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The Appropriate Use of High-Flow Nasal Cannula
in Bronchiolitis: A Delphi Approach
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A B S T R A C T OBJECTIVES: There is considerable practice variation nationally for using high-flow nasal
cannula (HFNC) to treat hospitalized children with bronchiolitis, despite an abundance of
literature supporting specific practices. We developed recommendations for using HFNC based
on available evidence and expert opinion.

METHODS: Following the Research and Development (RAND)/University of California, Los
Angeles Appropriateness Method, we conducted an exhaustive literature search for studies
regarding the use of HFNC in bronchiolitis and drafted proposed use recommendations based on
these findings. We convened an expert panel composed of nominees from national professional
organizations with a range of professions (nursing, respiratory therapy, medicine) and clinical
expertise (intensive care, emergency medicine, hospital-based care). Panelists rated
recommendations for appropriateness and necessity in 3 sequential rating sessions and a
moderated meeting.

RESULTS: The 15-member panel evaluated 60 recommendations for the initiation, reassessment,
escalation, and de-escalation of HFNC in bronchiolitis. The panel reached agreement on the
appropriateness of HFNC for 52 of 60 recommendations and on necessity for 46 of 52. The panel
agreed with practices that may curtail HFNC use, including initiating HFNC only for refractory
hypoxemia or impending respiratory failure, initiating HFNC at flow rates of 1.5 to 2 L/kg/min,
and discontinuing HFNC once a patient is stable on fraction of inspired oxygen of 0.21 for 1-4
hours.

CONCLUSIONS: A national expert panel agreed on the appropriateness and necessity of
parameters for HFNC use in bronchiolitis. These recommendations allow for standardization of
practice that may optimize outcomes and curb indiscriminate use of this respiratory support
modality.
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INTRODUCTION

High-flow nasal cannula (HFNC) is increasingly used in the inpatient
management of bronchiolitis, such that more than half of children
admitted to US hospitals with bronchiolitis receive this therapy.1

Among this majority of hospitalized patients, only a fraction are criti-
cally ill.2,3 Given the relatively low, stable rate of severe disease in
healthy children with bronchiolitis, the trend toward increased
HFNC use suggests it is being used in cases for which it may not con-
fer any clinical benefit. HFNC has not been demonstrated to reduce
illness severity or decrease length of stay (LOS) in patients admitted
with bronchiolitis.4–10 In fact, the use of HFNC in bronchiolitis
has been correlated with increased intensive care unit (ICU) use
without concurrent escalation in respiratory support.5,8,9,11–18 The
questionable benefit of widespread HFNC use for bronchiolitis in
non–critically ill children is pertinent to consider in light of its sub-
stantially higher costs when compared with low-flow nasal cannula
(LFNC).19–21 Multiple studies have demonstrated that HFNC may be
optimally trialed as a rescue therapy in the approximately 30% of
patients whose symptoms are refractory to LFNC; in half of these
patients, this trial successfully averts further escalation of respira-
tory support, and thus, HFNC is ultimately continued.12,20,22–24 Despite
this guidance and aforementioned limitations of HFNC, it is never-
theless used in most bronchiolitis admissions in the United
States.1–3,15 This high proportion of HFNC use is particularly striking
when considering that bronchiolitis is the most common reason for
non-birth-related hospital admissions of US infants.25

Current national bronchiolitis guidelines do not address the
appropriate use of HFNC for hospitalized children.26 Studies examin-
ing HFNC use outside the ICU setting, including multiple randomized
clinical trials (RCTs), are heterogeneous across multiple domains,
including age cutoffs for the diagnosis of bronchiolitis, criteria for
HFNC initiation, flow rates used, and definitions of HFNC failure.
This inconsistency aligns with practice variation nationally, sug-
gesting variable knowledge or interpretation of this literature.
Standardizing clinical practice and recognizing areas of low-value
care can reduce unnecessary use of health care resources and
improve patient outcomes.27–30 In scenarios where evidence is
present but not sufficiently detailed to change clinical practice, a
modified Delphi approach that uses existing evidence and expert
judgment can help move toward discrete, evidence-driven recom-
mendations for practice. We combined the best available evidence
with the insights of a multidisciplinary national expert panel to
develop recommendations for HFNC use for bronchiolitis outside
of the ICU.

METHODS

Study Design

We used the Research and Development (RAND)/University of
California, Los Angeles Appropriateness Method (RAM).31 The RAM
was designed for and has been used extensively in medicine to iden-
tify and evaluate evidence-driven clinical practice recommendations
by means of existing evidence and expert judgment.32–38 It was
intended for scenarios in which scientific literature is limited in

quantity and/or quality, thus resulting in unwarranted practice varia-
tion. It combines existing evidence with expert judgment through a
structured rating process with strict definitions of appropriateness
and necessity.

This study was reviewed by the hospital’s institutional review
board and determined to be exempt. Panelists were offered $400
honoraria in recognition of the time required to review evidence,
complete rating sessions, and participate in a panel meeting.

Team Formation and Expert Panel Selection

We formed a multidisciplinary study team composed of individuals
with research and/or clinical expertise in the care of hospitalized
children. An initial meeting was held to discuss and refine the focus
for the study and subsequent literature search. We also sought input
from a family advisory committee at the primary institution about the
relevance of the study focus, who recommended our team seek input
from a broad set of parents of hospitalized children before imple-
menting the outcomes from the RAM process. Our multidisciplinary
research team then approached leaders of relevant national profes-
sional nursing, respiratory therapy, physician, and patient safety
organizations to nominate expert panelists. After reviewing curricula
vitae of nominees for applicable expertise and evidence of any bias
that might affect their suitability as panelists, we interviewed nomi-
nees to identify potential conflicts of interest. To maintain a manage-
able panel size31 and to ensure representation among roles and
disciplines (research, administrative, and clinical background) and
practice setting (community vs university-affiliated), we approached
a subset of nominees to serve as panelists. From the original
nominees, we identified 15 willing panel members, all of whom par-
ticipated in the full process (Supplemental Table 1). Panelists repre-
sented a range of professions (nursing, respiratory therapy, and
medicine), with diverse clinical expertise (intensive care, emergency
medicine, and hospital-based care) in a variety of hospital settings
(community settings and large children’s hospitals) and roles
(research, administrative, and clinical).

Literature Search and Creation of Recommendations

The research team consulted a medical librarian, who constructed a
comprehensive search strategy. Search terms included a main sub-
ject matter of bronchiolitis combined with terms pertaining to HFNC.
Databases searched included MEDLINE (Ovid), Cumulative Index to
Nursing and Allied Health Literature, Cochrane, and Edward L.
Pratt Research Library (University of Cincinnati Libraries). English-
language articles published in academic and/or peer-reviewed jour-
nals were included. They were grouped and filtered by the research
librarian and sent to the study team.

Using this strategy, 306 unique titles were identified. Three study
team members (CDH, JDT, and ACS) each screened a subset of these
titles for relevance and reviewed abstracts of screened articles for
pertinence and evidence quality. Additional articles were identified
by reviewing article reference lists and the authors’ personal refer-
ence libraries. Ultimately, 509 titles were screened for relevance, 257
studies were assessed for eligibility, and 203 studies were included
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(Figure 1). These 3 study team members reviewed the 203 selected
full-text articles and extracted information about study design, pop-
ulation, and results using a structured review form. The team
assigned a level of evidence for each study and an aggregate liter-
ature quality rating based on the Oxford Centre for Evidence-Based
Medicine Levels of Evidence.39

Literature summaries were generated and organized by phase of
care: initiation of HFNC, reassessment of patients supported by HFNC,
escalation of care, and de-escalation of HFNC. A list of relevant terms
and definitions was created (Supplemental Figure 1A). Specific atten-
tion was given to characterizing the dynamic and subjective thresh-
old of respiratory decompensation. In the absence of validated
scoring systems for respiratory distress in bronchiolitis, panelists
were instructed to use an operational definition of “impending res-
piratory failure” to denote the point at which a child may imminently
require positive-pressure ventilation or intubation to maintain air-
way patency. Similarly, given the variation in defining a precise
threshold for “hypoxemia,” panelists were directed to consider hypo-
xemia to be an actionably decreased oxygen saturation (SpO2), as

defined by local and institutional practice (typically, SpO2< 87%-
90%).

Based on the literature, we drafted proposed indications for the
use of HFNC, associated settings, and monitoring parameters. We
created a recommendation within each indication for its applicability
to children aged 1-12 months and/or greater than 12-24 months to
reflect the age cutoffs for bronchiolitis most commonly described in
the literature.25 Supplemental Figure 1B-C includes the literature
search results, list of terms, and full list of recommendations.

All study teammembers reviewed recommendations and evidence
summary in depth for clarity and completeness. We specifically
sought detailed input on the wording of evidence summaries and rec-
ommendations from 2 study team members with extensive experi-
ence caring for infants with bronchiolitis in rural and community
hospital settings.

Rating the Recommendations

Before the rating sessions, panelists were briefed on the RAM, includ-
ing its instruction to consider “an average patient presenting to an
average physician : : : in an average hospital.”31 They were provided
the opportunity to clarify language in definitions, evidence summa-
ries, or recommendations and to suggest additional recommenda-
tions and/or relevant literature.

In the first round, we provided evidence summaries reviewing key
findings and studies that informed recommendations. Using
Research Electronic Data Capture (REDCap),40,41 panelists independ-
ently rated each recommendation on a standard 9-point Likert scale
of appropriateness. We defined appropriateness as the degree to
which the benefits of HFNC outweighed the risks.31 We assessed
scores for disagreement on the basis of the median and range of
ratings.31

Recommendations for which there was agreement were consid-
ered appropriate if the median panelist rating was between 7 and
9, of uncertain appropriateness if the median was between 4 and
6, or inappropriate if the median was between 1 and 3.

After the first round, panelists participated in a moderated video
conference, a previously published modification on the RAM.32,33,35,38

The moderator, who had considerable prior experience with this
method, guided the panelists’discussion of round 1 ratings for which
there was uncertain appropriateness or disagreement, working to
elucidate whether disagreement was related to lack of clarity on
the recommendation wording or on differences in interpretation
of the literature. Following the session, the research team made
nominal revisions to improve clarity of the recommendations
and panelists independently completed a second round of individual
ratings. The ratings were again assessed for agreement and
appropriateness.

The third and final round of ratings was conducted to assess the
necessity of recommendations that the panelists had already
determined to be appropriate. In RAM terms, necessary recommen-
dations are those for which it would be improper care not to follow
the practice and thus have a higher threshold to meet than

FIGURE 1. Steps in the Research and Development (RAND)/University
of California, Los Angeles Appropriateness Method.
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appropriateness.31 Panelists were provided updated rating forms for
only the recommendations deemed appropriate after the second
round. Recommendations were rated on 9-point Likert scales, from
completely unnecessary to completely necessary. Finally, necessity
scores were assessed for disagreement, as described above,
and recommendations were classified as necessary (median score
of 7–9), of uncertain necessity (median score of 4–6), and appropri-
ate but unnecessary (median score of 1–3 or presence of
disagreement).31

As per best practices for RAM processes, after the conclusion of
ratings, panelists completed an anonymous process evaluation
adapted from a previously described questionnaire assessing the
time used and experience participating in the rating process
(Supplemental Figure 2).31,42

RESULTS

Of the 60 original recommendations, panelists reached agreement
on the appropriateness of 52 and on the necessity of 46. All necessary

recommendations were first rated as appropriate. There was no dis-
cordance between recommendations for patients aged 1-12 months
vs greater than 12-24 months. A visual summary of panel recommen-
dations can be found in Figure 2, and the full list of recommenda-
tions, including final panelist ratings, can be found in Supplemental
Figure 3.

Initiating HFNC

When to Initiate HFNC
Panelists rated it necessary to trial LFNC before HFNC for patients
with hypoxemia and to initiate HFNC for respiratory distress and
hypoxemia refractory to LFNC. In the absence of hypoxemia or
impending respiratory failure, they rated it necessary to abstain
from HFNC initiation.

It was considered appropriate, but of uncertain necessity, to avoid
initiating HFNC based solely on a patient’s respiratory score.

The panelists rated it necessary to avoid assessments of end-tidal
carbon dioxide (ETCO2), PCO2, or pH before initiating HFNC. In the event

FIGURE 2. Panel findings.
Abbreviations: FiO2, fraction of inspired oxygen; HFNC, high-flow nasal cannula; LFNC, low-flow nasal cannula; SpO2, oxygen saturation.
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these laboratory measures of respiratory insufficiency are obtained,
however, the panelists provided recommendations regarding their
impact on HFNC initiation. If PCO2 is less than 45 mm Hg in a patient
without impending respiratory failure, it is appropriate but of uncer-
tain necessity to defer HFNC initiation. If pH is 7.35 or greater in a
patient without impending respiratory failure, there is uncertain
appropriateness to defer HFNC initiation.

HFNC Initiation Parameters
Initial flow rates of 1.5-2 L/kg/min were rated as necessary. It was
also rated necessary to provide patients receiving HFNC with evi-
dence-based supportive care (ie, enteral nutrition). Panelists found
uncertain appropriateness to restricting the admission of patients
with HFNC to institutions with protocols guiding its use.

Reassessing Patients

Panelists rated it necessary to reassess patients receiving HFNC 1-4
hours after initiation for response in SpO2, tachypnea, and tachycar-
dia. They rated it necessary to continue HFNC in patients who dem-
onstrate resolution of hypoxemia or reduction in tachypnea.
Similarly, it is necessary to continue HFNC in patients with resolution
of hypoxemia in conjunction with reduction in tachypnea and tachy-
cardia. Panelists found it appropriate but of uncertain necessity to
continue HFNC in patients who only demonstrate reduction in tachy-
cardia in the absence of other vital sign changes.

Escalating Care

For patients who demonstrate persistent hypoxemia after 1-4 hours
of HFNC, panelists rated up-titration of fraction of inspired oxygen
(FiO2) to a maximum of 0.6 as necessary. They also rated it necessary
to escalate respiratory support for patients with persistent hypoxe-
mia despite maximum FiO2 and for patients who have received HFNC
for 1-4 hours yet demonstrate persistent tachypnea; persistent
tachypnea and tachycardia; or persistent hypoxemia, tachypnea,
and tachycardia. Escalating support in patients solely with persistent
tachycardia after receiving HFNC for 1-4 hours was of uncertain
appropriateness.

The panel rated it necessary to escalate support in patients with
severe respiratory distress or impending respiratory failure after
receiving HFNC for 1-4 hours. In this subset of patients, they rated
it necessary to escalate flow rates to >2 L/kg/min.

De-escalating HFNC

The panel rated it necessary to down-titrate FiO2 to 0.21 once hypo-
xemia has resolved. When patients have been stable on FiO2 0.21 for
1-4 hours, the panel rated it necessary to discontinue HFNC. They
found uncertain appropriateness to avoid weaning flow before dis-
continuing HFNC.

Process Evaluation

Panelists reported spending an average of 7.5 hours completing evi-
dence review and ratings. Eighty-seven percent of panelists (13/15)
positively described their experience with this process. Open-ended

responses included positive experiences of the moderated panel dis-
cussion. Full details are in Supplemental Figure 2.

DISCUSSION

Using the RAM, a national expert panel reached agreement on appro-
priate and necessary recommendations for the use of HFNC in bron-
chiolitis. Following these recommendations ultimately may limit
HFNC such that it is only used in patients for whom it provides clinical
benefit. The panel agreed on initiating HFNC only for hypoxemia or
impending respiratory failure, and at flow rates of at least
1.5 L/kg/min. They recommended discontinuation of HFNC once a
patient is stable with FiO2 of 0.21 for 1-4 hours. The panel’s recom-
mendations, which combine available evidence and expert judgment,
are intended to guide clinicians balancing the harms of HFNC with the
risks of respiratory failure. In publishing these recommendations,
we aim to facilitate the development of rigorous, evidence-driven
local guidelines for the management of bronchiolitis.

The use of HFNC in the management of bronchiolitis does not have
a robust body of literature supporting its necessity or benefit, par-
ticularly when compared with the neonatal ICU, where HFNC has long
been considered evidence-based in the post-extubation period and
for treating apnea of prematurity.43–46 Despite this limitation,
HFNC was rapidly adopted for use in non–critically ill patients with
bronchiolitis. No expert recommendations have yet been published
for the rational use of HFNC in bronchiolitis outside of the ICU.37 Our
study aims to address this gap.

This framing is particularly relevant as ward-based HFNC use in
bronchiolitis management has surged, leading local and national
groups to pursue strategies to curtail its use and reduce its corre-
lated increased LOS.1,7–9,14,15,17,27,28,30,47–55 This task has been accom-
plished using a variety of methods, including pausing before using
HFNC, initiating it only for hypoxemia or impending respiratory
failure, using weight-based flow rates, and rapidly weaning HFNC
once vital signs have normalized.1,27,28,30,47,50,56 Integrating these
approaches with the panel’s recommendations establishes a founda-
tion for the creation of consistent and specific guidelines, thus facili-
tating the delivery of high-value care for infants with bronchiolitis
nationwide.

Limitations

The preparatory literature search highlighted challenges in recent
and ongoing studies. As previously mentioned, the current body of
evidence varies widely in definitions of key terms, including “bron-
chiolitis,” “hypoxemia,” and “respiratory distress.” Additionally, the
absence of a validated scoring tool for respiratory distress in bron-
chiolitis57,58 limited the ability to interpret the literature and to craft
recommendations based upon a standardized clinical assessment of
the patient’s work of breathing.

As is common in pediatric hospital medicine, these challenges
were further compounded by limitations in evidence quality, which
included mostly cohort studies and quality improvement projects,
with a relative paucity of RCTs and meta-analyses. The evidence
was occasionally difficult to assimilate, given inconsistencies in
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the parameters used. Studies of HFNC use variably included patients
with bronchiolitis who were aged less than 6 months vs less than 12
months vs less than 24 months. Additionally, there was variation in
the HFNC flow rates used; they were inconsistently weight-based,
spanning wide ranges, and were either set at fixed rates or titrated.
Multiple experimental studies allowed crossover from LFNC to HFNC,
limiting the ability to appreciate the true scope of HFNC failure com-
pared with LFNC.20,24 In all, these dynamics create situations for dif-
ferent interpretations of the same studies.

Results of the RAM process can be influenced by the panel’s com-
position.31 We anticipated and mitigated this risk by recruiting nomi-
nees from a broad array of professional organizations, with a range
of clinical practice expertise and other backgrounds to ensure a
diverse representation of opinions. While the RAM uses an expert
panel to interpret and adjudicate in situations where evidence is
sparse, as with all studies reliant on current evidence, these findings
may evolve as more studies are published.

Future Directions

These recommendations are meant to be applied to most children
hospitalized with bronchiolitis on a general pediatrics service and,
when implemented, are expected to result in safe reductions in
use of HFNC. The broad scope of their application is appropriate
based on the current evidence, but we acknowledge patient age, lung
maturity, genetics, viruses causing bronchiolitis, severity of illness,
family history, comorbid conditions, and illness stage (from symptom
onset, to peak, to recovery) all interact to affect the outcome of bron-
chiolitis. More clinical effectiveness research in the coming years will
further delineate the benefits and drawbacks of HFNC use in specific
populations. Such studies should include community hospital set-
tings, rural communities, and historically underrepresented groups
to ensure a diverse population is represented.59 Additionally, future
work may build upon the growing body of literature surrounding evi-
dence-based supportive care for children receiving HFNC, such as
optimization of enteral feeding regimens as well as nasal suctioning.

Further work is needed to improve the care of non–critically ill
patients receiving HFNC for bronchiolitis, specifically surrounding
multidisciplinary coordination and education about its use.47,60,61

Implementing these recommendations in multisite hybrid implemen-
tation-effectiveness trials may allow for better delineation of best
practices. Such studies could inform implementation best practices
and quantify impacts of the recommendations on care quality and
value, as well as clinician, patient, and family experience.

CONCLUSIONS

Using the RAM, an expert panel reached agreement on appropriate
and necessary recommendations for non-ICU use of HFNC in bron-
chiolitis. The panel consistently endorsed HFNC should be used only
in the setting of abnormal vital signs refractory to lower support
modalities, should be administered at a rate of 1.5-2 L/kg/min,
and should be discontinued once the patient is no longer hypoxemic.
Future work should focus on understanding barriers to appropriate
use of HFNC and developing best practices for implementing these
recommendations into clinical practice, in tandem with rigorous
measurement of patient outcomes.
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