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STUDIES ON ACID-BASE BALANCE
IN MAINTENANCE HEMODIALYSIS

PART I. CHANGES OF ACID-BASE BALANCE
IN THE COURSE OF HEMODIALYSIS

Osamu Tapo

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

Acid-base balance was studied before, during and after hemodialysis on four patients on
the maintenance hemodialysis with the Kiil type artificial kidney. The patients were divided
into two groups, Group I (one 8 hours dialysis per week) and Group II (two 8 hours dialysis
per week), according to their 24 hour urinary volume.

1) Blood pH: Both Group I and II showed some alkalemia at the end of hemodialysis,
Group II being more remarkable than Group I. Comparison of blood pH of the inflow and out-
flow side did not show difference. After hemodialysis pH gradually decreased but remained
within normal range even 12 to 48 hours.

2) Pcoy: During hemodialysis it showed very little change. After hemodialysis, it
gradually increased and reached the highest value in 6 hours followed by gradual decrease.
Hypocapnia was striking on the outflow side compared with the inflow side.

3) Actual bicarbonate returned to the normal value at the end of hemodialysis, but
somewhat slowly in Group II. Hypobasemia was remarkable on the outflow side.

4) Base excess was corrected at the end of hemodialysis both Group I and II. After
dialysis, it gradually decreased just as actual bicarbonate did. Hypobasemia was still striking
on the outflow side.

5) Hemodialysis using dialysate containing 33 mEq/L of acetate did not result in the
sufficient improvement of acid-base balance in some cases. This fact suggests composition

of dialysate has to be changed by case for the better acid-base balance.
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5%, 1933¢F iz~ ) v OMALAIAIRE & 75 - TR
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ICREN H-7cD T, COBRERER BHETED
TREME DS S 2 BEBRE, BIRAIL S0 ArEEyh
#, FHEEELSSIKBEIN T, &2 AH19604E
Quinton 5* s EHAMIRRETRES B IRIEEE silastic
teflon arteriovenous bypass cannula ZE2 1,
ZhEFI B L Scribner 5% QRGREYMMIEENTERE
DOFRICX D, BUEBRERNEE T 2 EHMK
FHEENTREIC I - 7D TH 5, HKBIBOTH
19674F i Kiil BIAT B2/ L CIugsii =6h L
TEeEFIC/z 205, COMicER, HERMEER

BT I -T AFICDNT, MESTEERRcET %

BEFEPHOEEEERL, ETOoMREEOTHR
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MENRE LCHRFE

IERKREESEIABRRMRER ick LT Kiil 2
ALK ORY, BROMESITRESBCE-7
#1200 E D MIEENTIC S0 LCHENRL BHihBLU
BHTR T B OMBEEFE B LT IL meter jzk b
Mo pH, Pcox ZHIEL Siggaard-Andersen o
nomogram® ZHF\ T actual bicarbonate, base
excess ZHIE U/, FEAIRIEHREREDEE K
L O ABrieiREAt 500 ml/day ZIEDd D%E 1 8
BB EE (DIF Group I XHEREEY) &, AR
& 500ml/day BIFO$ % B 2 matl e
(LI'F Group II SWEEET) oo THE Lre, TEE
Ebic | HRED S BE LT KGERED HIR L,
EHE1BEESD 1g/kg, BEH18 bg, BHE
& 2,000 Cal oAFRELAKRCEL -1 bDTH
5.

iz 2B dialyzer ¢ inflow side (arterial
side) & X} outflow side (venous side) oS Hy
2ml QIEABR L, b ohiehitbainlre.
Riftich e > THEZOBU LW AR L, i
#E (ZEHE) £ 3°C KRbBmE bk 1L
meter THIZE L.

EFOBRIUC DWW T REREEF T 2 0%k
Wi,

M BT A D BRIRE V£ —K 2CE
(acetate 33 mEq/L) AL, ZFo#kiz Table 1
ICRT T ELTh 5.

® &
1. &Ekr22o Inflow side (arterial blood
side) 7p B A 7o MKERIRE T O REHE

a, IMyEENT R OBIEE P OEFIC DN T
1) M pH: Group 1 TiZEMET 7.366+0.041
TH - 7o DD FENTBEE 2 T, 7.410£0.042 &1E

Table 1. Composition of dialysate.

Component Milliequivalents per liter Grams per liter Milliosmoles per liter
Sodium 129 129
Potassium 2.5 2.5
Calcium 3 1.5
Magnesium 1.5 0.75
Chloride 104 104

Acetate 33 33

Dextrose 3 17

Total - 273.0 3 287.75
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HEERL, HEOREEESK PH ZEAL, 8
B O THFICIE 7.47220.032 &% alkale-
mia OEMERLTY S, Group II TZENETH
7.41940,031 LEFEELZ RLTO S,  8KFHH
FYHCTERTIE 7.510£0.025 & alkalemia H33F L
<, COEMZENEES B CAPOHE LTS
Ti5 (Table 2, Fig. 1),

Table 2. Changes of arterial pH during hemo-

dialysis in Group I and II. (#=30)
After start of dialysis Group 1 Group II
before 7.366+0.0417.419+0.032
2hrs 7.41040.042|7.45640.028
4 hrs 7.442+0.032/7.4814£0.027
6 hrs 7.461£0.0327.50 £0.025
8 hrs ]7‘472i0.0327.514i0.025
(Mean+S.D.)
7501 —% _________ 4} ---- v%
745} -
Arterial
oH
740 *+—e Group I
00 Group I
735+
o 2 4 6 8
Hours of dialysis
Fig. 1. Changes of arterial pH during hemo-

dialysis in Group I and II.

MyEBERFiRIcE T 2MEOIMEOEEE, BUN,
creatinine A ¥4 3 & (Table 3), MmE® Na, K,

Table 3. Pre- and postdialysis serum electrolyte
concentrations in Group I and II.

(n=30)

Elecirolyte ‘ Group 1 Group 11

Pre | 138.1+ 5.2 137.4% 3.3

Na  (mEq/L) {Post 135.44+ 2.1 134.5% 1.9
Pre 6.0+ 0.8 6.5+ 0.9

K (mEq/L) {Post 4.0F 0.6/ 3.6+ 2.7
Pre | 100.9+ 6.9 96.7+ 5.3

Cl (mEq/L) {Post 99.0% 3.2 95.0% 4.9
Pre 4.5+ 0.4 4.7+ 0.3
Ca  (mEq/L) {Post 4.7+ 0.5 5.1% 0.4
Pre 9.474 1.1 7.8+ 2.5

P (mg/dD) {Post 3.9% 1.0, 3.5% 1.1
Pre | 104 +27.9 91.7+20.2
BUN  (mg/dD) {Post 33 +12.7| 34.9% 9.6
Creatinine {Pre 17.9% 8.7) 17.6% 3.9
(mg/dl) (Post | 6.7+ 3.1 8.8+ 2.5

"(Mean+8S.D.)

My (1) 993

Cl iz EIidmBETH F E|RBvDS, miE P, BUN,
& creatinine 723 & @EVTEHEIGZ Group II iTH:
UT Group I 8V EEZ RLTWVS, T EL
E&EHio Group I &B2EEHT® Group II &
ST EL, BPRHHEENIEERCETLARKRETHI 1D
Group I % Group Il X ORENRZNEVSIC &L
D EBNEROESRABYERDOEE SO Lch
DEEZLNBE, ElRoc & BREEERNO MK
pH #% Group I {2 acidemia it T 3Dl
LT Group Il TRIEFHHENICHZ L IWED
£, FRRICE 1 EIBENTEE 2 HEFT &V D RICHE
Licb D LHEEINS,

2) Pcoz: Groupl, II & &1 BERTHIHKEZE L Peo:
RBEzNZ EOENERITIZIZEERETDH - 7205
Group 1 TIE¥EH 32mmHg Th-7oiwL
Group Il Ti3FH 26 mmHg @ Pco; 2R LUTH
HRic 2243y, hypocapnia {3 Group II i3
B Ldd o 72 (Table 4, Fig. 2),

Table 4. Changes of arterial Pco; during hemo-

dialysis in Group I and IL (n=30)

After start of dialysisj Group 1 Group II

before l 32.2+4.6 25.0+4.3

2hrs 32.1%t4.1 25.1+3.3

4 hrs } 31.5+14.2 26.51+3.4

6 hrs 31.4£2.9 | 26.8+3.2

8 hrs 31.4+2.9 | 26.8%3.2

(Mean=*S.D.)

20 Group T
Arterial

Pco, 30

mmiHg

s Group [

0 2 4 & 8
Hours of dialysis

Fig. 2. Changes of arterial Pco, during hemo-
dialysis in Group I and II.

3) actual bicarbonate: FJITHKTE:ZIT Group
[ I EHEFERICEESIRTO S, Group II
Ti3$% hypobasemia -~ TH D, BWTHIOMS
Group I <2 17.9+24 mEq/L, Group Il i3
15.74+2.2mEq/L & Group II ©iF5 A3 hypobase-
mia DRENE -7z (Table 5, Fig. 3),

4) base excess : actual bicarbonate X [E#E
Group 1, Il & & BN THEICIE hypobasemia [
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Table 5. Changes of arterial actual bicarbonate
during hemodialysis in Group I and

I1. (n=30)
After start of dialysis Group I Group II
before 17.9%£2.4 15.7%2.2
2hrs 19.84k2.7 17.1%+1.9
4 hrs 21.04k2.5 19.24-2.2
6 hrs 22.1%2.2 20.2+2.1
8 hrs 23.0%+1.7 | 21.3%x1.9
(Mean+S.D.)
25t
Arterial
actual
HCOs 20 -
mEq/L T
. L -------- +—e Group I
IS’- ] o= Group 1
o 2 4 3 s

Hours of dialysis

Fig. 3. Changes of arterial actual bicarbonate
during hemodialysis in Group I and II.

BEINTERHEMICS &> T 388, COBEMmIZE

ViBEi: AR TBEbNT T3, BMKTHIE

Group I (3 +0.4x1.2mEq/L, Group Il  —

0.38+1.7mEq/L LIZIZFEDEER L7z (Table 6,

Fig. 4).

Table 6. Changes of arterial base excess during
hemodialysis in Group I and II.

(n=30)

After start of dialysis Group I Group II
before —6.1+2.5| —7.1. £2.1
2hrs - —3.7+2.8| —5.2 £1.9

4hrs —2.0%£2.4 | —2.8 £2.1

6hrs —0.6%+1.9 | —1.7 £1.8
8 hrs +0.4+1.2{ —0.384%1.7
(Mean+S.D.)

+5¢f
Arteriail °© et ‘%

base
excess

- mEq/L =3

s Group I

o--0 Group I

0] 2 4 6 8
Hours of diglysis

Fig.'4. Changes of arterial base excess during
hemodialysis in Group I and II.

b, MEBITR T R OMKSREEEOZEBIC DN
<

MEFENTIc L v acidosis Tk HEINTL 225,
LB T HREDL HIKENT 2 REKDS 5
LA TH D, EFBMEBITRT oM EFHE
B 5 EFIC DO TRERBIICAIE Uz, W%, Hi,
BITEMAREARO LB 0T, 8RS 2,
4, 6, 12, 24, 48R HDEF%ZERK L/ (Table 7,
Fig. 5),

1) Ik pH: 8ERIBITIRTR: pH (2 7.499 T
H o 1D OB & & ITHRBAER L, BT
THRIZKHH T 7.420, 24F5[H7% 7.40, 48 7.387
EBERBIOME 7.380 ILESVWTE TS, B TS
6 ~12K5f % TORP I HBHF N X S iIcBb 3.

2) Pcoz: Peop i TRBITHE LOEE
B ONKI o 7cdS, BT R 31.9mmHg T&H - 7z
b OIENTHET 2 4 KR T 32.4 mmHg, 6 KEkic
i3 34.0mmHg EHEEMEERL, 12BHE&RICIE 33.2
mmHg & U7EZ0icidd UT48K5 4 ic i3 32.7mmHg
Lish, FERFIOEIGESOTE T2,

3) actual bicarbonate: BT THRREEOR®E &
EBICBYERLTH B, pH oA ORBLD b
EL, B THOFEET 22.1mEq/L &b, W
BRI ER UL,

4) Dbase excess: actual bicarbonate X [EREEMT
RTHOBDIZW 200T, BITR TR 2 RREHERS
P& T &2 ZREER L, SIETH2U4HB LT
A8 TENnEN —3.6mEq/L, —4.52mEq/L &
hypobasemia 2 &/729 X 51 ->TL 3.

c, /N

acetate % 3I3mEq/L LB K EZAHNT
RGBT & T Lo, BRI UBIRTHROBRKRNE
BNC oW TBRIE AT A RE Le. ¥ pH o
Tt Group 1, II & &REROBIAITHEITBIREREL D
LRAERL, BFETENCIIT LA alkalemia @ff
A LN, FORER Group II OIF 585,
F BT B 5 alkalemia FHKROWERZE S,
BT H 6 HEBRITZZEEFHEFEICSE-TET
5, Pco, 3BITRIB TERREMIRETICHE
WRETH - 7208, BITRTHRLEVICERLT6RHE
BERRBEELTRL, DY 30h TRELE S
7z. actual bicarbonate 3 X U base excess & &
b {wFEEINDH, BITKRTHICIE byperba-
semia OEMDIA Sz, BIETHIZHORESE -
EDICBL %R L, base excess [ZBITHE T 524 K5
¢ —3.6 mEq/L & hypobasemia % &7z LT 5,
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Table 7. Post-dialytic changes of acid-base data in five studies.
Pre- ghrs of Post-dialytic period
dialysis | dialysis 2hrs 4hrs 6 hrs 12hrs 24 hrs 48 hrs
7.345 7.459 7.470 7.460 7.420 7.415 7.380 7.350
7.380 7.485 7.455 7.435 7.445 7.435 7.415 7.410
pH 7.430 7.540 7.520 7.480 7.445 7.440 7.435 7.430
7.327 7.426 7.445 7.435 7.430 7.380 7.3%0 7.330
7.420 7.520 7.485 7.420 7.440 7.430 7.420 7.415
35.5 34.0 33.6 33.2 37.5 36.0 38.5 38.0
34.0 37.0 33.6 35.5 38.0 37.0 36.0 35.5
Pco, (mmHg) 24.5 26.9 24.9 27.0 30.5 29.0 27.0 24.1
38.4 37.3 34.0 34.0 34.0 34.9 37.6 38.0
r 22.7 24.5 26.6 32.5 30.0 29.0 26.0 28.0
18.8 23.6 23.5 23.0 23.5 22.6 21.5 20.3
19.5 27.0 22.6 23.2 25.4 24.2 22.7 22.0
HCOs; (mEq/L) 15.8 22.6 20.0 29.4 20.5 19.0 17.5 15.7
19.3 23.6 22.9 22.3 22.0 20.1 20.0 19.5
15.4 19.8 19.9 20.5 19.9 19.5 17.2 17.5
—5.6 +0.6 +0.5 +0.1 +0 —1.0 —2.9 —4.0
—4.2 +4.0 0.2 +=0 +2.0 +1.0 —0.9 —1.6
B.E. (mEaq/L) —6.9 +1. —1.5 —~2.8 —4.0 —4.5 —~5.0 —6.8
—5.4 +0 —0.1 —0.9 —1.3 —3.9 —4.5 —5.1
—8.8 —1.6 —2.1 -2.8 —3.8 | —3.9 —5.1 —5.1
| |
7501
pPH 745¢
7401
34t
Pco -
mmHzg 32p
30+
Actual eer
HCO; 20
mEg/L 18
O_
Base -2t
excess
mEq/L. ~4r
_6_

Pre- O 2 4
diatysis

s

12 24 48

Hours of post-dialytic period
Fig. 5. Post-dialytic changes in arterial pH, Pcos;, actual bicarbonate and base excess in

five studies.

2. ZEEo inflow side blood & X ¥ out-
flow side blood DOERIEESEHICDINTO KR
RS

MEET R OISR FERIEICE, —iic inflow
side pOEMEIN TV AED, 4O outflow side i
B & Rk Bl L, - Wi O BRIFESEE %2 HBHRET L

7o, MABBICHEREBERAEET, Group I, 112
DNTIEIOEEEL 18- 72,

a, I pH: Group I Xt Group II ¢ in-
flow side, outflow side oifijk pH 1ZFEEIOFE &
Léic alkalemia QFHCES, £ OEGITIZHEEE
TEMOZEIZFERD bhish - o (Table 8, Fig. 6,
7.
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Table 8. Changes of acid-base values during hemodialysis in outflow and inflow side

blood. (n=13)
After start Group I Group II
of dialysis Inflow side Outflow side Inflow side Qutflow side
before 7.3414+0.043 7.3454:0.051 7.415+0.034 7.413+0.031
2hrs 7.3774+0.027 7.38340.022 7.45240.029 7.456+0.036
pH 4 hrs 7.4311+0.024 7.431:£0.030 7.477+0.027 7.477+0.033
6 hrs 7.45440.023 7.453+£0.024 7.481+0.055 7.494+0.033
8 hrs 7.4641:0.025 7.456+0.024 7.52140.031 7.519+0.035
before 33.7%+2.2 18.5+2.9 26.5+5.0 - 15.942.5
2 hrs 34.1+2.7 18.743.4 26.34£3.7 16.7+2.0
Pco, (mmHg) 4 hrs 33.7+4.0 17.74%2.5 27.144.0 17.1%2.9
6 hrs 33.4+4.1 19.514.4 27.4+3.8 17.7%£3.0
8 hrs 32.7+1.7 18.4+2.3 27.5%£2.9 18.0£3.4
b%fore 17.6%+2.2 9.6+2.1 16.3+2.9 10.04+2.2
2hrs 19.4+1.0 10.8£1.9 17.84:1.8 11.441.5
Actual ngO;/L) 1hrs 21.8%2.3 12.0%1.9 19.1%2.0 12.1%2.1
6 hrs 22.8%x2.0 13.5+2.2 20.842.3 13.141.8
8 hrs 22.6+2.2 12.74+1.9 22.543.0 14.31x2.0
before —6.6%2.3 —14.0+2.2 —6.5+2.8 —12.8%2.4
2 hrs —4.5+1.0 —12.442.1 —4.64+1.7 —10.7%1.8
Base e’i‘ff‘Esq/L) 4hrs —2.4%¥1.2 —10.542.0 —3.1+1.7 —9.9%0.6
6 hrs —0.2+1.5 —8.5+£2.2 0 +3.6 —8.341.8
g hrs —1.3%2.2 —9.3+£2.2 +2.84+3.4 —8.0k2.6
(Mean=*S.D.)
14 mmHg &ML L. Group I CHREEED
750} ERbEbNTE Y, inflow side jCHEE LT 8~9
2 S | mmHg B outflow side CEMEEZRLL. LhL
Art::al ML bic ouiflow side THEFTHIBROMEEHE T
740} _ .
i, BIFIZEEEREEZR LTz (Table 8, Fig.
735 +— Infiow side 8, 9).
o--0 Qutflow side . .
¢, actual bicarbonate : Group I, II 0% inflow
. A {; {; side #5 & U outflow side ¢ actual bicarbonate |2#%
0 2
Hours of diolysis RBICIBIER LT3, WIho$B4d inflow
Fig. 6. Changes of arterial pH during hemo- side l[c il LT outflow side OBIEEIZIEL £D
(élalySlsI in outflow and inflow side of 3.3 8~9mEq/L jz32 L, hypobasemia @it
roup 1. .
e LI - o (Table 7, Fig. 10, 11),
d. base excess: actual bicarbonate X [ZIFFE U
s N | HEAETN S, $ibb Group I, II £ inflow
A';jj“ a5t . A side TIRBITHKTKicZ hyperbasemia (278 - T

s—s Infiow side
o0 Quifiow side

0 2 4 5] 8
Hours of diaiysis

Fig. 7. Changes of arterial pH during hemo-
dialysis outflow and inflow side of
Group II.

b. Pcos: Group I, II &% outflow side DffiZ

FELLEMEERL, Group I o outflow side T
18~19 mmHg, inflow side i 32~33mmHg X

345, outflow side 25 T3 hypobasemia AR 1L,
B THICIE Group I, II &4 —10~—9mEq/L
T&H - Jc (Table 7, Fig. 12, 13),

e, /N ¥

Group I, II * % inflow side TIIZEFR{OD aci-
demia {ZBHH& THiCIE alkalemia QEEIZRLT
%1, actual bicarbonate, base excess T & BT
THFIC X hypobasemia K BE I T, —7,
outflow side o i3I pH 2 inflow side &
B U ER Uiz & adpdo 577, actual bicarbona-
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[\Infl{ow side

et

o 2 4 6 8
Hours of dialysis
Fig. 8. Changes of arterial Pco, during hemo-
dialysis in outflow and inflow side of

351 | L
1

Arterial 207
Pcoa
mmHg 251

iy

Group I.
30t T
Arterial 25
Pco. Intlow side
mmHq
20 {) 4}
15F % """"" {) ------ %
Outflow side
(_) 2 4 6 8

Hours of ‘dialysis

Fig. 9. Changes of arterial Pco, during hemo-
dialysis - in outflow and inflow side of
Group II.

255

20

Arterial
actual
HCOs IS

mEq/L.
10

o} 2 4 6 8
Hours of dialysis
Fig. 10. Changes of arterial’actual bicarbonate
during hemodialysis in outflow and
inflow side of Group I.

20
Inflow side
Arteriol
actuat
HCOs 15 T e
mEq/L » ,_-..----'%'"
’__.%-"‘"' Cutflow side
10 -
(o] 2 4 6 8

Hours of dialysis
Fig. 11. Changes of arterial actual bicarbonate
during hemodialysis in outflow and
inflow side of Group II.

oF
Intiow side
Arterial "o
base
excess e ——
mEq/L =IO __,}-—-"
e % Outflow side
-|5..
o} 2 4 [ 8

Hours of dialysis

Fig. 12. Changes of arterial base excess during
hemodialysis in outflow and inflow side

of Group I.
OF
Inflow side
Arterial _5
base
excess 4%_________
mEq/L -10 i %’ _________ %,—"‘
SL"-“-' Outflow side

o] 2 4 6 8
Hours of dialysis

Fig. 13. Changes of arterial base excess during
hemodialysis in outflow and inflow side
of Group II.

te, base excess |2 hypobasemia *77 - TWT%
OREZ EDONLD -7z, Fih Peo K20 ThH
inflow side iz 33 mmHg & - 7-DicwtlL, out-
flow side T}z 18~19mmHg & hypocapnia H33
LS, Z0ERKED K

% 12

Henderson Sim#RHARGA A VIBE L REA 4~
BERE LN LEBEEVHEPATRE o
CENREASNEL IR -TERH, B BEEOE
38| Bronsted” & Lowry® €% {3 proton donor
(H+ donor) %@ (acid), proton acceptor (H*
acceptor) %X (base) LFRL, MEMICIE>EFD
& D ISEE LT .

BeH A :

3o KB OREEPEICHEEEAOEN: 5 Tk
74

CHA=K X K+ Bl

&gy, log 25T

pH=pK’+Iog%{:’_§ij

PK’: BROMREERRE



998 HF | BREEEPE « st (1

72D, THEERBRERICOVTASE
H,CO;2H*++HCO; ’
pH:pK’ﬁ—logEggg&%
KRB BX I2EN, hdFELY Henderson-
Hasselbalch 375 5.
BEERLERE TR BELDo HY 0Bl Us 5
BATIND, ERRTO HY ofp@EssEL, ER
DN I T BEETEREE XL, @
_acidosis 7o THOHNTL 3. 4, FEFRM
VOB IC & A EMEE P RE ORINZE S 5 ERK
L7z T 35, —RicImiE Bk mph oR#E
#1cdH %5 BUN, creatinine 71 X 0kE, K5, BHE
BREHORES X CBREEFH OWE KERL B
NT 3, .
FAHE R I B L C DI IR 0 4 ORRETE
MEZSATVBED, WERZIEEAEELTV S, T
LHRFE2ERT 2508 LT Peo: 22018 LT
32 FIRIMERRNELTEHY, RHERTFoRE
IR SAPICDNTIR L O MENS 300, €
e B AN ST ZMEETHORBERTFORA
13 Astrup 51 ¢p standard bicarbonate H 3 i3
base excess @, i3 COs-titration curve s in
vitro L in vive THRIU EWVWSIREDS LITHRILL
T3, UL Schwartz SizzhicxtL in vivo
TR acidosis OFBEk Peos s 3 bicar-
bonate OENAS in vitro X FEEIDL, in
vitro ¢ Astrup 6OV S X S HERELICRNC E
AP Lo, L LEMEREEED Pco: i
30 mmHg i T 572, Pco. #3 60 mmHg DLk
TN E XL in vitro & in vivo TP COq-titra-
tion curve @E‘ENRDIENC Lk, RBUERFOE
iz base excess 2y, ¥ 5z Siggaard-Ander-
sen (» nomogram %A L THERNICIZE Lok
AN &S Astrup OERICH - T actual bicar-
bonate % Z 1 THE L 7.
WEFHEIC DN TR OB 37°C &E 45
N2PBUET 52 TIRNBEOBALEHI R Y,
RAMEO MPBIRE IR LIELS 155, Licds»
TEMFERICIZRES 37°C G bREEMcE 3 pH,
Pco, QEEEDIITHESBAT 2OBEEZ LA,
COBEWLS EBM SHESL TORKBEIRTE 2K
BOEYBEODRERBEAA, HIBIKII->TRIN
S50E%Lw 5 BAKEBRLUTHET LATNIER S
V. E BRI BASEBEEROTO 20, T OERTE
CESHRL BN E S ICT 5 & & b IkEEIcH

BT 5 XEND B, ZOMBEHETO HEKKIZ blood
line » OEEEME T RMT 5720, TS
EEEERICmEERE LESRoRE g Tk
B L7:Z85% blood line Wich & L, EAEHOIRE
FEFOBU GRVIETHE /- LTHrSHED DD
BRlIZEHB 18D X3 NEE ORICHEZERI T &
127z, blood line HMZ25 13 air bubbles catcher
THEINS, T RIEBITC IO L TRENMERD
7B FTTIR A2 YO REN BZbh T30
T, BRI A~Y YENZ I EHEEERT 2058
13754, UZedi-T 2ml OmERIIcBOTH A~ ¢
V) vizk BIMEFRR OB IRIBRAT 22 & 3TE 3,

MEENIC X 2 REE L, HRERGE 2T
acidemia DIREEIRYE XN, BITRTEIKRID LA
alkalemia j£7; > T %25, Group I, II AHEd
niZzoEEZ Group II 9iE»>»EFLL, pH o
BBIES Group I TREFHBIH-TELE
EZNEHROEREBWVAL S, Group [, IT 0&ERE
Bx ko BUN, creatinine Z@#aie chiEdhid,
BIRETIRELE A X innDS BUN, creatinine 73 &0
RBEHOEREZ Group I @EHIBEL, Ui
< Group I, Il @ pH ZHEE L7784, Group !
TR acidemia 3AShtzpicX L, Group II
TREEFHIZEET - TV BEHBCORICE I
Bbhis.

Pcos [t Tix Group II i 54 Group I Xk
Y 5~6mmHg EEAR LTV, Group II TR
B TIHCI pH 13 7.51+0.025 & alkalemia
%~ L, actual bicarbonate ¥ X ¢} base excess |
21.3+1.94 mEq/1.,, —0.38+1.7 mEq/L LHEIN
TWW5DS, Pcos }Z 26.843.17 mmHg > hypocapnia
B 5 L hyperventilation iR LT/,
z NI BT T %% bicarbonate concentration 3
EECEESTVBIch b 5d, hyperventila-
tion RHE SN TN END BEROREIC —E T
BHDTH B, Figdh B MEENR TR i3
Witk alkalosis 24£5 ¢ X 2BIHET 260T, ZOA
12B3 LT Rosenbaum 520 [ZiBEITHR T 4 24RF &8
LT# alkalosis IREENFED SN EBWMELTH
3. ZoOXSIEET #icmiE pH, bicarbonate
concentration ASIEFEHF B 20 RPPEMEERLT
WEDIEEL, Peo, SBHTRILAL L ~vicdh b,
iR & UTREME alkalosis AS7E7E LT 2RI
SMTIND, ZoffEd L blood brain barrier
x4y L7z bicarbonate BATOIRELIC X 5 LIRS
T3, §bbmmiE pH X0 bicarbonate ZEH];
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DEIE~DOFTIE blood brain barrier d7-9»iE <,
Strihou &2V [F24B5fH#8IC ik bicarbonate *#4Y%
bicarbonate AOEHERERICET 2 EBRTIE, -
1Z5 CO: iZ blood brain barrier 2z Tt 5
B § AP0 BITT 50T, S fiko
pH, bicarbonate |31f1#% pH, bicarbonate pEEyIC £
- TELERE 20 Peoy (21213 IMHE & 45 LT -
FERT. Uledi- THIK Peo. @ RH I35 pH
ET%EE, hds hyperventilation Zi8c 4E
HEZZL SN TN 322,

BB Group I, II jz hyperventilation
DENTE DI, Group II Tj3E2 BEHFORD
i pH @R 6 EEEHICH D, B TR
iCiF alkalemia 25% 6bNTL 3. < OBAMmik pH
DEFEESEBRICIIBITICED Peo, 0 ERGE
A 5N, TNIEEER Pco: @ EFICD7gh ) hyper-
ventilation PEIICEESIN 2720, Ififk Pcos @
EFEWSBZD Group 1T TR#EL ot
2HDEEZBNG,

BT % OBEEEENC DTl pH, actual
bicarbonate 5 L ¥ base excess |ZRIOREE & &
WD LR 25520, W NOBE T H12~24861%
ERSEHICEEE-TEYD, DBELCEBLERT.
LU Peor [T @imik THR X OFIKR EH L 6 ~12
KHETEEEEZR L, DOTLUENICTRT 2. i
{2 blood brain barrier @ 7% &E#® bicarbonate
DB B, BIHE THER % 1 BEAIC bicarbo-
nate ZMEMNT 2 720ERIN Peox Z LW IRED%
KU, DT ventilation %] X ik Pcos st
mszs0sEXON3.

MEEITIC S0 LTHENTZ80  inflow side BXU*
outflow side X DM L CBMIERTFHEHLHRITLTA
3%, pH T2 inflow side, outflow side X%z
FIFREUEE ) alkalemia OFAER UEEICE
LWERRD NG -T2, L Lighsd Peo icD
WTHBE Group I, II & 4§ outflow side |3FEL
ARWEZIR Ui, T NIRRT B8 i< ik
oy CO, DUREDBHEL, o Peor DETAEZ X
7elicdbD&EEZ LN 5.,

actual bicarbonate, base excess [ZDI T4 out-
flow side 33 L\ hypobasemia =R LTHY,
S E &SP Lo LT 245 inflow
side JHBIINIEZOERFRE LY., CoFERR IL
meter ¢ pH, Pco, Z % L, nomogram ¢ bicar-
bonate, base excess ZEE Ui/, ZEEEAT
DEALEHRIE S UTIER &/ nomogram ¢, AT

HRR(EEINA 7R % CNTEE Lk fodbicii T B8
EHT, RERICRBENTE TR bicarbonate DIRK 235
Yy ic Na-acetate ISBNT D 5B S NERITIT
WHEBLICRE & T Na-bicarbonate g9 3.
ZDINEKAICIEN -7 Na-acetate 1mol | Na-
bicarbonate 1 mol jzZ{k L H* 1 fixE<C CO; &
H.0 lz3 g &2, [Fikic acetate pEfkic kb
200 Cal/mol =3 N F—ZET 2%, Lo Tl
WENTE BT 3 hid M bicarbonate i3WikIEing 2
DTHD, T@ bicarbonate OEIINT 2 BISIIBIT
#n® cellophane [K#%@® 3 % Na-acetate & Na-
bicarbonate DIEIC L - THhE 5 TL 3.

Z#1 acetate 2 33mEq/L jc&ls BIREEE
ALt L &BEEBt0TH 205 Bt
@ acetate BICHA LTI S5ICHREEET 250
T, T DFERIZE 2 RICBOTEN 3,

5

IKERE B A BREE WIREBRH BT
Kill MATEICK 2 BEPIMKERE BT Lk
BEEreBEE4AGIENRE L, B B
PELUENTBROBEEVEOES +#HE LT
LT OREEB, NEEFZUBEREICK
DiE 118 8 KefEENTEE (Group 1) & 38 2 HE
16isfEZETEE (Group II) 1o f.

1) Mg pH &2 Tid Group I, 1T & 3%
FITHR T RICET alkalemia OE@AERL,
ZORRER Group I itk Group II oiE 5
DD - 7z, inflow side LS outflow
side 250 RIMIC K 5 WBHEICENTHH
BEICEE LUOEZRZRED ONIEh - 2. BITK
THRIEIR 2 CTRER U, 12~48E51k 18
BEEHHEICEEE - T,

2) M¥EFEHH Pco, RNFNOBRETHE
BRI, B TRICEILIEVWEERLS
KB BEfEs R U Blgike 1T FR L7,
outflow side @iz inflow side T~ L
hypocapnia A&7z,

3) - actual bicarbonate 3BT TRICIZ
ERBEICHEED, Group II @5 200
EDEh 572, outflow side TR ZELWN
hypobasemia 253 & 17,

4) base excess [T Group I, 11 & &33BT
RTRCEEBICHEINTOIN, BHKT

B
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#%13 actual bicarbonate &Rk KRS %
A~ U7, outflow side T3 Li» hypobase-
mia BED SNz,

5 PlEXYD acetate 33mEq/L %435
WK TR ET L 2T Ul 4s, Eflick
> TRBEXEHEOELLZOREN e J 48
ATRNHDHBHD, cOECELTRERE
MRAB L CEL, BREEFEOHREL DD
PBERHBDT, ROV TEILILES:
MAE 2/ bL kNS,

KA Bicdhle, RIGTHRE, CREBDLDT
Lic P B BRIC R 2R EAE LT T

KX OB ZF11E B RERELRLIC B TH
L.
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