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Mechanical forces in acute lung injury
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HiP-Hiv high pressure and high tidal volume,
LoP-HiV : negative inspiratory pressure by iron lung
ventilation and high tidal volume. HiP-LoV @ high
pressure and low tidal velume ventilation by thora-
coabdominal strapping, Qwl/BW : extravascular lung
water content/body weight, DLW/BW : bloodless dry
lung weight/body weight, Alb. Space : distribution space
of 125I-labeled albumin in lungs
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Ppl : pleural pressure, Paw @ airway pressure, A
tethering force due to adjacent expanded alveoli, PA :
transalveolar pressure, Tst @ surface tension, Tw
alveolar wall tension, El : intrinsic elasticity of lung,

Ew : elasticity of the chest wall, Tcw : circumferential

tension, Pc @ transcapillary pressure, Tel : longitudinal
tension, Pab : abdominal pressure
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circumferential tension, logitudinal tension,
o] AZE R e Fvk (Figure 4).

1) hoop or circumferential tension (Tcw)
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Figure 4. Hx¢} R Ao 83t NAA ¢

Tel : longitudinal tension, Tst : surface tension of
alveolar lining layer, Ttmp : circumferential tension given
by capillary transmural pressure times radius of curva-
ture, Palv @ alveolar pressure, Pcap @ capillary pressure

Aol AAH (traction force)o| 74 ZAIE 2
Wk o] 718} Laplace o] o8 WhAdo) Frlabd
FHo] Frtety]l Wi 2nHoz s wHol ~
Ed 27t 7hajAled olAe] Tewelth Tewd F7Hc:
EAEY dHskE S7H 7T, BAE R ARt 5o
© HE-ZAES B9 F71E 7FA-2 0} (stretched
pore phenomenon), °]€ =A™ #S9to] 40 mmHgolA
EE BAEE AHEgto] 525 ecm0 oA #atse
g3 e AEe HE AuAae] &4 (capillary
stress failure) 71¢13te Ao ® ols|Hx ot

2) H =l o3t longitudinal tension (Tel)

Mgl Fohe R mAgHe] P S T
ZAAIZ) 51 F A Teld F7FA120oh Tel?] Z7Hs Tew
& 57]'E zHE FHAe2 RAYRL stress failure
g FARvh EA"Te] A¥ste] AAHEA fAEE
*JEHOM BAHSHE FVAA HAEHE S7AE g
oA 2st A¥ A2 #fezt faue e

ol slgiste 2ol

Aol Frrshy wAE el A Wb
A LE{u FEFHe] 37 AARE As
2l 2AETh F7hr s ]l
il A& A Eae ARE Qe

)

b

4 ?J_*i
3&57]-
A7+l

FalA] 9

H"J o]-j

-563 -

A

Ol A
;
A

Figure 5. A% o|&Ao] ola) sy o
el A= dggal,

A ! normal alveoli a : collapsed alvecli

2. Hxo 452FEHo 7|2l5l= ZIAA ¥

HEo dFeFEde dA9 FAS WAL FAs
s Qo] wHEANA DA T4 Bate
Aoz ol HELEC HIEYHS FHe7 P
Atk HErt ¢AHeg g g W= HES
WAl e gol RE HxolA AHgat Fdah=| gt
] HEAel Al go] x| W] B A
ol HEe) BAs FAMer A A e
H ¥ Holl 28t AjlYo] A 718} (Figure
g Age o3ty Audo] 30 cmH02) AEA A
o7 AE gl A¥d E8 %9 g HE
2881+ shear force™ 100 emH:09 o] &tz )

ot

S
oo
tjo

,g_
ok

J.l?.‘.

m;‘. rlr

11

o ,5“3 r&ﬁ —10
1

£,

3. dk=Eel Hzol FiulsHsol ols ‘L45Hz
A= 2

A HER Bl E ool Hgw AXY A
A 7F A Ak AlEA ] Al FR vlHeg
Agtcta otelA gk A= A Hxdds 57
L01] F7)-Aa HEF:Ro] HEUol EA s A FA o
Al g A EAR o) Fs] M7l fluid
memscusﬂ AA A7I#A 7L AdEE Belv) EAE
i airway lining fluid®t A7 82 F99) <helo) <)
A71E el ofdl Al7|BA Y &5 He] B 7ot
lﬂﬁl% A7 BAZ ANEE7] 9184 fluid meniscus
& A7 AL A7 S ¥g BuAA Tl

KA HEAE HER o)FA7]7] & & Fo] o7

7

‘1~> ik ruF_



— Korean Journal of Medicine : Vol. 57, No. 4, 1999 —

o olw ek Adg e 2 AuARe &l
ST,

4. BHEH ST BaME o Jelsk= 7IAN B

HFHBAEAY 7sFole Az EF g 34
£ A3A e APl AEEEA T 4EA ol
. RHGAEAL 74 EA LAste 71AH g
AHES} Biof & 3 vjiv FHEHEZDL F7]-
A JE2ANA 47 S 42272 Do )E R
AP AEUS ARz A7 HEL R o3
e AE gAY 8 THSHEAL Ho 7HH
1 AHE 79 WX HFoEgel o TA=
e AAaANIL ek FREAEH0] AT EA T
At 71AH Foll vl T3 21 AEF 9% 5
BE9) agel] 7ozt Aer Adzdrk

JIAH 8ol Mol olxl= &3

Z1AZEFA LA 1A P gF o Axe A
A (stretch)2 AXY NeALHAE A3 g2 A3
A W3ls 2%} (mechanotransduction)(Figure 6).

Mechanical Stress

roor

Inegrel - iccplln“pl;l/ ¢
¥ X
proteina et act, cat DAG P, Ca¥¥
D A Hyperpolarization ?
depoisrization ¥
Substrate for h PKC l
— % {yrosine, serine ¢
A f kinase cyclase Q‘
it ‘%( A Gens exaresaion
Integrins
-
Extirs P
celiular —® 7T

Focsl
matrix adhesion

Figure 6. 7144 go] A2y 23 AGA A m2le &34

A A type T HEAHH I A9 A Fof A&
7Fakd IL-89 2ul7b Fr1stn AEEEdAN & &
2E £¥o02 JAZES W TNF-q IL-1B, IL-6,
MIP-2, IL-8 59 dZH744 MolE7k1e] S7h7t &
ZHc) o)A wslel g HE-2 8% Fade] F7t
517) w2l el A AlelEFIRIY HEWY A
T 5ol AN o7t AE AT HAF

WS- 23 7 (systemic inflammatory response synd-

4554..

rome)d THA7Z|HAZFETE (multiorgan dysfunction
syndrome)el] 7|g&E Ao ol s ik

JA ge sasishs JIHRIY

AolA 71& vt 2ol AFZF7I-FL HEA
B 7| He] defAEA Haoo 7)ARTIE e vAE)
Al rAgste 1A ] HA4ss BEREZ side] Bel
uhr ok

1. Solateple] 43

197530 n Z)dgde]l 54 TEPA] e ad
£ M7= Begelgde BEA UL F 54 &
EF52A9 7IAH @0 2 FrIgekgte] @ Alg
HQAEU 19809 Futel nE 71 2e¥ete] Xggo] 7
HE A 1990 2ol X FA SFITZTEL B}
A Asdgdde iR X FsgFo] 47tk
T ARdel dAFA FY AATEE 06082 R
7 Qe A& 379U (least PEEP)Y 7ide] &
d=ich a8y Aol e 1FEE-FE &
Al Z1AH el Fado| RAEBEA )2 #Hxe
HES o £ e FRF &7)2%ge) FHHA
et g 7@ bt o] 2 AEe A¥d A
FojEAd olgt Aukg-E wEAQd Hxe MAu/d
Ho o HdgEHo] Frhstr] Wi e AXE
FU3te dlxe] B3 wAZaE Ao Z)ATFAN
AL A4t a9 g es Aztd. &
Z12ol HEe HEg WAEr A e oY
G Hgaol sted HAg sv)Tekgte] A
A4 ¢te-&24 TH (static pressure-volume curve)o|
wo) o] &5 1 qlrk §4 TEESEZT 339 43
A3 FHL ARo|m B BEAE Bt o
o) 49 71277 fzolt) (Figure 7). 54 8%
ASEE #gakel F4& A 100-250 mie] £33N &
3o H¢TE Holl (starting compliance, Caar)
250-1000 ml&] fHAME olBnd L& REEE B
T} (inflation compliance, Cint). Coan?b 22 o] ¥
H AES g7] 98 =& Aol o7 gFoln o
e 2 A9gHel LT Cuam®t Cu7t T
<& lower inflection point (Ppe, LIPS dHEdl )&
BE Ax2rt dEle ¢ ovlsty] wid a0l 9k

-



— Chul~Gyu Yoo : Mechanical forces in acute lung injury —

Vit
1.5
= 1
S ’
= - Cde
)
o
>
. o Cinf»
0.5
Best Peep
Cstort
i Pflex
(FRC) o 10 20 30 40 50

Paw (cmHZO)

Figure 7. 54 &4 @49 24 99474 34

FRC : functional residual capacity, Paw @ airway
pressure, Pflex : lower inflection point
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