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A B S T R A C T

Objective: The current coronavirus disease 2019 pandemic has increased interest in the use of high-flow nasal
cannula (HFNC) in the transport setting. The purpose of this report was to outline the clinical workflow of
using HFNC in transport and the results of a retrospective chart review of patients undergoing interhospital
transfer on HFNC.
Methods: We conducted a retrospective chart review of all patient transfers using HFNC between January
2018 and June 2019. The primary data abstracted from patient charts included patient demographics, trans-
port distance, HFNC settings including flow rate in liters per minute and fraction of inspired oxygen (FIO2),
and vital signs.
Results: There was a total of 220 patients, 148 pediatric and 72 adult patients. Both pediatric groups experi-
enced statistically significant reductions in heart rate, systolic blood pressure, and diastolic blood pressure.
The most common flow rate for both pediatric groups was 10 L/min and 50 L/min for adults. For pediatrics,
the most common settings ranged between 30% and 50% FIO2, with the most common setting being 30% FIO2.
The adult FIO2 settings ranged from 30% to 100% FIO2, with the 2 most common settings being 50% FIO2 and
80% FIO2. No patients were intubated during the transport encounter.
Conclusion: Our study provides evidence that HFNC is feasible and tolerated by patients and is an addi-
tional option for noninvasive ventilation in transport across the age continuum. Future studies are
needed to compare HFNC with other noninvasive modalities that include assessing patient tolerance and
comfort as contributing factors and to identify indications and contraindications for use in the transport
setting.
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High-flow nasal cannula (HFNC) has been used in the inpatient
setting for almost 20 years with the first reported study in pediatrics
in 2002.1 Initial studies focused on the use of HFNC in neonatal and
pediatric patients2,3 and then transitioned into adult applications in
the 2010s.4-6 The trend of pediatric use is also replicated in the trans-
port literature with initial reports of feasibility of use in neonates and
noninferiority to nasal cannula reported in 2014,7,8 with 3 additional
studies reporting safety and efficacy to present day.9-11
The evidence for the effectiveness of HFNC in adult applications is
mixed. In the emergency department setting, individual studies
reported improved dyspnea and comfort in patients presenting with
acute dyspnea and hypoxemia5,12 and a reduction in the need for
escalation of oxygen therapy within the first 24 hours of
admission.12,13 Three meta-analyses support that HFNC decreases the
rate of intubation.12,14,15 However, evidence is mixed on the influ-
ence of the use of HFNC on clinical outcomes, with 1 review support-
ing a shortened length of stay14 and no difference in mortality
between those receiving HFNC versus conventional oxygen
therapy.14,15 In the intensive care unit setting, for postextubation
patients, HFNC decreased reintubation and postextubation respira-
tory failure but had no effect on mortality.16 In postoperative
patients, the use of HFNC significantly reduced hospital length of stay
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and provided evidence of reducing reintubation rates but had no
effect on overall mortality.17 Despite unclear positive patient out-
comes, treatment with HFNC does not appear to pose any significant
risk to patients.6

The current coronavirus disease 2019 (COVID-19) pandemic has
increased interest in the use of HFNC in the transport setting. There
are multiple considerations that range from the risk of aerosol disper-
sion to the benefit of reducing the need for mechanical
ventilation.18,19 To our knowledge, there are no reports of the use of
HFNC in the adult population during interhospital transfer. The pur-
pose of this report is 2-fold. First, we outline the clinical workflow of
using HFNC in transport, including the setup and settings considera-
tions. We then present the results of a retrospective chart review of
patients undergoing interhospital transfer on HFNC.
Part 1: Clinical Workflow
Oxygen therapy provided through conventional means is initiated

via a nasal cannula or face mask. With these therapies, oxygen is
delivered up to 15 L/min, although limiting factors may include dilu-
tion of oxygen via mixing with room air and mismatched to patient
flow rates.20 Although some patients require escalation of oxygen
therapy through noninvasive ventilation (NIV) or mechanical ventila-
tion, consideration for management might also include the initiation
of humidified HFNC. Patients who present with acute respiratory fail-
ure and tachypnea often have increased peak inspiratory flow rates,
which can exceed the oxygen flow delivered by conventional oxygen
delivery systems.21 When initiating humidified HFNC therapy, an air-
oxygen blend is used with a heated humidifier connected to a nasal
cannula through a single-limb heated inspiratory circuit. The device
is able to deliver a fraction of inspired oxygen (FIO2) ranging from 21%
to 100% with flow rates up to 60 L/min. A primary advantage when
compared with conventional oxygen therapy includes the ability to
adjust flow rates above the patient’s maximum inspiratory flow rate,
which ensures increased accuracy with regard to the FIO2 delivered.22

In addition, humidified HFNC allows for washout of physiologic dead
space while also supplementing ventilation via the creation of posi-
tive end-expiratory pressure.20 Although the positive end-expiratory
pressure effect is varied and based on flow rate, breath initiated
through the mouth or nose, geometry of the upper airway, and the fit
of the cannula in the nostrils, mean values can range between 2.7
and 7.4 cm H20.21

Another benefit of HFNC is due to the ability to humidify and
warm the gas that is administered. Administering humidified oxygen
can help relieve dryness within the upper airways, preserve mucosal
integrity, and facilitate secretion clearance. Warmed and humidified
gas can also aid in the reduction of the work of breathing. All of this
can result in improved patient comfort.

When managing patients with acute respiratory failure during
critical care transportation, much consideration is placed on the
selection of the delivery mechanism for supplemental oxygen ther-
apy during transport. This is based off of multiple factors including
the etiology of the respiratory failure, the severity of hypoxemia and
hypercapnia, and overall patient comfort and tolerance of the
intervention.22

When transitioning from conventional oxygen therapy to heated
HFNC therapy, initial settings are typically a 50-L/min flow rate, 50%
FIO2, and a dew point temperature of 37°C, which is otherwise known
as “50/50.” Cannula positioning is an important consideration
because the prongs should sit well in the nostrils yet prevent com-
plete occlusion. Oxygen is titrated for adequate oxygen saturation
while the flow rate is adjusted to meet the patient’s inspiratory flow
rate demand. After the initiation of therapy, clinical status should be
monitored and arterial blood gas performed within 1 to 2 hours. Indi-
cations of respiratory failure, including increased work of breathing,
worsening gas exchange, and tachypnea, indicate failure of HFNC and
the potential need for escalation to NIV or intubation as appropriate.

During the early stages of the COVID-19 pandemic, given the
presumed aerosol-generating capabilities, many clinicians were
hesitant to initiate or had strict limitations on flow when using
heated HFNC during transport. However, as time progressed, it
was found that the aerosol-generating effects were minimal,18

and crew safety was addressed through the use of respiratory
precautions while in the patient’s room and during transporta-
tion. Flow restrictions were lifted, and keen attention to detail
was placed on ensuring placement of a well-fitting nasal cannula
with a surgical mask to cover the patient’s nose and mouth dur-
ing transport. Additional COVID-19 considerations include having
the patient wear a face mask while the transport crew don N95
masks and eye protection during all phases of transport. Ferno
(Brendale, Queensland, Australia) offers a patient shield that
attaches over the cot, which is effective in containing water drop-
lets but may have some disadvantages related to patient comfort.

Pretransport Considerations
Before transport, the transport crew should identify the patient’s

response to therapy, current status and settings, and response to the
initiation of humidified HFNC. Further considerations for implemen-
tation during transport include the ease of implementation and over-
all system management, ability to communicate, maintenance of a
nasogastric or orogastric tube, minimization of skin breakdown, and
overall ability to calculate oxygen use during transport. Limitations
specific to NIV to consider include the inability to cooperate with a
mask, anxiety due to movement during transport nausea/vomiting,
agitation, and high aspiration risk among others.

The primary consideration pretransport is calculating oxygen con-
sumption/usage with priority given to calculating both the current
consumption and maximum consumption for the maximum antici-
pated duration of the trip between oxygen sources. Oxygen con-
sumption calculations tend to be more reliable with HFNC than with
the use of NIV or bilevel positive airway pressure because leaks
around the face mask are common and patient oxygen consumption
(through increases in tidal volume or respiratory rate) can be variable
and rapidly change with NIV.

Specific settings for the Airvo2 (Fisher & Paykel Healthcare; Auck-
land, New Zealand) in junior mode ranges from 2 to 25 L/min, with a
fixed dew point temperature of 34°C. The adult mode ranges from 10
to 60 L/min, with dew point options of 31°, 34°, and 37°C. As an
example, oxygen consumption can be up to 3,600 L/h (60 L/min at
100% FIO2 £ 60 minutes) with the standard “M” tank capacity of 3,120
L, providing approximately 53 minutes of supply. High-capacity oxy-
gen storage methods such as liquid oxygen (LOX) provides increased
oxygen capacity. For instance, our rotor wing LOX provides 8,000 gas-
eous liters, whereas our mobile ICU LOX has a capacity of 17,000 gas-
eous liters.

Another primary consideration is FIO2 management based on the
mode of transport. Depending on your local geography, mission plan-
ning should account for elevation changes, particularly for those pro-
grams flying rotorcraft at higher altitudes. Because the delivered FIO2
is passively achieved by setting the oxygen flow rate, varying FIO2
results will be achieved. For example, when mission planning for
fixed wing missions, you can plan on pressurizing the cabin to lower
altitudes or sea level, whereas in rotor wing aircraft flying at higher
altitudes, changing cabin pressurization is not an option so rerouting
may need to be considered. Although 100% FIO2 is not always achiev-
able depending on the pressure altitude and oxygen flow rate, the
primary advantage of high flow rates beyond a nonrebreather, even
in combination with a nasal cannula, provide the greatest benefit.
Table 1 provides a list of necessary equipment, and Figure 1 displays
a typical setup of the equipment on the stretcher. Additional



Table 1
The Minimum Equipment Necessary to Use Stand-alone High-Flow Nasal Cannula

1. High-flow unit (eg, Airvo2)
2. Airvo2 circuit
3. Secondary power supply (We use Yeti 400 lead acid battery due to Aivo2

amperage draw during startup; it provides approximately 90 minutes at the
maximum flow rate and dew point temperature.)

4. High-flow regulator with liter flow of at least 60 L/min
5. Portable oxygen tank(s)
6. High pressure tubing
7. Oxygen tubing
8. Sterile water
9. Patient-sized cannula

10. Appropriate device securing per vehicle setup
11. Onboard oxygen supply

The numbers in the table correspond with the numbered labels in Figure 1A and B.

Figure 1. (A and B) HFNC equipment setup on a stretcher. The numbers in the figure
correspond with Table 1. This is the minimum equipment necessary to use stand-alone
HFNC.

Table 2
Patient Characteristics by Group

Pediatric Adult

< 12 Months 1-18 Years >18 Years

Total sample 70 74 71
Age mean (SD) 4.7 (3.3) 3.3 (3.4) 63 (14.3)
Range 0-11 1-14 25-88

Male n (%) 48 (69) 42 (57) 40 (56)
Transport distance 12.9 12.2 32.7
Miles (range) (4.4-58.5) (3-20.6) (1-176)

SD = standard deviation.
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resources for preplanning can be accessed via an app provided by the
manufacturer that includes a simulation platform, a quick reference
setup, and a troubleshooting guide.

En Route Considerations
The primary considerations during transport are specifically

related to resource management. Like many devices not originally
intended for use during transport, power management can be com-
plicated. The Airvo2 does not have an integrated power supply and
thus relies on a “pluggable” power source. We use the Goal Zero Yeti
400 (Goal Zero; South Bluffdale, UT) as an external power source
when transitioning between clinical units and the transport vehicle
that warrants the following considerations:

� Setting the Airov2 dew point temperature at the highest setting
can result in a power consumption rate that is greater than the
battery recharge rate. This can reduce the overall life of the bat-
tery by limiting the effectiveness of the battery charger even
though it is plugged in during transport. However, power
consumption can be reduced by decreasing the dew point
temperature to the lowest setting.

� The dew point target may not be achieved based on ambient
temperatures, particularly if you cannot maintain the highest
dew point temperature setting due to power consumption con-
siderations (see Table 1 for maximum battery life).

Post-transport Considerations
After use, the unit requires cleaning and a sanitation cycle

that takes 55 minutes to complete. This may be completed dur-
ing the return trip to the base depending on the drive time
and/or ability to maintain power supply if the trip is shorter
than the cycle time. We also have additional units at the base
that can be swapped out if needing to complete another
transfer.

Part 2: Clinical Results

Methods
We conducted a retrospective chart review of all patient transfers

using HFNC between January 2018 and June 2019 before the initial
appearance of COVID-19 in the United States. Electronic health record
data were abstracted by trained data collectors using a standardized
data collection sheet. Data collectors completed initial training using
the data collection sheet and codebook, with the first 5 charts of each
abstractor double reviewed and assessed for discrepancies. Identified
discrepancies were adjudicated between the 2 reviewers for agree-
ment. Then, random chart audits were conducted to assess data
abstraction fidelity. The primary data abstracted from patient charts
included patient demographics, transport distance, HFNC settings
including flow rate in L/min and FIO2, and the first and last set of vital
signs. Measures of central tendency are reported for patient demo-
graphics and HFNC settings. A review of the histogram and analysis
via the Shapiro-Wilk test indicated that the vital sign data were non-
normally distributed; therefore, we used the Wilcoxon matched pairs
signed rank test to assess for differences between pre- and post-
transport vital signs. We compared the first set of vital signs obtained
by the transport crew before transport and the last set of vital signs
obtained at the transfer of care. A P value < .05 was considered statis-
tically significant. All analyses were performed using R studio 1.4.1
(RStudio; Boston, MA). This study was approved by the Cleveland
Clinic Institutional Review Board (#14-1556).

Results
There was a total of 220 patients, 148 pediatric and 72 adult

patients. Table 2 presents the demographics and summary statis-
tics by group. The majority of patients in all groups were male.
Adult patients tended to be older with a mean age of 63 years
and with greater transport distances. Table 3 presents the pre-
and post-transport vital sign comparisons, with the only signifi-
cant difference in adults being an improvement in oxygen satura-
tions via pulse oximetry measurement. There was a trend toward
improvement, or lowering in systolic blood pressure, but this dif-
ference was not statistically significant. Both pediatric groups
experienced statistically significant reductions in heart rate, sys-
tolic blood pressure, and diastolic blood pressure. Among the
pediatric groups, both respiratory rate and pulse oximetry exhib-
ited the smallest change between pre- and post-transport and
were not statistically significant. No patients were intubated dur-
ing the transport encounter.

Figure 2 presents the flow rates by patient subgroup. Both pediat-
ric groups tended toward lower flow rates. The most common flow
rate for both pediatric groups was 10 L/min. Alternatively, the adult



Table 3
Pre- and Post-transport Vital Signs

Pediatric Adult

< 12 Months 1-18 Years > 18 Years

Transport Phase Pre Post P Value(95% CI) Pre Post P Value(95% CI) Pre Post P Value(95% CI)

Heart rate
Mean (SD) 153 (24) 142 (20) <.001

(�13.9 to �5.0)
155 (55) 148 (22) <.001

(12.5 to �4.9)
93 (20) 93 (17) .91

(�1.9 to 1.5)
Systolic BP

Mean (SD) 105 (15) 102 (16) .02
(�5.9 to �0.5)

106 (15) 101 (17) .001
(�9.9 to �2.5)

128 (22) 126 (21) .58
(�5.0 to 2.5)

Diastolic BP
Mean (SD) 65 (12) 60 (11) .002

(�8.9 to �2.0)
65 (11) 60 (12) .004

(�8.0 to �1.5)
76 (13) 73 (12) .08

(�4.5 to 0.49)
Respiratory rate

Mean (SD) 39 (12) 40 (12) .19
(�0.5 to 3.5)

41 (14) 39 (10) .20
(�4.0 to 1.0)

22 (6) 23 (6) .99
(�1.5 to 1.5)

Pulse oximetry
Mean (SD) 97 (6) 97 (6) .26

(�.0003 to 1.5)
97 (4) 98 (3) .30

(�0.5 to 1.5)
94 (5) 95 (4) .04

(.0004−1.5)

BP = blood pressure; CI = confidence interval; SD = standard deviation.
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population tended toward higher flow rates, with the most common
setting of 50 L/min. Figure 3 presents the FIO2. Although both pediat-
ric patient groups covered the entire range from 21% to 100% FIO2, the
most common settings ranged between 30% to 50% FIO2, with the
most common setting being 30% FIO2. The adult FIO2 settings ranged
from 30% to 100% FIO2, with the 2 most common settings being 50%
FIO2 and 80% FIO2.

Discussion
We set out to describe the use of HFNC in the transport setting

across the age continuum. Our results indicate that the use of HFNC is
feasible and provided evidence of safe transport with statistically sig-
nificant improvement in pre- and post-transport heart rate and blood
pressure in both pediatric groups, a statistically significant increase in
adult pulse oximetry although not clinically significant, and no evi-
dence of physiologic decompensation.

The results from this study provide the first report of settings used
in the transport setting in adult patients.8,11 Adult FIO2 settings most
often reflected the 50/50 manufacturer-recommended starting set-
tings, or 50% FIO2 and 50 L/min. There was limited variation in settings
between pediatric groups. While not a direct comparison to
Muniyappa et al.9 as their patient population was specifically
Figure 2. HFNC
neonates, the <12 months pediatric group initial FiO2 settings aver-
aged between 30-40%, however our average flow rate was higher at
10 lpm versus their 3.8 lpm. Benefits of using HFNC on low settings
instead of a nasal cannula in pediatric patients are supported by the
primary mechanisms of action that decrease nasopharyngeal resis-
tance, wash out pulmonary dead space, reduce inflow of ambient air,
and increase airway pressure. Thus, recent evidence supports using
HFNC with low FIO2 settings in pediatric patients as an effective treat-
ment in cases of moderate to severe bronchiolitis during initial low-
flow oxygen failure states and as initial noninvasive respiratory sup-
port after birth.23 Together, these data provide insight on the use of
HFNC in transport.

There are several other considerations for the use of HFNC in the
transport setting. The first is the potential cost of acquiring the equip-
ment and additional costs in consumables for each trip. Supply cost
depends on whether you can continue the patient from the referring
provider’s setup or need a new setup; the costs can be significant
compared with other ventilation support modalities. Furthermore,
the HFNC setup and use are more cumbersome than using a transport
ventilator that is confined to 1 package with internal battery power.
Conversely, our crews have reported antidotally that patients toler-
ated HFNC well during transport. Additionally, crews noted improved
Flow Rates



Figure 3. HFNC FIO2
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tolerance when patients were changed to HFNC from another NIV
method, including when they have used NIV methods via the trans-
port ventilator. The provided reasons for increased patient comfort
and tolerance included temperature-controlled humidified air deliv-
ery, a nasal cannula instead of a face mask, and pressure supplied via
the unit compared to a transport ventilator administering bilevel pos-
itive pressure compared to a beside unit. Although these are only
anecdotal reports and not specifically measured in this study, future
studies should investigate the subjective experience of both patients
and transport personnel on the use and tolerance of HFNC in the
transport setting compared with other NIV modalities because this
may identify additional benefits to the implementation of HFNC in
the transport environment.

There were several limitations to our work. First, this was a single
health system transport team’s experience and may not be externalized
to other settings. Second, there could have been unmeasured factors
that may have accounted for the pre- to post-transport difference in
vital signs that were not accounted for in the matched pairs analysis
such as medication administration. This was only a descriptive second-
ary review; future work should assess for the presence and impact of
other interventions during HFNC use. Lastly, we did not compare HFNC
with other methods of NIV. Future studies are necessary to assess for
the equivalence or noninferiority/superiority of HFNC in transport.

Conclusion
Our study provides evidence that HFNC is feasible and tolerated

by patients and is an additional option for NIV in transport across the
age continuum. Future studies are needed to compare HFNC with
other noninvasive modalities that include assessing patient tolerance
and comfort as contributing factors and to identify indications and
contraindications for use in the transport setting.
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