Respiratory Failure Induced by Highly
Concentrated Oxygen : Therapeutic and
Prophylactic Effects of Pulmonary Surfactant
Replacement, and Influences of Mechanical

Ventilation
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RROY—7 7 25 > MERBEZRTLAEE =7 T), 3 SHEVTATREL128MEE T T 6
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Abbreviations: ARDS, adult respiratory distress syndrome ;y max, maximum surface
tension ;¥ min, minimum surface tension ; PEEP, positive end-expiratory pressure ; PIP, peak
inspiratory pressure ; RDS, respiratory distress syndrome
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B rEBRERRCRSMBEET e, o> 7
A7 ADET, MkE, EEHL EHEEL, RA
IR S5 EFEEEE (adult respiratory distress syndrome,
ARDS) BOMB AR £ &2 2 -T2 LBNHs >N T L
B ORI, MY —7 728 FOBEWR SV
CEBHETIEBLTEIAELEEMLTVWEY. &
E BEBEBRERACLIST, BYy—7725 M0
BRI E b WY A ZESHERENTBY, K
B ¥ TRMENEOEAEELHEE > T, 76~
S8R HICIIFET T3 L |MESh T WL,

BEOWEFRLICHL TIE, ATFRTHLT 20
BB THD. —F, lr—7727% > bOXRUWL
fo K BB M R0 N O 83 5B GE 1 B (respiratory distress
syndrome, RDS) O &R#IE A L, #E2 & BREH
i —7 72 2 b EBRAT S A%k, PRT2E
EHHET S I EMEREINLTVET &, 5F
REBEAC S VPRS2 2L B LTY
Y—7 725y NETEEOBEY R J ENRESNT
VNBY TheDZehs, BRPBICLIFRTE
b, BEEESENTEELALELOND . F
B, 22, KRV ¥EAG, BRVPEREORS
PEETIELLIC, BETEC L 2FRRLAEDIEHE
BLUFHcRT 2MEBEOTYMEL, ALHERD
BREBRNLS. £, BRPHC L THREL LM
KEEWEH, ¥—7 7277 FOERHICSLDHEICD
WTHRETL 7.

XNRB L UHE

1. BEBRY—777 8 DR

WERAY—7 727452 M3, ERKEEFHK
B o BRA ST T s L 7: Surfactant CK #{#HR L
720 kbbb, BETIOBHM A EEREKRTH
WL, EUIRL - @in S 100X g, 10530 &E LIz &
DR T EREE Lok, & 512 2000xg, 4°C, 60
SEOFELC I VRS E-EEBARNL. 0
Bhis, 7aunfibb Ay /—L (21 1)DRER
WWEDBEESEEREL, ROT, 0.45%REAKEH
W27z Folch %" CEAERELYBL &R, &5
2, T b RBERCEVFREEYa VAT O
FRFELLY Z, BEHEEHRL 2L 0% Surfactant
CKEL/. 2B, ZOH—7 778> bOERIE
) UREE (98%) EBRAMESY VN E (1%) THD.
II. BEDEORBERE:, BEEEIOARS LU

FEERRORE

EBRONHRICE, KE2.2~3.Tkg OREF Y F (H
AQEiE) 2RV, BEREL, VYFEBELS Y

JAWNTHE TSI k> TIERL:. Thbs,
EHE7 2 U LIRS Ry 7 X (45X 55X T0cm) 12 &y
2 1PF2WREL, 2/min DBELWREL THHOR
FEERSUBLULICREIFL. REYRABET, R
EBFEBEL C0OIULUTICEILICLE. 12
BERH0C, BEEWNIOBICE /. ZORET
T, AR EHEkE BRIZEBIRTEL LI ICLT—F
HHATL, BRPEORBABET L L,
FEEIC L 2BETEOERE L THHRCET 2ER
BRIkt kB, WEBIUTHORRTE, B
FXy 7 ANTHABELAVWRABEO EEEEBL L
THEMRL.

1. BRPFORBEE

IOBEEIE, THOYY¥ (AR 2EidoBR
Ky 7ARTRET S THREL, Z0H, BEQE
OFEREES L UTHEEZHEL 2. ETER, &
HYIRETLL DEE L, RAKER BRI 2. FiAER
i, 1000xg, 10MEEOL TEEMEREL, 208k
DEED 12 DI HFERE (—20°0C) Lz, &7z, MidH
HLEEZHEL:.

2. BMEFBCNTIHAEEOHEES L UFHY
Rofst

1) REZROKE

IRERIZIE, BRAy 7 ANTHAE L TREATE
EREXRTVYF TR (BE) &, EERVYF5H
(N-1 88) OFr12F%=FERL .

B, BBRA v 7 ARTHATRIC, BEFEEEL
MO “H 2 EWRT EBALICESAT, BREy 7
AMBEDH LY. BHCEEYAZ (5/min) #EEF
L, #EEY ¥ 3> (50mg/ke) (Z3, HH) OBfESL &
0.5%HEE A B8 A > 2~4m]) (FEHE, KR

. OBEFEBRTICRETREES 22w, AE3.5mm O

KENF 2 — 7R HE, HER2RO TAIRREH
thL 7. ATMEUESR24% Servo Ventiator (900B,
Siemens-Elema, Solna, Sweden) #{#H L, E®O2
38 %l U MR EIS R 1 9 H 72 0 30E, RR LR
DS (/E ratio) #1/LICEE L 7. &, ALHFR
BgA MW, RAREE (peak inspiratory pressure,
PIP) % 10cmHO & L. &KX B E (positive
end-expiratory pressure, PEEP) &L &h»7.
ATFRRET  FLEEINY > % A ¥ (10ml/kg/hn) %
ENSRE DHEHRTT 2 £ & b0, <y bany
& — ) (20mg/kg/hr) (KAAEMIE, KB & RAL/5Y
7 v= A (0.1lmg/kg/hn) (BAA LA 2 ¥, BF) %
B S, —EORBEE & B ER-o . E
7o, KEBBHIRC W IMERE L RO 72D DB T =T




BRIPFBIIAT 2T 7275 > PR L ATFRE 899

pEELE. &5, B 7Yy AF a—4—(TP-
60T, AEXE, HF) 2NML T, [SENELERE
graribic, LELISCTEMERVL TERRE
35.2~38.0°CICRD L 21z L 7z,
FROEETATERS, 1KHS X CEMRD % #
RL, HEIA R S EE (ABL 2, Radiometer,
Copenhagen, Denmark) T # A & HE L 72 &8
th, BkMmEERESE (PaO,) »% 300mmHg PAFER-
riggiziz, PIP % 5cmHO ¥ 2o EF w7, PIP
% 20cmH0 2L T4 Pa0,»% 300mmHg ATz & &
% 235A&1TiE, 5emHO @ PEEP Lffi0L 2. 2D &
542 T, PIP 2% 20cmHO, PEEP #85cmHO D5
ETTH 300mmHg BAED PaO.23s@ 5 Btz

F2—7%NL T, EEREKIZSEL 72 Surfactant
CK (JF = 25mg/ml) # 2.5ml/kg H THPICEAT
BEVAIFEEAVE. EACEBLTIY, EBLUA
ORBIFE £S5 ¥T1.25ml/kg ¥2oHAL, #
KLl —7 728> P SMEEIZTEES L5 ICE
EL7. 20%E, WHARKEN AU £EOATF
WEFD, My AO#EL | HEEEL .

N1 EEDOSTIZD2WTIE, BREBRRETCOEE
BIhbTio, BRLEROHETHRE S X UL
EBIRG, SEVHRS L UVSENETSR, MBEL
Buiz NIRRT TOBIIRIL A A 53 ED#R & 8 K
BELL. o8B, ZOBOATIFROEMEIZ, BED
ATHRFEEBRO YR E (PIP=10cmHO, E#=
0E/4) EFEBEIC L. 8ROBER, BIEEDR
VINES N RS L TERL, MAERORR
2RAIZ, HEMOEELREL 2.

2) FEHER OB

IDEBRICIE, BERX Yy 7 ARNTHBL VHF14
P, EE7HF 53 (N2 #) 019 #FEHL
7.

BERy 7 ANTHE L 2 UDO &Iz T,
FE6MRSEIE, bbb, K72 “H 2 LPR" 2B
LEVWEFHICR y 7 A S5ID L, BTG HRBESE
DRES & FREOFRE: L FEREHE £ 35 20 o7 AT
REKLIS D%, chs>0BMrEER T, CH
(n=7) L D& (n=7) iz F7=. CEEZIL, BEWNED
WEt D L & L MR, Surfactant CK D4 8% 2.5
‘ml/kg HTFPICEA L. DEICI, BELLTE
BREAD A% 2.5ml/kg 5T, BEEDFETHAIC
BALY. 72, BEX Y 7 ANTHE LA N2 B
DIFFIIRLTH, ABICATHEREHFHEBL, &8
B 2.5ml/kg ERFNICEAL:. =7 7275 >

FELWLUEEREAKOMAEARER L, PIP %
10cmHO, MR [EHE30E /S ICBIE L 22 A LR %
Belr, TEA 6 RERIE LIS 5 126 £ TOmEE A A
T RERICEIE L.

STORESRT L%, REREDO~Y bt
YL EBRELTHMEEZ L. MEEHL, K3
12 30cmH0 DEDERS X Wk L Chile % — B3
Bagg, E2TYT 10emH0 BBk, B
BIRIZ10%H A L7 L7 b K 2 REEEA L TS %
BEEL?. BELLERET, AvbFs )y« F
CHREE, SERICEL.

. BRKEBHEDNEZ R EEEEORTE, 3L U

H—Tp 8 OFERCIRETTRE

A BREXy 7 ARNTHRELLZ8W) THSAT
ARy > 7 BEEREEE YLy MY THE
L7z, &7, iAKW, BiZKE¥IC Surfactant CK %
10mg/ml DWBETHEEE LD, BLUEEAE
7&iZ Surfactant CK % 10mg/ml DBE THEE €72
LD, ODEFIZ DL THNERERA (v) 2EEL 2.
ZORE DI, RIBMEAERIE (Oscillating Bubble
Apparatus, Model ASC, Surfactometer International,
Toronto, Canada) # 722, 4, 25 1 O #HRE %
BEZICAN, ITPCITMBLII A, ZOFIZHEE
0.55mm OERWEIERL 2. RWT, KLz 5 2RH
B3¢ (BE=30cpm, ¥EE(LEWHE =0.40~0.55
mm), KEHNADEE (Ap) EFE R » 5,
Laplace D= (Ap=2y /Ry 2k D y 2R, &8,
S[EOFEN RO L EDER2H/NRERS (mini-
mum surface tension, y min), KD & EDEEZFA
#HE%® ) (maximum surface tension, y max) & L
A

IV. #atanze

FHEMIE FHE L EERE (mean+SD) THL
7o FHEMEOLLERIZI, ST L Scheffée DEELL
HiEr v, PE<0.052EEELLL.

B #

. BRTPHBOKE
BERY 7 ANIZKRELZARE (n=7) 13, 88+200F
MIEIC “& 2 SR 2B L, 96+ 200FHH T
L7z, “BHz PR BtE» S E TIX8.0+2. Thy
MThot. B, REF— IZBEENAOND &
T, B, BEREZ Y& T, SREOFRRI
WS Eh o7, 1, ABOKE, HEMER
BIUFRTERCERS W MKERE S, BEDR
OREICHW N1 B (BERy 7ANFAT 2B 2R



b3, SFMOATIRBREER) ObO L TR
T. %8, N1 ¥ 0=5) Tk, MAEE2ZADZ,H->
fo. —F, ABTHIRS W fiKIEKREIIEE kg b
TeDWHET 5L 3ml 2B TE D, b & MiAKERO
GEf, Thbb2MERIR N1 BO3EUETH-
7.

II. MRRBCHT2WAEREZNEEDR
212, BEHEBS LU N1 HOATINREFOD PaO, &
PaCO. 27 %. BMERy 7 ANWEEFIZ, “HZ &P
W 22U A (B8 15RFH) CALMREREL,
15 FDHEB L 7-BEE TOBED Pa0, L BER v 7
ARFAEX Liaho N1 BHEoFn DMz EE
ZofErol. 20%, AIMRRE SEFMKIT TYH,
N-1 #Tik PaOHERELSAD Sz o2,
LiL, BETIH, ALRREKFOR, HMOZ® L
FHiz PaO, IHET L, ATFERBAZAS.2+1. ORI,
Thbed—T 727 VREARTBEEEAC I,
20cmHO @ PIP & 5cmHQ o PEEP 20l 724%
#FTH, Pa0, s 100mmHg Fi#&IZETET L,

N1 BeoMicEEERRLE. —H, PaCO,ucy,
ALREFE LR T, TTEBEL N1#Lp
MuEBEERA® . &7, N1 EO PaCO,i3 8 By
BOEMLE» 2D/ LT, B TEREOZSE
b ERL, MBEMoEZEEE SERL.
1, BECE2MARENED PO, DR
ERT. MREER, THDO I 50 2P T, PaO,
300mmHg Bl Eic EE L. LaL, M0 53 izeg
SaREBEDLINZIo. B2, BEBEE
% PaCO,0¥EBE2RT. BARREHETEIOER
69.0+24.7mmHg, MIT603H DEA 78.9+32.8
mmHg T, A#HFECIEELERTE Db,
I. BEFFCHTHHEEEOTFHHR
3z, FHEROKRFTCO PaO, DR 2R T,
BBEME LR A ST AT, CRBLT
DEQOYYFI “b2 EWR" Gisonlkhrol. &
72, NLWRBEAE %O Pa0. i1k, BERy 7 AR
AT LRVERESZ N2 BOovyX¥ozh oz
BEEZ:2DBOLE o7, FHNGHRTEERETO 6 16H

Table 1. Weights of body, lung and edema fluid in rabbits exposed

to >95% oxygen until death and in normal rabbits

Group n Body (kg) Lung (g0 Edema (g) Lung+Edema (g)
A 7 3.0+0.6 25.0+3.5* 11.3%+2.0* 36.0+3.8*
N—1 5 3.1£0.4 11.8=%2.0 none 11.8+£2.0

Values are mean=+SD. n, number of rabbits. A, rabbits exposed
to >95% oxygen until death. N—1, normal rabbits kept under
normal environmental conditions and mechanically ventilated for
8hr with 100% oxygen. *, Significantly different from group N—1
(p<0.05).

Table 2. Arterial blood gas changes in rabbits after mechanical
ventilation was started

Time after ventilation

Group n
15min 8hr
Pa0, B 7 480458 101£70%4
(mmHg) N—-1 5 531+42 526138
PaCo; B 7 48.8+£15.2* 69.0+24.7*4
(mmHg) N—1 5 21.0£6.0 24.5+6.0

Values are mean =+ SD. n, number of rabbits. B, rabbits
exposed to >95% oxygen until the onset of gasping befor
mechanical ventilation. N—1, normal rabbits kept under normal
environmental conditions. *, Significantly different from group
N—1 (p<0.05). The rabbits were under pressure controlled
ventilation with 100% oxygen and 10 c¢mH,O peak inspiratory
pressure (PIP) except 4(20ecmH,O0 PIP and 5cmH.0 positive
end-expiratory pressure, and measured at 8.241.0hr after
ventilation).




BETHCNTEY~7 775 > MEK LA TR 901

#, THEOLRBEERREATORME IR G,
Surfactant CK 235 &N/ CH, 8L UMEEL LT
HBREAIES SN DEO Pa0. i3, A LFRE
pEgc B L CHICEEETL:. Lol CHOE
13, 326+108mmHg THo7z Dz L, DR TR
161+80mmHg TH D, MEOEIEETH -/, %
DBIzBIT 2 CHO Pa0. 1k, RELZELETRE T,
FH#fEc 300mmHg BLERR-S0izxd L, DEOD
Pa0, X ERET L, &MEHIZIE 100mmHg LT

Replacement
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Fig.1. Pa0,values of each rabbit in the therapeu-
tic experiment. All rabbits (n=7) were placed
in oxygen box (oxygen concentration>95%)
until the onset of gasping, and then mechani-
cally ventilated with 100% oxygen, 30 breath/
min, 20cmH 0 peak inspiratory pressure and
5emHO positive end-expiratory pressure. When
Pa0, decreased to below 300mmHg under the
mechanical ventilation, surfactant replacement
was performed. After the replacement, PaO,
of two rabbits increased to over 300mmHg, but
the values of other five animals did not increase.
Replacement, 2.5ml/ kg of a modified natural
surfactant (Surfactant CK, 25mg/ml physiolog-
ical saline solution) was instilled into the lung
via endotracheal tube.

otz E, N2BO Pa0,lid, 2B BLEE
KEEBNASHENDT.

41z, FHBROBE TO PaCO.O#B % RT.
FRBTEEEMITO 6 BM%IC 81T 5% PaCO.1x, C
HEBLUDELL, ATHEHAERIZLEATHEES
ALz, Lal, BEA2ESLLZDEOEEEREFEL

Replacement
1407 7

120

100

80

T

60

PaCQO2 (mmHg)

40

0 15 30 60

Before Time (min) after
replacement replacement

Fig. 2. PaCO, values of each rabbit in the thera-
peutic experiment. Al rabbits (n=7) were
placed in oxygen box (oxygen concentration>
95%) until the onset of gasping, and then
mechanically ventilated with 100% oxygen, 30
breath/min, 20cmH O peak inspiratory pressure
and 5¢cmH/O positive end-expiratory pressure.
When Pa0. decreased to below 300mmHg
under the mechanical ventilation, surfactant
replacement was performed. Befor the replace-
ment, PaCO, of all rabbits were already higher
than normal rabbits that were not placed in
oxygen box but were mechanically ventilated
with the same conditions. Any uniform changes
in the PaCO, values were not seen by the
replacement.  Replacement, 2.5ml/kg of a
modified natural surfactant (Surfactant CK,
25mg/ ml physiological saline solution) was
instilled into the lung via endotracheal tube.



902

<, 1205, TA2bLBREBRRANGTNMED
i3, 112.7+46.9mmHg T&HH, CE (61.8+20.7
mmHg) t OMIZEEEZEL2RDL. 8, N2 BEo
PaCO, iz, &R B2 BLEELREHNASNE 1S
7.

M5, FHHRORSTE LN MESRERT.
BMERAY 7 ARFATEB I > TwRy N2 FTit,
BEOFA L LHHOATINRES 2 sizb e
bod, BEFREAShZL . —F, 64BMO
BERY 7 ANEBT LB IR CHEBIUDHET

Mashiz. Lml, DETR, EEOFRIM
T, FAEEOE R MEE~OSMEREH S
N, CHRCLEL THEBOELSIVEETH-.

V. BAXBERNEAESHE, $LUY—-T704%

Y roERCRIZITRE

KIWRT Lo, £BREASFEL % Surfac
tant CK @ ymin & 2mN/m UTTHD, ymax i}
3lmN/m Bi%&THo7z. —F, MAERIZ Surfac
tant CK %438 L 7:3%& @ ymin & 19mN/m Ll |,
ymax i3 40mN/m U ETH 0, EEREKIHHL

i, W LEBEOEE, 5L UME~OBMKEHE

Replacement
600+ l
— . . A\l -~
500t L4 “\Q\ T ul u ¢
— \\\\\
£ 400} RN
E NS % %
\
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+
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Fig.3. Pa0, values in the prophylactic experiment. Rabbits in the
groups C (@—®, n=7) and D (A—A, n=7) were placed in
oxygen box (oxygen concentration>95%) for 64hr, and then
mechanically ventilated with 100% oxygen, 30 breath/ min and
10cmH peak inspiratory pressure. Rabbits in the group N-2
(M—M, n=5were not placed in oxygen box but mechanically
ventilated by the same conditions with the other groups. Then,
Surfactant CK was instilled in the group C, and the placebo was
instilled in the groups N-2 and D. At the beginning of the
mechanical ventilation (before replacement), there was no
significant difference in PaO. among the three groups. PaO. of the
group N-2 did not change throughout the experiment. In the group
C, Pa0. decreased under the mechanical ventilation, but the values
were significantly higher than those of the group D from 6hr after
the replacement until end of the experiment. Replacement, 2.5ml/
kg of a modified natural surfactant (Surfactant CK, 25mg/ml
physiological saline solution) was instilled in the group C, or 2.5ml/
kg of the placebo (physiological saline) was instilled in the groups
N-2 and D into the lung via endotracheal tube. Values are
mean=+SD. * Significantly different from the group D (p<0.05).
+, Significantly different from the value obtained before
replacement (p <0.05).

TBEIHENTERIEWERSR L.




BEFBCIHNT 29 —7 775> VAT L AR 903

Wy o8 BRIF5.820.3g/dl Tho7:.

% =

EEOFRAEBETIE, RAFOBRBEL LR
XEBELEEMEPHRERFTEZVEE»HSL. Ll
EREBRREENTEEE T I Lk, BEPHLL
TEHBNTEY, HERLOBEL*EHRT LI 2
TOBERE DV ZIMETHS.

SEIDRERT, BRER Yy 7 ARATABTLEYYF
(BEE) 13, SSREMIRTEET “H 2 EWIL” kA0, T
ORI, Hia> 754 Ty ABMEFT L0, B
eI L LTHERHERBEL I ICL200

EEzohs. LarL, ZOBSTOATRETO
PaO.i3, EERZ VY ¥ (N-1B)DFh LHART, E8
Hongmolz, {BL, Z0OHK 8RR & v S R
D> Bz, BEO Pa0.ix 100mmHg ¥ £ TIWET
L, BEECHREIALIFEELL:. 2%, BEDPEIC
L BPRALIR, BBRERRE -EFMBRAL &I
FEL, ~BRET2E20ETREVEE L A
3. Holm 2%, v FIZo4REHHBEBRLRAZ
T3 e, BENELRIEL T 12~ % I EREI
EVBHET 2 Z &, B U%OERKINEIXETHE
BHAMTHZ I E»HEL T2,

S, ECT5ETHRERY 7 ARCHEBLEZ VY
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Fig. 4. PaCO. values in the prophylactic experiment. Rabbits in the
groups C (@—@®, n=7) and D (A—A, n=7) were placed in
oxygen box (oxygen concentration>95%) for 64hr, and then
mechanically ventilated with 100% oxygen, 30 breath/ min and
10cmH.0 peak inspiratory pressure. Rabbits in the group N-2
(M—M, n=5)were not placed in oxygen box but mechanically
ventilated by the same conditions with the other groups. Then,
Surfactant CK was instilled in group C, and the placebo was
instilled in the groups N-2 and D. At the beginning of the
mechanical ventilation (before replacement), there was no
significant difference in PaCO, among the three groups. PaCO, of
the group N-2 did not change throughout the experiment. In the
group C, PaCO, increased under the mechanical ventilation, but the
value was significantly lower than that of the group D in 12hr
after the replacement. Replacement, 2.5ml/ kg of a modified
natural surfactant (Surfactant CK, 25mg/ ml physiological saline
solution) was instilled in the group C, or 2.5ml/kg of the placebo
(physiological saline) was instilled in the groups N-2 and D into the
lung via endotracheal tube. Values are mean+SD. *, Significantly
different from the group D (p<0.05). +, Significantly different
from the value obtained before replacement (p<0.05).
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¥ (AR OMERI, EFE2Y79F (N1 F) OME
BO3IFEEBITEY, ThicdkfiAKBEROEER LM
boTw2Z oo, SEORRTE,
“HREPR” RFBLLBACBTIMEELHE
LTw2noT, *0%ROK 8 B THiKER: ch
CHWIEML o BT 2w, UL, FARER

DRULERLEFECHABRLTWVI D EEz 51
5.

BB 25 FE 4 7 LIS, R S B O PO 4t 5
h, ¥ARBEHSEE SN S &S BERNEAE g R
20BFLLTEZONS. LHL, SEOHKEE
DFPHRORE T, BREBEEBAS 250

EREOIBICHRATIELIHRELHL DY, “H X
EIER” AR O R L I RRE OB, fhiAE

e IER 2B (N2 B) QP 2.5ml/kg O4&EAE
KEFEALTYH, YA RAGERIELAEELE

N-2 C D

Fig.5. The rabbit’s lungs after the prophylactic experiment. N-2 was not placed in oxygen box (oxygen
concentration>95%), but mechanically ventilated for 12hr with 1009 oxygen, 30 breath/ min and
10cmHO peak inspiratory pressure. C and D were placed in oxygen box for 64hr and mechanically
ventilated for 12hr with the same conditions. C, replaced with a modified natural surfactant
(Surfactant CK, 25mg/ml physiological saline solution) at the beginning of the mechanical ventilation; D
and N-2, replaced with the placebo (physiological saline) at the beginning of the mechanical ventilation.
Hematoxyline-eosin stain. X 400. |, proteinaceous lung edema fluind fixed by formaldehyde and
leucocytes in an alveolar space.

Table 3. Surface tension of Surfactant CK suspended in physiologi-
cal saline and edema fluid, and edema fluid alone

n 7 min (mN/m) y max (mN/m)
Surfactant CK in 7 1.4£0.5 31.0£1.8
physiological saline
Surfactant CK in 7 20.6x1.1* 46.1+4.6*
edema fluid
Edema fluid 7 31.3+4.3% 54.8+4.2%4
alone
Values are mean®+SD. n, number of measurements. 7 min,

minimum surface tension. 7 max, maximum surface tension. The
concentration of Surfactant CK in physiological saline and edema
fluid was adjusted to 10mg/ml.  * Significantly different from
Surfactant CK in physiological saline (p<0.05). 4, Significantly
different from Surfactant CK in edema fluid (p<<0.05).




BERPECNT 2V —7 7275 > MEK LA TIRE 905

ote. 72, Kobayashi & ™, &8 % Ml kst
BELTY, BYUZATIHRES IR ->TWERY
Pa0, DIETREET, WEOEELN YV AL+ B
BETILEVBVEBRNTWS . BLEL D, Fik
BEOHE L HITE L TRALERA 220 TR,
BRIOFAZEUAOBE NS L Tw 3 RS E 2 &
5.

£, Surfactant CK #% KB L 72 &0
ymin & 20mN/m 282, FHREKCHH LY
O @mN/m BTF) K0y EBCHFVWEEL2TRLL.
Y7775~ bk, ymin ¥ 10mN/m ##8z 3
v, EERNENEERERS R b TV 3",
#-T, LEREOMRE, FiKkERSY—7 725>
DERZHEHERLONLILERTHDOTH 5.
Fuchimukai &, Ikegami &', Seeger 5, &8 & V%
%52y, MESPMAKBERFOY 7 HIZED ¥ —
7728 POEESERICEHEENE Z L2 RVE
LTw3. SEORBRTHL>NMKERED Y > ¢
JESEEIX5.8¢/dl T, MELEEFELVHDT
hol:. Thbb, SEOERTASNIFERED
BEO—DW, § Y7 BIEAMABREIZLD,
=T 778 b RIRELENDEEZ SRS,
4E, EBIZHV7: Surfactant CK ORBFEEE L,
¥ ¥ 8 L U A 2202 73 FRBBRF2S, B
ERMREDEFERBEORBIE®, KREMICEBSIEA S
Wi+, ERTAZRASELT v b2 Y,
V=T 7278 OERLS CRENETICEIV
HRALITHL, EHERT I ELEREIN TV
UL, SEIORBRT, BEFEIC LS WRAL25%
KU BIHTEEEY B> -89 (BB T, —
MR EZDL B0 L H2H, MBI 2 THERD
RETHETH 7. ZhiE, AdLz &>, ¥—
7775 rOEEEBETAME, vubb Y o8
JEBEOBOHIABRSHECEEL TH izl L
Eiond. g5z, BETEORMICE, WFER
K, ME@ENOmBRIE, MIgrHme ©, Mg
OB B 5P, I o DEALHSER L IREET IS,
=T 778 M RRBEEED, Lk B EEED
HRELESSHVOIRLATHS 5. Ennema 5
b, ELEY M EROLERT, BERESERLL
RETRY—7 7 75 > M RREOBESBETE
BOuEHELTWS.

BRTE T, BMERMERLS W CEL2 DEEY
REfHL, MEMEROBBUSLET L L bR
TWwas™ —%, Holm &3, Ry 4% 2\ E
BT, MBS LG IWA S ¢ nRATIE, MK

HRACRETmREAORZVHOD, flivr—772%
YIFOBIEZTTRIBUTREBY L TnI ERELT
W3, i, 5™, Kobayashi &%k, fivr—7 7
78 hOEBENERBEL W OBMERRBL TS
b, MRRCEREEE2FE>LH I, H2EELULD
V=7 725V ERESLETH), ZOBE R EL
KETEb>22RITYH, £HEN2ERANEHICET
ZEMRRTHB, fiv—772% v ik, HlEAOEE
RABET S TEREM2HLT 2 & £ bz, Flam
ELEMERAELOMOEAR 2F5, MAEOSR
E2BIELTWAHETHEY. Thbb, BETSE
T, =7 7278 WEMBELUT &% - THilE
MNE L EMERKE cOMOEAER 2R TR D,
2z IR B E A < IR b B 0 B T b3 M
boT, BRBMEFKENKEET L LI BENEZ &
no. gf, MiAESRETHE, BEL W3 H—
Tr7 8 bOEENELIEEENRD LS EEE
K2 b EBEERS.
SEOMEIETFHERIIBL T, Bt EE
EHAT LIV X (CH) T, MEDIEESHIESE
BEDEERA SN, LivL, MEECAKERSH
mERiE A 6hT, FRETF20BERBEIREI NS
BY) (D) ICHABETho7. LizdisT, Z0E
BERE, vy— 772752 OFRER(EFHAERD
HERICET 2 FEOBEXEM T2 b0 wnEE
D .
BERY 7 ANTHE, WEL Y3 ¥ (A »
“B 2 EWER” EHEL R, 8L UET LM
i, BREBRFERAKRTIAFN, 881208, BLUV
96+ 20BEHITH D, HROME? LIFIF—HT . L
L, PHURORENC BT 2DEOYHFT, 8k
MAAFECRERASNT-DR, BEEBERAD
TORFR (BARFHIOBER v 7 ANEBIC 6O AL
PR R IRZ 7oEERD) RTH Y, BER Y 7 ARNTEE
SNERERIC 0Bty REICRRTS
WHao7z 2 kizhd. Zhid, SBREEZEORALL
FoTHETENREL 2OH 2T, RIRRAIEEM
WAERTT 2L, MEBEESIESNE I L RELT
Wb ZOMBEEDIMEEFICOWTIE, SHORE
PLEE$ 5. UL, Kolobow 5*3, HIERABE
MEOAMIE->TY, vy —77285 > FEESS
UaZraHELTHBD, COMBECYY—772%
YhOBEL TV AR H B .
EEOHFRALBEOERIIEL, BREBRELA
W AR AT ROFRTHS. Lerl, SEHO
HERERE INSOEEER, TTEBBERENES



906 &

ENTVLARFBFIEHMLT, THELZALINR 2B 24
S, MoREL2ESBSE2REMENHSE Z L
PRTHOTHY, EEISMIEE NS .
SEDERBER LD, BREFETIR, MAKEOEE
LY —7 778 bOFRELE VD BERE EHICH
LY ENBEETHD, ZORDTIEFHET—
7778 v VEATRERESENTH S BRI NI, &
c, SEORRE, MEEOREBFLERPELE
fBlLTv3 ARDS izl T, BHIC PR
EEBIRZE, DRERPBONDIAREERET 2D
DTHB. LrL, ¥Y—7 775 > METEEERA
KHLUTHERT I, 5%, 58, 7V ¥ —
Rit# ¥, REBEOMBEL S . 5%, BREHAICA
T, S5HEHARNPED SNIZLERHZHD
tRbh3.

# B

BT+ F Ay, BERBC L 2EET20, %
ERBEBEL->2, y—T 7279 v 'L ERES
T UATRRI & 2RA2OEESL L UFRHERIRY
REL, BEE2MAL. 361, BRPHICELTH
ETKERSEY—T7 725 v P OBERICE 2 28
ZERREIL, UToRKmeE~:.

1. BREFHECLZ2WRAR2IT, SBEREY—E
RRRALECHREL2#E - TREL, —HRET
ZLEZDETERABTH- .

2. BEVTEORBRECH2HE, GREBRR
ERODTALIREREBZZ) &, MORE: &5 E
b w2 alpEESRB SN, ATFRROBER 5
REBILETHRZEEZONT:.

3. BEPECBL CRET 2MAERCIE, ¥—
7778 OEREFEEETIERSED SR
7z,

4. BEFECLIHEERESMNFHEL &, M-
T8 s bRARBEERETL TH, MARERSTEE
TERORZOEMMETRLEWLEZz N,

5. LoL, BRI BHEIC, My—7727%
YERFHMCHTTAZLICLD, MEEOHETE
BETHIEMNTE:

o i

BEEL2HLD, MEEEREE GV R EH
—HIRICESR#OLLEY. £, HEHEEGW 2TV
IR RIBNEBIRICES BB T 2 L L bz, AFERTICH
DEBIGLEEE L, KB BE¥EEOHEES, B
JUREBFOF L, BL<HEILELETET. 8,
BEFRDO—ERIE, NEERET R GREES0254352) B &

UBFEMESTTRERE (BHER) OBRERI L2y
fiEEL, WELERLET.

4 [

1) Clark, J. M. & Lambertsen, C. J.: Pulmo
nary oxygen toxicity: A review. Pharmacol. Rev,
23, 37-133 (1971).

2) Matalon, S. & Egan, E. A.: Effects of 100%
O, breathing on permeability of alveolar epithelium
to solute. J. Appl. Physiol.,, 50, 859-863 (1981).

3) Nickerson, P. A., Matalon, S. & Farhi, L.
E.: An ultrastructual study of alveolar permeability
to cytochrome C in the rabbit lung; Effect of
exposure to 1009 oxygen at one atmosphere. Am,
J. Pathol,, 102, 1-9 (1981).

4) Gross, N. J. & Smith, D. M.: Impaired
surfactant phospholipid metabolism in hyperoxic
mouse lungs. ]. Appl Physiol Respir. Environ,
Exercise Physiol,, 51, 1198-1203 (1981).

5) Matalon, S., Holm, B. A. & Notter, R. H.:
Mitigation of pulmonary hyperoxic injury by admin-
istration of exogenous surfactant. J. Appl. Physiol,
62, 756-761 (1987).

6) Mtk #: Y FRBBRFIIHTEAIY-
7y 8y bETEEE. JLEEREEEE, 19, 1318
(1985).

7) Shapiro, D. L., Notter, R. H., Morin, F. C.
I, Deluga, K. S., Golub, L. M., Sinkin, R. A,,
Weiss, K. I. & Cox, C.: Double-blind, randomized
trial of a calf lung surfactant extract administered
at birth to very premature infants for prevention of
respiratory distress syndrome. Pediatrics, 76, 593-599
(1985).

8) TTEEt, K B, SOFH, BREF, ¥
EF, REB—: RENEBEAROAMERRF2C
S ARG Lr—7 725 v PREKEEOHR. O
AEEEE, 20, 1-7 (1989).

9) HWHEEA, MR B, FEXE, #LEB—, M
Yz Wy —7 725> ERYEOREEECH
T2RABELEEORE. BRAEESRE, 18, 6874
(1982).

10) Folch, J., Ascoli, I., Lees, M., Meath, J. A,
& LeBaron, F. N.: Preparation of lipid extraction
from brain tissue. J. Biol. Chem., 191, 833-841
(1951).

11) FWUFE, HBEM,: s > 7 BOSTES




BETBEENT I -7 725> T LA TRRIE 907

FUREE. MRS 87 B - e R, B
10k, 11-12 B, E@3EHR, =R, 1979.

12) Enhorning, G.: Pulsating bubble technique
for evaluating pulmonary surfactant. J. Appl
Physiol. Respir. Environ. Exercise Physiol, 43,
198-203 (1977).

13) Holm, B. A. & Matalon, S.: Role of pulmo-
nary surfactant in the development and treatment
of adult respiratory distress syndrome. Anesth.
Analg., 69, 805-818 (1989).

14) KiT—3%, BREX: MiKE. KB, 26
243-251 (1977).

15) Kobayashi, T., Kataoka, H., Ueda, T.,
Murakami, S., Takada, Y. & Kokubo, M.:
Effects of surfactant supplement and end-expiratory
pressure in lung-lavaged rabbits. J. Appl. Physiol.
Respir. Environ. Exercise Physiol, 57, 995-1001
(1984).

16) King, R. J. & Clements, J. A.: Surface
active materials from dog lung. II. Composition and
physiological correlations. Am. J. Physiol, 223,
715-726 (1972).

17) Fuchimukai, T., Fujiwara, T., Takahashi,
A. & Enhorning, G.: Artificial pulmonary surfac-
tant inhibited by proteins. J. Appl. Physiol., 62,
429-437 (1987).

18). Ikegami, M., Jobe, A. & Berry, D.: A
protein that inhibits surfactant in respiratory distress
syndrome. Biol. Neonate., 50, 121-129 (1986).

19) Seeger, W., Stréhr, G., Wolf, H. R. D. &
Neuhof, H.: Alteration of surfactant function due
to protein leakage: special interaction with fibrin
monomer. J. Appl. Physiol, 58, 326-338 (1985).

20) FEEF, K B, EREF, SOEH, ¥H
%, & E# —. Robertson, B. & Grossmann,
G.: fiKEROY—7 77 5> VIREER vy ¥ %
BIFIZ X 205, DREES. 20, 36-41 (1989).
2) FEAE: ey r¥ it ad—772 4
¥ MRFER L RSB EY (PEEP) O%E. +
2ESE, 92, 63-76 (1983).

2) MARRZ, SHEEE, SEER, FBAK, )
KB, REB—: ATH—7725> FrORE
v ¥ g2 98, B REEZ, 14, 59-66
(1983),

) EEEEX: HRERICHTAF—T7 7250 b
WRBEOHR. FEEE, 34, 194-201 (1985).

24) Lachmann, B., Berggren, P., Curstedt, T.,
Combined
effects of surfactant substitution and prolongation

Grossmann, G. & Robertson, B.:

of inspiration phase in artificially ventilated prema-
ture newbone rabbits. Pediatr. Res., 16, 921-927
(1982).

25) Enhorning, G., Shennan, A., Possmyer, F.,
Dunn, M., Chen, C. P. & Milligan, J.: Prevention
of neonatal respiratory distress syndrome by trache-
al instillation of surfactant: a randomized clinical
trial. Pediatrics, 76, 145-153 (1985).

26) /M B, FEAKE, HEB—, HEM—: 5
Y¥—7 72 %>+ (Surfactant CK) 12 & 2 %7 4 R IE0R
ERERIEO MR, HREESE, 12, 1-6 (1981).
27) Kobayashi, T., Ganzuka, M., Taniguchi, J.,
Nitta, K. & Murakami, S.:
surfactant replacement for hydrochloric acid aspira-
tion in rabbits. Acta Anaesthesiol Scand., 34,
216-221 (1990).

28) F NFE, MK B, A0EN, BRET, ¥
BY, SEE— ERKYVALBALEZT7Y FOAT
PR TAZ B4 2 M A R 3B & CETFER © BE L RAR
Mz oW T, JbRERRBEE, 25, 35-40 (1991).

29) Winter, P. M. & Smith, G.: The toxicity of
oxygen. Anesthesiology, 37, 210-241 (1972).

30) Ennema, J. J., Kobayashi, T., Robertson,
B. & Curstedt, T.:
surfactant in experimental respiratory failure induced
by hyperoxia. Acta Anaesthesiol. Scand., 32, 665-671
(1988).

31) Klein, J.: Normmobaric pulmonary oxygen
toxicity. Anesth. Analg., 70, 195-207 (1990).

32) Holm, B. A., Notter, R. H., Siegle, J. &
Matalon, S.:
tant changes during injury and recovery from
hyperoxia. J. Appl. Physiol., 59, 1402-1409 (1985).
33) SREERAX, /K B, BOEHER, S ETF,
BRF, W EB—: MREEE L PEEP OMR v o &
RBMGF T oM. JLRERESE, 22, 31-36 (1988).
34) Kobayashi, T., Shido, A., Nitta, K., Inui, S.,
Ganzuka, M. & Robertson, B.:
concentration of surfactant in fetal lung liquid at
birth. Respir. Physiol,, 80, 181-192 (1990).

35) Bredenberg, C. E., Nieman, G. F., Paskanik,
A. M. & Hart, K. E.: Microvascular membrane
permeability in high surface tension pulmonary

Lung lavage and

Inactivation of exogenous

Pulmonary physiological and surfac-

The critical



908 = ]
edema. J. Appl. Physiol., 60, 253-259 (1986). high peak airway pressure during mechanical
36) Kolobow, T. Moretti, M. P., Fumagalli, R., ventilation. An experimental study. Am. Rey,
Mascheroni, D., Prato, P., Chen, V. & Joris, Respir. Dis., 135, 312-315 (1987).

M. : Severe impairment in lung function induced by

Respiratory Failure Induced by Highly Concentrated Oxygen: Therapeutic and
Prophylactic Effects of Pulmonary Surfactant Replacement, and Influences of Mechanical
Ventilation Junro Taniguchi, Department of Anesthesiology and Intensive Care Medicine,
School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 100, 897—908
(1991

Key words respiratory failure, oxygen toxicity, surfactant replacement, surfactant inhibitor,
mechanical ventilation

Abstract

Effects of surfactant replacement and mechanical ventilation on respiratory failure in oxygen tox-
icity were examined using thirty-eight adult rabbits (Japanese white). The Rabbits (n=7) that were
placed in the oxygen box (oxygen concentration >95%) for observation of respiratory failure started
gasping in 88+ 20 hr (mean = SD) and died in 96+ 20 hr with 11.3£2.0 ml of lung edema fluid. The
rabbits (n=7) selected to be examined for the therapeutic effect of surfactant replacement were also
placed in the oxygen box and mechanically ventilated with 100% oxygen when they started gasping.
Their PaOz was 480+ 58 mmHg when they started gasping, but decreased to 101+70 mmHg within
8 hr under the mechanical ventilation. Surfactant replacement was performed in the rabbits with the
decreased PaOz; 2.5 ml/kg of a modified natural surfactant (Surfactant CK, 25 mg/ml physiological
saline solution) was instilled into the lungs via endotracheal tube. The levels of PaOz, however, was
not always increased by the replacement. In the rabbits (n=7) that were placed in the oxygen box for
64 hr (before the onset of gasping), and then mechanically ventilated with 100% oxygen, over 500
mmHg of PaO:2 also fell to bellow 100 mmHg within 12 hr. Thus, the duration of oxygen exposure
that causes PaOz to fall was shorter in rabbits subjected to mechanical ventilation than in those left in
the oxygen box under normal breathing conditions. The rabbits (n=7) that prophylactically received
the surfactant replacement at 64 hr after being placed in the oxygen box, (i. e. the animals that
received the surfactant when their PaOz was still at the normal level), maintained over 300 mmHg of
PaO: for 12 hr while under mechanical ventilation (p<0.05 vs.without the replacement). In the rab-
bits (n=10) that were not placed in the oxygen box but were mechanically ventilated for 8~12 hr, the
Pa02 did not change. Minimum surface tension of Surfactant CK was 1.4+0.5 mN/m (n=7), but rose
t0 20.6 1.1 mN/m (p<0.05) when the above mentioned lung edema fluid was added. From these
findings, it was concluded that intermittent positive pressure ventilation might further damage the
lungs exposed to highly concentrated oxygen, and that pulmonary edema fluid resulting from oxygen
toxicity inhibits surfactant activity. It was also concluded that surfactant replacement in oxyen toxici-
ty is not always effective when a large amount of lung edema fluid is present. Prophylactic surfactant
replacement performed before the appearance of respiratory failure, however, is effective for sup-
pressing lung injury induced by a combination of oxygen toxicity and mechanical ventilation.




