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Effi cacy of stepwise sodium profi le versus individualized 
dialysate sodium in blood pressure control among 
hemodialysis patients
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ABSTRACT
Background: Hypertension is very common in patients with end-stage renal disease and accelerates cardiovascular morbidity 
and mortality.   The most important factor in achieving normal blood pressure in these patients is reaching dry weight. Sodium 
and extracellular fl uid balance play a vital role in this regard. Considering the lack of consensus about the effi cacy of stepwise 
sodium profi le and individualized dialysate sodium, this study aimed to determine the superior method for blood pressure control 
in hemodialysis patients.
Materials and Methods: In a quasi-experimental study, patients satisfying the inclusion criteria were enrolled through convenience 
sampling. The patients were randomly assigned to two groups of stepwise sodium profi le and individualized dialysate sodium. 
Information record form was used for data collection. Data were analyzed with paired and independent t-test and descriptive 
statistics using SPSS for Windows 20.0.
Results: Patients in the two groups were similar in qualitative and quantitative background variables. While systolic blood pressure 
signifi cantly decreased following hemodialysis with individualized dialysate sodium (P < 0.001), there was no signifi cant difference 
between pre- and post-dialysis systolic blood pressure values using stepwise sodium profi le (P = 0.060). Individualized dialysate 
sodium caused greater change in the mean systolic blood pressure than stepwise sodium profi le did (P = 0.040). Pre- and 
post-dialysis diastolic blood pressure values showed signifi cant differences in both groups (P < 0.001 using individualized dialysate 
sodium and P = 0.009 using stepwise sodium profi le). However, the mean changes in diastolic blood pressure of the two groups 
were not signifi cantly different (P = 0.295).
Conclusions: We found no signifi cant difference in interdialytic weight gain and blood pressure control by the two methods. The 
change in systolic blood pressure was lower in the stepwise profi le method than in the individualized dialysate sodium method, 
and this method did not cause interdialytic hypertension. So, by adjusting the dialysis solution with regard to   plasma sodium 
levels, lead to more blood pressure control. Meanwhile, the two groups were not signifi cantly different in the mean changes of 
diastolic blood pressure.
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is seen in 90% of hemodialysis patients,[1] and its 
under-treatment may lead to a variety of cardiovascular 
diseases, e.g. left ventricular hypertrophy, cardiac chamber 
dilatation, inappropriate distribution of coronary blood 
flow, myocardial ischemia, myocardial fibrosis, heart 
failure, and arrhythmias, which are considered as the most 
common cause of death among the mentioned population.[2] 
Meanwhile, reaching dry weight is considered as the first and 
most important factor in achieving normal blood pressure 
levels in these patients. Sodium and extracellular fluid 
balance plays a major role in blood pressure and interdialytic 
weight gain control and, thus, helps maintain dry weight.[3] 
Sodium concentration of the dialysate is critical in providing 
such balance. Shorter duration of dialysis and increased 
ultrafiltration rate following technological advancements in 
the field of hemodialysis have brought about hypotension, 
disequilibrium syndrome, and muscle cramps, the reduced 

INTRODUCTION

Hypertension, a major cause of end-stage renal 
failure, remains persistent in a significant proportion 
of patients undergoing hemodialysis. The condition 
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incidence of which requires increased sodium concentration 
of the dialysate. Hypernatremic dialysates or sodium 
profiling has been used to control such effects.[4]

In sodium profiling, hyprenatremic dialysates are used at 
the beginning of the dialysis process. Sodium content of the 
dialysate is then gradually reduced to allow excess sodium 
to be removed from the blood. High sodium concentration 
in this method facilitates the movement of water from the 
interstitial space into the intravascular space and results 
in better maintenance of intravascular volume and fewer 
adverse effects during dialysis. However, some believe that 
high concentrations of sodium in sodium profiles will lead to 
not only increased thirst and interdialytic weight gain (which 
means the need for removing greater volumes of fluids to 
reach dry weight and higher frequency of hypotension) but 
also hypertension. Hence, sodium content of the dialysate 
has to be regulated according to each patient’s plasma 
sodium level before dialysis.[2]

In contrast, other researchers suggest that sodium profiles 
reduce dialysis complications and provide patient comfort 
without affecting interdialytic weight gain. They thus 
believe that such procedures are beneficial to patients 
facing difficulty in reaching dry weight due to the adverse 
effects of dialysis.[5,6] There have also been studies 
indicating reduced sodium concentration of the dialysate 
to be associated with lower interdialytic weight gain, fewer 
complications during hemodialysis, and more favorable 
blood pressure.[7,8]

Considering the lack of consensus on the use of sodium 
profiles and isonatric dialysate (solutions in which the 
sodium content is adjusted based on the patient’s plasma 
osmolarity), we aimed to study the effects of these two 
methods on hypertension among hemodialysis patients.

MATERIALS AND METHODS

Ethical considerations
Ethical approval was obtained from the local research ethics 
committee of Isfahan University of Medical Sciences. The 
study’s purpose and process were explained to subjects in 
full prior to participation. The participants autonomously 
decided whether to participate and signed the “informed 
consent” based on their decisions.

This quasi-experimental study was conducted in Noor 
and Amin Hospitals, Isfahan, Iran in 2012. A total of 40 
non-diabetic, hypertensive patients on three times per 
week hemodialysis were recruited using convenience 
sampling. Dialysis was performed using sodium bicarbonate 
solutions and low-flux membranes, and had an adequacy 
of Kt/V ≥ 1.2 (where K, t, and V were dialyzer clearance 

of urea, dialysis time, and volume of distribution of 
urea, approximately equal to patient’s total body water, 
respectively).

The participants signed informed consent forms and 
had the right to withdraw from the study at any stage. 
The adequacy of hemodialysis (Kt/V) among the eligible 
subjects was measured in the beginning of the study. In 
order to calculate Kt/V, blood samples were obtained 
before and after hemodialysis, urea tests were performed, 
and the ratios were calculated using the dialysis adequacy 
calculation software available online (http://www.merah.ir/
home/index.php?option=com_wrapperandview=wrappe
randItemid=15). The software uses urea levels before and 
after dialysis, ultrafiltration rate, and patient’s weight after 
hemodialysis to calculate dialysis adequacy.

Afterward, the eligible patients were included and allocated 
to two groups using a table of random numbers. The two 
groups received nine sessions of hemodialysis through 
either stepwise sodium profile or individualized dialysate 
sodium.[8] Since we intended to adjust dialysate sodium 
levels according to each patient’s mean plasma sodium 
concentration, all eligible patients first underwent five 
sessions of hemodialysis with dialysates containing standard 
sodium levels (138 mEq/l). Before each dialysis session, the 
patients’ plasma sodium concentrations were measured 
by an EasyLyte electrolyte analyzer (made in USA) using 
current ion-selective electrode technology (which measures 
sodium ion activity instead of its concentration). This 
method prevents false reports of hyponatremia due to 
changes in protein levels or blood lipids. After five sessions, 
the mean plasma sodium concentration of each patient 
was calculated and recorded. During the next nine sessions 
of hemodialysis, the dialysate sodium level was adjusted 
based on the obtained value for each individual. During 
individualized adjustments, the dialysate sodium level was 
set at 135 me/lit for patients with mean serum sodium levels 
of less than 137 and 137 for others. Unvarying dialysate 
sodium level was maintained throughout the process of 
dialysis (Sayarlioglu et al. 2007). In the stepwise sodium 
profile group, the upper limit was considered as 146 and the 
lower limit was defined according to the above-mentioned 
method.

Blood pressure measurements were performed before 
the dialysis, at the first, second, and third hours of the 
process, and at the end of it using a single standard mercury 
sphygmomanometer (ALPK-2 made in Japan) and based 
on Korotkoff sounds. The participants’ regular blood 
pressure medication regimen remained unchanged. As 
the subjects were randomly assigned to the study groups, 
it was impossible to match the two groups in terms of 
blood pressure before hemodialysis. Hence, in inter-group 
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comparisons of blood pressure after dialysis, the effects 
of blood pressure before dialysis were kept constant and 
covariance analysis was applied. Considering that the 
researcher and co-researcher measured the participants’ 
blood pressure in the course of the study, inter-rater 
reliability of the measurements was first tested on a sample 
of 10 subjects and a correlation coefficient of 95% was 
obtained.

None of the subjects were excluded from the study since 
fixed antihypertensive treatment regimen, membrane 
type, and frequency of hemodialysis were used and no 
patient had episodes of hypotension (reduction of 40 
and 20 mmHg in systolic and diastolic blood pressure, 
respectively).[15] A Fresenius 4008 dialysis machine (made 
in Germany) at 36°C was used for all patients. Blood and 
dialysate flow rates were set at 300-350 and 500 ml/min, 
respectively. Hemodialysis sessions lasted for 4 h.

All statistical analyses were performed in SPSS for Windows 
20.0 (SPSS Inc., Chicago, IL, USA). P values less than 0.05 
were considered as statistically significant.

RESULTS

The two groups were not significantly different regarding 
quantitative variables (age, duration of hemodialysis, 
and hemodialysis adequacy level) or qualitative 
variables (gender, type of vascular access, the use of 
erythropoietin, and antihypertensive drugs) [Table 1].

According to independent t-test, the mean systolic blood 
pressure of the two groups was not significantly different 
either before or after hemodialysis (P = 0.437 and 0.620, 
respectively). However, analysis of covariance showed 
that if the mean systolic blood pressure of the two groups 
were exactly similar before the intervention, there would 
have been a significant difference between the values 
after the intervention (P = 0.04). While the mean systolic 
blood pressure significantly decreased after hemodialysis 
using individualized dialysate sodium (P < 0.001), 
no such difference was detected between the values 
before and after hemodialysis using stepwise sodium 
profile (P = 0.06) [Table 2]. The mean changes in systolic 
blood pressure were thus significantly higher using the 
individualized dialysate sodium than with the stepwise 
sodium profile (P = 0.040).

Independent t-test indicated that the two groups were not 
significantly different in terms of mean diastolic blood 
pressure before hemodialysis (P = 0.206). Analysis of 
covariance also suggested that if the mean diastolic blood 
pressure values before the intervention were exactly 
the same in both methods, no significant difference 

Table 1: Baseline characteristics of the patients presented as 
mean (standard deviation) or number (%)

Individualized 
dialysate 
sodium

Stepwise 
sodium 
profi le

P value

Age (years) 53.7 (15.62) 56 (19.5) 0.677

Sex (male) 14 (70%) 12 (60%) 0.507

Duration of hemodialysis 
(years)

3.76 (2.94) 3.70 (3.46) 0.957

KT/V 1.4 (0.2) 1.3 (0.1) 0.166

Vascular access

Arteriovenous fi stula 11 (55%) 14 (70%) 0.362

Arteriovenous graft 1 (5%) 0

Venovenous 8 (40%) 6 (30%)

Use of erythropoietin (yes) 16 (80%) 17 (85%) 0.500

Antihypertensive drugs

Alpha-blockers 1 (5%) 1 (5%) 0.159

Calcium channel blockers 10 (50%) 8 (40%)

Beta-blockers 8 (40%) 12 (60%)

Angiotensin-converting 
enzyme inhibitors

9 (45%) 8 (40%)

Table 2: Mean pre- and post-dialysis systolic blood pressure in 
individualized dialysate sodium and stepwise sodium profile 
groups

Pre-dialysis 
systolic 
blood 

pressure

Post-dialysis 
systolic 
blood 

pressure

Paired
t-test

Mean SD Mean SD t P
Individualized 
dialysate sodium

136.11 13.10 124.85 12.22 5.75 <0.001

Stepwise sodium 
profi le

132.66 14.63 127.25 17.83 19.99 0.060

Independent t-test

t 0.78 0.49 -

P 0.437 0.620 -
SD: Standard deviation

Table 3: Mean pre- and post-dialysis diastolic blood pressure 
in individualized dialysate sodium and stepwise sodium 
profile groups

Pre-dialysis 
diastolic 

blood 
pressure

Post-dialysis 
diastolic 

blood 
pressure

Paired
t-test

Mean SD Mean SD t P
Individualized 
dialysate sodium

79.55 6.21 74.05 6.01 5.65 <0.001

Stepwise sodium 
profi le

77.25 5.05 73.80 6.44 2.91 0.009

Independent t-test

t 1.29 0.24 -

P 0.206 0.808 -
SD: Standard deviation
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would have been observed in the values after the 
intervention (P = 0.182). Both methods significantly 
reduced the mean diastolic blood pressure (P < 0.001 
and P = 0.009 using individualized dialysate sodium and 
stepwise sodium profile, respectively) [Table 3]. Changes in 
the mean diastolic pressure were not significantly different 
between the two methods (P = 0.259). The two groups did 
not have a significant difference in the mean interdialytic 
weight gain (P = 0.372) [Table 4].

DISCUSSION

Studies have found that 80-90% of patients with 
hypertension have chronic increase in blood volume, and 
thus, hypertension is often controlled by removal of fluids. 
Salt and water retention play a vital role in the pathogenesis 
of hypertension during hemodialysis. In patients with 
hypertension, sodium and potassium balance is crucial 
to endothelium-dependent vasodilation. Research has 
indicated that sodium retention decreases nitric oxide (a 
vasodilator produced by vascular endothelium) synthesis and 
increases asymmetric dimethylarginine levels. Asymmetric 
dimethylarginine, which inhibits nitric oxide production, 
accumulates in the body of patients with chronic renal failure 
and is only reduced by 65% through hemodialysis.[9]

The present study also revealed that individualized dialysate 
sodium levels reduce sodium accumulation and lead to 
better control of hypertension in patients. Similarly, the 
findings of Farmer et al., Ferraboli et al., Lambie et al., 
Ozturk et al., Davenport et al., Manlucu et al., and Mendoza 
et al. Showed that random dialysate sodium reduction leads 
to lower systolic blood pressure after hemodialysis.[7,10-15] 
However, Selby et al. found that lowered dialysate sodium 
levels did not affect the patients’ blood pressure. They 
concluded that reduced dialysate sodium without restricted 
sodium diet (2000 mg daily) cannot effectively control blood 
pressure in hypertensive patients.[16] It is noteworthy that 
Selby et al. used a biofeedback system to control dialysate 
sodium levels[16] while we adjusted sodium levels based on 
the patients’ plasma sodium concentration.

de Paula et al. showed that isonatric dialysates did not 
significantly change blood pressure. Nevertheless, isonatric 

dialysates led to better blood pressure control in patients 
with uncontrolled hypertension. The researchers thus 
argued that individualized dialysate sodium increases 
sodium balance which, in turn, decreases vascular resistance 
and improves blood pressure control. They also reported 
a direct relationship between the concentration gradient of 
sodium and patients’ blood pressure. Hence, it seems that 
patients with uncontrolled hypertension had lower plasma 
sodium levels compared to other patients (controlled 
hypertension) and that individualized dialysate sodium 
with lower concentration gradient of sodium and decreased 
sodium accumulation could control hypertension better in 
these patients.[8]

In the present study, there was no statistically significant 
difference in the mean systolic blood pressure before and 
after hemodialysis using stepwise sodium profile. Apparently, 
stepwise adjustment of sodium profile based on the patient’s 
blood osmolarity does not increase systolic blood pressure 
before hemodialysis or interdialytic hypertension. The initial 
and final concentrations of dialysate sodium in the current 
study were selected based on blood osmolarity and fell in 
the normal range for human body. Since these values led 
to better results compared to studies where sodium levels 
were out of the normal range, there is no need for excessive 
increase of sodium when using sodium profiles.

Song et al.’s study showed that mean systolic pressure 
before hemodialysis in patients of group 3 sodium profiles 
and ultrafiltration profile 3 did not show a significant 
difference compared to the control group, which is similar 
to the findings of the present study.[6]

Contrary to our findings, Meira et al. Reported stepwise 
sodium profile to increase systolic blood pressure before 
hemodialysis compared to the control group. They set 
the initial and final concentrations of sodium at 147 
and 139 mEq/l. 5 We selected 146 as the initial sodium 
concentration and adjusted the final value based on the 
patient’s mean plasma sodium concentration. Hence, the 
neutral sodium balance prevented increments in systolic 
blood pressure before hemodialysis.

Although the mean diastolic blood pressure significantly 
decreased in both groups in the present study, the mean 
diastolic blood pressure either before or after hemodialysis 
was not significantly different in the two groups. Similar to 
our findings, Manlucu et al. showed that gradual reduction 
of dialysate sodium through biofeedback systems decreases 
diastolic blood pressure. They indicated that lowering 
dialysate sodium level from 140 to 135 mEq/l decreased 
plasma sodium concentration from 137.8 to 135.6 mmol/l. 
Such a change improved interdialytic weight gain and blood 

Table 4: Interdialytic weight gain in individualized sodium 
adjustment and stepwise sodium profile groups

Individualized 
dialysate 
sodium

Stepwise 
sodium 
profi le

Independent 
t-test

Mean SD Mean SD t P
Interdialytic 
weight gain

2.48 1.06 2.88 0.82 1.31 0.372

SD: Standard deviation
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pressure control through reducing sodium retention and 
stimulating thirst.[14]

Thein et al. suggested that gradual reduction of dialysate 
sodium is a safe method of decreasing diastolic blood 
pressure before and after hemodialysis without affecting the 
number of side effects during the procedure.[17] In a study 
by Mendoza et al., reducing dialysate sodium concentration 
from 140 to 134-136 mEq/l decreased diastolic blood 
pressure before hemodialysis, but did not cause a significant 
difference.[15]

Overall, data analysis revealed that compared to 
stepwise sodium profile, individualized dialysate sodium 
concentration could control systolic blood pressure after 
hemodialysis better.

Limitations
 Examining the patients’ sodium intake is recommended for 
further studies. Studies with larger sample size and longer 
duration are also warranted. Clinical Research Development 
Center. This article was derived from a master thesis of 
critical care with project number 391318, Isfahan University 
of Medical Sciences,  Isfahan, Iran.
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