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Changes of Transthoracic Impedance by a Huge Amount of Transfusion

Hisashi OKA, M.D.
Second Department of Surgery (Director: Prof. Hideo ORIHATA)
Tokyo Women’s Medical College

A huge amount of transfusion was employed to provide pulmonary oedema. 42 dogs were used
in this experiment.

The impedance was measured on the head, thoracic wall, abdomen and leg, to observe the whole
body oedema, and also at 4 points on the chest wall where the upper, middle and lower lobes of the lungs
are projected.

A half bridge type instrument was used. Prior to the experiment on animals, the pulmonary and
the femoral artery pressure were recorded by the inserted catheter, the respective impedances were
measured, and chest x-ray films were taken. After this procedure, a huge amount of transfusion was
started at a constant speed, and following the transfusion, the respective data were collected, and upon
completion of the transfusion, the dogs were sacrificed, and autopsied.

Following the transfusion, the respective impedances were remarkably decreased. The abdominal
impedance shcwed the largest decrease ratio.

The respective impedances started decreasing rapidly, mostly in proportion to the transfused volumes
and after the transfusion reached some volumes, those decrease pattern changed from the rapid decrease
to a slow decrease.

Among the chest impedances, the impedance that projected the lower lobes of the lungs showed the
same two-step pattern such as the those recorded at other points, those are, the impedance first showed
a slow decreasing curve, and then started rapidly decreasing again.

This was the peculiar pattern of the impedance that projected the lower lobes and it showed a three-
step curve.

Pulmonary blood pressure registered a rapid rise following the transfusion, and after the trans-
fusion reached some volumes, it changed to a slow rise as a whole, started rapidly rising again, and show-

ed a three-step curve.
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The lungs are the aerial organ, and exist in the thoracic cavity of the limited volume. Therefore,
when the pulmonary oedema occurs, the lungs cannot expand enough outward beyond the thoracic
capacity. The air inside the lungs is expired out and the ratio of water to air in the lungs increases ac-
cordingly, and consequently, it is considered that the impedance of the pulmonary tissues is decreased.
The first decrease phase in the three step decreasing curve was the time of water retention in the pulmonary
alveolar interstices, and it was almost entirely parallel with the transfused volume. The latter phase
of the curve meant that the water in the alveolar interstices moved into the pulmonary alvecli.

There was a relation between the pulmonary pressure and the impedance that even if the pulmonary
pressure rose, the impedance did not vary as a whole, and following this phase, there was a phase in
which the impedance decreased rapidly, even though the pulmonary pressure remained. This phase
projected the movement of water from the alveolar interstices into the alveolar cavity.

Clinically, the impedance method employed in the experirrent is important method for early diagnosis

of pulmonary oedema.
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BB, BT, 1 ve—2 v A0l ot
oo ERAL R B T i v

BEC BT 51 v E— 2 ALY, B0E PR
SIS TR~ OBITH~ OB T, e THIR
T, FRBE e, EEEE RSO CEER
Lvwih. X, i v -2 v Rz, BRE
500ml/kg LAk, PN o3 CHORAD RS
KELIDH, Che2ETEHE VY.
Dlbaxlwmn s, 1) B, o
1 v =2 v ARERCE T, ChrmiiE
ETRHE S, 2) FROHKEDRK v
— R VvARRBE, FEHOA v — X v ahi b
WAt 5. 3) FEWMLOA v — 202k, 35
BRECETA L, ROFL Lk{fs, Thy
IS THME VY (L Ly 3 FHAEG5) . 4)
B (Ly) D1 v ¥— & v 2k FHEE w250
T, BORAEIAEL 5. TR MOFNI
FRLRISWERN S 0T, BIRE TR
v
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: £6 BWArKTEH0L v -2 vl (BATRES 1,000543)
~ REe r
m%E\ig 0.5 1 | 1.5y 20| 2.5 3.0 35 4 | 5 | 6 | 7 8‘ 9‘ 10
: 0 | 0.909 0.747 0.738 0.673] 0.628 0.645) 0.610 0.561| 0.548 0.528
@ | 0.633 0.599 0.565 0.529] 0.459) 0.501 0.455] 0.439] 0.399| 0.391 0.378
® 0.572 0.514| 0.478 0.424) 0.428 0.412| 0.382] 0.357
L, @ 0.724 0.541 0.467 0.470, 0.392 -
® 0.803 0.746 0.704 0.507| 0.577| 0.501| 0.449) 0.430, |
® 0.815 0.903 0.577 0.542/ 0.501| 0.372| 0.347| 0.332
D 0.846 0.759 0.720 0.678 0.608 0.570 T
) 0.909 0.774 0.728 0.679| 0.645 0.627] 0.606] 0.604] 0.547] 0.532
@ | 0.923 0.840| 0.826 0.705 0.691| 0.505 0.527 0.535| 0.452) 0.432 0.390 o
3 | 0.656 0.572 0.508] 0.475 0.508| 0.418| 0.412| 0.377
L, @ 0.915 0.784 0.548 0.458 0.400 o
® |  |0.915 0.698 0.680 0.578] 0.462 0.433 0.413 0.366
® 0.842 0.725 0.649 0.500| 0.504| 0.449) 0.420| 0.408 T
@1  10.866 0.872 0.692 0.635, 0.604] 0.523] 0.458 0.401 -
E2H RBEEASAVE—FUIAOEMUMPER 1.0
EEERPRET LB (L) 3L OEAEFR 0.9
(Lo FrEE0RETIR (L) 3 XOTHEOFES 0.8
6 (L) %ET 54 WO v &= X v R%, T on
FB R TR L, R HE L. €
FOEPE X FE—4 TR, F—5, F—6 7 s
3, AUEER, MR ORARRES T v A,
— XA 1,005 LT, ZoBRERELE ]
LOTHE. ozl
b, Btk (L) ieERHm (L i, &b I S T R

CEEEREE R, bbb, BRE 500
mlkg T, 50%%th O BARE LIS, Fickh
B, WHEETHRHEZRT. SLvTd s

0.2
0.1 I l i ! i 1 L 1 1 L 1 1
500 1000 ml /kg
LN S 3
7 KREBEBECIWEA -2y 2ol

(mAFIREY 1,000 +5) (L)
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-

n
s

A 3 It
1000 ml/kg

LB 1 5

RERPEC LA v -2 v A0EL
(AT IREL 1,000 35) (L)

B 8

W, BB THCE . Lo, WiliEs T
2 DIEE TR~ OBITIIRER T, £010& D
Lisw (B7, 8).

Mg (L) wrs EEEL Y, EAHA
(Ly) DFMEHNC T 5 THEMBEOE 5o Xk
e
BhorhgEmEE (L) CTORER, RIEE
JiF (L) ERERERA v e — & v 2 TRt
T LIchs, &G TO FREREE O1E oI,
(L miiT, Xbv, alizv (M9), #
BT 2 5, BETEE ~ o BT
(L), (LY I odoxbbns. LHLFED



0.3+
0.2+
0.1 1 1 i 1 ! I I 1 1 ) [
500 1000 ml/kg
¥ s it

B9 k&K ksl ve—2v Aokt
(A FRELY 1,000L3%) (L)

W EIL AT B\ TESO XD 5.

WD T3 % BeBe3 587 © Bk (L)
ETIE, WARE TR, WKE 250ml/kg~
300ml/kg DEF T, Fo%, FHEMTIZIEEHR
B 300ml/kg ~ 500ml/kg OFHICHEL, +o
%, Wk E 500ml/kg U bwin s b, BISET
B~ EBITT 5. 3B TR EY B bbT
k3, I, TEDI L, HFITOTHRAET
DIEHLOEE, TETRIFLL, BIEERT
[ Ui Biciy 250mlkg C60% D %R L
7z (H10).

B3 REHREMIREOEL

F—7, Find, BEREEMERE S OMGRY
AL DO THB. FEREHIC T, BRER
E% X W EWRRED ERIR L. BRI
W& ERPIBEGEE R LT WAEY, MKE
500ml/kg DA%, FEo LRITER-Cnl, 5
—E{H (20—30mnHg) % 7R 3 EIEE 500ml/kg~
800ml/kg o], HOFHEEIN>SWebs, &

25

w o om0 mike
B0 REHWC LA AWRF v -2 v 2ot
(mEamRKEr 1,000 35) (L)

1.
500

1 1 1 L 1 I | L ' t 1

1
500 1000 il /k;
W o R ml/kg

F11 KRE#we X 2 WEIRE O £k

W& 800ml/kg Ll ECHHU AT, KR
FEo#iuir, E2cfivric L, gifEREE
BUE ER O 3B o LA MY AT, BETH
WX 5w, BgBE (Ly) 1 vie—2vRd 3B
FEFREHER 2 RS Dhicd ¢, FEREE 1 v &
- & v A DR AR Lic (K12), &465548
B, 4 v ¥ — & v A TR HIIRE BRI
BIRBEERIC B 5 5%, TEONE o MBI, W
B, Thbh, BEc TR s D, EEATR

7T KEWTC L 5MBIREDS %L (mHg)

Ei3=00) 1 2 3 4 5 6 7 8 9 10
8 10 10 13 17 18 22 22 24 24 24
12 20 22 27 29 31 32 33
6 20 25 25 25 25 28 30 35
16 22 24 26 26 26
8 25 26 28 28 28 28 31 34
8 24 23 32 32 32 32 32 38
18 25 27 27 27 32 34
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0.2F

(vA]LA,;,,,M - B =
10 20 30 10 mmHg
it # Bk )t

12 1 v —xv Al Lili#iRE

FCHEBR A RS i b,

FA4H AEBHRICLIHWTRGRE LURHEL
XD RRHEE
R0 A A U, RS X5 2k
Wk s 27s\, Wi VRGO, BIBIIRHE, I
B, BLORHA vE—2 v A2aRBEL, ?ﬁ&ﬁi
% 200ml, 400ml, 600ml, 800ml/kg =T, %
hZhbill, #kL, WIRMBIZEEY S 7‘;071
BL, HIRMEIZIcL, Singer DAFEA F 7.
BEE A EBREE, MR »7—-71% AL
T, EREBHAATT O FEARREE TORET LR T
»H%5.

GHE 5 1nikE 200ml/kg ORFC, EFE O

BEHO6

KB b3, Effja; TR RERT RA e,

¥, MBI 2 bix7e <, EARCEmAE VR
L, EMLTY, KowEmI b, BLALH
femote. HEE (4) & L BHE6IGKE
400ml/kg DIFOIRFET, DIEFAT <AL,

I D sEE A B b s, WIRANCIiDFE
HES TR E R DR E L5, Fie,

fifiz 3 &, 2 BT TRy s
OT, HEE H) LHELE (EHET).
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‘HE 8 1L 600ml/kg o IRFET, filiic
S 7e ST RONED B s, ZhEiodl,
&0, Mgt oT, HasEd L, ef
CHE2EV. WRMEZE TR, kTR, 2
(¥ 200ml/kg ORFL D, %4, LOWESIZHEL
fekdwBo e, ¥kt (W) EHEL
= Lo L, FHEck\ T, Sl g i3
EARGMDHITL B, &L, KETHILTWL
5. HEEE () EHE L.

BEH7 EHiT, HHE 9, i 700mlkg ORFD Y
<, fio4icihi-oT, Ha b LTw

5. kB LD X5 T, TEIFKBEOLXELT

Wh. Efii\hd & BRCKGBHTL S, K

T'?!i(fL TiIhTws., o8E () L EHEL
= (‘H110).

~

BFHS

FHI0

BEVE ZREROBE
k’%t‘iﬁi%ﬁ@‘m’téﬂ"’ FEDBHERDE ST .
, AEREEIRC X DR SO JlE R
%’L&Zy L, BEI, MRS, I, TPiEowvwdth
R v e — & v ADERRY, T
7‘&1)’6, PR TR 2 T
KT, BEOA v —x v Ak, K58
CETHE, RIBA LIRS, ThiiEeT
RS 5. L l, THELEETS (L) 12,
ZORGTREINCIE, 1 vE— & v ARFEELR R
TOT, FHPEVWIRETHSHH. L ro
T, fEDOEALIc s\ T, SH TR DRt Tk
HAI~D BT, BHTPEenT, RHLZOE
BEH9 D Lt (Ly) TIRZoOBFAR2EH LT
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B.
Ak, (L) nEENRELEHobT. £
RMB O & Ak, ST &S T
CEBED) & 2aTH, D3I vE—F v R
X, BOEA TS, oF b, BHSETREES
b3t nws 2 EThAD.

wiz, FA—HBRC 0 DI TRIO A v &
—FVADWARY R L L, TR LERO1 v
V- R v ADESRIELREL, E, THO
I vE—2 v ADWEERIESPHE .

R, AEKERKC L5 HEREDZE(LE R
%L, B¥EE 500ml/kg~ 800ml/kgn ED FEDSF
HIE L X AT, FORIBE, WECIRIEEL
3%, OHE LR CBIIELRA LD, 3EEHD
EREHETT. FOTA vE— 2 v 8N
e oM xRT &, MLGIRERCA B2, H
B TR EEERER RS b,
FERHTH, FHEMORBNEE Y s inokc s
A, ERECPEY, Singer® O REICHEoTH
EEELDH b LTS, X P—%%% &, &
B 500ml/kg D ECEFHAAYR LS 2 LMW T
7.

gVlZ & £

A ve— &V AOWEN D, KOBEEDOM
CEIvA ve—& AP T5. LB o>TE
R @ e T H BN O TR EE L TRS
&, Pl REHOSE, BEACIBEE S 05
FIEDE2h 0 (bbAHA, B, B o
ELRDEED, MO TRENEEZL DALY,
COBE, BRI A LIFE L LB
%) EEREND, o T, b D
P EEL S LW LEBERR , 4,000ml
DEDEKOWE RS ENHLL, Fi,
WIS, BHE I OBE LB
Tl b, WSRO KSITENIETSH
HTEhbnh, ThWPZEHOM vE—-2 v A
2, OO Fh & LT, HEWieidaoR
TOENEE xS, Burisk, FHH, M
W, THOA vEe—xvADmbRE, Fosifl
GEETHED 25, Bk L gikET
HEST2 205 2 83, KON ER L

THBTCHD 2 ERYEEST D,

WD A4 v e — & v b BB, HgET s
WAL, IHZ2ETE, thioo o BB TR
i

fitivk, BEEISEAC BRI DFRTE S h e BIRNT
B0, WERPICHRORS X5 REE X 55K
BRI TER Wb 2. cofb, HER
oD ERBBERI LD LB sy, Fik,
s o X 5 e EWSR L Bic s et ch
e Dbkozénn, MKE RS EE, flic
FoTIEAT 2 2 LB I DD, N
W, WML icKGwe LoT, MaRges s #H L
BNARR, KEEZRLDOLDLEERBIDT
5™, ZoBE, KoRBERERET, &1 v
=X Vv ATHD, B vE—F v ADZEFILH
L, FORR, MMKo ve—g vk, &
TFTLELDEBANZ DhA. D%, &XEE
BTHBHMIT T, EFRETO, &1 v
BV ADERZEEA v —F v ADKLD Ed D
EETE OB, JioRIIRE, < D%d,
ffiAKiEkE2 &, MlapErELHEEh, Ky
DML, BB T5. LichioTr viE—
RVARGRWY T ERin .

A=V ADET S, B, MR~ 0KRS
DEHEYFbLTHEIBEOWTO, EERNT
AR UL Uigdsofed’, FB I X5 ARMBIZE ©
L, BIEHTT A I TR ED AT WS Z
El s, 1 v -2 v ARFEL LT, BEE
LB bibTdDEELTIVERS.

SHIFHELIEA v — & v A0 L& R
T5.

Ly, Ly, (Ly), (Lo)D&EEALCTHEIE L1
v — & Ak, KEE T EH R ESERL
oo Linl, (L), (Ly) WRIFTHA vE—-X v
A%, O Tiebb Ly, (L), 5, ¥
B, T, BT 54 v E— & v A LR
DAY B b3 Fiic (Ly) TROxh B b
NTWh. Fhid, 1, -, s
BB L, IS THI~BTT 5 Dl
DL EMUTHD A, LOBITIE EHLD UL
EhLTED, HEE 250mlkg~ 500mlke 1=
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BB v — 2 v AELBEREY RS

oo R AL, W E S00ml/kg DI, B
B4 ve—xvaDBPnkEliny, BIIEEE
THOPAER T, & THB.

ZOTODERE A v — 2 v ALk, R ER
FTHDIEH D .

A vE— v ARFREDOECHES L3 HE
ELBE, A v — A ANEEYRTE D
ki, BAEIAEELE VS s, (L)
Is\T, B E 250ml/kg~ 500ml/kg DR,
b b, BEIMESLE VS Z LR
5.

(Ly) CkiT 238D s ve—x v 20Eb
Cis\W»T, WHISE TR, WK X218t
BHES, MEERNCrET2RBHtas Y, A
BICEESLFH LRSI 5 2 2, YENEE
wrsrdbotEL DR (L) TR 5HERE
250ml/kg~ 500ml/kg @ FIHH GRS TR
W, KOOBBENHERCRAY DD, Lo
WL L2 REBTHAL D L ELDRD.

fifizs, KEHEC b2 b3, SAREEA HE
T30, Waren®™ S ko THZE S h
72, Vv AN LU hERERIbh, 4
WSEpyle, A AZ -V ADMEIC kIR XD L
Bhhs.

(Lp). @\ THHE 500ml/kg DI ET, #10
S T2 T O, HESFREC b
LA I Zichi, MIBNI RIS B
fEx#g L, IiBMEED EF®, nEBREEST
DK T, FEME O FBM: O L™, REEE
B ORI Eh, B, Fiik, FOuL
DOIEPEL, FRAY v RE P — O30T
BorBaw, HMEREER R~ T L
CEERRTODOTH A, BRISE TEMT, HE
WITEE A G~ LicC L 2ms. b
b, MERKEDR 25 ianKEE~O Bi7E
TTADEBbRAE. SO EHERES 1 v
e X v AL EOFEEN DL 50325, (Ly)
TEWT, 1 vyE—gvA ORI, @WK
& 250ml/kg~ 500ml/kg CHIH L, MERDPE
HERY, fWE 500ml/kg~ g00mlkg ¢ HHL -+

29

%, WEOFMMO HE L, BEEDOTH, %
PSRRI T A B D, S hiER 9 TRTHEIRT
L vE—2 vl OB T, BB TR
OFEE B BEERERTH LI T VS, D
F 0, WIS, 4 ve—2 v akmd L, I
BRI LT 20, 2o, WHBIRE Y L&
TR HDLT, 4 v E— X VvAIL—ETH

b, 777 CRZEKFEEIL, T0%, Bk
Fa—EEbh, 4 ve—2vanlBdbdsmE
BEELTHObRD. ZOKERENL, Thbe
(Ly) DA v&—xvADFHE, 2%, WE
WEFRR © IR > 2 b L, T RBmEBE)
, BHEDIREOSFHEEE, 2% », FBENITEED
Bl ~DOBITE H b LT 5.

AR ORBI RN A5 L A, X b
KEHR B Cied &, HKROKME, FHov v
AER VRS E LY, i bEimih, £
DREE TR, Thdzr Ly 01 v E—FvA
RERARET—E L, WMBIRE?S EAT 5.
Lin L2 DEWHERN A A A Z — ¥ A%BL T,
KERWEN e Sh b &, B HEREER N
HANBITT 500, eGSR EORD, GKENH
L, 41 vE—F v AETREL, WEIRES &M
w, SHEET D, EREy—HELELLboL
Ezbhb.

Fie, v E Ly Of vE—FVvAD
B DWW TEET S,

(L) @1 v & —2 v 2DV HEEIEENETE
WEIFIREE & B bbT 2 &b, Wi o B
i, Wi X-P oRFHROME L, (L) OF
MECHEL, EbbrREIHEBETEN LS &
E It A.

iR 400ml/kg OEFD Hgdl v fReeir, Mk
DHRSBEERD b, R 600mlke DR,
iz 4fficE <, WHErBETRE LTRSS
B ENTES.

RO E4 v e — 2 v 20 FHEIL, B
& 250ml/kg~ 300ml/kg DB HEA 2.

Lo T, KEWE W05 IHKE © 2
X, REBT BT, BB Y- v AR X
BRHMMEMTHSD LSRRV
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BlEoz &a R, B veE—-2 v R
HREC Xy, FEROKS ORTEE B4 T
%, FoOEEH b EOIEREREO BE AR
BT EbAREE Y, MiKEORIZEIOREE L
LTHEEAEHYRTLO LBl .

EVIIE # W

1D KEWW LY, B, M, KEE, Tk
DA v —F v AFERCED L. FPROER
LRECORETTH Y, BEPIVOIXTRKT
»5. FHIOLHERR A vE— & v AORYT HE
A AR TR & 5.

2) MHEETHED > S CHRAT A v Y
— & v ADWAEIVNE L In b KRR B T
LEV, TOHBIITENEL T CET RS
BN

3)  (Ly, (Ly &, HEE TR vy
—F A HL, &23EfEYRTOCTERE
V5. YRR 300ml/kg~ 500ml/kgd T
H5.

4) SEHlcoswT, (Le), (L) Tk, &
BB EIKREL RBNNNS D, The B
ST E 5.

5) FEMR, (L), (Lo, M, TiOT v -
£ A EWIREGE TR, SIS TR 2 Bk
OTALE L.

6) (Ly), (Ly wk\» Tk, FHIZE TR
B, FEBL, 3 X OREARGE TR0 3 BEEAL
Db L.

7 (Lo, (Ly) k2 aiaE P,
KEWEIC &5 MEERA~O KOIE 2 5 bi
L, SEHEE, BERKS RO GAREL 5 5
b L, BIZETREANL, BENKDIE S
FaR~DBTE 5 b T

8) BIEDIL, 1 v¥—xvALMBIREDOH
Blx bbbt 75 7iekuT, BERNTRERED S
ek AREEkER T 5 6o phuk.

9 M1 v — & vk, BREECREY
WHT 5D e X-P Lo Ry,
BaHsThicn, MhROBERD JIRE L CREE
oot BEIfMEH AR OBER RS A L & b
W, JEY A SHuR SRR TR oA XNH EEEER,

ILhIER B, T SO ERARHE R — BT L0 B
WEAFEHL, Fi, Impedograph EICBIT 530 %
33% D F X > #-Stanford University School of Medicine,
Neurosurgery, Research Prof. S. Tachibana 1< ¥ L &
7
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