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ABSTRACT

Aims: This study assessed the effects of individualized dialysis sodium prescription on changes of echo-
cardiography in hemodialysis (HD) patients.

Methods: 77 chronic hemodialysis patients were analysed. In the first phase all patients underwent di-
alysis with standard dialysate sodium of 138 mmol/L followed by the second phase where dialysis was
performed with individualized dialysate sodium concentration according to average pre HD serum sodium
concentration. After the first phase, the subjects were divided into 3 groups: normotensive, hypertensive
and hypotensive based on the average pre-HD systolic BP during the first phase. In all patients echocar-
diography was performed at the end of the first and second phase.

Results: Patients had no statistical significant change in blood pressure compared with standard dialysate
sodium, only statistical significant change in interdialytic weight gain (IDWG). By dividing the patients,
sodium individualization resulted in significantly lower blood pressure and IDWG (p=0.018) in hyper-
tensive patients, whereas normotensive patients showed only significant decrease in IDWG (p=0,004).
Hypertensive patients had significant highest sodium gradient compared to other patients (p<0.05), fol-
lowed by significant increase of 0,6% IDWG confirmed with univariate regression analysis. In all patients,
echocardiography analysis showed an increase of 2.04 mm of LVDD by increasing the sodium gradient
for 1 mmol/L and significantly increased LVM of 35.69 gr by 1 kg increase in IDWG.

Conclusions: A reduction of the dialysate sodium concentration based on the pre HD serum sodium level
of the patient, reduced the SBP, DBP and IDWG and decreased the volume overload upon the heart and
consequently heart hypertrophy assessed by echocardiography.
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INTRODUCTION

Individual hemodialysis patients have a
stable concentration of pre-dialysis serum sodi-
um over time, suggesting the existence of an in-
dividual sodium set point, with small variations
of only 1-2%. Sodium balance during dialysis
depends on sodium diffusion and convection.
Convection is generally higher compared to dif-
fusion. [1] The amount of sodium removed by
convection largely depends on the magnitude of
the ultrafiltration, and this is more or less equal
to the product of the ultrafiltration volume and
the plasma sodium concentration. The mecha-
nisms of sodium removal by diffusion are more
complicated. Sodium diffusion between blood
and dialysate depends on its concentration in
plasma water and dialysate. Only chemically ac-
tive sodium is able to travel through the dialysis
membrane by diffusion, and it is the difference
between the activity of sodium in the blood and
the activity of sodium in the dialysate that allows
diffusion through the dialysis membrane. [2, 3,
4] Sodium influx can be expected in dialysis
with supraphysiological dialysis sodium concen-
trations and in patients with low plasma sodium
levels. However, there are still no clear data on
sodium balance during dialysis. [5, 6]

Chronic hemodialysis patients have much
higher cardiovascular morbidity and mortality
compared to the general population. [7, 8] This
increased mortality and morbidity can only be
partially explained by traditional cardiovascular
factors and pre-existing cardiac disease before
starting treatment by hemodialysis. [7] Constant-
ly increasing blood pressure and volume over-
load as a result of positive water and salt balance
are considered to be the main risk factors for
worsening of these conditions. The current liter-
ature recognizes that left ventricular hypertrophy
is a major factor which contributes to a high rate
of premature cardiovascular mortality in patients
on dialysis. The mortality rate in the dialysis
population is several times higher in relation to
the general population, thus it has became a pri-
ority to find a way to slow down left ventricular
hypertrophy in dialysis patients. Reduced expo-
sure to sodium by reducing sodium dialysis may
be a promising method.Therefore, additional in-
vestigations are needed in order to show wheth-

er there is an association between dialysate and
serum sodium at morbidity and mortality rates.

This study assessed the effects of individu-
alized dialysate sodium prescription on changes
of echocardiography in hemodialysis patients.

METHODS

77 anuric, non-diabetic patients with end
stage renal failure on chronic hemodialysis were
studied (36 females, 41 males) with a mean age
65.90 + 11.47 (35-86) years. The mean time on
HD was 76.42+67.71 (18-373) months. In the
first phase, all patients underwent dialysis with
a standard dialysate sodium of 138 mmol/L (12
weeks), followed by the second phase (which
lasted one year), where in all patients dialysis
was performed with an individualized dialysate
sodium concentration, according to average pre
HD serum sodium concentration measured over
the course of one year.Laboratory analysis were
taken in the middle of the week. Blood pressure
levels were recorded every hour in each hemo-
dialysis sessions in all patients during the study.
According to the average of all measurements of
blood pressure levels (before and after hemodial-
ysis), after the first phase, patients were divided
into 3 groups: normotensive, hypotensive, and
hypertensive. Hypertension was defined as blood
pressure greater than 140/90 mmHg, i.e. systolic
blood pressure before hemodialysis greater than
140 mmHg or after hemodialysis greater than
130 mm Hg or systolic blood pressure greater
than 10 mmHg pre-post-dialysis in four of six
consecutive hemodialysis. Intradialysis hypoten-
sion was defined as a blood pressure less than
110/60 mmHg or a drop in blood pressure great-
er than 20 mmHg during a hemodialysis session,
and at least one drop in systolic blood pressure
greater than 20 mmHg during a dialysis ses-
sion associated with the presence of symptoms
(headache, cramps, nausea, vomiting, collapse)
or intervention (Trendelenburg position, saline,
ultrafiltration reduction). We measured the dry
weight of all patients and interdialytic weight
gain (difference between body weight before
and after the dialysis session). Echocardiogra-
phy was performed at the end of the first and
second phases. Left atrium (LA), left ventricle
systolic diameter (LVSD), left ventricle diastolic
diameter (LVDD), interventricular septum, left
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ventricle mass (LVM), left ventricle mass index-
(LVMI), relative wall thickness (RWT) and ejec-
tion fraction (EF) were measured.

Statistical analysis was made using SPSS
17.0 and statistically significant value was con-
sidered when p <0.05.

RESULTS

According to the study protocol, for 12
weeks all patients were dialyzed continuosly
with a standard dialysate sodium.The pre-dial-
ysis plasma sodium concentration was 136.18
+ 1.39 mmol/L (range 132.53 to 140 mmol/L).
The number of patients with pre-dialysis plas-
ma sodium values less than 138 mmol/L was 69
(89.61%). Their distribution is shown on Chart 1.

Mann = 136, 18
5id. Dav, = 1,384
N=77
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132.00 134,00 136,00 138,00 140,00 142,00

plasma sodium

Chart 1. Histogram showing the distribution
of pre-dialysis plasma sodium concentration in 77
subjects

When comparing the effects on blood pres-
sure and IDWG using standard 138 mmol/L di-
alysis sodium compared with pre-hemodialysis
plasma sodium, a statistically significant dif-
ference was found only in the pulse at the end
of hemodialysis, but not in the blood pressure.
We confirm statistically significant decrease in
IDWG by using individualized dialysate sodium,
as shown on table 1.

However, when patients were divided into
3 groups according to blood pressure (hyperten-
sive, normotensive, and hypotensive), hyperten-
sive patients were shown to have a significant

reduction in SBP before HD (148.424+2.50 ver-
sus 151.21+£2.70 mm Hg; p<0.001), DBP before
HD (84.55+9.92 versus 87.40+10.61 mmHg;
p=0.002), SBP after HD (133.31£11.71 ver-
sus 135.47+12.42, p<0.001) and DBP after HD
(76.304£9.32 versus 79.14£9.75, p=0.004) in in-
dividualized dialysate sodium, according to the
pre-hemodialysis plasma sodium concentration
compared to standard dialysis sodium. Normo-
tensive patients did not show a statistically signif-
icant change in SBP and DBP before and after HD
(p> 0.05). A statistically significant drop in heart
rate was found in normotensive patients after
HD (77.40+9.96 versus 78.95+£12.30, p=0.013),
but not in hypertensive patients. During standard
sodium dialysis, both normotensive and hyper-
tensive patients had a similar IDWG (2.15+0.82
kg and 2.14+0.75 kg, respectively). This was
significantly reduced by individualization of di-
alysis sodium by pre-hemodialysis plasma sodi-
um concentrations (both 1.88+0.61 kg; p<0.001
and 1.89+0.58 kg; p=0.020, respectively). Hy-
potensive patients had a statistically significant
decrease in SBP before HD (80.13+12.14 ver-
sus 77.80+12.24, p=0.002) and DBP after HD
(53.17£13.78 versus 45.13+10.93, p=0.006).
Hypotensive patients have an increase in IDWG,
but this is statistically insignificant (2.53+0.57
versus 2.64+0.84, p=0.676). A statistically sig-
nificant decrease in heart rate post dialysis was
noticed in normotensive and hypotensive pa-
tients. (Table 2).

Plasma sodium in all 3 groups of patients
was close to 136 mmol/L, with a positive sodi-
um gradient in all groups dialyzed with standard
138 mmol/L dialysis sodium. Hypertensive pa-
tients had the highest positive sodium gradient
compared with normotensive and hypotensive
patients. When patients were placed on sodium
dialysis, according to pre-hemodialysis plasma
sodium concentrations, there was no sodium
gradient (zero-gradient eunatremic hemodialysis
was performed).

The correlation between IDWG and so-
dium gradient in standard dialysis sodium did
not show any statistical significance (r=0.004;
p=0.975). After determining the IDWG as a per-
centage of the “ideal body weight”, however, a
statistically significant correlation was shown
(r=0.266, p=0.019), i.e. the two parameters were
positively correlated, determinate by the increas-
ing sodium gradient IDWG (Chart 2). However,
no significant correlation was found between so-
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Table 1. The difference in analyzed variables using standard dialysis sodium (DNa.138 mmol/L) compared to
individual dialysis sodium according to the pre-hemodialysis plasma sodium concentration

Variable Standard DNa (mmol/L) gﬁ;‘iﬁﬁgﬁ% p-value
Pre HD SBP (mmHg) 128.28+18.22 127.74+17.54 0.098
Pre HD DBP (mmHg) 79.23+£12.68 78.21+12.81 0.063
Pre HD heart rate
(beats/min) 74.83+8.77 74.42+8.40 0.549
Post HD SBP (mmHg) 119.80+17.52 119.18+17.53 0.059
Post HD DBP (mmHg) 73.85+10.56 72.70+11.39 0.055
Post HD heart rate
(beats/min) 79.75+11.65 78.04+9.26 <0.001*
IDWG(kg) 2.17+0.79 1.93+/-0.64 <0.001**
SBP = systolic blood pressure; DBP= diastolic blood pressure; IDWG = interdialytic weight gain;

DNa=dialysate sodium

Table 2. Comparison of variables between standard dialysate sodium and individualized dialysatesodium
according to pre-hemodialysis serum sodium concentrations in the three patient groups (normotensive,
hypertensive, and hypotensive)

ariable Normotensive patients Hypertensive patients Hypotensive patients
v N=58 N=14 N=5
Dialysate
sodium sNa iNa sNa iNa sNa iNa
(mmol/L)
Pre HD SBP 126.92+9.71 127.05+8.61 151.21+£2.70 148.42+2.50* 80.13+12.14 77.80+12.24
(mmHg)
Pre HD 792241073 | 79.15£1035 | 87.40+10.61 | 84.55£9.92% | 56.58+13.14 | 49.5129.34
DBP(mmHg)
f;; ADheart | 54 1940 | 73.094842 | 76.5426.54 | 79.1526.72 | 74.73£6.76 | 76.60+8.59
Post HD

119.95+10.72 | 120.03£9.79 135.47+12.42 | 133.31£11.71* | 74.18%15.14 | 69.69+16.09
SBP(mmHg)
Post HD
74.35+8.30 74.20+£8.53 79.14+9.75 76.30+9.32* 53.17+13.78 45.13+10.93*

DBP(mmHg)
Post HD
h 78.95+12.30 77.40+9.96%* | 82.19+9.89 80.61+6.34 80.25+7.64 78.35+7.39*

eart rate
IDWG(kg) 2.15+0.82 1.88+0.61%* 2.14+0.75 1.89+0.58* 2.53+0.57 2.64+0.84
Serum
sodium 136.77+1.47 136.36+0.24 136.66+1.50
(mmol/L)
Sodium 1214149 |/ 1.63+0.80 J 1.30+0.81 i
gradient

SBP = systolic blood pressure; DBP= diastolic blood pressure; IDWG = interdialytic weight gain
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dium gradient and blood pressure (SBP and DBP
before and after HD) when analyzing patients as
a single group.

Chart 2. Correlation between sodium gradient

and IDWG as a percentage of “ideal body weight”
(IDWG/BW%) in 77 subjects
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o

sodium gradient

By using the linear regression method,
we quantified the correlation between the sodi-
um gradient and the IDWG as a percentage of
the “ideal weight”. The results showed that by
increasing the sodium gradient by 1 mmol/L,
IDWG increased by an average of 0.189% (Beta
0.189). An R2 value of 0.071 shows that 7.1% of
the changes in IDWG, as a percentage of “ideal
body weight”, can be explained by a change in
the sodium gradient. Thus, linear regression con-
firmed the predictive value of the sodium gradi-
ent (Table 3)

In the second phase, we performed echo-
cardiography in all 77 patients. In 6 patients
the E/A ratio could not be determined due to
observed cardiac arrhythmia (atrial fibroflatter
= AFF). In 9.8% of the analyzed patients, the
E/A ratio was below 1, i.e. they had left ventric-
ular diastolic dysfunction. Statistical analysis
showed a statistically significant decrease in left
ventricular mass and left ventricular mass index,
but no statistically significant change in relative
wall thickness (RWT) when patients were dia-
lyzed with sodium according to pre HD plasma
sodium concentration. (Table 4).

A statistically significant association of
individualized dialysate sodium with LV diame-
ter in diastole was confirmed (r=0.298, p=0.03),
and both parameters were in positive association
(Chart 3).

Chart 3. Correlation between individualized
dialysate sodium and left ventricular dimension in
diastole.
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Quantifying this association with linear re-
gression analysis, it was confirmed that increas-
ing the dialysate sodium by 1 mmol/L, the size
of the left ventricle in diastole increases by 2.04
mm, i.e. in 8.9% of dialysis patients, the change
in the size of the left ventricular diastole can be
explained by a change in dialysis sodium (Table
5).

No statistically significant association was
found between individualized dialysate sodium
and left ventricular systole diameter and right
ventricular diameter. Also, the statistical analysis
did not show any significant association, when
using individualized dialysate sodium, with the
marker for left ventricular diastolic dysfunction
(E/A ratio) and with the more sensitive marker
for diastolic left ventricular dysfunction (E/E
ratio) (r=0.172, p=0.227; r=-0.47, p= 0.744, re-
spectively). Analysis of the association of IDWG
and left ventricular mass, as well as IDWG and
left ventricular mass index, showed a statistically
significant positive association between the an-
alyzed parameters (1=0.346, p=0.011, r=0.314,
p=0.022, respectively), i.e. increasing IDWG in-
creases left ventricular mass and left ventricular
mass index (Charts 4 and 5). Logistic regression
analysis confirmed that the increase in IDWG by
1 kg increases the left ventricular mass by 35 g,
1.e. the increase in left ventricular mass in 12%
of dialysis patients is due to increased IDWG
(Table 6).
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Table 3. Overview ofthe impact of sodium gradient on IDWG as a percentage of “ideal body weight” using
linear regression analysis

Unstand. coefficient Stand coefficient
Variable T p-value
B Std error Beta
IDWG(%) 2.653 0.179 14.861 0.000
Sodium gradient 0.189 0.079 0.266 2.394 0.019

IDWG = interdialytic weight gain

Table 4. Comparison of echocardiographic parameters with standard dialysate sodium and dialysate sodium
according to pre HD serum sodium concentration.

Variable Standard DNa Individualized DNa p- value
LVM( g) 236.26+72.58 189.79+63.06 <0.001*
LVMI (g/m?) 140.52+42.23 112.47+£35.10 <0.001*
RWT 0.45+0.08 0.44+0.09 0.181
Lvd 52.86+6.45 48.33+6.55 <0.001*
LVs 34.19+6.21 33.38+5.65 0.466
LA 41.384+6.59 40.76+7.54 0.582
IVS 13.62+1.35 12.29+1.41 <0.001*

LVM-= left ventricular mass; LVMI=left ventricular mass index; RWT=relative wall thickness; LVd=left
ventricular diastole; LVs= left ventricle systole; LA= left atrium; IVS= interventricular septum;
DNa=dialysate sodium

Table 5. Demonstration ofthe strength of correlation between left ventricular diameter and individualized
dialysate sodium using logistic regression analysis.

. Unstand.coefficient Stand coefficient .
variable T Sig.
B Std. Error Beta
LVd -232.834 125.87 -1.858 0.069
DNa 2.044 0.917 0.298 2.230 0.030

LVd=left ventricular diastole; DNa=dialysate sodium

Table 6. Overview of the logistic linear regression analysis on IDWG impact upon left ventricular mass

. Unstand. coefficient Stand coefficient
Variable t p
B Std. Error Beta
LVM(g) 122.620 26.778 4.579 0.000
IDWG (kg) 35.698 13.546 0.346 2.635 0.011

LVM-= left ventricular mass; IDWG — interdialytic weight gain
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Chart 4. Overview of the correlation between IDWG and left ventricular
mass in patients on individualized dialysate sodium.
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Chart 5. Overview of the linear association between IDWG and left

ventricular mass index.

DISCUSSION

Our research was of a retrospective-pro-
spective character, conducted in two phases. In
the first phase, we analyzed the effects of stan-
dard dialysate sodium on blood pressure and
IDWG, and in the second phase we analyzed the
influence of individualized dialysate sodium ac-
cording to pre HD serum sodium concentration.
Analysis the effect of individualized dialysate
sodium, according to the pre-hemodialysis plas-
ma sodium concentration, did not confirm any
statistically significant difference in blood pres-
sure and IDWG compared to standard dialysate
sodium (DNa 138 mmol/L) when all patients

were analyzed as one group. The same conclu-
sion was published by De Paula et al. [9] We
did not find a statistically significant association
between the sodium gradient and IDWG. When
we, however, determined IDWG as a percentage
of “ideal body weight”, a statistically significant
association was confirmed (p=0.019). The same
association was confirmed in De Paula's study.
[9] Quantifying the association with linear logis-
tic regression, it was confirmed that with an in-
crease of sodium gradient by 1 mmol/L, the av-
erage IDWG increases by 0.189%. In our study,
the sodium gradient was significantly higher in
hypertensive patients when compared to normo-
tensive and hypotensive patients, therefore sug-
gesting lower pre-hemodialysis plasma sodium
concentrations in patients with poorly controlled
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blood pressure and higher blood pressure. This
resulted in thirst and volume load, i.e. higher
IDWG (p = 0.017). This conclusion is also con-
firmed by a previously proven association be-
tween sodium gradient and IDWG in hyperten-
sive patients. This was statistically much stron-
ger compared to the previously proven associa-
tion of both parameters in all patients, as a group.
Via linear regression analysis, Keen and Gotch
and Mendoza et al. showed a statistically signif-
icant association between sodium gradient size,
interdialysis weight gain, and blood pressure in
a smaller sample of hemodialysis patients. [10,
11] However, Hecking et al. reported that high-
er sodium dialysis was associated with greater
interdialysis weight gain, but not with a higher
risk of hospitalization and mortality. In fact, pa-
tients dialyzed with higher dialysate sodium had
a significantly lower risk of hospitalization, even
in centers where all or almost all patients were
dialyzed with the same dialysate sodium, show-
ing a significantly lower risk of mortality. [12]
The analysis of the association of the individu-
alized dialysate sodium, according to the pre-he-
modialysis plasma sodium concentration with
IDWG, did not confirm a statistically significant
association in our study, which confirms that
during the individualization of the dialyzed sodi-
um HD, eunatremic hemodialysis is performed.
Even higher dialysate sodium values do not lead
to higher IDWG if they are adjusted to pre-he-
modialysis plasma sodium concentrations (p>
0.05), as confirmed in our study. But research by
Jung et al. has shown that increasing dialysate
sodium based on plasma sodium concentrations
increases IDWG and thirst in patients who have
previously been dialyzed with a negative sodium
gradient. [13]

Individualization of dialysate sodium to
pre-hemodialysis plasma sodium concentration
is a simple complementary strategy that limits
sodium in dialysis, thus possibly helping reduce
intradialytic weight gain in some patients. In our
study, we did not find a direct correlation between
the sodium gradient and blood pressure, correla-
tion which was confirmed by other researchers.
[14] We confirmed that, individualization of di-
alysate sodium to pre-hemodialysis plasma sodi-
um concentration was well tolerated by patients,
most likely due to lower IDWG and lower ultra-
filtration rate, with almost no side effects (only a
few cases of hypotension and muscle cramps). It
is clear that the tendency to conduct eunatremic
hemodialysis increases the risk of intradialysis

hypotension. Therefore, we believe that the in-
dividualization of dialysate sodium, according
to the pre-hemodialysis plasma sodium concen-
tration, mainly affects IDWG and leads to better
blood pressure control in patients with poorly
regulated blood pressure (volume-dependent
hypertension), and our study group of patients
is generally asymptomatic. On the other hand,
this is not the case with hemodynamically sta-
ble patients, where individualization of dialysate
sodium has no effect on blood pressure but only
on IDWG, as confirmed in our study. Namely,
normotensive patients did not have a statistical-
ly significant change in systolic and diastolic
blood pressure pre - and post-hemodialysis, but
they did have a statistically significant decrease
in IDWG compared to standard dialysis sodi-
um, which was confirmed (p<0.001). Therefore,
we believe that prescribing dialysate sodium
according to pre-hemodialysis plasma sodium
concentration is a safe method. Beside a signifi-
cant decrease of blood pressure, we confirmed a
statistically significant decrease of heart rate in
normotensive and hypotensive patients, which
can be explained by autonomic neuropathy, with
decreased sympathetic activity, resulting in de-
creased heart rate.

The main concern about the individualiza-
tion of dialysate sodium, according to pre-hemo-
dialysis plasma sodium concentration, is the risk
of hyponatremia and plasma hypoosmolality, as
well as complications associated with both con-
ditions, as there is no diffusion by sodium during
dialysis. However, reduced IDWG leads to lower
UF and, consequently, less sodium loss by con-
vection, so we expect plasma sodium to remain
unchanged (eliminating only sodium introduced
during the interdialysis period).

The current literature recognizes that left
ventricular hypertrophy (LVH) is a major factor
contributing to the high rate of premature car-
diovascular (CV) mortality in dialysis patients.
Left ventricular hypertrophy plays a key role
in sudden cardiac death in dialysis patients and
is a strong independent risk factor of mortality.
[15, 16] Therefore, it has become a priority to
find a way to slow left ventricular hypertrophy
in dialysis patients. Reduced sodium exposure
by reducing dialysis sodium can be a promising
method.

There is evidence to suggest that the re-
duction of LVM can be achieved by aggres-
sive control of blood pressure and ultrafiltration
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during HD. [17] The most effective intervention
involves the use of frequent and long-lasting
HD. Our study confirmed a statistically signif-
icant decrease in left ventricular mass and left
ventricular mass index after individualization
of dialysate sodium compared to standard dial-
ysate sodium (p < 0.001). Although a statistical-
ly significant decrease in LVM was confirmed,
the interventricular septum and left ventricular
diastolic diameter, in contrast to, relative wall
thickness, the left ventricular systolic diameter,
and left atrium did not show significant change.
In their study, Sayarlioglu et al. reported statisti-
cal reductions in LV systolic diameter, tricuspid
regurgitation, inferior vena cava diameter, and
pulmonary arterial pressure after dialysate sodi-
um reduction, [18] whereas the study of Aybal
et al. showed no changes in LVM after dialysate
sodium reduction, but endothelial dysfunction
was significantly reduced;, this was confirmed
by other studies. [19]

Our study confirmed a statistically signifi-
cant positive association of IDWG and LV mass,
as well as between IDWG and LV mass index
(r=0.346, p=0.011; r=0.314, p=0.022). Linear
regression analysis confirmed that the increase
in IDWG per 1 kg increases the left ventricular
mass by 35 g. LV hypertrophy is usually per-
sistent and progressive, despite antihypertensive
therapy in dialysis patients. A significantly more
acceptable alternative may be to reduce sodi-
um exposure by reducing dialysate sodium. Salt
loading through increased dietary intake or diffu-
sion during dialysis has been shown to increase
blood pressure and IDWG. Elevated plasma so-
dium may induce hypertension, independent of
increasing ECV, through mechanisms that main-
ly involve vascular endothelial stiftness. [20, 21]
In our study, the positive linear association be-
tween individualized dialysate sodium and left
ventricular diastole diameter was shown to be
statistically significant.

In the study, we confirmed that there is no
association between dialysis sodium and IDWG
(even at different values of individualized dialy-
sis sodium; p> 0.05), and we believe that IDWG
in individual dialysis sodium is mainly due to in-
terdialysis dietary salt intake. This finding con-
firm, that in addition to volume load, other fac-
tors (sodium by itself, endothelial dysfunction,
decreased synthesis and nitric oxide release) are
involved in the development of diastolic dysfunc-
tion and left ventricular hypertrophy.We consid-

er the cardioprotective form of hemodialysis to
be frequent and long-lasting HD, with a lower
dialysis sodium of 138 mmol/L. An important
feature of this model is the improved intradial-
ysis hemodynamic stability. Slow elimination of
fluids and substances minimizes the risk of in-
tradialysis hypotension and the development of
disequilibrium. Ironically, this approach takes us
back to the beginnings of dialysis: long dialysis
with hypotonic dialysis used in the 1970s.

It may be considered that the duration of
the individualized and standard sodium dialy-
sis phase (1 year vs. 12 weeks) was a limitation
of this study, although numerous studies have
shown that serum sodium is stable over years,
with small variations of 1-2 %, and patients in al-
most all dialysis centers are dialyzed with a stan-
dard dialysis sodium of 138 mmol/L. Patients are
dialyzed with standard dialysis solution (Na 138
mmol/L, CH3COO 3.0 mmol/L, C1 110 mmol/L,
Mg 1.0 mmol/L, K 2.0 mmol/L) in our institu-
tion as well, and in the first phase they continued
to be dialyzed with the same dialysate sodium as
before, therefore no change has been under taken
to the patients during the first phase, and, hence,
no echocardiography changes were expected.
Echocardiography was therefore performed after
completion of the first phase, 12 weeks later, i.e.
before the individualized phase, and again, after
completion of the individualized phase in order
to assess the possible impact of the intervention
upon the echocardiography parameters.

CONCLUSION

It can be concluded that dialysate sodium
is a fundamental component of hemodialysis
which can be easily modified. However, research
is still needed to prove the safety of using low di-
alysis sodium. The prescription of individualized
sodium dialysate, according to the pre-hemodial-
ysis plasma sodium concentration leads to: better
control of interdialysis weight gain, reduction of
subjective thirst, hemodynamic stability (main-
tenance of blood pressure in normotensive and
hypotensive patients, control of blood pressure
in hypertensive patients with uncontrolled blood
pressure), reduced use of antihypertensive drugs,
and reduced frequency of intradialysis complica-
tions and discomfort. The most important influ-
encing factor on individualized dialysate sodium
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was the improvement of cardiovascular param-
eters: reduction of left ventricular hypertrophy,
improvement of left ventricular systolic and di-
astolic dysfunction as a result of decreased vol-
ume overload assessed by echocardiography.
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Pe3ume

E®EKTUTE OJ CTAHIAPIHUOT U O UHAUBUAYAJIU3UPAHUOT
ANJAJIM3ATEH HATPUYM BP3 EXOKAPINOI'PA®@CKUTE ITAPAMETPU
KAJ TAIIMEHTHU HA XPOHUYHA XEMOIHNJAJIN3A

Harama E¢rumoBcka-OtoBuk’', OnnBepa CrojueBa-TaneBa’, Harama IlerkoBuri’®

! I'pancka ommra 6onanna 8§ CentemBpu, Onenenue 3a Hedponoruja, 1000 Cromnje, PC Makenonuja
? TIpusaren uenrap 3a aujanusa Jujasepym, 1000 Cromje, PC Makenonuja
3 I'pazacka omrra 6osauIa, Onaen 3a kapauonoruja, 1000 Ckomnje, PC Makenonuja.

Hemn: Ctyauja ru npoueHn eheKTHTe 0] HHAUBHIYAIN3UPAHUOT AWjaIN3aTeH HAaTPUYM BpP3 €XO-
KapauorpagcKuTe NpOMEeHHU Kaj MaueHTHTe Ha Xxemoaujanuza (X1).

MeToau: AHanu3upanu ce 77 nalMeHTH Ha XpOHWYHA XeMoaujanu3a. Bo mpsara ¢da3za curte namu-
eHTu Oea qujamu3upaHy cO CTaHAAPICH Aujain3areH HarpuyM ox 138 mmol/L, npocneneHo co Bropara
(haza, kage WTO AUjasn3uTe Oea BOICHN CO MHANBUAYAIM3UPaH I1jaIu3aTeH HATPUYM CIIOpel IPOCeYHaTa
KOHIICHTpAaLlKja Ha HaTPUyM BO CepyMOT npen xemoaujanusara. [lo npsara ¢asza ncnuranunure 6ea mo-
JeJICHHU BO 3 TPYIH CIOpe] CPpeIHUOT npel-X/l cucToieH KpBeH NPUTUCOK BO TEKOT Ha MpBaTa (asa Ha:
HOPMOTEH3UBHH, XUIIEPTCH3UBHU M XUIOTEH3UBHU. Kaj cuTe manueHTu e HanpaBeHa exokapauorpaduja
Ha KpajoT ofl pBara u of] BTopara (asa.

Pesyararu: [lanmentuTe HeMaa CTaTUCTHYKA 3HaYajHA IIPOMEHA BO KPBHUOT MPUTHCOK BO CIIOPE-
0a co cTaHAapAHUOT JHjan3aTeH HaTPUyM, CaMO CTaTHCTHYKA 3Ha4ajHa TIPOMEHA BO WHTEPAMjalTU3HOTO
3rojemyBame Ha TenecHara TexkuHa (MJJT). Co mogenbara Ha maneHTUTe WHANBHUAyalInU3alljaTa Ha
HaTPUYMOT PE3YITHPAIlE BO 3HAYUTEITHO TOHN30K KpBeH nputrcok 1 UIIJIT (p = 0,018) xaj xunepTeH3uB-
HUTE NALUEHTH, J0JeKa HOPMOTEH3UBHUTE MALIMEHTHU MOKa)Kaa caMo 3HAYMTENIHO HaMaityBamwe Ha UJIJIT
(p = 0,004). XurepreH3UBHATE MMAIMEHTH MMaa 3Ha4YajHO HAjrOJIeM HATPUYM TPAJAHMEHT BO criopenda co
npyrute namuerTa (p < 0,05), mpocneneHo co 3HaunTenHo 3ronemyBame Ha MJIJT ox 0,6 %, motBpaeno
CO YHHBapHjaTHa perpecuBHa aHaim3a. Kaj cute manumenTn exokapauorpadcekara aHagm3a MmoKaxa 3roie-
MyBame on1 2,04 mm na JIBJI/] co 3ronemyBame Ha TpaAeHTOT Ha HaTpuyM 3a | mmol/L u 3HaunTenHo
sronemyBame Ha JIBM on 35,69 g 3a 1 kg 3ronemyBame Ha U/IJIT.

3akayuyoun: HamanyBameTo Ha KOHIICHTpAITHjaTa Ha JWjaIM3aTHHOT HATPUYM BP3 OCHOBA HA HH-
BOTO Ha HaTpUyM Bo cepyMmot mipen X /| Ha marmenTot ru HamamyBa CKII, JIKIT u UJI/IT u ro HamaryBa
BOJTYMEHCKOTO IIPEOTNITOBApyBamhE Ha CPIETO H, CIEACTBEHO, CpIIeBaTa XUNepTpodHja mporeHeTa co exo-
Kapauorpaduwuja.

Knyunu 300poBu: aujanu3aTeH HaTPUYM, HHTEPAUjau3HO TOOUBaE BO TEXKUHA, JIEBO BEHTPH-
KyJapHa xuneprpoduja





