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ORIGINAL RESEARCH

Background: High-ﬂow nasal cannula (HFNC) oxygen therapy in acute hypoxic respiratory
failure is becoming increasingly popular. However, evidence to support the use of HFNC in
acute respiratory failure (ARF) with hypercapnia is limited.
Methods: Chronic obstructive pulmonary disease (COPD) patients with moderate hypercapnic ARF (arterial blood gas pH 7.25–7.35, PaCO2>50 mmHg) who received HFNC or
non-invasive ventilation (NIV) in the intensive care uint from April 2016 to March 2018
were analyzed retrospectively. The endpoint was treatment failure, deﬁned as either invasive
ventilation, or a switch to the other study treatment (NIV for patients in the NFNC group,
and vice-versa), and 28-day mortality.
Results: Eighty-two COPD patients (39 in the HFNC group and 43 in the NIV group) were
enrolled in this study. The mean age was 71.8±8.2 and 54 patients (65.9%) were male. The
treatment failed in 11 out of 39 patients with HFNC (28.2%) and in 17 of 43 patients with
NIV (39.5%) (P=0.268). No signiﬁcant differences were found for 28-day mortality (15.4%
in the HFNC group and 14% in the NIV group, P=0.824). During the ﬁrst 24 hrs of
treatment, the number of nursing airway care interventions in the HFNC group was signiﬁcantly less than in the NIV group, while the duration of device application was signiﬁcantly longer in the HFNC group (all P<0.05). Skin breakdown was signiﬁcantly more
common in the NIV group (20.9% vs 5.1%, P<0.05).
Conclusion: Among COPD patients with moderate hypercarbic ARF, the use of HFNC
compared with NIV did not result in increased rates of treatment failure, while there were
fewer nursing interventions and skin breakdown episodes reported in the HFNC group.
Keywords: chronic obstructive pulmonary diseases, respiratory failure, high-ﬂow nasal
cannula, non-invasive ventilation, cohort study

Introduction
Chronic obstructive pulmonary disease (COPD) remains a common cause of
morbidity and mortality worldwide. Acute respiratory failure (ARF) with hypercapnia is a common complication of COPD, and is associated with an increased
need for respiratory support and a greater risk of death.1 Non-invasive ventilation
(NIV) is recommended as the gold-standard therapy for COPD patients complicated
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by hypercapnic ARF.2 However, NIV may not be well
tolerated, and about 25% of subjects have contraindications to NIV.3
High-ﬂow nasal cannula (HFNC) oxygen therapy is an
emerging respiratory support system, which is better tolerated than NIV.4 HFNC has been evaluated in recent
years as an alternative to NIV in acute hypoxaemic
respiratory failure or post-extubation.5–7 HFNC appears
to improve exercise tolerance and reduce partial pressure
of carbon dioxide (PaCO2), respiratory rate and work of
breathing in stable COPD patients.8,9 However, the role of
HFNC in hypercapnic ARF has not been widely studied.
HFNC has been reported to successfully manage hypercapnic ARF in COPD patients who decline NIV in case
reports.10,11 In two small studies, HFNC decreased PaCO2
compared with oxygen therapy via nasal prongs in COPD
patients with hypercapnic ARF.12,13
We hypothesized that HFNC and NIV had similar
therapeutic effects on COPD patients with moderate
hypercapnic ARF. This observational study was conducted
to compare the effectiveness of HFNC and NIV for these
patients.

Materials and methods
Study design and ethical approval
Between April 2016 and March 2018, discharge reports
from all COPD patients admitted to our 15-bed emergency
intensive care unit (ICU) in a tertiary teaching university
hospital were retrospectively reviewed. The conduct of
this study was in accordance with the ethical principles
of the Declaration of Helsinki. This study was approved by
the Institutional Ethics Committee of Northern Jiangsu
People’s Hospital (No. 2,017,053), and given its purely
observational design and the routine use of HFNC and
NIV in our unit, informed consent was waived. Patient
information was de-identiﬁed and anonymized before
analysis.

Screening of patients
We screened patients who received a principal discharge
diagnosis of acute exacerbation of COPD, or a principal
diagnosis of ARF when accompanied by a secondary diagnosis of COPD. COPD was diagnosed on the basis of the
clinical history, physical examination, chest radiograph
and available lung function tests. General indications for
NIV or HFNC when treating COPD in our uint include
respiratory acidosis (pH ≤7.35 and PaCO2≥50 mmHg), an
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exacerbation of dyspnea with evidence of accessary
respiratory muscle use, and persistent hypoxemia despite
oxygen therapy.14 Among those COPD patients who were
treated with HFNC (OptiﬂowTM, Fisher&Paykel
Healthcare) or NIV (BiPap Vision or PHILIPS V60)
within four hours of admission, patiens meeting criteria
for moderate hypercapnic ARF were included. Moderate
hypercapnic ARF was deﬁned as respiratory acidosis characterized by a pH range from 7.25 to 7.35 and a PaCO2
≥50 mmHg, accompanied by a partial arterial oxygen
tension (PaO2) below 45mmHg on room air.
Exclusion criteria were: severe respiratory failure
requiring immediate tracheal intubation (respiratory frequency≥40 times/min, severe hypoxia, severe respiratory
acidosis with a pH <7.25, Glasgow score <8),
a contraindication to NIV (oral and facial trauma, excessive phlegm with poor expectoration ability, hemodynamic
instability), no treatment with systemic corticosteroids or
short-acting bronchodilators within the ﬁrst two days of
the hospital stay, patients with poor short term prognosis
(very high risk of death within seven days or receiving
palliative care), other organ failure, tracheostomy, and loss
to follow-up after hospital discharge.

Classiﬁcation of patients
Patients were classiﬁed into two groups according to the
time from the admission to the ICU and the start of ﬁrstline ventilatory support including HFNC or NIV. All
patients in whom HFNC was started within the ﬁrst four
hous from admission were included in the HFNC group, if
they received at least four hours of HFNC within the ﬁrst
24 hrs. Those who were treated with NIV within the ﬁrst
four hours of admission were included in the NIV group, if
they received at least four hours of NIV within the ﬁrst
24 hrs. Conventional oxygen therapy via nasal prongs was
used between episodes of ventilatory support. A patient’s
group classiﬁcation would not change if the patient
received another ventilatory support device or invasive
mechanical ventilation later in their admission. For example, patients initially treated with NIV for ﬁve hours and
then received HFNC or invasive mechanical ventilation as
rescue therapy, remained classiﬁed in the NIV group. Each
patient was classiﬁed by consensus of three senior intensivists (PG, QZ, and DT) blinded to outcomes up to full
agreement.
The indications for intubation and invasive mechanical
ventilation in patients with COPD in our uint were:
pH<7.20 with progressively increasing PaCO2,
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uncontrolled hypoxia deﬁned by as a PaO2<50mmHg
despite ample oxygen, serious disturbances of consciousness (coma, lethargy or delirium), cardiac arrest, or
respiratory rate <8 or >40 breaths per minute.15,16

Data collection
For eligible patients, personal characteristics, relevant
comorbidities, pre-admission COPD duration (in years)
and medications, available pulmonary function tests
including forced expiratory volume in one second
(FEV1) and FEV1/forced vital capacity (FVC), imaging
studies, severity scores including the acute physiological
and chronic health status score II (APACHE II), and the
Simpliﬁed Acute Physiology Score II (SAPS II), and the
time of ICU admission were recorded. Physiological data
including arterial blood gas analysis and vital signs such as
heart rate, respiratory rate, blood pressure, and pulse oxygen saturation at ICU admission were also collected.
We collected the initial settings of NIV or HFNC, daily
total respiratory support time, respiratory support switch
details (changes from NIV to HFNC or from HFNC to
NIV, or a change to invasive ventilation, including speciﬁc
time and reasons). In addition, respiratory rates and arterial
blood gas analysis 24 hrs after initial respiratory support
were recorded, as well as the daily total number of nursing
airway care interventions (such as correcting unplanned
device displacement, assisting in spitting, eating and so
on), nasal facial skin breakdown, and total hospital and
ICU length of stay were recorded.

Outcomes
The primary outcome was treatment failure, deﬁned as
invasive ventilation, or a switch in ventilation treamtment.
The secondary outcomes were 28-day mortality, the duration of device application the number of nursing airway
care interventions within the ﬁrst 24 hrs, and the incidence
of nasal facial skin breakdown after total duration of
respiratory support. In addition, we assessed the respiratory rate and PaO2/fraction of inspired oxygen (FiO2) ratio
after 24 hrs of treatment, as well as the number of days of
respiratory support, and total ICU and hospital length of
stay.
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reported using a mean with SDs, while skewed distribution
data was reported using a median (quartile). The two sample
independent t test or Mann-Whitney U test was used to
compare measurement data. Numeric data was reported by
percentage (%), and such data were analyzed using χ2 tests.
We used Kaplan-Meier method to draw the cumulative failure
and survival rates. These curves were then analyzed by Log
Rank tests. A P-value <0.05 was considered to be statistically
signiﬁcant.

Results
Patient characteristics
Among 277 COPD patients who were admitted to our unit
during the study period, 142 cases were consistent with the
criteria of blood gas analysis. Among these 142 patients,
60 of them were excluded (18 patients had invasive ventilation, ﬁve patients had contraindications to NIV, six
patients had advanced tumors, 12 patients had other
organ failures, three patients had tracheostomies, eight
patients had no discharge follow-up, and eight patients
received HFNC or NIV for preoxygenation before tracheal
intubation or as remedial measure four hours later). 82
patients were ﬁnally selected, including 39 in the HFNC
group and 43 in the NIV group (Figure 1). The mean age
of the patients was 71.8±8.2 years and the majority were
male (65.9%). 51 (61.4%) out of 83 patients were either
current or ex-smokers, and hypertension was the most
common comorbidity, observed in 56.1% of patients.
The median COPD history of the enrolled patients was
8 years. The median time from the start of the current
acute episode to the admission to the ICU was 5 (3–7)
days, and 41.4% of them were admitted to the ICU due to
respiratory failure caused by pneumonia. On admission to
ICU, patients had a mean SAPS-II and APACHE-II scores
of 33.4±6.1 and 17.8±3.1, respectively. The initial respiratory rate was 27.5±3.5 breaths/min, while the arterial PH
was 7.31(7.29–7.33), and the median PaCO2 was 58
(54–62) mm Hg. There was no statistical difference
between the two groups based on age, comorbidities,
COPD medications, lung function (FEV1 and FEV1
/FVC), APACHE II score, SAPS II score, vital signs or
blood gas analysis on admission to the ICU (Table 1).

Statistical analysis
We performed all data analysis using SPSS 20.0 (SPSS Inc,
Chicago, Ill, USA). The consistency test of normal distribution for measurement data was carried out by Single
Kolmogorov–Smirnov tests. Normally distribute data was
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Hospital course and outcomes
The initial FiO2 in the HFNC group was 0.3 (0.2–0.4), and
the gas ﬂow rate was 50 (40–50) L/min. While the initial
FiO2 in the NIV group was 0.4 (0.3–0.6), inspiratory
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277 COPD patients admitted to the ICU

142 cases were consistent with the blood gas analysis (PH 7.25-7.35, PaCO2>50 mmHg)

52 excluded
18 cases with invasive ventilation
5 cases contraindications to NIV
6 cases with advanced tumors
12 cases with other organ failure
3 cases with tracheotomy
8 cases without discharge follow-up

90 cases received HFNC or NIV

8 cases received HFNC or NIV for preoxygenation
before tracheal intubation or as remedial measure
4 hours later

39 cases in HFNC group

Figure 1 Flow chart of patient enrollment.
Abbreviations: COPD, Chronic obstructive pulmonary disease; ICU, Intensive care unit; HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive ventilation.

airway pressure was 10 (8–12) cmH2O, and expiratory
airway pressure was 4 (4–5) cmH2O. Mean expiratory
tidal volume during the ﬁrst 24 hrs of NIV treatment was
5.4±2.4 ml/kg of predicted body weight.
Overall treatment failure rate in this study was 34.1%
(28 of 82 patients), and total mortality at day 28 was
14.6% (12 of 82 patients). Treatment failed in 11 of 39
patients with HFNC, in which eight cases received invasive ventilation and three cases switched to NIV. 17 of 43
patients in the NIV group had treatment failure, in which
nine cases received invasive ventilation and eight cases
later received HFNC. The HFNC group had a treatment
failure rate of 28.2%, which was lower than that of the
NIV group (39.5%). However, Kaplan-Meier curve analysis showed no signiﬁcant difference between the two
groups (Log Rank test 1.228, P=0.268, Figure 2). There
were no differences between the two groups in intubation
rate or treatment switch. The 28-day mortality in the
HFNC group was 15.4%, which was not ststistically
different from the 14% in the NIV group (Log Rank
test 0.049, P=0.824, Figure 3) (Table 2).
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The number of airway care interventions within the ﬁrst
24 hrs was signiﬁcantly lower in the HFNC group than in
the NIV group [5 (4–7) vs 8 (7–10)], whereas the duration
of device application within the ﬁrst 24 hrs was signiﬁcantly
longer in the HFNC group than in the NIV group [16.0
±3.9 hrs vs 11.7±3.1 hrs] (all P<0.001, Table 2). The incidence of nasal facial skin breakdown in the NIV group was
20.9%, signiﬁcantly higher than that of the HFNC group
(5.1%, P<0.05). There were no signiﬁcant differences in
respiratory rate, PaCO2, and PaO2/FiO2 ratio 24 hrs after
treatment between the two groups, as well as in the total
days of respiratory support, ICU or hospital total length of
stay.

Treatment failure analysis
Analysis of the reasons of treatment failure in the two groups
showed that the intolerance rate of NIV was signiﬁcantly
higher than that of the HFNC (47.1–9%, P=0.026, Table 3).
However, there was no difference between the two groups
regarding respiratory distress, hypoxemia and carbon dioxide
retention. One patient’s intolerance in the HFNC group was
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Table 1 Baseline characteristics of enrolled patients
Characteristics

Total(n=82)

HFNC(n=39)

NIV(n=43)

P-value

Male, n(%)
Age, years

54(65.9)
71.8±8.2

24(61.5)
73.2±9.0

30(69.8)
70.4±7.4

0.645
0.130

History of COPD, years

8 (6–11)

9(6–12)

8(6–10)

0.216

Diabetes Mellitus
Hypertension

22(26.8)
46(56.1)

9(23.1)
21(53.8)

13(30.2)
25(58.1)

0.824
0.696

Coronary artery disease

36(43.9)

17(43.6)

19(44.2)

1.0

Chronic liver disease
Chronic kidney disease

7(8.5)
22(26.8)

4(10.3)
9(23.1)

3(7.0)
13(30.2)

0.703
0.618

Cerebrovascular disease

13(15.9)

7(17.9)

6(14.0)

0.764

Malignancy

9(11.0)

4(10.3)

5(11.6)

1.0

Inhaled corticosteroids
Beta adrenoceptor agonist

27(32.9)
33(40.2)

12(30.8)
16(41.0)

15(34.9)
17(39.5)

0.815
1.0

Anticholinergics

16(19.5)

8(20.5)

8(18.6)

1.0

FEV1,%

46.8±15.2

47.7±15.9

45.9±14.9

0.682

FEV1/FVC,%

45.5±11.3

46.0±11.1

45.2±11.6

0.806

Comorbidities, n(%)

Medication before an exacerbation, n(%)

Lung function test before an exacerbation (n=49)*

Mean length from the acute attack to the admission to the ICU, days

5(3–7)

4(2–6)

5(3–7)

0.224

On admission to ICU
APACHE II score

17.8±3.1

18.4±2.7

17.3±3.4

0.126

SAPS II score

33.4±6.1

34.8±5.9

32.2±6.0

0.053

Arterial pH
Oxygen saturation, %

7.31(7.29–7.33)
89(86–91)

7.31(7.29–7.33)
89(84–91)

7.30(7.28–7.32)
89(87–90)

0.106
0.514

PaCO2, mm Hg

58(54–62)

56(53–62)

59(55–62)

0.088

Mean arterial pressure, mm Hg
Heart rate, beats/min

89.2±6.7
103.1±10.9

88.3±5.9
102.2±10.7

90.0±7.4
103.9±11.2

0.251
0.491

Respiratory frequency,/min

27.5±3.5

28.1±3.3

27.0±3.5

0.142

PaO2/FiO2, mm Hg
With pneumonia, n(%)

139.2±6.7
34(41.4)

138.2±6.6
14(35.9)

140.1±6.6
20(46.5)

0.189
0.375

Notes: *23 cases in the HFNC group and 26 cases in the NIV group. Data are shown as mean ± standard deviation, number (%) patients, or median (interquartile range).
Abbreviations: HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive ventilation; COPD, Chronic obstructive pulmonary disease; ICU, intensive care unit; APACHE II,
Acute Physiology and Chronic Health Evaluation II; SAPS II, Simpliﬁed acute physiology score II; PaCO2, arterial carbon dioxide partial pressure; PaO2, arterial oxygen partial pressure.

due to “too strong airﬂow”. The causes of eight intolerances
in the NIV group were claustrophobia(n=2), breathlessness
(n=2), airﬂow or pressure too strong (n=2), coughing (n=1),
and headache (n=1). Eleven cases (64.7%) of treatment failure in the NIV group were in COPD patients with pneumonia, and there was no signiﬁcant difference compared to the
HFNC group (6 cases, 54.5%).

Discussion
In this study, we investigated the effectiveness of HFNC in
COPD patients with moderate hypercapnic ARF who were
admitted to the ICU. We demonstrated that HFNC and
NIV had similar treatment failure rates and 28-day mortality, however, HFNC was associatied with better
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tolerance, less airway care interventions and less incidence
of skin breakdown compared to NIV.
A number of studies have shown that NIV can decrease
PaCO2, alleviate respiratory distress, reduce endotracheal
intubation rate, reduce length of hospital stay and mortality in patients with exacerbations of COPD.17–19 NIV is
now a ﬁrst-line intervention to manage respiratory failure
secondary to COPD. However, NIV intolerance is
a frequent occurance and increases NIV failure rates,
intubation rates and overall mortality.20 HFNC is a novel
means of oxygen therapy with a favourable tolerance
proﬁle. However, many studies on HFNC for ARF have
excluded patients with hypercapnia.21 In theory, HFNC is
suitable for COPD patients, because it can provide high
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Cumulative failure rate

0.4
0.3
0.2
Log-rank P=0.268

0.0
0

4

8

20
12
16
Length of stay (days)

24

28

Figure 2 Kaplan-Meier curve analysis for cumulative failure rate.
Abbreviations: HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive
ventilation.

1.0

0.9

HFNC
NIV

0.8

Log-rank P=0.824

0.7

0.6
0

4

8

12
16
20
Length of stay (days)

24

28

Figure 3 Kaplan-Meier curve analysis for cumulative survival rate.
Abbreviations: HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive
ventilation.

airﬂow but at relatively lower FiO2 levels, which can
create a small positive mean airway pressure, relieve
respiratory distress and reduce work of breathing. The
use of HFNC in stable COPD patients has been shown to
reduce PaCO2, increase tidal volume, decrease minute
ventilation and respiratory rate.22
Evidence to support the use of HFNC for hypercapnic
ARF is limited to case reports and small studies.
Compared with standard nasal prongs, short-term use of
HFNC (35 L/min) can reduce the PaCO2 by 1.4 mmHg
and the respiratory rate by 2 times/min.12 In two case
reports of ﬁve COPD patients with hypercapnic ARF
who declined NIV or had contraindications to NIV,
HFNC signiﬁcantly ameliorated respiratory acidosis,
avoiding endotracheal intubation and NIV.10,11 In
a retrospective study of 33 ARF patients with hypercapnia,
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compared with conventional oxygen therapy, HFNC
decreased PaCO2 by 4.2±5.5 and 3.7±10.8 mmHg in one
and 24 hrs respectively, resulting in signiﬁcant improvement in hypercapnia.13
There are few studies on the mechanisms of HFNC for the
treatment of COPD. Fricke et al reported that HFNC could
improve alveolar ventilation and reduce PaCO2 of patients
with COPD through clearance of anatomical dead space.23
HFNC can continually ﬂush out carbon dioxide from the
upper airway (washout of nasopharyngeal dead space), reduce
dead space and permit a more effective alveolar ventilation.
HFNC also improves gas exchange and oxygenation in a ﬂow
dependent manner. HFNC forms low-level positive airway
pressure (1.5–7 cmH2O) through the resistance of the nasopharynx and airway to high-ﬂow gas. Parke et al observed that
the mean airway pressure during HFNC increased as ﬂow
increased, with the mean airway pressure increasing by 0.69
cmH2O in patients with nose breathing and by 0.35 cmH2O in
patients with open mouth breathing when the ﬂow rate
increased by 10L/min.24 In addition, the size of patients’
nares relative to the nasal cannula can vary the airway pressure
generated by the HFNC.25,26 Nevertheless, low-level positive
airway pressure can improve oxygenation, resist endogenous
positive end expiratory pressure and reduce work of breathing
of patients with COPD.
To the best of our knowledge, no randomized controlled trials comparing HFNC and NIV for COPD
patients with ARF have been published. An observational
trial showed that there was no difference in intubation
rates or 30-day mortality between HFNC and NIV for
patients with acute exacerbations of COPD with moderate
hypercapnic ARF.27 The pH, PaO2 and PaCO2 six hours
and 24 hrs after treatment between HFNC and NIV were
also similar. Our ﬁndings are consistent with this study,
and showed that HFNC can signiﬁcantly improve carbon
dioxide retention and hypoxemia, with good efﬁcacy and
safety relative to NIV.
Although NIV plays an important role in the treatment
of COPD, up to 15–25% patients have a contraindication
to NIV or intolerance due to various reasons, such as eye
irritation, skin damage, diet or expectoration interruption,
or claustrophobia. The duration with respiratory support
between HFNC group and NIV group did not differ in the
study of Lee et al27, suggesting that HFNC and NIV were
similar in the degree of comfort. However, our study
showed that the respiratory support duration of HFNC
group was signiﬁcantly longer than the NIV group in the
ﬁrst 24 hrs of admission, and this may be primarily due to
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Table 2 Outcomes between the HFNC and NIV groups
Outcomes

HFNC
(n=39)

NIV
(n=43)

P-value

Treatment failure, n(%)
Invasive ventilation, n(%)

11(28.2)
8(20.5)

17(39.5)
9(20.9)

0.268
1.0

3(7.7)

8(18.6)

0.148

28-day mortality, n(%)
Airway care interventions,/day*

Treatment switch, n(%)

6(15.4)
5(4–7)

6(14.0)
8(7–10)

0.824
＜0.001

Duration of device application,
hours*

16.0±3.9

11.7±3.1

＜0.001

22.3±3.1
51(48–56)

23.5±2.9
49(46–52)

0.064
0.078

179
(172–192)

187
(174–207)

0.083

Respiratory support duration,
days
Nasal facial skin breakdown
after treatment, n(%)

5(4–7)

6(5–8)

0.148

2(5.1)

9(20.9)

0.036

Length of stay in ICU, days

7(6–8)

8(6–10)

0.149

Length of stay in hospital, days

9(7–11)

10(7–12)

0.207

Respiratory frequency,/min
PaCO2, mm Hg#
PaO2/FiO2, mm Hg

#

#

Notes: *Within the ﬁrst 24 hrs after enrollment; #after 24 hrs after enrollment.
Data are shown as mean ± standard deviation, number (%) patients, or median
(interquartile range).
Abbreviations: HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive
ventilation; PaCO2, arterial carbon dioxide partial pressure; PaO2, arterial oxygen
partial pressure; ICU, intensive care unit.

Table 3 Analysis of treatment failure in the HFNC and NIV groups
HFNC

NIV

(n=11)

(n=17)

P-value

Treatment intolerance

1(9.0)

8(47.1)

0.026

Aggravation of respiratory
distress

4(36.4)

3(17.6)

0.381

Aggravation of hypoxemia

2(18.2)

1(5.9)

0.543

Aggravation of carbon dioxide
retention

4(36.4)

5(29.4)

1.0

Note: Data are shown as a number (%) of patients.
Abbreviations: HFNC, High ﬂow nasal cannula oxygen therapy; NIV, Non-invasive
ventilation.

the better tolerance of HFNC. Analysis of treatment failure
also showed that the tolerance of HFNC was signiﬁcantly
better than for NIV, and intolerance was an important
reason for the failure of NIV.
HFNC can provide a ﬂow rate up to 60 L/min in adults,
as well as adequate heating and humidiﬁcation help to
increase the humidity of the airway, maintain mucosal
function, promote secretion clearance, avoid epithelial
injury and improve patient comfort.28 Nasal and facial
skin breakdown caused by long-time NIV therapy is relatively common and can also increase NIV intolerance.
Skin breakdown due to HFNC is rare, however, patients
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can breathe freely without claustrophobia, which effectively reduces the occurrence of intolerance. Patients
with poor NIV tolerance often take off their mask or
interrupt respiratory support because of claustrophobia,
expectoration, drinking or diet, which signiﬁcantly
increases the need for nursing airway care interventions.
Due to its unique design, HFNC rarely has treatment
interruptions and doesn’t affect communication, drinking
or diet.
There are some limitations to this study. First, in this
retrospective study, the decision to start with NIV or
NHFC was made on a clinical basis, which makes it
susceptible to selection bias. For COPD patients with
moderate hypercarbic ARF in our unit, both HFNC and
NIV were the ﬁrstline choice for respiratory support,
which could reduce selection bias for other respiratory
support devices. Still, there were no statistical differences in the baseline characteristics between the HFNC
and NIV groups, indicating that the two groups were
comparable. Second, because the sample size is relatively small, the risk factors for treatment failure of
HFNC were not analyzed. It was reported that the failure of HFNC may lead to delayed endotracheal intubation and increased mortality in patients with ARF.29
Third, only a portion of patients had lung function
data prior to their admission, which was not conducive
to exploring the impact of lung function on treatment
outcomes. Finally, similar to several studies,1,17,27,30 we
did not rule out pneumonia cases in this study. Though
COPD with pneumonia was one of the common causes
of hypercapnic ARF, pneumonia was reported to
increase the risk of NIV failure.31 In addition to the
small number of eligible COPD patients with moderate
hypercapnic ARF, we enrolled pneumonia patients partly
because the intubation rate of the NIV group in our
study was not higher than previous literature
reports.32,33 However, due to its retrospective design
and smaller sample size, well-designed randomized controlled trials examining the use of HFNC in hypercarbic
ARF are still warranted.

Conclusions
Among COPD patients with moderate hypercarbic ARF,
the use of HFNC compared with NIV did not result in
increased rates of treatment failure. HFNC had better
comfort and tolerance than NIV, and is a new potential
respiratory support therapy for COPD patients with moderate hypercarbic ARF.
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Abbreviation list
COPD, Chronic obstructive pulmonary disease; ARF,
Acute respiratory failure; NIV, Non-invasive ventilation;
HFNC, High-ﬂow nasal cannula oxygen therapy; ICU,
Intensive care unit; APACHE II, acute physiological and
chronic health status score II; SAPS II, Simpliﬁed Acute
Physiology Score II. PaCO2, arterial carbon dioxide partial
pressure; PaO2, arterial oxygen partial pressure; FiO2,
fraction of inspired oxygen.
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