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Abstract

Objectives: To describe the current state of non-intensive care unit (ICU) high flow nasal 

cannula (HFNC) protocols at children’s hospitals and explore associations between HFNC 

protocol type and utilization outcomes.

Methods: We performed a cross-sectional study of the Pediatric Health Information Systems 

(PHIS) database. First, we designed a survey with the purpose of classifying HFNC protocols used 

at hospitals currently contributing data to PHIS. Next, we categorized hospitals based on their 

current HFNC protocol (ICU only, age-based non-ICU, or weight-based non-ICU). Finally, using 

the PHIS database, we compared hospital characteristics and patient-level bronchiolitis outcomes 

by HFNC protocol group.

Results: We received survey responses from 36/44 (82%) hospitals contributing data to PHIS in 

2021. During the time period studied, there was a steady increase in adoption of non-ICU HFNC 

protocols, with 71% of responding children’s hospitals reporting non-ICU HFNC protocols in 

2021 compared to 11% prior to 2010. No differences in hospital characteristics were observed 

between ICU-only hospitals, age-based hospitals, or weight-based hospitals. Age-based hospitals 

had the highest proportion of bronchiolitis patients treated in the ICU (36.1%), while weight-based 

hospitals had the lowest proportion of patients treated in the ICU (21.0%, p<.001). Length of stay 

was longer at age-based hospitals (2.9 days) as compared to weight-based and ICU-only hospitals 

(1.9 days, p<.001).

Conclusion: Most children’s hospitals have adopted non-ICU HFNC protocols for patients 

with bronchiolitis, the majority of which are now utilizing weight-based maximum flow rates. 
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Weight-based HFNC protocols were associated with decreased ICU utilization as compared to 

age-based HFNC protocols.

Introduction:

The use of high flow nasal cannula (HFNC) as a respiratory support modality in children 

with bronchiolitis has risen dramatically.1–4 Though the full extent of its use has not been 

characterized, two single-institution studies found year-over-year increases in HFNC use 

in patients with bronchiolitis since HFNC adoption, with one site using it in up to 70% 

of hospitalized patients with bronchiolitis in 2017.3,5–8 Furthermore, the protocolized use 

of HFNC in non-intensive care unit (ICU) settings has become common, with one survey 

conducted in 2017 finding that 37 of 77 (48%) responding sites used HFNC on the pediatric 

wards.2

Early protocols for non-ICU use of HFNC utilized age-based (e.g. 8 liters of flow for 

children under 12 months of age) flow rates and have been associated with increased ICU 

utilization.1,9 More recently, there has been a shift toward the use of weight-based (e.g. 2 

liters of flow per kilogram of body weight) flow rates, which have been studied in several 

recent randomized trials. However, these trials have not demonstrated that weight-based 

HFNC decreases ICU utilization or hospital length of stay (LOS).11,12

The extent to which weight-based flow rates have since been adopted in non-ICU HFNC 

protocols and whether they offer clinical benefits over age-based protocols has not been 

fully characterized. Our primary objective was to describe the current state of non-ICU 

HFNC protocols at children’s hospitals. Our secondary objective was to explore associations 

between HFNC protocol type and utilization outcomes.

Methods:

Design

We conducted a cross-sectional database study. We augmented our database study with a 

brief survey to obtain key details not otherwise available in the database.

Survey

We designed a survey with the purpose of classifying HFNC protocol use at all hospitals 

contributing to the Pediatric Health Information Systems (PHIS) database in 2021. We 

piloted the survey by e-mailing contacts at 4 hospitals and made changes to the survey based 

on feedback. Contacts at each hospital were identified from 2 sources: 1) our prior national 

HFNC survey and 2) membership in the American Academy of Pediatrics sponsored HFNC 

improvement collaborative, “High Flow Interventions to Facilitate Less Overuse”.9,13 The 

survey was administered electronically and included branching logic to first determine if 

their hospital allowed HFNC initiation outside the ICU and then to determine key dates of 

protocol initiation and transition. After this, survey questions on specific protocol features 

such as inclusion and exclusion criteria, maximum flow rates and fraction of inspired 

oxygen allowed, targeted the hospital’s current protocol.

Willer et al. Page 2

Hosp Pediatr. Author manuscript; available in PMC 2024 October 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hospitals were categorized into three groups based on their current protocol: ICU only, 

age-based, and weight-based. ICU-only hospitals were defined as hospitals for which any 

HFNC use for bronchiolitis required at least initial care in the ICU. Age-based hospitals 

were defined as hospitals that allowed initial HFNC use on the non-ICU ward and targeted 

flow rates based on patient age. Weight-based hospitals were defined as hospitals that 

allowed initial HFNC use on the non-ICU ward and targeted flow rates based on patient 

weight.

Hospital Characteristics and Outcomes

We obtained hospital characteristics and patient outcomes from the PHIS database. The 

PHIS database includes patient-level data from children’s hospitals in the United States, 

including patient demographic characteristics, procedure codes, and discharge diagnosis 

codes.

Patients were included if they had an ICD-10 code consistent with bronchiolitis in any 

diagnostic position.14,15 We included four hospital-level utilization outcome variables 

including the proportion of patients treated in the ICU, total hospital LOS, the proportion 

treated with non-invasive positive pressure ventilation (NIPPV), which included continuous 

positive airway pressure and bi-level positive airway pressure, and the proportion treated 

with invasive mechanical ventilation (IMV). Patients were classified as having received 

NIPPV if they had an ICD-10 procedure code for NIPPV and having received IMV if 

they had a procedure or supply code for mechanical ventilation and a pharmacy charge 

code for a neuromuscular blocking agent based on previously published definitions.15–17 

A crosswalk available from the Centers for Medicare and Medicaid Services was used to 

convert previously published definitions that used ICD-9 codes to ICD-10 codes. A reliable 

measure of HFNC exposure is not available in the PHIS database.

Analysis

Survey responses were summarized using descriptive statistics. Hospital characteristics 

across the three groups (ICU only, age-based, and weight-based hospitals) were compared 

using Fisher’s exact test and ANOVA. Patient outcomes were compared across the three 

groups using multivariable regression analyses, adjusting for race, ethnicity, sex, age, 

presence of a complex chronic condition, census region, hospital type, and number of 

beds.18 Number of beds were grouped in 50 bed increments for the purpose of the 

analysis. For comparisons of patient outcomes, we limited data to 2021 in order to avoid 

misclassifying hospitals with recent changes in protocol. Analyses were performed using 

Stata version 15 (Stata-Corp, College Station, TX, USA).

Results:

Survey Results

We received survey responses from 36/44 (82%) hospitals (Figure 1). Eight hospitals 

were excluded from the analysis for missing data, such as dates of protocol adoption 

or transition, leaving 28 hospitals in our analysis. During the time period studied, there 

was a steady increase in adoption of non-ICU HFNC protocols, with 71% of responding 
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children’s hospitals reporting non-ICU HFNC protocols in 2021 compared to 11% prior to 

2010. Weight-based protocols were quite uncommon during the early study period (10% 

of non-ICU HFNC protocols in 2014), but as of 2021, 75% of non-ICU HFNC protocols 

are weight-based. The median maximum flow rate for weight-based protocols was 20 liters 

per minute (lpm) compared to 12 lpm for age-based protocols (p=.048). Exclusion criteria 

were specified in 40% of age-based protocols compared to 27% of weight-based protocols 

(p=0.35). Common exclusion criteria are chronic disease, comorbid acute disease, and 

prematurity.

Hospital Characteristics

Average daily census was highest at hospitals utilizing age-based HFNC protocols. No 

differences in hospital type (freestanding vs non-freestanding), mean hospital bed size, nor 

census region were observed between ICU-only hospitals, age-based hospitals, or weight-

based hospitals (Table 1).

Outcomes

The proportion of bronchiolitis patients treated in the ICU was highest for age-based 

hospitals and lowest for weight-based hospitals (36.1% vs 21.0%, respectively, p<.001; 

Table 1). Additionally, the proportion of bronchiolitis patients treated with NIPPV was 

highest for age-based hospitals with 11.6% of patients at age-based hospitals receiving 

NIPPV compared to 6.4% and 3.5% at weight-based and ICU-only hospitals, respectively 

(p<.001). Length of stay was also significantly longer at age-based hospitals (2.9 days 

compared to 1.9 days at weight-based and ICU-only hospitals, p<.001). IMV use was 

most common in ICU-only hospitals with 1.4% of bronchiolitis patients receiving IMV 

at ICU-only hospitals compared to 0.4% at age-based hospitals and 0.6% at weight-based 

hospitals (p=.01).

Discussion:

We observed increased adoption of non-ICU based HFNC protocols, especially weight-

based protocols. We did not observe differences in most hospital level characteristics 

between groups. We found decreased use of NIPPV and shorter LOS in weight-based 

hospitals compared to age-based hospitals. However, NIPPV use was lowest at hospitals 

using ICU-only HFNC protocols.

We observed a trend toward increasing use of weight-based protocols (75% of non-ICU 

HFNC protocols in our survey compared to 27% in the 2017 survey by Kalburgi et al).2 The 

transition to weight-based protocols was also associated with a trend toward allowance of 

higher maximum flow rates, consistent with flow rates used in recent published RCTs.10–12

We identified an association between the use of weight-based protocols and lower ICU 

utilization, similar to a single center study examining outcomes before and after transition 

to a weight-based HFNC protocol.5 It is possible that higher flow rates allowed by weight-

based HFNC flow protocols, compared to age-based protocols, improve work of breathing 

and/or provide reassurance to providers considering an escalation of care.19 However, the 

use of weight-based protocols was associated with increased use of NIPPV compared to 
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ICU-only protocols. One hypothesis for this finding is that once a respiratory escalation 

has occurred, subsequent respiratory escalations are more likely to occur. The differences in 

outcomes we observed between age-based protocols and weight-based protocols could also 

be related to the make-up of protocols such as restriction of use to bronchiolitis, inclusion of 

ICU transfer criteria, or protocol exclusion criteria.

Our study has several important limitations. The generalizability of our findings beyond the 

children’s hospitals that make up PHIS is unclear. Although, our response rate was very 

good (over 80%) there may be differences in hospitals that responded compared to those 

that did not. Additionally, only 78% of responding hospitals were included in the final 

analysis due to missing data. This left a smaller number in the age-based protocol group 

which means that a single hospital could have greater influence in this group. There may 

also be hospital-level differences in application of each type of protocol which we could 

not account for as well as differences created by the atypical timing of the 2021 respiratory 

surge. While we adjusted for hospital and patient-level covariates in comparing outcomes, 

other confounders may exist.

Conclusion:

Most children’s hospitals have adopted non-ICU HFNC protocols, the majority of which 

are now utilizing weight-based flow rates. Weight-based protocols were associated with 

decreased ICU utilization as compared to age-based protocols.
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HFNC high-flow nasal cannula

NIV non-invasive ventilation

ICU intensive care unit

CCC complex chronic condition

ICD international classification of diseases

LOS length of stay

IMV invasive mechanical ventilation
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PHIS Pediatric Health Information Systems
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Figure 1. 
Flow diagram showing the number of included and excluded hospitals.
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Figure 2. 
Bar chart displaying the proportions of hospitals who use ICU only, age-based non-ICU 

and weight-based non-ICU high-flow nasal cannula protocols, by year. “<2010”: survey 

respondents indicated that HFNC protocols started prior to 2010.
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Table 1.

Unadjusted hospital characteristics and adjusted outcomes in 2021 comparing hospitals with HFNC use in the 

ICU only, those with age-based non-ICU HFNC protocols, and those with weight-based non-ICU HFNC 

protocols.

ICU only protocols (n=8) Age-based protocols (n=5) Weight-based protocols (n=15) p-value

Hospital Characteristics

Freestanding 5 (62.5) 4 (80.0) 12 (80.0) .84

Hospital size (mean # beds) 369.8 406.8 410.3 .1

<200 0 0 1 (6.7)

200 to <300 0 0 3 (20.0)

300 to <400 3 (37.5) 2 (40.0) 3 (20.0)

400 to <500 2 (25.0) 2 (40.0) 1 (6.7)

500 to <600 0 0 2 (13.3)

600 to <700 0 0 2 (13.3)

Missing 3 (37.5) 1 (20.0) 3 (20.0)

Avg daily census (mean #) 241.0 316.3 289.5 .01

Geographic region .96

 Midwest 4 (50.0) 1 (20) 5 (33.3)

 Northeast 1 (12.5) 1 (20) 3 (20.0)

 South 1 (12.5) 2 (40) 4 (26.7)

 West 1 (12.5) 1 (20) 3 (20.0)

Patient Outcomes by protocol type

n= 4,934 n= 6,584 n= 11,734

ICU Utilization 1,475 (29.9) 2,397 (36.4) 2,488 (21.2) <.001

LOS; median (IQR) 1.9 (1.2–3.3 ) 2.9 (1.2–4.4) 1.9 (1.2–3.4) <.001

NIPPV 168 (3.4) 573 (8.7) 810 (6.9) <.001

Mech vent (strict) 64 (1.3) 46 (0.7) 59 (0.5) .01
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