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Mathematical Modelling of Pulmonary Edema

M. Nematbakhsh, S. Jani, M.S. Sadeghipoor and S. Noori-Khorasani

Medical School, Isfahan University of Medical Sciences
Department of Mechanical Engineering, Sharif University of Technology

Department of Chemical Engineering, Isfahan University of Technology

ABSTRACT- The excess accumulation of water in lung interstitial or alveolar is called pulmonary edema
which is caused by factors that upset the normal Starling balance in micro-circulation. Pulmonary edema
disturbs the alveolar gas exchanges which are normally regulated by the respiratory system. Mathematical
modelling of pulmonary edema may help to predict the lung conditions and the mechanisms involved in the
Jormation of edema .With the help of lung anatomy and physiology,the properties of alveolar sheet were
determined and the Starling forces were considered during pulmonary filtration. A nonlinear partial
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differential equation was solved for the blood pressure in alveolar sheet. The mathematical simulation of
ymphatic pumps was obtained and the process of fluid accumulation under normal and abnormal conditions
was investigated. The results indicate that the rate of edema formation is strongly related to lung blood
pressure, serum protein concentration, and reflection conefficient; physiological data also confirm the results

Jrom this study.

Ui oS ol sy [P sl g5 L 5L eslallis g8 S
boss Snsme sldd 5o Slpis b ablis gl ke Sl
o O el s gy oy i) oy (b 51 o0 ki
Joe 5ls g i g p SLDI 5 laasol GLLI s il Sl
bl it ol e SO 5Lis 0Ll S ol 1 5s 5 558 e
Gl polke s ybas 5338 0 g9, gl pedis Bk 4
L s shS S3amml HLES 1353 g0 amul ST e s
S o3l 5 e 5 bty 45 ol Syl 0 56 31 ably
LoDy i gy wale il 1 225 5 ybas 5Ll el e
dn Sl BL o hdd (s 4IS (el SLEd0 48 o e
Tn 3 Sisd s bl p ok sl il lol 486
B o SUad a1 S e (6L 51 g g ot pase iLilee
JScble e ol S e Ol it us "l
[N 333 b g0 5L o Ly 4 i) 53 pets
S S et O gl kb o 8 b (Kpe) (ST oter colia

U b ol il (S g0 )l g 0L 5l Jlw S s
SWsls hy (S se e clins 5 (S g0 5l g0 J3di Sl
Sl K ¢ S gm0 531500 3 i g e 1331 bz
Uslae sla; 56 5 (5525 O el ihid S0y (V) Y3 V)L oo
s e e 31 Gty Rl b as e 0L |y Ko led
SN 5 o O 31 phae szl 55 53 oo 4zl 3505 Sl
o b 5 58Lils (glas S5 Juds 05 o Jinn g 525 658
Sl o5 sy oo s Lol s adedio™ads ol 450955 5

IAJES 5 1y aamb (oo 5 0L o S &) g0ty

S 05 53 8 Je -
S 05 B, ke 3 5 155 55 0 sy (05 031 (g3l
Ol b il 53 (5005 055 395 ptempan i IS
O3 it 53 el L b i o s 05
e il n el 05 HLts S oKs o

VEVA Ja 55 o) oyled VA Jlo (IR

dadkia —
VL 3153 48 el sl slgsslows 31 3 6y 09
slowl by 53 Yol nl 33 50 (lay g8 5 B 50 Yol
056 ulul B 50 SLie (g gm0 33 e Vsl 35 50
S soaSes plad s pglis 5 ba oS ol [Vl
0528 i (Sl (6305 095 53,5 9 S5 O g5 35 pewgms
dxliye g g0y 3 835 2 255 Slepmy b 5L oIS Y] ok
Gl gy BLle O pamie Sy ge sLE5 Sl L oS
oo 3l b S 2 (1S (gl g Kyl 05305 53 sl o

[Vl 25 b (S 5e sl g2
Jo = Kge [(Pe - Py - o7 — 7] )

Kpee Sp e slaoyl g 0l 3l dbw palls Ty o 5o oS
ey Pi s Poidlw SanS adslon slis S 5ier 2ol
i 3 Tee gililn S 5 Sy pn St sy dn glayLi
Slei s Jodd 3L (g S (Sraul sbayLid o Sy
Sl s 07l 5 e Slas 5 Syyge s2 24 4
ldie 3l md sy e s g sl ol (5ad
S L azilizr 9\ Ll o o ol e LS ) e S g0
gl aw b ol 0 axsl p0y3 4i bl L) S ge ol 4
lezaslie 5l ol Po (6905 680 30 50 Solaw g yden LSS
S [flewd S S glad s 5 S oS slely
Js a0 S e 5l s 0 0 Joles Sy g Sy
sl gy 2l 53 Sl s ool Jule 5 55ls U o LS
Slian g pdor 5L O] sl (5531l LB lgd s da s
o Spe il plessns b Gilae o prges HBLLe i
4 =0 e 3 Gl b mlilee e 5L e il glas
Ll glasd o il el O zasilu +0 554>

Sl e O jzeusil +0 590 3 ri SLis bl 5 b e

VYA


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

U o slas

sl

slouts

i 3T o B g Wb 9 S g1y Spogny s Kilinng bt sl L85 ity P 5 Pe 0y Ol 2l By -1 S

B et S STl e L)l (U s (515 gyl g Loy 53 b 415 (5 5mel L85 0

Ty a[®Pe- Py - (me — 7]
S g 3l ] 0k 0 2l e caml 4 e 09,0 5l S sl sl A ey

;bjijsu..,,,jgjyaﬁ@mb&lkﬁ;iwmytﬁ
ool olew Jdo 5l g 405 pof (S3ludin (gl Mae pf 55 45
Sl U ey Ky (il =Y) S8 5 (1) S il
i SBaSd iy Of n |y Ao amlo i o3l S5 i
S el 2l e g S g0 53 gle s Slgiy Lol yen 2l
Jsb 1L pd g paseda jably b (glamins Ol o Jie !
.%Jﬁﬁjmﬁuwgtw)kh‘u:l‘éuiﬁé.éf
8 o S ) guody (VSIE) 35,0 (ldd & il
e O 33 48355 s0 iy o3 e Slgamem 4 iy se
(@ -Y) J58 5 BUT s bed oS ol oz Jaies

Jf&‘-fa sdalie
Vstr = ﬁ}%ﬁ_

1Y4

iy eSS (6 51 5 (SU6S 51 g0 Lol s g5 shab i pans
Sy a5l b Sy ge dru gy cnlies B 0l g5 o0 5 0k
Uslan plonil i 3 5 puule Vol ]S n iy s
S eSS e 2 gy o g5 W g 3 Sl
S b 55l 53 4SS a S s a |y e gy o0 B0
IS Ay el s Wy ol 358 go adeal Tazun
L gy o
sVe] Joms b s ) (Spgme 8008 pulis o
Sygoia ) (Sn e 88 Ju s el 0l aadllas [V ] mbes
3w 5 K86 b das e gl il sl (5 S
o S w3 (8l s gy oy poots ) B9 o (L s 45 U
0 Mgy 5 ool Jau g Las 55l 5 il g Ol LiE o

YYVA S5 585 o) o Ll VA Jl eIl


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

)

XX phia phas t

LS o0 i 5 0 4 (el lsn

h=ho + aAP when AP>.
AP = P - Palv. )
h=. when Ap< -

azul gl ga Lis Palv 5 0 g Sl gyien HLEP O 13 oS
5 S S gmm 0Ll 3.5 5 53 LV pmlar 5 SO o
Nt gy Wolaca Sl slinul U pdt Sles Aol 55 5 amul>
SMraid e ol 31 S5 e Ol S oy B i

La Sl 55 b4V U e o Ja y2e

torlnls

VYVA S 9 085 o) o led (VA Jla (DAL

YU sl A glata g O o Jua-Y S

dub;w‘%c‘:ﬂASJ&b&&chuAuTJJAS

Vstr = \ - 12— -é- (x)
s ¥ LY

o g yReakie VO L3S 53 [ Vstr (6,8 o5last L [V\] plas

3380 sy 0 [QAVA 0 yranden YO ,LS 53 50 /AN FY L ol

s S8 i b 2l 4y B e (51 s s o 05 S

S 33 0 g5 o Jl LS a5 i b5 358 B3 does 53 )

bl Aty
mxwuxmxck.ﬂ*VStr

S Ol g on VI 5L 5 Slyis pde @ a5 b oS

65)&0‘}9@%)3}3}@@@3@‘59@4{‘)3){)#

\Ye


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

phU_ . aphV__  3h o )

sk e 53 5 (Vo) 5 (0) «(F) () S Vsles o35 8 L5 15 L
W s S5 3cab b K g Folg oo dh Olpuis 055 0L 5
oY oY

+
( ax" ay"

) h¥ (\\)

_ oh Y h*
TUKF & [0+ —L Kpo(hh)
M 0‘ ).} 45
h* = ho + a(P* - Palv) (\Y)

.sLuw‘K= A)‘JJA_}

soldda -y

025 3 S 5 sl gl dn gy giludie cnl s
o0l )5 3 rigeen 3 pd (s Oledl e Foo g aSs 0 o0
O Jlatt Jgb 5l Juaze I o 550 5 VL 53 domdas 3550518
ool Juaza i a2 S0 5l ol 50 9 8L Ay JS b o/
Glaey S ol dt gy JS Iy o/ sl U g 50 0 (gl &S
ol Jaaze d 53 9 5 40 i gy S PG 51 b 4 ity
| dom 53 oS n o b 0L b Ol gear

ol 0d o3ls LS (F) K 55 Jia (650 Sl g slasl
Jpder 53 Joe 53 o aslizad gla bl paged yslin priman
el 03 81,1 (1)

ol b s a5 (S ¥slen gt ()18 slgnnly o sl
Ml el cldo 53 4y p @Sl adyl byd ol ot
13 (V1) 5 (1)) ¥slen 31 el (ST ¥slas (ot

CA AL )
x" oy at

+ &,(h-h*) (\Y)

awsies 5 <Voles 3 e Lyl b a5 LE 3 B O o aS

Al o

¥

dphU + dphV
3

- = dxdydt
e 2 = =5 g1 &y

= [ phU + —9251‘}-1-’-— dx | dydt - phUdydt
+ [ phV+ _a%y_ dy] dxdt - phVdxdt

Blosle o g 3 Sove Jaw 2o 5L23 0LoLS (oo Wil 350 5

3

oP U

o = K ®
aP \

a—y = - h‘, I(Fy (0)

s FY 3Fx gl h 5t g o0 3 b KOl o a8
el Y X Ol 5o s Siaal

o (s Ol 3 (S1pd 45 (i 03515l L el s
oy

gphU_ , _9phV

ox dy = )

aalies 53 H8 ois b b T el 0L Glubl el s Ll
RCH [ R I SR PRV S PR (PAVR Fow i)
HJ‘MJ"@J{;F—?”’

. dh
2 dxdydt
ot dxdy )

Uslae (oS oo oy Sl 0 56 51 a2 Oln 51 e JUamt

V)
Jy= M*= Kg. (Ap- 0Ax) ()
L
M°= Kg (P - P*) «)

P* = oA + P
tolpls

VYVA j 55 o) o kel VA Jla cdME


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

due 53 ol esliul (gla pal )l puslie - J g

latal S f-‘bb, a3
[V¥] 6cm HYO axls o gl gn Lid Py \
[v¥] \o cm HYO IR Y
[\¥] 6 cm HYO J s Lid Pyen Y
[\¥] ¥/YA pm Az gy oS glis ) e ¥
[v¥] Y. mmHg bl (gaml HLid T 0
[yvel vv/vyy mmHg Srse Syl HliiTe $
[v¥] o /VO Kl ey o0 %
[ve] o/Y\4 gm/cm HYO O W WYL SUSPRO-Y. A
[Vo] o [Yeml/(min-\ - o gr-mmHg) O gl y2hid o0 K q
[ve] o [ov4y Poise RYECPa 7 \
[V¢] yivy Kg/m"® O s p A
[Vo] o [A\VA e shad 4 Cil s Vstr \Y
[vv] - YA mY cdbVoo gr co-luw A \Y
+/Amm +/A\mm
\mm

e (5550 Jylyt g sl = ¥ JSC3

I _ ARKE B el eyt
= + 5 = ¢,(h-h*) (\f). &= » Vstr= \/¥x\+™% um

K] A."a-b)._)_ J.:u‘_ﬁ LSLAJ:"’_)‘%. L;'QJ,Q.A < LL’L:‘ (\f) Jsleo J> LS‘J’ ﬂ = \°,uKFa= Y/~°«’f><\ ~“',um.s

Cr Al il s gl oS Joilyns Wslas e

h X v prr ., . X

= = Y= T= wl )
H=qam %=1 L [ >

VFVA o s o) oglad VA Jlu (IR


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Uolao o 31 (1) K 6525 Bty 5o cilises DU (ol O Jlia
plos 53 Gles o8 m 53 (V) Dslee ¢ S5 Slinda by fomilyss
OL& Pojjnb b PC ame 53 15 55 o0 0 shos dun yy iliiee B
5 0le3 b O e o5 ol ilile 6L 5L Py L qims oo
Shet 5 (5ol SLES T ms a OLE Pigl ]y O 5 48 e
by of 5 LS 0 uets OLaj b OF e & ol _53lilo gLz
bl Ll e 51 ol 705 e oty o0 OLES 7T
T e SLES e DLl g ga (gloesls S ealizd

el 25

Pint\ = —\V/03=c[OVWViy + o/ovFVYig
-—o/ooY?aVY‘i’n +°/°°°°f°fvvi,n (\q)

el e o8 s libe (6Lh o sl Vig Of 5o oS
‘5}«_.»’ ,L:..& Jﬂ‘u.."aLuL“_o L;Lé_; (_GLH;JJ-; cbale Yales
Usles 5034 s 0Ly il il cleay 3lile gliad (g oIS

T[\A] w;—'»;u'cﬁ‘-:mﬁ«;"b&
7= Y\ Cit o[\#CYj + o[004CT (¥+)

33 05 e 5 BUle 5L ety ikl € ol 5o S
3 b slas (gd S (el HLiB M5 sl 2]
ks $Lab g it Ll o o5 e Gy
bl

*%%i- = Qr - Qp (Yv)

Qp 5 el 8Lilee (sLdd w1 (63555 2l 23 Q O o 4 o
oijimdwi‘s;uwaamw_mw
So\Ed w5 i ol 23k glab HLis @ axl s
BNl S ol BUls o o O3 55 0 siege
L 55 4l mas Sl g o s 4 5 Sl 4t gy 5 sbas
ot 93 g oSS sty g pol LSS 3o |y b g
Uil O Gl O JWisay 5 sy s Jblsay dyl 3
o3t Solid b5l sled sl s ot o Al 3S e

\YY

ol llyd s gln day o 0 Jomdlits Dslas 4 5o

el g A
O"H ¥ oYHY
. C)T L 45
el"
y= =\/o\¥x\o T
P

D3l 5l (10) Dolae sl dmy 5 6550 Jail 2

o £ X =< ofy oA S X =y
JH

= H= Ty
Y=o Y=°
o £ X = oy sy X <

=>H=_1]11a£t_. @—%:o
Y=\ ven Y=\
o =Y =) e Y =<\

- g‘)‘(l =. - gi .
X=° X:\

(\#)

S el U 5 godee 5, 51 (10) Usls J>
salie asles ol 51 Juol (slgsanly s plosl [\V] ppecins
Soslixal U aSs g al s HIS (V) ol sty s Aslae gl !
s ol g LS 3AS b me day g sla ine

9H _ o'HY _ o'H"
oT axX¥ 3y’

-y (H-H%) (\V)

J;pxgbﬁgmawdu.m&@xuzb\{s
w‘@)b‘nbw&};ﬂé\gxéwjujjféwwd@
ol 2l S s b O slaaker 51 S ja el 4 45

g Ol e
QL = JJ Kpe [(P; -Py) - 0 (7 - 7)) dx dy (\A)

el 55 ol oS5 duld b o g Jlike 5 LS o s
“5“:‘-“‘"_53.3)-"'6"‘;—; &SEMJ).L‘?AJUJPC.J%JGU)}

\YYA JJ'LJ‘C"‘:'.‘ ) eJLa—':'o NA dLa ‘dﬁ;«t


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

et (8l - ool g0 s 4 4ol Tl als 3l salizad L
Ol o li Sl eslizad b 2Ulkn b oy il
cty

(Vi €) = Qg - CQp (¥)
Solas) oy lga sy i (22 CQp doles ol j3 &S
el BLle (gludd 4 (63955 s 29Qscu

il 5 Ol g3 oo VU Wsles 5

IV
T

3C;
oT

{'-.'.Jb (Y0) Uslan 45 5,131 5 (Y1) Uslee 3 eslazul b

Vi %‘_ = Qg - GQL (¥#)
et 030 3 Sl o5 (Sl Vsl i gaee s Tl
QYA «(F) (V) (V) SVslan fals 3,0 5 8Lk sLas
Jm Sl 2 el (T0) 5 (V9) (Y1) (1) (YY) (YY)
LVa]as eslaul (gade By 5l Vsles (s ) Olo o
Sos 5 0 xS 3 48 (1) Uolao (gly (V) Dslas Jo o

A o3lizd ol 25 b 4 s (Sl Yl

s 3btd o 3 Sl oo Olon U by Lt s IS0ST e
Bl glas Hlis § b Soled oy J‘.>-Jb 4 e e
R g)‘}:‘;c o) o,!_l 23 22 laesls jhostazwl b g oo

:JS(..:.,,..::: o (g 5lad

<

P; = -mmHg

o < P; = ymmHg

P; 2 \mmHg (YY)

sl Yo Oy 3 i) a3 any g9 4lie Qpo OF ys &S
3 g g Jibie 3 b 5 Blibe (LS 4 (635, 5 Slgai g slRe
Sy Mo b s lile s Gy b 5l 5 S e 5l 0
b Blilos Uit 4 (63955 i (523 Az 53 3,8 0

(o 35 23 ) o0 4 ol 5 o0

Qge = [J [Ws (e - 7p) + (1-0) CL+ J;] dx dy (YY)

s cwlbias Gob js b e cble Cl doles o) 50 oS
Ol )l aie oS sl 5y Sl e jos W 5 el (G+Cp) /¥

Jsles
YW iiney =

h

°

Hi,j,n+\

[24

hart -
P

alv

“q) Pi,n+\ = _\V/Oq - °/0VVVi’n ++o/o\/?VYi’n - o/oo

Yo) Winsy = Y/\Cipn + o/\#CTip +¢/024CTjy

‘A) Qpn,, = 2> KFc[(Pc,i,j,nH - Pinsy) -o(7, - Tins)l Ax Ay
/

VI nn = KpdPejjne - Pins) - o(n - i)l

YY) Qseney = 22 [Ws (e - Tiney) (- 0) G + Jynal Ax Ay

Qpe + YQpeo (Pjp., - Pjo)

YY) Qpyiy= Qpo + VQpo (Pip,, - Pje)

Qpe + Y\Qpo
YV) Vine, = Vin + (Quasy - Qpp +1) 6T
oT
¥7) Cinsy = Cin + (Qscn+y - CinQLn+) ~..
in +

Y?OV‘”[,H + o/o scoo¥o YVYi’n

Pin., = ;mmhg
o =Pjn,, = \mmhg

Pin+y = \mmhg

VYA [ayed o) opled (VA Jle (Mt

\WE


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

By fyd o s 5o Ko il Dalen sla el slia - Jgulor

Par¢ = fo cmHyo
Pyen = Y0 cmHyo
Py = 0 cmHYo

7, = \¢mmHg
7 = Y+ mmHg
g = ./t\

Sy g gl ¥
P DI E VIS CROVER Sy - pe
S) Srse clid 5 gda JS (raml HLitd (Kl 0
3 b Sl 5o by (03,5 g0 oISl o 8 4y s
23 gre Il s p3Y Sl 0 S K s Jald o 5
O Jaslyd o 5 oS a2l 53 5 A8 11 (1) U
Sl 5 sl 4 i BlS (gremul Hlds a St gl
By a5 (S e 5l s gLt 5 iShis 4 Slaa gy
el il g sy (Y) s palie &y paogpl 3 L3l QLS
slabd jLis 5l o chale olas (1) U (F) slds
Ol o «Sla) ey 0L 5 i 0L o Ol DLk
rs go OLES ) Lol (gLad g i 5 (63955 (i 2
el Fo gm Jlie Shis ol J gy 5l jlis oS aEes
ol 5558 i (6L g S oIS (S 3aml 5LES 5 O
26 xS g ool e Sl o b Jlae 4 a5 05 AL
33 5 0dndd b yie 55 (abAee) 55 slgle) jo s s oo g
e dao 33 WO 45 Oy 5l g 8Ll (SLdd oo g
oalnly S sl g gl azul s ool LS5 o ga 3 p5- 4
515 ol Sl o o8 nolis plos el cnndy ol 5o
o S S (e HLtS S1 Il g e JSUE5 Slazuls
s dalie o8003 g 0 g Tasdeo VI lpy w355, Jbe i 2l

45 6y sbas iy oo S Dol Sl ey by 5 0l
3y dal g Dol g 4, Wby ofF Sl g 0

)éﬁijcﬁ‘d’g‘fh’&bf)‘&:’y‘i‘L!O':o/VGLs‘J’

,WJJJ.EL*H‘A—:‘J)‘CJL?A_:CMKJ_:J{LSHJWJ

JLid oS s ey S35t s g (658555
Il (s 5 (sroml 5Lid 5 Ol el Yo Kliu g
Sl w4y om0 JBb o ades VY S5 ) 5508

o

T 4 SWolre st onl Glp 1y ulpd nslis 5 ad ol Llys
35 g0 dplome
O.Li).sMTw:quLLEfw)aqu&dB):wﬁ
Ls‘.h)‘_&'é} USJJ_GJ::__H..: (_QLAJL..&.& Wﬁ.}u_,e oI
ol o..\AT(\)J"J.g-JJ @)L&ui

SVolas s el %‘J_,.a 9 adl .L_!.b_.’bj‘:‘.ﬂfu Ofo‘ L
).)L_z ..}}-jl‘;_ﬁ @NL.AP J art -
Sleslazwl U 5 (Pj o =—0mmHg) slile,Lid oz dls s

cij® = Pawv +
SLis adsl laae b 5 Vo e ay tas 5 a5 (V) Wslas
4 (Ye) Dslan 5 7 0 =Y omHE SUl e (6 JLS (550
Ci o=F/¥Y0AG/\ o oml 5Lils sy, aJol lal 2
Uslae 31 el 2ols 0y 5 Uy T Sin sy s
348 n s 3L o L 4 53959 le 0L (VA-YY)

O e dl s (Qye)
ml

QP’o = QL,O = o/\“\ﬁ\“/\ min \oogr

...Q..C_'L_.=o Qsco= Ci°QL° = °/°\Y?a_."g_‘
: ° L min. \ o o gr
Y¥ Usleo ol 7 lolgi

Qg,e - (V-0) 22 Cp,oJy Ax Ay
S ) Ax Ay

Wsc =

_ _g/(min -\eo gr)
Wsc = £/04¥.\ mmHg - mm"

:ALJJ_’ W YV OVsles (s JJS.LHQ')A c\.:JJb__»‘:\.Z.a L J-
L elsil (gode 5oy 4 cVslee Jo gl glailhy

AYVYA o545 ) o led (VA Jl (It


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

5 Ci{gr/\ + +mif)

L))

Ci(gr/ \++mi)

B/AL

o/Ft
b/e

oy

A

f/5

Ci(gr/\++ mb)
BIAE:
oishs o=\
bfe
_ o= ¥
bivE o=./f
\________,_____—— o= /5
5 M=V
. .o J PP PR S TTAY

!
Ct{gr/ \+oml)
ow <\
a-;/\"
/8
o= /YD
EXY o= /]
ovf
olsaf
(=)
Y4 L =
Yoo Foo Foo As e

q

Pt s 2y Ol ez 1 LIbe (LS iy p B Ol - B ISS

e =Y¢/YAMMHE 5 O el 0 5 Y0 5¥Fo bty o ity Paryy Pren,Part 1 &

o = v/vymmHgy Ol maslu 0 5 ¥0 5%0 Uyl o 54 Pary PrensPart © @

T = YVE/YAMMHE 5 oF 2esilo 0 510 5¥o bl o4 Pagy, PyenPart ©

7T, = yy/vvmmHg, JJ:...;.:L,, 0 510 5¥o b ply wui e Pary, PyensPart & 5

5 Ol 4 b oS galias iy god 3 Joles 2l 4y Y-
Cond g gy Sl e Sl g iy o S 2l O3 S
$las gy il liis A3l by (S ge Sl
4555 e 5 b2l U5 o0 § b g0 cnl ol iy UL
il SLad 4l g 5 g o80T A3l 2y 0 sl
son oy BUe U &y 5 ol Sl L 5 Al e 2alS
e 4358 oo Blilos GLad 5515 &5 Il g 4 53

VYVA o 585 ¢) o ke (VA Jbe (I

3 g s LS5 ol s 30 0l e an gy g0 )M
S ol HLid 45 ol&in STl gy LS 5l ples (gl

chle s L palS gl gl s s
s ay g gty 5 ol (oSl UL sldd etz
ol 523 4 I (gl Lol iy o 555 byl
ralS el ) 0 g K59 g 5ed SMie Fose S S 4lS
3 ol 53 50390 0b5 Jui BLke gl sy Bl

A4


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Pi{ornH ,0)
e
Y/
b o= ¥
0 //’;’j
- [ {0
s /— g=-/V0
e ¥ 2B A Ko
-Y/b
)
-Y/
<
Pi{cmH ,0) VYoo f. Fae Av e 4(e)

Pi{cmH,0) o=+/\0

\e o= [y
' o= /f0
o=,
v/b iy
o=

5 o=/

Yoo €. IR oo o)

Pi(cmH, 0) omi O
o= [V
o=« [F0
AL o= /f
o=+ /YD
o= /8

A ) ~..—~——"‘"§'?~ ’ A -i:iz')

Pl s 8 5 Ol e 1 Flilen sliad LS Oy - 0SS
Te =Y¥/YAMMHE s Ol 2eibn 0 9 ¥0 sF bl of 54 Papyy PyenPart + I

e = vr/rymmHg, O mastn 0 Y0 5% bty o 54 Papys PrensPart © <

T = VE/YAMMHEy Ol 2aile 0 510 Yo b ply i it Poryy PrenPart @

T = Y¥/¥vmmHgy Olyastn 0 5 10 sYo bty i i Pajys PoenPart & 2

o pd o0 ol leal 25l oS mla 5l golde S35
Sl s 8 Al (6l Y V] i g JUs8 oy ol Lol 0l
wal g ol el glay sSB Al e SRl Sl s
5556 s 3l ol sl iy ey e a8 5 5L
whle gals JL alie Sl gyl jLas Al 51 ol
53 kS o oo ST Ly Cilins Sy 0355 (B0 sons s
A o el iz p S Ol g PSS s b B

i dal g gty 55 gl S 0 g0 2l

\YY

Uit 53 3 g e Sleis b Sl el s 3 R
SIYVYeluslentisd o Jaw 5 adss Jl> s i Lok
b e palS i wlike glab gleus s el ol
Slesgp chle g;"“‘S_LSJ‘.)A("")" ool sla, S6 51 S

chle oS I 5 caSolg o ol silil Lo
P pal A Lgsas by oo Sl e s leisn
chle galSln5 s, 00 om il 55 el 556 asly 258 o0
bold 5o el 52Ul ALLs Gl s

\YVA ijg—i o UL«—’;“ AA Jhe (Il


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Ql{mi/ \.+s gr-miin)

o
Qi(mi/\ +« gr—min)
Yok
Y
Y/
g /Y'
¥ A o= 50

/) \ ome [
\ O]

al{ml/\ . gr-min)

J!
Ql{mil/\ ++ gr-min)
\
\‘X\
A\
N
Y/ .\\\
v ,\'\\\ a=\D K.')
NV~ T F., ame[¥ Foo Ao«
\\\6-0/ﬂ§
Y/o. =

e =Ve/YAmmMHE y O matibu & 5 Y0 s¥o bl i it Popg, Pyen,Part © <l

T = v¥/vymmHgy Ol sl 0 5 ¥0 s%0 b ply i 54 Papys PoensPart © <

Te = Y¥/YAMMHE s Of j2esbe 0 510 5¥o byl oui it Pary, PuenPart : g

Tog = YY/¥YmmHgy Ol zeln 0 910 s¥o b ply s Pary, PrenPart : 5

N pdn 534S gy ke il dal g3 ol Lol glad jLid
e ol 8l Jls s plie g sy o3 (5l Slude 4 YL
S8 (Rl gy pol po el 5 pSB (gla byl 5 S S
BLile L HLad aaer 8 45 () sbay ol il sl
Pl 55 gl 58 B aliEl CaBl azdls mdy BolH e Ll
SLaS bl 80l 5 e sl 5 S B L Bl s 5 g8 pa b

VYVA S0 585 0N ojleds VA Jlu (IAEL

Sasbas 3l puditune dal,y Iyl s b Ll slad HLis
bl glad HLid jlade wil iy Jﬁfjjw i p &S
S5 5 Sl s lilie glas jLid s dal g i 50
Lol on pRalil 505 e pralie ay pol 2l s Lob canl e
wbas jLas olidl o lile slad glgas sy chile ials
Ll ol plSall o ST praeen 3 g g0 b AL

YA


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Qp(mi/\ « < gr-min)

Yo A
Y
A .
Y 0= VD
b
\
<[
. H(s)
\ Y Yoo ¥
e
ap(mi/\+ .gr-min)
1 o N
/’,/—MIXA
o= a——
Vo L /m_
g [P
o=. /Y
. s)
\ Y Yoo ¥

Qp{mi/\+ «gr—min)

Y/
o= </\0
-.N
v oty m
O,
Y/ iy AN
Y o]
N
\
+ [0
. i LU
\ Y Yoo 2
It
Qp(mi/\ « «gr~min)
o= AL
Yo T amo Y
B
Y ___,.—-—""“___._...-—_:: (\
V0
\
oJ
t(s)
\ Y Yoo foo

Te =VE/YAMMHE y T 2ailu 0 9 ¥0 5o b uly o 4t Pay, Pren,Part 1 !

e = ¥Y/vymmHgy Ol iesle 0 5 ¥0 yFe bty oy Parys PoensPart © <

T = YO/ YAMMHE s STasle 0 510 5Y e bty <54 Paty PoenPart ©

Te = vY/vymmHg,y Ol 2esitn 0 510 Yo Uply oy Parys PoensPart @ 2

sy bl 5 Fi e slad Sl gyen HLis dlenie
i at g SBlils 5 B e SLaS g S (S5
4 55953 & Ol e . ol O gl il g 8 ISl
Dlocdl-a by olg lde 4 Vb plas s ilile glas
PO O I - PP X WY
ks i ya OF oL G (gl ool o /144 (m/min-\ o o gr)

e

ol Bl 50 sl 5 586 3 35 0 e Sl sden
RS (5 s S oS Sraml SLtS i ja iman
Sl ax K5 olee il g Rl al ) 556 Ll e
33 en F3l5 imal 5 56 3L axshs ) e (15 Las milokee
050 3 4 milibe slad b 2555 i 0L 23

Cilie Jole i 25 Jool 5 b oo sy Ko leu

YYYA o0 oV o led VA Jla (IR


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Qs(gr/ \++ gr-min)

1Y
¥
~/Yb¥ o= ¥
Y
agme /D
A \\ o= I8
3 o=+ VD
ofs .
Y * Fee A @
A

Qe(gr/ \e+gr—min)

ofod o=-If
\ .
0/0 4 r l.. '(')
‘ Yoo ¥, e Aes
>

\\* o= .Y
/N

o= . [f

Qs(gr/\++gr-min)
(A
A
g=4/\0
.N\‘ am. ¥
- cmgb
/¥ vy —
om. 3
Al ///F — H(s)
/ Yoo €. See Aee
DAY
!
Qs(gr/ \+» gr-min)
SIVEEN,
AN
¥y
oY \\‘ Hs)

Yoo ¥ Fee Ao e
+\A
o o[\

| \ -
/\;’ ’\—*u 6D
./“ﬂ/\\_\a-.ﬁ

/\_\‘”./‘m
<Y o=

c

K g g 5 Ol i (Blilon SLD 44 (53053 o DUy Ok = A K3

T =Y¥/YAMmMHE s Ui el 0 5 ¥0 ¥ e b by o 5o Papy, Pren,Part 1 &

e = Yr/vrmmHgy Ol esitn 0 9 ¥0 5¥o b iy i 4 Py PrenPart ©

T = YE/YAMmMHE ) Ol el 0 510 sY o b ply i ia Pagys PrenPart ©

T = vy/vymmHg, Ol et 0 210 s¥olply i Pagys PoensPart © 2

o 3L any Ol A ot (58 e Sl g den
A5ty o5 ol e b sl slgle) 5 5058 00 0k
Ll e bS50 il 0L Wl o SRalS LS ol e
Syl SL23 SVt 55 055 g SHAs 4 s S gy 5ba
ey 5l oy Ol 23 b 2 B9 5e e (g IS
Sl Gl 31510 il 51 e g sbas by ge 2l

YYVA j9 565 0V oyl VA Jle e Mt

@839y il Ol g3 Al i F,e s Sk g
S (S oIS (g jad JLED jdir pp g e i B g3
b o by oo Sl S Ol 0 55 Ll el B e
il or Al i Ol g0 e Sl 8 SIS
oy 43 g 53 850 Iyl ples (ol (ol my (3
S Gl Ll e alidl o s 4l i ol

V¥


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

Vi{miy/\++gr)

Yi(m)/ \++gr)
YA

Y5

Yy

LO)
Yoo Foo Fae Ave

Yi{mi/A\+~gr)

eIt
Vi{mi/\+gr)
Ve iy
o

Yo bl
\t4
¥
Yy
Y.
A LO) _

Yoo Foo Foe Aee

Sl g2 9 Ol 1 (liln gL e Ol - 4 JSS
e =Y/ YAMMHE ) Ol 2aslu 0 5 ¥0 5¥0 U ply oui 5 Pagyy PyenPart : &1

T = ¥Y/vrmmHgy Ol el 0 5 ¥0 5% bty wui 54 Pary, Pyen,Part © ©

Mo = YE/YAMMHE s O zaiiln 0 510 5¥o b ply of 54 Pays Pren,Part : z

T = v/eymmHg ) Ol et 0 510 sY o b ply i e Py, PyenPart © 3

39500 Wb Sl gy 5L sy 2 280155 o0 5 L g o
othtily oo SRl 3Ll SLaS 4 (6395 gz O (23
(P92 s SUdS (G oIS (G el JLES AL (g OL
Ak oo Al 23wl e Pl 5 Rl oasa
T 8525 (25 5 255 (5o 516 il 015 on e il Ll
35S el g0y 3l g 30 K8 53y

A g

ol ol sy Lol on Al531 5 g5l ny Ol
S 55 Glammlom b pol @Vl udmy 53 3 55 g0 0 dalin
LSLéJ J)b J""b}" ;‘;: ‘}.':.;L.JL;» LSLa.j LSLAO:‘.'.‘;J_J:'. .)ﬁdﬂ
b Johs 4 il 0L o b o)l yan 4T S 5 08 oo 3Lilee
rmblis Odast G5y b 51l Kos 5 dnb e oy BLiL
2l Bl glad Joboay (T pe SLi2 G gm 33 Sn 58

VYVA Ha0 i o) o gled VA Jle cJMEd


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2

[ DOR: 20.1001.1.2251600.1378.18.1.11.2 ]

gt LS)‘}i“L;*"

-

. Starling, E.H., "On the Absorption of Fluid from
the Connective Tissue Space,” J. - Physiology
(London),Vol. 19, pp. 312-326, 1896.

2. Guyton, A.C,, and Lindsey, A.E., "Effect of Elevated
Left Atrial Pressure and Decreased Plasma Protein
Concentration on the Development of Pulmonary
Edema," Circ. Res., Vol. 7, pp. 649-657, 1959.

. Guyton, A.C.,"A Concept of Negative Interstitial
Pressure

W

Based on Pressure in
Circ.  Res.,

Implanted
Perforated  Capsules," Vol.12,
pp. 399-414, 1963.

4. Gaar, K.A,, Taylor, A.E., Owens, L.J., and Guyton,
A.C,, "Pulmonary Capillary Pressure and Filtration
Coefficient in the Isolated Perfused Lung, "Am. J.
Physiology, Vol1.213, pp. 910-914, 1967.

. Holloways, H., Perry, M., Downey, J.M., Parker,
J.C., and Taylor, A.E., "Estimation of Effective
Pulmonary Capillary Pressure in Intact Lung" J
Appl. Physiology, Vol. 54, pp. 846-851, 1983.

6. Parker, J.C, Guyton, A.C, and Taylor, AE,

Interstitial and Capillary Pressure

(¥

"Pulmonary
Estimated from Intera Alveolar Fluid Pressure,” J.
Appl. Physiology, Vol. 44, pp. 267-276, 1978.

. Rippe, B., Parker, J., and Taylor, A.E., "Effects of
Reduced. Plasma Protein on Capillary Pressure in
Isolated Dog Lungs," J. Appl. Physiology, Vol. 26,
Pp- A8, 1985.

8. Gee, M.H., and Staub, N.c,, "Role of Bulk Fluid

Flow and Protein Permeability of Dog Lung

=

Alveolar Membrane," J. Appl. Physiology, Vol. 42,
pp- 144-149, 1977.

9. Sobin, S.S., Fung, Y.C, Tremer, Hm., and
Rosenquist, T.H., "Elasticity of the Pulmonary
Alveolar Microvascular Sheet in the Cat," Circ.
Res., Vol. 30, pp. 440-450, 1972.

10. Weible, E.R., Morphometry of the Human Lung,

VYVA ja 5 N o led A Jla (Il

PEPEUE Sy

3 Oibudens L udige SUT 6,800 3} s s

w“)&)&ﬁ)}rdu)gﬂjdw ‘:ﬁ.ﬁd rJuJ‘SJw

e
Pp- 38-128, Academic press, New York, 1963.

11. Sobin, S.S., Tremer, HM., and Fung, Y.C, "The
Morphometric Basis of the Sheet- Flow Concept of
the Pulmonary Alveolar Microcircullation in the
Cat," Circ. Res., Vol. 26, pp. 397-414, 1970.

12. Fung, Y.C., and Sobbin, S.s., "Theory of Sheet
Flow in Lung Alveoli," J. Appl. Physiology, Vol. 26,
Pp. 472-488, 1969.

13. Goldberg, H.S., "Pulmonary Interstitial Compli
-ance and Filtration Coefficient," Am. J. Physiology,
Vol. 239, pp. H189-H198, 1980.

14. West, 1.B., Bioengineering Aspects of the Lung,
pp. 268-357, Marcel Dekker, New York, 1977.

15. Staub, N.C., Lung Water and Solute Exchange, 1st
ed., pp. 423-435, Marcel Dekker, New York, 1978.

16. Mazomdar, J.N., Biofluid Mechanics, 1st ed.
PP- 10-38, World Scientific, New Jersey, 1992.

17. Richt Myer, R.D., and Morton, K.-W., Difference
Method for Initial- Value Problem, P. 52-141,
Interscience Publisher, New York, 1967.

18. Webster, H.L., "Colloid Osmotic Pressure:
Theoretical Aspect and Background," Clinics in
Perinatology,Vol. 9, pp. 505-521.1982.

WU 0L g pal ol il amd o Sl NS
AYVO i b g o&iils Jy) w18

20. Drake, R.E., and Gabel, J.C., "Pulmonary Edema
Fluid Clearance Pathways," News in Physiology
Sciences(NIPS), Vol. 10, pp. 107-111. 1995.

21. Khimenko, P.l., Barnard, J.W., Moore, T.M,,
Wilson, P.S., Ballard, S.T., and Taylor, A.E,
"Vascular Permeability and Epithelial Transport
Effect in Lung Edema Formation in Ischemia and

Reperfusion,” J.  Appl Physiology, Vol. 77,
pp. 116-1121, 1994.
22. Matthay, M.A., '"Function of the Alveolar

Epithelial Barrier under Pathologic Conditions,"
Chest, Vol, 105 Suppl., pp. 67S5-74S,19%4.

VEY


https://dorl.net/dor/20.1001.1.2251600.1378.18.1.11.2
http://www.tcpdf.org

