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Abstract
Introduction: The effect of high-flow nasal cannula (HFNC) on adult post cardiothoracic operation remains controversial. We
conducted a meta-analysis of randomized controlled trials to evaluate the effect of HFNC and conventional oxygen therapy (COT) on
postcardiothoracic surgery.

Methods: A search was conducted in Embase, MEDLINE, Ovid, and Cochrane databases until December, 2017 for all the
controlled study to compare HFNC with COT in adult postcardiothoracic surgery. Two authors extracted data and assessed the
quality of each study independently. The meta-analysis was performed by using RevMan 5.3. The primary outcome was the rate of
escalation of respiratory support rate and pulmonary complications; secondary outcome included the length of intensive care unit
(ICU) stay and length of hospital stay and the rate of intubation.

Results: Four studies that involved 649 patients were included in the analysis. No significant heterogeneity was found in outcome
measures. Compared with COT, HFNC were associated with a significant reduction in the escalation of respiratory support (odds
ratio [OR]=0.44, 95% confidence interval [CI]=0.29�0.66, P< .001) and pulmonary complications (OR=0.28, 95% CI=0.13�0.6,
P= .001). There were no significant differences in the reintubation rate (OR=0.33, 95% CI=0.02�5.39, P= .43), length of ICU stay
(weighted mean difference=0.11; 95% CI=�0.44 �0.26, P= .14) or length of hospital stay (weighted mean difference=�0.15,
95% CI=�0.46 �0.17, P= .36) between the 2 groups. No severe complications were reported in either group.

Conclusion: The HFNC could reduce respiratory support and pulmonary complications, and it could be safely administered for
adult postcardiothoracic surgery. Further large-scale, randomized, and controlled trials are needed to update this finding.

Abbreviations: ARDS = acute respiratory distress syndrome, BMI = body mass index, CI = confidence interval, COT =
conventional oxygen therapy, HFNC = high-flow nasal cannula, ICU = intensive care unit, NIV = noninvasive ventilation, OR = odds
ratio, OSA = obstructive sleep apnea, RF = respiratory failure.
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1. Introduction

High-flownasal cannula (HFNC)oxygen therapy as a newmodel of
respiratory support is more and more widely used in clinical and
various fields. HFNC therapy can deliver up to 100% heated and
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humidified oxygen via awide-bore nasal cannula at a very high-flow
rate of 60L/min.[1–3] Compared with conventional oxygen therapy
(COT), HFNC has several advantages: to produce positive airway
pressure[4] and reduce the anatomical dead space[5]; to produce a
predictable sustainedpartial pressureof oxygen (FiO2)

[6]; to increase
oxygenation (PaO2/FiO2) and reduce room oxygen dilution[1,7]; to
improve mucociliary movements to remove sputum[2,8]; to reduce
the upper airway resistance and breathing work,[9] increase the
coordination of chest, and abdomen movement.[10,11] Some studies
demonstrate thatHFNC can improve comfort and oxygenation,[12–
14] and alleviate dyspnea.[15] For these advantages, HFNC has been
proven to be a safe and effective treatment for acute respiratory
failure (RF) for adults.[16–19]

So far, clinical experience about the effect of HFNC on
postcardiothoracic patients is little. Patients undergoing cardio-
thoracic surgery are at significant risk of postoperative pulmo-
nary complications. These complications may increase morbidity
and mortality, and lead to longer period to stay in intensive care
unit (ICU) and hospital.[20] It is reported that the incidence of
pulmonary complications after cardiac surgery ranges is from 8%
to 79%.[21] HFNC significantly also reduced the rate of
reintubation.[14] Thus, the purpose of this meta-analysis is to
assess if HFNC can reduce the respiratory support, pulmonary
complications, and period to stay in ICU and hospital.
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Figure 1. Flow diagram of literature search.
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2. Materials and methods

This study was conducted according to Cochrane Handbook for
Systematic Reviews of Interventions. Results followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.[8] This study was approved by the
ethic committee from the First Affiliated Hospital of Xi’an
Medical University (FAHXMU).

2.1. Search strategy and selection criteria

A comprehensive computer search was conducted in Embase,
MEDLINE, Ovid, and Cochrane Library databases inception up
to December 2017. We used the keywords of “high-flow nasal
cannula” or “high-flow oxygen therapy” or “nasal high-flow
oxygen therapy” or “oxygen therapy” and “cardiac surgery” or
“cardiothoracic surgery” or “thoracic surgery” or “lung-
resection surgery” in different combinations for the searches.
Oxygen therapies included HFNC oxygen therapy, COT.

HFNC oxygen therapy was described as the delivery of oxygen
through a heated humidifier and nasal cannula at a flow rate>15
L/min. COT can be delivered using low-flow devices (up to 15L/
min) such as nasal cannulas, or masks.
After removing duplicates, full-text articles were reviewed if

they met the following criteria: randomized controlled trials
(RCTs) or randomized controlled prospective trials; patients
were divided into HFNC and COT groups; adult patients after
cardiothoracic surgery (including cardiac, thoracic, lung sur-
gery); one of the following outcomes: respiratory escalation
therapy; ICU stay time; length of hospitalization time; pulmonary
complications; reintubation rate.

2.2. Data extraction and risk of bias assessment

Each eligible study was enrolled and data extraction were
included author, year of publication, patient grouping, number of
subjects, methods of oxygen delivery, the way of respiratory
support, ICU stay time, length of hospitalization time, pulmonary
complications, and reintubation rate.
Two investigators assessed thequalityof trialsbyusingCochrane

collaboration risk of bias tool.[8] The following 7 assessment items
was used to evaluate bias in each trial included the analysis: random
sequence generation; allocation sequence concealment; blinding of
participants and personnel; blinding of outcome assessment;
completeness of outcome data; selective reporting, and other
sources of bias, which were each graded as low, uncertain, or high
riskof bias.Two reviewersmade judgments independently. In cases
of disagreement, resolution was first resolved by discussion and
then by consulting a third author for arbitration.

2.3. Statistical analysis

The meta-analysis was performed using RevMan 5.3 software
(RevMan 5.3; The Cochrane Collaboration, Oxford, United
Kingdom) for data analysis. Heterogeneity between studies was
evaluated using the Chi-squared test, and P-value of <.1with I2 >
50%indicated significant heterogeneity.Weused the randomeffects
model tocalculate the results ofboth thebinaryandcontinuousdata,
regardless of statistical heterogeneity.Otherwise, fixed effectsmodel
was used. The results were graphically displayed using forest plots,
and potential publication bias was analyzed by visual inspection of
the funnel plot. For binary data such as reintubation rate were
expressedas theodds ratio (OR)and95%confidence intervals (CIs),
andforcontinuousdatasuchas lengthof ICUstayswereexpressedas
theweightedmeandifferences (MDs) and95%CIs.The resultswere
2

expressed using P-values. P< .05 was considered statistically
significant.

3. Results

From the literature search, 366 potentially eligible records were
identified. After searching for duplicates, screening titles, and



Table 1

The basic characteristics of the recruited patients.
Study n Settings Age mean, y Surgery Outcome

∗

Corley et al, 2015[35] 155 Single center HFNC: 63; COT: 65 Cardiac surgery 1, 2, 4
Parke et al, 2013[32] 340 Single center HFNC: 65; COT: 66 Cardiac surgery 1, 2, 3, 4
Brainard et al, 2017[33] 44 Single center HFNC: 57 (14); COT: 59 (16) Thoracic surgery 2, 3, 5
Yu et al, 2017[34] 110 Multicenter HFNC: 56.3; COT: 55.8 Thoracoscopic lobectomy 1, 2, 3, 4, 5

COT= conventional oxygen therapy, HFNC=high-flow nasal cannula.
∗
Outcome measures include: 1 = escalation of respiratory support; 2 = length of intensive care unit stay; 3 = hospital length of stay; 4 = reintubation rate; 5 = pulmonary complications.
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abstracts, we reviewed 14 records in full text, in which 10 studies
were excluded. Two of these articles were published in
children,[22,23] 2 were no relevant control group,[24,25] 1 lung
transplant was not included our outcomes,[26] and 3 of the
literature did not report the main outcome[27–29] and 2 trials were
controlled studies of HFNC after abdominal surgery,[30,31]

eventually 4 trials were enrolled in our final analysis.[32–35] The
Figure 2. Summaryof risk of bias.Redcircles represent high risk of bias, greencircles

3

process for literature search and study selection is presented in
Figure 1.
A total of 649 cardiothoracic surgical patients were involved in

the present meta-analysis. Of these cases, 324 patients were
randomly assigned to the HFNC group, and 325 patients were
assigned to the COT group. The basic characteristics of all
included patients are shown in Table 1.
represent low risk of bias andyellowcircles indicate represent unclear risk of bias.

http://www.md-journal.com


Wu et al. Medicine (2018) 97:41 Medicine
3.1. Risk of bias of the included studies

The risk of each study bias and overall risk of bias were evaluated
by using Cochrane collaboration risk of bias tool. The details of
the results are presented in Figures 2 and 3.
3.2. Escalation of respiratory support

A total of 3 studies reported the rate of escalation of
respiratory support.[32,34,35] The escalation of respiratory
support in COT group is regarded as use of HFNC, NIV, or
reintubation. The escalation of respiratory support in HFNC
group is regarded as use of NIV or reintubation. There was a
statistically significant difference (OR=0.44, 95% CI=
0.29�0.66, P< .001) between HFNC and COT group.
Compared with COT, HFNC can significantly reduce the
need of respiratory support, which with less heterogeneity in
each study (I2=0%) using a fixed-effect model for analysis
(Fig. 4A).

3.3. Length of ICU stay

All of the 4 studies reported the length of ICU stay.[32–35] There
were no significant differences between HFNC and COT groups
(weighted MD=0.11; 95% CI=�0.44 �0.26; z=1.49, P= .14).
There was no significant heterogeneity (x2=3.62, df=3, P= .31;
I2=17%) among the studies in Figure 4B.

3.4. Length of hospital stay

A total of 3 studies reported the length of hospital stay.[32–34]

There were no significant differences between the HFNC
and COT groups (weighted MD=�0.15, 95% CI=�0.46
�0.17, z=0.92, P= .36). There was no significant
heterogeneity (x2=3.8, df=2, P= .15; I2=47%) among the
studies in Figure 4C.

3.5. Reintubation rate

Three studies reported a reintubation rate.[32,34,35] There was no
significant difference in reintubation rate between HFNC and
COT groups (OR=0.33, 95% CI=0.02�5.39, P= .43, Fig. 4D).
Figure 3. Overall risk of bias using
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A significant heterogeneity was observed between the 3 included
studies (x2=5.27, df=2, P= .07; I2=62%).
3.6. Pulmonary complications

Two studies reported pulmonary complications,[33,34] such as
atelectasis, suspected pneumonia, hypoxemia, and hypercapnia.
There was significant difference in pulmonary complications
between 2 groups (OR=0.28, 95% CI=0.13�0.6, P= .001,
Fig. 4E). No significant heterogeneity was observed between 2
included studies (x2=0.62, df=1, P= .43; I2=0%).
4. Discussion

The HFNC has been used in various clinical fields as a
noninvasive method and meets the patients for all age, such as
infants, children, and adults. It has been used for multiple
indications, including hypoxemic RF, immunocompromised
patients with acute RF, cardiogenic pulmonary edema, and
prophylactic therapy for RF after surgery and extubation.[8] In
addition, HFNC has also been used in ARDS[36] and OSA.[37,38]

Corley et al[29] reported HFNC could reduce respiratory rate
and improve oxygenation by increasing both EELV and tidal
volume for postcardiac surgical patients firstly. Furthermore,
HFNC are most beneficial for patients with higher body mass
indexes. Then Parke et al[32] found that HFNC did not
significantly increase SpO2/FiO2 ratio, but reduced the require-
ment for escalation of respiratory support after cardiac surgery.
Recently, more and more studies focus on the effect of HFNC on
postcardiac surgical patients. Our study showsHFNC can reduce
the need of respiratory support and pulmonary complications.
Although high-quality trials and rigorous methodology are

adopted, our study has still several limitations. Firstly, only 4
trials are analyzed and sample is not too large in 2 trials (n<
110).[33,34] The ratio of sample between experimental group and
control group in 2 trials is close to 1:1, and the design of control
group is reasonable. The weight of these 2 studies is important in
the meta-analysis. Clinical heterogeneity is also limited to current
data. Temporary heterogeneity cannot be reduced by subgroup
analysis. Secondly, we involve the patients with various
conditions (age, weight, type of operation, postoperative
the Cochrane risk of bias tool.



Figure 4. (A) Escalation of respiratory support of the high-flow nasal cannula and conventional oxygen therapy groups. (B) Length of intensive care unit stay of the
high-flow nasal cannula and conventional oxygen therapy groups. (C) Length of hospital stay of the high-flow nasal cannula and conventional oxygen therapy
groups. (D) Reintubation rates of the high-flow nasal cannula and conventional oxygen therapy groups. (E) Pulmonary complications rate of the high-flow nasal
cannula and conventional oxygen therapy groups. COT=conventional oxygen therapy, HFNC=high-flow nasal cannula.
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extubation, oxygen therapy equipment), which will affect the
reliability of conclusions and the strength of evidence. In
addition, articles enrolled are published in English, which may
lead to a certain publication bias.
The funnel plot may not detect the publication bias when

sample is not enough large and also shows an essential inherent
difference between large sample and small sample because of
5

heterogeneity. If more clinical trials are available in future, the
meta-analysis needs to be updated in time.
In summary, HFNC has the advantages of reducing the need of

respiratory support and pulmonary complications after adult
cardiothoracic surgery compared with COT. Previous studies
have confirmed that HFNC has obvious advantages of comfort
and convenience,[39,40] thus HFNC can be used clinically as a

http://www.md-journal.com


[15] Lenglet H, Sztrymf B, Leroy C, et al. Humidified high flow nasal oxygen

Wu et al. Medicine (2018) 97:41 Medicine
respiratory support option for adults cardiothoracic
surgery. However, due to the strength of evidence and few
available clinical studies, HFNC is still enough not to be a
clinical recommendation, and needs to be confirmed by a
multicenter randomized controlled trial. More clinical trials
on HFNC in postcardiothoracic surgery are expected to be
conducted.
5. Conclusion

The HFNC could reduce respiratory support and pulmonary
complications, and it could be safely administered for adult
postcardiothoracic surgery. Further large-scale, randomized, and
controlled trials are needed to update this finding.
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