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Abstract

Background: The effect of high-flow nasal therapy (HFNT) in individuals with an exacerbation of chronic
obstructive pulmonary disease (COPD) and hypercapnia is not well studied. We assessed patient tolerance and
impact of air-gas therapy delivered by humidified HFNT (20-35 L/min) on gas exchange in hypercapnic COPD
patients during hospitalization for COPD exacerbation. We hypothesized that HFNT use would be safe and well
tolerated in individuals hospitalized for COPD exacerbation regardless of the degree of hypercapnia.
Methods: Patients hospitalized for a COPD exacerbation were included if they were hypercapnic (arterial partial
pressure of carbon dioxide [PaCOz2] > 45 mmHg), = 10 pack-year history, and agreed to treatment with HFNT,
along with daily arterial blood gas (ABG) samples and bedside spirometry. They were placed on a HFNT system
following admission for at least 3 days with an air-gas blend to maintain a flow rate between 20-35 L/min and
fraction of inspired oxygen (FiO») titrated to keep oxygen saturation (SaO3z) values > 90%. Patient tolerance of
HFNT and evidence of clinical deterioration as defined by worsening hypoxia or hypercapnia was the primary
endpoint.

Results: Ten consecutive patients participated in the study. The patients had frequent prior exacerbations, were
hypercapnic, dyspneic, and gas trapped. Participants received an air-gas flow rate (median [interquartile range
(IQR)] 25 (IQR 20-30) L/min and FiO2 of 30 (IQR 30-30) %. There was no increase in PaCOz levels (p = 0.26) or
dyspnea (Borg scale, p= 0.52) while using HFNT. No patient discontinued HFNT, had further decompensation,
required non-invasive ventilation or intubation during the study period.

Conclusion: In a pilot study, patients experiencing a severe COPD exacerbation were able to tolerate continuous
HFNT safely regardless of degree of hypercapnia.

Abbreviations: high-flow nasal therapy, HFNT; chronic obstructive pulmonary disease, COPD; arterial partial pressure of carbon dioxide,
PaCOg; arterial blood gas, ABG; fraction of inspired oxygen, FiO2; oxygen saturation, SaO2; conventional oxygen therapy, COT; non-invasive
ventilation, NIV; interquartile range, IQR; modified Medical Research Council, mMRC; intensive care unit, ICU; percentage of reference, % ref;
total lung capacity, TLC; residual volume, RV; heart failure with preserved ejection fraction, HFpEIL arterial partial pressure of oxygen, PaOg;
forced expiratory volume in 1 second, FEVy; forced vital capacity, FVC; length of hospital stay, LOS; standard deviation, SD
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Introduction

High-flow nasal therapy (HFNT) in acute hypoxic
respiratory failure reduces respiratory rate and
improves oxygenation.! Frat et al showed that HFNT
was noninferior to conventional oxygen therapy
(COT) or non-invasive ventilation (NIV) in preventing
intubation in patients with non-hypercapnic acute
hypoxic respiratory failure.? Patients have also
reported HFNT to be more comfortable and reduce
dyspnea greater than NIV or COT.3™

HFNT reduces dyspnea and improves respiratory
effort in patients with chronic obstructive pulmonary
disease (COPD) through several proposed mechanisms
of action.® Washout of nasopharyngeal dead space
allows for increased fraction of alveolar ventilation
which could improve hypercapnia and hypoxia.” !!
The warmed humidified delivery of HFNT keeps upper
airways from becoming desiccated and allows for
easier mobilization of secretions.'? HFNT provides a
dose titratable increase in end expiratory pressure to
improve work of breathing.!® Additionally, HFNT has
been shown to increase end expiratory lung volumes
and decrease respiratory rate.! L1415

Despite HFNT’s proven value in improving survival
in patients with acute hypoxemic respiratory failure,
HFNT has not been shown to reduce hospitalization or
mortality in patients with COPD. Small studies for brief
periods have shown improvement in gas exchange,
reduced work of breathing and respiratory symptom
relief with HFNT in patients with COPD. Comparing
outcomes between studies is difficult because of
variability in HFNT device settings, disease severity,
and HENT adherence. The clinical parameters that
should be used to select patients to receive HFNT
versus NIV during a severe COPD exacerbation that
requires hospitalization are not established. Therefore,
the timing and process for initiating HFNT in patients
with COPD remains unclear, especially in patients with
a severe exacerbation that requires hospitalization. A
potential concern is that more severely hypercapnic
patients hospitalized with a COPD exacerbation may
need ventilatory support with NIV rather than HFNT.

The safety and tolerability, based on hours of use
and adverse effects, of HFNT in patients with stable
obstructive lung disease has been studied in the
past. Rea et al studied those with stable COPD and
bronchiectasis and found HFNT use can decrease
days of exacerbation and improve lung function when

compared to usual care.!® However, HFNT daily use
only averaged 1.6 hours and baseline hypercapnia was
not assessed. In those with stable COPD and baseline
hypercapnia, HFNT has been compared to long-term
oxygen therapy and NIV, with improvements in gas
exchange.!”1® In those studies, adverse effects were
mild and average daily use ranged from 5-7 hours.

Herein we report the impact of continuous HFNT
for 24 hours a day for 3 days in patients hospitalized
with a COPD exacerbation, regardless of the extent
of underlying hypercapnia, and its impact on patient
tolerance and disease progression.

Methods and Methods

Patient Population

Consecutive patients were enrolled in the study
if hospitalized with a primary diagnosis of COPD
exacerbation. The study duration was 3 days.
Additional criteria included age > 40 years, > 10
pack-year history of smoking, baseline hypercapnia
defined as an arterial partial pressure of carbon
dioxide (PaCO2) > 45 mmHg, willingness to undergo
daily arterial blood gas (ABG) draws and spirometry,
and compliance with treatment with HFNT system.
Diagnosis of COPD was based on patient self-report
and review of physician past records. Patients were
excluded if they were hemodynamically unstable,
required urgent endotracheal intubation, if NIV was
used, if there were self-directed care limitations in
place, and if patients were unable to wear a HFNT
device.

Data Collection

The study was approved by the local institutional
review board. Baseline data were collected
prospectively from each patient including age,
gender, smoking history, and spirometry (according
to American Thoracic Society/European Respiratory
Society standard practice)!? and exacerbation history.
Recent smoking was defined as smoking within 6
months of study initiation. Spirometry was performed
as soon as possible after hospital admission and
daily each morning for 3 days. Lung volumes were
obtained from pulmonary function testing that was
performed within 1 year prior to study initiation
when available. COPD exacerbations that occurred
in the year prior to study enrollment were recorded
and classified as moderate if corticosteroids and/or
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antibiotics were prescribed, severe if the patient was
hospitalized or visited the emergency department,
and very severe if the patient required non-invasive
or invasive ventilation. Vital signs, ABG, spirometry
(pre- and post-bronchodilator), Borg questionnaire,
modified Medical Research Council score (mMRC),
and accessory respiratory muscle use was tracked
daily.2%2! Comorbid conditions, pulmonary function
testing and hospitalizations for COPD exacerbation
in preceding 12 months were obtained from review
of electronic medical records. Patients were seen
daily by study coordinators and response to COPD
treatment, need for escalation of therapy or transfer
to the intensive care unit (ICU) was monitored.
The study length was 3 days. Patients remained
hospitalized after study termination if the primary
medical team felt further care was warranted and
length of hospital stay was recorded. The study
was not an efficacy trial, but a pilot study and was
powered based on the ability to detect safety issues or
unforeseen problems. The sample size was estimated
based on the method described by Viechtbauer et al.??
The safety issue identified was the need to intensify
therapy because HFNT with oxygen did not achieve
the targeted oxygen saturation of > 90% resulting in
the need to utilize more invasive treatments. Using a
95% confidence threshold and 30% probability that
an event (need to intensify treatment) will occur, the
sample size required is 8.3 participants, which was
increased to 10 to accommodate dropouts.

Application of High-Flow Nasal Therapy
Patients were placed on HFNT with an AIRVO-2
heated humidifier and Optiflow+ cannula provided
by Fisher and Paykel Healthcare (Auckland, New
Zealand). The initial air-gas flow was 35 liters per
minute (L/min) and titrated to patient comfort by a
respiratory therapist. The FiO2 was titrated to keep
oxygen saturation (SpO2) > 90%. Humidified gas
temperature was set between 34°-37°C. After initial
titration, the patient would remain on HFNT for the
duration of the study.

Data Analysis

After screening, all study-related procedures were
completed during the initial 3 days of hospitalization
and patients were followed until hospital discharge.
Baseline ABG, spirometry and levels of dyspnea were
compared over time. Numeric data are reported as

mean and standard deviation (SD) or median and
interquartile range (IQR) if significantly skewed.
Continuous data are compared from baseline to day
3 using the Student’s t-test analysis with results
displayed as p values.

Results

Patient Population

Ten patients were enrolled in the study. Demographic
and baseline characteristics including comorbid
conditions are listed in Table 1. The patients had
a median of 2 exacerbations in the 12 months prior
to study enrollment. All patients were markedly
hypercapnic, severely dyspneic, had Global Initiative
for Chronic Obstructive Lung Disease?® stage 3 or 4
airflow limitation and severe gas trapping. Eight had
chronic hypoxic respiratory failure and were prescribed
supplementary oxygen therapy at home.

Impact of High-Flow Nasal Therapy on Gas
Exchange, Dyspnea and Lung Function

Patients received a median humidified air-gas flow of
25 (IQR 20-30) L/min and FiO2 of 30 (IQR 30-30) %.
There were no statistically significant differences
between baseline and Day 3 of the study with regards
to pH (p = 0.54) and arterial partial pressure of
oxygen (PaO2) (p = 0.42) (Figures 1-5). There were
no statistically significant differences between the
baseline spirometry values of forced expiratory volume
in 1 second (FEV:) and forced vital capacity (FVC),
(p = 0.71 and p = 0.82, respectively). The PaCO> and
the patient reported dyspnea did not increase during
study period. Of note, in 3 patients with markedly
elevated PaCO levels at baseline (ranging from 61 to
81 mmHg), the PaCOx levels decreased.

Seven of the patients had accessory respiratory
muscle use at study initiation. Five of those patients
had no accessory muscle use by the end of study Day
1. One patient had no accessory muscle use by end
of study Day 2 and another by study Day 3 three.
The length of hospital stay (LOS) for the patients was
a mean of 7.2 days (standard deviation + 2.49). All
patients continued to receive HFNT for the duration
of their hospitalizations.

Tolerability of High-Flow Nasal Therapy
Nine of the patients were able to tolerate a temperature
range of 34°-37°C. One patientdesired thetemperature
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Table 1. Demographics and Baseline
Characteristics

Patient Characteristics (N=10)

Age (years), median (IQR) 64.7 (59-73)
Female (N) 7
Pack Years, median (IQR) 52 (44-60)

Arterial Blood Gases, median (IQR)

pH 7.41 (7.36-7.47)

PaO2 mm Hg 78 (56-123)

PaCO2 mm Hg 53 (50-62)

HCO3 mm Hg 33 (29-38)

O2 sat (%) 95 (88-98)
Pulmonary Function, median (IQR)

FVC liters (L) 2.24 (1.82.8)

FVC % Ref 67.5 (63.3-91.3)
FEV1 (1) 0.68 (0.55-0.80)
FEV1 % Ref 29 (24.8-33.3)
TLC (L) 5.9 (5.4-6.7)
TLC % Ref 115 (107-121)
RV (L) 3.3 (2.84.0)
RV % Ref 158 (140-199)
Borg (0-10 scale), median (IQR) 4.5 (3-7.25)
mMRC (0-4 scale), median (IQR) 4 (34)
Comorbid Conditions, N
Chronic Hypoxic Respiratory Failure 8
Coronary Artery Disease 1
Venous Thromboembolism 2
HFpEF 3
Pulmonary Hypertension 3
Alcoholic Cirrhosis 1
Atrial Fibrillation 1
Recent Smoking? 4
Prior Exacerbations, N
Moderate 9
Severe 13
Very Severe 1

8< 6 months prior to admission

IQR=interquartile range; PaOs=partial pressure of oxygen;
PaCOg=arterial partial pressure of carbon dioxide;
HCOg=bicarbonate; Ox=oxygen saturation; FVC=forced vital
capacity; % Ref=percent reference; FEV=forced expiratory volume
in 1 second; TLC=total lung capacity; RV=residual volume;
HFpEF=heart failure with preserved ejection fraction

to be reduced to 32°C but continued using the HFNT
apparatus. Initial titration of air-gas blend flow rate
was between 35 and 20 L/min and FiO2 ranged from
50%-28%. No individuals prematurely stopped the

Figure 1. Borg Dyspnea Trend
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Figure 2. Forced Expiratory
Volume in 1 Second Trend

12
1 ——_—___/\
08

a

~—

FEVI(L)
o
o

0.2

Baselne After HFNT Day1 Day 2 Day 3
date of study

—A —B —C D —E —F ——G ——H ——| —

FEVi=forced expiratory volume in 1 second;
HFNT=high-flow nasal therapy

Figure 3. Forced Vital Capacity Trend
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study due to intolerance of the HFNT system, required
intubation or placement on non-invasive mechanical
ventilation.
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Figure 4. Partial Pressure of Oxygen
Trend
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Figure 5. Arterial Pressure of Carbon
Dioxide Trend
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Discussion

The main findings of the study demonstrated
that HFNT was safe and well tolerated in patients
hospitalized with a COPD exacerbation and
hypercapnic respiratory failure. This study adds to
the literature by its prospective nature and inclusion
of decompensated hypercapnic COPD patients, with
significantly impaired pulmonary mechanics, severe
baseline dyspnea, and frequent exacerbations.

Studies have shown that HFNT can be used in acute
hypercapnic failure and will result in a significant
decrease®?® in PaCO,. However, these patients
were not followed prospectively, nor did they all have
COPD. Short term studies performed in emergency
departments have shown the effectiveness of HFNT in
acute dyspnea and hypoxic respiratory failure.*2%26
These studies did not prospectively follow patients and
patients had heterogeneous lung pathology. A single
center study by Braunlich et al did examine HFNT
in individuals with COPD exacerbation and found
improvement in hypercapnia. However, that study was
retrospective, and some participants had been placed
on NIV during the admission prior to enrollment in
study.?” Additionally, a single center study by Pilcher
et al used HFNT versus COT to assess improvement
in transcutaneous carbon dioxide tension in patients
admitted with COPD exacerbation.’® However,
patients were only placed on HFNT for 30 minutes,
so assessment of tolerability and impact on treatment
failure would be difficult to ascertain.

The mean PaCO; for patients was 56 mmHg and

ranged from a low of 45 mmHg to a high of 81 mmHg.
While there was a broad range of hypercapnia among
the patients, they were able to equally tolerate the
therapy. Regardless of degree of hypercapnia, there
were no trends to worsening of subjective dyspnea,
gas exchange, accessory respiratory muscle use,
need for escalation of COPD therapy, and need for
invasive/non-invasive ventilation. While PaCO, did
not significantly change in this study, other studies
have shown significant reduction in participants with
higher baseline PaCO5 (>55 mmHg).! 2%

The patients’ use of HFNT was monitored by hospital
nurses and respiratory therapists as well as research
staff members. HFNT was not stopped after study
initiation by any of the patients. HFNT was used on
a continuous basis in a non-ICU setting during the
entire study period (approximately 72 hours). Other
studies have applied HFNT on a continuous basis only
in an ICU setting.?* Finally, the LOS for the patients in
the study was similar to prior studies reporting LOS
for COPD exacerbation in patients with severe airflow
obstruction.?’

Regarding the limitations of this study, it was a
small, single center pilot study. The sample size was
chosen to estimate the chance of a significant adverse
effect (i.e, transfer to ICU or failure of COPD therapy).
However, this was not powered with the purpose of
finding clinical significance. Additionally, there was
no matched cohort to compare HFNT to continuous
oxygen therapy.

Studies involving the clinical effects of HFNT
on sleep architecture, impact on rate of COPD
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exacerbation and hospitalizations, long term effects
on gas exchange, exercise tolerance, and mortality
are needed. Additionally, optimal patient selection
criteria with regard to degree of baseline hypoxic and
hypercapnic respiratory failure, extent of underlying
airflow obstruction, and subjective dyspnea require
further investigation.

In conclusion, patients hospitalized with COPD
exacerbation, regardless of degree of hypercapnic
respiratory failure, can safely tolerate continuous
HFNT and not suffer from decompensation.
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