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Phosphate kinetics in patients on chronic hemodialysis

Naohiro OKUDA, Tsutomu KUNO, Yuji NAGURA, and Katsuo KANMATSUSE

Second Department of Internal Medicine, Nihon University School of Medicine, Tokyo, Japan

To investigate the phosphate kinetics in hemodialysis (HD), 8 patients in a stable condition, who
were receiving HD three times a week for 4 hours per session, were investigated. Plasma phosphate was
under 7 mg/d/, and residual renal function had almost disappeared. Dialysate containing phosphate was
prepared by adding Na,HPO, using a micro-infusion pump from the inlet of single pass dialysate in the
individual dialysate delivery system. In the first week, Na,HPO, was not added as the control period. In
the second session of the second and third week, Na,HPO, was added to give a phosphate concentration
of 1.0 and 2.0 mmol// in the dialysate, respectively.

Total phospate mass removal was 777 £46.64 mg in the control period, 403+67.21 mg in the second
week, and—2304+214.8 mg in the third week. Total phosphate mass removal in the second and third week
was significantly lower than that of the control period. Plasma phosphate concentration was significantly
decreased after the HD compared with before the HD in the control and second week. There was no
significant difference in plasma phosphate concentration between the period before HD and at 48 hours
in the control and the second week. Plasma phosphate concentration before HD not only depended on
phosphate mass removal by HD, but also on other factors.

We suggest that dialysate containing phosphate might prevent excessive phosphate removal from non-
extracellular compartments during HD.

Jpn J Nephrol 42 : 2000 : 30-35.
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PREED 7.0 mg/dl LU, BREBKELIIZ L A ERETE
2 BESH(HB2, Z6) % HEIRL 7z, V¥ F i 47.0£5.9
1%, SEESENTHARIE 60.8+269 4 A Th -7z, BRI,
MEMRBRARE K3 S B, FEEPERAGAESS | B, “HHAY 2 ]
Tholz, B, PERFBEOEMELS, 7va—hEkl
P AN E 2 R T WREEO H 2 B2 E T 5 BH IR
MU Tz, BEHO PEIE X 850~900 mg & L TS
BERITV, PENENSZEL TV BRFELERL 1, %
Jo, BEEBICA Y7+ —A K« a2y 270, KHF
e R AT L 72,

- |
&< OFEFNC U CREARIE 3EM e L, & 1EB%

avhru— VI E U CERKRTRICP 28 & kvl o
IMEEENT % 3 [T, 25 2:8E 5 L 0% 3 EEICEDE
2 BT H 0 ABHEHIZ Na,HPO, Z RN L 72 P & BT
ZHiFT Utz BT D Na,HPO, 4 13 258H 11X 1.0, 3
FHE1IE 2.0 mmol/! & L7z, Na,HPO, ¥IENTIE D IER,
1% 0.5M, Na,HPO, = Hv>, IMENTIR I E A FE TR L
BEAEEOBIWALOMED, v~ 27aRy7E2HNT
&2, 0(a>bu—), 1.0, 20 mmol/l DILFE & 73 &
HIcERZFR 140, 1.0, 2.0m/ DHEETEAL, ¥
¥ 7N AT R CMEEN & fifT L 72 BRI AK-Y
Y & DLEAKBEE) %2 3> b a—vB L O P ERIIRFOEA
BT U 7z, BT 500 m//min, [ & X
200 m//min IZ#i—L7zo A4 7 7 A4 =%, @pNCFE—
DeNVu—2AY 77— MEEHER L7z, SHERIHES, K
Hl & UTHIREEIZZEE L 2w & & Lz, % mid-week O
BFTHC, BFEAE, 1, 2, 3, 4, 24, BEFEZICER
I U, I3 PIix Fiske-Subbarow 3, BUN [I Urease-
GLDH #;, Crix®##k Cald OCPC ¥, HCO, X1k
A AN & D EEICTHIB U, @iz 3~ CE
IV 9 % mass transfer study %2 fifT U7z, BATHIE | EFLE
WEIR LHRREZHIE L, HEEL0 5122 0—5 2 H
LC, P& % Fiske-Subbarow iz C#ldE L, 1KH
» o 4HEHE TOE L IKHEED PRERS X HRERE
BEHEHL, ZOB, POERAREEZUTORC L) HT
L, Z#HiHd P d mass balance (mg/session) Z#HIE L 7z,

P mass removal =P mass,,; —P mass,,

P mass;,,= (DV—UF) [P],, X 10

P massy, =DV X [P,y X 10
727zl

DV (dialysate volume) : #&BEHTHER = (1),
[Pl @ ZEATERA BT P IR (mg/d/)
UF (ultrafiltration rate) ; SR/ EEE (1),
[Plou : BHTHEMH P UREE (mg/d/)
SET IR E 1L, paired Student’s t-test %2 V>, HEIK
HIIEERIEE 0.05% L LTz,

| . =

BUN, S-Cr, S-Ca, HCO, JEE iz DWW TiE, =2 > b
o —)L kL C 1.0 8 X 08 2.0 mmol/! @ Na,HPO, &7
BN OEENH - 2T, WINbAEBRLZIRDSLE
» o7z (Table), I P IREOERFIZALIC DWW TRRET L
JTeRER % Fig 1, 2R, 3>~ u—VHETIEENHE
D P X 5.984+0.33 mg/d! T, 1 ER#121E 3.964+0.20
mg/dl ERAWARET 2R, FO®BELH»ICIRKEE X
TETUZeo TR 3 X CEMRIE L D AR (p<
0.0 IEETH 5720 —/7, 1.0mmol/l EfiflE T3, &
MR P YL 5.79+0.24 mg/d/ 125t L C 1 B[54 4.60+0.15
mg/d/ EAKTF, 2.0 mmol/! EFRHETIEZEMNTHT P EEE 5.92
+0.15mg/d/ l2xf LU ¢ 1 EF[E# 5.50+0.10 mg/d/ & [A] &k
WHERIET U,

F7z, JHECBWT, EWBE» S 48REHEE TO
M P EE ORI EBE T 2L, 2> ta—LH
TIXBEATET P ¥ EE 1L 5.98+0.33 mg/d/ 12 5f U T 4 FERE#%
2.84+0.19 mg/d/, 24 FE[EI# 4.93+0.36mg/d/, 48 EF[E#%
5484028 mg/dl &, WINbBENBARTNICIEANEE (p<
0.0) ICEfETH > 7zo — /7, 1.0mmol/! EfFIKE T, &
T BT P 32 1d 5.79+£0.24 mg/dl i xf U T 4RERE #2021
4.18+0.14 mg/d! L HE (p<O.0NITAET L7253, 24 ek
1% 5.69+0.28 mg/d/, 48 I [i] #2 1% 6.24+0.19 mg/d] & 5
WRNCHENEEREZRZRD oz, & 512, 2.0 mmol/!
BRI, BRI P IR 5.924+0.15mg/dl 2 L T 4
RFfEI# 5.45+£0.12 mg/dl L HREE2RD T, 24 KR IE
6.49+0.14 mg/d/, 48 W14 7.10+0.77 mg/dl L Wi d
EHNCHELER(P<00DCEEZ R L, &8, Ih
5 3PIEIc BT, BEHRBERO M PIEBECITEERZE
Fiolz, B TEREOILE PIEE % 3 AR Crig 3
e, aviruo—nZll 108 L U2.0mmol/l D P&
FRFIT VTN EE (<00 ICEETh-> 7225, 48 KifiH
HBOmMmEE PEEIX, 1.0mmol/l L ZEEZEZ2FD T, 2.0
mmol// D PEFMEEDO A3 > b a— LIzt LEE(P<
0.01) IcEfE% 2R L7z (Fig. 1, 2),
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Table Changes on BUN, S-Cr, S-Ca, and HCO, levels before and after hemodialysis (n=8)

Pre HD

Post HD

0 mmol/! I.0 mmol/! 2.0 mmol/!

0 mmol/! I.0 mmol/! 2.0 mmol/!

1 \
BUN 78.12+8.62 73.64%+7.89 73.65x7.89

1 \
29.38+4.07 28.26%8.26 27.60x4.04

[ — \ [ \
S-Cr 11.26£1.25 [1.04£1.02 12.43£1.04 5.08%+0.59 5.30%+0.53 5.57+0.67
[ \ I
S-Ca 9.06%0.40 9.20%+0.38 10.27£0.78 10.34£0.45 9.98+0.21 10.13£0.23
[ \ [ \
HCO; 19.20£0.66 20.56%0.78 20.05%x1.64 24.94+0.87 25.72+0.71 22.93+1.90
Data are not significant.
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Fig.1. Changes on plasma phosphate concentration
during hemodialysis in the control, 1.0 mmol// and 2.
0 mmol// of Na,HPO, in dialysate

BENMREOR PRERZ SPM KT 2L, a >
o — VHARE 777+ 46.64 mg 12357t C, 1.0 mmol/! EifaiH
1% 403+67.21 mg, 2.0 mmol// £ fif BF 12 13 —230+214.8
mg &, PAMERZVWIFAba Y bo—VIc LEE
2 (p<0.01){KfE T H - 7z (Fig. 3)

&5 MmO PBRERICBL TIRAT % &, 3 1R
L Y@ENBG | RFHE RV Z <, 20%, 2> bu—n
IR TIX, B4 B L Cwn L EASIRD &b, &l
FRIZEDRY s e otz, 3> bu— VTR, &
HTBALE 1 B2 259 +£22.4 mg/hr ThH -7z DIHF L T,
1.0 mmol// & FiRET I 1334+25.6 mg/hr, 2.0 mmol/! &7
BFCi3—10+£534mg/hr & F 2 NEE(p<0.01) 12 {&fHE
Tholz, 2EERELIEEIC O W T b R EREIZa >~ b
O — I H LA E (p<0.05) IC{EfE T H - 72 (Fig. 4)
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Fig.3. Phosphate mass removal on 1.0 mmol// of
Na,HPO, and 2.0 mmol// of Na,HPO, in dialysate
were significantly lower than that in the control
period.
Values are presented as the mean+ SEM.
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#I8S%IT B, MISRIHBANICEEFNT WD), 7z, P
REIEEROBRERERFICLETH 2, BRLEETIE, %
BROKIERAE A3 20 mI /3 LA TFITAE T3 % & JReh P JEHE D35
DPUSPIERET 5 L5k %, &51E PIIETIE,
Bz B 5 | a-hydroxylase {HME %K T &+, 1,25(0H),D;
DEEMETL, ZNCXVBEEL S D CalRINAHA L
T CalllfiE & 72 %, 1 P IMAEE, E#Ed 2 IR
TRERIFRISRE T E 2 B S 2 R E 5 5 2 &N
HonTwd, fREMEHICBLTE, BE»S5DP
B, #c X 2 PRE S5 PIRERORSIC
bbb & F, BENTHIME P E%2ER IR C & S
ThrHEFI TR I NS, —7, HEEWESSOHEH
FHicL i, EMRTOME P EAY 5.0 mg/d/ LUT D E#E
BEHTEHZ DI 20 %I2BD 5N 59, | BOBEHTD P DR
KRBT AT IAF—DOWEEC X DR BH, bhbh DK
f# 1% Hou 70 #i4& (1 [8] 0 E #7 T 800~1,000 mg) & %1%
—HL T3, BELOVRNSNE POEE, EFAL
HARTHERR BT RS TRBIEME W L DRE L H DY,
BN IBNEBED P DERATONT v 2D WTHR
L, BEHTIC & 2280 PEREVHIFEN 2 & O P FiH %
b5 LT AAREME % in vitro DEBRZ TR L TH
D, BIBEZEDP DONT Y AZOWTIEAHZES S,
FENTH O M PIRE OHERIEL, BUN MEEEIRH I
T 2D LT, P TIXENBLE | K TRERET 2R
THOD, 0k | K%, S 3 EE% £ Tl bmigiEe
MIETL, 3E#&D 5 132 E2ED 3, BUN &3
75 BB HRPED STz, DT E1F Zucchelli 519,
oW, A8 SPOWMETHREBEZHELZRL T»5,
Flo, PR ZEUNUHRRT O P EE PR R L D B
L7z POBERICBELTIX, 2> s ao— VBT |
KT 200~300mg D P RRESINTEY, ZDHK2HE
MHE» S 4FHH £ CRBLIET LT, &7z, M
P LREREEDLY CTRETT 2 &, 3HERHE» S 45
fiI#212 100~200mg D P BRESIN TV BRI b5
T P EEIZIZIZAETH S (Fig. 1, 4), 2D L
EWBLA SR E AR I3, F & L CHIlEN D 5 0 PR
EPECTBZER2RBLTEY, B2IILHETHP
SEIES, EHIRND SO P O I 5> Tw 2 AHE
Mol s 5,

PRI TIIZIE — IR L T b EHZ 6T
B, one compartment model 23S &5, P X one
compartment model TIXFHFATE 3, I3 P OEJRE &R
ROFENELZFEHRNDO—DFZ 5N 5,
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Fig.4. Changes on phosphate mass removal rate per

hour during hemodialysis in the control, 1.0 mmol//
and 2.0 mmol// of Na,HPO, in dialysate

Kz, Na,HPO, % BEHH I &ff L7 BRI P&
DEALBLUPREROMN TIX, PERERITa Vb
T — VR HEAREE (p<0.01) ICJE A 358 » & 1 (Fig. 3),
XS IBIHETEOIMES P ME A E (p<0.01)ica > b
O—VEECERETH- /I b b 5§, 48 K oI
HPIEEXa Y b — VEFE 1.Ommol/! A CHEEE
ZRH T, 20mmol/! BREKRFTOAFEENRD S
mErEH s NS (Fig. 2),

El, MRBENERHICBTAMBEPOI Y ba—Lic
B7 Y RF—y ADEERDH L EBHMSNTEY, 7
F—y 2 FFEMEsg > 8— 1 2 > b 2 Sfifas g P
OBEEEX, MEP L_LORINEE L FNE 25,
Kuno &% P & & & % bicarbonate 3% T & acetate free
biofiltration THEMFIL, 7 ¥ KR —Y ADEEFL > b
O—UAIMEP DIy Pu—NICBWEELRIZT LS
KL Tw3, SEObNLOLNORKRETT, |IFE%E I HCO,
REZHE L2 3 P TAREERD oL, BRIEHET
TORBEIEEIN TS, PRERIZSA T 74 -0
HEREMBIS T 2 2%, M o high-flux 5 14 7 7 4
PF—ENTNDE EBRRTWDE, SE, bhlvbhIdKEE
T, 3WMEBCTIA 7 74V —ERE—LTBY, Z
NSOEELEENTH 5, —MRINICENTEHE DI P
Davbhu—LOIEEE LT, BHETOMTE PIEESH
WH L, BEHTIC & 2 PERE (PEREREDE WS HEREE A~ D
BEHTARDOEE, BHTRFHOER 2 &) 8 L U P REEDOR
53 fTbhTwd, LHL, SHOBGEDSFZT NI,
BREBENHECTEIVL LD PRECED, EMKTH
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DIME PRE Z—RFFNICET ¥ TYH, BEIILD LT
% P EHIHE D S MKEA~DO P OWHERL T3 12T
S, AL HREOBENTHIME PIREICEE LS5 2 %
WZ EBEH SN ER ST,

L7eMoTC, MEPOa¥yba—icBWT, BHIC
L2 HMin PlRrEEEMEICT 2 2 EOERIID L,
ENERFE O PEEBIE T 2 MORTF OFENTRE S
Nd, iz, FMEFIARIRE D P (1.0 mmol//) ZEI0d
52 ricky, EhoIEMIESNED = A b5
DO PFHEPIES S 2 A[EEERE S iz, I DI
WERTIE, DLUAABMICP 2BRET 22 LTI
EHEREL X O & T 2 EAREEEME X AN - 4 Co P OFE
BB, IhpgEViEshs 2 eT, RIPEMCIZER
BEESB L OBHERD 24 C STV AR OB ETE X
V, Haas &' X MEHEEIC B W T, BEIEHPICP %0,
2, 3mmol/l L &FffL POBREEBLEL -HE, HER
DIMEPIWENED & 5 RfEICK>TH 2 HEDIMNTE P
REICIZEREZES 2 <, high-flux B2 6 U 72 &S EER
BETPOEWZ VT 7Y A TOREICEL THRE
WETH DL ERNT WD, bbb L IR K57
T—8 Th 5P, MEEN & MBEIEREE DFENIZ L S P
BEDOZEDEELLIRELEZ S b, BEACBWT
&, 4RI P RZFFICIZEIRME B 2 PRI E
2 BT, BhE S o PRt 2 IG5 & FIRRCE BRIX
ZIESE, MEPREOHFFICEDTHE, LaL,
MAGENTBE T, K P MEDSTED 5T b BB
2 HATRREL AL L TB Y, WEHHEMESY S DRZICE
2 BRI b EENTED 5, MG PIEEOHERL LIiIE
LI TH 2, BNTEE OB B OINTE P I
FENIEEEO TRUT &2 2EF bR SN, TDEI 7%
TEGITIL, SEHET L 72 P ARTENT L EE 2 P ERE %2 F
Fid2HWTERTERWhEFHEZ o b, EE, Kaye
519 3K P IMSE D B 3 Z[ickt LT P AREN 2 #ifT L
Ca free DFENTHEIZ 1~2 mmol/] DEETHEA LIS
(Ca T REHARAY I A), P AT 2 mmol/l DIRE TIEP
MEDFHENTFETH > 7z LB T WD, ZDX ST, &
WEEEL OFEBICEbEBRBICE#ELZPDa
M= VRS BLEE TR D EHEZ SN D, SENIHERGEH
KOBAEDBE BRI LA, SHIheDEHEICTOL
THREDPLETH 2 L H 2 6N 5,

¥z, SRIEEMME P AREN & T Lo 0%
1, 74V v =7 ERHGIHEA < 40 P O#fED#E
BrISUMNT 20BN DL EFHEZONE, BITEED

BHIOMEP OFEWI > P — L L _RALEZDNVT S
BREDPLETH D LFZ o b,

& &

1) 1@MHERRENT B H 8 A2 R P OBIRE R RET L
720

2) avbu—)v LT, 1.0mmol/l B & 2.0
mmol/! DIEE TP 2L 7z P ARBHT OEED P %
B, ThENEBERCED Uy, 8RM%OIME P E
121X 1.0mmol/! ARIETCIIEEEZ 2D T, 2.0 mmol//
BB CIIARCEMEEZ R LT,

3) MEENRBFIZB VT, BHETOIMT P EEIZE
MZ &k 2 PEREICIKE T 2 EEGVIFEL, oRFH»E
L Tw 2 aJRetEnsmg S ilz,

4) BEHTEHICARIRE O P (1.0 mmol/l) Zi{iNd % 2 &
W&, BRSNS X=X v 5D P
TR & 2 TREME DS RIB &S 7z,
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