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Feeding during High-Flow Nasal Cannula for Bronchiolitis:
Associations with Time to Discharge
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BACKGROUND: High-flow nasal cannula (HFNC) is
increasingly used to treat children hospitalized with
bronchiolitis; however, the best practices for feeding
during HFNC and the impact of feeding on time to
discharge and adverse events are unknown. The study
objective was to assess whether feeding exposure during
HFNC was associated with time to discharge or feedingrelated adverse events.
METHODS: This retrospective cohort study included
inpatients aged 1-24 months receiving HFNC for
bronchiolitis at an academic children’s hospital from
January 1, 2015 to March 1, 2017. Feeding exposures
during HFNC were categorized as fed or not fed. Among
fed children, we further evaluated mixed (oral and tube)
or exclusive oral feeding. The primary outcome was time
to discharge after HFNC cessation. Secondary outcomes
were aspiration, intubation after HFNC, and seven-day
readmission.
RESULTS: Of 123 children treated with HFNC, 45 (37 %)
were never fed. A total of 78 children (63%) we fed; 50
(41%) were exclusively orally fed and 28 (23 %) had mixed

B

ronchiolitis is the most common cause of nonbirth
hospitalization in children in the United States less
than one year of age.1 For children with severe bronchiolitis, high-flow nasal cannula (HFNC) is increasingly used2-4 to reduce work of breathing and prevent the need
for further escalation of ventilatory support.5,6 Although previous studies suggest that enteral feeding is recommended in
the management of patients hospitalized with bronchiolitis,7-9
limited evidence exists to guide feeding practices for patients
receiving HFNC support.5,10,11
Respiratory support with HFNC has been associated with
prolonged periods without enteral hydration/nutrition (ie, nil
per os [NPO])12 primarily due to anticipation of further escalation of respiratory support or concern for increased risk of
aspiration. The majority of patients with bronchiolitis managed
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feeding. Median (interquartile range) time to discharge
after HFNC was 29.5 hours (23.5-47.9) and 39.8 hours (26.461.5) hours in the fed and not fed groups, respectively. In
adjusted models, time to discharge was shorter with any
feeding (hazard ratio [HR] 2.17; 95% CI: 1.34-3.50) and
with exclusive oral feeding (HR 2.13; 95% CI: 1.31-3.45)
compared with no feeding. Time to discharge from HFNC
initiation was shorter for exclusive oral feeding versus not
feeding (propensity weighted HR 1.97 [95% CI: 1.13-3.43]).
Adverse events (one intubation, one aspiration pneumonia,
one readmission) occurred in both groups.
LIMITATIONS: Assessment of feeding exposure did not
account for quantity and duration.
DISCUSSION: Children fed while receiving HFNC for
bronchiolitis may have shorter time to discharge than
those not fed. Feeding-related adverse events were rare
regardless of the feeding method. Controlled prospective
studies addressing residual confounding are needed to
justify a change in the current practice. Journal of Hospital
Medicine 2019;14:e43-e48. © 2019 Society of Hospital
Medicine

with HFNC, however, do not require escalation of care.5,13 When
feeding is attempted during HFNC support, it is frequently
interrupted.5 Moreover, keeping all children NPO when receiving HFNC may be associated with weight loss and longer
length of stay (LOS).12,14 Two small studies found that children
admitted to the intensive care unit who received HFNC support for bronchiolitis did not have increased rates of emesis,
worsening respiratory distress or aspiration pneumonia when
enterally fed.10,11 However, no comparison of adverse events or
LOS has been made between patients who were fed and those
who were not fed during HFNC therapy, and previous studies
have included only patients who have received HFNC in the
intensive care setting.
Supporting safe feeding early in hospitalizations for bronchiolitis may facilitate expedited clinical improvement and
discharge. As part of an ongoing bronchiolitis quality improvement initiative at our hospital, we sought to characterize feeding practices during HFNC therapy and assess whether feeding exposure was associated with (1) time to discharge after
HFNC or (2) feeding-related adverse events. We hypothesized
that feeding during HFNC therapy would be associated with a
shorter time to discharge after HFNC cessation.
Journal of Hospital Medicine® Published Online September 2019
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METHODS

Study Design, Setting, Participants
This was a retrospective cohort study of patients aged 1-24
months receiving HFNC support for respiratory failure due to
bronchiolitis at an academic children’s hospital between January 1, 2015 and March 1, 2017. Our institution has had a clinical
practice guideline, associated order set, and respiratory therapy protocol for general care patients with bronchiolitis since
2009. Patients with bronchiolitis who were weaning HFNC have
been cared for in both the intensive and general care settings
since 2013. A formal process for initiation of HFNC on general care units was instituted in January of 2017. During the
study period, no patients with HFNC support for bronchiolitis
had all their care entirely outside the intensive care unit at our
institution. However, initiation and subsequent use of HFNC
may have occurred in either the intensive care or general care
setting. No specific guidance for feeding during HFNC existed
during this period.
Patients were identified using the Virtual PICU Systems database, (VPS LLC, myvps.org, Los Angeles, California) and, by
definition, all patients received at least some of their care in
the intensive care unit. Patients with comorbid conditions of
prematurity (<35 weeks) and those with cardiopulmonary, neuromuscular, and genetic diseases were included. Patients with
preexisting dysphagia, defined as ongoing outpatient speech
therapy for swallowing concerns, an admission diagnosis of
aspiration pneumonia or on home respiratory support, were
excluded. Children (n = 7) were excluded if they had more than
one period of HFNC during admission. This study was determined to be exempt by the University of Wisconsin School of
Medicine and Public Health’s Institutional Review Board.

Data Collection and Study Variables
The following variables were collected from VPS administrative
data: patient gender, age, admission and discharge date and
time, type and total hours of respiratory support, intensive care
admission, and LOS (in hours). Additional demographic, clinical, and feeding exposure variables were abstracted manually
from the electronic medical record (Epic, Verona, Wisconsin)
using a structured data collection tool and stored in REDCap
(Research Electronic Data Capture)15 including prematurity,
race/ethnicity, insurance status, primary language, and passive tobacco smoke exposure. Clinical variables included duration of illness (days) at the time of admission, unit of HFNC
initiation (emergency department, general care, intensive
care, respiratory rate and oxygen saturation at HFNC initiation (<90%, 91%-92%, or >92%), acquisition of blood gas at
HFNC admission, duration of time on HFNC (hours) and need
for intubation or noninvasive ventilation prior to HFNC. The
Pediatric Index of Mortality 2 Risk of Mortality (PIM 2 ROM)16
was used to estimate the severity of illness. The PIM2ROM
uses clinical variables (systolic blood pressure, fixed pupils,
measure of hypoxia using PaO2/FiO2 ratio, base excess, mechanical ventilation, elective admission, recovery from surgery,
cardiac bypass, high-risk diagnosis, low-risk diagnosis) collected at the time of intensive care admission to generate a score
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that predicts the risk of mortality for an individual patient.17
Feeding exposures were documented in three-hour intervals from HFNC initiation to completion using a structured protocol. At each interval the following feeding information was
abstracted from a review of nursing and physician documentation and relevant clinical flowsheets: presence or absence of
feeding during the interval, route of feeding (oral, nasogastric
[NG] or nasojejunal [NJ]). Feeding exposure was categorized a
priori as fed at any point during HFNC (vs not fed at any point).
Fed children were further characterized as (1) mixed feeding
consisting of oral and tube feeds (NG or NJ) or (2) exclusive
oral feeding throughout HFNC support (Appendix 1).
The primary outcome was the number of hours to discharge
from HFNC cessation. Secondary outcomes were time to discharge from HFNC initiation, all-cause readmissions within
seven days of discharge, and potential feeding-related adverse events. Potential adverse events included: (1) aspiration,
defined as initiation of antibiotic AND either chest radiograph
official interpreted as evidence for aspiration and/or documented concern for aspiration from the treating physician, or
(2) intubation after feeding during HFNC.

Statistical Analysis
Descriptive statistics evaluated differences in demographics
and clinical variables for feeding exposure groups. We used
chi-squared tests for differences in proportions and t-tests or
Wilcoxon Rank-Sum tests for differences in means or medians
for continuous variables, respectively. Associations between
feeding exposure during HFNC and time to discharge (measured in hours) after HFNC completion were modeled with
Cox proportional hazards regression. Using this approach,
hazard ratios (HR)>1 indicate a higher hazard (rate) of discharge for children with a feeding exposure than for children
without the exposure. For example, a hazard ratio equal to two
indicates that the exposed population is discharged at twice
the rate per unit time as the nonexposed population. Death
or censoring events did not occur. Feeding exposure was first
modeled dichotomously as not fed or fed. To further explore
associations between feeding modality and our outcome, we
then modeled feeding exposure categorically as not fed (reference), mixed (oral and tube) feeding, or exclusive oral feeding
throughout HFNC.
After constructing a set of unadjusted models, we then adjusted the models for variables having independent (bivariate P < .10) associations with time to discharge: age, unit of
HFNC initiation, highest respiratory support required before
HFNC, and HFNC duration. Finally, to attempt to account for
residual confounding from latent constructs, we also created
a set of propensity-weighted Cox proportional hazards models. Propensity weights18 reflecting the probability of being fed
or never being fed during HFNC were created using logistic
regression with predictors we hypothesized a priori that may
have influenced the clinical decision to feed during HFNC:
age, day of illness on admission, prematurity, PIM2 ROM score,
respiratory rate, oxygen saturation and blood gas acquisition
at HFNC initiation, and highest respiratory support required
An Official Publication of the Society of Hospital Medicine

Feeding during High-Flow Nasal Cannula | Shadman et al

1.0

Cumulative Incidence of Discharge

0.8

0.6

0.4
Exclusive Oral Feedings (N = 50)
HR (95%CI): 2.13 (1.31-3.45)
Mixed or Tube Fed (N = 28)
HR (95%CI): 1.42 (0.77-2.63)

0.2

Not fed (N = 45)
HR (95%CI): ref

0.0
0

12

24

36

48

60

72

84

96

108

120

132

144

Time (Hours)
FIG. Adjusted Hazard Ratio for Time to Discharge after Completion of High Flow Nasal Cannula Support According to Feeding Modality

before HFNC. All analyses were conducted using STATA 14.0
(StataCorp, College Station, Texas), and adjusted hazard ratios
(aHR) with 95% confidence intervals (95% CIs) were reported.

RESULTS
Patients (n = 123) had a mean age of 7.3 months (standard deviation [SD] 7.1) and presented on day of illness 4.8 (SD 2.3).
Prior to HFNC, 10% required higher respiratory support (3%
mechanical ventilation). Former preterm children were 12% of
the overall sample.
During HFNC, 37% of patients were never fed, 41% were exclusively orally fed, and 23% had tube or mixed oral and tube
feedings (Table 1 and Appendix 2). Children who were not fed
were older, but groups were otherwise similar in terms of gender, race/ethnicity, passive smoke exposure, day of illness, unit
of HFNC initiation, respiratory support required prior to HFNC,
and respiratory rate at HFNC initiation.
Median time to discharge after HFNC completion was 31.4
hours (interquartile range [IQR] 23.9-52). Median (IQR) time to
discharge was 29.5 (IQR 23.5-47.9) hours in children who were
fed and 39.8 (26.4-61.5) hours in those who were not fed (unadjusted HR 1.25 [0.86-1.82], aHR 1.83 [95% CI: 1.16-2.88]). Time
to discharge was shortest when children were fed exclusively orally (Figure). Compared with children who were not fed,
time to discharge following HFNC completion was significantly shorter for those who were exclusively orally fed (aHR 2.13
[95% CI: 1.31-3.45]; Table 2). Results of the propensity-weighted model were similar: time to discharge after completing
An Official Publication of the Society of Hospital Medicine

HFNC was shorter in fed versus not fed children (HR 2.17; 95 %
CI: 1.34-3.50). The secondary outcome, time to discharge from
HFNC initiation, had a similar relationship, ie, shorter time to
discharge with exclusive oral feeding vs not feeding [aHR 1.95
(95% CI: 1.19-3.18)]. Time to discharge after initiation of HFNC
was also shorter for fed versus not fed in propensity-weighted
analysis (HR 1.97; 95% CI: 1.13-3.43).
Adverse events were rare. One otherwise healthy, full-term
one-month-old (unfed) child was intubated; one otherwise
healthy, full-term four-month-old (fed) infant intubated prior to
HFNC therapy had antibiotic initiation with radiologist documentation of possible pneumonia and physician documentation of suspected aspiration pneumonia, and one otherwise
healthy, full-term, four-month-old (fed) child had a readmission
within seven days.

DISCUSSION
This observational study found that being fed during HFNC
was associated with shorter time to discharge after HFNC
support was completed. Exclusive oral feeding was associated with the shortest time to discharge, and these results were
consistent across a variety of analytical approaches. Adverse
events were rare and occurred in both fed and unfed children.
These findings advance research on relationships between
nutrition and bronchiolitis outcomes. Studies of general care
patients with bronchiolitis without HFNC have observed associations between poor nutrition and prolonged LOS.19,20
Two previous studies of patients receiving HFNC therapy for
Journal of Hospital Medicine® Published Online September 2019
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TABLE 1. Clinical Characteristics of Children According to Feeding Status during HFNC Therapy
Fed during HFNC (any modality)
Yes (n = 78)
n
Age (months), mean (SD)

P

No (n = 45)
%

n

6.3 (6.1)

%

9.4 (8.6)

.01

Gender

Female

28

36

16

36

1

Race/Ethnicity*

White, non-Hispanic

48

63

33

73

.31

Black, non-Hispanic

9

12

1

2

Hispanic

7

9

2

4

Other

5

7

4

9

Unknown/Declined

7

9

5

11

Yes

21

27

7

16

No

47

60

28

62

Unknown/Declined

10

13

10

22

10

13

5

11

1

4.7 (2.4)

.77
.64

Passive Tobacco Exposure

Prematurity <35 weeks
Day of illness on admit, mean (SD)
Unit HFNC initiated

Positive pressure support prior to HFNC

4.9 (2.3)

.21

Pediatric intensive care

36

46

19

42

Emergency department

25

32

11

24

Medical unit

3

4

3

7

Outside hospital

6

8

4

9

Transport

8

10

8

18

Continuous positive airway pressure

5

6

1

2

.41

Bilevel positive airway pressure

1

1

2

4

.55

Mechanical ventilation

3

4

1

2

1

Respiratory Rate at HFNC initiation, mean (SD)

62.3 (25.3)

Blood gas obtained

37

56.2 (13.6)
47

0.2 (0.2-0.3)

24

.14
49

Risk of mortality, median (IQR)

Pediatric index of mortality, risk of mortality
(PIM2 ROM)

Oxygen saturation at HFNC initiation

>92%

67

86

42

93

90%-92%

5

6

2

4

<90%

6

8

1

2

78

63

45

37

Tube /mixed feeding

28

23

0

0

Exclusive oral feeding

50

41

0

0

HFNC (hours), median (IQR)

35.6

(20.2-54.5)

19.1

(8.0-24.0)

<.001

Feeding exposure during HFNC

0.2 (0.2-0.3)

1
.78
.47

Abbreviations: HFNC, high-flow nasal cannula; IQR, interquartile range; SD, standard deviation.
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TABLE 2. Hazard Ratios for Time to Discharge from Completion of HFNC and Time to Discharge from Initiation

of HFNC
Unadjusted

Adjusted

HR (95% CI)

HR (95% CI)a

Time to discharge from completion of HFNC by feeding modality during HFNC
ref

ref

Mixed or tube fed

0.94 (0.59-1.51)

1.42 (0.77-2.63)

Exclusive oral feeding

1.57 (1.04-2.38)

2.13 (1.31-3.45)

Not fed

Time to discharge from initiation of HFNC by feeding modality during HFNC
ref

ref

Mixed or tube fed

0.42 (0.26-0.68)

1.27 (0.69-2.36)

Exclusive oral feeding

0.89 (0.59-1.34)

1.95 (1.19-3.18)

Not fed

Propensity Weighted
HR (95% CI)b
Time to discharge from completion of HFNC by fed vs not fed during HFNC

2.17 (1.34-3.50)

(any modality)
Time to discharge from initiation of HFNC by fed vs not fed during HFNC

1.97 (1.13-3.43)

(any modality)
a
Models adjusted for age, unit of HFNC initiation, highest respiratory support required before HFNC, Pediatric Index of Mortality 2 Risk of Mortality (PIM2 ROM), oxygen saturation at HFNC
initiation, and duration of HFNC

Propensity weights reflected the probability of being fed or never being fed during HFNC using logistic regression based on age, day of illness on admission, history of prematurity, respiratory
rate, oxygen saturation, blood gas acquisition and PIM2 ROM at HFNC initiation, and highest respiratory support required before HFNC.

b

Abbreviations: HFNC, high-flow nasal Cannula; HR, hazard ratio.

bronchiolitis concluded that frequent interruption11 and later
initiation of enteral nutrition10 during ICU stay was associated
with longer time to discharge.11 To our knowledge, this is the
first study of patients with bronchiolitis treated with HFNC in
both general care and ICU settings that compared outcomes
according to whether children were fed during HFNC therapy.
Our results extend previous work demonstrating that delays in
feeding may be associated with longer LOS.
Decisions to feed children with respiratory distress due to
bronchiolitis are complex and often subjective. Readiness to
feed may be based upon the assessment of a child’s work of
breathing, trajectory of illness, institutional culture, and individual physician, nurse, respiratory therapist or speech-language
pathologist comfort. In the absence of established feeding
best practices,21 some institutions have developed guidelines
based on local expert opinion; however, often these recommendations remain largely subjective and nonspecific.5,10,22-24
Although decisions to feed may be influenced by concern
about a child’s clinical stability and feeding risk, we found few
objective clinical differences between children fed (orally or by
enteral tube) or not fed. Moreover, our results were consistent
even when we used a propensity-weighted model to account
for measured factors that may have been associated with the
decision to initiate feeding. This suggests the decision to feed
could be more arbitrary than we assume and is important to
investigate in future research.
Additionally, although a few early studies have aimed to
standardize the process of weaning HFNC support in bronchiAn Official Publication of the Society of Hospital Medicine

olitis,25,26 this process is also largely subjective.10,22,23 As such,
the weaning process may be influenced by perceptions of
the child’s overall health. Orally fed children may be viewed
as more comfortable or well and thus, more readily weaned,
which ultimately influences the length of HFNC therapy. Our
study design attempted to account for this potential bias by
measuring time to discharge following HFNC therapy, rather
than measuring total LOS. Meeting adequate calorie, weight,
or hydration goals prior to discharge may take longer if feeds
have been withheld. We speculate that prolonged periods of
NPO might also risk transient oral aversion or feeding discoordination that could influence LOS. Previous research involving
broad intensive care unit populations has established the importance of providing nutrition to critically ill children as soon
as possible as a means of improving outcomes.27-29 Patients
receiving HFNC support for bronchiolitis could plausibly experience similar benefits.
This single-center study with a relatively small sample size
has important limitations to consider. The observational design
limits our ability to draw conclusions about causal relationships
between feeding, time to discharge, and adverse events. In
particular, feeding exposure did not account for nuances in
feeding timing, feeding density, and other elements of feeding
exposure. Additionally, adverse events are rare, and this study is
inadequately powered to detect differences between exposure
groups. Although we included children cared for in general and
intensive care units, our findings may not be generalizable to
other hospitals with different placement criteria. Despite the
Journal of Hospital Medicine® Published Online September 2019
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creation of adjusted and propensity-weighted models, our results are still subject to possible residual indication bias. We
cannot control for all possible confounders, particularly unmeasured factors which might simultaneously motivate decisions whether, when, and how to feed children receiving HFNC
therapy and influence time to discharge after HFNC is finished.
Although this study observed associations between feeding
during HFNC and both our primary (time to discharge after
HFNC was complete) and secondary (time to discharge after
HFNC was initiated) outcomes, future work should evaluate
how feeding strategies might impact total LOS, particularly as
management becomes more standardized.
Prospective studies of feeding exposures during HFNC therapy in bronchiolitis, as well as rigorous interventional study designs, are needed to confirm shorter lengths of stay and safety
with larger and more diverse samples. Future research should
evaluate methods to safely and effectively feed children with
severe bronchiolitis, which would inform standardized evidence-based approaches. Given the scale on which children
with bronchiolitis are admitted each year, the implications of
such work could be substantial.

CONCLUSION
Children fed while receiving HFNC for bronchiolitis may have
shorter time to discharge than those who are not fed. Feeding-related adverse events were rare regardless of the feeding method.
Controlled prospective studies addressing residual confounding
are needed to justify a change in the current practice.
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