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BACKGROUND: High-flow nasal cannula (HFNC), a form of noninvasive respiratory support, is
effective for the treatment of respiratory distress in ICUs. Although HFNC has been used outside
of the ICU, there is little research that examines its safety in this less-monitored setting. METHODS:
Children = 24 months old admitted with bronchiolitis to a pediatric floor at a tertiary care center
from April 1 2013, to March 31 2015, were identified by using standard diagnostic codes. Exclusion
criteria were concomitant pneumonia or complex comorbidities. Demographic and clinical character-
istics were abstracted. Outcomes included transfer to the ICU, higher levels of respiratory support,
intubation, pneumothorax, or aspiration events. RESULTS: Eighty children admitted with bronchiolitis
who were treated with HFNC while on the pediatric floor were examined. The median age was 4.6 months,
45% were girls, and the majority were either Hispanic (41%) or black (36%). Flow ranged from 3 to
10 L/min. Thirty-three subjects (41% of the sample) required subsequent transfer to the ICU. No
children were intubated or developed a pneumothorax. Eighty-three percent were fed while on HFNC.
No children had an aspiration event. CONCLUSIONS: HFNC may be a safe modality of respiratory
support outside of the ICU for children ages = 24 months with bronchiolitis and without comorbidities
up to a maximum flow of 10 L/min. There were no adverse events among the subjects who were fed
while on HFNC. Key words: high-flow nasal cannula; bronchiolitis; patient safety, noninvasive respiratory
support; pediatric; complications. [Respir Care 2019;64(11):1410-1415. © 2019 Daedalus Enterprises]

Introduction

Viral bronchiolitis represents a significant burden of
disease in the United States and accounts for >150,000
hospitalizations and more than $1.73 billion in hospital
charges annually.!? Although most children require only
supportive care, 2—7% decompensate and require ventila-
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tory support, which has traditionally required transfer to a
pediatric ICU.># High-flow nasal cannula (HFNC) is a
therapeutic modality that has been effective in the treat-
ment of respiratory failure in the ICU setting.>-!! Although
HENC has been used to treat bronchiolitis-associated re-
spiratory failure outside of the ICU, there are concerns
regarding the safety of using it in a less-monitored envi-
ronment and the possibility that use of HFNC on the gen-
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eral unit might delay more-definitive airway management.
To address this, we performed an observational cohort
study of the safety of HFNC outside of the ICU setting.

Viral bronchiolitis is an acute infectious inflammatory
condition of the airways, which causes significant respi-
ratory distress in infants and young children. The care for
bronchiolitis is primarily supportive, with suctioning and
oxygen supplementation for mild-to-moderate bronchioli-
tis and/or noninvasive or invasive mechanical ventilation
for children with severe bronchiolitis.!> HFNC provides
heated and humidified oxygen and air at a variable flow.'3
It delivers positive pressure at flows > 2 L/min and is
thought to improve alveolar ventilation by CO, washout of
airway dead space.!? Several randomized controlled trials
of the use of HFNC in the neonatal ICU demonstrated
noninferiority and similar safety profiles when compared
with CPAP as a means of primary respiratory support for
premature infants and as transitional support after extuba-
tion.>-3:14 Recent studies in the pediatric ICU and pediatric
emergency department patient populations found that the
use of HFNC in children with respiratory distress is asso-
ciated with improved oxygen saturation and respiratory
scale scores, and a decreased need for intubation.-!!

Studies to date have focused on the use of HFNC in in-
tensive care and emergency department settings, whereas few
studies examined the use of HFNC in general pediatric in-
patient units.'> Despite a lack of evidence that demonstrates
safety and effectiveness, HFNC is now being used to treat
children with bronchiolitis outside of the ICU setting.!>'¢
General pediatric units are a less-monitored environment than
the ICU, with lower nursing-patient ratios and less support
from respiratory therapists. The safety of HFNC in this less-
monitored and lower resource setting has not been estab-
lished. There have also been case reports of air-leak syn-
dromes (eg, pneumothorax, pneumomediastinum, or
subcutaneous emphysema) with the use of HFNC.!? Further-
more, although some children on HFNC have been fed in a
highly monitored setting, it is unclear whether enteral nutri-
tion is safe while children are on HFNC or whether parenteral
hydration and nutrition is necessary to reduce the risk of
aspiration.'8-1° We sought to evaluate the feasibility and safety
of HENC for the treatment of bronchiolitis outside the ICU.
In addition, we examined the feeding practices and safety of
feeding children treated with HFNC. We hypothesized that
the use of HFNC outside of the ICU would not be associated
with pneumothorax, aspiration, intubation, or death.

Methods
Overview
This was a retrospective cohort study that examined the

safety of the use of HFNC outside of the ICU in children
with bronchiolitis. The Children’s Hospital at Montefiore
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Current knowledge

High-flow nasal cannula (HFNC) is an effective form
of noninvasive respiratory support in the intensive care
setting, and studies reported noninferiority and similar
safety profiles when compared with CPAP. A Cochrane
review in 2014 called for additional evidence of the
safety of HFNC for infants with bronchiolitis, and data
are lacking on the use of this modality outside of the
ICU setting.

What this paper contributes to our knowledge

This study indicated that HFNC may be a safe modality
of respiratory support for previously healthy children
with bronchiolitis outside of the ICU. However, pedi-
atric ICU transfer was common and, because the ma-
jority of children transferred in the first 24 h after ini-
tiating HFNC, close observation was warranted during
this time. In addition, there were no adverse events
among the subjects who were fed orally while on HFNC.

is a 132-bed academic tertiary care children’s hospital that
is part of a 4-hospital health center. The hospital is located
in the Bronx, New York, and cares for an underserved
patient population. This study was approved by the insti-
tutional review board at Montefiore Medical Center.

Implementing HFNC on a General Pediatrics Unit

In April 2013, our institution initiated the use of HFNC
outside of the ICU for children with bronchiolitis without
comorbidities. Before this, HFNC was only administered
in the pediatric ICU. A pediatric unit on which the major-
ity of infants and toddlers are cared for was chosen as the
single site for implementation of HFNC due to the prev-
alence of bronchiolitis in this population. An HFNC pro-
tocol was developed and disseminated that specified the
clinical criteria for HFNC and outlined the roles of all
team members who cared for the patient. One-hour didac-
tic training was required for hospital medicine attending
physicians, resident physicians, and nurses who worked on
the identified unit, led by pediatric ICU faculty, respira-
tory therapists, and nurse educators. The training sessions
were designed to teach the mechanics and physiology of
HENC and the ways that HFNC can be used in the support
of patients with severe viral bronchiolitis. At the time of
HENC implementation, a dedicated respiratory therapist
was assigned to the unit. Respiratory therapists were re-
sponsible for setting up the HFNC and conducting rounds
on patients on HFNC to monitor their clinical status. Nurs-
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ing ratios for the nurses caring for a patient on HFNC were
adjusted from a 1:5 to a 1:3 nursing ratio and a nurse could
only care for one patient on HFNC at a time. A decision to
start a patient on HFNC was at the discretion of the pri-
mary provider and was based on an overall clinical picture,
including factors such as the patient’s breathing frequency
and accessory muscle use. Clinicians who made this de-
cision were unaware of a study of HFNC safety.

HFNC Delivery

The HFNC support mechanism consisted of a low-flow
meter, blender, and heating humidification system. The
use of HFNC was documented in the charts by respiratory
therapists and HFNC was initiated at 4 or 6 L/min based
on the age of the patient, and adjusted based on the clinical
response. For the purposes of our study, HFNC was de-
fined as the use of the above system as documented by
respiratory therapy. Use of traditional wall nasal cannula
at any rate without the HFNC hardware was not consid-
ered to be HFNC.

Study Participants

Children =24 months old who were admitted to the
general pediatric infant and toddler unit at an urban ter-
tiary care center with a diagnosis of bronchiolitis between
April 1, 2013, and March 31, 2015, were included in the
study. Patients were identified by a primary ICD-9 dis-
charge diagnosis of acute bronchiolitis, acute bronchiolitis
due to respiratory syncytial virus, and acute bronchiolitis due
to other infectious organism or a primary diagnosis of acute
respiratory failure with a secondary diagnosis of bronchiolitis
(codes 466.11 and 466.19). Children who received HFNC on
the pediatric unit were included in the study and those who
did not receive HFNC or who went directly to the pediatric
ICU were excluded. Because children with complex comor-
bidities that impact respiratory status are not eligible for HFNC
outside of the ICU at our institution, our sample did not
include children diagnosed with a concomitant bacterial pneu-
monia or with cardiac, pulmonary, neurologic, metabolic, or
craniofacial comorbidities.

Data Collection

Demographic and admission characteristics for each sub-
ject were extracted from Montefiore’s Clinical Informa-
tion System by using Clinical Looking Glass (Streamline
Health, Atlanta, Georgia), a data extraction user interface
used for research and quality improvement. Clinical his-
tory, examination findings, respiratory support, and out-
comes were obtained via a concomitant review of elec-
tronic charts. Ten percent of all records were examined by
a second reviewer (ND) to ensure accuracy.
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HFNC Measures

HFNC utilization measures were collected for each sub-
ject. These included maximum and minimum flow, max-
imum Fio, used, and the duration of time on HFNC. HFNC
measures were collected while the subject was on the gen-
eral pediatric unit and did not include HFNC administered
in the pediatric ICU.

Safety Measures

Safety measures included the need for transfer to the
pediatric ICU, escalation to higher levels of respiratory
support (CPAP, noninvasive ventilation, bilevel posi-
tive airway pressure, or intubation), clinically important
pneumothorax, aspiration, and death. Reasons for trans-
fer to the pediatric ICU included escalation of respira-
tory support and the need for closer clinical monitoring.
A decision to transfer was at the discretion of the pri-
mary provider in consultation with the ICU. Clinicians
who made the decisions to transfer were unaware of a
study of the safety of HFNC. All available imaging
reports for each child were reviewed to assess for the
presence of a pneumothorax. Children who did not have
imaging after initiation of HFNC were presumed not to
have a clinically important pneumothorax. Each sub-
ject’s hospital course was reviewed to determine if there
was an aspiration event during admission. An aspiration
event was defined as aspiration mentioned in the clin-
ical notes or a new infiltrate noted on a chest radio-
graph.

Feeding Practices

The charts were reviewed to determine if a subject was
fed orally, via nasogastric tube, or not fed while on HFNC.
Feeding while on HFNC was considered a dichotomous
variable in which children fed at any time while on HFNC
were considered to have been fed. The decision to feed and
the modality of feeding (orally or via nasogastric tube)
was at the discretion of the primary provider and based on
the overall clinical picture, including factors such as the
patient’s breathing frequency, accessory muscle use, and
oxygenation.

Statistical Analysis

Descriptive statistics and frequency histograms were
used to examine the demographic and clinical character-
istics of the study population. To compare demographic
and clinical characteristics of children who required HFNC
versus children who did not require HFNC and children
who were fed orally versus children not fed orally, chi-
square and Wilcoxon rank-sum tests were performed. All
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Fig. 1. Flow chart. HFNC = high-flow nasal cannula.

Table 1.  Participant Characteristics

Characteristic Value

Girls, n (%) 36 (45)
Age, median (interquartile range) mo 4.6 (2.0-10.4)
Race, n (%)

Hispanic 33 (41.2)

Black 29 (36.2)

White 3(3.8)

Other/unknown 15 (18.8)
Medicaid, n (%) 67 (83.8)
Premature, n (%) 19 (23.5)
Previous respiratory admission, n (%) 12 (15.0)
Previous respiratory admission to the 4(5.1)

pediatric ICU, n (%)

N = 80.

analyses were performed by using Stata 13.0 (StataCorp,
College Station, Texas).

Results

Participants

A total of 945 children were admitted to the pediatric
in-patient unit for bronchiolitis. Of these, 310 were ex-
cluded (Fig. 1). Of the remaining 635, 80 children (13%)
were treated with HFNC. Of the study population, 45%
were girls and the majority had Medicaid as their primary
insurance (84%). The study population was 41% Hispanic,
36% black/African-American, and 3.8% white (Table 1).
The median (interquartile range [IQR]) age was 4.6 (2.0—
10.4) months. Twenty-four percent had a history of pre-
maturity (24%). The median (IQR) in-patient stay was
6.1 (5.2-7.9) d from the time of emergency department
triage to discharge.
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Table 2.  Safety Metrics for the Use of HFNC Outside of the ICU
Metric Results, n (%)

Pediatric ICU transfer 33 (41)
Higher noninvasive respiratory support 19 (24)
Intubation 00
Pneumothorax 00
Aspiration 0(0)
Death 0(0)

N = 80.

HENC = high-flow nasal cannula

Infants (n)
4

90%

1111xi1L:h; Tl

0 5 10 15 35 40

Time to PICU transfer (h)

Fig. 2. Time to pediatric ICU (PICU) transfer after initiation of high-
flow nasal cannula.

HFNC Measures

The median (IQR) minimum flow was 3 (3-5) L/min.
The maximum flow was 10 L/min. The median (IQR)
maximum flow for all children was 8 (6—8) L/min. Among
children who stayed on the general floor, the median (IQR)
maximum flow was 7 (6—8) L/min, and, among children
who were transferred to the pediatric ICU, the median
(IQR) maximum flow was 8 (8—10) L/min, which repre-
sented a significant difference (P < .001). The median
(IQR) maximum F;5 was 0.40 (0.30-0.50).

Safety Measures

Of the children treated with HFNC outside of the ICU,
41% required transfer to the pediatric ICU and 59% stayed
on the general pediatric unit (Table 2). Among the children
who stayed on the pediatric floor, the median (IQR) time
spent on HFNC was 3.0 (2.0-4.2) d. Among the children
who required transfer to the pediatric ICU, 30 (91% of
those who required pediatric ICU transfer) were trans-
ferred in the first 24 h after initiation of HFNC (Fig. 2) and
58% required escalation to higher levels of respiratory
support after transfer. There were no intubations. No chil-
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Table 3.  Feeding While on HFNC
Parameter Results, n (%)*
Fed while on HENC 66 (82.5)
Regular oral 52 (78.8)
Clears only 13 (19.7)
Nasogastric tube only 1(1.5)
Not fed while on HFNC 14 (17.5)

N = 80.
* Due to rounding, percentages may not add up to 100%.
HENC = high-flow nasal cannula

dren had a clinically important pneumothorax, and there
were no aspiration events. There were no deaths.

Feeding Practices

The majority of children (82.5%) in the cohort were fed
while on HFNC. Of the children who were fed, the pri-
mary modality was oral feeds (98.5%) and only 1 child
was fed via a nasogastric tube only (1.5%). Of the children
who were fed, 78.8% received their full oral diet (breast
milk, formula, and/or purees) and 19.7% received clear
diet only (Table 3). No subjects had an aspiration event.
Of the 14 subjects who were not fed, all (100%) required
transfer to the pediatric ICU.

Discussion

In this observational cohort study, we examined 80 chil-
dren with acute bronchiolitis who were treated with HFNC
outside of the ICU. Of these, 41% required transfer to the
pediatric ICU, most within 24 h of initiation of HFNC. No
children who received HFNC on the general pediatric unit
developed pneumothorax, required intubation, or died. A
majority (82.5%) were fed, and there were no aspiration
events. Overall, results of our study indicated that the use
of HFNC was safe when used outside of the ICU for
healthy children with bronchiolitis with the required infra-
structure in place.

Studies that examined the safety of HFNC to date
primarily focused on its safety compared with other mo-
dalities of noninvasive respiratory support, particularly
CPAP.>-0:8.2021 Several randomized controlled trials of
HENC versus CPAP in premature infants as a means of
primary respiratory support or transitional support after
extubation showed no difference in rates of pneumothorax
or deaths.>¢:8:20.21 However, these studies do not imply
that HFNC is safe to use outside of the ICU, where event
rates would be expected to be lower and CPAP is gener-
ally considered an unacceptable risk. In one observational
study of use of HFNC in infants with bronchiolitis in the
pediatric ICU setting, 2 infants developed pneumothorax.'!
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Although this may be an acceptable event rate in the ICU,
it calls into question whether HFNC is safe enough for
healthy children outside of the pediatric ICU.

For this reason, a Cochrane review in 2014 on the use of
the HFNC for children with bronchiolitis concluded that
further evidence of the safety of HFNC in this population
is required.?? Since then, Riese et al'> examined the effect
of implementation of an HFNC protocol on length of stay
and their work indicated that HFNC is safe; however, they
were unable to assess the safety outcomes of individual
children started on HFNC when on the floor. A second
study examined the safety of HFNC in a community hos-
pital setting; however, the primary safety outcome was
transfer to a tertiary care facility.'® The present study was
the largest cohort that focused solely on children treated
with HFNC outside of the ICU and, to our knowledge, the
first study to examine the safety of feeding during HFNC
treatment in this setting.

Although 41% of children in our cohort required trans-
fer to the pediatric ICU, they did not develop adverse
outcomes (pneumothorax, intubation, or death), which in-
dicated that initial management outside of the ICU did not
cause harm. This high transfer rate suggested that the avail-
ability of pediatric intensive care services should be a
factor for institutions when considering initiation of HFNC
outside of the ICU. We found that 90% of children who
required transfer to the pediatric ICU were transferred
within 24 h of initiation of HFNC, which indicated that
this was likely a critical time period for monitoring. How-
ever, it should be noted that, in our cohort, 59% of children
initiated on HFNC on the pediatric unit were successfully
managed without transfer to an ICU. Before the availability
of HFNC on the pediatric unit, all the subjects on HFNC
would have been managed in the pediatric ICU. Therefore,
use of HFNC outside of the ICU setting may enable some
children to safely avoid a pediatric ICU admission.

There are very few studies that examined the safety of
enteral feeding while children are being treated with HFNC.
Positive pressure provided by HFNC may disrupt chil-
dren’s suck-swallow-breathe reflex, predisposing them to
aspiration.?> One study of premature infants on HFNC for
respiratory distress syndrome in the neonatal ICU found
that the 17 infants in their cohort who were fed orally did
not show overt signs of cough or dysphagia.>* However,
this was a small sample size and findings from this patient
population may be different from children ages 0-2 y and
with bronchiolitis. Two studies that examined feeding in
patients with bronchiolitis on HFNC in the pediatric ICU
found 1 patient with aspiration-related respiratory failure
(0.8% of the cohort) and a low incidence of feeding-re-
lated adverse events.!®!° In our study, the majority of
children (82.5%) were fed orally while on HFNC and
there were no aspiration events. This indicated that feed-
ing orally on HFNC was safe. Of note, the children who
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were not fed orally were all subsequently transferred to
the pediatric ICU, which indicated that providers were
adept at assessing which children are at risk for requir-
ing higher levels of respiratory support, which would
change their aspiration risk.

Our study had several limitations. It was a retrospective
chart review at a single institution. In addition, our setting
was an urban tertiary care center with an on-site pediatric
ICU and respiratory therapists available on the unit, so our
experience may not be generalizable to institutions that do
not have these resources available. In addition, our results
were focused on otherwise healthy children with bron-
chiolitis and may not be applicable to children with
comorbidities. Our cohort included a large proportion of
Hispanic patients, which may not be reflective of the
population at other institutions. Our assessment of as-
piration events may be limited because some patients
may have been determined by their providers to have
been too high risk to feed. Finally, our study assessed
only clinically important aspiration events and did not
capture microaspiration events that may not be detected
by providers.

Conclusions

HFNC may be a safe modality of respiratory support for
children with bronchiolitis without complex comorbidities
outside of the ICU setting with the required resources
available, to a maximum flow of 10 L/min. Pediatric ICU
transfer was common, and the majority of children were
transferred in the first 24 h after HFNC was initiated,
which suggested that close observation is warranted dur-
ing this time. In addition, there were no adverse events
among the subjects who were fed orally while on HFNC.
Further research to assess the effectiveness of HFNC
outside of the ICU to prevent transfer to the pediatric
ICU and the need for higher levels of respiratory sup-
port is needed.
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