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BACKGROUND: High-flow nasal cannula (HFNC) is an option for respiratory support in patients

with acute hypoxic respiratory failure. To improve patient outcomes, reduce ICU-associated costs,

and ease ICU bed availability, a multi-phased, comprehensive strategy was implemented to make

HFNC available outside the ICU under the supervision of pulmonology or trauma providers in

cooperation with a dedicated respiratory therapy team. The purpose of this study was to describe

the education and implementation process for initiating HFNC therapy outside the ICU and to con-

vey key patient demographics and outcomes from the implementation period. METHODS: HFNC

therapy was implemented at a tertiary hospital in the Midwest, with systematic roll-out to all in-

patient floors over a 9-month period. Utilization of the therapy and patient outcomes were

tracked to ensure safety and efficacy of the effort. RESULTS: During the implementation period,

346 unique subjects met study inclusion criteria. Median (interquartile range) hospital length of

stay was 8 d (4–12), and median duration of HFNC therapy was 44 h (18–90). Two thirds of sub-

jects (n 5 238) received the entire course of HFNC therapy outside the ICU, and more than half of

subjects (n 5 184) avoided the ICU for their entire hospitalization. Moreover, 6% of subjects in

the study group escalated from HFNC to noninvasive ventilation, and 5% of subjects escalated

from HFNC to mechanical ventilation. CONCLUSIONS: A comprehensive implementation process

and a robust therapy protocol were integral to initiating and managing HFNC in all hospital loca-

tions. Study findings indicate that patients with acute hypoxic respiratory failure can safely receive

HFNC therapy outside the ICU with appropriate patient selection and staff education. Key words:
high-flow nasal cannula; intensive care unit; inpatient; emergency department; education; mechanical
ventilation; noninvasive ventilation. [Respir Care 0;0(0):1–�. © 0 Daedalus Enterprises]

Introduction

For many decades, oxygen administration has been a

common intervention to treat acute hypoxic respiratory fail-

ure by improving gas exchange and decreasing work of

breathing.1-5 It is estimated that 40–60% of patients

admitted to hospitals will receive some form of oxygen

administration during their stay.6,7 However, if patients de-

velop worsening hypoxia, they often require admission to

the ICU to receive more aggressive respiratory support.8

Hospitals struggle to have enough ICU beds available for

critically ill patients, especially during high peak seasons

such as influenza or during pandemics, and ICU costs are a

Ms Jackson, Ms Kingery, and Mr Oetting are affiliated with Respiratory

Therapy, UnityPoint Health, Des Moines, Iowa. Ms Spilman and Dr

Pelaez are affiliated with Trauma Services, UnityPoint Health, Des

Moines, Iowa. Dr Taylor is affiliated with the Division of Pulmonary,

Critical Care, and Sleep Disorders Medicine Fellowship Program,

University of Louisville, Louisville, Kentucky. Dr Pruett is affiliated

with the Division of Pulmonary, Critical Care, and Sleep Disorders

Medicine Fellowship Program, Creighton University, Omaha, Nebraska.

Dr Omerza is affiliated with the General Surgery Residency Program,

UnityPoint Health, Des Moines, Iowa. Drs Branick and Ganapathiraju

are affiliated with the Internal Medicine Residency Program, UnityPoint

Health, Des Moines, Iowa. Ms Hamilton and Ms Nerland are affiliated

with the Doctor of Osteopathic Medicine Program, Des Moines

University, Des Moines, Iowa. Dr Taber is affiliated with Emergency

Medicine, UnityPoint Health, Des Moines, Iowa. Dr McCann is

RESPIRATORY CARE � � � VOL � NO � 1

RESPIRATORY CARE Paper in Press. Published on August 25, 2020 as DOI: 10.4187/respcare.07960

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



significant component of total health care costs.9-13 It is

essential to establish options for delivering safe and effec-

tive respiratory therapy to patients outside the ICU setting.

High-flow nasal cannula (HFNC) therapy has become an

increasingly popular form of respiratory support for ICU

patients with worsening hypoxic respiratory failure.14-21

There are many advantages of HFNC, including ease of use,

patient comfort, and efficient delivery of humidified high-

flow oxygen.22-26 In many hospitals, HFNC is available only

in the ICU setting, but this restriction can delay treatment if

there are no available ICU beds and may result in a lower-

acuity patient being moved to the ICU only to receive treat-

ment. Some hospitals have developed protocols for deliver-

ing HFNC on general in-patient pediatric floors27,28 or in the

emergency department,29-31 but there is relatively little

research establishing safety and efficacy in adult popula-

tions outside the ICU. Zemach et al32 conducted an observa-

tional study of subjects receiving HFNC in non-ICU areas

and reported that HFNC was associated with improvements

in breathing frequency and oxygen saturation.

Expanding HFNC availability outside the ICU requires

careful and structured implementation of the therapy in

new settings, often with staff who have not previously cared

for patients on HFNC therapy. Introducing a new therapy is

a challenge for any hospital, but successful implementation

and buy-in from staff are essential for ensuring patient

safety and quality of care throughout the hospital stay.33,34

The purpose of this study is to describe the education and

implementation processes for delivering HFNC to non-ICU

settings in our hospital. Specifically, we will describe the

protocol and the implementation process, present key

patient demographics and outcomes, and identify potential

barriers that must be addressed to maximize patient safety.

Methods

Study Design

This study was conducted at Iowa Methodist Medical

Center in Des Moines, Iowa, which is a tertiary hospital

and Level 1 trauma center with 370 hospital beds, a 33-bed

emergency department, and a 36-bed mixed medical, surgi-

cal, and trauma ICU. HFNC has been used extensively in

the adult ICU at the study hospital since 2012 and has been

described in previous research.15,17,35 The research protocol

was approved by the institutional review board at the study

hospital.

During the 18-month study period (December 2017 to

May 2019), HFNC therapy was primarily delivered with

AIRVO2 (Fisher & Paykel, Auckland, New Zealand),

which can deliver flow up to 60 L/min and FIO2
up to 1.0.

This device was selected because it does not require a com-

pressed air supply and was therefore portable and compati-

ble with use on the patient floors. The hospital had 40

total devices available across all hospital locations dur-

ing the study period, with a typical case load of 20–25

units running at one time. Another device (Optiflow,

Fisher & Paykel) was also used at the study hospital,

but use of this device was limited to the ICU because
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Current knowledge

High-flow nasal cannula (HFNC) has been used exten-

sively in the ICU setting for patients with hypoxic re-

spiratory failure. There can be high demand for ICU

beds during peak periods, so it is essential to deliver

the therapy in locations outside the ICU.

What this paper contributes to our knowledge

Study findings indicate that HFNC can be delivered to

patients outside the ICU if done so in the context of a

broad implementation strategy and appropriate patient

selection. Two thirds of study subjects at a tertiary hos-

pital in Iowa received the entire duration of HFNC

therapy outside the ICU, and more than half of subjects

avoided the ICU during hospitalization. HFNC was

delivered safely and efficaciously to subjects with

hypoxic respiratory failure.
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general in-patient rooms did not have the capacity to

support this device.

While the primary purpose of this study is to share and

describe the HFNC education and implementation process

at our hospital, we also present patient demographics and

outcomes from the implementation period for the cohort as

a whole. This cohort study is descriptive in nature, and data

are used to supplement the description of the implementa-

tion process and to present a transparent summary of imple-

mentation successes and failures.

Implementation Strategy

In September 2017, a multidisciplinary study team was

formed to develop a comprehensive implementation strategy

for using HFNC outside the ICU. The study team included

representatives from the pulmonology, trauma, emergency

medicine, and respiratory therapy departments. The study

team met at least monthly for the duration of the project.

The implementation strategy included 4 components.

First, a protocol was written to guide the initiation and man-

agement of HFNC therapy. This specified the clinical indi-

cations and contraindications for HFNC and established the

process for device set-up and management of patients while

on HFNC therapy. The protocol (see the supplementary

materials at http://www.rcjournal.com) could be applied to

patients with undifferentiated respiratory compromise and

increased oxygen requirements. Of note, the protocol did

not require HFNC patients to receive telemetry monitoring

or continuous pulse oximetry. In June 2019, a weaning pro-

cedure was added to the protocol (see the supplementary

materials at http://www.rcjournal.com). This weaning pro-

cedure was implemented after the study period and is not

included in the current data analysis.

Second, the implementation strategy included a plan to

provide education to hospital staff. Key groups included re-

spiratory therapists; internal medicine and surgery residents;

internal medicine, pulmonology, trauma, cardiology, and

emergency medicine physicians; and nurses on all patient

floors and in the emergency department. While HFNC ther-

apy was available to all patients regardless of admitting serv-

ice, the protocol required that a critical care service (ie,

pulmonology or trauma) was the admitting or consulting

service for all floor patients to assess for appropriate use of

HFNC and to manage patients receiving the therapy.

Third, the protocol required a respiratory therapist to

evaluate the patient at least every 4 h while on HFNC, and

those assessments were included in the electronic medical

record as patient notes. Every assessment included patient

vitals (breathing frequency, heart rate, SpO2
), device settings

(FIO2
, flow), respiratory pattern, breath sounds, modified

Borg dyspnea scale score,36 comfort level with the device,37

and skin assessment (ears, nose, cheeks). In the initial eval-

uation, the therapist also noted whether the patient used

supplemental oxygen at home. The focus on evaluation and

documentation ensured that assessments were standardized

across patients and floors and stored in a location in the

electronic medical record that was visible to the entire care

team. HFNC therapy was monitored by bedside nurses as

part of normal standard of care; interval assessments were

completed by respiratory therapists, and device adjustments

were made by respiratory therapists under the guidance of

pulmonology or trauma providers.

Fourth, the study team established a regular review of

patient safety and adverse events. The team met monthly to

review the implementation progress, adjust the protocol and

education process, and discuss adverse events potentially

linked to HFNC. This included review of all rapid-response

team activations and mortalities. Medical codes for cardiac

or respiratory arrest were reported to the respiratory therapy

manager and reviewed in real time to ensure that the event

was not associated with failure of HFNC therapy.

As shown in Figure 1, HFNC was implemented on the

respiratory and trauma floors in Winter 2017, followed by

telemetry floors. In Spring 2018, HFNC was implemented

in the emergency department. HFNC was fully imple-

mented on all in-patient hospital floors by Summer 2018.

Staff Education

It was recognized early that adequate staff education and

buy-in was essential for adopting HFNC into patient care in

non-ICU settings. Lack of familiarity with the protocol or

the device could lead to resistance in adopting HFNC, and
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• • •
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and training
Respiratory
and trauma

floors

Telemetry
floors

Emergency
department

Remaining
hospital
floors

Winter
2017

• • •

Winter
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• • •
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2018

• • •
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• • •

Fig. 1. Implementation timeline.
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there was particular concern about complicating hospital

bed flow if staff were uncomfortable caring for a patient

receiving HFNC therapy on a general in-patient floor.

Table 1 shows a breakdown of education component by au-

dience. All groups received standardized education on the

differences between traditional oxygen therapy and HFNC

therapy, indications and contraindications for patient selec-

tion, and physiology and mechanics of the HFNC device.

Respiratory therapists received additional training in man-

agement of the HFNC device and documentation in the

electronic medical record.

The largest group to train was nursing because it involved

every floor of the hospital, with the exception of the labor

and delivery ward. Immediately prior to implementation of

HFNC on each floor, a team from the respiratory therapy

department attended staff meetings, provided educational

opportunities at shift changes, and met 1-on-1 with nurses.

Trainings were led by the respiratory therapy manager or

supervisor with the cooperation of the nurse manager on

each floor. As part of the education process, each nurse was

also given the opportunity to try HFNC therapy to better

understand what patients would experience on the therapy;

disposables were donated to the study hospital by the device

manufacturer to aid in this component of training.

Data Collection and Variables

During initial phases of implementation (Winter 2017),

nurses were given an anonymous paper survey prior to

training to evaluate familiarity and comfort with HFNC and

to ascertain perceptions of how the device would impact

patient care (see the supplementary materials at http://

www.rcjournal.com). The surveys were also used to

explore areas of concern and to identify points of emphasis

for education. Respondents were excluded from analysis if

they failed to complete both sides of the survey.

All subjects were identified prospectively if they

received HFNC for any reason during the study period

(December 2017 to May 2019). For the current analysis, we

included subjects who received HFNC for undifferentiated

respiratory compromise if HFNC was initiated or discontin-

ued in the emergency department or on an in-patient floor.

We did not include patients who initiated and discontinued

HFNC in the ICU (eg, the entire duration of therapy was in

the ICU). If subjects received HFNC during more than 1

hospital encounter, only the first encounter is included in

analyses.

Demographic variables included subject age and sex. We

also tracked emergency department disposition, location in

the hospital where HFNC was initiated and discontinued, hos-

pital and ICU length of stay, and duration of HFNC therapy.

The primary outcomes of interest were adverse events, includ-

ing unplanned admission to the ICU from the floor for any

reason, a rapid-response team activation on the floor while on

the therapy, and in-hospital mortality (all causes). We also

ascertained escalation of care from HFNC immediately to

noninvasive ventilation or mechanical ventilation; this ex-

cluded patients with suspected or diagnosed obstructive sleep

apnea who received positive airway pressure at night per out-

patient regimen and returned to HFNC in the morning.

Statistical Analysis

All analyses were performed with SPSS Basic Statistics for

Windows 20.0 (IBM, Armonk, New York). Descriptive statis-

tics were examined and reported for continuous data as means

6 SD or medians and interquartile ranges (IQR). Categorical

data were reported as counts and percentages. To compare du-

ration of HFNC therapy between subjects who escalated to

noninvasive or mechanical ventilation and those who did not,

differences between medians were calculated using the

Kruskal-Wallis one-way analysis of variance.

Results

Staff Education

During the study period, 450 emergency department and

floor nurses received HFNC education and training, and sur-

vey data were collected from 145 nurses (32%) in the initial

months of implementation. Nurses who completed the surveys

had a mean6 SD age of 346 11 y and 76 9 y of experience

as a nurse. Fifty-two percent of nurses (n ¼ 76) held a bache-

lor’s degree or higher. Forty-one percent (n ¼ 59) of nurses

Table 1. HFNC Education Topics by Audience

Physicians and Residents Nurses Respiratory Therapists

Theory and physiology of HFNC therapy X X X

HFNC protocol X X X

HFNC device set-up and electronic medical record documentation X

HFNC device maintenance X X

De-escalation and weaning X X X

HFNC ¼ high-flow nasal cannula
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were familiar with HFNC therapy, and 38% (n¼ 55) had pre-

viously cared for a patient receiving HFNC. Nearly half of

respondents (n ¼ 70) indicated that they were comfortable

caring for a patient on HFNC on the floor, while 33% of

nurses (n¼ 48) were unsure if they felt comfortable doing so.

The majority of nurses agreed that HFNC would improve

patient care, but more than one third were unsure whether it

would improve patient care or make patient care more

difficult.

Nurses were also asked about the perceived impact of

the device on patient care (Table 2). Across all questions, at

least one third of nurse respondents were unsure as to how

the therapy would directly impact patients. Most nurses

agreed that patients on HFNC could be cared for on the

floor and did not require an ICU bed, but only 33% of

nurses believed that patients receiving HFNC on the floor

did not require continuous monitoring.

Frequency of Use in Hospital

During the implementation period, 998 unique patients

received HFNC across all locations of the hospital, and 346

unique subjects (32%) met study inclusion criteria for initia-

tion or discontinuation of therapy outside the ICU (Fig. 2). As

shown in Table 3, median (IQR) subject age was 69 y (59–

80), but the full range of ages was 18–101 y. Slightly more

than half of subjects (n ¼ 182) were male. Overall, 171 sub-

jects (49%) started HFNC therapy in the emergency depart-

ment, and a small number (n ¼ 5) discharged from the

emergency department without hospital admission. Fifty-three

percent of subjects (n ¼ 184) avoided the ICU during hospi-

talization. More than two thirds of subjects (n¼ 238) received

the duration of HFNC therapy in the emergency department

or on the in-patient floor, which was the equivalent of 486

total hospital days of HFNC delivered outside the ICU.

Median (IQR) length of hospitalization was 8 d (4–12),

and HFNC therapy lasted a median (IQR) of 44 h (18–90).

Eleven percent of subjects experienced a rapid response team

activation while on HFNC, and overall mortality was 13%

(n ¼ 44). In addition, 20 subjects (6%) escalated therapy

from HFNC to noninvasive ventilation, while 17 subjects

(5%) escalated from HFNC to mechanical ventilation.

Subjects who escalated from HFNC to a higher level of sup-

port (ie, noninvasive ventilation or mechanical ventilation)

had a shorter duration of HFNC therapy than those who did

not transition to noninvasive or mechanical ventilation (13 vs

47 h, P < .001). Two subjects had a code blue called while

receiving HFNC therapy on the floor and one subject had a

cardiac arrest; after review of the medical record, it was deter-

mined that the codes were related to underlying medical

comorbidities, not HFNC therapy. Both subjects were trans-

ferred to the ICU and required mechanical ventilation, but

family elected for comfort care and the subjects died.

Discussion

Initiating a new respiratory therapy is a challenge for any

hospital, particularly when it involves a device that has his-

torically only been available in the ICU. To maximize staff

comfort and acceptance of HFNC therapy, it is essential to

consider and plan for staff education as part of the

Table 2. Pre-training Survey Responses

Agree Disagree Unsure

HFNC is easier to set up and use than CPAP 39 (27) 15 (10) 91 (63)

HFNC is more comfortable for the patient than CPAP 84 (58) 1 (1) 60 (41)

Patients requiring > 4 L/min oxygen or with FIO2
$ 0.50 should be cared for in the ICU 17 (12) 75 (52) 53 (37)

A patient receiving HFNC should also have continuous monitoring 46 (32) 48 (33) 51 (35)

HFNC interferes with patient care, including physical therapy and mobility 14 (10) 76 (52) 55 (38)

HFNC is no different than existing therapies on the floor 40 (28) 51 (35) 54 (37)

HFNC would make it difficult for the patient to eat, drink, and sleep 13 (9) 83 (57) 49 (34)

Data are presented as n (%). n ¼ 145 nurse respondents. Numbers may not add up to 100 due to rounding.

HFNC ¼ high-flow nasal cannula

Patients receiving HFNC
therapy

998

HFNC initiated and
discontinued in ICU

652

Subjects enrolled
346

Initiated in ED, discontinued in ED: 21
Initiated in ED, discontinued in ICU: 51
Initiated in ED, discontinued on floor: 99
Initiated in ICU, discontinued on floor: 40
Initiated on floor, discontinued on floor: 118
Initiated on floor, discontinued in ICU: 17

Fig. 2. Flow chart. Data do not include subjects who received HFNC
during multiple encounters. HFNC ¼ high-flow nasal cannula, ED ¼
emergency department.
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implementation process. Study findings indicate that a ro-

bust and systematic implementation plan led to widespread

adoption of HFNC outside the ICU setting. Most impor-

tantly, implementing HFNC on in-patient floors was

deemed safe and efficacious. Even though 11% of subjects

had a change in physiologic status while receiving HFNC

therapy that prompted a rapid-response team activation,

review of these incidents indicated increased vigilance on

the part of bedside nurses who followed the protocol and

activated the team at the first sign of subject deterioration.

In addition, incidence of escalation of care to mechanical

ventilation was 5% and mortality was 13%, which were

lower than the previous respective rates of 13% and 21% at

our institution17 and lower than rates in comparable litera-

ture.32 Subjects who escalated therapy also had a signifi-

cantly shorter duration of HFNC therapy than those who

did not, indicating that the team was aggressive and did not

delay definitive care. The device was utilized for all ages of

adult patients for any condition that resulted in hypoxic re-

spiratory failure.

More than half of the sample avoided the ICU during hos-

pitalization, which amounted to 486 hospital days of HFNC

delivered outside the ICU. Prior to this protocol, HFNC was

only available in the ICU, so patients who required the ther-

apy for hypoxia but were otherwise hemodynamically stable

required an ICU bed to receive therapy. National estimates

show that an ICU day is almost 3 times as expensive as a

day on the in-patient floor of the hospital,9,38,39 so this effort

not only maximized bed flow but it also lowered health care

costs for the subject and the hospital. In addition, 40 subjects

(12%) began HFNC in the ICU and transitioned to the floor

while receiving therapy. This indicates that HFNC therapy

was not an impediment to transfer and that patients could

leave the ICU when they were otherwise stable, even if they

were still receiving HFNC therapy.

Subjects with no ICU days had a lower mortality rate than

subjects who spent$ 1 d in the ICU (7% vs 13%) and never

escalated from HFNC to noninvasive ventilation. In the con-

text of a robust HFNC protocol with appropriate patient

selection, many patients can receive the therapy outside the

ICU and can do so without increased risk to their safety or

well-being. This optimizes hospital resources, including ICU

beds, for patients with more critical conditions.

Preimplementation survey results also indicated that

while most nurses were amenable and comfortable with

adopting HFNC into practice on their floors, one third of

nurses were uncertain about the efficacy of the device and

their role in managing patients receiving HFNC therapy.

Face-to-face interaction with respiratory therapy staff, as

well as the opportunity to try the device themselves, may

have mitigated this discomfort. Widespread acceptance

was evidenced by increasing requests for the therapy from

staff on floors that did not yet have the therapy. As this

occurred, the implementation timeline was accelerated.

HFNC Barriers and Challenges

As with any effort that transforms patient care, there were

barriers and challenges that were overcome during the course

of implementation. First, most nurses were trained and edu-

cated prior to the device being available on their floor, but

turnover in nursing staff required constant and continuous

education and monitoring. New nursing staff were trained at

the bedside when their first patient was started on HFNC. In

addition, interval documentation by respiratory therapists

was monitored in real time to ensure that all critical values

were documented appropriately; the respiratory therapy

manager intervened and re-educated staff who were incon-

sistent or incomplete in their electronic medical record elec-

tronic medical record documentation.

Second, as HFNC became more accepted in the hospital,

new hospital locations were requested (eg, in-patients

receiving HFNC in the out-patient dialysis ward, pre- and

postbronchoscopy, and in postoperative recovery). In these

circumstances, additional training was extended to nursing

staff to ensure that patients could initiate or continue to

receive HFNC therapy in these locations. When new loca-

tions or indications were requested, the study team

reviewed the protocol and made revisions as appropriate.

Third, there are several times during hospitalization

when patients must be transported, the first of which is

when a patient is moved from the ambulance to the emer-

gency department. Because emergency medical services in

Table 3. Subject Demographics and Outcomes

Age, y 69 (59–80)

Male 182 (53)

Any days in ICU 162 (47)

Emergency department disposition to home 5 (1)

Therapy delivery

Start and stop in emergency department 21 (6)

Start and stop on floor 118 (34)

Start in emergency department, stop in ICU 51 (15)

Start in emergency department, stop on Floor 99 (29)

Start in ICU, stop on floor 40 (12)

Start on floor, stop in ICU 17 (5)

Adverse events

Unplanned ICU admission for any reason 63 (18)

Escalation of care from HFNC to noninvasive ventilation 20 (6)

Escalation of care from HFNC to invasive ventilation 17 (5)

Rapid response team activation while on HFNC 38 (11)

Mortality, all causes 44 (13)

Hospital length of stay, d 8 (4–12)

ICU length of stay, d 0 (0–3)

Duration of HFNC, h 44 (18–90)

Data are presented as median (interquartile range) or n (%). n ¼ 346 subjects. Numbers may not

add up to 100 due to rounding.

HFNC ¼ high-flow nasal cannula
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the metropolitan area of the study hospital do not currently

utilize HFNC in ambulances, many patients with hypoxic

respiratory failure arrived at the hospital on a CPAP device

or a non-rebreather face mask. To assist these subjects,

HFNC was initiated after arrival at the study hospital while

the subject was still in the ambulance via a portable HFNC

device, and then the subject was moved to an emergency

department bed. It is also important that HFNC subjects

continued to ambulate and receive therapies during hospi-

talization; therefore, a portable setup was used in the hospi-

tal to mobilize and transport subjects between areas of care.

Each subject’s oxygen requirements determined the volume

and mode for transport, but subjects were transported with

the HFNC device when possible. One exception was when

a subject went to the magnetic resonance imaging suite, at

which time they were temporarily transitioned to a non-

rebreather face mask. If the subject could not tolerate the

non-rebreather face mask, they received noninvasive venti-

lation during imaging. Of note, the HFNC device was

adapted to include a battery backup that was sufficient for

most transport within the hospital.

Fourth, once the HFNC protocol was implemented hos-

pital-wide and was embraced by all floors and specialties, it

became clear that clinicians and staff needed a more robust

process for weaning from the HFNC device. There is no

published literature or guideline for this process. The study

team examined data from the current sample to estimate the

settings at discontinuation of therapy, and a conservative

weaning procedure was added to the HFNC protocol. The

respiratory therapy team began weaning by first decreasing

oxygen (FIO2
) and then flow, both of which were done

incrementally based on subject condition. Future analysis is

warranted to determine if the weaning procedure affected

duration of therapy or patient outcomes.

Fifth, the HFNC protocol at the study hospital does not

exclude patients who are receiving tube feedings, and there

were no events during the study period where a subject

failed therapy due to aspiration. There is no published evi-

dence that HFNC impedes feeding or swallowing, with

some evidence that HFNC may even enhance the swallow-

ing function,40 but this is an area that would benefit from

more clinical research.

Finally, in the early phase of protocol implementation, 4

subjects developed skin breakdown behind the ears due to

HFNC tubing being secured too tightly on the subject’s

head. Two of these subjects developed a pressure ulcer.

This issue was addressed immediately by revising the pro-

tocol to require documentation of skin checks at every

respiratory therapy assessment (ie, every 4 h). Nurses were

re-educated on the issue, and any concerns about skin integ-

rity were reported immediately to the respiratory therapy

leadership and bedside nurse, who would evaluate the sub-

ject collaboratively to address the problem. If a subject had

known skin integrity problems, the care team enlisted the

help of the wound team to monitor and prevent skin break-

down. Of note, the HFNC cannulas are latex-free, therefore

the skin issues were not caused by an allergic reaction to the

cannula.

Study Limitations

This study has several limitations. First, all subjects were

identified prospectively and analyzed retrospectively, so there

are inherent limitations in documentation and the variables

available through chart abstraction. In addition, there was no

standardized measure of patient acuity across diagnoses.

Second, the study sample is heterogeneous in diagnosis, and

the protocol is standard of care at the study hospital; therefore

subjects are not randomized to treatment groups and there is

no concurrent comparison group available for analysis.

Results cannot be generalized to specific diagnoses or patient

populations, but future analyses will examine subpopulations

in comparison to historical controls. Third, the postimplemen-

tation nurse survey had a very low response rate (n ¼ 40),

and data were not sufficiently generalizable to the nursing

population as a whole. Preimplementation surveys were

administered in-person prior to HFNC training, which gener-

ated a high response rate; however, postimplementation sur-

veys were administered via e-mail and electronic survey

software, and we could not generate a sufficient response

rate, despite repeated requests for participation.

Conclusions

While HFNC therapy has traditionally been limited to

the ICU setting, HFNC can be safely initiated in locations

outside the ICU if delivered within the context of a compre-

hensive and collaborative implementation plan that empha-

sizes staff education, quality review, and a robust protocol.

Our results indicate that, with appropriate patient selection,

many patients can safely and effectively receive HFNC

without spending any days in the ICU.
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