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Abstract 
Introduction: Total dialysate calcium concentration has an important influence on calcium metabo-
lism in bicarbonate high-flux dialysis.  
The aim of the study is to investigate the influence of different dialysate calcium concentrations on 
serum concentration of ionised calcium and on the balance of total dialysate calcium. 
Materials and methods: A total of 20 stable aneuric patients on chronic bicarbonate high-flux 
haemodialysis with a frequency of 4 hours, 3 times per week with two different concentrations of 
total dialysate calcium (tdCa) were included in the study. Dialysis in the first session was performed 
with total dialysate calcium of 1.25 mmol/L, and at the next session with dialysate calcium of 1.5 
mmol/L. The serum concentrations of total and ionized calcium were determined before and after 
each dialysis session. The balance of total dialysate calcium was measured on the dialysate side. 
Results: Serum concentration of total calcium before and after haemodialysis did not show any 
significant difference in HD with a total dialysate calcium of 1.25 mmol/L (2.40 ± 0.19 mmol/L 
before HD and 2.46 ± 0.15 mmol/L after HD). Serum ionized calcium in HD with tdCa 1.25 signifi-
cantly decreased after HD (1.16 ± 0.09 mmol/L before HD to 1.08 ± 0.04 mmol/after HD, p < 0.05). 
The total serum calcium significantly increased after HD in comparison to HD with tdCa of 1.5 
mmol/L (2.40 ± 0.15 mmol/L to 2.65 ± 0.16 mmol/L, p < 0.05). The concentration of serum ionized 
calcium did not increase significantly in HD with tdCa 1.50 mmol/L (1.16 ± 0.08 mmol/L to 1.20 ± 
0.05 mmol/L). Average values of total dialysate calcium balance (gradient of diffusion between 
dialysate and patient) were negative in tdCa 1.25 (1.38 ± 0.08 mmol/L versus 1.48 ± 0.43 mmol/L), 
but in HD with tdCa 1.5 were slightly positive (1.56 ± 0.07 mmol/L versus 1.52 ± 0.07).  
Conclusion: The use of total dialysate calcium of 1.5 mmol/L is beneficial because balance values of 
total dialysate calcium are slightly positive, but serum concentration of ionized calcium stays in the 
normal range.  
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Introduction 
The impairments of mineral and bone 

metabolism are one of the most important cau-
ses of high morbidity and mortality in chronic 
haemodialysis patients. Hyperparathyroidism, 
adynamic bone disease, osteomalacia and ß2-
microglobulin amyloidosis are all conditions 
involving bone that may be observed in chronic 

haemodialysis patients. The main factors influ-
encing the secretion of parathyroid hormone 
are calcium, phosphate and vitamin D3. Haemo-
dialysis patients have disruption in systemic cal-
cium and phosphate homeostasis. Hyperphо-
sphataemia, low level of calcitriol and resulting 
hypocalcaemia are pathophysiological bases 
for the development of secondary hyperparathy-
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roidism. On the contrary, a low level of para-
thormon, excessive administration of calcitrio-
lol and high intake of calcium phosphate bin-
ders (hypercalcaemia) are responsible for deve-
lopment of adynamic bone disease and meta-
static soft tissue calcifications. Current guide-
lines recommend therapeutic strategies that are 
related to the application of phosphorus–bind-
ing agents, vitamin D analogues and calcimi-
metics [1]. However, in current clinical prac-
tice little attention is paid to dialysate calcium 
concentration. But recently, in a few studies, 
more connotation has been given in the measu-
rement of calcium balance during haemodialysis. 

Serum calcium is present in three diffe-
rent forms: ionized (about 45%), complexed 
(about 10%) and protein-bound protein (about 
45%). Ionized and complexed calcium compose 
ultrafiltrable (diffusible) calcium that passes 
through the dialyzer membrane under the con-
centration gradient and hydrostatic pressure (con-
vection). Protein bound calcium does not pass 
through the membrane, which makes it pos-
sible to calculate the complexed calcium con-
centrate in dialysate from the difference bet-
ween total dialysate calcium and ionized cal-
cium [4]. The former provide calculation of 
calcium balance during dialysis on the dialy-
sate site. No doubt exists that an inlet dialysate 
calcium concentration of 1.75 mmol/L leads to 
positive calcium balance, but this is contro-
versial with dialysate calcium concentrations of 
1.5 mmol/L and especially 1.25 mmol/L.  

The reason for measurements of calcium 
balance during haemodialysis performed by dif-
ferent concentrations of dialysate calcium, is to 
achieve a neutral or mild positive calcium ba-
lance, to preserve serum calcium in the normal 
range, to keep the level of parathormon (PTH) 
2–3 times above the normal values and to pre-
vent the appearance of calcification in soft 
tissues [1, 2]. 
 

Aim of study 
• To investigate the influence of two dif-

ferent dialysate calcium concentrations upon 
intradialysis calcium balance and serum cal-
cium concentrations.  

• To see what dialysate calcium concen-
tration can be accepted as standard, and opti-
mal for the majority of patients on maintenance 
haemodialysis.  

Materials and methods 
A total of 20 stable aneuric maintenance 

haemodialysis patients were included in the 
study. All the patients were free of clinical signs 
of cardiovascular comorbidity. The haemodia-
lysis procedures were performed using synthe-
tic (polyethersulfon) high flux membranes, ste-
rilized by gamma rays. Haemodialysis parame-
ters (blood and dialysate flows, individualized 
dialysate composition with respect to sodium 
and bicarbonate) were adapted to achieve opti-
mal urea clearance, ultrafiltration and acid ba-
lance. Every HD session lasted 4–5 hours and 
the frequency was 3 times per week. Serum 
calcium concentration (total and ionized) and 
phosphate in all patients were not significantly 
different before the sessions (Table 1). Asses-
sment was made in two subsequent HD ses-
sions, each made with a different dialysate cal-
cium concentration (dCa): dialysate calcium 
1.25 mmol/L (dCa 1.25) and dialysate calcium 
1.50 mmol/L (dCa 1.50). Before and after each 
HD session, blood samples were drawn to de-
termine serum calcium concentration (total and 
ionized) and phosphate.  

During the first, second and fourth hour 
of HD session, samples of dialysate were taken 
to determine total and ionized calcium concentra-
tion and phosphate, in fresh and spent dialysate. 
A twelve-lead electrocardiogram (ECG) was 
made before and after each session in all patients, 
and blood pressure (BP) and heart rate (HR) 
were measured every hour during the session. 

Statistical analysis was made using SPSS 
16.0 statistical software. Data are presented 
with mean values and standard deviations. To 
analyze the differences before and after dialy-
sis, a paired Student-T test was used.  
 

Results 
Post dialysis, total serum calcium con-

centrations did not significantly change in pa-
tients on dialysis using both dialysate calcium 
concentrations. However, serum concentration 
of ionized calcium significantly decreased in 
patients on dialysis using dCa 1.25 mmol/L 
(1.16 ± 0.09 mmol/L vs 1.08 ± 0.04 mmol/L, 
p < 0.05) In patients on dialysis using dCa of 
1.50 mmol/L, the concentration of serum ioni-
zed calcium remained unchanged (Table 1). 
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Table 1  
 

Pre- and post-dialysis values of serum electrolytes in 20 patients treated with dCa 1.25 and dCa 1.50 
 

Paramether  Before HD After HD Before HD After HD 
tCa mmol/L 2.40 ± 0.19 2.46 ± 0.15 2.4 ± 0.15 2.65 ± 0.16* 

iCa mmol/L 1.16 ± 0.09 1.08 ± 0.04* 1.16 ± 0.08 1.20 ± 0.05 
P04 mmol/L 1.82 ± 0.61 0.88 ± 0.36* 1.91 ± 0.57 1.05 ± 0.37* 

            dCa1.25                                                    dCa1.50 
tCa, Total calcium 
iCa, Ionized calcium 
*p < 0.05 
 

Average concentration of total calcium in 
the spent dialysis solution was higher in com-
parison to fresh dialysate when using dialysate 
with 1.25 mmol/L calcium concentration, indi-
cating a negative calcium balance (Table 2, Fi-

gure 1). There was no significant difference in 
total calcium concentration in fresh and spent 
dialysate when using dialysate with 1.50 cal-
cium concentration, indicating a slight positive 
calcium balance (Table 2, Figure 2). 

  
Table 2 

 
Concentration of dCa on entrance site (fresh dialysate) and exit site (spent dialysate)  

in 20 patients treated with dca 1.25 and dCa 1.50 
 

Paramether  Entrance 
(fresh) 

Exit 
(spent) 

Entrance 
(fresh) 

Exit  
(spent) 

dtCa, mmol/L 1.38 ± 0.08 1.48 ± 0.43 1.56 ± 0.07 1.52 ± 0.07 
diCa, mmol/L 1.06 ± 0.03 1.03 ± 0.04 1.21 ± 0.04 1.13 ± 0.03 
dcCa, mmol/L 0.32 ± 0.07 0.35 ± 0.04 0.35 ± 0.04 0.40 ± 0.05 
dPO4, mmol/L 0.08 ± 0.11 0.60 ± 0.45 0.06 ± 0.07 0.60 ± 0.28 

                dCa1.25               dCa1.50 
dtCa, Total dialysate calcium 
diCa, Ionized dialysate calcium 
dcCa, complex ionized calcium 
 

 
Figure 1 – Balance of calcium during HD with dCa 1.25. Total calcium concentration is higher in spent dialysate, 

demonstrating that there is negative calcium balance 
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Figure 2 – Balance of calcium during HD with dCa 1.50. Concetration of total calcium in spent dialysate which 
pointed to neutral balance of calcium 

 
The average concentration of ionized cal-

cium in fresh and spent dialysate did not signi-
ficantly change when using dialysate with 1.25 
mmol/L calcium concentration. When using dia-
lysate with 1.50 mmol/L calcium concentration, 
there was a significant decrease of ionized cal-
cium in the spent dialysate, indicating a slight 
positive balance of ionized calcium. Table 2 
shows an increase of complexed calcium in 
spent dialysate in HD sessions with a different 
dCa concentration.  

Phosphate serum concentration signify-
cantly decreased after HD sessions with a dif-
ferent dialysate calcium concentration. 

Phosphate concentration in the spent dia-
lysate significantly increased, but there was no 
significant difference when using dialysate with 
different calcium concentrations. 

During HD sessions using different dCa 
concentrations, no clinical signs of circulatory 
unstable conditions were detected. QTc intervals 
(Bazzet's equation) significantly increased when 
using dCa 1.25 mmol/L in comparison to QTc 
intervals when dCa 1.50 mmol/L was used [3]. 
 

Discusion 
Table 2 shows that complexed calcium 

concentration is higher in spent dialysate in 
comparison to fresh dialysate. Probably, this 

increase is due to calcium ions binding to a 
phosphate anion which are in higher concen-
tration in spent dialysate. Additionally, ionized 
calcium also binds to other anions, such as lac-
tate, citrate, bicarbonate and sulphate. Because 
of this, dialysis with dCa 1.25 mmol/L, where 
there is no significant difference in ionized cal-
cium between fresh and spent dialysate, and the 
total calcium concentration is significantly hig-
her in spent dialysate, the balance of calcium is 
not neutral, but negative (Table 2). That is why 
the assessment of calcium balance is calculated 
by the total, but not by the ionized calcium in 
the dialysate. 

In our study pre-dialysis serum values of 
two calcium pools (total and ionized) were in 
the normal range. Haemodialysis performed with 
1.25 dCa significantly decreased the concentra-
tion of ionized serum calcium (biologically 
active), but the balance of total dCa was nega-
tive. On the contrary, administration of dCa 
1.50 mmol/L does not lead to an increase in 
concentration of serum ionized calcium, while 
the balance of total dCa is neutral. These fin-
dings are of particular importance to the long-
lasting effects on parathyroid gland function. In 
fact, in a number of studies published it is 
shown that haemodialysis performed with low 
dCa (1.25 mmol/L) stimulates the parathyroid 
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gland and worsens secondary hyperparathyro-
idism and high turn-over bone mineral disease 
[5, 6]. On the other hand, haemodialysis perfor-
med with high dCa (1.75 mmol/L) leads to a 
positive balance of total calcium, increasing se-
rum-ionized calcium and suppressing parathy-
roid gland function. In our study, dialysis per-
formed with dCa 1.5 did not lead to changes of 
serum-ionized calcium, while the balance of 
total dCa was neutral, or slightly positive. 

For the majority of patients, it seems that 
adequate concentration of dCa is 1,50 mmol/L, 
while lower dCa (1.25) and higher dCa (1.75) 
should be applied to selected patients and only 
temporarily [7–9].  

From a practical point of view, in pati-
ents with positive calcium balance, a decrease 
of dCa concentration is needed in order to 
reach a neutral balance. However, in order to 
reduce dCa concentration, it is necessary to 
make an attempt to reduce the calcium excess 
by applying other measures: reduction of diet 
intake of calcium, decrease or change of cal-
cium phosphate binders with non-calcium pho-
sphate-binding agents, and modification of vi-
tamin-D analogues doses. 

If there are low serum PTH and ady-
namic bone disease, application of low dCa 
increases serum PTH and improves the adyna-
mic bone disease.  

In patients with secondary hyperparathy-
roidism and high turn-over bone mineral dise-
ase, a negative balance of calcium will lead to 
further worsening of the condititon. These pati-
ents will need a high dose of active vitamin D, 
careful choice and dose of phosphate-binding 
agents and high concentration of dCa (1.75 
mmol/L). At the same time, administration of 
calcimimetics (cinacalcet), which suppress para-
thyroid gland function and decrease the serum 
level of calcium and phosphate, enables the 
safe use of high dCa and other drugs which 
increase calcaemia (calcium binding phosphate 
agent, vitamin D) [10–12]. 

A high concentration of dCa is effective 
in controlling secondary hyperparathyroidism, 
but we should take into consideration the risk 
of harder suppression of PTH, the development 
of adynamic bone mineral disease, hypercal-
caemia and the appearance of extraskeletal cal-

cifications (vascular, valvular and other soft 
tissues) [13]. 

Low dialysate calcium might be associa-
ted with frequent episodes of hypotension and 
disorders of heart rhythms. In our study, as in 
others, QTc interval was significantly increased 
by dialysis performed with dialysate calcium 
1.25 mmol/L [3, 14]. Life-threatening ventricu-
lar arrhythmias during haemodialysis are pos-
sible, especially in patients with manifest car-
diovascular comorbidity treated with dialysate 
calcium 1.25 mmol/l. Successful implementta-
tion of CKD-MBD guidelines shows signify-
cant improvement of all bone and mineral para-
meters presented in the multicentre study con-
ducted in the Republic of Macedonia [15].  
 

Conclusion 
The use of total dialysate calcium 1.50 

mmol/L seems to be adequate and safe for the 
majority of patients, because the balance of 
total dialysate calcium is slightly positive, but 
the serum concentration of ionized calcium stays 
in the referent range. However, it should be 
emphasized that the choice of dialysate calcium 
concentration must be a part of an integrated 
therapeutic approach to control renal osteo-
distrophy and maintain the normal mineral 
metabolism (phospate-binding agents, vitamin 
D analogues, calcimimetics).  
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Резиме 
 
ЕФЕКТИ НА ТОТАЛЕН ДИЈАЛИЗАТЕН 
КАЛЦИУМ ВРЗ КАЛЦИУМ БАЛАНС  
ВО ТЕКОТ НА ДИЈАЛИЗАТА  
 
Наташа Ефтимовска Отовиќ, Елена  
Бабаљ-Бансколиева, Срданка Богданоска-
Костадиноска, Маја Милованчева-Поповска,  
Ристо Гроздановски 
 
Специјална болница за нефрологија и дијализа 
Диамед, Скопје, Р. Македонија 
 

Вовед: Концентрациите на вкупниот дија-
лизатен калциум (tdCa) значајно влијаат на мета-

болизмот на калциумот при бикарбонатна ви-
соко-проточна хемодијализа. 

Целта на студијата е да се испита влија-
нието на разни концентрации на дијализатен 
калциум врз серумските концентрации на јони-
зираниот калциум и на вредностите на балан-
сите на вкупниот дијализатен калциум. 

Маtеријал и меtоди: Во студијата се 
вклучени 20 стабилни анурични пациенти на 
хронична бикарбонатна високо-проточна хемо-
дијализа (ХД) три пати неделно по 4 часа со две 
различни концентрации на вкупен дијализатен 
калциум (tdCa). Дијализите во првата сесија беа 
изведувани со концентрација на вкупниот дија-
лизатен калциум од 1,25 mmol/L, а во следната 
сесија со дијализатен калциум 1,5 mmol/L. Пред 
и по секоја дијализна сеанса беа одредени се-
румските концентрации на вкупниот и јонизи-
раниот калциум. Балансите на вкупниот дијали-
затен калциум се мерени на дијализатната страна. 

Резулtаtи: Серумските концентрации на 
вкупниот калциум пред и по хемодијализата не 
покажаа значајна промена при изведување на 
ХД со вкупен дијализатен калциум од 1,25 
mmol/L (2,40 ± 0,19 mmol/L пред ХД и 2,46 ± 
0,15 mmol/L по ХД). Серумскиот јонизиран кал-
циум при ХД со tdCa 1,25 значајно се намали по 
дијализата (1,16 ± 0,09 mmol/L пред ХД на 1,08 
± 0,04 mmol/L по ХД, p < 0,05). Вкупниот се-
румски калциум значајно се зголеми по ХД во 
однос на вредностите пред ХД при изведување 
на ХД со вкупен дијализатен калциум од 1,5 
mmol/L (од 2,40 ± 0,15 mmol/L на 2,65 ± 0,16 
mmol/L, p < 0,05). Концентрациите на серумски-
от јонизиран калциум незначително се зголе-
мија при користење на tdCa 1,5 mmol/L (од 1,16 
± 0,08 mmol/L на 1,20 ± 0,05 mmol/L). Средните 
вредности на балансот на вкупниот дијализатен 
калциум (градиентот на дифузија помеѓу дија-
лизатот и пациентот) беа негативни при корис-
тење на dtCa 1,25 (1,38 ± 0,08 mmol/L наспроти 
1,48 ± 0,43 mmol/L), додека при користење на 
dtCa 1,5 беа лесно позитивни (1,56 ± 0,07 mmol/l 
наспроти 1,52 ± 0,07).  

Заклучок: Употребата на вкупен дијализа-
тен калциум од 1,5 mmol/L има предност би-
дејќи вредностите на балансите на вкупниот 
дијализатен калциум се лесно позитивни, а се-
румските концентрации на јонизираниот кал-
циум остануваат во рамките на референтните 
вредности.  
 
Клучни заборови: дијализатен калциум, серумски 
вкупен калциум, јонски калциум. 

 


