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Abstract
Introduction: Bronchiolitis is the most common cause for hospitalization in the first year of life, with hypoxemia and acute respiratory 
failure as major determinants leading to hospitalization. In addition, the lack of existing guidelines for weaning and discontinuing sup-
plemental oxygen, including high-flow nasal cannula, may contribute to prolonged hospitalization and increased resource utilization. 
Methods: This single-center quality improvement initiative assessed the effect of implementing a standardized care process for 
weaning and discontinuing high-flow oxygen for patients hospitalized with bronchiolitis. Patients aged 1–24 months with bronchiol-
itis admitted to the general wards or ICU step-down unit from February 1, 2018, and January 31, 2020 were included in the study. 
Primary outcomes included length of stay and time on supplemental oxygen, with time on high-flow oxygen and length of time in 
ICU step-down unit as secondary outcomes. Balancing measures included transfer rate to Pediatric Intensive Care Unit, intubation 
rate, 7- and 30-day readmission rates, and 7- and 30-day ED visits after discharge. Results: Following the standardized care pro-
cess implementation, the mean length of stay decreased from 60.7 hours to 46.7 hours (P < 0.01). In addition, the mean time on 
any supplemental oxygen decreased by 47% (P < 0.01), the mean time on high-flow oxygen decreased by 45% (P < 0.01), and the 
mean time in the ICU step-down unit decreased by 27% (P =< 0.01). Balancing measures remained unchanged with no statistically 
significant differences. Conclusion: Implementing a standardized care process for weaning and discontinuing high-flow oxygen 
may reduce the length of stay and resource utilization for patients hospitalized with bronchiolitis. (Pediatr Qual Saf 2022;7:e534; doi: 
10.1097/pq9.0000000000000534; Published online March 30, 2022.)
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INTRODUCTION
Bronchiolitis is a viral lower respiratory 
tract infection characterized by acute 
inflammation, edema, and increased 
mucus production in the bronchioles that 
affects infants and children in the first two 
years of life.1,2 While most children have 
mild symptoms, many can progress to 
respiratory distress and respiratory failure 

requiring hospitalization and ventilatory sup-
port. Bronchiolitis is the leading cause of 

infant hospitalization in the first 12 months 
of life.1,2 Approximately 100,000 children 
with bronchiolitis are admitted each year 
in the United States, with an estimated 
annual cost of $1.73 billion.1,2 Treatment 

for bronchiolitis, based on the most recent 
clinical practice guidelines provided by the 

American Academy of Pediatrics, remains 
predominantly supportive with nasal suctioning, 

intravenous fluids and/or enteral feeds, and supplemen-
tal oxygen.2 Hypoxemia and acute respiratory failure are 
major determinants leading to hospitalization in patients 
with bronchiolitis and often lead to prolonged hospital-
ization and rising costs of care.3–6

Among the more severely ill patients who present 
with respiratory failure, the use of high-flow nasal can-
nula (HFNC) therapy has emerged as a noninvasive 
method to provide positive airway pressure, reduce 
work of breathing, and potentially decrease the need for 
intubation.7–10 However, the efficacy of HFNC is con-
troversial. Several studies have demonstrated reduced 
LOS,11 decreased rate of ICU admission,12 and reduced 
intubation rate.8–10,13 Other studies have demonstrated 
no improvement in intubation rate or LOS14,15 and 
instead showed an increased ICU admission rate14,15 
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and higher resource utilization.16 These data suggest 
that HFNC has become over-utilized in some patients 
who will not benefit from it, likely due to a lack of 
clear criteria for initiation of HFNC.17,18 Additionally, 
little medical evidence exists to guide the weaning of 
supplemental oxygen, leading to significant variabil-
ity in clinical care.18–20 This is further complicated by 
subjective evaluation of patients with bronchiolitis 
due to rapidly changing physical examination findings 
and poor validity of measurement instruments such as 
respiratory distress index.21

The combination of limited evidence-based interven-
tions, subjective evaluation, and no established stan-
dard of care for de-escalation of support contributes to 
overtreatment and increased resource utilization in the 
care of patients with bronchiolitis. This study sought 
to address this gap in current practice by creating and 
implementing a standardized care process for de-esca-
lating respiratory support in bronchiolitis to promote 
high-value care.

At our institution, the mean length of stay (LOS) 
for patients admitted with bronchiolitis from Feb 
2018 to Jan 2019 was 60.7 hours (2.5 days), higher 
than the national average of 55.2 hours (2.3 days).22 
S-chart evaluation of LOS revealed seasonal special 
cause variation, demonstrating a significant variability 
in our system. In addition, a wide variability between 
control limits was also present when evaluating time 
on supplemental oxygen, time on HFNC, and duration 
in ICU step-down unit. Based on these data, our pri-
mary specific aim was to decrease the LOS of pediat-
ric patients admitted with bronchiolitis by 10% within 
12 months (February 1, 2019 to January 31, 2020). 
This aim was defined as a decrease in LOS from 60 
to 54 hours, using the national average of 55 hours 
according to the Pediatric Health Information System 
at the time of implementation as a benchmark.22 A sec-
ond specific aim was to decrease the duration of sup-
plemental oxygen therapy, including both simple nasal 
cannula and HFNC, in pediatric patients hospitalized 
with bronchiolitis by 10% within 12 months (February 
1, 2019 – January 31, 2020).

METHODS
Setting, Study Design, and Study Population
This study was conducted at Children’s of Alabama 
(CoA), a quaternary care freestanding children’s hospi-
tal with 332 inpatient beds. The ICU step-down unit, 
managed by the pediatric hospital medicine service, 
comprises 25 beds and is utilized for patients who 
require cardiorespiratory monitoring or HFNC. This 
unit is often at or near capacity, affecting patient place-
ment and hospital throughput; patients admitted with 
less severe bronchiolitis and not requiring HFNC are 
placed on non-monitored general ward floors. The hos-
pital has approximately 15,000 admissions per year, 

with over 500 admissions per year due to bronchiolitis. 
To better understand the existing process and to iden-
tify potential areas for improvement, baseline data were 
collected and evaluated for overall LOS, time on any 
supplemental oxygen (including both simple nasal can-
nula and HFNC), time on HFNC, and LOS in the ICU 
step-down unit for patients admitted with bronchiolitis 
in the 12 months before project initiation (February 
2018-January 2019). A multidisciplinary team com-
posed of pediatric hospitalists, respiratory therapy 
leadership, nursing leadership, bedside nurse champi-
ons, and physician/house staff representatives evaluated 
the baseline data and identified key drivers of current 
practices (Fig. 1). Our team hypothesized that variabil-
ity in supplemental oxygen weaning led to prolonged 
time on supplemental oxygen, subsequently impacting 
LOS. Therefore, we identified standardization of HFNC 
weaning as the primary intervention to decrease the LOS 
and time on supplemental oxygen for patients hospital-
ized with bronchiolitis.

Eligibility Criteria/exclusion Criteria
The patient population included patients aged 1–24 
months with clinical symptoms of bronchiolitis admit-
ted on our bronchiolitis clinical pathway (BCP). Criteria 
excluding patients from the BCP were age younger 
than 1 month, history of chronic lung disease includ-
ing bronchopulmonary dysplasia, history of complicat-
ing chronic illness such as stridor or anatomic airway 
defects, tracheostomy, cyanotic heart disease or cardiac 
disease requiring medication, home oxygen use, severe 
neuromuscular disease, or immunodeficiency. We did 
not specifically exclude premature infants; however, 
exclusion criteria included infants with chronic lung 
disease or supplemental oxygen requirement beyond 
36 weeks corrected gestation. Only patients requiring 
HFNC were eligible for the interventions; however, 
we collected data on all patients on the BCP to com-
pare to baseline data. Patients admitted to the Pediatric 
Intensive Care Unit (PICU) were eligible to be included 
on the BCP once they transferred out of the PICU; 
data collected for these patients included their entire 
hospitalization.

Data Collection
We obtained and evaluated data on patient demograph-
ics (Table  1), clinical outcomes (Table  2), and resource 
utilization outcomes, including respiratory charges such 
as hourly charges for high-flow oxygen and simple nasal 
cannula oxygen. Ongoing data were collected and eval-
uated throughout multiple Plan-Do-Study-Act (PDSA) 
cycles and plotted on X-bar statistical process control 
charts. The analysis included all eligible patients through-
out the baseline and intervention cycles. Following insti-
tutional review board standards at our institution, this 
study was IRB-approved as quality improvement and not 
human subjects research.
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Outcome Measures
Primary outcomes included mean LOS and mean dura-
tion on any supplemental oxygen therapy, measured in 
hours. Secondary outcomes included mean duration on 
HFNC and LOS in ICU step-down unit, measured in 
hours. Balancing measures included transfer to PICU, 
intubation rate, and 7- and 30- day readmission rate, 
and 7- and 30- day ED visits after discharge, measured as 
monthly percentages.

Interventions
The PDSA cycle, based on the Institute for Healthcare 
Improvement’s Model for Improvement,23 consisted of 
implementing an algorithm for weaning and discontin-
uing HFNC and trialing on room air, referred to as a 
high-flow holiday (HFH). The patient’s current HFNC 
requirement and respiratory severity score directed this 
algorithm. HFH could be trialed up to twice daily at 
any time (typically 0400, 1600) in patients meeting the 

Fig. 1.  Key driver diagram for reducing LOS and duration of HFNC. NC, nasal cannula; RN, registered nurse; RT, respiratory therapist.

Table 1.  Characteristics of Hospitalized Infants on Bronchiolitis Pathway

 Characteristic Pre-intervention (n = 451) Post-intervention (n = 554) P

Age
   Average age (mo) 8.23 8.69 0.23
   Average gestational age (wk) 38.29 37.82 0.01
Gender, n (%)
   Men 287 (64) 325 (59)  
   Women 164 (36) 229 (41) 0.10
Race/Ethnicity, n (%)
   White 241 (53) 323 (58)  
   Black 186 (41) 214 (39)  
   Hispanic 21 (5) 12 (2)  
   Asian 2 (<1) 2 (<1)  
   Other 1 (<1) 3 (1) 0.20
Tobacco exposure, n (%)
   Yes 115 (25) 144 (26)  
   No 246 (55) 299 (54)  
   Unknown 90 (20) 111 (20) 0.98
Insurance, n (%)
   Public 316 (70) 387 (70)  
   Private 125 (28) 157 (28)  
   Self-pay 10 (2) 10 (2) 0.88
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criteria but typically did not occur in newly admitted 
patients until they had been monitored at least 4 hours 
post-admission (Fig. 2). The components of the already 
existing bronchiolitis severity scoring system at CoA 
include respiratory rate, work of breathing, behavior, and 
auscultation, with scores of 0–4 indicating mild disease, 
5–8 indicating moderate disease, and 9–12 indicating 
severe disease. Although respiratory scoring is incon-
sistent,21 utilization of a scoring system provided some 

objectivity for assessment and communication between 
providers. Therefore, we selected this metric as the ini-
tial intervention because, before project implementation, 
HFNC weaning was at the discretion of the bedside respi-
ratory therapist and/or medical team.

In addition, patients typically slowly transitioned 
from HFNC to simple nasal cannula, which was simi-
larly slowly and subjectively weaned. We identified this 
variable weaning process and transition from HFNC to 

Table 2.  Primary and Secondary Outcomes and Balancing Measures

 Variable Pre-intervention Post-intervention P

Primary outcomes    
   Length of stay (h) 60.68 46.72 <0.01
   Time on supplemental oxygen (h) 57.80 30.54 <0.01
Secondary outcomes    
   Time on high-flow oxygen (h) 52.89 28.93 <0.01
   Time in ICU step-down unit (h) 56.54 38.14 <0.01
Balancing measures    
   PICU transfer rate, n (%) 12 (2.66%) 23 (4.16%) 0.23
   Intubation rate, n (%) 4 (0.89%) 3 (0.54%) 0.71
   7-day readmission rate, n (%) 8 (1.77%) 11 (1.99%) 0.18
   30-day readmission rate, n (%) 22 (4.88%) 21 (3.79%) 0.44
   7-day ED visit rate, n (%) 12 (2.66%) 8 (1.44%) 0.07
   30-day ED visit rate, n (%) 17 (3.77%) 22 (3.97%) 1.00

Fig. 2.  High-flow holiday Flow Chart. BCP, Bronchiolitis Clinical Pathway; RT, Respiratory Therapy; RN, Registered Nurse.
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low-flow oxygen as a potential unnecessary step con-
tributing to prolonged supplemental oxygen time and 
extending LOS. To address the change in hospital cul-
ture and existing HFNC weaning practices, we included 
educating staff and care providers and displaying the 
laminated chart with the algorithm at every nursing 
workstation (located just outside patient rooms) in 
the first cycle. Although education alone is a less effec-
tive intervention to produce meaningful and sustained 
change,24 we started with this step while working on 
future more robust interventions.

As the first cycle relied on education, and staff ini-
tially was hesitant to wean and discontinue HFNC more 
quickly than was previously done, the subsequent PDSA 
cycles included more robust interventions such as includ-
ing the algorithm into hospital policy (PDSA cycle 2) and 
as a pre-checked order within the bronchiolitis order set 
in the electronic medical record (PDSA cycle 3). These 
additional cycles occurred after several months of data 
demonstrated that outcomes had not worsened following 
the initial intervention and as staff became more comfort-
able with the HFNC weaning/holiday algorithm.

Statistical Analysis
The data were displayed using a statistical pro-
cess X-bar control chart utilizing the Institute for 
Healthcare Improvement rules for assessing special 
cause variation. Specifically, we used the following 
rules: (1) a point outside the control limits, (2) 6 con-
secutive points all increasing/decreasing, (3) two out of 
three points in the outer third deviation of the chart, 
and (4) eight or more consecutive points above/below 
the mean/centerline. The upper and lower control lim-
its represented the data at three standard deviations. 
Once the data fit the criteria for a significant special 
cause variation in a trend, we re-analyzed the data to 
create a new mean and control limits. Process control 
charts were completed using QI Macros 2016. Two-
tailed student’s T-testing assuming unequal variances 
for pre- and post- data for the outcome measures was 
performed with SAS, version 9.4.

RESULTS
A total of 1005 patients were admitted to the BCP from 
February 2018 to February 2020, with 554 patients 
admitted after project implementation in February 
2019. Table 1 provides the patients’ demographics and 
clinical characteristics. Six hundred thirty-six (636) 
patients received any supplemental oxygen, with 442 
patients receiving HFNC. After implementation of 
interventions to standardize HFNC weaning/discontin-
uation, there was a 23% reduction in mean LOS from 
a baseline of 60.7 hours (SD = 58.7) to 46.7 hours  
(SD = 37.7, t(1003)=4.56, P < 0.01) (Fig. 3). In addition, 
there was a 47% reduction in the mean time on any supple-
mental oxygen from a baseline of 57.8 hours (SD = 57.8)  

to 30.5 hours (SD = 28, t(634)=7.66, P < 0.01) (Fig. 3). 
The mean time on HFNC decreased by 45% from 
a baseline of 52.9 hours (SD = 42.5) to 28.9 hours  
(SD = 22.7, t(440)=7.67, p=<0.01) (Fig.  4). The mean 
time in ICU step-down unit decreased by 27% from 
a baseline of 56.5 hours (SD = 47.8) to 38.1 hours  
(SD = 26.8, t(492)=5.46, p=<0.01) (Fig. 4). Additionally, 
there was a significant decrease in variation over time 
and tightening of control limits, indicating a more stable 
process. These control charts demonstrate rapid changes 
in outcomes, with the greatest change being seen with 
the initial intervention of implementing the HFH wean-
ing/holiday algorithm likely secondary to the enthusiasm 
and efforts of a primary stakeholder in our lead respi-
ratory therapist. Overall, there were 245 holiday trials, 
with 212 patients requiring no further supplemental oxy-
gen; 6 patients who failed the holiday required replacing 
their HFNC, and 27 patients who developed hypoxemia 
required transition to low-flow oxygen.

Balancing measures remained stable with no sta-
tistically significant differences (Table  2). A review of 
resource utilization outcomes demonstrated decreased 
respiratory charges due to reduced supplemental oxy-
gen usage. The mean respiratory charge (based on hourly 
charges for HFNC and simple nasal cannula oxygen) per 
patient pre-intervention was $2428.99. The post-inter-
vention was $1486.36, with a mean savings of $942.63 
per patient.

DISCUSSION
This quality improvement initiative demonstrated that 
standardizing weaning of supplemental oxygen therapy 
was associated with decreased LOS and time on sup-
plemental oxygen. The mean LOS following the inter-
ventions was 46.7 hours (1.8 days), compared with 2.4 
days1,2 or 3.3 days25 previously reported in the literature. 
There were no significant differences in patient population 
pre- and post-intervention other than a younger average 
gestational age in post-intervention patients, which likely 
was due to a revision of the inclusion/exclusion criteria 
for the BCP at the time of intervention, specifically no 
longer excluding premature infants from being placed on 
the BCP.

Currently, there is limited and conflicting evidence for 
improved clinical outcomes in HFNC use in the treat-
ment of bronchiolitis. A systematic review by Lin et al.26 
of nine randomized control trials assessing HFNC use 
in bronchiolitis demonstrated a significant reduction in 
the incidence of treatment failure in the high-flow group. 
Otherwise, there were no significant differences in LOS, 
length of oxygen supplementation, transfer to intensive 
care unit, intubation rate, or adverse events. Multiple 
studies have demonstrated its safety for use outside of 
intensive care units11,13,27; however, its increasing utiliza-
tion has not consistently demonstrated improved out-
comes on LOS and time on supplemental oxygen,28 which 
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may be related to variability in care in part due to lack of 
guidelines for de-escalation of care.

Multiple factors contributed to the success of our QI 
intervention of implementing the HFNC weaning/holiday 
algorithm, including multidisciplinary collaboration, with 
strong buy-in from respiratory leadership and all cham-
pions encouraging bedside discussion on rounds helping 
with the adoption of this change. In addition, subsequent 
incorporation of the algorithm as part of a care path-
way within electronic medical record order sets helped 
decrease variation in ordering practices and improve 
adherence to the guidelines.29–31 Additional factors con-
tributing to culture change and the successful adoption 
of the changes included visible protocol reminders at the 
bedside and regular updates to staff (respiratory therapy, 
nursing, and house staff) with charts displaying improved 
outcomes over time.

One barrier to early adoption was observed during cycle 
1, with the discomfort of bedside medical staff during 

the observation period following a HFH and subsequent 
reinitiation of HFNC despite patients not meeting the cri-
teria established in the algorithm. This occurrence became 
less common over time as providers became more accus-
tomed to the practice of discontinuing HFNC without a 
transition to a simple nasal cannula. The frequent updates 
regarding our improving outcomes reinforced this to all 
involved staff.

A second related barrier to adopting new practices is the 
culture among medical providers to treat any tachypnea 
or increased work of breathing with supplemental oxygen, 
even in patients without hypoxemia. As HFNC usage has 
increased across the country, it is possible providers have 
become more uncomfortable with mild-moderate respira-
tory distress, and thus contributed to overtreatment and 
increased utilization. Additionally, there are no nation-
ally agreed-upon metrics for implementing HFNC, which 
likely leads to variability between providers. Addressing 
this paradox, especially with an emphasis on educating 

Fig. 3.  X-bar charts for primary outcomes. Δ, Change



Hoefert et al. • Pediatric Quality and Safety (2022) 7:2;e534	 www.pqs.com

7

medical trainees, may help future quality improvement 
efforts in bronchiolitis care, especially those focusing on 
value-based care. Our attempts to address this barrier 
included discussions about the indications for various 
respiratory therapies, including supplemental oxygen, 
and encouragement of providers to follow the established 
algorithm, which incorporated multiple aspects of clinical 
status in decision-making instead of just increased work 
of breathing.

Overutilization in bronchiolitis has become an increas-
ingly discussed topic, as a growing focus on value-based 
care highlights the importance of reducing unnecessary 
care. One multicenter collaborative32 focused on discon-
tinuation of unnecessary therapies for bronchiolitis in 
community hospital sites and successfully achieved a 68% 
reduction in steroid use and 29% reduction in bronchodi-
lator use. Another initiative by Mittal et al3 demonstrated 
successful use of QI methodology to reduce supplemen-
tal oxygen use through judicious use of intermittent pulse 
oximetry in nonhypoxemic patients with bronchiolitis. 
These studies highlight the potential for further quality 
improvement work in minimizing waste in healthcare 
settings and indicate that collaboration, combined with 
the application of evidence-based best practices, can help 
enable cultural and behavioral shifts to reduce unnecessary 

care.33 High variability in care can contribute to a lack of 
evidence-based practice and increasing healthcare costs. 
The development of protocols and clinical pathways has 
led to decreased variation and improved resource utiliza-
tion.34 A prior study by Gc et al. demonstrated that the use 
of HFNC as initial therapy was unlikely to be cost-saving 
compared with standard oxygen therapy with HFNC as 
rescue therapy for respiratory failure in infants with bron-
chiolitis and found that use of initial HFNC was associ-
ated with a $420 increased cost per infant.35 Similarly, in 
our study, reduced supplemental oxygen usage was associ-
ated with decreased respiratory charges.

Limitations
Several limitations to this study may have affected the 
above findings. Year-to-year variation in viruses and sever-
ity of illness may have impacted the results, as declining 
severity of bronchiolitis could be a factor in the reduced 
LOS. However, even if seasonal variation contributed to 
LOS reduction, this initiative improved variation for all 
primary and secondary outcomes. Another potential lim-
itation includes not adjusting for other patient factors 
that impact the LOS, such as feeding status and social 
dynamics; however, these factors likely were also pres-
ent in baseline data and would not be expected to vary 

Fig. 4.  X-bar charts for secondary outcomes. Δ, Change
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significantly from year to year. Data collection (both 
pre-intervention and post-intervention) included all 
patients admitted on the BCP and not stratified between 
those requiring no supplemental oxygen versus HFNC 
or simple nasal cannula alone. This stratification may 
be a potential next step to address in future efforts to 
identify differences in outcomes based on patient subsets. 
Our study was a single-center study and would need to 
be done at other institutions to ensure generalizability. 
Lastly, due to the COVID-19 pandemic, the number of 
admissions due to bronchiolitis significantly decreased 
from March 2020 onward, limiting the ability to assess 
the sustainability of the interventions.

CONCLUSION
Overall, implementing a standardized process for 
weaning and discontinuing supplemental oxygen was 
associated with a reduction in mean LOS and time on 
supplemental oxygen for patients hospitalized with 
bronchiolitis without increasing adverse events, thereby 
demonstrating the potential for safely minimizing 
resource utilization. In addition, this standardized pro-
cess has become incorporated into the workflow and, as 
part of an electronic order set in the electronic medical 
record, should remain sustainable over time. The next 
steps include collaborating with PICU staff to expand 
HFNC weaning/holiday guidelines into the intensive 
care setting and implementing recommendations for 
feeding and enteral nutrition for patients on HFNC to 
optimize care.
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