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ABSTRACT

Background: Nasal high flow (NHF) has demonstrated efficacy in relieving dyspnea in various patients with
hypoxemic and hypercapnic respiratory failure. It may also reduce dyspnea in patients with acute severe asthma
in the emergency department (ED). The aim of the study was to compare the efficacy of NHF with conventional
oxygen therapy (COT) in improving dyspnea in acute severe asthma patients with hypoxemia in the ED.

Methods: This pilot nonblinded randomized controlled trial was conducted involving 37 patients
aged ≥ 18 years with acute severe asthma and hypoxemia in the ED of Siriraj Hospital, Bangkok, Thailand
(TCTR20180926003). The participants were randomly allocated to receive either COT (n = 18) or NHF (n = 19) for
120 minutes. The primary outcome was comparing the intervention effects on the patients’ degree of dyspnea
measured using the modified Borg scale (MBS). The secondary outcomes were comparing the interventions
based on the numeric rating scale (NRS) of dyspnea, the dyspnea scale assessing accessory muscle use, vital
signs, and blood gas results.

Results: The intention-to-treat analysis included 37 patients (COT group n = 18 and NHF group n = 19). The
baseline mean MBS was 7.8 in both groups. At 120 minutes, the mean (�SD) MBSs in patients receiving COT
and NHF were 3.3 (�2.5) and 1.4 (�2.5), respectively (mean difference = 1.9 [95% CI = 0.2 to 3.8], p = 0.043).
The trends in NRS and dyspnea score results were similar to those of MBS. Respiratory rates were lower with
NHF (mean difference = 4.7 [95% CI = 1.5 to 7.8], p = 0.001). No between- or within-group differences in blood
gas results were found.

Conclusion: Nasal high flow reduced the severity of dyspnea and respiratory rate in hypoxemic patients with
acute severe asthma in the ED.

Asthma is a chronic inflammatory airway disease
characterized by airway hyperresponsiveness and

often reversible airflow obstruction.1 It is one of the
most common airway diseases in both children and
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adults.1 In Thailand, the prevalence of childhood
asthma is currently 10% to 13%.2,3 Although the
prevalence in adults is lower at 4%, and the mortality
rate is decreasing, the disease has not been well con-
trolled with a high rate of exacerbations, emergency
department (ED) visits, and hospital admissions.4,5

Acute severe asthma, or more commonly referred
to as an asthma exacerbation, is characterized by an
acute obstruction of expiratory airflow due to airway
inflammation, bronchospasm, and hypersecretion,
resulting in increased work of breathing. If not
reversed, the respiratory muscles may fatigue, there-
fore leading to hypercapnia, severe hypoxemia, and
consequently respiratory failure. Initial management
of acute severe asthma in the ED, as recommended
by The Global Initiative for Asthma (GINA) guide-
line, includes early administration of supplemental
oxygen as needed as well as medications such as neb-
ulized bronchodilators and systemic corticosteroid.1

Despite aggressive initial management, in some
patients with respiratory failure or hypoxemia, inva-
sive ventilatory support may be required. Otherwise,
oxygen is usually given via nasal cannula or nonre-
breather mask. Noninvasive ventilation (NIV), which
is a promising modality for chronic obstructive pul-
monary disease (COPD), has had limited success in
treating acute severe asthma.6

Nasal high flow (NHF) is another oxygen-delivering
method of inspired fraction (FiO2) up to 1.0 via a pur-
posely made high-flow nasal cannula across a range of
flows from 2 to 60 L/min. Conditioning of delivered
gas by warming to 37° C and fully saturating with water
offers patients comfort during the therapy while high
flow provides positive airway pressure and decreases
rebreathing from anatomic dead space, which leads to a
reduced respiratory effort.7–10 Many studies have evalu-
ated the use of NHF in critical patients with hypoxemic
respiratory failure of multiple etiologies.11–14 Its use has
also been effective in EDs for patients with all-cause
hypoxemic respiratory failure, cardiogenic pulmonary
edema, and do-not-intubate status.15–17 To date, there
have been many published studies demonstrating the
benefit of NHF in decreasing the arterial partial pres-
sure of carbon dioxide (PaCO2) in patients with hyper-
capnic respiratory failure secondary to COPD.18–20

In acute severe asthma, NHF appears to be a physio-
logically favorable treatment. A decrease in respiratory
rate, as has been demonstrated in many previous stud-
ies, may allow patients to increase their expiratory time,
thereby decreasing dynamic hyperinflation. In addition,

heated and humidified air facilitates mucociliary clear-
ance and could deliver more comfort. This may also
help reduce bronchoconstriction induced by cold air.21

In pediatric patients with acute severe asthma, NHF
has been proven to improve clinical severity effectively,
compared with both conventional oxygen therapy
(COT)22,23 and NIV.24 A decrease in PaCO2 and an
increase in the pH level using NHF therapy were also
shown in children and adolescents, but the evidence in
adult patients is lacking.24 The trial investigators
hypothesized that NHF may provide similar respiratory
support benefits in adults with asthma. Therefore, this
preliminary study was conducted to explore the efficacy
of NHF compared with COT for adult patients with
acute severe asthma with hypoxemia in the ED as
improvement in subjective dyspnea ratings, physiologic
variables, and arterial blood gas results.

METHODS

Study Design and Settings
The trial investigators designed this pilot study to
determine the preliminary level of effectiveness before
undertaking a confirmatory randomized controlled
trial. This single-centered, nonblinded, randomized
controlled trial was conducted at the ED of Siriraj
Hospital, the largest tertiary university hospital in
Bangkok, Thailand, with over 20,000 Emergency
Severity Index (ESI) triage Level I and II ED visits
annually. The annual ED visit rate with dyspnea was
approximately 3,600, of which 5% to 10% were due
to acute severe asthma. The study protocol was
approved by the Siriraj Institutional Review Board and
was registered in the Thai Clinical Trials Registry (ID:
TCTR 20180926003). Patients were recruited between
March 22, 2019, and February 25, 2020. All partici-
pants or their next of kin provided written informed
consents prior to enrollment. We made no changes to
the trial protocol after the trial initiation.

Selection of Participants
Eligible participants were adults aged ≥ 18 years previ-
ously diagnosed with asthma1 presenting to the ED
with symptoms compatible with an acute exacerbation
and hypoxemia defined as a pulse oximetry reading
(SpO2) at room air of less than 95%. An acute exacer-
bation was defined as having all the following symp-
toms: a progressive increase in shortness of breath,
cough and wheezing, or chest tightness.1 Patients were
excluded if they had respiratory failure defined as
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having a respiratory rate > 35 breaths/min or SpO2

< 90% despite oxygen supplement or signs of
increased work of breathing, a Glasgow Coma Scale
(GCS) score of <13, contraindications to the use of
equipment with positive airway pressure and a previ-
ous diagnosis of COPD or smoking more than 5
pack-years, and lung cancer. Also excluded were
patients concurrently diagnosed with other lower respi-
ratory tract conditions that may have changed the
course of disease, such as pneumonia and pulmonary
edema.

Study Protocol and Interventions
After arrival in the ED, all patients were assessed con-
secutively for eligibility by an ED physician. If acute
severe asthma was suspected, the physician gave stan-
dard treatment as per recommendation,1 which
included up to three doses of nebulized beta-agonist
and anticholinergics every 20 minutes. Oxygen therapy
was given via nebulization during a 60-minute run-in
period. Systemic corticosteroid and magnesium sulfate
were given and investigations such as laboratory analy-
sis and chest radiographs were ordered at the discre-
tion of the treating physician. This physician then
notified a project investigator, who confirmed and reas-
sessed eligibility at 60 minutes after initial manage-
ment. This run-in period was designed to exclude
patients whose severity of acute attack was too mild or
too severe, who might not have completed the study
protocol. If eligibility was confirmed, the project inves-
tigator enrolled the patient, obtained informed con-
sent, randomized the interventions, and completed
data collection. A computer-generated, mixed-block
(block size of 2 and 4) randomization for sequence
assignment (1:1 ratio) was performed using sealed opa-
que envelopes.
Enrolled patients were randomized to receive either

COT or NHF for 120 minutes. COT was given by a
standard oxygen nasal cannula or nonrebreather mask.
NHF was delivered by a high-flow blower-humidifier
AIRVO 2 via Optiflow medium-sized high-flow nasal
cannula (Fisher & Paykel Healthcare, Auckland, New
Zealand). The initial NHF rate was 35 L/min and
could be adjusted from 30 to 60 L/min according to
the participant’s level of comfort. FiO2 was adjusted in
both groups to achieve a steady state SpO2 of 95% to
99% or 90% to 92% if the patients’ baseline SpO2 at
room was less than 92%.
During the trial, all participants received standard

treatments and interventions, including continued

doses of bronchodilators, systemic corticosteroid, and
magnesium sulfate if not given prior to reassessment,
antibiotics, intravenous fluids, and other treatments as
deemed appropriate by the treating physician. After
the trial, standard of care for acute severe asthma and
other treatments were delivered at the discretion of the
treating physicians.

Outcome Measurements
The primary outcome was the degree of dyspnea mea-
sured by the modified Borg scale (MBS). This is a vali-
dated category ratio scale ranging from 0 to 10 points
that has been used to assess the severity of dyspnea in
acute severe asthma.25–27

The secondary outcomes were the numeric rating
scale (NRS) of dyspnea, a dyspnea score measured by
visual analog scale (VAS), comfort score, effects on
vital signs (respiratory rate, SpO2, heart rate, and
mean arterial pressure), blood gas analysis, NHF-asso-
ciated adverse event rate, escalation to invasive ventila-
tion within 24 hours, ED disposition, and length of
stay in the ED and hospital.
Patient-reported dyspnea scale scores and physio-

logic variables were collected at the start of interven-
tion and at 30, 60, and 120 minutes after starting
treatment. The comfort score was assessed after the
intervention was complete.
The NRS is a validated dyspnea scale ranging from

0 (“no shortness of breath”) to 10 (“worst shortness
of breath”) points28 used to assess convergent validity
with MBS. The dyspnea scale is a VAS recorded by
the trial investigators to assess the severity of dyspnea
by measuring the degree of accessory muscle use. The
clinical researchers evaluated this score by observing
the retraction of the sternocleidomastoid muscles. This
VAS is measured on a horizontal line labeled as
absent (0 mm), mild (25 mm), moderate (50 mm),
severe (75 mm), and very severe (100 mm).27 The
comfort scale is also a ratio measure, ranging from 0
(no comfort) to 10 (maximum comfort).16,17 At each
time point, study physicians measured dyspnea scale
prior to asking participants to record their reported
scores on the record form.

Data Analysis
Because there were no previous trials comparing NHF
with COT in adult patients with acute severe asthma
at the start of the trial, the trial investigators designed
the trial as a pilot study using a stepped rule of thumb
to recruit 50 patients in total. This was based on our
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hypothesis that the target effect size (d) would be small
(0.1 ≤ d <0.3), and the future main trial would be
powered at 90%.29 However, due to the coronavirus
disease 2019 pandemic, trials involving NHF use out-
side negative-pressure rooms had to be suspended. It
was therefore decided to terminate the study after only
37 patients had participated. Consequently, all statisti-
cal analyses performed should be considered explora-
tory analyses with an overall type I error rate of 5%.
Continuous variables are presented as mean (�SD)

or median (interquartile range) as appropriate. Cate-
gorical variables are described as frequencies and per-
centages. Differences between groups were analyzed
with the Student’s t-test or Mann-Whitney U-test for
continuous variables as appropriate.
All statistical analyses were performed on an inten-

tion-to-treat (ITT) basis. For the primary analysis of
each quantitative outcome, a linear mixed model using
restricted maximum likelihood estimation was fitted to
compare repeated measures at three time points (30,
60, and 120 minutes) between the two groups. Analy-
sis of covariance (ANCOVA) in the linear mixed
model adjusted for the baseline value of each outcome
measurement. Fixed effects were treatment, time, base-
line outcome measurement value, time-by-treatment
interaction term, and time-by-baseline outcome mea-
surement interaction term, and the random effect was
patient identity. An appropriate variance–covariance
matrix structure was chosen based on Bayesian Infor-
mation Criteria. To control the overall type I error
rate due to multiple comparisons, the Tukey-Kramer
method was applied. Missing data were handled by
last observation carried forward. Per-protocol analyses
by the linear mixed model were also performed. Lin-
ear mixed-model diagnostics for assumptions of linear-
ity, normal distribution of residuals, and
homoscedasticity were checked using residuals plots
and histograms. For pre- and posttreatment blood gas
results, a paired t-test was used to compare within each
group between pre- and posttreatment results, and an
unpaired t-test was used to compare pretreatment
results between COT and NHF groups as well as
posttreatment results. Furthermore, the postinterven-
tion between-group comparison was adjusted for the
pretreatment outcome measurement by ANCOVA. A
further sensitivity analysis was performed excluding
patients with chronic lung disease that could have
altered the clinical course, especially for blood gas
results. Analyses were performed using SAS studio 9.2
(Cary, NC) and SPSS 18.0 (Chicago, IL).

RESULTS

Characteristics of Study Subjects
A total of 290 patients were consecutively assessed for
eligibility between March 2019 and February 2020. Of
these, 29 patients were excluded for the following rea-
sons: meeting the criteria of respiratory failure
(n = 17), GCS < 13 (n = 8), concurrent COPD
(n = 3), and advanced lung cancer (n = 1). All
patients received three doses of nebulized bronchodila-
tors before being reassessed at the end of the 60-min-
ute run-in period. After reassessment, 224 patients
were further excluded; six had a respiratory rate ≥ 35
breaths/min, two hundred had SpO2 ≥ 95%, and
eighteen had been diagnosed with pneumonia. A total
of 37 patients were randomized, 18 in the COT group
and 19 in the NHF group (Figure 1). One participant
from each group had worsening clinical symptoms
and was intubated after initial assessment and before
30 minutes. Therefore, they could not contribute any
patient-reported data for the analysis. Consequently,
we carried forward their previous MBS and NRS scale
scores, all of which were the maximum score of 10, to
all the following time points after they were intubated
for the ITT analysis.
Baseline characteristics of participants are presented

in Table 1. The overall mean age was 63.5 years.
Most of the included participants were female
(83.8%). Medications currently used to control asthma
and the mean baseline asthma control test score30,31

were similar between participants randomized to the
COT and NHF groups. Vital signs on arrival in the
ED and at the start of intervention, as well as the
results of the MBS, NRS, and dyspnea scale at the
start of intervention, were also comparable between
the two groups. All patients in both groups received
systemic corticosteroid prior to enrollment. Participants
randomized to the COT group received a mean
(�SD) oxygen flow rate of 3.1 (�0.5) L/min through
standard nasal cannula. NHF settings were a mean
(�SD) flow rate of 36.8 (�4.2) L/min and a mean
(�SD) FiO2 of 0.4 (�0.1).

Primary Outcomes
The mean MBSs of both groups at each measured
time point are shown in Table 2 and Figure 2A. At
the end of the intervention, the mean (�SD) MBS
with NHF was 1.4 (�2.5) and the mean (�SD) MBS
with COT was 3.3 (�2.5) (mean difference = 1.9
[95% CI = 0.2 to 3.8], p = 0.043). No significant

ACADEMIC EMERGENCY MEDICINE • May 2021, Vol. 28, No. 5 • www.aemj.org 533



between-group differences were seen at 30 and
60 minutes after initiation of treatment. The per-proto-
col analyses showed similar results (Data Supplement
S1, Table S1, available as supporting information in
the online version of this paper, which is available at
http://onlinelibrary.wiley.com/doi/10.1111/acem.14187/
full).

Secondary Outcomes
Similar results to the mean MBS were seen in the
mean NRS. The dyspnea scale results also had a simi-
lar trend to both the patient-reported dyspnea scale
scores (Figure 2B). The comfort scale was significantly
higher in patients treated with NHF compared with
those treated with COT (mean � SD = 9.1 � 1.3 vs.
6.1 � 1.6, mean difference = 3 [95% CI = 2 to 4],
p < 0.0001). The mean (�SD) respiratory rate at the
end of the study was also significantly decreased dur-
ing NHF compared with COT (19.7 [�2.9] vs. 25.1
[�4.2], mean difference = 4.7 [95% CI = 1.5 to 7.8],
p = 0.001). However, it was not significantly decreased
at 30 and 60 minutes after initiating NHF treatment
(Figure 2C). Moreover, no between-group differences
were found in the mean SpO2, heart rate, and mean

arterial blood pressure (Table 2). Per-protocol analyses
of the secondary outcomes showed that NRS, respira-
tory rate, and dyspnea scale were also significantly
decreased at 60 minutes (Data Supplement S1,
Table S1).
Arterial blood gas was analyzed in 12 and 18

patients receiving COT and NHF, respectively. One
patient in the COT group only had pretreatment gas
analyzed but did not have posttreatment gas analyzed.
Pretreatment results were comparable despite a signifi-
cantly higher PaO2/FiO2 ratio in the COT group and
slightly lower pH and higher PaCO2 levels in the
NHF group. After the intervention, both unadjusted
and adjusted gas results were not significantly different
between patients treated with COT and NHF. Within-
group pre- and post-treatment differences were also
not seen in both groups (Table 3). Sensitivity analyses
including only complete cases and excluding patients
with chronic lung diseases (COT [n = 10], NHF
[n = 17]) showed results similar to those of the pri-
mary analyses (Data Supplement S1, Table S2).
There were no complications in the NHF group.

Patients tolerated the equipment well with a median
duration of 3.8 hours on the device. Moreover, slightly

Assessed for eligibility 
from 22 March 2019 to 25 February 2020

(n=290)

Reassessed at 60 minutes
(n=261)

Excluded (n=29)
• Respiratory failure (n=17)
• Altered mental status (n=8)                             
• Concurrent COPD (n=3)
• Lung cancer (n=1)

COT
(n=18)

NHF
(n=19)

Complete COT 
(n=17)

Complete NHF 
(n=18)

Endotracheal intuba�on (n=1)

Randomized
(n=37)

Endotracheal intuba�on (n=1)

Excluded (n=224)
• RR > 35 breaths/min (n=6)
• SpO2 >95% (n=200)
• Concurrent pneumonia (n=18)

Figure 1. Flow of study participants. COPD = chronic obstructive pulmonary disease; COT = conventional oxygen therapy; NHF, nasal high
flow; RR = respiratory rate; SpO2 = oxygen saturation by pulse oximetry.
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more patients receiving NHF were able to be dis-
charged from the ED with shorter ED and hospital
length of stay although these did not reach significance
(Table 4). No patients died at hospital discharge.

DISCUSSION

In this pilot randomized controlled trial of patients
with acute severe asthma and hypoxemia, NHF could
significantly decrease the degree of dyspnea compared

with COT assessed primarily by MBS along with
NRS, dyspnea scale, and respiratory rate at 120 min-
utes after initiating treatment. However, there was no
evidence of differences in pH and PaCO2 levels from
arterial blood gas after using the two interventions.
Nasal high-flow therapy is a relatively new form of

respiratory support.7–10 Although analyzed in patients
with acute hypoxemic respiratory failure of various eti-
ologies and acute hypercapnic respiratory failure pri-
marily due to COPD, a limited number of studies
have validated the benefit of NHF treatment in adult
patients with acute severe asthma. Retrospective obser-
vational studies in pediatric patients with severe acute
asthma exacerbation have reported an improvement in
physiologic variables and blood gas results using
NHF23 and a decrease in dyspnea evaluated by pul-
monary score, which is comparable with NIV.24 One
pilot randomized controlled trial in children visiting
the ED with asthma exacerbation found that NHF
could decrease the pulmonary score better than stan-
dard oxygen.22 Initially the trial investigators hypothe-
sized that, from a physiologic perspective, NHF may
also be a favorable treatment measure for adult
patients with acute severe asthma. A recent pilot ran-
domized trial comparing NHF with COT in adult
patients with asthma complicated with respiratory fail-
ure, which was published after the present trial was
commenced and completed, reported similar clinical
improvement and effectiveness between the two inter-
ventions. However, it was not conducted exclusively in
an ED setting and may have represented patients with
different characteristics.32 Thus, this study is only the
first randomized controlled trial of NHF versus COT
in patients with acute severe asthma and hypoxemia in
the ED.
The primary outcome of the present study was simi-

lar to a previous randomized trial in adult asthma
patients, which demonstrated an improvement in the
MBS score of 3 to 4 points at 60 minutes postinter-
vention with NIV.27 In this study, NHF could also
decrease the MBS by about 5 points after 60 minutes
of treatment. This more rapid improvement could
have been because the participants in this study were
more severe with a higher baseline MBS. In addition,
outcomes of mean scores for the NRS and MBS were
similar, which suggested favorable convergent validity
of the patient-reported dyspnea ratings. Results of the
dyspnea scale assessed by the trial investigators were
also in agreement with patient-reported outcomes. The
comfort scale after using NHF was also significantly

Table 1
Characteristics of Patients

Variable at baseline
COT

(n = 18)
NHF

(n = 19)

Age (years) 63.2 � 21.8 63.7 � 16.9

Female sex 15 (83.3) 16 (84.2)

Comorbidities

Diabetes mellitus 2 (11.1) 5 (26.3)

Hypertension 5 (27.8) 10 (52.6)

Hyperlipidemia 3 (16.7) 2 (10.5)

Chronic kidney disease 0 (0) 3 (15.8)

Cardiovascular disease 1 (5.6) 2 (10.5)

Current medication

ICS 2 (11.1) 2 (10.5)

LABA 1 (5.6) 4 (21.1)

SABA 10 (55.6) 10 (52.6)

ICS + LABA 13 (72.2) 15 (78.9)

Anticholinergics + SABA 5 (27.8) 7 (36.8)

Methylxanthine 2 (11.1) 4 (21.1)

Leukotriene receptor antagonist 3 (16.7) 10 (52.6)

Procaterol HCl 3 (16.7) 4 (21.1)

Duration before intervention
(minutes)

70.5 (65–91.5) 94 (67–103)

Oxygen flow before intervention 4.8 � 1.5 4.9 � 1.5

Initial vital signs

Respiratory rate (breaths/min) 33.6 � 4.0 33.0 � 4.4

Pulse oximetry (%) 90.5 � 1.8 90.3 � 1.8

Heart rate (beats/min) 114.6 � 19.2 117.6 � 17.2

Mean arterial pressure (mm Hg) 111.6 � 13.3 114.6 � 21.1

Parameter before intervention

MBS 7.8 � 2.0 7.8 � 1.9

NRS 7.7 � 2.0 7.8 � 1.9

Dyspnea scale 5.6 � 2.1 5.6 � 2.1

Respiratory rate (breaths/min) 31.8 � 4.4 30.4 � 4.0

Pulse oximetry (%) 91.7 � 1.1 91.7 � 1.9

Heart rate (beats/min) 108.7 � 19.7 112.7 � 18.2

Mean arterial pressure (mm Hg) 106.4 � 14.6 109.5 � 18.9

Baseline asthma control
test score

14.9 � 5.1 14.6 � 4.1

Data are presented as n (%), mean � SD, or median (range).
COT = conventional oxygen therapy; ICS = inhaled corticosteroid;
MBS = modified Borg scale; LABA = long-acting beta2-agonist;
NHF = nasal high flow; NRS = numeric rating scale; SABA =
short-acting beta2-agonist.
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higher, which is concordant with the results from pre-
vious studies.12,14,16 The results of this study therefore
support the hypothesis that NHF can relieve dyspnea
and improve subjective comfort of adult patients with
acute severe asthma.
In this study, the respiratory rate was significantly

improved in participants receiving NHF therapy

compared with COT. These findings were similar to
those of a previous trial by Gupta et al.33 that studied
the use of NIV in acute asthma patients of the same
level of severity to this study as well as a trial that
included patients with a milder degree of exacerbation
of this condition.34 This study therefore supports the
hypothesis that NHF can decrease the degree of dysp-
nea in acute severe asthma patients. Also, beneficial
effects of NHF are seen early, which is similar to
results in previous studies in ED patients with other
conditions.15–17 Consequently it is suggested that
NHF is a highly favorable therapy to use within emer-
gency settings.
However, the trial investigators did not detect an

improvement in blood gas results, which was similar
to results of Gupta et al., who reported comparable
initial pH and PaCO2 levels.33 Unlike in adult
patients, there was an increase in pH and a decrease
in PaCO2 in pediatric patients, but most predomi-
nantly in those with acute respiratory acidosis at the
initial analysis.23 A pilot study in adult patients with
baseline PaCO2 of approximately 50 mm Hg also
reported significant improvement in PaCO2.

32 There
may have been multiple reasons for the insignificant
improvement in blood gas results in this study. First,
there were insufficient data and the results may have
been disproportionate. Second, the initial mean pH
and PaCO2 levels of the patients in this study were
mainly within the normal ranges similar to those in
the study by Gupta et al.; therefore, it may not have
been possible to detect significant CO2 clearance,
unlike in other hypercapnic conditions. Finally,
patients with acute severe asthma and acute respiratory
acidosis may be too severe to be treated using nonin-
vasive airway equipment and need mechanical ventila-
tion. There were three patients in this study with
initial PaCO2 over 50 mm Hg; one had associated
allergic bronchopulmonary aspergillosis and chronic
respiratory acidosis while the other two were intubated
early after initiation of the trial.
In addition, the mean age of participants in this

study was much higher than that in previous stud-
ies.27,33,34 This may have been because of the hospital
setting. Siriraj Hospital is one of the largest tertiary
university hospitals in Thailand, situated at the city
center of Bangkok. Thus, this hospital usually provides
care for patients with advanced and complicated dis-
eases who are referred from other hospitals. Younger
patients with pure asthma may have been treated at
smaller or rural hospitals in Thailand, so they tend

Figure 2. Changes in the primary and secondary outcomes over
time. Note: respiratory rate in breaths/min. COT = conventional oxy-
gen therapy; NHF = nasal high flow.
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not to present at our institution. With advancing age,
patients’ pulmonary function might have partially pro-
gressed to irreversible obstructive pattern and might
have not represented the population with pure
asthma. Nevertheless, our study results are still very
promising even for these patients with presumed
higher severity of disease.

LIMITATIONS

There were several limitations of this pilot study. First,
the trial was a single-center pilot study with a small
sample size. The study may have lacked the power to
make any conclusions regarding the treatment effect,
especially for blood gas analysis which was not under-
taken in some of the study participants. Early termina-
tion of the trial may have also resulted in a larger
between-group differences than might have been
observed had the study continue to completion. Sec-
ondly, the participants in this current study were rela-
tively older than adult patients with asthma in
previous studies,27,33,34 which may have been because
of the tertiary setting of the hospital. With advancing
age, patients’ pulmonary function might have partially
progressed to irreversible obstructive pattern and
might have not represented the population with pure
asthma. Third, we initially aimed to compare the effi-
cacy of oxygen therapy in acute severe asthma. There-
fore, we had to exclude a significant number of

patients because they did not have hypoxia, thereby
not requiring oxygen therapy. Consequently, only
patients with moderate to severe symptoms partici-
pated, which was the same as in Gupta et al. This
could limit the generalizability of the study findings.
Further trials may include these nonhypoxemic
patients since hypoxemia is not a predominant prob-
lem in acute severe asthma and the beneficial effects
of heated and humidified air can still be delivered.
Fourth, the trial investigators did not detect change in
management, intubation, and mortality rate. Moreover,
we did not use lung function as an outcome measure.
This was because the primary outcome focused on
each patient’s subjective level of dyspnea relief.
Although the severity of asthma exacerbation using
both dyspnea scale and other physiologic parameters
was assessed, more reliable objective parameters such
as lung function tests should be included. Further ran-
domized controlled trials with larger sample sizes,
longer duration of NHF examining other long-term
objective outcomes, and spirometry findings should be
conducted. Furthermore, the lack of any blinding to
the devices used may have affected the outcomes mea-
sured.

CONCLUSION

This study showed that nasal high-flow therapy may
decrease the degree of dyspnea more than the use of

Table 4
Cointerventions and Disposition of Participants

Variables
COT

(n = 18)
NHF

(n = 19) p-value

Total dosage of bronchodilators used in the ED 6 (5–9) 8 (7–9) 0.08

Co-intervention

Magnesium sulfate 9 (50.0) 11 (57.9) 0.41

Penicillin or cephalosporins 3 (16.7) 2 (10.5) 0.59

Macrolide 8 (44.4) 6 (31.6) 0.25

Oseltamivir 7 (38.9) 6 (31.6) 0.64

Intubation in 24 hours 1 (5.6) 1 (5.6) 0.97

ED disposition

Discharge 6 (33.3) 8 (42.1) 0.35

Admit to general ward 4 (22.2) 4 (21.1)

Admit to respiratory intensive care unit — 2 (10.5)

Observation unit 6 (33.3) 2 (10.5)

Refer 2 (11.1) 3 (15.8)

ED length of stay (hour) 6.8 (4.9–11.6) 4.4 (3.2–10.1) 0.26

Hospital length of stay (hour) 12.0 (4.8–69.6) 9.6 (4.5–67.2) 0.87

Data are presented as n (%) or median (range).
COT = conventional oxygen therapy; NHF = nasal high flow.
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conventional oxygen therapy in patients with acute sev-
ere asthma and hypoxemia in the ED setting. This
was demonstrated by the significant improvements in
the mean modified Borg scale, mean numeric rating
scale, mean dyspnea scale score, and the mean respira-
tory rate. Therefore, nasal high flow may be beneficial
to respiratory support and oxygenation in patients
with acute severe asthma and hypoxemia in the ED.
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