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Abstract Introduction: No clear
recommendation exists concerning
humidification during non-invasive
ventilation (NIV) and high flow
CPAP, and few hygrometric data are
available. Methods: 'We measured
hygrometry during NIV delivered to
healthy subjects with different
humidification strategies: heated
humidifier (HH), heat and moisture
exchanger, (HME) or no humidifica-
tion (NoH). For each strategy, a
turbine and an ICU ventilator were
used with different FiO, settings, with
and without leaks. During CPAP, two
different HH and NoH were tested.
Inspired gases hygrometry was mea-
sured, and comfort was assessed. On
a bench, we also assessed the impact
of ambient air temperature, ventilator
temperature and minute ventilation on
HH performances (with NIV set-
tings). Results: During NIV, with

NoH, gas humidity was very low
when an ICU ventilator was used

(5 mgH,0O/1), but equivalent to
ambient air hygrometry with a turbine
ventilator at minimal FiO,

(13 mgH,0O/1). HME and HH had
comparable performances (25—

30 mgH,0/1), but HME’s effective-
ness was reduced with leaks

(15 mgH,0/1). HH performances
were reduced by elevated ambient air
and ventilator output temperatures.
During CPAP, dry gases (5 mgH,0/1)
were less tolerated than humidified
gases. Gases humidified at 15 or

30 mgH,0/1 were equally tolerated.
Conclusion: This study provides
data on the level of humidity deliv-
ered with different humidification
strategies during NIV and CPAP. HH
and HME provide gas with the high-
est water content. Comfort data
suggest that levels above 15 mgH,0O/1
are well tolerated. In favorable con-
ditions, HH and HMEs are capable of
providing such values, even in the
presence of leaks.
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Introduction

To date, there is no clear recommendation concerning the
type or degree of humidification to be provided during
non-invasive ventilation (NIV) or continuous positive
airway pressure (CPAP) used for acute respiratory failure
[1-3]. The last international consensus conference on NIV
did not address this issue owing to a lack of data [1].
Hygrometric measurements are not available during NIV
[4], and available data during CPAP concern mainly
patients ventilated for obstructive sleep apnea [5, 6]. The
use of dry gases during nasal CPAP in healthy subjects
has been shown to induce a large increase in nasal
resistances [7]. Also, it has been suggested that poor
humidification may be associated with an increased risk
of difficult endotracheal intubation in case of NIV failure
[8].

The studies carried out in intubated patients with
various systems of humidification are not transposable to
NIV. Non-humidified inspired gases are very dry when an
ICU ventilator is used, but upper airways are not bypassed
during NIV, contrary to the intubated patient. Also,
patients are frequently mouth breathers during NIV, and it
was demonstrated that gas humidification is less effective
in this situation in comparison with nasal breathing [9,
10]. In addition, ventilatory flows are higher during NIV
than spontaneous breathing [11, 12]. Oral dryness appears
as one of the most frequently reported complications
during NIV [13], and a case of upper airway obstruction
related to inadequate humidification of gases has been
described during prolonged NIV [14]. Also, many
patients concerned by NIV may have bronchial hyperre-
sponsiveness [15, 16]. In addition, the impact of leaks on
the performances of humidification systems during NIV is
not known. Last, a strong influence of ventilator and
ambient air temperature on the performance of heated
wire heated humidifiers (HH) has been described during
invasive ventilation [17], but has not been reported for
NIV settings.

The purpose of this study was to measure the absolute
humidity of inspired gases during NIV and CPAP deliv-
ered with different humidification strategies in three steps,
using psychrometric measurements [14]. We first
designed a bench study to assess the impact of external
temperature on heated humidifiers (HH). Then two series
of experiments were conducted in healthy subjects, con-
cerning NIV and CPAP.

Method (additional details are provided
in an electronic supplement material)

The study was conducted in three phases: an in vitro
bench evaluation of HH performances with NIV settings,
and two sets of in vivo measurements in healthy subjects

during NIV and CPAP. The protocol was approved by the
Ethics Committee of the Société de Réanimation de
Langue Frangaise.

Bench evaluation of HH performances
with NIV settings

A bench evaluation of heated humidifiers set in NIV mode
was conducted to assess the impact of temperature on HH
performances. Briefly, we previously reported that,
because of the regulation system of HH, the higher the
temperature at the inlet of the HH was, the lower the
water content of the gas delivered to the patient [17]. This
assessment was repeated here with specific NIV settings
on the HH as recommended by the manufacturers.
Inspired gas hygrometry was measured with the ventilator
and airway circuit connected to a test lung under the
following conditions:

e Two ambient air temperatures were tested: normal, 22—
24°C, and high, 28-30°C.

e Two ventilators delivering gas at two different temper-
atures were used: moderate (close to 30°C, Evita 4) and
high output temperature (close to 40°C, T-Bird) [17].
Wall medical gases contain around 3-5 mgH,O/1
(personal data).

e Two levels of minute ventilation: low (10 1/min) and
high (21 I/min).

e The following heated wire heated humidifiers were
tested: Aerodyne Ultratherm (Kendall), MR 730
(Fisher&Paykel) and MR 850 (Fisher&Paykel) with
compensation algorithm activated. The compensation
algorithm allows an automatic increase of the humid-
ification chamber temperature when the heater plate
does not deliver enough energy to humidify gases as
calculated by the system. The following settings were
used (humidity chamber temperature/Y-piece tempera-
ture): MR 730: 31/34°C, 34/34°C, MR 850 «NIV
position» with compensation, Aerodyne 31/33°C, 33/
33°C.

e Several other conditions were tested (no humidifica-
tion, use of a long dry line).

Three psychrometric measurements were obtained for
each condition at steady state after 3 h [18]. Room tem-
perature was maintained constant.

In total, 28 conditions were tested, in addition to the
measurements of ambient air (n = 45) and inspired gas
without humidification (n = 24).

Healthy subjects ventilated during NIV

Twelve healthy subjects were ventilated with NIV using a
bucco-nasal mask in the following conditions (Fig. 1):
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Fig. 1 Healthy subjects during
NIV. Methodology used to
evaluate inspiratory gases
hygrometry during NIV
according to (1) the method of
humidification [heated-
humidifier MR850, F&P set in
NIV position, heat and moisture

Humidification :
1) Heated Humidifier
2) Heat and moisture exchanger

3) No Humidification

Normal
y Absence of leaks /" Ventilation
Hyper-
Dt
\ 50% leaks ventilation

exchanger (Hygrobac, Tyco) or
absence of humidification]; (2)
the type of driving gas [dry (PB
840), ambient air (turbine and
FiO, 21%) or intermediary]; (3)
in presence or absence of leaks
and with or without
hyperventilation. The
hygrometry of inspiratory gases

PB 840
(Dry gases)

e

FiO, 50%

T-Bird
(Turbine)

was measured by the
psychrometric method

Psychrometer

Healthy

e Three types of humidifications: heated humidifier (HH)
set on “NIV” position (MR 850 used without compen-
sation system), heat and moisture exchanger
(Hygrobac®, Tyco Healthcare) (HME) or no humidi-
fication (NoH).

e Three types of ventilation using an intensive care unit
(ICU) ventilator or a turbine ventilator at two FiO5

— an ICU ventilator (PB 840, Tyco Healthcare) with
FiO, set at 21% using wall dry medical gases

— a turbine ventilator (T-Bird) with FiO, set at
21%, i.e., with gas taken from ambient air (12—
15 mgH,O/)

— a turbine ventilator (T-Bird) set at 50% of FiO,,
i.e., with a mixture of medical gases and ambient air
(8—10 mgH,O/N).

Each subject took part in the study over 3 different
days, 1 day for each ventilator. The order of the studied
ventilators and of the type of humidification were
randomized.

e Each experiment was conducted with no or minimal
leakage and in the presence of 50% of leaks.

e Last, experiments were repeated during normal minute
ventilation and a period of 5 min of hyperventilation
around 20 I/min.

For each period, hygrometric measurements of
inspired gases were performed after 15 min of ventilation
using the psychrometric method [18].

In total, 21 conditions were tested.

T Subjects T

Healthy subjects during CPAP

Six healthy subjects were given high flow CPAP (90—
150 1/min) (Vital Signs) with different humidification
strategies. Each period lasted 10 min with a “wash-out”
period of 5 min between the different ventilation periods.
Three humidification strategies were assessed: no
humidification (NoH), HH with HC 100, a HH without
heated wire, proposed for home ventilation set at maximal
intensity and HH with MR 850 set on “NIV” position
with activated compensation system. The subjects were
blinded for the humidification device used. At the end of
each period, hygrometric measurements of inspired gases
were performed, and comfort related to mucosal dryness
was assessed on a 0 (extreme mucosal dryness) to 10 (no
mucosal dryness) visual scale. Comfort was assessed
before humidity measurements.

Statistics

Results are expressed as mean = standard deviation.
Analysis of variance was first performed with Friedman
test, and two-by-two comparisons were obtained by
Wilcoxon signed ranks test. A value of P < 0.05 was
considered significant.

Results
Bench evaluation of HH performances with NIV
settings

When using a turbine ventilator set at 21% of FiO,
without humidification, hygrometry of inspired gases was
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equivalent to ambient air hygrometry, but was very low
when using an ICU or a turbine ventilator set at 100% of
FiO, (wall medical gases only). As previously described
for settings used during invasive mechanical ventilation
[17], performances of heated wire HH were strongly
influenced by ambient air temperature, output ventilator
temperature and minute ventilation, as shown in Table 1.
High ambient air and high ventilation output temperatures
strongly reduced HH performances. In the worst condi-
tions (high temperature and high output ventilator
temperature), HH did not increase water content in
comparison with the humidity delivered without a
humidification system with a turbine ventilator. Aerodyne
had slightly better performances than MR 730 in all
conditions (P < 0.001). MR 850 with compensation
activated had the best performances when compared with
Aerodyne and MR 730 with recommended settings (31°C
at the humidity chamber) (P < 0.001) (Table I and
Fig. E2).

Table 1 Bench study

Healthy subjects during NIV

Twelve different healthy subjects took part in each set of
measurements. All subjects completed the whole study.
Average temperature and hygrometry of ambient air were
identical for the various ventilators under test. Average
temperature in ambient air was 23.6 & 1.2°C, relative
humidity was 54.8 &+ 8.6%, and absolute humidity was
11.7 + 2.2 mgH,0/1.

With HH, the mean absolute humidity of delivered gas
was of 294 4+ 1.9 mgH,0O/1 without leaks and
27.7 £ 2.7 mgH,0/1 with leaks (P = 0.02). Mean tem-
perature of inspired gases was 30.6 & 0.8°C with no
influence of leaks. The ventilator used had little influence
on performances (Figs. 2, 3). Without leaks, the gas
delivered with HME had a mean level of absolute
humidity of 28.3 + 2.1 mgH,0O/l, which was equivalent
to HH, whatever the ventilator used (Figs. 2, 3). Mean
temperature of inspired gases was 29.5 £ 1.3°C without

Normal ambient

temperature (22-24°C)

High ambient
temperature (28-30°C)

Ambient air (n = 45) 11.7 £ 2.0 13.7 £ 2.2

No humidification (n = 24)

T-Bird 21% 114 £32 13.6 £ 2.5

T-Bird 100% 35+ 14 3.54+0.7

EVITA 4 37+ 18 324+ 0.1

Heated humidifiers Settings 10 I/min 20 1/min 10 1/min 20 1/min Absolute Humidity

theoretically delivered

T-BIRD 21%FiO,

Aerodyne 31/33 248 £ 1.2 202 £ 1.6 183+ 0.3 18.0 £ 1.6 32.1
34/34 302 £ 2.7 249 £ 1.6 235 +£0.2 212+ 04 37.7

MR 730 31/34 238 £ 1.6 20.2 £ 3.8 165 £ 1.2 13.8 £ 1.0 32.1
34/34 277 £ 1.5 260 £ 1.1 237 £ 2.0 194 £+ 3.8 37.7

T-BIRD 100%FiO,

Aerodyne 31/33 20.5 £ 0.7 155 £ 0.6 13.9 +£ 2.9 11.8 £ 0.3 32.1
34/34 275 +£29 203 £ 1.0 172 £ 0.6 144 +£ 0.2 37.7

MR 730 31/34 172 +£ 1.7 13.6 £0.2 11.8 £ 0.6 8.7+ 0.3 32.1
34/34 234 £ 0.3 23.0+£29 19.8 £ 6.5 13.7 £ 2.7 37.7

MR 850 “NIV” 28.1 £ 0.7 235+ 34 20.2 £ 0.3 16.0 = 0.8 32.1

EVITA 4 100%FiO,

Aerodyne 31/33 259 £ 2.0 224 £ 32 17.8 £ 1.0 134 £ 1.0 32.1
34/34 30.1 £ 2.7 283+ 04 22.6 + 2.8 177+ 1.4 37.7

MR 730 31/34 224 +44 19.8 £ 3.5 13.0 £ 0.9 9.5+ 0.7 32.1
34/34 28.7 £ 1.1 223+ 32 18.0 £ 1.5 145+ 04 37.7

MR 850 “NIV” 241 £ 1.9 243 £ 04 20.8 £ 14 19.1 + 0.7 32.1

Absolute humidity (in mgH,0O/1) of ambient air and of delivered
inspired gases without humidification and with different heated
humidifiers at different settings. MR850 was evaluated in «NIV»
position with automated compensation activated (software 560). In
the “settings” column, temperature at humidification chamber and
temperature at Y-piece are given: 31/34 is usually recommended
for NIV, corresponding to 31°C at the chamber and 34°C at the Y-
piece. Three hygrometric measurements were performed for each
condition. In addition, 45 measurement for ambient air and 24 for

inspired gas with no humidification were performed. Absolute
humidity theoretically delivered corresponds to the humidity of a
satured gas at the temperature of the set humidity chamber (31°C
with 100% of relative humidity = 32.1 mgH,O/1 and 34°C with
100% of relative humidity = 37.7 mgH,O/1). The ventilators used
have a low ventilator output temperature (close to 30°C, Evita 4;
Driger Medical) or high ventilator output temperature (close to
40°C, T-Bird) [17]
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leaks and 25.6 4+ 1.3°C in the presence of leaks with
HME (P < 0.001). In the presence of leaks, HME lost
39.7% of their effectiveness, with a drop of the mean
absolute humidity to 17.1 £ 2.8 mgH,0/1 (P < 0.01)
(Figs. 2, 3). The ventilator had also little impact on
HME’s performances in case of leaks.

When no humidification was used, the ventilator

varying from 5.5 + 1.1 (with ICU ventilator) to 13.0 &
1.6 mgH,0/1 (with a turbine ventilator at 21% of FiO,)
(P < 0.001). Mean temperature of inspired gases varied
from 25.2 £ 1.9 with ICU ventilators to 25.5 + 2.1°C
with a turbine ventilator. With the ICU ventilator, leaks
had only little influence on these performances
(5.5 £ 1.1 with no leaks vs. 4.6 £ 0.9 mgH,O/1 in case

significantly influenced the inspired gas humidity, of leaks) (Figs. 2, 3). With a turbine at 21% of FiO,, the
Fig. 2 Healthy subjects during 35 4
NIV. Absolute humidity (in
mgH,0/1) of inspiratory gases
during NIV according to the |
method of humidification, of the 30 L L 1
type of driving gas [dry H PBS840
(PB840), ambient air (T-Bird g
21% of FiO,) or intermediate 25 R o
(T-Bird 50% of FiO,)] in < B T-Bird 50%
presence or absence of leaks. %n O T- Bird 21 %
Measurements were performed g 20 -
with the psychrometric method. = 1
Mean and standard deviations =
are displayed. HH heated =
humidifier, HME heat and E 15
moisture exchanger, NoH no = €L L
humidification 2

2 10

S

2

<

5 -
0 \ \ \ \
HH HH HME HME NoH NoH
Leaks Leaks Leaks

Fig. 3 Healthy subjects during PB &40 T-Bird 50 % T-Bird 21 %

NIV. Loss of inspired gas 0

absolute humidity due to leaks
with the various methods of
gases humidification during 2]
NIV. A Absolute Humidity
(mgH,0/1) = Absolute ~
Humidity without leaks — S
Absolute Humidity with leaks = 4
)
£
2 0
<
=
=
= -89
8
=
%
2 -10 1
<
<
-12 A

-14

[A Heated humidifier
B Heat and moisture exchanger
I No humidification
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mean absolute humidity of inspiratory gases was
13.0 &£ 1.6 with no leaks and 12.0 £ 1.4 mgH,O/1 in
case of leaks.

Hyperventilation did not modify the water content of
inspired gases with the various strategies of humidifica-
tion (see ESM, Table E1 and Fig. E1).

Healthy subjects ventilated during CPAP
Six healthy subjects completed all the study periods. With

no humidification, inspired gases humidity was
5.1 £ 0.3 mgH,0/1 with FiO, set at 50%. With the HC

100 set at the maximal intensity position, inspired gases
humidity was 15.1 £ 1.6 mgH,O/1, and with the MR 850
set on the NIV position, inspired gases humidity was
27.7 £ 2.7 mgH,O/1 with FiO, set at 50%. Hygrometric
results are displayed in Fig. 4. The FiO, level had only
minor influence on humidity results or comfort assess-
ment (Fig. 4). The CPAP level (5 or 7.5 cmH,0) did not
influence humidity results or comfort assessment (data not
shown). Comfort assessed on a 0-10 visual scale was
significantly lower when no humidification was used
(3.8 & 2.3) and higher when a humidifier was used
(P < 0.005), similar with HC100, 6.5 + 2.1 and MR850,
6.1 £ 2.2 (P = 0.16) (Fig. 4).

Fig. 4 Healthy subjects during P <0.005
CPAP. Absolute humidity of
inspired gases and comfort 35 P < 0.005
during high flow CPAP in
different conditions: with no g‘
humidification (white bars), S 30
with the heated humidifier :"'
HC100 (grey bars) and with the o0 25
heated humidifier MR850 (NTV £ P <0.005
position) (black bars) at two 2 204
levels of FiO,: 21 and 50% for =
each condition. Mean and ‘g 15
standard deviations are E I
displayed >
g 10+
2
i
0
P <0.005
\
10.0 P <0.005
\ \
P=0.16
7.5
=
V—li
e
£ 5.0
S
£
)
]
2.5
0.0
FiO, 21% 50 % 21% 50% 21% 50%
—_— —_— —
No Humidification HC 100 MR 850
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Discussion

This study is the first to measure hygrometry of delivered
gases during NIV with different humidification systems
and to assess the influence of leaks, minute ventilation,
settings, and ventilator used. The humidification strategies
strongly influenced the water content of delivered gases,
which ranged from less than 5 mgH,O/1 to nearly
30 mgH,0/1 (Fig. 2). HMEs lost almost 40% of their
humidification efficiency in the presence of leaks (Figs. 2,
3). This study demonstrated good performances of heated
wire HH set with NIV parameters when used in favorable
conditions, but the bench evaluation demonstrated lower
performances in case of high ambient air and output
ventilator temperature (Table 1). During CPAP, humidity
was low (5 mgH,0/l) when no humidification was used
and reached 15-30 mgH,0O/1 with a non-heated wire-HH
used for home ventilation and a recent heated-wire HH,
respectively (Fig. 3). Interestingly, gases humidified at
either 15 or 30 mgH,O/1 seemed to be equally tolerated,
whereas gases delivered at 5 mgH,O/l induced severe
discomfort because of mouth dryness (Fig. 4).

Heated humidifier performances

In this study, in favorable conditions with low ambient air
temperature (during NIV with healthy subjects) the heated
wire HH (MR 850, Fisher & Paykel) remained efficient
whatever the type of ventilator used, the level of leaks and
the level of minute ventilation (Fig. 2). With the MR 850
HH, inspiratory gases water content went from 28 to
almost 30 mgH,0/1 (Fig. 2). By contrast, performances
were much lower in conditions of high ambient air and
high output ventilator temperature (bench study) with
several tested heated wire HHs (Table 1). The impact of
these factors on heated wire HH had been previously
demonstrated with settings adapted to invasively venti-
lated patients [17]. It was demonstrated that HH
performances were inversely correlated with the inlet
humidification chamber temperature. The situation with
inlet chamber temperature above the set chamber tem-
perature (leading to a reduction of heater plate heating) is
frequent during NIV for several reasons. First, chamber
temperature is set relatively low during NIV (usually
31°C instead of 37°C for intubated patients) (Fig. E2).
Second, turbine ventilators are frequently used for NIV
delivery, and it has been shown that these ventilators
deliver higher ventilator output temperatures [17]. In the
literature, hygrometric evaluation of HHs during NIV
exists only for devices without heated wires [6, 19]. In
one study, a HH without a heated wire, proposed for home
ventilation, was tested [19]. Holland et al. [19] assessed
the HC 100 humidifier in vitro and evaluated the impact
of ventilatory settings on humidification, and of humidi-
fication on delivered pressure in an in vitro study

reproducing NIV conditions with leaks. In these experi-
mental conditions HC 100 delivered gas with absolute
humidity from 21.3 to 23.6 mgH,0O/1. Wiest et al. [6]
measured gas humidity delivered by two HHs used during
CPAP for obstructive sleep apnea, including the HC 100.
They found that humidity of inspired gases went from
26.2 to 26.5 mgH,0O/l with this HH at different CPAP
levels. By contrast, in our study (healthy subjects venti-
lated during high flow CPAP), the HC 100 humidifier
provided humidity of only 15.1 & 1.6 mgH,O/1. In the
studies of Wiest and Holland [6, 19], turbine ventilators
were used, while in our study a high flow CPAP (90 to
150 I/min) was used, which probably explains the
hygrometric differences.

Heat and moisture exchanger performances

In this study, the HMEs were as effective as the HHs in
the absence of leaks. In the presence of leaks, however,
which is the usual situation during NIV, HMEs lost 39.7%
of their “water reserve” and a great part of their effec-
tiveness (Figs. 2, 3). This behavior has never been
demonstrated during NIV, but had previously been
described by Tilling and Hayes with an in vitro model of
uncuffed tracheal tube, as used in pediatric patients [20].
In Tilling and Hayes’ study, the decrease in the humidity
output was related to the tidal volume used and to the
level of leaks. The experimental setting used in the
present study to promote leaks (tube placed between the
mask and subjects skin) may have enhanced expiratory
leaks. We used a level of leaks of 50% in our study. The
mean level of leaks in real life in not known. In physio-
logical studies conducted in patients on NIV for acute
respiratory failure, the leaks varied from 27 to 60%, but in
most situations stand around 30% [11, 21]. In a less
controlled, real-life setting, the mean level of leaks may
be higher, around the level chosen in this study. Also, it
must be kept in mind that the HME used in this study
performs very well [22].

Hygrometry when no humidification is used

With no humidification and the use of a turbine ventilator
at 21% of FiO,, the gas delivered had a water content of
13.0 & 1.6 mgH,0/1 and was little influenced by leaks
(Figs. 2, 3). In this situation, the humidity level depends
probably upon ambient air humidity. In our study, the
ambient air relative humidity was 54.8 &+ 8.6%, and the
absolute humidity was 11.7 + 2.2 mgH,O/l, while air
conditioning was not used. In the study by Holland et al.
[19], the absolute humidity delivered via a turbine
ventilator (BiPAP®, Respironics) in the absence of
humidification was only 4.8-5.3 mgH,O/l. This differ-
ence from our results is probably related to
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air-conditioning used in their study. In a study by Wiest
et al. [5] conducted in patients during CPAP, the mean
absolute humidity of inspiratory gases with no humidifi-
cation system was 9.9 mgH,0/l. The humidity range of
the room varied from 5.3 to 16.4 mgH,O/1, but it was not
specified if air conditioning was used.

In previous studies, only turbine ventilators were tes-
ted [5, 19]. However, ICU ventilators are frequently used
to deliver NIV. In a recent survey on NIV use conducted
in French ICUs, an ICU ventilator was used in 79% of the
cases, a turbine ventilator in 12% of the cases and a home
device in 5% of the cases [23]. In the present study, with
no humidification and an ICU ventilator, the delivered
gases were as low as 5 mgH,O/l1 (Fig.2), which is
potentially deleterious, leading to upper airway mucosal
dryness, discomfort and a potential risk of increasing
bronchial hyperresponsiveness [24]. The absence of
humidification during NIV may increase the frequency of
difficult intubations in case of NIV failure as recently
suggested [8].

Contribution of this study

These data may be helpful to draw guidelines for
humidification during NIV and CPAP in a field where
very few data are available. Some insight to design rec-
ommendations stem from data on chronically ventilated
patients. Among patients treated with CPAP at home,
signs of upper airway dryness are reported in up to two-
thirds of the patients [25-28]. In a study comparing CPAP
used with a HH or without humidification, these symp-
toms were less frequent when a humidification device was
used [29]. It was also shown that tolerance and compli-
ance to treatment were better when gases delivered during
the CPAP were humidified [25, 27, 29, 30]. In a study by
Massie [30], also conducted in patients on CPAP therapy,
HHs (HC 100®, Fisher & Paykel) or cold passover
humidifiers (Oasis®, Respironics) were assessed in a
cross-over design, and comparisons were also made with
the pre-study period, while no humidification was used.
With HHs as well as with non-heated humidification,
nasal and oral dryness symptoms were reduced, and
compliance to CPAP was increased in comparison with
the pre-study period. However, most patients preferred
heated humidification [30]. The performances of these
two devices were evaluated in another study in healthy
subjects on CPAP [6]. The cold passover humidifier
Oasis® delivered inspired gases with a humidity of
16.7 mgH,O/1, and the HH HC 100®  delivered
26.2 mgH,O/1 [6].

Based on these studies, gases with water content
below 10 mgH,O/1 frequently lead to symptoms of oral
dryness and discomfort. As shown in our study, absence
of humidification with an ICU ventilator or a turbine

ventilator using FiO, higher than 50% both result in
less than 10 mgH,O/l of water content. Mucosal dry-
ness is reduced with systems providing gases with
humidity above 15 mgH,0/1 [29, 30]. In the absence of
recommendations on the optimal level of humidity
during NIV and given the specific conditions of this
ventilation (high flows, frequent oral breathing, risk of
bronchial hyper-responsiveness), it appears reasonable
to avoid delivering dry gases containing less than
10 mgH,O/1. This can be achieved with both HH and
the HME used in our study, even in case of leaks
(Fig. 2). Tolerance of inspired gases in the grey zone
between 10 and 15 mgH,O/l remains hazy. Also, the
optimal level to avoid bronchial hyperresponsiveness or
to reduce the risk of atelectasis is not known. Humidity
provided by a turbine ventilator without humidification
and low FiO, depends on room air humidification and
conditioning.

The hygrometric data presented here must be balanced
with other comparisons between HH and HME and the
respective advantages and drawbacks of each systems.
During NIV, patients may have higher work of breathing
and minute ventilation, and a reduced CO, elimination
with HME in comparison with HH [11, 31], but a recent
randomized controlled trial comparing HH and HME
showed no difference in patient’s outcome [32].

The study was not conducted in patients, and study
periods were short in comparison with some real-life
settings. NIV sessions last a minimum of 1 h and may be
prolonged over several days. Comfort related to gas
humidification should also be evaluated in patients during
NIV and CPAP with acute respiratory failure for longer
periods.

Conclusions

This study provides new data on the level of humidity
delivered to patients with different humidification
strategies during NIV and CPAP. We found that HH
and HME allow the delivery of gases with the highest
water content (25-30 mgH,O/1), but HME’s efficiency
was strongly reduced in the presence of leaks
(15 mgH,0/1). Heated wire HH performances were
strongly reduced with high ambient air and ventilator
output temperatures, as previously described with set-
tings for intubated patients [17]. Comfort data suggest
that the minimal humidity of inspired gases during NIV
should be at or above 15 mgH,O/l (with temperatures
ranging from 25 to 30°C). HH in favorable conditions
and HME even in case of leaks can provide this
humidity. These results may be useful to better choose
the humidification device during NIV and CPAP and to
develop recommendations.
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