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it Ik & E @ & &

FERPESHHREE 8T
El £3] I a s

g L & =

BAHEOL B, MERRIAERRICHL, & .
ERTH D (K1), ZDNERENSMIENEY 20
b nEhoREEHET L (H2). 272, E
HLE»LEBHEN L MENTNTE2ZITANLS 1
BEE AGILB SR L IR I v, B, M s
MO 5 LKA M 5 2 8 A, 1k N
BRANBAIIL, 7% 0 kEny, 5

BT, FHICH 2 L2 NS - B
AIMERDHNEIZOWTTH LY, BENHK
M P BENAR, B, BERR A S o mED
LERIZONWTBNBZ LIIFTEETH 5. 52T,
Z 2 TiE BB i T i N A 5 AR PR~
Kop EERE) 2B & L T OMMEMmENE(F,)
ICHERER-> TEE2 DL Z 2T B,

CAPILLARY PRESSURE
fem H,0)
5

“ N W B O N B oW

1 E fl B &

SEONEE L LT, 2FEBORTE v, M i e
3~ 5 IMEIEAREE B EOMBX REHTHE, M2 WEMOEECRITENONE (6D

K3 iEARKEDLNTH Y, X4 ALFEHRM

Pulmonary circulation Systemic circulation

_..ﬁ_.b._._m
s T
kPa mmHg
1207
154
100
=
z - 80
§ 104
= 60
g
= 5[4
k20 MNV\/W
o-+0 —
Caval vein Artery Capillary Left Arteriole Systemic
Right atrium ventricle vein
Right  Arteriole Lung vein Artery Capillary ; il
ventricle Left atrium 2 i BE
B1 BSERFRL 5 S HIERRIC BT B mMENIED X3 ffEioMEX SEE
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M4 ATHBESRMER ICU TOMBXHEER

Bd6  ififE, BRE CEMMmME, V) EEEOR
[, BT s o i 1 % 7”9, (Oppen-
heimer et al.*)

2 MkIEIZHE T BERERE(PL), PCWP RU P,

2T, X6 I2MEMME S SR L 72K 450
BRI RATL, 2 hi2)) ¥~ AET%
ARl T3, Medbbhrdd iz,
FHIMEE (P) #HEEIZHE (&) KRagokHy
WP 7 B L ARREE, 2 5NNz K DRy
W, 2%, MKEIRET S,

fii ) EAR ML A & LR R B~ D KT DEEEYE &

S i B EN TR TS, Guyton &3 EIHEER T,

M5 #rl0H Bl X M5 Al E A 1 3 i & i O B E BERE DS E D
Ba, P H%20~25mmHgll Bz % 2 EHiEIE T

B, ICU TOMBEETH L, FiEE, ICU A ST > b 8EE L, MAEI BT 5

T3, MAEIX116/82mHgE%E L TH Y, Bk Z:%2RLTwa (7). LAL, EREKRTIE P
AR (PCWP) & CVPIE, #4850, 12, 10 ORE IR BRI A (B, BT 2L o 2
mmHg TH - 72, FHSkT v, £ 2T, iE4F, Swan-Ganz 4 T —

LA L, #i#10H Hic B2k EHma30m  TAdEERCHEHING L) ICh->THh b, Aa
VLTI 7 S IR E N5 4 SIFREE T h { PCWP O#llErEZEER I N T 5.
REEE 7o 2, FOREE, PCWP |327mmHglz 15 it i B HEBL A3 AT 12 FeH D e WEEB O Lo AN
L, WX 85 aTiienEinEs ol ck 2HikEDSEICZ, P Xd PCWP X P
EHEBH LN, BERELAEICL BNiKES 2 IR E AT EHEES NS, L L,
ez (E5), W ESEFEERE (ARDS) Ze koo k 5 1z, WIAToL

B AT RE B 53546, Pl 53 PCWP
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°
- i T
O .
= Dt ¢ '
322
EN .
£3
ol s -
8 5|5 . <
w s
" E ’
S 3> ' .
W W 2 [
= O|0 .
n“t: | 1
‘-._/o 24
© 5 8 15 20 25 30 3 40 45 %0
LEFT ATRIAL PRESSURE (mm Hg)
B7  BhkhE E AGEZE EOBFRE (Guyton et al.®)

Dz P DfEE 34663 L LT T AE (B
Y52 L3FEZLN5%, 22T, Pabd\n
i3 PCWP & P t B2 A LREL THZW,

3 PCWP HlzE

Xl 8 (3 SEIIREE ATE (PWCP) o)l 5B £ 5k
L2 Thsd, —#c, MEBMNMEEEEED
MOE#: (P.— P, WfkR (Q), MiEkikime
HH (R,) O=FMIZ I3 kORI BT B,

P.—Pi.= QXR, (1)

A WEIR A T —F LS L— 215
FHTMHEREEI LGS, 8Lz, #
F—F LD R Y ORI L 72 DN
B TE, TOMBOENIIEL %5, D%
KT, Q=00 %, kOEXIRIT 5.,

PCWP=P.= P,

BAER, FXEokIie, MFEs4Eik L2 ki
THEENLZLDOTHY, 46T L LERICME
NhHBEE (Q+0) O P #EHRLTIZVEL,

Kiz, M9 kHiz, AT—TFNLDEHDO N
—> OWE BT 2 L MFEASEEL, P, —
1z, BiCEHL 7 PCWP ofbl iz FR 3,
ZnE (P.—PCWP) i3, kOoRXp bbb bt
i, Ok Reickliez s,

P.—PCWP = Q-R, (2)

(R)TD Py b0 12 PCWP H VLR T
VWb,)

4, MR MAFES AR 2 1151 XS »

50
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@ R PP ]

} (Pe = PLa)

@ Pod R ) P

Q=0

) PLa

Nl Ep AR ER AJE > #5E FEE (Marino, P.L.7)

[4 8

( Pe - PCWP)
0.4

Tl QV—\
P

P, = PCWP+ 0.4 (P,~PCWP)

fit A o A & BEDIREE A & 02 S (Marino,
P_L_?))

5 Alveolus

Pe

X9

EET B & (R, =0), Btz P.= PCWP
EuBETHD, LI LLds, MERATIE,
HRERANGE L R, ko mEFEd (R,)
IZ i RO MEHESL (R,) OF 57 HEnk
EWT, BITHMRETIE, R, 1T R D#H40%T
HBEHREENT B9,

D #©E

P./R.7%0.4 (Gaar D) TH 5 L{HET 2
&, BiEERATE TOREEZE (Po— Pa) 13 FEHE)
WRE & EBIE & O#E (P,—PL) D40%E %5,

PC_PLA
TDQ“PI.A

4 P 2 PCWP [CFLwERET SR E, P,

BRRCENEHTES,

4 P,

=0.4
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P. = PCWP+0.4(P,—PCWP) e (4)

Kiz, % ADMNET, P, #15, PCWP #10
mHgTHh-72,33E, Pkl ilcid,

P. =104+0.4% (15—10) = 12omHg

P. ¥ PWCP rn#iz, ZD44 2mHgTHE
Fiz)hBwoT, MEENn: PCWP 2 P. ta
L TLHIEBEERAPHEE L b v,

L L, ARDS ¥&an L 5 iz, MsmESREH*
btz ), Bk EED LR L Twa &,
P. £ PCWP ?#l3 k& 45, 4, ARDS o
BET, EHL 72 P, ¥ PCWP 25, ZHFH30,
10mmHgT# N, L& & &R ML (R,) 1.5
fBich-l 5, 2%, P idXrb, K
NDEHIICk B,

P. = 10+0.6x (30—10)
= 22mmHg
Z Oty BRI L D136 7222mmHg® W3 &,
HiABEDFEE 2T 2 B E L 284475 =
Lic#k a5, HIEL 72 PCWP ofii10mmHg % %
23 P rALTE “BEOUET LW LBR
T2 Licha, 2ok, BEEINL EA
IE” #%0%F “@KE" 45T ElikENZ
Wi G L RE AN Lk B,

75, Collee & (3 2P A S BEToBlE T
(P.—PCWP)/(P,—PCWP), 2%, R,/R, i1,
B0 L 912, 0.2~0.7iCiE b 2w T iz L Hi
LTwa®, §it-T, fiitoRd)nt 5z, R/RL
#0.4 (Gaar %) cEZEL T P, * PCWP
b P #HETAZEBULTL LIRS TIE
Ty,

VbED s, PoofizmaREnHeg P 2%
BRCRIET B & TH B,

B oE

T4E, BhAE T mBINZERE (capacitance) @
FEbar IZ AR - b B EoBah b, HilimnE
R BIRFHIPAZE L, PAZEMR O MENEDHEIES
HIEMIEE (P) #MEEMICBIET 2 Hikd
BEEANTE LM, ZH 5D b, intact lung
T P HETE 203 MBENREZEZTH 5,

5§ P: @

0.79

0.6

0.54

04

0.34

(Pcap-PAOP)/(MPAP-PAOP)

0.24

0 T 2 3
ARF Severity

[#10 The ratio of pulmonary venous resistance to
total pulmonary vascular resistance (Pcap—
PAOP)/(MPAP—PAOQOP) is plotted against
the severity of acute respiratory failure clas-
sified according to Reference 8, 0 = at risk;
1 = mild; 2 =moderate; 3 = severe. Patients
are reported along with a key to the intra-
venous vasoactive agent infusions they were
receiving at the time of study: x = none or
dopamine (5 gg/kg-min) alone; ® = norepine-
phrine/epinephrine/phenylephrine; 00 =
sodium nitroprusside/glyceryl trinirate. (Col-

lee et al.®)
10 = 1 sec
Pa ) ———
T )
£ 5. i
a
Pv
T

0“—“
Arterial occlusion

H11 sk EAZED S v, PHZEE L 0 S AL TOlfE)
WREEDZEAL, P, © WEHIREE, P, @ Wfis#iRE

(1) BB iR PH 28k o) R

1L EARAZED & v, FAERL ) ®mATD
DR E RERF Y I sE KB 2 G sk L 2 HI R TH 5.
MAE NI PAENBRIC —E DL ~IL F TREIC
KTFL, 20k, &RLTHEEMEEEERHT
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T3, £ LT, w0 EOKT X M)
kN O ML AT EM M N~ & Bk it d 5 2
LictamETHRTHY, Hid EEaiiizilhis
D & JfiIR~ & B - < 0 i b 726
DIMEDNEALTH b & AL EN TV B3O HE- T,
wEoERT FREROKE L) BEEHthEO
BEOEFEKHLINWT P, "ERTELETH
B
(2) P nEH

(@ Simple RC model

[12(2, Collee &5 DEHL L D5 HTH B,
g ki Swan-Ganz 7 7T — T L E2 N TW
3 ICU mBE %R, Kl — D%
AiE THlEk L MigiRER D 1Bl Th b, 2D
B b P oBHIcBL, #HeE3MnER%E
TELHEN)BEMLL, MIBAIRL 2EREE
nkIic, MTHax>774 T2 (C) DRSS
FEMMFRICH D, WEHED (R) D EIRM (R.)
LR (R,) I 1T 2k B EELL, LT,
P, 13 205 7 fi R0t < SRR e 183 PR it AR o0 gL B
2 HA (BB, =0) - THHET 52
itk NkHTWw3 (K12, H13B).

—7, Halloway 5, Cope &22[14(a)l27R
L7z & ) A EREG TOTH 5, Kb L 9
2, BAZERROEWHTE TR & B & AT
# P rLTHRDHT B, X152 1E1ESTE Bl
BTORLH»r LD P DFMEEEZRLEZLAT
Hh,

iz Cope 5334 X %2 FHw T _LiLoEm T
EaflEhd (K16A) #foBFEmhk (416
B) & He# L 72, BEWAHRIIRD L G I29T- 72
T 7% b b, Swan-Ganz # 7— T L TOMENREAZE
HOIE(P,) ZEALF0.28 Z L ic T 5. ki,
P, ¥ PCWP %K, ZHL5 Ofl % R
IENEERC T ey P A E,HI6BO S S I,
Bl r BIFO ZONHEEHS LN D, HBP-DER
THEBEFEE (L= 0)cm- TE L TRz (X
16B? Py,) ic PCWP £imz /zfin* P * % 5,
RIT TR THO 2D HEIZ L2 P DS IE
FBICR—HTAFEE2RL Tn5,

Kiz, P.osskwbid b, Rk )i, R &

52

8
z
g
2
10
o8 T 3 3 )
Time (secs.)
[¥12 The phasic pulmonary artery pressure trace

(dotted line) is superimposed upon the pulmo-
nary artery pressure trace during pulmonary
artery occlusion (solid line). The time of
pulmonary artery occlusion can then be
identified (Oc) when the two traces sharply
diverge. Pcap is estimated as the pressure at
which the exponential approximation to the
occluded trace (see text) intrersects the verti-
cal line drawn at the moment of occlusion
(Oc). (Collee et al.: Anesthesiol. 66: 614, 1987)

g ninie
I 1

A
Occlusion
va -]
.'
!
8 ec|.|
& [
1] H LY
P
!
| ..
PCWP L rreeeee
B i
(o]

TIME

13 Simple Resistance Compliance Model (Collee
et al.: Anesthesiology 64: 614, 1987)
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SW Pa Ra Pe: Rw PV

r_l"l

—— Cv

ARTERIAL OCCLUSION

|

Pa —>

(b) Pv —>»

TIME

[X114 Theoretical behavior of arterial tracing fol-
lowing occlusion of a segment of pulmonary
circulation. P,, R,, P., R. and P, are pulmo-
nary arterial pressure, upstream resistance,
capillary pressure, downstream resistance,
and pulmonary venous pressure, respectively.
Majority of vascular capacitance is assumed
to be located in microvessels. When arterial
segment is occluded (opening switch SW) P,
would immediately decrease to P.. (Holl-
oway et al.: J. Appl. Physiol. 846-851, 1983 k
NglM, —ihtkZ)

—_—
0 1 sec.

B15

In this rectilinear pressure recording before
and after balloon occlusion of a human pul-
monary artery, the pulse pressure fluctua-
tions at left are electronically meaned (large
solid arrow). After the catheter balloon is
inflated to occluded the pulmonary artery
(open arrow), the pressure falls and the point
at which the pressure tracing deviates from
the straight dashed line corresponds to P.
(small solid arrow). (Cope et al.: Crit. Care
Med. 14: 16-22, 1986)

R, bk b B,
P,—P,
—e e _ R, L =Rpg,
Q Q

1993 VOL. 8

(A)

Pc=Psci+PCWP
=5.5 +9.8
=15.3

o 1 2 3
TIME( sec )

416 P, determined visually (A) and F. determined
graphically (B). (Cope et al.: Crit. Care Med.
14: 16-22, 1986)

CmH,0r
/.
20 =
a
k)
@
£
E st e
2 -
a il
A
.—g 10 P4
g /
S 7
s Pc(v.d.)=0.92 Pc(g.d.)+1.04
& °of P s
/ r=0.97
<
vl
e
0 5 10 15 20 ¢mH,0
Pc Graphically Determined
417 Comparison of P. determined graphically to

P, determined visually in each animal during
control (@), serotonin infusion (a), and his-
tamine infusion (M) periods. Solid line repre-
sents the line of identity and dashed line is
regression (1.36emH,0 = 1.00mmHg). (Cope
et al.¥)

fe- T, EHESMNERD S ZicEE LTHE
HYy ahnHfEL H%s (K18, K19, £1).
@ Multi-compartment RC model
IH &3, K200 & 5 iz, 8k, > F 7 (il
FHME), FRic, ThEn, ERH (R) o>
774 T A (C) %44 247z Linehan 599
three-compartment model @& z 232 ML, Nl

23
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IRFAZE (X120T switch (S) @B o2k
B L ToMa %L T, Toie L Tko
xRz,

P,(t) = aexp(—kt) +@exp(—kt) + Py--+(5)
(¢t : BAEROEEE, @, @, kb, k. X7 A —F—)
Rz, FEBRICTHL - IMEIIREERE L,
FEENRG)E Hv Ti/h R L 2 iiEsEA %
T -1z,

2 5o, MEMLED 2> 7TF4 T2 (C)
HERD 2> 7T ZA T AL NI EDICKEW
CC) E98E,

Control Seratonin Histamine

Pos =128

Ppa =270

=153

Pu=T.1 Py=T5

Py=88

Composite curves after pulmonary artery
occlusion in five dogs. Points on each curve
represent the mean+SE for P, visually
determined P., and mean Py, (1.36cmH,0O =
1.00mmHg). (Cope et al.¥)

1 1

= RG 2TRG
EBlIFanT, FAENERM (f =0) TlE, ko
BNz &N P akdond (422),
%} +P,,- ..................... (6)

£ 2124 R EHMRICAT o 72 ILH LD 7R T
— 7 THBH, £EAF I AHERREO MR
EmL, P.OLERZ2L263ZE0%hD 5,

fy

P.A0) = (1—

CONTROL

SEROTONIN

HISTAMINE

30
4
E
J 20
S,
E
Kl 10
o
>
o
0 a a
Rv Rv
Ra/Rv= 2.5 3.5 1.4

(419 PVR in closed-chest dogs expressed as the
sum of its precapillary or arterial resistance
(P,) and postcapillary or venous resistance
(R,) components during each test period.
(Cope et al.?”)

#1 Pulmonary hemodynamic measurements in closed-chest dogs (mean+=SE, n=5)
: Psa By By Cardiac Output PVR R, R,
Test Partod (cmegO") (emH,0) (emH.0) (L/min) . (emH,0/L - min) % Ral %6 R
Control
Visual Z21.642.5 6.840.9 1l.53+1.4 2. 184002 P 1.6 &3 2.1 T71%/29%
Graphic 21.6+2.5 6.5+0.9 11.8+1.2 2.18%+0.2 Tl 1.5 4.9 2.5  66%/34%
Serotonin
Visual 32.842.0% P.IELE 13.3E23 2.23%0:3 12,84 1.9% 98 2.6 78%/22%
Graphic 3. 242.1% 68128 1800E23 2.2340.3 I8 T.4Y 8.0 2.4 79%/21%
Histamine
Visual 27.0x2.9 7.5+1.8 15.521.8 0.81+0,2*¢ 32.6£10.2% 18.9 13.7 58%/42%*
Graphic 24.6+3.6 9.6+1.5 15.6%+2.0 0.8140.2%¢ 22.2+ 4.3% 134 9.0 60%/40%*

a . Conversion factor. 1.36emH.O=1.00mmHg
otonin (p<0.05) (Cope et al.¥)

b : Different from control (p<0.05)

¢ . Different from ser-
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@ Simple RC model * Multi-compartment
RC model & o bz
fioft, Siegel 5%, b P EFHIC global
hypoxia | L 72Bf® P, 2#lE+ 5 Z & T, Hia
@ Simple RC model i 32 L 72 Holloway & @
JHik®r Siegel 5@ three-compartment RC
model 2378l L 72 5 B2 % el L 72, £ 05 R, three-
compartment RC model # Bz HETHEAL
RP.AEN B LEERLREHEL T3,
e, Bisiviz e b TEECRETIR, W
EoRHETOFATNONEENMICZZIZE
KELFEFLWEEPNSE, L L, MM#nREEZE
KR 2EM > EEHOVWT N ORERE KE

S Pa Ra Pc Rv Pv

+

_LCa I Cc ICV LAP

[%120 An electrical analog circuit representation of
a lumped parameter model of pulmonary
circulation. Arterial occlusion is equivalent

to opening switch (8). K, arterial resistance;

R,, venous resistance; C,, arterial compli-
ance; C., capillary compliance; C,, venous
compliance; P,, arterial pressure; P, capil-

lary pressure; P,, venous pressure; LAP, left
arterial pressure. (Yamada et al. J. Appl

1993 VOL. 8

(%2 A L9 & ARDS R F S E H# 50k
e riziz, MEFEDE=ICL) P iz, 2%
DEHH B EBbiLS,
(3) Double port catheter technique

H21i2 SR A4 (ARF) B ToliighikE
EERED 1PITHL, ZOHTHT—T LD
WD SN— 2 L BB L DRATREZ 572D
B, BAZEOHEE (t =0) OREIEEICHETS

1y
15 om W0 PEER
— lEEP
B0
= 50 |
5 |
& |
E i
2 10 ﬁl
2 W \/J
|
o U !_f \
| 4 ! J\;\ Aa
20 g A\
3 4 5 L
Time {secs)
[421 Tracings of pulmonary artery pressure in

patient 22 with mild ARF during PA occlu-
sion with a Swan-Ganz catheter. The traces
were collected during end-expiration at 15
cmH,0 PEEP (dotted line) and zero EEP
(ZEEP-solid line). Note that the PAOP was
higher than the 15cmH,0 PEEP level. (Collee

Physiol.'¥) et al.: Anesthesiology. 66: 614, 1987)
%2 arvio—, Lol 22 o BSBROMNEFERE 2774 T AGMHOHE
P, P, P, 1/K, 1/K,
(mmHg) (mmHg) (mmHg) (sec) (sec)
23k @—jl 14.0+1.1 4.8+1.2 8.6+0.9 0.14+0.03 1.1440.25
tw b= 18.9+2.1* 4.4%+1.1 8.7+0.9 0.10£0.02 1.19+£0.20
&L~ 13.8+1.6 4.5+0.7 10.4%1.6 0.274£0.13 2. 970,81
Ry R, R, Ca G
(nmHg/mé-sec) (mmHg/mé-sec) (mmHg/mé-sec) (mé/mmHg) (mé/mmHg)
3 b o— 2. 740,58 1.52+0.27 1.22+0.35 0.10£0.02 1.03+0.19
o b= 3.534+0.60* 2.36%+0.39 1.77+0.29 0.0540.01 1.09+0.10
BER & L 5.45+1.83 1.44+0.16 4.02+1.74 0.19+0.05 1.48+0.45

mean+SE, % ! P<0.05 %% :P<0.01

(Yamada et al.'*'¥)
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PA occlusion

3 \
PC| o
10 \'4;# . ——A'h\‘a ___,o“nk‘n i
0
0 0.3 i 2 t (sec)
t=0t=0.3
[422 Double port catheter technique (Yamada et
aLll))_
%3 P, determined by double port catheter tech-
nique in anesthetized surgical patients (N =
T)
P (torr.) 16.6 =2 (SE)
P (torr.) 11.8 *2
PCWP (torr.) 7.6 +1
R.,/R, 0.46-+0.02

Yamada et al.: Anesthesiol. 75 (3A): A427, 1991)

PpalmmHg)
3a |
2¢

M Ay ﬂ
At A
il 3 “JI/L/!L.'JH W

\n

ek A A AAANA

15 -
FFT (Ppad
29

25

—

28 |

15

] 19
TIME (SEC)

23 Upper tracing: digitized pulmonary artery
pressure from one patient. Time course of
pressure drop after inflation of the pulmo-
nary artery catheter balloon. Lower signal:
Pulsations subtracted by fast Fourier trans-
form analysis. Slow decay extrapolated to
occlusion time. (Dawson 1984'")

56

B
(LI &I ENR 7 7 — T el —> k
0# 1 emiifriz/NLE 2772 double port o
Swan-Gang # 7 —7 W EFEHET L Lok, |
RN R L 72, 12212 4 B RREE T o LI
FiEE TOWE - 388 TH B, WigRHEHZ%E
B oifhr & mAL TOEREA TR IC iesR S LT v
5,
F 3T OMEREICBRE L v EEEFA RS
(N=17) »6BoniT—7Tdhb,
iz, oA T—Thosn—r 2L
%k, FhA ¥ systolic phase @ty 301 (A
EHNBI LI EEFERLEY, - T, occlusion
7 cardiac cycle @ ¥ Z @ phase TEZ 3h 2 &
5> TRHUE NS P HICZER»H LW nBa,
WM WO RHETHIETZ H LB,

L =

fifi ARz BEE S 2RO NREED 5 5, K-S
B (P) \CEAZ&ED, P OWEDLEME L
PRTHEL P MENHEIZODWTHEHRLZ, M
P. 5B L Tid, Dawson 50 ((23) »°
ELWEnFEERLHE L) THEHY, ZORER,
WEOBRLE, ZZTirEIEL -,

AMEE . AMEORRERICE T 2 B 288 L TTF
2 o PRI T SO RREME L S S (o IS  BEALE L
EFE.
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