
2521Abstract. Background/Aim: High-flow nasal cannula
(HFNC), a new method for postoperative oxygenation, has
increasingly received attention during postoperative care.
However, its importance for obese patients undergoing
cardiac surgery remains controversial. This systematic review
and meta-analysis compared and evaluated HFNC and
conventional oxygen therapy (COT) in this patient group.
Materials and Methods: Literature was retrieved by searching
eight public databases. Randomized controlled trials (RCTs)
were selected. RevMan 5.3 was used to analyze the results
and any potential bias. The primary outcome included
atelectasis score at 24 h postoperatively. The secondary
outcomes included PaO2/FiO2 (ratio), dyspnea score at 24 h
postoperatively, intensive care unit (ICU) length of stay, and
reintubation. Results: The search strategy yielded 382 studies
after duplicates were removed. Finally, 3 RCTs with a total
of 526 patients were included in the present study. Compared
with COT, there was no significant difference in atelectasis
score, dyspnea score, reintubation, and ICU length of stay.
Conclusion: For obese patients undergoing cardiac surgery,
postoperative use of HFNC can maintain patient’s
oxygenation. Additional clinical studies are needed to
investigate the role of HFNC in this patient group.

Obesity is a global problem. At present, more than one-
third of the world’s population are overweight, which leads
to an increased risk of circulatory and respiratory
dysfunction. The increase in body mass index (BMI) will
be accompanied by respiratory system problems, especially
the decrease in functional residual capacity (FRC) (1).
Thus, obese patients have a higher risk of complications
such as reduction of lung volume and atelectasis after
general anaesthesia. In addition, obesity and obesity-related
diseases are critical risk factors for several cardiovascular
diseases. At the same time, obesity is also a risk factor for
hypoxemia after cardiac surgery (2), a condition leading
mostly to atelectasis (3). Therefore, in order to maintain
tissue oxygenation and avoid complications of alveolar
collapse and atelectasis after cardiac surgery (4), it is
necessary to provide patients with oxygen.

High-flow nasal cannula (HFNC) provides high-flow (8-
80 l/min) inhalation gas with adjustable and relatively
constant oxygen concentration (21%~100%), temperature
(31-37℃) and humidity (5, 6). Compared with conventional
oxygenation methods, the advantage of HFNC is that the
continuous positive airway pressure (CPAP) can cause mild
lung recruitment (7, 8), thus, it can reduce the ventilation
dead space to improve the oxygenation of critically ill
patients and improve patient comfort (9-11). In addition,
some features of HFNC, such as increasing FRC and end-
expiratory lung volume (EELV), can improve the
oxygenation status of obese patients (12, 13).

At present, the postoperative oxygenation strategy for
obese patients undergoing cardiac surgery remains
controversial. The purpose of our research was to compare
the effects of HFNC and conventional oxygen therapy (COT)
in obese patients undergoing cardiac surgery. As far as we
know, this is the first systematic review and meta-analysis
on this topic. 
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Materials and Methods

Study selection. This systematic review and meta-analysis were
performed in accordance with the PRISMA guidelines (14). We
searched for articles published before April 10th from PubMed,
Embase, Web of science, Scopus, Cochrane, and Clinicalkey
databases. We used a Boolean approach. The search terms were High-
flow Nasal Cannula OR HFNC OR High flow nasal cannula therapy
OR high-flow oxygen therapy through nasal cannula OR nasal high
flow, Obese patients, OR obesity OR overweight OR fat OR
corpulent. The restrictive conditions of all search formulas were the
search of titles, abstracts, and keywords. No restrictions on language
were applied. The searched literature was managed with EndNote X9
(Thomson Reuters, New York, NY, USA). After excluding duplicate
and non-clinical studies, we screened the titles and abstracts of the
retrieved articles. Then, we screened the full text and finally included
three studies. When the results of the investigators diverged, the
opinion of a fourth researcher (J.L) was adopted.

Eligibility criteria. The studies included in the meta-analysis met
the following criteria: clinical studies, comparison of HFNC and
COT, and obese patients (BMI≥30 kg/m2) receiving post-cardiac
surgery. Studies with the following characteristics were excluded:
animal studies, study protocol, reviews, guidelines or conference
abstracts, case reports, and inconsistent inclusion criteria. 

Risk of bias assessment. Three investigators used the Cochrane
collaboration tool (15) to evaluate the bias of the included studies,
and RevMan 5.3 (Review Manager, Version 5.3, Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014) to make
the graph (Figure 1) and summary (Figure 2). The bias evaluated
included: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and other
bias such as baseline imbalance and conflict of interest. Assessments
were stored and managed in RevMan 5.3. If there were different
evaluation results, an additional researcher was consulted (N.L).

Data extraction. The three investigators independently completed
the data extraction work. Table I shows the RCTs study
characteristics. These data included: source of the included study,
year, primary outcome, other outcome(s), randomization groups, and
number of patients randomized. A summary of study findings is
presented in Table II, and mainly includes age, gender, BMI,
interventions, smoking history, number of CPB (Cardiopulmonary
bypass), and CPB duration. The fourth researcher (J.L) is
responsible for resolving disputes in the data extraction process.

Outcomes. The primary outcome of this systematic review was
atelectasis score at 24 h postoperatively. The secondary outcomes were
the PaO2/FiO2 (ratio) and dyspnea score, at 24 h postoperatively. In
addition, we also evaluated ICU length of stay and reintubation.

Statistical analysis. RevMan 5.3 computer software was used for all
data analyses in this study. Data involving continuous variables are
shown as mean±SD. When only the median and quartile were
provided in the study (16), we calculated the outcome according to
the method of Wan et al. (17). Furthermore, when using a histogram
or line chart to represent the results of the research, we used
WebPlotDigitizer (WebPlotDigitizer, Version: 4.4, Ankit Rohatgi,

Pacifica, CA, USA, November, 2020) to extract the data. The
inverse variance random effects model was used to analyze
continuous variables and expressed as the MD (mean difference) of
the 95%CI. For binary variables, we reported the odds ratios (OR),
and used the Mantel-Haenszel method for analysis. For the data of
p<0.05 or I2>50% for heterogeneity detection, the random-effect
model was used for analysis, while p>0.05 or I2≤50% was selected
for the fixed-effect model. 

Results

Literature search findings. By searching PubMed, Embase,
Web of science, Scopus, Cochrane, and Clinicalkey databases,
490 articles were obtained. We found 108 duplicates, and
analyzed 140 clinical trials (review: 110; meta-analysis: 6;
case report: 38; animal experiments: 18; letter: 6; laboratory
studies: 10; guidelines or conference abstract: 54). Through
the screening of abstracts, titles, and keywords, we obtained
41 studies related to HFNC or obese patients. After screening
the full texts, 3 studies were finally included [excluded
studies were due to different inclusion criteria of the studies
(n=11) and study protocol variance (n=27)]. The literature
retrieval process is shown in Figure 3.

Study and patient characteristics. We summarized the study
and patient characteristics included in the studies in Table I
and Table II. Among the included studies, two studies (16,
18) were RCTs. The study of Stéphan et al. (19) is a post hoc
analysis of a predesigned RCT (20). This meta-analysis
included a total of 526 patients from Australia, France, and
Turkey. All studies were randomly divided into two groups;
the intervention measures were HFNC and non-invasive
ventilation (NIV). The mean age of the patients in the three
studies was over 60 years old, and BMI was >30 kg/m–2.
Furthermore, most of the patients had a smoking history in
the two studies (70.96%, 69.37%) (16, 19), but only 43% of
patients in the study by Sahin et al. (18) had a smoking
history. This difference in smoking history may be due to the
difference in the gender ratio of the included patients.
Compared with the other two studies, Sahin et al. included
more female patients. In the included studies, all patients
underwent CPB, and the duration of CPB in the patients of
the study of Stéphan et al. was longer.

Risk of bias assessment and study quality. The bias in the
study was evaluated by RevMan 5.3. It is expressed as high
risk, low risk, and unclear. In the generation of random
sequences, all studies were low-risk. For the concealment of
random sequences, there were two studies (16, 19) that were
of good quality. However, Sahin et al.’s study (18) did not
mention it, therefore we are unclear whether Sahin et al.
successfully concealed the allocation. Due to the particularity
of interventions, all studies cannot be blind regarding
patients or medical staff.
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Meta-analysis and synthesis
Atelectasis score at 24 h postoperative. Two studies reported
the atelectasis score at 24 h postoperative and the sample
size was 255 cases. In the report by Corley et al. (16), the

atelectasis score [median (IQR)] was 2 (1.5-2.5) for the
HFNC group: and 2 (1.5-3) for the COT group. The
atelectasis score (mean±SD) reported by Sahin et al. (18)
was 1.7±0.7 for the HFNC group and 2.2±0.5 for the COT
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Figure 1. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentage across all included studies.

Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study.



group. The pooled MD (95%CI) of the atelectasis score
was –0.26 (–0.75, 0.23), I2=84%, n=2 (Figure 4). Using the
random-effects model, the result was not found to be
statistically significant (p=0.30). 

PaO2/FiO2 at 24 h postoperative. Two studies reported the
PaO2/FiO2 at 24 h postoperative and the sample size was
417 cases. In the report by Corley et al. (16), the PaO2/FiO2
(mean±SD) was 227.9±76.39 for the HFNC group and

253.3±84.58 for the COT group. The PaO2/FiO2 (mean±SD)
reported by Stéphan et al. (19) was 143±45 for the HFNC
group and 157±66 for the COT group. The pooled MD
(95%CI) of the PaO2/FiO2 was –16.54 (–28.57, –4.52),
I2=0%, n=2 (Figure 5). Using the fixed-effects model, the
result was statistically significant (p=0.007).

Dyspnea score at 24 h postoperative (improvement). Two
studies reported the dyspnea score at 24 h postoperative and
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Table I. Study characteristics of randomized controlled trials included in the meta-analysis.

Source                  Country                  Design                     Primary                                   Other                                  Randomization       No. of patients
                                                                                            outcome                              outcome (s)                                     groups                 randomized

Corley et al.,      Australia           A randomised            Severity of           Atelectasis score, Oxygenation            Treatment group                81
2015 (16)                                      controlled trial             atelectasis         (PaO2/FiO2 ratio), Dyspnoea score, 
                                                                                                                    Respiratory rate, ICU length of stay.
                                                                                                                                                                                          Control group                   74

Stéphan et al.,       France         A post hoc analysis         Treatment           Changes in respiratory variables,             HFNC group                  135
2017 (19)                                  from a multi-center,           failure            changes in the worst daily values of 
                                                        randomized,                                      respiratory variables under treatment, 
                                                     controlled trial.                                       dyspnea score, comfort score, skin 
                                                                                                                      breakdown score, respiratory and 
                                                                                                                     extrapulmonary complications, and 
                                                                                                               number of bronchoscopies, adverse events.
                                                                                                                                                                                             NIV group                    136

Sahin et al.,          Turkey             A prospective                  NR           Postoperative respiratory characteristics,          High flow                      50
2018 (18)                                    randomized study                               physical examination findings, atelectasis         O2 group
                                                                                                                    scores, postoperative complications, 
                                                                                                             treatment failure, mortality rates of patients, 
                                                                                                                    spirometric parameters and dyspnea 
                                                                                                                                  and comfort scores
                                                                                                                                                                                        Mask O2 group                 50

NR: No records; HFNC: high-flow nasal cannula; NIV: non-invasive ventilation; ICU: intensive care unit; FiO2: fraction of inspired oxygen; PaO2:
arterial pressure of oxygen.

Table II. Summary of study findings.

Source                    Intervention                  Number                    CPB duration,               Ages, years,           Female/               BMI               Smoking 
                                                                     of CPB                minutes, mean (SD)            mean (SD)               male               (kg/m–2)           history (n)

Corley et al.,             HFNC                           NR                           95.6 (43.7)                     63 (11.4)                23/58               36 (5.2)                  51
2015 (16)                     NIV                             NR                          103.8 (53.7)                    65 (11.1)                18/56               35 (4.3)                  59

Stéphan et al.,           HFNC                          108                             110 (60)                    64.5 (11.3)              54/81             34.2 (3.4)                92
2017 (19)                     NIV                            118                             120 (66)                     63.4 (11.8)               49/87             34.4 (3.8)                 96

Sahin et al.,               HFNC              Mean±SD: 3.2±0.7              91.4 (13.0)                      62 (6.7)                 32/18             32.5 (1.2)                 22
2018 (18)                     NIV                Mean±SD: 3.2±0.7              90.5 (12.1)                    61.3 (8.5)                32/18             32.3 (1.1)                 21

BMI: Body mass index; SD: standard deviation; CPB: Cardiopulmonary bypass; NR: no records; NIV: non-invasive ventilation; HFNC: high-flow
nasal cannula.



the sample size was 362 cases. In the report by Sahin et al.
(18), the number of dyspnea score improvement was 32 for
the HFNC group and 19 for the COT group. The dyspnea
score reported by Stéphan et al. (19) was 72 for the HFNC
group and 63 for the COT group. The pooled OR (95%CI)
of it was 1.87 (0.93-3.75), I2=56%, n=2 (Figure 6). Using a
random-effects model, the result was not statistically
significant (p=0.08). 

ICU length of stay (hours). Three studies reported the ICU
length of stay and the sample size was 526. In the report by
Corley et al. (16), the ICU length of stay (mean ± SD, hours)
was 38.65±35.2 h for the HFNC group and 38.64±23.9 h for
the COT group. The ICU length reported by Stéphan et al.
(19) was 120±72 h for the HFNC group and 96±80.88 h for
the COT group. That reported by Sahin et al. (18) was
57.6±12 h for the HFNC group and 67.2±40.8 h for the COT
group. The pooled MD (95%CI) of it was 3.23 (–12.46-18.92),
I2=78%, n=3 (Figure 7). Using a random-effects model, the
result was not found to be statistically significant (p=0.69).

Reintubation. Two studies reported the reintubation and the
sample size was 255. In the report by Sahin et al. (18), the
number of reintubation was 0 for the HFNC group and 4 for

the COT group. The nosocomial pneumonia reported by
Corley et al. (16) was 0 for the HFNC group and 1 for the
COT group. The pooled OR (95%CI) of it was 0.15 (0.02-
1.30), I2=0%, n=2 (Figure 8). Using a fixed-effects model, the
result was not found to be statistically significant (p=0.09).

Discussion

This is the first meta-analysis to evaluate the effect of HFNC
on postoperative oxygen in obese patients undergoing
cardiac surgery. It included 3 RCTs and enrolled a total of
526 patients. Compared with COT, HFNC did not improve
patients’ atelectasis score, PaO2/FiO2 (ratio), and dyspnea
score at 24 h postoperative. Also, there was no significant
difference between the two regarding ICU length of stay and
reintubation.

Patients are prone to atelectasis after undergoing cardiac
surgery, and BMI>30 kg/m2 exacerbates this risk. Severe
atelectasis can lead to postoperative hypoxemia, respiratory
and circulatory depression, and increase in the occurrence of
adverse events. Furthermore, most patients undergoing major
surgery have atelectasis lasting for at least 24 h, as seen on
computed tomography scans (21). Therefore, we chose
atelectasis score at 24 h postoperative as the primary outcome
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Figure 3. Flow diagram of search strategy and included studies.



of this study. Through searching, we found only two meta-
analyses (22) of the effect of HFNC and COT in cardiac
surgery; Zhu et al. did not use atelectasis score as an
outcome. Our analysis showed that there was no significant
difference in atelectasis index between HFNC and COT in
obese patients undergoing cardiac surgery 24 h after
oxygenation. We found similar results in the meta-analysis of
Du et al. (23). In different operations, compared with COT,
the use of HFNC on patients after surgery has been shown to
prevent atelectasis (24-27). For cardiac surgery, especially in
obese patients, the prevention of atelectasis by HFNC is still
controversial. In this regard, there are fewer reports of HFNC
in cardiac surgery and obese patients, and most studies do not
report on postoperative atelectasis. Therefore, whether HFNC
can reduce the occurrence of atelectasis after cardiac surgery
in obese patients should be further investigated.

Both PaO2/FiO2 (ratio) and dyspnea score (improvement)
can be used to evaluate the oxygenation status of patients
after receiving HFNC and COT. Several studies (28, 29)
have pointed out that, compared with COT, HFNC can
effectively improve the oxygenation status of patients, which
is due to the tighter fit of the nasal catheter than the mask
and the inhalation of high-flow gas (13, 30). According to
our results, the COT group had better oxygenation than
HFNC group. This result is not surprising, because the
conclusion of some previous studies (31, 32) is similar to
ours. The evaluation of the number of patient reintubation
can provide theoretical support for the choice of HFNC or
COT. Different from our results, some studies (33, 34) have
suggested the postoperative use of HFNC can reduce
reintubation, but there is a lack of relevant studies for obese
or cardiac surgery patients.
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Figure 4. Comparison of atelectasis score at 24 h postoperative between high-flow nasal cannula (HFNC) and conventional oxygen therapy (COT).

Figure 5. Comparison of PaO2/FiO2 at 24 h postoperative between high-flow nasal cannula (HFNC) and conventional oxygen therapy (COT).

Figure 6. Comparison of dyspnea score at 24 h postoperative (improvement) between HFNC and conventional oxygen therapy (COT).



Compared with COT, the use of HFNC can shorten the
length of stay in the ICU (35, 36). Our results showed that
this is not consistent among obese patients undergoing
cardiac surgery. The two meta-analysis of Du et al. (23) and
Corley et al. (37) derived conclusions similar to ours. This
suggests that compared with COT, the use of HFNC has not
significantly changed the ICU length of stay of obese
patients undergoing cardiac surgery.

This meta-analysis has the following limitations. First,
because there are few related clinical studies and only 3 RCTs
were included, the conclusion may not have clinical
significance. Second, the included studies are heterogeneous,
and there are certain differences in the methods of cardiac
surgery and the characteristics of the included patients. Third,
because there are few meta-analyses on a similar topic, it is
difficult to compare it with other related studies. Finally, for
the data that are not represented by the mean±SD, we used
formula conversion. In addition, we used measurement
software to estimate the data displayed on the graph. This
may have inevitably affected the accuracy of the data.

Conclusion

This systematic review and meta-analysis showed that for
obese patients undergoing cardiac surgery, the postoperative
use of HFNC can maintain oxygenation. However, compared
with COT, there is no significant difference in atelectasis
score, dyspnea score, reintubation, and ICU length of stay.
More clinical studies are needed to confirm the role of HFNC.
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