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Apport de l’humidification - Sécheresse

Discussion

A major finding from this study is that oxygen therapy
delivered to critically ill patients is frequently associated
with discomfort, mainly due to nasal dryness. Administer-
ing a high flow of humidified and heated oxygen markedly
reduced this symptom.

The decrease in upper airway dryness seen with oxygen
humidification may contribute to diminished upper-airway
resistance.15 We used acoustic rhinometry to assess airway
caliber, as the minimal cross-sectional area is related to
nasal resistance,14 and found no difference between the 2
groups. However, the inter-individual variability of the
rhinometry results may have impaired our ability to find
an effect and to interpret the data. We do not know whether
or not our study was powered enough to show such a
difference or if there is a true lack of difference in airway
caliber.

The impact of oxygen humidification has been docu-
mented during invasive16–18 and noninvasive mechanical
ventilation19,20 but has not been adequately studied in spon-
taneously breathing patients, most notably those with hy-
poxemia. Several studies compared bubble humidifiers with
no humidification in subjects hospitalized outside the
ICU.21,22 The difference in dryness symptoms was not
significant. In a study of a bubble humidifier and a heated
humidifier in the ICU, half the subjects reported moderate
to severe discomfort associated with dryness of the throat
and mouth, which was less marked with the heated hu-
midifier.12 We also found less discomfort with a heated
humidifier, which was ascribable to a decrease in nasal
dryness.

The improved patient comfort associated with decreased
upper airway dryness is clinically relevant. In our study
most of the subjects asked to continue using the HHFO2

system after the study. ICU patients frequently report pain
and discomfort,2 which may be related to a variety of
reasons, including care procedures and devices.23 Discom-
fort adds to the many sources of stress experienced by ICU
patients and may contribute to the occurrence of post-
traumatic stress disorder.24 Our study demonstrates that
increasing the absolute humidity of the gas breathed spon-
taneously by critically ill patients with acute respiratory
failure is associated with an improvement in upper airway
mucosa dryness. This improvement occurred early, being
significant after only 4 hours (P ! .007). Oxygen-therapy-
related airway dryness is reversible. It increased after
switching from HHFO2 to standard oxygen therapy and
decreased after the switch in the opposite direction
(P ! .008 and P ! .03, respectively).

Our study has limitations. First, we included subjects
who needed oxygen flows above 4 L/min, which we con-
sidered as hypoxemic respiratory failure. Since we focused
on the side effects of oxygen therapy, we did not have
more precise entry criteria for hypoxemia. Second, after
randomization we excluded 7 subjects, 6 of whom were in
the standard group; 4 of these 7 subjects required mechan-
ical ventilation before H24 in the standard group, com-
pared to a single subject in the HHFO2 group. Although
this finding could suggest a beneficial effect of HHFO2,
our study was not designed to evaluate the impact of HHFO2

Fig. 3. Dryness score (nose) evaluated at hour 0 (H0), H4, H24, and
H28, using a numerical rating scale. After 24 hours, the subjects
were switched to the other device. The difference between the 2
groups was significant starting at H4 (P ! .007). Median values
and interquartile ranges are shown. HHFO2 ! heated humidified
high-flow oxygen therapy.

Table 2. Dryness Score at Baseline and After 4, 24, and 48 Hours,
as Evaluated Using a Numerical Rating Scale*

Dryness Score, median (IQR)

Oxygen Group
(n ! 12)

HHFO2 Group
(n ! 18) P

Nose
Hour 0 4 (0–9) 4 (1–7) .60
Hour 4 6 (2–9) 2 (0–3) .007
Hour 24 8 (0–10) 0 (0–2) .004
Hour 28 4 (0–6) 2 (0–5) .6

Throat
Hour 0 5 (1–8) 4 (1–8) .6
Hour 4 3 (0–8) 0 (0–4) .2
Hour 24 0 (0–7) 0 (0–5) .3
Hour 28 0 (0–3) 1 (0–3) .6

* After 24 hours the subjects were switched to the other device.
HHFO2 ! heated humidified high-flow oxygen therapy

HEATED AND HUMIDIFIED HIGH-FLOW OXYGEN THERAPY

RESPIRATORY CARE • OCTOBER 2012 VOL 57 NO 10 1575

Discussion

A major finding from this study is that oxygen therapy
delivered to critically ill patients is frequently associated
with discomfort, mainly due to nasal dryness. Administer-
ing a high flow of humidified and heated oxygen markedly
reduced this symptom.

The decrease in upper airway dryness seen with oxygen
humidification may contribute to diminished upper-airway
resistance.15 We used acoustic rhinometry to assess airway
caliber, as the minimal cross-sectional area is related to
nasal resistance,14 and found no difference between the 2
groups. However, the inter-individual variability of the
rhinometry results may have impaired our ability to find
an effect and to interpret the data. We do not know whether
or not our study was powered enough to show such a
difference or if there is a true lack of difference in airway
caliber.

The impact of oxygen humidification has been docu-
mented during invasive16–18 and noninvasive mechanical
ventilation19,20 but has not been adequately studied in spon-
taneously breathing patients, most notably those with hy-
poxemia. Several studies compared bubble humidifiers with
no humidification in subjects hospitalized outside the
ICU.21,22 The difference in dryness symptoms was not
significant. In a study of a bubble humidifier and a heated
humidifier in the ICU, half the subjects reported moderate
to severe discomfort associated with dryness of the throat
and mouth, which was less marked with the heated hu-
midifier.12 We also found less discomfort with a heated
humidifier, which was ascribable to a decrease in nasal
dryness.

The improved patient comfort associated with decreased
upper airway dryness is clinically relevant. In our study
most of the subjects asked to continue using the HHFO2

system after the study. ICU patients frequently report pain
and discomfort,2 which may be related to a variety of
reasons, including care procedures and devices.23 Discom-
fort adds to the many sources of stress experienced by ICU
patients and may contribute to the occurrence of post-
traumatic stress disorder.24 Our study demonstrates that
increasing the absolute humidity of the gas breathed spon-
taneously by critically ill patients with acute respiratory
failure is associated with an improvement in upper airway
mucosa dryness. This improvement occurred early, being
significant after only 4 hours (P ! .007). Oxygen-therapy-
related airway dryness is reversible. It increased after
switching from HHFO2 to standard oxygen therapy and
decreased after the switch in the opposite direction
(P ! .008 and P ! .03, respectively).

Our study has limitations. First, we included subjects
who needed oxygen flows above 4 L/min, which we con-
sidered as hypoxemic respiratory failure. Since we focused
on the side effects of oxygen therapy, we did not have
more precise entry criteria for hypoxemia. Second, after
randomization we excluded 7 subjects, 6 of whom were in
the standard group; 4 of these 7 subjects required mechan-
ical ventilation before H24 in the standard group, com-
pared to a single subject in the HHFO2 group. Although
this finding could suggest a beneficial effect of HHFO2,
our study was not designed to evaluate the impact of HHFO2

Fig. 3. Dryness score (nose) evaluated at hour 0 (H0), H4, H24, and
H28, using a numerical rating scale. After 24 hours, the subjects
were switched to the other device. The difference between the 2
groups was significant starting at H4 (P ! .007). Median values
and interquartile ranges are shown. HHFO2 ! heated humidified
high-flow oxygen therapy.

Table 2. Dryness Score at Baseline and After 4, 24, and 48 Hours,
as Evaluated Using a Numerical Rating Scale*

Dryness Score, median (IQR)

Oxygen Group
(n ! 12)

HHFO2 Group
(n ! 18) P

Nose
Hour 0 4 (0–9) 4 (1–7) .60
Hour 4 6 (2–9) 2 (0–3) .007
Hour 24 8 (0–10) 0 (0–2) .004
Hour 28 4 (0–6) 2 (0–5) .6

Throat
Hour 0 5 (1–8) 4 (1–8) .6
Hour 4 3 (0–8) 0 (0–4) .2
Hour 24 0 (0–7) 0 (0–5) .3
Hour 28 0 (0–3) 1 (0–3) .6

* After 24 hours the subjects were switched to the other device.
HHFO2 ! heated humidified high-flow oxygen therapy

HEATED AND HUMIDIFIED HIGH-FLOW OXYGEN THERAPY

RESPIRATORY CARE • OCTOBER 2012 VOL 57 NO 10 1575

Cuquemelle et al, Respiratory Care, 2012 



Apport de l’humidification - Chauffage

Kilgour et al, Intensive Care Medicine, 2004

1493

Effect of reduced temperature

When the temperature of the air was reduced to 34 !C the
mean MTV (Fig. 2C) and mean CBF (Fig. 2D) decreased
with time. In approximately half the preparations, MTV
and CBF showed a progressive decline in velocity and
rate before stopping. The median survival time of mucus
movement was 180 min (range from 135 min to
>240 min). The median survival time of cilial activity
was 210 min (range from 138 min to >240 min).

Reduction in the temperature to 30 !C exacerbated
these phenomena (Fig. 2E,F). Median survival time of
mucus movement fell to 84.5 min (range 44–180 min) and
ciliary activity to 120 min (range from 53 min to
<240 min). CBF and MTV ‘survival curve’ statistics
(Fig. 2G,H, respectively) were examined using the ‘log-
rank’ survival test. Temperature reduction to 34 !C
significantly reduced the survival time of MTV and
CBF (P <0.0001). The log-rank test for trend indicated
that this effect was graded (P <0.0001), with 30 !C
producing a shorter survival time than 34 !C, but 34 !C
being significant against 37 !C (survival time: 37 !C>
34 !C>30 !C).

Histology

Initially, tracheae had a near normal histology. Following
a 6-h control experiment, this appearance was maintained
but the number of epithelial mucus-producing cells was
reduced from 52€11 cells/mm to 14€6 cells/mm.

The tissues exposed to a reduced temperature (30 !C,
100% RH) showed reduction in height, reduced number
of mucus cells, apocrine secretion, and a highly Al-
cianophyllic disorganised and ‘clumped’ ciliary layer.

In a few preparations, the association between adjacent
cells had failed, particularly at the apical border. There
were also frequent patches of epithelium where the
columnar epithelial cells had been shed, leaving only a
layer of basement cells or just the basement membrane
itself.

Discussion

Our results show that air temperature reduction progres-
sively reduced MTV and CBF and often resulted in
complete failure within 4 h. A reduction of temperature
below control of as little as 3 !C produced a statistically
significant decrease in survival time (Fig. 2G,H). These
results support the predictions made by Williams et al.
that deviation from BTPS would cause graded mucocil-
iary dysfunction [1]. However, this occurred at unexpect-
edly high temperatures and over an unexpectedly short
time.

Fig. 2 The effect of lowering gas temperature on ciliary beat
frequency and mucus transport velocity over time. In all experi-
ments the gas was maintained at 100% RH. Panels A & B show that
gas at 37 !C and 100%RH maintains CBF and MTV performance in
the tissue preparation over the experimental time course without
deterioration. In contrast, reducing the air temperature above the
epithelium from 37 to 30 !C led to a rapid reduction in both MTV
and CBF and the total failure of mucociliary function in all
preparations within four h (panels E & F). Reduction to 34 !C
produced similar changes (panels C & D) but these were less rapid.
Nevertheless, this temperature caused total failure of mucociliary
function in 5 of the 8 preparations. Also shown are combined
survival plots for ciliary activity (panel G) and mucus transport
(panel H) when the epithelium was exposed to 37 !C (o) 34 !C
(s), and 30 !C (!). Statistical tests indicate that 34 !C and 30 !C
caused a significant reduction in survival time and that the
magnitude of this effect was temperature dependant
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procedures can be small but never <0 (realistically 1),
whereas some patients would require 10 or more procedures
per day causing skewness of the raw data in both groups.
The overall number of required suction procedures continu-
ously decreased from days 5 to 14 in both groups (Table 2)

with statistically significant difference (P < .05) on days 9,
11, and 14. After correction by the Holm’s method for
repeated measurements, there were no statistical differences.
The overall median number of tracheal suctions per day in
the cold-air nebulization group was 5 with a range of 12
from 1 to 13 (total number of suctions 5 117). The median
number of tracheal suctions per day in the heated humidifica-
tion group was 3 with a range of 13 from 1 to 14 (total num-
ber of suctions 5 116). The results report a significantly
higher (P < .001) number of required suction procedures
over 14 days in the cold-air nebulization group compared
with the heated humidification group (see Figure 1).

3.2 | Ciliary beat frequency

The CBF was lower in patients receiving cold-air nebuliza-
tion compared to the heated humidification group at all time
points. On day 2, CBF was 4.2 6 0.8 in the cold-air nebuli-
zation group and 6.4 6 1.2 in the heated humidification
group, and the values remained stable during the 10-day
period (for details, see Table 2). After correction by the
Holm’s method for repeated measurements,20 the differences
in CBF between the 2 groups were statistically highly signif-
icant (P < .01) on days 2 and 8, and significant (P < 0.05)
on days 4 and 6. Overall, the mean CBF in the cold-air nebu-
lization group was 3.99 6 1.39 Hz and in the heated

TABLE 2 Median numbers of necessary tracheal suction procedures per day in the cold-air nebulization and heated humidifier groups

Cold-air nebulization group Heated humidification group
Day Median Median P value

1 5.0 4.0 .1183

2 6.0 4.0 .1145

3 7.0 3.0 .0955

4 6.0 4.0 .2665

5 6.0 4.0 .1058

6 6.0 4.0 .1266

7 4.5 3.5 .3409

8 4.5 2.0 .0606

9 5.5 2.0 .0488

10 3.5 1.5 .1562

11 4.5 1.5 .011

12 3.5 2.0 .0862

13 3.0 1.5 .1585

14 4.0 1.5 .0002

P value is per day. After Holm’s correction before repeated measurements there was no statistical significance.

FIGURE 1 Box-and-whisker plot of suction procedures in the cold-
air nebulization (CAN) group and the heated humidifier (HH) group. The
boxes represent the interquartile range (IQR), with the whiskers extending
up to 1.5 times the IQR. The median is marked with a solid line. Outliers
are markedwith a circle. Visits are shown in days, and suction in necessary
numbers [Color figure can be viewed at wileyonlinelibrary.com]
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humidification group it was 6.36 6 1.49 Hz (P < .001). Fig-
ure 2 provides graphical interpretation.

4 | DISCUSSION

A significant number of patients receive a tracheotomy for
any reason. For example, >100 000 tracheostomies are per-
formed annually in the United States.21 Across Europe, 7%-
16% of critical care admissions are managed with a tracheos-
tomy, similar to data from the United States.22 Around 25%
of patients with upper aerodigestive tract malignancies, such
as head and neck cancers, receive a tracheostomy.23 The
resulting stoma allows patients to breathe, bypassing the

upper airway. Consequently, humidification of and heating
the inspired air is compromised. In clinical routine, heated
humidifiers, jet nebulizers, and HMEs are used for compen-
sation. The HMEs show wide variation in water exchange
performance (range 0.5-3.6 mg/0.5 L air)24 and are the
cheapest systems to use.12 Jet nebulizers can be efficient in
delivering aerosolized solutions to the lungs and trachea in
mechanically ventilated patients, but in spontaneously
breathing patients, a heated humidifier and HME have better
humidification and thermic capacities.25,26 Nebulizers are
also reported to be potentially harmful. In rabbits, long-term
exposure to ultrasonic nebulized saline (72 hours) led to
pathological pulmonary changes comparable to severe bron-
chopneumonia.27 Additionally, in patients with chronic bron-
chitis, a significant decrease in 1-second forced expiratory
volume and vital capacity has been observed after saline
inhalation via ultrasonic nebulizer.28 The advantage of
heated humidifiers over HMEs has been shown previously.
Heated humidifiers decrease adverse clinical events in chil-
dren over a 10-month period.29 Moreover, in intubated
patients without a tracheostomy, heated humidification sys-
tems tested superior to HMEs. Fewer tracheostomies were
needed; there was less hypothermia, and fewer thick, tena-
cious bronchial secretions were noted.30

In this study, the number of suction procedures and man-
ual interventions required to clean the upper airway could be
reduced in the heated humidification group by 40% from
median value, 5 suction procedures per day to 3 per day.
One explanation for this could be that there was higher CBF
measured in this group. The mean overall CBF increased
from 3.99 Hz 61.39 in the cold-air nebulization group to
6.36 Hz 61.49, which corresponds to an increase of 37%.
The CBF difference was also statistically significant on mea-
surement days 2, 4, 6, and 8, but showed weak correlation
with the number of suctioning procedures, but the data on
correlation were not presented.

The impact of different techniques of airway humidifica-
tion on tracheal epithelial CBF in tracheostomized patients
has not been evaluated to date. In the present study, 20
newly tracheostomized patients, mostly due to head and
neck cancer surgeries, were treated with cold-air nebulization
or heated humidification for 14 days, and CBF as well as tra-
cheostomal suctions were assessed. The CBF measurements
showed a significantly higher ciliary activity in patients sup-
plied with the heated humidification systems in comparison
to the cold-air nebulizing systems. The normal CBF of tra-
cheal epithelial cells collected during bronchoscopy is 11.3
beats/second when measured at a temperature of 23-258C. A
CBF of 5.7 6 2.5 Hz was shown in a comparable study with
nasal epithelial cells using the same methodology for CBF
assessment.31 The presented data, therefore, could be inter-
preted as an impaired ciliary function in both groups, which

TABLE 3 Ciliary beat frequency (Hz) in the cold-air nebulization
and heated humidifier groups

Heated
humidification
group

Cold-air
nebulization
group

Day Mean SD Mean SD P value

2 6.4 1.2 4.2 0.8 .004

4 6.5 1.7 4.1 0.9 .02

6 6.0 1.5 4.1 1.6 .046

8 6.8 1.4 3.4 1.7 .004

10 6.3 1.8 4.4 2.0 .09

P value is after Holm’s correction for repeated measurements.

FIGURE 2 Box-and-whisker plot of ciliary beat frequency (CBF)
changes in the cold-air nebulization (CAN) group and the heated humidi-
fier (HH) group. The boxes represent the interquartile range (IQR), with
the whiskers extending up to 1.5 times the IQR. The median is marked
with a solid line. Outliers are marked with a circle. Visits are shown in
days, and CBF inHz [Color figure can be viewed at wileyonlinelibrary.
com]
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normal clinical practice (30–60 L/min) continued when
higher gas flows were used. Initiation of high-flow nasal
therapy and increased flow also resulted in a substantial
drop in breathing frequency and an increase in EELI and
end-expiratory lung volume seen on electrical impedance
tomography.

This study corroborates earlier findings of a linear re-
lationship between the delivered flow amount and the gen-
erated airway pressure with cannula flows of 30–50
L/min.2,10,12,17 The mean airway pressures produced in this
study at these high flows (mean 8–12 cm H2O) are in the
range normally associated with noninvasive ventilation us-
ing tightly-fitting face masks18 or even with conventional
invasive ventilatory support, suggesting that there may be

a further therapeutic role for the delivery of higher flows
in patients who require more pressure support than can be
provided at conventional high-flow nasal therapy gas flows.
Currently, owing to constraints placed by commercially
available systems, clinicians are not able to deliver flows
of !60 L/min. As has been demonstrated previously1,12,13

and as is evident from subject-level data (see Table 2),
there is significant heterogeneity in the physiological
variables measured between subjects, although there is a
consistent increase in pressures with increased flow. It is

Fig. 4. Cumulative change in end-expiratory lung impedance (EELI)
with high-flow nasal therapy. Data are shown as mean " SD.

Fig. 5. Relationship between cumulative change in end-expiratory
lung impedance (#EELI), mean breathing frequency, and mean
nasopharyngeal airway pressure (Paw).

Table 2. Airway Pressure and #EELI Data for Study Participants

Parameter
Study Participant

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Mean airway pressure (cm H2O)
0 L/min 0.5 0.5 0.5 0.9 0.5 0.5 0.5 0.5 0.4 0.7 0.5 0.5 0.5 0.5 $ 0.7
30 L/min 1.9 2.9 3.0 2.4 2.6 1.6 2.7 3.6 2.1 3.2 2.3 2.8 1.7 4.1 3.7
40 L/min 2.6 4.0 4.5 2.8 3.4 3.6 3.3 4.5 3.1 4.5 3.1 3.7 3.3 5.4 5.1
50 L/min 3.6 4.9 5.6 3.5 4.3 5.2 4.6 5.5 4.0 6.3 3.6 5.3 4.3 6.6 6.8
60 L/min 5.3 6.1 7.4 4.2 5.7 5.7 5.4 6.5 4.3 8.1 4.8 6.5 5.3 8.6 7.9
70 L/min 6.6 7.6 8.9 6.2 7.0 8.2 6.5 8.1 5.7 9.7 5.9 8.2 6.8 9.8 10.1
80 L/min 7.6 8.5 10.6 7.2 7.9 9.0 7.6 10.0 6.0 11.5 6.8 10.7 8.3 11.9 11.4
90 L/min 8.7 9.9 12.1 8.3 9.6 10.3 8.1 9.7 6.8 13.3 7.9 9.4 9.8 13.9 12.9
100 L/min 10.6 12.1 14.0 9.8 11.1 10.7 10.5 16.2 7.2 15.6 8.4 9.9 12.2 14.5 15.4

Mean #EELI
30 L/min 0.3 0.2 0.3 0.1 0.9 0.7 0.6 0.7 0.2 0.3 0.2 0.5 1.1 0.9 0.6
40 L/min 0.5 $ 0.1 0.2 0.0 0.8 0.7 0.5 0.9 0.1 0.0 0.3 0.3 1.0 1.0 0.8
50 L/min 0.5 $ 0.1 0.6 0.2 0.8 1.6 1.6 0.9 0.2 0.1 0.2 0.5 1.0 0.8 1.0
60 L/min 1.5 0.0 0.9 0.5 0.9 1.7 1.9 1.5 0.2 $ 0.2 0.5 0.7 1.3 1.3 1.3
70 L/min 1.8 0.0 1.1 0.6 0.9 1.8 2.6 1.5 0.3 $ 0.5 0.7 1.1 1.6 0.6 1.5
80 L/min 2.2 0.2 1.3 1.1 1.0 1.8 2.9 1.6 0.3 $ 0.4 0.8 1.3 1.6 1.2 1.6
90 L/min 2.5 0.6 1.4 1.4 0.7 1.9 2.7 1.5 0.3 $ 0.2 1.6 1.3 1.6 1.1 1.8
100 L/min 3.0 0.7 1.6 1.4 1.1 1.9 2.8 1.6 0.5 0.2 0.7 2.3 2.0 1.7 2.1

#EELI % change in end-expiratory lung impedance
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normal clinical practice (30–60 L/min) continued when
higher gas flows were used. Initiation of high-flow nasal
therapy and increased flow also resulted in a substantial
drop in breathing frequency and an increase in EELI and
end-expiratory lung volume seen on electrical impedance
tomography.

This study corroborates earlier findings of a linear re-
lationship between the delivered flow amount and the gen-
erated airway pressure with cannula flows of 30–50
L/min.2,10,12,17 The mean airway pressures produced in this
study at these high flows (mean 8–12 cm H2O) are in the
range normally associated with noninvasive ventilation us-
ing tightly-fitting face masks18 or even with conventional
invasive ventilatory support, suggesting that there may be

a further therapeutic role for the delivery of higher flows
in patients who require more pressure support than can be
provided at conventional high-flow nasal therapy gas flows.
Currently, owing to constraints placed by commercially
available systems, clinicians are not able to deliver flows
of !60 L/min. As has been demonstrated previously1,12,13

and as is evident from subject-level data (see Table 2),
there is significant heterogeneity in the physiological
variables measured between subjects, although there is a
consistent increase in pressures with increased flow. It is

Fig. 4. Cumulative change in end-expiratory lung impedance (EELI)
with high-flow nasal therapy. Data are shown as mean " SD.

Fig. 5. Relationship between cumulative change in end-expiratory
lung impedance (#EELI), mean breathing frequency, and mean
nasopharyngeal airway pressure (Paw).

Table 2. Airway Pressure and #EELI Data for Study Participants

Parameter
Study Participant

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Mean airway pressure (cm H2O)
0 L/min 0.5 0.5 0.5 0.9 0.5 0.5 0.5 0.5 0.4 0.7 0.5 0.5 0.5 0.5 $ 0.7
30 L/min 1.9 2.9 3.0 2.4 2.6 1.6 2.7 3.6 2.1 3.2 2.3 2.8 1.7 4.1 3.7
40 L/min 2.6 4.0 4.5 2.8 3.4 3.6 3.3 4.5 3.1 4.5 3.1 3.7 3.3 5.4 5.1
50 L/min 3.6 4.9 5.6 3.5 4.3 5.2 4.6 5.5 4.0 6.3 3.6 5.3 4.3 6.6 6.8
60 L/min 5.3 6.1 7.4 4.2 5.7 5.7 5.4 6.5 4.3 8.1 4.8 6.5 5.3 8.6 7.9
70 L/min 6.6 7.6 8.9 6.2 7.0 8.2 6.5 8.1 5.7 9.7 5.9 8.2 6.8 9.8 10.1
80 L/min 7.6 8.5 10.6 7.2 7.9 9.0 7.6 10.0 6.0 11.5 6.8 10.7 8.3 11.9 11.4
90 L/min 8.7 9.9 12.1 8.3 9.6 10.3 8.1 9.7 6.8 13.3 7.9 9.4 9.8 13.9 12.9
100 L/min 10.6 12.1 14.0 9.8 11.1 10.7 10.5 16.2 7.2 15.6 8.4 9.9 12.2 14.5 15.4

Mean #EELI
30 L/min 0.3 0.2 0.3 0.1 0.9 0.7 0.6 0.7 0.2 0.3 0.2 0.5 1.1 0.9 0.6
40 L/min 0.5 $ 0.1 0.2 0.0 0.8 0.7 0.5 0.9 0.1 0.0 0.3 0.3 1.0 1.0 0.8
50 L/min 0.5 $ 0.1 0.6 0.2 0.8 1.6 1.6 0.9 0.2 0.1 0.2 0.5 1.0 0.8 1.0
60 L/min 1.5 0.0 0.9 0.5 0.9 1.7 1.9 1.5 0.2 $ 0.2 0.5 0.7 1.3 1.3 1.3
70 L/min 1.8 0.0 1.1 0.6 0.9 1.8 2.6 1.5 0.3 $ 0.5 0.7 1.1 1.6 0.6 1.5
80 L/min 2.2 0.2 1.3 1.1 1.0 1.8 2.9 1.6 0.3 $ 0.4 0.8 1.3 1.6 1.2 1.6
90 L/min 2.5 0.6 1.4 1.4 0.7 1.9 2.7 1.5 0.3 $ 0.2 1.6 1.3 1.6 1.1 1.8
100 L/min 3.0 0.7 1.6 1.4 1.1 1.9 2.8 1.6 0.5 0.2 0.7 2.3 2.0 1.7 2.1

#EELI % change in end-expiratory lung impedance

EFFECT OF VERY-HIGH-FLOW NASAL THERAPY

RESPIRATORY CARE • ● ● VOL ● NO ● 5

RESPIRATORY CARE Paper in Press. Published on September 01, 2015 as DOI: 10.4187/respcare.04028

Copyright (C) 2015 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



nasal cannula. The clearance half-times were shorter in the
anterior than in the posterior ROIs, demonstrating the direction
of clearance, and they were inversely correlated with NHF.
Most of the clearance took place in the nasal ROIs with
half-times under 1.0 s (Figs. 1B and 2A).

The clearance study was conducted during breath holding.
The effects of respiration on clearance were excluded in this
research to avoid the effect of breathing and because of the

technical restrictions. In several experiments there was no
81mKr gas clearance below the soft palate (see also Fig. 2B).
This could be induced voluntarily, since it has been shown that
subjects can close their soft palate unintentionally during
breath holding, but the mechanism of this reflex is not fully
understood (10).

Clearance of 81mKr gas in the lower parts of conducting
airways may be of lesser relevance because of very long

Fig. 3. A: tracheal CO2 concentration plotted against
inspired volume of a single breath of a tracheoto-
mized patient demonstrates a decrease of CO2 re-
breathing during an NHF rate of 45 l/min. B: tracheal
O2 concentration plotted against inspired volume
illustrates an increase of O2 in the inspired gas during
NHF. Both curves of inspired CO2 and O2 demon-
strate maximum differences in the concentration of
the gases within the first 0.1 liters (100 ml) of
inspired volume.

Fig. 4. Effect of NHF rates at 15, 30, and 45 l/min
on the total inspired tracheal CO2 (A) and inspired
O2 (B) in the first 100 ml of inspired volume in three
patients who are individually represented in the
graphs, where the three symbols represent the three
NHF rates applied. The data in this figure are pre-
sented as means calculated from 2-min intervals. An
increase of NHF from 15 to 45 l/min led to a
flow-dependent reduction of inspired CO2 and a rise
in inspired O2. C: relation between change (!) of
total inspired O2 vs. CO2 in the first 100 ml per
breath with linear regression (r2 " 0.59) and 95%
confidence intervals. This figure demonstrates that
there is a significant correlation between the reduc-
tion of CO2 and the increase of O2 by means of NHF
therapy (cc " # 0.767, P " 0.016). D: ratio of
inspired CO2 in the first 100 ml of tidal volume to
the total inspired CO2 per breath during baseline
ventilation and during NHF (15, 30, and 45 l/min;
ratio " 0.84 $ 0.10 vs. 0.75 $ 0.12 for baseline
measurements; P % 0.01).
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Clearance of 81mKr tracer gas from the upper airways by
NHF was assessed in healthy volunteers using dynamic gamma
camera imaging. Reduction of rebreathing was investigated in
tracheotomized patients using volumetric capnography and
oximetry by sampling gas from the trachea while the patients
maintained nasal breathing during NHF therapy.

METHODS

Study participants. Ten healthy, nonsmoking volunteers [age 55 !
14 (standard deviation, SD) yr] participated in the tracer gas scintig-
raphy study (Table 1). This part of the study was approved by the
Ethics Committee of the Medical School of the Ludwig Maximilian
University (Munich, Germany), and written informed consent was
obtained from each subject.

In the second part, three male patients who did not require supple-
mental O2 were included, each of whom had received long-time
mechanical ventilation through a tracheostomy and then were
admitted for weaning. Two of them had chronic obstructive pul-
monary disease (COPD; age 59 and 72 yr), and the third patient
was recovering from subarachnoid hemorrhage and pneumonia
(age 72 yr). This part of the study was approved by the Ethics
Committee of Witten-Herdecke University, Germany, and regis-
tered under https://clinicaltrials.gov (NCT01509703), and written
informed consent was obtained from each subject.

Nasal high flow. NHF rates of 15, 30, and 45 l/min without
supplemental oxygen were delivered in a randomized order using the
AIRVO blower-humidifier and the Optiflow nasal cannula (Fisher &
Paykel Healthcare). In the scintigraphy study, NHF was delivered for
30 s (during breath holding). In the tracheotomized nasally breathing
patients, NHF was delivered continuously for 10 min. Throughout all
studies the mouth remained closed.

Scintigraphy. For these experiments the 81mKr gas was generated
and a planar gamma camera was used for imaging as described in
detail earlier (18). The volunteers filled their upper airways with
81mKr tracer gas through the nasal pillow, and the NHF cannula with
the preset flow was inserted into the nose while the volunteer was
holding their breath. 81mKr gas activity-time profiles were assessed in
five regions of interest (ROI): anterior nasal (Nasal1), posterior nasal
(Nasal2), pharynx (space from the soft palate to the larynx), trachea,
and the upper lung (Fig. 1A). 81mKr gas clearance time constants and
half-times were evaluated after correction with the natural 81mKr gas
decay (T1/2 " 13 s). Nasal clearance rates were evaluated as the ratio
of nasal volume (VN) and clearance time constant. Nasal volume,
comprising the nasal cavity and the nasopharynx (excluding sinuses),
was assessed using individual MRI.

Clearance of anatomical dead space in tracheotomized patients.
Tracheotomized patients were included to assess rebreathing of ex-
pired gas from the upper airways. When the weaning from invasive
mechanical ventilation was completed, the tracheostomy tube was
replaced with a tracheostomy retainer (2). A custom-made probe
was placed through the retainer to measure O2, CO2, and pressure
profiles for synchronization with breathing (ADInstruments). In-
spiratory volume was assessed with calibrated respiratory induc-
tance plethysmography (RIP; Viasys Services), as described in
detail previously (12, 19).

The effect of NHF on the volume of inspired O2 and CO2 was
analyzed for every breath. Inspired O2 was calculated in the first 100
ml of inspired volume. Inspired CO2 was calculated in the total
inspired volume and in the first 100 ml. Arterial blood oxygen
saturation (SpO2

) and transcutaneous CO2 (Tosca; Radiometer) were
monitored throughout the study.

Data analysis. All data are presented as means ! SD. Differences
between groups or application modes were assessed by a two-sided
t-test using a significance level of P # 0.05. Pearson’s coefficient
correlation (cc) analysis was then applied to assess the correlation
among the study variables.

RESULTS

81mKr gas clearance in healthy volunteers. After filling the
upper airways with 81mKr gas the volunteer was holding his/her
breath, and the NHF cannula was attached to his/her nose; this
caused immediate purging of the 81mKr gas from the upper
airways (Fig. 1B and Supplemental Video; Supplemental Ma-
terial for this article is available online at the Journal of
Applied Physiology Web site). NHF caused rapid activity
decay in the nasal cavity and, as shown in Fig. 1B, the nasal
cavity was cleared at 0.5 s after applying NHF at a rate of 45
l/min.

Table 1. Anthropometric data of 10 healthy volunteers
participating in the study

Value

Male/female 7/3
NS/S/XS 7/0/3
Age, yr 55 ! 14
Height, cm 175 ! 10
Weight, kg 74 ! 12
BMI, kg/m2 24 ! 6
VDA, ml 152 ! 19
VN, ml 42 ! 6

Values are means ! SD. NS, nonsmokers; S, smokers; XS, exsmokers;
BMI, body mass index; VDA, anatomical dead space volume based on height
(7a), VN, nasal volume corresponding to Nasal1 and Nasal2 ROIs derived from
individual MRI scans.

Fig. 1. Lateral gamma camera image of nasal
81mKr gas inhalation overlaid on the coronal
MRI image of a volunteer during breath
holding. A: definition of anterior (Nasal1),
posterior (Nasal2), pharyngeal, tracheal, and
lung ROIs. B: visualization of 81mKr gas
distribution 500 ms after the application of
NHF at a rate of 45 l/min (right) compared
with the control (left) shows fast clearance of
the tracer gas in the upper airways. The
control measurement without cannula flow
shows stable 81mKr gas concentration.
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and intubation, as well as the reasons for intuba-
tion, did not differ significantly among the three 
groups (Table 2).

The crude in-ICU mortality and 90-day mor-

tality differed significantly among the three 
groups (Table 2 and Fig. 3). The hazard ratio for 
death at 90 days was 2.01 (95% confidence inter-
val [CI], 1.01 to 3.99) in the standard-oxygen 
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Figure 2. Kaplan–Meier Plots of the Cumulative Incidence of Intubation from Randomization to Day 28.

Results in the overall population and in patients with a Pao2:Fio2 of 200 mm Hg or less are shown. Pao2:Fio2 de-
notes the ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen.
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Secondary Outcomes
Need for IMVwas not significantly different between groups,
required in 150 patients (38.7%) receiving high-flow oxygen
therapy and 170 patients (43.8%) receiving standard oxygen
therapy (absolute risk difference, −5.1% [95% CI, −12.3% to
+2.0%]; cause-specificHR,0.85 [95%CI,0.68 to 1.06];P = .17).
The cumulative incidence of intubationwas not significantly
different between groups (eFigure 1 in Supplement 2). With
high-flowoxygen therapyvs standard oxygen therapy, the re-
spiratory ratewas significantly lower after6hours (25/min vs
26/min;meandifference,−1.8 [95%CI,−3.2 to−0.3]), andPaO2:
FIO2 ratiowas significantlyhigheruntil day4 (150vs 119;mean
difference, 19.5 [95%CI,4.4 to 34.6]) (eFigure 2 and eTable in
Supplement 2). Comfort and dyspnea scoreswere not signifi-
cantly different between groups at any time (eFigure 3 in
Supplement 2). There was no significant difference in ICU-
acquired infections (10.0% vs 10.6%; absolute risk differ-
ence, −0.6% [95% CI, −4.6% to +4.1%]), ICU length of stay
(8 vs6days;meandifference,0.6days[95%CI,−1.0 to +2.2]),
or hospital length of stay (24 vs 27 days; mean difference, −2
days [95%CI, −7.3 to +3.3]). None of the other secondary out-
comes differed significantly between groups (Table 2).

Post Hoc Outcomes
Therewasno significant center effect onmortality (P = .33) or
intubation rate (P = .07). In the overall population, vasopres-
sors and renal replacement therapy were needed in 153 pa-
tients (19.7%) randomized tohigh-flowoxygen therapy and 31
patients (4%) randomized to standardoxygen therapy,withno
statistical difference between groups.

Durationofhigh-flowoxygentherapywas2 (IQR, 1-5)days,
and all patients were discharged from the ICU with standard
oxygen therapy (3 L/min, with no significant difference be-
tweengroups). Inpatientswhoneeded IMV,median time from
randomization to intubationwas 1 (IQR,0-2) day, and this did
notdiffer significantlybetweengroups (meandifference,−0.5
days [95%CI,−1.2 to0.1]).Mortality in intubatedpatientswas
not significantly different (55.3% with high-flow oxygen

therapyvs 52.3%with standardoxygen therapy; absolute risk
difference, +3% [95% CI, −8.5% to +14.5%]) (P = .65). Deci-
sions to limit treatment were made for 170 patients (21.9%),
of whom 135 (79.4%) died before day 28, with no significant
difference between groups. Day-28mortality was not signifi-
cantlydifferent inpatientswithandwithoutcanceras thecause
of immunosuppression (absolute risk difference, +1.8% [95%
CI, −10.8% to +14.3%]) (P = .50).

Day-90 mortality did not differ significantly between
groups (46.9% with high-flow oxygen therapy, 48.2% with
standard oxygen therapy).

Discussion
This RCT found no significant survival benefits with high-
flowoxygen therapy comparedwith standardoxygen therapy
in immunocompromisedpatientswithAHRF.Neitherweresig-
nificant differences found for intubation requirements, ICU-
acquired infections, subjective dyspnea and comfort, or ICU
length of stay. These results suggest that attention to oxygen-
ation strategies may not be the best means of improving sur-
vival among immunocompromised patients with AHRF.

Improving oxygenation is relevant in all patients with
AHRF, but even more so in those who are immunocompro-
mised.Thesepatients aremore severelyhypoxemic11andmost
often require a diagnostic strategy5,21,22 for which high-flow
oxygen therapy,which effectively improves oxygenation, can
translate into improved outcomes. However, this trial did not
find a significantly reduced intubation rate in immunocom-
promisedpatients receivinghigh-flowoxygen therapy. These
results agreewith thoseof2post hoc analyses showingno sig-
nificant clinical benefits fromhigh-flowoxygen therapy com-
pared with standard oxygen therapy in immunocompro-
mised patients with AHRF.11,12 Noninvasive ventilation was
eitherneutral8orharmful11 in thatpopulation.Also, both stan-
dard oxygen therapy and high-flow oxygen therapy are valid
options in immunocompromised patients with AHRF.

Figure 2. Probability of Day-28Mortality in Immunocompromised PatientsWith Acute Respiratory Failure
Receiving High-FlowOxygen Therapy or Standard Oxygen Therapy
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Nasal high flow oxygen
therapy in patients with COPD
reduces respiratory rate and
tissue carbon dioxide while
increasing tidal and
end-expiratory lung volumes:
a randomised crossover trial

Abstract
Patients with COPD using long-term oxygen
therapy (LTOT) over 15 h per day have
improved outcomes. As inhalation of dry cold
gas is detrimental to mucociliary clearance,
humidified nasal high flow (NHF) oxygen may
reduce frequency of exacerbations, while
improving lung function and quality of life in
this cohort. In this randomised crossover study,
we assessed short-term physiological responses
to NHF therapy in 30 males chronically treated
with LTOT. LTOT (2–4 L/min) through nasal
cannula was compared with NHF at 30 L/min
from an AIRVO through an Optiflow nasal
interface with entrained supplemental oxygen.
Comparing NHF with LTOT: transcutaneous
carbon dioxide (TcCO2) (43.3 vs 46.7 mm Hg,
p<0.001), transcutaneous oxygen (TcO2) (97.1
vs 101.2 mm Hg, p=0.01), I:E ratio (0.75 vs
0.86, p=0.02) and respiratory rate (RR) (15.4
vs 19.2 bpm, p<0.001) were lower; and tidal
volume (Vt) (0.50 vs 0.40, p=0.003) and end-
expiratory lung volume (EELV) (174% vs 113%,
p<0.001) were higher. EELV is expressed as
relative change from baseline (%Δ). Subjective
dyspnoea and interface comfort favoured LTOT.
NHF decreased TcCO2, I:E ratio and RR, with a
concurrent increase in EELV and Vt compared
with LTOT. This demonstrates a potential
mechanistic rationale behind the improved
outcomes observed in long-term treatment with
NHF in oxygen-dependent patients.
Trial registration number
ACTRN12613000028707.

INTRODUCTION
The burden of COPD is increasing glo-
bally, and its physiological, economical
and mortality costs are enormous, with
>65 million people affected by
moderate-to-severe COPD.

Long-term oxygen therapy (LTOT)
improves health outcomes and reduces
mortality.1 However, further optimisation
of respiratory support may diminish
symptomatic breathlessness, ameliorate
COPD-associated cachexia, reduce hyper-
carbia, improve right ventricular function
and provide psychological benefits.

Nasal high flow (NHF) oxygen, an
emerging therapy developed for acute
care areas for respiratory support, may

have the potential for domiciliary use.
NHF delivers heated and humidified air/
oxygen with flows up to 60 L/min. NHF
produces pharyngeal pressures of 2–8 cm
H2O2, which transmit to the alveoli, con-
tributing to lung recruitment and upper
airway splinting.3 Nasopharyngeal dead
space washout has been proposed to
reduce CO2 rebreathing, thus providing a
fresh reservoir of oxygen from which to
breathe.4 The observed clinical effects of
high gas flows in patients with COPD
include improvements in exercise toler-
ance, oxygenation and reduced dys-
pnoea.5 6 NHF has been demonstrated to
increase tidal volumes in a number of
cohorts,7 while reducing work of breath-
ing by lowering inspiratory resistance and
generating positive expiratory pressure.5

NHF has been shown to be non-inferior
to non-invasive ventilation in the preven-
tion of treatment failure in patients with
acute respiratory failure postcardiac
surgery8 and reduce mortality (both in the
intensive care unit and at 90 days) in
patients with acute respiratory failure.9

A randomised crossover study was com-
menced to assess the short-term physio-
logical effects of NHF oxygen in patients
with chronic stable COPD.

METHODS
The online repository for this research
letter contains details on study inclusion
and exclusion criteria, study procedures
and statistical analysis.

Study protocol
A randomised crossover design was used to
study subjects on their own LTOT (low
flow oxygen, 2–4 L/min through nasal
cannula) and NHF using air supplemented
with the equivalent fraction of inspired

oxygen (FiO2) to a total flow of 30 L/min
from an AIRVO through an Optiflow nasal
interface (Fisher & Paykel Healthcare,
Auckland, New Zealand). Data collected
included transcutaneous oxygen (TcO2) and
transcutaneous carbon dioxide (TcCO2);
pulse oximetry; tidal volume (Vt) and
minute volume (MV), respiratory rate (RR)
and I:E ratio via respiratory inductance
plethysmography; end-expiratory lung
impedance (EELI) via electrical impedance
tomography; heart rate (HR) via standard
ECG monitoring; subjective dyspnoea and
comfort scores (0=no dyspnoea/discomfort
to 10=maximum dyspnoea/discomfort);
and videography of the patients’ torso to
identify inconsistencies during data analysis
such as coughing and sneezing.

Patients remained on LTOT during the
20 min set-up period while baseline
recordings were taken. Patients received
the first randomised therapy (LTOT or
NHF) for 20 min, followed by a 20 min
washout period of LTOT, after which they
crossed over to the second therapy (LTOT
or NHF) for 20 min.

RESULTS
Details regarding the numbers of patients
screened and subsequently excluded are
contained in the online repository. Thirty
patients were included in the study (see
tables in online repository for patient
characteristics). Results are contained in
table 1.

When comparing NHF with LTOT,
TcO2, TcCO2, RR and I:E ratio were sig-
nificantly lower when using NHF. On
NHF, Vt and EELI were significantly
higher than on LTOT. Figure 1 illustrates
the decrease in TcCO2 and RR. No signifi-
cant difference between groups was found
in SpO2, MVor HR.

Table 1 Two-way (paired) comparisons between the long-term oxygen therapy (LTOT) and
nasal high flow (NHF) groups

Variable LTOT NHF p Value

Oxygen saturation (%)* 95.8 (94.6 to 96.9) 95.7 (93.1 to 97.1) 0.06
Transcutaneous O2 (mm Hg) 101.2 (22.5) 97.1 (24.2) 0.01
Transcutaneous CO2 (mm Hg) 46.7 (9.4) 43.3 (9.5) <0.001
Respiratory rate (breaths/min) 19.2 (6.3) 15.4 (4.8) 0.001
Inspiratory:expiratory ratio 0.86 (0.20) 0.75 (0.25) 0.02
Tidal volume (L)* 0.40 (0.34, 0.46) 0.50 (0.41, 0.54) 0.003
Minute volume (L/min)* 6.20 (4.84, 8.18) 6.18 (4.75, 7.69) 0.88
Heart rate (beats/min) 70.1 (59.1, 79.3) 69.8 (61.3, 79.8) 0.21
End-expiratory lung impedance (%Δ)* 113 (98, 128) 174 (161, 187) <0.001

A p value <0.05 was considered significant. Normally distributed data are presented as mean (SD) while non-normal
data are presented as median (IQR). End-expiratory lung impedance data are presented as percentage change from
baseline (%Δ). All variables returned to baseline values during the washout periods and subsequently during the
recovery period.
*A paired t test was used for the normally distributed data while a Wilcoxon signed rank test was used for the
non-normal data.
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Apport du haut débit d’oxygène chez les BPCO

Pisani et al, Thorax 2017

PaCO2 increase during baseline condi-
tions. Moreover baseline conditions
consisted of breathing oxygen through
nasal cannula, and under these condi-
tions, FiO2 cannot be controlled
depending on the breathing pattern, the
patient’s inspiratory flow and whether
patients breathe predominantly through
the mouth or the nose. Therefore, the
decrease in PaO2 during HFOT can be
explained by a higher actual FiO2 under
nasal oxygen therapy compared with
HFOT.

We have further explored the physio-
logical changes induced by mouth or
nasal breathing, since it is totally unrealis-
tic to assume that patients recruited for
long-term treatment will always breathe
with their mouth perfectly ‘sealed’. It has
been shown9 that breathing with the
mouth open negatively influences the gen-
eration of a positive pressure. Despite
this, we were unable to demonstrate any
‘detrimental’ effect of this behaviour on
the breathing pattern and inspiratory
effort compared with breathing with the
mouth closed.

The results of this study show overall
similar acute physiological changes
between HFOT and NIV, and support the
need for further investigations to assess
the effectiveness of domiciliary HFOT
versus NIV in patients with stable hyper-
capnia. Obviously our findings could not
be translated to the situation of an acute
exacerbation of COPD.
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Table 1 Breathing pattern, inspiratory effort and lung mechanics in different settings

Baseline
HFOT 20
(closed)

HFOT 20
(open)

HFOT 30
(closed)

HFOT 30
(open) NIV

TI,p (seconds) 0.95±0.2 0.85±0.4 0.96±0.2 0.94±0.3 0.92±0.3 1.00±0.2
TE,p (seconds) 1.94±0.4 2.35±0.4* 2.19±0.5* 2.30±0.5* 2.20±0.3* 2.61±1.0*
Breathing frequency (breaths/min) 24.8±2.3 19.01±5.2† 20.8±5.8 18.7±3.6† 19.64±2.8 17.8±3.8†
Tidal volume (mL) 314.50±84 391.22±106‡ 364.22±66 456.20±100‡
Pdi swing (cmH2O) 13.5±6.7 8.7±4.1§ 12±5.8 8.2±3.7§ 10.2±5.2§ 5.1±2.2§¶
PTPdi/min (cmH2Oxs/min) 238.3±82.1 164.2±51.3** 172.7±45.4** 143.2±48.9** 157.3±56.9** 101.7±42.9**††
PEEPi,dyn (cmH2O) 2.12±0.9 1.48±0.7‡‡ 1.03±0.6‡‡ 0.9±0.02‡‡

*p=0.006 HFOT 20 closed versus baseline; p=0.01 HFOT 20 open versus baseline; p=0.007 HFOT 30 closed versus baseline; p=0.02 HFOT 30 open versus baseline; p=0.002 NIV versus
baseline.
†p=0.022 HFOT 20 closed versus baseline; p=0.007 HFOT 30 closed versus baseline; p=0.002 NIV versus baseline.
‡p=0.015 HFOT 20 closed versus baseline; p=0.007 NIV versus baseline.
§p=0.005 HFOT 20 closed versus baseline; p=0.005 HFOT 30 closed versus baseline; p=0.03 HFOT 30 open versus baseline; p=0.001 NIV versus baseline.
¶p<0.003 NIV versus HFOT 20 closed; p=0.003 NIV versus HFOT 20 open; p=0.007 NIV versus HFOT 30 closed; p=0.005 NIV versus HFOT 30 open.
**p=0.005 HFOT 20 closed versus baseline; p=0.002 HFOT 20 open versus baseline; p=0.004 HFOT 30 closed versus baseline; p=0.015 HFOT 30 open versus baseline; p=0.001 NIV
versus baseline.
††p<0.004 NIV versus HFOT 20 closed; p=0.006 NIV versus HFOT 20 open; p=0.016 NIV versus HFOT 30 closed; p=0.02 NIV versus HFOT 30 open.
‡‡p=0.01 HFOT 20 closed versus baseline; p=0.003 HFOT 30 closed versus baseline; p=0.001 NIV versus baseline.
Data are presented as mean±SD.
HFOT, high flow oxygen therapy; NIV, non-invasive ventilation; Pdi, transdiaphragmatic pressure; PEEPi,dyn, intrinsic dynamic positive end expiratory pressure; PTPdi, pressure–time
product of the transdiaphragmatic; TE,p, patient’s expiratory time; TI,p, patient’s inspiratory time.

Table 2 Arterial blood gas values and comfort scores at different settings

Baseline HFOT 20 (closed) HFOT 30 (closed) NIV

pH 7.40±0.03 7.42±0.04 7.43±0.04 7.44±0.04
PaCO2 (mm Hg) 61.2±9.2 57.2±11.7 55.7±10.6 55.2±11.9
PaO2 (mm Hg) 70.6±12.6 70.3±17.3 61.5±11.1 83.3±33.2
Comfort score 7 (5–8) 5.5 (5–8) 5.5 (2–8) 5 (3–5)

Data are presented as mean±SD unless indicated otherwise.
Comfort score was assessed with a scale where 0 is the worst comfort and 10 the best. The data are presented as
the median (interquartile 25–75).
HFOT, high flow oxygen therapy; NIV, non-invasive ventilation.

Research letter

To cite Pisani L, Fasano L, Corcione N, et al. Thorax 
2017;51:373–375.

Received 3 November 2016
Revised 27 December 2016
Accepted 3 January 2017
Published Online First 19 January 2017

Thorax 2017;51:373–375.
doi:10.1136/thoraxjnl-2016-209673

374 Thorax April 2017 Vol 72 No 4

 on 3 April 2019 by guest. Protected by copyright.
http://thorax.bm

j.com
/

Thorax: first published as 10.1136/thoraxjnl-2016-209673 on 19 January 2017. D
ow

nloaded from
 

PaCO2 increase during baseline condi-
tions. Moreover baseline conditions
consisted of breathing oxygen through
nasal cannula, and under these condi-
tions, FiO2 cannot be controlled
depending on the breathing pattern, the
patient’s inspiratory flow and whether
patients breathe predominantly through
the mouth or the nose. Therefore, the
decrease in PaO2 during HFOT can be
explained by a higher actual FiO2 under
nasal oxygen therapy compared with
HFOT.

We have further explored the physio-
logical changes induced by mouth or
nasal breathing, since it is totally unrealis-
tic to assume that patients recruited for
long-term treatment will always breathe
with their mouth perfectly ‘sealed’. It has
been shown9 that breathing with the
mouth open negatively influences the gen-
eration of a positive pressure. Despite
this, we were unable to demonstrate any
‘detrimental’ effect of this behaviour on
the breathing pattern and inspiratory
effort compared with breathing with the
mouth closed.

The results of this study show overall
similar acute physiological changes
between HFOT and NIV, and support the
need for further investigations to assess
the effectiveness of domiciliary HFOT
versus NIV in patients with stable hyper-
capnia. Obviously our findings could not
be translated to the situation of an acute
exacerbation of COPD.

Lara Pisani,1 Luca Fasano,2 Nadia Corcione,1

Vittoria Comellini,1 Muriel Assunta Musti,3

Maria Brandao,4 Damiano Bottone,5

Edoardo Calderini,6 Paolo Navalesi,7,8

Stefano Nava1

1Department of Clinical, Integrated and Experimental
Medicine (DIMES), Respiratory and Critical Care Unit, S.
Orsola-Malpighi Hospital, Alma Mater University,
Bologna, Italy
2Sant’Orsola Malpighi Hospital, Bologna, Italy
3Department of Public Health, Local Health Authority of
Bologna, Bologna, Italy
4Respiratory Department, Centro Hospitar de Tràs-os-
Montes e Alto Douro, São Pedro de Vila Rea, Portugal
5Respiratory Medicine Unit, Department of Clinical and
Experimental Sciences, Universita’ degli Studi di Brescia,
Brescia, Italy
6Department of Anesthesia and Intensive Care,
Fondazione IRCCS Cà Granda, Ospedale Maggiore
Policlinico, Milano, Italy

7Department of Translational Medicine, Università del
Piemonte Orientale ‘Amedeo Avogadro’, Novara, Italy
8Department of Anesthesia and Intensive Care
Medicine, Sant’Andrea Hospital, Vercelli, Italy

Correspondence to Professor Stefano Nava,
Respiratory and Critical Care Unit, Sant’Orsola Malpighi
Hospital, Via Massarenti 9, Bologna 40138, Italy;
stefano.nava@aosp.bo.it

Twitter Follow Nadia Corcione @nadia_corcione

Contributors LP, study design, experimental
procedure, writing and data analysis. LF, study design,
data analysis. NC, data analysis and experimental
procedure. VC, experimental procedure. MAM,
statistical analysis. MB, experimental procedure. DB,
experimental procedure. EC, data analysis and writing.
PN, study design and writing. SN, study design,
experimental procedure, data analysis and writing.

Competing interests None declared.

Patient consent Obtained.

Ethics approval Comitato Etico Indipendente
dell’Azienda Ospedaliero-Universitaria di Bologna,
Policlinico S. Orsola-Malpighi.

Provenance and peer review Not commissioned;
externally peer reviewed.

▸ Additional material is published online only. To view
please visit the journal online (http://dx.doi.org/10.
1136/thoraxjnl-2016-209673).

Table 1 Breathing pattern, inspiratory effort and lung mechanics in different settings

Baseline
HFOT 20
(closed)

HFOT 20
(open)

HFOT 30
(closed)

HFOT 30
(open) NIV

TI,p (seconds) 0.95±0.2 0.85±0.4 0.96±0.2 0.94±0.3 0.92±0.3 1.00±0.2
TE,p (seconds) 1.94±0.4 2.35±0.4* 2.19±0.5* 2.30±0.5* 2.20±0.3* 2.61±1.0*
Breathing frequency (breaths/min) 24.8±2.3 19.01±5.2† 20.8±5.8 18.7±3.6† 19.64±2.8 17.8±3.8†
Tidal volume (mL) 314.50±84 391.22±106‡ 364.22±66 456.20±100‡
Pdi swing (cmH2O) 13.5±6.7 8.7±4.1§ 12±5.8 8.2±3.7§ 10.2±5.2§ 5.1±2.2§¶
PTPdi/min (cmH2Oxs/min) 238.3±82.1 164.2±51.3** 172.7±45.4** 143.2±48.9** 157.3±56.9** 101.7±42.9**††
PEEPi,dyn (cmH2O) 2.12±0.9 1.48±0.7‡‡ 1.03±0.6‡‡ 0.9±0.02‡‡

*p=0.006 HFOT 20 closed versus baseline; p=0.01 HFOT 20 open versus baseline; p=0.007 HFOT 30 closed versus baseline; p=0.02 HFOT 30 open versus baseline; p=0.002 NIV versus
baseline.
†p=0.022 HFOT 20 closed versus baseline; p=0.007 HFOT 30 closed versus baseline; p=0.002 NIV versus baseline.
‡p=0.015 HFOT 20 closed versus baseline; p=0.007 NIV versus baseline.
§p=0.005 HFOT 20 closed versus baseline; p=0.005 HFOT 30 closed versus baseline; p=0.03 HFOT 30 open versus baseline; p=0.001 NIV versus baseline.
¶p<0.003 NIV versus HFOT 20 closed; p=0.003 NIV versus HFOT 20 open; p=0.007 NIV versus HFOT 30 closed; p=0.005 NIV versus HFOT 30 open.
**p=0.005 HFOT 20 closed versus baseline; p=0.002 HFOT 20 open versus baseline; p=0.004 HFOT 30 closed versus baseline; p=0.015 HFOT 30 open versus baseline; p=0.001 NIV
versus baseline.
††p<0.004 NIV versus HFOT 20 closed; p=0.006 NIV versus HFOT 20 open; p=0.016 NIV versus HFOT 30 closed; p=0.02 NIV versus HFOT 30 open.
‡‡p=0.01 HFOT 20 closed versus baseline; p=0.003 HFOT 30 closed versus baseline; p=0.001 NIV versus baseline.
Data are presented as mean±SD.
HFOT, high flow oxygen therapy; NIV, non-invasive ventilation; Pdi, transdiaphragmatic pressure; PEEPi,dyn, intrinsic dynamic positive end expiratory pressure; PTPdi, pressure–time
product of the transdiaphragmatic; TE,p, patient’s expiratory time; TI,p, patient’s inspiratory time.

Table 2 Arterial blood gas values and comfort scores at different settings

Baseline HFOT 20 (closed) HFOT 30 (closed) NIV

pH 7.40±0.03 7.42±0.04 7.43±0.04 7.44±0.04
PaCO2 (mm Hg) 61.2±9.2 57.2±11.7 55.7±10.6 55.2±11.9
PaO2 (mm Hg) 70.6±12.6 70.3±17.3 61.5±11.1 83.3±33.2
Comfort score 7 (5–8) 5.5 (5–8) 5.5 (2–8) 5 (3–5)

Data are presented as mean±SD unless indicated otherwise.
Comfort score was assessed with a scale where 0 is the worst comfort and 10 the best. The data are presented as
the median (interquartile 25–75).
HFOT, high flow oxygen therapy; NIV, non-invasive ventilation.

Research letter

To cite Pisani L, Fasano L, Corcione N, et al. Thorax 
2017;51:373–375.

Received 3 November 2016
Revised 27 December 2016
Accepted 3 January 2017
Published Online First 19 January 2017

Thorax 2017;51:373–375.
doi:10.1136/thoraxjnl-2016-209673

374 Thorax April 2017 Vol 72 No 4

 on 3 April 2019 by guest. Protected by copyright.
http://thorax.bm

j.com
/

Thorax: first published as 10.1136/thoraxjnl-2016-209673 on 19 January 2017. D
ow

nloaded from
 



Synthèse des bénéfices de l’OHD
Haut débit

Humidification chauffée

Améliore l’oxygénation

Rince l’espace mort

Augmente la capacité 
résiduelle fonctionnelle 

Diminue le travail 
respiratoire

Diminue le coût 
métabolique de 

conditionnement gazeux

Améliore la clairance des 
sécrétions

Améliore le confort de 
l’oxygénothérapie

Inspired by Claudio Rabec



HFO - Exacerbation BPCO

Pilcher & al, Respirology, 2017

TOSCA probe use
One of the TOSCA probes used prior to recruitment of
the 16th participant was serviced by the manufacturer
and found to require surface maintenance. Replace-
ment probes were subsequently used. A post hoc anal-
ysis with an interaction term for use of a replacement
probe found no evidence of a difference between NHF
and SNP in relation to the replacement probe.

Tolerability questionnaires
Participants responded that the NHF was noisier than
the SNP ( difference in tolerability questionnaire rating
1.3 (95% CI: 0.7 to 1.9), P < 0.001). There was weak evi-
dence of less nasal dryness with NHF (difference in
dryness rating −1.0 (95% CI: −2.1 to 0), P = 0.051;
Table S4, Supplementary Information).

Table 1 Participant characteristics

Variable Mean (SD) Median (IQR) Minimum–maximum

Age (years) 70 (9) 68 (65–75) 57–90
PtCO2 (mm Hg) 49 (10) 50 (39–59) 32–67
Oxygen saturation (%) 94 (3) 94 (92–95) 88–100
BMI (kg/m2)† 28.2 (10.1) 25.9 (21.6–35.7) 14.5–57.8
FEV1 (L)‡ 0.71 (0.31) 0.60 (0.51–0.97) 0.35–1.29
FEV1/FVC ratio‡ 40.1 (12.9) 37.5 (33.7–43.9) 23.8–81.0
FEV1 (% predicted)‡ 26.5 (11.9) 23.8 (17.3–30.4) 14.5–56.8
Oxygen flow (L/min) 1.6 (0.7) 1.8 (1.0–2.0) 0.5–3.0
Pack-years 34.9 (15.3) 35.0 (25.0–46.5) 0.0–57.0

Treatments Long-term treatment: n (%) Hospital: n (%)

SABA 22 (91.7) 22 (91.7)
LABA 20 (83.3) 20 (83.3)
SAMA 11 (45.8) 11 (45.8)
LAMA 18 (75) 18 (75)
ICS 23 (95.8) 23 (95.8)
OCS 2 (8.3) 21 (87.5)
Antibiotics 2 (8.3) 22 (91.7)
NIV 2 (8.3) 5 (20.8)

n = 24 unless otherwise stated. See Appendix S1 (Supplementary Information) for more sample size details.
†n = 22.
‡n = 16.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; ICS, inhaled corticosteroid; IQR, interquar-

tile range; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist; NIV, non-invasive ventilation; OCS, oral cortico-
steroid; PtCO2, transcutaneous carbon dioxide tension; SABA, short-acting beta agonist; SAMA, short-acting muscarinic antagonist;
SD, standard deviation.

Table 2 PtCO2 measurements (mm Hg) with NHF and SNP interventions

Intervention status Time (min)
NHF SNP

NHF minus SNP adjusted for time zero (95% CI) PMean (SD)

Intervention 0 49.0 (10.3) 48.9 (10.4) N/A N/A
5 48.0 (10.1) 48.8 (10.3) −0.8 (−1.3 to −0.4) <0.001

10 47.3 (10.0) 48.7 (10.1) −1.5 (−2.1 to −0.8) <0.001
15 47.4 (10.0) 48.8 (10.1) −1.5 (−2.2 to −0.7) <0.001
20 47.7 (10.3) 48.3 (10.1)† −0.9 (−1.8 to 0.0)† 0.052
25 47.8 (10.1) 48.0 (10.0)† −0.6 (−1.5 to 0.3)† 0.19
30 47.4 (10.1) 48.5 (10.1)† −1.4 (−2.2 to −0.6)† 0.001

Washout 35 47.2 (10.0)‡ 48.3 (10.0)† −0.9 (−1.9 to 0.04)‡ 0.059
40 46.5 (9.4)§ 48.8 (10.1)‡ −1.0 (−1.9 to −0.01)¶ 0.047
45 47.2 (9.4)‡ 48.4 (9.9)‡ 0.3 (−1.3 to 0.7)§ 0.49

n = 24 unless otherwise stated. See Appendix S1 (Supplementary Information) for more participant details.
†n = 23.
‡n = 22.
§n = 21.
¶n = 20.
CI, confidence interval; NHF, nasal high-flow cannulae; PtCO2, transcutaneous carbon dioxide tension; SD, standard deviation; SNP,

standard nasal prong.

© 2017 Asian Pacific Society of Respirology Respirology (2017) 22, 1149–1155
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DISCUSSION

This study shows that the use of NHF with titrated oxy-
gen to maintain stable SpO2 levels in patients admitted

to hospital with an acute exacerbation of COPD leads
to a small reduction in PtCO2 when compared with
SNP. The mean reduction in PtCO2 with the NHF was
small with a CI and thus the average difference

Table 3 Respiratory rate (breaths/min) and heart rate (beats/min) with NHF and SNP interventions

Time (min)
NHF SNP NHF minus SNP adjusted

for time zero (95% CI) PMean (SD)

Respiratory rate
Intervention 0 22.3 (4.6) 21.3 (5.3) N/A N/A

5 20.8 (6.3) 21.6 (4.3) −1.3 (−3.7 to 1.1) 0.27
10 19.3 (6.1) 22.1 (4.8) −3.3 (−5.5 to −1.1) 0.005
15 20.1 (6.6) 21.3 (4.9) −1.9 (−4.3 to 0.6) 0.13
20 20.0 (6.6) 21.5 (4.8)† −2.4 (−4.7 to −0.1)† 0.045
25 20.3 (6.1) 22.0 (4.2)† −2.5 (−4.8 to −0.1)† 0.04
30 20.1 (6.0) 21.4 (4.7)† −2.0 (−4.5 to 0.4)† 0.099

Washout 35 20.8 (4.9) 21.9 (4.3) −1.7 (−3.7 to 0.3) 0.091
40 20.3 (3.2)† 21.4 (4.5)† −1.4 (−3.2 to 0.4)‡ 0.12
45 21.1 (4.7)† 21.9 (4.7)† −1.2 (−3.2 to 0.9)‡ 0.27

Heart rate
Intervention 0 90.3 (15.5) 88.9 (16.8) N/A N/A

5 90.5 (16.1) 90.9 (15.8) −1.6 (−5.4 to 2.1) 0.37
10 90.0 (16.2) 91.6 (15.4) −2.9 (−6.3 to 0.7) 0.11
15 88.9 (15.5) 92.0 (14.8) −4.3 (−7.9 to −0.7) 0.019
20 90.2 (15.2) 91.4 (15.1)§ −3.1 (−6.3 to 0.2)§ 0.065
25 89.9 (14.9) 90.0 (15.7)§ −1.7 (−5.4 to 1.6)§ 0.28
30 89.7 (15.2) 91.0 (15.3)§ −3.1 (−6.7 to 0.6)§ 0.10

Washout 35 91.7 (15.9)§ 91.0 (15.1)§ −0.4 (−3.3 to 2.5)§ 0.78
40 92.2 (15.5)¶ 90.6 (15.2)¶ 0.6 (−3.4 to 4.6)†† 0.77
45 90.9 (16.1)¶ 90.7 (15.0)§ −0.8 (−4.4 to 2.7)†† 0.62

For respiratory rate, n = 23 unless otherwise stated. For heart rate, n = 24 unless otherwise stated. See Appendix S1
(Supplementary Information) for more participant details.

†n = 22.
‡n = 21.
§n = 23.
¶n = 22.
††n = 21.
CI, confidence interval; NHF, nasal high-flow cannulae; SD, standard deviation; SNP, standard nasal prong.

Table 4 SpO2 (%) with NHF and SNP interventions

Time point (min)
NHF SNP Difference in change from time zero

NHF − SNP (95% CI) PMean (SD)

Intervention 0 93.5 (2.7) 93.5 (2.8) N/A N/A
5 93.8 (2.8) 93.5 (3.0) 0.3 (−0.3 to 0.9) 0.35

10 93.7 (2.8) 93.6 (3.1) 0.2 (−0.7 to 1.0) 0.69
15 93.9 (2.8) 93.8 (2.5) 0.2 (−0.7 to 1.0) 0.70
20 93.5 (2.9) 94.1 (2.6)† −0.4 (−1.0 to 0.2)† 0.18
25 93.4 (3.1) 93.9 (2.7)† −0.3 (−1.3 to 0.6)† 0.47
30 93.7 (2.9) 93.9 (2.9)† −0.02 (−0.8 to 0.7)† 0.96

Washout 35 92.5 (4.6)† 94.0 (2.9)† −1.6 (−3.4 to 0.2)† 0.058
40 92.9 (3.9)‡ 93.7 (2.6)‡ −1.2 (−2.5 to 0.3)§ 0.095
45 93.6 (3.1)‡ 93.8 (2.5)† −0.6 (−1.6 to 0.5)§ 0.26

n = 24 unless otherwise stated. See Appendix S1 (Supplementary Information) for more participant details.
†n = 23.
‡n = 22.
§n = 21.
CI, confidence interval; NHF, nasal high-flow cannulae; SD, standard deviation; SNP, standard nasal prong; SpO2, oxygen

saturation.

Respirology (2017) 22, 1149–1155 © 2017 Asian Pacific Society of Respirology
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consent. The study was carried out in accordance with the 
principles of the Declaration of Helsinki.

Results
A significant treatment effect was seen in mean capillary 
blood pH and in mean paCO2 (Table 1, Figure 1). Greatest 
improvements in pH and paCO2 were found in 17 patients 
with baseline pH �7.35 (Table 1).

Conclusion and limitation
To our knowledge, this is the first observation evaluating 
NHF in a cohort with solely hypercapnic (partly acidotic) 

AECOPD patients. We found significant improvements of 
pH and paCO2. Our study demonstrates that using NHF in 
severe-to-moderate acidotic and non-acidotic hypercapnic 
AECOPD patients who did not tolerate NIV is useful.

The limitation of this investigation is best described by 
its retrospective nature with the lack of a control group. The 
number of patients was low but appears to be sufficient for a 
first answer as to whether NHF may be useful in hypercapnic 
AECOPD patients.

Disclosure
The authors report travel grants, non-financial support 
(equipment), and lecture fees from TNI medical AG and 
report no other conflicts of interest in this work.
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Table 1 Parameters during NHF treatment

Parameters All patients (pH �7.38; n�38)

Baseline (meanoSD) End (meanoSD) Change (meanoSD) P-value

pH 7.339o0.041 7.392o0.048 0.052o0.048 0.000

pCO2 mmHg 67.6o12.9 58.5o9.7 9.1o8.8 0.001

pO2 mmHg 58.3o15.2 58.3o17.6 – 0.983

SO2 % 85.3o9.5 86.2o11.3 – 0.798

HCO3 mmol/L 30.8o5.1 31.6o5.3 – 0.636

Base excess mmol/L 6.9o4.9 7.7o5.4 – 0.633

NHF flow L/min – 25.8o8.2 – –

Treatment time min – 195o231 – –

 Patients with pH �7.35 (n�17)

pH 7.298o0.046 7.379o0.051 0.082o0.060 0.000

pCO2 mmHg 73.7o13.7 59.6o11.2 14.2o10.6 0.002

pO2 mmHg 56.9o14.8 55.6o20.7 – 0.845

SO2 % 84.8o10.1 84.3o11.9 – 0.904

HCO3 mmol/L 31.6o5.5 32.5o5.6 – 0.661

Base excess mmol/L 7.4o5.3 8.5o5.7 – 0.591

NHF flow L/min – 26.3o7.9 – –

Treatment time min – 252o251 – –

Notes: Changes in blood gas analyses data, usage time and flow rates during NHF therapy in all patients and in the subgroup with pH �7.35. All data are organized as 
meanoSD. “–” indicates no significant differences to report.
Abbreviation: NHF, nasal high-flow.

Figure 1 Changes in pH and paCO2 in all patients; the bold line marks mean values; 
P�0.05.
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Di Mussi et al., Critical Care 2018

extubated in terms of age, reason for ICU admission
(COPD exacerbation vs other causes), days of mechan-
ical ventilation, COPD severity (based on FEV1, FEV1/
FVC ratio, GOLD stage, Simplified Acute Physiology
Score (SAPS) II on admission, and Sequential Organ
Failure Assessment (SOFA) score; Additional file 1).
Four patients (25%) died after a mean (±SD) ICU

length of stay of 25.2 ± 2.6 days. The cause of death for
two patients was septic shock and multiple organ failure,
while the other two died of right cardiac failure and car-
diogenic shock.

Breathing pattern and gas exchange
Table 2 shows the breathing pattern and gas exchange
recorded for each of the three experimental conditions. To
achieve the oxygenation target (SaO2 between 88 and 92%),
the applied FiO2 during HFNC1 and HFNC2 periods was
0.46 ± 0.1 and 0.46 ± 0.12, respectively (p= not significant),
whereas during the conventional (mask) O2 period it was
0.80 ± 0.19. However, a comparison between the FiO2 dur-
ing HFNC and conventional O2 is not meaningful given the
difference in the delivered gas flow rates. Indeed, the FiO2

delivered during conventional O2 therapy is almost certainly
overestimated since the patient’s inspiratory flow is higher
than the mask flow (10 L/min) and, therefore, the difference
between patient inspiratory flow and the mask flow is pro-
vided by room air. This also makes any comparison between
the PaO2/FiO2 in the different experimental conditions
inappropriate. Respiratory rate, TiNEUR, arterial PCO2, and
pH remained similar throughout the study (Table 2).

Neuroventilatory drive and work of breathing
Figure 3 shows EAdi traces obtained at the end of each
study period in three representative patients. In all pa-
tients, the neuroventilatory drive, expressed by the EAdi
waveforms, clearly increased between HFNC1 and conven-
tional O2 therapy and decreased again when the HFNC
was reinstituted (HFNC2). Table 3 shows that neuroventi-
latory drive (EAdiPEAK) and work of breathing (PTPDI/b
and PTPDI/min) increased significantly while on conven-
tional O2 therapy, and decreased again when HFNC was
reinstituted. Figure 4 shows the individual changes in these
parameters during the three study periods.
We were not able to find any significant differences

between patients that were reintubated and patients suc-
cessfully extubated in terms of EAdi parameters or work
of breathing during each experimental condition
(Additional file 2). For the same parameters, there
were no significant differences between patients admitted
for hypercapnic respiratory failure due to an exacerbation
of COPD and patients with a background of COPD but
whose hypercapnic respiratory failure was due to other
precipitating causes (Additional file 3).

Discussion
This study shows that postextubation HFNC signifi-
cantly decreases the neuroventilatory drive and work of
breathing in patients with COPD who had received
mechanical ventilation for hypercapnic respiratory fail-
ure due to various etiologies.
The EAdi reflects the rate of discharge of the phrenic

nerve and therefore it is a measure of the neuroventila-
tory drive [17–20, 31, 32]. Thus, our data clearly show
that HFNC decreases the neuroventilatory drive (EAdi-
PEAK and EAdiSLOPE) compared with conventional O2

therapy. Neuroventilatory drive and work of breathing
are key factors for the weaning process and an excessive
respiratory drive predicts weaning failure [26, 32]. In
fact, a high ventilatory drive may be associated either
with excessive mechanical load posed on the inspiratory
muscles, diaphragm weakness, or inappropriately high
activation of the respiratory centers due to pain, fever,
anxiety, and acidosis [32]. In a mixed population of crit-
ically ill patients, Liu and coworkers found that an EAdi-
PEAK lower than 15–20 μV during a spontaneous
breathing trial (T-tube) was associated with weaning
success [26]. Similar results were recently obtained in
two other studies by Dres et al. [33] and Barwing et al.
[34]. In our study, we found that the EAdiPEAK was
below this threshold in most of the patients during both
HFNC periods (Fig. 4), while it was on average 1.5-times
higher than this threshold during conventional O2.
Accordingly, considering that COPD patients are intrin-
sically at risk of weaning failure [35], our results are
potentially clinically relevant.

Table 2 Breathing pattern and gas exchange in different
experimental conditions

HFNC1 Conventional O2 HFNC2

RR (breaths/min) 20.5 ± 2.9 21.4 ± 4 20.0 ± 1.9

TiNEUR (s) 0.92 ± 0.21 0.95 ± 0.22 0.92 ± 0.17

pH 7.45 ± 0.07 7.44 ± 0.08 7.46 ± 0.08

PaCO2 (mmHg) 49.9 ± 11.9 51.8 ± 12.7 50.1 ± 12.6

HCO3
− (mEq/L) 30.9 ± 7.6 31.3 ± 7.8 31.4 ± 8.4

PaO2 (mmHg) 75.1 ± 6.9 72.9 ± 8.6 81.2 ± 8

Applied FiO2
a 0.46 ± 10 0.80 ± 0.19b,c 0.46 ± 0.12

Data are expressed as mean ± standard deviation
Conventional O2 conventional low flow oxygen therapy through a nonocclusive
face mask, FiO2 inspiratory oxygen fraction, HFNC high-flow nasal cannula oxygen
therapy, PaCO2 arterial partial carbon dioxide pressure, PaO2 arterial partial
oxygen pressure, RR respiratory rate, TiNEUR neural inspiratory time
a The FiO2 delivered during conventional O2 therapy is overestimated since
the patient’s inspiratory flow was higher than the mask flow (10 L/min) and,
therefore, the difference between patient inspiratory flow and mask flow was
taken by room air; this makes inappropriate any comparison between the
PaO2/FiO2 ratio in the different experimental conditions
b Different from HFNC1, ANOVA, with Bonferroni correction
c Different from HFNC2, ANOVA, with Bonferroni correction

Di mussi et al. Critical Care  (2018) 22:180 Page 6 of 11

Although the work of breathing is proportional to the
neuroventilatory drive, its absolute value depends on the
ability of the respiratory muscles to convert the electrical
stimuli into mechanical contraction (electromechanical
coupling) [18, 32]. We measured the work of breathing
in terms of PTPDI per breath and per minute, a

well-known index of respiratory muscle oxygen con-
sumption (Table 3 and Fig. 4). According to physio-
logical studies in mixed populations of critically ill
patients, an ‘acceptable’ PTPDI/min is between 50 and
150 cmH2O/s/min [36, 37]. The PTPDI/min was in this
range in 64.3% of our patients (i.e., 9/14) both during
HFNC1 and HFNC2 periods, whereas the PTPDI/min was
above this acceptable range in 78.6% of patients during
the conventional O2 period (i.e., 11/14) (Fig. 3).
According to the 2017 European Respiratory Society–

American Thoracic Society (ERS/ATS) guidelines [38],
COPD patients benefit from noninvasive ventilation to
prevent reintubation. Therefore, it would have been of
interest to compare the physiological effects of HFNC and
NIV in our patients. However, at the time of the study,
postextubation preventative NIV was not applied on a
routine basis in our institution. Interestingly, a recent
study by Hernandez et al. showed that HFNC is noninfer-
ior to NIV in preventing acute postextubation respiratory
failure in patients at “high risk” of postextubation respira-
tory failure, including patients older than 65 years or those
with heart failure, moderate to severe COPD, an Acute
Physiology and Chronic Health Evaluation (APACHE) II

Table 3 Neuroventilatory drive and work of breathing
parameters

HFNC1 Conventional O2 HFNC2

EAdiPEAK (μV) 15.4 ± 6.4 23.6 ± 10.5a,b 15.2 ± 6.4

EAdiPTP (μV/s) 13.7 ± 6.5 21.1 ± 11.8a,b 12.1 ± 5.2

EAdiSLOPE 18.6 ± 6.5 24 ± 14.7a,b 17.6 ± 10.2

PTPDI/b (cmH2O/s) 6.7 ± 2.7 9.9 ± 3.1a,b 6.7 ± 2.8

PTPDI/min (cmH2O/s/min) 135 ± 60 211 ± 70a,b 132 ± 56

Data are expressed as mean ± standard deviation
Conventional O2 conventional low flow oxygen therapy through a
nonocclusive face mask, EAdiPEAK diaphragm electrical activity peak, EAdiPTP
EAdi deflection inspiratory area, EAdiSLOPE EAdi slope from the beginning of
inspiration to EAdiPEAK, HFNC high-flow nasal cannula oxygen therapy, PTPDI/b
inspiratory trans-diaphragmatic pressure-time product per breath, PTPDI/min

inspiratory trans-diaphragmatic pressure-time product per minute
a Different from HFNC1, ANOVA, with Bonferroni correction
b Different from HFNC2, ANOVA, with Bonferroni correction

Fig. 3 Experimental record showing the diaphragm electrical activity (EAdi) in the three experimental conditions in three representative patients.
Conventional O2 period of conventional low flow oxygen therapy through a non-occlusive face mask, HFNC1 first period of high flow nasal
cannula oxygen therapy, HFNC2 second period of high flow nasal cannula oxygen therapy

Di mussi et al. Critical Care  (2018) 22:180 Page 7 of 11

score higher than 12 on extubation day, a body mass index
of more than 30, those with airway patency problems, and,
finally, patients with difficult or prolonged weaning [11].
Further studies are needed to assess the beneficial mech-

anisms of HFNC in COPD patients. We speculate that two
mechanisms are of particular relevance: a) the HFNC
“PEEP” effect [14], that may have counterbalanced the
flow-limited intrinsic positive end-expiratory pressure

(PEEPi), and b) the “CO2 wash-out” effect of the anatom-
ical dead space [5] that may have decreased the diaphrag-
matic workload. The better preservation of the mucociliary
function as compared with conventional O2 therapy may
have been an adjunctive mechanism [3], but we believe
that it was less important since the cross-over periods were
relatively short.
In hypoxemic patients, Mauri et al. [39] and Maggiore

et al. [10] found that HFNC significantly decreased RR
compared with conventional O2 therapy. Mauri esti-
mated the VT through electrical impedance tomography
(EIT) and found that it remained stable. In contrast, in
our COPD patients, the RR remained unchanged (Table 2),
while we have no data on VT since patients were breathing
spontaneously and we wanted to avoid any modification in
breathing pattern caused by the measurement apparatus.
However, the VT likely increased since animal studies
show that VT is proportional to the electrical activity of
the diaphragm during unassisted spontaneous breathing
[40]. Based on this hypothesis, in our patients, the response
to HFNC removal during the conventional O2 period
would have been similar to the physiological response to a
sudden increase in respiratory workload during to CO2

rebreathing, i.e., to maintain the RR as constant and to
increase the VT [41, 42]. The different impact of HFNC on
RR between our study and those of Mauri and Maggiore
could be explained by the different background of the re-
spiratory failure of the studied patients (hypoxemic versus
hypercapnic).
In our study, similar to previous studies [13], we used a

standard, nonocclusive oxygen facial mask with a fixed gas
flow of 10 L/min in all the patients during the conventional
O2 study step (see the Methods section). Hence, in our pa-
tients the peak inspiratory flow was very likely greater than
the mask gas flow and therefore the true fraction of inhaled
oxygen was lower than the one provided by the mask. The
“Venturi Mask” is a high-flow oxygen delivery system that
provides 35–45 L/min of a mixture of oxygen and air with
a delivered FiO2 of 0.24–0.6 by taking advantage of the Ber-
noulli principle [43]. By using a Venturi Mask instead of the
standard mask, it is possible that we would have better
matched the patient’s inspiratory flow during the conven-
tional O2 study period. One could also speculate that a
higher mask flow could have other effects in terms of CO2

washout from the mask or from the airways, but we are not
aware of studies comparing Venturi mask and HFNC.
We must acknowledge some study limitations. First, we

studied a population of patients with COPD that was ad-
mitted to the ICU with hypercapnic ventilatory failure due
to various etiologies (Table 1). Only 8/14 (57%) of COPD
patients were admitted because of a COPD exacerbation,
while the other 6 (43%) received mechanical ventilation
for postoperative ventilatory failure. In this regard, our
population could be deemed as heterogenous. However,

Fig. 4 Trend of the neuroventilatory drive, as expressed by the
diaphragm electrical activity peak EAdiPEAK, and of work of
breathing, as expressed by the inspiratory PDI pressure-time product
per breath (PTPDI/b) and per minute (PTPDI/min). *Significant
difference compared to the HFNC1 period (ANOVA with Bonferroni
correction); §Significant difference compared to the HFNC2 period
(ANOVA with Bonferroni correction). Conventional O2 period of
conventional low flow oxygen therapy through a non-occlusive face
mask, HFNC1 first period of high flow nasal cannula oxygen therapy,
HFNC2 second period of high flow nasal cannula oxygen therapy

Di mussi et al. Critical Care  (2018) 22:180 Page 8 of 11
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• Décompensation acide hypercapnique :


Niveau de preuve largement insuffisant


• Décompensation non acide hypercapnique :
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• Exacerbation : 


3.6 vs 2.9 (p:0.067)
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continuous variate (eg, zero for the control group; Figure 2D), 
a reduction in hospital admissions was seen (using previous 
year admissions as baseline covariate), which predicts an 
admission rate of 1.39/year for zero use and 0.79/year for 
1 year of use for the average patient with 1 admission in the 
previous year (p�0.001). 

Figure 3 shows, in a fitted model, how the study year 
exacerbation rates relate to the previous year’s exacerbations, 
p�0.001, by the treatment group.

mMRC score
Fitted change in mMRC score for HFNC-treated patients and 
controls over the 12-month period is shown in Figure 4A. 
At 3 months, HFNC-treated patients had improved mMRC 
scores (p�0.05), and from 3 months onward they had lower 
mMRC scores compared to controls (p�0.001).

QoL
Changes in SGRQ total score are shown in Figure 4B. HFNC-
treated patients were stable, while controls had a clinically 
significant deterioration of 4.38 over 12 months. As such, 
HFNC-treated patients had better SGRQ at both 6 ( p�0.002) 
and 12 months (p�0.033) compared to controls.

PaCO2
Fitted means for PaCO2 are plotted in Figure 4C. Over 
12 months, PaCO2 for HFNC-treated patients decreased 
while it increased for controls, resulting in a significant dif-
ference between groups at 12 months (p�0.005). At baseline, 
a 0.29 kPa reduction in PaCO2 was seen after 30 minutes of 
HFNC treatment. Similar reductions were seen at 6 (0.28 kPa) 
and 12 months (0.26 kPa).

6MWT
Fitted means for 6MWT are shown in Figure 4D with 
a significant difference at 12 months, p�0.005, exclud-
ing non-walkers. No differences were seen in Borg 
score or HR.

Lung function, oxygen levels and BMI
A tendency toward increased FEV1% in HFNC-treated 
patients at 6 and 12 months was seen relative to controls 
(p�0.084 and p�0.056, respectively).

A minority of HFNC-treated patients required LTOT oxy-
gen flow rates to be increased. At baseline, this was 15 patients 
(1.0o0.5 L/min), at 6 months 11 patients (1.2o1.0 L/min) and 

Table 1 Background information on the randomized study population, humidified HFNC-treated patients and controls at baseline

Variables at baseline HFNC-treated 
patients (n�100)

Controls 
(n�100)

p-value for 
group difference

Sex, % female 56 63 NS
Age, years 71.0 (8.2) 70.4 (9.0) NS
Treated with LTOT prior to inclusion, months 28.9 (32.6) 33.5 (30.6) NS
BMI, kg/m2 25.0 (6.4) 25.4 (6.0) NS
Smoking status, N, never/present/former 1/14/85 0/26/74 NS
Pack-years 41.7 (17.8) 40.5 (19.5) NS
mMRC score 3.3 (0.9) 2.9 (0.9) 0.008
Exacerbations in the preceding year 3.23 (3.1) 2.9 (2.8) NS
Current oxygen flow, L 1.6 (0.7) 1.6 (0.8) NS
pH 7.41 (0.04) 7.41 (0.02) NS
PaCO2, kPa 6.5 (1.3) 6.4 (1.0) NS
PaO2, kPa* 9.9 (1.8) 9.9 (1.7) NS
SaO2 95 (3.1) 95 (2.7) NS
FEV1% 29.8 (12.6) 31.8 (12.9) NS
FVC% 64.1 (18.2) 63.9 (19.0) NS
FEV1/FVC 37.5 (11.1) 40.2 (10.3) NS
6MWT (N), m (91) 254.6 (89.2) (96) 245.2 (85.0) NS
Borg score, end of test 6.3 (2.3) 6.2 (2.3) NS
HFNC flow, L 20 (1.1)
Oxygen supply with HFNC, L 1.75 (0.8)
pH after 30 minutes of HFNC 7.42 (0.03)
PaCO2 after 30 minutes of HFNC, kPa 6.2 (1.2)
PaO2 after 30 minutes of HFNC, kPa 8.9 (1.2)
SaO2 after 30 minutes of HFNC, kPa 94 (2.6)

Notes: Results are presented as mean (SD) unless otherwise stated. *ABG on usual supplementary oxygen supply.
Abbreviations: ABG, arterial blood gas; BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HFNC, high-flow nasal cannula; 
LTOT, long-term oxygen therapy; mMRC, modified Medical Research Council; 6MWT, 6-minute walk test; NS, nonsignificant; Pa, arterial partial pressure; Sa, arterial 
saturation.
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of 15 patients discontinued treatment prior to and not in 
connection to death. No association was found between all-
cause mortality and exacerbations.

Discussion
This is the first study reporting on 12 months of treatment 
of LTOT-treated COPD patients using HFNC in a home 
setting.

In this study, for COPD patients who were prescribed 
LTOT, consistent use of HFNC significantly reduced 
AECOPD and hospitalization. Furthermore, HFNC sig-
nificantly reduced mMRC score and preserved SGRQ and 
6MWD, while the control group measures deteriorated. 
A reduction in PaCO2 was seen in HFNC-treated patients 
with significant differences in PaCO2 levels at 12 months 
compared to controls. Finally, no significant difference was 
seen in all-cause mortality between the 2 groups.

The significant reduction in AECOPD in HFNC-treated 
patients compared to controls is in agreement with a previous 
study by Rea et al,19 where HFNC significantly increased time 
to first exacerbation. However, Rea et al’s study differs in 2 
important ways from this study. First, the study population; 
Rea et al’s study included a mixed population of patients 
with obstructive lung diseases with better lung function and 
few with hypoxic failure compared to those included in this 
study. AECOPD is known to be the strongest predictor for 
future exacerbations,29,30 and patients with chronic hypoxemic 
respiratory failure are known to be even more susceptible to 
AECOPD than normoxic patients,29,31 consistent with the con-
trol group in this study where the number of AECOPD events 
increases over time. However, HFNC significantly reduced the 
risk of AECOPD, with the risk reducing with increasing with 
HFNC treatment time. In our opinion, this strongly supports 
the preventive effect of HFNC treatment on exacerbations, 
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Figure 4 Fitted data on mMRC score (A), SGRQ (B), arterial partial pressure of CO2 (C) and 6MWT (D), in high-flow, humidified, nasal cannula delivered oxygen (HFNC) 
patients (red solid line) or controls (blue dashed lines) during the study.
Notes: Dots represent assessment times. p-values show differences between the HFNC and control groups.
Abbreviations: HFNC, high-flow nasal cannula; mMRC, modified Medical Research Council; 6MWT, 6-minute walk test; SE, standard error; SGRQ, St George’s Respiratory 
Questionnaire.
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at 12 months 9 patients (1.2o1.1 L/min). The decrease in the 
number of patients requiring increased oxygen flow on HFNC 
was mainly due to dropout.

There were no significant differences in baseline-adjusted 
changes in FVC%, FEV1/FVC, pH, PaO2 or SaO2 between 
the groups at 6 or 12 months. A significant increase in BMI 
in HFNC-treated patients compared to controls was seen at 
6 months (25.7 versus 25.3, respectively, p�0.04). However, 
this was no longer present at 12 months.

Mortality
There was no difference in all-cause mortality between 
treatment groups; 15% for HFNC-treated patients and 12% 
for controls (p�0.636; Figure 1). In the HFNC group, 4 out 
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Figure 1. Trial Schema  

Thirty-two patients were enrolled in the study, however, 2 study participants were excluded before Period 1, 
and 1 study participants died before the study completion. The final full analysis set was comprised of 29 

study participants.  
HFNC, high-flow nasal cannula oxygen therapy; LTOT, long-term oxygen therapy.  

 
254x190mm (300 x 300 DPI)    

Page 31 of 73  ANNALSATS Articles in Press. Published on 28-December-2017 as 10.1513/AnnalsATS.201706-425OC 

 Copyright © 2017 by the American Thoracic Society 

Nagata K & al, Annals ATS, 2018



 
 

Table 4. Adverse events 

 

LTOT 
No.of events 

(No. of patient) 
 

HFNC/ LTOT 
No.of events 

(No. of patient) 

 
not related 

 
related not related 

Severe 2 (2) 
 

0  2 (2) 
Suicide 1* 

 
0 0 

Ileus 0 
 

0 1*(1) 
Right heart failure 1* 

 
0 0 

Diverticulitis 0 
 

0 1*(1) 
Moderate 3 (3) 

 
0 2 (1) 

Fracture of upper limb 1 
 

0 0 
Pseudogout 0 

 
0 1 

Hypoxemia 0 
 

0 1 
Pneumonia 1 

 
0 0 

Bronchitis 1 
 

0 0 
Mild 1 (1) 

 
6 (4) 0 (0) 

Night sweat 0 
 

4(4) 0 
Nasal discharge 0 

 
1(1) 0 

Insomnia 0 
 

1(1) 0 
Skin reaction 

    
Skin ulcer 1(1) 

 
0 0 

Skin rash 0   1(1) 0 
LTOT, long-term oxygen therapy; HFNC, high-flow nasal cannula oxygen therapy 
*serious adverse events 
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Table 3. Adjusted within-subject treatment effect of high-flow nasal cannula compared to 
long-term oxygen therapy alone  
 Adjusted Treatment 

Effect  
(95%CI) 

 
P-values 

SGRQ-C    
  Total score  -7.8 (-11.9, -3.7) <0.01 

Symptom score -10.8 (-15.3, -6.3) <0.01 
Activity score -4.7 (-8.7, -0.6) 0.03 
Impact score -8.7 (-15, -2.5) 0.01 

EQ-5D-5L score 0.05 (-0.01, 0.11) 0.08 
EQ-5D-5L VAS 7.9 (2.9, 12.9) <0.01 
mMRC scale -0.15 (-0.46, 0.15) 0.32 
Arterial blood gas   

pH 0.02 (0.01, 0.02) 0.01 
PaCO2, mmHg -4.1 (-6.5, -1.7) <0.01 
PaO2, mmHg -3.4 (-9.5, 2.7) 0.27 
SpO2, % 0.3 (-0.4, 1) 0.38 

Nocturnal PtcCO2, mmHg   
  95th percentile -4.8 (-8.1, -1.5) <0.01 
  Median -5.1 (-8.4, -1.8) <0.01 
Pulmonary function tests (% predicted)   
  Vital capacity  -1.4 (-3.6, 0.9) 0.23 
  FVC  0.17 (-3.15, 3.49) 0.92 
  FEV1 -0.31 (-1.73, 1.11) 0.67 
  FEV1/FVC 0.48 (-1.73, 2.7) 0.67 
 Diffusion capacity for carbon monoxide  0.07 (-4.65, 4.79) 0.98 

RV  3.44 (-5.57, 12.45) 0.46 
  Functional residual capacity  0.72 (-2.18, 3.62) 0.63 
  TLC  0.28 (-1.73, 2.29) 0.78 
6-minute Walk Test   
  Distance, meter 3.6 (-8.3, 15.5) 0.55 
  SpO2 decline, % -3.4 (-9.5, 2.7) 0.27 
  Borg scale -0.27 (-0.93, 0.39) 0.43 
Physical activity   
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Chronique - BPCO et réhabilitation respiratoire

ventilation, even in mild COPD [10]. By washing-out the resident
gas mixture in the upper airways, HFNC may reduce the increase of
ventilation due to dead space, delay the attainment of ventilatory
limitation and consequently, may prolong the effort. Another
possible explanation of the endurance time extension may be the
improvement in oxygenation. In fact at iso-time the SaO2 was
significantly higher during the HFNC-test than in the Control-test,
although FiO2 was kept equal during both tests. This may be due
to the high dependence of FiO2 on the patient's inspiratory flow-
rate when using the majority of oxygen delivery systems [11]
whereas, in most cases, HFNC can generate flow exceeding the
patient's peak inspiratory flow-rate, keeping constant the FiO2 [12].

In our study, it is possible that, in the 8 patients needing oxygen, the
FiO2 administered by the Venturi Mask decreased when the pa-
tient's peak inspiratory flow during the exercise exceeded the total
flow administered by the Venturi system [11]. On the contrary,
HFNC, administered almost at the highest available flow (mean
flow used: 58.7 L/min), is likely to exceed the patient's peak
inspiratory flow-rate in most cases and, consequently, kept con-
stant the administered FiO2. However, at iso-time mean SaO2 was
significantly higher during the HFNC-test (92 ± 3% vs 89 ± 3%,
respectively), also in the 4 patients who performed both tests
without additional oxygen. This result suggests that other mecha-
nismsmay be implicated in the improvement of the oxygenation, as
the continuous flushing of the nasopharyngeal spaces with “fresh
gases” which avoid the re-breathing of expired air from the
anatomical dead space [6].

All the above described mechanisms, probably lead to a slower
increase of minute ventilation during effort and, consequently, a
delayed attainment of the patient's MVV. This may explain the
significant reduction in Borg-D and Borg-F at iso-time during
HFNC-test. However, the improvement of symptoms may also be
due to a mild increase of mean expiratory airway pressure, pro-
portional to the delivered flow and dependent on the ability of the
patient to keep his/her mouth closed [12]. Differently from the
CPAP effect, where airflow resistances during expiration remain
relatively constant, HFNC increases resistance to expiratory air. This
leads to an increase in peak expiratory pressure (PEP) during the
expiratory phase depending on both the size of the nasal pillows
and the expiratory flow rate [13]. This end-expiratory positive

pressure may counter-balance the auto-peep generated by the
dynamic hyperinflation during the effort, but may also increase the
driving pressure [14].

Until now only one previous study has tested the effect on ex-
ercise endurance of heated and humidified high flow oxygen (HFO)
administered by a different system (Vapoterm©) in 10 COPD with
advanced airflow obstruction [15]. Chatila and colleagues' study
showed a decrease of respiratory rate, TI/TTOT ratio and rapid
shallow breathing index, resulting in better SaO2 and longer cycle
exercise compared with similar administered FiO2. However this
study differs significantly from ours. In fact, severe COPD patients
were enrolled regardless of documented exercise limitation. The

Fig. 1. Effect of the HFNC on exercise capacity during a constant-load test compared to
a control condition in which the test was performed at the same FiO2. In all patient
HFNC significantly increased the exercise performance. Tlim ¼ exercise duration. Solid
line ¼ mean value.

Fig. 2. Borg ratings of dyspnea (A) and leg discomfort (B) during the HFNC test (solid squares) and Control-test (open circles). Significant difference at isotime was found between the
two tests (*p ¼ 0.002). Values are represented as median and range.
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Vascular autonomic activity during sleep in COPD

Table 3 Treatment effects of NHF and supplemental O2 on sleep, oxygenation, and sleep disordered breathing

Variable Controls COPD

Condition Room air O2 NHF Room air O2 NHF

Sleep quality

TST (minutes) 396.3o39.8 371.0o68.3 362.1o65.0 376.6o87.7 347.9o94.9 361.0o50.6

Sleep efficiency (%) 84.6o4.3 81.8o15.0 79.1o13.1 79.6o17.9 74.4o19.4 78.4o11.6

S-latency (minutes) 15.8o16.9 12.5o11.0 18.8o22.9 14.9o20.7 20.4o28.9a 14.3o24.0

REM latency (minutes) 89.2o33.6 104.1o81.0 117.1o50.7 99.3o59.5 138.8o79.6 158.8o89.8

WASO (minutes) 55.4o15.4 71.2o62.8 77.6o50.2 79.4o67.4 97.5o77.8 87.0o52.6

N1 (%) 11.1o6.0 9.9o5.1 12.6o5.2 13.9o9.0 14.2o9.3 13.6o11.3

N2 (%) 50.2o14.7 56.7o15.9 56.7o12.2 52.0o9.0 51.7o14.4 57.6o14.4

N3 (%) 16.7o11.5 14.1o11.6 12.1o10.5 15.7o11.7 15.4o14.5 13.4o9.7

REM (%) 21.9o8.5 19.4o8.5 18.7o7.6 18.4o6.2 18.6o6.4 15.3o8.7

Arousal index 10.3o6.6 9.2o6.1 11.1o12.2 11.0o5.3 10.5o6.4 14.6o10.5

ARI NREM (n/h) 9.4o5.4 10.8o8.6 11.4o13.0 10.0o6.6 11.6o12.0 15.1o12.1

ARI REM (n/h) 9.3o7.8 7.8o4.3 7.5o7.1 12.2o10.4 10.4o7.8 11.1o11.4

Respiration during sleep

RDI (n/h) 10.9o9.6 3.7o2.2b 13.7o16.9 8.0o7.8 6.0o6.2b 7.5o8.0

RDI NREM (n/h) 9.5o8.2 3.1o2.3 14.0o20.8 5.9o7.1 5.2o6.3 6.3o7.1

RDI REM (n/h) 17.0o19.4 8.3o9.2b 15.4o18.0 18.6o20.9 12.7o18.1c 14.4o19.8

3% desaturation index 14.3o13.1 4.3o2.7b 18.2o22.6 10.1o8.8 6.7o6.9c 8.6o8.3

Average SaO2 (%) 95.2o1.8 97.8o1.0d 95.3o1.9 93.9o2.9 97.2o1.8d 93.7o3.7

tcCO2 awake 39.6o6.3 38.3o3.7 41.4o7.6 42.4o6.1 41.6o5.0 44.9o9.5

tcCO2 NREM 43.0o7.0 40.3o4.3 42.0o6.7 43.7o5.5 44.5o5.1 46.2o9.6

CO2max NREM 50.6o12.9 46.5o5.3 46.7o8.1 53.0o12.5 52.4o7.9 53.6o13.0

Note: aP�0.01, bP�0.05, cP�0.1, dP�0.001.
Abbreviations: ARI, arousal index; NHF, nasal high flow; NREM, non-REM; n.s., not significant; N1–N3, NREM sleep stages 1–3; RDI, respiratory disturbance index; REM, 
rapid eye movement; SaO2, O2 saturation; S-latency, sleep latency in minutes; tcCO2, transcutaneous carbon dioxide in mmHg; TST, total sleep time; WASO, wakefulness 
after sleep onset.

Table 4 AA indices during REM sleep, NREM sleep, and the NREM sleep stages N1, N2, and N3

Variable Controls COPD

Condition Room air O2 NHF Room Air O2 NHF

AAI-REM 28.2o18.4 37.0o21.3 35.6o29.6 21.5o18.4 22.7o19.8 9.9o6.8a

AAI-NREM 17.5o10.4 16.2o14.1 17.4o14.6 11.4o11.1 13.4o12.7 12.4o12.9

AAI-N1 23.7o15.1 18.5o14.2 25.5o18.0 12.8o8.2 13.6o9.3 14.3o10.3

AAI-N2 18.8o11.5 16.1o15.0 17.4o14.8 11.9o12.5 13.4o12.2 12.0o13.4

AAI-N3 9.8o8.5 14.6o16.3 8.6o8.8 7.1o12.6 11.4o17.2 9.0o17.6

Notes: aP�0.01. The AAIs are given as meansoSD for the different sleep stages. P-values are listed for between-group (COPD and controls) and within-group differences 
(three treatment conditions). REM sleep of at least 15 minutes duration was observed in 15 of 17 COPD patients and all eight controls.
Abbreviations: AA, autonomic activation; AAI, autonomic activation index; NHF, nasal high flow; NREM, non-REM; N1–N3, NREM sleep stages 1–3; REM, rapid eye 
movement.

indication that physiology of finger pulse wave is different 
in this patients population. Indeed, previous studies studied 
vascular stiffness as an indirect measure of sympathetic 
activity in COPD patients. Pulse wave analysis showed a 
strong association with applanation tonometry as the gold 
standard,34 and increased vascular stiffness during REM sleep 

was documented in COPD patients but not in controls.35 
In summary, experimental data during sleep strongly link 
PWA attenuations with sympathetic activity, suggesting 
that the reduction of AAI events after NHF treatment seen in 
the current study can be interpreted as a marker of modified 
sympathetic nervous system output.
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Table 3 Treatment effects of NHF and supplemental O2 on sleep, oxygenation, and sleep disordered breathing

Variable Controls COPD

Condition Room air O2 NHF Room air O2 NHF

Sleep quality

TST (minutes) 396.3o39.8 371.0o68.3 362.1o65.0 376.6o87.7 347.9o94.9 361.0o50.6

Sleep efficiency (%) 84.6o4.3 81.8o15.0 79.1o13.1 79.6o17.9 74.4o19.4 78.4o11.6

S-latency (minutes) 15.8o16.9 12.5o11.0 18.8o22.9 14.9o20.7 20.4o28.9a 14.3o24.0

REM latency (minutes) 89.2o33.6 104.1o81.0 117.1o50.7 99.3o59.5 138.8o79.6 158.8o89.8

WASO (minutes) 55.4o15.4 71.2o62.8 77.6o50.2 79.4o67.4 97.5o77.8 87.0o52.6

N1 (%) 11.1o6.0 9.9o5.1 12.6o5.2 13.9o9.0 14.2o9.3 13.6o11.3

N2 (%) 50.2o14.7 56.7o15.9 56.7o12.2 52.0o9.0 51.7o14.4 57.6o14.4

N3 (%) 16.7o11.5 14.1o11.6 12.1o10.5 15.7o11.7 15.4o14.5 13.4o9.7
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3% desaturation index 14.3o13.1 4.3o2.7b 18.2o22.6 10.1o8.8 6.7o6.9c 8.6o8.3

Average SaO2 (%) 95.2o1.8 97.8o1.0d 95.3o1.9 93.9o2.9 97.2o1.8d 93.7o3.7

tcCO2 awake 39.6o6.3 38.3o3.7 41.4o7.6 42.4o6.1 41.6o5.0 44.9o9.5

tcCO2 NREM 43.0o7.0 40.3o4.3 42.0o6.7 43.7o5.5 44.5o5.1 46.2o9.6
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Variable Controls COPD
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Notes: aP�0.01. The AAIs are given as meansoSD for the different sleep stages. P-values are listed for between-group (COPD and controls) and within-group differences 
(three treatment conditions). REM sleep of at least 15 minutes duration was observed in 15 of 17 COPD patients and all eight controls.
Abbreviations: AA, autonomic activation; AAI, autonomic activation index; NHF, nasal high flow; NREM, non-REM; N1–N3, NREM sleep stages 1–3; REM, rapid eye 
movement.

indication that physiology of finger pulse wave is different 
in this patients population. Indeed, previous studies studied 
vascular stiffness as an indirect measure of sympathetic 
activity in COPD patients. Pulse wave analysis showed a 
strong association with applanation tonometry as the gold 
standard,34 and increased vascular stiffness during REM sleep 

was documented in COPD patients but not in controls.35 
In summary, experimental data during sleep strongly link 
PWA attenuations with sympathetic activity, suggesting 
that the reduction of AAI events after NHF treatment seen in 
the current study can be interpreted as a marker of modified 
sympathetic nervous system output.
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Chronique - HFO la nuit?

Fircke K & al, Int. Journal of COPD, 2018

International Journal of COPD 2018:13submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3640

Fricke et al

Effect of O2 and NHF on sympathetic 
activity
COPD is frequently associated with alterations in gas 
exchange and ventilatory control during sleep.1,2  The preva-
lence of isolated nocturnal hypoxemia has been reported in 
up to 70% of COPD patients, even in patients with normal 
daytime SaO2.

30,31 Although clinical trials did not demonstrate 
survival benefits of nocturnal O2  therapy, it is commonly 
prescribed to prevent the development of pulmonary hyper-
tension and reduce hypoxic cardiovascular stress particularly 
during REM sleep.7,32  However, the effects of O2  on cardio-
vascular stress during sleep have not been examined.

As mentioned above, we measured the sympathetic activ-
ity via finger plethysmography, which has been demonstrated 

to be a sensitive marker for activation of the alpha sympa-
thetic nervous system. Although supplemental O2  improved 
SaO2  during sleep, it was not associated with a reduction in 
alpha sympathetic activity during both NREM and REM 
sleep. Thus, restoration of arterial blood gases during NREM 
and REM sleep appears not to protect the arterial vascular 
system during sleep. In contrast, NHF was associated with 
a significant reduction in sympathetic activity during REM 
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Figure 1 Example of changes in PWA during REM sleep in one COPD patient on three different conditions: RA, O2 supplementation, and NHF treatment.
Notes: Autonomic activation events were defined as a reduction in PWA of 30% or more compared to a prior baseline period. Automatically scored autonomic activation 
events are highlighted in the pulse wave tracings.
Abbreviations: AAI, autonomic activation index; EEG, electroencephalogram; EMG, electromyogram; EOG, electrooculogram; NHF, nasal high flow; PWA, pulse wave 
amplitude; RA, room air; REM, rapid eye movement.
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Figure 2 Modification of vascular AAI with nasal high flow and supplemental O2 
compared to the room air condition during REM sleep.
Note: AAI values (mean o SD) are shown for COPD patients during REM sleep.
Abbreviations: AAI, autonomic activation index; RA, room air; REM, rapid eye 
movement.
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Figure 3 Correlation between the reduction of vascular AAI during REM sleep 
by NHF compared with the room air condition (y-axis) and impaired lung function 
assessed as FEV1 (x-axis).
Note: Note that a reduction of REM-AAI during NHF treatment translates to a 
positive value on the y-axis and vice versa.
Abbreviations: AAI, autonomic activation index; NHF, nasal high flow; REM, rapid 
eye movement.
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HFO - En dehors de l’aigu chez les patients BPCO

• En remplacement de l’OLD usuelle :


Niveau de preuve insuffisant


Phénotype des patients pouvant en bénéficier


Problématique de la mobilité


• Dans d’autres situations :


Réhabilitation?


Traitement symptomatique?


• Faisable?



Faisabilité à domicile?

Données personnelles / Thèse Dr. Dolidon

• Utilisation d’oxygénothérapie à haut débit à domicile


• Objectifs


Epidémiologie


Bénéfices de l’HFO


Modalités d’installation


Coûts



Faisabilité à domicile? - Méthodes

Données personnelles / Thèse Dr. Dolidon

• Etude rétrospective monocentrique


• Incluant tous les patients appareillés par HFO au long cours


• Entre 2011 et 2018


• Population divisée en deux groupes:


HFO nasal


HFO trachéal
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Faisabilité à domicile? - Tendances

Données personnelles / Thèse Dr. Dolidon



Faisabilité à domicile? - Diagramme de flux

Données personnelles / Thèse Dr. Dolidon

50 (41%) Patients exclus : 

-27 Patients traités dans un autre hôpital 

-23 Patients morts en soins intensifs

43 (61%)

HFO nasal

121 prescriptions HFO 

En post aigu faites à l’ADIR

71 (59%) Patients inclus

28 (39%) HFO via la 
trachéotomie



Faisabilité à domicile? - Population

Données personnelles / Thèse Dr. Dolidon

28 (39%) Patients avec 

OHD via la trachéotomie

Néoplasie
9

Obstructif
8

Hypertension pulmonaire
11

Pneumopathie interstitielle
15

43 (61%) Patients avec 

OHD nasal

Mixte 
1

Néoplasie ORL
4

Restrictif
9 Obstructif

8

Neuromusculaire
11



Faisabilité à domicile? - Réglages HFO

Données personnelles / Thèse Dr. Dolidon
Nasale Trachéotomie
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P < 0,001
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Delta PaCO2 chez les patients hypercapniques

PaCO2: - 0,51kPa [-1,44 to 0,1]  
(p = 0,034) 

Faisabilité à domicile? - Gaz du sang

Données personnelles / Thèse Dr. Dolidon



• -1/an [-2 à 0] 

• p=0.015

Faisabilité à domicile? - Exacerbations
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Données personnelles / Thèse Dr. Dolidon



Faisabilité à domicile? - Devenir des patients

Données personnelles / Thèse Dr. Dolidon

P < 0,001
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Faisabilité à domicile? - Organisation (n=51)

Données personnelles / Thèse Dr. Dolidon

Pas d'oxygène
7

Concentrateur
15

Liquide 
28

4 [3 à 4] Cuves



Faisabilité à domicile? - €

Données personnelles / Thèse Dr. Dolidon

Oxygène
41 % HFO

59 %

Oxygène
52 %

HFO
48 %

HFO-n HFO-t p

Coût total 1.712 euros [1.174 à 3.177] 4.005 euros [2.291 à 9.931] < 0,001

Coût mensuel 520 euros [408 à 628] 296 euros [261 à 475] < 0,001



Faisabilité à domicile?

Données personnelles / Thèse Dr. Dolidon

• Faisable


• Prise en charge essentiellement palliative


• Coût inférieur à une hospitalisation


• Qualité de vie à domicile


• Humidification pour les patients trachéotomisés



Conclusion - HFO & BPCO

• L’HFO : Une nouvelle source d’O2?


Non


• L’HFO : Une nouvelle manière de ventiler?


Non


• L’HFO a un futur?


Si bénéfice physiologique = bénéfice clinique


Bon choix des patients



Conclusion - Conseils GAVO2
• La seule indication prouvée de l’oxygénothérapie à haut débit est l’insuffisance 

respiratoire hypoxémique aiguë en hospitalisation en réanimation ou en soins 

intensifs  

• L’oxygénothérapie à haut débit, quelle qu’en soit la source, correspond à une 

nouvelle modalité d’administration d’oxygène. Elle ne peut être considérée comme 

modalité de ventilation et doit être à ce jour utilisée uniquement avec de l’O2  

• Au domicile, l’oxygénothérapie à haut débit peut être proposée en situation 

palliative chez les patients ayant une hypoxémie très sévère et atteint de fibrose 

ou d’autres pathologies respiratoires hypoxémiantes terminales, afin de favoriser 

un retour à domicile et diminuer la dyspnée. Devant des résultats physiologiques 

prometteurs, d’autres indications dans la BPCO, sont en cours d’évaluation. 


