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Apart from its main electrolytes – sodium, potassium, calcium and magnesium – a dialysis fluid (DF) contains a 
buffer for correction of acidosis. A small amount of acid is added to the DF to prevent calcium and magnesium 
precipitation. Acetic acid has traditionally been used for this purpose. Several studies have shown that acetate 
ion, even in small concentrations, can cause a number of adverse events, such as low blood pressure, production 
of proinflammatory cytokines, etc. This literature review aims at considering alternative acidic components of 
DF, such as citric, hydrochloric, and succinic acids, as well as their advantages, possibilities and features of their 
use in wide clinical practice.
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inTrODucTiOn
In hemodialysis, the patient’s blood contacts the 

dialysis fluid (DF or dialysate) through the membrane; 
transmembrane metabolism is the primary physical me-
chanism behind the method. DF contains the main elect-
rolytes, which are balanced in concentrations with human 
plasma – sodium, potassium, calcium and magnesium 
(in the form of chlorides), as well as a buffer designed 
to correct acidosis. Since kidney failure is characterized 
by deficit of bicarbonate, the main buffer system, there 
should be direct replacement of this deficit during treat-
ment. Accordingly, dialysate contains bicarbonate in a 

concentration exceeding the physiological level (about 
32 mmol/L). Bicarbonate liquid needs to be stabilized to 
prevent precipitation of hardness salts (calcium and ma-
gnesium carbonates) and bring the pH to physiological 
values. Before hemodialysis came onboard, this problem 
was addressed by saturating DF with carbon dioxide, 
passing carbon dioxide through it (Fig. 1).

Due to the technical complexity of this approach with 
the introduction of long-term hemodialysis, bicarbonate 
was replaced by acetate as the buffer system in the dialy-
sate. The use of stable acetate-based dialysate prepared 
from a single-component concentrate has greatly simpli-
fied the technical implementation of hemodialysis. How-

Fig. 1. Stabilization of bicarbonate dialysis fluid with carbon dioxide in one of the first hemodialysis systems (Kolff–Brigham 
artificial kidney, 1948
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Fig. 2. Carbonic acid production in a solution

а b

ever, from a clinical point of view, acetate has proven 
to be unfavorable. In the absence of bicarbonate in DF, 
its concentration was reduced in the blood plasma after 
commencement of dialysis, and the absence of sufficient 
carbon dioxide tension in the solution caused hypoxe-
mia. In addition, high acetatemia, progressing during 
hemodialysis, was complicated by numerous episodes 
of intradialytic hypotension associated with peripheral 
vasodilation [1] and by reduced myocardial contractility. 
As a result, bicarbonate was reintroduced as the main 
buffer in dialysis fluids in hemodialysis in the 1980s. 
The problem of dialysate stabilization was solved by 
dividing the dialysis concentrate into two components, 
one of which contained sodium bicarbonate, and the se-
cond was added with acid. When mixed in a proportional 
system, part of bicarbonate ions reacts with hydrogen 
ions to achieve sufficient carbon dioxide tension and 
stabilize DF acidity at a level that prevents calcium and 
magnesium salt precipitation.

neceSSarY clarificaTiOn
Thus, from a chemical point of view, carbonic acid is 

the only acid that must be present in a dialysate. How-
ever, this substance has an extremely low melting point 
and is characterized by very high volatility at atmosphe-
ric pressure. In order to obtain carbonic acid in a solution, 
you either saturate the liquid with carbon dioxide gas 
(Fig. 2, a), or obtain carbonic acid in a chemical reaction 
of bicarbonate with protons, as is the case in modern 
hemodialysis machines (Fig. 2, b).

The need to deliver hydrogen ions to the DF is why 
an acid is added to it. The negative ion in the acid com-
position is only an additive that you have to bear with. 
Depending on its chemical composition, this ion can play 
both a positive and a negative role in the body.

aceTaTe iOn
Compared to acetate-containing bicarbonate dialysa-

te, the content of acetate ion in modern bicarbonate dia-

lysate is an order of lower magnitude, = 3–6 mmol/L, de-
pending on the DF acidification method. In the patient’s 
body, acetate ion is metabolized in the liver and musc-
les to form an equivalent amount of bicarbonate. Some 
acetate ions are conjugated with coenzyme A, which 
requires conversion of adenosine triphosphate (ATP) to 
cyclic adenosine monophosphate (cAMP). cAMP trig-
gers nitric oxide (NO) production and vasodilation. In 
addition, acetate ion stimulates production of potent pro-
inflammatory cytokine interleukin-1. There are no clear 
indications of the clinical consequences of the influence 
of trace amounts of acetate. Nevertheless, it is assumed 
that for certain categories of patients, such effects is 
irrelevant as confirmed by some studies on acetate-free 
methods [2, 3].

chlOrOn iOn
Since all the electrolytes in a dialysate solution are 

in the form of chlorides, total concentration of chlori-
ne ions is very high, about 108 mmol/L. It is therefore 
logical to use hydrochloric acid for DF acidification. A 
3 mmol/L increase in concentration of chlorine ions has 
no effect on the patient’s body. At the same time, such 
DF does not contain any extraneous anions, including 
acetate ion. A large observational study conducted in 
France, which included data from over 15,000 patients, 
showed improved survival in patients aged 70 years and 
older who have never come in contact with acetate ion-
containing DF [4]. A team of authors [2] showed that 
the use of acetate-free bicarbonate dialysate with slow 
continuous dialysis in patients with acute kidney injury 
after cardiac surgery was able to reduce the rate of he-
modynamic complications by 3.8 times in comparison 
with standard acetate-containing bicarbonate dialysate. 
The use of standard bicarbonate dialysate was associated 
with 12-fold increased acetate ion concentration in blood 
plasma from the upper limit of the norm [2].

Widespread use of hydrochloric acid concentrate in 
common hemodialysis is obviously limited by the tech-
nical difficulties associated with the aggressiveness of 
hydrochloric acid. Nevertheless, such concentrates today 
are available including in the domestic market, and one 
can expect an increase in their use.

ciTraTe iOn
If hydrochloric acid in dialysate solution can be 

considered intact with respect to metabolic processes 
in the body, then if acetic acid is partially or completely 
substituted with citric acid in the dialysate, there could 
be certain positive effects. In an energy-free metabolic 
process, 1 mmol of citrate produces 3 mmol of bicarbo-
nate. Moreover, citrate metabolism is adequate not only 
for renal but also for liver failure, as shown by studies 
on citrate anticoagulation in the treatment of critically ill 
patients [5–7]. Citrate was found to have a positive effect 
on exercise tolerance in healthy volunteers [8]. In vitro 
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experiments have shown that citrate causes less activati-
on of complement and granulocytes in comparison with 
acetate [9–11], and also reduces the severity of oxidative 
stress [12–14]. Besides, citrate has been widely used as 
an anticoagulant since 1914. Thus, when using this ion 
in a DF composition, one can naturally expect decreased 
need for anticoagulation in the extracorporeal circuit, 
as well as certain optimization of metabolic processes.

Several studies have shown that heparin dose can 
be reduced when using a citrate-enriched dialysate. So, 
Sands et al. showed that one-third reduction in heparin 
when using dialysate containing citrate does not increase 
prevalence of thrombosis in the extracorporeal circuit 
and is not associated with decreased dialysis efficiency 
[15]. When comparing heparin-free dialysis with peri-
odic flushing of the extracorporeal circuit with dialysis, 
performed with citrate-enriched dialysate, there was no 
difference in the incidence of thrombotic complications 
[16]. The most encouraging results were obtained by 
Aniort et al. When performing online hemodiafiltration 
without using anticoagulant, the use of citrate-enriched 
DF prevented thrombosis in the extracorporeal circuit 
during 120 treatment sessions [17]. In yet another study 
[18], citrate was found to have a moderate anticoagulant 
effect. Besides, the authors noted decreased pre-dialysis 
levels of C-reactive protein and beta-2 microglobulin, ab-
sence of post-dialysis hypocalcemia and moderate con-
centrations of citrate ion (0.29 mmol/L at a concentration 
safe for regional citrate anticoagulation = 0.89 mmol/L). 
Decreased concentrations of C-reactive protein and beta-
2 microglobulin was also noted when using citrate-based 
dialysate for hemodiafiltration [19]. Within 4 months af-
ter transferring 29 patients to maintenance hemodialysis 
with citrate-containing dialysate, Kuragano et al. noted 
that predialysis bicarbonate levels normalized in pati-
ents with initially low serum bicarbonate, the need for 
erythropoiesis-stimulating agents decreased and albumin 
levels increased. All positive changes disappeared after 
patients returned to treatment with standard acetate-con-
taining dialysate [20]. Better acid-base correction with 
citrate-containing dialysate has been noted in several 
studies [21–23]. In addition, the authors note a regular 
decrease in post-dialysis levels of ionized calcium, and, 
accordingly, a certain increase in parathyroid hormone 
levels. Such observations are not universal, since in the 
already mentioned Panichi et al. [18], where dialysate 
calcium concentration was 1.5 mmol/L, hypocalcemia 
was not detected. The clinical consequences of the che-
lating ability of citrate with respect to calcium ions are 
not yet clear. Some authors suggest that standard concen-
trations of calcium and magnesium should be reviewed 
under the use of citrate-containing dialysate [21].

SuccinaTe (aMBer aciD)
In Russia, the acid component of bicarbonate con-

centrate has been industrially produced for several ye-

ars. Here, acetic acid is partially, and in recent years, 
completely replaced with succinic acid. When using 
this prescription of concentrate in the clinic, there was 
decreased pre-dialysis sodium levels and systolic blood 
pressure along with decreased interdialysis hydration 
and severity of intradialysis hypotension. In addition, 
there was moderate increase in hemoglobin levels. The 
authors attribute such effects to the influence of succinate 
on angiogenesis, which allows mobilizing osmotically 
inactive sodium ions and making them available for 
excretion during hemodialysis [24]. Unfortunately, the 
experience of using succinate-containing dialysate and 
reports on this topic are very scarce and limited only to 
national sources.

cOncluSiOn
Dialysate solution along with the dialysis membrane 

form the basis of hemodialysis system, which determi-
nes substance transfer patterns during treatment sessi-
ons. However, while many studies have been devoted to 
the study of the properties of dialysis membranes and 
their effect on dialysis therapy, there is substantially less 
amount of information on DF. To a certain extent, this is 
due to widespread introduction of central concentrates 
delivery systems for hemodialysis. Here, clinicians are 
limited typically to choosing between only two prescrip-
tions. Nevertheless, excluding acetate ion from dialysate 
through the use of hydrochloric acid does not require any 
changes to the existing practice at dialysis centers. Due 
to the increasing elderly population and consequently, 
comorbidity of dialysis patients, such conversion seems 
very urgent. Clarifying the indications for the use of 
citrate-containing dialysate and determining its optimal 
composition require further research.

Thus, the process of driving out acetate ion from the 
commonly used dialysate solution, which began with 
widespread withdrawal from single-component acetate 
concentrate, is ongoing. In order to speed up this action 
and make it more meaningful, research in this direction 
should be intensified.

The authors declare no conflict of interest.

referenceS
1. Bolasco P, Panichi V, Paletti S, Mancini E. Will there be 

acetate in dialysis solutions for the foreseeable future? 
[Article in Italian] G Ital Nefrol. 2011; 28 (4): 359–368.

2. Unarokov ZM, Mukhoedova TV, Shuvaeva OV. Compari-
son of sustained low-efficiency dialysis with acetate-free 
and acetate-containing bicarbonate dialysate in unstab-
le patients. Artif Organs. 2014; 38 (10): 883–888. doi: 
10.1111/aor.12251.

3. Pizzarelli F, Cerrai T, Dattolo P, Ferro G. On-line hae-
modiafiltration with and without acetate. Nephrol Dial 
Transplant. 2006; 21 (6): 1648–1651. doi: 10.1093/ndt/
gfk093.



106

RUSSIAN JOURNAL OF TRANSPLANTOLOGY AND ARTIFICIAL ORGANS  Vol. XXI   № 4–2019

4. Mercadal L, Franck JE, Metzger M, Yuan W, Kolko A, 
Monnet E et al. Improved survival associated with aceta-
te-free haemodialysis in elderly: a registry-based study. 
Nephrol Dial Transplant. 2015; 30 (9): 1560–1568. doi: 
10.1093/ndt/gfv248.

5. Schultheiß C, Saugel B, Phillip V, Thies P, Noe S, Mayr U 
et al. Continuous venovenous hemodialysis with regio-
nal citrate anticoagulation in patients with liver failure: a 
prospective observational study. Crit Care. 2012; 16 (4): 
R162. doi: 10.1186/cc11485.

6. Klingele M, Stadler T, Fliser D, Speer T, Groesdonk HV, 
Raddatz A. Long-term continuous renal replacement the-
rapy and anticoagulation with citrate in critically ill pa-
tients with severe liver dysfunction. Crit Care. 2017; 21 
(1): 294. doi: 10.1186/s13054-017-1870-3.

7. Rodriguez K, Srivaths PR, Tal L, Watson MN, Riley AA, 
Himes RW et al. Regional citrate anticoagulation for con-
tinuous renal replacement therapy in pediatric patients 
with liver failure. PloS  One. 2017; 12 (8): e0182134. 
doi: 10.1371/journal.pone.0182134.

8. Oöpik V, Saaremets I, Medijainen L, Karelson K, Janson 
T, Timpmann S. Effects of sodium citrate ingestion be-
fore exercise on endurance performance in well trained 
college runners. Br J Sports Med. 2003; 37 (6): 485–489. 
doi: 10.1136/bjsm.37.6.485

9. Huang S, Sandholm K, Jonsson N, Nilsson A, Wieslan-
der A, Grundström G et al. Low concentrations of citrate 
reduce complement and granulocyte activation in  vitro 
in human blood. Clin Kidney J. 2015; 8 (1): 31–37. doi: 
10.1093/ckj/sfu127.

10. Borensztajn K, Peppelenbosch MP, Spek CA. Factor Xa: 
at the crossroads between coagulation and signaling in 
physiology and disease. Trends Mol Med. 2008; 14 (10): 
429–440. doi: 10.1016/j.molmed.2008.08.001.

11. Nilsson  B,  Ekdahl  KN, Mollnes  TE,  Lambris  JD. The 
role of complement in biomaterial-induced inflammati-
on. Mol Immunol. 2007; 44 (1–3): 82–94. doi: 10.1016/j.
molimm.2006.06.020.

12. Masuda A, Hagiwara S, Tanimoto M, Kodama F, Oku-
mura K, Nohara N et al. Effects of acetate-free citrate 
dialysate on glycoxidation and lipid peroxidation pro-
ducts in hemodialysis patients. Nephron Extra. 2012; 2 
(1): 256–268. doi: 10.1159/000342258.

13. Bryland  A,  Wieslander  A,  Carlsson  O,  Hellmark  T, 
Godaly  G. Citrate treatment reduces endothelial 
death and inflammation under hyperglycaemic con-
ditions. Diab  Vasc  Dis  Res. 2012; 9 (1): 42–51. doi: 
10.1177/1479164111424297.

14. Paim BA, Velho JA, Castilho RF, Oliveira HCF, Vercesi 
AE. Oxidative stress in hypercholesterolemic LDL (low-
density lipoprotein) receptor knockout mice is associated 
with low content of mitochondrial NADP-linked substra-
tes and is partially reversed by citrate replacement. Free 

Radic Biol Med. 2008; 44 (3): 444–51. doi: 0.1016/j.fre-
eradbiomed.2007.10.005

15. Sands JJ, Kotanko P, Segal JH, Ho CH, Usvat L, Young 
A. et. al. Effects of citrate acid concentrate (Citrasate®) 
on heparin N requirements and hemodialysis adequacy: 
a multicenter, prospective noninferiority trial. Blood Pu-
rif. 2012; 33 (1–3): 199–204. doi: 10.1159/000334157.

16. Cheng YL, Yu AW, Tsang KY, Shah DH, Kjellstrand CM, 
Wong  SM  et  al. Anticoagulation during haemodialysis 
using a citrate-enriched dialysate: a feasibility study. 
Nephrol  Dial  Transplant. 2011; 26 (2): 641–646. doi: 
10.1093/ndt/gfq396.

17. Aniort J, Petitclerc T, Créput C. Safe use of citric acid-
based dialysate and heparin removal in postdilution 
online hemodiafiltration. Blood  Purif. 2012; 34 (3–4): 
336–343. doi: 10.1159/000345342.

18. Panichi V, Fiaccadori E, Rosati A, Fanelli R, Bernabini 
G, Scatena A, Pizzarelli F. Post-dilution on line haemo-
diafiltration with citrate dialysate: first clinical experi-
ence in chronic dialysis patients. Scientific World Jour-
nal. 2013: 703612. doi: 10.1155/2013/703612.

19. Molina Nuñez M, de Alarcón R, Roca S, Álvarez G, Ros 
MS, Jimeno C et al. Citrate versus acetate-based dialy-
sate in on-line haemodiafiltration. A prospective cross-
over study. Blood Purif. 2015; 39 (1–3): 181–187. doi: 
10.1159/000371569.

20. Kuragano T, Kida A, Furuta M, Yahiro M, Kitamura R, 
Otaki Y  et  al. Effects of acetate-free citrate-containing 
dialysate on metabolic acidosis, anemia, and malnutriti-
on in hemodialysis patients. Artif Organs. 2012; 36 (3): 
282–290. doi: 10.1111/j.1525-1594.2011.01349.x.

21. Schmitz M, Loke O, Fach B, Kalb K, Heering PJ, Meinke 
D et al. Effects of citrate dialysate in chronic dialysis: 
a multicentre randomized crossover study. Nephrol Dial 
Transplant. 2016; 31 (8): 1327–1334. doi: 10.1093/ndt/
gfv347.

22. Grundström G, Christensson A, Alquist M, Nilsson LG, 
Segelmark M. Replacement of acetate with citrate in dia-
lysis fluid: a randomized clinical trial of short term safety 
and fluid biocompatibility. BMC Nephrol. 2013; 14: 216. 
doi: 10.1186/1471-2369-14-216.

23. Ortiz  Pde  S,  Ramón  MA,  Pérez‑García  R,  Prats  EC, 
Cobo PA, Arroyo RA et al. Acute effect of citrate bath 
on postdialysis alkalaemia. Nefrologia. 2015; 35 (2): 
164–171. doi: 10.1016/j.nefro.2014.10.001.

24. Smirnov  AV,  Golubev  RV,  Vasil’ev  AN,  Zemchen-
kov AYu, Starosel’skiy KG. Gemodinamicheskie effekty 
soderzhashchego suktsinat dializiruyushchego rast-
vora. Ter  arkhiv. 2015; 87 (6): 56–61. doi: 10.17116/
terarkh201587656-61.

The article was submitted to the journal on 17.10.2019


