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High-Flow Nasal Cannula in Bronchiolitis:
Modeling the Economic Effects of a Ward-Based
Protocol
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ABSTRACT

OBJECTIVES: High-ﬂow nasal cannula (HFNC) use has increased in patients with bronchiolitis,
with the majority of use restricted to the ICU. Broadening HFNC to the wards may have substantial
economic implications. This study compares the cost of a standardized clinical pathway that permits
HFNC use in the wards for patients with bronchiolitis with an ICU-only HFNC care model.
METHODS: We constructed a decision analytic model to simulate 2 options for treating
bronchiolitic patients: one in which HFNC is used in the wards (ward HFNC) and one in which
HFNC is restricted to the ICU (ICU HFNC). The model inputs were based on patients admitted with
bronchiolitis without major comorbidities between 2010 and 2015. 1432 patients were included for
analysis. We simulated 10 000 patients for 5000 trials to assess parameter variability and sampling
uncertainty, respectively. The primary outcome was average admission cost per patient. The
secondary outcome was average length of stay (LOS) per patient.
RESULTS: In the model, the average admission cost per patient for the ward HFNC group was
$7020 (95% conﬁdence interval [CI] $6840–$7194) compared with $7626 (95% CI $7427–$7839)
in the ICU HFNC group, with a net difference of $606 (95% CI $408–$795). The average LOS for
the ward HFNC group was 2.29 days (95% CI 2.24–2.33) compared with 2.61 days (95% CI
2.56–2.66) in the ICU HFNC group, with a net difference of 0.32 days (95% CI 0.27–0.37).
CONCLUSIONS: Using HFNC in the ward for bronchiolitis may be cost-effective and may decrease
LOS compared with ICU-only HFNC.

www.hospitalpediatrics.org
DOI:https://doi.org/10.1542/hpeds.2016-0167
Copyright © 2017 by the American Academy of Pediatrics
Address correspondence to Catherine Collins, MD, Department of Pediatrics, Seattle Children’s Hospital, 4800 Sand Point Way NE, M/S
RC.2.820, Seattle, WA 98105. E-mail: catherine.collins@seattlechildrens.org
Departments of
Cardiology and bCritical
Care, Seattle Children’s
Hospital, Seattle,
Washington; cDepartment
of Pediatrics, University
of Washington School of
Medicine, Seattle
Washington; and dSeattle
Children’s Research
Institute, Seattle,
Washington
a

HOSPITAL PEDIATRICS (ISSN Numbers: Print, 2154-1663; Online, 2154-1671).
FINANCIAL DISCLOSURE: The authors have indicated they have no ﬁnancial relationships relevant to this article to disclose.
FUNDING: The Seattle Children’s Hospital Clinical Standard Work Evaluation Research Group provided funding for the study.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conﬂicts of interest to disclose.
Dr Collins conceptualized and designed the study, acquired, analyzed, and interpreted the data, and drafted the initial manuscript; Drs
Chan and Wright assisted with conceptualization and design of the study, analysis and interpretation of data, study supervision, and
critical revision of the manuscript; Dr Roberts assisted with conceptualization of the study, study supervision, and critical revision of the
manuscript; Ms Haaland performed critical data acquisition, analysis, and interpretation of the data; and all authors approved the ﬁnal
manuscript as submitted.

HOSPITAL PEDIATRICS Volume 7, Issue 8, August 2017

Downloaded from www.aappublications.org/news by guest on September 22, 2021

451

Bronchiolitis is one of the most common
illnesses affecting young children,
accounting for 16% to 18% of hospital
admissions in the ﬁrst 2 years of life.1,2
The authors of the most recent national
report estimate $1 730 000 000 in hospital
charges for pediatric patients with
bronchiolitis in 2009.2 Although many
therapies for bronchiolitis have been
studied, no treatment has been shown to
shorten the duration of illness or decrease
hospitalization rates.3 Therefore, new
bronchiolitis management strategies need
to be systematically and critically evaluated
to ensure that treatments are not increasing
cost without improving health outcomes.
High-ﬂow nasal cannula (HFNC) is frequently
used in bronchiolitis patients to provide
humidiﬁed oxygen and end-expiratory
pressure, which may decrease work of
breathing.4–7 HFNC use is commonly
restricted to the ICU, but some hospital
practitioners have demonstrated safe use of
HFNC on infants with bronchiolitis in the
general ward.8–10 If HFNC can be safely used
in general pediatric wards, this may result
in cost savings because of lower ICU use,
especially if HFNC can decrease intubation
rates as some researchers suggest.11–13
However, if HFNC use increases substantially
in less ill children (and without signiﬁcant
improvement of clinical outcomes), there is
a risk that the increased cost associated
with overusing HFNC (which costs
∼$328 per day in 2014 US dollars at our
institution) will surpass the cost savings
of avoiding ICU admissions. This would lead
to an increased cost to care for each
seasonal cohort of patients with
bronchiolitis. Additionally, trying to
evaluate the effect of HFNC as it relates to
improvement in clinical outcomes is
challenging; available studies use historical
controls and have difﬁculty accounting for
seasonal variability, changes in hospital
culture, and practice variations that may
inﬂuence health and utilization
outcomes.11–13 By using a decision analytic
model, cost and length of stay (LOS) can be
simulated, while accounting for the
previously mentioned concurrent changes,
to assess the cost consequences of using
HFNC in the wards. The objective of this
study was to develop a decision analytic

model informed by hospital administrative
data to assess the cost effects of a wardbased HFNC clinical pathway compared with
ICU-restricted HFNC use for patients with
bronchiolitis.

METHODS
A clinical pathway to standardize use of
HFNC in the pediatric ward for patients with
bronchiolitis was developed at Seattle
Children’s Hospital a freestanding tertiary
care children’s hospital that serves the
Northwest region of the United States (see
Supplemental Fig 3 for the pathway). The
pathway was intended to guide providers on
how to use HFNC safely; its authors outlined
which patients were optimal candidates
(those without pre-existing medical
conditions) and provided an algorithm of
age-based ﬂow rates. Clinical re-evaluation
was required for patients trialed on HFNC
and failure to improve was an indication
for ICU admission. If admitted to the
ward, nurses standardly assessed patients
with bronchiolitis, depending on level of
respiratory support (see Supplemental
Fig 4 for details on the acute care model).
We obtained data on all patients ,2 years
old admitted to the hospital with a
diagnosis of bronchiolitis and without major
comorbidities from October 2010 to August
2015 (see Supplemental Tables 4 and 5 for
International Classiﬁcation of Diseases,
Ninth Revision [ICD-9] codes). The ICD-9
codes used to deﬁne bronchiolitis (including
viral pneumonia) were developed by a
clinical standard work group at our
institution, and our institution has used
this deﬁnition of bronchiolitis since 2009.
We divided the cohort into 2 groups: a
group that predated the initiation of the
pathway (prepathway cohort, October 6,
2010 through December 9, 2013) and a
group treated after implementation of the
pathway (postpathway cohort, December 10,
2013 through August 18, 2015). For each
hospital day, we determined how each
patient escalated or de-escalated on their
respiratory support and combined this
information with their location in the
hospital (ICU or ward). The determination of
respiratory support and location were
informed by billing data and electronic
medical records via an administrative data

set. Data that deviated from expected
ranges were validated by consulting the
electronic medical record. Daily and total
admission cost data for each patient were
collected from administrative records and
were used to inform the model inputs.
This study was approved by the Seattle
Children’s Hospital Institutional Review
Board.

Decision Analytic Model
We developed a Markov decision analysis
microsimulation model in TreeAge (TreeAge
Pro Healthcare 2016; TreeAge Software Inc,
Williamstown, MA) to model and compare
the costs and LOS of healthy bronchiolitis
patients treated with the current practice
(HFNC allowed in the ward, ward HFNC
branch) and a hypothetical counterfactual
practice (HFNC use only in the ICU, ICU HFNC
branch). Markov modeling is a form of
decision analysis that simulates patient
transitions between distinct health states
over time and has been applied to various
health care situations.14 We modeled cases
over 24 days, the longest LOS in both
cohorts. In the ward HFNC branch, we
assigned patients to 1 of 7 states for every
day of the hospitalization on the basis of
their location and highest level of
respiratory support: (1) ward, no
respiratory support (meaning simple nasal
cannula or room air), (2) ward on HFNC, (3)
ICU, no respiratory support, (4) ICU HFNC,
(5) ICU noninvasive positive-pressure
ventilation (NIPPV), which is continuous
positive airway pressure or bilevel
positive pressure, (6) ICU invasive
ventilation, or (7) discharged. In the ICU
HFNC branch, there were 6 states, the same
states as the HFNC branch but with
omission of the ward on HFNC state. The
Markov model allowed for transitions
between states every 24 hours, which was
chosen because bed charges are
assigned at midnight on each day of
admission. Of note, patients admitted on
room air or on nasal cannula were grouped
into the same cohort because nasal
cannula support does not require additional
respiratory therapy or a higher level of
nursing care at our institution. An example
of a patient admitted to the ward with no
respiratory support with the available
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transitions (depending on whether HFNC is
allowed in the ward) is shown in the
simpliﬁed model schematic in Fig 1. The
complete decision tree used in the model
can be found in the Supplement
(Supplemental Fig 5). Readmission was
not modeled because readmission rates

were low (2.9%), and there were no
differences in readmission rates between
the pre- and postpathway cohorts.

Model Input Data
Probabilities (Table 1) for the admission
state (location and level of respiratory

support) for the non-ICU branches of our
ward HFNC branch were derived from
postpathway cohort admission data, in
which the frequency of admission to each
state is equivalent to the initial probability
for each state. All ICU branch initial
probabilities, not including HFNC in the ICU,

FIGURE 1 Simpliﬁed Markov diagram of a patient admitted to the ward with no respiratory support. A, An example of a patient admitted to the
ward, no respiratory support branch with the available transitions for the Ward HFNC branch. B, An example of a patient admitted to the
ward, no respiratory support branch with the available transitions for the ICU HFNC branch.
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TABLE 1 Initial Probabilities and Transition Probabilities From Day 0 to Day 1 for Ward HFNC and ICU HFNC Branches
Ward HFNC

Initial State and Probability

Next State

Day 0 to Day 1 Probabilities

Ward, no respiratory support 0.79180

Ward, no respiratory support
Ward, HFNC
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
Ward, HFNC
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
Ward, HFNC
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
Ward, HFNC
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
Ward, HFNC
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation

0.38498
0.01643
0.00000
0.03052
0.00000
0.00000
0.56808
0.00000
0.76471
0.00000
0.13725
0.00000
0.00000
0.09804
0.66667
0.33333
0.00000
0.00000
0.00000
0.00000
0.00000
0.17647
0.01961
0.47059
0.27451
0.01961
0.03922
0.00000
0.25000
0.00000
0.00000
0.50000
0.25000
0.00000
0.33333
0.00000
0.00000
0.33333
0.00000
0.33333

Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge
Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation
Discharge

0.57520
0.00115
0.00000
0.00230
0.00000
0.42135
0.50000
0.25000
0.12500
0.12500
0.00000
0.00000
0.00000
0.01307
0.63206
0.27451
0.01961
0.06075
0.14286
0.14286
0.00000
0.71429
0.00000
0.00000

Ward, HFNC 0.09480

ICU, no respiratory support 0.00800

ICU, HFNC 0.09325

ICU, NIPPV 0.00765

ICU, invasive ventilation 0.00450

ICU HFNC

Ward, no respiratory support 0.87810

ICU, no respiratory support 0.00800

ICU, HFNC 0.10175

ICU, NIPPV 0.00765
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TABLE 1 Continued
Initial State and Probability
ICU, invasive ventilation 0.00450

were weighted averages of the pre- and
postpathway cohorts because of their
similar probabilities. The prepathway
cohort data at our institution were not
an accurate representation of current
hospital practice (with a lower threshold to
transfer to ICU without differences in
severity of illness scores) and could not be
used as the sole source of initial
probabilities for the ICU HFNC branch. To
account for the institutional practice change
regarding a lower threshold for the acuity
of admission to the ICU, we assumed
HFNC use (in the ICU) in the ICU HFNC branch
would be higher than our historical data.
For the ICU HFNC branch, any patient with a
Modiﬁed Pediatric Early Warning Score
(MPEWS) $2 who also had a blood gas test
obtained was assigned to an initial
location state in the ICU (see Supplemental
Fig 6 for the MPEWS scoring system). In
the postpathway cohort, these criteria
correctly identiﬁed 81% of patients who
were admitted to the ICU and 88% of
patients who were admitted to the ward on
HFNC. We applied this rule to our
prepathway cohort data and arrived at an
initial probability of ICU admission of 12.2%.
From this 12.2% admitted to the ICU, nonHFNC ICU admissions (no respiratory
support, NIPPV, or invasive ventilation) were
subtracted. This resulted in the initial
probability of admission to the ICU on HFNC
as 10.2%, which is higher than our
historical data (0.7%) but lower than our
current HFNC-use rate on admission of 19%
(ward HFNC plus ICU HFNC).
After the initial probability of being
admitted to one of the available states, a
patient would transition between states
every 24 hours. The transitions between
states in the ward HFNC branch were
determined by the transitions made by the
patients in our postpathway cohort. These
transitions were speciﬁc to the day of

Next State

Day 0 to Day 1 Probabilities

Ward, no respiratory support
ICU, no respiratory support
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation

0.33333
0.00000
0.00000
0.00000
0.66667

admission. Because the historical cohort
would not provide realistic contemporary
transition probabilities for the
ICU HFNC branch for patients treated with
HFNC, we averaged the postpathway
probabilities of HFNC in the ICU and in the
ward. We averaged the probabilities of
transitioning to different states on different
days and then reproportioned these
probabilities to account for ICU patients on
invasive or noninvasive ventilation (see
Table 1 for day 0 to day 1 transition
probabilities and Supplemental Tables 6 and
7 for subsequent transitions). Consecutive
days with similar probabilities were
grouped to simplify the model.
Costs for each state were determined
by using our prepathway and postpathway
cohort admission hospital administrative
data. Costs were obtained from our
internal cost accounting system, Allscripts
EPSi (Allscripts Healthcare Solutions,
Chicago, IL). Speciﬁcally, industry standard
cost-to-charge ratios are used to
determine cost allocations with local
variation in other costs, such as supplies
and labor, which are adjusted for at the
charge line item. Direct versus indirect
and ﬁxed versus variable costs are
allocated at the charge line item level.
Further details on our institution’s costing
methods can be found in a recent article
by Leu et al.15 Daily costs for each trial
were randomly sampled with replacement
from the cohort data for each trial in
the simulation (Table 2). Costs were
converted to 2014 US dollars using the US
Consumer Price Index for medical care
services.16 The cost used for the model input
captured all costs for a patient on a given
day. Table 2 also shows the breakdown of
cost per day per patient, including costs
from laboratory, pharmacy, radiology,
respiratory services, and room and board
(which includes nursing care and is based

solely on location and not acuity of the
patient). Given the large amount of
variability in daily service costs and the
substantial complexity associated with
modeling individual service costs, only
total daily costs were included in the
Markov model.
Total hospitalization costs are the sum of
individual daily total costs for the entire
time period that a simulated patient is
admitted. LOS is based on a simulated
patient’s likelihood of transitioning to
the “Discharged” state, which is based on
the probability of being discharged on a
given day and is derived from our
cohort data.

Sensitivity and Uncertainty Analyses
We conducted a 1-way sensitivity analysis
by varying the probability of being admitted
to the ICU on HFNC. The postpathway
cohort’s probability of being admitted on
HFNC (to either the ward or the ICU) is
∼19% and the prepathway cohort’s
probability of being admitted on HFNC
was ,1%. We therefore conducted a
sensitivity analysis of the probability of being
admitted to the ICU on HFNC from 0% to 25%.
We also constructed the model with
alternative cost inputs on the basis of the
combined average cost per state between
the prepathway cohort and the postpathway
cohort (Supplemental Table 8). This was
done to account for the higher threshold for
ICU transfer in the prepathway cohort,
which likely resulted in a higher-acuity ICU
patient population and higher prepathway
ICU costs. Alternatively, the postpathway
cohort likely had higher costs in the ward
because of the increased cost associated
with HFNC use. Therefore, to test the
robustness of the assumptions made about
our inputs, the model was run with
alternative cost inputs with a g distribution.
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TABLE 2 Mean Cost per Day per Patient
Model Branch

Ward HFNC

ICU HFNC

State

Mean Total Daily Cost
per Patienta (SD)

Location

Mean Cost per Category per Day per Patient (SD)
Laboratory

Pharmacy

Radiology
179 (57)

Respiratory Therapy

Room and Board

270.38 (168)

1789.89 (544)

Ward, no HFNC
Ward, HFNC
ICU, no HFNC
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation

2550.20
2679.84
5507.04
5778.44
5975.43
6375.50

(884)
(681)
(1785)
(1221)
(936)
(891)

Ward

170.85 (354)

52.75 (68)

ICU

185.44 (263)

135.70 (154)

198.40 (139)

455.39 (251)

4612.22 (394)

Ward, no HFNC
ICU, no HFNC
ICU, HFNC
ICU, NIPPV
ICU, invasive ventilation

2266.67
5446.98
5759.66
6108.55
7085.52

(785)
(1270)
(1378)
(1249)
(1225)

Ward
ICU

257.00 (253)
275.16 (265)

66.03 (106)
188.70 (213)

201.85 (49)
187.78 (75)

200.89 (182)
534.27 (403)

1719.29 (530)
5033.16 (513)

All costs in 2014 US dollars.
a
Model inputs.

We ran 10 000 trials in each microsimulation
to capture variability in model
parameters; input costs were bootstrapped
from actual cohort patient costs per day
of admission. We conducted a probabilistic
sensitivity analysis, running the
microsimulation 5000 times to capture
uncertainty related to sampling bias. We
used probabilistic sensitivity analyses to
construct 95% conﬁdence intervals (CIs)
around cost outcomes and LOS.

RESULTS
Our inclusion and exclusion criteria
captured 1462 patients from our
administrative data. Of these, 30 patients
received nonconventional respiratory
support in the ward before implementation
of the pathway or had erroneous data and
were excluded. Therefore, our model inputs
were based on a cohort of 1432 patients. Of
these, 894 (62%) patients were admitted
before implementation of the pathway and
538 (38%) were admitted thereafter. For our
base case model, the average modeled cost
per patient per admission for the ward
HFNC group was $7020 (95% CI
$6840–$7194) compared with $7626 (95% CI
$7427–$7839) in the ICU HFNC group. The net
difference was $606 (95% CI $408–$795).

inputs were used, results were similar, with
the average cost per patient per admission
for the ward HFNC group totaling $7014
(95% CI $6837–$7194) compared with $7622
(95% CI $7410–$7833) in the ICU HFNC
group. The net difference was $608 (95% CI
$410–$805) (Table 3).
The 1-way sensitivity analysis on our ICU
HFNC assumption revealed that if all other
variables were held constant, admitting
6.7% of patients to the ICU on HFNC would be
cost-equivalent for the 2 pathways (Fig 2).
The range of cost per patient per admission
in the ICU HFNC pathway varied from
$5544 if 0% of patients were admitted to the
ICU on HFNC to $10 730 if 25% of patients
were admitted to the ICU on HFNC.

DISCUSSION
In this study, we simulated the economic
effects of restricting HFNC for bronchiolitis
patients to the ICU in a hospital that recently
implemented HFNC use in the general
pediatrics ward. We demonstrated that a
clinical pathway that supports HFNC in the
general pediatrics ward may be costeffective in our current hospital
environment, with ∼$600 in cost savings per
patient and a 7-hour shorter LOS that is

The average modeled LOS for the ward HFNC
group was 2.29 days (95% CI 2.24–2.33)
compared with 2.61 days (95% CI 2.56–2.66)
in the ICU HFNC group. The net difference
was 0.32 days (95% CI 0.27–0.37) (Table 3).
The model was not sensitive to alternative
cost speciﬁcations. When alternative cost

Average cost, alternative cost input (95% CI)
All costs in 2014 US dollars.

attributable to the pathway. The model
also indicates that admitting patients on
the ICU HFNC branch to the ICU on HFNC
would need to be restricted to 6.7% to
achieve cost equivalence.
In our hospital, the implementation of the
HFNC bronchiolitis pathway coincided with
initiation of the Recognized Illness Severity
in Kids (RISK) program, in which an ICU
nurse circulates the ward and identiﬁes
high-risk patients who may need to transfer
to the ICU. Additionally, during the same
time period, the hospital’s ICU capacity
increased with a resulting shift toward early
transfer to the ICU and conservative criticalcare management of patients who were
previously managed in the ward. These
changes collectively resulted in a higher
rate of ward-to-ICU transfers and direct ICU
admissions in both bronchiolitis and
nonbronchiolitis patients.
Given the complexity of the changes that
were implemented, a simulation model was
considered to be an optimal tool to assess
the economic effect of this clinical pathway.
One strength of using a decision analytic
modeling approach is the ability to
overcome confounding factors such as
simultaneous practice and culture change

TABLE 3 Results
Ward HFNC

ICU HFNC

Average cost (95% CI)

7020 (6840–7194)

7626 (7427–7839)

606 (408–795)

Average LOS, d (95% CI)

2.29 (2.24–2.33)

2.61 (2.56–2.66)

0.32 (0.27–0.37)

7014 (6837–7194)

7622 (7410–7833)

608 (410–805)
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FIGURE 2 Sensitivity analysis of the ward HFNC branch.

or increased ICU capacity. By using only
descriptive cost data of the cohorts before
and after implementation of the ward HFNC,
the ICU HFNC would be overwhelmingly
dominant (lower cost because of lower
rates of ICU admission and transfer and no
change in outcome or LOS). Thus, a decision
analytic model helps account for
simultaneous changes in clinical practice
that resulted in lower thresholds for ICU
admission and increasing HFNC use.
Interestingly, Heikkilä et al,17 in a recent
study performed in Finland, also found
decision analysis to be an effective method
to evaluate HFNC use in the wards for
bronchiolitis. Although their methods differed
in a number of ways, including using a
simple decision tree in lieu of a Markov
model and relying on data from the literature
to inform the majority of their model inputs,
the authors concluded that it would be costeffective to admit all infants to the hospital
on HFNC in their Finnish hospital system.17
Another strength of our study is the
inclusion of the entire cohort of
bronchiolitis patients admitted to the
hospital. Riese et al18 demonstrated a
decrease in hospital charges and LOS when
bronchiolitis patients admitted to the ICU

were allowed to transfer from the ICU to the
ward on HFNC. However, examinations of the
cost of novel therapies must account for
changes in both the population that
receives the novel therapy as well as the
populations that do not (in this case,
patients admitted to the ward). Changes in
behavior such as lower thresholds to use
new therapies and decreasing utilization
of other therapies may impact the overall
cost of treatment of the entire patient
population. In our current study, accounting
for the entire bronchiolitis population
demonstrated continued lower costs
associated with the ward HFNC. Riese et al18
cite a decrease of $2920 in hospital charges,
but charges are a poor surrogate for cost,
so the true savings are challenging to
interpret.19,20 In contrast, our analysis used
hospital cost in our model input, which is a
strength of our study. Modeling charge and
reimbursement data would perhaps have
had greater implication to third-payer
parties, but given our adherence to cost
data, our data are most applicable to
hospital administrators who seek to contain
cost. If one were to extrapolate cost savings
from our hospital to a national level by using
data from 2009 that indicates
∼118 000 children (without high-risk

conditions) are admitted to the hospital
annually, cost savings could be between
$48 000 000 and $93 000 000 with a wardbased HFNC care model (based on our 95% CI
of cost savings of $408–$795 per patient).2
Despite its strengths, this study is subject to
limitations related to the model inputs. The
initial probabilities and transition
probabilities for patients in the ICU HFNC
branch were partially based on our
described assumptions. We attempt in our
sensitivity analysis to mitigate uncertainty
around the admission rate to the ICU on
HFNC and provide a target for admission
rates to achieve cost equivalence.
Additionally, our study solely evaluates
direct patient costs and does not account
for costs related to development,
maintenance, revision, and analysis of the
clinical pathway. These were considered
shared overhead costs among other
pathways that were simultaneously being
developed, maintained, and analyzed in the
hospital; therefore, these costs were
excluded from analysis.21 The costs
associated with the resultant increase in
respiratory therapist personnel and HFNC
equipment as a result of the pathway were
unable to be quantiﬁed because of the
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simultaneous increase in HFNC use across
the hospital for many other patients
(cardiac patients, chronic pulmonary
patients, etc). The added cost of the RISK
nurse’s services is not captured in this
model. However, the ward bronchiolitis
patients on HFNC only represent a modest
proportion of the RISK nurse’s workload.
Therefore, this cost was felt to be negligible.
Further strategies to decrease ICU
admissions and transfers, such as
allowing higher ﬂow rates with HFNC in the
ward, would likely decrease costs for
patients with bronchiolitis, which is a
reasonable goal in this low-risk population
whose intubation rate is ,2% at
our institution.
Given our institution’s rapid practice change
in favor of HFNC use without published
randomized control trials (RCTs) to
reference, we decided to use a decision
analytic simulation model to evaluate our
institution’s practice as well as how
outcomes might change under different
assumptions (sensitivity analyses). The
beneﬁt of such models is that they can be
adapted over time to incorporate new
evidence from RCTs and additional
clinical strategies, such as the use of HFNC
versus low-ﬂow oxygen in moderate
bronchiolitis that was evaluated in an
RCT by Kepreotes et al.22 Interestingly,
although the conclusion of the
aforementioned study was that universally
applied HFNC does not decrease time to
weaning off oxygen or decrease LOS, the
patients on HFNC had lower costs compared
with those on low-ﬂow oxygen (when
crossover to HFNC was not allowed).22
However, the details of the economic
analysis are not disclosed and the
authors characterize their analysis as an
estimate, so it is difﬁcult to judge the
precision or accuracy of the costs that are
reported.22 Future attempts to evaluate the
clinical beneﬁt of HFNC in bronchiolitis,
including completed trials from the
University of British Columbia and the
Children’s Hospitals and Clinics of
Minnesota, should report both cost and
health outcomes in detail so that these data
can be compared to and used as inputs
for decision analytic models of ward-based
HFNC strategies.23–25

Although the results of the model indicate
economic beneﬁts and decreased LOS with
HFNC use in the ward, caution should be
exercised in extrapolating the data to mean
that HFNC improves outcomes in patients
with bronchiolitis or that widespread use in
mildly distressed patients is economically
beneﬁcial. HFNC remains an expensive
therapy (with costs estimated to be
∼$328 per day at our institution), and
larger, more comprehensive studies are
planned to determine if widespread HFNC
use is associated with increased costs in
bronchiolitis patients.24 Moreover,
comprehensive studies that help delineate
which patients with bronchiolitis truly
beneﬁt from HFNC (with attention to
appropriate ﬂow rates and timing of use)
would likely curtail overuse, which has the
potential to have widespread economic
beneﬁts.

CONCLUSIONS
This simulation suggests that using HFNC in
the general ward would decrease costs and
LOS for patients with bronchiolitis. A
national study seeking to trend the costs
and clinical outcomes of hospitalized
patients with bronchiolitis would be helpful
to illustrate the economic effects of
ubiquitous HFNC in this patient population.

Acknowledgments
We would like to thank Suzanne Spence,
MBA, MHA, for her support in data
acquisition and Rita Mangione-Smith, MD,
MPH, for her advisement with this project.
They received no compensation for their
contributions.
REFERENCES
1. Shay DK, Holman RC, Newman RD, Liu LL,
Stout JW, Anderson LJ. Bronchiolitisassociated hospitalizations among US
children, 1980-1996. JAMA. 1999;282(15):
1440–1446
2. Hasegawa K, Tsugawa Y, Brown DF,
Mansbach JM, Camargo CA Jr. Trends in
bronchiolitis hospitalizations in the
United States, 2000-2009. Pediatrics.
2013;132(1):28–36
3. Zorc JJ, Hall CB. Bronchiolitis: recent
evidence on diagnosis and management.
Pediatrics. 2010;125(2):342–349

4. Schwabbauer N, Berg B, Blumenstock G,
Haap M, Hetzel J, Riessen R. Nasal highﬂow oxygen therapy in patients with
hypoxic respiratory failure: effect on
functional and subjective respiratory
parameters compared to conventional
oxygen therapy and non-invasive
ventilation (NIV). BMC Anesthesiol. 2014;
14(1):66
5. Kubicka ZJ, Limauro J, Darnall RA.
Heated, humidiﬁed high-ﬂow nasal
cannula therapy: yet another way to
deliver continuous positive airway
pressure? Pediatrics. 2008;121(1):82–88
6. Lampland AL, Plumm B, Meyers PA,
Worwa CT, Mammel MC. Observational
study of humidiﬁed high-ﬂow nasal
cannula compared with nasal
continuous positive airway pressure.
J Pediatr. 2009;154(2):177–182
7. Pham TM, O’Malley L, Mayﬁeld S, Martin
S, Schibler A. The effect of high ﬂow
nasal cannula therapy on the work of
breathing in infants with bronchiolitis.
Pediatr Pulmonol. 2015;50(7):713–720
8. Bressan S, Balzani M, Krauss B,
Pettenazzo A, Zanconato S, Baraldi E.
High-ﬂow nasal cannula oxygen for
bronchiolitis in a pediatric ward: a pilot
study. Eur J Pediatr. 2013;172(12):
1649–1656
9. Kallappa C, Hufton M, Millen G, Ninan TK.
Use of high ﬂow nasal cannula
oxygen (HFNCO) in infants with
bronchiolitis on a paediatric ward: a
3-year experience. Arch Dis Child. 2014;
99(8):790–791
10. Mayﬁeld S, Bogossian F, O’Malley L,
Schibler A. High-ﬂow nasal cannula
oxygen therapy for infants with
bronchiolitis: pilot study. J Paediatr
Child Health. 2014;50(5):373–378
11. McKiernan C, Chua LC, Visintainer PF,
Allen H. High ﬂow nasal cannulae
therapy in infants with bronchiolitis.
J Pediatr. 2010;156(4):634–638
12. Schibler A, Pham TM, Dunster KR, et al.
Reduced intubation rates for infants
after introduction of high-ﬂow nasal
prong oxygen delivery. Intensive Care
Med. 2011;37(5):847–852

458

COLLINS et al

Downloaded from www.aappublications.org/news by guest on September 22, 2021

13. Wing R, James C, Maranda LS, Armsby
CC. Use of high-ﬂow nasal cannula support
in the emergency department reduces
the need for intubation in pediatric acute
respiratory insufﬁciency. Pediatr Emerg
Care. 2012;28(11):1117–1123

18. Riese J, Fierce J, Riese A, Alverson BK.
Effect of a hospital-wide high-ﬂow nasal
cannula protocol on clinical outcomes
and resource utilization of bronchiolitis
patients admitted to the PICU. Hosp
Pediatr. 2015;5(12):613–618

14. Siebert U, Alagoz O, Bayoumi AM, et al;
ISPOR-SMDM Modeling Good Research
Practices Task Force. State-transition
modeling: a report of the ISPOR-SMDM
modeling good research practices task
force–3. Value Health. 2012;15(6):
812–820

19. Reinhardt UE. The pricing of U.S. hospital
services: chaos behind a veil of secrecy.
Health Aff (Millwood). 2006;25(1):57–69

15. Leu MG, Austin E, Foti JL, et al. A
framework for evaluating the value of
new clinical recommendations. Hosp
Pediatr. 2016;6(10):578–586
16. US Bureau of Labor Statistics. Consumer
price index 2014. Available at: https://www.
bls.gov/cpi/. Accessed February 6, 2017
17. Heikkilä P, Forma L, Korppi M. High-ﬂow
oxygen therapy is more cost-effective for
bronchiolitis than standard treatment-A
decision-tree analysis. Pediatr Pulmonol.
2016;51(12):1393–1402 10.1002/
ppul.23467

20. Bai G, Anderson GF. US hospitals are still
using chargemaster markups to
maximize revenues. Health Aff
(Millwood). 2016;35(9):1658–1664

23. University of British Columbia. A
Prospective Open Randomized Clinical
Trial Comparing High Flow Nasal
Cannula Oxygen Therapy Against
Standard Therapy for Children
Hospitalized With Bronchiolitis.
Bethesda, MD: National Library of
Medicine (US); 2014. Available at: https://
clinicaltrials.gov/ct2/show/NCT01498094.
Accessed February 6, 2017

21. Drummond MF, Sculpher MJ, Torrance
GW, O’Brien BJ, Stoddart GL. Methods
for the Economic Evaluation of Health
Care Programmes. 3rd ed. Oxford,
United Kingdom: Oxford University
Press; 2005

24. Children’s Hospitals and Clinics of
Minnesota. Comparison of Heated
Humidiﬁed High-Flow Nasal Cannula
(HHFNC) Versus Standard Nasal Cannula
Oxygen Delivery on Respiratory Distress
and Length of Stay in Infants With
Bronchiolitis and Hypoxia. Bethesda, MD:
National Library of Medicine (US); 2014.
Available at: http://clinicaltrials.gov/show/
NCT01662544. Accessed February 6, 2017

22. Kepreotes E, Whitehead B, Attia J, et al.
High-ﬂow warm humidiﬁed oxygen
versus standard low-ﬂow nasal cannula
oxygen for moderate bronchiolitis
(HFWHO RCT): an open, phase 4,
randomised controlled trial. Lancet.
2017;389(10072):930–939

25. Franklin D, Dalziel S, Schlapbach LJ, et al;
PARIS and PREDICT. Early high ﬂow nasal
cannula therapy in bronchiolitis, a
prospective randomised control trial
(protocol): a Paediatric Acute
Respiratory Intervention Study (PARIS).
BMC Pediatr. 2015;15(1):183

HOSPITAL PEDIATRICS Volume 7, Issue 8, August 2017

Downloaded from www.aappublications.org/news by guest on September 22, 2021

459

High-Flow Nasal Cannula in Bronchiolitis: Modeling the Economic Effects of a
Ward-Based Protocol
Catherine Collins, Titus Chan, Joan S. Roberts, Wren L. Haaland and Davene R.
Wright
Hospital Pediatrics originally published online July 25, 2017;

Updated Information &
Services

including high resolution figures, can be found at:
http://hosppeds.aappublications.org/content/early/2017/07/21/hpeds.
2016-0167

Supplementary Material

Supplementary material can be found at:

References

This article cites 21 articles, 8 of which you can access for free at:
http://hosppeds.aappublications.org/content/early/2017/07/21/hpeds.
2016-0167#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Bronchiolitis
http://www.hosppeds.aappublications.org/cgi/collection/bronchiolitis
_sub
Critical Care
http://www.hosppeds.aappublications.org/cgi/collection/critical_care
_sub
Pulmonology
http://www.hosppeds.aappublications.org/cgi/collection/pulmonolog
y_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.hosppeds.aappublications.org/site/misc/Permissions.xht
ml

Reprints

Information about ordering reprints can be found online:
http://www.hosppeds.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on September 22, 2021

High-Flow Nasal Cannula in Bronchiolitis: Modeling the Economic Effects of a
Ward-Based Protocol
Catherine Collins, Titus Chan, Joan S. Roberts, Wren L. Haaland and Davene R.
Wright
Hospital Pediatrics originally published online July 25, 2017;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://hosppeds.aappublications.org/content/early/2017/07/21/hpeds.2016-0167

Hospital Pediatrics is an official journal of the American Academy of Pediatrics. Hospital
Pediatrics is owned, published, and trademarked by the American Academy of Pediatrics, 345
Park Avenue, Itasca, Illinois, 60143. Copyright © 2017 by the American Academy of Pediatrics.
All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on September 22, 2021

