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STUDIES ON ACID-BASE BALANCE
IN MAINTENANCE HEMODIALYSIS

PART II. ACID-BASE BALANCE IN HEMODIALYSIS USING DIALYSATE
CONTAINING VARIOUS CONCENTRATIONS OF ACETATE

Osamu Tapo

From the Department of Urology, Hiroshima University School of Medicine
(Chairman : Prof. H. Nihira, M. D.)

Acid-base balance was studied before, during and after hemodialysis on four patients of
terminal renal failure who are on the maintenance hemodialysis with the Kiil type artificial
kidney twice and 16 hours per week. Hemodialysis was carried out using dialysate containing
acetate of various concentration.

1) Blood pH: With increase of acetate in dialysate, alkalemia was noted at the end of
hemodialysis. When dialysate containing 37 or 39 mEq/L of acetate was used, predialytic
alkalemia was present and was more enhanced at the end of dialysis. When dialysate
containing 33 or 35 mEq/L of acetate was used, predialytic value was almost normal.

2) Pcog: Predialytic and postdialytic Pco, were well balanced regardless acetate content.
Predialytic Pco, rose according to the increase of acetate content and reached the nearly
normal range.

3) Actual bicarbonate : At the end of hemodialysis, acidosis was well improved regardless
the acetate content. It was 23.84-2.4 mEq/L when dialysate with 35 mEq/L of acetate was used,
and hyperbasemia was noted when dialysate with 37 or 39 mEq/L of acetate was used. On
the other hand hypobasemia was noted to such an extent as 23.1+1.2mEq/L of Pco, when
dialysate with 33mEq/L. of acetate was used.

4) DBase excess: Predialytic hypobasemia was noted when dialysate containing 33 mEq/L
of acetate. When other dialysates were used, predialytic value was within normal range.
At the end of hemodialysis, hyperbasemia appeared when dialysate containing 37 or 39 mEq/L
of acetate was used, but it was normal when 33 or 35 mEq/L of acetate was used.

5) From the above results, acid-base balance should be best maintained if dialysate

containing acetate of 35 mEq/L was used for 16 hours dialysis per week.
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RBBEOKKEGD S B HoLOs Rt FBEER
Ik phficERl S CO, & LT sh 308, RE
R, LIWEWMT I/ BEY VEBLAMEELGD
PrtE g, CHREFEMED» >0 Ht ki k - T
HENZOTHEHY, BLREEE TS 7o O
B L, CORDITFEMELSO O WL e 5.3
ARBZIZHNT, FAREERBEORDICHES Y
VG, BIEME OB X - T HY OEREREN
£, R acidosis H3¥g4:4 2. T 7 acidosis
KEW LU TTFRERERESB L RimenT
5%, acidosis T3 bicarbonate dFEAE & & iTH
SORENHC > T Peco, DK F 4B &, bicarbonate
1mEq/L @iz Peo; 1.1 mmHg pEFA X729
EBVDNTNED, ZofthoREFRE LTIREK
K2 HY AAMBESEZ ST 5,

U VBB ReBEICE T 58 acidosis T
i3, chsofREfRBoAT HY 20T 30134RH
HT, CCRBEEEEINTE b T, &
FREEBEALER MESENEEL S CEY, 20
SV OBREEFEHIC P AT 2RENEEZE 1 E TR
EL, 1 HREICK O BEITRE S S OCBERERI>
WTCHRE T BNED S B2 Ltz AL BT
Mk, &I acetate BAR 4 IKZE 2, hyliE
HPHIC B SI2 T BB >V CER LT oM ES
T2 DTERET 3.

i

MENRE LCHARSTE

BB REEERA BIREM R AR B TEEE B
I - IR REBE 4 Fiexig & LT Kiil BA

8 IR & RRIRFRY I TR AL S 2 e U e, BIEREE I
1L meter iz X by pH, Pco, 2l L, Siggaard-
Andersen ¢ nomogram ¢ actual bicarbonate,
base excess A& E L/,

i3 blood line @ inflow side 2 5%y 2ml B
TR, M H 7 > TREFHFICEIOEA LD
X3 ls S BATREL, BEE 37°C Kibikcilb
R Ute, & eSERlicRITBsER S ot &%
DD Tz,

B U7-B ki Table 1 isRg &< ace-
tate 33 mEq/L, 35 mEq/L, 37 mEq/L, 39 mEq/L
EELLTED, R sodium 3 129mEq/L,
131 mEqg/L, 133 mEq/L, 135 mEq/L &7 - T3
(Table 1),

Table 1. Composition of dialysate I~IV used
in this study.

Dialysate 1 1 ' Il om | w

Sodium (mEqg/L) | 129 | 131 133 | 135
Potassium (mEq/L) 2.5 2.5 2.5 2.5
Calcium (mEq/L) 3 3 3 3
Magnesium (mEq/L) 1.5 1.5 1.5 1.5

Chloride (mEg/L) | 104 | 104 | 104 | 104
Acetate (mEq/L) | 33 35 35 39
Dextrose (mg%) | 300 | 300 | 300 | 300

157 &

1) I pH: BireiomiE pH (i3 Na-acetate
3BmEa/L 2&{ Birike FHA LSS, Ik pH
I+ 7.891+0.029, Na-acetate 35 mEq/L G 7.444
+0.025 +750 Na-acetate 37 mEq/L # XU Na-

TEZROE 2 EIRTH166E, #9808 oI i B %
acetate BORI 2B TE Z O BITE,

¥reg155y, 304, 1H:M, 28R, 4 B:RE, 6 BERS,

acetate 39 mEq/L T3,

ZhZh 7.452+0.017,

7.458+0.010 &FEHTHGH» 59 alkalemia A%
RLTOS, BFBEIA155 80 L3043 TR I I

Table 2. Arterial pH values during hemodialysis using dialysate of different Na-acetate

concentrations.

After start of dialysis Na-acetate 33
before 7.39140.029
15 min 7.372%0.028
30 min 7.376£0.024
60 min 7.385%£0.022
2hrs 7.410+0.038
4 hrs 7.44140.032

6 hrs —
8 hrs 7.473+£0.026

(n=18)

Na-acetate 35 Na-acetate 37 Na-acetate 39
7.444+0.025 7.452+0.017 7.458+-0.010
7.424+0.030 7.445+0.021 7.44940.017
7.429+0.038 7.449+0.019 7.458+0.014
7.439+0.037 7.4612-0.016 7.463x0.014
7.451+0.016 7.471-£0.017 7.4653+0.017
7.462+0.032 7.484:10.022 7.47010.011

- — 7.484%0.012
7.478+0.030 7.491x0.018 —

(Mean+S.D.)
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Fig. 1. Changes of arterial pH during hemodialysis using 33 mEq/L or 35mEq/L Na-acetate
concentration in dialysate.
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Fig. 2. Changes of arterial pH during hemodialysis using 37 mEq/L or 39 mEq/L Na-acetate

concentration in dialysate.

pH ETBERT, Ll LRI UEIrERS 1
B IZRIEENEIOEICS & - TL 5. 8HESE
PRAICIXT T DHE alkalemia £ -$71-5TL 3
#3, &< Ig Na-acetate 37mEq/L T3 7.491+
0.018, Na-acetate 39 mEq/L -CI3SENTEER 6 IR
HTTTIC 7.484+0.012 & alkalemia ZRL T
% (Table 2, Fig. 1, 2),

2) Pcoy: ZBITHK & BENTEIRD Peos 131313 —
BT, EHLOEMZED Sk - 72435, Na-acetate

RIENE S 72 51020 CHBMTHT Peor @ EHARLT
W3, 975 H Na-acetate 33 mEq/L &Sk ¢l3iE
ET Peos 12 31.9+4.3mmHg TH -7 Dps, Na-
acetate 35 mEq/L, 37 mEq/L, 39 mEq/L @p&&Ef
W, FNnFh 32.2£3.8 mmHg, 34.6+2.6 mmHg,
35.3+ 1.0 mmHg EZ/LAR UEIRIENOER %R L
7z (Table 3, Fig. 3, 4),

3) actual BT8O actual
bicarbonate [ZEikth > Na-acetate &ic I LT

bicarbonate :

Table 3. Arterial Pco, values during hemodialysis using of dialysate of different Na-acetate

concentrations.
After start of dialysis Na-acetate 33
before 39.14+4.3
15 min 31.8%4.1
30 min 31.8+3.9
60 min 3l.62-4.0
2hrs 32.0t1.4
4 hrs 31.7+4.0
6 hrs —
8 hrs 31.3%3.1

(n=18)
Na-acetate 35 Na-acetate 37 Na-acetate 39

32.2+3.8 34.6+2.6 35.3x£1.0
32.3+4.1 33.8x1.6 35.3+0.8
32.0%4.0 33.9+£2.5 35.8%1.1
32.1£3.5 33.9%x2.1 35.641.2
30.9+4.0 33.4+2.0 36.1:40.9
32.6+4.3 33.6+£2.3 36.2+1.0
— - 36.5+0.8

33.043.7 34.0+£2.3 —

(Mean=+S.D.)
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Fig. 3. Changes of arterial Pco, during hemodialysis using 33 mEq/L or 35 mEq/L Na-acetate

concentration in dialysate.
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Fig. 4. Changes of arterial Pco, during hemodialysis using 37 mEq/L or 39 mEq/L Na-acetate

concentration in dialysate.

WA Re A, BITEERR 1650 T —RYic  actual
bicarbonate {3 EFFTIE FIC B T—RRICRAEM
=&, BNEIER 1B TERToB E - T
T\ %, Na-acetate 33 mEaq/L A& ETiEEAHER
Li-SAIIRB 18.1+1.9mEa/L Th-7d D

b5, B TEICIZ 23.1+1.2mEq/L Lit- T3,

% 72 Na-acetate 35 mEq/L, 37 mEaq/L, 39 mEq/L

DEBFRERVIOBINRIROMER, hZBHTHE
21.5:+1.6 mEq/L, 23.54:1.6 mEq/L, 24.3+0.9 mEq

/L BEUBETE 23.842.4mEq/L, 25.3+1.5mEq
/L, 26.6+0.8mEq/l. +7t-THb, &+<iz Na-
acetate 39 mEq/L BT TIL, BHITEEL 6 RffiT
hyperbasemia QEEIMRHEDNTE TS, b
BITEIDEIC DN THTH 3 & Na-acetate 37 mEq/
L & Na-acetate 39 mEq/L B Rk Tl3,
FnEh 23.5+1.6 mEq/L & 24.3+0.9mEq/L ¢
75 0B b EE®EBE AR LT/ (Table 4, Fig.
5, 6).

Table 4. Arterial actual bicarbonate values during hemodialysis using dialysate of different

Na-acetate concentrations.

After start of dialysis Na-acetate 33

before 18.1%£1.9
15 min 17.140.8
30 min 17.341.4
60 min 17.9+1.1
2 hrs 19.940.9
4 hrs 21.0x1.2
6 hrs —

8 hrs 23.1%+1.2

(n=18)
Na-acetate 35 Na-acetate 37 Na-acetate 39
21.5%+1.6 23.5%1.6 ' 24.3+0.9
20.5+1.9 22.9+1.2 23.9+0.9
20.7%2.0 23.0%£1.4 24.74+0.8
21.3%£1.9 23.5+t1.2 24.9+0.8
21.842.4 23.84+0.9 25.241.0
22.6+2.3 24.7+1.3 26.14+0.7
— — 26.6+0.8
23.8x2.4 25.34+1.5 -

(Mean=+3S.D.)
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Fig. 5. Changes of arterial actual bicarbonate during hemodialysis using 33 mEq/L or

35 mEq/L. Na-acetate concentration in dialysis.
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Artertal
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HCOs o—o Na-acetate, 39mEQ/L dialysate
mEq/L
I5F
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Fig. 6. Changes of arterial bicarbonate during hemodialysis using 37 mEq/L or 39 mEq/L
Na-acetate concentration in dialysate.

4) base excess: actual bicarbonate *[E#EDZE
LERL TN B, BRI fER: Na-acetate 33mEq
/L OFNEEGER UBEEZRNT, TN CIEREH
BRiCd H DR LT 2. BB S TR
DEBARBMEE & -T2, ENHELE 1K
BiR3BFaiEics &> T& T35, Na-acetate 33
mEaq/L OFEFEEER UBAk: BFaiEs —
7.1x2.0mEq/L X3 L hypobasemia Z7R3 723,
B TiRIC1Z —0.3+0.9mEq/L LEREIIE-T
W%, F7- Na-acetate 37mEq/L 35 & Na-acetate
39 mEq/L 0@ ITE#ER LcBAIKR. BTR TR
icizEnEFn +2.4+1.5mEq/L, +3.6+:0.9mEq/L
GENTBHAT: 6 ISHME) L8E @ hyperbasemia %R

L7z (Table 5, Fig. 7, 8),

% #

EERE I MICTAEBIIRS JUBITR T RO
R BRI AICESR L L7c s,  acetate
33mEq/L oBFHAER Uiz & SICiZ By & <
EESEE S EE SN T

BR&iCEH T % acidosis ORI/ IC DO TRIE
FARBIC 7 » T E T 3 D8 Bricker 5 28EH 7 % in-
tact nephron theory ©, »hSiCXNETHEER,
NH* gt olsd B iz e R30S, ch% GFR T
HNUIZOEREREEEDL LI, Licd-Th
BEAxDF 710 v04 X VHWEBRRIIEETHIC &

Table 5. Base excess values during hemodialysis using dialysate of different Na-acetate

concentrations.
After start of dialysis Na-acetate 33
before —7.1%2.0
15 min —7.8%1.1
30 min —7.7%+0.8
60 min —7.4%0.9
2hrs —5.14+0.9
4 hrs —2.5+1.2
6 hrs —
g hrs —0.3+0.9

(n=18)
Na-acetate 35 Na-acetate 37 Na-acetate 39

—1.9%£1.5 +0.3£1.6 +1.140.8
—2.7+1.5 —0.8%£1.1 +0.641.0
—2.7%2.0 -0.2+1.4 +1.54+0.8
—2.641.7 +0.441.2 +1.7%+0.8
—1.2%+1.4 +0.8+1.0 +2.0%1.1
—0.4%2.1 +1.8+£1.2 +2.940.7
— — +3.6+0.9

+1.3%+2.1 +2.4+1.5 _

(Mean+S.D.)
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Fig. 7. Changes of base excess during hemodialysis using 33 mEq/L or 35mEq/L
Na-acetate concentration in dialysate.

+5F

Arterial g}
base

excess
mEq4/L
_5.

o—» Na-gcetate, 37mEq/L dialysate
o—o Na-acetate, 39mEq/L. dialysate

o V2 i 2

4 6 8

Hours of dialysis

Fig. 8. Changes of base excess during hemodialysis using 37 mEq/L or 39 mEq/I.
Na-acetate concentration in dialysate.

ZRTEDTHY, BfEdA 70 VZBBEWICIEET
H5, LOIOBIRTH L. W-1FH Biber X
O Oliver |34 7w ¢ micropuncture & micro-
dissection iz X Y #sery, TEREAUMN X b Bricker
DI UG EMZ, BRSO TREMERE
CHEERS D, THEBR/GFR, NH/GFR nEE
HEAERT O * 7 avo REELS o st RE
BN BRETTENB L > T BTedTH L E LY., 7
7edb Bricker 534 7w vOBZEDT 305, %
OBER EETHSE Licolic kL, Biber 8L
Oliver ZRAIE IR END D+ DI HT U
MEEEZ) acidosis 2B THDTHS EFRL
THILERLT B, .

WTNIZ LT h s ofBic o0 Tid, IoicH
ENOEBIINZHOLEbLNLL, BREBH
& &7 R acidosis I ENTEE ST SN
T&le, TOBEFEHEHR O acetate |25FHT25 T
WicE b Anbh, EKARTEDIRIISH alkali i
I3 ERUBIRLMBNTV S, 19494 Mudge
5% 13 Na-acetate ZEEIRNIcHEE L fixed base
BEAETNEH, A3 acidosis o4 5 Na-ace-
tate OFEAIZZOHRI T HDER LTS, 2o

EUTHEBY v g BERBIES ZLLUTERT
5, LAY TH-DEBLILNS, 19694E
Watten® L) Cash® 23z L5 BFH oMM aci-
dosis jz¥F L Na-acetate #ZMHH L OWEE AT
VoA, &S MEBITEED S0 BT Na-
acetate ZfEF L, < A3 Na-bicarbonate jwZ5{Ld
AT EBM BRI, EEERKICS Zhd i
BN B kDIl - TP, Na-acetate BERINS
B & UTiE Na-acetate ps3 S0 nIcik T bicar-
bonate jwZE{bd % ¢ &%, HENESTEHAREDN
HHeTH B2 &, X5l Na-acetate JKIZHEIEMD
B> THPEHPEAMBBEE LIV EOHSIcd T on
5. )

%7: Eliahou 5% |ZR#FEM acidosis 0BEFIC
Na-acetate }5J27F Na-bicarbonate ¥&7 SEEE%
LT Z R LT 505, 2oRe LT,
total CO; jeinA LEZESZND HLE, Na-acetate j§
{3 bicarbonate DR D & LT, I LICHEREE
it UCHHERLD & LT A,

—1c acetate T acetyl-Co A 2% Krebs cycle
I3 0ERICEEEN5 A, acetate % sodium
salt |z L7e#AicizkNiciatn s Na-acetate (3
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mol ¢ Na-bicarbonate &>, bicarbonate
A A 21010 At T bicarbonate ML
BT & D Midhiciiiy 5 Na-acetate 2 ifiep & O &y
Wrh~ 3 Na-bicarbonate ¢ cellophane JEGOD
HABOkR L DIESN S, Mion 57 OEFRIC
J#iZ blood flow 150 ml/min, dialysate flow 350
ml/min @, @& %@ serum bicarbonate JEEEHS
25 mEq/L T% - 7z &9 1id, bicarbonate OiFRIZ
Sty 90 mEq/hr Thh, D& EDFIIED ace-
tate B4 20 mEq/L g L dialysate flow %[EU
< FhUEmEIciZ B acetate B 82mEq/L &
EEh, 25 mEq/L o acetate ZE&LeBITIR TR
i acidosis @HWESNRVELTNS, 2LT
N543 acidosis QHE DD ITIZBNILD acetate
B0 Ly 30mEq/L w9 2 0EHND B il
T3,

D BB T HEH T acetate 33 mEq/L OENY
WAMA L, Thd acetate 35, 37, 39 mEq/L &7
W& ORISR A B 7T - 7258, actual bicarbonate
1B @ acetate BicHM LT ERZRTHRE
(EY

BB EME U T Peos BRETH - 72hs, BITH
%1547 pH, actual bicarbonate, base excess
WBEBBSRHENEER L, BBRE0STE
WaomEE TER LTH AL, ChiEiiesciiks
2 bicarbonate &SRV X415 acetate BE D
Wiz, BIFEAHRIS TRIEMEE & D20 TR
X# 7z acetate 3 bicarbonate (Zh b, ERT
bicarbonate MOIBINHI & O BITEHIA L6055 THIE L
SEHITE U e b BITRIEI S E- b LEA SN
%, BENIBERRE04 I LT bicarbonate (33§
MERLTHEY, iz Earnest S0H@rhin-o
HIE L Td arterial blood 75 acetate FHIET &
o2y, acetate O bicarbonate ~NOEEEHR A
TS 280 LTV AWMEI—RTEEEL00
5.

F 7z Peoy @FBMRAIRTE LOEBIIRE T -7
2%, BT acetate BT & & IO BHTRIEDN
ERLUTW, Zhid acetate BEo#Enick 3 pH
D ER, TP b acetate 3B3mEq/L 24 deENE
EER U2 B A IEEREIO pH (27.391+0.029T 3
- 72m»3, acetate 35, 37, 39 mEq/L #EFKEHER
Lick&icidehEh pH (3 7.4444+0.025, 7.462=%
0.017, 7.458%0.01 & RHEARL, EEHRHICH-
TeOTFEREREREO fixE 0 BRELET,
Pco, b2 EHHEEIGESWbDEEL LN S,

acetate 37, 39 mEq/L Z&tBEITR CILEET %
BLIL->TeBf, BRI S bicarbonate| IR # HiFH
2L, BITHKTHITIZ base excess & & b hy-
perbasemia OEENH 5HNTL B, ZHIZPALDH
iz acetate BDEN~DBETER TH b, short di-
alysis T35 acetate BAZSUBENIBNETH 5 C
LEBKRTZ2HDOTH B, Lichi- TE 2 [EEH6HER]
BT OB FENTRIRAZ® L T pH, bicarbonate,
base excess HESZHELT, EFEHE T ace-
tate 35 mEq/L BITEEERT 2 008, BEET
OEPSRBIFE LN EEZ 3,

EERFEEMBABERRBRERICENTE
BB REBREEHLFALEEEL
T, Kiill BATE AR NHE 2 [E5H168 R
FHTRETE %, &7 acetate BORIL 2BHK
THTL, OEOBREERE A BIFMICESR
UDEDREAT .

1) 1 pH: Firih acetate BT
EBROERKRTHIIIZ alkalemia O[5
R U72h3, acetate 37mEq/L, 39mEq/L o
BT GE R ICIL SBATRT A & % alkalemia
HD, BIFRTHICZZNES SICHEBIN

- T/, acetate 33 mEq/L B X 35 mEq/L

FBITIK T, BIERIEBEEEEZR L.

2) Pcog: MEHEHTICE S Pcoy, OEALIZSE
TR @ acetate BICELRIT < BITRTRDOMEIX
SEHRREEZ IR Uichs, acetate BOBNICE &
IOEITHIO Peoz fEd T LFEREZRLUIE
HHEIGE SO TE 2,

3) actual bicarbonate : BHHE THFICIZ&
FEBEITIR T & < acidosis O®EEIRL, ace-
tate 35mEq/L BJBITHERENCIT 23.84+24
mEq/L T&H » 7253, acetate 37 mEq/L, 39
mEq/L OFEFKEER LB AW B&RT
#%<% hyperbasemia DEH[ENA DN, F
7- acetate 33 mEq/L BT ER TR BITK
THE 23.1+1.2mEq/L. L35 hypobasemia
R LT,

4) base excess: acetate 33 mEq/L &7
W T I BRI IO Ly hypobasemia 7%
RT3, ENLS OFBYTIR G PICRENTRT
B IEFHEMIC -7, T BITKRTEICR
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acetate 33 mEq/L, 35 mEq/L O&FBITEF
AR TREEMER UM, acetate 37 mEq/
L, 39 mEq/L OEFE N FITiZ hyperba-
semia 7B 5DONTE 2,

5) Dl EXDEHIBE2EF16HEER T,
acetate 35 mEq/L 2 & UERKEERT 20
PBERXTEHEOE,P OEOEZT LN EFLTH
5.

BEkdichicb, KIECESE, ML S
T LB PEEE B L X D E# N LE T,
X OEEIFI2E B RKE SRS E L U5
B A ABREHNZERIITTRR U,
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