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Acid–base balance in hemodialysis patients in everyday practice
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ABSTRACT
Introduction: Abnormalities in blood bicarbonates (HCO3

–) concentration are a common finding
in patients with chronic kidney disease, especially at the end-stage renal failure. Initiating of
hemodialysis does not completely solve this problem. The recommendations only formulate the
target concentration of �22mmol/L before hemodialysis but do not guide how to achieve it.
The aim of the study was to assess the acid–base balance in everyday practice, the effect of
hemodialysis session and possible correlations with clinical and biochemical parameters in stable
hemodialysis patients.
Material and methods: We enrolled 75 stable hemodialysis patients (mean age 65.5 years, 34
women), from a single Department of Nephrology. We assessed blood pressure, and acid–base
balance parameters before and after mid-week hemodialysis session.
Results: We found significant differences in pH, HCO3

– pCO2, lactate before and after HD session
in whole group (p< 0.001; p< 0.001; p< 0.001; p¼ 0.001, respectively). Buffer bicarbonate con-
centration had only statistically significant effect on the bicarbonate concentration after dialysis
(p< 0.001). Both pre-HD acid–base parameters and post-HD pH were independent from buffer
bicarbonate content. We observed significant inverse correlations between change in the serum
bicarbonates and only two parameters: pH and HCO3

– before hemodialysis (p¼ 0.013; p< 0.001,
respectively).
Conclusions: Despite the improvement in hemodialysis techniques, acid–base balance still
remains a challenge. The individual selection of bicarbonate in bath, based on previous single
tests, does not improve permanently the acid–base balance in the population of hemodialysis
patients. New guidelines how to correct acid–base disorders in hemodialysis patients are needed
to have less ‘acidotic’ patients before hemodialysis and less ‘alkalotic’ patients after the session.
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Introduction

Abnormalities in blood bicarbonates (HCO3
–) concentra-

tion are a common problem in patients with chronic
kidney disease, especially at the end-stage period, due
to positive acid balance [1,2]. The body response to this
is multifactorial and can lead to complications such as
hypercatabolism, systemic inflammation, muscle wast-
ing, reduced bone density, osteopenia/osteoporosis,
increased fracture risk, cardiovascular, respiratory,
immunological, and hormonal disturbances (e.g., insulin
resistance) [2–5]. It also contributes to disease progres-
sion and increase in patient mortality [3,5,6]. The main
source of acids in the body is proteins of animal origin
consumed by patients (net production is �1 mEq/kg
body mass/day) [2,7]. This production depends on the
diet, but protein restriction in the diet in order to
reduce acid production, leads to a negative nitrogen

balance [2]. The substitution with vegetable protein car-
ries the risk of hyperkalemia and should be used cau-
tiously. Initiating of hemodialysis does not completely
solve this problem and the questions with appropriate
correcting metabolic acidosis have been a matter of
debate for many years [8–15]. Hemodialysis patients
require a supply of excess bicarbonate during each
treatment to provide them with a relative acid–base
balance between dialyses. According to American rec-
ommendations (K/DOQI-2000), the expected concentra-
tion of blood bicarbonate before mid-week
hemodialysis treatment should not be lower than
22mmol/L and a new K/DOQI recommendation (opin-
ion) for nutrition (2020) indicate that it is reasonable to
maintain serum bicarbonate levels between 24 and
26mmol/L in patients in CKD 3–5D [16,17]. The slightly
more recent European recommendations (EBPG 2007)
suggest blood bicarbonates before the same
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hemodialysis ought to be between 20 and 22mmol/L
[18]. The recommendations only recommend the
expected titer but do not guide how to achieve them.
At present, high HCO3

– dialysis fluids—mean
32–35mmol/L (in USA 38–40mmol/L)—are used to pro-
vide patients with sufficient bicarbonate for the period
between hemodialysis [13,14]. High dialysate bicarbon-
ates concentration and base administration can lead to
rapid alkalization during hemodialysis and alkalosis
after it and this one may cause arrhythmias resulting
from hypokalemia, hypocalcemia or QT prolongation,
vasodilation and hypotension, minute ventilation sup-
pression, and accelerated vascular calcification
[2,9,10,19,20]. Both, acidosis and alkalosis, are associ-
ated with an increased risk of mortality in patients
receiving hemodialysis, and attention has been directed
not only to serum bicarbonates but also to dialysate
bicarbonate concentration itself [21]. In a large cohort
study by DOPPS, a high dialysate buffer was associated
with worse outcomes (all cause and cardiovascular hos-
pitalizations) [22,23]. Some of the studies found that
dialysate bicarbonate concentration had no effect on
predialysis serum bicarbonates but it had a significant
impact on the intra- and postdialysis alkalosis according
to the elevated dialysate HCO3

– (30–32, 33–34, 35–36,
and 37–40 mEq/L) [24,25]. It has been suggested that in
addition to serum HCO3

–, also pH should be measured.
Thus, pH measurement is considered to be an import-
ant factor in determining morbidity and mortality in
hemodialysis patients [8,13,14,26]. The aim of the study
is an attempt to answer the question does individual
selection of bicarbonate in bath, based on previous sin-
gle tests, improve the acid–base balance in the popula-
tion of hemodialysis patients in everyday practice—
using the analysis of the effect of hemodialysis session

and possible correlations with clinical and biochemical
parameters in stable hemodialysis patients.

Material and methods

The study enrolled 75 stable hemodialysis patients in a
median age 67 and 7 years (34 women). Thirty-eight
patients were older than 65 years. All Caucasian, treated
in a single Department of Nephrology. For homogenic-
ity of research, four patients treated with hemodiafiltra-
tion and two patients taking oral bicarbonates were not
qualified to the study. All patients were on regular dial-
yses three times a week. All our patients qualified for
the study were on a standard low-phosphate diet with
protein content between 1 and 1.2 g/kg of body weight
every day (median 1,17), we excluded patients with
cachexia and neoplasm disease. Baseline parameters
such as: duration of HD sessions, type of dialyzer, the
dialyzer effective surface area, effective blood flow (Qb),
dialysis fluid composition, and temperature, were
recorded from the dialysis charts. Additionally, BMI,
ultrafiltration volume, HCO3

– level in dialysate bath,
type of vascular access, and heparin use (standard or
low molecular weight heparins) were also recorded.
Blood pressure and acid–base balance parameters were
assessed on the same day—before and after mid-week
hemodialysis session. Standard dialysate bath contained
32mmol/L of HCO3

– and 3mmol/L of acetate, giving a
final product of 35mmol/L base delivered. The HCO3

–

content of the dialysate used for dialysis fluctuated in
the range from 28 to 36mmol/L. The decisions about
HCO3

– in the bath were made by the clinician in rela-
tion to previous laboratory tests. The other dialysate
components were Na ¼ 138mmol/L, K¼ 2–4mmol/L,
Ca ¼ 1.25 or 1.5mmol/L, Cl ¼ 110mmol/L, Mg ¼
0.5mmol/L, glucose ¼ 1 g/L. Predialysis and postdialysis

Table 1. Baseline clinical characteristics and hemodialysis parameters.

Parameters
Overall (n¼ 75)
Mean ± SD Range Reference values Median

Age (years)
> 65 age (%)

65.5 ± 15.8
50.7

25.8-91.4 67.17

Gender (F/M) 34/41
(45% F)

Diabetes 27 (36%)
BMI (kg/m2) 26.15 ± 6.01 12.34-44.75 24.54
CKD time> CKD stage 1 (years) 12 ± 10 1.5month-45 years 10
Dialysis treatment time (years) 4.3 ± 10.3 1.5month �25 years 2.17
A-V fistula/catheter 48/27

(64% fistula)
Kt/V 1.35 ± 0.18 0.66–1.67 >1.4 1.4
Hemoglobin (g/dL) 10.57 ± 1.34 6.9–14.2 10.5–11.5 10
Albumin (g/dL) 4.12 ± 0.38 3–4.9 3.5–4.5 4.2
Hemodialysis duration (hours) 4.065 ± 0.427 3–5 4.0
Bicarbonates in dialysate (mmol/L) 32.92 ± 1.78 28–36 32
UF (mL) 2017 ± 904 100–3700 2000
Qb (mL/min) 267 ± 27 200–350 250
Effective surface area (m2) 1.511 ± 0.3078 1–2.1 1.4
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acid–base status was measured immediately in the cen-
tral laboratory using standard methods. Statistical ana-
lysis was carried out based on the Statistica Program
(13.3.721.1 pl 64 bit license: The Medical University
of Warsaw). Student’s t-test and Pearson analysis
were used.

Results

Clinical characteristic of the patients and hemodialysis
parameters are presented in Table 1. There were no dif-
ferences in pH and HCO3 between groups women and
men before and after HD and no differences between
patients older and younger than 65 years. The residual
kidney function was found only in 7 patients (9,3%)
(median 0,5 L per day), and 6 of them were tak-
ing diuretics.

Hemodialysis parameters

A median of Kt/V was 1.4, single session HD duration
time ¼ 4.0 h, effective surface area ¼ 1.4m2. A median
of effective blood flow (Qb) was 250mL/min, dialysate
flow (Qd) was 500mL/min (standard in Poland), median
BMI ¼ 24.54, ultrafiltration volume ¼ 2000mL, HCO3

– in
dialysate bath ¼ 32.0mmol/L. The volume of UF
depends on patient’s body weight, residual renal func-
tion, and symptoms of overhydration, but we try to
make it no more than 2% of dry weight-UF median in
our study was 2000mL and the volume of the ultrafil-
tration correlated with body weight (p¼ 0.06) but not
with pH and bicarbonates pre- and post-HD.

Eight patients were dialyzed by using high-flux dia-
lyzers. There were no differences in pH and HCO3

between the two separate groups dialyzed by using
high-flux and low-flux dialyzer before and after HD.
There were no correlations between pH, HCO3 and HD
time, effective surface areas, Qb, and ultrafiltration vol-
ume in whole group.

Vascular access and heparin use

Most of the patients were hemodialyzed by using
arteriovenous fistula (48 patients � 64%) and received

low molecular weight heparins (46 patients � 61,3%).
In 27 patients (36%) dialyzed through a central venous
catheter (CVC), we found their predialysis and postdialy-
sis pH significantly lower than in those with a native
arteriovenous fistula (pH pre-HD ¼ 7.307 vs. 7.371
p< 0.001; pH post-HD ¼ 7.363 vs. 7.439, p< 0.001),
while, what’s interesting, predialysis and postdialysis
HCO3

� levels did not differ between both group (HCO3
–

pre-HD 21.64 vs. 21.98, p¼ ns; HCO3
– post-HD 27.156

vs. 27.213, p¼ns) even though there were not signifi-
cant differences in the utrafiltration volume, effective
blood flow, bicarbonate content in dialysate bath, HD
duration between groups (Table 2).

What’s also interesting, in the group treated with
low molecular weight heparins, we have noticed signifi-
cantly higher serum postdialysis bicarbonate
level (p¼ 0.03).

Acid–base blood parameters

A median of blood parameters before HD session were:
pH ¼ 7.357, pCO2 40.4mmHg, HCO3

– 21.7mmol/L, a
median of change bicarbonates during hemodialysis
was 5,3mmol/L; post-HD: pH 7.417, pCO2 42.6mmHg,
HCO3

– 27.2mmol/L.
Post-HD pH and HCO3

– correlated with pre-HD pH
and HCO3

–, respectively, and only post-HD HCO3
– corre-

lated significantly with a bicarbonate concentration in
dialysate. Other correlations pre- and post-HD serum
HCO3

– and pH value are presented in a Table 3. There
were not significant correlations in the ultrafiltration
volume, hemoglobin, effective blood flow, bicarbonate
content in dialysate bath, and HD duration
between groups.

We have found significant differences in pH, HCO3
–

pCO2, and lactate changes before and after HD session
in the whole studied group (Table 4). Buffer bicarbon-
ate concentration had only statistically significant effect
on the bicarbonate concentration after dialysis. Both
pre-HD acid–base parameters and post-HD pH were
unrelated to buffer bicarbonate content. Significant
inverse correlations between change in the serum
bicarbonates and two parameters: HCO3

– and pH
before hemodialysis were found.

HCO3
– in dialysate bath

Standard dialysate, with a total base content of
35mmol/L was used in only 31 cases (41.3%). In other
patients, different total base dialysate was used:
31mmol/L in 2 cases (2.7%), 33mmol/L in 6 cases, (8%)
36mmol/L in 6 cases (8%), 37mmol/L 11 cases (14.7%),

Table 2. Comparison of pre-vs. post-HD acid–base parameters
in two group: dialyzed via arterio-venous fistula (A-V fistula)
and CVC.

A-V fistula CVC p

pH pre-HD 7.371 7.307 <0.001
HCO3– pre-HD 21.98 21.64 NS
pH post-HD 7.439 7.363 <0.001
HCO3– post-HD 27.213 27.156 NS
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38mmol/L 18 cases (24%), and 39mmol/L in 2 cases
(2.7%), which was in line with previous monthly tests.

Serum HCO3
– before HD

In the whole group, there were 38 patients (50.7%) with
serum bicarbonate < 22mmol/L before hemodialysis
and 13 patients (17.3%)<20mmol/L; pH value was in
acidotic range (<7.35) in 36 pts (48%).

Using a standard HCO3
–—based dialysate with a

total base content of 35mmol/L—only 15 patients
(48%) had the recommended minimum 22mmol/L
HCO3

– before hemodialysis, while 16 pts (51.6%) had
predialysis HCO3

–<22mmol/L, and 3 pts (9.7%) even <

20mmol/L. In this group, 12 patients (38.7%) presented
pH values within the normal range (7.35–7.45), while, as
many as 18 patients (58.1%) presented predialysis pH <

7.35, and minimal pH value was 7.209. One patient had
alkalosis before hemodialysis (1,33%). The person with
alkalotic pH before HD had one and half liters per day
diuresis and she was not taking diuretics. Thus, no cor-
relation was found between the amount of urine out-
put, diuretics, and the acid–base parameters before and
after HD. No differences were found between groups
with and without urine output.

No significant differences were found between
groups pre-HCO3 < and > 22mmol/L, except for a few
the acid–base parameters: before HD (pH, HCO3, and
pCO2) and post HD (HCO3 and pCO2). In patients group
with HCO3< 22mmol/L we found only a few significant

correlations: pre-HD potassium with pre-HD phos-
phorus (r¼ 0,53), body weight and height (r¼ –0,34
and �0,38 respectively), pre-HD phosphorus with pre-
and post-HD: potassium, lactate, and urea (r¼ 0,53;
0,33; �0,34; �0,35; 0,34; 0,34, respectively); neither the
concentration potassium nor phosphorus did not cor-
relate with acid–base parameters, albumin, hemoglo-
bin, protein intake, length of hemodialysis, and volume
of ultrafiltration.

The comparison of predialysis acid–base parameters
depending on the used dialysate is presented in Table 5.

Serum HCO3
– after HD

In the whole group, we found 62 patients (82.7%) with
HCO3

–>26mmol/L directly after HD, 24 patients (29.3%)
with HCO3

–>28mmol/L, and 4 patients (5.3%) with
HCO3

–�30mmol/L; 21 patients (28%) had pH in alkaloid
range (>7.45), but 11 patients (14.7%) were still acidotic.
All acidotic patients were dialyzed using total base
<38mmol/L and most of them received bicarbonates
from a standard dialysate (with total base 35mmol/L). The
change in bicarbonates during HD was 5.45±1.99mmol/L
(range 0.4–10.4, median 5.3mmol/L). The patients who
were still acidotic post-HD were well dialyzed and well
nourished: the median kT/V in this group was 1,4, the
median albumin was 3,9g/dL and their median protein
intake was no different to other patients.

Using a standard HCO3
–—based dialysate with a

total base content of 35mmol/L—after hemodialysis 26
patients (83.9%) had HCO3

–>26mmol/L, no patient had
HCO3

–<22mmol/L, and a minimal HCO3
– was

22.6mmol/L; 4 pts (12.9%) had pH> 7.45, while 21
patients (67.7%) had pH in normal range; as many as 6
patients (19.4%) have remained acidotic (pH < 7.35).

The distributions of prehemodialysis and posthemo-
dialysis pH and pre-HD and post-HD HCO3

– are shown
in Tables 5 and 6 and Figures 1 and 2.

Table 3. pH and serum bicarbonate prehemodialysis and posthemodialysis—significant correlations (UF – ultrafiltration volume,
Qb – blood flow).

pH
pre-
HD

HCO3
–

pre-
HD

pH
post-
HD

HCO3
–

post-
HD

D
HCO3

– Hb pre-HD
Albumin
pre-HD UF

HD
duration Qb HCO3

– bath

pH
pre-HD

0.3354
p¼ 0.003

0.6979
p< 0.001

NS �0.2866
p¼ 0.013

NS NS NS NS NS NS

HCO3–
pre-HD

0.3354
p¼ 0.003

NS 0.5630
p< 0.001

�0.6448
p< 0.001

NS NS NS NS NS NS

pH
post-HD

0.6979
p< 0.001

NS NS NS NS 0.3265
p¼ 0.004

NS NS NS NS

HCO3– post-HD NS 0.5630
p< 0.001

NS NS NS 0.3175
p¼ 0.06

NS NS NS 0.4892
p< 0.001

DHCO3– –0.2866
p¼ 0.013

�0.6448
p< 0.001

NS NS NS NS NS NS NS NS

HCO3– bath NS NS NS 0.4892
p< 0.001

NS NS 0.2909
p¼ 0.011

NS NS NS

Table 4. Statistically significant changes in the acid–base and
urea/lactate balance during dialysis.
Parameter Before hemodialysis After hemodialysis p value

pH 7.348 ± 0.057 7.412 ± 0.053 <0.001
Bicarbonates (mmol/L) 21.86 ± 2.38 27.19 ± 1.79 0.00
pCO2 (mmHg) 41.07 ± 5.78 44.02 ± 6.8 <0.001
Lactates (mmol/L) 1.71 ± 0.68 1.44 ± 0.57 <0.01
Urea (mg/dL) 128.89 ± 33.26 42.76 ± 18.01 0.00

RENAL FAILURE 1093



Discussion

Our study presents the real-world data in university
hospital dialysis unit. In our study, we found many
patients who were ‘acidotic’ before hemodialysis and
‘alkalotic’ after HD. Even though the mean HCO3

– in our

cohort (21.86 ± 2.3807mmol/L) was similar to DOPPS
study from 1996 to 2001, the number of patients who
had bicarbonate < 21mmol/L before hemodialysis (like
in analysis) turned out to be a little lower and was 33.3
vs. 35% (25 patients) [23,27]. In the study by Vashistha

Table 5. Comparison of pre-dialysis acid–base value in all dialysis patients depending on the used dialysate (in red color values
outside the recommendation).

HCO3–

bath
Total
base

No of
pts

pH
mean

HCO3–

mean
pH< 7.35
(pts/%)

pH
7.35–7.45
(pts)/%

pH> 7.45
(pts)

HCO3–

<20mmol/L
(pts)

HCO3–

<22mmol/(pts)

HCO3–

>22mmol/L
(pts)

HCO3–

>26mmol/L
(pts)

28 31 2 7.355 19.15 2/100 0 0 1 1 1 0
30 33 6 7.349 20.43 3/50 3/50 0 2 3 1 0
32 35 31 7.336 22.06 18/58 12/38.7 1 3 16 15 2
33 36 5 7.366 22.16 2/40 3/60 0 1 4 0 1
34 37 11 7.336 21.4 7/63.6 4/36.4 0 3 7 4 0
35 38 18 7.379 22.63 3/16.7 15/83.3 0 1 8 10 2
36 39 2 7.267 20.6 1/50 1/50 0 2 2 0 0

Table 6. Comparison of postdialysis acid–base value in all dialysis patients depending on the used dialysate (in red color values
outside the norm).

HCO3–

bath
Total
base

No of
pts

pH
mean

HCO3–

mean
pH< 7.35
(pts)/%

pH
7.35–7.45
(pts)/%

pH> 7.45
(pts)/%

HCO3–

<26mmol/L
(pts)

HCO3–

26–28mmol/(pts)

HCO3–

28–30mmol/L
(pts)

HCO3–

>30mmol/L
(pts)

28 31 2 7.427 23.75 1/50 1/50 0 0 0 1 1
30 33 6 7.421 25.98 1/16.7 3/50 2/33.3 2 3 1 0
32 35 31 7.393 26.95 6/19.4 21/67.7 4/12.9 5 19 6 1
33 36 5 7.418 26.34 1/20 2/40 2/40 2 3 0 0
34 37 11 7.412 27.69 2/18.2 6/54.5 3/27.3 0 6 5 0
35 38 18 7.446 28.04 0 9/50 9/50 1 8 9 0
36 39 2 7.326 29.8 0 1/50 1/50 2 0 0 0

pH < 7.35
48%

pH 7.35-
7.45

50,67%

pH>7.45
1,33%

pH<7.35
14.7%

pH 7.35-
7.45 57,3%

pH>7.45
28%

Pre- HD

Post - HD

Figure 1. Pre-and post-HD pH values.

HCO3<20
mmol/l
17,30%

HCO3 20-22
mmol/l
45,37%

HCO3>22
mmol/l
37,30%

HCO3 < 26
mmol/l

16%

HCO3 26-28
mmol/l

52%

HCO3 > 28
mmol/l

32%

Pre-HD

Post-HD

Figure 2. Pre-and post-HD serum HCO3
–.
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et al. [28] on patients dialyzed in DaVita facilities in
2001–2006, still 40% hemodialysis patients had average
predialysis serum bicarbonate < 22mmol/L and only
5% �27mmol/L. In the study by Bozikas et al. [20], 70%
of the patients had serum bicarbonate levels below
22mmol/L as recommended by the K/DOOQI guide-
lines, and 30% have their postdialysis pH in the
‘alkalotic’ range. In our patient’s group, serum predialy-
sis bicarbonates were as follows: 50.7% of patients had
bicarbonate levels < 22mmol/L, 1.33% patients �
27mmol/L, and 5.33% patients � 26mmol/L, and
1,33% patients had pH in alkalotic range. In our studied
population more patients were acidotic and fewer alka-
lotic in comparison with the DaVita population [28] and
fewer acidotic patients than reported by Bozikas et al.
[20]. As shown by Gennari [21] in the review article,
pre-HD and post-HD bicarbonate levels were highly
variable with the average serum predialysis bicarbonate
ranging from 17mmol/L to above 27mmol/L, and post
HD serum bicarbonate being 4–7mmol/L lower than
the dialysate bicarbonate level. In our study, the serum
postdialysis bicarbonates were 4.02–6.96mmol/L lower
the dialysate HCO3

– level.
Not surprisingly, significant changes in pH, HCO3

–

pCO2, lactate changes during HD were found in our
study. In patients who are dialyzed thrice weekly, stand-
ard HD (4 h) caused large fluctuations of serum bicar-
bonates during each session which were not
physiological. The net bicarbonate change was the
greatest when the concentration of HCO3

– in used
dialysate was the lowest (9.2 ± 0.27) and the slightest
when the concentration of HCO3

– in used dialysate was
the highest (4.6 ± 0.28). Using the standard dialysate
(35mmol/L) the bicarbonate change was mean
4.96 ± 1.9. We found strong inverse correlations
between the change of bicarbonates and only two
parameters: HCO3

– and pH before hemodialysis. A simi-
lar observation was made by Uribarri et al. [29], Sepandj
et al. [30], and Noh et al. [31], but the number of
patients in their studies were lower (15, 70, and 53,
respectively). The fluctuations were the largest in the
most acidotic patients.

Similarly to some other studies [24], we found that
the dialysate bicarbonates concentration had no effect
on predialysis serum bicarbonate, and in our study
group the postdialysis serum bicarbonates were related
to the elevated dialysate HCO3

–, even though the mean
pH was within the normal range.

In the previous studies, negative correlations
between the change in serum bicarbonate during the
HD and the bicarbonates predialysis level were found,
so patients with the highest bicarbonates level at the

initiation of the treatment experienced its modest
increase [1,30,31]. In our cohort, the change in serum
bicarbonate during HD significantly negatively corre-
lated with predialysis serum bicarbonate concentration.

It is known that both high- and low-serum bicarbon-
ate levels have been associated with an increased risk
of mortality [23,28,32,33] and serum bicarbonate were
inversely related to serum albumin and phosphate lev-
els in patients with end stage renal disease [34]. In our
cohort, only the level of serum postdialysis bicarbonate
correlated with serum albumin, but it was not related
to serum phosphate level.

The previous studies have shown that Americans
aged 65 and over have higher serum bicarbonate levels
than younger Americans, partly due to lower animal
protein intake and hence lower dietary acid load. In our
study, there were 38 patients older than 65 age,
(50.7%) and 37 pts (49.3%) below this age. Older age
was also associated with higher serum bicarbonate
level in patients with end stage renal disease [28,34,35].
In our study, there were no differences in serum bicar-
bonate in relation to age.

In our cohort, only 27 patients (36%) were dialyzed
using a CVC and their predialysis and postdialysis pH
values were significantly lower than those with a native
arteriovenous fistula, while predialysis and postdialysis
HCO3

– levels did not differ between both the groups.
This observation is similar to study by Bozikas et al. [20]
who found the same differences in their study group,
which had 1/3 patients dialyzed through a CVC.

F€ul€op et al. [36] encountered worse tolerance of
higher HCO3 on on-line HDF, rather than plain HD sug-
gesting a more propound HCO3 influx during on-line
hemodiafiltration and the concerns described here are
like more profound during on-line HDF. Leypoldt et al.
[37] recently described mathematical model can predict
the effect of operating conditions on acid–base balance
within and exiting the extracorporeal circuit during con-
tinuous kidney replacement therapy.

Despite the improvement in hemodialysis techni-
ques, acid–base balance still remains a challenge, there
is a huge discrepancy between recommendation pub-
lishes several years ago and real-world data. New guide-
lines how to correct acid–base disorders in
hemodialysis patients are needed to have less ‘acidotic’
patients before hemodialysis and less ‘alkalotic’ patients
after the session. Currently, no studies are available
addressing this issue. It appears that individualization of
the standard HD session would be of value, however,
we need more large-scale studies to prove or disprove
this hypothesis [11]. A change in dialysate content or a
bicarbonate profiling could also be considered as an

RENAL FAILURE 1095



option. Sodium bicarbonate supplementation therapy
could also be taken into account as reported
Kourtellidou et al. in randomized controlled trial [38].
Although alkali treatment (sodium citrate or sodium
bicarbonate) would be helpful, we should remember
that this type of intervention is not free from side
effects. Sodium citrate can lead to increase gastric alu-
minum absorption and sodium bicarbonate—to bloat-
ing and flatulence [39–41].

Maybe we are using wrong assumptions? Maybe
lowering the bicarbonate content in the dialysate will
help to better correct the acidosis by better exhaling
the carbon dioxide, as reported Cove et al. and
Montagud-Marriani et al. Sargent et al. also reported
that reducing bath HCO3

– should decrease organic acid
production [42,43].

We are fully aware of the limitations of our study,
first if all being single center. Although more patients
were enrolled in our study than in other studies, the
group is still could be larger. Another limitation is the
observational nature of the study; however, our
assumption was to analyze parameters in real life.

Conclusions

Despite the improvement in hemodialysis techniques,
acid–base balance still remains a challenge. Our study
has shown that the selection of bicarbonate level in the
hemodialysis bath based on previous periodic labora-
tory test does not results in a permanent improvement
of the acid–base balance. We need prospective
randomized multicenter studies to have more import-
ant information to formulate a new guideline. We need
long-term analysis and, we believe, mathematical mod-
eling to improve and individualize the acid–base bal-
ance in hemodialysis patients.
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dialysis patients. Przegląd Lek. 2019;76(8):442–444.

[16] Kopple JD. National kidney foundation: K/DOQI clinical
practice guidelines for nutrition in chronic renal fail-
ure. Am J Kidney Dis. 2000;37(suppl 2):S66–S70.

[17] National Kidney Foundation. K/DOQI clinical practice
guidelines for bone metabolism and disease in
chronic kidney disease. Am J Kidney Dis. 2003;
42(suppl 3):S1–S201.

1096 M. WIELICZKO AND J. MAŁYSZKO



[18] Fouque D, Vennegoor M, ter Wee P, et al. EBPG guide-
line on nutrition. Nephrol Dial Transplant. 2007;
22(Supplement 2):ii45–ii87.

[19] Henrich WL, Woodard TD, Meyer BD, et al. High
sodium bicarbonate and acetate hemodialysis: dou-
ble-blind crossover comparison of hemodynamic and
ventilatory effects. Kidney Int. 1983;24(2):240–245.

[20] Bozikas A, Kiriakoutzik I, Petrou I. Aiming for the opti-
mal bicarbonate prescription for maintenance hemo-
dialysis therapy in end-stage renal disease.
Hemodialysis Int. 2019;23(2):173–180.

[21] Gennari F. Very low and high predialysis serum bicar-
bonate levels are risk factors for mortality. Semin Dial.
2010;23(3):253–257.

[22] Tentori F, Karaboyas A, Robinson BM, et al.
Association of dialysate bicarbonate concentration
with mortality in the Dialysis Outcomes and Practice
Pattern Study (DOPPS). Am J Kidney Dis. 2013;62(4):
738–746.

[23] Bommer J, Locatelli F, Satayathum S, et al. Association
of predialysis serum bicarbonate levels with risk of
mortality and hospitalization in the Dialysis Outcomes
and Practice Pattern Study (DOPPS). Am J Kidney Dis.
2004;44(4):661–671.

[24] Panesar M, Shah N, Vaqar S, et al. Changes in serum
bicarbonate levels caused by acetate-containing bicar-
bonate buffered hemodialysis solution: an observa-
tional prospective cohort study. Ther Apher Dial.
2017;21(2):157–165.

[25] Flythe JE, Li NC, Lin SF, et al. Associates of cardiopul-
monary arrest in the perihemodialytic period. Int J
Nephrol. 2014;2014:1–12.

[26] Basile C, Rossi L, Lomonte C. Dialysate bicarbonate
concentration: too much of a good thing? Semin Dial.
2018;31(6):576–582.

[27] Abramowitz MK. Bicarbonate balance and prescription
in ESRD. J Am Soc Nephrol. 2017;28(3):726–734.

[28] Vashistha T, Kalantar-Zadeh K, Molnar MZ, et al.
Dialysis modality and correction of uremic metabolic
acidosis: relationship with all-cause and cause-specific
mortality. CJASN. 2013;8(2):254–264.

[29] Uribarri J, Zia M, Mahmood J, et al. Acid production in
chronic hemodialysis patients. J Am Soc Nephrol.
1998;9(1):114–120.

[30] Sepandj F, Jindal K, Kiberd B, et al. Metabolic acidosis
in hemodialysis patients: a study of prevalence and
factors affecting intradialystic bicarbonate gain. Artif
Organs. 1996;20(9):976–980.

[31] Noh US, Yi JH, Han SW, et al. Varying dialysate bicar-
bonate concentrations in maintenance hemodialysis

patients affect post-dialysis alkalosis but not pre-dialy-
sis acidosis. Electrolyte Blood Press. 2007;5(2):95–101.

[32] Lowrie EG, Lew NL. Death risk in hemodialysis
patients: the predictive value of commonly measured
variables and an evaluation of death rate differences
between faciclities. Am J Kidney Dis. 1990;15(5):
458–482.

[33] Wu DY, Shinaberger CS, Regidor DL, et al. Association
between serum bicarbonate and death in hemodialy-
sis patients: it is better to be acidocic or alkalotic?
CJASN. 2006;1(1):70–78.

[34] Amodu A, Abramowitz MK. Dietary acid, age, and
serum bicarbonate levels among adults in the United
States. Clin J Am Soc Nephrol. 2013;8(12):2034–2042.

[35] Patel R, Paredes W, Hall CB, et al. Variability in
monthly serum bicarbonate measures in hemodialysis
patients: a cohort study. BMC Nephrol. 2015;16(1):
214–225.

[36] F€ul€op T, Tapolyai MB, Zsom L, et al. Successful prac-
tice transitioning between hemodialysis and hemodia-
filtration in outpatient units: ten key issues for
physicians to remember. Artif Organs. 2018;42(9):
925–932.

[37] Leypoldt JK, Pietribiasi M, Echeverri J, et al. Modeling
acid-base balance during continuous kidney replace-
ment therapy. J Clin Monit Comput. 2022;36(1):
179–189.

[38] Kourtellidou SI, Ashby DR, Johansson LR. Oral sodium
bicarbonte in people on hemodialysis: a randomised
controlled trial. BMC Nephrol. 2021;22(1):346–357.

[39] Noce A, Marrone G, Jones GW, et al. Nutritional
approaches for the management of metabolic acidosis
in chronic kidney disease. Nutrients. 2021;13(8):
2534–2552.

[40] Cove ME, Vu LH, Ring T, et al. Respiratory dialysis-a-
novel low bicarbonate dialysate to provide extracor-
poreal CO2 removal. Crit Care Med. 2020;48(7):
e592–e598.

[41] Montagud-Marrahi E, Broseta J, Rodriguez-Espinosa D,
et al. Optimization od dialysate bicarbonate in
patients treated with online hemodiaflitration. CKJ.
2021;14(3):1004–1013.

[42] Sargent J, Marano M, Marano S, et al. Changing dialys-
ate composition to optimize acid-base therapy. Semin
Dial. 2019;32(3):248–254.

[43] Sargent JA, Yamamoto T, Yamakawa T, et al.
Hemodialysis using a low bicarbonate dialysis bath:
implications for acid-base homeostasis. Semin Dial.
2020;33(5):402–409.

RENAL FAILURE 1097


	Abstract
	Introduction
	Material and methods
	Results
	Hemodialysis parameters
	Vascular access and heparin use
	Acid–base blood parameters
	HCO3– in dialysate bath
	Serum HCO3– before HD
	Serum HCO3– after HD

	Discussion
	Conclusions
	Disclosure statement
	Funding
	Orcid
	References


