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ABSTRACT

Introduction: High-flow nasal cannula (HFNC) oxygen therapy
is being used in pediatric wards at increasing rates, including
community hospitals that do not have a pediatric intensive care
unit (PICU). This study describes the use of HFNC in a pediatric
ward at a community hospital, evaluating safety, flow limits, and
outcomes for children transferred to a PICU.

Methods: A descriptive, single center retrospective cohort
study of consecutive subjects from birth to 24 months of age
treated with HFNC for bronchiolitis in our pediatric ward from
January 2016 to May 2019. We report demographic and clinical
characteristics of the patients. The outcomes of interest include
episodes of aspiration, pneumothorax, intubation, cardiorespi-
ratory arrest, and transfers to the PICU.

Results: There were 157 hospitalizations. One hundred twenty-
three children (78.3%) were weaned off HFNC and discharged to
home. Flow rates of up to 3 L/kg/min (average, 1.22 L/kg/min;
range 0.28-3.08 L/kg/min) were tolerated. Of the 34 children
transferred to the PICU, 29 were continued on HFNGC, 1 required
continuous positive airway pressure, and 4 were intubated. The
median time from initiation of HFNC to transfer was 13 hours
(interquartile range 6.0-23.0). There were no documented epi-
sodes of aspiration, pneumothorax, cardiorespiratory arrest, or
death.

Conclusion: HFNC could be safely administered in a com-
munity hospital pediatric ward without PICU expertise and ca-
pability. Most patients who deteriorate on HFNC do so within the
first 24 hours when close monitoring is needed. For children
transferred to a PICU, the vast majority did not require more
invasive forms of respiratory support.

INTRODUCTION

High-flow nasal cannula (HFNC) oxygen therapy is
being increasingly used in the treatment of bronchiolitis in
general pediatric wards outside of a pediatric intensive care
unit (PICU).! It has been shown to decrease cost, the overall
length of stay, and PICU admissions.”® Despite this evi-
dence, some have questioned its role in the treatment of
children with bronchiolitis, questioning the efficacy” and
potential for overuse.'"’ The safety of HFNC has been
primarily evaluated in children’s hospitals and academic
centers that have PICUs on-site,>>'*"** flow limits of 1-2 L/
kg/min have been shown as safe and efficacious in those
settings.''® There are some studies completed in a com-
munity hospital setting that have reported on safety and
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efficacy.>'”'® Overall though, less is known about the use of
HFNC in community hospitals without PICUs.

In the community hospital without a PICU, the providers
in the pediatric ward do not have the benefit of having
PICU-trained physicians, nursing, and respiratory therapy
staff on hand to assist with care and provide ongoing ed-
ucation. In addition, there is a time delay involved in the
transfer process that can lead to adverse outcomes. Thus,
there is theoretically more risk in the use of HFNC in a
community hospital setting. In this study, we examine the
use of HFNC in a community hospital pediatric ward and
describe the outcomes of patients discharged to home and
those transferred to an outside PICU.

METHODS
Study Design and Setting

We conducted a descriptive retrospective cohort study of
consecutive subjects from birth to 24 months treated with
HFNC for bronchiolitis in a pediatric ward at Kaiser
Permanente Orange County from January 1, 2016, to May
1, 2019. 'This medical center is primarily an adult hospital
that has 264 total beds, including a neonatal intensive care
unit, a newborn nursery, and a pediatric ward. There is no
PICU. Our pediatric ward has 17 licensed pediatric beds
and 6 adolescent beds.

Our hospital is part of Kaiser Permanente Southern
California, an integrated health delivery system that pro-
vides health care to over 4 million members. There are 14
medical centers in total. Three of the medical centers located
in surroundings counties have PICUs. The PICUs are 17,
28, and 35 miles from our facility. We have 3 internal
critical care transport teams for pediatrics, comprised of a
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pediatric hospitalist, registered nurse, and respiratory
therapist. HFNC can be used on the transports. It is ground
transport only.

At our facility, we use the Vapotherm device to deliver
HFNC. We started using HFNC in the last quarter of
2015. During the study period, the decision to initiate
HFNC was at the discretion of the treating physician. The
general guideline given to our providers to initiate HFNC in
infants with bronchiolitis was to trial the patient on a simple
nasal cannula (up to 3 L flow depending on age and size)
and if the work of breathing was still labored, to consult with
a respiratory therapist and consider initiation of HFNC. At
the time of this study, there were no specific parameters
regarding respiratory rate, work of breathing, or oxygen
saturation. Our protocol for use of HFNC during the study
period was as follows: < 1 year of age could receive a
maximum flow of 8 L; 2 1 year of age was a maximum flow
of 20 L. The maximum Fjp, provided needed to stay at <
50%. Any flow or oxygen need above these parameters for
greater than 6 hours (time is given for stabilization) would
then need to be considered for transfer to a PICU at one of
our other Kaiser facilities.

Subject Selection and Data Collection

The subjects were identified by age (0-24 months),
treatment in the pediatric ward, and the order code for
HFEFNC, which is specific and required to start a child
on HENGC: order code 232126: Administer oxygen by high
Jlow/NRB/Hood/Venti/Tent, RT. The principal investi-
gator then reviewed the encounters to identify those that
had a clinical diagnosis of bronchiolitis based on the
American Academy of Pediatrics Clinical Practice Guideline
recommendations.'” This methodology was used instead
of International Classification of Diseases (ICD) coding
due to the variability of ICD coding and the belief that
using the order code would lead to a more precise and
inclusive study group. Once children were identified,
the electronic medical record, which contains both in-
patient and outpatient data, was manually reviewed and
data were recorded on a standardized information sheet.
The primary chart review was completed by a research
intern (Alan M Castro, BS, author). Each chart was
also reviewed by the principal investigator (Patrick ] Van
Winkle, MD).

Subjects were excluded from the study for the following
reasons: the presence of congenital heart disease diagnosed
by echocardiogram and with ongoing care by a cardiologist,
presence of tracheostomy, or hypotonia. Children that
received HFNC for reasons other than bronchiolitis were
also excluded.

The following patient characteristics were included: age,
sex, race, weight on admission, weight and gestational age at

birth, history of asthma, and treatment in the neonatal
intensive care unit. Time on HFNC was determined from
documentation in the respiratory therapy flow sheet. The
time fed while on HFNC was calculated as the time overlap
between documented feeding in the nursing flow sheet and
documented time. Safety was determined by evaluating
episodes of aspiration, pneumothorax, cardiopulmonary
arrest, or death. To identify these events, as well as the
diagnoses listed above in the exclusion criteria, the problem
list, principal, and secondary diagnoses in the discharge
summary were reviewed.

Statistical Analysis

Demographics and clinical characteristics were stratified
by discharge disposition: medians with interquartile range
(Q1-Q3) for continuous variables and number of obser-
vations with percentage for categorical variables were pre-
sented. Differences were assessed using the Wilcoxon test,
x° test, or Fisher exact test as appropriate. All analyses were
conducted using SAS version 9.4, Cary, NC.

This study was approved by the Kaiser Permanente
Southern California Institutional Review Board according
to the declaration of Helsinki and federal regulations.

RESULTS
Demographic and Clinical Characteristics

One hundred fifty-seven encounters were included in the
final analysis of children with bronchiolitis treated with
HFNC. There were 149 unique children, with 7 children
having 2 hospitalizations and 1 child having 3 hospitali-
zations during the study period. Thirty-four (21.7%) were
transferred to a PICU, the remaining 123 (78.3%) were
discharged to home. There were no episodes of pneumo-
thorax, cardiopulmonary arrest, or death. Four children
were readmitted within 30 days of discharge. One from the
PICU was readmitted for bronchiolitis from a different
virus. Three were readmitted from the pediatric ward, 1 for
bronchiolitis from a different virus, 1 for feeding difficulties,
and 1 for asthma. Characteristics of the study group are
given in Table 1.

HFNC Use in the Pediatric Ward

There was a significant difference between the maximum
flow rate (average; range) used in the pediatric ward for children
discharged to home (1.22 L/kg/min; 0.28-3.08 L/kg/min)
versus those transferred to the PICU (1.57 L/kg/min;
0.85-2.55 L/kg/min) (P < 0.001). There was however
substantial overlap between these flow rates as can be seen
by the range of maximum flows (Figure 1). The maximum
Fioz used between the 2 groups was also significantly dif-
ferent with an Fyo, median (Q1-Q3) of 40% (30.0-45.0) for
those children discharged to home and 50% (40.0-60.0) for
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Table 1. Demographics and clinical characteristics of children treated with high-flow nasal cannula in a community hospital stratified by
discharge disposition, home versus pediatric intensive care unit
Discharge to home (n = 123) Transfer to PICU (n = 34) p-value
Age in months, median (Q1, Q3) 9.8 (4.3, 17.0) 7.0 (27, 15.1) 0.32
Gender, n (%) 0.49
Female 44 (35.8%) 0 (29.4%)
Male 79 (64.2%) 24 (70.6%)
Race/ethnicity, n (%) 0.33
White 51 (41.5%) 9 (26.5%)
Black 4 (3.3%) 1 (2.9%)
Hispanic 41 (33.3%) 18 (52.9%)
Asian/Pacific Islander 21 (17.1%) 5 (14.7%)
Other 6 (4.9%) 1 (2.9%)
Weight in kilograms on admission, median (Q1, Q3) .7 (6.6, 10.5) 79 (6.2, 9.6) 0.21
Weight in kilograms at birth, median (Q1, Q3) 2 (2.6, 3.6) 1(26, 3.5) 0.55
Gestational age at birth, median (Q1, Q3) 39.1 (36.9, 39.7) 37.6 (36.6, 39.0) 0.01
History of asthma or past albuterol use 20 (16.3%) 8 (23.5%) 0.33
History of treatment in NICU or prior hospitalization 24 (19.5%) 0 (29.4%) 0.21
Year treated, n (%) 0.03
2016-2017 46 (37.4%) 6 (17.6%)
2018-2019 77 (62.6%) 28 (82.3%)
Virus isolated®
Respiratory syncytial virus 36 (29.3%) 23 (67.6%) < 0.001
Enterovirus/rhinovirus 40 (32.5%) 10 (29.4%) 0.84
Adenovirus 1 (0.8%) 1 (2.9%) 0.39
Human metapneumovirus 12 (9.8%) 3 (8.8%) >0.99
Influenza virus 3 (2.4%) 1 (2.9%) >0.99
Parainfluenza virus 6 (4.9%) 0 (0%) 0.34
Coronavirus 5 (4.1%) 0 (0%) 0.59
Respiratory viral panel positive 99 (80.5%) 33 (97.1%) 0.02
#Note that some children had > 1 virus isolated, thus the number of viruses isolated is greater than the number of encounters.
NICU = neonatal intensive care unit; PICU = pediatric intensive care unit.
those transferred to the PICU (P < 0.001). For the 34 3 °
children transferred to the PICU, the median time from £
initiation of HFNC in the pediatric ward to transfer was 13 . —
hours (interquartile range 6.0-23.0 hours) (Figure 2). o
Feeding on HFNC 5
One hundred fifty-three (94.7%) children had a diet order 2
at some point during their time on HFNC. Children &
discharged to home were fed a significantly greater per- .
centage of time while on HFNC, with the median per- —
centage (Q1, Q3) of the time fed in hours equal to 46.8%
(8.2-65.7) for PICU transfers and 94.9% (79.3-100.0) —1
for those discharged to home (P < 0.001). No children 0
had a nasogastric tube placed for feeds. Three of the 0 1
FICU

children had gastrostomy tubes already in place that were
used for feeding. There were no documented episodes of
aspiration.

Figure 1. Comparison of maximum flow rate per kilogram for high-flow nasal
cannula between children discharged to home and those transferred to a pediatric
intensive care unit. PICU = pediatric intensive care unit.
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Figure 2. Time in hours on high-flow nasal cannula in the pediatric ward prior to
transfer to the pediatric intensive care unit. HFNC = high-flow nasal cannula;
PICU = pediatric intensive care unit.

PICU Outcomes

Thirty-four (21.7%) of the children were transferred from
our pediatric ward to a PICU at 1 of our other medical
centers. Five (14.7%) required a higher level of oxygen
delivery in the PICU, 1 received continuous positive
airway pressure (CPAP), and 4 were intubated. For the
children intubated, 2 had significant comorbidities, 3
were respiratory syncytial virus positive, and 3 were intu-
bated within 2 hours of arrival in the PICU. The HFNC
parameters and summary of outcomes in the PICU are

presented in Table 2.

DISCUSSION

HFENC could be safely administered to children com-
parable to our cohort 0-24 months of age with bronchiolitis
in a community hospital pediatric ward without a PICU on
site. ‘There were no significant adverse events in the study
group, including pneumothorax, need for intubation in the
pediatric ward, cardiorespiratory arrest, or death. The
majority of studies showing the safety of HFNC use outside
of the PICU setting have been done in hospitals, such as
children’s hospitals or academic centers, that have a PICU
on site.>''"** While there are studies that have shown the
safety of HFNC use in a community hospital setting,>'”'®
our study adds to these by elaborating on the demographic
and clinical factors associated with a community hospital
population and the care provided on the floor before
transfer.

Our population was relatively healthy, with the majority
born at term with normal birth weights and no prior
hospitalizations after birth. The median length of stay for
children discharged to home was just over 3 days. The
median number of hours on HFNC was 39, which mirrors
past studies showing time on HFNC between 1-2- and

Table 2. Characteristics of pediatric intensive care unit
admissions for children transferred after receiving high-flow
nasal cannula in a community hospital pediatric ward
N=34
450 (14.0, 64.0)
1.7 (15, 2.0)

Number of hours treated with HFNC, median (Q1, Q3)

Maximum flow rate per kilogram for HFNC,
median (Q1, Q3)

Maximum F,q, for HFNC, median (Q1, Q3)

Children needing a higher level of oxygen delivery for
respiratory illness

Intubated, n (%) 4 (11.8)
CPAP, n (%) 1(3.0)
Cardiorespiratory arrest or death, n (%) 0(0)

CPAP = continuous positive airway pressure; HFNC = high-flow nasal cannula.

100.0 (50.0, 100.0)
5(14.7)

one to two days.7’12 Over 80% of children had a positive
respiratory viral panel with approximately 30% of those
positive being respiratory syncytial virus.

While on HFENC in the pediatric ward, the vast majority
of children were fed without an incidence of aspiration
noted. Past studies have also shown that it is safe to feed
while on HFNC.>>?° In our study, we evaluated the
overlap of documented feeding during HFNC use and
found that children discharged to home were fed for a
significantly greater number of hours than those transferred
to a PICU, although those transferred were also fed almost
half of the time they were on HFNC. Children did not
have nasogastric tubes placed but for the 3 children that
had gastrostomy tubes, the gastrostomy tubes were used.
Overall, we show that on flows of 1-3 L/kg/min children
were fed without incidences of aspiration.

Our study indicates that flow rates used in academic and
pediatric tertiary care centers can be used in pediatric wards
at community hospitals. For our 157 encounters, the me-
dian maximum flow rate was 1.2 L/kg/min for those dis-
charged to home and 1.6 L/kg/min for those transferred to
the PICU. This flow rate between 1 and 2 L/kg/min has
been shown to have a positive effect on the work of
breathing and has been suggested as a useful range for
HFNC."'" Studies completed at children’s hospitals or
academic centers have indicated a variety of weight and
non-weight-based flow rates up to 2 L/kg/min are safe.>**
'There was a study done in a community hospital setting that
reported maximum flow rates. In the study, 61 children aged
1-23 months treated in the emergency department and then in
the pediatric ward were evaluated with flow rates starting at
1-2 L/kg/min with a range from 0.6 to 3.3 L/kg/min'” These
maximum flow limits are comparable to the rates found in our
study. Our study adds to the evidence that flow rates between
1 and 2 L/kg/min are safe in a pediatric ward at a community
hospital. In addition, with the broad range of 0.3-3.1 L/kg/min,
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our study also indicates that flows higher than 2 L/kg/min are
tolerated in a pediatric ward, although due to the retrospective
nature of this study and limited sample size, further work would
need to be done to evaluate this.

For children transferred to the PICU, the majority were
transferred within 24 hours, which mirrors a past report.'
Additional studies have shown that the clinical benefit of
HFNC delivered at appropriate flows should be evident
within 60-90 minutes.>®'”1%2° Thus, these observations
indicate a need for heightened monitoring for children on
HFNC within the first 24 hours, with an emphasis placed
on obtaining proper flow rates and more strict monitoring
in the first 2 hours. For children that are past this initial 24
hours on HFNC at appropriate flow rates, the monitoring
can potentially be relaxed.

Our study indicates that children can be transferred from
a community hospital on HFNC to an outside PICU with
good outcomes. Twenty-one percent of our children were
transferred with no incidences of pneumothorax, cardio-
respiratory arrest, or death registered up to PICU discharge.
This percentage transferred is in line with past studies
showing a transfer rate between 8% and 41%.>'>'"*! Of the
34 children transferred, only 5 (14.7%) required a higher
level of oxygen delivery in the PICU, 1 received CPAP, and
4 were intubated. This ability to maintain patients on
HFNC in the PICU was partially based on the fact that we
set up relatively strict parameters for HFNC use on the
pediatric ward in terms of flow and Fio,. This was done so
that patients would be transferred earlier as opposed to later
in their disease progression. The goal was to not intubate
patients being transferred. Our rates of intubation and
CPAP in the PICU are comparable to a study that reported
an 11% intubation rate and a 13% CPAP rate’! and a
second study that reported a 5% intubation rate and a 1%
rate of cardiopulmonary arrest."'

Our transport teams can use HFNC during transport,
and thus the care with HFNC is not interrupted. This ability
to continue HFNC without the need to intubate for
transport or without an interruption of oxygen support may
help to stabilize children during transport. This idea is
supported by a past study that noted a decreased need for
mechanical ventilation during transport with HFNC use in
pediatric critical care transports.”” This continuation of
HFNC could also partially account for the fact that 29 of the
34 children transferred were able to continue HFNC ox-
ygen therapy and did not require a higher level of oxygen
delivery in the PICU.

Our study has limitations. First, because this was an ob-
servational study, there was no control group to assess for
outcomes of children not treated on HFNC, and all findings
are associations and not causal. Second, we were not able to
objectively assess the severity of illness on presentation, at the

initiation of HFINC or at the time of PICU transfer. Third,
we have a relatively small sample size in a single institution.
Fourth, inclusion criteria were based on an order placed for
HFNC, and while this should be accurate, it is assumed that
some encounters were missed if this order was not placed
correctly. Fifth, while we do have a guideline for the use of
HFNC and parameters for PICU transfers, these decisions
are at the discretion of the treating physician and thus not
entirely uniform. Sixth, we are a large managed health care
system with an integrated medical record, the generalizability
of these results to other care settings is unclear.

CONCLUSION

HFENC was safely administered in a community hospital
pediatric ward for both children that were discharged to
home and those that were transferred to an outside PICU.
HFNC flow rates of 1-2 L/kg/min shown to be safe in
pediatric wards in children’s hospitals can also be used in
this setting. Most patients who deteriorated on HFNC did
so in the first 24 hours; thus, close monitoring is needed
during this time. For children transferred to a PICU, the
vast majority were managed on HFNC without an esca-
lation to more invasive forms of respiratory support.
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