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Ventilators :

PB840, Servo-i, €360, Hamilton-C2, V60
Mode :

PSV (0, 5, 10, 15cmH,0) with PEEP
5cmH,0

LUNGOO :

Pmus 5cmH,0, Compliance 80mL/cmH,0,
Resistance 5cmH,0/L/min, Respiration rate
12/min, Inspiration-time 1.2seconds
Bacteria Filters :

DAR

Clear-Guard

PORTEX

BB50TES

Pneu-Moist

Measurements :

NA-27A Sound Level Meter

ECM-88B Microphone

Fig.1 Measuring method

(1) Objects and Setting

A mannequin head, a LUNGOO, a helmet-type interface Caster R, filters and mechanical ventilators were connected.

(2) Noise Measurements

Inside Helmet : Noise was recorded using a NA-27A and was analyzed by a Sound Engine software.
Outside Helmet : Noise was recorded and analyzed by a ECM-88B.
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Table 1 Comparison of noise exposure from the mechanical ventilators
during non-invasive ventilation with the interface-helmet (dB)

Pressure PB840 V60 Servo i Cc2 €360
Support : PS Inside Outside Inside Outside Inside Outside Inside Outside Inside Outside
(emH,0) 7ok Right Left Right Left Right Left Right Left Right
0 222 172 622 3 B 492 54 43 524 N N 51.2 N B 524
+10 =05 =05 =05 =0 =0 =10 =05 =0
5 240 184 632 8.6 7.8 50.6 88 7.0 55.0 3 3 534 3 _ 544
+0 =05 =05 =0 +( =0 +11 =05 =05 =0 =0
10 320 256 658 186 174 534 129 118  56.2 148 110 550 72 5.8 55.8
+05 =10 =0 =0 =05 =10 | =12 =0 =05 | =05 =10 =10 | =12 =10 =0
15 334 288 682 212 186 556 210 178 592 166 122 570 126 128 594
+05 0 05 | £15 =05 =0 +0 =05 =15 | 05 =05 =05 =0 =0 =10

(mean * standard deviation, SD)

— ! Hyphenation points mean it was impossible to measure by measurement device due to the low noise level.

PB840, €360, and servo i :
branches of the respiration circuit.

The inspiratory port of the Caster R and the expiratory port of the Caster R were connected with the

C2 : The inspiratory port of the Caster R was connected with the branches of the respiration circuit (Y connector). The expiratory

port of the Caster R was closed by a cap.

V60 : The inspiratory port of the Caster R was connected with the branches of the respiration circuit . The expiratory port of the
Caster R was closed by a cap with hole on its center (semi-closed).
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Fig.3 The peak inspiratory flow flowing through the
respiration circuit
We evaluated the peak-inspiratory flow through the respirato-

ry circuit and assessed noise exposure from the mechanical
ventilators during NPPV with the Caster R (PS: 0, 5, 10,

15cmH,0).

Table 2 Comparison of noise exposure from the mechanical ventilators during non-invasive ventilation

with the interface-helmet equipped with bacteria filters (dB)

PB840
Non-Filter DAR Clear-Guard PORTEX BB50TES Pneu-Moist p-value
Inside : Left 32 (31-3275) | 19 (19-19.75) | 17 (17-17) 20 (18-20) 16 (15-175) 16 (6-16.75) <0.01
Inside : Right | 26 (25-26) 16 (15-16) 13 (12-13) 13 (12-13) 11 (11-11.75) | 11 (10-11) <001
Outside 65 (65-66.5) 61 (59-61) 59 (59-59.75) | 60 (60-60.75) | 57 (56-57) 58 (57-58.75) <001
V60
Non-Filter DAR Clear-Guard PORTEX BB50TES Pneu-Moist p-value
Inside : Left 18 (181875) | 19 (19-19.75) | 20 (19-20) 21 (20-21.75) | 22 (2222) 21 (20-21.75) 0.02
Inside : Right | 17 (17-17.75) | 17 (16-17.75) | 17 (17-17.75) | 18 (17-18) 18 (16-18) 17 (16-17) 0.581
Outside 54 (53-54) 55 (55-55.75) | 58 (57-58.75) | 55 (54-55.75) | 57 (57-57.75) | 53 (53-54.5) <001
Servo i
Non-Filter DAR Clear-Guard PORTEX BB50TES Pneu-Moist p-value
Inside : Left 13 (12-13) 11 (11-11) 11 (11-11) 6 (56) 5 (5-5.75) - <0.01
Inside : Right | 12 (11-12) 9 (99 9 (19-19.75) 4 (44) 4 (34) - <0.01
Outside 56 (56-56.75) | 54 (53-54.75) | 54 (5354.75) | 54 (53-54.75) | 54 (53-54.75) 53 (53-54.5) 0.332
Cc2
Non-Filter DAR Clear-Guard PORTEX BB50TES Pneu-Moist p-value
Inside : Left 15 (14-15) 15 (14-15) 14 (13-14.75) | 13 (12-13) 14 (1314.75) | 12 (12-12) 0.077
Inside : Right | 11 (10-11.75) | 11 (11-11) 11 (10-11) 10 (9-10.75) 11 (10-11.75) | 10 (9-10) 0.367
Outside 55 (54-55.75) | 52 (5252.75) | 52 (51-52.75) | 52 (52-52.75) | 52 (51-52.75) | 51 (50-51.75) 0.029
€360
Non-Filter DAR Clear-Guard PORTEX BB50TES Pneu-Moist p-value
Inside : Left 7 (7-7) 6 (5-6.75) 5 (4-5.75) 5 (55.75) - - 0217
Inside : Right 6 (56) 4 (44) 4 (4-4) 4 (34) - - <0.01
Outside 56 (55-56) 55 (54-55) 56 (55-56.75) | 55 (55-55.75) 55 (54-55) 54 (53-54) 0.054

— ! Hyphenation points mean it was impossible to measure by measurement device due to the low noise level.

Median ratio (IQR), p-value was calculated using Kruskal-Wallis test.

Bacteria filters had a soundproof effect except for the V60 (NPPV special-purpose mechanical ventilator).
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Table 3 Comparison of noise exposure from the PB840
during non-invasive ventilation with the interface-helmet,
with or without bacteria filters (dB)

Filter Median ratio (IQR) | p-value
Inside : Left 19 (19-19.75) -
DAR Inside : Right 16 (15-16) -
Outside 61 (59-61) -
Inside : Left 17 (17-17) 0.018
Clear-Guard | Inside : Right 13 (12-13) -
Outside 59 (59-59.75) -
Inside : Left 20 (18-20) -
PORTEX | Inside : Right 13 (12-13) -
Outside 60 (60-60.75) =
Inside : Left 16 (15-175) <0.01
BB50TES | Inside : Right 11 (11-11.75) <0.01
Outside 57 (56-57) <0.01
Inside : Left 16 (16-16.75) <001
Pneu-Moist | Inside : Right 11 (10-11) <001
Outside 58 (57-58.75) 0.015
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Fig.4 The peak inspiratory flow passing through
bacteria filters
We evaluated the peak-inspiratory flow through the respirato-
ry circuit and assessed noise exposure from mechanical
ventilators during NPPV with the Caster R, with or without
bacteria filters (PS : 10cmH,0).
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Abstract

The purpose of this study was to assess noise exposure from the mechanical ventilators during noninvasive
positive pressure ventilation (NPPV) with the interface-helmet. The subjects were 5 models mechanical
ventilators. The noise intensity inside and outside the interface-helmet were assessed by placing lavalier
microphones near the ears and using a sound-level meter. We evaluated the peak inspiratory flow through the
respiratory circuit by a breathing simulator LUNGOO. In addition, we compared soundproof effect in various
bacteria filters. The noise intensity inside and outside the helmet were different every model, and the noise
exposure inside the helmet was less compared with the outside environment. Bacteria-filters had a soundproof
effect depending on the model of a mechanical ventilator. There was no correlation between the noise intensity
and peak inspiratory flow. A big model and a small model of the noise intensity has different features of the
internal structure, such as the inspiratory valve, the gas module, the aluminum coated, the cavity. In conclusion,
it is suggested that noise exposure from the mechanical ventilators during NPPV with the interface-helmet has
a direct relation to the ventilation noise within the mechanical ventilators.
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