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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.

FTHIZD) LWL D LD, 15O L MEREEHIK
WD FIH SN L o Tnh. BAEEROWAE MR
i 2512 pressure swing adsorption (PSA) & &I
s, WEXBFEEmESL ENEMZ L LEEEZR
ETHUEEDEF T FEHNTERTOEHE L FHEL
BEICEALETARRAKBETH L. HONIEFRIRE
13%90~93% TH A, ¥+ T4 MIERLZIFTRLZE
KPOKERDBRET B0, BONIHBET A IS
LTwW5. DR KECEMEE 2K & 5o 72 AV LKL
Byfrbh, RIZLMHEIN TV EERFZRMGGTDH
2y T,

BAE, L ERLTWAWAERMERRMERE, EFER
FBIWHEHTHEF A PP RRFOKEROBRET S
O, BEDVPEREOMBERAT HEE, B TINRYT 5.
PR, Me B IRMASEE ISR L T AR E 2 FilE D 5.
BRSE 7 A % MR &4 T3 % “bubbling humidi-
fier (&iast)” & hBAD EZ @M S84 5% “pass-over hu-
midifier (RHRALR)" TH 5. 5 51 2 K EE IR
ERBICL-oTRELDY. MBHIRFRRZIL/FITE
i, BFEF A &I EE TH 60~90% FEEIZE T
X5 ZENLVHIY HFITHFHEE TH 30~60%
MHREEICIETE 5 LE SN TS, IRk E M
AL FEORBEE LT, EETHRAICE > THREA
BAROZRI;EMTH ), MERLPLRBENR ETH



84 A 25

W, BEEICLAMBKEROTRELEYRS L. $7-, BE
A A % MK HE 58 TE9 % “bubbling humidifier”
EEARKRE N,

wILICZY, 77 ¥ ETHRASH L H AR5
IRAKDOAEE LIRS (BEMES) " »HEI N, &
ERRZ RS CEMEN TS, INEEEZ, LI,
FeA BT - MG LAEXIMBRERETH LY, &
RIF—EDOKESREDL->TBY, TOKEREEADD
LB EERCCTED, ERLIBEFSAIMZS L
WO LWEATTH A, e Fd, BHIhLY
VT —=RIIKGTOARZEBREIELE) 4 3 FROE
R 7oA AR 700 RANT, HZEHRDIMINAKZE
RAEGALZEREMEL CGRAIEE. BRPOKRDT
IR 2R AR L, HESRIENEICA S, 2R NER
(2 SR IR B S O L 2R E A A &l s
5L, PRRENIZ SR LKL > ThES R
B, WZERBUIME, HEEZ SRS, Kb
LawizoAERNTH DY, IEHOKE LR 5 0E
BRWHHEETHH. —J7, B ERR 0K
REICKE L HEEZTH Y,

7 7 YEFHRASE AR ZHoOTH I TS
W R Rm e BRI v A ER IR, Ko
FOREUBHSECEPEREEH TS EIEELTH S
PR REBICINE LT ianizad, iveixsks
MR L BB L VKL o T/ Fig.2, 3wl
X912, ERKOHMRE & S W BEE 7 A OHxt
WEIEHHT 5. BNKOMHGHEEE & BN #8258 A
A E N7 R R IBME RS A O OB R I ORI AT E IE
%4 EOMB %R L, B o6 & 1X Fig 2T 08521,
Fig. 3C 08524 L 1 ZIZ[F—Dfliz/Rm L7z, T4bb, M
FeAE & b R E 2L/ ORI, BRSO HIHRE O
085 fEICHREN AN RETH o7, Lo L, BER
EABEMTIUIEEE S AT B RS E YT 5 &
FHl S Fo4E, Fig 2, 30ME 12085 £ 0/
S B EHENING, —F, BEAMERsHAAE R
T e W R R R A 25 70 © O IR & T DRI BE 13 F
¥27% LWL TVA D, 45T 24 HHEBERA
T 5 BEIT L o THRME AR AA F 7z WE k%
EARE R IR H B L EZ SN EBICABER®
BEICHEHL AL E, BRSO OBERAZ INELR
LTiTo T/ BECTRBEEREEEREL TS5 A
., 3 ANICHERNG#EZ MR T & 7. Miyamoto 513 vis-
ual analog scale THZEEFERWRA L INEEEER AL 5
BRERIR R A, RRERESW T L EEE, PR
WRBABE LD ICREGZRRIR 25 L@ELTY
57 Fiz, WAEXBEIRMERCHIE L - Bes m R
KEANBEANLZOEET4BRMERHE BEERD

9 (2), 2011.

T v — MiREE LA TSR IR 2 AT
AL CHEBIIBROEEIN o728 T 58HEDVD
B,

KIFFEDOMER & LT, RADREOLEE % BREinE
L/ DHDEBRTUE LR TH Y, BEEHSD
R A & BB LR AL AGA T N R BN O D
BFERAIIERE, HBREICHLTTIM4 ¥ FThEVHA
BHbH. G, HFHREEMZ L 2FBIWET Rz H#HR
TWwiz Wiz, 4% visual analog scale 7 & & &% Tl
REZVLEL DD, BRAOREOLY FEEOLER K
WCEREIES (T2 728y 2% R FICIERE &)
=27 R LBEIIBEOFE DR L2 nE ) IZY
YINTIA Y RTI-EBRIZL AL, BOEERR,
e e & O HEERIZEER T ANMBIZ L > THEER
WEEZ RO LNz THMENH LY. LirL, T0
WEORTLM4 DEEE A DB L BOWGHREK, WEeLOD
8 E DORERDMIBIZ X D SET 2IEB DD 5 7= DERRIY
I EHEIERZ R 2 5 BE IOV TIE KIS IS TR &
ELTwa. 25612, RAMBLEFOMER & L TEHNR
DFFHREE MR & TR MNEDHE SNV T D 5.
LAaL, BNRDOHAHBEAME N & X (IO KERE
BATEER R MIET % BEEE 2 8 i3 et rE & J o
LNBWREMIEH 5.

1EEREFEFE IR WA 2 BT L CER L B
BTHLH. AIRTIERFEIRM T o THETEHEERED
BHATZ A, FHLWEA 2 i s L CBREL, &
TR S AAAIEEEEZED QOL # YHESIEH I L
BHEEHAERLEIIBNTH LVWEREEE 2> Twa. Kk
RBEHEWARICRETN AZLTLOMBELAEL TLwne
SNBS, HIREE TR D EEVPELET L7208 LK
M 2 W L 22 DR AR AN EE 22 IR SR DA TR FR I BT
BERIIKEZ V. Stk BEXINREHLAGA R D ERIRIR)
FICB L CEHPBICREM 2 BET A R R I B & B
bhb.

W KR O—EIIM LA - EEERI AL - BERLE
MBI A L D 17572

51 ATk

1) Miyamoto K, Aida A, Nishimura M, et al. Gender ef-
fect on prognosis of patients receiving long-term
home oxygen therapy. Am J Respir Criti Care Med
1995 ;152 : 972—976.

2) Zuravleff JJ, Yu VL, Shonnard JW, et al. Legionella
preumophila contamination of a hospital humidifier.
Demonstration of aerosol transmission and subse-
quent subclinical infection in exposed guinea pigs.
Am Rev Respir Dis 1983 ; 128 : 657—661.



3)

4)

6)

8)

9)

10)

11)

I A O AR 2 D11 3800 Wi 0 AT o

Moiraghi A, Castellani-Pastoris M, Barral C, et al
Nosocomial legionellosis associated with use of oxy-
gen bubble humidifiers and underwater chest drain.
J Hosp Infect 1987 ; 10 : 47—50.

Kobayashi N, Yamazaki T, Maesaki S. Bacteriologi-
cal monitoring of water reservoirs in oxygen hu-
midifiers : safety of prolonged and multipatient use
of prefilled disposable oxygen humidifier bottles. In-
fect Control Hosp Epidemiol 2006 ; 27 : 320—322.
Bou R, Ramos P. Outbreak of nosocomial Legion-
naires’ disease caused by a contaminated oxygen
humidifier. ] Hosp Infect 2009 ; 71 : 381—383.

H AR 22 2ol AL B PRy, H AP Bl oy
BB A R4 AMNERER M. BRERETA
Fo4 >, AF4 ANV 2—4, HR, 2006.
AARC clinical practice guideline. Oxygen therapy
in the home or extended care facility. American As-
sociation for Respiratory Care. Respir Care 1992 ;
37:918—922.

Official statement of the American Thoracic Soci-
ety. Standards for the diagnosis and care of patients
with chronic obstructive pulmonary disease. Am J
Respir Crit Care Med 1995; 152 (Pt 2) : S77—121.
Fulmer JD. ACCP-NHLBI National conference on
oxygen therapy, chairman. Chest 1984 ;86 :234—
247.

Campbell EJ, Baker MD, Crites-Silver P. Subjective
effects of humidification of oxygen for delivery by
nasal cannula. A prospective study. Chest 1988 ;93:
289—293.

Burioka N, Takano K, Hoshino E, et al. The clinical

12)

13)

14)

15)

16)

17)

18)

19)

utility of newly developed pressure swing adsorp-
tion type oxygen concentrator with membrane hu-
midifier. Respiration 1997 ; 64 : 268—272.

Burioka N, Takano K, Suyama H, et al. Efficacy of
newly developed pressure swing adsorption type
oxygen concentrator with membrane humidifier :
Comparison with conventional oxygen concentrator
with bubble water humidifier. Internal Med 1997 ;
36 : 861—3864.

Burioka N, Takano K, Chikumi H, et al. Clinical and
in vitro evaluation of membrane humidifier that
does not require addition of water. Repir Med 2000 ;
94 : 71—75.

ANRESEMR, EARBHT., REPSES, M. MRFINIREE D
MRRE T OGS, H AR B ¥ 5k 2004 13:
511—515.

Burioka N, Chikumi H, Suyama H, et al. Membrane
humidifier that does not require addition of water.
Yonago Acta medica 1999 ; 42 : 185—188.

EABE T, RANERE (RRE) BRERAICESR
IR P HIRSEE 2004 ;42:138—144.
Miyamoto K, Nishimura M. Nasal dryness discom-
fort in individual receiving dry oxygen via nasal
cannula. Respir Care 2008 ; 53 : 503—504.

KEFEZ, NO—5, FUPRR, M KEERZR
Migr\Z B 2B OLEEIIOWT. HANREHR

xRk 2003;12:370—373.
e SR, BIERACSE, InEEmiR T, b, (KU EERSE

WA B BFRNBOF L HEEIROLE. H
AW 2R 2003513 315—319.



86 HIFR 255 49 (2). 2011.

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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