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Abstract

Background: High-flow nasal cannula (HFNC) can improve ventilatory function in patients with acute COPD exacer-
bation. However, its effect on clinical outcomes remains uncertain.

Methods: This randomized controlled trial was conducted from July 2017 to December 2020 in 16 tertiary hospitals
in China. Patients with acute COPD exacerbation with mild hypercapnia (pH > 7.35 and arterial partial pressure of
carbon dioxide > 45 mmHg) were randomly assigned to either HFNC or conventional oxygen therapy. The primary
outcome was the proportion of patients who met the criteria for intubation during hospitalization. Secondary out-
comes included treatment failure (intolerance and need for non-invasive or invasive ventilation), length of hospital
stay, hospital cost, mortality, and readmission at day 90.

Results: Among 337 randomized patients (median age, 70.0 years; 280 men [83.1%)]; median pH 7.399; arterial

partial pressure of carbon dioxide 51 mmHg), 330 completed the trial. 4/158 patients on HFNC and 1/172 patient on
conventional oxygen therapy met the criteria for intubation (P=0.198). Patients progressed to NPPV in both groups
were comparable (15 [9.5%] in the HFNC group vs. 22 [12.8%)] in the conventional oxygen therapy group; P=0.343).
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between the two treatment groups.

obstructive, Hypercapnia

~

Compared with conventional oxygen therapy, HFNC yielded a significantly longer median length of hospital stay (9.0
[interquartile range, 7.0-13.0] vs. 8.0 [interquartile range, 7.0-11.0] days) and a higher median hospital cost (approxi-
mately $2298 [interquartile range, $1613-53782] vs. $2005 [interquartile range, $1439-52968]). There were no signifi-
cant differences in other secondary outcomes between groups.

Conclusions: In this multi-center randomized controlled study, HFNC compared to conventional oxygen therapy did
not reduce need for intubation among acute COPD exacerbation patients with mild hypercapnia. The future stud-

ies should focus on patients with acute COPD exacerbation with respiratory acidosis (pH < 7.35). However, because
the primary outcome rate was well below expected, the study was underpowered to show a meaningful difference

Trial registration: NCT03003559. Registered on December 28, 2016.
Keywords: High-flow nasal cannula, Respiratory support, Respiratory insufficiency, Pulmonary disease, Chronic

Background

Non-invasive positive pressure ventilation (NPPV) can
significantly reduce the need for intubation and the in-
hospital mortality rate among patients with acute chronic
obstructive pulmonary disease (COPD) exacerbation
with respiratory acidosis [1-3]. However, it is currently
not recommended for use in mild hypercapnic acute
COPD exacerbations without acute respiratory acidosis
(pH <7.35) [4]. Therefore, conventional oxygen therapy
(COT) is the most commonly used standard treatment
for these patients [2]. However, COT is often associ-
ated with a variable fraction of inspired oxygen (FiO,),
dryness of the nose and mouth, nasal mucosal bleeding,
and intolerance. Moreover, several previous studies have
reported that 7-15% of COPD patients who experience
acute exacerbation with COT require upgrading to inva-
sive mechanical ventilation [5-7], which is an indicator
of an important increased mortality risk [1-4].

High-flow nasal cannula (HFNC) is a novel modal-
ity of respiratory support technology that has emerged
for use in adult patients with acute respiratory failure
over the past decade [8]. It has been proved to have sev-
eral remarkable physiological advantages [8—12]. Sev-
eral recent meta-analyses [11-13] found that HFNC can
reduce the risk of endotracheal intubation in patients
with acute hypoxic respiratory failure when compared
with COT. It is noteworthy that most randomized con-
trolled trials exploring the use of HFNC in acute respira-
tory failure have excluded hypercapnic patients [14—16].

Recently, physiological studies of small samples of
acute exacerbations and stable COPD patients found
that short-term (within 2 h) application of HFNC could
effectively decrease the arterial partial pressure of car-
bon dioxide (PaCO,) (by 4%-12%) [17-20], reduce the
physiological dead space [17-21], attenuate the work of
breathing [22-24], and improve airway clearance [25].
Two randomized controlled trials [26, 27] reported that
compared with long-term oxygen therapy, long-term

(6 weeks to 1 year) HENC therapy can further improve
the quality of life and reduce the risk of readmission due
to acute exacerbations among patients with stable COPD.
However, the effect of HFNC on clinical outcomes in
patients with acute COPD exacerbation with mild hyper-
capnia remains uncertain.

Therefore, in this randomized controlled trial, we
hypothesized that compared to COT, HFNC would
reduce the need for intubation for acute COPD exac-
erbation patients with mild hypercapnia (pH>7.35,
PaCO,>45 mmHg).

Methods

Study design

This randomized clinical trial was conducted in the gen-
eral respiratory wards of 16 tertiary hospitals in China
from July 2017 to December 2020. The ethics committee
of each hospital approved the study protocol. An inves-
tigator at each hospital was responsible for daily patient
screening, selection, randomization, and electronic data
recording, as per the study protocol. The investigators did
not participate in the daily medical care of the enrolled
patients. All patients or their relatives provided written
informed consent.

Study participants

All patients admitted to the hospital with a main diag-
nosis of acute COPD exacerbation according to GOLD
criteria were enrolled if they had mild hypercapnia
(pH>7.35 and PaCO, >45 mmHg) at admission.

The main exclusion criteria were age >85 years, Glas-
gow Coma Scale score<12, home NPPV, obstructive
sleep apnoea syndrome, excessive airway secretions
that are difficult to drain, hemodynamic instability
(systolic blood pressure<90 mmHg, mean blood pres-
sure <65 mmHg, or blood pressure lower than the base-
line value of 40 mmHg, and a lactate level >2 mmol/L
among patients receiving vasoactive drugs), severe
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arrhythmia or acute coronary syndrome, respiratory and
cardiac arrest, palliative care, refusal to be included in
this study, or participation in other studies.

At inclusion, demographic variables (age, sex, acute
physiology and chronic health evaluation [APACHE] II
score, and comorbidities) were recorded. In the 72 h after
randomization, the following variables were recorded:
arterial blood gas, oxygen saturation (SpO,), Borg dysp-
noea scale score, subjective airway (oral, nasal, and
throat) dryness score (0—10 scale, on which 0 is normal
and 10 is severest form of dryness), laboratory biochemi-
cal indexes, and vital signs. Patients were followed up for
90 days after randomization.

Randomization

The randomization scheme was computer generated
using a centralized Web-based management system in
permuted blocks of four or six participants, with strati-
fication according to the center. The patient ID number
was required for randomization, and each ID number
was randomized only once. The patients were randomly
divided into a HFNC group (intervention group) or a
COT group (control group) in a 1:1 ratio.

Interventions

All patients in the HFNC group received HENC therapy
using Airvo-2"" equipment (Fisher & Paykel Healthcare,
Auckland, New Zealand). According to the published
literature [20—22], the initial HFNC flow rate was set to
25 L/min to improve ventilatory function and gradually
increased (5-10 L/min each time) to patient’s maximum
tolerance. The FiO, was adjusted to maintain a SpO,
between 90 and 95%. The inhaled gas temperature (31—
37 °C) was set at the patient’s maximum tolerance level.
HENC therapy was recommended for use as long as pos-
sible every day. HFNC treatment was withdrawn once
the flow rate and FiO, were lower than 20 L/min and 0.3,
respectively.

Patients in the COT group received continuously low
flow oxygen therapy via a nasal cannula. Moreover, the
oxygen flow rate in the nasal cannula (1-5 L/min) was
titrated to maintain an SpO, of 90-95%.

Outcomes

The primary outcome was the proportion of patients who
met the criteria for intubation (need for intubation) dur-
ing hospitalization. The need for intubation was a more
objective and uniform variable, avoiding inconsistencies
associated with intubation affected by multiple factors,
including ICU bed and equipment availability, physician’s
experience, etc. The criteria for intubation and invasive
mechanical ventilation included intolerance of NPPYV,
severe acute respiratory failure in which NPPV was
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difficult to correct, pH<7.25 accompanied by a progres-
sive increase in PaCO,, respiratory or cardiac arrest, loss
of consciousness and delirium, massive aspiration, inabil-
ity to clear airway secretions, severe hemodynamic insta-
bility, severe arrhythmia, and life-threatening hypoxemia.

The secondary outcomes were the rate of treatment
failure (intolerance, need for intubation, or NPPV), daily
duration of HENC and COT treatment during the first
7 days (the day of randomization was called day one),
proportion of patients upgraded to NPPYV, actual intuba-
tion rate, length of hospital stay, hospital cost (the sum
of all expenses incurred during hospitalization, includ-
ing bed cost, instrumental examination cost, lab investi-
gation cost, treatment cost, drug cost, nursing care cost,
and medical consumables, etc., but excluding the cost of
HENC circuits), mortality rate in the hospital and at day
90, and the readmission rate after discharge due to acute
exacerbations at day 90. The criteria for NPPV treat-
ment included worsening respiratory acidosis (pH <7.35),
severe dyspnoea, respiratory muscle fatigue, or increased
work of breathing (e.g., accessory respiratory muscle
score > 3) [28], and severe hypoxemia (PaO, <50 mmHg).
The respiratory support modality (nasal cannula, NPPV,
or invasive mechanical ventilation) after treatment failure
in both groups was determined by consultation with the
attending physician and the patient.

Exploratory outcomes included blood gas, Borg dysp-
noea scale score and airway dryness score at 2, 24, 48,
and 72 h after randomization, and adverse events.

Statistical analysis

According to a previous publication [6], the proportion
of patients meeting the criteria for intubation was 11.3%
among patients with mild acute COPD exacerbation
(pH>7.35) using nasal cannula. Due to the absence of
previous clinical trials that investigated the use of HFNC
for milder acute COPD exacerbations, assuming the pro-
portion of patients meeting the criteria for intubation of
3% after application of HFNC, a total sample size of 328
patients was required to achieve a power of 80% to detect
the difference at a two-sided alpha level of 0.05, after
accounting for a loss to follow-up rate of 10%.

All analyses were conducted according to the inten-
tion-to-treat principle. Data for continuous variables
with normal and skewed distributions were reported as
means or medians and standard deviations or interquar-
tile ranges (IQRs), respectively. Categorical variables
were reported as frequencies and percentages. For group
comparisons of efficacy and safety endpoints, the stu-
dent t-test was used for variables with normal distribu-
tions, the Mann—Whitney U test was applied to skewed
variables, and Pearson’s Chi-squared test or Fisher’s
exact test was performed for categorical variables. We
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used time-to-event methods, including Kaplan—Meier
curves and log-rank tests, to compare the overall survival
within 90 days after intervention and the time to read-
mission within 90 days after randomization between the
intervention and control groups. We applied a post hoc
random-effect regression model to adjust for center for
the primary outcome. The cumulative incidence function
and Gray’s test were used to consider deaths as compet-
ing events to evaluate the difference of time to readmis-
sion for acute exacerbation between two groups.

All analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). Statistical items with
a two-sided P-value<0.05 were considered statistically
significant.

Results

Study participants

During the study period, 1276 patients with acute
COPD exacerbation with mild hypercapnia were iden-
tified, 337 (median age, 70.0 years; 280 men [83.1%])
of whom were randomized. Seven patients were
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secondarily excluded because they had missing data
for the primary outcome (n=4) or withdrew informed
consent (n=3). The remaining 330 patients were
included in the analysis: 158 in the HFNC group and
172 in the COT group (Fig. 1 and Table 1).

HFNC treatment

The initial median settings in the HFNC group were as
follows: flow rate, 30.0 L/min (IQR, 25.0-40.0); FiO,,
0.32 (IQR, 0.3-0.4); and gas temperature, 31.0 °C (IQR,
31.0-34.0) (Additional file 1: Table S1). Within 7 days
of randomization, the total median duration of HFNC
treatment was 82.0 h (IQR, 44.0-137.0), which was
shorter than that of nasal cannula in the COT group
(111.0 h [IQR, 66.0-148.5]) (P=0.005) (Additional
file 1: Table S1). Moreover, the daily treatment duration
of HFNC was also shorter than that of nasal cannula
in the COT group within 7 days after randomization
(Additional file 2: Table S2).

1276 Patients with acute exacerbation of
COPD with mild hypercapnia

939 Excluded
445 Declined to participate
131 Age greater than 85 years
136 Long-term home noninvasive ventilation

101 Excessive airway secretions
61 Hemodynamic instability
35 Obstructive sleep apnea syndrome
30 Others

337 Ran

domised

163 Randomised to high-flow
nasal cannula

174 Randomised to conventional
oxygen therapy

5 Did not receive intervention
3 Missing data
2 Withdrawal of informed consent

2 Did not receive intervention
1 Missing data
1 Withdrawal of informed consent

158 Completed high-flow
nasal cannula

172 Completed conventional
oxygen therapy

5 Loss of 90-day follow-up

| |1 Loss of 90-day follow

up

158 Included in the intention-to-treat
analysis

172 Included in the intention-to-treat
analysis

Fig. 1 Flow of participants through study
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Table 1 Baseline patient characteristics
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Characteristic

No. (%)

Characteristics of the patients at admission
Age, median (IQR), y

Men, No. (%)

Body mass index*, median (IQR), kg/m2
APACHE Il score, median (IQR)

Symptoms at admission, No. (%)

Dyspnoea

Cough

Wheeze

Sputum production

Fever

Comorbidities, No. (%)

Hypertension

Diabetes mellitus

Asthma

Chronic heart failure

Bronchiectasis

Current smoker, No. (%)

FEV1% predicted, No

Median (IQR)

FEV1/FVC% predicted, No

Median (IQR)

Prior use of long-term oxygen therapy, No. (%)
Physiological characteristics at randomization
Body temperature, median (IQR), °C
Respiratory rate, median (IQR), breaths/min
Heart rate, median (IQR), beats/min

Mean blood pressure, median (IQR), mmHg
Sp0O,, median (IQR), %

Nasal cannula, No. (%)

O, flow, median (IQR), L/min

Borg scale score, median (IQR), units

pH, median (IQR), units

PaCO,, median (IQR), mmHg

PaO,, median (IQR), mmHg

Bicarbonate, median (IQR), mmol/L

White blood cell, median (IQR), x 10%/L
C-reactive protein, median (IQR), mg/L

High-flow nasal cannula group (n=158)

70.0(65.0-75.0)
140(88.6%)
21.0(18.7-23.3)
10.0(7.0-13.0)

149(94.3%)
143(90.5%)
118(74.4)
101(63.9%)
24(15.2%)

54(34.2%)
16(10.1%)
11(7.0%)
7(4.4%)
7(4.49%)
34(21.5%)

59
32.5(24.8-42.1)
60
416(33.0-51.3)
37(23.4%)

36.5(36.4-36.8)
21.0(20.0-23.0)
85.0(78.0-98.0)
95.0(87.3-102.7)
93.0(89.0-96.0)
89(56.3%)
2.0(2.0-3.0)
4.0(3.0-5.0)
7.40(7.37-7.42)
50.4(47.3-56.3)
70.4(57.0-83.0)
31.3(28.3-34.9)
6.9(5.5-9.4)
10.0(3.9-29.1)

Conventional oxygen
therapy group
(n=172)

69.0(63.5-74.5)
137(79.7%)
21.0(18.7-23.3)
10.0(7.0-13.5)

170(98.8%)
157(91.3%)
138(80.2%)
91(52.9%)
24(14%)

65(37.8%)
13(7.6%)
8(4.7%)
12(7.0%)
10(5.8%)
35(20.3%)

67
32.0(24.6-43.1)
67
42.6(34.6-51.6)
40(23.3%)

36.6(36.4-36.8)
21.0(20.0-23.0)
88.5(78.5-100.0)
96.0(88.7-102.8)
92.0(88.0-96.0)
98(57.0%)
2.0(2.0-3.0)
4.0(3.0-5.0)
7.40(7.37-7.43)
51.7(47.6-58.0)
68.0(56.0-83.7)
31.8(29.0-35.2)
6.9(5.8-8.8)
8.7(41-30.9)

APACHE Il acute physiology and chronic health evaluation Il, FEV1 forced expiratory volume in one second, FVC forced vital capacity, IQR interquartile range, PaCO,
arterial partial pressure of carbon dioxide, PaO, arterial partial pressure of oxygen, SpO, oxygen saturation

*Calculated as weight in kilograms divided by height in meters squared

Primary outcome

Compared to the COT group, the HFNC group had a
similar proportion of patients who met the criteria for

intubation (2.5% [n=4] in the HENC group vs. 0.6%
[n=1] in the COT group, P=0.198 without center
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Table 2 Primary and secondary outcomes
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Characteristic No. (%) Absolute difference,% P
(95%Cl)

High-flow nasal cannula  Conventional oxygen

group (n=158) therapy group (n=172)
Primary outcome
Criteria for intubation, No. (%) 4 (2.5%) 1 (0.6%) 1.95(— 0.8-4.7) 0.198*
Secondary outcome
Treatment failure, No. (%) 25 (15.8%) 25 (14.5%) 1.29 (— 6.5-9.0) 0.745%
Intubation, No. (%) 3(1.9%) 1 (0.6%) 1.95(—0.8-4.7) 0.353*
NPPV, No. (%) 15 9. 5%) 22 (12.8%) —33(=10.1-35) 0.343*
Duration of NPPV, median (IQR), days 6.0 (2.0-10.0) 55 (4.0-8.0) 0(=27-47) 0.780"
Mortality in hospital, No. (%) 0 (O%) 1 (0.6%) >0.999*%
Mortality at day 90, No. (%) 5/153 (3.3%) 71 (2. 9%) 034 (—34-4.1) >0.999*
Length of hospital stay, median (IQR), days 9.0 (7.0-13.0) 0 (7.0-11.0) 0(0.0-2.0) 0.021%
Hospital cost, median (IQR), $ 2298 (1613-3782) 2005 (1439- 2968) 265 (— 104-632) 0,006
Readmission rate at day 90, No. (%) 25/153 (16.3%) 23/170(13.5%) 8(—5.0-10.6) 0.478*

NPPV noninvasive positive pressure ventilation, IQR interquartile range
*Fisher exact test or x?
f Mann-Whitney U

random effect, and P=0.186 after adjustment for center
random effect) (Table 2).

Secondary outcomes

There was no significant difference in the rate of treat-
ment failure between the groups (15.8% [n=25] vs.
14.5% [n=25] in the HENC and COT groups, respec-
tively; P=0.745) (Table 2). The most common reason for
treatment failure in the HFNC group was intolerance to
HFNC treatment (#=13, 52.0%), and the most common
reason for treatment failure in the COT group was need
for NPPV (1 =18, 72%) (Table 2).

Patients upgraded to NPPV in both groups were com-
parable (15 [9.5%] in the HFNC group vs. 22 [12.8%] in
the COT group; P=0.343) (Table 2). However, compared
to the COT group, the median duration from randomi-
zation to the start of NPPV treatment was longer in the
HENC group (4.0 [IQR, 3.0-8.0] vs. 2.0 [IQR, 1.0-5.0]
days; P=0.060). The median total duration of NPPV
treatment was similar between the groups (HFNC
6.0 days vs. COT 5.5 days; P=0.780) (Table 2).

In this study, a total of five patients reached the pre-
determined criteria for intubation, of whom four were
directly intubated and treated with invasive ventilation
(HENC group, n=3; COT group, n=1), and one patient
in the HFNC group was successfully treated with NPPV.
There was no significant difference in the actual intuba-
tion rate between the two groups (P=0.353) (Table 2).

There were no deaths in the HENC group during hos-
pitalization, and one patient in the COT group died of
ventilator-associated pneumonia and septic shock after

intubation (Table 2). Compared with the COT group,
patients in the HFNC group had a significantly longer
median length of hospital stay (9.0 [IQR, 7.0-13.0] vs.
8.0 [IQR, 7.0-11.0] days, P=0.021). HENC increased
the median hospital cost by about 14.6% compared to the
COT group (approximately $2298 [IQR, $1613-$3782]
vs. $2005 [IQR, $1439-$2968]; P=0.006) (Table 2).

During the 90-day follow-up period after randomi-
zation, the mortality rate was not significantly differ-
ent between the two groups (3.3% vs. 2.9% in the HFNC
and COT groups, respectively; P>0.999) (Table 2 and
Fig. 3). The proportions of readmission due to exacerba-
tion in both groups were 16.3% and 13.5% in the HFNC
and COT groups, respectively, with no statistical differ-
ence (P=0.478) (Table 2 and Fig. 2). Considering deaths
as competing events, time to readmission for acute
exacerbation was also similar in two groups (Gray’s test
P=0.3979, Additional file 4: Figure S1).

Exploratory outcomes

Within 72 h of randomization, there were no signifi-
cant differences in PaCO,, PaO,, SpO,, respiratory rate,
Borg dyspnoea scale score, and airway dryness score
(mouth, nose, and throat) between the groups (Fig. 3 and
Additional file 1: Table S1). During the study, no severe
adverse events attributable to the randomization group
were observed.



Xia et al. Critical Care (2022) 26:109

Page 7 of 10

0% ——mmm— e,
—

90%

80%

70%

Survival probability

60%

Control group

50% Log-rank P-value =0.8772

Time since intervention (days)
Number at risk

~— = High flow nasal cannula group

0 10 20 30 40 50 60 70 80 90

Control group 172 170 169 168 165 165 164 161 160 155
High flow nasal cannula group 158 157 154 152 151 150 150 147 144 140

b 100%

90%

80%

70%

60%

50%

40%

30%

Non-readmission probability

20%

10%

Control group
— = High flow nasal cannula group

0% Log-rank P-value =0.5171
0 10 20 30 40 50 60 70 80 90

Time since intervention (days)
Number at risk

Control group 172 169 163 161 153 151 149 144 141 135
High flow nasal cannula group 158 157 149 144 141 135 133 130 124 118

Fig. 2 Kaplan—-Meier analysis of time since intervention to death (a) and time since intervention to readmission (b) during 90-day follow-up period
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Fig. 3 Changes of PaCO,, respiratory rate, SpO, and Borg dyspnea score within 72 h after randomization between the two groups. Data are
presented as median (interquartile range). COT conventional oxygen therapy group, HFNC high-flow nasal cannula group, PaCO, arterial partial

Discussion
In this multicenter randomized clinical trial, we found
that compared with COT, HFNC did not reduce need
for intubation during hospitalization in non-acidotic
patients with acute COPD exacerbation with mild hyper-
capnia; furthermore, it increased the length of hospital
stay and hospital costs.

In this study, we found there was an insignificant dif-
ference in the proportion of patients who met the prede-
termined criteria for intubation between the HFNC and

COT groups; however, it was significantly lower than
previously expected value [6] in the COT group. This
may be related to the significant improvement of clinical
management of patients with acute COPD exacerbation
in recent years, including the extensive use of NPPV dur-
ing acute exacerbation, which have remarkably reduced
the need for intubation [1-3]. Because of the low rate of
intubation, consequently a difference on the primary out-
come of need for intubation between the two groups was
difficult to demonstrate.
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However, it is noteworthy that the length of hospital
stay and hospital cost in the HFNC group were signifi-
cantly higher than those in the COT group. The length of
hospital stay of the COT group in our study was similar
to that reported in recent studies [29, 30] with compara-
ble underling lung function. We found that the median
duration from randomization to the start of NPPV treat-
ment was longer in the HFNC group than in the COT
group (4.0 vs. 2.0 days), which may delay the upgrade of
NPPV treatment and increase the length of hospital stay.
In addition, the lack of experience with this new technol-
ogy among COPD patients on general respiratory wards
may impact the length of hospital stay and hospital costs.
Furthermore, it is worth noting that higher HENC gas
flow would lead to a large amount of oxygen consump-
tion and an increase in medical cost. This factor should
be considered especially in clinical scenarios with serious
oxygen shortages because oxygen is not an inexhaustible
resource. Therefore, these outcomes need to be investi-
gated further in the future clinical studies.

Previous studies showed that HFNC was well tolerated
in patients with acute hypoxic respiratory failure; how-
ever, its adherence in hypercapnia respiratory failure is
rarely explored [20]. Similar to the report of Fraser, et al.
[18], we also found that the tolerance of HFNC was not
superior to COT, and intolerance (52%) was the main
reason for the treatment failure in HENC group. It may
be related to the milder illness severity in our patients,
which is similar to the intolerance of NPPV reported in
patients with COPD exacerbation with mild hypercapnia
[5, 7]. Therefore, the HFNC flow rate (median 30 L/min)
adjusted according to patient’s maximum tolerance in
our study was obviously lower than that used in patients
with acute hypoxic respiratory failure (50~60 L/min)
[14-16]. However, the HFNC flow rate was comparable
to that in previous clinical physiological studies [20-22,
31-33] showing the physiological advantage of HFNC
treatment in COPD patients.

Recently, Cortegiani et al. [34] found that HFNC and
NPPV can equally reduce PaCO, levels in patients with
mild-to-moderate COPD exacerbation (pH 7.25-7.35;
PaCO,> 55 mmHg) after 2 h of treatment. In our study,
HEFNC was not associated with lower PaCO, levels and
dyspnoea compared with COT. In addition to the lower
HENC flow rate than that of Cortegiani et al’s study,
another possible reason is that the baseline severity of
hypercapnia (PaCO,) and the degree of dyspnoea (Borg
score and respiratory rate) of the patients included in
this study were significantly lower than those of patients
in the above physiological study [17-20]. Recent studies
have shown that individual responses to HFNC are het-
erogeneous in patients with acute COPD exacerbations
[31], which may be related to the baseline PaCO, level
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[35]. Therefore, whether the clinical outcomes of acute
COPD exacerbation patients with acute respiratory aci-
dosis (pH<7.35) could benefit most from HFNC treat-
ment needs to be explored further.

Another potential advantage of HENC is that it may
reduce the patient’s need for NPPV. The need for NPPV
in our patients is similar to that in another study with a
comparable underlying lung function (forced expira-
tory volume in one second % predicted about 32%)
[29]. In this study, the NPPV rate was lower in the
HENC group than in the COT group; however, the dif-
ference was not statistically significant. In contrast, in
a recently published randomized clinical trial, Li et al.
[36] found that HFNC can significantly reduce the
demand for NPPV compared to nasal prong in milder
acute COPD exacerbation patients (forced expira-
tory volume in one second % predicted about 60%), and
compared to our study, more patients needed to be sup-
ported with NPPV in Li et al’s study (19.4% vs. 10.4%).
The reasons for the differences between the two studies
are difficult to explain clearly. However, compared with
our study, patients in the Li et al. [36] were more severely
ill during acute exacerbations with a higher APACHE II
score (14.7 vs. 10.0) and lower oxygenation (PaO, 55 vs.
70 mmHg). A recently published study has shown that
HFNC is more effective than COT in patients with mod-
erate acute hypoxic respiratory failure [14]. This may be
one of the main reasons why the two studies have differ-
ent results.

To our knowledge, this study is the largest muticenter
clinical trial to explore the use of HFNC in patients with
acute COPD exacerbation with mild hypercapnia. How-
ever, the present study has several limitations. First, the
proportion of patients who met the criteria for intuba-
tion in our study was much lower than that the expected
value [6], so the study power was limited. According
to the results of our data, if the study reaches 80% effi-
cacy and 0.05 significant, a larger sample size of 1474 is
required to achieve a significant difference between the
two treatment groups. Second, due to the nature of the
technical characteristics of the intervention group, it was
difficult to achieve a double-blind design. To mitigate
this unavoidable bias, investigators were not involved in
the clinical decision-making progress; besides, the data-
base was controlled by a third party unaware of the study
design and outcomes. Third, due to the difficulty of cal-
culating the true cost of hospital admissions, the cost in
the study was just a rough value. Finally, of 1276 patients
with acute exacerbation of COPD with mild hypercapnia
screened, 445 patients (35%) refused to participate in this
study, and it might increase the selection bias. However,
there was no significant difference in age, gender, SpO,,
and arterial blood gas on admission between those who
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declined to participate and the enrolled patients (Addi-
tional file 3: Table S3).

Conclusions

In this multicenter randomized controlled study, HFNC
compared to COT did not reduce the need for intuba-
tion among patients with acute COPD exacerbation with
mild hypercapnia; secondary analyses suggested HFNC
increased the length of hospital stay and hospital costs.
The future studies should focus on patients with acute
COPD exacerbation with respiratory acidosis (pH < 7.35).
However, because the primary outcome rate was well
below expected, the study was underpowered to show a
meaningful difference between the two treatment groups.
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