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ABSTRACT

Analysis of the Bacterial Filters for Expiratory Limb Application with
Unacceptable Blockage by Ultrasonic Nebulizer

Tetsuo FujiBAYASHI, Yoshikazu YASUDA, Hisato SUZUKI*,
Kou TAKAKURA*, Satoru FUKUDA and Kazunari ISHII**
Intensive Cave Unit, Fukui Medical University and * Department of Amnesthesiology and
Reanimatology, Fukui Medical University, Fukui, 910-1193
**Scientific & Laboratory Services, Nihon pall Ltd., Tokyo, 141-0031

We encountered the unacceptable blockage of the bacterial filter (Pall BB-50 T), which was made
of hydrophobic pleated membrane, for expiratory limb application during using ultrasonic nebulizer.

For clearing up the cause of this blockage, we analized three kinds of filters (the controversial filter
itself, the similarly used one which was twice nebulized for 30 minutes every 6 hours with tyloxapol and
water under heated and moisturized condition, and the unused one) by means of the electron micro-
scopy, the flow resistance and the macroscopic hydrophilism for dropped water or aerosol (tyloxapol).

In the microscopic analysis, morphological differences were hardly recognized between the contro-
versial filter and the unused one. Many yellow cristals, which were considered as tyloxapol, adhered
to the surface of the similarly used one.

In the flow-resistance measurement for the 60 / per minute of flowing air, the resistance of the
controversial filter, which momentarily had risen at 96.7 cmH,0 at that time, remained in less than 5
c¢cmH,0 even under second heated and moisturized condition. The resistance of the unused filter also
kept low. On the other hand, high resistance more than 100 cmH,0O was recognized in the similarly
used filter.

In the analysis of hydrophilia, extremely decreased hydrophobility was seen only on the patients’ side
of the similarly used filter when not water but tyloxapol were dropped.

From these results, it would appear that this unacceptable blockage arose from not holes filled up by
aerosol itself but the formation of water membrane on the filter caused by loss of hydrophobility due

to tyloxapol. Tyloxapol is a powerful surface active agent, and the other aerosol containing sur-

factant may bring about this blockage.
We must avoid to use ultrasonic nebulizer, powerful surface active agents as tyloxapol and hydro-
phobic bacterial filters for expiratory limb application, simultaneously.

* IR RER B BRI R R A i e
i ([FD) JRERRLRR AR

o QAR — VA SIS BT ST



1. FC®IC

R A 7 4 V8 0%, A TIRERERN O RYF
BV E 37 54— & 2 EYEER OEB DO A
THRIBANDHEAZ S TeDICHWS LS, &
[\, BEFEAT 7 AP —(EHCMERER 7 4 v
¥ (K= BB50T) OFEEOAEZ b
R & D R OSREE - 7 o FIERI 2 RRER LTz, Y
Hl, 74 NVF~OEBROEEE D 2FHEL 7225,
Z5 TR ole BERECK74VIBIUV
K7 4 V& OOFIZ & D B D 2 HRNES
NieDTHET %,

2. BHHOWME

BEIZ, T3ROBMET, BEMEMERGR T
REBHBTICUCAZE LTz, =RV F
V—% SVI0C (y— x> AHE) 1o T ALK
WRITo T, 2011 HEBSHA 754
P—HEHEBTY — R F 1 — % SV300
(y—=RA v AfH) WEBE L, BRAERZFoF
RN 2ml L ZEEASmI T, 1HIC4HE, 1
[z D & 20 HEEMRIT U 7o, A TR0 35 o
X, MEIEZR MRT730 (74 vy v — %47
WAL T OxTTORE % 34°C Bif < niEm
W7z, FERER 7 4 v 4 1%, BB-50 T 2w,
N LI OWESRNC Bl A I8 i L, 7 4 v
FOFHICE VA —F— T v 72ED 17, 12
BEfE & & s L 7., WA R 8 HE, A%
1 CPAP TEH I N TWiz2%, #H L IRk E R
TANF KRB R2EEH OBRAFE R ICER
SV 300 DIE#ZR T 7 — L0588 D, ZhET99%
%L T\ Spo, 12 90% C £ TIETFL, BE
A EFR CHFORBEEE L T/, HIEEKC
ATIEREE - I, IE Sy 7 TS %21TS
L, BEOHRFRIZAES L% Y, Spo, &
100% i [E148 U ¥ RIRERIE IRl L Lz,

TAMEEESFL, ATHREZERLIEZ
%, ek T — N THRESTZAT, W4l
To R [EEE 7 4 V2, INE Ny 27 2T IR %
RIS REETH > T2,

AL 1 19% 15

3. WIRFE

BEfL7c7 4 V5%, HF74 V5, BEELS
TI7A =% HOCTEEKRDABD L WIZEEKE
FOFYR—NVEZXTIAX LT 4 NVIBIV
REAOZ7 4 VD IFEEHE LT,

BREEEEZ, 745 OmEERTNEIE (D
60l DZEFET LI L & DD, BETEMSEI
Y aEEDS, FuFHRK—LB L UOEREKE
BETFLTonnERAEE L,

7 4 vy OREIEIHIE X, Lid3EET, #
B (50°C DEZEEZER % 15 50 LEGRR), hnign
B (MR 730 12 T 34°C I HBANE), 2FEAD A
D30 5FEAT 74 X ETH, EEKORERR
Nb, ROTFuF S R-NVOEELFARL
&, AT L FRl—RETIMEFIC 6 R L D
FoFHR—)L2ml & ZEFHAK5ml D 30 5D
AT T4 XBHITLTD T 4 VT OFEETIOH
BERENT,

FIEGEA T T4 XDOFELFARL 2D, Kf#
RO 7 4 v % 1 BEEINEINEE, Fox3 K-
WBIXUERHAEZEGEA T ITA A LTI ANID
TEEIOHERE &~z

BRI L 2RS0T, bt 3 FEsE
D7 4V %, THETNEEEREKIZ 2500 {5 TET
SEOUSRE T L 72,

DIEDSHT T, 1 EFFEIMRMEER 7 4+ V5
R, BEEESEBENCF oY R—VH D
WIZEHAETTL, 74V BT R
RERRET L 72,

4. # R

EHAKAT 7ARET7 4 V8 OFEEI%2E 1
RS, UK 7 4V Y IZEERTIC 96.7 cmH,0
LEWEFI AR LU, —HER%E 1 I
BEBEAXT IA R BECETEVWDODOMD
7 4 ¥ EERROHER ER LT,

SEIDOEEARIRGL & [Bl—SfFThm@Hc 6 FefE &
EDFaFHR—2ml EZEZFAKS5ml D 305
MOAT 74 XEHITLTDT7 4 V8 DFEERD
DM ZR 218, 2HDOREHDO 7 4 V5 %
HOTHEND, 2@ IEAEDA T4 X T



AL : 2002 44 B

96.7
(cmH,0)
4“ X /O\
7 8] \ e
b I _=-_::::‘_';‘.‘:_ 1111 . \<>
fgg ol A — P RS s -]
morr
0 1 Il 1 1 1
E % % g; g —o— EHH LR
& #i i x5 g e RfERm
m 301 B --0-- RfEAR2
x = B s xpmas
B 1 HGAKRT 74 R LB 7 4 VIEIIOHR
0! []%D*#f—nﬁO%ﬁWl
160
140 =
- 120 ?
A —o— AR
z Zg 1l - *Ems:2
w o4 — - |
20 |—
Ot e 'y 1) [l o
%9 7 2 3 4 5 6 7 8 9 10 11 12
HRRIA D S DR
2 FuftFE—6REITEDWAKBIT S 7 408 IPLOHERS
[]%D*ﬁﬁ—»ﬁﬁwl
(cmH,0)
100
80
5 —o— FEAR
1 60 | —0— KEASZ2
% —O— K{EH&H&3
% 40 | o KfEAR 4
n
20
0 _&I L L L L L A 1 1 R { e | 1 1 i J
0 1 2

IZEAEA D S DR
K 3 FuFdR—VEERACBE TS 7 4V IEROHER

BIFE A CERO LA ERD o708, 2EHE
DHT 74 XDEF» S AW RELIIO LA %
iz,

1 B RIIE S S#EFE L TF aF K- L7

BHARKDAT 74 XEZRITLTDT 4 Vv DR
FoOMBERICTT, 4EOREH 74 V5 %
FAWTHART2, #2774 AL T 1EBEAEL T
Do AED 7 4 VF T RTOEFLRBUEIML



= 0 s

EEHR LR &

AR 2 19% 15

vial—arg
FiRICFaFH R—VORELERE B TFEFaFyR—% 6 R
DENKREAREIFLALENE JTERSEATIA XL, 2
Do T2, EHEHDR 7T 4 XETHDS D,
FaFHR— L ORERESERD
Tzis
4 BB-50 T OETFHEMSERRE (X2500)
5=
: & . V. N
T
12
& |
‘F
=
% | &
K
B |5
L3
fal N

KIERGR

[EEH EF G

ﬁ%/\lv av

R 5 FuFhR—ERE L OEFKETICL S 0antE

7

ETFHEMSIC L 2EDOST T, REMHT 4
WEEFELER7 4V 3G LIZEALEEZREZR
Sixpolehy, FuxFHhR— v EeEEKOATZ
4X%Eﬁbt74w&fu74w7®§@u
0 F G R—IEBONIVEDOHEDLEERD
n (®4), HELEDEAEEREFO,

BNED IR ZES5ICRT, F o FHK—
WEFRBKDIAT T4 REITLI 7 4 VP WCE
WC, FuFHR—LEFETLEOEEEICE
W TRANEDEKNTED & iz,

5. & £

AA&R—n1® BB-50 T O fAZHAEICE VT
i, FRENCERT 2858, 74 V8 OFHICY
A==+ 7y LERDFT, KFEAATESRS
BBEIII 4B S s ok, |EFRETHE
AT 2858 8 toxxas, 2L HE
BEA T I7A VARV TIZ302T D
THRHREL TW5, 27-EHM, EeEiAoA
TR ONSHEIT7 4 VY 2T 2H81C1

LEEDIEE O RBIFHIN T H > T b IEPUEMO ]
BEMEMTR I N T WD, DEDEHRD 2\ I3HE



AL 22002 £ 4 A

BEORBL DN TR 2R OFER AN 7 4 V8 R EEHFT
BB VDO DR T b WP O WTREM: 2375
ETHEVNS ZEThHhD, SERIOFERTIE, HE
TR DN LI ER DFEEMNC 7 4 V7 LTV
Tl DICEEAROHERIZ D b o TLeE2H
Z1L2KEZ EORBEIT> Tz, LAY
S51EOAT 74 XKD 20 T2 RBEOE
FH AT 74 P —EHOET TEIOEMNZZED
Tele, BEFL T30 MU ED A T T 4 X597
bl aEEdERH S, Yy VAT T4 F—TiX
BEE3I~S5um ORNFHELESINZDIIHL T,
HEAT 74P —TIRERE0.5~1.4 um DR
FOREESN, LDEKREOKECEYNEET S
23, PEHIC HREBE R TO b 7 v PR BN
VIORFNELGEET B I Lick b, NTHksE
BERRIIBEREIC b L 228, RRETFRAY & A TR
RANDOEYEA [ T2, WRERK 7 4 V5
DEEBVLBEERL, BIZY—FRVFLr—3T
A 774 — AR O HEA DR GES
WCHER G 2 57 O ICFFIREIRE 7 4 VY OEEE DS
WHETH D, SHOFLD 7 4V 7 IKHTO A%
FAOKERIE, FoFHR—LBHED7 4 L7~
OHFEE O TR, 74 V5 OBUKMEENF o X
PR—MIZ LD —EICEkDbR, 74V DEE
R AKDEMRE S IREEIC R b D EFEZ o N
b, ZOFuFHR—ILEGSAIZKOEIIEET
mhEs b0, —BRNELTL £ LHEE
HRRBMCETL, REA7 4 vy EEEHIER
T 4N L CHERCREENICIZE A EER
»7, BEFEMEOFRATHIFLALERERAD
Ehol:bDEFzonl, ZOFauFHR—u
KEBBTRNED TICHBEINF o F K-V 0D
DR > I REDSERY S 2 v —YaryD7 4
VE T, BTEMETHIHEIN TS, FoFx
PRV FREEEFR L H D 2EK 2 E
TERDZED S nico, fMoIEYONEED R
2B < A NIRRT AFl O L LTH—i
ICAWSNTWEEYTH LY, ZORMEENE
ERAB L HEMFITH S 7)) £ ) > OFEAMS
TANIDLNEEEDTL £ S AJREMRH 5,
ZDZER, 74N EOLNEDSTTHEEK
TEELFuF S R—L O T CAEREL D

= 4

KUEMBEALI:Z Lo bHEflans, SEIZF
OF YR NLDHERTITA XL THAMYET 4 1V
F it 2 EEEFID, HOBAEYIC LR
HEEUHYEBSEMEN TS bDH8HD, %D
BRI BLETH 5,
SEIOEHOFKENBERE A 7 74 F— KR
BRICTEEL SHERCREENE L FERD
WD, YIav—v a3 ra{TolEER
FLREY, ILTUVHTORES—ELRWVI LK
BALTWEbDEEZONS, ETT74NMFK
T LEETH 508, EERE TIIAR/KIC L »E
B22300b 5 w»whs, ICU TIEMRBOBE 2 £
TR 7 1 V7 ICEEL b > Tz Al REE
Bhb, BERFEELARBRIC 74NV ITHED
12 RO E B INb & FICKDOBER TN E
bixholo-Ohdb Ly, FRERETIIEN
DIRERBE 2 —FIFED T EOARETH D K
BOKBENOEZ S 3> ba—VAJEETH 543,
ICU TRERPEENZNIZERBICEHE L
TWwabiFTidk <, BENORBBEOKREDL —F
LTk, KEENLEER T, RSB 7 4L
SICHETL2ETCUHLIBEOEL 7y 7E 0
5TH5HI L, FILWRBOKEEICKIETE -7
RETHNIETITRTAT I I ERIZ
Ty TENBI LR D, SHEEDRIC
EoTH, ERICHEELMEUTARETH I IEE
S[BENC AT 74 XENFEBB 7 4 VF 2% AT
BETBTHAIL, Mo/ RERE LT 4 VT I
BETBHNICHEEFICN 7y 7E3NERD 7 4 V5
NOTEPBD T 2 ERENEL D 5,
SREIOFFRIRER 7 1 v & EHLO LR IZHBSE
Br 23 TCRRETCE ko7, ZOEHELT
B O LARABTH-72 2 &, FREMD 7
T —ATRNSRANCEESN 74 VY DREE %
EBZIT W E, ZANVIDTIAFY 7 DN
H2E > TWT 7 4 VI REKELEOBEHNK
MThole BTN,
SEIFHEAR— VOB =R T, BEEAT 7
AP —EHTIEBIT2FaFHR—)vERFKD
AT ITAREIBoNTFETTO74 V5
(BB-50T) ~DgEERAN, BE»SEZHOD
R EREEE 7 4 WY IDBIRFTBE I N T WS D, ZD



FEAEDBAED 7 A VITHY, BEWHEAT
FAY—FERHTOERBIEL TidiZ & A EE#E»
BEINTOHBOLOBERTH S, 745 DER
DERBAEBIZL 32 L5 RBHIZ DR B[
LD, ATHRBEHRT COBEHE 77
4 F— DOREITIZRT 5, L% 2 THITT 55
BREBEVEESLELEZ S,

1

2)

3)

AT 1 19% 15

X ™

SCHEOA, %E EATL&E-NIT7VT7
1V F ORREEE RS JRE LR R, BRI 47 :
1464-1470, 1998

BBEEESE I REGEEAN. EZ0b0 & 117!
792-798, 1981

Hedley RM, Allt-Graham ] : A comparison
of the filtration properties of heat and mois-
ture exchangers. Anaesthesia 47 . 414-420,
1992




