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Application of Sodium Profiling and
Conductivity Monitoring in Hemodialysis
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& DA B4 FAE wAED gtk RES WA FHLE B9 e A FAA ZHelAM @ge
Mg 7R ot dddor e HEE FAL T vl&] B4 F AEAA R A% B
St o] FAEZ ot Uth 7 acetate buffer’} bicarbonate buffer2 vl¥A ® AV B4 F AHE
& Hst7] —rlf& wgo dgtelglon, FA A9 sodium FEE A F71ele] @A9 138-140 mEq/L
o 5t 49dtste AX 80 ol F29] Holr}

4 F AUGe BN g "olmgm, A FEITE 7tE AF # ofue, EAe FA
a9 88 AAEHA &t AR F Ao g9 F shjoltt dAFEY F AL i) I
74 2R A HAAe B 34E Holu B4 AIzre AEhe Aoy AR AAH ZWAAM A
B4 wdog Efsrie ojge Fdold. olF Bsk & nzs £4, AL A, sodium B
ultrafiltration profiles 5 7|3 9o} AAIE 3 912, on-line conductivity monitor, blood volume
monitor 2 biofeedback module £l 7jgsol olv] A& slgdh) @AZAE dF AHAMAM A&
& Agstiie YA FEE7F e AAolrh

Sodium< @AW osmolarity 2 tonicitye] A& 74 238 Ezoltt i sodium 54 @A
EAolt} -1 W3 el sodium profiling hemodialysis (SPHD)2 874 sodiume 35414 39

tonicitv# F*13t3 plasma reﬁlmgﬂ st g Foqahy "‘EH-E’* A Aol YEE Y
F AELGE HAE] A3 o2 shA Y Fell sbd ol dAyrHa vl dakdl A3t Bad WY
oftt, rif, AUl AR sodium H#8 3— Zefstd =43 71 F ”'@"J Ae¢d, #= AF F7

5 FEeg @J -‘ioi Fabsle) AR AFAEE g dA AVIE FA FoA BY 7 Ve R
ol FAIFH BolEl: FAR AV Hz Aok

ol9} o] A F sodium® manipulation ¥He] < @& HAHE 7]-1] 7 9ermE 1 kinetics
of gt et Mg ol ulgog Alg3sloiol & FHeolrh B FeiNy AFEY F dojvi= sodi-
um kinetics®} SPHD®] 71¥& d%sla <t 1 HelgdoR A4 sodium® HASZ & moduled]
83t wlo] 0¥ conductivity monitore] fE] ¥ 1 JAHA g shsAe] el =2olshAlt

FMO® 83 Sodium OIS Sodiumel &3
FAUE B@ soduim S H-FH WY H FEAA]l o8] dojuth oW FE FAE

FAsl: AL FAn FAoe] sodium ¥ % (concentration)9] o]z} ohvE) lstx oz gAstd o
23} sodium activity 2] z}ole]ch.

Sodium activity =activity coefficient X sodium concentration
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gohfjo] SHste] AL FAug BH3tA] Eoi sodiumS ¥ YR Fo|2L retaindtBE
FAeE ZAAR 3 sodium® A7|EEH Fm AAZE A4S HAEY] e FH99 sodium &
AEe #xtel Fnrt golot 3 (Gibbs-Donnan effect) 4@ 5o g8 T4 9 2% sodium® Don-
nan factor= °F 09672 Aoz d#A it

Dialysate sodium activity for zero electrochemical gradient=

plasma water sodium activity X Donnan factor (0.967)

o oozt 2 B A AUSHFE dWH o2 flame photometry$t direct ionometer (po-
tentiometry)e] ¥ 7}A} Wy o ® ZAHAt} Flame photometryy H& (whole blood)l 419l sodiumk
FAste Wgelrh o] WHog =33 sodium FEE o] Tty Gduido] xx|slE B 9
gt B4 &3 fFol AR MY wE Hol A¥sF Hug 348 F g oidh BAo] Hgs
‘3} s o] A T o] 7 g/dLY A9 flame photometryE 2R sodium % (NaT)7t
140 mmol/Lel¥ AA E%F sodium X (NaP)E 149 mmol/Lejth. &y A4l &abel fA3hE so-
dium2 Fol2#% AYFE inactive sodiumE 93 o3} sodium2E activity coefficient® & F
8% ionized sodium ¥%E (Na'P) 142 mEg/L7} A# $ate] #ddl= sodium activity?t 2o} wheh
A %4 % sodium balance® T3AY AHH8 o flame photometry® A% sodium % (Na)&
adE AHESE A2 2F7 "k

Flame photometry2 3% izt sodium H= (NaUF)E @il did rAL P
Zo} dRy} goatd SoleE3 AYEEEZ ionometer® AT o] &8 sodium FENa UF)E
flame photometer2 3% FX X} oF 5-6 mEq/L Wtk dwtd oz A8+ bicarbonate/acetate
EMe9 3¢ 9 4 mEyL9 sodiumo] A3 AEjo]lmE %A] jonometer® ZA & ©)23 sodium ¥
= (Na+UF)7} flame photometer2 £33 #2181} oF 4 mEg/L A &9} (Fig. 1).

2 d7he AAEL flame photometry X.th potentiometryE AF&-8H= Z=4o)t}. Potentiometry
o3 8% sodium FEE AY A & F Udv FFE 72 Jovt @AY mel flame pho-
tometer2 33 FAZ calibration =F B F-$7F B7) wio oo t3 FH<lo] Wasith A
w2 FEAuk alo]e] Fhato] doluA] 7] YsiME Donnan factor’h 0979 7% FA 99 sodium

@ o

NaP 143
Na+P 142 NaUF 142
NaT| 140 NaDj ——-—T 40
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Fig. 1. Relationship between sodium concentrations (mEq/
L) measured by flame photometry and by direct
ionometry in plasma, ultrdafiltrate and dialysate.
NaT=plasma total sodium concentration by pho-
tometry, NaP=estimated plasma water total sodi-
um concentratton at total protein concentration=7
g/dL; Na P=plasma water ionized sodium concen-
tration by ionometry;, NaUF=ultrdfiltrate total so-
dium concentration by photometry, Na 'UF=ultra-
filtrate ionized sodium concentration by ionometry,
NaD= dlalysate total sodium concentration by pho-
tometry; Na 'D=dialysate ionized sodium concen-
tration by ionometry.
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activity 7t 8% sodium activity 2+ °F 4 mEq/L, flame photometry® 243 sodium FE&: F4

Ao| sodium FE7F AEECl Hle] oF 2 mmol/L Robok 3z Aoz uehd gtk 2y, EFEE,
Bl &y 9 24w Ao we) in vivo AT ok Zeld BY TR UASE jFof g

Single-pool Sodium Kinetic Model

19804 Gotch 52 t}&-9 7143} single-pool sodium kinetic model & #l¢Hsr4 )

(1) sodium % o]t AW Lol&to] AL W9 effective osmotic substanceF 2] JFE o}

(2) Effective osmotic substances™ ~Eug Z3slx] Ealnz Axede] 2E Hal: AE Ue
geo] e olEg SUdld ARYL BAZITE gk XA 2o effective osmolality= &
4 Edsich

Sodiume A o] Ao SR Y (A 7Hgl o8l FANSE (total body water)ol
BE3 Aoa 5d £ 907] B9 single pool kinetic model®] &0} 7FHsdlth Gotchel 7142
4 sodium %X Z2ARFEE (V; total body water)e] A% F4& &3 A sodium#F (body
sodium content)?] W& & +# = SAE AFsHA

£ F 2 Al sodium BEHE=(EF sodium $EX Vs ¢ (BH sodium $EXV)ey g

41 2 212 F & AW sodium W E=(F A sodium FEXV)sq o~ (BH sodium FEXV)ea w40 54 ¥

ZAWE 2 single-pool urea kinetic model€ &3 7§ urea distribution volume&:<= bicimpe-
danceit A8 248AY, ©] 4A%= anthropometric parameters (e.g., Watson’s equation 5)& &3}
ek 4= ek

Single-pool kinetic model¥ %41 ZztelA] B4 4% sodium balance® A4k 8 olUE}, o yelr}
21 % 84 sodium “—LE] Az Bx 4% sodium =& A#H37] A% 2 FHA sodium F
1

],
wel ke AhuetAl s ol d g AlFdch

£4 Z Sodium Balance

FAZ sodiume FHrb A7 AEYAE AFNHOR o] F3HA dtod A=, %%73 d, 489, AA
3 FAF F BA B BHMS Suhekt (hyvponatric dialysis). ¥t o g gxlES EM 717 B
sodium 2o 78 435 v wWol & HEE Heol2E sodum A4S —43}7%% B4 % ot B¢t
A =S 787 el E T osodium FAIHE HRR 3l A7 ol BY (hypernatric dialysis). ©]
4% AU sodiumo] HYol Fhubsted nEsh AEA, AXE 5L sodium FH| o) Fge] 9
Aol AbEsht it o 4 mEg/LY FAY sodiume Zel7} 20-3.0 g9 d¥ HH d=ste W3t

a

5 48 FHozx fut @ 5 ok I d49vF Bag bf vk
FAolo) sodium ¥xo A4l ¥ ] tonicity A2 sodium -3t9] ARb=lE FHE FAA 1

#stojol 8l7] wFo ool Wrt FA F A¥ol TA HA FvkdE £ F Sodium-‘i] 37}
3= isonatric dialysis7F 7Fg ol Aol FA AFxdn de 2do] EAVF He Afve FA
sodium Z7+% %4 % AAdF+= hyponatric dialysisi |24 o2 m# &) & ghajch

A F sodium H8he #xbwlch vhE2v) wjEel AF Wl wel deldatgs A3t AAF
Aol sodiumPs Bxbell w3 8} (individualized) 3he] ¥l ol 7+ oA ot A
HE 233 HF B4 3 % sodium FEE Ariz §AE AUt don, ol& s
A sodium FE A4 2AlY conductivity monitord T=de R shsdlFch 53] #HI
ductivity biofeedback module® Ag 4oz HE FA F 8% sodium ¥& HZAE %

stk olo] thE 7% FF thAl At
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Sodium Profiling Hemodialysis

1r

SPHDE #4449 ¥x& 55302 2d (profiling)3tHA #2e] 87 sodium FE& WEHA7]=
wyog BN 3 AYYe] dAEE 7|3 Fole L sodium FAE A#sld A tonicityE AHFA7
i plasma refillingg& 58] 4 5 AU dutstz vox] 717 E¢tolE A sodium A& A
FFozH HFHoR sodium balancer TAE FA8H T4 F YUY 54 F 1 sodium E3F
EHE BA dWEtabe 3ol F FHAelr), dwtdog SPHDE I sodium Al7je] $8jodsts o]
%7 A7) ultrafiltration profiling# ##Hete] A3t}

SPHDY] profiling patternol= curve typeol wel 743 (decreasmg, 07}%‘ (increasing), 43

__4_‘

(alternating)©] Atk ti7le] dFA 5o HEshe WL B23 (Fig. 2a-20) 2.2 FEo| 73 o] *
Aol e F4 Z7|o] AHUlg plasma refiling g =3t B& $22 AASD Yoz 7|7ke sodi-
um%dE FolWA #dFEx I Eolv Wl 519 (Fi 2d-20)2 & AEHA %E ol

T4 Fgke] Z dAlske 28 AW i 2t e AL HuslE AFAERE v BUY

(Fig. 3)& 3L sodium # # sodium F4]4-& W=z ’\]i’ﬂdf PHo® vuz HZ =4y Y4H
A¥o] FREAAE gout o|8X 08 sodium balance neutral HD-E 3717 d Axeors E3 ux
Hog #¥& FoUE solvent dragdl o§ 8% AA Zox y|diHe] T B A7AEY ML

Curve® #& (Ex F7hA71E BYL Add (stepwise; Fig. 2a, 2d), 48 (linear; Fig. 2b, 2e),

(a) Y

Dialysate andium
Dialysate sadium

Time Time

(b) (&)

Dialysate sodium

Didvsatesodium

Time Time

© 3]

Dialysate sodium
Dialysate sodium

Time Tire
Fig. 2. Pattern of sodium profiling hemodialysis.
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Fig. 3. Alternating type sodium profiling hemodialysis -
alternating dialysis fluid sodium (Na®) prdfile
(---) and the induced change in plasma sodium
concentration (—). (a) Unbalanced prdfile leading
to augmented sodium levels in the patient; (b)
balanced alternating profiling.

T 248 (exponential; Fig. 2c, 2f) ¥hio] d=d 44 g3y ogs $47)9] Al o 295
= A9 gtk H2 BAU|AEL W) SPHDE @ 4 e Zaade] U=l vk 4% 7Ae
%02 profilng® pattern$ setting & + Q& ¥ AR 7]AE= YAE pattern 5 AHI}EE FHol
At ?1}4 4o BEM Azd B9 sodium FEE AAY + Atk Sodium profiling® orders F4
7] pannel % conductivityE setting FO.EM o]Fojxd ol FA M conductivity7t sodiumel
oa) #H9w7] giolch AA 2UH 29 conductivityl W3E sodiume] ws}olTh.

SPHD®| A8l o] 71 23 nalsiobd HE& F4 % sodium balanceolth. o]d dA7& £4
3 BA F EM9 sodium 57 AEHo 2 138 mEg/L olAolRAAY AA Al-H# EE7F 140
mEq/L 1741 #A9o= 7] positive sodium balance? ¥4-e HFon HZ AAEZ T FEHY
profiling typeolat® FA o] A7h-BF sodium FE7F & F$ sodium F39 £A7 BH ) F
7bete AL Rag btk (Fig. 4). @ebd 54 2 A4S HA884 sodium 34 I8 + $l

C b AR FAYY RE Foe: wdo] Fash
deqow SPHDE 74 % dejshd 24 dusit ot e 498 Pdolt 048 38L
et B8, 5 sodivm FHo] e PFFE R 5 Q= 4 ;elstel HEgoz AgEolo}

Bt

Conductivity Monitoring

Sodium balance® Z4& ¢3% mathematical model®] single-pool sodium kinetic model®] =2
g AAEe] 2o} sodium 3L 98 A FHL wEoF 313 bed sidedA ¢]&88 F grie
Mol A A A48 F84L ot
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Fig. 4. Serum sodium increases as time-averaged concentration of dialysate
sodium (TACns) with a positive correlation with the. The value of
TACne causing no sodium load is estimated to be 137.8 mmol/L. Each
mark represents a mean of the last three midweek measurementsduring
the TACNa of 138 (open circle), TACna of 140 (triangle), and TACna of
147 mmol/L (closed circle).
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Conductivity, msiem

Fig. 5. Correlation between the sodium content
(Nad) and conductivity (Cd) of a dialysate
solution with the following composition
(mmol/L): Na 139, K 2, Ca 175, Mg 05,
Cl 1065, HCOs; 35, and CHCO 4 (N=27;
’=0.997, Nad=Cd X9.46 +6.5).

&8 ¥A conductivity AlE el osmotically active solutes, & ¥4 sodium® activityE 2
ulg 322 sodium EFE A AMgo] 753

Sodium activity (mEq/L)=conductivity (ms/sec)*10 (Fig. 5)

#2 479 on-line conductivity monitor module®- (), Diascan®, OCM® %) $4d f&3Le
conductivity probes} olol A&aE software® olFolA Ao WIFAFH R 0¥Vt BF conduc-
tivity® 4% 4 itk Conductivity®] ©]-4& sodiumel 24 ZFHHTH o {83 o] & o A7)
gty ZHo)M o]ee BAEE HF YEhNI, Donnan factor’t 1022 FA%g ¢ o8 £4
7 H-e BAY Aol sodium® AAH A Boh €A 4a HHs, ddH o g4 ALY E8
glo] AxzZtez AAE whE ZHo] shssithe Aol zlelth Conductivity F89 £ thE FHE
=xute £8 o]e9] o]Fo] uread olEF} HlEsHEe HE ol&3dtd A F4 F FHEE (ionic

dialysance; D)& A& oz 23S ¥ 5 gk Holth A9 conductivityt ionic dialysance?t
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22451 mathematical model S E8 839 conductivity, ¥4 % 94 A conductivity, ¥ %%
®X ¥ conductivity® d7] g BAele conductivity?] Alate] 7hg3ltt olgh e AHOE con-

ductivity kinetic model sodium kinetic model2 #xzF A st FAolth

lonic Dialysance

Conductivity monitorE £ jonic dialysance?] &4 £ 29 FAAME gojvp} deo =
mathematical model®l °|#E 8-} &FF ionic dialysance’t 7H2 Zog dAHE FRE
ghol A stk

2Aukg 23 solite mass transfer J&E A9 solute ¥%E (Co)et FH A9 ion ¥k (Cp)shel
ool u] &}

R84
=
=

78
i

o

J=Do(Cp—Cp)
olw| coefficient Do solute® ‘dialysance’@ & + ith o] &g Zvie} F49-g F3 olF A7
(transfer characteristics)®] urea$t ™% #AV3IEE ionic mass transferd =3-& 8 7§ dialys

ancei: urea clearance® hA/ste] A14-E 4= Slch

Polashegg & F49 £9%9 conductivity® W3pAl7)aL oo} ®& &% conductivity® #
sto] valg 2Aste] FHEE FEO2M onic dialysance® A HE AAFFA £ FHAY
2 oho] conductivityE °F 287 W3A 7)1 (cdil—cdi2) FE59 conductivity® FA st (Cdol—
cdol) (Fig. 6) otele] &A1& E3) ionic dialysance (D)E +& + Utk

[(Cdil —Cdol) — (Cdi2 -~ Cdo2)
Cdil -~ Cdi2
Qd=inlet dialysate flux (mL/min)

D (mL/min)=-Qd x

Cd~dialysate conductivity (ms/cm)
i and o=inlet and outlet port of dialyzer

1 and 2=two different values of inlet dialysate conductivity

A=) A Azl w2, jonic dialysancet urea clearanced] Blal ¢ 5% %A FAHL 43
S-9 A9l correlation® B W@ BEA# (delivered dialysis dose Kt)& utgalE QIx=E Fe7t ¢l
Aoz wawi ol B3] o HhHe AXzte g 15-308 vl AdA] Agdd FEFAZ (effective dial-

15.8
154 }
15.2

15
14.8
14.6
14.4
14'2 J—— a.z...o..i...._.__4 e e e

14

cdiz

Conductivity, ms/cm

Time

Fig. 6. Technique for estimating sodium dialysance
according to the theory developed by Po-
lashegg. Cdi and Cdo are inlet and outlet
dialysate conductivity determined before
and gafter a change in Cdi of about 1 ms/
com.
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ysis dose Kt)& FAsHAAM £4 Adg & 5 gvke 283 49248 3d& /K dd &F 21 &
448 RS Aoz 7y "ok :

Mathematical Model for Conductivity Parameters
On-line conductivity monitor module &3H 49l conductivitys AR &y o|& Aislr)

# 3 mathematical equation°} #A1Eo] ¢19] ionic dialysance (D) ¢ ¥# conductivity (Cpw)e)
Zo] 7HEsit

Qd
Dpw (mS/cm)=Cdi—

x (Cdi—Cdo)

Qd=inlet dialysate flux (mL/min)
Cd=dialysate conductivity (ms/cm)
i and o=inlet and outlet port of dialyzer

ol& T3 +& ¥ conductivity:s HA BAAA FHE sodium FEe "¢ F correlationdl=
Roz dejAd Aok (Fig. 7).

3 conductivity kinetic modeldl 218 93 conductivity FAYoE BEAA AAEHE HB F4
% 8% conductivity (Cpwt)® X HAF 5249 conductivity (Cpwt)ol £2317] 93l 23 FAY
conductivity (CdD)E A ¥ 4+ Joh

Cpwt (mS/cm)=[Cd i—(Cd i—Cpw0) x Vi/VP VY e

[(Cpwt— Cpw0 X Vt/VOPVar-1ee

[1 _ VI/VOD(l/Qf* 1/Qe)]
V=water body volume (mL)

Cdi=

0 and t=start and the end of dialysis session

Q¢=ultrafiltration rate (mL/min)

Qe=blood water flow (mL/min)XTd (session length in minutes)
VO=Vt+Q:

Qe=blood water flow calculated as blood flow X0.9

ojg} o] AANZrez B conductivityE FASHEA A9 conductivity, HEF F4 F 8%
conductivity, ¥ 8# conductivityoll HA3 FA A conductivity®] 37H4] HFE AE & 5 A7)
W&o feedbacks %3 automatic optimization ©] 7He3bch,

% 150
E 148
&
k]
T 146
=
% 144
£ a2
e
(=3
@ 140

13.8 14 14.2 14.4 14.6 148

Plasma water conductivity,. ms/cm
Fig. 7. Correlation between sodium concentration
(Nalt) and conductivity values (Cpwt) in

end-dialysis plasma water (N=11; r’=095;
Nalt=Cpwt X885 +1846).
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Biofeedback Control of Conductivity

2 42319 biofeedback module (¢, Diacontrol® 5)€ on-line conductivity monitorg &
ionic dialysance®t 8% conductivity X1 & ©}& HFHo=w dsts= B4 ¥ §i5 ¥ conductivity
27 A8 AFom FAHY conductivityE 2HIEE s|ETt (Fig. 8). A A7 A7, ©] module
#F 23 F& 93¢ 9F 0051004 mS/cm (no. of sessions=40)W9] 2L 9312 Aojuji= o
Basa Slvk ol 8% sodium FE2 AASH oF 05 mmol/LY $atell siggth

FA R conductivity 2HL2 sodium B EE 2AFoEH o]Fo|x] RUE A conductivityd] B

A= sodium W3HE 9n|sht}t, whebA Conductivity®] biofeedback control& ©]4# <l sodium pro-

rlo

o u

it

filing€ 7Hs3A $t} Fig. 8dlM = H2 4839 conductivity biofeedback module® A% SPHD
°of d& 24 Fu o)

Fig. 8¢9 28& 2H #&x9 % conductivityt 135 mS/cm (sodium ¥%=135 mEg/L), 54
9] conductivity ¥ 140 mS/cm (sodium ¥ %5140 mEq/L)elA A 235l 2A17F ot A EAjofo
s2E Fte #xe] % wnicityE HWE A% A71= hypernatric dialysis® Al#@s & =24 o
A& biofeedbacke F3 5X ¥4 conductivity$! 138 mS/cm (sodium %5138 mEg/L)E &
+= hyponatric dialysis& Al3§&t Jt} ole} e who] Mo Aoz 7 godium F4E Al

el A8 E4g 93 HA sodium #EeE HakE ol4bdgl SPHDE & 4 vl
HZol= A% (blood volume)®l on-line monitor7t 7158k (9, Hemoscan™ 5) B4 & 24

A wsE Ads doHes 2H8E  9ovl & biofeedback dto] 253+ module®

160 -

145 -

a)

140 -

2504

r—l ———

b) — et S s l— Do (milfmiiny

%t Qg {muimin)

1h 2n In 4h

Fig. 8. On-line conductivity monitoring. The target plasma conductivity at the end of
the session was set at 14 mS/cm. (a) Records of dialysate conductivity (['p)
and of effective plasma conductivity ( /”p%). Note the transient changes (by *1
mS/cm) of dialysate conductivity periodically imposed by the Diascan® for mea-
suring lonic dialysance and effective plasma conductivity. (b) Records of the
dialyser blood flow (Qs) and ionic dialysance (Dion.).
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Fig. 9. Role of dialysate sodium in plasma refilling. The ultrdfiltration rate was con-
stant during the session. (a) Records of dialysate conductivity (/'p) and of ef
fective plasma conductivity (/'p%). (b) Record of the blood volume reduction
(Hemoscan®). Note the increase in blood volume due to a high plasma refilling
during the phase with high dialysate sodium.

oju] e} Ut} (), Hemocontro_l®). Fig. 9% Fig. 8¢ ¥4 % on-line blood volume monitor® ¥
e 7123 agoltl. B A F zhAstd @ #o] hypernatric dialysisE %3 plasma refiling©]
Z7bsbi Al 127wk A Al FUleke S o Fx k. BdF@e] iEE AVldE ¥ EE
biofeedback moduleS E3 #9oj7ge ZolLE =AA F4 F %A AL s B34

& Qe
# 2

ooz dAEN F Aol sodium R conductivity kinetics®} SPHD ¥ conductivity moni-
toring®) Yalet 7 P4A Hgol dal =olagh o)A FAL sodium balanced FHLE FA
sEA dosta oA glo] AdE £2 AAE & & e FAY zolth Sodium balance®] =d
& BE ¥# sodium %5 FA F AFS H¥Hs FoA /M3 Single pool sodium kinetic
model & o1& 1% 0|24 ZAE viAHFUTh

24 2 BEAMde] conductivityd] A1z HASE £4L2 F4 589 4AZ monitor ¥ otz E
29 sodium FE, 4 & sodium 59 9=, £F sodium $=& 9% FHY sodium HEE 7t
584 st9o™ biofeedback module®e] A& sodium balance®| automatic optimization®] 7]&
A EE AT 53 ddke AAzE u|AFAH £4e] Hedte) FAF Wale] mE ultrafiltra-
tione] ZHo}] 7hEdtd ¥4 F oy Qe $XE ¢S =R ¥ 5 A HATS F4 F sodium
zd37 984 dAA9 445 % 43 7} monitoring module®} biofeedback 71&el WHL o]
AH BXe 9% 71E2F AAS AANFE glont ok FEF d4A AR FHo| gloy 53 @
o QAo B A &R Fe IAZ AT o] HEFAYES AR R AFRH A=ET 2d e

-S 34 -



5 oujAE 4 gloh

& gEs

1) Basile C, Giordano R, Vernaglione L, Montanaro A, De Maio P, De Padova F, Marangi AL, Di
Marco L, Santese D, Semeraro A, Ligorio VA : Efficacy and safety of haemodialysis treatment with
the Hemocontrol biofeedback system: a prospective medium-term study. Nephrol Dial Transplant
16(2):328-334, 2001

2) Begin V, Deziel C, Madore F: Biofeedback regulation of ultrafiltration and dialysate conductivity for
the prevention of hypotension during hemodialysis. ASAIO J 48(3):312-315, 2002

3) Del Vecchio L, Di Filippo S, Andrulli S, Manzoni C, Corti M, Barbisoni F, Locatelli F: Conductivity
‘on-line monitoring of dialysis adequacy. Int J Artif Organs 21(9):521-525, 1998

4) Di Filippo S, Manzoni C, Andrulli S, Pontoriero G, Dell’Oro C, La Milia V, Bacchini G, Crepaldi M,
Bigi MC, Locatelli F:How to determine ionic dialysance for the online assessment of delivered di-
alysis dose. Kidney Int 59(2):774-782, 2001

5) Flanigan M] : Role of sodium in hemodialysis. Kidney Int 76:572-78, 2000

6) Kooman JP, van der Sande F, Leunissen K, Locatelli F:Sodium balance in hemodialysis therapy.
Semin Dial 16(5):351-355, 2003

7) Kim M], Song JH, Kim GA, Lim HJ, Lee SW : Optimization of dialysate sodium in sodium profiling
haemodialysis. Nephrology 8:516-22, 2003

8) Kooman JP, van der Sande F, Leunissen K, Locatelli F:Sodium balance in hemodialysis therapy.
Semin Dial 16(5):351-355, 2003

9 Locatelli F, Di Filippo S, Manzoni C: Relevance of the conductivity kinetic model in the control of
sodium pool. Kidney Int 76:589-95, 2000

10) Petitclerc T : Recent developments in conductivity monitoring of haemodialysis session. Nephrol Dial
Transplant 14(11):2607-2613, 1999

11) Song JH, Lee SW, Suh CK, Kim M] : Time-averaged concentration of dialysate sodium relates with
sodium load and interdialytic weight gain during sodium-profiling hemodialysis. Am J Kidney Dis
40(2):291-301, 2002

12) Splendiani G, Costanzi S, Passalacqua S, Fulignati P, Sturniolo A : Sodium and fluid modulation in

dialysis : new approach. Nephron 89(4):377-380, 2001
13) Lindsay RM, Sternby J: Future directions in dialysis quantification. Semin Dial 14(4):300-307, 2001

- S 375 -



