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ABSTRACT: In order to clarify the Influence of serum potassium, serum sodium and plasma 
angiotensin II concentrations on aldosterone release during hemodialysis (HD), six chronic 
hemodialysis patients were studied during HD with varying dialysate sodium concentrations 
and different buffers. Plasma aldosterone concentrations were higher during acetate than 
bicarbonate HD, during low sodium compared to high sodium HD, and were correlated 
inversely to serum sodium concentrations. The decline in plasma aldosterone concentrations 
during HD paralleled the decrease in serum potassium concentrations, and plasma 
aldosterone concentrations were correlated with serum potassium concentrations. In 
addition, plasma aldosterone and plasma angiotensin II concentrations were correlated 
significantly. It is proposed that serum potassium and the renin-angiotensin system are the 
main factors of aldosterone release during hemodialysis, while serum sodium per se seems 
to be of less importance. The dialysate buffer employed also plays a role in aldosterone 
regulation (via the renin-angiotensin system) (Int J Artif Organs 1990; 13: 32-8). 
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I N T R O D U C T I O N 

T h e regula t ion of a ldos te rone secre t ion has been 
the sub ject of va r ious s tud ies (1-3; rev iews of l i tera­
ture) and se rum po tass i um, ang io tens in II and se rum 
s o d i u m concen t ra t i ons , wi th A C T H , are w ide ly a c ­
cep ted as the main fac tors regula t ing a ldos te rone 
secre t ion both in norma l sub jec ts and pat ients wi th 
end-s tage renal d i sease . R ises in p l asma ang io tens in 
II and se rum po tass ium concen t ra t i ons , and p l a s m a 
A C T H , and dec reases in se rum s o d i u m concen t ra t ions 
and p l asma vo lume are k n o w n to s t imulate a ldos te ­
rone sec re t ion . T h e major t ransduc t ion m e c h a n i s m s 
are act ivat ion of p h o s p h o l i p a s e C , act ivat ion of a d e n ­
ylate c y c l a s e , c a l c i u m inf lux and c a l c i u m re lease (3). 

T h e a im of the present s tudy was to invest igate the 
re la t ionsh ip be tween p lasma a ldos te rone and se rum 
po tass ium, se rum s o d i u m , and p l asma ang io tens in II 
concen t ra t ions in relat ion to different d ia lysate s o d i u m 
concen t ra t i ons and d ia lysate buffers du r ing h e m o d i a ­
lysis (HD) . 

PATIENTS A N D M E T H O D S 

S ix pat ients with end -s tage renal d i sease were 
e x a m i n e d dur ing a regular 4 h acetate H D at one of 
four d ia lysate s o d i u m concen t ra t i ons (135, 140, 145, 
150 mmol / l ) and five of those pat ients dur ing b icar ­
bonate H D at the s a m e four d ia lysa te s o d i u m c o n ­
cen t ra t ions (each patient was s tud ied at one of the 
four d ia lysate s o d i u m concen t ra t i ons ) . In e a c h case a 
H D p rocedu re us ing the s a m e pro toco l wi th regard to 
buffer and d ia lysate s o d i u m concen t ra t i on was per­
fo rmed two days before the H D p rocedu re i nc luded 
in our s tudy. 

T h e mean age of the pat ients was 46.2 years (17-
66), and they had been on c h r o n i c H D treatment for 
2.7 years (0.5-7.0); the e t io logy of the renal fai lure 
was po l ycys t i c k idneys , pye lonephr i t i s or hyd rone ­
phros is . N o pat ient was bi lateral ly neph rec tom ized , 
and none rece ived ant ihyper tens ive treatment. 

B l o o d s a m p l e s were ob ta ined f rom the arterial l ine, 
before d ia lys is , after 80 min, after 160 min , and after 
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4 h of d ia lys is and concent ra t ions of a ldosterone and 
ang io tens in II were measured by commerc ia l l y avai la­
ble kits (Fa. H. B ie rmann Med iz in i sche Sys teme 
G m b H , B a d Nauhe im , F R G : C o a t - A - C o u n t A ldos te ron 
and J -125 Ang io tens in II). S o d i u m and potass ium 
concent ra t ions were measured with ion-select ive e lec ­
t rodes (Nova 1, Nova B iomed i ca l G m b H , Darmstadt , 
F R G ) . H o r m o n e and electrolyte concent ra t ions were 
cor rec ted for hemoconcent ra t ions , us ing hematocr i t 
as a measure. 

Dia lysate was prepared us ing dialysate preparat ions 
( P G S 22 (Fa. Fresen ius A G , Bad Homburg , F R G ) and 
8.4 % N a H C 0 3 for b icarbonate d ia lys is , Y108 (Fa. B. 
B raun , Me l sungen , F R G ) for acetate d ia lys is and 
dia lysate sod ium and potass ium concent ra t ions were 
c h e c k e d by direct measurements . Final d ia lysate c o n ­
centrat ions were: po tass ium 2.0-2.2 mmol / l ; sod ium 
135, 140, 145, 150 mmo l / l ; b icarbonate 31-35 mmol / l 
(+ 3 mmol / l acetate); acetate 35-39 mmof/ l . 

The H D procedure was as fo l lows: 4 h three t imes 
per week, b lood f low 250 ml /m in , d ia lysate f low 444 
ml /min (Cobe Cent ry 2000 Rx, C o b e Laborator ies 
G m b H , K i r chhe im, F R G ) ; d ia lyser: 1.4 m 2 sur face, 
sapon i f ied ce l lu lose ester ( C - D A K Art i f ic ia l K idney 
135 see, C D Med ica l G m b H , M u n c h e n , F R G ) . 

Stat ist ical ana lys is was done by Student 's pai red t-
test and the corre lat ion coeff ic ient. P values < 0.05 
were cons ide red stat ist ical ly s igni f icant and data are 
given as mean ± S E M . 

R E S U L T S 

Ang io tens in II concent ra t ion was 90.0 ± 9.9 pg /m l 
(n = 96) dur ing acetate H D and 28.9 ± 1.7 pg /m l (n = 
80) dur ing b icarbonate H D (p < 0.0001; range of 
normal values 5-15 pg /m l ; 63.6 ± 10.8 pg /m l for all 
va lues ob ta ined dur ing either acetate or b icarbonate 
HD) . Ang io tens in II concent ra t ions at different d ia lys­
ate sod ium concent ra t ions dur ing acetate or b ica rbo­
nate d ia lys is are set out in F igure 1 and were 
s igni f icant ly h igher (p < 0.001) dur ing acetate than 
b icarbonate H D at 135 and 140 mmo l / l , lower dur ing 
b icarbonate than acetate H D at 150 mmol / l (p 
< 0.001). 

Ang io tens in II concent ra t ions dur ing the cou rse of 
acetate and b icarbonate H D are shown in F igure 2. 
A ldos te rone concent ra t ion was 573 ± 60 pg /m l (n = 
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Fig. 1 - Plasma angiotensin concentrations during hemodialysis 
with acetate or bicarbonate at different dialysate sodium con­
centrations (means 4 SEM of all values obtained at all time 
points at a given dialysate sodium concentration and a given 
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Fig. 3 - Plasma aldosterone concentrations during hemodialysis 
with acetate or bicarbonate at different dialysate sodium con­
centrations (means + SEM of all values obtained at all time 
points). 

Fig. 5 - Serum sodium concentrations during hemodialysis with 
acetate or bicarbonate at different dialysate sodium concentra­
tions (means ± SEM at all time points). 
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Fig . 4 - Plasma aldosterone concentrations at four time points 
during acetate or bicarbonate hemodialysis (means ± SEM at 
all dialysate sodium concentrations). 

96) du r ing aceta te H D a n d 446 ± 62 p g / m l (n = 80) 
du r ing b i ca rbona te H D (p < 0.05; range of no rma l 
va lues 10-160 p g / m l ; 509 ± 74 pg /m l for all va lues 
ob ta ined dur ing acetate or b i ca rbona te H D ) . 

F igu res 3 and 4 give a ldos te rone concen t ra t i ons at 
different d ia lysate sod ium concent ra t ions and dia lysate 
buffers, and dur ing the c o u r s e of d ia lys is . P l a s m a 
a ldos te rone was s ign i f i can t ly h igher du r ing H D at 140 
m m o l / l (p < 0.05) and at 145 m m o l / l (p < 0.01) wi th 
acetate than with b ica rbona te ; the d i f fe rences were 
not s ign i f i cant at 135 and 150 m m o l / l . S e r u m s o d i u m 
concen t ra t i ons were h igher at h igh than at low 
d ia lysa te s o d i u m concen t ra t i ons , du r ing both b ica r ­
bonate and acetate H D (Fig. 5). 

S e r u m s o d i u m concen t ra t i on d e c r e a s e d dur ing a c e ­
tate H D at low d ia lysate concen t ra t i ons and inc reased 
dur ing b icarbonate H D at 150 mmo l / l d ia lysate s o d i u m 
concen t ra t i on (F igs. 6 and 7). T h e d e c r e a s e s in 
se rum po tass ium concen t ra t i ons were very s imi l iar 
du r ing d ia l ys is wi th both d ia lysate buffers (F igs. 8 
and 9). Desp i te these resul ts smal l but s ign i f i cant 
d i f fe rences were obse rved in se rum po tass ium c o n ­
cent ra t ion at low c o m p a r e d to h igh d ia lysate s o d i u m 
concen t ra t i ons (F ig . 10). 

A n g i o t e n s i n II concen t ra t i on was cor re la ted n e g a -
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F '9 - 6 - Se rum sodium concentrations during acetate hemodia­
lysis at different dialysate sodium concentrations (means; for 
reasons of legibility SEM is only given at 135 mmol/l dialysate 
sodium concentration). 

t ively with se rum s o d i u m concent ra t ion (p < 0.01) 
du r ing acetate but not dur ing b icarbonate d ia lys is . 
A n g i o t e n s i n II concen t ra t ion was a lso correlated pos ­
itively (p < o.01) with a ldosterone concent ra t ion 
du r ing H D with both d ia lysate buffers. A ldos te rone 
concen t ra t i on was corre la ted posi t ively to serum po­
tass ium concen t ra t i on (p < 0.01) and negatively to 
se rum s o d i u m concent ra t ion (p < 0.01) dur ing acetate 
or b i ca rbona te d ia lys is . 

M e a n vo lume removal was nearly ident ical dur ing 

acetate and b ica rbona te H D (2.15 L/2.10 L). 

D I S C U S S I O N 

S e r u m a ldosterone is elevated in most patients with 
end-s tage renal d isease. It is dependent on serum 
potass ium/d ia lysa te potass ium dur ing HD , a l though 
there are s o m e cont rad ic tory data, whereas little infor­
mat ion is avai lable on aldosterone regulat ion dur ing 
hemod ia lys is with different dia lysate buffers (2, 4-19). 

Th i s s tudy, l ike others, found elevated serum a ldo­
sterone concent ra t ions . Se rum a ldosterone was higher 
dur ing acetate than dur ing b icarbonate H D . It was 
a lso h igher du r ing l ow-sod ium than h igh -sod ium H D , 
when acetate not b icarbonate was emp loyed . These 
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Fig. 7 - Serum sodium concentrations during bicarbonate 
hemodialysis at different dialysate sodium concentrations 
(means; for reasons of legibility SEM is only given at 135 
mmol/i dialysate sodium concentration). 

buffer-related di f ferences in a ldosterone concentra t ions 
cannot be exp la ined by d i f ferences in serum po tass i ­
um concent ra t ions . The s l ight ly h igher serum po tass i ­
um concent ra t ions dur ing h igh -sod ium hemod ia lys i s 
might be due to minute d i f ferences in d ia lysate 
po tass ium concent ra t ions , a l though serum po tass ium 
decreased in a paral le l manner at all d ia lysate s o d i u m 
concent ra t ions (Figs. 8 and 9). If those d i f ferences in 
serum potass ium concen t ra t ions exert any effect at 
all on a ldosterone concent ra t ion , then serum a ldos te­
rone concent ra t ions ought to be higher dur ing h igh -
sod ium (assoc ia ted with s l ight ly h igher se rum potas­
s ium concent ra t ions) than dur ing l ow-sod ium H D , 
thus poss ib ly reduc ing a real d i f ference. 

T h e decrease in a ldos terone concent ra t ion dur ing 
hemod ia lys is with either acetate or b icarbonate and 
the posit ive cor re la t ion between serum po tass ium and 
p lasma a ldos terone concen t ra t ions con f i rm the major 
role of potass ium for a ldosterone regulat ion in patients 
with end-s tage renal d isease. T h e s e data are in 
a c c o r d a n c e with most Au tho rs (2, 8-10, 13, 15-19, 
23), but d isagree with the results of Ra tge et a l . (14). 
The loss of a ldos terone ac ross the d ia lyser membrane 
during hemodialysis seems to be of little importance (10). 

S e r u m s o d i u m concen t ra t i on , a k n o w n fac tor in 
a ldos te rone regulat ion (1-3), s h o w s no major d i f fe-
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Fig. 8 - Serum potassium concentrations during acetate hemo­
dialysis at different dialysate sodium concentrations (means; for 
reasons of legibility SEM is only given at 150 mmol/l dialysate 
sodium concentration). 
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Fig. 9 - Serum potassium concentrations during bicarbonate 
hemodialysis at different dialysate sodium concentrations 
(means; for reasons of legibility SEM is only given at 145 
mmol/l dialysate sodium concentration). 

rences du r ing H D with di f ferent buf fers and it thus 
p robab ly has no effect on a ldos te rone re lease in 
dif ferent ways du r ing acetate and b i ca rbona te H D . 
However , us ing the s a m e d ia lysa te buffer, p l a s m a 
a ldos te rone concen t ra t i on was h igher du r i ng low-
s o d i u m than du r i ng h i g h - s o d i u m aceta te H D (with 
ins ign i f i cant d i f fe rences du r ing b i ca rbona te H D ) . A 
cor re la t ion be tween se rum s o d i u m and p l a s m a a l d o ­
s terone concen t ra t i ons was s h o w n du r ing H D with 
ei ther aceta te or b i ca rbona te , thus con f i rm ing the 
k n o w n ef fects of se rum s o d i u m concen t ra t i on on 
a ldos te rone re lease (1, 2, 16, 20). 

B e s i d e s s e r u m po tass i um and se rum s o d i u m c o n ­
cent ra t ions , ang io tens in II is a major a ldos te rone 
regu la t ing factor (1-3). Du r i ng acetate but not du r ing 
b i ca rbona te H D the ang io tens in II concen t ra t i on was 
h igher at low than at h igher d ia lysa te s o d i u m c o n ­
cent ra t ions . In add i t i on the ang io tens in II c o n c e n t r a ­
t ion was h igher wi th l o w - s o d i u m acetate H D than 
l o w - s o d i u m b i ca rbona te H D ; this p rov ides an e x p l a ­
nat ion of the buf fer- re lated d i f fe rences in p l a s m a 
a ldos te rone concen t ra t i ons . However , there is no 
exp lana t ion for the rather h igh ang io tens in II c o n c e n ­
trat ion du r ing b i ca rbona te H D at 150 m m o l / l . T h e 
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Fig. 10 - Serum potassium concentrations during hemodialysis 
with acetate or bicarbonate at different dialysate sodium con­
centrations (means ± SEM at all time points). 

d e c r e a s e in ang io tens in II concen t ra t i on seen dur ing 
b i ca rbona te H D was not obse rved du r ing acetate H D 
and this p rov ides fur ther suppor t for the a s s u m p t i o n 
that ang io tens in II fo rmat ion rates are h igher du r ing 



acetate than b ica rbona te H D . The h igher rate of 

s t imu la t ion of the ren in -ang io tens in -a ldos te rone sys ­

tem is p r o b a b l y s e c o n d a r y to the vasodi la t ing effect 

of acetate (11; d i s c u s s i o n of l iterature) and the 

s l ower ref i l l ing of p l asma vo lume dur ing acetate H D 

(21). 

Grea te r p l asma renin activity dur ing acetate than 

b i ca rbona te H D , an actua l increase of p lasma renin 

act iv i ty du r ing acetate but not dur ing b icarbonate H D 

(11), and more stable b lood pressure regulation dur ing 

b i ca rbona te H D (12) have all been demonst ra ted. 

Igarashi et a l . (22) have s h o w n elevated ang io tens in 

" concen t ra t i ons before and dur ing H D in hyper ten­

s ive pat ients on c h r o n i c H D . The di f ferences in 

predia ly t ic ang io tens in II concentrat ions betore acetate 

and b i ca rbona te H D are thought to be due to the 

different d ia lysate buffers in ch ron ica l l y treated p a ­

tients, a l though the role of d ia lysate s o d i u m c o n c e n ­

tration and buffers on the interdialyt ic ren in -ang io ten­

s in-a ldosterone sys tem were not invest igated in the 

present study. Further s tud ies are necessa ry to c lar i fy 

the roles of different d ia lysate buffers in relat ion to 

different d ia lysate sod ium concen t ra t ions on in terd ia­

lytic regulat ion of the ren in -ang io tens in -a ldos te rone 

sys tem. 
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