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ABSTRACT
High-flow nasal cannula (HFNC) oxygen therapy is used widely for hypoxemic respiratory failure.
However, it is unknown whether the use of HFNC is compatible with retaining the ability to eat and
drink of patients with end-stage respiratory diseases as a part of palliative care. A retrospective study was
conducted on subjects with hypoxic respiratory failure due to end-stage respiratory diseases, including
interstitial pneumonia and malignant respiratory diseases, who were treated with HFNC or reservoir mask
oxygen therapy and died with do-not-resuscitate (DNR) and do-not-intubate (DNI) status. We compared the
duration of eating solids and drinking liquids and clinical variables in the HFNC group with those in the
reservoir mask group. The data from a total 43 subjects including 20 with HFNC and 23 with a reservoir
mask were analyzed. Fitting HFNC to subjects temporarily improved oxygenation. Durations of survival,
eating solids, and drinking liquids in the HFNC group were significantly longer than those in the reservoir
mask group. No significant adverse effects were observed in either group. In conclusion, the use of HFNC
led to prolonged survival while preserving the ability of oral intake in patients with DNR and DNI status.
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INTRODUCTION
The high-flow nasal cannula (HFNC) is a device that can administer a high flow rate (30 to
60 L/min) and high concentration of oxygen by heating and humidifying it.1-4 HFNC can provide
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adequate oxygen support for acute hypoxemic respiratory failure in various diseases such as
interstitial lung diseases, pneumonia, sepsis, multiple traumas, cardiac diseases, and malignant
diseases.5-10 Moreover, the use of HFNC for patients with end-stage respiratory diseases is also
useful as a palliative treatment to manage dyspnea and hypoxemia.5,11-13 Peters et al reported that
this technique improved oxygenation and reduced breathing frequency in patients in respiratory
failure with do-not-resuscitate (DNR) or do-not-intubate (DNI) status.14
The ability to eat and drink is one of the most important factors for maintaining quality of
life (QOL) in both healthy subjects and patients with end-stage diseases. It is expected that
patients with HFNC are able to eat and drink orally without disturbing oxygenation.5 The highconcentration reservoir mask is another device for oxygen delivery which is conveniently able
to supply a high fraction of inspired oxygen (FIO2).9,12,15 In contrast to HFNC, a mask has to be
taken off and changed to a simple nasal cannula while a patient is eating or drinking. Reduced
oxygenation and dyspnea associated with removing the reservoir mask may disturb oral intake
by such patients. However, the advantages of the use of HFNC for oral intake by patients with
hypoxic respiratory failure due to end-stage respiratory diseases have not been fully elucidated.
The purpose of the present study was to examine the usefulness of HFNC as palliative oxygen
therapy in patients with respiratory failure due to end-stage respiratory diseases, specifically
interstitial pneumonia and malignancies, with DNR and DNI status. We focused on the ability
to eat and drink while using HFNC and compared the duration of oral intake during the use of
HFNC with that during the use of a reservoir mask.

METHODS
Study design and subjects
A retrospective and observational study was conducted at Kariya Toyota General Hospital,
a 672-bed regional medical center. Electronic medical records of consecutive subjects who
underwent oxygen therapy using either HFNC or a reservoir mask for progressive respiratory
diseases and who died with DNR and DNI status at the Department of Respiratory Medicine
and Allergology, Kariya Toyota General Hospital from August 2013 to December 2016 were
reviewed. During the observation period, patients underwent oxygen therapy using HFNC both
in the intensive care unit and medical wards.
All subjects were provided with appropriate palliative care, which included oxygen therapy,
rehabilitation, pain relievers, and sedation if needed. For sedation and pain relief, opioids including morphine, oxycodone, and fentanyl were intravenously, subcutaneously, or orally administered.
Midazolam, a sedative, was intravenously injected.
A flow chart illustrating the inclusion process is shown in Figure 1. HFNC or a reservoir mask
was in use at death in 60 cases. Of the 60 patients, 17 subjects who were unable to ingest orally
at the start of oxygen therapy with HFNC or a reservoir mask were excluded. The data from
43 subjects were analyzed (Figure 1). The reservoir mask and HFNC were applied to 36 and
7 subjects, respectively. In 13 subjects, the reservoir mask was changed to HFNC. Finally, the
reservoir mask and HFNC were applied to 23 and 20 subjects, respectively, until death (Figure 1).
Oxygen therapy and device
The HFNC device (Optiflow, Fisher & Paykel, Auckland, NZ) consists of an air-oxygen
blender with adjustable FIO2 (up to 100%) that delivers a modifiable gas flow (up to 60 L/min)
through a heated humidifier (MR850, Fisher & Paykel). If needed, the reservoir mask (Oxygen
Mask Type Three-In-One, Japan Medicalnext Co., Osaka, Japan) was changed to a nasal cannula
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60 cases of hypoxic respiratory failure due to pulmonary
diseases who died under a policy of DNR and DNI with
HFNC or reservoir mask.

17 cases who were unable to eat or drink at
start of HFNC or reservoir mask were
excluded.

43 cases who were able to eat solids and drink liquids at
start of HFNC or reservoir mask were included.

7 cases with HFNC

36 cases with reservoir mask

Reservoir mask was changed
to HFNC in 13 cases.

20 cases died with
HFNC.
(HFNC group)
Fig. 1

23 cases died with
reservoir mask.
(Reservoir mask group)
Flow diagram of participants

Flow of participants.
DNR: do-not-resuscitate
DNI: do-not-intubate
HFNC: high-flow nasal cannula

(Oxygen Cannula Type Finefit, Japan Medicalnext Co.) with a 10 L/min flow of oxygen or less
while subjects were eating or drinking. Oxygen saturation of a peripheral artery (SpO2) was
measured using a pulse oximeter (Pulsox-Me300; Teijin Pharma Co., Tokyo, Japan). Selection
and change of the oxygen device were performed by experienced chest physicians in order to
maintain oxygenation and subject comfort.
Assessments
We examined the duration of the time in which subjects were able to eat solids and drink.
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Jellied food was included in solids. The period from the start of oxygen therapy with HFNC or
a reservoir mask to death was assessed. Characteristics of subjects including age, sex, primary
diseases, laboratory test results, prior oxygen therapy device, SpO2, sedation use, length of
hospital stay, and oral intake were assessed from electronic medical records.
Statistical analysis
Data were expressed as means ± SD, median [interquartile range], or number (n) of subjects.
A paired or unpaired t-test, chi-square test, or Fisher’s exact test was used to evaluate statistical
significance. When data failed a normality test by the Shapiro-Wilk test, the Mann-Whitney U
test or Wilcoxon signed-ranks test was performed. Kaplan-Meier plots were used to compare
the probability of survival or capability of oral intake. A Cox regression analysis was used
to evaluate the effects of oxygen devices and duration of oral intake on survival. Statistical
analyses were conducted using SPSS ver. 24 (SPSS Inc., Chicago, IL). P <0.05 was considered
statistically significant.

RESULTS
The demographic characteristics of the 43 subjects included in this study are shown in Table
1. The HFNC group (70.4 ± 11.6 years old, n=20) was significantly younger than the reservoir
mask group (79.0 ± 8.1 years old, n=23). In both groups, subjects were predominantly male.
Primary diseases of the HFNC group were lung cancer (n=10, 50%), interstitial lung disease
(n=9, 45%), and malignant lymphoma (n=1, 5%). Primary diseases of the reservoir mask group
included lung cancer (n=13, 56.5%), interstitial lung disease (n=9, 39.1%), and malignant pleural
mesothelioma (n=1, 4.4%). There was no significant difference in white blood cell counts, serum
C-reactive protein, or serum creatinine measured within 24 hours prior to fitting the oxygen
device between the groups.
Results of oxygen therapy are shown in Table 2. In both groups, oxygen therapy had been
started before HFNC or reservoir mask was applied. SpO2 measured before fitting HFNC (87.0
± 5.7%) was not significantly different from that before fitting reservoir mask (85.1 ± 7.7%) (P
= 0.37). In the HFNC group, the reservoir mask had been used in 13 subjects for 0 to 5 days
(median, 1 day) before HFNC was applied. In contrast, once applied, HFNC was not changed
to the reservoir mask. The continuation rate of HFNC (100%, 20/20) was significantly higher
than that of the reservoir mask (63.9%, 23/36) (P = 0.002). Non-invasive ventilation (NIV) was
used prior to HFNC application by one subject. In the HFNC group, the SpO2 measured within
30 minutes after fitting HFNC was significantly higher than that before fitting HFNC (92.8 ±
3.3% vs. 87.0 ± 5.7%). Both flow and FIO2 of patients receiving HFNC oxygen therapy were
significantly higher at death than the initial values.
Outcomes after administration of HFNC and reservoir mask, including hospital stays, sedation
use, and status of drinking and eating, are compared in Table 3. The overall length of hospital
stays was not different between the groups. Midazolam was used as a sedative because of
severe dyspnea for less than 24 hours before death only in the reservoir mask group. When
administration of midazolam was started, subjects were already unable to eat solids or drink
liquids. The duration from starting HFNC oxygen therapy until death (8.9 [3.8–17.0] days)
was significantly longer than that from starting reservoir mask oxygen therapy until death (3.1
[2.2–4.7] days). The period in which subjects in the HFNC group were able to eat solids (7.8
[2.6–14.3] days) was significantly longer than that in the reservoir mask group (0.3 [0.1–1.6]
days). The period in which subjects in the HFNC group were able to drink (7.8 [2.6–14.3] days)

513
Effects of HFNC on oral intake

Table 1

Clinical characteristics of patients in HFNC and reservoir mask groups

Age, years
Male/female
Cause of respiratory failure
Lung cancer
Interstitial lung disease
Malignant lymphoma
Malignant pleural mesothelioma
White blood cell, ×103/μL†

HFNC
(n=20)
70.4 ± 11.6 (51–90)
19/1

10 (50%)
9 (45%)
1 (5%)
0
11.8 ± 4.1 (7.1–20.3)
(n=15)
Serum C-reactive protein, mg/dL†
6.0 ± 6.1 (0.2–16.7)
(n=15)
Serum creatinine, mg/dL†
1.2 ± 1.4 (0.5–5.9)
(n=15)
Admission, year 2013/2014/2015/2016 4/7/6/3

Reservoir mask
(n=23)
79.0 ± 8.1 (63–93)
18/5
13 (56.5%)
9 (39.1%)
0
1 (4.4%)
10.3 ± 3.8 (3.4–15.4)
(n=11)
10.9 ± 7.5 (0.8–22.6)
(n=11)
0.7 ± 0.3 (0.3–1.1)
(n=11)
0/11/8/4

P value
0.008*
0.191
0.533

0.362
0.100
0.171
0.162

Data are given as mean ± SD (range) or number (%).
*Significantly different (P <0.05) between the groups.
Chi-square test, Fisher’s exact test, or unpaired t-test was used.
HFNC: high-flow nasal cannula
†Data were collected within 24 hours prior to fitting HFNC or reservoir mask.

Table 2

Data on oxygen therapy with HFNC and reservoir mask groups

HFNC
(n=20)
Prior oxygen therapy device
Non-invasive ventilation
Nasal cannula or simple mask
Reservoir mask
Duration of reservoir mask use before HFNC,
day (n=13)
SpO2 before fitting reservoir mask, %
SpO2 soon after fitting reservoir mask, %
SpO2 before fitting HFNC, %
SpO2 soon after fitting HFNC, %
Initial flow of HFNC oxygen therapy, L/min
Flow of HFNC oxygen therapy at death, L/min
Initial FIO2 of HFNC oxygen therapy, %
FIO2 of HFNC oxygen therapy at death, %

1 (5%)
6 (30%)
13 (65%)
0.5 [0.2–1.5]

Reservoir mask
(n=23)
0
23 (100%)

85.1 ± 7.7 (70–100)
**92.4 ± 5.2 (76–99)
87.0 ± 5.7 (75–95)
*92.8 ± 3.3 (87–99)
40 [36.25–50]
†50 [50–60]
72.5 [50–90]
‡100 [100–100]

Data are given as mean ± SD (range), median [interquartile range], or number (%).
*Significantly different vs. before fitting HFNC (P <0.001).
†Significantly different vs. initial flow of HFNC (P <0.001).
‡Significantly different vs. initial FIO2 of HFNC (P <0.001).
**Significantly different vs. before fitting reservoir mask (P <0.001).
Paired t-test or Wilcoxon signed-ranks test was used.
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was also significantly longer than that in the reservoir mask group (0.3 [0.1–3.0] days). There
was no statistically significant difference in the periods in which subjects were not able to eat
or drink until death between the HFNC and reservoir mask groups (Table 3). HFNC was well
tolerated with no drop-out or remarkable adverse event.

Table 3

Outcomes after administration of HFNC and reservoir mask

HFNC
(n=20)
In-hospital mortality
Overall hospital stay, days
Sedation
Opioid use
Midazolam use
Duration from admission until application
of HFNC or reservoir mask, days
Survival from starting oxygen therapy with
HFNC or reservoir mask until death, days
Able to eat solids, days
Unable to eat solids, days
Able to drink, days
Unable to drink, days

100%
24.0 ± 12.1
(1.9–45.2)
17 (85.0%)
17 (85.0%)
0
7.2 [2.9–19.0]

Reservoir mask
(n=23)
100%
21.6 ± 14.0
(3.3–55.0)
16 (69.6%)
12 (54.2%)
6 (25.0%)
16.1 [5.1–26.9]

8.9 [3.8–17.0]

3.1 [2.2–4.7]

0.005*

7.8
1.4
7.8
0.9

0.3
2.2
0.3
2.0

0.002*
0.468
0.002*
0.370

[2.6–14.3]
[0.6–2.5]
[2.6–14.3]
[0.6–2.0]

[0.1–1.6]
[1.4–3.1]
[0.1–3.0]
[1.2–3.0]

P value
1.000
0.560
0.294
0.049*
0.023*
0.201

Data are given as mean ± SD (range), median [interquartile range], or number (%).
*P <0.05.
Chi-square test, Fisher’s exact test, unpaired t-test, or Mann-Whitney U test was used.

Kaplan-Meier plots of the probability of survival from starting HFNC or reservoir mask therapy
to death are shown in Figure 2A. Kaplan-Meier plots of the probability of survival of subjects
who were able to eat solids and drink liquids from starting HFNC or reservoir mask therapy
to the points when eating solids and drinking liquids stopped are shown in Figure 2B and C.
There were significant differences in all plots between the groups.
Next, to assess the association of oxygen devices with durations of oral intake in survival, a
Cox regression analysis was performed. When a Cox model with two variables, oxygen device
and duration of eating solids, was examined, the survival was significantly associated with length
of eating solids (hazard ratio: 0.53, 95%CI [0.42–0.69], P <0.001). The use of HFNC was
not significantly associated with survival (hazard ratio: 0.79, 95%CI [0.33–1.90], P = 0.600).
Similarly, a Cox model with oxygen device and duration of drinking as variables showed that
the survival was significantly associated with length of drinking (hazard ratio: 0.51, 95%CI
[0.40–0.66], P <0.001) but not with the use of HFNC (hazard ratio: 0.67, 95%CI [0.27–1.65],
P = 0.380).
The reservoir mask was changed to HFNC in 13 of 36 patients (Figure 1, Table 2). For
subgroup analysis, clinical characteristics and outcomes of patients to whom the reservoir mask
was changed to HFNC (change-to-HFNC group, n=13) and continued until death (reservoir
mask group, n=23) were compared. The change-to-HFNC group (70.4 ± 10.0 years old) was
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Fig. 2 Kaplan-Meier survival curves in HFNC group (n=20) and reservoir mask group (n=23)
Fig. 2A: Kaplan-Meier plots of the probability of survival from starting HFNC (HFNC group) or reservoir mask
therapy (reservoir mask group) to death. There was a significant difference in survival (P <0.001).
Fig. 2B/2C: Kaplan-Meier plots of the probability of survival from starting HFNC or reservoir mask therapy to
the point when eating solids (Fig. 2B) or drinking liquids (Fig. 2C) stopped. There were significant
differences in durations of eating (P = 0.001) (Fig. 2B) and drinking (P <0.001) (Fig. 2C) between
the groups.

significantly younger than the reservoir mask group (79.0 ± 8.1 years old) (Table 4). SpO 2 values
before and soon after fitting reservoir mask were not significantly different between the groups
(Table 5). The SpO2 after fitting the reservoir mask was significantly higher than that before
fitting it in the reservoir mask group but not in the change-to-HFNC group (Table 5). Duration
from starting the reservoir mask oxygen therapy until death in the change-to-HFNC group (10.8
[4.4–16.7] days) was significantly longer than that in the reservoir mask group (3.1 [2.2–4.7]
days). The period in which subjects in the change-to-HFNC group were able to eat solids after
starting reservoir mask oxygen therapy (7.3 [3.8–14.3] days) was significantly longer than that
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in the reservoir mask group (0.3 [0.1–1.6] days) (Table 6). The period in which subjects in the
HFNC group were able to drink (7.5 [3.8–14.3] days) was also significantly longer than that in
the reservoir mask group (0.3 [0.1–3.0] days) (Table 6). There was no statistically significant
difference in the periods in which subjects were not able to eat or drink until death between
the change-to-HFNC and reservoir mask groups (Table 6).

Table 4

Clinical characteristics of patients of change-to-HFNC and reservoir mask groups

Age, years
Male/female
Cause of respiratory failure
Lung cancer
Interstitial lung disease
Malignant lymphoma
Malignant pleural mesothelioma
Admission, year 2013/2014/2015/2016

Change-to-HFNC
(n=13)
70.4 ± 10.0 (49–90)
12/1

Reservoir mask
(n=23)
79.0 ± 8.1 (63–93)
18/5

7 (53.8%)
5 (38.5%)
1 (7.7%)
0
2/4/6/1

13 (56.5%)
9 (39.1%)
0
1 (4.4%)
0/11/8/4

P value
0.015*
0.385
0.504

0.175

Data are given as mean ± SD (range) or number (%).
*Significantly different (P <0.05) between the groups.
Chi-square test, Fisher’s exact test, or unpaired t-test was used. HFNC, high-flow nasal cannula.
Reservoir mask was changed to HFNC in 13 of 36 cases (change-to-HFNC group).

Table 5

Data on oxygen therapy with change-to-HFNC and reservoir mask groups

Change-to-HFNC
Reservoir mask
(n=13)
(n=23)
SpO2 before fitting reservoir mask, %
87 [82.5–92]
87 [80–90]
91 [89–92.5]
**93 [90–95]
SpO2 soon after fitting reservoir mask, %
87.8 ± 5.1 (78–95)
SpO2 before fitting HFNC, %
*92.4 ± 3.0 (87–98)
SpO2 soon after fitting HFNC, %
Initial flow of HFNC oxygen therapy, L/min 40 [37.5–55]
Flow of HFNC oxygen therapy at death,
†60 [50–60]
L/min
Initial FIO2 of HFNC oxygen therapy, %
79.6 ± 17.4 (40–100)
FIO2 of HFNC oxygen therapy at death, % ‡97.7 ± 8.3 (70–100)
Data are given as mean ± SD (range) or median [interquartile range].
*Significantly different vs. before fitting HFNC (P = 0.004).
†Significantly different vs. initial flow of HFNC (P = 0.016).
‡Significantly different vs. initial FIO2 of HFNC (P = 0.003).
**Significantly different vs. before fitting reservoir mask (P <0.001).
Paired or unpaired t-test or Wilcoxon signed-ranks test was used.

P value
0.478
0.116
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Table 6

Outcomes after administration of reservoir mask therapy in change-to-HFNC and reservoir mask
groups

Overall hospital stay, days
Sedation
Opioid use
Midazolam use
Duration from admission until application
of reservoir mask, days
Survival from starting oxygen therapy with
reservoir mask until death, days
Able to eat solids from starting oxygen
therapy with reservoir mask, days
Unable to eat solids, days
Able to drink from starting oxygen
therapy with reservoir mask, days
Unable to drink, days

Change-to-HFNC
(n=13)
23.3 ± 10.5
(5.6–45.2)
12 (92.3%)
12 (92.3%)
0
6.1 [5.0–18.6]

Reservoir mask
(n=23)
21.6 ± 14.0
(3.3–55.0)
16 (69.6%)
12 (54.2%)
6 (25.0%)
16.1 [5.1–27.0]

P value

10.8 [4.4–16.7]

3.1 [2.2–4.7]

0.015*

7.3 [3.8–14.3]

0.3 [0.1–1.6]

0.004*

1.7 [0.6–2.5]
7.5 [3.8–14.3]

2.2 [1.4–3.1]
0.3 [0.1–3.0]

0.738
0.004*

0.8 [0.6–1.8]

2.0 [1.2–3.0]

0.601

0.689
0.213
0.025*
0.068
0.182

Data are given as mean ± SD (range), median [interquartile range], or number (%).
*P <0.05.
Chi-square test, Fisher’s exact test, unpaired t-test, or Mann-Whitney U test was used.

Kaplan-Meier plots of the probability of survival from starting reservoir mask therapy to death
are shown in Figure 3A. Kaplan-Meier plots of the probability of survival of subjects who were
able to eat solids and drink liquids from starting reservoir mask therapy to the points when
eating solids and drinking liquids stopped are shown in Figure 3B and C. There were significant
differences in all plots between the groups.
Next, the effects of the change of oxygen device and durations of oral intake in survival were
assessed by a Cox regression analysis with two variables. A Cox model with oxygen device and
duration of eating solids showed that the survival was significantly associated with length of
eating solids (hazard ratio: 0.81, 95%CI [0.74–0.90], P <0.001) but not with the change to HFNC
(hazard ratio: 2.22, 95%CI [0.94–5.23], P = 0.070). Similarly, a Cox model with oxygen device
and duration of drinking as variables showed that the survival was significantly associated with
length of drinking (hazard ratio: 0.81, 95%CI [0.73–0.90], P <0.001) but not with the change
to HFNC (hazard ratio: 2.28, 95%CI [0.97–5.36], P = 0.059).
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Fig. 3 Kaplan-Meier survival curves in change-to-HFNC group (n=13) and reservoir mask group (n=23)
Fig. 3A: Kaplan-Meier plots of the probability of survival from starting reservoir mask therapy to death. The
reservoir mask was applied to 36 subjects. In 13 subjects, the reservoir mask was changed to HFNC
(change-to-HFNC group). In the other 23 subjects, the reservoir mask therapy was continued until death
(reservoir mask group). There was a significant difference in survival (P = 0.005).
Fig. 3B/3C: Kaplan-Meier plots of the probability of survival from starting reservoir mask therapy to the point
when eating solids (Fig. 3B) or drinking liquids (Fig. 3C) stopped. There were significant differences
in durations of eating (P = 0.002) (Fig. 3B) and drinking (P = 0.002) (Fig. 3C) between the groups.

DISCUSSION
The main findings of the present study are that in subjects with hypoxic respiratory failure due
to end-stage interstitial pneumonia or malignant respiratory diseases with DNR and DNI status,
1) HFNC oxygen therapy temporarily improved oxygenation with no obvious adverse effects, 2)
the use of HFNC resulted in longer survival than the use of a reservoir mask, and 3) durations
of eating solids and drinking liquids by the HFNC group were significantly longer than those in
the reservoir mask group. The results of a Cox regression model showed that durations of eating
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solids and drinking liquids are significantly associated with survival. To our knowledge, this is
the first study to demonstrate that the use of HFNC allows patients with hypoxic respiratory
failure to eat and drink in a palliative care setting.
In the present study, approximately 60% and 40% of the subjects had malignant diseases and
interstitial lung disease, respectively (Table 1). Oxygen therapy plays an important role in palliative care for end-stage respiratory diseases such as lung cancer and interstitial lung disease.12,16,17
It has been established that HFNC oxygen therapy has physiological benefits for patients with
hypoxic respiratory failure compared with simple mask and nasal cannula oxygen therapy. 2,7,18
Recently, Koyauchi et al reported that HFNC has a survival rate equivalent to that of NIV with
better tolerability in patients with end-stage interstitial lung disease with DNI status.11 Consistent
with findings in the previous reports, changing the oxygen device to HFNC significantly increased
SpO2 within a short period (Tables 2 and 5). Hui et al reported that the use of HFNC improved
oxygenation and dyspnea without disturbing eating and drinking in patients with advanced
cancer, including lung cancer.6 Moreover, our results show that the use of HFNC was related to
the longer survival and duration of oral intake than the use of a reservoir mask. In the present
subgroup analysis, the change of oxygen device from a reservoir mask to HFNC also led to the
longer survival and duration of oral intake after starting reservoir mask oxygen therapy (Table 6,
Figure 3). In contrast, durations of periods in which patients were unable to eat solids or drink
liquids until death were not significantly different between the groups (Tables 3 and 6). These
results strongly suggest that maintenance of the ability to eat and drink by the use of HFNC is
mostly due to improved oxygenation. Midazolam, a strong sedative, was given to six subjects
in the reservoir mask group before death (Tables 3 and 6). However, these subjects could not
eat or drink when the administration of midazolam was started. Thus, the effects of midazolam
use on the length of oral intake can be ruled out in the present cohort. Recently, Sanuki et al
reported that HFNC may improve swallowing in healthy volunteers.19 However, it is unknown
whether the HFNC oxygen therapy helps patients with hypoxemic respiratory failure to swallow
food and drink. Future studies are necessary to confirm this hypothesis.
The oxygen administration device was changed from the reservoir mask to HFNC in 13 of
36 (36.1%) cases (Figure 1, Table 2). The most common reason for this change was to improve
oxygenation and support respiration in patients with severe dyspnea. We note that one patient
exhibited hemoptysis. Indeed, the SpO2 significantly increased after fitting the reservoir mask in
the reservoir mask group but not in the change-to-HFNC group (Table 5). Notably, the device
was changed on the same day that reservoir mask oxygen therapy was started in almost half
(6 of 13) of the subjects (Table 2). HFNC was well tolerated and the continuation rate was
100% until death. It is known that the oxygen mask tends to be uncomfortable. 9,12 Maggiore
et al reported that the HFNC reduced patient discomfort related to the interface and dryness
compared with Venturi mask oxygen therapy.9 Although a reservoir mask is able to supply high
concentrations of oxygen, face masks have to be changed to a nasal cannula while patients are
eating or drinking. Moreover, the sedative midazolam was applied with the reservoir mask only
in order to relieve dyspnea (Table 3). Taken together, HFNC could be beneficial for patients
who feel uncomfortable with an oxygen mask.
Because the number of HFNC devices was limited during the observation period at KariyaToyota General Hospital, HFNC was applied to patients with hypoxemia and severe dyspnea if
it was available. Although the patients underwent oxygen therapy using HFNC in both medical
wards and the intensive care unit during the present study period, HFNC has been used only
in the intensive care unit since 2017. Another important issue is that the longer use of HFNC
is expensive.5 In the present cases, flow rate (50.8 L/min on average) and FIO2 (96.0% on
average) were extremely high at death (Table 2). However, which levels of flow rate and FIO2
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are appropriate for end-stage respiratory diseases are unknown. Thus, the utility and protocol of
HFNC in populations with end-stage respiratory diseases should be studied.
It is well known that NIV is also a useful method to support ventilation and oxygenation in
patients with hypoxemic respiratory failure receiving palliative care.20,21 In the present study, NIV
was used prior to HFNC application by one subject with interstitial lung disease (Table 2). During
the same observation period, a total of 13 patients including 11 with interstitial lung disease, one
with lung cancer, and one with malignant pleural mesothelioma died with DNR and DNI status
using NIV. In 10 of the 13 cases, NIV was started at the intensive care unit. At Kariya Toyota
General Hospital where the present study was conducted, NIV had been recommended to few
patients with advanced thoracic malignancy with DNR and DNI status in the general ward since
the HFNC became available. Koyauchi et al compared the efficacy and tolerability of HFNC
with those of NIV. They found that periods in which patients with HFNC were unable to eat
food before death were significantly shorter than those with NIV.11 However, the present study
did not aim to examine whether HFNC is superior to non-invasive positive pressure ventilation
in palliative care or not. Further studies will be important.
This study has several limitations. The data were collected retrospectively from small numbers
of patients with various lung diseases in a single institution. The baseline characteristics, specifically age and use of sedating drugs, were not matched between the groups. Overall lengths of
hospital stays were not different between the groups. Due to the nature of palliative care, several
important data such as FIO2, baseline arterial blood gases, changes in respiratory frequency,
respiratory patterns such as a use of accessory muscles, and statuses of health-related QOL and
dyspnea were not examined. Changes in SpO2 and dyspnea while eating or drinking were not
assessed. Nevertheless, our results show that HFNC is useful for supplying oxygen and helping
patients continue their oral intake with few disadvantages. Moreover, HFNC was better tolerated
than the reservoir mask in our cohort. Future studies with a larger cohort in multiple centers
are necessary.

CONCLUSIONS
HFNC oxygen therapy helps patients eat and drink during end-stage respiratory diseases with
DNI or DNR status. HFNC may be a beneficial tool as palliative oxygen therapy for patients
with progressive respiratory failure due to lung cancer and interstitial pneumonia.
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