KRB EEGHE  £18%8 21

EEFASAA ST FFEEd A2 AFY
HHFA e mate] A AT
ST EEICEE e
HEI| - M6l - Z2AE - BT
O|FA . ZHAH - T&t=
A4 e ¢ 5ol & uhd sehmy
7 & =2-d #H =

=Abstract=

A Study on the Pulmonary Hemodynamic Changes before and after PEEP in ARDS
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The purpose of this study is to observe the changes of pulmonary capillary permeability and

various hemodynamic parameters before and after Positive End-Expiratory Pressure(PEEP) in

Adult Respiratory Distress Syndrome (ARDS).

Using a canine oleic acid induced  ARDS model, we measured the pulmonary capillary

permeability with a slope of lung: heart radioactivity ratio, hemodynamic parameters with

Swan-Ganz catheter and blood gas tensions.

1) In normal and ARDS dogs, the PEEP didn't significantly influence the slope of lung:
heart radioactivity ratio. But in ARDS group the slope index was increased compaired with

that of control group (p<0.05).

2) Also in ARDS group, Pa0, was significantly decreased, and PaCO,, PVCOZ, MPAP, Aa-
DO,, Qs/Qt were significantly increased compared with those of control group (p<(0.05).

3) In normal dogs, the PEEP didn’t influence blood pH or gas tension, AaDO,,

hemodynamics.

4) In ARDS dogs, however, the PEEP significantly increased PaO,,

Qs/Qt (p<0.05).
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1. Ao

ARDS ¢] 43 model 2 oj8] B84 Bug oleic
acid ol &g AAHFY Wy 10g Agsigch &F
A AAL Ao 2@ 10~12ke), 129tele] G
¥ 2F, oleic acid = 0.05ml/kg % FA§ Group
I 6telsh, oleic acid 0.1ml/kgs A3
Group I 6v}e] 2 o] A& sty o).

2. HEdd

Thiopental sodium ¢ =3 kg % 25mg, pancuro-
nium bromide & A F kg 0.4mg S AW F4dle
ulE B FEA7 &, 713 tube & AMY)Elz, thiopen-
tal sodium 3 mg/kg/hr. ¢} pancuronium bromide
0.05mg/kg/hr. & A FAE = A vhF & FA A4 -
FAld] Bennett MA-1 $3F2AZFA 2 44+ 4%
=& 0.52 stz F0% 20ml/ke, TFF 16/% 4
HE EFAAT .

AHFEY F 2593t 2AYL FEHLE »
2454 2596 = 16 gauge Medicut-g A AA 5
5 gt (Mean Arterial Pressure, MAP) 243 %
WS AFslz, ZA Y= Swan-Ganz Catheter &
A A A s 599k (Mean PulmonaryArterial P-

ressure, MPAP), s ®4d 3wkt (Pulmonary Ca-
p'illary‘ Wedge Pressure, PCWP)< £A435lu =59
a4 AP AHat, FAA2TAA FTEH
oF, Akd, iy ¥ EFIYLY 2P, BT
g, s RAgasete, FAAYG, E4ELE
zx45tm 6em H,08 Zo7T oftzFd (Positive
End Expiratory Pressure, PEEP)¢ 7}3-% 308 5
ol A A5ty PEEPZo 2 3t4 v}, Groupl, Group:
1 entel¥o] 22+ 0,05ml/kg, 0.1ml/kg¢] oleic
acid & AW F435te ARDS & wtEm 1475 §
sh2& AAE AASS o] & ARDSTOE 4rgrosd,
o) 6cm H0 372 okhEEw & 7hat 308 Fo A
AAE 4Ase] ARDS-PEEP Fo = abokel,

s 2Agw BA44¢ 28] 18t *Te-Human
Serum Albumin 10 mCi & AW FAstx 134 18
4] computer o] 53le] w9} Mgl A4 FAY
< (Region of Interest, ROI)S- 4% s} (Fig. 1), ol

Fig.\ 1. Region of interest (ROI) defined on the-
computer matrix. ‘
(A: ROI of the heart B: ROI of the lung)

Fig. 2. Histologic fin mgé of .canine oleic acid induced ARDS, Capillary congestion, pulmonary edema
and hyaline membrane are seen (H&E, X100).
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—14+4X107%/min o] gy =, PEEP ¥4 A4
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g9t Oleicacid A% ARDS Foll 4 s /Al Ak}
Ful8 S€7l% Group o4 26--8x107%/min, G-
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34 St el 9 vh(p<0.05). ARDS-PEEP 4|
A% Fig. 3elA9l o] o /AaakAl-ale] Al X
£ Z&saAR 7187 % Group T4l4 1549x107*
/min, Group TolA 48+15X107%/min & ARDSF
T f9 g 3ol = ¢lolvlk(Table 1, Fig. 4).
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Table 1. Data on Slope Index (Mean-8.D.)
Unit: 1074/Min

Control PEEP ARDS ARDS-PEEP
Group I —2+46 -—1+3 26+ 8* 15+ 9
Group [ —144 +0+4 63129% 48-+15

*p<0, 05 significantly different from control
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Fig. 3., Example of curve of lung/heart radioactiv-
ity ratio versustime before and after PEEP.
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Control  PEEP en-control - ARDS PEEP on ARDS

Fig. 4. Change of slope index in GroupI (QO) and

Group T (@). *p<{0.05, compared with
Control.

2. SYE JIAEMA| (Table 2)

593 pHE Group 144 W&%, PEEPZ, AR-
DS<Z, ARDS-PEEP Falole] $9 gk sfol& ¢lglct.
Grouwp Iol4% =73 ARDS FALelo] ol g 21
|7k 2wt (p<0.05). ARDS-PEEP Fol4 L 7,270
£0.095% ARDS 4 7,21740.0548c} vhd Zr}a)
Fou EAHQ gr= gl o (Fig. 5),

PaO,= Group Iel4] w&F 246+13 mmHg 2t}
ARDS F¢] 4 199421 mmHg & 48] 51A] zh&5o] o
$32(p<0.05), ARDS-PEEP Fol 4= tid Zrbsht
A #9494 glgrh. Group I14+& ARDS

ol A 117+14 mmHg 2 o] 22} 59 8lA] 75 of
993, ARDS-PEEP Z6l4: 146416 mmHe =
ARDS T¥ = 8stA A= gt (p<0. 05,
Fig. 6).

PaCO= Group I¢)4 W=z, PEEP T, ARDS
T, ARDS-PEEP FAlole] w7l g9lm, Group I
A4 &= ARDS ol A 524+-9mmHg & o) 27 w5
o S7hE el A9 oh(p<0.05).

3. HUE AR MR (Table 3)

BH¥ e pHE Group [llA: oujgls d3ls) ¢
92, Group I[elAE ARDS o] 7.190+0.099 = v
ZF- 7.40010. 0208 #3504 24 g (p<

e

(5]

PVOZL Group I3 Group [dl4 ARDS 344 Dﬂ
ZF9 Hste] pdste AL YJodxnl TAA
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Table 2. Data on Arterial Blood Cases(Mean+S5.D.)

Control PEEP ARDS ARDS-PEEP

pH

Group 1 7.3670. 099 7.3103-0. 045 7.33240.034 7.322£0.036

Group I 7.412-£0. 061 7.347+0. 076 7.21740. 054* 7.27040. 095
PO,(mmHg)

Group 1 24613 253418 199+21% 21820

Group I 254423 249428 1174+14* 14616%*
PCO,(mmHg)

Group ‘I 39+ 6 40+12 39+ 5 38+ 5

Group I 36+ 5 381410 52+ 9% 46113.8

* p<0. 05 significantly different from control
#* p<(, 05 significantly different from ARDS

Table 3. Data on Mixed Venous Blood Cases (Mean +S.D.)

Control PEEP ARDS ARDS-PEEP

pH

Group [ 7.362-£0. 057 7.3400. 076 7.2824-0. 057 7.258+0. 080

Group I 7.40040. 029 7.33310.164 7.190-£0. 099* 7.23040.170
PO, (mmHg)

Group 1 574+ 7 58+ 7 51+ 9 50+ 7

Group I 56+ 9 58+ 8 44+ 9 47+ 9
PCO,(mmHg)

Group I 40+ 7 44+12 40+ 5 43+ 5

Group I 42+ 5 4+ 7 53+ 5* 4812

* p<0. 05 significantly different from control

mmHg?
PH 300}
.
7.50
7.40) 1\ »
el T T 200
\\"x,\ S 4
7.30 T
. 2
*. -
7.201 i
100
Control  PEEP oﬁ conirol ARDS PEEP on ARLS
Fig. 5. Change of arterial pH in Group (O) and Fig. 6.

Group I (@).
*p<0. 05, Compared with Control.
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Contro! PEEP on control ARDS PEEP on ARDS

Change of arterial POz in Group I (QO)and
Group I (@). .

*p< 0,05, compared with Control.

#*p(0, 05, compared with ARDS.
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Table 4. Data on Hemodynamies (Mean=+S.D.)

Control

PEEP ARDS ARDS-PEEP

MAP (mmHg)

Group | 14213 187+9 151+12 15110

Group T 140= 8 143+8 119£ 8* 121= 9
CVP(mmHg) v

Group I 134 1 1642 134- 1 16 2

Group I 13+ 1 1541 13+ 3 =1
MPAP(mmHg)

Group I 23+ 1 26+ 25 3 29+ 4

Group I 23F 2 265 26+ 2% 28+ 3
PCWP(mmHg)

Group I 144 1 184-2% 18+ 1 152 2

Group I 13+ 1 16+2 13+ 4 5= 1

*p<0. 05 significantly different from contol

Table 5, Data on Alveolar Oxygen Pressure, Alveolar-arterial Oxygen Tension Difference and
Intrapulmonary Shunt Ratio (Mean--S.D.)

Control PEEP ARDS ARDS-PEEP
PAOQ,(mmHg)
Group I 29626 289-+24 208--24 29722
Group I 31517 311465 285-+16 285--36
AaDO,(mmHg)
Group [ 6518 46+14 105+15* 8721%*
Group I 51+15 5514 17417 152+37
Qs/Qt(%)
Group [ 7.2+3.3 5.7+2.4 11,453, 1% 7.942.5
Group T 6.242.1 4.6-+3.6 20.212. 6% 16,122, 3%*

* p<{0.05 significantly different from control

gL gych ,

PvCO,& Group 44 H3st iz Group I
JqAE ARDS Fol4 53r5mmHg 2 ol2F 425
mmHg Bt F7kso] ¢l 9 eh(p<0.05).

4. BEEWY(MAP)
HFER Group oA Foek w3s g9,
Group <] ARDS ZelA 119+8mmHg & =23

140488 R 31A] Fi=le]l 9 EH(p<0.05). AR-
DS-PEEP #¢ ARDS &3} v mile] w32 alargh 4
A9+t

5. SUPHACVP)

>

TAEH AL Group I3 Group [ol4 o 2F,

*% p< 0, 05 significantly different from ARDS

PEEP &,
e AFE
=

ARDS &+ ARDS-PEEP &

+ fse

Apelel] fe] gt H

6. HRHZSHL(MPAP)

BFHEH ke Group IalAE $o3 #Hast ¢

g3, Group T AE )27 23+2mmHge] 93

& ARDS Fol 41 = 2622 S5 o] gl 9 vH(p<0.05).

Group I3+ Group Io|4 PEEP & A4¢ &« &

5 B opo] Absll AR AT & ggdvh
7. HE MR} (PCWP)

H ZAH Akt Group 114
mmHg & »] g+ PEEP

dEF 1431
FollA 1842 mmHg & H¢l
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Contro! PEEP on control ARDS PEEP on ARDS

Fig. 7. Change of alveolar-arterial oxygen tension
difference in Group I (Q) and Group I
(@).
* p<0, 05, compared with Control.
** n<0. 05, compared with ARDS.
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Controt FEEP on contro} ARDS PEEP on ARDS

Fig. 8. Change of intrapulmonary shunt ratio in

~ Group I (QO) and Group 1 (@).
* p<0.05, compared with Control.
** p<0.05, compared with ARDS.

A 374 A¢ VAL 4 Aok Grow st
Group Tol4 PEEP & gt ¢ o) =) 2 A 23 eheo]
Free Age Ao

8. HEMAEY

Table 5ell412} ko] Group 134 Group [of4 &=
Ab&Eors Aol dgvth "

9. HE-SWY AAEYUR(AaDO,)

S Z-F9Y 4L Group o4 HZFE 65
+18mmHg o] #) 3t} ARDS el 4 105415 mmHg
2 3rtse] 942 (0<0.05), ARDS-PEEP ol 4] ot

Endothslial/Alveolar Epithelial Damage

Surfactant Abnormalities in ARDS

\

FLOODED ALVEOU

/ (Proteolysis) \

HYDROSTATIC FORCES TANT
FAVORING EDEMA . SUSKQ%GE
cCRMATION

\ INCREASED )/

ELASTIC RECOL
Fig. 9. Hyphothesis on the pathogenesis of ARDS.

Al frosiAl FEEE AL F2E F Y =H(<0.05).
Group [olAXE ARDSZel4 174+17mmHg & gl 2.
T 51+15mmHg 25 Frhse]  ggla (p<0.05),
ARDS-PEEP %44 152437 mmHg & zt45= A3F
& AQATE FAA 494 AQeH(Fig 7).

10. #H shunt 8

| shunt &-& Fig. 8¢14¢} o] Group IelA of
EF 7.2438.3%¢°l ¥lste] ARDS oA 11.413.1%
2 278e ggla (9<0.05), - ARDS-PEEP Fo] 4
7.942.5%% F&£sE Aske] glglrl. Group Idl4
X W E2F 6.242.1%9¢] ulstd ARDS FolA4 20.2
+2.0%2 E7154 g9z (p<0.05), ARDS-PEEP
Tl A BA fYEA AdHel 9= (p<0.05, Fig.
8).
i oF
ARDS & @& 339 w4 2 s Qe
o5t A shn] Petty &0 o1 E8 FEH4 Hd
gelslde s sSEAgdge 4 st =54
As)ube] Bsidlo] FHEtT ole] WHE A 27 WHAX
o W3l = W ERYFYELe] Aste] HTE 45
Aol mojx s HrEs BAXwA A&
A ELFA A5t alAst o A3 g3 A4
g ek (Fig. 9).
oel g A AP FA4YE A5 yos
B 4344 & *nTc-Human Serum Albumin & ¢]-&-
ste] bicompartment model off &% 248 Ayl
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ot & “nT¢-Human Serum Albumin & A= EAE
HAAANA ST PaAFE A dAge o
Pt el A S WaAsAE W gol st il
FHE Ve A Feh ol S A whalSA] )
HAF G Aol Aol wizl wElsimz A
ABe; 29 93 F A5y 517 (slops
index)% $AF 24 F34 $EZ wgde A=
E dAE o)n] g HuAEe] o] o]
T FASE ¥ maA"A T4 JES Ay
gitel Erla g wb g,

4 'u”* L2 ARDS-& “?r%o}“ “o“‘dr 3‘]—“4— A,

TS e

FRHODF AR} Yoy
oleic acid R Fa1el] o 5he] WA=
Qo7& & Agalgith. Oleic acid o <3
AAAFL AgAde g = oY x H&
lipase ol ¢lgte] WA FlAubabe] 5t =72
go] WA

A& o ]xﬁ

LAE AR g glvpeo =
3l o] Wi £ AP Agl ko] S wely ARDS
g A=E 24E ¢ 99 AR E Yo

ARDS ¢ Heqe A45F, 7122 A%, AA4H
AN S & steage) AL A s, F
AL B35S A 5 2ARRLL 244
7 s, steroid 54 Agatel o mANRY
FAE AR e ARy Tl gv), olE oz w
A4S Akl PEEP yo] a4 e 2elzw 7 F
Aol Base] glrj2®, PEEP & 24548 )¢
Functional Residual Capacity & SR 24 7
Es A2 A ¢ FAANAL ol we} sES ¥
Ak 29 A4E PARS ok =D AL 29
TE2E BAAA A9 shunt & F&A9 =, $
W8 HEALE SN EA Adge] zEE $
AA A ol e z}*xl?ﬁ 249 gEe =5
AZEL o2 A8 sl st qole) AFe &

TH 5 AAAA Paoza S7FAA FA Rk e 4y
THET AEAS S Gl 9% €7]F, pneumome
diastinum, | £¢] shz]Fo] vpehd 4= glepm, w4
el Ax ofe]3t PEEP o] ¢]3le] Pa0, 7 Zsidm
AaDO,7t 315 a shunt 9] oFe] zh&sli X8 3t
T 5 AgiHh 0¥ PEEP & <8lAd] o 859
FAQ el go} 329 PEEP & JE5e 7
&0t FAAWE, FITHENel, HEAgdets
o FhEEL R e, g ageA oz

nE g o

—_

—"5—7 7F ¢l& AL best PEEP o] 7}7}-$- 6cm
S N LECE

o FAAL FA4dE $EG oJFE U =3
® PEEP A] AlutEake] zhde] o2 ub
1 E7kee] sjwgugr

PEEP 5 -§4 £ AgdA e do} 439 whapss]
7t 25 ZbstAut w9 whabe st o AslE e
A= o /AR A = B4dtgeh. o] PEEP
AEA T A9 2Rt At A5 A%
8 gogre] zigehs A4 gl Sugerman
= £ 493 v ZAFA S A3 Fa
L 7ol PEEP 2 45 & 99 whalss] 5 2/37F

w8 Frg Fobel 93t Aolm 1/3¢] WHWHe A&
ol 43 Aelekm T etgivt.

v H A F49 Ao E e YA 8
2ekx @okrh. o] PEEP A7l o maday =
SAelE dFE vlAR ZAGE AL Yn s, o]
Y4 o= PEEP AMEA] H8 Atiohe Zrlsht
AT AT ABAAE BUoh: A dAsn
W ARDS o ZE ABy oz 9923y 2 29} A
steroid & $121% AZHAAEE. ZE 271
PEEP 2|24 ¢4 @3t s 34E 49 otag si3yo
AFAA olvtE = RAlERe) B E AL S}
AL A E ek ol F22 dFEeor ¥ A
e,

v

Z E

ARDS o4 PEEP A2 Fo o 2Adl 345
Ak AMA Y GRGAR WA FAFA 4
AL AR oleic acid 9 FAle] 3 WA F-e
ok71 X1 7] i *mTc-Human Serum Albumin-g- o]-43+
AzA2d 534 233 Swan-Ganz catheter E o]
43 YR e 7‘49} LR ECREE R
A s e A3 Qs

1) Oleic acid F>} 744 273 PEEP Tl A =]/
A Zuk A —4 1&71& |87 ¢lgdm, ARDS&A
F FA8 A5eg 2 (p<0.05), ARDS-PEEP Z3}
ARDS - el = fol & 3= gt

2) HE s EFANYEY ARG H2T

PEEP & Aolol& WdrF 192, ARDS Fo4 o=
el @]k pH«! 7t&, P09 &, PCOS =%
2T 4 9l9ivt, ARDS-PEEP Zol4 o] =X 37} 5
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Group [lA &
Hd e POzl ARDS o ulste] f&3kA S7h5 o]
A A H(p<0.05).

3) FAFEFYee Group 19 ARDS Fol4 ol z2F
2l gtdEel g9z BE FEA 4 dsE gt
AR, Hos 54, # 28 gxbekete] PEEP
#3 ARDS-PEEP Zo| 4 o) 2F 3 ARDS Fxt}h 27}
st A dedh

4) A 2-FHY ALEYRE ol 23 PEEP F AF
ofell = #37l 19 = ARDSF oA w2 3o #] st &
2 EHA
4} ARDS F3.v} b3l 73 3ke] 9glm Group 4
A H8 BATH R fo5tg o (p<0. 05).

5) #¢] shunt k& gl z2F5 PEER T o 4 3431-7}
A9 ARDS Zdl4 w2l sl &
ARDS-PEEP 79| 4] ARDS x5} zb438= 7 8] 9l
AL, 53 Group DoflH f2at Z47F d9detp<
0.05).
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