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BACKGROUND: The effects of high-flow nasal cannula (HFNC) therapy on postoperative atelec-
tasis and duration of oxygen therapy after off-pump coronary artery bypass graft are unknown.
The purpose of this study was to compare the effects of HFNC therapy for subjects who underwent
off-pump coronary artery bypass graft with the effects of standard oxygen therapy in terms of
oxygen requirement and atelectasis. METHODS: This prospective single-blinded randomized, con-
trolled trial included 148 subjects who underwent off-pump coronary artery bypass graft between
2010 and 2015 with HFNC (n � 72) or without HFNC (standard O2, n � 76). The primary end point
was the percentage difference in loss of lung volume between subjects with or without HFNC
therapy. Secondary end points included the total amount of oxygen administered and duration of
oxygen therapy with and without HFNC therapy. RESULTS: There were significant between-group
differences in the percentage loss of lung volume (P < .001), total amount of oxygen administered
(P < .001), duration of oxygen therapy (P < .001), and the need for postoperative diuretic therapy
(P � .037). The amount (� � 0.569, P < .001) and duration (� � 0.678, P < .001) of oxygen
administered were correlated with atelectasis volume. CONCLUSIONS: Using HFNC therapy after
off-pump coronary artery bypass graft shortened the duration of oxygen therapy and reduced the
percentage loss of lung volume and total amount of oxygen administered when compared with
standard oxygen therapy. Key words: high-flow nasal cannula therapy; coronary artery bypass graft-
ing; atelectasis; respiration. [Respir Care 2020;65(2):183–190. © 2020 Daedalus Enterprises]

Introduction

Effective respiratory management is one of the most
important priorities after cardiac surgery. Postoperative
atelectasis has been associated with the duration of oxygen
therapy and delay in resumption of activities of daily liv-
ing after surgery.1 Furthermore, atelectasis compromises

successful recovery after surgery and may prolong the
hospital stay.1 At our institution, all coronary artery bypass
graft surgery is performed off-pump in the belief that off-
pump coronary artery bypass graft surgery is less invasive
than the same procedure on-pump, and that respiration
after off-pump coronary artery bypass graft surgery would
be better than that after the same procedure on-pump.
However, the loss of lung volume seen on postoperative
chest films and computed tomography scans was larger
than anticipated.

In recent years, HFNC therapy has been introduced in
postoperative respiratory care, and its efficacy has been
well described.2-4 HFNC therapy delivers a high flow of
humidified gas at a level near the patient’s required in-
spiratory flow2-4,7,8 while maintaining a constant oxygen
concentration and humidified inhalation via a specialized
nasal interface. HFNC therapy consists of an oxygen/air
blender, a heated humidifier, a single heated circuit, and a
nasal cannula. Flow can be titrated up to 60 L/min, and the
oxygen concentration can be titrated between 21% and
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100%. PEEP generated with HFNC therapy has been re-
ported to achieve an increase in functional residual vol-
ume, reduces air trapping, and a reduction in inspiratory
threshold load.3,5-7 Therefore, HFNC therapy improves ox-
ygenation, reduces expiratory and inspiratory work, and
improves alveolar ventilation. Although these effects are
also achieved with the use of a CPAP mask, HFNC is
more comfortable than CPAP.9 Moreover, HFNC may wash
out intraoral expiratory carbon dioxide and creates a res-
ervoir of oxygen in the nasopharyngeal cavity, because the
high-flow supply can flush and replace the dead space
volume.8,10

Washout of nasopharyngeal dead space reduces the rate
of re-intubation. Hernández et al11 reported that HFNC
therapy was noninferior to noninvasive ventilation with
regard to avoidance of the need for postoperative re-intu-
bation. Accordingly, we hypothesized that HFNC therapy
could reduce the loss of lung volume and shorten the re-
quired duration of oxygen therapy, and we introduced
HFNC therapy for postoperative support of subjects un-
dergoing off-pump coronary artery bypass graft surgery.

The aim of this study was to investigate the efficacy of
HFNC therapy in subjects undergoing coronary artery by-
pass graft surgery in terms of postoperative atelectasis and
duration of oxygen therapy.

Methods

Study Groups

A total of 158 consecutive patients who underwent off-
pump coronary artery bypass graft surgery at Tokyo Wom-
en’s Medical University from January 2010 to May 2015
were selected to participate in this prospective single-
blinded randomized controlled trial. None of the subjects
refused to be enrolled, and all provided written informed
consent for cardiac multidetector-row computed tomogra-
phy (MDCT) and coronary artery bypass graft surgery.
The study protocol was approved by the institutional re-
view board at Tokyo Women’s Medical University (ap-
proval number 4397). Patients undergoing concomitant
procedures, such as valve surgery, aortic surgery, and con-
genital cardiac surgery, were not in the selected group
because of the need for cardiopulmonary bypass. Patients
with chronic kidney disease (serum creatinine � 2.0 mg/dL
without dialysis) were excluded because of concerns re-
garding renal injury due to the contrast medium used with
postoperative cardiac MDCT (n � 7). Patients who with-
drew from HFNC therapy because of discomfort were also
excluded (n � 3). Finally, 148 subjects were enrolled,
113 of whom were men. Preoperatively, subjects were
randomly allocated receive HFNC therapy (n � 72) or a
standard O2 mask (n � 76) after coronary artery bypass
graft surgery. The method of randomization was by coin

toss (tails meaning allocation to HFNC therapy). A flow
chart outlining the steps of this study is shown in Figure 1.

Surgical Procedure

A full median sternotomy and off-pump coronary artery
bypass graft surgery were performed in all subjects. The
goal of coronary artery bypass graft surgery is to achieve
complete functional revascularization. Left and right in-
ternal thoracic artery grafts were grafted exclusively to the
left anterior descending artery or the left circumflex artery;
saphenous vein grafts and the right gastroepiploic artery
were grafted to the right coronary artery.

Postoperative Management

Circulation Management. Fluid management was
achieved using goal-directed fluid management.12 Hemo-
dynamic monitoring was performed using a Swan-Ganz
catheter. The circulation indices were mixed venous oxy-
gen saturation, cardiac index, systolic volume index, and
the end-diastolic volume index. Dopamine, nitroglycerin,
and phosphodiesterase inhibitors, in addition to intrave-
nous volume expanders, were often administered intra-
operatively and postoperatively to stabilize the hemody-
namic parameters. The catecholamine volume administered
was reduced by postoperative day 1; volume administra-
tion was discontinued on postoperative day 1 in almost all
subjects (n � 141) without antibiotics. Oral fluids were
restricted postoperatively (1,000 mL/d) to avoid accumu-
lation of pleural and pericardial effusion. A diuretic was
administered 5 d after surgery if postoperative drainage
was poor (ie, � 2 kg compared with preoperatively) or
when pleural effusion did not decrease.

QUICK LOOK

Current knowledge

The effects of postoperative HFNC therapy have been
well described. However, previous reports have focused
on the effect that HFNC therapy has on PEEP and
avoidance of re-intubation.

What this paper contributes to our knowledge

HFNC therapy with early extubation in subjects who
had undergone off-pump coronary artery bypass graft
improved postoperative atelectasis and shortened the
duration of oxygen therapy when compared with stan-
dard oxygen therapy. A positive effect of HFNC ther-
apy on postoperative atelectasis was confirmed with
computed tomography images.
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Ventilator Management. Following coronary artery by-
pass graft surgery, all subjects were transferred to the
ICU while still intubated. A ventilator (Evita XL or
Evita V500, Dräger Medical, Lübeck, Germany) was
used to provide postoperative mechanical ventilation. A
recruitment maneuver (3-breath, high PEEP; 55–
70 cm H2O, 2–3 s, 3 times) was performed to open
alveoli and to achieve PaO2

/FIO2
� 500 mm Hg. Further-

more, a low-flow pressure-volume closed loop was used to
establish the optimal level of PEEP required to keep al-
veoli open; thereafter, biphasic intermittent positive air-
way pressure management was used. The mean PEEP was
13 � 3 mm Hg. After spontaneous breathing was con-
firmed, weaning was performed using the Smart Care func-
tion, which automatically determines the appropriate level
of ventilator support.13 This ventilation management strat-
egy was used in both groups.

The extubation criteria were satisfactory respiratory sta-
tus (with 5–8 cm H2O PEEP and 21–40% FIO2

), no bleed-
ing, and a normal level of consciousness. After extubation,
HFNC therapy with 45–60 L/min and 21–35% FIO2

were
used in the HFNC group; a flow of 3–12 L/min and 100%
oxygen via a standard oxygen mask with humidification
were used in the standard O2 group. The amount of oxygen
was set to maintain normal mixed venous oxygen satura-
tion (Sv�O2

; 60–80%) or to avoid a low SpO2
(� 90%) on

the day of surgery and on postoperative day 1 in the ICU.
The total oxygen volume was calculated as follows: flow
of oxygen/min � administration minutes by every level of
oxygen concentration.

Rehabilitation Management. Almost all subjects (n �
142) were returned to the ward from the ICU on postop-
erative day 1. Walking rehabilitation was implemented by
nurses or physiotherapists. The target SpO2

after return to
the hospital ward was approximately � 94% (SpO2

� 90%

in subjects with COPD) with no additional symptoms such
as shortness of breath in either group, and support was
maintained using a standard face mask or nasal cannula.
When the target SpO2

was maintained, the amount of ox-
ygen was gradually reduced by 1 L/min.

Image Reconstruction and Volume Calculation

Postoperative graft patency is evaluated at our institu-
tion using cardiac electrocardiographically gated 64-col-
umn MDCT on postoperative day 5. All cardiac MDCT
examinations were performed using a LightSpeed VCT
XT scanner (GE Healthcare, Waukesha, Wisconsin). In
this study, cardiac MDCT was used to evaluate the lung
volume loss in coronary artery bypass graft surgery. All
reconstructed images were reviewed in axial projection;
subsequently, image tools (Zio Station, Tokyo, Japan) were
used to examine the images. After 3-dimensional image
reconstruction using a volume-rendering procedure, the
volume on both sides of the chest cavity and the lung
volume loss and pleural effusion were measured using the
differences in the computed tomography values (ie, the
Zio station can automatically measure these volumes; total
lung volume was defined as both sides of the chest cavity).
The amount of lung volume loss was defined as the total
of atelectasis and pleural effusion volumes. The percent-
age of the loss of lung volume against the chest cavity was
calculated and compared with and without HFNC therapy,
which is the primary end point (Fig. 2).

We also examined electrical impedance tomography ven-
tilation images (Dräger PulmoVista500, Dräger Medical
United Kingdom, Hemel Hempstead, United Kingdom)
for each oxygen concentration. Electrical impedance to-
mography is a technique used to acquire real-time images
and data from regional lung ventilation and lung volumes
at the bedside.14 We compared the data obtained at 5
L/min with a standard O2 mask and at 30 L/min, 40 L/min,
and 50 L/min with HFNC therapy.

Statistical Analysis

The primary end point of this study was a reduction in
the percentage of lung volume loss. The secondary end
points were improvement in the total amount of oxygen
administered from the time of extubation and the duration
of oxygen inhalation therapy from the time of extubation.
Correlations between the loss of lung volume and various
factors were examined. Medical staff involved were blinded
to the data and the results. The sample size was calculated
by the effect size when comparing the loss of lung volume
between the study groups. We assumed a 5% difference in
the mean and a 7.5% difference in the standard deviation.
As a result, the effect size was 0.67, and the minimum
required sample size was 49 cases in each group when

Isolated off-pump
CABG patients

158

Chronic kidney disease: 7

Standard O2

76
HFNC

72

Subjects enrolled
148

Withdrawn from HFNC: 3

Eligible patients
151

Fig. 1. Flow chart. HFNC � high-flow nasal cannula, CABG �
coronary artery bypass graft.
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calculated with a power of 95% and a significance level of
5%. We targeted approximately 160 cases for the total
number of samples, considering the number of subjects
who would be excluded.

JMP Pro 11 (SAS Institute, Cary, North Carolina) was
used to analyze the data. Normality was tested with the
Shapiro-Wilk test. To compare the characteristics of the
2 study groups, the following tests were performed: the in-
dependent t test (for continuous variables with a normal
distribution); the Mann-Whitney U test (for continuous
variables with a non-normal distribution); and the chi-
squared test. P � .05 was considered statistically signifi-
cant. Correlations were examined using the Spearman’s
rank correlation coefficient. The data are presented as the
mean � standard deviation or as the median (interquartile
range [IQR]) in the text and tables.

Results

The baseline characteristics of the subjects are summa-
rized in Tables 1 and 2. The duration of HFNC therapy
was 18 � 6 h. The postoperative drainage volume was
significantly larger in the HFNC group than in the stan-
dard O2 group (P � .001); however, no subject underwent
any further surgical intervention for bleeding. Otherwise,
there were no significant differences between the two
groups at baseline.

There were significant between-group differences in the
total volume of oxygen administered from the time of
extubation (4,650 L [IQR 3,240–7,140] in HFNC and
11,760 L [IQR 9,720–15,090] in standard O2, P � .001)
and in the duration of oxygen inhalation therapy from the
time of extubation (30 h [IQR 18–40] in HFNC and 57 h
[IQR 40–68] in standard O2, P � .001 ; Fig. 3). Thirty-
five HFNC subjects and 11 standard O2 subjects did not
require oxygen inhalation therapy on postoperative day 1
(P � .001), and 28 and 37, respectively, did not require it
on postoperative day 2 (P � .001). The percentage of loss
of lung volume observed in the chest cavity was signifi-
cantly smaller in the HFNC group than in the standard O2

group (5.2 � 2.2% vs 9.2 � 2.2%, respectively, P � .001).
Furthermore, the need for postoperative diuretic therapy
because of prolonged retention of fluid and pleural fluid
was significantly lower in subjects undergoing HFNC
(P � .037, Table 2).

The Spearman rank correlation coefficient test indicated
a moderately strong correlation between duration of oxy-
gen inhalation therapy and loss of lung volume (� � 0.569,
P � .001). In addition, the total amount of oxygen admin-
istered was strongly related to loss of lung volume
(� � 0.678, P � .001; Fig. 4). There was a weak corre-
lation between intubation time and loss of lung volume
(� � 0.342, P � .001). Although the stay in the ICU was
the same for both groups, the overall hospital stay was
shorter for HFNC subjects than for standard O2 subjects

A B

Fig. 2. Comparison of postoperative multidetector-row computed
tomography and 3-dimensional volume evaluation of atelectasis
after coronary artery bypass surgery between A: HFNC and B:
standard O2, reconstructed with image tools. These images shows
the effectiveness of HFNC. Red circles indicate atelectasis and
pleural effusion, and volume was larger with standard O2 than with
HFNC; 3-dimensional expanded lung volume was larger with HFNC
than with standard O2. HFNC � high-flow nasal cannula.

Table 1. Clinical Characteristics of Subjects

Variable HFNC Standard O2 P

Male 57 (79.2) 56 (73.7) .43†
Age, y 69 � 7 69 � 10 .33‡
Body surface area, m2 1.66 � 0.15 1.65 � 0.19 .42‡
Hypertension 61 (84.7) 65 (85.5) .89†
Dyslipidemia 49 (68.1) 58 (76.3) .26†
Renal insufficiency* 31 (44.3) 25 (33.3) .17†
Dialysis 10 (13.9) 7 (9.2) .37†
Diabetes mellitus 40 (55.6) 44 (57.9) .77†
Old myocardial infarction 28 (38.9) 31 (41.3) .76†
Past percutaneous coronary

intervention
15 (20.1) 17 (22.4) .82†

Cerebral infarction 10 (13.9) 10 (13.2) .90†
Peripheral vascular disease 8 (11.1) 6 (7.9) .50†
Smoking history 42 (58.3) 47 (61.8) .66†
COPD 3 (4.2) 3 (3.9) .71†
Low ejection fraction

(ie, � 30%)
5 (6.9) 3 (4.0) .42†

Data are presented as n (%) or mean � SD. HFNC: n � 72 subjects; Standard O2:
n � 76 subjects.
* Renal insufficiency defined as estimated glomerular filtration rate � 60 mL/min/1.73 m2.
† Chi-square test.
‡ Independent t test.
HFNC � high-flow nasal cannula
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(8 d [IQR 7–10] vs 9 d [IQR 7–12]), but the difference
was not statistically significant (P � .056; Table 2).

Figure 5 shows the electrical impedance tomography
study, which revealed that the larger the flow, the better
the expansion of the lungs; and sufficient expansion of the
alveoli was achieved by only 50 L/min. No adverse events
related to the use of HFNC therapy were recorded.

Discussion

In this study, use of HFNC therapy was associated with
a reduction in both postoperative atelectasis and duration
of oxygen therapy. Although various reports in the past
have illustrated the effect of HFNC in cardiac surgery,14,15

this report demonstrates the effect of HFNC therapy using
images of postoperative atelectasis volume. Furthermore,
HFNC therapy might also aid early postoperative rehabil-
itation.

The duration of oxygen therapy was short in the HFNC
group (P � .001). The authors attribute this result to the
postoperative respiratory measures used (such as the re-
cruitment maneuver and the ability of PEEP to maintain
alveolar recruitment) in combination with HFNC therapy.
Landquist et al16 reported that atelectasis occurred in 87%
of subjects who had undergone anesthesia or mechanical
ventilation. Atelectasis has been observed in up to 90% of

subjects who undergo cardiac surgery,17 particularly in the
dependent lung (ie, the dorsal side). The aim during this
study was to achieve effective alveolar ventilation by avoid-
ing collapse of the alveoli. Futier et al18 reported that use
of HFNC therapy after extubation did not improve pulmo-
nary outcomes in subjects who had undergone major ab-
dominal surgery; however, the PEEP used in their study
was relatively lower (6.2 � 1.3 mm Hg) than that used in
our study and may have resulted in insufficient recruit-
ment of the dependent lung regions. Outcome measures
demonstrated that many subjects in the HFNC group had
less atelectasis in the dependent lung on postoperative day 1.
The difference in flow effect using HFNC therapy was
important. The electrical impedance tomography study sug-
gested that dorsal lung ventilation was better on 50 L/min
than on � 40 L/min (Fig. 5). It also suggested a positive
relationship between PEEP and flow quantity, and its coun-
terbalance of auto-PEEP and reduced work of breathing.5,19

Furthermore, Zochios et al15 reported that a PEEP of 4.0–
7.1 cm H2O was observed at 60 L/min HFNC, and Parke
et al5 observed 1.93 � 1.25 cm H2O, 2.58 � 1.54 cm H2O,
and 3.31 � 1.05 cm H2O at 30, 40, and 50 L/min HFNC
with the mouth closed. The pressures reported by Ritchie
et al6 are similar to those reported by Parke et al5

(1.5 � 0.7 cm H2O, 2.2 � 0.8 cm H2O, and 3.1 � 1.2 cm H2O
at 40, 50, and 60 L/min HFNC, respectively). From these
reports and our present findings, we suggest that HFNC
therapy not only results in low PEEP but also has an effect
on flow delivery. This effect is greater as the flow in-
creases and could further improve the flow of oxygen to
both the dependent and non-dependent lungs.

Shortening the duration of oxygen inhalation typically
reduced the total amount of oxygen that the subjects re-
ceived. Moreover, administration of high-concentration ox-
ygen was not needed because of the effects of HFNC
therapy, which included improved oxygenation, a reduc-
tion in work of breathing, and improved functioning of
alveolar ventilation. Reduced FIO2

levels are often required
with HFNC systems compared to the air-entrainment mask,
secondary to differences in system delivery. A standard O2

mask or nasal cannula cannot supply a flow greater than a
patient’s inspiratory volume; therefore, inspiratory flow
was a mixture of the oxygen supplied and entrained air. As
a result, when using a standard mask or nasal cannula, the
fraction of delivered oxygen was less than the FIO2

. Con-
versely, with HFNC therapy, the flow supplied matched
the subject’s inspiratory volume; therefore, the deviation
between the fraction of delivered oxygen and FIO2

was
extremely small and well titrated. In this study, the amount
of oxygen administered in the HFNC group was approx-
imately 60% of the amount of oxygen in the standard O2

group during their ICU stay. There was a correlation be-
tween the duration of oxygen therapy and atelectasis
volume, and the total amount of oxygen administered was

Table 2. Operative Characteristics of Subjects

Variable HFNC Standard O2 P

Clinical status .34*
Elective 61 (84.7) 66 (86.8)
Urgent 6 (8.3) 5 (6.6)
Emergent 5 (6.9) 5 (6.6)

Congestive heart failure 21 (19.8) 26 (22.8) .64*
Left main trunk disease 12 (16.7) 22 (29.0) .08*
Re-do operation 2 (2.8) 1 (1.3) .57*
Intra-aortic balloon pumping 10 (13.9) 6 (7.9) .22*
Number of coronary stenosis 2.5 � 0.1 2.4 � 0.1 .20†
Anastomosis 3.0 (2.0–3.0) 3.0 (2.0–3.0) .64‡
Bilateral internal thoracic artery 40 (52.0) 37 (48.7) .40*
Operative time, min 173 � 43 182 � 52 .22†
Intraoperative hemorrhage, mL 500 (340–725) 500 (300–687.5) .86‡
Blood transfusion 8 (7.5) 11 (9.6) .58*
Postoperative drainage volume,

mL
410 (285–523.8) 318 (221.3–420) � .001‡

Ventilation duration, h 2 (1.5–2.5) 2.5 (1.85–3) .10‡
Volume balance, mL 3,380 � 521 3,250 � 473 .27†
ICU LOS, d 1 (1–1) 1 (1–1) .65‡
Postoperative hospital LOS, d 8 (7–10) 9 (7–12) .056‡
Postoperative diuretic

administration
5 (6.9) 14 (18.4) .037*

Data are presented as n (%), n (interquartile range), or mean � SD. HFNC: n � 72 subjects;
Standard O2: n � 76 subjects.
* Chi-square test.
† Independent t test.
‡ Mann-Whitney U test.
HFNC � high-flow nasal cannula
LOS � length of stay
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also related to the atelectasis volume. These results mean
that HFNC therapy has a direct effect. Using HFNC ther-
apy reduced the atelectasis volume, and, as a result, the
subject’s oxygen requirement was reduced. Therefore, the
duration of oxygen therapy and the amount of oxygen
administered were decreased.

Our institution has implemented the ERAS (Enhanced
Recovery After Surgery) protocol for perioperative man-
agement,20 and other institutions have reported fast-track
management for coronary artery bypass graft.21,22 One con-
cept in this regimen is early postoperative rehabilitation. In
this study, almost all subjects were transferred to the ward
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and started walking on postoperative day 1. The loss of
lung volume was reduced by walking because of the effect
of gravity on the dorsal region of the lung and para-dia-
phragm. Early extubation is known to improve hemody-
namics, especially in patients undergoing coronary artery
bypass graft and its safety has now been reported.23 The
authors also believe that early extubation is safe if the
patient’s status is stable (ie, no active bleeding, adequate
mechanical ventilation using CPAP, and a normal level of
consciousness). Invasive ventilation has an adverse effect
on hemodynamics (eg, by reducing blood pressure); there-
fore, early extubation with HFNC support improves he-
modynamics. We hypothesized that early postoperative
recovery and improved postoperative oxygenation and at-
electasis would be associated with the effects of HFNC
therapy. In this study, the length of hospital stay was shorter
for HFNC subjects than for the subjects receiving standard
O2, but this difference was not significant (P � .056). The
lack of differences in postoperative hospitalization between
these 2 groups might be due to our implementation of
ERAS management for both groups.

Moreover, the number of subjects requiring postopera-
tive diuretic therapy was significantly lower in the HFNC
group indicating that HFNC therapy can reduce the amount
of pleural fluid. However, this finding might be the result
of early rehabilitation, shortening of the duration of oxy-
gen therapy, and the increase in insensitive sweating.

Our institution has adopted the target oxygen saturation
method described by the British Thoracic Society.24 How-
ever, it is not necessary to maintain SpO2

close to 100%. As

mentioned earlier, removal of the cannula is more useful in
terms of decreasing the stress to the subject and increasing
their motivation to start rehabilitation.

A systematic review and meta-analysis of randomized
controlled trials that evaluated the effect of HFNC therapy
on the need for re-intubation in adult subjects showed that
HFNC therapy does not delay re-intubation and that the
oxygenation level is the same as that provided by nonin-
vasive ventilation.25 None of the subjects in our study had
respiratory failure; therefore, the lung status of subjects in
this study might be better than that of subjects in respira-
tory failure. Hence, for patients with respiratory failure,
the indication for HFNC therapy should considered more
carefully.

This study has some limitations. All subjects in the
study had undergone off-pump coronary artery bypass graft
surgery, so the effect of HFNC therapy in those who un-
dergo on-pump cardiac surgery could not be evaluated.
Furthermore, patients with chronic kidney disease without
dialysis (ie, serum creatinine � 2.0 mg/dL) were excluded.
These patients may develop more pleural effusion after
surgery, which could increase the atelectasis volume. How-
ever, we believe that HFNC therapy would also reduce
pleural effusion and atelectasis in these patients.

Conclusions

HFNC therapy with early extubation in subjects who
have undergone coronary artery bypass graft surgery could
improve postoperative atelectasis, shorten the duration of

A B

C D

Fig. 5. Images of electrical impedance tomography for each O2 concentration. A: 5 L/min (standard O2), B: 30 L/min, C: 40 L/min, and D:
50 L/min (HFNC therapy). HFNC � high-flow nasal cannula.
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oxygen therapy, and reduce the total amount of oxygen
administered compared to standard oxygen inhalation ther-
apy. HFNC therapy might lead to an earlier return to ac-
tivities of daily living and may decrease the postoperative
hospital stay. However, this study does not provide defin-
itive proof, so further research is necessary.

REFERENCES

1. Kendall F, Oliveira J, Peleteiro B, Pinho P, Bastos PT. Inspiratory
muscle training is effective to reduce postoperative pulmonary com-
plications and length of hospital stay: a systematic review and meta-
analysis. Disabil Rehabil 2018;40(8):864-882.

2. Maggiore SM, Idone FA, Vaschetto R, Festa R, Cataldo A, Antoni-
celli F, et al. Nasal high-flow versus Venturi mask oxygen therapy
after extubation. Effects on oxygenation, comfort, and clinical out-
come. Am J Respir Crit Care Med 2014;190(3):282-288.

3. Parke R, McGuinness S, Eccleston M. Nasal high-flow therapy de-
livers low level positive airway pressure. Br J Anaesth 2009;103(6):
886-890.

4. Ni YN, Luo J, Yu H, Liu D, 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):764-775.

5. Parke RL, Eccleston ML, McGuinness SP. The effects of flow on
airway pressure during nasal high-flow oxygen therapy. Respir Care
2011;56(8):1151-1155.

6. Ritchie JE, Williams AB, Gerard C, Hockey H. Evaluation of a
humidified nasal high-flow oxygen system, using oxygraphy, cap-
nography and measurement of upper airway pressures. Anaesth In-
tensive Care 2011;39(6):1103-1110.

7. Groves N, Tobin A. High-flow nasal oxygen generates positive air-
way pressure in adult volunteers. Aust Crit Care 2007;20(4):126-
131.

8. Spence CJT, Buchmann NA, Jermy MC, Moore SM. Stereoscopic
PIV measurements of flow in the nasal cavity with high flow ther-
apy. Exp Fluids 2011;50(4):1005-1017.

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

10. Dysart K, Miller TL, Wolfson MR, Shaffer TH. Research in high
flow therapy: mechanisms of action. Respir Med 2009;103(10):1400-
1405.

11. Hernández G, Vaquero C, Colinas L, Cuena R, González P, Canabal
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