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Fig. 1 Structure and function of a membrane humidi-
fier that does not need additional reservoir water.
Air with water vapor is passed through an outer
passage. Water vapor only permeates the tube with
the membrane. Dry oxygen is passed inside the
tube, and is humidified with water vapor.
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Fig. 2 Single linear regression plot of relative room
air humidity and of oxygen delivered by a PSA-type
oxygen concentrator (HAI-SANSO 3C, Teijin Phar-
ma Co, Tokyo, Japan) equipped with a membrane
humidifier that does not need additional reservoir
water.
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Fig. 3 Single linear regression plot of relative room
air humidity and of oxygen delivered by a PSA-type
oxygen concentrator (Clean-SANSO FH-22/5L, Fu-
kuda Denshi Co, Tokyo, Japan) equipped with a
membrane humidifier that does not require addition-
al reservoir water.
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Abstract

Clinical evaluation of an oxygen concentrator and humidifier that
does not require additional reservoir water

Naoto Burioka"”, Sachiko Nakamoto", Yasushi Fukuoka®? and Eiji Shimizu®
"Division of School of Health Science, Department of Pathobiological Science and Technology,
Faculty of Medicine, Tottori University
*Division of Medical Oncology and Molecular Respirology, Faculty of Medicine, Tottori University

A conventional humidifier with a reservoir of water for humidification can produce micro-aerosols contami-
nated with bacteria. The present study was undertaken to determine the clinical efficiency of a membrane hu-
midifier that does not require additional reservoir water. We analyzed relative room air humidity and oxygen lev-
els obtained from 2 pressure-swing adsorption (PSA)-type oxygen concentrators with membrane humidifiers. A
significant correlation was found between relative room air humidity and that of oxygen moistened by a mem-
brane humidifier. Several patients with chronic respiratory failure experienced improvements in subjectively re-
ported nasal dryness using an oxygen concentrator with a membrane humidifier. This device avoids the need to
change reservoir water, and may improve patient quality of life in the home.
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Membrane Humidifier That Does Not Require Addition of Water

Naoto Burioka, Hiroki Chikumi, Hisashi Suyama, Takanori Sako, Hidemi
Teramoto, Yukio Matsumoto and Kazukiyo Takano*

Third Department of Internal Medicine, Faculty of Medicine, Tottori University, Yonago
683-0826 and * Sanyo Electric Industries, Okayama 703-8221, Japan

We developed a new device called “a membrane humidifier” which doesnot require an
external water supply. Fifteen patientsinhaled humidified-oxygen from the membrane
humidifier and were asked about their subjectiveimpression. Therelative humidity of
room air and that of humidified-oxygen from the membrane humidifier or a conventional
bubblewater humidifier weremeasured with a digital hygrometer. Therelative humid-
ity of the oxygen humidified by humidifierswas measured after the gaswas flowed into
a partially opened 500-mL container for 30 min. None of the patients experienced
dryness of the nose or throat. All patients answered that there was no differencein
their subjective impression between breathing oxygen from the membrane humidifier
and from the conventional bubble water humidifier. A significant regression was ob-
served between the relative humidity of room air and that of the oxygen humidified
from the membrane humidifier. The membranehumidifier wasableto produce humid-
ification very well. Thisnew compact device can be used not only in hospitals, but can
also be incor porated in home oxygen concentrators. This new device also saves the

procedur e of changing water.

Key words: humidifier; humidity; membrane humidifier

Bubble water humidifiers have conventional -
ly been used to humidify dry gas (Hayes and
Robinson, 1970; Mercke, 1975; Chalon, 1980).
It is troublesome to clean the humidifier con-
tainer and change the water. To reduce the risk
of infection, the water reservoir must be cleaned
periodically and the water must be changed fre-
quently. We have developed a new device
called “a membrane humidifier” whose func-
tion does not require the addition of external
water for humidification. This new system ob-
tains moisture from room air. 1t can be used not
only in hospitals, but can also be incorporated
in home oxygen concentrators (Burioka et al.,
1997a,1997b). Thistechnical study evaluated
the membrane humidifier to determine its effi-
ciency in humidifying dry oxygen.

Subjects and Methods

Structure of the membrane humidifier

The membrane humidifier is composed of a
compressor and a steel cylinder containing sev-
eral hundred hollow fibers made from poly-
imide resin (Fig. 1). The different permeation
rate of gasesis used to separate water molecules
from the air (Mulder, 1996). Water vapor can
permeate the polyimide membrane of a hollow
fiber (UBE membrane, UBE Industries, Ltd.,
Tokyo, Japan) hundreds of times more readily
than either nitrogen or oxygen (Nishimura,
1986). Compressed air with water vapor is
passed outside the hollow fibers. Asthe room
air is passed under high pressure through the
space around the hollow fibers (outside pas-
sage), the water molecules in the air permeate
the membrane of the hollow fibers. Dry oxygen
from the hospital’s oxygen supply is passed
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through the hollow fibers
(inside passage) within
the membrane humidifier,
and is humidified with
water vapor (Fig. 2). One
unit of hollow fibers is
highly durable. The poly-
imide membrane of a hol-
low fiber can be sterilized
with alcohol or disinfect-
ing gases. The pressure of
the compressed air was
196 kPa (2 kgf/cm?) in
this study although it was
98 kPa (1 kgf/cm?) in our
previous study (Burioka
et al., 1997a, 1997b).

Patients

We examined 15 patients (8 males and 7 fe-
mal es, mean age; 67.3 years old) who were hos-
pitalized for chronic pulmonary disease (em-
physema: 5 patients, interstitial pneumonia
with collagen disease: 2 patients, sequelae of
tuberculosis: 4 patients, idiopathic interstitial
pneumonia: 2 patients, diffuse panbronchiolitis:
2 patients). Their clinical condition was stable.
They were receiving oxygen therapy in the hos-
pital. The study was explained and informed
consent was obtained from patients before their
participation.

Compressed air with vapor

l

— '_!

Fig. 1. Membrane humidifier. The membrane humidifier is composed of a
compressor and a steel cylinder containing several hundred hollow fibers.

Measurement

After inhaling humidified-oxygen from both
the membrane humidifier and conventional
bubble water humidifier (Koike Medical Co.,
Tokyo) for 5 h, al patients were asked to fill out
aquestionnaire. We asked the patients whether
their throat or nose was dried by the oxygen
inhalation from the 2 humidifiers, and we also
asked whether they felt some differencein their
impression of inhalation between breathing
oxygen from the new device and breathing
oxygen from the conventional bubble water
humidifier.

We measured the relative humidity of the
room air, that of the dry oxygen from the hos-

Air-outlet

T

L |
|_H;O (outside passage) — I_l
l

— —
Humidified | 1 Dry oxygen from
oxygen | H20 | hosptal's supply

\ —
\ Hollow fibers

\ Cylinder

(inside passage)

Fig. 2. Principle of humidification in one unit of hollow fibers. Compressed air with water vapor passes
through the outside passage. Water vapor only permeates the hollow fibers. Dry oxygen from the hospital’s
supply passes inside the hollow fibers, and is humidified with water vapor.
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pital’s oxygen supply and that of the oxygen
humidified by the membrane humidifier or the
bubble water humidifier. The relative humidity
was measured with adigital hygrometer (TRH-
CA, shin-ei Co., Tokyo, Japan), after the gases
(1 L/min) had flowed into a partially opened
container (500 mL) for 30 min. The pressure of
the compressed air in the membrane humidifier
was 196 kPa (2 kgf/cm?). The temperatures in
the laboratory room were maintained from 20 to
22°C during the study.

Data analysis

Data are reported as mean + SD. The signifi-
cance of the results of multiple comparisons
was cal culated with a one-way analysis of vari-
ance by Turkey’stest. Correlation between the
relative humidity of room air and that of the
oxygen flow humidified by the membrane hu-
midifier was cal culated using aregression curve

(%) T
1004

*x K * 1

80

60

40+

Relative humidity

204

Relative humidity
of oxygen from new device

O_
[ [

Membrane Bubble

humidifier humidifier

Room
air

Fig. 3. Relative humidity of room air, oxygen hu-
midified by the membrane humidifier, and oxygen
humidified by the bubble water humidifier. ***P
<0.001, *P <0.05 (Turkey’'stest).

with the software StatView-J 4.11 (Abacus
Concepts Inc, Berkeley, CA). A levd of P<0.05
was considered statistically significant.

Results

None of the patients experienced dryness of
their nose or throat while breathing oxygen
from the new device or the conventional bubble
water humidifier. All subjects also answered
that there was no difference in their subjective
impression between while breathing oxygen
from the new machine and while breathing
oxygen from the conventional bubble water
humidifier.

The relative humidity of the air in the labo-
ratory room was 43.8 + 14.9%. The relative
humidity of the dry oxygen flow delivered by
hospital’ s oxygen supply was 7.0 + 1.0% after it
had flowed into a partially opened 500-mL
container for 30 min. A significant difference
was observed between the relative humidity of
the oxygen from the membrane humidifier
(81.4 £ 8.2 %) and that from the conventional
bubbling humidifier (88.9 + 2.6%) (P < 0.05)
(Fig. 3). A significant regression was observed
between the relative humidity of the room air
and that of the oxygen humidified by the
membrane device (Fig. 4).

90 A
80 4
70 4

60

50 ¢ T T T T T T T T
10 20 30 40 50

Relative humidity of room air

60
*)

Fig. 4. Thereisastrong positive regression between
the relative humidity of room air and that of the oxy-
gen humidified by the membrane humidifier (Y =
14.1X —3.96X? + 0.0005X3 (r2 = 0.93).
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Discussion

Dry oxygen is generally humidified by sterile
distilled water when a supplement of oxygen is
provided by nasal cannulain Japan. However,
sterile distilled water is expensive, and it is
troublesome to change the water in the reser-
voir. We developed a new humidifier that can
humidify dry oxygen without the use of water.

A strong positive regression was observed
between the relative humidity of room air and
that of the oxygen humidified by the membrane
humidifier. A significant difference was ob-
served between the relative humidity of the
oxygen humidified by the membrane humidi-
fier and that humidified by the conventional
bubble water humidifier (Fig. 3), because the
relative humidity of the oxygen humidified by
the new device was low when the relative hu-
midity of room air was low (about 14—22%).
Since this system obtains its water vapor from
room air, it appears that its efficiency is dimi-
nished when the relative humidity of room air is
low (Burioka et a., 1997a,1997b). However,
even if the relative humidity of room air is
about 14%, the membrane humidifier could hu-
midify the dry oxygen to 55%. When therela-
tive humidity of room was above 30 %, therela-
tive humidity obtained from the membrane hu-
midifier was almost the same as that of the con-
ventional bubble water humidifier.

None of the patients experienced dryness of
their nose or throat while breathing oxygen
from the new device or the conventional bubble
water humidifier. The membrane humidifier
supplied well-moistured nasal oxygen without
the need of water. This new device can be also
incorporated in a PSA type oxygen concentrator
(Burioka et al., 1997a,1997b) used in home
oxygen therapy. The membrane humidifier will
be beneficial in both hospitals and the home

because it eliminates the laborious cleaning of
the reservoir and changing of the water.

The polyimide membrane using hollow
fibers has adense layer pinhole-free surface. Its
poresizeislessthan 107 pm (Nishimura, 1986;
Mulder, 1996). Water vapor in the air dissolves
and diffuses into a membrane wall. Since bac-
teria and mycetes can’'t permeate the mem-
brane, this new device may be more hygienic
than conventional humidifiersthat use water. A
more detailed study will be needed to investi-
gate whether bacterial contamination can be
completely preventable.
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Clinical and in vitro evaluation of membrane
humidifier that does not require addition of water
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It is well known that conventional bubbling humidifiers are capable of producing micro-aerosols contaminated with
bacteria. We developed a unique humidifier, named a membrane humidifier, that does not require an external water
supply. This new system obtains moisture from room air. We investigated the clinical and in vitro evaluation of the
membrane humidifier.

Ten patients with chronic pulmonary disease participated in the study. We evaluated the partial pressure of
oxygen in arterial blood (PaO,) of 10 patients who used the new device. We conducted an in vitro study to
determine whether the device could prevent the bacterial contamination of humidified-oxygen. We passed
compressed air contaminated with Pseudomonas aeruginosa outside the hollow fibres of the membrane humidifier,
and the humidified-oxygen passed inside the hollow fibres was sampled into nutrient broth periodically for 10 days.
We also compared the relative humidity of oxygen humidified by a membrane humidifier with that of oxygen
humidified by a bubbling humidifier.

There was no significant difference between measured PaO, while breathing oxygen humidified using a
membrane humidifier and that while breathing oxygen humidified using a bubbling humidifier. Cultures of the
humidified-oxygen passed through the hollow fibres were negative for bacteria. The membrane humidifier could
produce good humidification.

The new device appeared to prevent bacterial contamination, and may help to reduce the risk of infection in

patients at hospital and home.

Respir. MED. (2000) 94, 71-75

Introduction

Dry gas is conventionally humidified for clinical use by a
standard bubble water humidifier (1-3). Its disadvantages
include difficulty in cleaning the water reservoir and in
changing the water. Furthermore, the water reservoir can
become contaminated with such hydrophilic species as
Pseudomonas and Legionella (4-6). Such humidifiers have
been found to produce micro-aerosols that spread bacterial
infection (7). Multiple use of a bubble water humidifier in
the hospital can spread pathogens between patients (4,7,8).
To reduce the risk of infection, the water reservoir must be
cleaned periodically and the water must be changed
frequently. We have developed a new humidifier, named a
membrane humidifier, whose function does not require the
addition of external water for humidification. This new
compact device cannot only be used in the hospital, but can
also be incorporated in a home oxygen concentrator (9,10).
The membrane’s surface consists of a dense polymer layer
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© 2000 HARCOURT PUBLISHERS LTD

that is free of pinholes. If this new device can prevent
bacterial contamination, it will be able to reduce the risk of
respiratory infection in both hospital and home. This
preliminary study evaluated the membrane humidifier to
determine whether bacterial contamination could be pre-
vented. We also evaluated the clinical utility of this new
device in a small number of patients.

Methods
PATIENTS

Ten Japanese patients (five men and five women, mean age;
66-6 years) participated in the study after giving their
informed consent. They were all hospitalized for the
treatment of chronic pulmonary disease with chronic
respiratory failure, and were receiving oxygen therapy.
Diagnoses were emphysema (three patients), sequelae of
tuberculosis (three patients), diffuse panbronchiolitis (two
patients), idiopathic interstitial pneumonia (one patient),
and interstitial pneumonia with collagen disease (one
patient). The clinical condition of each patient was stable.
Local Ethical Committees approved the protocol for this
study.

© 2000 HARCOURT PUBLISHERS LTD
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STRUCTURE AND FUNCTION OF
MEMBRANE HUMIDIFIER

The new membrane humidifier is composed of a steel
cylinder (length: 210 mm, diameter: 45 mm) containing
several hundred hollow fibres made by polyimide resin. The
different permeation rate of gases is used to separate water
molecules from air. Water vapor can permeate a polyimide
membrane of a hollow fibre (UBE membrane, UBE
Industries, Ltd., Tokyo, Japan) hundreds of times more
readily than either nitrogen or oxygen. The polyimide
membrane’s surface consists of a dense polymer layer that
is free of pinholes. Its pore size is less than 10~ ym (11,12).
Compressed air is passed outside the hollow fibres. The
compressor can vary the air pressure in the mem-
brane humidifier. As the room air is passed under high
pressure through the space around the hollow fibres
(outside passage), the water molecules in the air permeate
the membrane of the hollow fibres. Dry oxygen from the
hospital’s oxygen supply is passed through the hollow fibres
(inside passage) within the membrane humidifier, and is
humidified with water vapour (Fig. 1). This device is com-
pact and can be placed everywhere. A unit of hollow fibres
is highly durable. The polyimide membrane of a hollow
fibre can be sterilized by alcohol or disinfecting gases.
This new system obtains moisture from room air, and
the mechanism is original.

MEASUREMENT

We studied patients from winter to spring. Spirograms
(Chestac 55V, Chest IM, Tokyo, Japan) were obtained for
each patient prior to the study. The partial pressure of
oxygen in arterial blood (PaO,) was measured in the supine
position after the patient had breathed each of the
followings for 2 h: (a) room air; (b) oxygen via a nasal
cannula that was humidified with a membrane humidifier;
(c) oxygen via a nasal cannula that was humidified with a
conventional bubble water humidifier (Koike Medical Co.,
Tokyo, Japan). The oxygen from the hospital’s supply had
an oxygen concentration of nearly 100%. The flow rate
through the nasal cannula was 1 1 min~' in each patient.

air with vapor

air-outlet

.’ > compressed air with vapor ?

l H:0 (outside passage)—P> I
«— = _— <«
—p H:0 dry oxygen from
\ hospital’s supply
hollow fibres

(inside passage)

humidified oxygen

cylinder

Fic. 1. Structure and function of new membrane
humidifier. Compressed air with water vapor is passed
through outer passage. Water vapor only permeate the
hollow fibres. Dry oxygen from hospital’s supply is passed
inside hollow fibres, and is humidified with water vapor.

The concentrations of humidified-oxygen were measured
directly with an oximeter (LC750, Toray Co., Tokyo,
Japan) while using with the membrane humidifier or the
conventional bubble water humidifier after the PaO, had
been measured in each patient. We also determined the
relative humidity of room air, that of dry oxygen from the
hospital’s oxygen supply and that of oxygen humidified by
a membrane humidifier or a bubble water humidifier. The
relative humidity of the dry oxygen delivered from the
hospital’s oxygen supply and that of the humidified-oxygen
from the two different humidifiers were measured with a
digital hygrometer (TRH-CA, Shin-ei Co., Tokyo, Japan)
after the gases had flowed into a partially opened container
(500 ml) for 30 min. The pressure of the compressed air in
the membrane humidifier was either 98 kPa (1 kg f cm ~?)
or 196 kPa (2 kg f cm~?). The temperatures in the
laboratory room were maintained at 20-22°C during the
study. During every session, the change of temperature in
the laboratory room was maintained within 1°C.

In an in vitro study, we evaluated whether the membrane
humidifier could prevent bacterial contamination. The
outside passage of the hollow fibres in that device was
contaminated with 3 ml of fluid containing Pseudomonas
aeruginosa (108 ml1~"). On the first day, the contaminated
air from the air-outlet of the outside passage was passed
directly for 2 h into 100 ml of nutrient broth (LB Broth,
Life Technologies, Inc., ML, USA) as a control, and the
humidified-oxygen (1 I min~"') that had been passed inside
the hollow fibres was sampled into another nutrient broth
for 2 h. We also passed the compressed air contaminated
with 3-ml of fluid containing 10* ml™! Pseudomonas
aeruginosa outside the hollow fibres of the membrane
humidifier on the second, third, fourth and tenth days of 10
consecutive days, and the humidified-oxygen from the
hollow fibres was sampled into the nutrient broth for 2 h.
During the 10 days, we did not disinfect the membrane
humidifier. Following culture, bacterial identification was
performed in the hospital laboratory using quantitative
cultures. A sample was taken from 100 ml of the nutrient
broth into which either the contaminated compressed air
from the outside passage (control) or the humidified-
oxygen from the inside passage had been passed. Each
sample was diluted with sterile broth to make a 10-fold
dilution. We repeated the procedure and made a series of
dilution from 10-fold to 10®-fold. Each diluted sample was
inoculated into a plate of trypto-soy agar (Pearlcore, Eiken
Chemical Co., Ltd., Tokyo, Japan) containing 7% rabbit
blood and incubated in 5% carbon dioxide and air at 37°C
for 24 h. Bacterial growth was identified by genus and
species.

DATA ANALYSIS

Data are reported as mean =+sp. Evaluation of the
significance of the difference between two groups utilized
the Student’s r-test. The significance of the results of
multiple comparisons was calculated by two-way analysis
of variance (ANOVA) using Scheffe’s test. Correlation
between the relative humidity of room air and that of the



oxygen flow humidified by the membrane humidifier was
calculated using single linear regression and Pearson’s
coefficient (StatFlex, ViewFlex, Tokyo, Japan). A level of
P <0-05 was considered statistically significant.

Results

The mean percent predicted value of the forced expiratory
volume in 1 sec (FEV1) in the 10 patients was 41-:2+15-7%.
The mean PaO, while the patients breathed room air was
7-91+1-31 kPa (59-3+9-8 mmHg). No significant differ-
ence was observed between the PaO, measured while the
patients breathed oxygen that was humidified with the
membrane humidifier (11-1+1-76 kPa; 83-1+13-2 mmHg)
and with the conventional bubble water humidifier
(11-:2+1-87 kPa; 83-9+14.0 mmHg). The mean oxygen
concentration humidified with the membrane humidifier
was 97-6+ 1-1%, and that humidified with the conventional
humidifier was 97-8+1-2% when the oxygen from hospi-
tal’s supply of 100% concentration was passed into the
humidifiers. There was no significant difference between
them.

The relative humidity of the air in the laboratory room
was 37-3+13-9%. The relative humidity of the dry oxygen
flow delivered by the hospital’s oxygen supply was
7-1+1-1% after it had flowed into a partially opened 500
ml container for 30 min. A significant difference was
observed between the relative humidity of the oxygen from
the membrane humidifier (82-2+10-7%) and that from the
conventional bubbling humidifier (89-9+2-6%) (P <0-05)
(Fig. 2). However, when the relative humidity of room air
was more than 30% (n=7), there was no significant
difference between the relative humidity of the oxygen
delivered by the membrane device (88-6+3-8%) and that
delivered by the conventional bubbling humidifier
(90-8+2:0%). A significant linear relationship was ob-
served between the relative humidity of room air and that
of the oxygen humidified by the membrane device when
the pressure of the compressed air was either 98 kPa
(1 kg f em~2) or 196 kPa (2 kg f cm~?) (Fig. 3).

The control bacterial cultures showed the presence of
3x10°ml~!  Pseudomonas aeruginosa, when the com-
pressed air was contaminated by 3-ml fluid containing
105ml~" Pseudomonas aeruginosa. However, when the
contaminated compressed air was also passed outside the
hollow fibres, the cultures of the humidified-oxygen, which
had been passed inside the hollow fibres, were negative for
bacteria (Table 1).

Discussion

Although several reports indicate that routine humidifica-
tion of oxygen for administration by nasal cannula is not
necessary for low flow inhalation (13,14), a reduction in
humidity could cause discomfort and adversely affect the
respiratory mucosa and ciliary activity (2,3). In many
countries, when supplement of dry oxygen is provided by
nasal cannula, the oxygen is generally humidified by sterile
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F1G. 2. Relative humidity of dry oxygen from hospital’s
supply, oxygen humidified by membrane humidifier, and
oxygen humidified by bubble water humidifier.
*P<0-0001, ": P<0-05 (Scheffe’s test).

distilled water using a standard bubble water humidifier.
However, sterile distilled water is expensive. We developed
a new humidifier, which can humidify dry oxygen without
the use of water.

The present study showed that the mean PaO, in patients
was not adversely affected by the new membrane humidi-
fier, because no significant difference was observed between
the PaO, measured while they breathed oxygen from the
membrane humidifier or from the conventional bubble
water humidifier.

A significant linear relationship was observed between
the relative humidity of room air and that of the oxygen
humidified by the membrane humidifier. Since this system
obtains its water vapour from room air, it appears that its
efficiency is diminished when the relative humidity of room
air is low (9,10). In previous studies, the pressure of the
compressed air in the membrane humidifier was about 98
kPa (1 kg f ecm~2) (9,10), but the pressure could be variable
in this study. The relative humidity of oxygen humidified by
the membrane humidifier was increased when the air
pressure was increased (Fig. 3).

A significant difference was observed between the rela-
tive humidity of the oxygen humidified by the mem-
brane humidifier and that humidified by the conventional
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Fic. 3. Single linear regression observed between the
relative humidity of room air and that of the oxygen
humidified by the new membrane humidifier. @:
significant relationship between the relative humidity of
room air and that of oxygen humidified by membrane
humidifier when 196 kPa (2 kg f cm™?2) pressure was
added to air (*=0-87, P<0-0001); O: significant
relationship between the relative humidity of room air and
that of oxygen humidified by membrane humidifier when
98 kPa (1 kg cm~?) pressure was added to air (+*=0.98,
P<0-0001).

bubble water humidifier (Fig. 2), because the mean relative
humidity of the oxygen humidified by the new device was
67% when the relative humidity of room air was low (about
19-22%) (Figs. 2 and 3). However, when the relative
humidity of room air was above 30%, we found no
significant difference between the relative humidity of the
oxygen humidified by the membrane humidifier
(88:6+3-8%) and that humidified by the conventional
bubble water humidifier (90-8 +2-0%). The new membrane
humidifier supplied well-moistured nasal oxygen without
the need of water. This new device can be incorporated in
pressure swing adsorption (PSA) type oxygen concentrator
(9,10). Since it eliminates the laborious cleaning of the

TaBLE 1. Bacterial culture of the air contaminated with 3 ml
of fluid containing Pseudomonas aeruginosa (10° ml~") and
cultures of the oxygen humidified with a membrane
humidifier on the first, second, third, fourth and tenth days
of 10 consecutive days

Day 1 2 3 4 10

Culture of contaminated-air  (+)
as control
Culture of humidified-oxygen (—) (=) (=) (=) (—)

+: positive, 3 x 10° ml~"' Pseudomonas aeruginosa; —
negative, no presence of bacterial growth.

reservoir and changing of the water, it will be beneficial to
the patients in home oxygen therapy.

The use of prefilled disposal oxygen humidifier units can
reduce the risk of contamination during handling and
attachment (5,6). Even though they are sealed, the prefilled
disposable oxygen humidifier bottles should be reportedly
used within 30 days (6). The new membrane humidifier does
not need water for humidification, and the unit of hollow
fibres can be durable for about 8 y. In our study, when the
compressed air contaminated with Pseudomonas Aeruginosa
was passed outside the hollow fibres in the new device,
cultures of humidified-oxygen that had been passed inside
the hollow fibres were negative for bacteria on the first,
second, third, fourth and tenth day of 10 consecutive days.
If the humidified-oxygen is contaminated with bacteria, the
results of cultures from the gas samples will show the
positive bacterial growth (4,7). The polyimide membrane
used for the hollow fibres in this humidifier has a dense
layer of pinhole-free surface. The size of the hole on the
surface is considered to be less than 10~* um (11,12). The
size of bacteria is reportedly 0-2-10 um, and fungi are
generally larger (15). Water vapour that is present in the air
dissolves and diffuses into the membrane wall. Since
bacteria and fungi cannot permeate the membrane, this
new type of membrane humidifier may be less prone to the
bacterial contamination than conventional bubbling humi-
difiers. The new device appears to prevent bacterial
contamination of the humidified-oxygen, and its use in
the hospital or home setting may reduce the risk of bacterial
infection. This device may be used by patients, who need
the inhalation of oxygen, in a clean room which no people
should enter.

The cost of a unit of the hollow fibres in the membrane
humidifier is 30 000 yen. The cost of a compressor used in
the membrane humidifier is 50 000 yen. On the other hand,
the cost of a conventional bubble water humidifier (Koike
medical, Tokyo, Japan) is 20 000 yen. The noise from the
compressor is small. When the membrane humidifier is
incorporated into PSA type oxygen concentrator, the
compressor of the oxygen concentrator can be shared with
a membrane humidifier (9), and the cost of the new device is
only 30 000 yen.

This new device has many advantages. Detailed, con-
trolled long-term studies are required to delineate further
utility of the new membrane humidifier.
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