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OBJECTIVE: To evaluate optimal humidifier water temperature when using a helmet for nonin-
vasive ventilation. METHODS: Twenty-eight healthy individuals underwent 8 cm H,O CPAP
ventilation with F, of 0.21 and 0.5. Each was sequentially tested in the following order: using the
helmet without humidification at ambient temperature; with humidification with unheated cham-
ber water; and with humidification with the chamber water at 31°C, 34°C, and 37°C. At each
setting, after a 20 min stabilization period, measurements were taken. Comfort level at each setting
was evaluated using a visual analog scale rated zero (least comfortable) to 10 (most comfortable).
RESULTS: Temperature and relative and absolute humidity inside the helmet increased; however,
the comfort scores significantly decreased as the humidification chamber water temperature in-
creased. Regardless of the Fy, , statistically significantly highest comfort scores were obtained when
humidification water, with and without active humidification, was at ambient temperature. Unac-
ceptable absolute humidity was obtained only without humidification at room temperature when
Fip, was 0.5. CONCLUSIONS: With the clinical use of a helmet, for patient comfort and mucosal
humidification during CPAP, the most desirable conditions are likely to be obtained by humidifying
without heating, that is by leaving the water in the humidifier chamber at room temperature. Key
words: humidity; helmet; noninvasive ventilation; NIV; comfort; temperature and heating. [Respir Care
2013;58(5):798—-804. © 2013 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) for the treatment of acute
and chronic respiratory failure has become increasingly
important during the last decade.! Although NIV has been
widely delivered by means of nasal or oronasal masks, air
leakage, patient discomfort, skin lesions, and other prob-
lems may lead to the failure of NIV.!2 One study?® has
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reported that the choice of delivery method improves the
performance of NIV more than the mode of ventilation.
Recently, ventilation helmets have been developed to
improve NIV tolerance and problems with other methods
of delivery.! It has been reported that the use of helmets
with acute respiratory failure patients is better tolerated,
improves P, , and entails fewer complications than when
conventional oronasal masks are used,* and may some-
times be preferred despite increased noise exposure, car-
bon dioxide rebreathing, patient-ventilator asynchrony, and
increased work of breathing.! We found that some infants
sweated, however, and were unable to tolerate helmet mois-
ture for even 1 hour, forcing us to abandon our helmet-
mode NIV trials. We found 2 reports investigating humid-
ification during NIV: Chiumello and colleagues> only tested
flow rate at a fixed temperature setting (37°C), and Lel-
louche and colleagues® tested with different temperature
settings, but using a nasal mask rather than a helmet. Al-
though temperature and humidification inside a helmet are
affected by various factors, such as type of ventilator,
circuit length, and room temperature, during NIV deliv-
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ered by helmet to healthy subjects we investigated what
conditions of the inspired gas, including temperature and
absolute and relative humidity, could be considerate ade-
quate, as well as other factors such as Fjo that might
influence the absolute humidity of inspired gases. We con-
jectured that comfort would be greatest with humidifica-
tion when inspiratory gas temperature was close to ambi-
ent.

Methods

For this study, approved by the institutional review board
of Osaka University Hospital, we recruited 28 healthy adult
subjects (19 male, 9 female). In accordance with Japanese
regulations, written informed consent was obtained from
each subject.

We used transparent, latex-free helmets (CaStar,
StarMed, Modena, Italy) that basically comprise a trans-
parent rigid polyvinyl chloride tube sealed at the top and
connected at the bottom by a metal ring to a soft polyvinyl
chloride collar. Exhalation was via an expiratory port in a
flat cap (diameter 4 mm, SPV12F, StarMed, Modena, It-
aly). The absence of excessive air leakage was confirmed
by viewing the graphical monitor on the ventilator. The
subjects were tested in the sitting position. CPAP mode
was administered via standard plastic disposable circuits,
using a BiPAP Vision ventilator (Respironics, Murrys-
ville, Pennsylvania) and a heated humidifier (MR 730,
Fisher & Paykel, Auckland, New Zealand). Water in the
humidifier reservoir was heated until the gas at the end of
the inspiratory line reached the preset temperature.® Fo
was set at 0.21 and 0.5, and CPAP at 8§ cm H,0.

In the protocol, each subject was first evaluated after
receiving, without water in the humidifier container, ven-
tilation at ambient temperature via the helmet for 20 min,
at which time the visual analog scale comfort score was
elicited and other readings taken. Following this, the hu-
midifier chamber was filled with unheated water and sim-
ilar evaluations were sequentially made after each 20 min
period of controlled conditions with the chamber water
unheated, and heated to 31°C, 34°C, and 37°C (Fig. 1).
Based on results of a preliminary study (data not shown),
we were confident that 20 min was adequate for stabili-
zation. The settings were not randomized, because mois-
ture might remain in the circuit and helmet if a higher
temperature setting preceded a lower temperature setting.
For control, 4 subjects underwent helmet ventilation at
ambient temperature without humidification for 100 min.
During the protocol, the subjects were not informed of the
humidifier settings. The following measurements were re-
corded at the end of each 20 min period: breathing fre-
quency; end-tidal CO, (Pgrco,); and, both inside the hel-
met and at the inspiratory connector of the helmet, relative
humidity, absolute humidity, and temperature. Breathing
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QUICK LOOK

Current knowledge

During traditional noninvasive ventilation (NIV) with a
nasal or oronasal mask, humidification of the inspired
gas improves patient comfort and NIV tolerance, but
the optimum temperature and humidity are unknown.
The NIV helmet may reduce patient discomfort, but
heating and humidification during helmet NIV are con-
troversial.

What this paper contributes to our knowledge

In healthy volunteers, NIV helmet had better comfort
with unheated humidification. Increasing the tempera-
ture of the inspired gas was directly related to increas-
ing discomfort.

frequency and Pgrco, were measured using an Oxi-
MaxN-85 (Nellcor/Covidien, Boulder, Colorado). Temper-
ature and humidity readings (Fig. 2) were taken using a
MoiScope (Senko Medical Instruments, Tokyo, Japan) and
additionally, when F, was 0.5, using a HygroPalm (Ro-
tronic, Bassersdorf, Switzerland). The American National
Standards Institute suggested, although not directly for
NIV, that 10 mg H,O/L of absolute humidity is the lowest
acceptable level needed to minimize mucosal damage in
the upper airways.> Subjective comfort was evaluated us-
ing a visual analog scale rated from zero (least comfort-
able) to 10 (most comfortable).

Values are expressed as mean * standard deviation for
parametric, or median (interquartile range) for nonpara-
metric distribution. Data were analyzed with repeated mea-
sures analysis of variance with StatView 5 statistics soft-
ware (SAS Institute, Cary, North Carolina) and the Tukey-
Kramer method using JMP 8 (SAS Institute, Cary, North
Carolina). P values of < .05 were considered significant.

Results

During ventilation delivered by helmet, the measured
room temperature ranged between 23°C and 24.7°C. Dur-
ing CPAP, the mean breathing frequency was 14.3—
17 breaths/min (Table 1). The MoiScope readings of tem-
perature and relative humidity inside the helmet were used
because they were not statistically significantly different
from the HygroPalm readings when F;5 was 0.5: temper-
ature 31.4 * 2.3°C vs 31.1 = 2.4°C, relative humidity
68.8 = 46.8% vs 67.3 = 46.4%. In humidified conditions,
regardless of Fyq , when the temperature of the water in the
humidification chamber increased, along with tempera-
ture, relative and absolute humidity statistically signifi-
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Humidification No Yes

Yes Yes Yes

Temperature 23-24.7°C 23-24.7°C  31°C 34°C 37°Cc

Intervention
Group

Time (min) 0 20

40 60 80 100

Control
Group

No humidification and 23-24.7°C throughout

Fig. 1. Experimental protocol for intervention and control groups. The room temperature range was 23-24.7°C.

Ventilator Humidifier 5
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Fig. 2. Experimental setup.
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Fig. 3. Relative humidity inside the helmet. Shaded bars: F,, 0.21.
White bars: Fo, 0.5. The solid horizontal lines represent the me-
dians. The tops and bottoms of the bars represent the 25th and
75th percentiles. The whisker bars represent the 5th-95th percen-
tiles. The room temperature range was 23-24.7°C. At 31°C, 34°C,
and 37°C the circuit was humidified.

cantly increased inside and outside the helmet, and the
subjects reported greater discomfort (Figs. 3, 4, and 5, and
see Tables 1 and 2). The comfort scores were significantly
highest at ambient temperature, with and without humid-
ification, both at F;5 0.21 and at F 0.5 (Fig. 6 and see
Table 1). The minimum absolute humidity was 9.6 (3.4—
12.3) mg H,O/L, found in 7 subjects out of 12 (58%),
which was the only unacceptable level in this study; it was
recorded when applying Fi of 0.5 at ambient temperature
without humidification. We found no statistically signifi-
cant changes in Pgrco, during the different conditions of
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Fig. 4. Absolute humidity inside the helmet. Bars and humidifica-
tion as in Figure 3.

the protocol (Tables 1 and 3). For the control group we did
not find any statistically significant changes in data gath-
ered at the 20 min sampling points (see Table 3).

Discussion

This study revealed that discomfort increases as humid-
ifier chamber water temperature rises, which results in
higher temperature and increased relative and absolute hu-
midity inside the helmet. At either of the tested F set-
tings (0.21 and 0.5), whether humidification was applied
or not, subjects were most comfortable at ambient temper-
ature. To our knowledge, this is the first report to clarify
the importance of temperature setting during helmet NIV.

NIV has usually been administered via oronasal mask to
patients with acute respiratory failure. Delivery by orona-
sal mask, however, may cause discomfort and skin lesions.
Oronasal masks are also susceptible to leakage> 7 that may
lead to ineffective ventilation. Helmet delivery, regardless
of the anatomical structure of the face and neck, presents
less risk of skin lesion and air leakage.® Another benefit is
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Respiratory Variables, Comfort Score, Temperature, and Humidity

Table 1.
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Breathing Frequency

Relative Humidity
Inside Helmet %
median (IQR)

Absolute Humidity
Inside Helmet mg H,O/L
median (IQR)

Temperature
Inside Helmet °C
mean * SD

Comfort Score
median (IQR)

Perco,
mm Hg
mean = SD

breaths/min

mean = SD median (IQR)

breaths/min

Fig, 0.50

Fio, 0.21

Fig, 0.50

Fig, 0.21

, Fio, 021 Fio, 0.50

Fio, 0.50

Fio, 021 Fg, 050 Fig, 0.21

Fio, 0.50

Fio, 0.21

33.6 (13-41)*1%§

66.8 (60.9-72.8)*t%

8

9.6 (3.4-12.3)*

20.1 (18.4-22.4)*%

29.0 = 0.8%%

7.7 (1.5-9.4)*t% 30.5 = 1.0 *t

359 +46 34823 7.8 (6.9-8.5)*F

16.5 (16-18)

157 +538

without humidification

Room temperature

45.8 (43.9-51.5)*7|

67.9 (65-73)*1%

|

12.7 (12.-14.8)%4

20.7 (20-22)*+%

29.8 = 1.0%fi

37.1 £3.6 350%2.6 84 (7.6-89)*F% 7.7(6.6-9.3)*t% 30.3 = 0.9%F%

17 (16-17)

147 =57

Room temperature

with humidification
31°C with humidification
34°C with humidification
37°C with humidification

69.4 (61.2-75.9)*4]|
78.2 (74-90.1)7§]

81.6 (76.5-91.1)*1§|

21.5 (20.7-23.9)%+§|
28.3 (26.4-31.2)

27.5 (25.2-30.9)*+§||

315 + L1

315 + 0.9§F
324 + 0878
33.7 + 0.5%4§)|

5.0 3.7-12)18|

2.6 (2.4-5.5)8|

6.4 (4.5-7.6)t

37.4+39 340=*3.1

17 (16-18)
17 (16-19)

144 = 4.1

92.2 (89.8-95.9)%8l
100 (98.1-100)%§||

327 0.7 8] 32.8 (30.1-34.3) 78|

36.4 =37 339*25 4.6 (1.7-6.7)§

145 *35
14351

100 (98.8-100.1)*%§||

8l
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Sl
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Sl

34745 33.0*=24 2.6 (1-5.3)

17 (16.2-18)

# P < .05 vs 34° with humidification.
f P < .05 vs 37° with humidification.
F P < .05 vs 31° with humidification.

§ P < .05 vs room temperature with humidifi

[| P < .05 vs room temperature without humidification.
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Fig. 5. Temperature inside the helmet. Bars and humidification as
in Figure 3.

easier verbal and facial communication, which enhances
patient comfort and improves the feasibility of longer pe-
riods of NIV.> Against this must be weighed the problems
of increased noise, carbon dioxide rebreathing, and pa-
tient-ventilator asynchrony.!

A recent review of NIV® concluded that humidification
is usually unnecessary for short periods of CPAP ventila-
tion. By contrast, the International Consensus Conference
on NIV in Intensive Care” advised that inadequate humid-
ification may cause patient distress, especially if piped or
cylinder gas is used. Along with a number of other re-
ports,>10-12 we found that heated air increases both abso-
lute and relative humidity during NIV, because the humid-
ifier heating delivers enough energy to the water in the
humidification chamber.> While this seems to suggest that
heated humidification may be needed for conventional
CPAP using an oronasal or nasal mask, few studies have
reported optimal humidifier chamber water temperatures
during nasal CPAP.!" Although when inspired flow is me-
dium or low (F\ of 0.21),> humidification during delivery
by helmet may be less necessary than during other modes,
because inspired ambient air mixes with expired humidi-
fied gas. In this study, when F,, of 0.5 was applied, the
greater proportion of dry medical gas reduced the humid-
ity of the inspired gas so that, at ambient temperature
without humidification, we found a minimum absolute hu-
midity of 9.6 (3.4-12.3) mg H,O/L, an unacceptable level
that is likely to cause perceptible mucosal damage in the
upper airways.'* Our findings suggest that for higher Fyq ,
which is often clinically applied for lung-injured patients
during helmet NIV, humidification is necessary during
delivery by helmet.

Owing both directly to higher in-helmet temperatures
and, consequently, to increasing relative and absolute hu-
midity inside the helmet, our subjects complained of feel-
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Table 2.  Temperature and Humidity Outside Helmet

Temperature Absolute Humidity Relative Humidity
Outside Helmet Outside Helmet Outside Helmet
° mg H,O/L %o
Fio, 0.21 Fio, 0.50 Fio, 0.21 Fio, 0.50 Fio, 021 Fio, 0.50
Room temperature 27.1 (26.1-27.6)*1£§ 26.1 (25.5-26.3)§  15.8 (14.9-16.7)§ 5.9 (5.2-7)*F%§ 59.1 (55.9-62.4)*1£8  26.0 (21.5-28)*f%§
without
humidification

Room temperature 25.9 (25.7-26.6)T%§|  25.6 (25.3-26.5)1%§

with humidification
31°C with
humidification
34°C with
humidification
37°C with
humidification

35.9 (35.8-36.3)%%|  36.2 (36-36.3)*|

Values are median (IQR).

* P < .05 vs room temperature with humidification.

T P < .05 vs 31° with humidification.

I P < .05 vs 34° with humidification.

§ P < .05 vs 37° with humidification.

|| P < .05 vs room temperature without humidification.

17.0(16.4-17.7)1+§
30.3 (30.2-30.6)*%§||  30.4 (30.3-30.4)*%§|| 25.1 (22.5-28.8)*%§|| 22.1 (20.8-25.2)*%§|| 80.6 (74.5-92.4)*§||
33.0 (32.9-33.4)*F§|  33.3 (33.1-33.4)*1§|| 32.5 (28.9-35.3)*1§|| 28.7 (26.4-32.3)*F§|| 84.3 (80.8-90.3)%|

39.9 (37.8-41.8)*%| 41.8 (41.3-42.1)*1%| 97.0 (93.4-98.8)*]|

112 (10.1-12.7)748] - 69.9 (67.9-T1.1)1§|  47.1 (42.8-51.7)F4§ll
70.8 (67.9-80.0)*§|
78.7 (72.4-91.4)*§||

100 (98.3-100)*1 |
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Fig. 6. Comfort scores. Bars and humidification as in Figure 3.
* Significant difference compared with room temperature humid-
ified and not humidified at Fio, of 0.21. t Significant difference
compared with room temperature humidified and not humidified at
Fio, of 0.50.

ing feverish when the humidifier heater was set at 37°C.
They also disliked the way that condensation fogged the
helmet at temperatures of more than 34°C. Greater dis-
comfort was reported each time the humidifier water tem-
perature was increased. Subjects in this study scored hel-
met ventilation accompanied by humidification with
unheated humidification chamber water or without humid-
ification as the most comfortable, regardless of whether
the Fjo, was set 0.21 or 0.5. Sustainable long-term comfort
is especially important, because longer toleration of NIV
allows the potential advantages of NIV to become appar-
ent.! Our findings provide evidence that, during clinical
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delivery of inspiratory gas by helmet NIV, humidification
at ambient temperature is desirable for patient comfort, as
well as for preventing mucosal damage. While we did find
one report suggesting that it is necessary to apply heated
humidification when using a helmet for high-flow CPAP
ventilation,> only one temperature, 37°C, was tested. At
lower temperature settings, significantly less discomfort
was reported. In another study, during biphasic positive
airway pressure ventilation, helmeted patients similarly
complained of feeling hot, because the temperature inside
the helmet increased.'# In another study, heated humidifi-
cation was probably necessary for half the patients tested,
whose nasal discomfort led to the abandonment of un-
heated humidification during nasal CPAP.!> Another re-
port, while acknowledging the necessity of further study to
clarify the possible benefit of heated humidification with
nasal CPAP, found that the lesser humidification capacity
of non-heated passover humidifiers may be sufficient to
prevent airway dryness during clinical nasal CPAP venti-
lation.!! Although helmets and oronasal masks create dif-
ferent conditions around the head, comfort data from an-
other report on delivery via oronasal mask suggest that
levels above 15mg H,O/L are well tolerated with heated
humidification during CPAP.¢

Because it was not practical to randomize the variation
of humidifier water temperature, we set up a control group
to receive helmet ventilation for 100 min at ambient tem-
perature without a humidifier. Thus, we were able to ex-
clude the influence of time spent in the helmet. We found
no significant differences in control group comfort score
data during the protocol. At least for periods of up to
100 min, this indicates that duration has no major effect on
comfort.
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Table 3. Control Group Respiratory Variables, Comfort Score, and Temperature and Humidity Inside the Helmet*
Breathing P Temperature Absolute Relative
Ti Frequency ETCO, Comfort Score P Humidity Humidity
ime : mm Hg . C
breaths/min median (IQR) median (IQR) mean = SD mg H,O/L %
mean = SD s - mean = SD mean = SD
20 min 18.0 5.6 36 (35-43) 2.2 (2.0-2.5) 29.7 £0.2 169+ 1.2 56.7 = 2.8
40 min 16.8 5.0 35 (35-42) 2.2 (2.2-2.6) 29.7 £0.3 18.0 £ 1.7 60.6 = 5.9
60 min 17.5 £ 6.8 35 (33-42) 23 (2.1-24) 29.5 £0.5 173 £ 1.6 584 6.1
80 min 18.0 £4.2 35 (32-42) 2.4 (2.2-2.6) 294 £ 0.6 175 £ 1.0 59.6 £24
100 min 163 £43 36 (34-38) 2.5 (2.3-2.6) 294 +0.7 176 £ 1.2 594 1.2
* There were no statistically significant changes during the 100 min protocol.
The study has some obvious limitations. For example, Conclusions

the protocol lasted less than 2 hours, and it would be
imprudent to simply assume that these results can be ex-
tended to longer periods of helmet ventilation. Neither did
we evaluate any model of ventilator that intermittently
delivers medical oxygen and medical air. During ventilator
CPAP, intermittent low flow dilutes expired humidity less
than the continuous gas flow we tested in this study,” and
such humidification may be sufficient to humidify during
a similar protocol. Nor did we evaluate other modes of
ventilation, such as pressure support ventilation, where the
delay of inspiratory triggering in the helmet may cause
discomfort that might increase over time. The findings of
Chiumello et al® and the current study suggest that during
helmet NIV inspiratory gas conditions inside the helmet,
such as humidity, temperature, and flow are the main de-
terminants of temperature and humidity; consequently, dur-
ing pressure support ventilation, similar results may also
be obtained. Investigation would be required, however, to
see whether the increased tidal volume occurring during
pressure support ventilation causes greater retention of
moisture from expired air and concomitantly greater hu-
midity inside the helmet.

Since the temperature of the humidifier water can only
be set to 31°C or more, it was impractical to design the
study to evaluate comfort using water at temperatures be-
tween ambient temperature and 31°C. The optimum tem-
perature setting may be between room temperature and
31°C. Finally, our findings from healthy subjects may not
be directly applicable to situations with lung-injured pa-
tients. In our study the medium inspiratory gas flow, 30—
50 L/min, through the helmet did not cause ventilatory
problems; however, the lower gas flow resulted in elevated
P.co,'¢ Clinical studies of CPAP ventilation using hel-
mets have shown this mode of delivery is less effective in
reducing elevated P,co 0 while higher gas flow should be
considered for patients who exhibit high P, ,"-!¢ it should
be borne in mind that humidification problems are more
likely to occur with higher flow.!”
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In summary, discomfort increased as humidifier water
temperature rose. This discomfort was attributable to in-
creased relative and absolute humidity inside the helmet.
Our current findings lead us to conclude that, for patient
comfort and mucosal humidification, the most desirable
currently practical humidification when delivering CPAP
through a helmet is likely to be with unheated humidifier
chamber water. Further study is required to ascertain the
best humidification settings for other ventilators, for
other modes of ventilation, and for longer periods of ven-
tilation.
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