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patients after planned extubation: a
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Abstract

Background: The effect of high-flow nasal cannula (HFNC) therapy in patients after planned extubation remains
inconclusive. We aimed to perform a rigorous and comprehensive systematic meta-analysis to robustly quantify the
benefits of HFNC for patients after planned extubation by investigating postextubation respiratory failure and other
outcomes.

Method: We searched MEDLINE, EMBASE, Web of Science, and the Cochrane Library from inception to August
2018. Two researchers screened studies and collected the data independently. Randomized controlled trials (RCTs)
and crossover studies were included. The main outcome was postextubation respiratory failure.

Results: Ten studies (seven RCTs and three crossover studies; HFNC group: 856 patients; Conventional oxygen
therapy (COT) group: 852 patients) were included. Compared with COT, HFNC may significantly reduce
postextubation respiratory failure (RR, 0.61; 95% CI, 0.41, 0.92; z = 2.38; P = 0.02) and respiratory rates (standardized
mean differences (SMD), − 0.70; 95% CI, − 1.16, − 0.25; z = 3.03; P = 0.002) and increase PaO2 (SMD, 0.30; 95% CI, 0.04,
0.56; z = 2.23; P = 0.03). There were no significant differences in reintubation rate, length of ICU and hospital stay,
comfort score, PaCO2, mortality in ICU and hospital, and severe adverse events between HFNC and COT group.

Conclusions: Our meta-analysis demonstrated that compared with COT, HFNC may significantly reduce
postextubation respiratory failure and respiratory rates, increase PaO2, and be safely administered in patients after
planned extubation. Further large-scale, multicenter studies are needed to confirm our results.
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Background
Mechanical ventilation is associated with significant
complications that are time-dependent in nature, with a
longer duration of intubation resulting in a higher inci-
dence of complications, such as ventilator-associated
pneumonia (VAP) and increased mortality [1].

Extubation is beneficial in that it decreases the risk for
VAP, eliminates the work of breathing imposed by the
endotracheal tube, and improves patient comfort [2].
However, after extubation, functional residual capacity

which was maintained by positive end-expiratory pres-
sure (PEEP) in invasive ventilation duration might de-
crease rapidly, leading to hypoxemia and extubation
failure. Extubation failure, which is often defined as the
need for reintubation within 24–72 h after a planned
extubation, is frequent, with rates of 10–20% [3–5]. Fur-
thermore, extubation failure is associated with an overall
increase in the duration of mechanical ventilation, a
greater need for tracheostomy, higher medical costs, and
an increased mortality [5–7].
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Conventional oxygen therapy (COT) is the main
supportive treatment administered to patients after
planned extubation and has conventionally been deliv-
ered using nasal prongs, cannula or masks. However,
the maximal oxygen flow rates that these devices can
deliver are limited. The maximal oxygen flow rate de-
livered by COT is only 15 L/min, which is far lower
than the demands of postextubation patients with
acute respiratory failure [8]. Therefore, ambient air di-
lutes the supplied oxygen, and finally, the fraction of
inspired oxygen (FiO2) is significantly reduced in the
alveoli. Furthermore, with oxygen delivered by COT,
it is difficult to meet the requirements of heating and
humidification in these patients [9]..
High-flow nasal cannula (HFNC) can supply a mixture

of air and oxygen via a heated and humidified circuit at
a very high flow. It can provide almost pure oxygen with
a FiO2 of approximately 100% and a maximal flow rate
up to 60 L/min [8]. The use of a HFNC may generate a
positive airway pressure, ameliorate oxygenation and
dyspnea, reduce the respiratory rate and work of breath-
ing, and improve comfort [8, 10–16].
However, the effect of HFNC therapy in patients after

planned extubation remains inconclusive. Some studies
demonstrate that HFNC after extubation can reduce the re-
quirement for escalation of the respiratory support, result
in better oxygenation [17, 18], and be associated with better
comfort and a lower reintubation rate [12]. However, in the
study by Corley and colleague, HFNC therapy did not show
an improvement in respiratory function in patients after
planned extubation with a body mass index (BMI) ≥ 30 kg/
m2 [19].
Therefore, we aimed to perform a rigorous and com-

prehensive systematic meta-analysis to robustly quantify
the benefits of HFNC for patients after planned extuba-
tion by investigating postextubation respiratory failure
and other outcomes.

Methods
We performed this study in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement [20] and guidelines
described in the Cochrane Handbook for Systematic Re-
views of Interventions [21].

Study selection criteria
Types of studies
Randomized controlled studies and crossover studies
comparing HFNC and COT in the treatment of patients
after planned extubation were included.
The exclusion criteria were case reports, animal stud-

ies, preclinical studies, or patients younger than 18 years.

Types of participants
Adult patients, who had undergone mechanical ventila-
tion in the hospital or intensive care unit (ICU) and had
planned extubation, were involved.

Types of interventions
Patients in the control group and intervention group re-
ceived COT and HFNC therapy after extubation,
respectively.

Types of outcome measures
Our primary outcome was postextubation respiratory
failure, and the secondary outcomes included the follow-
ing variables: reintubation, mortality in ICU and hos-
pital, length of ICU and hospital stay, comfort score,
respiratory rate, partial pressure of arterial oxygen
(PaO2), partial pressure of arterial carbon dioxide
(PaCO2), PaO2/FiO2, and severe adverse events. Postex-
tubation respiratory failure was defined as PaO2/FiO2 <
300mmHg, hypoxemia (PaO2 < 60 mmHg or SpO2 <
90% with FiO2 ≥ 0.5), respiratory acidosis (pH < 7.35 and
PaCO2 > 45mmHg), signs of respiratory muscle fatigue
and/or tachypnea > 35 breaths/min, low level of con-
sciousness, or agitation during treatment period [22, 23].
Severe adverse events were defined as respiratory pauses
with loss of consciousness, severe unstable
hemodynamics, and cardiac or respiratory arrest.

Data sources and search strategy
We searched EMBASE, MEDLINE, Web of Science, and
the Cochrane Library from inception to August 2018.
We also reviewed the references of relevant articles to
avoid missing any studies. The details of the search strat-
egy are shown in the Additional file 1: Appendix 1.
There were no limitations on gender, patient sample
size, or language.

Data extraction
Two researchers (XLY and RZ) independently and re-
petitively screened titles and abstracts to evaluate the
potential studies. Disagreements were resolved by con-
sensus or by discussion with a third author (JRW). For
the included studies, a full-text review was performed.
Detailed study information, interventions, controls, and
outcomes were extracted using a standardized data ex-
traction form.

Quality assessment
The qualities of the included randomized studies were
assessed by modified Jadad scores, with scores of 1–3
and 4–7 judged as low and high quality, respectively.
Furthermore, the included studies were evaluated for the
risk of bias according to the methods described in the
Cochrane Handbook [21].
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Statistical analysis
Our meta-analysis was performed on an
intention-to-treat basis and involved all patients who
were assigned to any study group. Data were obtained
by direct extraction or by indirect calculation. For stud-
ies that reported data with cartograms, we extracted data
with DigitizeIt software (Braunschweig, Germany).
For binary outcomes, we calculated the risk ratios

(RRs) and 95% confidence intervals (CIs). For continu-
ous outcomes, the standardized mean differences
(SMDs) and 95% CI were calculated. We graphically dis-
played the outcomes by forest plots and visually
inspected the potential publication bias with a funnel
plot.
We used DerSimonian-Laird random effects models

for pooling outcomes. The Mantel-Haenszel model was
used for assessment of heterogeneity, with P < 0.05 and
I2 > 50% indicating significant heterogeneity, and I2 >
25% indicating moderate heterogeneity.
We performed prespecified subgroup analyses for the

postextubation respiratory outcomes, including study
types, HFNC duration, HFNC flow, severity of patients,
hypercapnic or not, and post cardiac surgery or not.
We also used trial sequential analysis to estimate the

reliability of our meta-analysis by examining for suffi-
cient data to avoid type I (false-positive) and type II (fal-
se-negative) errors. Trial sequential analysis was
performed using TSA software (version 0.9.5.9 Beta;
Copenhagen Trial Unit, Copenhagen, Denmark). The
Lan-DeMets approach was used for construction of the
O’Brien-Fleming monitoring boundaries and the optimal
information size, which was set to an alpha of 0.05 with
a two-sided beta of 0.80 and relative risk reduction of
20%.

Sensitivity analysis
Sensitivity analyses were conducted on the primary out-
comes to test the robustness of the results by the follow-
ing methods: changing to a fixed-effect model, changing
to use of the Sidik-Jonkman method for random effects,
shifting to the Biggerstaff-Tweedie method, excluding
any estimated values, excluding crossover studies, and
excluding studies with an early termination and/or high
risk of bias.
We used Review Manager Software (Version 5.3, The

Cochrane Collaboration, Copenhagen, Denmark) and
TSA software (version 0.9.5.9 Beta, Copenhagen Trial
Unit, Copenhagen, Denmark) to conduct the statistical
analysis. The Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) Guideline De-
velopment Tool (GRADEpro; McMaster University
2014, Hamilton, Canada) was used to evaluate the qual-
ity of evidence for each outcome [24]. The quality of evi-
dence was stratified into four grades: high, moderate,

low, or very low. P < 0.05 was considered statistically
significant.

Role of the funding source
This study was supported by the National Natural Sci-
ence Foundation of China (NSFC81871585) and the
Natural Science Foundation of Guangdong Province
(2018A030313058). The study sponsors did not involve
in study design, collection, data analysis and interpret-
ation, writing of the report, or decision to submit the
paper for publication.

Results
Our study identified 1305 relevant publications. After re-
moving duplicate results and screening the titles and ab-
stracts, 548 publications were rescreened for titles and
abstracts. Thirty studies were obtained for full-context
review, and 20 studies were excluded. The details of the
excluded studies and reasons for their exclusion are
shown in the Additional file 1: Table S1. Finally, we in-
cluded 10 studies (7 randomized controlled studies, 3
crossover studies) [12, 13, 17–19, 22, 23, 25–27] with a
total of 1708 patients (median, 130 patients; range, 28–
527 patients; ECMO group, 856 patients; MV group, 852
patients) in this meta-analysis. The selection process of
the eligible studies is shown in Fig. 1. Of the ten in-
cluded studies, 66.5% (range 47.6–85.7%; IQR 56.5%–
74.1%) were men and 33.4% (range 14.3–52.4%; IQR
25.9–43.5%) were women. The durations and flow rates
of HFNC in each study are shown in Table 1. The in-
cluded study characteristics and baseline patient charac-
teristics are shown in Tables 1 and 2.
Eight of the ten included studies were considered to

be at low risk of bias as evaluated by the Cochrane risk
of bias tool and modified Jadad score (Additional file 1:
Figure S1 and S2, Table S2).

Postextubation respiratory failure
The data on postextubation respiratory failure were
available from five studies. When these data were pooled
together, the HFNC group showed a significant reduc-
tion of postextubation respiratory failure compared with
that of the COT group (RR, 0.61; 95% CI, 0.41, 0.92; z =
2.38; P = 0.02; Fig. 2). There was moderate heterogeneity
among the studies (chi2 = 7.82, df = 4, P = 0.10, I2 = 49%)
which might be due to a heterogeneous population of
patients among the included studies (Table 1) and vari-
ous treatment measures after extubation. Subgroup ana-
lyses demonstrated no significant interactions with
HFNC duration (HFNC ≥ 24 h RR, 0.52 [95% CI, 0.33–
0.84] vs. HFNC < 24 h RR, 0.88 [95% CI, 0.58–1.34], Pin-
teraction = 0.10), HFNC flow (HFNC ≥ 40 L/min RR, 0.59
[95% CI, 0.34–1.05] vs. HFNC< 40 L/min RR, 0.58 [95%
CI, 0.35–0.95], Pinteraction = 0.94), severity of patients
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(severe subgroup RR, 0.42 [95% CI, 0.12–1.52] vs. non
severe subgroup RR, 0.72 [95% CI, 0.53–0.99], Pinteraction
= 0.42), and hypercapnic or not (non-hypercapnic RR,
0.65 [95% CI, 0.44–0.94] vs. mixed subgroup RR, 0.48
[95% CI, 0.18–1.29], Pinteraction = 0.59) (Table 3, Add-
itional file 1: Figure S3-S6).
The result was robust to multiple sensitivity analyses,

including changing to a fixed-effect model, SJ effect
model, or BT effect model, excluding any estimated
values, excluding crossover studies, or excluding the
high-risk bias study and/or early termination study
(Additional file 1: Table S3). For primary outcome, trial
sequential analysis confirmed that the required informa-
tion size was not reached; however, the Z-curve had
crossed O’Brian-Fleming monitoring boundaries, indi-
cating that HFNC was beneficial than COT in postextu-
bation respiratory failure (Additional file 1: Figure S7).

PaO2 was significantly higher with HFNC compared
with COT (SMD, 0.30; 95% CI, 0.04, 0.56; z = 2.23; P =
0.03; Fig. 3), and respiratory rate was significantly lower
in HFNC group compared with COT group (SMD, −
0.70; 95% CI, − 1.16, − 0.25; z = 3.03; P = 0.002; Fig. 4).
There were moderate to high heterogeneity which might
be due to a heterogeneous population of patients among
the included studies (Table 1). Sensitivity analyses did
not change the overall findings (Additional file 1: Table
S3). Subgroup analyses demonstrated there were signifi-
cant interactions with regard to study type (RCT study
SMD, − 1.12 [95% CI, − 1.45, − 0.79] vs. Crossover study,
− 0.35 [95% CI, − 0.75, 0.04], Pinteraction = 0.004), HFNC
duration (HFNC ≥ 24 h SMD, − 1.12 [95% CI, − 1.45, −
0.79] vs. HFNC < 24 h SMD, − 0.35 [95% CI, − 0.75,
0.04], Pinteraction = 0.004), hypercapnic or not (non-hyper-
capnic SMD, − 0.16 [95% CI, − 0.59,0.26] vs. mixed

Fig. 1 PRISMA flow diagram of the study selection process

Zhu et al. Critical Care          (2019) 23:180 Page 4 of 12



Ta
b
le

1
Ba
si
c
ch
ar
ac
te
ris
tic
s
of

th
e
in
cl
ud

ed
st
ud

ie
s

St
ud

y
St
ud

y
ty
pe

C
ou

nt
ry

Se
tt
in
gs

Pa
tie
nt
s

C
on

ve
nt
io
na
lo

xy
ge

n
th
er
ap
y
gr
ou

p
H
FN

C
gr
ou

p
Fo
llo
w
-u
p

du
ra
tio

n
D
el
iv
er
y
m
et
ho

d
O
xy
ge

n
flo
w

(L
/

m
in
)

D
el
iv
er
y

de
vi
ce

H
um

id
ifi
er

Fl
ow

ra
te

(L
/

m
in
)

Fi
O
2

D
ur
at
io
n

(h
ou

rs
)

Pa
rk
e
20
13

[1
7,
28
]

Si
ng

le
-c
en

te
r,

op
en

-la
be

lR
C
T

N
ew

Ze
al
an
d

IC
U

Po
st
-c
ar
di
ac

su
rg
er
y

Fa
ce

m
as
k
or

na
sa
lp

ro
ng

s
2–
4

O
pt
ifl
ow

™
sy
st
em

A
IR
VO

™
45

A
dj
us
te
d
by

m
ed

ic
al

st
af
f
to

m
ai
nt
ai
n
a

Sp
O
2
>
93
%

48
28

da
ys

M
ag
gi
or
e

20
14

[1
2]

Tw
o-
ce
nt
er
,

op
en

-la
be

lR
C
T

Ita
ly

IC
U

M
ed

ic
al
,S
ur
gi
ca
l-t
ra
um

a
Ve
nt
ur
im

as
k

A
dj
us
te
d
to

m
ai
nt
ai
n
an

Sa
O
2
92
–9
8%

#

O
pt
ifl
ow

™
sy
st
em

N
a

50
A
dj
us
te
d
to

m
ai
nt
ai
n

an
Sa
O
2
92
–9
8%

#
48

48
h

C
or
le
y

20
15

[1
9]

Si
ng

le
-c
en

te
r

RC
T

A
us
tr
al
ia

IC
U

Po
st
-c
ar
di
ac

su
rg
er
y
w
ith

BM
I≥

30
Fa
ce

m
as
k
or

na
sa
lc
an
nu

la
e

2–
6

O
pt
ifl
ow

™
sy
st
em

M
R8
50

he
at
ed

hu
m
id
ifi
er

35
–5
0

A
dj
us
te
d
to

m
ai
nt
ai
n

a
Sp
O
2
≥
95
%

>
8

U
nt
il
IC
U

di
sc
ha
rg
e

H
er
ná
nd

ez
20
16

[2
2]

M
ul
tic
en

te
r
RC

T
Sp
ai
n

IC
U

M
ed

ic
al
,s
ur
gi
ca
l,
tr
au
m
a

pa
tie
nt
s
w
ith

lo
w

ris
k
of

re
in
tu
ba
tio

n&

N
on

-r
eb

re
at
hi
ng

fa
ce
m
as
k
or

na
sa
l

ca
nn

ul
a

A
dj
us
te
d
to

m
ai
nt
ai
n

Sp
O
2
≥
92
%

O
pt
ifl
ow

sy
st
em

N
/a

>
10

A
dj
us
te
d
to

m
ai
nt
ai
n

a
Sp
O
2
≥
92
%

24
U
nt
il

ho
sp
ita
l

di
sc
ha
rg
e

Fu
tie
r
20
16

[2
7]

M
ul
tic
en

te
r
RC

T
Fr
an
ce

IC
U

Po
st
m
aj
or

ab
do

m
in
al

su
rg
er
y

Fa
ce

m
as
k
or

na
sa
lp

ro
ng

s
A
dj
us
te
d
to

m
ai
nt
ai
n

Sp
O
2
≥
95
%

O
pt
ifl
ow

™
sy
st
em

M
R8
50

he
at
ed

hu
m
id
ifi
er

50
–6
0

A
dj
us
te
d
to

m
ai
nt
ai
n

a
Sp
O
2
≥
95
%

<
24

U
nt
il

ho
sp
ita
l

di
sc
ha
rg
e

So
ng

20
17

[1
8]

Si
ng

le
-c
en

te
r

RC
T

C
hi
na

IC
U

A
RF

pa
tie
nt
s

A
ir
en

tr
ai
nm

en
t

m
as
k

0.
4

PT
10
1A

Z
N
/a

<
60

0.
4

24
24

h

Fe
rn
an
de

z
20
17

[2
3]

M
ul
tic
en

te
r
RC

T
Sp
ai
n

IC
U

H
ig
h
ris
k
of

ex
tu
ba
tio

n
fa
ilu
re

w
ith

no
n-

hy
pe

rc
ap
ni
c*

Fa
ce

m
as
k
or

na
sa
lp

ro
ng

s
A
dj
us
te
d
to

m
ai
nt
ai
n
Sp
O
2

92
–9
5%

O
pt
ifo
w
®

N
/a

40
A
dj
us
te
d
to

m
ai
nt
ai
n

a
Sp
O
2
92
–9
5%

24
U
nt
il

ho
sp
ita
l

di
sc
ha
rg
e

Ti
ru
vo
ip
at
i

20
10

[2
5]

Ra
nd

om
iz
ed

cr
os
so
ve
r
tr
ia
l,

si
ng

le
ce
nt
er

A
us
tr
al
ia

IC
U

IC
U
pa
tie
nt
s

Fa
ce

m
as
k

0.
3–
0.
4

O
pt
ifl
ow

sy
st
em

N
/a

30
0.
3–
0.
4

0.
5

30
m
in

Ri
tt
ay
am

ai
20
14

[1
3]

Ra
nd

om
iz
ed

cr
os
so
ve
r
tr
ia
l,

si
ng

le
ce
nt
er

Th
ai
la
nd

RC
U

RC
U
pa
tie
nt
s

N
on

-r
eb

re
at
hi
ng

m
as
k

A
dj
us
te
d
to

m
ai
nt
ai
n

Sp
O
2
≥
94
%

O
pt
ifl
ow

sy
st
em

N
/a

35
A
dj
us
te
d
to

m
ai
nt
ai
n

a
Sp
O
2
≥
94
%

0.
5

30
m
in

D
im

us
si

20
18

[2
6]

Se
lf-
cr
os
s
co
nt
ro
l

st
ud

y,
si
ng

le
ce
nt
er

Ita
ly

IC
U

C
O
PD

Fa
ce

m
as
k

A
dj
us
te
d
to

m
ai
nt
ai
n
an

Sa
O
2
88
–9
2%

A
IR
VO

™
sy
st
em

N
/a

20
–6
0

A
dj
us
te
d
to

m
ai
nt
ai
n

an
Sa
O
2
88
–9
2%

1
1
h

CO
T
co
nv

en
tio

na
lo

xy
ge

n
th
er
ap

y,
H
FN

C
hi
gh

-f
lo
w

na
sa
lc
an

nu
la
,R

CT
ra
nd

om
iz
ed

co
nt
ro
lle
d
tr
ia
l,
IC
U
in
te
ns
iv
e
ca
re

un
it,

Pa
O
2
pa

rt
ia
lp

re
ss
ur
e
of

ar
te
ria

lo
xy
ge

n,
Fi
O
2
fr
ac
tio

n
of

in
sp
ire

d
ox
yg

en
,A

RF
ac
ut
e
re
sp
ira

to
ry

fa
ilu
re
,R

CU
re
sp
ira

to
ry

ca
re

un
it,

CO
PD

ch
ro
ni
c
ob

st
ru
ct
iv
e
pu

lm
on

ar
y
di
se
as
e

# I
n
po

pu
la
tio

ns
w
ith

co
m
pe

ns
at
ed

hy
pe

rc
ap

ni
a,
Sa
O
2
w
as

88
–9

5%
&
Lo

w
ris
k
of

re
in
tu
ba

tio
n
w
as

de
fin

ed
as

fu
lfi
lli
ng

th
e
fo
llo
w
in
g
cr
ite

ria
:s
im

pl
e
w
ea
ni
ng

;a
ge

<
65

;h
ea
rt
fa
ilu
re

w
as

no
t
th
e
fir
st

re
as
on

fo
r
m
ec
ha

ni
ca
lv

en
til
at
io
n
(M

V)
;b

od
y
m
as
s
in
de

x
(B
M
I)
<
30

;A
cu
te

Ph
ys
io
lo
gy

an
d
C
hr
on

ic
H
ea
lth

Ev
al
ua

tio
n
II
sc
or
e
<
12

;n
o
m
od

er
at
e-
to
-s
ev
er
e
C
O
PD

;n
o
ai
rw

ay
pa

te
nc
y
pr
ob

le
m
s;
w
el
la

irw
ay

cl
ea
ra
nc
e
ab

ili
ty
;c
om

or
bi
di
tie

s<
2;

an
d
no

pr
ol
on

ge
d
M
V

*H
ig
h
ris
k
of

ex
tu
ba

tio
n
fa
ilu
re

w
as

de
fin

ed
as

in
cl
ud

in
g
at

le
as
t
on

e
of

th
e
fo
llo
w
in
g
cr
ite

ria
:h

ea
rt
fa
ilu
re

w
as

th
e
fir
st

re
as
on

fo
r
M
V;

ag
e
>
65

;n
on

-h
yp

er
ca
pn

ic
m
od

er
at
e-
to
-s
ev
er
e
C
O
PD

;A
cu
te

Ph
ys
io
lo
gy

an
d

C
hr
on

ic
H
ea
lth

Ev
al
ua

tio
n
II
sc
or
e
>
12

;B
M
I>

30
kg

/m
2
;d

ur
at
io
n
of

M
V
>
7
da

ys
;b

ad
ai
rw

ay
cl
ea
ra
nc
e
ab

ili
ty
;s
po

nt
an

eo
us

br
ea
th
in
g
tr
ia
lf
ai
lu
re
>
1

Zhu et al. Critical Care          (2019) 23:180 Page 5 of 12



Table 2 Characteristics and demographic parameters of patients in the included studies

Study Sample
size (n)

Age
(years)

Gender
(M/F)

BMI
(kg/
m2)

PaO2/FiO2

at
extubation

Comorbidity (n)a Endpoints

Respiratory
disease

Hypertension Neurologic
disease

Heart
disease

Others

Parke 2013 [17, 28]

HFNC
group

169 65
(19–
88)*

129/40 28.4
±
5.3

N/a N/a N/a N/a N/a N/a Primary outcome: oxygenation.
Secondary outcomes: Atelectasis
score, length of ICU and hospital
stay, 28-day mortality, oxygen-
ation indices, escalation of respira-
tory support, spirometry, comfort
score.

COT
group

171 66
(21–
87)*

129/42 29.2
±
5.5

N/a N/a N/a N/a N/a N/a

Maggiore 2014 [12]

HFNC
group

53 65 ±
18

33/20 N/a 239.4 ±
42.4

24 N/a N/a 6 23 Primary outcome: oxygenation.
Secondary outcomes: oxygen
desaturation, device
displacement, requiring ventilator
support#, reintubation, discomfort
score.

COT
group

52 64 ±
17

35/17 N/a 241.7 ±
51.1

24 N/a N/a 5 23

Corley 2015 [19]

HFNC
group

81 63 ±
11.4

58/23 36
±
5.2

N/a 26 N/a N/a N/a 5 Primary outcome: Atelectasis
score. Secondary outcomes: RR,
oxygenation, subjective dyspnea,
reintubation, failure of allocated
treatment.COT

group
74 65 ±

11.1
56/18 35

±
4.3

N/a 20 N/a N/a N/a 6

Hernández 2016 [22]

HFNC
group

264 51 ±
13.1

164/
100

< 30 227 ± 25 32 43 20 20 89 Primary outcome: reintubation
within 3 days. Secondary
outcomes: mortality, multiorgan
failure, postextubation respiratory
failure, sepsis, respiratory infection,
length of ICU and hospital stay,
adverse events, time to
reintubation.

COT
group

263 51.8
± 12.2

153/
110

< 30 237 ± 34 30 37 34 23 79

Futier 2016 [27]

HFNC
group

108 62 ±
12

61/47 25
± 4

N/a 10 34 N/a N/a 76 Primary outcome: rate of
hypoxemia 1 h after extubation.
Secondary outcomes: pulmonary
complications, length of ICU and
hospital stay, in-hospital mortality.

COT
group

112 61 ±
13

64/48 25
± 4

N/a 8 35 N/a N/a 67

Song 2017 [18]

HFNC
group

30 66 ±
14

16/14 N/a 207 ± 27.5 19 N/a N/a 7 4 Primary outcome: therapy success
rate. Secondary outcomes: RR, HR,
oxygenation indices, MAP.

COT
group

30 71 ±
13

18/12 N/a 204 ± 29 19 N/a N/a 7 4

Fernandez 2017 [23]

HFNC
group

78 67.3
± 12

46/32 N/a N/a 22 N/a N/a 9 N/a Primary outcome: respiratory
failure within 3 days. Secondary
outcomes: length of ICU and
hospital stay, reintubation,
mortality.

COT
group

77 69.7
± 13

55/22 N/a N/a 24 N/a N/a 9 N/a

Tiruvoipati 2010 [25]

HFNC
group

42 65.22
± 17.6

20/22 N/a > 175 N/a N/a N/a N/a N/a Primary outcome: efficacy of
oxygenation. Secondary
outcomes: HR, RR, blood pressure,
comfort score, tolerance score.COT

group
42 65.22

± 17.6
20/22 N/a > 175 N/a N/a N/a N/a N/a

Rittayamai 2014 [13]

HFNC 17 66.8 10/7 N/a ≥ 150 9 8 N/a 8 N/a Primary outcome: dyspnea score.
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subgroup SMD, − 1.07 [95% CI, − 1.37, − 0.77], Pinterac-
tion = 0.007) in respiratory rate (Table 3).
There were no significant differences in reintubation

rate, length of ICU and hospital stay, comfort score,
PaCO2, and mortality in ICU and hospital between
HFNC and COT group (Additional file 1: Figure S8-S14)
.

Severe adverse events
Among the included studies, no severe adverse effects
were reported in both groups.
Visual inspection of the funnel plot did not show any

publication bias (Additional file 1: Figure S15–S24).
Summary of findings with GRADE system are shown in
Table 4.

Discussion
This systematic review and meta-analysis, including
1708 planned patients (HFNC group: 856 patients; COT
group: 852 patients), demonstrated that compared with

COT, HFNC might significantly reduce postextubation
respiratory failure (RR, 0.61; 95% CI, 0.41, 0.92; z = 2.38;
P = 0.02) and respiratory rates (SMD, − 0.70; 95% CI, −
1.16, − 0.25; z = 3.02; P = 0.002) and increase PaO2

(SMD, 0.30; 95% CI, 0.04, 0.56; z = 2.23; P = 0.03). There
were no significant differences in reintubation rate,
length of ICU and hospital stay, comfort score, PaCO2,
mortality in ICU and hospital, and severe adverse events
between the HFNC and COT group.
The present systematic review and meta-analysis dem-

onstrated a biologically plausible association between
HFNC therapy and decreased postextubation respiratory
failure in planned extubation patients. Previous animal
and human mechanistic studies have demonstrated that
HFNC enables to deliver more adequate inspiratory flow,
flush the nasopharyngeal dead space, and deliver warm
and humidified gas, thereby generating a positive airway
pressure, ameliorating oxygenation and dyspnea, redu-
cing the respiratory rate and work of breathing, and im-
proving comfort [29–32].

Table 2 Characteristics and demographic parameters of patients in the included studies (Continued)

Study Sample
size (n)

Age
(years)

Gender
(M/F)

BMI
(kg/
m2)

PaO2/FiO2

at
extubation

Comorbidity (n)a Endpoints

Respiratory
disease

Hypertension Neurologic
disease

Heart
disease

Others

group ± 13.8 Secondary outcomes: HR, RR,
MAP, comfort score.

COT
group

17 66.8
± 13.8

10/7 N/a ≥ 150 9 8 N/a 8 N/a

Di mussi 2018 [26]

HFNC
group

14 71.5
± 9

12/2 N/a > 150 N/a N/a N/a N/a N/a Primary outcome:
neuroventilatory drive and work
of breathing. Secondary
outcomes: RR, oxygenation
indices.

COT
group

14 71.5
± 9

12/2 N/a > 150 N/a N/a N/a N/a N/a

Respiratory disease including pneumonia, chronic obstructive pulmonary disease, asthma, and other respiratory disease; heart disease including cardiogenic
pulmonary edema, congestive heart failure, and cardiac arrest
M male, F female, BMI body mass index, PaO2 arterial partial pressure of oxygen, FiO2 fraction of the inspired oxygen, HFNC high-flow nasal cannula, COT
conventional oxygen therapy, BMI body-mass index, SpO2 pulse oxygen saturation, RR respiratory rate, ARR absolute risk reduction, HR heart rate, MAP mean
arterial pressure
Plus-minus values are the means ± SDs
aPatients can have more than 1 comorbidity
*Values are median and interquartile range
#Requiring ventilator support including any form of ventilator support, e.g., noninvasive ventilation or mechanical ventilation

Fig. 2 Comparison of postextubation respiratory failure between the HFNC group and COT group
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Our study showed that HFNC might significantly re-
duce postextubation respiratory failure in patients after
planned extubation. The result was consistent with mul-
tiple subgroup analyses, sensitivity analyses, and trial se-
quential analysis. However, as there was moderate
heterogeneity (chi2 = 7.82, df = 4, P = 0.10, I2 = 49%)
among the included studies, which might have been due
to the heterogeneous population of patients and various

treatment measures after extubation, a decisive conclu-
sion should be made cautiously. Further large-scale,
multicenter studies are needed to confirm our results.
A previous study showed that in patients with acute

hypoxemic respiratory failure, an increasing HFNC flow
rate (30, 45, and 60 L/min) progressively decreased in-
spiratory effort and improved lung aeration, dynamic
compliance, and oxygenation [33]. In a study by Parke

Table 3 Subgroup analysis for outcomes (displayed with RR or SMD)
Outcomes Postextubation respiratory failure

(RR)
Reintubation
(RR)

Respiratory rate
(SMD)

PaO2

(SMD)

Subgroup analyses

Study type

RCT study 0.61 (0.41, 0.92) 0.58 (0.30, 1.11) − 1.12 (− 1.45, − 0.79) 0.39 (− 0.02,0.79)

Crossover study Na Na − 0.35 (− 0.75, 0.04) 0.14 (− 0.23, 0.51)

Interaction Na Na P = 0.004 P = 0.38

Severity of patients

Severe populations 0.42 (0.12, 1.52) 0.39 (0.13, 1.19) − 0.56 (− 1.29, 0.18) 0.31 (0.05, 0.58)

Non severe population 0.72 (0.53, 0.99) 0.81 (0.27, 2.45) − 0.93 (− 1.36, − 0.50) 0.35 (− 0.29, 1.00)

Interaction 0.42 0.36 0.39 0.92

HFNC flow

≥ 40 L/min 0.59 (0.34, 1.05) 0.72 (0.29, 1.83) − 1.14 (− 1.47, − 0.81) 0.39 (− 0.02, 0.79)

< 40 L/min 0.58 (0.35, 0.95) 0.39 (0.21, 0.72) − 0.44 (− 1.09, 0.21) 0.10 (− 0.33, 0.52)

Interaction 0.94 0.28 0.06 0.33

Non-hypercapnic or not

Non-hypercapnic 0.65 (0.44, 0.94) 0.52 (0.29, 0.93) − 0.16 (− 0.59, 0.26) 0.10 (− 0.33, 0.52)

Mixeda 0.48 (0.18, 1.29) 0.45 (0.12, 1.77) − 1.07 (− 1.37, − 0.77) 0.39 (− 0.02, 0.79)

Interaction 0.59 0.86 0.0007 0.33

HFNC duration

≥ 24 h 0.52 (0.33, 0.84) 0.48 (0.26, 0.89) − 1.12 (− 1.45, − 0.79) 0.58 (0.27, 0.90)

< 24 h 0.88 (0.58, 1.34) 0.88 (0.11, 7.33) − 0.35 (− 0.75, 0.04) 0.09 (− 0.13, 0.30)

Interaction P = 0.10 P = 0.59 P = 0.004 P = 0.01

Post cardiac surgery or not

Post cardiac surgery Na 0.96 (0.04, 24.84) Na Na

Other patients 0.62 (0.42, 0.92) 0.55 (0.28, 1.08) − 0.70 (− 1.16, − 0.25) 0.30 (0.04, 0.56)

Interaction Na P = 0.74 Na Na

RRs and 95% confidence intervals (CIs) were calculated for the binary data, and the standardized mean differences (SMDs) and 95% CIs were calculated for the
continuous data variables
RR risk ratio, SMD standardized mean difference, RCT randomized controlled trial, HFNC high-flow nasal cannula, PaO2 partial pressure of arterial oxygen
aMeans studies included patients with hypoxemic or/and hypercapnic respiratory failure

Fig. 3 Comparison of PaO2 between the HFNC group and COT group
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and coworkers, patients’ nasopharyngeal pressures were
measured when HFNC was used with gas flows of 30,
40, and 50 L/min [28]. Researchers demonstrated that
the mean nasopharyngeal pressures were 1.5 ± 0.6, 2.2 ±
0.8, and 3.1 ± 1.2 mmHg at 30, 40, and 50 L/min during
HFNC therapy, respectively. They showed that the level
of PEEP as a benefit of HFNC therapy was
flow-dependent. The various starting flows may have led
to different levels of PEEP and could have influenced the
results. Thus, we performed a subgroup analysis accord-
ing to the flow rate of HFNC (≥ 40 L/min, < 40 L/min),
and we did not find significant interactions between sub-
groups with regard to postextubation respiratory failure
(Pinteraction = 0.94), reintubation (Pinteraction = 0.28), re-
spiratory rate (Pinteraction = 0.06), and PaO2 (Pinteraction =

0.33). These results may be due to the benefits of HFNC
being produced not only by a high-flow rate but also
through the effect of heating and humidification, redu-
cing the work of breathing and being more comfortable
for patients [34, 35].
Subgroup analysis with regard to HFNC duration

showed a reduction of postextubation respiratory failure
in studies that used this therapy for ≥ 24 h (RR, 0.53;
95% CI, 0.34, 0.84; z = 2.73; P = 0.006) and found no effi-
cacy in those that used HFNC < 24 h (RR, 0.88; 95% CI,
0.58, 1.34; z = 0.57; P = 0.57). Our previous study also
showed that HFNC therapy might decrease the rate of
escalation of respiratory support and the intubation rate
when ARF patients were treated with HFNC for ≥ 24 h
[36]. However, no significant interaction (Pinteraction =

Fig. 4 Comparison of respiratory rates between the HFNC group and COT group=

Table 4 Summary of findings

Outcomes Anticipated absolute effects* (95% CI) Relative
effect
(95% CI)

No. of
participants
(studies)

Certainty
of the
evidence
(GRADE)

Comments

Risk with COT Risk with HFNC

Postextubation
respiratory
failure

219 per 1000 136 per 1000
(92 to 202)

RR 0.62
(0.42 to
0.92)

1067
(5 RCTs)

⨁⨁⨁⨁
High

PaO2 (mmHg) The mean paO2

was 83.63
mmHg

The mean paO2 in the
intervention group was 89.39
mmHg (75.91 to 102.86 mmHg)

– 497
(5 RCTs)

⨁⨁⨁⨁
High

Respiratory
rates
(breaths per
minute)

The mean
respiratory rates
was 23.24
breaths per
minute

The mean respiratory rates in the
intervention group was 20.4
breaths per minute (18.84 to
21.95 breaths per minute)

– 311
(5 RCTs)

⨁⨁⨁⨁
High

Respiratory rates obtained from the study
by Maggiore and colleague was reported
with cartograms, and we extracted data
with DigitizeIt software (Braunschweig,
Germany).

Reintubation 82 per 1000 48 per 1000
(25 to 91)

RR 0.58
(0.30 to
1.11)

1562
(7 RCTs)

⨁⨁⨁⨁
High

Patient or population: patients after planned extubation
Setting:
Intervention: HFNC
Comparison: COT
GRADE Working Group grades of evidence:
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate—the true effect is likely to be close to the estimate of the effect, but there is a possibility
that it is substantially different
Low certainty: Our confidence in the effect estimate is limited—the true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate—the true effect is likely to be substantially different from the estimate of effect
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI)
CI confidence interval, RR risk ratio
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0.11) was found between subgroups in the present
meta-analysis. This may be due to only one study in-
volved in the subgroup that used HFNC < 24 h [27]. Fur-
ther studies comparing the effect of duration for HFNC
treatment in patients after planned extubation are
needed.
Patients who presented with hypoxemic or hypercap-

nic respiratory failure after planed extubation might lead
to different results. Therefore, we performed a subgroup
analysis by stratified studies into a nonhypercapnic sub-
group and mixed subgroup (hypoxemic or/and hyper-
capnic). In the study by Parke and colleagues, the
baseline PaCO2 levels were not reported; thus, it was dif-
ficult to know whether patients with hypercapnic re-
spiratory failure were studied [17]. In the studies by
Hernández and colleagues and by Fernandez and co-
workers, nonhypercapnic patients were studied [22, 23].
In the 7 other studies, mixed patients were included [12,
13, 18, 19, 25–27]. Subgroup analysis found that there
were no differences in postextubation respiratory failure
(Pinteraction = 0.59), reintubation (Pinteraction = 0.86), and
PaO2 (Pinteraction = 0.33) between subgroups. And there
was a significant difference in respiratory rate (Pinteraction
= 0.0007); however, this result needs to be interpreted
with great caution because only one study was included
in the nonhypercapnic subgroup [25].
Patients’ severity might influence the effect of HFNC.

Therefore, we performed subgroup analyses according to
the severity of patients among included studies. All of
the included studies reported severity scores using differ-
ent severity evaluation methods. Four of the included
studies reported Acute Physiology And Chronic Health
Evaluation (APACHE) II scores. In the study by Song
and coworkers, the APACHE II scores in the COT group
and HFNC group were 12.36 ± 3.29 and 12.87 ± 3.0, re-
spectively [18]. In the study by Corley and colleagues,
the APACHE II scores in the COT group and HFNC
group were 15 ± 3.9 and 15 ± 3.6, respectively [19]. In
the study by Hernández and colleagues, the APACHE II
scores in the COT group and HFNC group were 13 (7–
17) and 14 (9–16), respectively [22]. In the study by Fer-
nandez and coworkers, the APACHE II scores in the
COT group and HFNC group were 21 ± 8.2 and 21 ± 8.8,
respectively [23]. In the study by Tiruvoipati and co-
workers, the APACHE III scores were reported, and the
scores in the protocol A group and protocol B group
were 70.55 ± 27.39 and 72.95 ± 23.22, respectively [25].
Three of the included studies reported the Simplified
Acute Physiology Score (SAPS) II. In the study by Mag-
giore and colleagues, the SAPS II scores in the COT
group and HFNC group were 44 ± 16 and 43 ± 14, re-
spectively [12]. In the crossover study by Rittayamai and
coworkers, the SAPS II score was 30.9 ± 4.4 [13]. In the
crossover study by Di mussi and colleagues, the SAPS II

score was 39.6 ± 13.2, and the Sequential Organ Failure
Assessment (SOFA) score was 5.6 ± 2.5 [26]. In the study
by Parke and coworkers, the EuroSCORE was reported,
and the scores in the COT group and HFNC group were
5.3 ± 2.8 and 5.1 ± 2.8, respectively [17]. In the study by
Futier and colleagues, the preoperative risk score was re-
ported; few patients in both groups (15% patients in the
COT group and 17% patients in the HFNC group) were
at high-risk levels, and the main patients in both groups
were at moderate levels [27]. According to the severity
scores of populations, we stratified the included studies
into a severe subgroup (APACHE II ≥ 15, SAPS II ≥ 38,
SOFA ≥ 2) and non-severe subgroup (APACHE II < 15,
SAPS II < 38, SOFA < 2) [37, 38]. However, we found no
interactions between subgroups with regard to postextu-
bation respiratory failure (Pinteraction = 0.42), reintubation
(Pinteraction = 0.36), respiratory rate (Pinteraction = 0.39),
and PaO2 (Pinteraction = 0.92), which meant that the sever-
ity of patients would not influence the effect of HFNC
with regard to postextubation respiratory failure, reintu-
bation, respiratory rate, and PaO2.
Although a lower postextubation respiratory failure

would be expected to decrease reintubation rate and
shorten the length of ICU and hospital stays, no differ-
ences were found in this aspect in the present
meta-analysis. This may be due to a heterogeneous
population of patients included in our study and various
clinical treatment measures applied when patients suf-
fered postextubation failure. In three of the included
studies, when patients in COT group need an escalation
of respiratory support, HFNC therapy was applied which
might make it difficult to interpret the results [17–19].
Hernández et al. speculated that this may be because the
percentage of reintubated patients was too low to affect
outcome variables in the entire group [22].
There are several limitations to our meta-analysis.

First, this study involved a heterogeneous population of
patients among the included studies (Table 1), which
could affect our results. To address this problem, sub-
group analyses and multiple sensitivity analysis were per-
formed. And the subgroup results remained consistent
with the overall findings. Multiple sensitivity analysis in-
cluding changing effect models, excluding the high-risk
bias study and/or early termination studies, did not
change the overall results (Table 4). So we believed the
results of our study were credible. Furthermore, the het-
erogeneous population of patients in our study enabled
our results to have a general external validity in mixed
populations of critically ill patients. Second, the duration
of HFNC varied among the included studies (Table 1).
Our previous study showed that HFNC therapy might
decrease the rate of escalation of respiratory support and
the intubation rate when ARF patients were treated with
HFNC for ≥ 24 h [36]. However, a subgroup analysis of
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the present study did not find any interactions with re-
gard to the duration of HFNC (Table 3). Further studies
comparing the effect of duration in HFNC treatment in
patients after planned extubation are needed. Third,
among the included studies, FiO2 was titrated according
to SpO2 or SaO2 (Table 1). We have reviewed all the
studies included in this meta-analysis. Unexpectedly, ex-
cept for the studies by Song and Tiruvoipati, the clear
FiO2 values in these studies were not well reported. Sub-
group analysis with regard to FiO2 was not performed.
Finally, we include three crossover studies in the present
study and crossover studies are limited by nature. Hence,
we used the GRADE Guideline Development Tool to
evaluate the quality of evidence which showed equal
quality levels between crossover studies and randomized
studies, showing that the results from the crossover
studies should also be seriously considered.

Conclusions
Our meta-analysis demonstrated that compared with
COT therapy, HFNC therapy may significantly reduce
postextubation respiratory failure and respiratory rates,
may increase PaO2, and may be safely administered in
patients after planned extubation. Further large-scale,
multicenter studies are needed to confirm our results.
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