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ABSTRACT 1 

Background: Heated high flow nasal cannula (HHFNC) therapy for bronchiolitis has become increasingly 2 

popular without evidence that this costly therapy impacts patient outcomes. Lack of criteria for 3 

appropriate may lead to overutilization, resulting in increased costs without patient benefit. 4 

Objective: Our primary aim was to decrease use of HHFNC in mild to moderate bronchiolitis over one 5 

bronchiolitis season. 6 

Design/Methods: Patients with Bronchiolitis < 2 years of age admitted to Hospital Medicine Service were 7 

included in this study. Using the model for improvement framework, we identified key drivers for 8 

HHFNC overuse and revised our bronchiolitis protocol to include LFNC trials prior to HHFNC 9 

initiation. We compared pre-intervention HHFNC utilization (December 2018 - April 2019) with post-10 

intervention HFNC utilization (December 2019 to March 2020). 11 

Results: One hundred ninety patients met inclusion criteria, 98 of them in the pre-intervention cohort and 12 

92 in the post-intervention cohort. Overall, the median age was 9.1 months and 65% of patients were 13 

male. Our HHFNC utilization rate decreased from 62% (61/98) to 43% (40/92) in the post-intervention 14 

period. Our SPC analysis suggested special cause variation based on 8 points below the pre-intervention 15 

mean. Incremental cost per case declined from $84.15 pre-intervention to $59.20 post-intervention. 16 

Conclusions: Our QI intervention implementing a specified LFNC trial prior to the initiation of HHFNC 17 

shows promise in reducing overall HHFNC use. Future studies should focus on clear initiation and 18 

discontinuation criteria for HHFNC use in bronchiolitis.  19 
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INTRODUCTION 28 

Bronchiolitis is a leading cause of inpatient hospitalizations among children less than two years of 29 

age and is associated with estimated direct annual costs of over US $700 million.1 As such, a multitude of  30 

efforts have emerged to address quality of care for bronchiolitis, stressing the importance of adhering to 31 

evidence-based guidelines for the diagnosis and management of patients diagnosed with acute 32 

bronchiolitis.2 Application of this framework has reduced the usage of some non-evidence-based 33 

interventions such as chest radiography, corticosteroids, and bronchodilators.3,4  34 

Heated high flow nasal cannula (HHFNC) oxygen has gained popularity in the care of patients 35 

with bronchiolitis but was not addressed in the latest guidelines. Despite promising initial observational 36 

evidence on this intervention,5,6 the two randomized trials in hospitalized patients with moderate 37 

bronchiolitis provide clear evidence that early use of HHFNC does not impact outcomes.7,8. Kepreotes et 38 

al randomized 202 children with moderate bronchiolitis to either HHFNC or standard low flow oxygen 39 

therapy upon admission.7 There were no differences in duration of oxygen therapy, or in the overall 40 

length of stay (LOS) or pediatric intensive care unit (PICU) transfer rate.  Franklin et al performed a 41 

similar randomized controlled trial including 1472 patients, also finding no differences in duration of 42 

oxygen therapy, length of hospital stay or intubation rates.8 These findings have been echoed in recent 43 

larger observational studies in the US and Canada, demonstrating no beneficial outcome effect in 44 

hospitals adopting wider use of HHFNC.9,10 Thus, the question of overutilization of this therapy has been 45 

raised.11,12 46 

Based on the most recent literature, we began to perceive that the rate of HHFNC usage in 47 

patients admitted to our children’s hospital’s general inpatient units with bronchiolitis as inordinately 48 

high. Thus, our specific aim in this quality improvement study was to decrease use of HHFNC in mild to 49 

moderate bronchiolitis in patients admitted to our ward over one bronchiolitis season. 50 

 51 

METHODS 52 

Context 53 

We conducted this quality improvement initiative in a 200 bed, free-standing children’s hospital 54 

in Saint Petersburg, Florida between December 2019 and March 2020. We admit approximately ~300 55 

patients with acute viral bronchiolitis annually and had an established institutional bronchiolitis pathway 56 

in place for 2 years at the time of project initiation. Our pathway includes a respiratory distress scoring 57 

system adapted from published work.13 The scoring tool served as a guide to categorize patients as mild, 58 

moderate and severe bronchiolitis with interventions suggested by disease severity category. Patients 59 

admitted to the general pediatrics floor with bronchiolitis are managed by the pediatric hospital medicine 60 
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group as well as one of two different residency programs rotating in our hospital. Our pathway allows for 61 

use of HHFNC on the general pediatrics wards in previously healthy children with acute viral 62 

bronchiolitis at flow rates up to 12 liters and FiO2 up to 50%, but criteria for initiation were non-specific 63 

and there was no requirement that a patient be hypoxic prior to initiation of HHFNC. 64 

Population 65 

We included patients aged 1 month to 24 months admitted to the hospital with mild to moderate 66 

acute viral bronchiolitis from Dec 2019 through March 2020. Every 2 weeks, we manually chart reviewed 67 

all patients receiving ICD-10 billing codes for acute viral bronchiolitis (J21.0, J21.1, J21.8, J21.9) and/or 68 

acute respiratory failure (J96.00) to find patients that were initially admitted to the general pediatric floor 69 

and to ensure that they met clinical history and physical examination consistent with bronchiolitis, such as 70 

increased work of breathing, cough, feeding difficulties, congestion, tachypnea, and wheeze. Patients 71 

initially admitted to the PICU were excluded from this study. Using the same ICD-10 codes and 72 

inclusion/exclusion criteria, we obtained baseline data by performing a retrospective chart review of cases 73 

admitted initially to the general pediatrics floor from Dec 2018-April 2019 at our institution.  74 

Intervention 75 

We utilized the model for improvement framework for our quality improvement initiative.14 We 76 

performed a literature review and shared findings with key stakeholders in hospital medicine, emergency 77 

medicine, critical care and the residency program. We solicited their feedback on key drivers of HHFNC 78 

use and knowledge, attitudes, beliefs about the therapy. Key drivers of overuse of HHFNC we chose for 79 

focus included (1) lack of available guidance on initiation criteria for use of HHFNC (2) knowledge gap 80 

on current literature on efficacy of HHFNC and (3) concerns surrounding patient experience.  81 

We then attempted to standardize formal initiation criteria but struggled to reach consensus 82 

without existing published guidance on the topic. We ultimately proposed a single change to the existing 83 

emergency department and inpatient bronchiolitis algorithms for which we could easily achieve 84 

consensus. We added a trial of LFNC for at least 30 min with subsequent reassessment prior to the 85 

initiation of HHFNC. Our updated pathways are presented as Supplemental Figure 1 (ED) and 86 

Supplemental Figure 2 (Inpatient) with the specific change we made annotated.  If there was no 87 

improvement in respiratory rate, tachycardia or hypoxia (oxygen saturation <90%), patients were then 88 

placed on HHFNC. Improvement was determined by subjective consensus among team members.  89 

We presented our rationale and subsequent modified algorithm to all stakeholders in multiple 90 

venues in November 2019.  We also met with the nursing and respiratory therapy leadership and attended 91 



4 
 

their group meetings to discuss the changes. Education for resident physicians was performed at academic 92 

lectures and orientation to the wards service.   93 

Study of the Intervention 94 

We provided feedback on the primary and secondary outcomes to stakeholders in two-weekly 95 

intervals using simple run charts. Throughout the project, team leaders discussed cases that did not adhere 96 

to the new algorithm to encourage feedback and familiarity with the change.  We chose to track a process 97 

measure, protocol compliance with the LFNC trial, as well as our primary outcome of HHFNC usage 98 

with the hypothesis that protocol compliance should track along with any change in the primary outcome 99 

if there was a cause and effect relationship between the two.  100 

Measures 101 

The primary outcome in this study was rate of HHFNC use in patients admitted to the general 102 

ward with viral bronchiolitis between December 2019-March 2020, defined as the number of patients 103 

placed on any amount of HHFNC over the total number of patients admitted to the general pediatrics 104 

floor.  Our secondary outcome was protocol compliance, defined as the number of patients who received 105 

the recommended LFNC trial prior to HHFNC initiation over the total number of patients on HHFNC.  106 

Our balancing measure was rate of unplanned transfers to the PICU within 24 hours of admission to 107 

assess for the possibility of unintentional harm due to the protocol change.  Other secondary outcomes 108 

were LOS and estimated direct costs of HHFNC usage. Direct costs were calculated using only the cost of 109 

the HHFNC setup used at our institution, not including labor costs.  110 

Analysis  111 

We analyzed the data using statistical process control methods. Western Electric rules for 112 

establishing special cause were pre-specified15. Baseline values were calculated by using the 5 months of 113 

the preceding bronchiolitis season December 2018 – April 2019.  Postintervention data are reported for 4 114 

months from Dec 2019–Mar 2020 as the project was stopped early due to the COVID-19 pandemic which 115 

terminated the bronchiolitis season early due to school closures and social distancing measures, resulting 116 

in dramatic decline in census. 117 

Ethics 118 

This QI project was deemed exempt by the Johns Hopkins All Children’s Hospital Institutional 119 

Review Board. 120 



5 
 

RESULTS 121 

In this study 190 patients admitted to the general pediatrics ward with bronchiolitis were 122 

included. There was a total of 98 patients in the preintervention cohort and 92 in the postintervention 123 

cohort. Patient characteristics in each cohort are presented in Table 1. Overall, the median age was 9.1 124 

months and 65% of patients were male. Our HHFNC utilization rate decreased from 62% (61/98) to 43% 125 

(40/92) in the post-intervention period. Our SPC analysis suggested special cause variation based on 8 126 

points below the pre-intervention mean (Figure 1). Of the patients placed on HHFNC, 39% (24/61) were 127 

initially trialed on standard low flow nasal cannula (LFNC) prior to the initiation of HHFNC in the pre-128 

intervention period compared to 73% (29/40) in the post-intervention period (Figure 2). Our SPC analysis 129 

suggested special cause based on 2 out 3 consecutive points above 2 sigma in the post-intervention 130 

period.  131 

Our system direct cost for the HHFNC setup alone were between $98 and $198 depending on 132 

flow rate. Total direct costs of the HHFNC cartridges were $8878 preseason and $5720 postintervention. 133 

Incremental cost per case declined from $84.55 pre-intervention to $58.60 post-intervention (Figure 3), 134 

though special cause was likely due to the COVID-19 pandemic. 135 

Overall mean length of stay in our study population did not change, with an average of 2.7 days pre-136 

intervention and 2.6 days post-intervention. Our balancing measure appeared unchanged, with 6 (6.1%) 137 

unplanned PICU transfers in the bronchiolitis population in the pre-intervention period and 7 (7.6%) in 138 

the post-intervention period. Time between transfers demonstrated a similar pattern pre and post 139 

intervention (Figure 4), with time between transfers increasing toward the end of each winter season. 140 

 141 

DISCUSSION 142 

In this QI intervention, we saw a reduction in HHFNC usage in patients admitted to a general 143 

pediatric ward with acute viral bronchiolitis from 62% to 43% after a relatively simple intervention. This 144 

change to our pathway guided providers to attempt a LFNC trial prior to the initiation of HHFNC for 145 

patients with mild to moderate disease severity which we hypothesized would be sufficient intervention 146 

for many patients. We tracked both compliance with this recommendation as well as overall HHFNC use 147 

in order to more clearly establish that this specific change resulted in the desired outcome and found that 148 

protocol compliance indeed tracked with decreased HHFNC usage. Furthermore, we noted that 149 

noncompliance with the new protocol (occurring in 11 patients) occurred primarily in patients under the 150 

care of per diem providers (8 of 11) who would not have received our interventions or been as aware of 151 

our pathways. 152 

Unfortunately, we had to prematurely terminate our project at the end of March 2020 due to the COVID-153 

19 pandemic which dramatically decreased our hospitalization rate and likely impacted our results. Our 154 
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data point for the last two weeks of March indicating zero HHFNC usage is an outlier and was certainly 155 

impacted by the pandemic in terms of likelihood that a patient would receive HHFNC given concern that 156 

it may be an aerosolizing procedure. While all of our prior datapoints had been below the pre-intervention 157 

mean up until that time, we believe the zero use that occurred during that timeframe was due to external 158 

events and not directly linked to our intervention. Thus, our evidence must be considered preliminary and 159 

potentially confounded. 160 

We hypothesized that lack of criteria for initiation and/or discontinuation of HHFNC created an 161 

environment of potential overuse of this costly therapy. In fact, the increasingly widespread use of 162 

HHFNC for other conditions including asthma and pneumonia without proven data on efficacy suggests 163 

the potential for indication creep. As noted previously, HHFNC has not been shown to improve clinical 164 

outcomes in patients with bronchiolitis and therefore indiscriminate use of this costly therapy has been 165 

questioned. A recent analysis evaluating the cost of providing high flow therapy as first line therapy 166 

compared to rescue therapy after failure of standard oxygen revealed that the mean cost of bronchiolitis 167 

treatment (including intervention costs and costs associated with LOS) was AU$420 higher in the early 168 

HHFNC group compared to the rescue HHFNC group16. We did not attempt to calculate labor costs as 169 

that may overestimate cost savings unless total number of employees can truly be reduced due to a single 170 

project, thus our conservative estimate of cost savings at $3158 is modest. Nevertheless, we would 171 

suggest that a parsimonious approach to the use of HHFNC will save a significant amount of money for a 172 

health system over time without significant risk.  173 

Our study has limitations, the most important being that we had to terminate prematurely due to a 174 

dramatic decline in volume of hospitalizations due to the COVID-19 pandemic. It is possible that 175 

HHFNC use will revert to the mean with decreased scrutiny, and that the proposed association of our 176 

intervention with the outcome of interest was due to the Hawthorne effect. Furthermore, our study only 177 

includes one season of bronchiolitis data and therefore conclusions surrounding long term implications 178 

are limited. We did not collect data on oxygen saturation values at the time of initiation of LFNC or 179 

HHFNC since our institutional practice was to focus on respiratory effort and not a prespecified oxygen 180 

saturation limit. Given that individual provider definitions of hypoxia may vary greatly, we may have 181 

substituted one unnecessary therapy for another by replacing HHFNC with LFNC, although such a 182 

substitution would not negate the cost savings noted in our project. 183 

 184 

CONCLUSIONS 185 

HHFNC has not been proven to alter patient-centered outcomes in mild to moderate acute viral 186 

bronchiolitis. Our QI intervention implementing a trial of standard LFNC prior to the initiation of 187 
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HHFNC shows promise in reducing the overuse of this therapy. Future studies should focus on clear 188 

initiation and discontinuation criteria for HHFNC use in bronchiolitis.  189 

 190 
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Figure 1. Proportion of Bronchiolitis Patients Receiving High Flow Nasal Cannula Over Total Number of 

Bronchiolitis Patients Admitted to the Hospital Medicine Service (p Chart) 
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Figure 2. Proportion of Bronchiolitis Patients Receiving a Trial of Low Flow Oxygen Prior to High Flow 

Nasal Cannula Initiation (p Chart) 
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Figure 3. Incremental Cost per Case Attributed to the Use of High Flow Nasal Cannula (X-chart) 
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Figure 4. Number of Days Between Unplanned Transfer to Higher Level of Care in Study Population (g 

Chart). The graph on the left represents the immediate pre-intervention seasonal data. The graph on the 

right represents data during the intervention season. 
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Table 1: Demographics for Study Population 

Patient Characteristics All Patients (n=190) Preintervention (n=98) Postintervention (n=92) 

Mean age, months 9.1 + 7.1 9.9 + 7.9 8.3 + 6.2 

Male 64.7% (123/190) 61.2% (60/98) 68.4% (63/92) 

Length of Stay, Days 

    HHFNC 

    LFNC trial 

    LFNC only 

 

2.6 + 2.1 

3.3 + 2.5 

3.4 + 2.1 

1.9 + 0.99 

 

2.7 + 2.5 

3.3 + 2.9 

3.4 + 2.6 

1.8 + 0.67 

2.6 + 1.5 

3.3 + 1.5 

3.4 + 1.7 

1.9 + 0.88 

 

 

Table
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publication other than in the Journal (as defined in Section 3.a.); 

(vii) the Author has disclosed to the Publisher, prior to or 

simultaneously with submission of the Work, all intellectual 

contributions, technical help, financial or material support, and all 

financial or other relationships that may constitute or lead to a 

conflict of interest; 

(vii) the Work is not subject to any rights of copyright other than 

the copyright of the Author and each other author of the Work; 

(ix) the Work does not and will not violate the publicity or privacy 

rights of any third party, or libel or slander any third party; 

(x) the Work does not and will not contain any scandalous, 

obscene, or negligently prepared information; 
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(xi) the Work is not and will not be fraudulent, plagiarized, or 

incorrectly attributed; 

(xii) no aspect of the Author’s personal or professional 

circumstances currently, or in the past 12 months, causes the 

Author to have a conflict of interest with respect to the Work; 

(xiii) neither the Author, nor any member of the Author’s 

immediate family, nor any individual or entity with whom or which 

the Author has or has had a significant working relationship has 

received anything of value from a commercial party related 

directly or indirectly to the subject of the Work; and 

(xiv) the Author has read and understands the statements on each 

of Schedule B and Schedule C and has completed both Schedule 

B and Schedule C in their entirety. 

 

b. The Author hereby indemnifies the Publisher and its directors, 

officers, employees, agents, and representatives and agrees to 

defend and hold them harmless from and against any and all 

liability, damage, loss, costs or expenses (including reasonable 

attorney’s fees and costs of settlement) incurred by any such party 

arising out of, or relating to any misrepresentation in, or breach or 

alleged breach of the Author’s representations or warranties in 

this License.  If the Author fails to promptly or diligently pursue 

any defense of any indemnified party, the indemnified parties, or 

any of them, may assume such defense at the Author’s expense.  

The obligations of this indemnification will survive any termination 

or expiration of this License. 

 

3. Creative Commons License  
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“Journal”) and made freely available to users under the terms of 

the Creative Commons Licenses, which license will be selected by 

the Author pursuant to Section B:  

 

(i) Creative Commons Attribution 4.0 International Public License, 

as currently displayed at 

http://creativecommons.org/licenses/by/4.0/legalcode (the “CC 

BY”).  The Author acknowledges and agrees that the Publisher is 

the exclusive “Licensor”, as defined in the CC BY, of the Work and 

that the Publisher may make the Work freely available to all users 

under the terms of the CC BY. 

 

(ii) Creative Commons Attribution-NonCommercial-NoDerivatives 

4.0 International Public License, as currently displayed at 

http://creativecommons.org/licenses/by-nc-nd/4.0/legalcode (the 

“CC BY-NC-ND”).  The Author acknowledges and agrees that the 

Publisher is the exclusive “Licensor”, as defined in the CC BY-NC-

ND, of the Work and that the Publisher may make the Work freely 

available to all users under the terms of the CC BY-NC-ND. 

  

 

4. Royalties  

The Author acknowledges and agrees that this License entitles the 

Author to no royalties or fees.  To the maximum extent permitted 

by law, the Author waives any and all rights the Author may have 

to collect royalties or other fees in relation to the Work or in 

respect of any use of the Work by the Publisher or its 

sublicensees. 
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a. Assignment. This License may not be assigned or transferred, in 

whole or in part, by the Author.  The Publisher may freely assign 

this License.  This License will be binding upon and inure to the 

benefit of the Parties hereto and their respective successors and 

permitted assigns. 

b. Execution. Facsimile or Portable Document Format (PDF) 

signatures will be deemed original signatures for purposes of this 

License. 

c. Entire Agreement; Amendment. This License sets forth the entire 

agreement of the Parties on the subject hereof and supersedes all 

previous or contemporaneous oral or written representations or 

agreements relating to the rights and duties provided herein, and 

may not be modified or amended except by written agreement of 

the Publisher. 

d. Governing Law. This License shall be governed in all respects 

according to the laws of the State of Illinois without giving effect 

to the principles of conflict of law thereof. 

e. Headings. All headings are for reference purposes only and 

shall not affect the meaning or interpretation of any provision 

hereof. 

g. Severability. If any provision of this License is held to be illegal, 
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Nothing in this License is intended to or shall be construed to 

constitute or establish any agency, joint venture, partnership or 

fiduciary relationship between the Parties, and neither Party has 

the right or authority to bind the other Party nor shall either Party 

be responsible for the acts or omissions of the other Party. 

i. Waiver; Amendment.  The waiver by the Publisher of or the 

failure by the Publisher to claim a breach of any provision of this 

License shall not be, or be held to be, a waiver of any subsequent 

breach or affect in any way the further effectiveness of any such 

provision.  No term or condition of this License may be waived 

except by an agreement by the Publisher in writing. 

j. Waiver of Jury Trial.  THE AUTHOR WAIVES THE AUTHOR’S 

RIGHT TO A JURY TRIAL IN CONNECTION WITH ANY DISPUTE OR 

LEGAL PROCEEDING ARISING OUT OF THIS AGREEMENT OR THE 
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SCHEDULE B 
 

GOVERNMENT EMPLOYEES 

  

If the Work or a portion of it has been created in the course of any author's employment by the United 

States Government, check the "Government" box at the end of this form. A work prepared by a government 

employee as part of his or her official duties is called a "work of the U.S. Government" and is not subject to 
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them in any way or use them commercially.” 
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