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Study objective: Palliative patients often visit the emergency department (ED) with respiratory distress during their end-of-life
period. The goal of management is alleviating dyspnea and providing comfort. High-flow nasal cannula may be an alternative
oxygen-delivering method for palliative patients with do-not-intubate status. We therefore aim to compare the efficacy of high-flow
nasal cannula with conventional oxygen therapy in improving dyspnea of palliative patients with do-not-intubate status who have
hypoxemic respiratory failure in the ED.

Methods: This randomized, nonblinded, crossover study was conducted with 48 palliative patients aged 18 years or older with do-
not-intubate status who presented with hypoxemic respiratory failure to the ED of Siriraj Hospital, Bangkok, Thailand. The
participants were randomly allocated to conventional oxygen therapy for 60 minutes, followed by high-flow nasal cannula for 60
minutes (n¼24) or vice versa (n¼24). The primary outcome was modified Borg scale score. The secondary outcomes were
numeric rating scale score of dyspnea and vital signs.

Results: Intention-to-treat analysis included 44 patients, 22 in each group. Baseline mean modified Borg scale score was 7.6 (SD
2.2) (conventional oxygen therapy first) and 8.2 (SD 1.8) (high-flow nasal cannula first). At 60 minutes, mean modified Borg scale
score in patients receiving conventional oxygen therapy and high-flow nasal cannula was 4.9 (standard of mean 0.3) and 2.9
(standard of mean 0.3), respectively (mean difference 2.0; 95% confidence interval 1.4 to 2.6). Results for the numeric rating
scale score of dyspnea were similar to those for the modified Borg scale score. Respiratory rates were lower with high-flow nasal
cannula (mean difference 5.9; 95% confidence interval 3.5 to 8.3), and high-flow nasal cannula was associated with a
significantly lower first-hour morphine dose.

Conclusion: High-flow nasal cannula was superior to conventional oxygen therapy in reducing the severity of dyspnea in the first
hour of treatment in patients with do-not-intubate status and hypoxemic respiratory failure. [Ann Emerg Med. 2020;75:615-626.]
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INTRODUCTION
Background

Patients with advanced diseases, especially those with
diseases involving the lungs, often present to an emergency
department (ED) with hypoxemic respiratory distress and
even failure. Some of these patients are receiving palliative
care and have preexisting do-not-intubate status, do-not-
resuscitate (DNR) advanced care plans, or both. These
palliative patients want to receive only comfort measures.
5 : May 2020
Toward the end of their lives, the goal of treatment is
primarily symptomatic relief. This poses a challenge for
emergency physicians in regard to what measures are best
to alleviate dyspnea for these patients.

Conventional oxygen therapy is used to improve
oxygenation but may not effectively decrease dyspnea
severity.1-5 Although noninvasive ventilation may decrease
severity of dyspnea in palliative patients,6-9 it may not
provide justifiable relief of symptoms for all of them,
Annals of Emergency Medicine 615

mailto:tipa102@yahoo.com
https://www.surveymonkey.com/r/ZYDBSZC
http://annemergmed.com/content/podcast
http://www.annemergmed.com
http://www.acep.org/ACEPeCME/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.annemergmed.2019.09.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.annemergmed.2019.09.009&domain=pdf


Relieving Dyspnea in Emergency Palliative Patients Ruangsomboon et al
Editor’s Capsule Summary

What is already known on this topic
Palliative patients with do-not-intubate status may
present to the emergency department (ED) in acute
respiratory distress. Noninvasive ventilation is not
desirable for these patients. High-flow nasal cannula
is a novel treatment for acute dyspnea.

What question this study addressed
Does high-flow nasal cannula effectively reduce
breathing discomfort in palliative care patients
presenting to the ED with acute dyspnea?

What this study adds to our knowledge
In this randomized crossover trial of 48 patients in
Thailand, high-flow nasal cannula provided greater
dyspnea symptom relief than conventional oxygen
therapy. Most patients preferred high-flow nasal
cannula.

How this is relevant to clinical practice
High-flow nasal cannula offers an appealing option
for alleviating acute respiratory distress in palliative
patients.
especially for those with excessive secretion and decreased
level of consciousness. The quality of mouth care and
tolerability are also not optimal. Patients receiving
noninvasive ventilation cannot eat or talk and may feel
discomfort or experience complications from the
noninvasive ventilation mask.9 Positive pressure from
noninvasive ventilation may also prolong the end-of-life
discomfort of patients.

High-flow nasal cannula is an innovative cannula device
delivering gases at flow rates from 30 to 60 L/min for adults
and a constant FiO2 at 0.21 to 1.0, decreasing anatomic dead
space and thereby decreasing respiratory effort.10,11 It also
delivers gas warmed to 37�C (98.6oF) and is 100%
humidified, providing more patient comfort.10,11 High-flow
nasal cannula comparedwith conventional oxygen therapy in
ICUs could decrease dyspnea severity in hypoxemic
respiratory failure of various causes.10-14 It has also been
effective in EDs for patients with all-cause hypoxemic
respiratory failure and cardiogenic pulmonary edema.15,16

Importance
Better patient comfort, the primary goal for palliative

patients, is a benefit of high-flow nasal cannula clearly
observed in previous studies.12-16 Observational studies of
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patients with do-not-intubate status in ICUs have reported
decreased dyspnea and improved physiologic variables
through the use of a high-flow nasal cannula.17-19

However, to our knowledge no randomized controlled trial
has investigated the efficacy of high-flow nasal cannula in
improving dyspnea in palliative patients with do-not-
intubate status who have hypoxemic respiratory failure in
an ED setting.
Goals of This Investigation
The primary aim of this trial was to compare the efficacy

of high-flow nasal cannula versus conventional oxygen
therapy in the treatment of palliative patients with acute
dyspnea.
MATERIALS AND METHODS
Study Design

We conducted a randomized, nonblinded, AB/BA
crossover trial comparing conventional oxygen therapy and
high-flow nasal cannula (Figure 1). The protocol was
approved by Siriraj institutional review board. We did not
make any changes to study protocol after trial registration.
Setting
We conducted the trial at the ED of Siriraj Hospital, the

largest tertiary university hospital in Bangkok, Thailand,
with greater than 20,000 ED visits annually. We recruited
patients between November 2017 and August 2018, and we
enrolled participants with informed consent obtained from
either themselves or their next of kin. In our hospital, patients
with advanced incurable diseases are referred to a palliative
clinic, where the patientswith their relatives in attendance are
asked whether they want intubation or other life-sustaining
management during their end-of-life period. If they agree to
have do-not-intubate status, DNR status, or both, this
statement is written in their electronic medical records,
which emergency physicians can retrieve and follow.
Selection of Participants
Eligible participants were adults aged 18 years or older,

with palliative status and known do-not-intubate status,
who presented to our ED with hypoxemic respiratory
failure, defined as an oxygen saturation by pulse oximetry
(SpO2) of less than 90% on room air, a respiratory rate
greater than or equal to 30 breaths/min, accessory muscle
use, and a modified Borg scale score greater than or equal to
4.20,21 We excluded patients if they were not able to
cooperate; had decreased level of consciousness, defined as a
Kelly score22 less than 4, and were not able to give answers
Volume 75, no. 5 : May 2020



Figure 1. Design and flow of participants through the trial. RR, Respiratory rate; MBS, modified Borg scale; COT, conventional
oxygen therapy; HFNC, high-flow nasal cannula.
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to simple questions; or had contraindications for positive
airway pressure devices.

Interventions
After patients arrived at the ED, an emergency physician

assessed them consecutively for eligibility. This physician
gave standard treatment, including conventional oxygen
Volume 75, no. 5 : May 2020
therapy, as required before the trial. This physician also
notified a project investigator, who confirmed eligibility,
enrolled the patient with informed consent, randomized
the sequence of interventions, and completed data
collection. We performed a computer-generated, mixed-
block (block size of 2 and 4) randomization for sequence
assignment (1:1 ratio), using sealed opaque envelopes.
Annals of Emergency Medicine 617
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We gave conventional oxygen therapy (treatment A) by
nasal cannula or nonrebreather mask for 60 minutes. We
gave high-flow nasal cannula (treatment B) by an Optiflow
cannula using an AIRVO 2 humidified high-flow
system (Fisher & Paykel Healthcare, Auckland, NZ) for 60
minutes. We set the initial high-flow nasal cannula flow
rate at 35 L/min and adjusted it to between 30 and 60 L/
min to improve the participant’s comfort. We adjusted
FiO2 and conventional oxygen therapy oxygen flow rate to
achieve a steady-state oxygen SpO2 greater than or equal to
95% and maintained it for 60 minutes.

In accordance with the crossover design of the study, we
randomly assigned patients to receive either conventional
oxygen therapy for 60 minutes, immediately followed by
high-flow nasal cannula for 60 minutes (AB), or vice versa
(BA), with an active washout period23 (Figure 1). We chose
a crossover trial design because of the anticipated limited
number of eligible and consenting palliative patients with
do-not-intubate status who would be able to complete the
study protocol, as well as the opportunity for the
participants to choose their preferred intervention at the
study’s end. We did not perform a passive washout period
because of ethical reasons and the assumed rapidity of
washout of the effect of high-flow nasal cannula and
conventional oxygen therapy.

During the trial, all participants received standard
treatments and interventions to alleviate respiratory
distress. We gave intravenous morphine if needed to reduce
modified Borg scale score by at least 1 point to achieve a
score of less than or equal to 5. Initially, the dose was a 2-
mg bolus, followed by an infusion rate of 1 mg/hour,
titratable to achieve the goal modified Borg scale score.
After completing the trial, we continued high-flow nasal
cannula or conventional oxygen therapy according to the
participant’s preference.
Outcome Measures
The primary aim was comparing the patient-reported

dyspnea after each oxygen delivery method. The primary
outcome was degree of dyspnea measured by the modified
Borg scale score. This is a validated category ratio scale
ranging from 0 to 10 points that uses category word
descriptor anchors at various points on the scale to ensure
the ratio scaling of answers (Appendix E1, available online
at http://www.annemergmed.com).20,21 The investigators
asked the participants to rate by speaking or marking the
score on a form.

The secondary aims were assessing validity of the
primary aim outcome measured by another dyspnea rating
scale, as well as comparing vital signs and inhospital
618 Annals of Emergency Medicine
mortality. The secondary outcomes were numeric rating
scale score of dyspnea, effects on vital signs (ie,
respiratory rate, SpO2, pulse rate, and mean arterial
pressure), high-flow nasal cannula–associated adverse event
rate, and inhospital mortality rate.

We collected dyspnea scale scores and physiologic
variables at the start of each intervention and at 15, 30, and
60 minutes after starting a trial intervention.

We also measured the numeric rating scale score of
dyspnea, a validated dyspnea scale ranging from 0 (“no
shortness of breath”) to 10 (“worst shortness of breath”)
points.24,25 Studies have validated both scales for rating
dyspnea in palliative care,26,27 and one clinical trial
studying the use of high-flow nasal cannula in patients with
advanced cancer used them.19 Both scales were translated
to Thai. We made no changes to the trial protocol after the
trial commenced.
Primary Data Analysis
A previous randomized trial showed high-flow nasal

cannula was noninferior to noninvasive ventilation in
decreasing dyspnea in palliative patients,19 and no
previous trials to our knowledge have compared high-flow
nasal cannula with conventional oxygen therapy in
patients with do-not-intubate status and hypoxemic
respiratory failure. Therefore, assuming the treatment
effect of high-flow nasal cannula in the present study
would be similar to that of a previous study comparing
noninvasive ventilation with conventional oxygen
therapy,9 we considered a mean difference of modified
Borg scale score of 1 point (SD 1.8) between the 2 groups
to be significant.9 Using a 2-sided type I error of 0.05 and
90% power, we needed a sample of 19 participants per
group to complete the protocol. Accounting for a dropout
rate of 25%, we calculated needing to enroll 24 patients in
each sequence.

We performed all statistical analyses on an intention-
to-treat basis. We presented continuous variables as mean
(SD) or median (interquartile range) as appropriate. We
described categoric variables as frequencies and
percentages. We analyzed baseline differences between
groups with Student’s t test or Mann-Whitney U test for
continuous variables as appropriate and c2 tests for
categoric variables.

For the primary analysis, we constructed a linear mixed
model with patient effects as random effects and the
variables of treatment, period, time, treatment-by-time
interaction, and carryover effect as fixed effects. The initial
15 minutes of each period was an active washout period
that we did not analyze. Therefore, we used the
Volume 75, no. 5 : May 2020
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15-minutes values as the baseline and compared the values
at 30 and 60 minutes only after starting the intervention.
For missing data caused by early termination, we assumed
they were missing at random and handled them by
maximum likelihood estimation. We conducted
sensitivity analyses by the linear mixed model,28 adjusting
for the baseline value of the outcome variable. We also
adjusted for dosage of intravenous morphine during the
first hour as a mediating factor. We furthermore
performed sensitivity analysis as a parallel-group trial of
the first period only. We performed all analyses with SAS
Studio (version 9.2; SAS Institute, Inc., Cary, NC) and
SPSS (version 18.0; SPSS, Chicago, IL).
RESULTS
Characteristics of Study Subjects

We randomized 48 of 828 patients assessed for
eligibility (24 in each sequence). We excluded a total of 4
participants during the active washout of the first period.
Therefore, these participants did not contribute any data
to the analysis. We excluded 2 participants receiving
conventional oxygen therapy from the conventional
oxygen therapy–first group because of a decision to
intubate early after the trial commenced (n¼1) and
altered mental status (n¼1). We excluded 2 participants
receiving high-flow nasal cannula from the high-flow nasal
cannula–first group because of a decision not to
participate (n¼1) and intolerance to high-flow nasal
cannula after using it for 10 minutes (n¼1) (Figure 1).
Therefore, a total of 44 participants (22 per group)
remained in the intention-to-treat analysis. After the
active washout of the first period, we excluded 2
participants receiving conventional oxygen therapy in the
conventional oxygen therapy–first group in the first period
because of altered mental status. In the second period, one
participant receiving high-flow nasal cannula in the
conventional oxygen therapy–first group could not
tolerate high-flow nasal cannula (Figure 2A).
Consequently, a total of 41 participants completed the
study protocol (Figure 1).

Baseline characteristics of participants are presented in
Table 1. The overall mean age was 60.3 years. Participants
randomized into the conventional oxygen therapy–first
treatment sequence were older. The most common disease
for do-not-intubate status was malignancy (91.7%). Of
these patients, 84.1% had metastasis, and 72.7% had lung
involvement. Almost half of the recruited participants had
previously been prescribed opioid (41.7%) and home
oxygen therapy (45.8%). No participants had intravenous
morphine prescribed before starting the trial. Vital signs of
Volume 75, no. 5 : May 2020
participants on ED arrival and at the start of intervention,
as well as modified Borg scale score and numeric rating
scale score of dyspnea at 0 minutes, were comparable
between the treatment sequences. The 4 excluded
participants (women n¼2, advanced cancer n¼4) had a
mean age of 63.3 years and mean initial modified Borg
scale score and numeric rating scale score of dyspnea of 8.1
and 7.8 points, respectively, and a mean respiratory rate of
35 breaths/min.

Each participant’s modified Borg scale score at the end
of each intervention and at each measured time is shown in
Figure 2. There was no statistically significant carryover
effect. After controlling for a significant period effect, mean
modified Borg scale score at 60 minutes after starting high-
flow nasal cannula was 2.9 (standard of mean [SE] 0.3) and
mean modified Borg scale score with conventional oxygen
therapy was 4.9 (SE 0.3) (mean difference 2.0; 95%
confidence interval [CI] 1.4 to 2.6). At 30 minutes after
initiation of a treatment, the mean modified Borg scale
score with high-flow nasal cannula was also significantly
lower than that with conventional oxygen therapy (3.8 [SE
0.3] versus 5.1 [SE 0.3], respectively; a mean difference of
1.3 [95% CI 0.7 to 1.9]). Sensitivity analyses adjusting for
baseline values, adjusting for first-period intravenous
morphine dosage, and a per-protocol analysis (n¼41)
showed similar results (Table 2). Evaluation of first-period
data showed only that mean modified Borg scale scores at
both 30 and 60 minutes after the start of high-flow nasal
cannula were significantly lower than those of conventional
oxygen therapy (Table 3).

Results similar to those with the mean modified Borg
scale score were observed in the mean numeric rating scale
of dyspnea. Mean respiratory rate was also significantly
decreased during high-flow nasal cannula compared with
conventional oxygen therapy (25.1 [SE 1.2] versus 30.9
[SE 1.2]; mean difference 5.9; 95% CI 3.5 to 8.3). Mean
numeric rating scale score of dyspnea and mean respiratory
rate were also significantly decreased at 30 minutes after the
start of high-flow nasal cannula (Figure 3). SpO2 increased
and pulse rate decreased significantly more during high-
flow nasal cannula compared with conventional oxygen
therapy (Table 2).

Sensitivity analysis using only the first-period data
showed that high-flow nasal cannula could significantly
decrease mean numeric rating scale score of dyspnea and
mean respiratory rate at 30 and 60 minutes after the start of
treatment compared with conventional oxygen therapy. No
between-group differences were found in SpO2, pulse rate,
and mean arterial pressure (Table 3). There were more
patients needing intravenous morphine in the conventional
oxygen therapy–first group compared with the high-flow
Annals of Emergency Medicine 619



Figure 2. Changes in modified Borg scale score of each participant over time by plan (A, B) and at the end of each study period (C,
D). The thick lines in A indicate patients who did not complete the protocol and asterisks indicate the points at which they exited the
trial.
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nasal cannula–first group (Table 1). First-period
intravenous morphine dosage was also significantly higher
in patients receiving conventional oxygen therapy
compared with high-flow nasal cannula (mean difference
0.9; 95% CI 0.2 to 1.6) (Table 3).

Two patients (4.2%) could not tolerate high-flow
nasal cannula because of discomfort. There were no
serious or life-threatening complications associated with
high-flow nasal cannula. Some minor complications
included 5 participants reporting discomfort and 2
complaining of feeling hot after using high-flow nasal
cannula. The majority of per-protocol participants (78%)
preferred to continue using high-flow nasal cannula after
the study period, continuing to receive it for a median
duration of 5.5 hours. The mortality rate was 17.7% and
620 Annals of Emergency Medicine
65.9% at ED and hospital discharge, respectively
(Table 1).
LIMITATIONS
There were some limitations of the present study. First,

the lack of any blinding to the devices used may have biased
outcomes measured. Second, intravenous morphine could
have caused an assumed carryover effect. However, we
found no carryover effect in the analysis. Furthermore, the
sensitivity analysis using only first-period modified Borg
scale score data still showed a superior treatment effect of
high-flow nasal cannula compared with conventional
oxygen therapy. Third, we did not compare high-flow nasal
cannula with noninvasive ventilation, which might be a
Volume 75, no. 5 : May 2020



Table 1. Characteristics of patients.

Characteristic COT First (n[24) HFNC First (n[24) Total (n[48)

Variable at baseline

Age, mean (SD) 66.7 (9.6) 54 (13.1) 60.3 (13.1)

Female sex) 15 (62.5) 12 (50.0) 27 (56.3)

Underlying diseases

Malignancy* 22 (91.7) 22 (91.7) 44 (91.7)

Metastasis 19 (86.4) 18 (81.8) 37 (84.1)

Lung or pleural involvement 17 (77.3) 15 (68.2) 32 (72.7)

Chronic lung disease 4 (16.6) 1 (4.2) 5 (10.4)

Previous opioid use 8 (33.3) 12 (50.0) 20 (41.7)

Morphine-equivalent dose, mean (SD), mg/day 25 (10.7) 55 (65.9) 43 (52.8)

Home oxygen therapy 11 (45.8) 11 (45.8) 22 (45.8)

Duration before intervention, min 75 [154] 75 [157] 75 [144]

Type of oxygen therapy before intervention

Cannula 6 (25.0) 6 (25.0) 12 (25.0)

Nonrebreather mask 18 (75.0) 18 (75.0) 36 (75.0)

Oxygen flow before intervention, mean (SD) 8.3 (2.6) 8.7 (2.5) 8.5 (2.6)

Initial vital signs, mean (SD)

Respiratory rate, breaths/min 32.8 (7.5) 34.1 (8.8) 33.4 (8.1)

Pulse oximetry 89.5 (9.0) 89.0 (9.6) 89.2 (9.2)

Pulse rate, beats/min 115.0 (17.1) 116.7 (29.2) 115.9 (23.8)

Mean arterial pressure, mm Hg 93.4 (19.3) 89.9 (15.6) 91.6 (17.1)

Parameter before intervention, mean (SD)

Modified Borg scale score 7.6 (2.2) 8.2 (1.8) 7.9 (2.0)

Numeric rating scale score 7.6 (2.2) 8.1 (1.8) 7.8 (2.0)

Respiratory rate, breaths/min 37.0 (9.0) 35.3 (7.0) 36.2 (8.0)

Pulse oximetry 92.9 (6.7) 90.2 (7.0) 91.6 (6.9)

Pulse rate, beats/min 116.8 (17.2) 115.6 (24.2) 116.2 (20.7)

Mean arterial pressure, mm Hg 90.4 (17.8) 84.6 (19.4) 87.5 (18.6)

Variables after study intervention COT first (n[22) HFNC first (n[22) Total (n[44)

COT, mean (SD)

Oxygen flow, L/min 8.5 (2.7) 8.7 (2.5) 8.6 (5.4)

HFNC, mean (SD)

Gas flow, L/min 34.1 (5.2) 37.5 (5.3) 35.8 (5.4)

Fraction of inspired oxygen 0.7 (1.7) 0.7 (0.2) 0.7 (0.2)

Temperature, oC 34.3 (2.1) 34.5 (2.0) 34.4 (2.0)

Cointervention

None 14 (63.6) 15 (68.2) 29 (65.9)

Bronchodilator 5 (22.7) 7 (31.8) 12 (27.3)

Thoracocentesis 1 (4.5) —† 1 (2.3)

Dexamethasone 2 (9.1) — 2 (4.5)

First-period cointervention

None 16 (72.7) 16 (72.7) 32 (72.7)

Bronchodilator 4 (18.2) 6 (27.3) 10 (22.7)

Dexamethasone 2 (9.1) — 2 (4.5)

Patients receiving IV morphine in the first hour, mean (SD) 13 (59.1) 6 (27.3) 19 (43.2)

First-hour dosage, mg/h 1.4 (1.4) 1.0 (0.2) 1.0 (1.3)

Ruangsomboon et al Relieving Dyspnea in Emergency Palliative Patients
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Table 1. Continued.

Variables after study intervention COT first (n[22) HFNC first (n[22) Total (n[44)

Patients receiving IV morphine in the second hour, mean (SD) 8 (36.4) 6 (27.3) 14 (31.8)

Second-hour dosage, mg/h 0.8 (1.4) 0.5 (0.2) 0.7 (1.2)

Death at discharge 16 (72.7) 13 (59.1) 29 (65.9)

IV, Intravenous.
Data are presented as No. (%) or median [IQR] unless otherwise indicated.
*Total n of metastasis¼44, including for COT first n¼22 and n for HFNC first n¼22.
†Dashes indicate that no patients were given the respective cointervention.

Table 2. Primary outcome and secondary outcomes.

Study Outcome

At 30 Minutes At 60 Minutes

COT
(n[22)

HFNC
(n[22)

Difference of COT
Minus HFNC (95% CI)

COT
(n[22)

HFNC
(n[22)

Difference of COT
Minus HFNC (95% CI)

Modified Borg scale

Primary* 5.1 (0.3) 3.8 (0.3) 1.3 (0.7 to 1.9) 4.9 (0.3) 2.9 (0.3) 2.0 (1.4 to 2.6)

Baseline adjusted† 5.1 (0.2) 3.8 (0.2) 1.3 (0.7 to 1.9) 4.8 (0.2) 2.9 (0.2) 1.9 (1.3 to 2.5)

Morphine adjusted‡ 5.0 (0.2) 3.8 (0.2) 1.2 (0.6 to 1.8) 4.8 (0.2) 2.9 (0.2) 1.9 (1.3 to 2.5)

Per protocol§ 5.0 (0.3) 3.7 (0.3) 1.3 (0.7 to 1.9) 4.8 (0.3) 2.8 (0.3) 2.0 (1.4 to 2.6)

Numeric rating scale

Primary* 5.2 (0.3) 3.9 (0.3) 1.3 (0.7 to 1.9) 5.1 (0.3) 2.9 (0.3) 2.2 (1.6 to 2.9)

Baseline adjusted† 5.2 (0.3) 3.9 (0.3) 1.3 (0.7 to 1.9) 5.1 (0.3) 2.9 (0.3) 2.2 (1.6 to 2.9)

Morphine adjusted‡ 5.1 (0.3) 3.9 (0.3) 1.2 (0.6 to 1.8) 5.0 (0.3) 3.0 (0.3) 2.0 (1.4 to 2.6)

Per protocol§ 5.2 (0.3) 3.8 (0.3) 1.4 (0.8 to 2.0) 5.1 (0.3) 2.9 (0.3) 2.2 (1.6 to 2.9)

Respiratory rate, breaths/min

Primary* 31.3 (1.0) 26.8 (1.1) 4.4 (2.6 to 6.2) 30.9 (1.2) 25.1 (1.2) 5.9 (3.5 to 8.3)

Baseline adjusted† 30.6 (0.5) 27.7 (0.6) 2.9 (1.7 to 4.1) 30.2 (0.9) 25.9 (0.9) 4.2 (1.8 to 6.6)

Morphine adjusted‡ 30.6 (0.5) 27.7 (0.6) 2.9 (1.7 to 4.1) 30.2 (0.9) 25.9 (1.2) 4.3 (1.9 to 6.7)

Per protocol§ 31.2 (1.1) 26.6 (1.1) 4.6 (2.8 to 6.4) 31.4 (1.2) 24.9 (1.2) 6.5 (4.3 to 8.7)

Pulse oximetry

Primary* 97.6 (0.4) 98.2 (0.4) –0.6 (–1.4 to 0.2) 96.9 (0.5) 98.2 (0.5) –1.3 (–2.3 to –0.3)

Baseline adjusted† 97.8 (0.2) 98.0 (0.2) –0.2 (–0.8 to 0.4) 97.1 (0.4) 98.0 (0.4) –0.9 (–1.9 to 0.1)

Morphine adjusted‡ 97.8 (0.2) 98.0 (0.2) –0.2 (–0.8 to 0.4) 97.1 (0.4) 98.0 (0.4) –0.9 (–1.9 to 0.1)

Per protocol§ 97.6 (0.5) 98.2 (0.5) –0.6 (–1.4 to 0.2) 97.1 (0.5) 98.2 (0.5) –1.1 (–2.1 to –0.1)

Pulse rate, beats/min

Primary* 113.1 (2.7) 108.6 (2.7) 4.5 (1.6 to 7.4) 113.0 (2.7) 109.0 (2.7) 3.9 (1.5 to 6.3)

Baseline adjusted† 112.0 (1.0) 110.4 (1.0) 1.6 (–0.9 to 3.1) 111.9 (1.1) 110.9 (1.1) 1.0 (–1.9 to 3.9)

Morphine adjusted‡ 112.0 (1.0) 110.5 (1.0) 1.5 (–1.0 to 4.0) 111.8 (1.0) 111.0 (1.1) 0.9 (–2.0 to 3.8)

Per protocol§ 114.3 (2.8) 109.6 (2.8) 4.7 (1.8 to 7.6) 114.1 (2.7) 110.1 (2.7) 4.0 (1.5 to 6.5)

Mean arterial pressure,

mm Hg

Primary* 80.9 (2.1) 74.4 (2.1) 3.4 (–0.5 to 7.3) 80.8 (2.1) 78.6 (2.0) 2.2 (–1.7 to 6.1)

Baseline adjusted† 79.6 (1.1) 79.2 (1.1) 0.3 (–2.8 to 3.4) 79.5 (1.6) 80.4 (1.7) –0.9 (–5.6 to 3.8)

Morphine adjusted‡ 79.6 (1.1) 79.2 (1.1) 0.4 (–2.7 to 3.5) 79.5 (1.1) 80.4 (1.7) –0.9 (–5.6 to 3.8)

Per protocol§ 81.5 (2.1) 77.7 (2.1) 3.8 (–0.1 to 7.7) 81.6 (2.1) 78.9 (2.1) 2.7 (–1.2 to 6.6)

Data are presented as mean (SE).
*Unadjusted primary analysis.
†Analysis adjusted for baseline values of that outcome variable.
‡Adjusted for intravenous morphine dosage.
§Total N for per-protocol analysis¼41, including for COT first n¼19 and for HFNC first n¼22.
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Table 3. Outcomes of the first period only.

Study Outcome COT (n[22) HFNC (n[22) Difference (95% CI)

Modified Borg Scale

15 min 6.8 (2.4) 6.1 (2.4) 0.7 (–0.8 to 2.2)

30 min 6.3 (2.0) 4.1 (2.4) 2.2 (0.8 to 3.5)

60 min* 5.6 (1.8) 3.3 (2.0) 2.3 (1.1 to 3.5)

Numeric rating scale

15 min 6.6 (2.2) 6.1 (2.4) 0.8 (–0.6 to 2.2)

30 min 6.4 (1.7) 4.2 (2.4) 2.2 (1.0 to 3.5)

60 min* 5.9 (1.5) 3.5 (2.1) 2.5 (1.3 to 3.6)

Respiratory rate, breaths/min

15 min 33.9 (9.2) 29.6 (5.1) 0.8 (–0.8 to 8.2)

30 min 32.8 (9.0) 27.2 (5.2) 2.2 (1.1 to 10.0)

60 min 31.9 (9.3) 26.0 (3.7) 2.5 (1.6 to 10.0)

Pulse oximetry

60 min 97.4 (3.7) 98.1 (2.1) –0.7 (–2.5 to 1.1)

Pulse rate

60 min 112.5 (16.5) 111.0 (20.1) –0.7 (–9.7 to 12.7)

Mean arterial pressure

60 min 83.5 (17.4) 77.3 (12.7) 6.2 (–3.1 to 15.4)

IV morphine in the first hour, mg/h 1.4 (1.4) 1.0 (0.2) 0.9 (0.2 to 1.6)

Data are presented as mean (SD).
*COT (n¼21) because of exclusion of 1 participant for altered mental status after the 30-minute observation and HFNC (n¼22).
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more widely used oxygen-delivering method for this
condition. However, in our experience, noninvasive
ventilation was suboptimal in delivering comfort for this
group of patients.

The generalizability of this study may be limited for
many reasons. First, it was a single-center study. Second, the
definition of the included participants was limited to
patients with known palliative status and preexisting orders
to receive only comfort measures, which might be different
from palliative settings in other hospitals and countries.
Third, we focused only on patients with respiratory failure
and not those with a less severe degree of respiratory distress.

Although no carryover effect was observed and period
effect was controlled for in the primary analysis, a crossover
study might not be a suitable design for patients with
actively progressing conditions. Parallel-group randomized
controlled trials with larger sample sizes should be
conducted to confirm our findings. Comparison between
high-flow nasal cannula and noninvasive ventilation should
also be further investigated.
DISCUSSION
Respiratory distress is one of the most common presenting

symptoms in the ED. Palliative care patients with do-not-
Volume 75, no. 5 : May 2020
intubate status are predominantly treated for symptomatic
relief rather than offered an attempt to improve physiologic
parameters or reverse underlying causes. Although
noninvasive ventilation may be the only alternative to
intubation, it may not effectively deliver comfort, which is
the goal of treatment for this patient group. In this
randomized crossover trial, use of high-flow nasal cannula
was associated with decreased dyspnea compared with
conventional oxygen therapy, assessed primarily by mean
modified Borg scale score, as well as mean numeric rating
scale score of dyspnea and mean respiratory rate at 60
minutes after initiating treatment.

High-flow nasal cannula is an innovative oxygen-
delivering device that can decrease respiratory effort and
provide comfort.11-14 It may serve as a novel approach
toward better end-of-life care for palliative patients with
respiratory distress and failure. Although studied in
patients with acute hypoxemic respiratory failure of
various causes, high-flow nasal cannula has limited
evidence in regard to its use in end-of-life patients or
palliative care. Retrospective observational studies in
cancer patients and those with do-not-intubate status who
are receiving high-flow nasal cannula have reported
increased patient comfort, increased oxygenation, and
decreased respiratory rate.17,18 One randomized trial in
Annals of Emergency Medicine 623



Figure 3. Changes in the primary and secondary outcomes
over time.
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patients with advanced cancer found high-flow nasal
cannula was noninferior to noninvasive ventilation in
improving dyspnea, respiratory rate, and oxygen
saturation,19 and a retrospective observational study
624 Annals of Emergency Medicine
reported comparable survival rate but better tolerance of
high-flow nasal cannula over noninvasive ventilation.28

However, all of these previous studies were either
retrospective and nonrandomized or were conducted in
ICUs. The inclusion criteria of those studies were also
different from ours. We primarily focused on palliative
patients with do-not-intubate status and respiratory
failure, irrespective of their life expectancy. To our
knowledge, the present study is the first randomized
controlled trial of high-flow nasal cannula versus
conventional oxygen therapy in palliative patients with
do-not-intubate status and hypoxemic respiratory failure
in an ED, where management to palliate the symptoms is
often initiated.

In the present study, vital signs were significantly
more improved in participants receiving high-flow nasal
cannula compared with conventional oxygen therapy.
These findings were similar to those of previous trials in
palliative patients.18,19 The present study adds to the
body of evidence that high-flow nasal cannula can
decrease the degree of dyspnea. The results of the present
study were similar to those of the previous trials
conducted in our ED, both of which also demonstrated
early improvement in respiratory rate as early as 15
minutes after application of the device.15,16 Taking those
studies and the present study together, we therefore
suggest that high-flow nasal cannula has beneficial effects
at least within the first 30 minutes after device
application, which is highly favorable for emergency
settings. The effect of high-flow nasal cannula on patient
comfort was also evidenced by the reduced quantity of
analgesia (morphine) required during the first period.
This result was concordant with that of a previous study
reporting a lower dosage of morphine in end-of-life
patients receiving noninvasive ventilation for dyspnea
compared with those receiving conventional oxygen
therapy.9 Indeed, 2 participants discontinued because of
altered mental status at 30 and 60 minutes while
receiving conventional oxygen therapy in the first period,
which may have been contributed to by the morphine
given in the same period. Moreover, high-flow nasal
cannula was well tolerated by most of the participants,
and they preferred to continue with high-flow nasal
cannula after the present study, as was the case in
previous studies.13,14,16,29 However, 2 participants in the
present study could not tolerate high-flow nasal cannula
because of discomfort caused by the high flow. Despite
this, the proportion of participants who could not
tolerate high-flow nasal cannula in the present study was
very low, which is similar to findings in previous
studies.16,19 Consequently, it may be an option for an
Volume 75, no. 5 : May 2020
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oxygen delivery device with possible benefit over
conventional oxygen therapy and noninvasive ventilation
for palliative patients with do-not-intubate status and
hypoxemic respiratory failure.

In conclusion, high-flow nasal cannula may decrease the
degree of dyspnea more than conventional oxygen therapy
and could be an option for an oxygen delivery method
for palliative patients with do-not-intubate status and
hypoxemic respiratory failure in the ED.
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