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Abstract Objective: To assess noise
exposure during noninvasive ventila-
tion (NIV) with different types of
interface (helmet, nasal, and facial
masks). Subjects and methods: Ten
“naive” healthy volunteers underwent
NIV at pressure support levels of 10
and 15 cmH2O with: (a) helmet, (b)
helmet equipped with HME filters
at the junctions between the helmet
and the inspiratory and expiratory
branches of the respiratory circuit, (c)
nasal mask, and (d) facial mask.
Noise intensity was assessed with a
sound level meter by placing a mi-
crophone near the right ear. Noise
intensity and degree of discomfort
were also assessed subjectively with
a visual analogue scale. Results: In-
side the helmet noise exceeded
100 dB. Noise intensity was poorly
affected by pressure support level and
unaffected by the presence of HME
filters. During NIV with nasal or fa-

cial masks the noise did not exceed
70 dB (i.e., noise was not louder than
the usual noise background in ICU).
Subjective evaluation of noise inten-
sity mirrored objective measure-
ments; however, the presence of
HME filters was associated with the
feeling of less noise inside the hel-
met. The discomfort associated with
the helmet did not significantly differ
from that associated with the masks.
Conclusions: NIV helmet is associ-
ated with significantly greater noise
than nasal and facial masks, but is as
comfortable as masks, at least in the
short term. Medium- and long-term
exposure to loud noise may poten-
tially impair ear function and increase
the patient’s discomfort.
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Introduction

Early application of noninvasive ventilation (NIV) to
patients affected by acute respiratory failure proved to be
physiologically effective and to prevent the need for in-
tubation, especially in patients affected by chronic ob-
structive pulmonary disease exacerbations, cardiogenic
pulmonary edema, and immunosuppression [1, 2]. In ad-
dition, NIV may offer a lower risk of ventilator-associated
pneumonia [3, 4, 5, 6] and an easier weaning from me-
chanical ventilation in comparison with conventional
mechanical ventilation through an endotracheal tube [7].
In spite of these advantages the use of NIV is often pre-

cluded by the patient’s poor acceptance. Patients treated
with NIV cannot receive heavy sedation, and discomfort
is a major cause of NIV failure. The choice of the patient/
ventilator interface is often critical in this regard, and the
solution adopted should fit patient’s features, since facial
and nasal masks and more recently helmets differ sub-
stantially in terms of dead space, risk of claustrophobia,
risk of pressure sores, amount of leaks, and the ability to
communicate, assume oral intake, and expectorate [8].

Although it is now clear that loud sounds can con-
tribute to patient discomfort during the ICU stay [9, 10,
11], noise exposure during NIV may be underestimated
among the factors that influence patient well-being. While
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personally experiencing NIV with a helmet, we felt that
the noise exceeded the usual ICU background noise, po-
tentially increasing patient discomfort and causing sleep
disruption. The aim of this study was therefore to com-
pare the level of noise to which subjects are exposed
during NIV with a helmet, a nasal mask, and a facial
mask.

Methods

After obtaining local ethics committee approval and informed
consent from participants, ten “naive” healthy subjects (aged 23–
49 years, median 27; eight men, two women) were included in this
study. Criteria of exclusion were: (a) medical history or physical
examination positive for ear, nose, or trout diseases, and (b) ab-
sence of knowledge or previous experience of NIV. The study was
performed in the research laboratory of the postoperative intensive
care unit of a University hospital. In a quiet room subjects under-
went NIV with a Servo 300 Ventilator (Siemens-Elema, Sweden) in
pressure support (PS) modality; inspired fraction of oxygen was
0.21 and positive end-expiratory pressure was 5 cmH2O. Three
interfaces were applied in four random sequences; each was tested
for 15 min at a PS level of 10 cmH2O and for 15 min at a PS level
of 15 cmH2O. The interfaces were:

– A NIV helmet (Starmed, Mirandola, Italy) of the appropriate
size. A breathing circuit with inspiratory and expiratory lines
(Tyco, Mirandola, Italy) with an internal diameter of 2 cm and a
length of 100 cm was employed to connect the helmet to the
ventilator.

– As above, but a heat and moisture exchanger (HME) filter
(Hygrobac antimicrobial filter/HME, Mallinkrodt, Mirandola,
Italy) was applied at both junctions between the helmet and the
respiratory circuit. The filters were inserted to try to decrease
the noise caused by the gas that flowed through the circuit.

– A facial mask (Tyco, Mirandola, Italy). A breathing circuit
equal to that employed with the helmet was used. No HME
filter was applied.

– A nasal mask (Comfortgel, Respironics Deutschland, Ger-
many). A breathing circuit equal to that employed with the
helmet was used. No HME filter was applied.

The intensity of the noise to which the subjects were exposed
was measured in decibel with a sound level meter TES1350A (TES
Electrical Electronic, USA) and the noise intensity perceived by the
subjects was assessed by a visual analogue scale (VAS). The sound
level meter had a measuring range between 35 and 130 dB (mea-
surements were made by selecting the high range between approx.
65 and 130 dB or the low range between approx. 35 and 80 dB), a
frequency range between 31.5 and 8KHz, and a display with 0.1dB
steps on a four-digit liquid crystal display. Since the human ear
does not respond equally to all frequencies but is much more
sensitive to sounds of about 1–4 kHz, measurements of sound in-
tensity are usually performed with filters to better reflect the fre-
quency response of the human ear. A-weighting filters are more
commonly utilized; however, in this study measurements were
performed on the C scale, i.e., using a C-weighting filter, which is
practically linear over several octaves and is more suitable than
A-scale for subjective measurements at very high sound levels.

The microphone was fixed with plaster on the anterior surface
of the right tragus corresponding to the gas inlet to the helmet. A
thin electrical wire connected the microphone to the sound level
meter so that there was no problem of airtightness during measures
performed within the helmet. While the function “max. hold” was
selected, the sound level meter displayed the maximal sound in-

tensity registered. Two intervals of 1 min were taken into account
for each measurement, and the mean between the two maximal
sound intensities was registered. Prior to each session of the study,
a calibration was made at 94 dB. We also assessed the noise
background in the ICU at patients’ bedside in absence of peak
sounds (respiratory or monitor alarms, talking). The noise per-
ceived by the subjects and the degree of discomfort caused by NIV
were both determined at the end of the 15-min interval at a PS level
of 15 cmH2O with VAS ranging from 0 (absence of noise/no dis-
comfort) to 10 (unbearable noise/unbearable discomfort). The
subjects were asked the questions: “How do you estimate the noise
you were exposed to during the procedure?” and “How do you
estimate the degree of discomfort during the procedure?” Such
evaluation was performed only after the 15-min interval at a PS
level of 15 cmH2O to avoid a potential bias due to the nonran-
domized PS sequence from 10 to 15 cmH2O.

Sound level meter measurements were analyzed by two-way
analysis of variance for repeated measurements and are reported as
means and standard deviations. VAS scores were analyzed by
Friedman’s analysis of variance and are reported as medians and
10th–90th percentiles. The Student-Newman-Keuls test was used
for post-hoc analysis of sound level meter measurements and of
VAS scores.

Results

The sound intensities registered during the study ranged
between 60 and 110 dB, which means that the highest
sound intensities were about 104 times larger than the
lowest ones. Interfaces affected the noise level associated
with NIV significantly (analysis of variance, p<0.001),
while the difference related to the level of PS (10 or
15 cmH2O) did not reach statistical significance (p=
0.0666). Values are shown in Table 1.

The noise inside the helmet always exceeded 100 dB.
The effect of positioning the microphone near to the left
ear (gas outlet) instead of to the right ear (gas inlet) was
tested initially, but no noticeable difference was pointed

Table 1 Intensity of the noise (dB) during NIV with helmet (with
or without HME filters at the junctions between the helmet and the
inspiratory and expiratory branches of the respiratory circuit), facial
(FM) and nasal (NM) masksa

PS/PEEP (cmH2O) 10/5 15/5

Helmet, no HME filters 105€6 108€6
Helmet, HME filters 104€4 105€3
Facial mask 64€3 63€1
Nasal mask 62€1 65€2
a Analysis of variance, comparison between interfaces p�0.001.
Significant post-hoc comparisons: Helmet, no HME filters,
PS/PEEP 10/5: helmet, no HME, 15/5 (p=0.0018); FM, 10/5
(p=0.0001); FM, 15/5 (p=0.0001); NM, 10/5 (p=0.0002); NM, 15/5
(p=0.0001). Helmet, no HME filters, PS/PEEP 15/5: helmet, HME,
10/5 (p=0.0003); helmet, HME, 15/5 (p=0.0009); FM, 10/5
(p=0.0001); FM, 15/5 (p=0.0001); NM, 10/5 (p=0.0001); NM, 15/5
(p=0.0001). Helmet HME filters, PS/PEEP 10/5: FM, 10/5
(p=0.0001); FM, 15/5 (p=0.0001); NM, 10/5 (p=0.0001); NM, 15/5
(p=0.0002). Helmet HME filters, PS/PEEP 15/5: FM, 10/5
(p=0.0001); FM, 15/5 (p=0.0002); NM, 10/5 (p=0.0001); NM, 15/5
(p=0.0001)
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out so, and therefore both ears were exposed to similar
noise levels regardless of the side, near to the gas inlet or
opposite to. The main source of the noise appeared to be
the gas flowing through the circuit since the intensity of
the noise measured at the extremity of the inspiratory
branch of the circuit while it was disconnected from the
helmet equaled that previously measured inside the hel-
met. The same values were observed when placing the
captor inside the opened nasal and facial masks. The
presence of filters at the junctions between the circuit and

the helmet did not affect noise intensity relevantly, but
might have slightly attenuated the noise at a PS level of
15 cmH2O. In this regard, post-hoc comparisons (see
Table 1) showed that the noise inside the helmet without
filters increased when moving from a PS level of
10 cmH2O to a PS level of 15 (p=0.0018) and was louder
than the noise at the same PS level of 15 cmH2O in
presence of filters (p=0.0009).

The sound intensity registered during NIV with facial
or nasal mask was significantly lower and scarcely ex-

Fig. 1 Degree of noise caused
by the helmet, facial mask, and
nasal mask at a PS level of
15 cmH2O, evaluated by VAS
(0=no noise; 10=unbearable
noise). Friedman analysis:
comparison between interfaces
p�0.001. Significant post-hoc
comparisons (p�0.05): helmet,
no HME filters vs. facial mask;
helmet, no HME filters vs. nasal
mask

Fig. 2 Degree of discomfort
caused by the helmet, facial
mask, and nasal mask at a PS
level of 15 cmH2O, evaluated
by VAS (0=no discomfort;
10=unbearable discomfort)
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ceeded 60 dB regardless of the level of PS (10 or
15 cmH2O). This level of noise did not exceed ICU
background noise, which ranged between 55 and 65 dB.

Also the subjective perception of noise during NIV
was affected by the ventilator-patient interface (Friedman
analysis, p�0.001; Fig. 1). Post-hoc analysis demonstra-
ted that during NIV with helmets without filters, the vol-
unteers scored VAS values significantly higher than
during NIV with facial or nasal masks (p�0.05) while no
significant difference was observed between facial and
nasal masks. All subjects judged that noise inside helmets
was lower in presence of HME filters than in absence, but
the VAS difference did not reach statistical significance.

The degree of discomfort caused by NIV with helmet,
nasal, and facial masks are shown in Fig. 2. Helmet and
nasal mask were better tolerated than facial mask by most
subjects; however, differences did not reach statistical
significance.

Discussion

Helmets have been initially used for continuous positive
airway pressure and only recently have been proposed as
patient-ventilator interfaces for NIV. Helmets offer some
undoubted advantages in comparison with other inter-
faces, such as the ability to communicate, drink, and read
without the feeling of uncomfortable pressure on the face;
conversely, they may lead to dysynchrony between pa-
tients and ventilators [12]. A recent study comparing the
effectiveness of helmets and facial masks for delivering
NIV mentioned noise as a possible negative effect of this
interface [13]. A short trial of NIV is indeed sufficient to
perceive the loud noise that spreads inside the helmet. In
this study such noise was quantified to evaluate the po-
tential risk for the patient and possible remedies.

The intensity of noise inside the helmet during NIV
was about 105 dB and was mostly caused by the turbulent
gas flow through the respiratory circuit. By contrast, the
noise perceived during NIV with nasal or facial masks
was probably mostly caused by the ventilator and was
about 65 dB, not different from the background noise that
was measured at patients’ bedside in our ICU and that was
reported by other authors [14]. Since the noise caused by
gas flow may theoretically diffuse to the middle ear
through the bone during NIV with masks, we also as-
sessed the subjective perception of sound intensity. VAS
values confirmed the difference determined by sound
level meter measurements between the noise of helmets
and masks. Such difference, about 40 dB, may falsely
appear small due to the unit of measurement utilized (see
Appendix).

Loud noise may damage the ear. According to the
equal energy hypothesis, the hearing loss from a given
exposure is proportional to the total energy of the expo-
sure [15]. On this basis intensity and duration of exposure

are equally important, and an exposure to 90 dB for 8 h is
the same as 105 dB for 15 min, since an increase of 3 dB
is equivalent to a doubling of the noise dose. Damage of
hair cells of the inner ear has been reported following
prolonged exposure to noise over 90 dB [16]. Damage
may result in a permanent hearing loss, but more fre-
quently causes a temporary auditory threshold shift
(TTS), which may require days to recover if caused by
prolonged noise exposure (days) at 100 dB [17]. Tinnitus,
usually transitory, may also occur after noise exposure,
particularly in patients with preexisting hearing loss [18].
It is not clear whether impulse noise is more or less dam-
aging than steady state noise [17]; however, applying
sounds at 100 dB at a frequency of 6/min for periods as
long as 1–3 days resulted in TTS and time to recover
variable according to the percentage of each cycle in
which the noise was present. When the sound was applied
for only 30% of each cycle (a condition mirroring the
exposure to noise inside the helmet) TTS was mild and
recovery was quick [17]. Finally, a physiological mech-
anism to protect the ear against impulse noise is based on
the contraction of stapedius muscle, which tightens the
ossicular chain; in the presence of unilateral lower motor
neuron facial palsy, the paralysis of stapedius muscle
results in a more pronounced TTS on the paralyzed side
[19]. The effectiveness of stapedius muscle contraction
may be decreased during NIV with helmet. The occur-
rence of stapedius muscle fatigue has been recently hy-
pothesized to explain the increase in acoustic compliance
of tympanic membrane observed after 1 h of NIV with
helmet in healthy volunteers [20]. Such fatigue may occur
because of the periodic deformation of the tympanic
membrane caused by the inspiratory increase in pressure
inside the helmet.

The excess of noise inside the helmet may have some
detrimental effects on patient wellness. Although the
National Institute for Occupational Safety and Health
(NIOSH) in the United States recommends that noise
intensity in hospitals should not exceed 40 dB during the
day and 35 dB at night [21], the ICU environment is
usually far more noisy, having a background noise around
65 dB [14, 22] and peak sound levels that exceed 80 dB.
Staff conversations, monitor alarms, ventilator alarms,
and telephones account for almost all of peak sounds [14,
23]. Such noise intensity has been regarded in the past as
a major cause of sleep arousals in critically ill patients,
and a very strong correlation was observed between sleep
arousals and occurrence of peak sounds louder than 80 dB
[24]. However, more recent studies have reported that
sleep disruption in ICU is multifactorial, and that noise is
responsible for only a limited proportion of arousals and
awakenings [10, 11]. The noise to which patients are
exposed within the helmet is much more intense than ICU
background noise and than most peak sounds in ICUs and
may potentially cause more sleep disruption. Fortunately,
this is not necessarily true, since the noise inside the
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Appendix

The dB is a logarithmic unit used to measure not only
sound intensity but also other variables, such as power,
voltage, or intensity in electronics, signals, and com-
munications. The dB is the logarithm to base 10 of the
ratio between the value measured and a reference value:
dB=10 log (S2/S1). Consequently the ratio between two
sounds can be easily calculated from the difference in dB:
S2/S1=10(dB2�dB1)/10. For example, a difference of 60 dB
corresponds to a ratio of 106. The reference value usually
chosen for sound intensity measurements in air is 20 kPa.
This intensity corresponds to the limit of sensitivity of
the human ear in its most sensitive range of frequency.
According to the formula previously reported, a sound
sharing the same intensity with the reference sound is
0 dB, while negative dB values correspond to sounds with
lower intensity.
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