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ABSTRACT

Objective: To evaluate the efficacy of
high-flow nasal cannula in the preven-
tion of intubation and re-intubation in
critically ill patients compared to con-
ventional oxygen therapy or noninvasive
ventilation.

Methods: This systematic review was
performed through an electronic databa-
se search of articles published from 1966
to April 2018. The primary outcome was
the need for intubation or re-intubation.
The secondary outcomes were thera-
py escalation, mortality at the longest
follow-up, hospital mortality and the
need for noninvasive ventilation.

Results: Seventeen studies involving
3,978 patients were included. There was
no reduction in the need for intubation
or re-intubation with high-flow nasal

cannula (OR 0.72; 95%CI 0.52 - 1.01;

p = 0.056). There was no difference in
the need for therapy escalation (OR
0.80, 95% CI 0.59 - 1.08, p = 0.144),
mortality at the longest follow-up (OR
0.94; 95%CI 0.70 - 1.25; p = 0.667),
hospital mortality (OR 0.84; 95%CI
0.56 - 1.26; p = 0.391) or noninvasive
ventilation (OR 0.64, 95%CI 0.39 -
1.05, p = 0.075). In the trial sequential
analysis, the number of events included
was lower than the optimal information
size with a global type I error > 0.05.

Conclusion: In the present study
and setting, high-flow nasal cannula was
not associated with a reduction of the
need for intubation or re-intubation in
critically ill patients.
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lation therapy; Noninvasive ventilation;
Intubation, intratracheal
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An oxygen supply with flows higher than 6L/minute is considered a high-
flow therapy; however, under standard care, this supply is generally not heated
or humidified and can reach a maximum flow of 15L/min." The use of the a
high-flow nasal cannula (HENC) allows flow rates up to 60L/min because of
the use of a heater and humidifier.”’ This heated air provides a relative humidity
of 100%, which improves the work of the mucociliary epithelium and provides
greater comfort to the patient.

The following physiological effects of the HFNC should be highlighted: 1)
reduction of anatomical dead space; 2) decrease in airway resistance; 3) increase
in lung compliance; 4) improvement in bronchial hygiene; and 5) maintenance
of a certain level of positive pressure at the end of expiration (approximately
3 - 6cmH,0)."9 Clinically, these physiological effects translate into decreased
respiratory work during breathing and improvement of hypoxemia.’® Addi-
tionally, some of its advantages include the comfort reported by the patient
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compared to conventional oxygen therapy or non-invasive
ventilation (NIV) and the decrease in the sensation of dys-
pnea that can be explained by high inspiratory flow.“

Recent studies suggest the application of the HFNC
primarily for cases of hypoxemic respiratory failure, post-
extubation of medical and surgical patients, when the use
of NIV is contraindicated or when there is no adaptation to
its use, and in special situations, such as palliative care and
relief of dyspnea.! In general, the HFNC can also be used
as a safe alternative in cases of hypoxemic respiratory failure
and to avoid intubation in critically ill patients compared to
conventional oxygen therapy or NIV.¢®

We performed a meta-analysis to assess the effects of the
HFNC on the need for intubation or re-intubation in adult
critically ill patients compared to conventional oxygen the-
rapy or NIV. We hypothesized that the use of HFNC is
associated with a decreased need for intubation or re-intu-
bation.

METHODS

Search strategy

This systematic review was performed through electron-
ic searches in the PubMed, Web of Science, Cumulative
Index of Nursing and Allied Health® (CINAHL®) and
CENTRAL databases from 1966 to April 2018 by two in-
dependent and blinded investigators. A search strategy in-
corporating keywords and utilizing Medical Subject Head-
ings (MeSH) was used: (“high flow nasal oxygen” OR “high
flow nasal cannula” OR “HFNO” OR “HENC” OR “high
flow oxygen”). All articles returned for this query were
scanned for relevance by title and abstract. For potentially
relevant articles, the full text was obtained for review; the
references of these articles and related reviews and meta-
analyses were inspected, and potentially relevant titles were
hand searched. No further limitations were set on the query.

Selection of the studies

The following inclusion criteria were used: randomized
clinical trials; adult patient population (age > 18 years); and
compared the use of HNFC 4) to NIV or to conventional
oxygen therapy (nasal cannula or facial mask). Crossover
studies, or studies that focused on the use of HFNC during
procedures or during palliative care, were excluded.

Data extraction and quality assessment

Two independent investigators conducted the electronic
search and extracted the data into a database developed for
the study. A third investigator was called for discussion if
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there was disagreement between the first two investigators.
To evaluate the risk of bias in the studies, the Cochrane
Risk of Bias Tool was used. Studies indicated as “low risk
of bias” were studies with a low risk of bias in all domains.

Outcomes

The primary outcome was the need for intubation or
re-intubation during the follow-up. The following secon-
dary outcomes were evaluated: (1) need for therapy esca-
lation (defined as the need for NIV or invasive ventilation
in the HENC group, the need for invasive ventilation in
the NIV group and the need for NIV, HENC or invasive
ventilation in the group with conventional oxygen the-
rapy); (2) mortality at longest follow-up (defined as the
mortality reported at the last follow-up); (3) hospital mor-
tality; and (4) the need for NIV (assessed in the HFNC
and conventional oxygen therapy groups).

Analysis plan

The treatment group in the present study was the
group treated with the HFNC whereas the control group
was the group treated with NIV or conventional oxygen
therapy (independent of the interface used to offer the
therapy). All analyses were stratified according to the type
of primary outcome: intubation or re-intubation. In rela-
tion to the controls, the following groups were considered:
NIV or conventional oxygen therapy. The main findings
are stratified according to the type of outcome reported by
the studies (intubation versus re-intubation).

Statistical analysis

All studies included in the systematic review were
analyzed in the meta-analysis. For the dichotomous data,
the odds ratio (OR) was calculated for the individual stu-
dies using a random effects model according to DerSimo-
nian-Laird, and the results were plotted using forest plots.
The heterogeneity was measured by I%, which describes the
total percentage of variation among the studies that is due
to heterogeneity rather than chance. I* was calculated ac-
cording to the following formula: I* = 100% x (Q - df) /
Q, where Q is the Cochrane heterogeneity statistic. The
results of 0% represent no heterogeneity whereas higher
values represent higher heterogeneity.

A subgroup analysis was performed by considering the
type of control used (NIV wversus conventional oxygen the-
rapy). Additionally, the leave-one-out method was used to
evaluate the validity and consistency of the results of the
primary outcome. In addition, a sensitivity analysis ac-
cording to the indication of the HFNC (post-extubation
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in surgical patients, post-extubation in clinical patients,
respiratory failure in surgical patients and respiratory fai-
lure in clinical patients) was performed. The Grading of
Recommendations, Assessment, Development and Evalu-
ations (GRADE) method was used to test and report the
quality of the evidence.

Because the event size necessary for a very precise me-
ta-analysis is at least as large as that for a single optimally
powered randomized controlled trial, the optimal event
size requirement for this meta-analysis was calculated ba-
sed on an intubation rate of 20% in the control group, a
relative risk reduction of 25%, 90% power, and a type I
error of 5%. The relative risk reduction of 25% was chosen
to have adequate power to detect even a small but clini-
cally important effect. Thus, the inclusion of at least 1,262
events was necessary. A formal trial sequential analysis
(TSA; TSA software version 0.9 Beta; Copenhagen Trial
Unit, Copenhagen, Denmark) was performed using the
optimal event size to help to construct sequential moni-
toring boundaries for the meta-analysis. The boundaries
were established to limit the global type I error to 5%. As
a sensitivity assessment, a TSA considering a stricter type
I error of 1% was conducted since this more conservative
approach may be appropriate for a meta-analysis of small
trials. As an additional sensitivity analysis, two indepen-
dent TSAs were performed according to the indication of
the HFNC (post-extubation versus hypoxemic respiratory
failure).

All analyses were performed with Review Manager v.
5.1.1 and R v.3.4.2 (R Foundation for Statistical Com-
puting, Vienna, Austria). For all analyses, p values < 0.05
were considered significant.

RESULTS

Study identification

The initial search yielded 1,184 studies (678 from Pub-
Med, 16 from Web of Science, 237 from CINAHL and
253 from CENTRAL) (Figure 1). After removing dupli-
cates, the abstracts of 737 studies were evaluated, and 651
studies were excluded. Subsequently, the full text of the
remaining 86 studies was analyzed. Sixty-nine were ex-
cluded for the following reasons: not randomized clinical
trials (7 = 55); crossover design (n = 7); studies performed
during orotracheal intubation (n = 4); studies performed
during other procedures (n = 2); and studies in palliative
care (n = 1). Finally, 17 studies (3,978 patients) were in-
cluded in the systematic review (Table 1).62V

1,184 studies identified in the
databases
678 in PubMed
253 in CENTRAL
237 in CINAHL
16 in Web of Science

0 studies identified through
other methods of searching

]

737 studies after removing

duplicates

651 studies excluded after
i assessing the title and abstract

A4

86 full-text studies to

review for inclusion

69 studies excluded
55 not randomized trials
7 crossover studies
4 during intubation
2 during other procedures
1 palliative care

v

17 included studies

(3,978 participants)

Figure 1 - Study flowchart. CINAHL - Cumulative Index of Nursing and Allied Health.

Study characteristics

The study characteristics are reported in table 1. Most
of the studies were multicentric (53%) and used conven-
tional oxygen therapy in the control group (76.5%). The
number of patients in each study arm ranged from 14 to
416 participants, and the mean age of the participants was
63.9 £ 5.1 years. The primary outcomes varied according
to the studies evaluated. The risk of bias in the studies is
reported in figures 1S and 2S (Supplementary material).
Most of the studies presented a low risk of selection bias.
By contrast, none of the studies were able to blind the
participants or the team because of the nature of the in-
tervention, and only two studies blinded the evaluation of
the outcomes. For the other components assessed, most of
the studies had a low risk of bias.

Primary outcome

Thirteen studies assessed the need for intubation or
re-intubation. Two hundred and fourteen of the 1,735
patients in the HFNC group and 304 of the 1,820 pa-
tients in the control group were intubated or re-intu-
bated during follow-up (OR 0.72; 95%CI 0.52 - 1.01;
p = 0.056) (Figure 2). There was a reduction in the need
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Table 1 - Characteristics of the included studies

Studies Multicentric Control group

Number of patients .
Primary outcome

HFNC group Control group
Post-extubation in clinical patients
Hernandéz® Yes NIV 290 314 Re-intubation in 72 hours
Fernandez"® Yes Oxygen 78 77 Respiratory failure in 72 hours
Hernandéz? Yes Oxygen 264 263 Re-intubation in 72 hours
Maggiore" Yes Oxygen 53 52 Pa0, / Fi0, after 24 hours
Post-extubation in surgical patients
Brainard" No Oxygen 18 26 Pulmonary complications
Ansarit®® No Oxygen 28 31 6 m walking test
Corley"® No Oxygen 81 74 Atelectasis on chest radiography
Futier!"” Yes Oxygen 108 112 Hypoxemia
Parke"® No Oxygen 169 Al Sp0, / Fi0, on third day
Hypoxemic respiratory failure in clinical patients
Frat® Yes NIV/Oxygen 106 94/110 Need for MV in 28 days
Rittayamai”! No Oxygen 20 20 Dyspnea levels
Azevedo® No NIV 14 16 Need for intubation
Bell"® Yes Oxygen 48 52 Reduction in RR
Parke"? No Oxygen 29 27 Not specified
Jones!™ No Oxygen 165 138 Need for NIV or MV
Lemiale!™ Yes Oxygen 52 48 Need for NIV or MV
Hypoxemic respiratory failure in surgical patients
Stéphan et al.® Yes NIV 14 416 Treatment failure

HFNC - high-flow nasal cannula; NIV- noninvasive ventilation; PaO, - partial pressure of oxygen; FiO, - inspired fraction of oxygen; SpO, - pulse oximetry; MV- mechanical ventilation; RR -

respiratory rate.

for intubation (OR 0.66; 95%CI 0.45 - 0.96; p = 0.031)
but not the need for re-intubation (OR 0.71; 95%CI 0.43
- 1.18; p = 0.185). Mild heterogeneity was found in the
analysis (I* = 43%; p = 0.051), predominantly in the re-
-intubation subgroup (I* = 65%; p = 0.009 versus I* = 0%;
p = 0.799 in the intubation group) (Figure 2). The leave-
-one-out analysis confirmed the consistency of the findin-
gs as shown in figure 3S (Supplementary material).

Secondary outcomes

There was no difference in the need for therapy escala-
tion between the groups (OR 0.80; 95%CI10.59 - 1.08; p =
0.144). However, in the subgroup of patients in which the
need for intubation was assessed as the primary outcome,
there was a reduction in the need for therapy escalation
(OR 0.61; 95%CI 0.42 - 0.89; p = 0.010). The heteroge-
neity found in the analysis was also mild (I* = 40%; p =
0.055) and predominantly in the re-intubation subgroup
(I> = 50%; p = 0.050 versus I* = 0%; p = 0.576 in the in-
tubation group) (Figure 3A). Furthermore, no difference
in mortality at the longest follow-up was found (OR 0.94;
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95%CI 0.70 - 1.25; p = 0.667), and this was consistent in
the two subgroups analyzed. No heterogeneity was found
in the analysis (I* = 16%; p = 0.300) (Figure 3B). No
differences were found for hospital mortality (OR 0.84;
95%CI 0.56 - 1.26; p = 0.391), independent of the sub-
group analyzed. There was moderate heterogeneity in the
analysis (I* = 40%; p = 0.136), mainly in the intubation
subgroup (I* = 76%; p = 0.041) (Figure 3C). Finally, there
was no difference in the need for NIV between the groups
(OR 0.64; 95%CI 0.39 - 1.05; p = 0.075); however, in
the subgroup of patients in whom the need for intubation
was assessed, there was a reduction in the need for the
use of NIV (OR 0.49; 95%CI 0.30 - 0.82; p = 0.007).
The heterogeneity found in the analysis was also mild (I* =
35%; p = 0.140) and predominantly in the re-intubation
subgroup (I? = 40%; p = 0.172 versus I = 13%; p = 0.331
in the intubation group) (Figure 3D).

Subgroup analysis

The use of HENC was associated with a reduced need
of intubation only when compared to conventional oxygen
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Hernandéz 1 0.374 (0.192, 0.730) 13/264 32/263 —B—
Maggiore 0.287 (0.102, 0.808) 6/53 16/52 —
Corley 0.178 (0.008, 3.767) 0/81 2774 [
Parke a 5.119 (0.244, 107.432) 2/169 0/171 1
Stéphan 1.026 (0.6 1.521) 587414  57/416 -l
Hernandéz 2 1.247 (0.842, 1.848) 66/290 60/314 -l
Fernandez 0.707 (0.279, 1.788 9/78 12/77 L]
Subgroup Re-Intubation (1*2=65% , P=0.009) 0.711 (0.429, 1.177) 154/1349 17%/1367 -~
Jones 0.440 (0.188 030) 9/165 16/138 ——
Frat 0.643 (0.398 038) 40/106 99/204 B B
Lemiale 1,170 (0. 840) 5/52 4/48 el re—
Azevedo 1,250 ({0 L407) 6/14 6/16 NS Sl B —
Parke b 0.932 (0. 618) 0/29 0/27
Rittayamai 1.000 (0. 849) 0/20 0/20
Subgroup Intubation (1*2=0% , P=0.799) 0.657 (0. 0.963) 60/386 125/453 <5
Overall (1*2=43% , P=0.051) 0.725 (0.522, 1.008) 214/1735 304/1820 <‘::i
T T T T T T T T T T T T
001 002 004 008 017 042 073 168 42 84 168 4201 B402
Odds Ratio (log scale)

Figure 2 - Forest plot comparing the effects of high-flow nasal cannula with the control group for the primary outcome (need for intubation or re-intubation). 95%CI - 95%

confidence interval; Ev - events; Trt - treatment; Ctrl - control.

therapy (OR 0.54; 95%CI 0.39 - 0.74) but not compared
to NIV (OR 0.98; 95%CI 0.70 - 135; p for interaction =
0.010), similar to the findings for therapy escalation (OR
0.66; 95%CI 0.45 - 0.97 compared to conventional oxy-
gen therapy and OR 0.98; 95%CI 0.70 - 1.35 compared
to NIV; p for interaction = 0.045) (Table 1S - Supplemen-
tary material). No other interaction between the effect of
HFNC and the control used was found.

The use of HENC was associated with a reduced inci-
dence of the primary outcome only in the subgroup that
used HFNC due to hypoxemic respiratory failure in cli-
nical patients (OR 0.66; 95%CI 0.45 0.96; p = 0.031)
(Figure 4S - Supplementary material).

Quality of evidence and trial sequential analysis

Based on GRADE, the quality of the evidence is shown
in table 2§ (Supplementary material). For all outcomes,
the quality of evidence was assessed as moderate. A total
of 518 events were assessed, which was lower than the es-
timated optimal event size (1,262 events), and the TSA
indicated a global type I error > 5% for the meta-analysis
result (Figure 4). The same finding persisted when using
an overall type I error limit of 1% and when stratifying
according to the indication (Figures 5S and 6S - Supple-

mentary material).
DISCUSSION

The present study aimed to evaluate the effect of HFNC
on the prevention of orotracheal intubation or re-intuba-
tion in critically ill patients compared to conventional

oxygen therapy or NIV. In this group of patients, the use
of HFNC reduced the need for intubation but not for
re-intubation. Moreover, there was no difference in the
need of therapy escalation, mortality at the longest follow-
-up or hospital mortality between the groups. A secondary
analysis, in relation to the type of control used, showed
the reduction of intubation with HFNC only when com-
pared with conventional oxygen therapy. The TSA did not
achieve the boundaries for efficacy.

Recent studies have examined the use of an HFNC
in patients with acute hypoxemic respiratory failure by
observing its physiological effects. One study showed a
decrease in respiratory work during breathing, with im-
provements in oxygenation, increases in lung volumes and
compliance, and a reduction of carbon dioxide (CO,) le-
vels due to the reduction of anatomical dead space and
increase of pulmonary ventilation with the use of HFNC.
@ In patients with hypoxemic respiratory failure after ex-
tubation, the use of HFNC is associated with a decrease
in the re-intubation rate, particularly when compared to
conventional oxygen therapy. Therefore, the use of HFNC
may be a safe alternative in the control of post-extubation
respiratory failure and in situations where NIV is con-
traindicated or not tolerated.®

A recent meta-analysis reported a decrease in the rate
of intubation with the HFNC compared to conventional
oxygen therapy; however, the rate was similar compared to
NIV.@% Other explanations for the success of the HFNC
in this situation might be the adequacy of the minute ven-
tilation and the maintenance of the constant oxygenation

Rev Bras Ter Intensiva. 2018;30(4):487-495
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A Studies Eatimate (95% C.I.) Ewvw/Trt Ev/Ctrl
Hemandéz 1 0.374 (0.192, 0.730) 13/264 32/263 ——
Magglore 0.767 (0.194, 3.033)  4/53 5/52 —
Corley 0.178 (0.008, 3.767) 0/81 2/74
Parke 2 5.119 (0.244, 107.432) 2/169 0/171
Stéphan 1.026 (0.6%2, 1.521) 58/414 57/416
Hernandéz 2 1,247 (0.842, 1.848) 66/290 60/314
Futier 1.591 (0.758, 3.338) 20/108 147112
Fernandez 0.707 (0.279, 1.788) 9/78 12/
Subgroup Re-Intubation (1*2=50% , P=0.050) ©0.911 (0.613, 1.354) 172/1457 182/1479
Jones 0.440 (0.188, 1.030)  9/165  16/138
Frat 0.643 (0.398, 1.038) 404106  99/204
Lemiale 1.170 {0.295, 4.540)  5/%2 4748
Azevedo 1.250 (0.289, 5.407) 6/14 6/16
Parke b 0.932 (0,018, 48,618)  0/29 027
Rittayamal 1.000 (0.019, 52.849)  0/20 0/20 .
Bell 0.183 (0.038, 0.882)  2/48 10/52 S =
Subgroup Intubation (1*2=0% , P=0.576) 0.612 (0.422, 0.887) 62/434 135/505 ~=
Overall (1%2=40% , P=0.055) 0.796 (0.588, 1.081) 234/1891 317/1984 "C:“
I 1 — ' —r— T T T T T
a0t 002 004 008 07 42 08 188 47 B4 WE 4201 sa02
Odds Ratio (log scale)
B Studies Estimate (95% €.I.) Ev/Trt  Ev/Ctrl :
Hemandéz 1 0.757 (0.326, 1.758) 107284 13/263 B e
Futier 0.686 (0.112, 4.185)  2/108 3/112 .
Hemandéz 2 1.177 (0.784, 1.767) 59/280 56/314 ——
Maggiore 1.200 (0.343, 4.204) 5/53 5/82 L

Parke a 1.012 (0.063, 16.311) 1/189 1/171
Stéphan 1.23% (0.702, 2.190) 28/414 23/416
Femandez 0.985 (0.412, 2.352}) 12/78 12777

S

Subgroup Re-Intubation (1*2=0% , P=0.967) 1.100 (0.833, 1.453) 118/1376 113/1405

Jones 1.155 (0.512, 2.603) 15/185 11/138
Frat 0.383 (0.1%4, 0.755) 12/106 51/204
Subgroup Intubation (I*2=76% , P=0.041)  0.84% (0.220, 1.913) 27/27T1 62/342

Overall (I*2=16% , P=0.300) 0.93%9 (0.705, 1.250) 145/1647 175/1747
| T T T ]
ocs 013 o 063 a8 126 314 [ ¥ pra-)

Qdds Ratio (log scale)
c Studies Estimate (95% C.I.) Ew/Trt Ev/Ctrl

Hernandéz 1 0.757 (0.326, 1.758) 10/264 13/263

Futier 0.686 (0.112, 4.185) 2/108 37112

Hernandéz 2 1,177 {0.784, 1.767) 597230  56/314

Femandez 0.985 (0.412, 2.352) 12/78 12/77

Subgroup Re-Intubation (1*2=0% , P=0.774) 1.052 (0.755, 1.465) 83/740 B4/766

Jones 1.155 (0.512, 2.603) 157165 11/138
Frat 0,383 (0.194, 0.765) 127108 51/204
Subgroup Intubation (1*2=76% , P=0.041}  0.649 (0.220, 1.913) 27/271 62/342

Overall (I*2=40% , P=0.136) 0.837 (0.558, 1.256) 110/1011 145/1108
r T 1
on 022 056 084 112 225 418

Qdds Ratio (log scale)
D  studies Estimate (25% C.I.) Ev/Trt Ev/Ctrl

Maggiore 0.216 (0.043, 1.069) 2/53 8/52 '] :

Corley 1.385 ({0.225, 8.528) 3/81 /74 + -

Parke a 1.868 (0.613, 5.693) 9/169  5/171 :

Femandez 0.797 (0.322, 1.970) 10778 12777

Subgroup Re-Intubation (1*2=40% , P=0.172) 0.873 (0.382, 1.3%3) 24/381 27/304

Jones 0.464 (0.229, 0.940) 14/165 23/138
Frat 0.398 (0,153, 0.819) 14/106 26/9%4
Lemiale 1.957 (0.461, 8.304) &/52 348
Parke b 0.274 {0.064, 1.172) 3/29 B/27
Rittayamai 1.000 {0.019, 52.849) 0/20 o/z0

Subgroup Intubation (1*2=13% , P=0.331) 0.483 (0.296, 0.822) 37/372 60/327

Overall (12=35% , P=0.140) 0.643 (0.395, 1.046) 61/753 B87/701 -::::s

[ T T Tt T T T T ™
o2 a0d 000 010 038 DG4085 180 AT nds 180 aTed
Odds Ratio (lag scala)

Figure 3 - Forest plot comparing the effects of high-flow nasal cannula with the control group for: (A) need for therapy escalation; (B) mortality
at the longest follow-up; (C) hospital mortality; and (D) need for noninvasive ventilation. 95%C - 95% confidence interval; Ev - events; Trt - treatment; Ctrl - control.
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Figure 4 - Trial sequential analysis assessing the effect of high-flow nasal cannula in the primary outcome. The cumulative meta-analysis with 518 events (blue line) did
not cross the efficacy boundary for the primary outcome (global type | error > 5%; purple line). The same was found when a more conservative boundary was used (red

line). HENC - high-flow nasal cannula.

by the high nasal flow, which reduces the respiratory work
of breathing, improves the abdominal thoracic synchrony
and avoids intubation in patients with acute respiratory
failure. Another point raised by the study was the decrease
of CO, levels and the decrease of anatomical dead space,
which may have contributed to the reduction in the rate
of intubation compared to conventional oxygen therapy.
However, there was no decrease in ICU mortality with
HENC compared to the control.?? In another published
meta-analysis, a decrease in the rate of intubation and in
the escalation of respiratory support was reported with the
use of the HFNC. Regarding mortality, there was no sig-
nificant difference between the group that used HFNC
and the group managed with NIV or conventional oxygen
therapy.®” Finally, Lin et al. confirmed the findings of the
reduction in intubation rate with the use of the HENC in
patients with hypoxemic respiratory failure in comparison
to controls in a meta-analysis.*® In general, these meta-
-analyses considered fewer studies and fewer conditions
of use for the HFNC than the meta-analysis presented in
this study.

Among other relevant aspects that differentiate this
study from other meta-analyses is the analysis of the re-
sults by subgroups, in which the outcomes are compared

to the type of control; the use of the “leave-one-out” me-
thod to evaluate the consistency of the results; and the use
of GRADE to report the quality of the evidence included
in this meta-analysis.

The results of this meta-analysis should be interpreted
within the context of the included studies since systema-
tic reviews are subject to the overall quality of the studies
and publication biases may occur. Still, most of the studies
present some risk of bias and were single center, which
reduces the external validity of the findings. The presence
of heterogeneity in some analyses and the weight of some
studies in some evaluations may have influenced the pre-
sent findings. The fact that most of the outcomes were
reported only in some studies, and not in all included stu-
dies, is another limitation. In fact, unreported outcomes
may lead to overestimation of the effects in a meta-analy-
sis.?” Furthermore, funnel plots were not used to evaluate
the publication bias of the analyses. In general, in situa-
tions with some degree of heterogeneity, as in the included
analyses, funnel plots add little information.®® Methods
such as Egger’s regression or Begg’s test also suffer from
low power in situations where few studies are included,
with assessments suggesting that at least 30 studies are re-
quired to yield adequate power for these methods.**”
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CONCLUSION

In the present systematic review and meta-analysis, hi-
gh-flow nasal cannula was not associated with a reduction
in the need for intubation or re-intubation in critically
ill patients. However, the use of high-flow nasal cannula
was associated with a reduction in the need for intubation
compared to conventional oxygen therapy. Finally, as su-
ggested by the results of the trial sequential analysis, the
present meta-analysis is underpowered to drawn definitive
conclusions.
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RESUMO

Objetivo: Avaliar a eficicia do cateter nasal de alto fluxo na
prevencdo de intubagido e reintubagio de pacientes criticos em
comparagio com oxigenoterapia convencional ou ventilagio nao
invasiva.

Métodos: Esta revisio sistemdtica foi realizada por meio de
busca eletronica em bancos de dados incluindo trabalhos pu-
blicados entre 1966 e abril de 2018. O desfecho primério foi a
necessidade de intubacio ou reintubagio. Os desfechos secundd-
rios foram escalonamento de terapia, mortalidade no seguimento
mais longo, mortalidade hospitalar e necessidade de ventilagio
nio invasiva.

Resultados: Dezessete estudos com 3.978 pacientes foram
incluidos. Nao houve reducio na necessidade de intuba¢io ou

reintubagio (OR 0,72; 1C95% 0,52 — 1,01; p = 0,056). Nao hou-
ve diferenca no escalonamento de terapia (OR 0,80; IC95% 0,59
— 1,08; p = 0,144), na mortalidade no seguimento mais longo
(OR 0,94; 1C95% 0,70 — 1,25; p = 0,667), na mortalidade hospi-
talar (OR 0,84; 1C95% 0,56 — 1,26; p = 0,391) ou na necessidade
de ventilagio nao invasiva (OR 0,64; IC95% 0,39 — 1,05, p =
0,075). Na andlise sequencial de ensaios, o niimero de eventos
incluidos foi menor que o tamanho étimo de informagio, com
erro tipo I global > 0,05.

Conclusao: No presente estudo e no cendrio avaliado, o cate-
ter nasal de alto fluxo nio foi associado com redugio na necessida-
de de intubagio ou reintuba¢io em pacientes criticos.

Descritores: Cateteres; Oxigenoterapia; Ventilagio nao in-
vasiva; Intubacio intratraqueal

REFERENCES

1. Wattier BA, Ward JJ. High-flow nasal cannula oxygen in critically ill adults: do
the nose or lungs know there’s a difference? Respir Care. 2011;56(3):355-8.

2. Nishimura M. High-flow nasal cannula oxygen therapy in adults: physiological
benefits, indication, clinical benefits, and adverse effects. Respir Care.
2016;61(4):529-41.

3.Dres M, Demoule A. What every intensivist should know about using
high-flow nasal oxygen for critically ill patients. Rev Bras Ter Intensiva.
2017;29(4):399-403.

4. Schwabbauer N, Berg B, Blumenstock G, Haap M, Hetzel J, Riessen R.
Nasal high-flow oxygen therapy in patients with hypoxic respiratory failure:
effect on functional and subjective respiratory parameters compared to
conventional oxygen therapy and non-invasive ventilation (NIV). BMC
Anesthesiol. 2014;14:66.

5. Stéphan F, Barrucand B, Petit P Rézaiguia-Delclaux S, Médard A, Delannoy
B, Cosserant B, Flicoteaux G, Imbert A, Pilorge C, Bérard L; BiPOP Study
Group. High-flow nasal oxygen vs noninvasive positive airway pressure in
hypoxemic patients after cardiothoracic surgery: a randomized clinical trial.
JAMA. 2015;313(23):2331-9.

6. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, Prat G, Boulain
T, Morawiec E, Cottereau A, Devaquet J, Nseir S, Razazi K, Mira JP,
Argaud L, Chakarian JC, Ricard JD, Wittebole X, Chevalier S, Herbland
A, Fartoukh M, Constantin JM, Tonnelier JM, Pierrot M, Mathonnet
A, Béduneau G, Delétage-Métreau C, Richard JC, Brochard L, Robert

Rev Bras Ter Intensiva. 2018;30(4):487-495

R; FLORALI Study Group; REVA Network. High-flow oxygen through
nasal cannula in acute hypoxemic respiratory failure. N Engl J Med.
2015;372(23):2185-96.

7.Rittayamai N, Tscheikuna J, Rujiwit P. High-flow nasal cannula versus
conventional oxygen therapy after endotracheal extubation: a
randomized crossover physiologic study. Respir Care. 2014;59(4):485-
90.

8. Herndndez G, Vaquero C, Colinas L, Cuena R, Gonzélez P, Canabal A,
et al. Effect of postextubation high-flow nasal cannula vs noninvasive
ventilation on reintubation and postextubation respiratory failure in high-
risk patients: a randomized clinical trial. JAMA. 2016;316(15):1565-74.

9. Azevedo JR, Montenegro WS, Leitao AL, Silva MM, Prazeres JS,
Maranhao JP High flow nasal cannula oxygen (HFNC) versus noninvasive
positive pressure ventilation (NIPPV) in acute hypoxemic respiratory
failure. A pilot randomized controlled trial. Intensive Care Med Exp.
2015;3(Suppl 1):A166.

10.Bell N, Hutchinson CL, Green TC, Rogan E, Bein KJ, Dinh MM.
Randomised control trial of humidified high flow nasal cannulae versus
standard oxygen in the emergency department. Emerg Med Australas.
2015;27(6):537-41.

11. Brainard J, Scott BK, Sullivan BL, Fernandez-Bustamante A, Piccoli JR,
Gebbink MG, et al. Heated humidified high-flow nasal cannula oxygen
after thoracic surgery. A randomized prospective clinical pilot trial. J Crit
Care. 2017;40:225-8.

12.Parke RL, McGuinness SP Eccleston ML. A preliminary randomized



The effects of high-flow nasal cannula on intubation and re-intubation in critically ill patients 495

controlled trial to assess effectiveness of nasal high-flow oxygen in
intensive care patients. Respir Care. 2011;56(3):267-70.

13.Jones PG, Kamona S, Doran O, Sawtell F, Wilsher M. Randomized
controlled trial of humidified high-flow nasal oxygen for acute respiratory
distress in the emergency department: the HOT-ER study. Respir Care.
2016;61(3):291-9.

14.Lemiale V, Mokart D, Mayaux J, Lambert J, Rabbat A, Demoule A,
et al. The effects of a 2-h trial of high-flow oxygen by nasal cannula
versus Venturi mask in immunocompromised patients with hypoxemic
acute respiratory failure: a multicenter randomized trial. Crit Care.
2015;19:380.

15. Ansari BM, Hogan MP, Collier TJ, Baddeley RA, Scarci M, Coonar AS, et
al. A randomized controlled trial of high flow nasal oxygen (Optiflow) as
part of an enhanced recovery program after lung resection surgery. Ann
Thorac Surg. 2016;101(2):459-64.

16. Corley A, Bull T, Spooner AJ, Barnett AG, Fraser JF. Direct extubation
onto high-flow nasal cannulae post-cardiac surgery versus standard
treatment in patients with a BMI > 30: a randomised controlled trial.
Intensive Care Med. 2015;41(5):887-94.

17. Futier E, Paugam-Burtz C, Constantin JM, Pereira B, Jaber S. The OPERA
trial - comparison of early nasal high flow oxygen therapy with standard
care for prevention of postoperative hypoxemia after abdominal surgery:
study protocol for a multicenter randomized controlled trial. Trials.
2013;14:341.

18. Parke R, McGuinness S, Dixon R, Jull A. Open-label, phase Il study of
routine high-flow nasal oxygen therapy in cardiac surgical patients. Br J
Anaesth. 2013;111(6):925-31.

19. Fernandez R, Subira C, Frutos-Vivar F, Rialp G, Laborda C, Masclans JR, et
al. High-flow nasal cannula to prevent postextubation respiratory failure
in high-risk non-hypercapnic patients: a randomized multicenter trial. Ann
Intensive Care. 2017;7(1):47.

20. Hernéndez G, Vaquero C, Gonzales P Subira C, Frutos-Vivar F, Rialp G, et al.
Effect of postextubation high-flow nasal cannula vs conventional oxygen

therapy on reintubation in low-risk patients: a randomized clinical trial.
JAMA. 2016;315(13):1354-61.

21. Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antonicelli F, et
al. Nasal high-flow versus Venturi mask oxygen therapy after extubation.
Effects on oxygenation, comfort, and clinical outcome. Am J Respir Crit
Care Med. 2014;190(3):282-8.

22. Mauri T, Turrini C, Eronia N, Grasselli G, Volta CA, Bellani G, et al. Physiologic
effects of high-flow nasal cannula in acute hypoxemic respiratory failure.
Am J Respir Crit Care Med. 2017;195(9):1207-15.

23.Mauri T, Grasselli G, Jaber S. Respiratory support after extubation:
noninvasive ventilation or high-flow nasal cannula, as appropriate. Ann
Intensive Care. 2017;7(1):52.

24.Ni YN, Luo J, Yu H, Liu B, Ni Z, Cheng J, et al. Can high-flow nasal cannula
reduce the rate of endotracheal intubation in adult patients with acute
respiratory failure compared with conventional oxygen therapy and
noninvasive positive pressure ventilation? A systematic review and meta-
analysis. Chest. 2017;151(4):764-75.

25.Zhao H, Wang H, Sun F, Lyu S, An Y. High-flow nasal cannula oxygen
therapy is superior to conventional oxygen therapy but not to noninvasive
mechanical ventilation on intubation rate: a systematic review and meta-
analysis. Crit Care. 2017;21(1):184.

26. Lin SM, Liu KX, Lin ZH, Lin PH. Does high-flow nasal cannula oxygen
improve outcome in acute hypoxemic respiratory failure? A systematic
review and meta-analysis. Respir Med. 2017;131:58-64.

27. Furukawa TA, Watanabe N, Omori IM, Montori VM, Guyatt GH. Association
between unreported outcomes and effect size estimates in Cochrane
meta-analyses. JAMA. 2007;297(5):468-70.

28. Lau J, loannidis JP. Terrin N, Schmid CH, Olkin I. The case of the misleading
funnel plot. BMJ. 2006;333(7568):597-600.

29. Macaskill P Walter SD, Irwig L. A comparison of methods to detect
publication bias in meta-analysis. Stat Med. 2001;20(4):641-54.

Rev Bras Ter Intensiva. 2018;30(4):487-495



	_Hlk530751667
	_Hlk530751751
	_Hlk530752640
	_Hlk533015404

