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~tudies on the Process of Critical Movement of 

Intra vascular Fluid into Intracellular Space 
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入！ ＜＼SAO>J.¥GASE and YoRINORI H1KASA 

From the :21HI円mg1山 lDi,・ision, Kyoto U111、どr,1ty:vled1c.il x～hoりl
lDirect<>r : Prof. Dr. l°HUJJ K1~URA) 

R町 引 、edfor Publication Jan. 18, 1965 

I. INTRODUCTION 

人fter the ¥¥'oriel ¥¥' ar II, in parallel 

with a progre悼 mchest surgcrv, incidence of 
acute po'-t ＜》pゼr;1tiH'pulrnonarv edema (ahbre-

viated山、 APPE),which i ~ one of the most 

serious postoperative complications, hecarne 

more and more frequent. And . .'¥PPE was 

one of the themes of theえnnualMeetings of 

Japanese . .＇＼州ociationfor Thoracic Surgピryon 

1958 and of Japanesじ入s~uciation for Surgery 

on 1960. 

えLTSCHL!LEprt'~t'nted a table sumrnarizin以

the etiologic factor;; of acute pulmonary edema 

and concluded that the fundamental disorder 

seemed to be a rate of tr川 sudationfrom the 

pulmonan・ capilbrie-, that exceeded the reah-

州 rptivじ CiijXlじityof the pulmonary lymphatics. 

¥VAKIZAK人 etal. ha、e,on the basis of 
theirピxtensivestucl1t・;-, concluded that impaired 

ah:=,orption of lymph is not of great、l以nificance
<1s a causative factor of APPE, which develops 

Table 1 F《lltけr,contributi日日 to pulm山nary
edema 1λI .TSCHULE I 

I. lncrc;1,ed’rrnn、川lat1on
λ Elevated capillary pre沖urヒinlung詰
I. C"rdiac decompe口出tionand mitral rl1"-;N・ 
2 ¥',nular u川、tnct1り口
a. ;¥eurogenic 
b. H l、tamine 
B. Increased filtering area in lu1山、
1. lncn・a＇引lbl《時dnilume 
'.C. Redistribution uf blood 
a. Peripheral Y<1><lConstrict1け11

C Large blood flow in lungs 
D. し川町~'Cl pl川町 proteinlen・I 
E Inc「町同d山 pillarypermeabilitv 
1. 礼11け＇ia
2. Histamine 1 
3. Toxine 
F Broncho'I日日目
II. Decrea町《IIむ.1bsoq山け日
主 Impairedl、mphaticf uncti＜川
l Eb・ated円、ll・lllil＇、ern町、 pre問、me
~. lnflammatorv tltroml.，.川、？
Ill. lncrva、【dTotal E>.t刊にじllularFluid Vりlurne

ver~＇ rapidly after operation. 

URAB七 hasclassified :-¥PPE into three groups. 

1. PostoperatiYe pulmonary edema due to nerve lesion (cerebral operat1けnor tr；‘t uma, 

L＇~Pピuall\' le、ionof hrain stem, pons and medulla). 
2. Po州＞pヒr;it1刊 pulmonaryedema due to abnormal cardiopuln101rnry hemodynamics . 

The patient with longstanding disturbance in pulmonary circulation is declined to develop 

：＼ドドEwhen hypoxia is induced hy operation or by an白thesiaand excess fluid is given. 

3. Postoperative pulmonary eclem《l which occurs in patients with hypoproteinernia’ 

anゼrniaand hepatic an【l.r renal insufficiency. 

lI!< . .¥BE 11<1", from his clinical oh,.t'n川ionsand hi:-;1 ological ~l u<lies，じoncludedth;it main 
cau~ati\'e factor of :¥PPE of広rou1】 1is pulmon;in・ hypertl'nsion and increa;-ed capillary 
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permeability, that of group 2 is pulmonary hypertension, and that of group 3 is increased 

capillary permeabil町 dueto abnormal metabolic products. 

働
Emtocap1llary 
Lay＜，、

II 
(I 

Experimentally, he has pro・

duc:ed eaじh group of APPE by 

respective methods , group 1 by 

destruction of bilateral preoptic 

area and stimulation of the vagus 

and sympathetic nerve, group 2 

by lung resection (decreased ,・as・

じularbed in lungs) with resistance 

against inspiration, hypoxia and 

rapid infusion of large amounts 

＇＠ 、／：.ndothel<uw 

4グ

てt－~~：.~：lar Cementコ敗
Fig. 1 Capillary wall 〔T口1clit1けnalじりncept〕

of fluid, and group 3 by ANTU in-

jection. And he has pointed out the 

gre乱tsignificance of nervous factor in 

pathogenesis of APPE. 

S.¥KAKIBARA has, from his expen・

ene1: in heart 日urgerv, indicated the 

elevated pulmonary capillary pressure 

as a main causative factor of APPE. 

In his ビxperimentusing heart pump, 
pulmonary capillary pr引叩reof 40mm 

Hg was neccessary to cause pulmonary 

edema in normal dogs, whereas capil-

lary pressure of 25mm Hg was enough 

ぷ一一川

in dogs with mitral stenosis. Moreover, elec-

tronmicrosc:opically the lungs of patients and 

<logs with mitral stenosis showed destruction of 

the capillary wall and extravasation of erythro『

cytc刊. From these obseれ・ations,SλK主KIBARAhas 

じoncludedthat vascular bed of the lung of pa-

tients with h凶 rtdiseases has a disposition to 

dcvピlopAPPE. 

「F‘A、、CETTI
Fig. 2 Capillar,・ ¥¥all〔（・urrent ~c •町

On the whole, numerous factor'> have been 

claimed to cause a rise in APPE, yet no definite 

one has been obtained. It is evident that .¥PPE 

is caused not only by one factor but by many 
factors in combination. 

Fig. 3 f古electiveand de≫tructive change （川 V)'
れ 1cns1on)of ba兜mentmembrane induced 
by λ＇.＇＼＇l・Uinjection (rat) 

In order to clarify how intra＼川じularfluid m仏 引 mtointracellular ~pace, the 
ture ofじellmembrane and capillary wall must be以ivenconsideration. 

II. PRESENT UNDERSTANDING OF STRU<.‘TliRE OF CAPILL.¥RY 
WALL AND CELL MEMBRANE 

メtruc-

Structure and permeability ofじ札pillarywall has been a メubjec:tof discussion from past 
up to present. 
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入じcordingto CHAMBERS and ZwEIFACH, the capillary wall has a structurヒasshown in 

Fig. 1. 

Water and water ~oluble substance move through only intercellular cement, and lipo・

philic substances, < >, and CO, mo火、 mainlythrough cell membrane. Therefore, the main 
factor which determines the capillary permeability to water is the porosity of intercellular 

cement. 
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Ill. CRITICAL MOVEMENT OF EX-
TRACELLULAR FLUID INTO INTRA-
CELLl'.LAR SPACE 

When animals arヒfeda diet de-

ficient in ヒssential fatty acids for a 

certain period of time, fatty acid con-

lnte「lor

＇＂~／ヘゐ，Protein

'' ＇，；出 9OU 
Fig. 4 Cell membrane 

EF.A I 
i'G1:. 
4 

ロ：EF/inc/1 J，‘t 9roup 
!Zl. EFA-deficienf diat fl'＂＇＂／・
?. di'邑noicand 
3 : trienoic actd 
与t世!traen，也氏acid

100% 

品盆Jm島
adrl!flals head muscle~ -U¥1et 

Fig 5 Polyenoic.: fatt)・ acid αmtent m vanuu当けrg＜‘ Ill ~

.,( or日ani,msfed either EFλ－rich diet "' EFA-de-
fic.:ient diet. 
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tent in the organs shows a typical pattern of change, i. e. decrease in dienoic and tetrae-

noic acids and increase in trienoic acid (Fiε. 5). Essential fatty acids (ahhreviated as 

EF A) in the skin also show same change. In parallel with this change, insensihle water 

loss increases remarkahlv. These facts indicate that capillary permeahility of the skin in-

creases markedly in EF A-deficient organism. 

As is well known, the lunεhas the largest amount of collagenous tissue same as the 

suhcutaneous tissue, and its tissue tension against extravasation of fluid is very low. There-

fore, the lung develops edema more easily than the other organs. Moreover, since the 

pulmonary edema causes such serious signs and symptom呂田 hloody-foamy sputum and 

dyspnea, its 町 currencecan he detected earlier than that of the edema of the other 

or岡市・ From these facts, we have studied the process of critical movement of extracellu-

lar fluid into intracellular space in lung・ Andwe have performed an experiment to de-

velop acute pulmonary edema by a new method~slow administration of water and anti-

diuretic hormone-with an intention to simulate the postoperative condition. Our colleague 

Dr. YAMAGUCHI has demonstrated hy electron microscopic study that the acute pulmonary 

edema caused hy a rapid infusion of an extraordinarilly lar貯 amountof fluid differs from 

clinical one, in that the edema is most remarkahle rather in capillary endothelium than in 

alveolar epithelium. Therefore, in our experiment water was given per os in small amounts 

repeatedly in order to avoid rapid administration of fluid. 

As shown in Tahles 2 and 3, the EFA deficient rats developed 

edema following administration of water and antidiuretic hormone. 

We studied the developmental process of this edema hy electron microscopy. Ac-

cording to this study, the capillary of the lun広alsohas the intercellular pathway. Although 

movement of water by pinocytotic vesicle (transport vesicle) cannot he denied, large parts 

of water pas『esthrough the intercellular pathway and moves into the alveolar epithelium, 

since the swelling of alveolar epithelium and forming of “schleusenarti貯 Offnun貯n.. 
(destruction of cell memhrane of alveolar epithelium) are found first near to the intercel-

lular pathway (Figs. 6 and 7). 

pulmonary acute 

¥Yater－、＇＂＂中 fp－，刈ntp-,tイI)Table 2 

、、atercontent 
（~.占）

76.日

78.7 

lung ¥¥L ' 
×100 （。〆）

1~ 川、， wt. v 

0.66 

0.67 

survival 

survived 
// 

No. urine volume in 
I 3 hour日 ICCI 

I l 12 
2 6.5 

EFλ－rich diet I 3 7 

4 5 

;) ;),,) 

Group 

グ l
diet at 
3 16’ 

// 

8~.9 

A

一
1

4

5

0

F
3
n
u
J
n
uフ
【
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に
J
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Q
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い

【
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1.46 

3 5’ 

' 3 :JO’ 
3 3ろ’

I 010’ 
3 30’ 
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一
5
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3

一
3

5
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4

EF A deficient 
diet 

Rat chow 
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Table 3 Watt>r－、，a~press in test r l l r 

' ＼＼’汁tf'rcontent of lung of rnts killed h,・ hleedin耳 afteradministrnt的n

。fwater 3 times and rnsopressin 2 tim料 ｝

nγ 円r
 
G
 

＼＼】 防xlyweight （日）

I 270 

2 230 

3* 270 

4 280 

5 220 

6 ' 245 

I 1 245 

2 I 1-10 

3* 185 
EF主－，Jt.ficientdiet , . 

4 ! 220 

5 i 215 

6 ; 250 

*:The r:1ド ；lnminister町Iwith cortisone. 

EF A-rich diet 
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AE 
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Fig. ,6 Cr』ti《：；
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Our colleague Dr, Ko BAY ASH! has de-

monstrnted that when the dogs deprived of 

essential fatty acids are gastrectomised and 

given excess water (physiological saline, 

5 % gluco化 andRINGER’s solution), the 
intracellular phase of body water increases 

rapidly, whereas in the intact animals only 

the extracellular water increases (Figs. 8, 

9 and 10). 

In summary, the basement membrane, 

intercellular pathway and cell membrane 

control the critical movement of water and 

es切 ntialfatty acids are essential component 

of all of them in common. Therefore, es-

カん

AL 

AE 

e崎

／ 

CL 

Arrow shows the intercellular path山 I¥
(gap) 
The川刊！ling"( alveolar epithelium is found near 
to the intercellular pathway. 

Fig. 7 C、riticalmovement of intravascular fluid 

sential fatty acid deficiency causes increased 

capillary permeability and forms a back-

ground for the development of water-intoxication. 

rnto mtracellular space (lung of EFλーdt'i1cient
rat〕

IV. ESSENTIAL FATTY ACIDS AND ADRENOCORTH、ALFUNCTION 

The adrenal cortex contains the largest amount of essential fatty acids in the whole 

body, and in essential fatty acid deficiency dienoic and tetraenoic acids decrease:and trie『

noic acid increases (Fig. 5). 
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メincじ essentialfatty acid deficiency may 

he as''<wi;ited with the clistur恥d metabolism 

of ch<il刊行けIwhich in turn leads to the in-

hihited 心・nthe久保 of glucocorticoids in the ad-

renals, the adrenals of animalsτeceived an 

EF:-¥ deficient diet cannot respond sufficiently 

to the increased hormonal demand of the or-

ganism when subjected to such只tress明 日sin-

fection，けperat1,・einsult and trauma, and can-

not suppress the abnormal increase of capillary 

permeability (Figs. 11～15, and Table 4). 

V. CONCLUSION 

The reasons of the high incidence of 

water-intoxication in EF入deficientorganisms 

could be summarized aミ follows.

Table 4 Restin日｜引でIsof plm;ma fluorometnc 

C<>rllC<<ICIド（LilI 

l・T主－riclidiet I三F.＼「ldiどw11tdiet 

＂＇’ 

日roup group 

B. ¥¥ ; 'di B. ¥¥' ) id/ 

170g 21.'.2 285g 21.3 

2 160 16.3 2U 

3 212 36.3 200 2'.2.-1 

230 39.9 170 18.1 

‘ヲ 250 '.21.'.2 150 10.8 

6 151 32.3 185 !Vi 

ー4． 190 43.8 185 33.4 

8 180 J:J.'l 195 G.'.' 

9 '.'-1:1 33.5 235 11.3 

JO '.'3:1 26.2 240 20.2 

九k;i112q.::i土8.99;I《II＇九k.11118.5土1.30;1dl 

EF. \-defici~nc、 I¥'Hi; rif・f1cwnc、i

' Structnrnl ch.in日1・in I川刈・1111・111凡nd

I cell membranes 
…ふん1；寸・apa:il¥J

Increased permeability and fragil1-

1、＜＞f1刷、ぞ11wntand cell membranes 1 

¥Valer・川I＜山1c1t11<11 

• :-itn：、、

1
 
r
 
l
 
f
 、
1
 

4
 、
、｝
 
｛
 

d

・

{1) l…いpill川 1刑判円
21 Lowぞr町！日》lloidt 休Ill• 吐 ll.
pr!'叫 urr・',f pla引na

I Other >upplementary or promotin日 fad• 川 、｝

人nd,in the EF.主べleficient organism with disturbance in pulmonary circulation, ＂つ1er-

intoxication <b・vlops easily in 1he form of APPE. 
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