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Summary

Many high-quality clinical trials and meta-analyses on the utilization of high-flow nasal cannula
for adult patients have been published in the last 2 years. This review summarizes the recent clini-
cal evidence, with the aim to provide the currently available evidence regarding the utilization of
high-flow nasal cannula for the adult patient. Key words: high-flow nasal cannula; oxygen therapy;
acute respiratory failure; chronic obstructive pulmonary disease; noninvasive ventilation. [Respir Care

2020;65(4):545-557. © 2020 Daedalus Enterprises]

Introduction

High-flow nasal cannula (HFNC) is a relatively new mo-
dality of oxygen therapy that delivers warmed, humidified
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gas at a flow exceeding a patient’s inspiratory flow demand.’
Since 2018, 20 randomized controlled trials (RCTs) 22! and
10 meta-analyses®*>' (Table 1) have been published on
HENC for adult subjects with different clinical conditions.
The prediction of HFNC success and aerosol delivery via
HENC have emerged as topics of considerable focus during
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this time. Pertinent findings from these recent publications
are discussed in this review, and recommendations are made
based on the current evidence (Table 2).

HFNC Utilization in Various Clinical Conditions
Acute Hypoxemic Respiratory Failure

A known advantage of HFNC is that gas delivered from
the device meets or exceeds patient inspiratory flow
demand and provides a constant Fip,. As a result, HFNC
has been utilized to treat acute hypoxemic respiratory fail-
ure for the past decade. Between 2016 and 2018, 4 meta-
analyses have reported its superiority over conventional
oxygen therapy and its noninferiority to noninvasive venti-
lation (NIV) for the improvement of oxygenation and the
avoidance of intubation in hypoxemic subjects.?®3*3* It
should be noted, however, that the number of subjects
included in the meta-analyses was < 1,000. In late 2018,
Azoulay et al'® published an RCT that included 776
immunocompromised subjects with acute hypoxemic re-
spiratory failure. Contrary to the findings from the 4 meta-
analyses,”®?*>* these investigators did not find a signifi-
cant difference in intubation and mortality between the
HFNC and O, therapy groups.'® The large number of the
subjects in this study, as well as the contradictory findings,
triggered updates to the evidence pertaining to HFNC use
in acute hypoxemic respiratory failure. In 2019, Rochwerg
et al*> published a systematic review and meta-analysis
that included 9 RCTs with 2,093 subjects. They reported
that the risk of intubation was found to be lower in sub-
jects treated with HFNC compared to subjects treated with
O, therapy (relative risk 0.85, 95% CI 0.74-0.99), even
though there was no difference between hospital mortality,
ICU length of stay, and hospital length of stay.”” In the
meta-analysis by Rochwerg et al,* studies on the use of
HENC for the treatment of postextubation respiratory fail-
ure were excluded. Shen et al*’ deemed that the exclusion
was unnecessary and might cause selection bias. An update
on the meta-analysis included 11 RCTs in which the authors
noted that the subjects’ baseline was an essential factor
affecting heterogeneity. In their subgroup analysis that
separated subjects on the basis of P,o,/Fio, > 200 mm Hg
or = 200 mm Hg, they reported that subjects with P,0,/Fio,
> 200 mm Hg, particularly postextubation subjects, had the
greatest benefit from HFNC. Additionally, of the 9 RCTs
included in the meta-analysis by Rochwerg et al,>* 4 were
completed in emergency department. Tinelli et al*® analyzed
these 4 RCTs and observed no significant benefits of HFNC
over O, therapy in subjects with acute hypoxemic respira-
tory failure in the emergency department. Therefore, future
studies are needed to clarify the role of HFNC in subjects
with different severity, pathophysiology, and treatment
location.
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Immunocompromised Subjects With Acute Respiratory
Failure. The goals of therapy when treating an immuno-

compromised patient with acute hypoxemic respiratory
failure are to correct hypoxemia and avoid intubation.®'
HFNC is a reasonable solution for these patients because
it is well-tolerated and noninvasive. After the study by
Azoulay et al'® was published, several systematic reviews
and meta-analyses were completed on the use of HFNC for
immunocompromised subjects with acute respiratory fail-
ure.”***3! In the meta-analysis by Cortegiani et al,” they
included one retrospective study as well as post hoc analyses
from 2 RCTs, in addition to the study by Azoulay et al.'®
Compared to O, therapy, HFNC reduced the risk of intuba-
tion in immunocompromised subjects in the ICU with acute
hypoxemic respiratory failure (n = 1,052 subjects, odds ra-
tio 0.74, 95% CI 0.55- 0.98, P = .03), but HENC did not
reduce the risk of ICU mortality or 28-d mortality. In the
meta-analysis published by Kang et al,** even though they
included the 4 studies excluded by Cortegiani et al,® their
findings supported the superiority of HFNC over O, therapy
to reduce intubation rate. It is noted that they did not find
any significant differences between HFNC and NIV, which
was in agreement with the recent pairwise and network
meta-analysis.*' Despite these findings, it should be empha-
sized that there have been no published RCTs that directly
compare HFNC and NIV in immunocompromised patients,
and future high-quality RCTs are warranted.

Available evidence suggests that, compared to O, ther-
apy, HFNC can reduce the risk of intubation for patients
with acute hypoxemic respiratory failure, including those
who are immunocompromised. However, evidence has not
shown a benefit for length of hospital stay or mortality. The
benefit of HFNC is more evident for patients with mild hy-
poxemia (P,0,/Fio, > 200 mm Hg). The evidence that com-
pares HFNC versus NIV as the initial respiratory support
for patients with acute hypoxemic respiratory failure is lim-
ited, particularly for immunocompromised patients. Future
studies that focus on subjects with P,o,/Fio, = 200 mm Hg
and comparisons of HFNC and NIV are needed.

Postextubation Subjects

Planned Extubation and Postsurgery Patients: HFNC Versus
O, Therapy. At the time of extubation, patients are often

placed on room air or O, therapy, if needed. In 2010,
Tiruvoipati et al*® initiated the first RCT comparing 1 h of
HENC at 30 L/min to face mask O, therapy for subjects
extubated in the ICU. No differences in gas exchange,
breathing frequency, or postextubation respiratory failure
were found, although the investigators did note a trend to-
ward improved comfort with HFNC.?® Since this RCT was
published, others sought to better understand the role of
postextubation HFNC. Zhu et al* published a meta-analy-
sis that compared the use of HFNC to O, therapy for

RESPIRATORY CARE @ APRIL 2020 VoL 65 No 4



HFNC FOrR ADULTS

YEAR IN REVIEW 2019

*Kderay) O uey) suonesrdwos
PAJB[QI-UOTIEQNIUT JO YSLI JOMO] © pey
(88°0-8T°0 1D %56 ‘61°0 YO) DNHH pue
(L8'0-TT'0 1D %56 “€1'0 YO) AIN Uog
(LS9 =650 1D %S6 ‘8S"€ 9OUIRJJIP UBIW)

SOOUAIQIJIP

OneI sppo = YO

ONBINSL = ¥

UOHR[JUDA JAISBAUILOU = AN

Kderoyy uaSAxo euonuaauod = Kderoy ¢

BINUUED [BSEU MO[J-YSTY = DNAH

(1D %S6) onel sppo se pajuasald are sFuIpuly asay [, 5

*PAIOU ASTMIAYIO SSA[UN (TD) % G6) JYSH 2ATIR[aI st pajuasald are sSurpur

ainyrej K103endsax
orwaxodAy 91noe yim
s303[qns Jnpe ur uoneqmut

DONAH Uey) suoneinjesap Jomaj pey AIN JuedJIugIs oN parpnis JON parpnis JON (656) L AIN SA DNAH ,¢I® 12 Suog 210J2q uoneUIZAX03IJ
suonesrdwos Areuownd aanerodojsod sy00[qns
JO QdudpIOUL oY) UL OUIOKIP ON (6T 1-91°0) S¥°0  (EL°0-9T0) €70 (19°0-€T°0) 8€°0 (Lze'D o1 Aderoyy <O sa DNAH oB3 N [ed1ins )npe oanesadoisoq
SJUDAQD ISIDAPR IO ‘ “ODFJ Q1008
110Jwod ‘Aels Jo yI3u [endsoy pue N[ ul
JOURIRJJIP ou ¢ “OFq pasearoul pue Kouanbaiy SQIUAIJIP SQOURIJIP uoneqnIxd
Surpealq paonpar ApuedyIusts JNAH ueoyrusis N (Z6'0-1+°0) 19°0  JUESLIUSIS ON (80L°D) 01 Aderoy €O sA ONAH e nyz pouued 1ojye s109(qng
Anyrey
Adesoyp <O pim paredwod (64 1—+°0) 080 pouodarupn (86°0-55°0) ¥L°0 (Tso'n ¥ Aderoy €0 SA DNAH ¢ [B 19 [UeISa10) K1oyendsar onde yrm
suonodJul painboe-N ) ur duAPIP ON (€2 1-28°0) 0’1 payodarun 00 T-SL°0) L8O (488057 Aderoyy €O sA DNAH cI® 10 Suey  s1o9lqns pasrwoidwosountuury
eaudsAp 10 10Jwod panodar-1oalgns ‘Aeys aInyrej
Jo 3ud] [eadsoy Jo NDT Ul dUARIIP ON  (1€71-L9°0) 60 (86°0-1S0) L0 (66°0—FL0) $8°0 (€600 6 Adesoys 20 SA DNAH  [€ 10 Sromyooy  Arojexidsar orwaxodAy amoy
Aderoyy, uoneqnuI-Y
hEliilg) ArelIoN Jo uonereosy Juonreqmuy (sy0alqns ) u
IOPNSRI ONAH  J0F SR ONAH 57 5y popnou] uosredwon Apms uoneatpu
sSuIpuL

SUOT)IPUO)) [EITUI[) SNOLIBA UT 3s() DNJH J0J 90UPIAT

I dIqeL

547

RESPIRATORY CARE e APRIL 2020 VoL 65 No 4



YEAR IN REVIEW 2019: HFNC FOR ADULTS

Table 2.

Recommendations on the Utilization of HFNC for Different Diseases

Indication

Take Home Messages

Acute hypoxemic respiratory failure

Compared to O, therapy, HFNC reduces the risk of intubation, particularly in the

patients with mild hypoxemia (P,0,/Fio, > 200 mm Hg)

Immunocompromised patients with acute respiratory failure
Postextubation
Planned extubation (low-risk patients): HFNC vs O,
therapy
Postsurgery patients: HFNC vs O, therapy
High-risk patients: HFNC vs NIV

Controversial
Compared to the use of HFNC or NIV alone, use of NIV for 48 h and HFNC use in the

Compared to O, therapy, HFNC reduces the risk of intubation

Compared to O, therapy, HFNC reduces the risk of developing postextubation failure
but does not decrease re-intubation rate

NIV break might reduce re-intubation rate

Preoxygenation before intubation: HFNC vs NIV

HENC is superior to O, therapy (but inferior to NIV) in avoiding intubation-related

complications. Using a resuscitator bag or critical care ventilator to preoxygenate

patients before intubation might be more cost-effective

Breathing support during endoscopy
COPD
Stable COPD

Effectiveness of preventing hypoxia during endoscopy: NIV > HENC > O, therapy

Long-term (= 6 wk) use of HFNC can improve CO, retention for patients with stable

hypercapnic COPD, improve quality of life, and reduce COPD exacerbations

During exercise
COPD exacerbation

HFNC may improve exercise endurance time if S;0, is maintained > 90%
HENC may be considered as an alternative to NIV in mild to moderate COPD, but

more robust evidence is warranted

Postextubation

HENC may be considered as an alternative to NIV to facilitate weaning patients with

COPD and stable hypercapnia from invasive ventilation, although more robust evi-
dence is warranted

HENC = high-flow nasal cannula
O, therapy = conventional oxygen therapy
NIV = noninvasive ventilation

subjects after planned extubation. Seven RCTs and 3 cross-
over RCTs were included, with 1,708 subjects enrolled.
Five of the RCTs indicated that HFNC reduced the risk of
the development of respiratory failure after extubation (rel-
ative risk 0.61, 95% CI 0.41-0.92, P = .02). However,
HENC did not reduce the risk of re-intubation in the 7
RCTs. It is important to note that the heterogeneity of the
studies included in the meta-analysis was of concern.
As such, the authors performed subgroup analyses on
the HFNC duration (= 24 h vs < 24 h), gas flow (= 40
L/min vs < 40 L/min), disease severity, and hypercap-
nia versus non-hypercapnia; they found no significant
interaction between HFNC versus O, therapy.>® Also,
only about one third of the subjects with postextubation
respiratory failure in either group were re-intubated
(HFNC: 48 of 136 per 1,000 subjects; O, therapy: 82 of
219 per 1,000 subjects).>> This may imply the impor-
tance of the timely escalation of therapy, such as
switching from O, therapy to HFNC/NIV or from
HENC to NIV in an effort to avoid re-intubation.

After this meta-analysis, 4 new RCTs on postsurgery sub-
jects were published.”**!” For post-cardiac surgery subjects,
compared to O, therapy, the prophylactic use of HFNC after
extubation was reported to improve oxygenation and
reduce the need for NIV.? HFNC was also reported to
reduce the ICU readmission and hospital length of stay

548

in this population.'” For obese subjects who underwent
bariatric surgery, compared to O, therapy, the use of
HFNC immediately after extubation significantly
improved oxygenation within 3 h and reduced pulmo-
nary complications during hospitalization.* These
results are contradictory to previous studies in subjects
with abdominal surgery®® and obese subjects with
cardiac surgery,®” which did not indicate any significant
difference between HFNC and O, therapy on all out-
comes. For subjects who underwent lung resection,
there was no significant difference of postoperative hy-
poxemia, respiratory failure, or pulmonary complica-
tions between HFNC and air-entrainment mask groups.®
These findings are also contradictory to the results of a
study that compared HFNC with O, therapy for subjects
after thoracoscopic lobectomy, in which HFNC was
shown to reduce the risk of re-intubation.*® Future stud-
ies on the use of HFNC for postsurgical subjects with
considerations regarding specific type of surgery and
outcomes are needed.

High-Risk Patients: HFNC Versus NIV. In 2016, Hernandez
et al* published the first multicenter RCT to compare the
use of HFNC versus NIV in subjects who had one or more
high risk factors for extubation failure. No significant dif-
ferences of re-intubation rates were noted between HFNC

RESPIRATORY CARE @ APRIL 2020 VoL 65 No 4
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Table 3.  Comparisons of 2 RCTs on Postextubation Subjects With High Risk for Extubation Failure
Hernandez et al* Thille et al'!
HENC NIV P HFNC NIV+HENC P

Subjects, n 290 314 ND 302 339 ND
Underlying chronic lung disease, 54 (18.6) 70 (22.3) ND 87 (29) 126 (37) ND

n (%)
Duration of mechanical 4 (2-9) 4 (2-8) ND 53-9) 6 (3-11) ND

ventilation before extubation,

h, median (IQR)
Respiratory primary failure, n (%) 98 (33.8) 121 (38.5) ND 158 (52) 167 (49) ND

Settings 50 = 5L/min  To achieve V; = 8 mL/kg, ND
f = 25 breaths/min
Length of utilization, h, median 24 14 (8-23) in the first 24 h
(IQR)
Postextubation respiratory failure, 78 (26.9) 125 (39.8)
n (%)
All-cause re-intubation within 66 (22.8) 60 (19.1)
72 h, n (%)
Re-intubation within 24 h, n (%) 30 (10.3) 35(11.1)
Re-intubation within 48 h, n (%) 56 (19.3) 45 (14.3)
Respiratory-caused re-intubation, 49 (16.9) 50 (15.9)
n (%)
Time to re-intubation, h, median 26.5 (14-39) 21.5 (10-47)
(IQR)

RCT = randomized controlled trial
HENC = high-flow nasal cannula
NIV = noninvasive ventilation
ND = no data

IQR = interquartile range

V1 = tidal volume

f = breathing frequency

50 = 5 L/min Pressure support 7.8 = 2.5 cm ND
H,O PEEP 5.3 = 1.1 cm H,0

ND 42 *11hin NIV 22 = 9 hin the first 48 h ND

the first 48 h
<.001 88 (29) 70 (21) .01
27 47 (16) 30 (9) .009
5 26 (8.6) 18 (5.3) .10
.10 36 (12) 24 (7) .04
5 46 (15) 42 (12) .30
ND 39 (12-67) 33 (7-81) .76

and NIV, however, the incidence of postextubation failure
was higher in the NIV group (39.8% vs 26.9%, P < .001).
In contrast, Thille et al'! completed a multicenter RCT on a
similar subject population in 2019 and reported a lower
incidence of postextubation respiratory failure (21% vs
29%, P = .01) and re-intubation rate (9% vs 16%, P =
.009) in the NIV group compared to the HFENC group. The
opposing results from these 2 similar studies might be due
to the way NIV was utilized (Table 3). In the study by
Hernandez et al,* the actual duration of NIV use was only
14 (8-23) h out of 24 h. In the study by Thille et al,'' NIV
was used for 22 = 9 h out of 48 h; in addition, HFNC was
used during breaks from NIV, whereas Hernandez et al®
utilized O, therapy. Spoletini et al'® reported that the use of
HENC instead of O, therapy during NIV breaks improved
subject comfort and reduced the incidence of dyspnea. This
might explain why the incidence of postextubation respira-
tory failure in NIV group was higher in the study by
Herndndez et al*’ than the study by Thille et al'' (39.8% vs
21%). Admittedly, it is difficult to tell which factor (ie,
extended use of NIV or HENC use during NIV break), if
any, played a key role in the outcome. Additionally, when

RESPIRATORY CARE e APRIL 2020 VoL 65 No 4

comparing the 2 studies, it is important to note the duration
of HFENC use. With similar flow settings (50 £ 5 L/min),
the re-intubation rate in both studies was similar within 24
h postextubation in the HFNC groups (10.3% vs 8.6%).
However, HFNC therapy was withdrawn after 24 h in the
study by Hernandez et al,*® and the re-intubation rate was
nearly doubled at 48 h in HFNC group. In contrast, there
was only a slight increase in the re-intubation rate in the
Thille et al'! study, which continued the use of HFNC for
48 h.!

In all, for patients who are to be routinely extubated or at
low risk of re-intubation, HFNC may reduce the risk of
developing postextubation respiratory failure compared to
O, therapy. However, this does not imply that clinicians
need to use HFNC for all patients who are to be extubated
because the incidence of postextubation respiratory
failure and re-intubation is already low in this popula-
tion. The prophylactic use of HFNC in patients at low-
risk for extubation failure may be a significant waste of
resources. The use of HFNC for postsurgical patients
remains controversial. Future studies in this population are
needed, with an emphasis on type of surgery and specific
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Fig. 1. Using high-flow nasal cannula (HFNC) and conventional nasal cannula during endoscopy examination: (A) conventional nasal cannula;

(B) endoscopy; (C) bite block; (D) HFNC. Modified from Reference 14.

outcomes (eg, postoperative hypoxemia, prevention of re-
spiratory failure, development of pulmonary complications).
Compared to the prophylactic use of HFNC for all patients,
it might be wise to identify those patients who are at risk for
developing respiratory failure after extubation using O,
therapy. Identification of the appropriate time to escalate
treatments, such as the switch from O, therapy to HFNC/
NIV or switch from HFNC to NIV to avoid re-intubation is
also needed. Similarly, for patients who are at high risk for
re-intubation after extubation, the use of NIV for all patients
is also unnecessary. Future studies on identifying the correct
patients and the correct timing for postextubation NIV are
still warranted. Finally, the duration of HFNC/NIV use and
the use of HFNC during breaks from NIV may play a vital
role for those patients at risk for extubation failure, but more
studies are needed.

Preoxygenation Before Intubation: HFNC Versus NIV

A recent meta-analysis demonstrated that preoxygena-
tion with HFNC prior to intubation in adult subjects with
hypoxemia reduced the risk of intubation-related complica-
tions compared to O, therapy. However, when compared to
NIV, subjects treated with HFNC had more desaturation
(Table 1).%” Interestingly, all 7 of the RCTs using HFNC to
preoxygenate subjects before intubation were completed in
Europe, with 6 of them in France. It appears that the clini-
cians in Europe, particularly in France, are more familiar
with the process of using HFNC to preoxygenate patients
prior to intubation compared to clinicians in other areas of
the world. In a recent nationwide survey among French
ICU physicians, unsurprisingly, 84% of them agreed that
use of HFNC to preoxygenate patients before intubation
was a good use of the modality.*® Clinically, the duration of
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preparing acute hypoxemic patients for intubation is short
and usually takes no more than 10 min. If patients are not
already being treated with HFNC therapy, the time to set up
the device may be unnecessary, especially considering the
financial cost. There are several other measures available at
the bedside, such as a manual resuscitator (with a PEEP
valve) or a critical care ventilator (with mask), which could
maintain higher mean airway pressure and better ventila-
tion compared to HFNC. The manual resuscitator would al-
ready be needed for patients who are heavily sedated or
paralyzed before and after intubation. Intubation-related
complications and cost-effectiveness studies are needed in
the future to compare the use of HFNC versus manual re-
suscitator/ventilator to preoxygenate patients for intubation.

Breathing Support During Endoscopy

There has been an increasing interest in the use of HFNC
for oxygen therapy during endoscopy recently (Fig. 1),
with 4 RCTs published on this topic in 2019. In total,
there have been 6 RCTs completed, with 3 during bron-
choscopy and 3 during esophagogastroduodenoscopy
(Table 4).7'%131541 HENC has been reported to be less
effective than NIV'®'*#! but to be superior to O, ther-
apy”'*' in maintaining oxygenation during endoscopic
examination. In the 3 RCTs with nonhypoxemic subjects, it
should be noted that the HFNC Fjp, was set at 1.0 with
flow at 30-60 L/min. This is compared to oxygen flow at
2-10 L/min using a regular nasal cannula.”'*'* Considering
the higher oxygen flows utilized during HFNC, the lower
incidence of hypoxia in HFNC group was expected. In
contrast, Riccio et al'® reported that, if the Fjo, for subjects
in HFENC group was set at 0.36-0.4, similar to the Fjo,
used by the subjects in the control group (nasal cannula 4

RESPIRATORY CARE @ APRIL 2020 VoL 65 No 4
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NIV = noninvasive ventilation

L/min), the incidence of hypoxia was similar in both HFENC
and regular nasal cannula groups during colonoscopy de-
spite an HFNC flow of 60 L/min (39.3% vs 45.2%, P =
.79). This finding, with the aforementioned studies,”'*"
provides evidence that HFNC can reduce the incidence of
hypoxia when a high Fjo, (1.0) and high flow are used to-
gether. In the largest study (N = 1,994 subjects), only 8.4%
of subjects undergoing gastroscopy experienced hypoxia in
the nasal cannula group with a flow of 2 L/min oxygen.’
Considering the cost-effectiveness of using HFNC during
endoscopy, it may be unnecessary to use HFNC for all
patients, and it might be worthwhile to reserve its use for
high-risk patients, such as those with hypoxemia or hyper-
capnia.'®*' Future studies are needed to identify the patients
who benefit from HFNC during endoscopy.

COPD

In the past, HFNC was thought to improve oxygenation
whereas NIV was thought to improve ventilation and oxy-
genation. Because of this, NIV has been more commonly
used to treat patients with COPD due to the need for venti-
latory support. Recently, physiologic studies have reported
that HFNC can reduce CO, due to the effects of washing
out dead space, prompting an increased interest in the use
of HENC for COPD patients.***> In 2019, Pisani et al*°
published a systematic review on the utilization of HFNC
for COPD exacerbation. HFNC has also been evaluated for
postextubation support of subjects with COPD, for long-
term domiciliary use, and for facilitating exercise for sub-
jects with stable COPD.

COPD Exacerbation. There has been only 1 RCT pub-
lished on the utilization of HFNC during COPD exacerba-
tions.*” The quality of the study is of concern, due to the
fact that 19% of subjects dropped out and the ambiguity of
the study design. In total, 88 subjects were enrolled for final
analysis, and no significant difference was noted between
the HFNC and NIV groups regarding intubation rate and
30-d hospital mortality. Also, the arterial blood gases after
6 and 24 h of utilization were not significantly different
between the 2 groups.*’ This finding was similar to a recent
observational cohort study comparing HFNC with NIV
for COPD with acute to moderate hypercapnic respiratory
failure. In that study, the authors reported a similar inci-
dence of treatment failure between the 2 groups.*® They
also reported fewer incidences of skin breakdown and nurs-
ing interventions in HENC group (Table 5).** In a cross-
over physiological study, Longhini et al*’ enrolled 30 sub-
jects with COPD exacerbation who had used NIV for > 24 h.
Five 30-min trials were designed; HFNC and O, therapy
were randomly assigned in the second and fourth trials, and
NIV was utilized in the other 3 trials. Diaphragm thicken-
ing fraction increased significantly during the O, therapy
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trial, whereas it remained unchanged during the HFNC
trial.** This promising finding may support HFNC as alter-
native to NIV in mild to moderate COPD patients, although
more high-quality studies are warranted before making con-
clusion. Cortegiani et al’® are currently conducting an RCT
to compare the use of HFNC and NIV for exacerbations of
COPD with mild to moderate hypercapnic acute respiratory
failure. This trial may provide important insight in the role
of HFNC for mild to moderate exacerbations of COPD.

Postextubation. In the large multi-center RCT by Thille
et al'' that compared HFNC with NIV+HFNC, 111 of the
641 subjects had hypercapnic respiratory failure, and the cu-
mulative re-intubation rate at day 7 was higher in the group
treated by HFNC alone (Table 5). It should be emphasized
that HFNC therapy was only utilized for 48 h, and the cu-
mulative re-intubation rate at 48 h was not significantly dif-
ferent between the 2 groups (8% vs 3%, P = .23).'' If
HFNC was used for longer periods of time, it is plausible
that the re-intubation rate at day 7 would have been differ-
ent. Jing et al® published an RCT that enrolled 42 subjects
with COPD who had hypercapnia at extubation. The authors
reported no significant difference in the rate of re-intubation
between HFNC and NIV.® They also noted that fewer sub-
jects in HFNC group required bronchoscopy for secretion
management within 48 h after extubation (2 out of 22 vs 9
out of 20, P = .008).° The evidence to support HFNC in this
population based on this study is relatively weak due to the
small sample size. Future studies with larger sample sizes
are needed to generate more conclusive evidence.

Stable COPD. In 2010, Rea et al®' compared the use of
12 months of HFNC versus O, therapy for 60 subjects with
stable COPD or bronchiectasis. Even though the average
duration of HFNC was only 1.6 h/d, HFNC was associated
with a reduction of COPD exacerbation frequency and days
when compared to O, therapy (Table 6). Additionally, a
cost analysis showed that HFNC was a moderately cost-
effective measure for moderate to severe COPD or bron-
chiectasis.”” In 2018, Storgaard et al*' reported that the use
of HFNC for 6 h/d for 12 months significantly reduced
COPD exacerbations (3.12 vs 4.95/subject annually, P <
.001) and improved quality of life. In the 2 short-term
cross-over RCTs with 6 weeks of HFNC versus 6 weeks of
O, therapy or NIV, HFNC was noted to be superior over O,
therapy in improving CO, retention and quality of life,”
whereas it was noninferior to NIV on improving CO,
retention.’

During Exercise. In 2016, Cirio et al®* implemented a
cross-over RCT to compare HFNC with air-entrainment
mask at the same Fjo, for 12 subjects with stable severe
COPD during constant loading tests. The authors reported
higher oxygen saturations with HFNC at 55-60 L/min than
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Table 6.

Gas Exchange

Quality of Life

Exacerbation*

Control

HFNC, L/
min

Device Use
(h/d)

Study
Duration

Indication

Subjects,
N

Study Type

Study

NA

NA

2.97 vs 3.63 (P

20-25 O, therapy

1.6

RCT 108 COPD (n = 63), 12 mo

Rea et al!

.067)
3.12vs 4.95 (P

bronchiectasis
COPD with chronic

NA

and SGRQ scores,

6MWT

HENC improved mMRC
Improved the mean total

<.001)

O, therapy

45-60

12 mo

hypoxemic respi-
ratory failure
Stable hypercapnic

138

RCT

21

Storgaard
et al

HENC improved P,co,
and pH
Both HENC and NIV

SGRQ-C score
HENC and NIV both

7.1 = 1.5,8.6 30-40 O, therapy NA

12 wk

COPD
COPD with stable

29
RCT

Cross-over
Cross-over

Nagata et al*®

NIV

20

52*33

12 wk

94

Briunlich

decreased Pco, from

baseline; no

improved SGRQ scores

(HENO),
39+25
(NIV)

daytime

RCT

et al®

hypercapnia

difference in Pco,

change

*Number of exacerbations per subject per year.

RCT = randomized, controlled trial

HFNC

= high-

O, therapy = conventional oxygen therapy

NIV = noninvasive ventilation
NA = not applicable

mMRC

modified Medical Research Council dyspnea scale
St George Respiratory Questionnaire
6-min walk test

SGRQ
6MWT
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with the air-entrainment mask (95 = 3% vs 89 * 3%,
respectively, P < .005), and endurance time was increased
by 41 + 36% with HFNC.>* In 2019, Prieur et al’ pub-
lished a similar study that enrolled 19 subjects with
severe to very severe COPD following exacerbation. The
study participants used either HFNC or O, therapy dur-
ing constant work-rate exercises. The authors reported
that there were no improvements in endurance time or
symptoms, such as dyspnea and leg discomfort, with
HFENC utilization.’ They did note, however, that transcu-
taneously measured partial pressure of carbon dioxide
and heart rate during exercises were lower in the HFNC
group than in the group receiving O, therapy.’ The main
differences between these 2 studies were the oxygen de-
vice in the control group and the Syo, goal during exer-
cises. In the study by Cirio et al,* an air-entrainment
mask was utilized with the same Fyo, as HFNC. However,
because the Syo, was lower in the air-entrainment mask
group than in the HFNC group at 55-60 L/min during exer-
cise,”* it suggests that the actual Fio, was lower due to the
air entrainment during exercises due to increased inspiratory
flow demand by the subject.®® In contrast, Prieur et al’
allowed for flow titration when a standard nasal cannula
was utilized in the control group, with a titration goal of
Sp0, = 90% during exercise.” As such, desaturation during
exercise might explain the reduced endurance time in the
control group in the study by Cirio et al.>* Interestingly,
Prieur et al’ reported a trend toward lower endurance time
in the HFNC group. The authors hypothesized that HFNC
therapy at 60 L/min in their study might cause dynamic
hyperinflation,” which could ultimately limit exercise endur-
ance; this hypothesis still requires more physiological stud-
ies to confirm.

Using ROX Index to Predict HFNC Initiation and
Separation Success

Little attention was paid to the prediction of the success
of HFNC initiation and separation until 2016. Roca et al®’
introduced the concept of using an index that combines ox-
ygenation and breathing frequency to predict HFNC suc-
cess. They enrolled 157 subjects with severe pneumonia
treated with HFNC at 2 centers in the 4-y prospective
cohort study.’” The ratio of Syo,/Fio, to breathing fre-
quency, known as the ROX index, was used to predict the
need to switch from HFNC to mechanical ventilation. By
using the Cox proportional hazards model, Roca et al’’
reported that the cutoff point of the ROX index was 4.88 at
12 h of HENC. This suggests that a ROX index > 4.88 after
being treated with HFNC for 12 h might indicate a higher
possibility of HFNC success.”’ After the study was pub-
lished, the investigators organized a multi-center observa-
tional cohort study with a larger sample size to validate
their findings.”® In addition to the consistency of ROX >
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4.88 to predict HFNC success, they further explored the
cutoff values for ROX to predict HFNC failure after 2, 6,
and 12 h of HFENC treatment. They observed that HFNC
failure was likely if the ROX index was > 2.85, 3.47, or
3.85 at 2, 6, and 12 h, respectively.’® Similarly, Zemach et
al® reported that an increased ROX index was the only in-
dependent predictor of HFNC success in their multivariate
analysis. This suggests that patients with a low ROX index
or with little incremental change of ROX index over time
might need earlier and more frequent interventions. Future
clinical studies with deliberate treatment algorithms guided
by the ROX index are needed. With regard to weaning and
liberation from HFNC, Rodriguez et al® investigated the
ROX index to predict successful separation from HFNC in
a retrospective study. They reported that HFNC was suc-
cessfully removed from 88% (168 out of 190) of subjects in
their study at the first attempt, and a Fip, = 0.4 and ROX
= 9.2 were predictive of HFNC separation success.®

An important consideration regarding the ROX index is
that it is affected by the HFNC gas flow. When gas flow
was increased from 30 to 60 L/min in the study by Mauri et
al,®! 70% of the ROX indexes increased while the remain-
ing subjects had an unchanged or decreased ROX index.
Modifications to a typical HFNC setup may also affect oxy-
genation. Duprez et al®® reported that placing a double-
trunk mask over the HFNC nasal prongs in an attempt to
reduce room air entrainment can improve oxygenation. In
15 different subjects with acute refractory hypoxemia, with
flows set at 51 £ 6 L/min, P,o, improved from 68 *
14 mm Hg to 85 = 22 mm Hg (P < .001) after adding the
double-trunk mask.®> These findings might indicate the
need to modify the ROX index by gas flow or modifica-
tions to a typical setup.

Other Uses of HFNC: Trans-Nasal Aerosol
Pulmonary Delivery

Removing HFNC to deliver traditional aerosol therapy
reduces the benefits of HFNC. Placing a face mask with
nebulizer over the HFNC may result in the substantial
reduction of the intended inhaled dose.®* As such, placing a
nebulizer in-line with HFNC has become a delivery route
of interest.®**> Concerns have been raised about the inhaled
dose via the trans-nasal aerosol delivery method. Two
recently published cross-over RCTs reported that albuterol
delivery at regular flow settings (30—35 L/min) for sub-
jects with stable COPD and asthma could generate simi-
lar bronchodilation responses as a jet nebulizer with a
mouthpiece/mask.'”** Li et al®® further explored the
dose-response relationship among 42 subjects with stable
COPD and asthma. In their study, the investigators
reported that 1.5 mg albuterol delivered via HENC at 15—
20 L/min elicited similar bronchodilation effects as 400
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mg albuterol via pressurized metered-dose inhaler and
spacer.®®

For patients who need to inhale aerosolized medica-
tion continuously for long periods of time (ie, > 2 h),
such as inhaled albuterol for those with severe asthma®’
or inhaled epoprostenol for patients with pulmonary
hypertension,®®%*7% traditional aerosol delivery such as
jet nebulizer via mask/mouthpiece is challenging.
Continuous transnasal aerosol delivery via HFNC offers
a feasible solution to reduce the inconvenience and dis-
comfort associated with traditional aerosol delivery set-
ups. Two retrospective studies reported improvement in
oxygenation when inhaled epoprostenol was delivered
via HFNC.®* Titrating flow to be lower than subject
inspiratory flow was found to generate more evident
responses of inhaled epoprostenol than using constant
flow.” However, the evidence to support the use of continu-
ous aerosol delivery via HFNC is still weak due to the retro-
spective nature and small sample size of these studies. Also,
the overall safety of delivering pulmonary vasodilators via
the nasal route warrants more investigation.

Summary

There have been many advances in the utilization of
HFNC therapy for adult patients in the past 2 years. Results
from high-quality RCTs support the use of HFNC therapy
for patients with acute hypoxemic respiratory failure and
patients with planned extubation compared to O, therapy.
HENC is also favorable for long-term use for patients with
hypercapnic COPD. Evidence also supports the use of
HFNC during endoscopy and for preoxygenation before
intubation. However, cost-effectiveness still needs to be
considered in both of these applications. There is also some
emerging evidence that supports the combined use of NIV
and HFNC to facilitate weaning patients at high risk for
extubation failure. The ROX index may be a useful tool to
predict the successful initiation or separation of HFNC, but
further studies are needed. Evidence for the use of HFNC
for postsurgical patients and for patients with severe COPD
during exercise remains controversial and also warrant
more studies. There are currently no guidelines regarding
the use of HFNC for various disease states, but, due to the
widespread use, there is an apparent need.
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