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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

haemodialysis patients. The main factors influ-
encing the secretion of parathyroid hormone

metabolism are one of the most important cau-
ses of high morbidity and mortality in chronic
haemodialysis patients. Hyperparathyroidism,
adynamic bone disease, osteomalacia and (2-
microglobulin amyloidosis are all conditions
involving bone that may be observed in chronic

are calcium, phosphate and vitamin Ds;. Haemo-
dialysis patients have disruption in systemic cal-
cium and phosphate homeostasis. Hyperpho-
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

e To investigate the influence of two dif-
ferent dialysate calcium concentrations upon
intradialysis calcium balance and serum cal-
cium concentrations.

e 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

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-

Paramether Before HD After HD Before HD After HD

tCa mmol/L 2.40+0.19 2.46+0.15 24+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

PO, mmol/L 1.82 +0.61 0.88+0.36 1.91+0.57 1.05+037
dCal.25 dCal.50

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 Exit Entrance Exit
(fresh) (spent) (fresh) (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
dCal.25 dCal.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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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).
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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).

REFERENCES

1. Goldsmith JAD, Covic A, Fouque D, et al. Endorse-
ment of the Kidney Disease Improving Global Out-
comes (KDIGO) Chronic Kidney Disease — Mineral
and Bone Disorder (CKD-MBD) Guidelines: a
European Renal Best Practice (ERBP) commentary
statement. Nephrol. Dial. Transplant. 2010; 25 (12):
3823-3831.

2. National Kidney Foundation. K/DOQI clinical prac-
tice guidelines for bone metabolism and disease in
chronic kidney disease. Am J Kidney Dis. 2003; 42:
S1-S201.

3. Nappi ES, Virtanen KV, Saha H, et al. QTc disper-
sion increases during hemodialysis with low-calcium
dialysate. Kidney Int. 2000; 57: 2117-2122.

4. Bosticardo GM. The diffusion gradient between ioni-
zed calcium in dialysate and plasma water-corrected
for Gibbs-Donnan factor is the main driving force of
net calcium balance during haemodialysis. Neprol.
Dial. Transplant. 2010; 25(10): 3458-3459.

5. Argiles A, Mouard G. How do we have to use the
calcium in dialysate to optimize the management of



30

Natasa Eftimovska-Otovic, et al.

secondary hyperparathyroidism? Nephrol. Dial. Tran-
splant. 1998; 13 [Suppl 3] 62—64.

6. Tilman B. Touam D, Touam M. Calcium balance in
haemodialysis — do not lower the dialysate calcium
concentration too much (con part). Nephrol Dial
Transplant. 2009; 24: 2990-2993.

7. Gotch FA. Pro/Con debate: the calculation on cal-
cium balance in dialysis lower the dialysate calcium
concentrations (propart). Nephrol. Dial. Transplant.
2009 doi: 10.1093/ndt/gfp360.

8. Tonelli M, Pannu N, Manns B. Oral Phosphate Bin-
ders in Patients with Kidney Failure. N Engl J Med.
2010; 362: 1312-24.

9. Nigel Toussaint N, Cooney PG, Kerr P. Review of
dialysate calcium concentration in Hemodialysis.
Hemodialysis International. 2006; 10: 326-337.

10. Basile C. Calcium Mass Balances in Bicarbonate
Hemodialysis. International Journal of Nephrology
Volume. 2011 (2011).

11. Razzaque M. The dualistic role of vitamin D in vas-
cular calcifications. Kidney International. 2011; 79,
708-714; doi:10.1038/ki.2010.432; published online.

12. Paolo Raggi P, Slobodan Vukicevic S, Moysés RM.
Sevelamer and Calcium Salts as Phosphate Binders.
CJASN January 2010 vol. 5 No. Supplement 1 S31—
S40.

13. Goodman WG, London G. Vascular Calcification in
Chronic Kidney Disease. American Journal of Kid-
ney Diseases, Vol. 43, No 3 (March), 2004: pp. 572—
579.

14. Eftimovska-Otovic Natasha, Spaseska-Gjurovska
Katerina, Bogdanovska Srdanka, et all. Impact of
low — calcium dialysate on the length of QT interval
during hemodialysis session. Abstract book of 49th
ERA-EDTA Congress. 2012; (FP 427)

15. Spasovski G, Zdravkovska V, Zabzun M, et al.
Achievements in CKD-MBD guidelines targets: is
there a progress in the implementation practice? Int
Urol Nephrol. 2012; 44: 1791-1798.

Pesume

E®EKTHU HA TOTAJIEH TUJAJIN3ATEH
KAJIINYM BP3 KAJIIUYM BAJTAHC
BO TEKOT HA TUJAJIM3ATA

Hartama EdrumoBcka OtoBuk, Enena
Bbaoam-banckonueBa, Cpaanka boraanocka-
Kocragunocka, Maja MusnoBanuyeBa-Ilonoscka,
Pucro I'poznanoBckn

Crenujanna GonHua 3a HepoJorvja U aujammu3a
Huamen, Cxomje, P. Makenonuja

Bogeo: KoHleHTpauuuTe Ha BKYITHHOT JHja-
nm3areH kanuuyM (tdCa) 3Ha4yajHO BiMjaar Ha MeTa-

0OMM3MOT Ha KaIIUyMOT NIpH OmKapOOHAaTHA BH-
COKO-TIPOTOYHA XEMOJIH]jajIH3a.

Ienta Ha cryaujata € Aa ce MCIUTa BiMja-
HUETO Ha Pa3HMW KOHIICHTpAalMH Ha JAWjaIM3aTeH
KaJILIMyM Bp3 CEPYMCKUTE KOHLIEHTpPALMM Ha jOHH-
3UPAaHUOT KaJlUyM M Ha BPEJHOCTUTE Ha OayaH-
CUTE Ha BKYIHHOT AMjaIN3aTeH KaJILUyM.

Maitiepujan u meitioou: Bo crtynmjara ce
BKIydeHH 20 CTaOWIHM aHYpPUYHH NAIlMEHTH Ha
XpOHMYHA OMKapOOHATHA BHCOKO-IPOTOYHA XEMO-
nujanmmza (X/1) Tpu natu HenenHo 1o 4 Jaca co /iBe
pa3IMYHU KOHLIEHTPAMK Ha BKYIEH JAWjaln3aTeH
kamuyM (tdCa). Jlujanu3ure Bo mpBara cecuja Oea
W3BEAYyBaHH CO KOHIIGHTpAIMja Ha BKYMHHUOT JHja-
nmu3ated kanuuyM of 1,25 mmol/L, a Bo criegnara
cecHja co nujanu3zareH kanuym 1,5 mmol/L. Ipen
U 70 CeKoja JAWjaln3Ha ceaHca Oea OIPENeHH ce-
PYMCKUTE KOHLIEHTpAllMd Ha BKYMHHOT U jOHU3U-
paHuOT KanuuyM. banancuTe Ha BKYNHHOT JAHWjajd-
3aTeH KaJIMyM ce MEpPEHH Ha JWjai3aTHaTa CTpaHa.

Pesynitiaiiu: CepyMCKUTE KOHLIIEHTPAIIMU Ha
BKYITHHOT KaJIIUYM TIPE] U 0 XEMOJIHjanun3ara He
MoKaXkaa 3Ha4ajHa NMPOMEHa NpU H3BelyBambe Ha
X co BKymeH aujanusareH kKaiuuym on 1,25
mmol/L (2,40 £ 0,19 mmol/L npen X/ u 2,46 +
0,15 mmol/L o X/T). CepyMCKHOT jOHU3UpaAH KaJl-
yM nipu X/ co tdCa 1,25 3Ha9ajHO ce HaManu 1o
mujammzara (1,16 = 0,09 mmol/L npex X/ Ha 1,08
+ 0,04 mmol/L mo X/I, p < 0,05). Bxymuuor ce-
PYMCKHM KaJLMyM 3Ha4yajHO ce 3roseMu no X/l Bo
OJIHOC Ha BpeaHoctuTe npen X/| npu u3BemyBame
Ha X/ co BKymeH nujanm3aTeH KaamuyM ox 1,5
mmol/L (ox 2,40 + 0,15 mmol/L wa 2,65 + 0,16
mmol/L, p <0,05). KoHnleHTpannmnTe Ha CEpyMCKH-
OT jJOHM3UPAaH KaJLHUyM HE3HAuYUTEJIHO Ce 3roJe-
Muja npu kopucreme Ha tdCa 1,5 mmol/L (ox 1,16
+ 0,08 mmol/L na 1,20 £ 0,05 mmol/L). Cpennute
BPEIHOCTH Ha 0ajlaHCOT Ha BKYMHUOT JAWjaln3aTeH
KanuyM (TpaAueHTOT Ha TUQy3uja ToMery uja-
JU3aTOT U MAIMEHTOT) Oea HEraTUBHH NPH KOPHC-
teme Ha dtCa 1,25 (1,38 £ 0,08 mmol/L HacmpoTH
1,48 + 0,43 mmol/L), nojeka npu KOPUCTCHE Ha
dtCa 1,5 6ea necno nozutusHu (1,56 £ 0,07 mmol/l
Hacnpotu 1,52 + 0,07).

3axnyuok: Ynorpebata Ha BKyIEH JIMjan3a-
TeH kamuuym ox 1,5 mmol/L mMa mpenHocT Ou-
JIejKh BPEIHOCTUTE HA OaJlaHCUTE HA BKYITHUOT
JMjajau3aTeH KallUyM Ce JIECHO MO3UTHUBHH, a Ce-
PYMCKUTE KOHIIEHTPAIlMd HAa jJOHH3HPAHUOT Kall-
LIMYM OCTaHyBaaT BO PaMKUTEe Ha pedepeHTHUTe
BPETHOCTH.

Knyuynn 3a0opoBu: aujanus3aTeH KalalUyM, CEPyMCKH
BKYIIEH KaJllIUyM, JOHCKU KaJILUYM.



