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1. Introduction 

The kidneys play a vital role in maintaining normal tissue hydration and serum sodium 

level. In haemodialysis patients, with impaired or absent kidney function, fluid status is 

managed by removing excess fluid using ultrafiltration and by restricting dietary sodium 

intake. Ideally, haemodialysis patients should remain close to normal hydration throughout 

the interdialytic period, with minimal periods of excessive dehydration or fluid overload 

and with no fluid–related co-morbidity. 

Optimal fluid management is achieved by adjusting the post-dialysis ‘target’ weight and, 

where necessary, limiting the fluid gained between dialysis sessions. While clinical history 

and examination remain the basis for prescribing the target weight, technology can provide 

useful objective information especially where the clinical indications are ambiguous. A 

simple non-invasive test can now be carried out when a patient attends for dialysis enabling 

staff to pick up changes in body composition so that their target weight can be adjusted to 

maintain optimal fluid status. 

In most patients, interdialytic fluid gain (IDFG) is directly related to sodium intake. 

Acceptable fluid gains can usually be achieved by limiting salt intake to the recommended 

daily allowance for the general population and avoiding unnecessary sodium loading 

during dialysis. Low pre-dialysis serum sodium levels can help identify patients with 

other causes of high IDFG, such as high blood sugar or social drinking, who need 

additional counselling. For the patients, lowering sodium intake may also improve blood 

pressure control and reduce requirements for antihypertensive medication. Staff 

education, and preferably participation, is vital when implementing salt restriction in a 

haemodialysis unit. 

2. Optimisation of the target weight 

2.1 What is meant by target weight? 

A typical definition found on patient-focussed websites is ‘the weight your doctor thinks 
you would be when all the extra fluid is removed from your body‘(DaVita, n.d.). This 
actually defines the ‘normally hydrated‘ weight which is a very useful concept but not 
necessarily the weight the patient should achieve post-dialysis. 
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Most publications aimed at professionals define the target weight as the lowest weight a 
patient can tolerate without the development of symptoms or hypotension (Henderson, 
1980). Variations of this definition have appeared in publications for over 30 years though it 
is unhelpful in those patients who are hypotensive when clearly fluid overloaded based on 
other clinical assessments. It also suggests that patients should be dehydrated to the point at 
which they become symptomatic regardless of the effect on residual renal function (RRF). 
The importance of preserving RRF is undisputed in peritoneal dialysis (Marrón et al, 2008) 
but, until recently, it has been widely assumed that RRF is of no significance once a patient 
has started haemodialysis. Bioincompatible membranes and contaminated dialysis fluid 
probably did contribute to accelerated loss of RRF in haemodialysis. However with modern 
technology both single centre (Vilar et al, 2009) and national (van der Wal et al, 2011) studies 
have shown that RRF can be preserved in haemodialysis, and that loss of RRF is a powerful 
a predictor of mortality (Brener et al, 2010). 
A more holistic definition of target weight is the post-dialysis weight that enables the 
patient to remain close to normal hydration throughout the interdialytic period, without 
experiencing discomfort or compromising residual function. 

2.2 Clinical indicators of hydration status 

Regular clinical assessments are an essential element in the overall management of 
haemodialysis patients. Table 1 lists the parameters that are typically used to assess fluid 
status and which should be reviewed regularly whether or not there are concerns about the 
patient’s fluid status.  
 

Parameter Fluid overload Fluid depletion 

Trend in body weight 

 

 

Recent weight loss 

Anorexia, hospital admission 

Nausea, vomiting, diarrhoea 

Recent weight gain 

Improved appetite 

Nutritional support started 

Residual renal function Usually minimal or absent May be significant 

Blood pressure May be elevated May be low 

Neck veins Full Usually flat 

Breathing 

 

May be breathless 

May be unable to lie flat 

Usually breathing normally 

 

Oedema 

 

May have facial oedema 

May have ankle/hand oedema 

No generalised oedema 

 

Intradialytic problems May have intradialytic 

hypotension 

May be unable to achieve target weight 

May have cramps, dizziness 

Post-dialysis problems 

 

Usually recovers quickly 

May have headaches 

Usually feels washed out 

May be thirsty, have croaky voice 

Chest X-ray (if available) May show enlarged heart Usually shows normal heart 

Table 1. Parameters used in a typical clinical assessment of fluid status 

Unfortunately haemodialysis patients often have co-morbidity that can make the signs of 
fluid status ambiguous. Heart failure can lead to low blood pressure in a patient with severe 
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fluid overload while an inadequately blocked renin-angiotensin system can lead to high 
blood pressure in a patient who is dehydrated. Many patients with fluid overload show no 
obvious signs of oedema and have no breathing difficulties, while chest infections or 
anaemia can cause breathlessness in fluid depleted patients. 
Where the clinical assessment is not straightforward, as in the patient who is hypotensive 
but clearly oedematous, technology can provide objective information to help inform the 
appropriate adjustment of target weight (Charra, 2007; Jaeger and Metha, 1999). This 
chapter covers the technology that is commercially available and intended for routine use in 
the out-patient haemodialysis setting. 

2.3 Continuous blood volume monitoring 

Blood volume monitoring (BVM) was introduced in the 1990’s. The monitors used 
ultrasonic or optical sensors to measure changes in haematocrit in the arterial blood line. An 
increase in haematocrit during dialysis indicates a decrease in blood volume. BVM was 
intended to alert staff (or automatically adjust the machine) when poor refilling of the 
intravascular space from the tissues led to an excessive drop in blood volume as fluid was 
removed by ultrafiltration. However, on introducing BVM, many units found a significant 
proportion of the patients appeared to be chronically fluid overloaded. 
When fluid accumulates in the body, most of the excess is contained in the extracellular 
space. Figure 1 shows how the blood volume changes as the extracellular fluid volume 
increases. Initially there is a steady increase in blood volume, but at about 7 litres the 
intravascular space is unable to accommodate any more fluid and the blood volume remains 
constant and all additional fluid is stored in the tissues. If the BVM shows no change in 
blood volume while a significant amount of fluid is removed, this gives a clear diagnosis of 
severe fluid overload. When BVM was introduced in St James’s Hospital in Leeds, 
approximately 20% of patients were found to be overloaded on the first measurement. They 
were usually asymptomatic with blood pressure controlled using medication. In most cases 
the patient’s target weight was successfully decreased. 
The ‘flat-line’ BVM when removing fluid gives an unequivocal indication of fluid overload. 
A falling BVM trace has to be interpreted with caution for a number of reasons. At best, the 
BVM can only tell you how easily the patient is refilling as fluid is removed. A patient may 
be overloaded but not refilling adequately which could lead staff to believe they are 
normally hydrated or dry. Redistribution of blood from the central to the micro-circulation 
(e.g. to the splanchnic circulation when eating) can look like a rapid drop in blood volume. 
This is because the lower haematocrit in capillaries causes haemoconcentration in the central 
vessels (Mitra et al, 2004) from which the blood is taken to the dialysis machine. Patients 
may become symptomatic as a result of redistribution of blood, but the solution is not to 
increase target weight. 
Other problems that can occur when using BVM to assess fluid status are interpretation of 
overhydration in patients with good residual function who have minimal change in blood 
volume because they required little fluid removal, and confusing dehydration with normal 
hydration. The latter occurs because, as shown in figure 1, the rate of change in blood 
volume with extracellular fluid removal is the same above and below normal hydration. 
Misinterpretation of BVM traces may have contributed to the higher mortality observed in 
patients randomised to receive optional BVM measurements in the CLIMB study (Reddan et 
al, 2005). With adequate training, BVM can help in the assessment of fluid status but it is 
best used to identify and implement fluid removal strategies that minimise symptoms. 
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Fig. 1. Variation in blood volume with extracellular volume 

2.4 Bioimpedance and body composition monitoring 

Bioimpedance monitors can provide quick, cheap, non-invasive bedside measurements of 
fluid status with good reproducibility. However, until recently the use of bioimpedance has 
been restricted to a relatively small number of centres with both a clinical and an academic 
interest in the technology. 
In ‘single frequency’ bioimpedance monitors, a tiny 50 kHz alternating current is passed 
between a pair of electrodes, usually placed on the hand and foot. Sensing electrodes, placed 
just inside the current carrying electrodes, measure ‘resistance’ and ‘reactance’ to the 
passage of the current. Resistance and reactance combine to give the overall ‘impedance'. An 
increase in body water makes it easier for current to pass through the body so that resistance 
decreases. Reactance, which is due to the capacitance of cell membranes, decreases as the 
number and/or integrity of the membranes decreases. 
Single frequency bioimpedance monitors are widely used in health clubs as they can give an 

estimate of body fat and muscle mass. The technology is also built into bathroom scales 

where the current is passed between the feet. In dialysis patients, the equations used to 

derive body composition from the impedance at 50 kHz are unreliable if the patient has an 

abnormal fluid status. 

Prof Antonio Piccoli and co-workers recognised this and developed bioimpedance vector 
analysis (BIVA) which simply looks at the hydration of the body tissues between electrodes 
placed on the hand and foot. The resistance and reactance measurements are normalised to 
height and interpreted using gender-specific nomograms derived from large studies of 
normal subjects and of populations with altered body composition (Piccoli 1994, 1995). As 
shown in figure 2, fluid overload is associated with movement of the vector downward and 
to the left whilst dehydration moves the vector up and to the right. 
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Fig. 2. Nomogram used for interpreting single frequency bioimpedance measurements. The 
outer ellipse encloses 95% of readings for normal subjects. 

BIVA could provide practical information on changes in fluid status using very simple 
equipment that would cost little more than a set of bathroom scales if the market was larger. 
The reason BIVA cannot give an accurate indication of the patient’s normally hydrated 
weight is clear when you examine Figure 2. The vector shown could be obtained from a 
slightly overweight subject with normal hydration, from a muscular subject with fluid 
overload or from an obese subject who is dehydrated. The confusion arises because adipose 
tissue contains very little intracellular water as fat cells are filled with triglycerides, but does 
have water in the extracellular space. So, like overhydration, an increase in body fat leads to 
an increase in the proportion of fluid in the extracellular space leading to a shorter vector. 
In whole body bioimpedance spectroscopy (BIS), the electrodes are placed as for BIVA and 
resistance and reactance is measured over a range of frequencies. The results, together with 
the height, weight and gender of the subject, are used to compute the intracellular and 
extracellular water volumes (ECW and ICW). Fluid overload is associated with an increase 
in the proportion of water in the extracellular space but until recently, it was necessary for 
the user to decide what this proportion should be at normal hydration. There are a number 
of published methods for doing this (for example Lindley et al, 2005; Lopot et al, 2002) but 
they involve comparing dialysis patients with normal controls. As with BIVA, this makes it 
difficult to assess fluid status in patients with abnormal body composition. 
Body composition monitoring (BCM) is the most recent commercially available 
development in bioimpedance monitoring. It uses the same electronic measurements as BIS 
to determine ECW and ICW but incorporates additional modelling (Moissl et al, 2006; 
Chamney et al, 2007) to take account of the amount of body fat the patient actually has, 
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rather than assuming they have the average amount for a person of their age and gender. 
Essentially, the BCM model assumes that the body is composed of normally hydrated lean 
tissue, normally hydrated adipose tissue and excess fluid (or missing fluid if the patient is 
dehydrated). For any combination of ECW, ICW and weight, there is only one matching 
combination of lean tissue, fat and excess/missing fluid.  
With BCM, we can get an estimate of normal hydration and, for the first time, select a target 
weight that minimises the unwanted effects of dehydration as well as those of 
overhydration. Just as the introduction of BVM revealed a cohort of chronically overloaded 
patients, introducing BCM as part of the assessment of fluid status identified a group who 
were excessively dehydrated. In some of the cases identified in this way, an increase in 
target weight led to a reduction in interdialytic fluid gain as the patient’s kidneys were able 
to produce more urine. 
 

 

Fig. 3. Pre-dialysis systolic blood pressure vs hydration status 

Users of BCM soon become aware that blood pressure can be misleading when evaluating 
fluid status. The scatter plot in Figure 3 shows the relationship between pre-dialysis systolic 
blood pressure and hydration status (the difference between measured and normal 
hydration in litres), for the first BCM measurement made in 474 haemodialysis patients 
under the care of Leeds Teaching Hospitals. A very similar plot was obtained in a cross-
sectional study of 639 PD patients (Van Biesen et al, 2010). The expected increase in blood 
pressure with fluid overload is present, but only as a trend for the population. For an 
individual patient, a single high or low blood pressure measurement is a rather poor 
predictor of fluid status, though a trend to higher or lower blood pressures in the same 
patient does provide important clinical information. 
A significant number of patients who are normally hydrated, or even dehydrated, pre-
dialysis have high blood pressure. The traditional method for treating these patients by 
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systematically decreasing their target weight could compromise their residual renal 
function, cause cramps and leave them feeling exhausted for hours after dialysis. 
When the BCM measurement is combined with the clinical indicators in Table 1, and 
knowledge of the patient’s usual IDFG, it is possible to customise the target weight as 
described in 2.1. Introducing BCM has been shown to improve blood pressure control and 
reduce intradialytic adverse events (Machek, 2010). Ideally BCM should be carried out at 
least quarterly, though more frequent measurements will be needed for patients who are 
unwell (especially if admitted to hospital) or who are trying to gain or lose weight. As well 
as ensuring timely adjustments to the prescribed target weight, BCM gives valuable 
information on changes in body fat and lean tissue and provides an accurate urea 
distribution volume for use in on-line measurements of dialysis adequacy. 

3. Control of interdialytic fluid gain (IDFG) 

3.1 Salt and fluid balance: Osmometric thirst and the sodium ‘set-point’ 
The patient’s hydration status during the interdialytic period depends on both the weight 
achieved after dialysis and the fluid gained by the patient before the next session. Very high 
IDFG can make it impossible for the patient to remain close to normal hydration and to 
control pre-dialysis blood pressure. Another problem, particularly in elderly and 
malnourished patients, is the inability to tolerate the ultrafiltration rates required to remove 
a moderate volume of accumulated fluid. Whether the patient is gaining excessive volumes 
or failing to transfer fluid from the tissues into the circulation sufficiently rapidly, the 
solution is to try and reduce their IDFG. 
A typical haemodialysis patient in the UK accumulates about 2 litres of excess fluid in the 
intervals between sessions. When they attend for dialysis the machine is programmed to 
remove the excess fluid by ultrafiltration. Every litre removed in this way will carry with it 
about 137 mmol of sodium ions, though the actual amount will depend on the serum 
sodium level at the time the fluid was removed. As 137 mmol is the amount of sodium in 8 g 
of salt, the typical UK patient loses sodium equivalent to about 16 g of salt at each dialysis 
session. The body does have ‘non-osmotic’ sodium stores in tissues such as the skin and 
connective tissues (Titze, 2008) and it is possible that sodium can be recruited into or 
removed from these stores to buffer short term fluctuations in serum sodium. However, if 
the patient is assumed to be in steady state on the timescale of the interdialytic period, they 
must be making up for the sodium lost by taking in the equivalent of 16 g of salt between 
sessions. Sodium does come in other forms other than salt, such as sodium bicarbonate, but 
it is usually combined with chloride. 
If retained in the body, the salt taken in will cause ‘osmometric’ thirst. Osmometric thirst is 
triggered when increased osmolarity of the extracellular fluid causes osmoreceptor cells in 
the hypothalamus to shrink. Volumetric thirst, which occurs when the body loses both 
water and salt, is triggered when baroreceptors in the atria sense low cardiac return volume. 
Haemodialysis patients may experience volumetric thirst immediately after dialysis if they 
are dehydrated, but at other times their thirst is primarily osmometric. Fluid drunk in 
response to post-dialysis dehydration does not usually lead to increased IDFG as it simply 
delays osmometric thirst until the patient has consumed enough salt. An important 
exception to this occurs if a patient with good residual renal function is dehydrated, as they 
will need to take in enough fluid to normalise their hydration before diuresis starts. 
Osmometric thirst is part of the body’s system for maintaining electrolyte balance. If our 
typical haemodialysis patient is anuric (unable to lose sodium via the kidneys), they will 
need to take in about one litre of water to dilute every 8g salt consumed to a normal 
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physiological level. The patient will consume fluid with their food, when taking medications 
and in beverages taken socially. They may not even be aware of feeling thirsty, although 
many haemodialysis patients do find thirst a problem, but if salt consumption gets ahead of 
fluid intake, osmometric thirst will force the patient to drink enough to restore their serum 
sodium to an acceptable level. This level varies between patients and has been called the 
sodium ‘set-point’ or the ‘osmostat’ (Keen & Gotch, 2007). 
Patients who take in no more fluid than is needed to avoid (or satisfy) salt-induced thirst 
will present for dialysis with a relatively constant serum sodium. Figure 4 shows pre-
dialysis serum sodium averaged over 12 months for 375 haemodialysis patients in the care 
of the Leeds Teaching Hospitals (Gardiner et al, 2006). The majority of patients appear to 
have a well defined sodium set point that lies within the normal range of 135 to 145 mmol/l. 
The patients with relatively high pre-dialysis sodium levels could have a high set-point, but 
they could also be overriding their thirst to limit fluid gain or be unable to drink freely. 
 

 

Fig. 4. Pre-dialysis serum sodium level for 375 HD patients. Each bar represents the 
distribution (mean and standard deviation) of 6 monthly measurements in a single patient. 

Low pre-dialysis serum sodium may be due to urinary losses, but this will normally be 
associated with low IDFG. In patients with low sodium and high IDFG, elevated blood sugar 
may be responsible. In the group shown in Figure 4, the 28 poorly controlled diabetics 
(glycosylated haemoglobin >7%) had lower serum sodium (136 vs. 137 mmol/l, p=0.03) and 
higher fluid gain (2.3 vs. 1.7 kg, p=0.01) compared to well controlled diabetics and non-
diabetics. However, the lowest pre-dialysis sodium levels occurred in non-diabetic patients 
with relatively high IDFG. These patients are taking in excess free water for various reasons 
including xerostomia (dry mouth, often due to medications), and comfort or social drinking. 
While patients with high IDFG and low pre-dialysis sodium will benefit from dietary salt 
restriction, other factors leading to fluid intake should be investigated and resolved if possible. 
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3.2 Minimising sodium loading during dialysis 
During dialysis, sodium diffuses between the dialysate and the plasma water across the 
dialyser membrane until equilibrium is achieved. The plasma contains negatively charged 
proteins that are too large to pass through the dialyser membrane. This leads to retention of 
positively charged ions like sodium in the plasma water to maintain electric neutrality. This 
trapping of positively charged ions by negatively charged proteins leads to a higher 
concentration of sodium in the plasma water than in the dialysate at equilibrium (this is 
called the Gibbs-Donnan effect). Most labs measure the sodium concentration in the total 
plasma (the serum sodium), rather than the plasma water. Electrolytes in the total plasma 
are diluted by about 6% because of the volume taken up by the proteins and lipids. In most 
patients, this dilution more-or-less cancels out the Gibbs Donnan effect so that the measured 
serum sodium post-dialysis is usually close to the dialysate sodium level. 
Through the plasma water, the sodium level in the patient’s extracellular water equilibrates 
with the dialysate sodium during dialysis. Patients treated with dialysate sodium that is 
higher than their pre-dialysis serum level will receive an infusion of sodium during dialysis. 
Consider an anuric 70 kg male patient whose set point leads him to come for dialysis with a 
serum sodium of around 137 mmol/l. If he is treated with dialysate sodium of 140 mmol/l, 
there will be a net transfer of between 45 and 100 mmol of sodium from the dialysate to the 
patient during the session. The actual amount will depend on the movement of water out of 
the intracellular space to achieve osmotic equilibrium and transfers of other solutes. 
Although this sodium transfer is much smaller than the typical loss through ultrafiltration 
(about 275 mmol for 2 litres removed), reducing the dialysate sodium by 3 mmol/l should 
lead to a decrease in IDFG of at least 0.3 kg in this patient. 
To eliminate unnecessary intradialytic sodium loading, and avoid the associated fluid gain, 
individualisation of the dialysate sodium based on the patient’s pre-dialysis serum or 
plasma water sodium level has been recommended (de Paula et al, 2004; Santos & Peixoto, 
2008). A simpler approach, which will achieve similar benefits in terms of reduced IDFG 
and blood pressure control, is to standardise the dialysate sodium levels towards the lower 
end of the normal range. Patients who normally have high serum sodium levels may 
experience osmotic disequilibrium (headache, nausea and hypertension) if treated with 
dialysate sodium of 135-137 mmol/l, but many will have no symptoms. Patients who have 
very low pre-dialysis sodium levels will gain sodium during dialysis, but this will not 
necessarily increase IDFG if their fluid intake is not controlled by osmometric thirst. 
Resetting of the sodium set-point, or ‘osmostat’, to very low levels has been reported (for 
example, as a complication of spinal cord injury) but it is rare and would lead to unbearable 
thirst after dialysis with dialysate sodium in the normal range. 

3.3 Recommended salt consumption 
Control of interdialytic fluid gains is important both in the maintenance of near-normal 
hydration and the minimisation of intradialytic hypotension and discomfort. Patients who 
consume less than 6 g of salt per day should accumulate no more than 0.8 l of fluid per day 
(it takes 750 ml of water to dilute 6 g salt to 137 mmol/l). Most patients are able to tolerate 
the ultrafiltration rates required to remove this amount of fluid. Smaller patients and those 
with impaired autonomic function may need a tighter salt restriction, especially when they 
have three days between dialysis sessions. 
Unlike most of the dietary restrictions placed on dialysis patients, the recommendation to 
limit salt intake applies to the whole population, including healthcare professionals! The 
World Health Organisation recommends a maximum salt intake of 5 g/day and regularly 
convenes meetings to discuss reducing salt consumption at population level (WHO, 2010). 
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The USA, Canada, UK, Australia and New Zealand are among the countries that consider a 
recommended daily allowance (RDA) of 6 g/day to be achievable and sustainable. A salt 
intake of 6 g/day is equivalent to a sodium intake of 2.3 g/day or 100 mmol/day. 
The RDA for patients with kidney failure, as with all patients at high risk of cardiovascular 
disease, should probably be lower than for the general population. However, the practical 
and psychological benefit of having the same dietary restriction as family and carers, as well 
as the risk of malnutrition due to an unappetising diet, makes the national RDA a more 
realistic target for most patients.  

3.4 Dietary advice for patients 

Before counselling patients with problematic fluid gains, it is essential to review their serum 
sodium. Patients with high IDFG who have normal pre-dialysis sodium levels are drinking 
in response to osmometric thirst and must be given advice on reducing their salt intake. 
Simply telling these patients to restrict fluid intake, as is common in many dialysis units 
(Lindley et al, 2005), will not succeed in reducing IDFG (Tomson, 2001).  
Patients with high IDFG and low pre-dialysis sodium should be assessed for other reasons 
for fluid intake, such as high blood glucose or social drinking. These patients will probably 
benefit from salt restriction but they will also require individualised interventions. 
The first step in reducing salt intake is to understand where the salt is coming from. In 
industrialized countries, 75-80% of salt consumed comes from manufactured foods 
including butter, cheese, biscuits, pastry, cereals, snacks, processed meats, sauces and ready-
made soups and meals. In Canada, bread is reported to account for 14% of total dietary salt 
intake (WHO, 2010). Mhurchu et al report that bread purchased in the UK contain over 1 g 
of salt per 100g on average (Mhurchu et al, 2011). Restaurant meals and fast foods are 
frequently high in salt. In more rural populations, salt used as a preservative and added in 
cooking (usually in sauces) is the major source of salt in the diet. Fresh foods (meat, fish, 
vegetables) contribute 10% or less to salt intake. 
 

Tips to reduce salt (sodium)  Use fresh or frozen vegetables (if canned, look for low-sodium or no-salt-added on 
the label). If using food canned with salt, rinse the contents to remove as much as 
possible. Don’t add salt to the water used for cooking.  Try to use fresh poultry, fish and meat, rather than canned, smoked or processed 
products. Cheap processed meat often has salt added to make it absorb water and 
increase in weight.  Cook rice, pasta and noodles without salt and avoid instant or flavoured products as 
they usually have added salt.  Use ketchup, barbeque, soy and other sauces very sparingly.  Make salad dressings and cooking sauces instead of buying them ready-made. Using 
other flavours (herbs, spices, lemon etc) may mean salt can be eliminated completely.  Check nutrition labels on breakfast cereals, ready meals, soup and sauces to find 
products with lower salt/sodium. Food labelled as low in salt should contain less 
than 0.3 g of salt per serving, medium should mean 0.3 to 1.5 g per serving. 
Greater awareness of the need to reduce salt intake should increase the availability of 
low-salt products in the coming years, but always check that product labelled as low-
salt do not contain potassium-based salt substitutes. 

Fig. 5. Tips on reducing salt intake based on the DASH brochure (US NHBLI, 2006). 
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The importance of salt restriction for the whole population means that advice on lowering 
salt intake and recipes for low salt meals are widely available on the internet. The only 
modification required in dialysis patients is the need to be very careful of salt substitutes as 
they often contain potassium. Unfortunately the potassium content of processed food is 
often not clearly labelled. Figure 5 shows the tips for lowering salt intake from the ‘Dietary 
Approaches to Stop Hypertension’ brochure (US NHBLI, 2006) adapted for dialysis patients 
by a renal dietitian. 
Patients who can tolerate only very limited fluid removal, and those who are hypertensive 
in the absence of fluid overload, may need to take further steps to reduce their salt 
consumption. This will include switching to unsalted butter and bread. If salt-free bread is 
not available, ways to substitute unsalted rice or pasta for bread should be sought. As these 
more stringent restrictions are difficult to implement, it is essential to prevent sodium 
loading during dialysis in these patients. Consideration should be given to lowering the 
dialysate sodium to 133-135 mmol/l and minimising infusion of normal saline (which 
contains 154 mmol/l sodium) at the end of dialysis (Penne et al, 2010). 
Dialysis patients may have impaired taste sensitivity (Middleton 1999). If salt restriction 
leads to weight loss because the patient finds their food unappetising, they should be 
referred to a dietitian to look into the use of acceptable alternative flavourings. The need to 
check for weight loss and provide individual dietetic counselling is especially important in 
patients who need a very restricted salt intake as described above. 

3.5 Implementing salt restriction: Staff education 
There is a sound physiological basis for restricting intake of salt rather than fluids to control 
IDFG in most patients, though there are few published comparisons of the different 
approaches. Rupp et al compared patients on a traditional sodium and fluid restricted diet 
with those given a diet that just restricted sodium and found a significant decrease in IDFG 
only in the group on the simpler low-sodium diet (Rupp et al, 1978). Kayikcioglu et al 
compared cardiac function and blood pressure control in two units, one of which practiced a 
salt restriction strategy while the other relied on the use of anti-hypertensives (Kayikcioglu 
et al, 2009). The use of salt restriction not only reduced the requirement for antihypertensive 
medication (7% vs. 42%), but led to significantly lower IDFG (2.29 vs. 3.31 kg) and fewer 
episodes of intradialytic hypotension (11% vs. 27%). 
With such clear benefits, it is surprising that there is not more emphasis on salt restriction in 
haemodialysis units. Patient information currently available via the internet tends to focus 
on fluid restriction, with advice such as using smaller cups, sipping slowly, sucking ice 
cubes or lemon wedges and keeping a fluid journal. The popularity of fluid restriction may 
be because fluid intake is relatively easy to monitor, while salt is hidden in manufactured 
foods and cutting out the ‘visible’ added salt has a disappointing impact on IDFG. 
Dialysis staff can change the focus from fluid to salt restriction and establish a culture of 
sharing advice for reducing salt intake within the unit. With pressure from the World 
Health Organisation and national food safety bodies, we should see more low-salt products 
and increased disclosure of salt content. Tables of salt content in foods that can be used in 
educational material and quizzes are available from organisations such as the US 
Department of Agriculture (USDA, n.d.) and the Australian Healthy Eating Club (Healthy 
Eating Club, n.d.). Staff aiming to reduce their own salt intake to < 6 g/day will be able to 
swap tips rather than impose rules. How long does it take to get used to unsalted butter? 
Which breakfast cereals have the lowest salt content? How easy is it to make low salt bread? 
Haemodialysis patients with little or no residual renal function can get feedback on the 
impact of any dietary modification simply by monitoring their fluid gains. As a rough 
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guide, every kilogram gained between dialysis sessions corresponds to an intake of 8 g of 
salt. So a 0.5 kg decrease in IDWG over the short break shows they have managed to reduce 
their salt intake by 4 g (2 g/day). Staff will need to carry out 24 hour urine collections to 
check their own salt consumption. 
The link between low IDFG and poor survival is well established (Sezer et al, 2002) and 
haemodialysis patients are often at risk of malnutrition, so it is essential to ensure that what 
appears to be a successful intervention to reduce salt intake does not lead to undiagnosed 
weight loss and fluid overload. 

4. Conclusion 

The implementation of bioimpedance measurements to assist in the optimisation of the 
patient’s target weight, and the use of salt restriction to avoid excessive fluid gains, should 
enable most haemodialysis patients to stay close to normal hydration throughout the 
interdialytic period. 
Future research in the use of bioimpedance will include verification of the BCM models in 
patients at the extremes of body composition and with conditions leading to very abnormal 
fluid distribution and the effect of transcellular fluid shifts caused by changes in electrolyte 
levels. Simple, inexpensive devices to allow patients to track changes in their fluid status 
should be developed. The effect of varying the target time-averaged hydration status on 
morbidity and mortality should be studied so that volume control can become a measure of 
dialysis adequacy as suggested by Ok and Mees (Ok & Mees, 2010). 
For the majority of patients, interdialytic fluid gain can be controlled by using a standard 
low-normal dialysate sodium and keeping salt consumption to no more than 6 g/day. Staff 
will also benefit from keeping to this recommended salt intake. Patients who tolerate 
ultrafiltration very poorly will need careful management of sodium loading on dialysis 
together with a customised low-salt diet. An individualised approach, including improved 
diabetic control and motivational interviewing will also be required for patients with very 
low pre-dialysis serum sodium levels whose fluid intake does not depend on salt. 
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