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Studies on the Jikei Electro-Dialyzer

Report 5. The Changes of the Circulatory System
during Electrohemodialysis

Nobuo Mixr M. D.

From the Dept. of Urology, Tokyo Jikeikai School of Medicine
(Director Prof. T. Minami)

The author carried out a series of animal experiments to study influences upon the
circulatory system during application of the Jikei Electro-Dialyzer.

Six normal dogs and eleven bilaterally nephrectomized dogs were hemodialized for
two hours and changes on the electrocardiographic tracings were observed.

Two nephrectomized dogs were utilized to study cardiac output and a normal dog
was utilized to study cardiac out-put, pulmonary arterial pressure, pulmonary capillary
pressure and right intracardiac pressure by means of the right cardiac catheterization.

One normal dog and three nephrectomized dogs were sacrificed immediately after
hemodialysis to study histopathological changes.

The results obtained are summarized as follows.

1) The changes on the EKG : The prolongation of R-R distance and the decrease in
hight of R-spike are observed in majority of the cases in both normal and nephrec-
tomized dogs. It is thought that these changes are most likely caused by the changes
of the hemodinamics during hemodialysis. However, the changes of the T-wave are
almost accorded with the changes of the serum potassium concentration and are consi-
dered to be caused by the changes of the serum electrolyte balance.

The appearance and disappearance of arrhythmia are observed to be accompanied
by the changes of the serum electrolyte in some instances. However, such hemodinamic
factors as increase of the blood flow or the ventricular automaty following application
of hemodializer should be considered as a probable cause of the arrhythmia.

2) The right cardiac catheterization : There are no fixed tendency as for the changes
of the cardiac output before and after hemodialysis. In some cases it is observed to be
increased but in some other cases decreased. A tendency of elevation of pulmonary
arterial pressure, pulmonary capillary pressure and right intracardiac pressure are
observed in the first 60 minuts of the hemodialysis.

3) Histopathological changes : A slight degree of vascular dilatation and congestion
are seen in the liver and spleen. There are no remarkable histological changes in the
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lungs and kidneys.

In conclusion, I think it is reasonable to say that the performance of hemodialysis

with the Jikei Electro-Dialyzer for two hours duration with the bllood flow rate of 50cc/

min. does not offer any serious changes on the circulatory system.
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2D EN T 0T, BRIRDFEL 14~21kg D
RUBERER L, 7 A7 — VEBIRFRE CHRE BT
AR AT, BRERICIEERD B A LR &
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Ca 5.111 5.34 5.33 5.14 5.21 5.20 5.20
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Ca 4,66 4.69 4.60 4.65 4,66 4,51 4.37
F16% EROODMBILEE(L #17R ERODOMELEEL
| [ —
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gook EHHOLAEZEE (mmHg) (EFHX
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BECRD bR, REOWEIICEER(), BT
B BECRD bR, JEEHFIGNILBCTRA LE
{bidinpsote.

&« BHTETIL OB OEE, (VORTHSBH,
v M2l i, HERGH, HRECEEED
HiIf % 583 5 DB TH D7z,

BIMEROBEHE - ik 4 fleif, Rz, 7Y
v KBRS POEIRALC. BBECHEDLR
o3, BeReB BER, OTRARCEED
BEYZ5BE TH L.

10K, H1IK, F12RILER 4 EFHRBHRCHG
Bhii - FF - BOZT(bARL, F18E, FL4RX, Rk
B RIRBHTHRORT « BOBELERT.

B4E £ %
ALERERc L, BERACELES 2D
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O LU TR, ETHENMER X 28BN &
BrEFohs. ALOMEAERKC X 58K
B, HERNLEBERSEHEIRDY?, filhd
U LAMOREY RLTWw5., LaLl
ATER R, NREREERLRCRDRE
BaThh, RCERA LAV 3RE, £OF)
ERa ks, foTlom»bALE
R, #rrld, BRACEEERLET
52, ALDRBTRWEAHERINS.
Lo UALBE e, Er»ilE & #
B, PH £0&trx4k+ 5. 48 TRL, 7BR
ReBltrExrsb0e LT, BREFLRT
RBEREIRBCERIN TR TS, iz
DER ST-T ik, &b X LHORBHARE
*¥EbT L INHRY, HoHic s ERE N
KELBr S5z 55, SERCERLELT
w3, X energetisch-dynamische Herz,
insufficienz. & L CHEH 3h P18 Hegglin
EBEOD T, ME» ) v 2ENEERRE
FEULZEINTWS., o TALEROD,
EREANOEEY 3 5HE R, BHRNRE:
bofiie, KFEKCERERSO®E» DB
ROEMLELRD, BERLODIER»D, L,
ERAPEROFR L LT, NENELLTTH
DELTR, FUBR» T —-TAEY, XEE
ODEEYRBTA b0 L LT, NEBRERE
ZEUOBEREY L0 Tk, XY LBy
ko B, BREOHBKRELfToR. LT
EREECEEY L, HKOBTRIFL C
D, ERREcowThi~5,

DEREL  DENROBFRER BETE
LzdbDThy, 48 ORI E+« DR
BHINTW B2, Mhkee X LHo—KNx
RRTHIOLRBHARCEL DO TH B9, ¢
DO TOHORER X < KT %53, OERER
SGXEBELTLOTRRV., BLAZDOH
ERRLBIELC, BRETLER, X 0E
DEELELERCEL 2HEE »TH 5.
Schiffer® W.OEX STT ik, Do RBINEE
ERTHDOLE L, chaBRS L4503 C
WA PFLEMOERcEbRE DL LTO,
PRE% R-R % QRS fiEm& i, foFER

LA HFHRTR, KFoBEoeEs,
FEACELZDNBFTTH . BHELESTHL
e, ERcHwieROLEBERK DWW LS
B RODBRRAORICILAE & oTn
5. coscEEEcr, [0, «Vs 3L
sEEMERT C EHE V. XA~ THR
Th0,AcEASTOTER, QT X QU o
HEcEE»RT b5, FrEasoyg
X VEBCREEOBLS, NERYELH
{, thdPRcEoTkERZEELRS, *
OhdEHEOBEFOMBEXE(LED, BE
BIREEEREM LD T 55, HRREED
BT, HOTHERELYRLTWE L5 THS.
ZERXDPDDER» DHEL CEBOBFEE LM
ALk, BRI S Rr—-LREO TefTlebh
HDTHD, Thick VERBE®ORELLE
T, X{AbBRTNnS,

HOoTDBDLBERELLLURE LIRS
0T, RBRFHcLERRVEXFERL, H
LM (20~304) o T, FHRF—LOEE
B —IGERHES LB b kB DERET
o, ALBBERSOLERE/oWT
1, Breko®E» S5, B Kohn (1953)
% Kolff type ATE R X 3EERHIIBEOA
HECHEL OERELR, BfickoTE
Uk bV va, AYVva, ALyy ot
DEELEL—FHLTWwBEERRTHE, 20
B 4 BeEHTS L, 8HAKELZTERD
75k, 58 5 ST WA oZ L, 28R
05 Q-T ofFEH, 3HKRTAARERETSH
%. Meroney*® (1954) i ATLBHE OBENIC X
D, AV LOBKEFERCT MYV LRHN
vy LOEAR, —BNcLENORRYFE
IVBTEEHELTWS., Rubin (1958) i
28A D BE TIIEOFEH e T 5 LEREL
¥, ROWL ¥ edpTw5., AbBEHsLER
% Bbx bbb o 84, Eic
DEH Y v AMEORE L i, ST-T 0%t
LT 53064, ST oETrIsH, oA
136l digitalis B HTRIICHR S I T,
RAREIR & LTk, B LERERSIRHE
4By, 3B BREoZ LBk digitalis
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g L RERR T H O LR T 5. AR
apBRe TR, EHc XY ST-THERCR
p, EBMEHESR, FRNBETS2TR,
WHRFEIROEHOFEMREE T, BH0FEHELD
FENS DN, KTHRICE ST B TRLO
Reoff Ry, XBREBERLTRLTEN
Ao, BHPCmECRKT, IREOHEM»I
b, BEEEOVBVEL TV,

XFRAT A-V Shunt X v, 7~T7.5cc/
min/kg DMEBEEH Ll d D TR, HAER
0~60FETROLEARMOATR, bbb PR
ok, Ta %BH, 1HHRCRKRECOLE
BEREREELLTL 5 Lk, K74 3RM
Bk hEEo B trmb o, TeTs o
Ensbh, 5HF3FANLALTRLT LS
HEL TS, RERTR, EHRBHHOE
ELERERE, #6ERBCRLELML QRS,
oWE, R-REBoHM, TERKE:TEELTS
3. w0 2Bt EAER X 5000
B rBbhs. XTELRERBEEIL
KIsb0EBbhs., £ L TAREREIEED
BEYZT TS, oAU T, FMEYR
AUERAFROBERBRBCCE T s A O+
T, REEEA 200cc LA EDEAT, #WRET
YETERRTWS., RLEEOHITHEEM
EvRTROE TR A2k, R-RERIER
THIHACS B &b, MROBREL—FHLT
W5, Blkcic s L oFERE LT, Paine®™
RED LA, BRIk HEIRED TELET
¢LTkD, X Fishman®® R ROERT, 4
BRAEK, Bk 5%7 F VEOHEN, BE
ORETEL T C L 2|E L TW5. EI®
RAEBMO X CBK OBE, RIKREKTRERDO
-0, RROBETed v, FRORIATESR
Ke@EI eBdTRAWTDd, RTRHFICIE
BRCRT2~3EDETAH Y, HOoYEY
ERTHLERS B BTN E.
AEBRCRTHEREEY AW RE AR T
R, D»ERKOBEY 25°C fiLic L CERY:
Bigs 50, BEENC X5 Joul ZThi
INBig, MEEEDET %% 5O THRIKK &
hridErbnsg, TERLRHEELES5HOD3

FRDIH, ThRREREO»? VY 2 BELD
RDERIEDDIetesd, Eh TR DHMTE
AV Y LBEOHME R B, THEM
EULRBDEED ThbbLEBELLLESR
—HLTnw3. BEREOENELT 5, LE
RcRbBE2RIETORZ, Vv rLiry
v ATHB, + Yy a2 BEo#EmMEREI I,
ThHBELERREE LW, HoBRRE
G 5 EAE, BEEAREYET L
o, Vv a, FrY Y LR T BT L
ko, 2V 2OEBYRENCELSTSH
53 EEbRTWEY . BRlxkfFi ok X T
., BRI OERCHYOELERL T
W3, chixFBMEZL E»2V vy 2 M
fE) 56D ThH%. A v LMECLE
Riicrk, RO X 37O bhb, 1)
THOWE (nE» Vv »fE 5.5~7mEq/L ¢
BbhsZ 2i%w) KoBETOEHRLVE
HREELHAR LY, T BB N
BEThs. chiREFECROEFHCHD
nx. @& Y v amErEcEL &, LER
FwElE (PEOMNEK) , STOET. QRS 0ff
HREULERGEEESES. QMES YV &
{7 8~9mEq/L A kwcin s &, QRS K<
e Eriktb, SomdA %
v, ZWh QRST BELFL, PEIKRE L 0XK
i OEEEsES . TERERENTHE S flici@
Bk, B OBELTEFELED
D26, “ELbOREEILLED D 246,
HEEARLORBEHILL TEE Lok d D 3
FlTthot. FAnbMFEH Y v 2EHIET LT
B0, THRRBHCXOVEFILLZETZXS.
ST toWwTik, BHIVEROBEROES b
OH%L, BRI VBEOTHRERDLSD
226150, BOTHELABIH o hrHER
LibDdbdolk., BEREA YV &M DOK
EOHER LT 2 B0, BIBCOWTRLHER
LHMT B X0, LFoMERSAORRE,
Vv o umbalance K X5 b D & Bbh
5. Q-T HilgkBHc L omEs vy v sk
B icon, ERT HEFP RSO, P
FoiiEn ] ¢H bhiok, MBEEDRD
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LBbhs L, EROTHKDSDbNEDR,
BOAT—~TNVBAOHKBLBEINS., O
e P torvwo ik, DERZOEH
Oz EERLTWS., REFOEYD, R-R
MEOEmMOE Lok &k, EEROBE
LRABETH S, RCRERCOWTR<S &,
AERZBREEL L, NENELOTEOE
BEYZTTWHMLTHS. EFRTR2H0
M1k, BLHT—TAEAC XS EEDOE
@y B, o 1 FlENFcOLEELN
IR AL2dDTH S, chiEEOBL
RBRRTHA DR, AIbOBEREREES &
SIS L B I B BE 5, BHISARCT
EWRL, 0/BCFEERECER L T
B. OHIES VY MERETFTLTWSAR, &
D2 BRETLOEFLLBT LI G,

HHBR L T D BRIERIER, TEIREKRE,
FHRBRCEBI TR RS0 TR VWAL
BgIhs, IRFEEXZELE LB, B
4 100cc B.vifg4 150ce ©ik, LEN L4
REBER IR, H5 50cc X vESH 200
cc ML Ry, LESEININFEOERES
bDMB BN, TREHICHES b X3
PEREEELES . KF 3845 200cc TLE
IR OB EZHZR EL Wb L, Meril
35 200ce Bl Lo RIIF O GAERZ, £k
THreB<Tns. FRAILLTHEFES 50
cc THENEMT I BARRE, RE2BRWETDH
BT rRMEmTHES. RO 1 FITEF0H

X, DERBEFARLEZ ORED, B
fREOHRFIC SWDT, BAKTERERERE L
Til, BEITREZLTHD. TOBITRE
MATOMELIEL (80mmHg), BRID /b D
DBEENRE L OO TR WA LEEBINS.
FOBIRS T — Tk BARA LB K ©
&, FRlE U CEHISRBIRTE & IS L \»
WE (5 50ce) THEFEITS 2, Borik
BARKE LK 450cc © 5% 7 F xR, &
IREOBRIND &, XF|& o0 EHENER
bbb & T, E¥OIERBIRE R ORE
BHEEYET 2 Tch s> 02k, Follxh
. BOERY T —F LB X DBIEIRLE

R o LHEEBE, £KXMEN, Mugkos
ODHEOEE» b, BE TR 3 5 MEREHRKO
bokz ifilbhie. ALBRRC & 565415
BiEFHe i 5, LDEEERCERLORM
WL, fERA DR Dk, BEE5H
ALZABHERCR T, FH, SHEsEER
AOER L tc oMM TW5 . FR
B 25ce/kg/min Icin b &, MEDTH%.
A, LYBERNERE, TOHEEOT &,
OAEOHMMZ K3 %53, V-V Shunt 235
Ly, A-V Shunt cROBRHEORH
MTBHTLETFLTWS, WHRY » v —HA
TEE <, A-V Shunt CHHER GiBESH
100~200cc < 2Bf) 27 o%Ba, OHH
BrErcE T b0ns bR, BRNEER
OELXY, BREEZDOHAEAL R 5 Laix
Twb., ThEEEORBLABERETH 2
fo. BRIRCODHEHEOHE M Licdb Db ok
2, ChRMEETO VWb DTH Ok, KIE
EZ e ow TR~ 3, MEMETIE oW
TEET 5L, Plerce’® WEibCHImZ &
bR WEEORE, KEOMEK ¥ BIRFCEA
1%L, BERAOEMIC XL VMEDOTHELIBE
F5 L5, ThETEREDN circulatory col-
laps (FEATW3S., ARSMERBA &3t
FEOTFET 5 ERK 2 & Dennist®, Dodrills?
1. Bainbridge reflex®® % HFTn5s.
Guyton®® WEAERMEED 1.4~2.64f5D
BREBIRNESINT, BIREMRY, OLESE
EEETET 58, @OKEF LR LKRFBCTE
T5EE, QMERFKRALEAEDOSD, LLEDS3
Breod, nESROSHEELERL TV,
AERCOLRABCIER—EOERRS bR
ote. MEBHEE, FMBIIRER, 6050
moEmed b, 907 TRESOTET LT
5. XREZEE, FEELFAKOERMERLE.
FHBIIRFEIC 2 W TR I%, 700cc EAK X2 T
BEFEKZEL, 800cc TRIOTETT2H%
R L TWw5. Cournand® RIFEBMRED L
AERTHRFLLT,

1) B ROER, ik oBIR (Volume-
elasticity relationship) *Z&te2L® % b
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0,

(2 hkE, EOBR (Flow-pressure re-
lationship) #E{2 L H 530D,

® ERILROBRESXORELZERS
L»5bD,
UED32o%HF T3, BibchFoHEE
cky, WERED ER2NE2dD & BEbh
5., OB MERFERECHAEN S h 5
L, QRBER, £%, MOBIKE, mMKED
EnEn, HEMTEOREC LY, HrBE
#gEIhs. BURKEHRK (1000cc D4R
K) X VMBIRED LR 3% &%, XDo-
yle®® RIEHEAOKRBIRNC, £BNAEKE

Z¥cEA L (1000cck 14T) , FHEBIERIE,
HERESZEHCHEM LT 2| E L T W
%. Cournand R EHFEMEEL, MED
colloid BEFE 30mmHg *#5x 5 &, EMHE
BEYELT, ROBHAILMKE LES &L,
R Dexter®” 1z z ORA% 25mmHg & LT
wa., KERTR, REMEMEERImmHg
THY, TOHEBFENTR» S BIHKERZRS S
highotk., ERPRRCEBE LT, MERZ
B, XEFROTIMEToRLbOR, fTb
BWb DL OiKEOREANEATHI DL LT
#9, Cournand W HEMKEXE L RTN
HEBAI%#4 (local mechanical condition) %
BERLTW2. BT 31z oMER, 4%
DRBROBELXEALTWB LI TH 5.
HBRFIE : ATBRBETE O SBEOH
BENELS, AL, RUOKBHMY
CERERBOERBRBCRIETHE L, W3
BEOHLUM OS2 b nEkDE 5L AT
55. FOEBRICH LK 450cc ©5%7
MUy, HBES 50cc CHEIRKIKEAL,
BEocthuHEERTsc st v, BHROK
BOHMT % L BBRINS. ChERHLE
—R2FOMKIrBHIEOHMAEES. Thix
PifR “‘depot” LN B HOTHOT, ME
KoMK X 2 BB MK B H OB FRE L
f15. depot rxftiy, IR sk OBRE T
5b, o depot organ & L Tix, B, HF,
PRI, KTEMMmEE MHExs F Sh

5. Eic i, 1800cc KO BhARIM A 31
BEoRK, 0.47~0.56/kg 5, 0.86~1.04cc/kg
7, 1.20~1.67cc/kg 50 3B H » b 8l
L, X4ERK 2000cc % 1.02cc/kg 7T A
BEL, T0ROHABREILE S T3, [,
FresgEoy i, i, EEomES*%Ee
LTk, BoBlR, FroRETHy,
REBEOERRBED TERETHOLE B < T
5. WA TEIREEEIRY 5, AT OME
EfA Y 7% AT, BfkMASEEAL,
DERUVEEYZE 2T, TOHOMEBEILYS
TWah, ZEO #Er ok ORI, BT,
F, Brohrkvwens, MLTELoExR
bor, mMEOHE, v, HMThok
BT3B, chEzfhd depot organ @
REEELEL ¢, IROMEARE2EL 2
bDTH5. KERTR, I, BcBEES 5\
RHEEo vy maELRELT, BkED L
LOTHEEILZVWRBLBEETH 2. X
i, BHECRREZREBZFEA L IehDTe.
ZOHE» b ATBREHBEROEE R, KEW
&3 RAUBRAWRFLLE~T, BETH
BT ENND. REEROEBSFRBCET 54
HPVOREC LhE, vy mRFcE<, i,
BECZs bW, RLEERBENHOFO
kb, BAROThIKREDLE DR WT &
b, BHBEROSOELBOBEYRET S
iz, REETho. RATLHBHTES TEA
MBOMN &R BAMBKEBA OME © 2 W T,
Ff, BrcBEE0RMRORE* ADbDbLdH
Dfeh, ThDHTH, EIEMERORFEEHT
ThorLkddc LHERr2. TLTH
FoMBENE YR LT, LER I
ECEL WEbRErok.
BH5E BEBVCICKEH

EHK6HE, BHRIFACKARATERC
A 2EREAL, TOMOLERELEHE
L, REBER1E, BRHKX2ECO>WTX, A
OBk 7 — 7 AERTW, LBEE Y A E
L, BeE#HATR, MERFELAELD
RlEseskL, EERLIE, BARIFTHCONWT
%, BREHOARFNREYTV, KOHER
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B,

1) LDENZEL: EER, BHREZBU T
R-R Hifgo#m, REROBAIEELL Riz.
chbrFECMFTEEELC I 2D LEbR
5. RUTELRES )V v 2 BE L BE—F
L, DENZR, BREZEtcLs L Bn
KeEzbhie., RERCOWTZ, BREE
ibc, HEENE TS L5545, TOff
w, WEMMmc XB3HBE, ATERERC X
ZLEHBOHE» L, OTNTFENETF LS
T5b0LBbhik.

2) BLERD T —F A ODRHEEREN
OFBT, BNTH520:BLTZ D E H
v, —EDEMXRNDOR. MIERTALA
ERHceoncEmofmed ok,

3) MREMNEL, BEomERE, vVl
ZoRLHFF, Bicsd bh, B, BTRIBALE
Filexierotk. UEXOLBERFRZ, AL
HT —TLORK, BERFNELLLTLE—
H LB E2RIhnoks, WEES 50cc
2HEHIOBARALBROER R, BRACE
KEEEBR L3I RWEEbhik.

(EHXOEERFE 6 MATABRHEL TREL
o)
x5 CES e, ERM Yok BEfE%
BCFRERPHERYERT S L3k, HBET X oA
ERE BB, TEHBE, ROABHVWRWEE
AR IR, &, K (B BEROBREBRIER
Rt BB L ET.
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