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Abstract
Purpose: We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) to evaluate the effect of
high-flow nasal cannula (HFNC) on reintubation in adult patients. Procedures: Ovid Medline, Embase, and Cochrane Database of
Systematic Reviews were searched up to November 1, 2016, for RCTs comparing HFNC versus conventional oxygen therapy
(COT) or noninvasive ventilation (NIV) in adult patients after extubation. The primary outcome was reintubation rate, and the
secondary outcomes included complications, tolerance and comfort, time to reintubation, length of stay, and mortality.
Dichotomous outcomes were presented as risk ratio (RR) with 95% confidence intervals (CIs) and continuous outcomes as
weighted mean difference and 95% CIs. The random effects model was used for data pooling. Findings: Seven RCTs involving
2781 patients were included in the analysis. The HFNC had a similar reintubation rate compared to either COT (RR, 0.58; 95% CI,
0.21-1.60; P¼ .29; 5 RCTs, n ¼ 1347) or NIV (RR, 1.11; 95% CI, 0.88-1.40; P¼ .37; 2 RCTs, n ¼ 1434). In subgroup of critically ill
patients, the HFNC group had a significantly lower reintubation rate compared to the COT group (RR, 0.35; 95% CI, 0.19-0.64;
P¼ .0007; 2 RCTs, n ¼ 632; interaction P¼ .07 compared to postoperative subgroup). Qualitative analysis suggested that HFNC
might be associated with less complications and improved patient’s tolerance and comfort. The HFNC might not delay reintu-
bation. Trial sequential analysis on the primary outcome showed that required information size was not reached. Conclusion:
The evidence suggests that COT may still be the first-line therapy in postoperative patients without acute respiratory failure.
However, in critically ill patients, HFNC may be a potential alternative respiratory support to COT and NIV, with the latter often
associating with patient intolerance and requiring a monitored setting. Because required information size was not reached, further
high-quality studies are required to confirm these results.
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Introduction

In adult patients after weaning and extubation, reintubation rate
is approximately 10% to 20% and is associated with poor out-
comes.1 Because hypoxemia is one of the major causes of
extubation failure, almost allpatients receive oxygen com-
monly provided via nasal cannula, simple or Venturi face
mask, which is referred to asconventional oxygen therapy
(COT).2,3 Nevertheless, COT might be sometimes inadequate,
especially in patients with acute respiratory failure (ARF)
demanding high inspiratory flow.4,5 In these cases, noninvasive
ventilation (NIV) is often applied. Although studies have
shown that, compared to COT, the application of NIV could
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score (Figure 3). Using GRADE methodology, we assessed
evidence for pooled data for reintubation rate in HFNC versus
COT and HFNC versus NIV to be low and high, respectively
(Table 3).

Reintubation Rate
Reintubation rate was reported as the primary outcome in 3
RCTs65-67and as the secondary outcome in 4 RCTs.64,68-70Five
RCTs compared HFNC to COT,64,66,68-70and no significant
difference was found in reintubation rate overall (n¼ 13 47;P
¼ .29; I2 ¼ 58%; RR, 0.58; 95% CI, 0.21-1.60; Figure 4A).
Subgroup analysis in critically ill patients66,69found that HFNC
significantly decreased reintubation rate compared to COT (n¼
632;P ¼ .0007;I2 ¼ 4%; RR, 0.35; 95% CI, 0.19-0.64), while in

Figure 2. Summary of risk of bias. Green circles indicate low risk of
bias and yellow circles indicate unclear risk of bias.

Figure 3. Overall risk of bias using the Cochrane risk of bias tool.
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the subgroup of postoperative patients,64,68,70reintubation rate
was similar in the 2 groups (n¼ 715;P ¼ .61; I2 ¼ 23%; RR,
1.44; 95% CI, 0.35-5.86; interactionP ¼ .07). Results were
similar if the outcome was expanded to include reintubation or
need for NIV with lower rates in HFNC-treated patients only in
the subgroup of critically ill patients (P ¼ .0001) and not in the
postoperative patient subgroup (P ¼ .12) with significant differ-
ences between subgroups (interactionP < .001; Figure 5). Two
RCTs compared HFNC with NIV, in critically ill65 and post-
operative patients.67 No significant difference was found in rein-
tubation rate overall (n¼ 1434;P ¼ .37; I2 ¼ 0%; RR, 1.11;

95% CI, 0.88-1.40) or between the 2 subgroups (interactionP ¼
.52; Figure 4B). The TSA showed that the cumulative Z curves
did not cross any of the boundaries and reached the required
information size, so evidence was insufficient for drawing a
conclusion.

Complications, Tolerance, and Comfort
Complications were reported using different measures in 4 trials,
2 each comparing HFNC with COT66,69and NIV.65,67Hernandez
et al reported that nonasal mucosa or skin trauma was found in the

Figure 4. Forest plot comparing reintubation rate after extubation in high-flow nasal cannula (HFNC) versus conventional oxygen therapy
(COT;A) and in HFNC versus noninvasive ventilation (NIV; B). Including only the postoperative cardiac surgery trials (Parke et al70 and Corley
et al68) change the post-operative pooled RR from 1.44 (95% CI: 0.36-5.81, P¼ .61; I2¼22%) to 0.96 (95% CI: 0.04-24.84, P¼ .98; I2 ¼ 57%) and
the postoperative versus critically ill subgroup interaction Pvalue from .07 to .55.
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HFNC group in both low-risk (HFNC vs COT) and high-risk
(HFNC vs NIV) patients.65,66 Stéphan et al67 found that, com-
pared to NIV, HFNC decreased the trend in skin breakdown
(7.9% vs 14.2%; P ¼ .05) in cardiothoracic patients with ARF.
When compared to Venturi mask, Maggiore et al69found a lower
rate of interface displacement (32%vs 56%, P ¼.01) and oxygen
desaturation (40% vs 75%, P < .001) in the HFNC group.

Tolerance and comfort were reported in 5 trials, 3 in HFNC
versus COT64,66,69and 2 in HFNC versus NIV.65,67Compara-
ble tolerance and comfort was found in 3 trials.65,67,69Hernan-
dez et al65 found that in high-risk patients, all patients in the
HFNC group tolerated HFNC, but 42.9% patients in the NIV
group discontinued NIV for 25% or more of the per-protocol
time. When compared to Venturi mask, lower interface-related
discomfort scores (rated on 0-10 scales; mean [standard devia-
tion]: 2.6 [2.2] vs 5.1 [3.3],P ¼ .006) and airway dryness
scores (2.2 [1.8] vs 3.7 [2.4],P ¼ .002) at 24 hourswere found

to be lower in the HFNC group.69

Time to Reintubation
Two trials reported time to reintubation, and no significant
difference was found in either HFNC versus COT (median
[interquartile range]: 19 [12-28] vs 15 [9-31] hours,P ¼ .10)
66 or HFNC versus NIV (26.5 [14-39] vs 21.5 [10-47] hours;
absolute difference,þ 5 hours; 95% CI, � 24 to 34 hours).65

Length of Stay and Mortality
All included trials reported LOS. For ICU LOS, no significant
difference was found in either HFNC versus COT64,66,68-70or
HFNC versus NIV65,67 (Figure 6). There was no significant

difference in the overall pooled HFNC versus COT results
between subgroup analysis in critically ill and postoperative
patients (interactionP ¼ .83). The 1 RCT in critically ill
patients65 suggested a 1-day decrease in ICU LOS in HFNC
versus NIV (P ¼ .006), but the other RCT in high-risk post-
operative patients67 showed no difference (P > .999) so that a
statistical difference was found between subgroups (interaction
P ¼ .04).

For hospital LOS (Figure 7), there was no significant dif-
ference in HFNC versus COT (P ¼ .23),64,66,70while a trend
to decreased hospital LOS was suggested in HFNC versus
NIV (n ¼ 1434; I2 ¼ 23%; P ¼ .08; MD, � 1.42 days; 95%
CI, � 3.01 to þ 0.18 days).65,67 The overall pooled results
between subgroups were not statistically different (interaction
P ¼ 0.11 [HFNC vs COT] and 0.26 [HFNC vs NIV]). Mor-
tality (ICU and/or hospital) was reported by a limited number
of RCTs and was similar regardless of comparison (Figures 8
and 9).

Discussion

The present systematic review and meta-analysis specifically
focused on the effect of HFNC on reintubation in adult patients
after extubation and yielded 3 major findings. First, compared
to COT, HFNC may reduce reintubation (or reintubation plus
NIV) rates in critically ill patients but not in postoperative
patients. Second, while HFNC demonstrates similar reintuba-
tion rate compared to NIV, HFNC results potentially in less
complications and better patient tolerance and comfort. Third,
limited available RCT data suggest that HFNC does not
increase the risk of delayed reintubation.

Figure 5. Forest plot comparing the overall rate of reintubation and need for noninvasive ventilation (NIV) after extubation between high-flow
nasal cannula (HFNC) and conventional oxygen therapy (COT). Including only the postoperative cardiac surgery trials (Parke et al70 and Corley
et al68) change the postoperative pooled risk ratio (RR) from 1.49 (95% confidence interval [CI]: 0.90-2.47, P¼ .12; I2 ¼ 0%) to 1.39 (95% CI:
0.45-4.31, P¼ .57; I2 ¼ 40%) and the postoperative versus critically ill subgroup interaction Pvalue from <.0001 to .03.
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Theoretically, HFNC may favor successful extubation in
several ways, including generation of flow-dependent positive
end-expiratory pressure, delivery of a more reliable inspired
oxygen concentration, and more efficient humidification and
heating.60,63,71-77However, given the additional equipment and
staff resources required, one would like to be able to identify
which patients are most likely to benefit from this technique
after extubation. The 5 RCTs comparing HFNC with COT
were stratified as postoperative (either cardiothoracic68,70 or
major abdominal64) and critically ill.66,69 Patients undergoing
intrathoracic or abdominal surgerywere pooled because both

are at risk of postoperative pulmonary complications.78-80 In
addition, a meta-analysis by Neto et al suggested that the total

incidence of postoperative lung injury was similar for abdom-
inal and thoracic surgery (3.4% versus 4.3%, P ¼ .2).79 In all
postoperative trials, durations of mechanical ventilation were
short, and reintubation rates were very low (0%-3.5%; Table 1),
suggesting minimalopportunity for further improvement in
reintubation. In contrast, the 2 RCTs enrolling critically ill
patients had higher control group reintubation rates (12%66 and
21%69), and the application of HFNC postextubation signifi-
cantly reduced reintubation when compared to COT. Our anal-
ysis suggested that, for postoperative patients without ARF
receiving short-term mechanical ventilation, COT might still
be the first-line oxygen therapy strategy after extubation,
whereas for critically ill patients who were mechanically

Figure 6. Forest plot comparing the intensive care unit (ICU) length of stay in high-flow nasal cannula (HFNC) versus conventional oxygen
therapy (COT; A) and in HFNC versus noninvasive ventilation (NIV; B).
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ventilated due to ARF for a relatively longer time prior to
extubation and at higher risk of reintubation, HFNC might be
a potential alternative to COT. Future studies should focus
more on patient populations, including postoperative patients,
at higher risk of reintubation.

Studies have suggested that prophylactic NIV appear inef-
fective in low-risk patients,81 whereas other investigations in
high-risk patients show that the use of NIV could avoid reintu-
bation and improve outcomes.6,7,10,82 However, the major
obstacle in the application of NIV lies in patient tolerance and
staff workload.8-11 The HFNC may address some of these
issues. In the 2 included trials in the present analysis, HFNC
was compared to NIV by the noninferiority design in critically

ill 65 or cardiothoracic surgery67 patients at high-risk of extu-
bation failure. Our pooled results showed that HFNC was sim-
ilar to NIV for preventing extubation failure, which suggests
that HFNC could be used as an alternative respiratory support
to NIV in high-risk patients. The potential advantages of HFNC
over NIV include fewer complications and better tolerance and
comfort. However, complications and tolerance were not
reported uniformly in these studies.65,67These are also impor-
tant topics for the future confirmatory studies.

One safety concern relating to the use of HFNC after extu-
bation is the possibility of reintubation delay. One retrospective
study suggested that failure of HFNC might result in delayed
intubation and worse outcomes in patients with ARF.33 Similar

Figure 7. Forest plot comparing the hospital length of stay in high-flow nasal cannula (HFNC) versus conventional oxygen therapy (COT; A) and
in HFNC versus noninvasive ventilation (NIV; B).
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