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Abstract  

Hypertension is common in end-stage renal disease patients and accelerates cardiovascular morbidity and 

mortality. An important measure in achieving normal blood pressure in these patients is reaching the 

target dry weight. Sodium and extracellular fluid balance play a major role in blood pressure and 

interdialytic weight gain. Serum sodium levels have a role in both maintaining blood pressure and inter 

dialytic weight gain .Sodium concentration of the dialysate is critical in maintaining the serum sodium of 

the patient on dialysis and in ultra-filtrate removal. The standard method of single sodium level of 

dialysate for all patients ignores the inter- and intra-individual variability of serum sodium. The need for a 

study to assess the blood pressure changes using standard sodium in the dialysate and varying the sodium 

in the dialysate as per the pre hemodialysis serum sodium levels of the patient was anticipated. In this 

study we try to address such a concern. 30 patient on regular maintenance hemodialysis participated in 

the study, they underwent dialysis with standard levels of sodium (137meq/l) for 4 weeks, later for the next 

4 weeks they underwent dialysis with a dialysate sodium level that was adjusted as per their pre 

hemodialysis serum sodium. The mean blood pressure during dialysis were 150.3 mm Hg in the standard 

group and 148.3 mm Hg in the individualized group. The mean intradialytic weight gain in the 

standardized group was 3.05 kg and in the individualized group was 3.02kg. The results did not show any 

significant difference in changes in blood pressure or inter dialytic weight gain. 

 

Introduction  

Hypertension is very common in patients with 

end-stage renal disease and accelerates 

cardiovascular morbidity and mortality. An 

important measure in achieving normotension is 

reaching the target dry weight. Sodium and 

extracellular fluid balance play a major role in 

blood pressure and interdialytic weight gain, and 

thus helps maintain dry weight. Sodium 

concentration of the dialysate is critical in 

providing such balance. The current use of single 

sodium level of dialysate for all patients ignores 

the inter- and intraindividual variability of serum 

sodium levels. This results in undesired 

consequences in 20-40% of cases
[1]

, leading to 

episodes of hypotension during dialysis and 

unnecessary weigh gain inter dialysis. 

If the dialysate sodium can be varied according to 

the patient’s serum sodium levels the adverse 
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effects can be reduced. To test this hypothesis the 

following study was done. 

 

Review of Literature  

Hypertension, a major consequence and cause of 

end-stage renal failure, remains persistent in a 

significant proportion of patients undergoing 

hemodialysis. The condition 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.
[2]

 

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 play a major role in 

blood pressure and interdialytic weight gain.
[3] 

 

The intended function of dialysate fluid is to 

correct the composition of uremic blood to 

physiologic levels, both by reducing the 

concentration of uremic toxins and correcting 

electrolyte and acid–base abnormalities. This is 

accomplished by formulating a dialysate whose 

constituent concentrations are set to approximate 

normal values. Moreover, dialysate composition is 

a factor strongly affecting cardiovascular stability 

during treatment
[4]

. Composition of the dialysateis 

an essential element of dialysis prescription, in 

addition to dialyzer size, treatment time.blood and 

dialysate flow rates. 

 

Dialysate Sodium  

Sodium is the main extracellular ion and defines 

osmolality and size of the extracellular volume; 

increased plasma sodium concentration results in 

rise of osmolality, resulting in thirst and 

extracellular volume expansion. The latter results 

in arterial hypertension and left ventricular 

hypertrophy
[5]

.  

Sodium homeostasis in hemodialysis (HD) 

patients is primarily dependent on two factors: 

dietary salt intake and sodium removal during 

dialysis. Salt intake during the interdialysis period 

is dependent on patient's behavior and awareness 

and is a strong driver of volume overload
[6]

.  

NKF KDOQI guidelines recommend an upper 

limit of daily salt intake of 5 g (∼85 mmol of 

sodium)
[7]

. Despite the fact that dietary salt 

restriction is the most logical measure to prevent 

accumulation of salt and water in dialysis patients, 

it is not applied vigorously
[8]

. One of the primary 

goals of the dialysis therapy is to remove exactly 

the quantity of sodium that has accumulated in the 

interdialysis period in order to reach a zero 

sodium balance. This can be achieved through 

convection and diffusion process on dialysis. 

Currently HD rely primarily on convective and 

less on diffusive losses
[9,10]

. This relative 

distribution, however, is dependent on the amount 

of ultrafiltration occurring during any given 

dialysis session (i.e. convective losses), and the 

prescribed dialysate sodium concentration (dial 

Na+) and its relationship with the patient's own 

plasma sodium (the inlet dialyzer diffusion 

concentration gradient between dialysate and 

plasma)
[9]

.  

In the 1980s, hydrostatic ultrafiltration was 

applied, where dial Na+ was ∼136 mmol/L and 

the dialysis time 4–5 hours. During the last few 

years, there remains widespread acceptance of 

higher dial Na+ (>140 mmol/L) and sodium 

modelling in order to avoid hemodynamic 

instability during the shortened dialysis treatment 
[11]

.  

A number of options of dial Na+ are currently 

being used in daily practice including fixed, low 

or high dial Na+ or variable (individualized) dial 

Na+ (e.g. dial Na+ tailored to serum concentra-

tions, sodium modelling strategies or online 

monitoring of plasma conductivity with automatic 

adjustment of dialysate conductivity) 
[12]

.  

 

Sodium – interdialytic weight gain and 

hypertension 

A recent report from the Dialysis Outcomes and 

Practice Patterns Study (DOPPS) showed that the 

majority of HD facilities (57%) adopted uniform 

rather than variable dial Na+ prescriptions in more 
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than 90% of patients
[13]

. Nevertheless, the issue as 

to whether low or high fixed dial Na+ 

prescriptions should be advocated in chronic HD 

patients is still debated. High dial Na+ 

prescriptions can be useful for preventing 

hypotensive episodes but lead to a positive sodium 

mass balance that increase blood pressure and 

weight gain by increased thirst. Conversely, low 

dial Na+ prescription reduce thirst, blood pressure 

and weight gain but can be harmful, particularly in 

hypotension-prone subjects
[14]

. It has been 

postulated that each individual has an inherent 

plasma sodium concentration or ‘sodium set 

point’
[15]

. Hence, increase in the serum sodium 

concentration as a result of dietary intake and 

hemodialysis treatment is followed by a thirst-

driven water intake to reduce the osmolality until 

the corresponding serum sodium concentration is 

reached. A strong association has been 

demonstrated between thirst and intradialytic 

weight gain
[16]

. Increased thirst and water intake 

in patients require higher ultrafiltration rates in 

order to remove this excess fluid during the next 

hemodialysis session. 

Not only high dial Na+ is hypertensionogenic, but 

also the converse is true: low dial Na+ leads to 

better sodium balance and BP control. Historical 

data indicate much better BP control when 

dialysate sodium concentration was much lower 

than presently. However, several other differences 

were operative, most importantly duration of 

dialysis, which is an independent determinant of 

BP control regardless of degree of volume 

control
[17]

. 

 

Intradialytic Hypotension  

A sudden and symptomatic fall in BP during a 

dialysis session is called Intradialytic hypotension. 

During ultrafiltration, fluid is removed from the 

vascular space. This requires prompt refilling 

from the extracellular fluid to maintain blood 

volume. Healthy adults will tolerate upto 25% 

reduction in blood volume, but, patients on HD, 

there is large inter- and intra- patient variability.  

Intradialytic hypotension is defined as a fall in 

systolic BP (SBP) > 20mm of Hg or mean arterial 

pressure > 10mm Hg, associated with symptoms, 

or a fall to SBP <100mm Hg.  

Symptoms associated with intradialytic 

hypotension include cramps, abdominal pain, 

nausea (reduced gut perfusion) ,yawning, sighing, 

anxiety ,dizziness (reduced cerebral perfusion) 

and chest pain , arrhythmias.  

 

Aims and Objectives  

1) To perform dialysis with standardized 

dialysate sodium of 140mmol/L. for all 

patients and with dialysate sodium 

individualized to the serum sodium of each 

patient for 4 weeks each.  

2) To document blood pressure (BP) changes 

during dialysis 

3) To document weight gain and control of 

hypertension in interdialytic periods 

 

Materials and Methods  

Study design: Hospital based prospective study  

Sample size: 30 patients  

Method: All Patients will be subjected to dialysis 

with fixed dialysate sodium of 140mmol/L for a 

period of 4 weeks and individualized dialysate 

sodium , sodium levels in the dialysate chosen as 

per the serum levels of the patients for 4 weeks. 

One serum sodium level shall be done at the 

beginning of dialysis. All patients to undergone 

dialysis with fixed sodium dialysate and 

individualized dialysate sodium. 

Monitoring of blood pressure during dialysis will 

be done every half hourly and the mean BP 

calculated for each session of dialysis and the 

mean of the 4 weeks shall be taken for 

computation 

Inter dialytic weight gain to be documented before 

each dialysis and the mean of the 4 weeks to be 

used for computation 

Measurement of blood pressure at the start of 

dialysis is taken as the blood pressure during the 

inter dialytic period and shall be used in 

computation after calculating the mean 
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Conductivity on the dialysis was used for 

achieving required dialysate sodium. 

Study period: 18 months (January 2015 to 

October 2017).  

Equipment: NIKKISO DBB27 Hemodialyser, 

spghymomanometer 

Inclusion Criteria 

 Adult chronic kidney disease patients on 

maintenance hemodialysis (HD) for at 

least 3 months.  

Exclusion Criteria 

 Acute kidney injury  

 Acute on chronic kidney disease  

 Serum Sodium levels <135 and >150 

mmol/L  

 History of Arrhythmias  

 

Analysis of data: Data were entered in MS Excel 

2007 and analyzed by STATA v14 software. 

Inferential statistics was done using t-test for 

means ± standard deviations, where p- value 

<0.05 was statistically significant  

 

Observations and Results  

Total of 30 patients (21 males and 9 females) 

completed the study. 

Table 1: Mean serum pre HD sodium 

Subject  Serum pre HD Na+ mmol/L 

1  137.9444 

2  142.6111 

3  139.0588 

4  138.4444 

5  142.8889 

6  141.6667 

7  138.1176 

8  135.7647 

9  139.7368 

10  138.0556 

11  143.4444 

12  146.1667 

13  143.5 

14  140.9444 

15  141.6111 

16  142.05 

17  143.9412 

18  140.8889 

19  142.2632 

20  136.9375 

21  142.125 

22  138.2632 

23  138.9333 

24  143.5882 

25  140.1875 

26  144.5 

27  143.875 

28  136.8125 

29  141.75 

30  138.1875 

Mean  140.8086 

 

Table 2: Mean of Blood pressure 

Subjec

t  

 

SBP (mm of Hg) (DBP mm of Hg) 

Standar

d HD 

Individualize

d Na+ HD 

Standar

d HD 

Individualize

d Na+ HD 

1  145 147.5 88 87.5 

2  144.4 150.2 88 86.66 

3  147.75 139.5 83.5 83.25 

4  137.11 129.11 77.33 74.44 

5  142.5 145 79.75 88.5 

6  150.5 145 82.6 86.5 

7  148.25 143.75 88.25 82.75 

8  167.25 148.25 88.75 81.75 

9  158.22 146 88.88 87.55 

10  139.75 158.5 86 86 

11  141.25 140.25 82.25 79.25 

12  142.5 162.25 89.25 90.75 

13  145.11 159.77 83.11 88.66 

14  160.5 149.75 83.75 87 

15  159.75 157.5 82.25 87 

16  155.6 162.2 89.4 88.6 

17  149.75 162.5 84 84.25 

18  158 133.75 86.5 89 

19  147.77 150.66 87.11 86.44 

20  151.42 146.85 92.57 81.42 

21  149.42 155.42 83.71 88.28 

22  137.11 150.88 80.88 88.44 

23  152.85 149.14 90 80.28 

24  155.5 145 101.75 87 

25  146.25 150.25 87.75 87.5 

26  150.25 139.5 81.75 83.25 

27  167.25 148.25 88.75 81.75 

28  148.25 145.25 88.25 85.25 

29  156.5 152.25 90 86.25 

30  150.5 146.5 82.5 83.75 

 

Table 3: Mean IDWG  

Subject  

 

IDWG (Kg) 

Standard HD Individualized Na+ HD 

1  2.64 2.00 

2  3.46 3.68 

3  3.57 2.77 

4  1.32 2.30 

5  3.42 3.77 

6  1.84 1.85 

7  3.02 2.88 

8  3.04 2.85 

9  4.15 3.01 

10  3.02 2.61 

11  1.95 2.07 

12  4.10 4.02 

13  4.00 4.05 

14  3.85 4.14 

15  2.41 2.71 

16  2.86 3.41 

17  2.91 2.98 

18  1.06 1.02 

18  3.22 3.65 
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20  3.38 3.48 

21  3.53 3.18 

22  2.64 3.22 

23  3.28 3.40 

24  3.39 3.28 

25  3.67 3.85 

26  3.18 2.95 

27  1.98 1.85 

28  4.50 4.52 

29  2.18 2.10 

30  4.00 2.50 

 

Statistical analysis for continuous data which 

followed normal distribution is performed using 

paired student t test 

 

Table 4: SBP – Statistical data  

SBP  MEAN 

(mm of Hg) 

STANDARD 

DEVIATION 

Standard HD  150.3055 7.755312 

Individualized Na+ HD  148.3465 7.896319 

  The P value is 0.3332 

 

Table 5: DBP – Statistical data  

DBP  MEAN 

(mm of Hg) 

STANDARD 

DEVIATION 

Standard HD  86.04159 4.587542 

Individualized Na+ 

HD  

85.24262 3.557187 

  The P value is 0.4135 

 

The decrease in SBP and DBP in both the groups 

is not statistically significant 

 

Table 6: IDWG – Statistical data  

IDWG  MEAN 

(Kg) 

STANDARD 

DEVIATION 

Standard HD  3.055089 0.8494956 

Individualized Na+ HD  3.022073 0.7926176 

   The P value is 0.7111 

 

The difference in IDWG in both the groups is very 

minimal and is statistically insignificant.  

There were no intradialytic hypotensive episodes 

in both groups. 

 

Discussion  

Chronic kidney disease (CKD) is often an 

asymptomatic condition resulting in dependence 

on renal replacement therapy at a later stage. 

Although, renal transplantation is an excellent 

option, there are shortcomings including lack of 

donors and cost. Dialysis is then adopted for 

survival in these individuals. CKD is one of the 

most important causes for secondary and resistant 

hypertension. Control of hypertension is essential 

in reducing mortality, though it is difficult to 

maintain Na+ homeostasis, which not only affects 

the BP, but also causes fluid retention. Fluid 

retention causes increased preload and pulmonary 

congestion, affecting the quality of life. Hence, it 

is very important that the HD performed is 

adequate and near physiological.  

The concept of an individual and relatively ‘fixed’ 

osmolar set point in HD patients is crucial to 

understand sodium balance. Humans have 

mechanisms to preserve their extracellular 

osmolality towards a seemingly fixed set point, 

and it appears that HD patients also maintain a 

fixed osmolar set point despite the loss of kidney 

and vasopressin feedback mechanism.
[17] 

Furthermore, pre-HD plasma sodium 

concentrations are quite reproducible, suggesting 

that there is a preferred plasma sodium 

concentration in individual HD patients ; 

furthermore, plasma sodium concentration in HD 

patients is stable in long-term observations.
[18]

  

Until the introduction of controlled ultrafiltration 

in the 1970s, dextrose-containing hyponatremic 

dialysis fluids were prescribed to facilitate water 

and sodium removal by osmotic and diffusive 

gradients.
[17] 

Although nowadays most of the 

excess sodium is removed by ultrafiltration, 

diffusive sodium removal still has an important 

clinical impact on the total intradialytic sodium 

balance.
[18]

 High dialysate sodium levels have 

been advocated to reduce intradialytic hypotensive 

episodes and symptoms such as cramping and 

nausea
[36]

, but are associated with fluid overload 

and hypertension
[8,37]

, and to left ventricular 

hypertrophy and cardiovascular events. Low 

dialysate concentrations have improved volume 

and blood pressure control, but may lead to more 

intradialytic symptoms. The optimal dialysate 

sodium concentration is different for each 

individual and largely depends on the sodium 

concentration gradient, i.e. the difference between 

dialysate sodium and pre- HD sodium.  
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This study of 30 patients at a rural tertiary care 

center on the effect of individualized sodium 

prescription to the standard sodium prescription in 

HD, with respect to BP, IDWG and intradialytic 

symptoms. The advantage of conducting a short-

term study is that all the important parameters like 

estimated dry weight and the dosage of drugs, 

remain the same and thereby the observed changes 

are exclusively due to the change in dial Na+. 

In terms of the number of patients studied, current 

study is on par with similar studies .The average 

pre HD Na+ in our study is 140.8086 mmol/L and 

we have used 140 mmol/L as the standard dial 

Na+. When individualizing the Dial Na+ we have 

used the pre HD Na+ as the reference for Dial 

Na+, which looked more physiological. 

Blood Pressure  

Blood pressure control during the interdialytic 

period is considered as the BP of the person 

before the dialysis. The mean BP with standard 

dial Na+ was 150.30/86.04 mm of Hg and after 

individualized dial Na+ was 148.35/85.24 mm of 

Hg. There was a reduction in the mean BP of the 

individuals as in agreement with other studies, 

however, it failed to achieve statistical 

significance. 

The results of the current study are concordant 

with those of Selby et al and Koonan et al. 

However, the patients were not adherent to dietary 

recommendations and Na+ restriction in the diet 

and needs education for the same. Probably a 

larger and longer study is required to achieve 

statistical significance.  

Interdialytic Weight Gain  

Interdialytic weight gain is the weight gained 

during the interdialytic period and is dependent on 

intake of salt and water. Higher salt intake 

stimulates thirst and hence, water intake. In our 

study, the IDWG in the group with standard dial 

Na+ is 3.055 Kg and in the group with 

individualized dial Na+ is 3.022 Kg, with no 

statistical difference. There is an agreement of the 

above results with the studies by Farmer et al, 

Kooman et al and Selby et al., but not so with 

other studies performed by De Paula et al, Lambie 

et al, Sayarlioglu et al, Thein et al and Yasser 

Elshahawy et al
[24]

. The variation may be 

attributed to the climate and the occupation of the 

study population who perform daily labour and 

are prone to excessive losses in hot environments 

and lack of strict adherence to dietary 

recommendations.  

Intradialytic Hypotension  

In the current study there were no intradialytic 

events in both the groups, perhaps the period of 

observation was not long enough. However, some 

studies demonstrated the reduction of intradialytic 

symptoms in the interventional group. 

Our study is a short term single center prospective 

study, on hypertensive dialysis patients, using 

simple, technique for control of dial Na+ that is 

easily reproducible with every patient being his 

control, the bias is minimal. There was no proven 

or potential harm because of the intervention 

performed, however poor awareness regarding 

diet and the disease, contributed to increased 

intake of salt and water. 

Further studies need to be performed for a longer 

duration to look for long term effects and with 

larger number of patients so as to identify specific 

sub groups of patients who may benefit with 

individualization of dial Na+.  

 

Conclusion 

There is a beneficial reduction in blood pressure, 

but not of statistical significance. There has been 

no change in IDWG and intradialytic hypotension 

in the two groups. Individualization of dialysate 

appeared to be safe, however, long term benefits 

need to be ascertained. There is a need to 

reconsider the dial Na+ levels so as to provide 

better dialytic care and need for screening patients 

most likely to benefit from this approach . 

 

Sources of support in the form of grants: None.  
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List of Abbreviations  

(In order of appearance)  

BP – Blood pressure  

HD – Hemodialysis  

mmol – Milli-moles  

NKF KDOQI – National Kidney Foundation 

Kidney Disease Outcomes Quality  

Initiative  

Dial Na+ - Dialysate sodium  

L – Liter 

DOPPS - Dialysis Outcomes and Practice Patterns 

Study  

USA – United States of America  

IDWG – Interdialytic weight gain  

mm of Hg – Milli-meters of Mercury  

SBP – Systolic blood pressure  

DBP – Diastolic blood pressure  

Na+ - Sodium  

CKD – Chronic Kidney Disease  

No. – Number  

Fig – Figure  

SD – Significant decrease  

NS – Not significant  

Kg – Kilogram 
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