HFNC), to avoid selection bias. How-

TABLE. Immediate Effect and Change in Slope  
for Each Outcome

Outcome
Immediate Intervention 

Effect (95% CI)
Change in slope  

(95% CI)

ICU admission, %a

   Primary analysis

   Supplementary analysis 1

   Supplementary analysis 2

3.1 (2.8 to 3.4)*

4.2 (3.4 to 4.9)*

2.1 (1.0 to 3.2)*

1.0 (0.8 to 1.1)*

0.8 (0.6 to 1.1)*

0.2 (0.1 to 0.4)*

ICU LOS, days per 100 patientsb

   Primary analysis

   Supplementary analysis 1

   Supplementary analysis 2

9.1 (5.1 to 13.2)*

9.8 (–2.1 to 21.7)

5.7 (1.2 to 10.1)*

0.9 (–1.1 to 2.9)

1.3 (–2.5 to 5.1)

–1.8 (–3.2 to –0.4)*

Mean total LOS, daysb

   Primary analysis

   Supplementary analysis 1

   Supplementary analysis 2

0.0 (–0.1 to 0.1)

0.0 (–0.2 to 0.1)

0.0 (–0.1 to 0.1)

0.1 (0.0 to 0.1) 

0.2 (0.1 to 0.2) 

0.1 (0.0 to 0.2) 

Mechanical ventilation, %a

   Primary analysis

   Supplementary analysis 1

   Supplementary analysis 2

0.2 (–0.2 to 0.6)

0.0 (–0.2 to 0.2)

–0.1 (–0.9 to 0.6)

0.0 (-0.3 to 0.4)

0.4 (0.3 to 0.5)*

–0.1 (–0.8 to 0.5)

*P < .05

Note: Primary analysis was performed as an interrupted time series, comparing outcomes at 
adopting hospitals, three seasons before and three seasons after ward-based HFNC protocol 
adoption. Supplementary analysis 1 was the same as the primary analysis but censored the 
first adoption season. Supplementary analysis 2 was also the same as the primary analysis  
but subtracted effects among nonadopting hospitals.
a�Immediate intervention effects and changes in slope are expressed as the absolute  
percentage difference before and after HFNC protocol adoption.

b�Immediate intervention effects and changes in slope are expressed as the absolute  
difference in days before and after HFNC protocol adoption.

Abbreviations: CI, confidence interval; HFNC, high-flow nasal cannula; ICU, intensive care 
unit; LOS, length of stay.
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ever, knowing HFNC exposure status at the patient level would 
have allowed for weighting of the effects measured at each 
hospital according to the extent of HFNC exposure. Fourth, 
there are likely other, unmeasured secular and temporal factors 
that could affect study outcomes. To some degree, the inter-
rupted time series approach, observed staggered adoption of 
protocols, and nonadopting hospital supplementary analysis 
mitigate this risk of bias. Fifth, while the pre- and postadoption 
populations appeared demographically similar, it is possible 
that the populations might have differed by other unmeasured 
factors. Finally, early ward-based HFNC protocols have likely 
undergone iterative changes since adoption. We compared 
pre- and postadoption outcome slopes and censored the first 
adoption season in a supplementary analysis to attempt to ac-
count for this potential limitation. 

In conclusion, our findings suggest that initial implementation 
of ward-based HFNC protocols were not successful at reduc-
ing ICU utilization for children with bronchiolitis. Future research 
should examine whether more evolved HFNC protocols that 
use higher flow rates, more generous ICU transfer criteria, and 
more rapid weaning criteria can reduce ICU utilization. 
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