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BACKGROUND: High-flow nasal cannula (HFNC) oxygen therapy is widely used in extubated

patients. We aim to evaluate the effect of HFNC compared with conventional oxygen therapy in

adults after cardiothoracic surgery. METHODS: We conducted a literature search in PubMed,

Embase, and ClinicalTrials for randomized controlled trials that compared HFNC with con-

ventional oxygen therapy in extubated patients after cardiothoracic surgery. RESULTS: Eight

studies with 1,086 subjects were included. Compared with conventional oxygen therapy, HFNC

was associated with a significant reduction in the need for escalation of respiratory support (risk

ratio 0.40, 95% CI 0.26–0.61, P < .001), re-intubation rate (risk ratio 0.35, 95% CI 0.13–0.96,

P 5 .04), and length of hospital stay (mean difference –0.48, 95% CI –0.95 to –0.01, P 5 .05).

No significant differences were found for the length of ICU stay (mean difference –0.09, 95% CI

–0.21 to –0.04, P 5 .18), pulmonary complications (risk ratio 0.85, 95% CI 0.48–1.48, P 5 .56),

or mortality rate (risk ratio 0.54, 95% CI 0.12–2.53, P 5 .44). CONCLUSIONS: HFNC may sig-

nificantly reduce the need for the escalation of respiratory support and re-intubation rate, and

might reduce the hospital stay. More high-quality randomized controlled trials are needed to

further validate our results. Key words: cardiothoracic surgery; high-flow nasal cannula; oxygen
therapy; respiratory support. [Respir Care 2020;65(11):1730–1737. © 2020 Daedalus Enterprises]

Introduction

More than 1.5 million cardiothoracic surgeries worldwide

require mechanical ventilation and extubation every year.1

Oxygen therapy after extubation is often needed to maintain

oxygenation in the postoperative period. Conventional oxy-

gen therapy delivers a low flow of oxygen through a nasal

cannula or face mask. However, after cardiothoracic surgery,

patients usually have atelectasis and pleural effusions, which

make them prone to pulmonary complications and respiratory

failure.2 These complications are associated with increased

morbidity and mortality, prolonged hospital stay, and higher

costs.3 The maximum flow delivered by conventional oxygen

therapy devices is limited. As an alternative to conventional

oxygen therapy, high-flow nasal cannula (HFNC) oxygen

therapy has been increasingly studied.4,5

HFNC is a technique that delivers heated and humidified

oxygen through nasal cannulae.6 At the air/oxygen blender,

FIO2
is set at 0.21–1.0 at a flow of up to 60 L/min.

Compared with conventional oxygen therapy, HFNC can

provide a high fraction of inspired oxygen to improve oxy-

genation and produces PEEP dependent on the flow to

counteract auto-PEEP, preventing supraglottic collapse,

reducing nasopharyngeal /resistance, and reducing the

work of breathing.7

HFNC is increasingly being used after extubation for sur-

gical and nonsurgical patients for the prevention and treat-

ment of respiratory failure.8,9 After cardiothoracic surgery,

patients are usually sent to the ICU to continue receiving

invasive mechanical ventilation for a period of time. When

patients meet the requirements for extubation, the best
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choice of oxygen therapy among the various oxygen ther-

apy devices is a matter of debate.10 Therefore, we per-

formed a systematic review and meta-analysis to identify

the latest evidence for clinical practice.

Methods

This meta-analysis was conducted in adherence to the

Cochrane Handbook for Systematic Reviews and Preferred

Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) statement.11 Each included clinical

trial was approved by the corresponding institutional ethical

committee. Written informed consent was provided by the

participants of each study.

Search Strategy

We searched PubMed, Embase, and ClinicalTrials from

inception to November 2019 using search strategies

adapted to each database, including Medical Subject

Headings (MeSH) and key words (ie, “high-flow nasal can-

nula oxygen,” “high-flow oxygen therapy,” “high-flow

nasal therapy,” “humidified high-flow nasal cannula,” “tho-

racic surgery,” “thoracic surgical procedures,” “pulmonary

surgical procedures,” and “pneumonectomy”) without limi-

tations on publication type or language. We also reviewed

the references of relevant studies to identify additional suit-

able articles. Two investigators (YW, DH) independently

screened the titles and abstracts using relevant, irrelevant,

or unsure designations. Disagreements were resolved by

discussion with a third investigator (ZL).

HFNC oxygen therapy was defined as using the heated

humidifier device and nasal cannula to deliver oxygen.

Conventional oxygen therapy was defined as oxygen delivery

using low-flow devices such as nasal cannulae or masks.

Eligible studies were identified according to the following

inclusion criteria: (1) randomized controlled trials, (2) adult

subjects undergoing cardiothoracic surgery, (3) comparisons

of HFNC with conventional oxygen therapy after extubation,

and (4) inclusion of at least one of the predetermined out-

comes. We excluded observational studies and studies pub-

lished as reviews, letters, case reports or conference abstracts.

Outcomes

The primary outcome was the escalation of respiratory

support, defined as the change to noninvasive ventilation or

invasive mechanical ventilation in the HFNC group and the

change to noninvasive ventilation, HFNC, or invasive me-

chanical ventilation in the conventional oxygen therapy

group. Secondary outcomes were re-intubation rate, length

of ICU stay, length of hospital stay, pulmonary complica-

tions including postoperative pneumonia and atelectasis,

and mortality rate.

Quality Assessment

The quality of the included studies was assessed with the

Cochrane Risk of Bias Tool for Randomized Controlled

Trials and rated as low risk, unclear risk, or high risk.12

Studies were evaluated according to the following domains:

blinding of participants and personnel, random sequence

generation, allocation concealment, incomplete outcome

data, blinding for outcome assessment, selective outcome

reporting, and other sources of bias.

Statistical Analysis

Studies were tested for heterogeneity using the I2 statis-
tic, and an I2 value> 50% indicated substantial heterogene-

ity.13 We used fixed-effects models to pool data with

insignificant heterogeneity and random-effects models

when significant heterogeneity was identified. We also car-

ried out sensitivity analysis by excluding one trial in each

turn to test the influence of a single study on the overall

pooled estimate.

We undertook this meta-analysis using Review Manager

5.3 (Cochrane Collaboration, Oxford, United Kingdom).

The data were obtained by direct extraction or by indirect

calculation. Dichotomous outcomes were presented as risk

ratios and 95% CIs. Continuous outcomes were presented

as mean differences and 95% CIs. For studies reporting

medians with accompanying interquartile ranges (IQRs)

or ranges, we estimated the mean and SD prior to data

analysis.14,15 The results were displayed graphically

using forest plots, and the potential publication bias was

analyzed by visual inspection of the funnel plot. All sta-

tistical tests were 2-sided, and statistical significance

was defined as a P < .05.

Results

Study Selection

A total of 663 articles were identified through the data-

base searching and other sources. After the removal of 47

duplicates, the title and abstract of 616 studies were

screened. We identified 31 articles as potentially relevant,

and the full articles were read. Finally, 8 articles met our

inclusion criteria and were selected for data extraction, anal-

ysis, and quality assessment.16-23 A flow chart of the search

strategy and the reasons for exclusion are shown in Figure 1.

Study Characteristics

Eight randomized controlled trials involving a total of

1,086 cardiothoracic surgical subjects were included in this

meta-analysis. In the included studies, 542 subjects re-
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ceived HFNC and 544 subjects received conventional oxy-

gen therapy. The basic demographic characteristics of the

included studies are shown in Table 1. The risk of bias for

each study was evaluated. Due to the significant difference

between HFNC and conventional oxygen therapy devices,

none of the studies included were double-blind. The details

of the risk of bias assessment are shown in Table 2.

Escalation of Respiratory Support

Six studies including 894 subjects reported the rate of re-

spiratory support escalation. There were significant differ-

ences between the HFNC and the conventional oxygen

therapy groups (risk ratio 0.40, 95% CI 0.26–0.61, P <
.001, I2 ¼ 0%). Subgroup analysis was conducted accord-

ing to different surgeries, and the results showed that

HFNC significantly reduced the escalation of respiratory

support for subjects who underwent cardiac surgery (risk

ratio 0.46, 95% CI 0.29–0.74, P ¼ .001, I2 ¼ 0%) and for

subjects who underwent thoracic surgery (risk ratio 0.23,

95% CI 0.08–0.66, P¼ .006, I2 ¼ 49%) (Fig. 2).

Re-intubation Rate

Five studies including 800 subjects reported the re-intu-

bation rate. The HFNC group showed a significantly lower

re-intubation rate than the conventional oxygen therapy

group (risk ratio 0.35, 95% CI 0.13–0.96, P ¼ .04, I2 ¼
24%) (Fig. 3).

Length of ICU and Hospital Stay

Eight studies including 1,086 subjects reported the ICU

stay. No significant differences were found between the

HFNC group and the conventional oxygen therapy group

(mean difference 0.09, 95% CI –0.21–0.04, P ¼ .18, I2 ¼
9%) (see the supplementary materials at http://www.

rcjournal.com). Seven studies including 931 subjects

reported the length of hospital stay. Subjects in the HFNC

group had a shorter length of hospital stay than those in

the conventional oxygen therapy group (mean differ-

ence –0.48, 95% CI –0.95 to –0.01, P ¼ .05, I2 ¼ 64%)

(Fig. 4).

Pulmonary Complications

Four studies including 349 subjects reported pulmonary

complications for pneumonia and atelectasis. There were

no significant differences between the HFNC group and the

conventional oxygen therapy group (risk ratio 0.85, 95% CI

0.48–1.48, P ¼ .56, I2 ¼ 0%) (see the supplementary mate-

rials at http://www.rcjournal.com).

Mortality Rate

Five studies including 691 subjects reported the mortality

rate. Our meta-analysis demonstrated no significant differ-

ence in the mortality rate between the HFNC group and the

conventional oxygen therapy group (risk ratio 0.54, 95% CI

0.12–2.53, P¼ .44, I2 ¼ 0%) (Fig. 5).

Publication Bias

No obvious publication bias was observed in a visual

inspection of the funnel plots in our meta-analysis (see the

supplementary materials at http://www.rcjournal.com).

Discussion

Our systematic review and meta-analysis suggested that

HFNC was associated with less escalation of respiratory

support, lower re-intubation rate, and possibly a shorter

hospital stay than conventional oxygen therapy after cardio-

thoracic surgery. No significant differences were found for

the length of ICU stay, incidence of pulmonary complica-

tions, or mortality rate between the 2 groups.

Our results indicate that HFNC might have the advan-

tages of reducing the need to escalate respiratory support

compared with conventional oxygen therapy. These find-

ings were similar to the meta-analysis published by Lu

Records identified through
database searching

655

Additional records identified
through other sources

8

Records screened
616

Duplicates: 47

Excluded
585

Irrelevant: 557
Meeting abstracts: 8
Case report/ case series: 3
Review: 14
Protocols: 3

Not original study: 1
Not after extubation: 1
Inappropriate control: 12
Not suitable population: 9

Full-text articles assessed
for eligibility

31

Studies included in
qualitative synthesis and

quantitative synthesis
(meta-analysis)

8

Excluded
23

Fig. 1. Flow chart.
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et al,24 which included both randomized controlled trials

and observational studies for all types of postoperative sub-

jects. Lu et al24 also mentioned that the type of surgery

might affect the determination of the primary outcome. In

our study, we performed a subgroup analysis for the pri-

mary outcome and found that the HFNC group had lower

escalation of respiratory support for subjects after both car-

diac and thoracic surgery. Several mechanisms might be

responsible for the efficacy of HFNC, including the most

direct effect of high oxygen which washes out CO2, thus

decreasing dead space and rebreathing, while increasing

effective alveolar ventilation.25-27 In addition, HFNC cre-

ates a positive pressure space, which dilates the nasopha-

ryngeal radius of the airway and dramatically reduces

nasopharyngeal resistance and the work of breathing. After

cardiothoracic surgery, patients are likely to experience

Table 1. Characteristics of Included Studies

Study Year Type of Surgery

Subject Characteristics (HFNC Group, Conventional

Oxygen Therapy Group)
Outcomes

Subjects, n Target SpO2
, % Age, y

Body Mass

Index, kg/m2

Parke et al16 2013 Cardiovascular

surgery

169, 171 > 93% 65, 66 28.4, 29.2 Escalation of respiratory support

Re-intubation rate

ICU stay

Hospital stay

Pulmonary complications

Mortality

Corley et al17 2015 Cardiovascular

surgery

81, 74 $ 95% 63, 65 36, 35 Escalation of respiratory support

Re-intubation rate

ICU stay

Yu et al19 2017 Thoracoscopic

lobectomy

56, 54 $ 95% 56.3, 55.8 26.3, 25.2 Escalation of respiratory support

Re-intubation rate

ICU stay

Hospital stay

Pulmonary complications

Mortality

Brainard et al18 2017 Thoracic surgery 18, 26 $ 90% 57, 59 26, 25 ICU stay

Hospital stay

Pulmonary complications

Zochios et al21 2018 Cardiac surgery 49, 45 $ 95% 67.3, 69.1 32, 30.2 Escalation of respiratory support

ICU stay

Hospital stay

Mortality

Sahin et al20 2018 Cardiopulmonary

bypass

50, 50 > 93% 62.0, 61.3 32.5, 32.3 Escalation of respiratory support

Re-intubation rate

ICU stay

Hospital stay

Pulmonary complications

Mortality

Tatsuishi et al23 2019 Coronary artery

bypass graft

surgery

72, 76 $ 94% 69, 69 NA ICU stay

Hospital stay

Pennisi et al22 2019 Lung resection 47, 48 92–98% 66, 68 26, 27 Escalation of respiratory support

Re-intubation rate

ICU stay

Hospital stay

Pulmonary complications

Mortality

All studies included in this meta-analysis were randomized controlled trials.

HFNC ¼ high-flow nasal cannula

NA ¼ not available
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pain, anesthesia-induced atelectasis, decreased movement

of respiratory muscles, and diminished functional residual

capacity.28 The maximum flow is low for most conven-

tional oxygen therapies, which leads to a significant

decrease in FIO2
. HFNC is better than conventional oxygen

therapy in providing more effective alveolar oxygen deliv-

ery, improving mucociliary clearance, and reducing the

work of breathing, thus increasing alveolar recruitment and

improving oxygenation for these patients.29,30

We also observed a significantly lower re-intubation rate

in the HFNC group. HFNC has resulted in better physiolog-

ical outcomes, such as lower heart rate and higher PaO2
than

conventional oxygen therapy.31 These physiological indica-

tors might directly affect a clinician’s assessment of

whether a postcardiothoracic surgery patient requires re-

intubation. For patients who need invasive mechanical ven-

tilation, delayed intubation can lead to increased mortal-

ity.32 The failure of initial noninvasive oxygen therapies

Table 2. Quality Assessment of Randomized Controlled Trials Included in Analysis

Author, Year
Random

Assignment

Allocation

Concealment

Blinding of

Participants

Blind Evaluation for

Outcomes

Incomplete Outcome

Data

Selective

Reporting

Other

Bias

Parke et al16 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Corley et al17 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Yu et al19 Low risk Low risk High risk Unclear risk Low risk Low risk Low risk

Brainard et al18 Low risk Low risk High risk Unclear risk Unclear risk Low risk Low risk

Zochios et al21 Low risk Low risk High risk Low risk Low risk Low risk Low risk

Sahin et al20 Low risk Unclear risk High risk Low risk Low risk Low risk Low risk

Tatsuishi et al23 Low risk Unclear risk High risk Low risk Low risk Low risk Low risk

Pennisi et al22 Low risk Low risk High risk Unclear risk Low risk Low risk Low risk

Study or Subgroup
Cardiac
Parke 2013
Corley 2015
Sahin 2018
Zochios 2018
Subtotal (95% Cl)
Total events
Heterogeneity: Chi2 = 0.89, df = 3 (P = .83); I2 = 0%
Test for overall effect: Z = 3.24 (P = .001)

Thoracic
Yu 2017
Pennisi 2019
Subtotal (95% Cl)
Total events
Heterogeneity: Chi2 = 1.97, df = 1 (P = .16); I2 = 49%
Test for overall effect: Z = 2.73 (P = .006)

Total (95% CI)
Total events
Heterogeneity: Chi2 = 3.76, df = 5 (P = 0.58); I2 = 0%
Test for overall effect: Z = 4.20 (P < .001)
Test for subgroup differences: Chi2 = 1.37, df = 1 (P = .24), I2 = 27.2%

Events

11
3
6
3

23

2
2

4

27

Events

23
5

11
10

49

14
3

17

66

Total

171
74
50
45

340

54
48

102

442

Weight, %

34.3
7.8

16.5
15.6
74.2

21.4
4.4

25.8

100

M-H, Fixed, 95% CI

0.48 (0.24–0.96)
0.55 (0.14–2.21)
0.55 (0.22–1.36)
0.28 (0.08–0.94)
0.46 (0.29–0.74)

0.14 (0.03–0.58)
0.68 (0.12–3.89)
0.23 (0.08–0.66)

0.40 (0.26–0.61)

M-H, Fixed, 95% CITotal

169
81
50
49

349

56
47

103

452

HFNC

HFNC

Conventional Oxygen Therapy

Conventional oxygen therapy

Risk RatioRisk Ratio

0.02 0.1 1 10 50

Fig. 2. Escalation of respiratory support. HFNC¼ high-flow nasal cannula; M-H¼Mantel-Haenszel.

Study or Subgroup
Parke 2013
Corley 2015
Yu 2017
Sahin 2018
Pennisi 2019

Total (95% CI)
Total events
Heterogeneity: Chi2 = 5.24, df = 4 (P = .26); I2 = 24%
Test for overall effect: Z = 2.03 (P = .04)

Events
2
0
0
0
1

3

Events
0
2
5
4
1

12

Total
171

74
54
50
48

397

Weight, %
3.5

18.4
39.4
31.7

7.0

100

M-H, Fixed, 95% CI
5.06 (0.24–104.59)

0.18 (0.01–3.75)
0.09 (0.00–1.55)
0.11 (0.01–2.01)

1.02 (0.07–15.86)

0.35 (0.13–0.96)

M-H, Fixed, 95% CITotal
169

81
56
50
47

403

HFNC

HFNC

Conventional Oxygen Therapy

Conventional oxygen therapy

Risk RatioRisk Ratio

0.01 0.1 1 10 100

Fig. 3. Re-intubation rate. HFNC¼ high-flow nasal cannula; M-H¼Mantel-Haenszel.
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was also associated with delayed intubation and poor prog-

nosis in subjects with acute respiratory failure.33,34 One pre-

vious study reported that HFNC could reduce the risk of re-

intubation compared with conventional oxygen therapy

among extubated subjects at low risk for re-intubation.35

Moreover, a recent meta-analysis of randomized controlled

trials reported that HFNC might not delay re-intubation and

could be the first-line therapy in postoperative patients

without acute respiratory failure.36 For these reasons,

HFNC is safe and effective among patients undergoing car-

diothoracic surgery. Another finding of our meta-analysis

is the shorter length of hospital stay for the HFNC group

compared to that for the conventional oxygen therapy

group. The length of hospital stay is affected by multiple

factors, and we should be cautious about explaining this

result due to the significant heterogeneity (I2 ¼ 64%).

Studies have reported that re-intubation is associated with

higher mortality, prolonged duration of mechanical venti-

lation, and higher hospital costs.37 We observed a signifi-

cant reduction in re-intubation rates in the HFNC group,

which may be the main reason for the probable reduction

in hospitalization rates. One study reported that reduced

FEV1 was associated with increased hospital stay follow-

ing cardiac surgery.38 However, none of the studies com-

paring HFNC with conventional oxygen therapy during

and after cardiothoracic surgery reported differences in

FEV1 before and after surgery between groups.20,21,39

More studies are needed to confirm the relationship

between air-flow limitation and length of hospital stay in

patients undergoing cardiothoracic surgery. In addition,

the criteria for discharge from the hospital were not iden-

tical among different medical centers, which might lead

to an insignificant difference in the stay between the

groups.

Cardiothoracic patients are usually transferred to the

ICU after surgery. They are extubated and receive noninva-

sive oxygen therapy for a short period of time in the ICU

before transferring back to the general ward. Our review

did not identify a difference between the 2 groups in terms

of length of ICU stay, and because this period includes both

invasive mechanical ventilation and noninvasive oxygen

therapy, it may not be a good indicator to evaluate the effect

of HFNC and conventional oxygen therapy. In addition, no

significant differences were found for the incidence of pul-

monary complications or mortality. A previous meta-anal-

ysis on this topic defined pulmonary complications as

atelectasis, pneumonia, hypoxemia, and hypercapnia

and noted significant differences between HFNC and

conventional oxygen therapy based on only 2 studies.40

In our study, pulmonary complications were defined as

pneumonia and atelectasis based on the majority of com-

plications reported in the articles we included. HFNC

could provide PEEP of 3–5 cm H2O at flows of 30–50 L/

min to increase alveolar recruitment and improve oxy-

genation.41 These pulmonary complications may be

related to the general condition of patients before opera-

tions, pathological and physiological compensatory

reactions after operations, treatments, nursing, etc. In

Study or Subgroup
Parke 2013
Brainard 2017
Yu 2017
Sahin 2018
Zochios 2018
Tatsuishi 2019
Pennisi 2019

Total (95% CI)
Heterogeneity: Tau2 = 0.19; Chi2 = 16.89, df = 6 (P = .010); I2 = 64%
Test for overall effect: Z = 1.98 (P = .05)

Mean
11.6
6.6

7.41
6.5

7.35
8.35

6

Total
171

26
54
50
45
76
48

470

Weight, %
8.1
2.5

26.2
25.4

4.5
13.1
20.3

100

IV, Random, 95% CI
0.20 (−1.21 to 1.61)

−2.90 (−5.76 to −0.04)
−0.13 (−0.45 to 0.19)

−0.40 (−0.76 to −0.04)
−3.42 (−5.47 to −1.37)
−1.00 (−1.98 to −0.02)

0.00 (−0.60 to 0.60)

−0.48 (−0.95 to −0.01)

Total
169

18
56
50
49
72
47

461

SD
6.6
2.1

0.82
0.7

2.22
2.22
1.48

Mean
11.4
9.5

7.54
6.9

10.77
9.35

6

SD
6.7

7
0.91

1.1
6.67

3.7
1.48

HFNC Mean Difference Mean Difference
IV, Random, 95% CI

Conventional Oxygen Therapy

HFNC Conventional oxygen therapy
−4 −2 0 2 4

Fig. 4. Hospital stay. HFNC¼ high-flow nasal cannula; IV¼ inverse variance.

Study or Subgroup
Parke 2013
Yu 2017
Sahin 2018
Zochios 2018
Pennisi 2019

Total (95% CI)
Total events
Heterogeneity: Chi2 = 0.76, df = 2 (P = .68); I2 = 0%
Test for overall effect: Z = 0.78 (P = .44)

Events
1
0
0
1
0

2

Events
1
0
2
1
0

4

Total
171

54
50
45

0

320

Weight, %
21.9

55.1
23.0

100

M-H, Fixed, 95% CI
1.01 (0.06–16.05)

Not estimable
0.20 (0.01–4.06)

0.92 (0.06–14.25)
Not estimable

0.54 (0.12–2.53)

M-H, Fixed, 95% CITotal
169

56
50
49
47

371

HFNC Conventional Oxygen Therapy Risk RatioRisk Ratio

HFNC Conventional oxygen therapy
0.01 0.1 1 10 100

Fig. 5. Hospital mortality. HFNC¼ high-flow nasal cannula; M-H¼ Mantel-Haenszel.
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addition, the sample size was relatively small, and the

incidence of pulmonary complications (10.5% for

HFNC vs 12.4% for conventional oxygen therapy) and

death rate (0.54% for HFNC vs 1.25% for conventional

oxygen therapy) were quite low. As a result, it is possi-

ble that our study was not sufficiently powered to eluci-

date the effects of HFNC on mortality. Some previous

studies have drawn conclusions similar to ours. Leeies et

al42 reported that there was no significant difference in

mortality between the HFNC group and the standard ox-

ygen therapy group among subjects with acute respira-

tory failure. Furthermore, it has been reported that,

compared with conventional oxygen therapy, HFNC did

not improve pulmonary outcomes (eg, the occurrence of

hypoxemia, pulmonary complications, and mortality)

among subjects undergoing major abdominal surgery.43

Based on the available studies, use of HFNC after extu-

bation of cardiothoracic surgery patients may not reduce

pulmonary complications and mortality compared to

conventional oxygen therapy.

To our knowledge, this is the largest meta-analysis

comparing HFNC with conventional oxygen therapy for

postcardiothoracic surgery subjects. Two meta-analyses

previously explored the effect of HFNC versus conven-

tional oxygen therapy on adults after cardiothoracic sur-

gery. Zhu et al40 included only 2 studies and stated that

HFNC significantly reduced the rate of the escalation of

respiratory support but not the rate of re-intubation

compared with conventional oxygen therapy. This con-

clusion was confirmed by a meta-analysis of 4 studies,

which also reported that HFNC significantly reduced

the incidence of pulmonary complications.44 However,

the results of our meta-analysis were not identical to

these 2 meta-analyses. Our meta-analysis included 8

randomized controlled trials and a larger sample size.

We further confirmed that HFNC significantly reduced

the need to escalate respiratory support. In addition, the

biggest difference from the previous meta-analysis was

the finding that HFNC significantly reduced the re-intu-

bation rate and possibly the length of hospital stay.

These findings may provide more clinical evidence for

the choice of HFNC for such patients.

There are some limitations that need to be noted.

First, clinical heterogeneity of the interventions is inevi-

table. The uneven distribution of underlying diseases,

criteria for the escalation of respiratory support, and ox-

ygen therapy parameters will affect the evaluation of

HFNC. Second, the studies included in our meta-analy-

sis were all published in English, which suggests that

some potentially related studies might not have been

included because of language restrictions. Finally, our

study included only 8 articles, and more high-quality

studies are needed to further confirm the efficacy of

HFNC.

Conclusions

HFNC significantly reduced the need for the escalation

of respiratory support and the re-intubation rate, and it

might reduce the hospital stay as well. HFNC can be safely

administered after extubation for adult patients undergoing

cardiothoracic surgery. More high-quality randomized con-

trolled trials are needed to further validate our results.
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A, et al. Effect of postextubation high-flow nasal cannula vs noninva-

sive ventilation on reintubation and postextubation respiratory failure

in high-risk patients: a randomized clinical trial. JAMA 2016;316

(15):1565-1574.

10. Tiruvoipati R, Lewis D, Haji K, Botha J. High-flow nasal oxygen vs

high-flow face mask: a randomized crossover trial in extubated

patients. J Crit Care 2010;25(3):463-468.

11. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis

JPA, et al. The PRISMA statement for reporting systematic reviews

and meta-analyses of studies that evaluate health care interventions:

explanation and elaboration. Ann Intern Med 2009;151(4):W65-W94.

12. Higgins JPT, Altman DG, Sterne JAC. Assessing risk of bias in

included studies. In: Higgins JPT, Green S, eds. Cochrane handbook

for systematic reviews of interventions, version 5.1.0. Available at:

http://handbook.cochrane.org. Accessed Nov 28, 2019.

13. Higgins JPT, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD,
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