XI5 =T 7 7 22 MlFEIEE
TR IR 1 (PEEP) D% R

B&5:jpn

HhRE

~FHH: 2017-10-04
*F—7—NK (Ja):
*—7— K (En):
YRR

X—IJL7 FL R:
FiT/:

http://hdl.handle.net/2297/9048




FRKFEAREFEMEE H92% HI1E 63-76 (1983) 63

RS i394 —7 728 v MERKEEL
KRS (PEEP) o%)%

SRR IR E (EAE M L 80R)
W A #

(AR FI584% 1 H 17 H &2 4t)

BRI LD, =T 729 > P REEBWET V2D LY, ZhE B TRREEFRR (intermit-
tent positive pressure breathing, LA IPPB LB§) Tio#—7 7 75 > MEREE LT o258 LIEK
WESBFHE (positive end-expiratory pressure, BT PEEP LB8) %007 72354 OIEIREAEE SR & 1R
L7, BBAY Y ¥ (2.3~3.5kg) 4 P E Y M NV E Y — L TRREEL 720 b RS L h SENES
L, B #IRSEROD S, ME X EEBY, 20 754 7 A0HIE, MY ASWFE L 2ERL-.
PRI 3TCI bl e b I EEAEKEZARE Lkg H7:D 5ml FORERTEALLZOBHRT S 1)
SigERG. 1EOREBRFICZA0~60BEEEL, Zht 10 MEBTSEL Dh2 Lk, WHRiRE
FETHRITFES—T7 7275 > MARELIFHREHLIC 240, & 512 ES IPPB TiZ 3 cm KiED PEEP
Mz 78 (LUT PEEP B L BS) k., J0Z 312 zero end-expiratory pressure (AT ZEEP L #8)  U7:
B (UT ZEEP#ELIE) 22 L7, TabbE 1843 ZEEP #, % 283 PEEP &, 3By —7
778 o VT ZEEP R, BABREY—T7 72 ¥ 2 Ml +PEEP L L. BB, V=T 728D
TN, 7Y ORIGVEIEE» SHHE UL RBOY—7 v 7 5 o s 2 BIFEE (0.45% NaCl+0.02% CaCl,)
BB L T 13mg/ml OEEICREL, 20 10ml 2AENICEAT 2 AEERAVE, JERRRCEY—7
7O U EEEROEROEMRER 10m]l ZEBCEA LT, £ RREEE, RERSENES 20 cm
Ak, FERES A 153 30 @, R, TERAFELE 0.66 & U 100%MESHA R, 5 1 B0
iR 2 MDA SEC L, PaO,DET, PaCOD LR, 7Y F—¥ A, 2> 754 7 ADET, HER
HROFELZ ENAH SN, B2 EEIHTIRLINY Pa0,0 L&, AFEMHOERNTD & ii-s3,
FIEEBFCE S b Do/, B4 TO Pa0,, PaCO,, BIkM pH, 2> 754 7> X, MERH
MR, MR X MEHEA L, $NTHOIBLD b RIFRATRERL, COBOBIREELELER:. L
TRy Y —7 775 P REREICHU T, PEEP £ —7 77 7 > MNERERESHE TS &
O ROLEBEGRSL LS EN b0 EERE L.

Key words surfactant, supplement therapy PEEP, lung lavage

PRSI OES & & b, fERR S IR ERERY
Lol b E2oNABBOEERKERTY, HERER
HLoEEwImENEZ TS, L, Miv—
Ty 78 bMRELRED, ERESEVEB I
BREGITE, — R R B 7 TRER R AFER &
B OBANSH L, Y—7 778 MiEiilaRmEIC
HHL, REBEIAET s MIBoERESBET 2

BTho, ZTORZPHESCRILERESMOREE
b, BELITRIE4EL,

IOk D aREC LT, RS, MERKRKIC
[ H % » ) 3 positive end - expiratory pressure (24
T PEEP LB8) AL 7 ALHBENEHNTH 2 L\
HITERP, UL, PEEP 24 L T & IKEZ K
ETEIROEENDD, LOENEREOHERENE

Effects of Surfactant Supplement and Positive End-expiratory Pressure in Lung Lavaged

Rabbits.

Hisanori Kataoka, Department of Anesthesiology (Director: Prof. S. Muraka-
mi), School of Medicine, Kanazawa University.
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FRTw3, %, [EEALTAEPOY—T77
Y MREATB LV, ¥—7 775 v METRE
OEPEERB T WMENLENT LY, SHES
W, BB RIS RE R ML CIERIL oY —
TP s ¥V NREBMETAERY, =T 725V
M7 & PEEP O%R, o W EERHAL 2
BEOHRERFLIOTRET 5
MNRE & UHE

B ¥ (fRE 2.3~3.5kg) 4 P EMHEAL, 75
5 — )b 30 mg/kg DEELFHET b o 0.1 mg OFF
HCHEREALEDB, = bV E Y —b 30 mg/
kg OEEIC & 2 HERHRE TSR 1 0 & 5% setup TR
Ba{Tfof, TRbOBEMMITERES EER, [E
YIBATLL VBB L F 2 — TR REERD VAL ¥
— B L, R T £ T 100% B2 AV THRH
B FEIRER (intermittent positive pressure breathing,
LAF IPPB & B8) #7177, BREMFIBAESEN
E % 20 cm Ak, FRIREIHA 1 R 30 @, BR R
REREILLE 0.66 WEBREL . 4B, [RENE 2RI
HETEDL XD ICRERNF 2 — 7RG EDY, E
PO VAT a——ZHEHT 5 L kb, BRANEE
WWiRRAT 47 PRV Y O X —F — 28R L EHN
RSB F v 7 TEBLILI, 20T, ME
DE=F—ALFMACKBERC =2y —va ¥
TEEELI, B EFEARCERRICO =2
v—¥arefrol.

REATIE 1 RSB 212 0.5 mg DR/ SV 70T 4
PHELCEERIET 2 L L b, BEITUT

B.P. HE A R.M.

Ié?

E.P. 20 cmH20

Fig.1. Experimental setup.
B. P.: Blood pressure, 1. V.: Intravenous line, R.
T.: Rectal temperature, R. M. : Respirometer, E.
P.: Endotracheal pressure, PEEP : Positive end -
expiratory pressure.

i

A RN E F =i 10~20 mg ZEAIARE U CRRBREE
Ei—FICEot, TOEDL, EFEREIELESS
BEESEMEHVTITCHBCARERGL. &
BEEEEANCFIRE (7o~ 4 F 10mg) #HEL,
g7, GERECEIDT YRV ABELETHOT,
SWHREIIRL, 2% EREF MY 7 LK% 8ml/h
DI THHEHD I SREEEL 72, & 5 ICEIIRIMD base

" excéss A%, —6.0mEq/1 LFOEZER LI & DI, 7%

BREEF M) 7 LW 4~6ml HTEMBERS LT,
EERREMESFET L, B0 EHRENTEL R
CHEIRIMERD 51TV, FidEEFI0 PaO,, PaCO,, pH,
base excess, ~F 7 0 & v #EEL ¥ % Rediometer
#1 ABL 2 MIMEH A B EATac £ DB L 72, &72,
EificEa v 7247 Y ADHEET 7. THITH,
¥ PSR TR L B0, BEEERTRE
LAUL S 50 ml DR EEAL T AN E IR
g, TOBREAZTOFE (25m)) EHERL TS
IR 2 (E o 7208, B D O 25 ml 2SPICERTE L T
LEEEL, FORBRORENE» SRV TIAT Y
AELATFORTEEL 29,
S P ) T ) E—
RENE (cm KE)

S E I, OB EEEY A0 X ks
fTotz, XGHBEEBRANYY VA 100 8KR-¥ 7
X SRR ER L, RESRMFI 43KV, 4mAs,
BER% 100 cm & L 7=,

FH¥EHRIEIC X, 26 ml/kg O 37°Ciz izt ik
BEAERERICEALLD S, THPPIHRT 5
L HEEEEG Tz, 1 EOMEERIEICE 40~60 7
RIREL, ZOMEEERRRBIZErR, #
BRIERCHET LB ke otz 0O &S afitite
HiRfEI: 10 SRR T 5 BElfT - 7.

PRI BR RS T Y & %, IREUR R 3 cm AKEED
B E % S Wiz 2 72 positive end - expiratory pres-
sure B¢ (PEEP ##) &, WEAKKHOREWNEZE 0cm
AFEIZ L 72 zero end - expiratory pressure # (LUF
ZEEPBELER) L1220 LTz, SO B —7 77
Y NERB LA 2L, THLLE 1
WY —7 72> IERETE+ ZEEP B 8 B, 25 2 BRI
—7 724 NEREF+PEEP BET B, 5 3 BRIz —7
725y NEFRAHZEEP #1141, 4B —T 77
5> NEF+PEEP B8 Bl & L7z,

WEEY—7 725 V3, Figh 7y O
SYBEIC L o TR LY, Thbb, 770 LA
%#9 800 ml DAEFEA AT L, # 500 ml DBEER
ZEILL 72, EUXHE % 100X g, 4°CT 10 R0 Ll
S 2B BRWiz0b, EFE®2,000Xg, £CT60
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SEHEEIROL, AEEBREOE LML, 20
B IX VWV H B white layer E N2 D THD,
BMOREEEERT I o RARDOMY—7 7275 >
FESBIZEAESETHLLHRENTHE(K2).
Lizh8-> T4EEIE 2 D white layer #RBY—7 7
7F v b ELTERICERL .

B3R, BABCNLTR, BEAY—7725
b % 0.45% NaCl & 0.02% CaCl,L#& AR ERER
WL TH 13 me/ml (BZIREE) OBEICHREL,
0 10 ml 2fYRFET O 5 MRICREMTEAT 2
LwAdH—7 728y N EREEETo L, —A, ¥
WAEE B LB, BB oL TR, ERETY—
7728y RS Ekw EEOERER 10ml 2REN
WEALR., BAREBLTE, ¥y—7778 b5
WIREBRBBERSHEEIIWEDE A L3I, EAER
M5 T YT =y 7 (AMBU bag) 2 & % &R %
K30 MHEB IR LI, HUEHELS DL L.
FAREKRT LI PEEP R (BB 28, 4B
HLTIRVAE L —F —ORGRANCHRER 2D D,
WARPEROGENENScm AKFEZE B LI 2Lk
(E1),

80

H20 -
70} -
60}
50+ White layer

40} fmax!:;Q
30+t

Surface tension {dyn/cm)

20t /

10¢

10 38

Surface area (cm?)

Fig.2. Surface area - surface tension diagram of
water and crude lung surfactant (white layer)
which was supplemented into the rabbits.
Subphase=0.9 % NaCl +0.02% CaCl,, Sur-
factant concentration=130 mg/dl, Subphase
temperature=37"C, Cycling speed=0.3 cycle/min,
Ymin=minimum surface tension, ymex=maximum
surface tension.

FEARERTREZES L L, 0 30 SHOKS T
BWAALLAVTSAT Y AEHEL, FRLUEE 60
FTERAEELSODZ L, BB, MEERERT
ERE, Y—7778 0 b3 0WIdEREREAD 30
DBRECERTEE—FE TR X RERE2EML
7z,

V=T 728 VTR 12 BRI EAETE LB,
FORETRAEDRY MV ET - L EBELTE
BLIz, BRTHRCLLBACEIETRATERLK
T L7, RCEMEMEL, RBNEHEODLEEN
ELMKEZ EDOBR, D) EEMEEAIEL:. F
BRI K[ENES 30 cm A E TH T CHEE S
S HFERTDBHACPHIL T E[EPIEM 10,
5 BV 0cm KEIZR > 72BETOBOB OO
BrROTIERLL, &8, 0em AEBROMABRIE
i, FEA 2 £ BRI D L ROBIh 5K
7z,

B8, vYFOMERRIIREAR T 5 EINE
DEEERDB L L bIZ, FERE T LOEIECD
WIER-FREEN A Y77 L2 0EL JIER,
modified Wilhelmy balance (7 2 vER TS
Y EEY, BEHOPOFECE>TEHELL, Tib
L, iR e 3T°CIZE o 1o 7 7 o RN 10 AR
BLDB, 10cm?s 5 38 cm* DRI BRE L - HIEH
|#% 0.3 cycle/min OFEE TEE cycling 2 €225,
X-Yva—¥F—2AuTER-RARITI Y75
PEHL. ¥R, MEVBEVva-—F—cdD
REIRN ORI EHEL 72, 10~12cycle HDOH
B-REBRNSA Y7 20 6BNRERT (Yon) B
I VB AREREERS (ymax) ER Dz, £ 72 Clements 52
eV, BATF R o MigeiE oD stability index (B4
T SILEBER) REELE,

2 (Ymax ™ Ymin)
1= (7m8x+ yrm:‘
g5z, BE-FRERNSA ¥/ 7 L CHENERS
OEE» &, REFEEO—2DOTETH 2 hysteresis &
Koz,

White layer SRR Y —7 775 > MiC20wTh,
%@ in vitro TOEMEE 3 2 OEK - REEI S
4 ¥ 75 AEEIELL (F2). HEIF modified Wil-
helmy balance £\, 74 FOMEEROEHE LR
BOAETT-7, $72050.9% NaCl & 0.02%
CaCl,% & ¥+ B B2 8 ¥ 100 ml iZ white layer 130 mg
(WHREE) »BE2E, 77orERIANRTITC
WREB D DHEIEERE cycling ¥ BXSHEL L.
White layer @ yminid 8.4x4.7dyn/cm, ymaxid
30.8+1.7dyn/cm, S.I.i& 1.12:£0.33, hysteresis {&
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11.3+1.8erg/cm*TH 0, ftivyr—7727 7 LT
+AREEEETELOTH D LHESI NI,
BB MY R IE 27747 A
#, BIUEEBHBICOWTIE, A I/ 7EHRA
1%UTO DEEH L Db, 2 BEMO LB
Student @ t FFHRE £ TV, 3 BEHEL EO BT HE
B EfTot WFNLERE S UTEEREL L.

B %

1. &M

ZEEP O & 0% 1 B3 gk ik 2 BRI 24
MIET-L 7, PEEP 2 MNA B2 #BL Y —T7 7275
v MNEFEEToRDL ZEEP D% & L8 3BT,
AHNFETCT B £ CORBIZZFRFN 5B 15 9B &
T AR 2 HThHotz, —H, y—7 728 ¥ VR
600 A
500 L—l—l\L
400
300

PaO2 (mmHg)

200
100

600
500
400

PaO2 (mmHg)

300
200
100

2 4 8 8 10 12
Hours after surfactant or
electrolyte instillation

Fig.3. A. Sequential changes of Pa0, (mean=S.

D)
O=group 1 (electrolyte+ZEEP) (n=8), =
group 2 (electrolyte+PEEP) (n=7),O=group 3
(surfactant+ZEEP) (n=11), @=group 4 (sur-
factant+PEEP) (n=8), a=Pa0, before lung
lavage (mean=S. D.), b=lung lavage, c=sur-
factant or-electrolyte instillation,

Presentations of the mean and S. D. values of

each group except group 4 were terminated when

half of the rabbits died.

A =group 1 vs group 2, 3 (p<0.05), * =group 1 vs

group 4 (p<0.05), ¥ =group 2 vs group 4 (p<0.

05), % =group 3 vs group 4 (p<0.05),B. Each

sequential change of PaQ, in group 4.

& PEEP %ffH U725 4 BECid 8 vk 6 5% 12 B5RS
PAE&EFELS: (B3~6).

II. MiEHAFRR

1) EDRMEERSE (PaO,)

4 DDFETOD PaO,DFHE L BERELZK 3- A
WU, &8, BELBEOAMELZ OV H ¥ D PaO,D#R
2B 3-BiZmL e, HEHID Pa0,ix £ 450~600
mmHg OEIZH - 7z, itk L RENFEAREODS,
81D Pa0,i3 D 3 D DB L B L THEIW (p<
0.05) €<, 100 mmHg AT ERD, 22 BERUA
WZHE L 72, 58 2 B0 PaO 13l & & b B T T 318
MERL, MEBRTAIFREL THIZL22H5
¥ 2 BRI 30 43 B+~ T 200 mmHg T 2R L
72 B 3BETIE PaO, DHEICIE S D EMD 512 b DD
FIET 150 ~ 200 mmHg D{EAR L E4 BT
Y—7 77 ¥ MEFH 2 BT 30 2RI 2508 300
mmHg L ED PaO, 2 FE->T8B Y, 8§ Hld 6 Flid 128F
%% 400 mmHg BLED PaQ, %2R -72. LL,
3 BEE% & 5 BERGIC PaO,DETLIZU O H D5 1
BiFomehl, E1HEE2LTVUEIHLOR
TR, EEB%2ELCTHE (p<0.05) OEMNALH
BoRWLEIHLE AR LERE (p<0.05) #
BoNIz, LiehSo T, =7 727 ¥ > b OFEI Pa0,
DEREEB IS LI LWL B, 8512, PEEP 2HH T
BIEIZED, BRI VEL Pa0, 2R ETE2 L

120
100
80

PaCO2(mmHg)

60

40 et T T et

20

8 8 10 12
Hours after surfactant or
electrolyte instillation

Fig. 4. Sequential changes of PaCO, (mean+S. D.)

[O=group 1 (electrolyte+ZEEP) (n=38), H=
group 2 (electrolyte+PEEP) (n=7), O=group 3
(surfactant+ZEEP) (n=11), @=group 4 (sur-
factant+PEEP) (n=8), a=PaCO, before lung
lavage (mean+S. D.), b=lung lavage, c=sur-
factant or electrolyte instillation,

Presentations of the mean and S. D. values of
each group except group 4 were terminated when
half of the rabbits died.

* =group 1 vs group 4 (p<0.05),% =group 3 vs
group 4 (p<0.05)
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) R ER/T.

2) BURIDRERY 22 E (PaCO,)

4 DDOHTD PaCO,NEAL%E] 4 1R L %2, PaCO,
WL Tid, PaQ,iZ FEES 0k ZR A LD SNEH o
Jo. Thbb, BIBHLEIHTCRIBMLLbICLER
THEASA LN, B2HTRELAOF—7 XS
DEWRHONHODLRBERRIBETH 2, —F,
% 4 BT, 40 mmHg B2 PaCO, 3Rz T iz,
BIMEEAMEBS I UE B B 4BHOLE TR
FRENEEE (p<0.05) D SN, Lo, B
SRELEAREOMICBFHFNERER Aol d
27,

3) BhRIM pH

5124 DOTO pH OF(L2RT. Eiicdh, BER
BV L0%E125 D pH B & U base excess D
HWENBI b TWw3DTERMOLEIRETH
3, L»L, B, 2, 3ETE, 2 UERB
F N U D L DEHEE LA 1 single shot (7 % E REE
F P )T AT 4~6ml)iC L 2IBIFEE 2 KFER< X
niz, —4H, B4BO P 6 fliiBEinEs 2 LE
Elhot:, BABTRERBF M) 20858
BYBZ b b &7, BRI pH i3 7.40 Btk 2R
L, base excess DFEHEIE —4 mEq/l LT 27 & T
DIDOHLIVEE (p<0.05) KB WEETL .

I, €a>7547R

7.60

7.40

Arterial pH

7.20

7.00

6.80

2 4 6 8 10 12
Hours after surfactant or
electrolyte instillation

Fig. 5. Sequential changes of arterial pH (meanz+

S. D) '
_____ j=group 1 (electrolyte+ZEEP) (n=8), H=
group 2 (electrolyte+PEEP) (n=7), O=group 3
(surfactant+ZEEP) (n=11)@=group 4 (sur-
factant+PEEP) (n=8), a=arterial pH before
lung lavage (meanxS. D.), b=Ilung lavage, c=
surfactant or electrolyte instillation
Presentations of the mean and S. D. values of
each group except group 4 were terminated when
half of the rabbits died.

* =group 1 vs group 4 (p<0.05), ¥+ =group 2 vs
group 4 (p<0.05), % =group 3 vs group 4 {p<0.05)

H6iwa>r774 7 ADESHELERT.HEL,
2, 3D320HDaYTFI4TYARVTN LT
FAIOMEDORI 1/2 TET L E s REEAERI R0
2. —H, BABOIY 754 7 VRO 3 D0k
EDEER (p<0.05) RuExRL, HFaIOMEEH
FTEb2BE RN,

V. B8 X AR

FER1EE4FCBOCMEEN, ks THR, B
SV —7 725 MER 30 HBICEBRE LI X 18
BRTHB, (A) ORBFIOBE IR, (B) O¥dkE
TRUEAMDORENZIHF LB B, LIERIET
BHIZE o T, (C) TRIFO U E AMBESR
DL, DEERVEBE R TS, ¥y—T 725>
FEFFEL Lo, 2T, RWFOUEAME
feRRBA Lo, $REIRTOURE AMRE
&, ¥—7 77 % v MEREETHEA L2t PEEP %
BERAL B 4 BIZ LB R B TR B o Tz,

V. HHiftopEBRAETR

KB T ERMC 2 L. EE2IIE 28
EABEDME & b2 5 cm MEORENE R ST TREE
TRLI:DDTH 2, EFNCRTE 2EHOMIZ£E
FHEELTBD, SRRELALED RN, B
ANIEABEDO LD TH—7 727 % > M EiF% PEEP %
HALEHTHS . BERIIESIZLHLDATED,
ERNTOoOND, 2B, —HIRBFEO L Z2LF

Compliance (mi/cmH20)

8 8 10 12
Hours after surfactant or
electrolyte instillation

Fig. 6. Sequential changes of compliance (mean+

S.D)

[J=group 1 (electrolyte+ZEEP) (n=8), H=
group 2 (electrolyte+PEEP) (n=7), O=group 3
(surfactant+ZEEP) (n=11), @=group 4 (sur-
factant+PEEP) (n=8), a=values of compliance
before lung lavage (mean+S. D.), b=lung lavage,
c=surfactant or electrolyte instillation
Presentations of the mean and S. D. values of
each group except group 4 were terminated when
half of the rabbits died.

* =group 1 vs group 4 (p<0.05), ¥r=group 2 vs
group 4 (p<0.05), % =group 3 vs group 4 (p<0.05)
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ELTBD, ZOWRY—7728 v HEELLR
motzbDrELENS, BIHOMIERL (VR
VA, FoBrRERICHEREEL Tl E7, B3
BEOMbERENZLL, FREVSTIVLLOTD
otz Thbb, BEARTOMETSTALERMEE
o Tz,
FEHOERIX, 1, 2, 3, JBMTEELRE
2D o, Lhl, BIOERBRCBO Tk

i

BIbTICERL X OMHN GEWRER) O
EHIZL HRT, BThOBEOM L ERESERIC (p<
0.05) #EIHL Ttz (T 1),

VI 0 E—Eihik

TRERENE LEEOBRERERCHZEL 2
LOTH2, Thbb,30cm KiEE THEL THiz 5
g5, RRFEL TRERNE 10, 5,
0cm KR 5T FE TOMREZRLIZLDTDHS,

(A)

5o

Photo.1 The chest roentgenogram of a rabbit in group 4.
(A)=before the lung lavage, (B)=just after the lung lavage, (C)=Thirty minutes after the
instillation of the lung surfactant and PEEP application.

Photo. 2 Excised rabbit lungs at 5 cmH,O of transpulmonary pressure.

left=the lung of rabbit in group 2, right=the lung of rabbit in group 4.
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Table 1. Weight of excised lungs

»"Weight (g)
group 1 22.813.0 (nZST
group 2 23.8%3.9 (n=26)
group 3 24.7%3.7 (n=101
group 4 23.8%3.2 (n=17)
non lavaged o

lung 11.8+2.0% (n=29)

(mean+S.D.)
#=non lavaged lung vs group 1, 2, 3, 4 (p<0.05) .
Significant difference was not found among the
group 1, 2, 3, 4.

1, B2, BLXUEIHD 3 >OHOMICIZHKEH
BEEZHEDONLE Mo, —F, BLBTRMED
3OMEICILL THEEI (p<0.05) FLETREIFED
stz

VIL Ak i R R IRIKRE

AR OFREA & D —BEICmEMET L,
IR 2 B EAS A SN, PEEEFICIE MERIRE b
CETAHEEBE» o, LrL, REREEER
i onT, IO&DRME, R\EOEENID %

-7z,

= =

SEDRERT, fikHE ZEEP THRA L7 ¥ ik
PaQ,2METF L TAERMIIET L 7z, Z it L, PEEP
EMARATHEREZTI>E LY —T7 7275~ ME
FEHITH L, EFEEENER UMBREIZFH I HEL
7.

i 21T &, HEPCRESEE T 5 1 R
HHEOB BB IS, i, WERLTINENS D
CEBRLEREOMALEINES, LrL, My—7
778 Y OBESBTERFEOREIC L DERLEE
PBEIIETLOEEZOND,

HE MY FIHRSEE < DIEL, RSO

Y—T I OBREMELTOS, ZOBRE, 4

~ 5 HOPEET 70~80%, 10 [BEDBEE T 90% LI LD
P—T7 77 b BEOHENDE L EHDTVS,
Huber 5% 4 X Q7N % £ AR T 5 BIFEE L7
LA, fiv—7 vy v bainians o, M
HOREERHI D > 7247 AN 4 BEIChbT>T
BETULREREL TS, /INHSWIEA X ITHdE 2T
Set—T7 ¥ EEHENRS D, OER
BN FET LR L 2RO TS, ZOBOY—7

70}
60 | 2

501

Volume {ml)

20 A

10

° 0 5 10
Pressure (cmH20)
Fig.7. Deflation pressure - volume relationships
for excised lungs of rabbits (mean+S. D))
[O=group 1 (electrolyte+ZEEP) (n=8), H=
group 2 (electrolyte+PEEP) (n=7), O=group 3
(surfactant+ZEEP) (n=11), @=group 4 (sur-
factant +PEEP) (n=8), A =group 4 vs group 1, 2,
3 (p<0.05)
Significant difference was not found among the
group 1, 2, 3.

778 hPHELHLEE, BULHD1EWL2EDOD
PeERERIcRE <, IEDLEOTEH URIZRD
L7z &3R4 LT w3, Fujiwara 52i%, Bty S0
BE 5~6 EOMEE TAERSOY—7 77 5 > bl
Wit s h 3 Ll TB Y, 10 Bl IR BEEE s
— 777N E o EREL T 5B,
Lachmann &®ZREBVELE » MBS 21TV,
FERERSEDORA, Pa0,DIET, PaCO,n EFH 51>
a7 747 Y ADETERD T3, Wetton 514
1, 4 X CHTHREEITD &, HEA0 X BEaM
DU, EEIZL EBETI U~T2 L E L 2 Lol
TWwb,

SHOEBRTIE, FidcEs 5 @T-7%, EE N
HRIZHEARD 89~91% TH -7z. Wilhelmy balance
THIEL . BRI T L oRMEEL2E 2 ITRT
PHERFER DT DN T ymin® L&, hysteresis O
47, stability index DIET R A LH, 4ED, 5
Bl DY ICITREFEESIT L A EBD R0,
Thbb, SEORETREBIOMY—7 724 b
NEVHEIN LD LHEE NS, BE, y~7 77
F v bR AZEEP (B IR O v ¥ T, &£F
FEM D548, PaO,DET, PaCO,NER, 7Y F—v
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Table 2. Surface activity on each number of lung washing

Number of washing

1 2 3 4 5
7 min (dyn/cm) 8.8+7.3 23.3+8.1 30.1£9.5 35.3%7.5 39.8%+2.3
7 max (dyn/cm) 31.2£5.3 38.4%10.4 48.2%6.2 50.6%5.6 54.1+2.9
S. L 1.23+0.54 0.47%£0.32 0.49+0.26 0.37%0.15 0.30£0.04
hysteresis (erg/cm? 8.7£1.9 4.4%2.7 3.9%2.5 3.6%1.2 3.3%1.1

7 min=minimum surface tension
7 max=mmaximum surface tension

—_ e . — 2( max " min)
S.1.=stability index ~—L——L——rmx+ p—

A, £av 7547V RAOET, MR XREEFRD
B BB HONTz, ThoDER»S, 5EDWHE
BICk o T ¥Ry —7 727 v P REREICE
BuofebD LEMLEL .

Lz AT, MlaoRETEEMA L ik (o E)
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T2HTHLS, MEOERERIIMEE2MES ¢
ZAAREESHWTVWE D EBbN3, RERIIC
ko TETHMBONENE, £FEOIUES (ftEk%
LEERA L IEHOER) D 2/3%wL 3/4%
EHBEVRDRTWES Jiy—7 7275 v MIRER
B EC2YWETH L5, MEEHBEO LS 0Y
—T7 777 FDORER, HEOEHLIE I HIEHE
BUME S 2 08K T B, Lieddi> T, BB
RSB S R 5 I, Y KENEE L
By, HERCRBREIBESCERT 5. &
DI s, —~ARKEOEL, MAY v~ b OEX,
AV F54 T VADET, BENBRIEDORD S EH
B0, TORBEBRNE, BREBSAMLE, #
M7 Y R—v AR ENRALGNE LIS,

SEE, FMEEE, B, EEREWER
L Ui OB Z EBRBENTHL 319 Uil
BRI L S, WRBEY—7 727 v b R
WHLTL g, MEFR2247567T0T, &TLY
FLERBIELIZ VBV, F TGS R B E R
(idiopathic respiratory distress syndrome, AT
IRDS M) TiE, iy —7 727 Y PORMMC LV E
ERRAENB I3l LR LA TR,
Z O, WSO, FEAREERS, B EWE OBAY,
BB, BEEPS, > a v 7920, EAFER (post
perfusion lung syndrome) 7 ¥ ORRIZE % PRk
Tgdh, ¥—7 728 Y FOREZLUERSLILLEE

(mean+tS.D.) (n=9)

ERBEESHD EESNTVS, Z0Ld REBRDRE
T, WFNHEELZTRTEBEI 5535, RRTE
BEOEE SR Z DB,

PEDESky—7 708y P REREIHLT,
PEEP # R Wi EREBOFRIENRBEN T2,
PEEP & i, BEMKIFIZB VT HEERNELXBED %
FIZEEDD LI L ATHRETHYD, BEENERI®E
O, ERMEA~OBRKOERH, Mifo®Es 4,
airway closure D51k, ¥ ¥ > b OEA, MiEEO#R
B2 dbizodTedNT 53, Lizs->T, PEEP
PSR B8 W TR DB BRI D T WLWiKE
WRL TR B o R L VWA B,

% 72 Wyszogrodski 591, PEEP IZidffiv—7 7
752 N DERPTBERES R IPRND 2 EWE
LTwa, Thbb, BRKET LB, FRKRE
WCERM A%\ ZEEP TRV —7 779 >~ M DERE
NEEI N DITHL, 2.5 cm AHED PEEP 26tH ¢
Bt —7 724 v OMRRIZIEERAICRIIN
r LTw 3%, ZEEP, PEEP, PEEP kx4
ESftitr—7 72 5 Y b DEBRRPLFMIIE R B HE
U FTREL CEBOERTIE, BBR 2T - 12,
ZEEP TCiZ¥—7 727§ ¥ F DR T I
beFREMEbES, BR, 277147 ARE
TLREEBRRsRTWBE2, Lol PEEP 2w,
KEMRENTIHBICE Oy —7 725 DS
AL DEED, SN TEE L LEbFERD
TS AT UAREEBNIRE NI L HE SN TH520,

SHOEBRICBWT, F 28T xbHb PEEP 21z
FeEETI, 55 180 ZEEP B Ll L THIBRED W E
BHERMN D BEERD SN, Tb b, PEEP FEO¥H
FET- R TR 4 BERIER L, PaO, b ZEEP Bz
HRTEEC (p<0.05) EHEL, LeL, 2277
A7 v A, MEER WX REEFRRR EICFE
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Ao hoi, k& D, PEEP OFFIRAS£LER)
BRIETRDOoNZLODOMETEB LD TR Lo
AR

Y—7 778 bk, 10 BRI T2 DB HH -
BEDERETIHEENT VB Lo T, LE
BOY—7 778\ BPEESND ETOM, HE»
SRELLEY—T7 778 P TRITTENE, Y7
7Y VIMREVYXFIEEEELEZLDEELS
NB B, Y—7 729> FBRIIL TV 2 IRDS O
BILIZH L, Fujiwara 59, /IMEoNzd oy —7 7 7
g N EEBRENRAON TS, ChidYy—777
U rOBEBEREREENLTEAL, WRERE
WET L BEETHY, IRDS 12 L THEICEYRH
ETHEEREINTVLS,
SEOEBRT ZEEP#E 18 vy —7725 >
MEFR+ZEEP BE(BE 388 L R LT B &, BETR
HERBETRRRNIL T 3 BER U 7z, £ 72 Pa0, oL
<, FI&Z 100 mmHg, %% 150~200 mmHg D{E
UMM 3 EEE (p<0.05) 2507, LaL
PaCO,, 2> 7547 v AB L UHERGICEL T
BIEHRCEEENRD s o, LlELY, ¥
— 7708y MNERIC L BERTIRITED SN0,
ERLIZLOMRRVELI STHETEIHKR W
Zirotz, U3, ZEEP TIIFHIREAENEL &
L8, BELLY—7 7275 baifila: c+43
BETERhoRI LD EEI NS,
PULEFAANT %72 & 312, PEEP H2WidH—7 77 %
Y NETEEEO WS~ BB TR
BEBEBRIR A Sk Tz, L, WE R

Table 3. Composition of white layer
(supplemented lung surfactant)

W/W %
Phosphatidylcholine . . . . . . . . .. 41.2
Phosphatidylserine . . . . . . . . . .. 6.3
Phosphatidylethanolamine . . . . . . . 3.6
Sphingomyelin . . . . . . . . . .. .. 2.1
Unidentified Phospholipids . . . . . . . 5.6 °
Cholesterol . . . . . . . . ... ... 4.9
Triglyceride . . . . . . . . . ... 1,2
Free fatty acid . . . . . . . . . . .. 1.5
Protein . . . . .. .. .. ... ... 33.5
Total 99.9

The lipid composition of the white layer was
determined with thin-layer chromatography,
its protein content with amino-acid analysis.

FAU 7228 4 BET13 8 ok 6 Bt 12 BERALL E o iz o T
400 mmHg L0 PaO, 275, EUEEFE L b D L&
2ol PaCO,R 3y P54 7 RI22WT b BIF
BEREHRRICR L, 710088 X B R, BT
R, WESEME2ETYH, HoBIcHBE L TE LR
WRERMBE LN, ZDZEhs, =T r sy vt
RZIRBIZI L Tid PEEP % Bl RRAAE - L iz
V=7 7275 M RATEREEHAL TRRIE, IR
EAEL(RETELZ LMNTHENT,

SEOEBRTIE, YHFICTIDF—7 7282}
EHFELIC, LaL, B3IEFRT L3, SEEV:
V=T 777y b IR 33.5% DY Vs B EEN
TEY, BES V71X 2EWERORENRIER N
b, IDIz, IDV—T7 775 RZFDE LEHEK
WHERT B LK ol S D 5, BEIEE T,
Mitr—7 7 7% > b O & HAED B Ix+ 531 fF8R
ENTwR, Tibb, fiY—772% > M 3IEE
EF VRV BORE LYV RTuT 4 v THY, F
N7 ENREEECEELREERELTLE LTS
BENY SNA I MNANT AT FF I

(dipalmitoylphosphatidylcholine) # £ 45 & 3 g
BO&ME%EDIL->TED, 787 BIREHEM W
ETBEOL BT LTS, L L, BF Kokubo
S, AERIEE O & 2BER LT, 52 BENR
DHEBANTIH—~T 728 b OMERTE EHELT
BY, ERLCET TOMESE/FINIS,

SEIDOERET,PEEP £ —7 728 > O
EI-TBABTY, 8420 TREROE DM
PaO,DIETHBE W ERABCELLHZ L MNTE
mirol, WRWCHVRY—T7 27 M, (HERBT
122 OREEY % Wilhelmy balance THIELTH Y,
o2l aNT Y —T7 775 N OE®ENE L
B o 7z L3 E L ST,

e, W=7 775 bDRERBLFDTHoT-E
Erond, bhaic, SEAOERTEALLY—7
77y DEIZIBOmg(ERER)TH S, BIFL®
i, REEEERTROKLERY—T7 72820
B3RO B RERH D 0.58~1.15 ug/cm*TH
5 EHELTWA, &7z, Fujiwara 5343, filivr—7
778 v b DFERSTH L phospholipid D& 1L, 74
FOMKREE lcm?H72 0.57 ug THBEHRELTH
5,0, SEHKE LY —7 7275 >+ 130mg F0
phospholipid D& IZEE T5mg TH 5., 7 HF D%
EE%E 21,000cm? B 2 &9, KEBRICH WY
— 7725 OERSRHEREICES > 7 LIREL
1%E, BURARbIVOY—T7 729 > NOEIX
6.2 ug/cm?>TH Y, phospholipid DETEHET5 & 3.6
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ug/em?e b, LikdioT, #EBLLTRTETH
Sl EEZHND.
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Fla 2 TEE T CRY—7 7277 v NERBEOKN
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* Abstract

The effects of surfactant supplement and positive end-expiratory pressure (PEEP) were
studied in 34 rabbits in which lung surfactant was depleted through lung lavage. The adult rabbit
(2.3-3.5kg) was anesthetized with pentobarbital and the trachea was cannulated through
tracheotomy. After the artery and the vein were cannulated, arterial blood gas findings and
static total compliance were measured, and chest roentgenograms were taken. Then, physiolo-
gical saline (25 ml/kg), kept at 37°C, was poured into the trachea and withdrawn after 40-60
seconds to wash out the lung surfactant. The bilateral whole lung lavages were repeated 5 times,
at 10 minutes’ intervals. Five minutes after the 5th lavage, each animal was classified into four
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groups. In group 1, no PEEP (zero end-expiratory ptessure = ZEEP) and no surfactant supple-
ment were applied. In group 2, PEEP but none of the surfactant supplement was applied. In
group 3, surfactant supplement, but none of PEEP (ZEEP), was applied. In group 4, both PEEP
and surfactant supplement were applied. For the surfactant supplement, crude lung surfactant
which was extracted from lung lavage fluid of pigs, was used suspending it in electrolyte solution
(0.45% NaCl + 0.02% CaCl,) at a concentration of 13 mg/ml, and 10 ml of the suspension was
instilled into the trachea. To the non-surfactant supplement group (group 1 & 2), the same
volume of electrolyte solution was instilled. After these procedures, all the animals were venti-
lated with 100% oxygen by a pressure pre-set respirator. The peak inspiratory pressure, frequen-
cy, and inspiratory/expiratory ratio were set at 20 cmH, O, 30 beats/min, and 0.66 respectively.
All the rabbits of group 1 died within 2 hours after the lavage exhibiting severe hypoxia, hyper-
capnia, acidosis, and reduction of the compliance. Deterioration of the pressure-volume relation-
ship of the excised lung was also detected. In group 2 and 3, some increase of PaO, was seen
and the animals lived longer than those in group 1, yet they could not survive. In group 4, values
of the PaO,, PaCO,, arterial acid-base status, compliance, chest roentgenographic finding, and
the pressure-volume relationship of the excised lungs improved significantly. Most of these
animals could survive. It is concluded from these findings that the combining of surfactant
supplement and PEEP brings about favorable therapeutic effects on the surfactant depleted
status.




