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BACKGROUND: The use of high-flow nasal cannula (HFNC) is rapidly increasing without clear

indications, creating the potential for overuse or misuse and the accompanying risk of adverse

events. The purpose of this study was to determine the factors associated with HFNC failure by

examining the current clinical practice of HFNC. METHODS: From July 1, 2017, to June 30,

2018, in 5 university-affiliated hospitals in the Republic of Korea, a total of 1,161 admitted adult sub-

jects who had HFNC administered were retrospectively enrolled and their medical records were

reviewed. RESULTS: Pulmonary diseases including pneumonia (n 5 757, 65.2%) were the most

common reason for use of HFNC. Subjects with do-not-resuscitate (DNR) or do-not-intubate (DNI)

orders comprised 33.8% of the study population (n 5 392); 563 subjects (48.5%) were escalated

directly to HFNC from low-flow devices without applying reservoir or other high-flow devices. In

the non-DNR/DNI subjects, arterial blood gas was not monitored in 15.2% and 14.8% of subjects

before and after HFNC application, respectively, and it was not monitored in 28.0% just before

HFNC weaning. The HFNC failure rate was 27.0% in non-DNR/DNI subjects, and the HFNC fail-

ure was significantly associated with the decision by residents to apply HFNC (odds ratio [OR] 2.03,

95% CI 1.29–3.18, P 5 .002), high breathing frequency (OR 1.07, 95% CI 1.04–1.10, P < .001)

^ 6 h before HFNC application, low SaO2 (OR 0.92, 95% CI 0.89–0.95, P < .001) ^ 6 h before

HFNC application, low SpO2
(OR 0.95, 95% CI 0.93–0.98, P < .001) ^ 6 h before HFNC application,

and the ratio of SpO2
/FIO2 to breathing frequency (ROX index) ^ 6 h after HFNC application (OR

0.88, 95% CI 0.84–0.92, P < .001). CONCLUSIONS: HFNC was practiced without applying reservoir

or other high-flow devices before application and without appropriate arterial blood gas monitoring

during HFNC therapy. HFNC failure was significantly associated with the decision by the resident to

use HFNC, breathing frequency, SaO2 , and SpO2
^ 6 h before HFNC application, and with the ROX

index ^ 6 h after HFNC application. Key words: hypoxia; respiratory insufficiency; oxygen inhalation
therapy; high-flow nasal cannula. [Respir Care 2020;65(9):1276–1284. © 2020 Daedalus Enterprises]

Introduction

Supplemental oxygen therapy with both low-flow and

high-flow systems is the first-line treatment for patients with

acute hypoxemia. Low-flow systems are convenient and

economical, but FIO2
may vary with the breathing pattern of

patients.1,2 High-flow systems were designed to supply a

constant FIO2
. However, conventional high-flow devices

such as the air-entrainment mask and air-entrainment nebu-

lizer cannot deliver sufficient total gas flow to patients with

high FIO2
settings, and they are inconvenient to handle.3,4
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High-flow nasal cannula (HFNC) can supply heated and

humidified gas with an FIO2
ranging from 0.21 to nearly 1.0

and can deliver flows up to 60 L/min through comfortable,

loose-fitting nasal prongs. The high gas flow reduces anatom-

ical dead space by washing out carbon dioxide from the upper

respiratory tract, and the warm humidified gas improves

bronchial mucociliary function to facilitate sputum expectora-

tion.5-7 Because of these advantages, HFNC has been applied

and has shown benefits in a number of clinical conditions,

including hypoxemic respiratory failure, cardiogenic pulmo-

nary edema, postoperation, and postextubation, and in sub-

jects who have do-not-resuscitate (DNR) or do-not-intubate

(DNI) orders.8-15 In a recent large-scale study, HFNC was

reported to decrease mortality in adult subjects with acute

hypoxemic respiratory failure compared with noninvasive

ventilation (NIV) and standard oxygen therapy.16 However,

in immunocompromised adult subjects with acute hypoxemic

respiratory failure, there was no significant difference in mor-

tality between HFNC and normal oxygen delivery.17

Despite these contradictory results, the use of HFNC is

rapidly increasing in various clinical situations, but this is

occurring without clear indications or clinical practice

guidelines. One of the main concerns that has arisen with

regard to HFNC has been the possibilities for overuse or

misuse of this device with associated serious adverse

events.18 To prevent or minimize adverse events with

HFNC and to secure favorable outcomes for patients, it is

essential to understand the current status of practice.

However, studies on the actual status of HFNC practice in

real clinical fields are very limited. Therefore, we per-

formed this study primarily to define the factors most

highly associated with HFNC failure by examining the cur-

rent status of routine clinical practice of HFNC.

Methods

Study Population

In this study, we retrospectively evaluated medical

records of admitted subjects from July 1, 2017, to June 30,

2018, in 5 university-affiliated hospitals in the Republic of

Korea. All adult subjects over the age of 18 y who had had

HFNC for any reason in general wards, ICUs, and

emergency department were enrolled. Patients who had

HFNC applied in the emergency department but were dis-

charged without hospitalization were excluded. The institu-

tional review board of each hospital approved the study

protocol and waived the requirement for informed consent.

Data Collection and Definition

We collected subjects’ demographic information and the

following data from their medical records: admission route

and department, main diagnosis, presence of septic shock or

ARDS, Acute Physiology and Chronic Health Evaluation II

(APACHE II) score in subjects who were admitted in ICU,

causes of supplemental oxygen therapy, oxygen supply devi-

ces before HFNC, HFNC starting site, physician category

who made the decision to apply HFNC, DNR/DNI status,

breathing frequency, pulse oximeter, arterial blood gas

(ABG) results (# 6 h before HFNC start,# 6 h after HFNC

start, and # 6 h before HFNC weaning), the ratio of

SpO2
/FIO2

to breathing frequency (ROX index),19 the initial

and last settings of HFNC, HFNC duration, HFNC success

or failure, and hospital mortality.

HFNC failure was defined as (1) escalation to NIV or

invasive ventilation due to deterioration of hypoxemia, (2)

death during HFNC, and (3) reapplication of HFNC# 24 h

of weaning from initial HFNC. Pneumonia was classified

as a pulmonary disease, and lung cancer was classified as

oncology. Septic shock and ARDS were identified by

administration codes used in the Republic of Korea along

with reviewing related medical records corresponding to

formal clinical definitions for septic shock and ARDS.

Septic shock was defined by the Sepsis-3 definition,20 and

ARDS was defined according to the Berlin definition.21
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To secure favorable results with high-flow nasal can-
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Data Analysis

Between the HFNC success and HFNC failure groups, we

compared respiratory parameters, including breathing fre-

quency, pulse oximeter, and ABG results before and after

HFNC application and before HFNC weaning. We also com-

pared HFNC settings (ie, FIO2
and flow) and the ROX index

after HFNC application and before HFNC weaning. In addi-

tion, differences in respiratory parameters, HFNC settings,

and the ROX index within the same group (ie, HFNC success

or HFNC failure) were compared between, after HFNC appli-

cation and before HFNC weaning. For DNR/DNI patients,

HFNC is commonly maintained in the ICU until death or

hospital discharge without active monitoring, modification,

or intervention. Therefore, DNR/DNI subjects were excluded

from the analysis of factors associated with HFNC failure.

Statistical Analysis

All categorical variables are expressed as n(%), and con-

tinuous variables are expressed as mean 6 SD. Chi-square

or Fisher exact tests were used to assess association

between categorical variables, and Student t or Mann-

Whitney U tests were used for comparison of continuous

variables. Factors affecting HFNC outcome were evaluated

using multivariate logistic analysis based on the results of

univariate analysis. Two-sided tests were performed with

SPSS 20.0 (IBM, Armonk, New York) and MedCalc 18.5

(MedCalc Software, Mariakerke, Belgium). Statistical sig-

nificance was defined as P< .05.

Results

Study Population and Baseline Characteristics

During the study period, a total of 1,161 subjects had

HFNC applied. The mean age of the subjects was 70.8 6
13.6 y, and 731 subjects (63.0%) were male; 1,014 (87.3%)

were admitted to medical departments. Pulmonary diseases

(including pneumonia) were the most common primary di-

agnosis on admission (n¼ 503, 43.3%). DNR/DNI subjects

comprised 33.8% (n ¼ 392) (Fig. 1). Subjects with septic

shock numbered 312 (26.9%); 712 subjects (61.3%) were

admitted to ICU, and their APACHE II score was 23.4 6
8.3 (Table 1). ARDS developed in 83 subjects (7.1%), and

the number of subjects based on severity were as follows:

mild¼ 8, moderate¼ 23, severe¼ 42, and unknown¼ 10.

Clinical Practice, Outcomes, and Complications

Pulmonary diseases (including pneumonia) were the

main reasons for supplemental oxygen therapy in the total

population (n ¼ 757, 65.2%) and in the DNR/DNI group

(n ¼ 236, 60.2%), whereas oncologic diseases (including

lung cancer) only represented 19.1% (n¼ 75) (data not pre-

sented). The ICU was the most common site for HFNC

application (46.9%), followed by general wards (40.4%) and

emergency departments (12.7%). Just prior to HFNC appli-

cation, 563 subjects (48.5%) were put on low-flow devices

including nasal cannula (n ¼ 240, 20.7%) and simple oxy-

gen mask (n ¼ 323, 27.8%). The use of high-flow devices

including air-entrainment mask or air-entrainment nebulizer

(n ¼ 201, 17.3%) and reservoir devices (n ¼ 116, 10%) was

very low just before HFNC application. Postextubation sub-

jects numbered 248 (21.4%). In 693 subjects (59.7%), the

decision to apply HFNC was made by residents in charge of

the subject’s care. Pulmonologists decided to apply HFNC

in only 25.6% of subjects (n¼ 297) (Table 2).

In all subjects, the mean duration of HFNC was 83.1 6
122.2 h. The DNR/DNI subjects were put on HFNC for

significantly longer duration (92.0 6 105.4 h) compared

to non-DNR/DNI subjects (78.5 6 129.8 h) (P ¼ .006)

(Table 3). In monitoring respiration and oxygenation,

breathing frequency and pulse oximeter were monitored

in most subjects during HFNC application. However,

among all subjects, ABG was not monitored in 19.6%

of subjects # 6 before HFNC application, in 20.8% of

Total subjects
1,161

Non-DNR/DNI
769 (66.2%)

HFNC success
561 (73.0%)

HFNC failure
208 (27.0%)

HFNC success
95 (24.2%)

HFNC failure
297 (75.8%)

DNR/DNI
392 (33.8%)

Fig. 1. Study population according to DNR/DNI status and HFNC outcomes. DNR ¼ do not resuscitate; DNI ¼ do not intubate; HFNC ¼ high-
flow nasal cannula.
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subjects # 6 h after HFNC application, and in 36.5% of

subjects # 6 h before HFNC weaning. Although signifi-

cantly lower than that for the DNR/DNI subjects, the

nonperformance rates of ABG in the non-DNR/DNI

subjects were 15.2%, 14.8%, and 28.0% before and af-

ter HFNC application and just before HFNC weaning,

respectively (P< .001 for all, Table 3).

The HFNC failure rate was 43.5%, and the hospital mor-

tality was 42.4% in all subjects. However, in non-DNR/DNI

subjects, HFNC failure rate and hospital mortality were

27.0% and 21.1%, respectively, which were significantly

lower than the rates for DNR/DNI subjects (P < .001 for

all, Table 3). The HFNC failure rate and hospital mortality

rate in postextubation subjects without DNR/DNI (n ¼ 166)

were 27.1% and 17.5%, respectively (data not presented). In

the non-DNR/DNI subjects with acute hypercapnic respira-

tory failure (defined as pH < 7.30 and PaCO2
> 45 mm Hg

# 6 h before HFNC application) (n ¼ 59), the HFNC fail-

ure rate and hospital mortality rate were 35.6% and

23.7%, respectively (data not presented). Complications

including nasal irritation (n ¼ 14) and nonadherence (n ¼
34) occurred in 48 subjects (4.1%) (Table 3).

Analyses of Respiratory Parameters and HFNC

Settings According to HFNC Outcomes

In the comparisons of respiratory parameters after HFNC

application and before HFNC weaning, all parameters

excepting PaCO2
just after HFNC application were signifi-

cantly worse in the HFNC failure subjects (Table 4). In terms

of changes in respiratory parameters between the onset of

HFNC and weaning from it; in the HFNC success subjects,

breathing frequency and PaO2
were significantly decreased

(P < .001 for all), whereas other parameters including pH,

PaCO2
, HCO3

�, and SaO2
were increased (P < .001 for pH;

P ¼ .001 for PaCO2
; P ¼ .002 for HCO3

�; P ¼ .006 for

SaO2
). In the HFNC failure subjects, breathing frequency,

pH, SaO2
, and SpO2

were significantly reduced (P < .001 for

all). The decrease in PaO2
and increase in PaCO2

were not sig-

nificant (P ¼ .18 and .15, respectively). The reduction in

breathing frequency was greater in the HFNC success (from

23 6 5 to 18 6 9) than in the treatment failure subjects

(from 26 6 6 to 25 6 12), but the increase in PaCO2
was

greater in the HFNC failures (from 40.9 6 25.6 to 54.8 6
31.2) than the successes (from 41.26 22.1 to 48.36 28.2).

The ROX index values # 6 h after HFNC application

in the HFNC success and failure groups were 8.7 6 4.2

and 6.6 6 3.3, respectively, which was significantly

higher for the HFNC success group (P < .001, Table 4).

Before HFNC weaning, the ROX index of the HFNC

Table 2. Clinical Practice of HFNC

Prescription of supplemental oxygen therapy

Pulmonology* 757 (65.2)

Hematology oncology† 110 (9.5)

Cardiology 108 (9.3)

Infections 69 (5.9)

Nephrology 22 (1.9)

Other medical diseases 39 (3.4)

Surgery 56 (4.8)

Site of HFNC application

General ward 469 (40.4)

Emergency department 148 (12.7)

ICU 544 (46.9)

Supplemental oxygen device just prior to HFNC

Nasal cannula 240 (20.7)

Simple oxygen mask 323 (27.8)

Air-entrainment mask or air-entrainment nebulizer 201 (17.3)

Rebreathing mask 116 (10.0)

Noninvasive ventilation 6 (0.5)

Invasive mechanical ventilation, postextubation 248 (21.4)

None 27 (2.3)

Decision of HFNC application

Pulmonologist 297 (25.6)

Internal medicine specialist except pulmonologist 82 (7.1)

Resident 693 (59.7)

Specialist except internal medicine 71 (6.1)

Rapid response team 3 (0.3)

Unknown 15 (1.3)

Data are presented as n (%).

* Including pneumonia.

† Including lung cancer.

HFNC ¼ high-flow nasal cannula

Table 1. Baseline Subject Characteristics

Age, y 70.86 13.6

Sex, male 731 (63.0)

Admission department

Medical 1,014 (87.3)

Surgical 147 (12.7)

Main diagnosis

Pulmonology* 503 (43.3)

Hematology oncology† 243 (20.9)

Cardiology 106 (9.1)

Infections 87 (7.5)

Gastroenterology 49 (4.2)

Other medical diseases 81 (7.0)

Surgery 92 (7.9)

Septic shock 312 (26.9)

ARDS 83 (7.1)

DNR/DNI 392 (33.8)

ICU admission 712 (61.3)

APACHE II‡ 23.46 8.3

Data are presented as n (%) or mean 6 SD.

* Including pneumonia.

† Including lung cancer.

‡APACHE II score was measured only in subjects who admitted to ICU.

DNR ¼ do not resuscitate

DNI ¼ do not intubate

APACHE II ¼ Acute Physiology and Chronic Health Evaluation II
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success group was also significantly higher than the

HFNC failure group (P < .001). The ROX index of the

HFNC success group before HFNC weaning had

increased significantly compared to just after HFNC

application (P < .001), whereas the ROX index signifi-

cantly declined in HFNC failure group (P < .001).

Initial and last FIO2
and last flow were significantly

higher in the HFNC failure subjects compared to the sub-

jects successful HFNC (P < .001 for initial and last FIO2

and last flow; P ¼ .52 for initial flow) (Table 4). In the

HFNC success subjects, the last FIO2
and flow were signifi-

cantly lower than initial FIO2
and flow (P < .001 for all).

However, the last FIO2
and flow were significantly higher

than initial FIO2
and flow in subjects who experienced treat-

ment failure (P< .001 for all).

Factors Associated With HFNC Failure in

Non-DNR/DNI Subjects

In the univariate analysis, the development of septic

shock, APACHE II score in ICU subjects, category of phy-

sician deciding on HFNC application, breathing frequency,

SaO2
, and SpO2

before HFNC application, the ROX index#
6 h after HFNC application, and HFNC duration were all

significantly associated with HFNC failure (Table 5).

In the multivariate analysis, when the application of

HFNC was decided by residents, the risk of HFNC failure

was significantly higher (odds ratio [OR] 2.03, 95% CI

1.29–3.18, P ¼ .002) than when decided by pulmonolo-

gists. HFNC failure was also significantly associated with

breathing frequency (OR 1.07, 95% CI 1.04–1.10, P <
.001), SaO2

(OR 0.92, 95% CI 0.89–0.95, P < .001), and

SpO2
(OR 0.95, 95% CI 0.93–0.98, P < .001) # 6 h before

HFNC application. The ROX index # 6 h after HFNC

application was also significantly associated with the fail-

ure of HFNC (OR 0.88, 95% CI 0.84–0.92, P < .001).

Duration was not associated with failure (Table 6).

Discussion

This study evaluated the general clinical practice of

HFNC and factors associated with HFNC failure. HFNC

was used in various medical subjects, most of whom were

hypoxemic due to pulmonary diseases (including pneumo-

nia). Subjects with DNR/DNI orders comprised a third of

all HFNC applications. About half the subjects were

changed directly to HFNC from low-flow devices without

application of a reservoir or other high-flow devices, and a

substantial proportion of the subjects were not appropri-

ately monitored with ABG before and during HFNC appli-

cation. Application of HFNC was most commonly decided

by residents, resulting in significantly higher HFNC failure

rates compared to cases decided by pulmonologists. In non-

DNR/DNI subjects, the HFNC failure rate was 27.0% and

significantly associated with breathing frequency, SaO2
# 6

h before HFNC application, SpO2
# 6 h before HFNC appli-

cation, and the ROX index# 6 h after HFNC application.

HFNC was devised to overcome the problems of conven-

tional supplemental oxygen devices. The technique has

unique mechanisms and can provide many clinical benefits

Table 3. Outcomes of HFNC and ABG Monitoring

Total Non-DNR/DNI DNR/DNI

Duration of HFNC, h 83.16 122.2 78.56 129.8* 92.0 6 105.4

Weaning from HFNC 656 (56.5) 561 (73.0)† 95 (24.2)

HFNC failure 505 (43.5) 208 (27.0)† 297 (75.8)

Noninvasive ventilation 27 (5.3) 10 (4.8) 17 (5.7)

Invasive mechanical ventilation 226 (44.7) 158 (76.0) 68 (22.9)

Death during HFNC 177 (35.0) 16 (7.7) 161 (54.2)

Reapplication of HFNC within 24 h 4 (0.8) 4 (1.9) 0 (0)

Hospital mortality 492 (42.4) 162 (21.1)† 330 (84.2)

Complications

Nasal irritation 14 (1.2) 10 (1.3) 4 (1.0)

Nonadherence 34 (2.9) 16 (2.1) 18 (4.6)

Subjects not monitored for ABG

# 6 h before HFNC application 227 (19.6) 110 (15.2)† 117 (28.1)

# 6 h after HFNC application 241 (20.8) 127 (14.8)† 114 (32.4)

# 6 h before HFNC weaning 424 (36.5) 209 (28.0)† 215 (53.3)

Data are presented as n (%) or mean 6 SD. Non-DNR/DNI: n ¼ 769 subjects; DNR/DNI: n ¼ 392 subjects; Total: n ¼ 1,161 subjects.

*P ¼ .006 compared with DNR/DNI group.

†P < .001 compared with DNR/DNI group.

ABG ¼ arterial blood gas

DNR ¼ do not resuscitate

DNI ¼ do not intubate

HFNC ¼ high-flow nasal cannula
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to patients with hypoxemia. The efficacy of HFNC has been

reported in a number of clinical settings,22-27 but the quality

of evidence provided was limited in its ability to draw con-

clusions or make recommendations. Although recent large-

scale studies and systematic reviews have reported more

evidence regarding HFNC,28,29 the clinical impact on mor-

tality or advantages over NIV are not clear.30-32 Despite

these controversies, the use of HFNC is increasing rapidly,

resulting in greater risks of adverse events due to overuse or

misuse. Of these risks, the most serious is a delay in escalat-

ing to NIV or invasive ventilation.33 To prevent or minimize

these adverse events, it is important to evaluate current clini-

cal practices with HFNC. However, studies on how HFNC

is actually used are limited.

According to our results, the clinical conditions in which

HFNC were applied were similar to those of other supple-

mental oxygen devices. Although hypoxemia due to

pulmonary disease (including pneumonia) was the main

cause for applying HFNC, DNR/DNI subjects constituted a

substantial proportion of subjects. It has been reported that,

in DNR/DNI subjects with cancer, idiopathic pulmonary fi-

brosis, pneumonia, or COPD, HFNC improves oxygenation

and respiratory mechanics.34,35 HFNC was likely applied

for this reason in the DNR/DNI subjects, who represented

about one third of the subjects of this study. However, con-

trary to general assumptions, pulmonary diseases (including

pneumonia) were about 3 times more highly represented

than oncologic diseases, including lung cancer. It is diffi-

cult to evaluate clinical practice and factors associated with

outcomes for HFNC in DNR/DNI patients because these

patients are commonly maintained in the ICU without

active monitoring, modification, or intervention.

HFNC is the most advanced device in supplemental ox-

ygen therapy and has high cost. Therefore, HFNC should

be considered in clinical conditions in which other supple-

mental oxygen devices fail or are expected to be ineffec-

tive in improving oxygenation. However, about half of our

subjects (48.5%) were directly escalated from low-flow

devices to HFNC without use of reservoir or other high-

flow devices. This fact reflects the clinically important

concern that has arisen regarding the overuse and misuse

of HFNC. Among the controversies in clinical effective-

ness,16,17 such overuse may lead to misuse of HFNC, which

can result in potentially dangerous delays in escalation to

NIV or invasive ventilation.18 Furthermore, considering

that cost-effectiveness studies in adult patients are very

limited, the use of reservoir or other high-flow devices,

which are much less expensive, should be considered or

tried before HFNC application.

HFNC is sometimes advantageous and is convenient to

apply and use. However, this new modality is relatively

unfamiliar to many clinicians, and most patients treated

with it are severely hypoxemic, which raises an important

question regarding decisions to use HFNC. Deciding appro-

priate application times and clinical conditions is critical in

clinical effectiveness, therefore it matters who decides to

apply HFNC. In this study, we noted that the resident

decided on HFNC use in 59.7% of cases. In only about a

quarter of the subjects was the pulmonologist the one

who decided on HFNC application. In multivariate analy-

sis, the decision by residents to begin HFNC significantly

increased the risk of HFNC failure compared to when pul-

monologists made this decision. This result indicates sev-

eral possibilities: (1) that the time at which the decision was

made by the resident was too late to achieve much effec-

tiveness; 2) that the subject’s condition was too severe to be

managed with HFNC; or 3) that a pulmonologist was not

available at the time of decision to apply HFNC. Therefore,

having pulmonologists make such decision is essential to

ensuring clinical improvement; our data also indicate that it

will be important to adopt educational programs that

Table 4. Respiratory Parameters and Settings of HFNC According to

Outcomes

HFNC Success

(n ¼ 654)

HFNC Failure

(n ¼ 505)
P

# 6 h before HFNC application

Breathing frequency 25 6 7 27 6 7 < .001

pH 7.41 6 0.08 7.39 6 0.10 .03

PaO2
, mm Hg 76.7 6 33.1 69.9 6 52.8 < .001

PaCO2
, mm Hg 40.9 6 19.0 40.4 6 14.1 .055

HCO3
�, mEq/L 25.4 6 6.6 24.2 6 8.0 < .001

SaO2
, % 92.0 6 7.9 88.9 6 8.7 < .001

SpO2
, % 92.7 6 8.3 89.3 6 8.9 < .001

# 6 h after HFNC application

Breathing frequency 23 6 5 26 6 6 < .001

pH 7.42 6 0.08 7.39 6 0.10 < .001

PaO2
, mm Hg 109.9 6 67.2 102.9 6 66.2 .003

PaCO2
, mm Hg 41.2 6 22.1 40.9 6 25.6 .060

HCO3
�, mEq/L 25.9 6 9.4 23.8 6 6.8 < .001

SaO2
, % 95.7 6 5.9 93.6 6 8.7 < .001

SpO2
, % 96.8 6 3.6 94.3 6 7.8 < .001

ROX index 8.7 6 4.2 6.6 6 3.3 < .001

Initial FIO2
, % 58.4 6 22.3 67.1 6 22.7 < .001

Initial flow, L/min 46.4 6 9.8 47.8 6 10.4 .52

# 6 h before HFNC weaning

Breathing frequency 18 6 9 25 6 12 < .001

pH 7.44 6 0.06 7.32 6 0.17 < .001

PaO2
, mm Hg 94.3 6 44.8 77.3 6 65.2 < .001

PaCO2
, mm Hg 48.3 6 28.2 54.8 6 31.2 < .001

HCO3
�, mEq/L 27.9 6 12.9 25.3 6 7.9 < .001

SaO2
, % 96.5 6 3.6 88.0 6 13.4 < .001

SpO2
, % 96.6 6 6.2 82.3 6 16.6 < .001

ROX index 12.4 6 4.6 4.8 6 3.5 < .001

Last FIO2
, % 42.4 6 14.5 83.2 6 26.0 < .001

Last flow, L/min 40.1 6 9.9 53.4 6 9.7 < .001

Data are presented as mean 6 SD.

HFNC ¼ high-flow nasal cannula

ROX index ¼ the ratio of SpO2
/FIO2

to breathing frequency
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properly qualify residents and other specialists who are

likely to use HFNC.

Monitoring of oxygenation and ventilation is very impor-

tant in patients with respiratory distress. Most subjects in

this study were monitored for breathing frequency and

pulse oximetry before and during HFNC. However, ABG

was not performed in a substantial proportion of subjects.

Patients who need HFNC are more severely compromised

and at risk of deterioration in ventilation at any time.

Therefore, intensive monitoring is required. However,

breathing frequency cannot reflect ventilation appropri-

ately, and pulse oximetry indicates only oxygenation, not

ventilation. ABG’s are the usual measure for monitoring

ventilation along with oxygenation. According to the

results of this study, even in non-DNR/DNI subjects who

needed proper monitoring of oxygenation and ventilation,

ABG was not monitored in 15.2%, 14.8%, and 28.0% of

subjects # 6 h before and after HFNC application and # 6

h before HFNC weaning, respectively. Insufficient analysis

of ABG could contribute to HFNC failure secondary to

inadequate monitoring of ventilation.

The HFNC failure rate in non-DNR/DNI subjects was

27.0%. Although this rate cannot be compared because of

an absence of comparable studies, the failure rate of more

than a quarter of subjects was above expectations.

Predicting HFNC failure with a subsequent decision to

escalate to NIV or invasive ventilation is very important to

clinicians. Some clinical or respiratory parameters, includ-

ing high FIO2
requirement, higher PaCO2

, history of intuba-

tion, cardiac comorbidity, and PaO2
/FIO2

ratio, have been

associated with HFNC failure.36-38 Also, in multivariate

analysis from this study, among the respiratory parameters

before application, increases in breathing frequency and

decreases in SaO2
and SpO2

were significantly associated

with an increase in HFNC failure, indicating the importance

of careful patient selection with monitoring before HFNC

application.

The ROX index, defined as the ratio of SpO2
/FIO2

to

breathing frequency, was recently described and can predict

outcomes of HFNC.19,39 In our results, the ROX index just

after HFNC application was higher in subjects with HFNC

success and was significantly associated with HFNC failure

in univariate and multivariate analyses, indicating the pre-

dictive power of the ROX index for HFNC outcomes in the

Table 5. Univariate Analysis of Associated Factors for HFNC Failure

in Non-DNR/DNI Subjects

HFNC Failure

Odds Ratio (95% CI) P

Gender 0.91 (0.66–1.27) .58

Age 1.00 (0.99–1.01) .96

Septic shock 1.83 (1.31–2.57) < .001

ARDS 1.76 (0.98–3.14) .06

APCAHE II* 1.04 (1.02–1.07) .001

Application site, ICU as reference

General ward 0.82 (0.57–1.17) .27

Emergency department 0.50 (0.30–0.86) .75

Decision maker, pulmonologist as

reference

Internal medicine except

pulmonologist

1.12 (0.56–2.27) .75

Resident 1.58 (1.08–2.30) .02

Specialist except internal

medicine

0.34 (0.13–0.89) .03

Rapid response team 0.00 (0.00–0.00) .99

Respiratory parameters # 6 h

before HFNC application

Breathing frequency 1.06 (1.04–1.09) < .001

pH 0.26 (0.04–1.73) .16

PaO2
1.00 (0.99–1.00) .17

PaCO2
1.00 (0.98–1.01) .51

HCO3� 0.98 (0.96–1.01) .19

SaO2
0.96 (0.93–0.98) < .001

SpO2
0.97 (0.95–0.99) .003

ROX index # 6 h after HFNC

application

0.87 (0.84–0.91) < .001

Duration of HFNC 1.00 (0.99–1.00) < .001

*APACHE II score was measured only in subjects who admitted to ICU.

HFNC ¼ high-flow nasal cannula

DNR ¼ do not resuscitate

DNI ¼ do not intubate

APACHE II ¼ Acute Physiology and Chronic Health Evaluation II

ROX index ¼ the ratio of SpO2
/FIO2

to breathing frequency

Table 6. Multivariate Logistic Regression Analysis for HFNC Failure

in Non-DNR/DNI Subjects

HFNC Failure

Odds Ratio (95% CI) P*

Decision maker, pulmonologist as

reference

Internal medicine except

pulmonologist

1.43 (0.67–3.07) .36

Resident 2.03 (1.29–3.18) .002

Specialist except internal

medicine

0.43 (0.12–1.54) .20

Rapid response team 9.14 (0.88–94.71) .064

Respiratory parameters before

HFNC application

Breathing frequency 1.07 (1.04–1.10) < .001

SaO2
0.92 (0.89–0.95) < .001

SpO2
0.95 (0.93–0.98) < .001

ROX index # 6 h after HFNC

application

0.88 (0.84–0.92) < .001

Duration of HFNC 1.00 (0.99–1.00) .11

*Each parameter was adjusted for age, sex, APACHE II score, and the presence of ARDS and

septic shock.

HFNC ¼ high-flow nasal cannula

DNR ¼ do not resuscitate

DNI ¼ do not intubate

ROX index ¼ the ratio of SpO2
/FIO2

to breathing frequency
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initial phase of HFNC application. Furthermore, in compar-

ing the ROX index # 6 h before HFNC weaning and the

ROX index # 6 h after HFNC application, the ROX index

was significantly increased and decreased in the HFNC suc-

cess and failure subjects, respectively. These results suggest

the necessity of the assess and the close monitoring of the

ROX index during use of HFNC.

Analysis of HFNC settings and changes of respiratory

parameters yielded results that were in line with expecta-

tions. In the HFNC failure subjects, the FIO2
and flow were

higher than in the HFNC success subjects, and the last FIO2

and flow were higher than initial values. Respiratory pa-

rameters, excluding PaCO2
, improved after HFNC applica-

tion in the HFNC success subjects. The development of

complications was very low.

Although there were severe limitations in subgroup anal-

yses due to the retrospective nature of the study with insuffi-

cient cases, the HFNC failure rates were evaluated in terms

of postextubation and acute hypercapnic respiratory failure.

In the postextubation subjects without DNR/DNI, the

HFNC failure rate was 27.1%, which was higher than the

result from a prospective study with low-risk subjects

(4.9%)40 and was comparable with high-risk subjects

(22.8%).41 Despite the fact that HFNC is not a ventilator

and may be limited regarding the ability to eliminate CO2,

HFNC has been attempted as an alternative to NIV in hyper-

capnia42-44 because NIV is uncomfortable and interferes

with speaking and eating. In non-DNR/DNI subjects with

acute hypercapnic respiratory failure, the HFNC failure rate

was higher than in all non-DNR/DNI subjects (35.6% vs

27.1%), indicating cautious HFNC use in hypercapnia.

Due to its retrospective nature, there were important limi-

tations in this study. First, there were missing values in each

subject’s data, which could lessen the accuracy of the analy-

sis. In particular, the comparisons or analyses of respiratory

parameters according to time after HFNC application could

not be performed because of inconsistencies in the records

of respiratory parameters. However, we collected data about

respiratory parameters # 6 h after HFNC application to

examine the immediate response for HFNC. Second, the

proportion of medical subjects was very high. Therefore,

current practice related to HFNC among surgical patients

could not be reflected in this evaluation. Third, the results of

this study are difficult to generalize because of an insuffi-

cient number of centers and cases, as well as regional

restriction. Fourth, the presence of ARDS and septic shock

are important triggers for HFNC use. The onset time of sep-

tic shock or ARDS could be before or after HFNC applica-

tion. However, use of administration code(s) did not allow

us to identify the time between HFNC application and the

development of ARDS and septic shock, resulting in flaws

in examining the relationship between the intensive oxygen

therapy and development of these complications. Fifth,

in the Republic of Korea, HFNC is usually initiated and

monitored by nurses according to prescription by physi-

cians. Therefore, there is a limitation in generalizing the

findings of this study to the clinical situations in which re-

spiratory therapists initiate and monitor HFNC. Despite

these limitations, this evaluation revealed important aspects

of current clinical practice of HFNC.

Conclusions

We found that HFNC was useful in many subjects and

various disease groups. HFNC is currently practiced with-

out applying high-flow devices before application and with-

out appropriate ABG monitoring. HFNC failure was

significantly associated with the decision to apply HFNC

being made by residents, breathing frequency, SaO2
and

SpO2
# 6 h before HFNC application, and the ROX index

# 6 h after HFNC application. Because the results of this

study were exploratory and observational by retrospective

design, larger prospective observational studies are needed

to provide more precise overview of the clinical practice of

HFNC.
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