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Aosepted O Caor0ee | Background: High-flow nasal cannula (HFNC) therapy may be better tolerated

than non-invasive ventilation (NIV) during acute exacerbations of chronic
obstructive pulmonary disease (COPD), but their comparative performance in
hypercapnic respiratory failure remains uncertain.

Materials and Methods: This study included 102 adults with COPD and acute
hypercapnic respiratory failure: 51 initially treated with HFNC and 51 with
NIV. The planned comparisons include arterial blood gases, respiratory rate,
treatment failure, clinical outcomes and treatment-related complications.
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Treatment failure comprises intubation or a switch from the initial support
modality.

Results: Baseline characteristics were similar between groups. At 24 hours,
among patients still assessed on initial support, NIV was associated with lower
PaCO, (54.8 versus 59.4 mmHg; p=0.033), higher pH (7.36 versus 7.33;

p=0.012) and lower respiratory rate (23.6 versus 25.4 breaths/min; p=0.038).
Treatment failure occurred in 10/51 NIV patients (19.6%) and 17/51 HFNC
patients (33.3%; p=0.178). HFNC had a higher comfort score (7.5 versus 6.3;
p<0.001) and fewer pressure-related skin injuries (2.0% versus 17.6%;
p=0.016). In-hospital mortality did not differ significantly.

Conclusion: The study findings suggest better 24-hour ventilatory measures
with NIV and greater comfort with HFNC. The non-significant treatment-failure
comparison does not establish equivalence.

Keywords: Chronic obstructive pulmonary disease; acute hypercapnic
respiratory failure; high-flow nasal cannula; non-invasive ventilation; treatment
failure.

Non-invasive ventilation (NIV) delivers positive
pressure through a mask, increasing alveolar
ventilation and reducing the work of breathing. Trials
have shown that NIV reduces endotracheal intubation
and in-hospital mortality in selected patients with
acute COPD  exacerbations.>31  Accordingly,
ERS/ATS guidelines recommend bilevel NIV when
an exacerbation causes respiratory acidosis (pH
<7.35) [4]. Its effectiveness, however, may be limited
by mask discomfort, air leaks, skin injury and
difficulty clearing secretions.

INTRODUCTION

Acute exacerbations of chronic obstructive
pulmonary disease (COPD) can cause worsening
airflow obstruction, dynamic hyperinflation and
respiratory muscle fatigue. When alveolar ventilation
becomes inadequate, carbon dioxide accumulates and
arterial pH falls, producing acute hypercapnic
respiratory failure. These patients need prompt
treatment of the exacerbation, controlled oxygen
delivery and close assessment for ventilatory
support.t4
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High-flow nasal cannula (HFNC) therapy supplies
warmed, humidified oxygen at high flow rates. It may
improve comfort, wash carbon dioxide from upper-
airway dead space and provide modest positive
airway pressure.[>8 In a physiological trial involving
24 patients with COPD exacerbations, high-flow
therapy produced a small reduction in transcutaneous
carbon dioxide compared with standard nasal
oxygen.l Whether these effects provide sufficient
ventilatory support during respiratory acidosis
remains uncertain. Current ERS guidance suggests a
trial of NIV before HFNC in COPD-related acute
hypercapnic respiratory failure.[!

Comparative trials have vyielded differing results.
Cortegiani and colleagues found HFNC non-inferior
to NIV for reducing arterial carbon dioxide after two
hours, although 32% of HFNC recipients required
NIV within six hours.’l In contrast, Tan and
colleagues reported higher treatment failure (25.7%
versus 14.3%) and intubation (14.2% versus 5.4%)
with HFNC.®! The RENOVATE trial met its
prespecified non-inferiority criterion for a COPD
subgroup, but 23% of patients assigned to high-flow
oxygen required rescue NIV.FI Further direct
comparison of gas exchange, treatment failure,
tolerance and clinical outcomes is therefore
warranted. So, this study aimed to compare HFNC
oxygen therapy and NIV as initial respiratory support
in patients with acute COPD exacerbation and
hypercapnic respiratory failure, with respect to early
gas exchange, treatment failure, clinical outcomes
and treatment tolerance.

MATERIALS AND METHODS

Study design and setting

This prospective comparative observational study
was conducted in the department of Pulmonology in
collaboration with emergency department of tertiary
care center of North India over a period of 12 months
between January 2024 and December 2024. Adults
admitted with an acute exacerbation of chronic
obstructive pulmonary disease (COPD) complicated
by acute hypercapnic respiratory failure were
assessed for eligibility. Patients received either high-
flow nasal cannula (HFNC) oxygen therapy or non-
invasive ventilation (NIV) as their initial respiratory
support, according to the treating clinician’s
assessment. The study included 102 patients: 51
initially treated with HFNC and 51 with NIV.
Treatment allocation was not randomised.
Eligibility criteria

Patients aged 18 years or older were eligible if they
had an established diagnosis of COPD, an acute
worsening of respiratory symptoms requiring
hospital admission, and an arterial blood gas sample
obtained before respiratory support showing a partial
pressure of carbon dioxide (PaCO, ) >45 mmHg
with pH <7.35. COPD diagnosis was based on
documented prior spirometry where available,
supported by clinical history and previous treatment

records. Patients requiring immediate endotracheal
intubation, those unable to protect their airway, and
those with respiratory or cardiac arrest were
excluded. Other exclusions were haemodynamic
instability, an untreated pneumothorax, recent facial
trauma or surgery preventing NIV use, and a primary
cause of respiratory failure other than COPD
exacerbation.

Respiratory support and concurrent treatment
HFNC was administered through a heated,
humidified nasal cannula. Flow and inspired oxygen
concentration were adjusted according to respiratory
effort, tolerance and oxygenation. NIV was delivered
through an appropriately fitted face mask using
bilevel positive airway pressure; inspiratory and
expiratory pressures were adjusted in response to
respiratory rate, patient comfort, mask leak and
arterial blood gas findings. In both groups,
supplemental oxygen was titrated to a target
peripheral oxygen saturation of 88-92%.

All patients received usual care for COPD
exacerbation as clinically indicated, including
inhaled bronchodilators, systemic corticosteroids,
antibiotics when bacterial infection was suspected,
and treatment of associated conditions. Clinicians
could change the mode of respiratory support or
proceed to invasive ventilation if the patient
deteriorated. The timing and reason for each change
were recorded.

Data collection and outcomes

Baseline data included age, sex, smoking history,
comorbidities, documented Global Initiative for
Chronic Obstructive Lung Disease (GOLD) airflow
limitation grade, vital signs, respiratory rate, oxygen
saturation and arterial blood gas values. Arterial pH,
PaCO, and partial pressure of oxygen were
reassessed at 24 hours; additional measurements
were obtained when clinically required. Treatment
failure was defined as escalation to invasive
mechanical ventilation or a switch from the initial
support modality because of worsening respiratory
status. Secondary outcomes included changes in
arterial blood gases and respiratory rate, duration of
respiratory support, hospital stay, complications and
in-hospital ~ mortality.  Prespecified  subgroup
comparisons examined baseline PaCO, and GOLD
grade.

Statistical analysis

The data was analyses using SPSS 20.0. Continuous
variables were presented as mean * standard
deviation, and categorical variables as frequencies
and percentages. Between-group comparisons used
Welch’s independent-samples t test for continuous
variables and Fisher’s exact test for categorical
variables. Arterial pH, PaCO, and respiratory rate
were compared between groups separately at 6 and
24 hours; these tests did not assess within-patient
change from baseline. The 24-hour analysis included
only patients with available measurements who
remained on their initial respiratory support.
Treatment failure was defined as intubation or a
switch from the initial support modality.
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Comparisons stratified by baseline PaCO, , arterial
pH and GOLD grade were exploratory; no interaction
tests or multivariable regression were performed. A
two-sided p value <0.05 was considered statistically
significant.

Ethical considerations

The study was approved by institutional ethics
committee. Patient identifiers were removed from the
analysis dataset.

RESULTS

In present study the mean age was 64.8 £ 8.9 and 65.3
+ 9.1 years, respectively; approximately 71% of
patients were men. Baseline respiratory rate, arterial
pH and PaCO, were similar between groups. The
proportions with GOLD grade IlI-1V airflow
limitation, pH <7.25 and PaCO, >70 mmHg also
showed no statistically significant between-group
differences (all p>0.05). [Table 1]

Table 1: Baseline demographic, clinical and arterial blood gas characteristics of patients initially treated with HFNC

or NIV
. HENC (n=51) | NIV (n=51)
Characteristic Frequency (%)/Mean * SD p value
Age, years 64.8+8.9 65.3+9.1 0.780
Male gender 37(72.5) 36 (70.6) 1.000
Body mass index, kg/m? 22.1+34 22.6+35 0.466
Current or former tobacco smoking 40 (78.4) 39 (76.5) 1.000
History of biomass smoke exposure 8 (15.7) 10 (19.6) 0.796
Duration of COPD, years 8.1+52 8.8+55 0.510
GOLD grade 111-1V airflow limitation 34 (66.7) 35 (68.6) 1.000
Hospitalisation for COPD exacerbation in preceding year 24 (47.1) 22 (43.1) 0.842
Hypertension 20(39.2) 22 (43.1) 0.841
Diabetes mellitus 13 (25.5) 14 (27.5) 1.000
Respiratory rate, breaths/min 30.8+4.9 31.2+5.1 0.687
Arterial pH 7.27 £0.05 7.27 £0.05 1.000
PaCO, , mmHg 68.9+11.3 68.5+10.9 0.856
PaCO, >70 mmHg 18 (35.3) 17 (33.3) 1.000
Arterial pH <7.25 14 (27.5) 13 (25.5) 1.000

COPD, chronic obstructive pulmonary disease;
GOLD, Global Initiative for Chronic Obstructive
Lung Disease; HFNC, high-flow nasal cannula; NIV,
non-invasive ventilation; PaCO, , arterial partial
pressure of carbon dioxide.

At 6 hours, arterial pH, PaCO, and respiratory rate
did not differ significantly between groups. At 24
hours, patients still assessed on their initial support

had a higher mean pH with NIV than HFNC (7.36 +
0.05 versus 7.33 + 0.06; p=0.012), lower PaCO,
(54.8 £ 9.5 versus 59.4 £ 10.7 mmHg; p=0.033) and
lower respiratory rate (23.6 £ 3.8 versus 25.4 + 4.3
breaths/min; p=0.038). These comparisons exclude
patients who had already changed support or required
escalation. [Table 2]

Table 2: Arterial blood gas and respiratory rate measurements at 6 and 24 hours after initiation of HENC or NIV

Measurement HFNC | NIV p value
Mean + SD

At 6 hours n=48 n=49

Arterial pH 7.30 £ 0.06 7.32 +£0.05 0.078
PaCO, , mmHg 63.7+11.1 60.1 +10.3 0.101
Respiratory rate, breaths/min 27.2+45 25.9+4.2 0.145
At 24 hours n=44 n=47

Arterial pH 7.33 £0.06 7.36 + 0.05 0.012
PaCO, , mmHg 59.4 +10.7 54.8+9.5 0.033
Respiratory rate, breaths/min 254+43 23.6+3.8 0.038

Assessments were available for 48 HFNC and 49
NIV patients at 6 hours, and 44 and 47 patients,
respectively, at 24 hours. PaCO, , arterial partial
pressure of carbon dioxide.

Treatment failure occurred in 17/51 HFNC patients
(33.3%) and 10/51 NIV patients (19.6%), a
difference that was not statistically significant

(p=0.178). Intubation as the first failure event
occurred in eight and four patients, respectively
(p=0.357). ICU admission, duration of respiratory
support, hospital stay and in-hospital mortality did
not differ significantly between groups. Five HFNC
patients (9.8%) and three NIV patients (5.9%) died
during admission (p=0.715). [Table 3]

Table 3: Treatment failure and clinical outcomes according to initial respiratory support

Outcome HFNC (n=51) [ NIV (n=51) b value
Frequency (%)/Mean + SD
Treatment failure 17 (33.3) 10 (19.6) 0.178
Endotracheal intubation as first failure event 8 (15.7) 4(7.8) 0.357
Switch to the alternative non-invasive modality as first failure event 9 (17.6) 6 (11.8) 0.577
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Admission or transfer to intensive care 16 (31.4) 12 (23.5) 0.506
Duration of respiratory support, days 36+18 41+20 0.188
Hospital stay, days 7.7+28 8.1+3.0 0.488
In-hospital death 5(9.8) 3(5.9 0.715

Treatment failure was defined as intubation or a
switch from the initial HFNC/NIV modality; the
reported first-failure categories are mutually
exclusive. ICU, intensive care unit.

The mean comfort score was higher with HFNC than
NIV (7.5 + 1.4 versus 6.3 + 1.6; p<0.001). Pressure-

related facial or nasal skin injury was less frequent
with HENC (1/51, 2.0%) than NIV (9/51, 17.6%;
p=0.016). Differences in dryness, gastric distension,
documented interface intolerance and treatment
interruption did not reach statistical significance.
[Table 4]

Table 4: Patient comfort and treatment-related complications with HFNC and NIV

Measure HFNC (n=51) | NIV (n=51) b value
Frequency (%)/Mean + SD
Patient-reported comfort score (0-10; higher is better) 7514 6.3+1.6 <0.001
Facial or nasal pressure-related skin injury 1(2.0) 9 (17.6) 0.016
Nasal or oral dryness 7(13.7) 3(5.9 0.318
Gastric distension 1(2.0) 6 (11.8) 0.112
Documented interface intolerance 4(7.8) 11 (21.6) 0.091
Treatment interruption lasting >15 minutes 7(13.7) 13 (25.5) 0.212

Treatment failure was more frequent among patients
with PaCO, >70 mmHg, pH <7.25 or GOLD grade
I11-1V airflow limitation in both treatment groups.
For example, failure occurred in 9/18 HFNC patients
(50.0%) and 7/17 NIV patients (41.2%) with PaCO,,

>70 mmHg. None of the within-subgroup

comparisons between HFNC and NIV was
statistically significant (all p>0.05). The small
subgroup sizes limit conclusions about whether
baseline severity changes the relative effect of either
treatment. [Table 5]

Table 5: Exploratory treatment-failure comparisons by baseline PaCO, , arterial pH and GOLD grade

Baseline subgroup HFENC failures / subgroup total (%) | NIV failures / subgroup total (%) | p value
PaCO, <70 mmHg 8/33 (24.2) 3/34 (8.8) 0.109
PaCO, >70 mmHg 9/18 (50.0) 7/17 (41.2) 0.738
Arterial pH >7.25 8/37 (21.6) 4/38 (10.5) 0.222
Arterial pH <7.25 9/14 (64.3) 6/13 (46.2) 0.449
GOLD grade I-11 3/17 (17.6) 1/16 (6.3) 0.601
GOLD grade 111-1V 14/34 (41.2) 9/35 (25.7) 0.208

Each pair of rows stratifies the same patients by one
characteristic; subgroups across different
characteristics overlap. Treatment failure was
defined as in Table 3. GOLD, Global Initiative for
Chronic Obstructive Lung Disease; PaCO, , arterial
partial pressure of carbon dioxide.

DISCUSSION

In this study cohort of 102 patients with COPD and
acute hypercapnic respiratory failure, baseline pH,
PaCO, and respiratory rate were comparable
between the HFNC and NIV groups. Severe airflow
limitation was common in both groups. This baseline
similarity helps frame the observed comparisons,
although clinically selected treatment may still reflect
differences in exacerbation severity that the tables do
not capture. Lee et al., likewise evaluated both
approaches in COPD exacerbations with moderate
hypercapnia, while the observational cohort of Sun et
al., found comparable treatment failure with HFNC
and NIV in selected patients.['%1 Neither study
establishes that the two modalities are
interchangeable across all degrees of respiratory
acidosis.

At six hours, the study groups had similar blood gas
values. By 24 hours, NIV was associated with lower
PaCO, (54.8 versus 59.4 mmHg; p=0.033), higher
pH (7.36 versus 7.33; p=0.012) and lower respiratory
rate (23.6 versus 25.4 breaths/min; p=0.038). Bilevel
NIV directly augments tidal ventilation and unloads
inspiratory muscles; HFNC primarily reduces upper-
airway dead space while providing humidification
and modest expiratory pressure. This mechanism
could explain a larger sustained reduction in PaCO,
with NIV. Yet published physiological results vary:
Papachatzakis et al., reported lower PaCO, at
discharge with HFNC in a small trial involving mixed
causes of hypercapnic failure, and Rezaei et al., found
short-term improvement with both modalities in 30
patients with COPD exacerbation.['213] Rittayamai et
al., showed that HFNC flow affected inspiratory
effort, while Haciosman et al., studied different
HFNC flow rates in a three-arm trial.1*1% Device
settings may therefore influence comparisons. The
study 24-hour analysis includes only patients still
assessed on their initial support, so it’s apparent NIV
advantage could also reflect earlier escalation of
patients with poorer HFNC responses.

Treatment failure was numerically higher with
HFNC than NIV (33.3% versus 19.6%), but the
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difference was not statistically significant (p=0.178).
Intubation and in-hospital mortality also showed no
significant  differences. These results cannot
demonstrate equivalence, particularly with only 51
patients per group. Pantazopoulos et al., reported
failure in 19.6% of patients receiving nasal high flow
and 14.8% receiving NIV in a multicentre trial.[*61 A
retrospective study by Colaianni-Alfonso et al.,
found no significant failure difference but reported
better early PaCO, and respiratory-rate responses
with NIV.1 In a meta-analysis of four randomised
trials involving 486 patients, Qin et al., found higher
treatment failure (risk ratio 1.64) and switching rates
(risk ratio 2.60) with HFNC, without a demonstrated
increase in intubation or mortality.'®! Rescue NIV
may prevent some HFNC failures from progressing
to intubation, making the definitions and timing of
failure important when comparing studies.

HFNC had a higher comfort score (7.5 versus 6.3;
p<0.001) and fewer pressure-related skin injuries
(2.0% versus 17.6%; p=0.016). Its open nasal
interface permits communication and secretion
clearance without sustained mask pressure. In a trial
involving patients with COPD after extubation, Tan
et al., also found greater comfort and less nasofacial
skin breakdown with HFNC.'*¥l Longhini et al.,
reported improved comfort when HFNC was used
during NIV interruptions,?? while Yuste et al.,
studied its use in patients unable to tolerate NIV [21]
These settings differ from choosing initial support
during respiratory acidosis, but they help explain why
HFNC may be useful when mask tolerance limits
NIV delivery.

Finally, in study, the failure proportions rose in both
groups with PaCO, >70 mmHg, pH <7.25 and
GOLD grade -1V disease. Confalonieri et al.,
identified low pH and elevated respiratory rate
among predictors of NIV failure in COPD
exacerbations,??  supporting close reassessment
when acidosis is pronounced. The present subgroup
comparisons were small and none tested a treatment-
by-severity interaction; they cannot identify which
patients benefit more from either modality. Taken
together, the study findings suggest a trade-off
between more effective carbon dioxide clearance
with NIV and better interface tolerance with HFNC.
Limitations

The study comparison is limited by its small sample
and non-random treatment selection, leaving
potential confounding despite similar measured
baseline characteristics. Twenty-four-hour blood
gases were available only for patients remaining on
their initial support, creating possible selection bias.
Subgroup comparisons were underpowered, device
settings and crossover decisions may have varied,
and in-hospital follow-up cannot establish longer-
term outcomes. These limitations prevent
conclusions about clinical equivalence.

CONCLUSION

In this study cohort, both HFNC and NIV were
associated with improvement in respiratory status,
while NIV showed lower PaCO, , higher arterial pH
and a lower respiratory rate at 24 hours among
patients still receiving their initial support. Treatment
failure occurred more often with HFNC, although the
difference was not statistically significant; this
finding does not establish equivalence. HFNC was
associated with greater comfort and fewer pressure-
related skin injuries. The pattern supports careful
monitoring of gas exchange and readiness to escalate
support, particularly in patients with marked acidosis
or hypercapnia.
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