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Use of the Guide
This Guide is the EDTNA/ERCA project to define multidiscipli-
nary clinical guidance for haemodialysis. The Guide has been 
developed to help care providers deliver the best care to every 
single patient, in every single session.

The format of this Guide has been designed to provide the 
user a consistent approach for optimal individualised patient 
care. Each chapter is intended to identify the aspects that 
might lead to individualised patient care and explaining how 
individualisation could be implemented. 

The information published in this Guide is for general and 
educational purposes only. This Guide will not substitute any 
existing guidelines or is in no way meant to be a substitute. 
No action or inaction should be taken based solely on the 
information provided in this Guide. 

Our aim was to define a practical guidance for clinical practice 
to provide staff with some rationale addressing the individual 
patient requirements. 

The EDTNA/ERCA has made all reasonable efforts to ensure 
that all information provided through this Guide is accurate at 
the time of inclusion. Its aim in the main areas of renal nursing 
can be defined in the following way:
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15Clinical Process of Care
The Guide identifies the clinical processes of care that 
contribute to the overall outcome of optimal individualised 
patient care.

Key assessment
The Guide identifies major clinical findings that could be 
incorporated into development of the plan of care. The intent 
is to supplement good clinical judgement and to facilitate 
coordination of team activities.

Key Activities
The Guide identifies major activities for optimal individualised 
patient care of the renal team that organise and support 
achievement of the desired clinical outcome.

Staff training
It is of utmost importance that renal care professionals are 
provided with adequate information and training as well 
as appropriate supervision, so that they may safely and 
efficiently use the dialysis equipment relevant to their role. The  
EDTNA/ERCA is and has always been committed to a standard 
of excellence in clinical training and long-term educational 
support. The aim is not merely to meet the needs of clinical 
staff, but to provide training that focuses on improving patient 
outcomes and clinical efficiency. 

Disclaimer of warranties and limitation of liability.
This Guide is provided by EDTNA/ERCA on an “as is” and “as 
available” basis. The EDTNA/ERCA makes no representations 
or warranties of any kind express or implied, as to the 
information, content, or materials included in this Guide. You 



A Guide to Implementing Renal Best Practice in Haemodialysis

16 expressly agree that your use of this Guide is at your sole 
risk. The EDTNA/ERCA disclaims all warranties, express 
or implied, including, but not limited to, implied warranties 
of merchantability and fitness for a particular purpose. The 
EDTNA/ERCA will not be liable for any damages of any kind 
arising from the use of this update, including, but not limited 
to direct, indirect, incidental, punitive and consequential 
damages. 

Jitka Pancirova & Anki Davidson
EDTNA/ERCA Project Coordinators
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Patients across all medical disciplines would like to expect 
that their care is individualised to their own specific needs, 
including physiological, social and emotional needs. Delivery 
of such care however often fails to meet these needs. The 
complexity of treatment delivery, in conjunction with the 
increasing economic cost to healthcare, means that there is 
often a trend to standardise care delivery. Standardising care 
delivery offers the opportunity to improve facility efficiencies 
but may fail to recognise the specific needs of patients.

Guidelines or protocols within which care is delivered must 
be framed around available evidence and also allow for 
acknowledgement of variation in patient presentation. 
Individualised care is often perceived to increase healthcare 
costs. However, care which is individualised will often lead 
to improved outcomes, and improved outcomes can lead 
to decreased long term healthcare costs.1 Conversely poor 
outcomes lead to increased healthcare costs.2 

Haemodialysis care can be individualised to the patient at the 
point of both treatment prescription and delivery. Treatment 
prescription refers mostly to the therapy mode, the hours & 
frequency of treatment, the type consumable items used and 

AIM

• To assist clinicians in determining individualised 
treatment options based on the patient’s specific needs

• To provide guidance in specific treatment modality and 
delivery

• To ensure care is provided through the implementation 
of quality programs



Individualisation of Treatment 

2120 the application of the therapy itself. Treatment delivery can be 
individualised in terms of therapy monitoring and responses to 
that monitoring. 

Quality programs are essential to limit variability in treatment 
delivery from one session to the next. Treatment delivery 
variability can be associated with the dialysis prescription, 
clinic & staff practices and resources and even the dialysis 
equipment. Quality programs assist in controlling processes 
and in turn treatment delivery from session to session, thus 
enabling the implementation of treatment individualisation.

Quality programs can and should review all aspects of the 
haemodialysis therapy; dialysis dose, management of fluid 
removal, blood pressure management, middle molecule 
removal, dialysis fluid composition and water purity, vascular 
access care and administration of drugs.

Dialysis dose is one of the most common methods of assessing 
the delivery of the treatment prescription and uses pre and 
post dialysis urea measurements to provide an indication of 
small solute clearance normalised for the individual patient 
in terms of a dose of dialysis. Variation in the dialysis dose 
measurement indicates a variation in treatment delivery that 
should be investigated. A number of observational studies 
show lower survival rates for patients receiving a lower 
dialysis dose.3-5 Thus variability in the delivery of dose should 
be minimised and attention paid to each individual patient’s 
treatment needs.

Consideration to the patient’s lifestyle needs, not only their 
physiological needs, is essential when prescribing therapy 
mode, treatment hours and frequency. The ability to manage 
treatment around social needs will offer patients the opportunity 
to have greater control over their life and continue to meet 
family, work and social commitments.

The aim of this chapter is to assist the clinician in decision 
making regarding the dialysis prescription and delivery. Clinic 
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2322 protocols should reflect the patient’s right to and need for 
individualised care and quality programs should ensure that 
care is actually provided.

1.1 Individualisation of the basic haemodialysis prescription

1.1.1 Treatment type or mode eg: haemodialysis 
(HD), haemodiafiltration (HDF), haemofiltration 
(HF), should be determined based on clinical 
requirements of the patient and resources available 
to the dialysis service provider.

Rationale: Varying levels of evidence exist to support the 
use of convective therapies such as HDF, HF, or variations 
on these such as acetate free biofiltration (AFB), in certain 
subgroups of patients. No evidence exists however to support 
use of these therapies in all patients.

While use of convection in post dilution HDF may bring a slight 
increase in clearance of small solutes such as urea, creatinine 
and phosphate, it may significantly enhance transfer of middle 
molecules such as beta 2 microglobulin (B2M) and cystatin, 
and protein bounds solutes such as p-cresol and advanced 
glycation end products (AGEs).

Long term use of these therapies can assist in preventing 
complications of haemodialysis such as dialysis related 
amyloidosis and hyperphosphataemia, and minimise 
cardiovascular risk.

In post dilution HDF it has been found that long-term outcome 
(survival) is improved only when the convective volume is 
sufficiently large. This is discussed further in section 2.8 of 
this chapter.

1.1.1.1 It is suggested that each dialysis service provider 
have polices in place that define the application of 
a therapy type to patients.
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2322 Rationale: The availability of resources to perform these 
convective therapies varies considerably worldwide, with 
some units having no access and many having limited access. 
Application of scarce resources associated with such therapies 
is therefore best allocated based on defined clinical need.

1.1.2 Treatment hours should be determined based on the 
clinical needs of the individual patient with respect 
to both solute removal and fluid removal, whilst 
concurrently considering the social and emotional 
needs of the patient.

Rationale: Twelve hours per week haemodialysis is seen as 
a baseline for most patients, with a reduction in this only if 
considerable residual renal function is present. Changes to 
this are sometimes considered based on patient size, age and 
social and emotional needs. 

1.1.2.1 Extended dialysis hours, per session, should 
be considered for those patients with excessive 
fluid removal or haemodynamic instability during 
treatment. 

Rationale: Adequate treatment time is required to facilitate 
fluid removal at a UF rate which is tolerated by the patient. Too 
short a treatment time may produce a UF rate which provokes 
haemodynamic instability during dialysis. Assessing dialysis 
hours based only on small solute clearance measurements 
(URR or Kt/V) is not recommended. 

1.1.2.2 Extended dialysis hours, per session, should be 
considered for those patients with malnutrition or 
requiring enhanced phosphate removal.

Rationale: Increasing dialysis time will enhance middle 
molecule removal in high flux dialysis and enhance phosphate 
clearance. Increased treatment time allows movement 
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2524 of phosphate from the intracellular compartment to the 
intravascular compartment for removal during haemodialysis.

1.1.2.3 Patient social and emotional needs should not be 
sacrificed when prescribing treatment time.

Rationale: Attention should be given, as able, to patient work 
and family needs. The emotional needs of an elderly patient 
faced with spending time on dialysis are as important as those 
of a young working patient and treatment time or frequency 
may need to be adapted to meet these needs.

1.1.2.4 Actual treatment time delivered should be 
optimised each dialysis session by limiting blood 
circuit alarms and interruptions to dialysate flow.

Rationale: Actual treatment time is that time when diffusion 
has occurred. Any time during which the blood pump is 
stopped or the dialysis fluid is in bypass is non-diffusive time. 

Limiting blood circuit alarms and interruptions to dialysis 
flow will enhance diffusive time and thus actual treatment 
time. Monitoring of actual treatment time delivered allows for 
evaluation of delivery of the prescription and analysis and 
correction of factors impacting on actual treatment time.

1.1.3 Frequency of treatment delivery should be 
determined giving key consideration to required 
solute removal and tolerance of fluid removal. 
Consideration of social and emotional needs is also 
essential.

Rationale: Increased frequency of dialysis allows for lower 
intradialytic weight gains, resulting in a lower ultrafiltration 
(UF) rate during dialysis and a benefit to those patients with 
intradialytic haemodynamic instability. It may also enable an 
overall greater fluid removal, achievement of dry weight and 
thus management of hypertension.
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2524 Increasing frequency of haemodialysis, whilst maintaining 
individual treatment duration, is moving toward a more 
physiological treatment with an overall weekly increase in 
small solute clearance. This may be of benefit to those patients 
requiring an increase in small solute clearance or larger body 
weight patients. 

There is however no evidence to show better survival with in-
centre daily dialysis in those patients with short daily treatment 
duration (eg: 3hrs)6.

More frequent puncturing of the patient’s vascular access 
must also be managed.

1.1.4 Target weight should be determined by consistent 
methodology and reassessed on a regular basis as 
determined by clinical symptoms and assessment 
data gained both intra and inter dialysis.

Rationale: Patients who are either normo-hydrated or under-
hydrated at commencement of dialysis are at greater risk of 
intradialytic haemodynamic instability. Clinical assessment 
remains the basis for all target weight assessments with other 
methodologies used as available in each clinic. Where clinical 
assessment is inconclusive other more objective measures 
may be utilised. 

Observations taken during dialysis and data gained during 
treatments are important to include in any assessment. 
Tolerance to fluid removal however should not be mistaken 
for the amount of fluid to be removed. For instance, it may be 
possible to remove a larger volume of fluid if a longer treatment 
time is provided.

Please see Chapter 4, Fluid Management for more information.

1.1.5 Prescribed blood flow (Qb) should be optimised, 
within the limitations of the patient access, to 
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2726 ensure optimal diffusive transfer of small solutes 
and convective removal of large solutes.

Rationale: Blood flow through the dialyser has a direct 
relationship to diffusive clearance of small solutes and an 
indirect relationship to convective clearance of large solutes. 
For small, easily dialysed solutes that clear via diffusion, the 
relationship of clearance to blood flow is near linear. This 
linear relationship starts to plateau as blood flow increases. 
This is shown in Figure 1. Thus optimising blood flow will result 
in optimal small solute clearance within the limitations of the 
patient access.

Figure 1. Blood flow (Qb) versus diffusive clearance (Gambro Basics)

In post dilution HDF, convective clearance of middle molecules 
is directly related to the convective volume moved across 
the membrane during treatment. The greater the convective 
volume achieved, the greater the convective clearance that 
is obtained. Achievable convective volume has a direct 
relationship with blood flow and available plasma water. Thus, 
the greater the set blood flow, the greater the convective 
volume and convective clearance that can be achieved. This 
is shown in the examples below and in Figure 2.
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dilution HDF treatment, using a ratio of 30% filtrate to blood 
flow (Qf/Qb) and 4hr treatment time, at three different blood 
flow settings:

a. Qb 250ml/min 
Filtrate = 75ml/min

  = 4.5L/hr
  = 18L total treatment

b. Qb 300ml/min  
Filtrate  = 90ml/min

  = 5.4L/hr
  = 21.6L total treatment

c. Qb 350ml/min  
Filtrate  = 105ml/min

  = 6.3L/hr
  = 25.2L total treatment 

Application of a lower Qf/Qb (eg: 25%) in combination with 
low Qb would therefore result in a lower overall convective 
volume and convective clearance of larger solutes. This may 
impact on long term patient outcomes, as per recent studies 
referenced in Section 2.8.

Restrictions on prescribed blood flow include the available flow 
through the arterio-venous access or central venous access 
and the impact on patient’s cardiac output.

1.1.5.1 Each treatment should be assessed for actual 
delivery of prescribed blood flow.

Rationale: A mismatch between prescribed and delivered 
blood flow may occur in the presence of a poor functioning 
access, incorrect setting of blood flow or an over zealous 
prescribing of blood flow. 

Figure 2. Effect of increasing Qb in convective 
therapies and resultant increase in total UF and thus 

convective volume achieved. (Gambro)
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2928 Increased resistance to flow through the patient access can 
also lead to a discrepancy in set blood flow versus actual or 
effective blood flow. This can be influenced by access lumen 
size, blood viscosity and set blood flow. For example a small 
size needle and a high set blood flow may increase the 
resistance to blood flow, create a large negative pressure in 
the arterial line and a flattening of the arterial pump segment. 
Thus less blood is processed than actually set and there is a 
difference in set versus actual blood flow. Many haemodialysis 
machines display this difference and the degree of difference 
should be noted each treatment. 

A significant variance between delivered and prescribed Qb 
should be investigated, causes determined and actions for 
correction planned. A decrease in delivered Qb will lead to a 
decrease in both small and large solute removal.

1.1.5.2 Frequent arterial or venous pressure alarms 
during treatment should be investigated to 
determine if prescribed blood flow is appropriate 
for the access available.

Rationale: Setting the blood flow higher than is physically 
achievable with the current access can lead to frequent arterial 
or venous pressure alarms which in turn stop the pump. 
Frequent interruptions to blood flow will decrease the overall 
blood volume treated and lead to a lower average blood flow 
for the treatment. 

Prescribing and setting an achievable blood flow will lead to 
fewer alarms and therefore fewer interruptions to flow during 
treatment. Fewer interruptions to blood flow may ultimately 
lead to a greater volume of blood being treated. It will also 
facilitate improved flow through the dialyser and less clotting 
in the circuit.

1.1.5.3 Blood flow should be set in accordance with the 
available flow through the access.
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2928 Rationale: Although there is no generally accepted “safety 
margin” by which the access flow (Qa) should be higher than the 
Qb value used, a margin of at least 20-30% appears reasonable 
with regard to usual decrease of Qa during hemodialysis due 
to decreasing cardiac output with ultrafiltration. 
See Chapter 2.2.3 for further information.

1.1.6 Dialyser efficacy should reflect the individual 
patient needs for both solute and fluid removal.

Rationale: Dialyser efficacy represents the ability of the 
dialyser to clear the blood of solutes at any given blood and 
dialysate flow rate and also its permeability to water. This 
efficacy will vary from membrane to membrane, thus clearance 
values and UF coefficients should be matched to desired 
patient outcomes and treatment conditions.

1.1.6.1 Optimal dialyser priming should be attended 
to ensure full utilisation of available membrane 
surface area and optimal efficacy of dialyser.

Rationale: Attention to priming, flow rates used during priming 
and removal of all air will reduce the likelihood of clotting in 
fibres of the dialyser. Clotted fibres reduce the available 
surface area available for both diffusion and ultrafiltration. 
Manufacturer’s instructions should be checked for correct 
priming of each dialyser.

1.1.6.2 Review of priming methods and anticoagulation 
dose is recommended if clotting is observed in 
the dialyser.

Rationale: Inadequate priming will potentially result in residual 
air within fibres of the dialyser. Once blood enters those fibres, 
the blood in contact with the air will most likely clot, thus 
reducing available surface area for diffusion and ultrafiltration.
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3130 Anticoagulant dose should be reviewed to provide minimal 
clotting of fibres in the dialyser. This minimal clotting of fibres 
should be balanced against delivering a minimal dose of 
anticoagulant to the patient.

1.1.6.3 Set blood flow rate should reflect those ranges 
recommended by the manufacturer for each 
individual dialyser.

Rationale: Dialysers with large surface areas require a 
greater blood flow in order to reduce clotting. The minimum 
recommended blood flow should be stated on the “Instructions 
for Use” provided by the manufacturer and should be checked 
when prescribing the dialyser and blood flow.

1.1.6.4 The UF coefficient for each dialyser should be 
considered in order to limit high circuit pressures 
during treatment.

Rationale: The rate of fluid removal across the membrane 
is dependent on the permeability of the dialyser and the 
pressure across the membrane. Thus, a dialyser with a higher 
UF coefficient will enable a greater fluid removal from the 
patient without generating excessive pressures across the 
membrane.

1.1.7 The European Renal Best Practice (ERBP) Advisory 
Board suggest that all patients can benefit from the 
use of high flux dialysers. 

Rationale: High flux haemodialysis is known to clear middle 
molecular weight solutes and also clear protein bound small 
solutes more efficiently. As such the European Renal Best 
Practice (ERBP) suggest "synthetic high-flux membranes 
should be used to delay long-term complications of 
haemodialysis therapy in patients at high risk" (serum albumin 
<40 g/l)7.
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3130 1.1.7.1 It is suggested that each dialysis service provider 
have polices in place that define the application of 
a flux type to patients.

Rationale: There is an increasing trend worldwide to the use 
of high flux membranes, however in some regions low flux use 
continues due to cost constraints. If facilities continue to use 
a mix of low and high flux membranes, policies should be in 
place to determine which patients will benefit most from the 
use of high flux.

1.1.8 Dialyser flux should be appropriate for treatment 
modality. HDF & HF require a dialyser designed for 
this purpose to facilitate fluid movement.

Rationale: Convective therapies such as HDF or HF cannot 
be performed using a low flux membrane. The surface area of 
the dialyser used will be dependent on the total UF rate per 
hour to be achieved (ie: patient UF rate plus convective UF 
rate). If a higher total UF rate is required an increase in surface 
area will assist. 

Total UF rates of 5 - 6L/hr are often achieved in post-dilution 
pressure controlled HDF. In pre-dilution HDF larger volumes 
are achieved and in pre-dilution HF even greater volumes. 
The membrane must have a suitable UF coefficient to achieve 
this without significant increases in transmembrane pressure 
(TMP) during treatment. This is shown in Figure 3.

If an increasing TMP is seen during treatment, an increase in 
surface area on subsequent treatments may enable the desired 
convective volume to be achieved. Patient characteristics 
such as protein and red cell levels will also impact. 
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Figure 3. Typical ultrafiltration curves for a low-flux and a high-flux membrane showing the limited UF 
rate available with a low flux membrane. (Gambro)

1.1.9 Dialysis fluid flow should be set with consideration 
to effect on solute clearance and only be increased if 
evidence of increased solute clearance is obtained.

Rationale: The design characteristics of modern dialysers 
have resulted in flow distribution improvements and enhanced 
solute mass transfer as compared to dialysers of a decade 
or more ago. As such the use of high dialysate flows rates 
(800ml/min) shows little difference in delivered Kt/V to that 
achieved with a 600ml/min flow rate.8 

1.1.9.1 Any increase in dialysis fluid flow rate above 
500ml/min should be validated by blood URR or 
Kt/V measurements or the use of on-line clearance 
measurement systems at the time of treatment.

Rationale: If no significant increase in dialysis dose is seen, 
then there is no evidence for increased dialysis fluid flow. 
Improvement in small solute clearance can be better achieved 
by increasing blood flow, dialyser surface area and treatment 
time.
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3332 Non-validated increases in dialysis fluid flow rate will also use 
considerable more concentrates and water, thus adding to the 
cost of each treatment. 

1.1.10 Dialysate temperature should be prescribed so as 
to limit vasodilation and at the same time provide 
patient comfort. 

Rationale: It is mostly understood that dialysis fluid must be 
heated to prevent thermal energy loss from the patient. Whilst 
this is true, a dialysis fluid temperature setting of 370 C will 
increase patient core temperature during treatment.9 The 
physiology of this remains poorly understood however it is 
known that thermal energy must be removed during treatment 
to avoid a rise in core body temperature. This is easily achieved 
by ‘cool dialysate’.

Whilst there is thought to be a decrease in diffusion of solutes 
at lower temperatures, the difference is thought to be negligible 
in the temperature range of 35 – 370 C.10 This was further 
shown to be the case in a systematic review in 2006, where 
no differences in small solute clearance were found between 
standard and cool dialysis.11

1.1.10.1 A decrease in set dialysate temperature may 
be considered as a strategy for improving 
intradialytic haemodynamic stability.

Rationale: The 2006 systematic review also found that cool 
dialysis had a beneficial effect on intradialytic hypotension 
with “the rate of IDH being 2.6 (95% CI, 1.5–3.8) times less 
than that with standard dialysis”.11

1.1.10.2 Any decrease in dialysate temperature should 
be attended gradually with decreasing steps of 
0.50C whilst monitoring symptoms. 
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3534 Rationale: Cooling the dialysate for benefits of blood pressure 
management should be balanced against patient comfort. A 
2008 publication found that “30% of patients found a dialysate 
temperature of 350 C unpleasantly cold, 20% noticed the 
difference between 37 and 350 C but felt no worse or better 
during cool dialysis and 50% could not differentiate between 
the two”12.

The set dialysate temperature should therefore be 
individualised for each patient based on core temperature pre 
dialysis, patient haemodynamics during treatment and patient 
temperature tolerance.

1.1.11 Dialysis fluid composition is based on numerous 
individual clinical parameters and as such should 
be individually determined. One concentrate 
composition for all patients is not recommended.

Rationale: The composition of dialysis fluid will impact on 
the patient’s solute removal, acid base balance, calcium/
phosphate balance and blood pressure during treatment. As 
such it should be individually determined for each patient 
based on full assessment.

1.1.11.1 Dialysate potassium should be individually 
prescribed for each patient in order to maintain 
optimal blood potassium levels and avoid 
hypokalaemia or hyperkalaemia and dialysis 
induced arrhythmias.

Rationale: The serum potassium change during dialysis is 
dependent on the rate of potassium flux from the plasma to 
the dialysate, minus the flux of potassium from the intracellular 
to the extracellular compartment.13

The concentration in the dialysis fluid is usually between  
0 – 4mmol/L, with 2mmol/L being a standard level when 
targeting pre-dialysis serum potassium of 4 – 6mmol/L. 
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3534 1.1.11.1.1 The need to use a potassium dialysate level less 
than 2mmol/L should be confirmed with repeat 
blood sampling and checked on a weekly basis.

Rationale: The lower the potassium concentration in the 
dialysate, the greater the rate of removal of potassium there 
will be from the patient. Thus extremely low levels of dialysate 
potassium (0 - 1mmol/L) should be used with caution as the 
risk of hypokalaemia is high. 

Non-dialytic measures to correct the serum potassium should 
also be considered.

1.1.11.1.2 Consideration to the set dialysate glucose 
should be made when setting dialysate 
potassium.

Rationale: The addition of glucose to the dialysate is thought 
to decrease the total mass of potassium removed during 
treatment, possibly due to insulin enhanced cellular uptake of 
potassium. 

1.1.11.1.3 Consideration to the set dialysate bicarbonate 
should be made when setting dialysate 
potassium.

Rationale: An increase in the bicarbonate level of the dialysis 
fluid, and subsequent rapid correction of acidosis, can also 
impact the plasma potassium level, again due to cellular 
uptake of potassium. Thus the plasma level of potassium 
decreases without removal via the dialysis fluid. The risk of 
hypokalaemia is high in this situation.

1.11.2 Dialysate calcium levels should be individually 
set for each patient as part of a total treatment 
care plan with consideration to pre dialysis serum 
calcium, parathyroid hormone (PTH) levels, 
prescriptions such as phosphate binders, vitamin 
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3736 D or calcimimetics and haemodynamic stability 
during dialysis.

Rationale: There is no agreement on the optimal level of 
dialysate calcium to be used in haemodialysis. The amount 
of calcium in the dialysate will impact the calcium movement 
during treatment but so to will the patient’s pre dialysis ionised 
calcium level, the ultrafiltration rate and bone turnover.14 Thus 
dialysate calcium management is complex and can impact on 
calcium/phosphate balance, PTH levels, bone disease and 
cardiovascular stability.

Conventionally used dialysate calcium concentrations vary 
widely, with disagreement on whether the use of 1.25 mmol/L 
or 1.5 mmol/L results in neutral calcium mass balance.15, 16 
Consideration to the individual patient condition, pre-dialysis 
ionised calcium levels, and medications is essential.

1.1.11.2.1 Review of the dialysate calcium concentration 
in those patients experiencing intradialytic 
hypotension may provide benefit.

Rationale: McIntyre17 states “the use of lower dialysate calcium 
concentration has been implicated in the pathogenesis of 
lower intradialytic blood pressure”. The use of higher dialysate 
calcium concentrations in these patients is recommended by 
the EBPG.9

The use of a higher dialysate calcium must however be 
balanced against the risk of calcium load and possible the 
progression of vascular calcification.

1.1.11.2.2 The use of a citrate based dialysis fluid may, in 
some cases, require a higher level of dialysate 
calcium.

Rationale: Citrate in the dialysate will bind with calcium in the 
patient’s blood thus requiring a slightly greater level of calcium 
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3736 in the dialysate. Citrate levels in the dialysate are usually low 
(eg: 1mmol/L) thus only minor adjustments are required to the 
dialysate composition18. The dialysate calcium requirement 
should be monitored and assessed for each patient to 
determine specific requirements.

1.1.11.3 Dialysate bicarbonate should be individually set 
for each patient with consideration to the target 
pre dialysis plasma bicarbonate level.

Rationale: The pre-dialysis bicarbonate level is influenced by 
post dialysis plasma bicarbonate levels, protein ingestion, time 
since last dialysis, interdialytic weight gain and bicarbonate 
losses from the urine or gastrointestinal tract.

Some variation in recommended pre dialysis bicarbonates 
levels exists in the literature. Most recently the EBPG of 2007 
state “mid-week predialysis serum bicarbonate levels should 
be maintained at 20–22 mmol/l”.9

According to DOPPS 2004, pre dialysis plasma bicarbonate 
levels of <17.0 mmol/l or >27.0 mmol/l have shown a 
significantly greater risk for mortality.18

1.1.11.4 Addition of glucose to the dialysate should be 
considered individually for each patient with 
consideration to stability of patient serum 
glucose and insulin levels during treatment and 
intradialytic haemodynamic stability.

Rationale: The addition of glucose to the dialysis fluid was 
originally utilised only for diabetic patients. Today, however it 
is common to find many patients dialysed against a dialysis 
fluid containing glucose. Because of this, it is important to 
consider the physiological impact of the amount of glucose in 
the dialysate.
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3938 When glucose free dialysate is used, there will be a net loss of 
glucose from the blood to the dialysate.8, 19, 20

Raimann et al.21 notes that there are “lower glucose shifts 
from the dialyzate to the subject’s blood with the use of G100 
and correspondingly lower serum glucose and serum insulin 
levels without effects on hemodynamic stability and without 
the occurrence of symptomatic hypoglycemic events”. (Note: 
G100 = 1g/L glucose).

When 1.8-2 g/L glucose is used there will be a net gain to the 
patient.8, 19, 20 This movement of glucose will have subsequent 
effects on the patient blood glucose level.

Insulin levels may also be affected, thus consideration to the 
patient’s co-morbidities is important when prescribing the 
dialysate glucose.

1.1.12 Treatment anticoagulation strategies should 
be individualised to the specific needs of the 
patient with consideration to coagulation profile 
and associated risks.

Rationale: The thrombogenicity of the extracorporeal circuit 
will be dependent on the materials used in production 
of bloodlines and dialyser (membrane and housing), the 
configuration of the blood flow path and the coagulation profile 
of the individual patient. Associated risks may include patient 
co-morbidities, current medication therapy, recent or planned 
surgery or procedures and/or current active bleeding.

1.1.12.1 Alternative anticoagulation strategies should 
be considered in those patients with increased 
bleeding risk or heparin-induced trombocytopenia 
(HIT).

Rationale: Heparin free dialysis with regular saline flushes 
is often used when anticoagulation is contraindicated. Whilst 
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3938 normal saline provides no anticoagulation attributes it does 
enable visualisation of the circuit in order to assess the need 
for change of circuit mid treatment. The use of regional citrate 
anticoagulation may also be considered.

Please see Chapter 5, Anticoagulation for more information.

1.2 Individualising the specific treatment modality
Haemodialysis can be further individualised by utilisation of 
numerous machine functionalities or monitoring systems. 
Examples include; isolated ultrafiltration, profiling options and 
blood volume monitoring options.

Detailed recommendations on each of these can be found in 
Chapter 4. The following recommendations provide general 
guidance only.

1.2.1 The repeated use of isolated ultrafiltration secondary 
to large interdialytic weight gains requires a re-
examination of prescribed treatment time to ensure 
a safe ultrafiltration rate is applied.

Rationale: Large interdialytic weight gains, despite the reason, 
need to be managed carefully during treatment. Application of 
too high a UF rate will impact on the patient’s ability to refill 
the vascular space and may ultimately lead to symptomatic 
blood volume decreases. Repeated episodes of intradialytic 
hypotension will have long term cardiac and cerebral effects 
and promote cardiac disease and long term complications.

If the weight gain is so large that it requires an unsafe UF 
rate, other treatment options should be investigated. Isolated 
ultrafiltration is an option that is sometimes utilised, however 
in the long term the large weight gain must be addressed. 
Increased treatment time will allow a lower UF rate but still 
places the patient at risk of complications of fluid overload 
between treatments. An increase in frequency of treatment 
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4140 may offer a better solution as this leads to less cardiac load 
between each treatment.

Patient education regarding fluid intake should also be 
reviewed.

1.2.2 Maximum ultrafiltration rates for isolated ultrafiltration 
should be determined for each individual patient.

Rationale: Standardised maximum UF rates do not allow for 
individual patient responses to volume changes. Ultrafiltration 
rate should always be individualised to the patient after a 
complete fluid assessment. Consideration to the patient’s 
ability to tolerate fluid removal and their associated co-
morbidities and stability during isolated ultrafiltration should 
be made.

Please see Chapter 4, Fluid Management for more information.

1.2.3 If attended, profiling of the ultrafiltration rate should 
be individually determined each treatment, after 
clinical assessment, to reflect the clinical needs of 
the patient on that specific treatment day.

Rationale: The use of preconfigured standardised profiles 
is not recommended as they do not allow for individually 
determining a rate and time frame which is physiologically 
suited to each patient based on that treatment day.

Profiling of the ultrafiltration rate often assumes a high UF rate 
at the start of treatment. Each patient should be assessed 
individually for their ability to tolerate such a rate. Kooman 
et al.9 state “the effectiveness of ultrafiltration profiling is 
conflicting. Pulsed profiles may result in an increase in IDH.” 

Please see Chapter 4, Fluid Management for more information.
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4140 1.2.4 If attended, profiling of dialysate sodium should be 
strictly prescribed, implemented and monitored to 
ensure both effectiveness and long term impact on 
patient. Ad hoc implementation of sodium profiling 
should be avoided.

Rationale: The amount of sodium in the dialysis fluid 
can impact on the transfer of sodium across the dialyser 
membrane. A dialysate sodium level higher than the serum 
sodium will lead to sodium transfer to the vascular space 
from the dialysate. This increase in serum sodium will then 
encourage fluid to move from the interstitium into the vascular 
space, thus enhancing vascular refill. Increased vascular refill 
then allows application of a higher UF rate. Thus the practice 
of profiling the sodium to enhance fluid removal is sometimes 
utilised.

1.2.4.1 Minimum and maximum dialysate sodium levels 
should be applied only as prescribed after medical 
assessment.

Rationale: Manipulation of the dialysate sodium can lead 
to complications of sodium balance if not managed well. 
Monitoring of pre and post serum sodium levels will assist 
in preventing sodium loading as a consequence of sodium 
profiling. 

Sodium loading, caused by too high dialysate sodium for too 
long a duration, may lead to increased thirst and subsequent 
hypertension and volume overload. Thus, strict monitoring of 
blood pressure pre and post treatment along with close review 
of interdialytic weight gains is essential. 

Thorough clinical assessment and management of other 
causes of intradialytic hypotension should be attended prior to 
implementing sodium profiling.

Please see Chapter 4, Fluid Management for more information.
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4342 1.2.5 If attended, profiling of dialysate potassium should 
be individually prescribed to reflect the clinical 
needs of the arrhythmic and/or hyperkalaemic 
patient 

Rationale: Potassium profiling is available on a limited number 
of haemodialysis machines and allows for the maintenance 
of a constant potassium gradient between the blood and 
dialysate throughout the duration of the treatment. This 
constant gradient has been shown to decrease the number of 
premature ventricular complexes throughout treatment without 
adversely affecting the pre-dialysis serum potassium level.22

Locatelli16 goes on to suggest “potassium profiling, with a 
constant gradient between plasma and dialysate, should be 
implemented in clinical practice to minimize the arrhythmogenic 
potential of dialysis”.

1.2.6 If available, relative blood volume monitoring 
data may be used as part of the patient clinical 
assessment during dialysis and not used or acted 
on in isolation.

Rationale: Blood volume changes during haemodialysis 
reflect the relationship between the applied ultrafiltration rate 
and the patient’s rate of vascular refill. Changes in relative 
blood volume can reflect an increase or decrease in plasma 
water within the vascular space. 

This information should always be used in conjunction with 
clinical assessment of the patient, review of treatment 
parameters and consideration of patient history. Use of blood 
volume data in isolation may ignore relevant clinical data 
associated with the current patient condition.

The patient pre dialysis hydration status can impact on the rate 
of change in blood volume and the slope of the blood volume 
change curve may be of more importance than an actual blood 
volume value.
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4342 Thus change in blood volume of 10% over a short period of 
time may result in symptoms for the patient whereas a change 
in blood volume of 10% over the whole treatment time may not 
lead to intradialytic symptoms.

It should be remembered that intradialytic hypotension 
is multifactorial and blood volume changes will predict 
hypotension only in some patients.

Please see Chapter 4, Fluid Management for more information.

1.2.6.1 Automatic blood volume control, which is 
individualised to the patient, should be considered 
in those in patients with intradialytic hypotension 
that is difficult to manage.

Rationale: Automatic blood volume control treatments adjust 
the UF rate and dialysate sodium in response to blood volume 
changes during treatment. The adjustments to UF rate and 
dialysate sodium are made when the actual blood volume 
deviates from a pre-determined blood volume curve. The 
alterations to UF rate and dialysate sodium are managed 
within defined boundaries prescribed and set by the operator. 
This system allows target weight loss to be achieved whilst 
ensuring no sodium load to the patient.

A number of randomised cross-over studies have shown a 
decrease in the incidence of intradialytic hypotension and 
associated symptoms when automatic blood volume control 
is used.23-27

Please see Chapter 4, Fluid Management for more information.
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4544 In addition to those parameters discussed above, convective 
therapies can be further individualised by ensuring the optimal 
convective volume is achieved each treatment. The following 
recommendations relate to convective therapies only.

1.2.7 Consideration to effectiveness of each mode of HDF 
(pre or post) should be given when prescribing. 

Rationale: Each mode of HDF will impact differently on 
the clearance of small and large molecular weight solutes. 
Identification of the needs of each patient should determine 
which mode is utilised.

Post dilution HDF allows the application of diffusive & 
convective clearance in the dialyser with replacement solution 
supplied after the dialyser as the blood returns to the patient. 
This mode offers the most effective clearance of both small 
and large molecular weight solutes versus each other mode.28 
Post dilution maintains diffusive clearance of small solutes 
and optimises the convective clearance of large solutes as 
there is no dilution effect on the blood and its solutes entering 
the dialyser. This lack of dilution means smaller convective 
volumes are used with greater effectiveness.

Pre dilution HDF supplies replacement solution to the circuit 
prior to the blood entering the dialyser thus diluting all solutes 
within the blood as they pass through the dialyser. This 
dilution effect means a greater convective volume needs 
to be transferred across the membrane in order to achieve 
effective large solute clearances. The dilution of the blood also 
decreases the concentration gradient for small solutes and 
may lead to a reduction in small solute clearance.28

1.2.8 When attending convective therapies such as 
HDF, the convective volume achieved should be 
optimised. 
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4544 Rationale: Data from three large randomised controlled trials 
(CONTRAST, Turkish HDF, ESHOL) found a survival benefit 
by treatment with HDF instead of HD only in patients in whom 
a high volume convection was achieved (substitution volume 
greater than 17–21 L in post dilution mode).29-31

1.2.8.1 In order to optimise the convective volume,  
 the following factors should be applied as able:

1.2.8.1.1 High UF coefficient membrane
Rationale: A dialyser with a high UF coefficient will facilitate 
movement of large volumes of plasma water across the 
membrane whilst limiting any increases in TMP.

1.2.8.1.2 Large surface area dialyser 
Rationale: A large surface area dialyser will enhance the high 
UF coefficient of the membrane and further facilitate movement 
of large volumes of plasma water across the membrane. 

1.2.8.1.3 Dialyser with large internal fibre diameter
Rationale: A dialyser with a large internal fibre diameter will 
minimise any increase in blood compartment pressure seen 
when attending post dilution HDF and allow larger convective 
volumes to be achieved. 

Too small an internal fibre diameter will result in significant 
resistance to blood flow as plasma water is removed from the 
blood compartment of the dialyser and viscosity is increased. 
This can, in turn, lead to increases in TMP and thus limit the 
total convective volume achievable.

1.2.8.1.4 Optimised set blood flow
Rationale: Increasing the set blood flow provides more blood 
to the dialyser per unit time thus providing more plasma water 
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4746 available for transfer across the membrane. Thus the higher 
the blood flow, the greater the convective volume which can be 
achieved. Patient blood viscosity will also have a direct impact 
on the available plasma water for transfer. Those patients with 
a high hematocrit will have a lower plasma water percentage. 
This will limit the total UF rate achievable during treatment. 
Patient serum albumin levels can also impact.

1.2.8.1.5 Transmembrane pressure (TMP) controlled 
management of convective volume

Rationale: Traditionally HDF has been delivered by prescribing 
and setting the convective volume to be exchanged during 
treatment, with the machine then applying a constant UF 
rate during the whole treatment time. The clinician has no 
control over the TMP and it then increases exponentially over 
treatment time depending on the factors discussed above. 
This is known as volume controlled HDF.

TMP (or pressure) controlled HDF, however, allows for the 
setting of an optimised TMP throughout the treatment. TMP 
controlled HDF results in a convective UF rate that changes 
throughout the treatment to reflect the changing blood 
composition and membrane performance. The patient UF 
rate is controlled separately at a fixed rate. The flexibility 
of a changing convective UF rate allows for a greater total 
convective volume to be achieved over the treatment time 
without the complication of hemoconcentration and TMP 
alarms. This optimises and individualises the HDF therapy to 
each patient and each session.32-34

1.3 Biocompatibility of treatment 
Treatment biocompatibility is dependent on multiple 
components of the system and each one should be considered 
both independently and in conjunction with each other.
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4746 1.3.1 Consideration to consumable materials should be 
undertaken to ensure optimal biocompatibility for 
patients. Special consideration to latex, plasticiser 
type and dialyser membrane polymers should be 
given.

Rationale: Treatment biocompatibility refers to the ability of 
the treatment components to provoke an immune response 
within the patient. The less the degree of immune response 
the more biocompatible the treatment is for the patient. The 
polymers from which consumables are made will vary and 
thus provoke varying patient responses.

1.3.1.1 A dialyser membrane with the lowest degree of 
complement and leukocyte activation should be 
used.

Rationale: Dialyser membranes will induce an immune 
response within the patient which in turn mediates inflammatory 
markers and/or promote production of acute phase proteins. 
Inflammatory reactions can be measured by reviewing the 
complement and leukocyte activation. Synthetic membranes 
are known to induce the least immune response in the majority 
of patients. Review of the membrane materials, along with 
other dialyser specifications, should be undertaken when 
prescribing the dialyser for each patient.

1.3.1.2 Replacement of latex products with non-latex 
products should be applied to known latex allergy 
patients.

Rationale: Latex containing products can cause an acute 
allergic response in some patients. Attention to each patient’s 
specific allergies is important to consider. Care should be 
taken to consider all components of the machine (eg: blood 
pressure cuff and cable) and extracorporeal circuit.
Development of policies which state use of all latex-free 
components in a unit would provide optimal care.
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4948 1.3.1.3 Haemodialysis tubing should be carefully selected 
in order to avoid the release of unacceptable 
amounts soluble factors leached during the 
dialysis session. 

Rationale: Plasticisers, such as di-2-ethylhexyl-phthalate, 
have been shown to release from dialysis systems during 
treatment. Apart from allergic responses the long term effects 
of this remain unclear. Materials which contain no PVC or 
contain alternative plasticisers such as di-2-ethylhexyl-adipate 
are now available.

1.3.2 Biocompatible sterilisation methods should be 
considered in order to limit individual patient 
sensitivities and/or reactions.

Rationale: Biocompatibility should also be applied to the 
method of sterilisation not just the materials used. Sterilising 
agents can leave residuals in the consumables which the 
patient can react to. Alternatively they may cause change to 
the material’s original structure which in turn may provoke an 
immune response.

1.3.2.1 Steam and Radiation sterilisation method is 
preferred over ethylene oxide (EtO).

Rationale: Steam sterilisation is the most biocompatible 
sterilisation process available. However some products can 
not tolerate this method of sterilisation. The temperature 
needed to effectively kill all bacteria, viruses, etc. may damage 
or alter the product. 

The steam sterilisation process does not leave any chemical 
residual in the product post sterilisation and does not require 
the product to be quarantined prior to release to customers.

There are currently three (3) types of irradiation commonly 
used for dialysis products; Gamma, E-beam & Beta. Irradiation 
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4948 destroys the DNA of organisms, rendering them dead. Plastics 
chosen for products sterilised by irradiation must tolerate both 
the heat generated by the process and the irradiation itself.

1.3.2.1.1 Strict priming processes should be applied to 
all EtO sterilised products if they are to be used.

Rationale: Ethylene oxide is a flammable, colourless gas that 
is used for sterilisation purposes. After sterilisation, product 
must be quarantined to allow for residual EtO to escape. 
Some patients may have an acute allergic response on 
exposure. Patients exposed to EtO on a regular basis through 
chronic dialysis may develop elevated immunoglobulins and 
hypersensitivity reactions.

Products sterilised by EtO have strict recommendations for 
priming to ensure maximum removal of all potential residuals. 
Manufacturer’s instructions should be followed. 

1.3.3 Dialyser membranes with considerable endotoxin 
retention capacity should be used to limit transfer 
of potential dialysis fluid contaminants to patient.

Rationale: Dialysis membranes vary greatly in their 
permeability to cytokine inducing substances35,36 and studies 
conclude that cellulosic membranes allow transfer of endotoxin 
from the dialysate to the blood. Additionally the barrier functions 
within synthetic membranes are not equal.

1.3.3.1 A synthetic dialyser membrane should be 
applied to limit transfer of potential dialysis fluid 
contaminants to patient.

Rationale: Synthetic membranes tend to have thicker 
wall dimensions and a more complex wall structure than 
cellulosic membranes (6 – 12 mm for cellulosic v’s 40 – 
60 mm for synthetic). The polymer composition and the 
presence of hydrophobic sites on synthetic membranes 
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5150 allow for adsorption of endotoxin and other bacteria derived 
hydrophobic compounds.37 The hydrophobic sites interact with 
the lipophilic part of the lipopolysaccharides (LPS). Depending 
on the membrane structure (asymmetric, sponge etc) and the 
location of the hydrophobic domains, it may also be possible 
to mechanically trap the endotoxins.

Not all synthetic membranes are equal in their ability to 
adsorb or mechanically trap endotoxins, thus this should be 
considered when choosing a dialyser. 

1.3.4 Thrombogenicity of the circuit, including dialyser 
membrane and bloodlines configuration and 
manufacturing processes, should be evaluated 
and should be considered when evaluating clotting 
within the circuit.

Rationale: The activation of the clotting cascade, in the 
form of increased levels of coagulation proteins such as 
thrombomodulin and thrombin–antithrombin (TAT), as well 
as platelet activation demonstrate the thrombogenicity of the 
extracorporeal circuit during haemodialysis. Thrombogenicity 
will vary depending on the materials used in manufacture for 
each consumable item in contact with the blood. 

Synthetic dialyser membranes are generally thought to provoke 
less activation of coagulation than cellulosic membranes.38 

1.3.4.1 Consideration to the use of bloodlines which 
provide minimal air to blood interface will promote 
less clotting within the circuit.

Rationale: Any air to blood interface will provide opportunity 
for clotting within the extracorporeal circuit. Use of bloodlines 
with minimal air to blood interface, in addition to optimal 
priming, will reduce the risk of circuit clotting.
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5150 Attention should also be paid to the flow dynamics throughout 
the extracorporeal circuit which should minimise stagnant 
flow, air generation and shear stress. Additionally, shear stress 
can be prevented by keeping blood flow in the extracorporeal 
circuit within acceptable limits thus minimizing resistance to 
blood flow within the circuit.

1.3.5 Consideration of concentrates biocompatibility 
should be undertaken to ensure optimal 
biocompatibility for patients. Special consideration 
to acetic acid, citrate and buffer-free should be 
given.

Rationale: Dialysis fluid must contain a buffer to compensate 
for the loss of buffering ability by the kidneys in end stage 
kidney disease. Most patients however are in a constant state 
of acidosis due to insufficient normalisation of the acid-base 
balance during dialysis.

1.3.5.1 Use of acetate as the sole buffer should be 
avoided.

Rationale: Traditional acetate dialysis utilised approx 
37mmol/L of acetate in the dialysis fluid in attempt to 
restore acid-base balance. However the associated acetate 
accumulation and side effects of acetate based dialysis fluids 
mean that acetate as a sole buffer is no longer considered an 
optimal treatment option. 

1.3.5.2 Consideration to the amount of acetate in 
bicarbonate based concentrates should be 
undertaken.

Rationale: Bicarbonate based dialysis fluid is now most widely 
used as a more physiological option for attempting to correct 
acid-base balance. Bicarbonate dialysis fluid comprises of two 
components; the bicarbonate solution, and the “A” concentrate 
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5352 which contains the sodium, minor electrolytes and possibly 
glucose. 

This “A” concentrate however, also contains a small amount of 
non bicarbonate based buffer solution. This is most commonly 
acetic acid (acetate). This small amount of acetic acid (3 – 
4mmol/L) is used to minimise the precipitation of calcium 
and magnesium precipitates in the flow path of the dialysis 
machine. The acetic acid therefore still contributes to a less 
physiological treatment for the patient. 

1.3.5.3 Alternatives to acetate in “A” concentrate should 
be considered.

Rationale: Newer “A” concentrate solutions offer an acetate 
free solution with the use of citrate in small amounts in the “A” 
concentrate to prevent the precipitation. 

1.3.5.4 Citrate based concentrates should be reviewed to 
ascertain the exact amounts of citrate used, the 
remaining inclusion of any acetate and the effect 
on buffer load.

Rationale: Citrate containing concentrates vary in the amount 
of citrate they contain and some also still contain some acetate. 
This is important when considering the impact on buffer gain 
during dialysis.

Citrate adds to the buffer gain during dialysis as each molecule 
of citrate metabolised is equivalent to the generation of three 
molecules of bicarbonate. This should be considered in 
addition to any acetate also included.

1.3.5.5 Citrate based concentrates may be considered 
when improved thrombogenicity is required 
during treatments.
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5352 Rationale: Citrate in the dialysis fluid binds with calcium 
to impact on the clotting cascade and thus provides small 
benefits to the thrombogenicity of the treatment. The removal 
of the acetic acid and the addition of citrate therefore provides 
a more biocompatible treatment for patients.
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There are currently 4 approaches to determine the delivered 
Kt/V value:

• Calculation from the pre- and post-HD blood urea 
levels according to the Daugirdas equation of the 
second generation1, either as the so-called single-pool 
Kt/V (spKt/V) or as the equilibrated Kt/V (eKt/V). The 
spKt/V does not account for the post-HD rebound of 
plasma urea level while the eKt/V does. Neither spKt/V 
nor eKt/V does account for access recirculation. 
Alternatively, simpler dialysis dose marker, the 
Urea Reduction Ratio (URR) can be used instead. 
Compared to the Daugirdas formula, the URR does 
not account for urea removed in ultrafiltrate.

• On-line measurement of the so-called ionic dialysance 
(ID) from which dialyzer urea clearance is estimated2,3 
and substituted into the Kt/V together with time (t) 
taken from the HD machine time counter and total 
body water (V). V-value is either calculated by the 
machine from entered data on patient´s gender, age, 
height and body weight (BW)* (Watson formula) or 
directly entered by the operator as a figure obtained 
by an independent technique (bioimpedance, formal 
Urea Kinetic Modelling) or read from the nomogram 

AIM

The delivered dialysis dose (see Chapter 1 for definition 
and explanation) must be regularly checked against 
the target (prescribed) one as the latter is based on 
assumptions which may not be entirely valid in a particular 
patient or treatment session. The aim of this chapter is 
to provide guidance on how to evaluate delivered dose, 
obtain its required value and identify possible causes 
when it is not obtained. 
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in Fig. 1 from the absolute dialysis dose Kt measured 
by the on-line Kt/V evaluation system (with no data on 
V entered) and Kt/V value obtained from Daugirdas 
II equation using pre- and post-dialysis plasma urea 
values. 

• The more recently introduced on-line Kt/V monitoring 
systems based on continuous evaluation of urea 
concentration in effluent dialysate by UV light 
adsorption4,5 convert computationally the dialysate 
concentration curve into that in plasma. Kt/V is then 
calculated by means of conventional Daugirdas 
equation using plasma urea value at HD start (obtained 
by extrapolation) and at HD end. The only additional 
data needed by the system is patient´s dry weight.

• Estimation of Kt/V value from the processed blood 
volume (VB) versus patient´s body weight (BW)* 

Fig. 1 – The nomogram to determine the V value from a Kt value obtained by an on-line Kt/V system 
and Kt/V calculated in conventional way (Daugirdas, II generation equation) from dialysis pre- and post 
blood urea concentrations 
(reprinted with permission from Diascan Monitoring System, Gambro; www.gambro.com)
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during HD is based on 2 very simplified assumption, 
namely that K=70%QB and V=60%BW. Substituting 
both expressions into the Kt/V gives Kt/V= 0,7*QB*t/
(0,6*BW). QB*t actually gives the processed blood 
volume, hence delivered Kt/V can be roughly estimated 
from the ratio VB/BW:  

• Kt/V= 1,17*VB/BW. Applying this procedure in the 
opposite direction, VB/BW needed to reach certain 
Kt/V value can be estimated as VB/BW= 0,85*(Kt/V). 
For usual target value of Kt/V=1,2 the VB/BW ratio 
needs to be 1,03, in other words the processed blood 
volume must be roughly equal to patient´s body weight 
or higher.

*Note: Use of pre-dialysis body weight is recommended 
because it is a truly measured value, while sometimes 
advocated “dry weight” or ideal weight is just an estimate. Use 
of pre-dialysis body weight also results in lower Kt/V values 
providing thus a sort of safety margin.

Limitations of the urea-based dialysis dose concept: It is 
essential to realize that urea-based dialysis dose cannot be 
used as a surrogate for HD efficiency in removal of other 
solutes with different molecular weight or different kinetics 
within the body, such as phosphorus or larger molecular 
weight- or protein-bound solutes6,7. Furthermore, the Kt/V per 
se is also merely a parameter assessing efficacy of dialysis 
procedure and does not say anything about nutritional statues 
or metabolic turnover of the patient. The Kt/V characterizes 
a single dialysis session, not a regimen. Mathematically 
speaking it is not additive quantity, its value for the whole 
week cannot be obtained by adding the values obtained in 
all individual sessions of the week. For this, other parameters 
such as “equivalent renal clearance” (EKR8 or “standard Kt/V” 
(stdKt/V)9 must be used. Statistically well substantiated Kt/V 
values do also exist for thrice and twice weekly HD only. 
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The chapter is divided into 4 sections each covering one of 
the following areas of delivered dialysis dose evaluation: 
methods and procedures used for its evaluation, measures 
and procedures needed to ensure that the delivered dose 
corresponds to the prescribed value, and finally a search 
system to identify the most likely cause(s) of difference 
between the prescribed and delivered dose. 

2.1 Methods and procedures of routine monitoring of 
  dialysis dose 
Each method of dialysis dose measurement or estimation 
given above in the Introduction requires a specific procedure 
and/or measures to obtain reliable results. These issues are 
covered in the guidelines of this section.

2.1.1 It is suggested that dialysis dose be evaluated 
frequently – minimum 1x monthly and shortly 
after each change in prescription or change of 
dialysis conditions. 

Rationale: Dialysis dose is given by both dialysis treatment 
parameters and patient condition (vascular access condition, 
body weight changes with intercurrent illnesses etc.). Namely 
changes in the latter may go unnoticed and may occur within 
a few weeks if not faster. This makes frequent evaluation of 
dialysis dose mandatory if underdialysis and comorbidities 
associated with this condition are to be avoided. One month 
interval is advocated as reasonable for this by most guidelines 
on HD adequacy. 

2.1.2 “Slow flow” technique of the end-HD blood 
sampling must be strictly adhered to in eKt/V 
evaluation from pre- and post-HD plasma urea 
levels according to Daugirdas to reach reliability 
and long-term consistency of the results. The unit 
should have a well defined protocol for this. (For 
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instance, with dialysate still flowing through the 
dialyzer, slow down the blood pump to 50-100 ml/
min, wait 20-30 s and then take a blood sample 
from the arterial line sampling port)

Rationale: The Daugirdas equation for eKt/V accounts for post-
HD plasma urea rebound but does not account for possible 
access recirculation. In its presence, urea concentration in 
arterial line is lower than in systemic blood. If a sample of this 
blood would be taken, it would result in falsely elevated Kt/V. 
Slowing down the blood pump before the blood sampling will 
exclude access recirculation even in bad accesses, and the 
time delay in taking the blood sample is needed for the fresh 
blood from the access inflow (without any admixture of the 
blood from venous needle) to get from the arterial needle to 
the sampling port on the arterial line. 

2.1.3 If an HD machine equipped with an on-line 
Kt/V monitoring system (both ID- and UV light-
based) is used, Kt/V value should be evaluated 
and recorded in dialysis documentation in each 
dialysis session.

Rationale: There are no additional costs incurred in using 
the on-line system and any changes in a series of Kt/V from 
each dialysis enable an easy and timely detection of any 
deterioration. It has also been shown10 that higher processed 
blood volumes are reached on days of planned measurement 
of HD efficiency compared to non-measurement days. 
Measurement of Kt/V at each dialysis does away also with this 
confounding phenomenon.

2.1.4 With the value of V calculated according to 
Watson, the Kt/V value obtained from an on-line 
ID-based Kt/V evaluation system corresponds to 
equilibrated Kt/V (eKt/V) rather than to single-pool 
Kt/V (spKt/V).
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Rationale: Measurement of ionic dialysance used as a 
surrogate of dialysis urea clearance (or effective clearance) 
in on-line ID-based systems accounts for cardiopulmonary 
recirculation as well as access recirculation, if present11. Kt/V 
calculated with this clearance therefore corresponds quite well 
to eKt/V or it is even slightly lower12,13,14. Alternatively, it is possible 
to determine V value instead of the Watson´s anthropometric 
equation by the plot on Fig. 1 or by bioimpedance. In the latter 
case, higher value of Kt/V is likely to be obtained15.

2.1.5 With the on line ID-based Kt/V monitoring, V 
corresponding to patient´s “dry weight” should 
always be used.

Rationale: Patient´s pre-HD total body water fluctuates 
in week´s cycle, being usually the highest after the longest 
interdialytic interval. Using post-HD V-value which should 
always be about the same, close to the prescribed “dry weight” 
thus appears to offer higher consistency in evaluating Kt/V by 
a technique which needs V-value directly as one of the entries. 

2.1.6 It is to be expected that with different ID-based 
system for on-line Kt/V evaluation slightly 
different Kt/V values may be obtained under 
otherwise identical condition (the same patient 
dialyzed with the same dialyzer for the same time, 
using the same blood and dialysate flow rate)

Rationale: The K value measurement may be slightly 
influenced by the algorithm of the conductivity changes during 
the measurement procedure and even higher differences 
in the final Kt/V may be induced by different approach of 
each dialysis machine manufacturer to time counter control 
during different alarm situations (blood pump stops) and/or 
manoeuvres (UF stop, bypass)16,17.

2.1.7 For the on-line Kt/V monitoring systems based 
on continuous measurement of urea in effluent 



A Guide to Implementing Renal Best Practice in Haemodialysis

6766

dialysate (UV light-based, urea conversion 
to ammonium ions-based), manufacturer 
recommendations on possible need of a time 
interval without any changes in blood and 
dialysate flow rates at dialysis beginning must be 
strictly adhered to ensure reliable Kt/V values.

Rationale: Those systems utilize the fact that urea concentration 
in effluent dialysate (CDu) decreases during HD along the 
same exponential function as the plasma concentration (CPu) 
except for a very short interval of 3-5 minutes at HD initiation 
when CDu goes steeply up as urea starts diffusing from blood 
to dialysate. CPu at HD start must therefore be determined 
by extrapolation from the exponential decay which begins 
only after the transitional initial CDu increase. Depending on 
how sophisticated the algorithm of the extrapolation is, certain 
period of constant flows may be needed.

2.1.8 Preferably, only one method of the Kt/V 
measurement should be used in each renal unit 
to ensure reliable comparability of time series of 
the Kt/V values in an individual. Relation of the 
Kt/V values obtained by that method (or by those 
methods if more than one method is routinely 
used) to the Kt/V values calculated according 
to Daugirdas should be known to ensure 
comparability with the Kt/V values from other 
units of published works.

Rationale: Comparability of time series of Kt/V values in an 
individual is essential in evaluation of any trends. Likewise, 
exploitation of data from different units, e.g. for multicenter 
studies, obtained by different methods and/or meta-analyses 
of such data call for known relations of methods used in 
individual units to a common reference. Calculation of the 
Kt/V values according to Daugirdas is assumed the most 
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widespread method of Kt/V determination and thus suitable 
as such reference.

2.1.9 Blood volume processed (VB) relative to patient´s 
body weight (BW) can be used as an approximate 
estimation on delivered Kt/V and VB value should 
be recorded in patient´s documentation from each 
dialysis.

Rationale: As explained in the introductory part of this Chapter, 
delivered dialysis dose is associated with VB magnitude, 
although this association exhibits much wider interindividual 
variance than the other methods of Kt/V determination. It is a 
consequence of varying ratio of total body water to body weight 
with age and BMI. Elderly and/or low BMI patient may thus 
need higher VB/BW to achieve the same Kt/V than a younger 
of higher BMI individuals of the same BW. Nevertheless, VB 
is recorded and displayed on all contemporary HD machines 
whether equipped with an on-line Kt/V measurement system 
or not and VB is thus the most easily accessible parameter to 
check as a prerequisite for adequate Kt/V delivery monitoring.

2.1.10 Higher Kt/V should be delivered to small and slim 
(low BMI) patients compared to big and obese 
ones and likewise generally to females compared 
to males to ensure comparable heard treatment 
outcomes. 

Rationale: Efficiency of waste metabolites dialytic removal 
should primarily be related to their production, i.e. metabolic 
turnover18. However in Kt/V, cleared volume (Kt) is related to 
V, although it is known that body surface area (BSA) would 
be more appropriate for this. Value of V/BSA ratio decreases 
with decreasing body size and this decrease is steeper in 
females than in males. Furthermore, metabolic turnover per 
1 kg of active body mass is by about 10% higher in females 
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than that in males19. All this strongly suggests that the concept 
of the same Kt/V for all should be modified and higher Kt/V 
values should be aimed to in small and low-BMI patients and 
in females in general20,21,22,23.

2.2 Measures and procedures to ensure that delivered 
 dose meets the dose prescribed 
Assuming appropriate dialysis prescription (i.e. dialyzer type, 
blood and dialysate flow, anticoagulant dose. ultrafiltration), 
there is a number of steps and measures to be taken or 
adhered to to ensure good correspondence between the 
target Kt/V value and the truly delivered one. Those steps and 
measures are contained in this section.

2.2.1 Priming of the dialyzer and the whole 
extracorporeal circuit must be done in such a way 
that all air is expelled from the dialyzer fibres and 
absence of any air in circuit should be evaluated 
once again prior to connecting patient. 

Rationale: Blood in fibres with air residuals will clot soon after 
HD initiation which will result in loss of effective surface area, 
lower dialyzer clearance and thus also lower dialysis dose.

2.2.2 Blood flow (QB) used in dialysis with a particular 
dialyzer type should match its surface area, i.e. 
larger surface area dialyzers should always be 
used with higher QB. 

Rationale: Increase in dialyzer surface area is achieved 
either by increasing number of fibres in the bundle or by 
increasing bundle length (or combination of both). For the 
former approach it means that with the same QB, blood flow 
velocity in each single fibre will be less with higher surface 
areas and with the latter one, contact time between blood 
and membrane will be prolonged. Both the low blood flow 
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velocity in fibres and increased contact time increase risk of 
clotting, they should therefore be avoided by increasing QB in 
larger surface area dialyzers. (It is noteworthy that at the time 
of writing these guidelines only some manufacturers24 were 
providing recommendations on suitable QB range for their 
dialyzers of different surface areas.)

2.2.3 Blood flow through the extracorporeal circuit 
during dialysis should account for the capacity of 
the vascular access of the particular patient.

Rationale: Although access recirculation per se does not 
decrease dialyzer clearance it does decrease excreted 
amount of waste metabolites and thus the delivered dialysis 
dose due to lowering of waste metabolites concentration in 
the arterial line caused by admixing of cleaned blood from 
the venous needle. Although there is no generally accepted 
“safety margin” by which the access flow (QVA) should be 
higher than the QB value used, a margin of at least 20-30% 
appears reasonable with regard to usual decrease of QVA 
during HD due to decreasing cardiac output with ultrafiltration.

2.2.4 In HD machines equipped with a pre-pump 
pressure transducer, only blood lines enabling 
connection to this transducer should be used 
and excessive pre-pump pressures (below –200 
mmHg) should be avoided. 

Rationale: The true blood flow (QB) achieved at a certain 
number of blood pump revolutions per minute is significantly 
influenced by the pre-pump pressure (PA)25. With highly 
negative PA, true (“effective”) QB may be by up to about 25% 
lower than the QB value set on the blood pump. Some HD 
machines therefore display two QB values, the “set value” set 
on the blood pump and “effective” value which accounts for 
the pre-pump pressure and is as a rule lower than the former 
one. With pre-pump pressure transducer not connected both 
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values are the same and falsely higher value of processed 
blood volume is obtained.

Note: Construction of blood lines for some dialysis machines 
(e.g. cassette-like blood line) do not enable dialysis to run 
without pre-pump pressure transducer not connected. Such 
dialysis machines may directly work with “effective” QB making 
the above guideline irrelevant or not applicable.

2.2.5 Choice of the needle size must correspond to the 
prescribed QB value. 

Rationale: It is the needle which contributes most to the overall 
pressure drop across both the inflowing and outflowing part 
of the extracorporeal circuit due to its low internal diameter 
compared to the diameter of the blood lines. Needle size 
should therefore be chosen in such a way as to fulfil Guideline 
2.2.4. As a “rule of a thumb” the following QB ranges with 
regard to needle size can be used: G16 for QB up to 250, G15 
for QB up to 350 ml/min, and G14 for QB above the last value. 

2.2.6 Specific conditions for Kt/V determination 
according the method used (see section 2.1) must 
be strictly adhered to in order to obtain reliable 
results.

Rationale: This is necessary to ensure comparability of Kt/V 
values if different methods are used in the same patient over 
time as well as inter-patient comparability when using HD 
machines with different on-line Kt/V evaluation systems and 
also inter-center comparability of reported Kt/V. Operator- and 
machine-related impact on precision of the Kt/V determination 
should in this way be minimized.

2.2.7 The staff should be aware of situations under 
which the machine stops its dialysis time counter 
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as this may lead to different Kt/V values found 
during seemingly comparable conditions.

Rationale: Conditions under which current HD machines stop 
their dialysis time counters differ between manufacturers. In 
some machines time counting is stopped with interruption 
of ultrafiltration (i.e. with only convective transport stopped), 
in some in dialysate bypass (i.e. when there is no diffusion). 
Those situations may occur under various circumstances (UF 
purposely switched off during hypotensive episodes, dialysate 
bypass at conductivity alarms or change of empty concentrate 
canisters), circulation of the extracorporeal circuit with 
temporarily disconnected patient without stopping the time 
counter etc.. Staff should be aware of this and adapt treatment 
time accordingly. 

2.2.8 Ultrafiltration should be controlled in such a way 
as to avoid frequent intradialytic hypotensions. 

Rationale: Too high ultrafiltration volume or ultrafiltration rate 
may lead to significant drop in cardiac output and/or blood 
pressure resulting in worsened perfusion of peripheral tissues 
and thus lower mobilisation of catabolites to be removed. 
In patients with low-flow vascular access, impact of this 
phenomenon on overall dialysis efficiency may be augmented 
by concurrent drop in vascular access flow with possible onset 
of access recirculation in low-flow accesses.

2.2.9 A system of dialyzer appearance recording after 
HD and blood rinse back should be in place in 
each dialysis unit.

Rationale: Aim of the system is to identify patients and dialysis 
procedures with repeated coagulation problems as a starting 
point for investigation of possible cause(s) and remedy of 
inadequate Kt/V. The system may be based on classification 
of dialyzer appearance into several groups according to 
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estimated portion of clotted fibres. Three to five grades of 
clotting severity appear sufficient for this. It may be helpful 
to have example pictures as a reference for each grade for 
educating new staff members (see for instance the picture in 
the Anticoagulation Chapter). 

2.2.10 Possible impact of dialyzer reuse on dialyzer 
clearance should be considered in dialysis dose 
monitoring in dialysis units practising reuse. 

Rationale: Use of certain chemicals has been shown to alter 
permeability of some dialyzer membrane materials during 
dialyzer regeneration26. Those changes should be considered 
both in dialysis dose prescription and in its monitoring. 

2.3 Identification of cause(s) of insufficient dialysis dose 
The following section should be applied in the sequence as 
listed below. In this way, possible causes of insufficient Kt/V 
will be excluded in logical way resulting in identification of the 
most likely cause of problems. Alternatively, the algorithmic 
trouble-shooting tree (see Fig.2) may be used.

2.3.1 Calculate realistic dialysis dose for the applied 
dialysis parameters K and t and patient´s V. 

Rationale: Appropriate prescription is the principal assumption 
for sufficiently high delivered Kt/V. The following estimation 
can be applied: For K, consider 80% of the value given in the 
dialyzer leaflet for the QB used; on machines which display 
both the effective QB (i.e. with connected pressure transducer 
before the blood pump) and QB set on the blood pump, use 
the effective value; calculate patient´s V value from Watson 
formula or use the value found by bioimpedance or by means 
of the plot in Fig. 1

If insufficient Kt/V results from the calculation, larger dialyzer 
with higher blood flow needs to be used. 
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2.3.2 If calculation gives acceptable Kt/V value, check 
first the blood volume (VB) processed during HD. 

Rationale: For an eKt/V around 1,2, VB should be equal to 
100-120 % of patient´s dry weight. Check that the pressure 
transducer before the blood pump was connected during HD, 
i.e. effective QB was used by the machine in VB recording. 
(Note: VB values above 120% of dry weight will be needed for 
patients with low BMI and in case that Kt/V significantly above 
1,2 (eKt/V) is requested.)

If the above figures of VB were not reached, higher QB needs 
to be used or dialysis time prolonged in case of compromised 
access 

2.3.3 With acceptable VB, check that there was no 
reduction in effective surface area because of 

Fig. 2 – Low Kt/V - Algorithmic troubleshooting tree 
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clotting by visual inspection of the dialyzer after 
dialysis closing and blood rinse-back.

Rationale: In case of significant part of the dialyzer are clotted 
after blood rinse-back, consider one of the 4 possible causes: 
improper priming of the dialyzer before HD, inappropriate 
anticoagulation during HD, QB not matching dialyzer surface 
area, badly adjusted blood pump occlusion, and too high 
ratio of substitution fluid flow (QS) and QB in post-dilutional 
haemodiafiltration. While blood clotting in the dialyzer and/or 
extracorporeal circuit may be caused by anomalous conditions 
of just the particular dialysis session, repeated finding of this 
kind always indicate a need for a systemic change in dialysis 
prescription. 
Proceed to section 2.3.4a to 2.3.4.d for further analysis.

2.3.4.a If an HD machines with automated priming 
procedure was used, check the operation 
manual for applicability of the automated priming 
procedure for the particular dialyzer type used.

Rationale: Use of the automated priming procedure may be 
effective only for dialyzers of specific construction while in 
others not all air may be expelled and usual manual measures 
such as interrupted venous line clamping during priming may 
be needed for complete removal of air.

If necessary, modify your priming procedure to make it 
appropriate for the dialyzer type you use.

2.3.4.b Check that the prescribed anticoagulation regime 
was adhered to, correct type of the syringe was 
used in continuous heparinisation and that there 
were no special conditions indicating a need for 
an acute change in anticoagulation regime which 
would not have been considered. 
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Rationale: Apart from rather rare cases of a specific 
coagulation system disorder calling for permanently applied 
modified anticoagulation strategy, there are also acute 
changes affecting coagulation status of the patients which 
may not have been taken into consideration. Also change in 
type of the heparin syringe used without appropriate change in 
machine presets may result in delivery of insufficient amount 
of the anticoagulant (see chapter 5 on anticoagulation).

Make sure that anticoagulation prescription is regularly re-
assessed and technical staff are consulted whenever a change 
in syringe supplier is considered. 

2.3.4.c Check that QB used in that particular session 
matched surface area of the dialyzer type used.

Rationale: This problem usually occurs when a larger surface 
area dialyzer is prescribed but no change in prescription 
of the QB is made at the same time. Too low blood flow 
velocity through each single fiber and/or prolonged contact 
time between blood and the membrane may then result in 
increased clotting. 

Follow the dialyzer manufacturer´s recommendation on range 
of suitable QB for the dialyzer type used. 

2.3.4.d Check occlusion of the blood pump on the 
respective HD machine.

Rationale: Although it is a rare problem as contemporary HD 
machines have blood pump rollers spring-loaded, insufficient 
occlusion may happen with a change in the arterial line pump 
segment wall thickness. Insufficient occlusion is difficult to 
detect. It cannot be detected during priming because pre-
pump pressure is usually slightly positive and pump segment 
is thus filled quite well. During haemodialysis, insufficient 
occlusion may cause just slightly lower pressure in venous 
drip chamber than usually, which can easily be overlooked. 



A Guide to Implementing Renal Best Practice in Haemodialysis

7776

Displayed blood flow will be normal!!! The most reliable sign 
of insufficient occlusion is difficult or even impossible return of 
blood by air (arterial line disconnected both from the needle 
and from any solution) during dialysis closing practiced in 
some renal units. However, this procedure bears a risk of air 
infusion into the patient and is thus not recommended. Note 
that partial dialyzer clotting seen after blood rinse-back at the 
HD end is a non-specific finding as it may be caused by a 
number of other factors.

Have the blood pump occlusion regularly checked on all 
HD machines in the unit and pay attention to unusually low 
pressure in the venous drip chamber and/or difficulties with 
blood return by air at the end of dialysis if practiced.

2.3.4.e If the particular session was post-dilutional HDF. 
check what was the ratio of substitution fluid flow 
(QS) to QB.

Rationale: Although current HD/HDF machines have a built-
in safety limit for QS/QB ratio in post-dilutional HDF, its pre-
set value is usually quite high (0,35 or even more). With such 
values, blood becomes highly concentrated at the dialyzer 
outflow (haematocrit can reach 50-60%) and blood flow rate 
is significantly decreased here. Both those factors may then 
result in increased clotting at the venous end of the dialyzer. 
The risk of this to happen further increases with vigorous 
ultrafiltration and is especially high in patients with high 
haematocrit and high plasma protein content.

Do not attempt QS/QB above 0,25 (QS being 25% of QB) in 
postdilutional HDF and use preferably pre-dilution mode in 
patients with high haematocrit (>35%) and/or higher plasma 
protein content. If an HDF machine has a built-in automatic 
substitution fluid flow control accounting for the above 
parameters make use of it in those patients. 
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2.3.5 With sufficient QB (VB) and no clotting in 
the dialyzer, check patient´s vascular access 
condition - access recirculation may be the cause 
of low Kt/V.

Rationale: Although the set QB may be obtained by 
recirculation of part of blood from the venous needle which 
will keep dialyzer clearance correspondingly high, dialysis 
clearance (effective clearance) will be decreased and so will be 
also the dialysis dose. The reason is lowered concentration of 
urea in the blood entering the dialyzer caused by recirculation-
induced mixing of systemic blood coming to the fistula from 
the feeding artery with cleaned venous blood from the venous 
needle. There are quite a few techniques available for the bed-
side measurement of recirculation and/or access blood flow to 
verify this. 

Introduce a vascular access surveillance system and ensure 
referral of deteriorating accesses for intervention before it can 
adversely influence dialysis efficiency (see also Chapter 6 on 
vascular access)

2.3.6 If the dialysis was performed in a patient 
with a synthetic graft with a loop, check that 
unintentionally inverted connection was not used.

Rationale: While in native AV fistulas flow direction is usually 
clear and in those rare cases where it is not it can be easily 
found by simple palpation test, it is very different in synthetic 
grafts with a looped form. Flow direction may be both clockwise 
and anticlockwise and finding of the direction by palpation may 
be difficult because of far more rigid wall of synthetic grafts as 
compared to native vessels.

Make sure that morphology of the looped grafts (flow direction) 
is properly described in patient documentation.
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2.3.7 If the dialysis was performed in a patient with a 
central venous catheter check that line reversal 
was not used for partial malfunction of the 
catheter (check for a note on this in the dialysis 
protocol). 

Rationale: Inability of the “arterial” part of the catheter to provide 
sufficient blood outflow for the extracorporeal circuit can be 
often temporarily overcome by reversing the inflow and outflow 
ports. However, although this solution provides sufficient flow 
it is inherently associated with access recirculation similar to 
cannulation of an AV access with the arterial needle down-
stream from the venous one. With QB values around 300 ml/
min, recirculation induced by this reversal is usually between 
15 and 25% and decrease in delivered dialysis dose is of 
about the same magnitude.

If partial line thrombosis is suspected to be the cause, 
pharmacological thrombolysis should be attempted before 
dialysis is started.

2.3.8 Check whether unintentional reversal of dialysate 
lines connection on the dialyzer did not occur (if it 
is retrospectively still possible).

Rationale: Dialysate inlet and outlet connectors on the 
dialyzer are both of the same type (male Hansen connectors) 
and dimensions. An inattentive operator may thus connect 
dialysate tubes in a wrong way which will result in concurrent 
flow of blood and dialysate with efficiency by 25-30% lower 
than in counter-current setting. Risk of this error is higher in 
units where HD machines of more than one manufacturer are 
used with possibly different color-coding system or even with 
both the dialysate inflow and outflow female connector of the 
same color. 

On the other side, insufficient dialysate flow (QD) as a cause 
of low Kt/V is highly unlikely in current dialysis machines with 



Delivered dialysis dose –  
evaluation methods, affecting parameters, flaws, and pitfalls

7978

highly sophisticated QD stabilization and supervision during 
dialysis. Also an increase in QD should not be considered as 
a remedy of low Kt/V as its impact on dialysis efficiency is 
generally quite low27. 

Make sure that a unified policy in color coding of the blood 
and dialysate lines is adhered to if machines from more than 
one manufacturer are used in the unit to minimize the risk of 
unintentional concurrent blood and dialysate arrangement.  

2.3.9 Check the dialysis protocol from that particular 
session, namely whether there were no 
hypotensive episodes recorded to which lowered 
dialysis efficacy could be attributed.

Rationale: Impact of intradialytic hypotensions upon dialysis 
efficacy may be effected via several different mechanisms: 
less mobilization of catabolites from body tissues due to their 
lower perfusion during hypotensive episodes, increase in 
cardiopulmonary recirculation due to lowered cardiac output 
up to possible onset of access recirculation with lowered 
access blood flow. During hypotensive episodes, the attending 
nurse usually also decreases QB temporarily. 
Check that UF corresponding to prescribed “dry weight” 
was set. In next HD, try to apply UF tolerance increasing 
measures (profiling, lower dialysate temperature), re-evaluate 
patient´s “dry weight” (continuous blood volume monitoring, 
bioimpedance – see Chapter 6), consider longer dialysis time.

2.3.10 Check that the particular HD has not been ended 
before the prescribed time was reached.

Rationale: Reasons for not adhering to prescribed time are 
numerous - from purely “social” reasons such as traveling by 
one car with a fellow-patient whose dialysis has already ended, 
via worsened health condition (haemodynamic instability) 
towards HD end, up to purely technical reasons (bicarbonate 
cartridge used-up 10 minutes before HD end, time counter of 
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the HD machine not stopped at dialysate bypass). As a matter 
of fact, premature dialysis closing for whatever reason is more 
frequent than it is generally thought.
Make sure that prescribed dialysis times are at all times 
strictly adhered to and that any loss of effective time during 
dialysis procedure is compensated by the operator if it is not 
automatically done by the HD machine.

2.4 Finding of unexpectedly high Kt/V 

2.4.1 Similarly to low Kt/V, also finding of unexpectedly 
high Kt/V value should alert the staff and should 
invoke an investigation on possible cause. 

Rationale: Such anomalous situation can be caused by 
disregarding the “slow-flow” technique rules when taking the 
post-HD blood sample in patients with significant access 
recirculation. However, it may also indicate pathologically 
low value of V resulting from loss of muscle mass due to 
deteriorating health condition. (Low V-value in the denominator 
of Kt/V will cause Kt/V value to grow.) Investigation of urea 
reduction ratio (URR) and mortality in a large cohort28 has 
indeed shown that patients with the highest URR values 
were mostly the malnourished ones – see also Chapter 8 on 
nutrition. 
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3.1 Water for dialysis fluids
3.1.1 Scientific introduction: Why is water purification 

for dialysis necessary?
Municipal water is produced from underground or from surface 
water, holding each different and variable loads of contaminants. 
Drinking water production plants can add, accordingly, some 
chemicals, like aluminum, chlorine, chloramines or fluoride; 
this is for making and keeping its required quality. Also, some 
heavy metals may leak into drinking water from the municipal 
water distribution pipes, by corrosion. Municipal water in most 
developed countries is safe for drinking, but furthermore 
unpurified, this is not safe for dialysis fluids. The reason is that 
the quantity of tap water that we drink is limited to maximum 
2 liters a day (14 liters/week); water contaminants passing 
through our gastro-intestinal tract system into our blood 

The aim of this chapter is to help the technical staff, 
responsible of water for dialysis fluids, to individualise 
water treatment according to the available incoming water 
quality, in the required quantities. This includes dialysate 
and concentrate management, keeping sustainability in 
mind.
Practice recommendations are offered, based on the 
ISO Standards (ISO 11663:2009, ISO 13958:2009, ISO 
13959:2009, ISO 23500:2011 and ISO 26722:2009) with which 
all currently used International Standards and National 
Standards comply or are in process to be. In Europe, 
the European Pharmacopoeia <1167> Haemodialysis 
solutions, concentrated, water for diluting” applies as well.

AIM
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stream is selective and we can subsequently eliminate these 
pollutants via our kidneys. By contrast, haemodialysis patient’s 
blood comes nearly in direct contact with dialysis fluids during 
each dialysis session: approximately 120 liters per dialysis 
session (360 liters/week); dialysis fluid contaminants are only 
separated from the patient’s blood by a thin, very permeable 
dialysis membrane and haemodialysis patients do not have 
the ability left to eliminate these contaminants via their 
kidneys. If the water contaminant binds to plasma, this can 
accumulate into the patients, even with a very low gradient, 
as was documented for Aluminum1. Drink water quality is 
regulated by the WHO, EU or EPA standards though it was 
for example reported that at any given time up to 48 out of the 
50 US states were not in compliance with the EPA standards2. 
On the other hand, more permeable high flux membranes and 
convective dialysis procedures, like online haemodiafiltration, 
are becoming increasingly popular. This is the reason why it 
is absolutely recommended to purify water for dialysis below 
well-defined save limits, for all possible contaminants. See in 
Annex: Chemical ISO Standard13959 quality norms of water 
for haemodialysis.

3.1.2 Chemical dialysis water quality monitoring
3.1.2.1 It is recommended that the water purification 

configuration for haemodialysis fluids 
is in compliance with the chemical ISO 
13959 Standard quality norms of water for 
haemodialysis, in any application, and at any 
time of the year (see Table in annex). 

3.1.2.2 For this purpose, to monitor at least annually, 
by a full chemical water analysis, the level of 
municipal water contaminants and their save 
removal by the water purification system. 

3.1.2.3 To add an extra complete chemical water 
analysis control following the start-up of a new 
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water purification system, or after changing a 
subunit.

3.1.2.4 And to increase this monitoring frequency to 2 
or 4 times a year, in case of low municipal water 
quality or important seasonal quality variations. 

Rationale: The most commonly reported critical water 
contaminants with clinical harmful effects are: Aluminum, 
Chloramines, Chlorine, Copper, Fluoride, Nitrate, Sulfate 
and Zinc3. Though it is likely that many more incidents 
remain unreported, especially because chronic symptoms, 
like bone disease for example, are also part of the patients 
ESRF. Additional, other undesired water contaminants were 
incidentally described like silicon4, lethal algae cyanotoxin5, 
residues from fertilizers6, pesticides7, oil derivatives8, chemical 
waste products from industry9, drugs10 and radioactive 
elements11 and this list is not exhaustive: Keshaviah12 for 
example stated that “every year 2,000 new chemicals are 
being introduced, all of which can potentially enter the water 
supplies and are potentially toxic. It is not exaggerated to say 
that inadequate water treatment is one of the gravest risks 
posed to the health of the patient on dialysis”.

Analysis results of municipal drinking water can be supplied 
by the local water plant which normally performs analysis 
covering all seasons of the year; this is a good guide to define 
the required water treatment subunits and the need for testing 
them. Fortunately, there are in the last 30 years no reports 
of incidents with dialysis water due to contaminants from the 
feed water which can be rejected, where there has been a 
functional reverse osmosis unit in good operation.

3.1.3 Water Purification Subunits 
3.1.3.1 Carbon filtration: 

3.1.3.1.1 If the municipal water holds chlorine or 
chloramines, it is recommended to test the 
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purified water for dialysis fluids at the start 
of each patient shift, ensuring it meets the 
requirements of < 0.1 mg/l total chlorine3,13. 

3.1.3.1.2 If documented that municipal water testing 
is consistently total chlorine negative, it is 
nevertheless recommended to use carbon 
filtration, though of a smaller size and testing 
can be reduced to weekly. 

Rationale: Carbon filtration is the single device in the water 
purification system eliminating free chlorine, chloramines and 
other organics from the tap water, by adsorption; chlorine 
and neutral molecules <200-300 in molecular weight are not 
reduced by reverse osmosis. Chlorine or chloramines are 
added and vary in concentration to avoid bacterial growth. 
With permanent chlorine or chloramines in tap water, strictly 
managed carbon filtration is necessary: double carbon filter 
with 10 minutes empty bed contact time, with testing before 
each patient shift; a sample is withdrawn after the first column 
and if the test is positive also after the second column. If 
this test is also positive, dialyses need to be discontinued; If 
negative, this test needs to be repeated every hour. As soon 
as possible, the first column is replaced by the second column 
and a new second column installed.

An example of the failure to remove chloramines from tap 
water was reported in a Spanish unit14: a massive haemolysis 
incident in 66 patients, 15 of whom needed transfusions! In the 
US, the Philadelphia chloramine incident is best known, with 
44 patients needing transfusions15.

Keeping contact with your municipal water supplier will keep 
you informed about your water company supplier policy with 
respect to chlorine and chloramine concentrations added in 
your tap water, and thus the appropriate removal procedure 
to be taken. 
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In countries with low free chlorine or chloramines tap water 
concentrations, carbon filtration may be smaller with one 
single column used. Test weekly for total chlorines in the 
tap water and, if positive, also after the charcoal filter. Also if 
the tap water is negative, carbon filtration remains important 
and filters need to be periodically renewed, according to 
your manufacturer’s instructions. Especially in summer time, 
water companies may, without warning, occasionally give a 
chlorine or chloramine shot in their water distribution, to return 
to safe bacterial counts; such untoward haemolysis incidents 
were reported in two UK renal units without carbon filter16,17. 
But as stressed above, municipal water can also contain very 
low amounts of other organic contaminants; Cailleux et al18 
for example demonstrated the passage of halogens from the 
dialysis fluid into the patients’ blood in a French renal unit; 
carbon filtration is the single efficient purification technique 
avoiding this; this is also so for adsorbing herbicides, pesticides 
and industrial solvents’ residues. 

Technical note: Small amounts of halogens like chloroform 
and thrihalomethanes, found in municipal tap water, result 
from the reaction between chlorine added to disinfect water 
in the presence of humus acid (coming from organic debris 
like rotting leaves for example); to avoid this, drinking water 
manufacturing plants use chloramines instead, which is free 
of this reaction. However chloramines are harder to adsorb 
(especially at a higher water pH) and carbon filtration is the 
single efficient tool we have for this.  

3.1.3.2 Water softening
3.1.3.2.1 A water softener is the second main water 

purification sub-unit, which is always needed 
to protect the subsequent RO membranes.

3.1.3.2.2 Online water hardness monitoring is 
recommended; if this is not available, water 
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hardness must be manually tested at the start 
of each patient shift.

3.1.3.2.3 With single water softeners, the regeneration 
clock must be daily checked. The salt reservoir 
must be weekly checked and salt added when 
needed.

3.1.3.2.4 The water softener must be sized according 
to the maximum daily RO water consumption, 
with the highest water hardness of the year.

3.1.3.2.5 The water softener resin regeneration should 
best be planned daily or at least every other 
day, as the brine percolation represents an 
opportune sanitization of this sub-unit.

Rationale: The water softener protects the RO from calcium 
and magnesium precipitations (scaling), damaging the RO 
membranes. The water softener is an ion exchanger holding 
special resins, coated with sodium ions. The sodium ions are 
exchanged, binding mainly calcium and magnesium ions. 

Water hardness significantly varies from place to place. For 
example, in a small country like Belgium, water hardness 
varies between 50 and 500 mg/l (= PPM) CaCO3. This means 
that, for a water softener with a maximum capacity of 4200 gr 
CaCO3 exchange capacity per cycle, its real water softening 
capacity varies from (4200 : 50 gr/m³ =) 84 to (4200 : 500 
gr/m³ =) 8.4 m³: water softeners must be sized according to 
the water hardness and the RO water consumption (product 
+ reject water).

It is recommended to keep frequent water softener regeneration 
(daily, or each other day) as its brine percolation represents 
an opportune sanitization of the resins. Dialysis units typically 
have a dual water softener installed, functioning alternatively. 
Switching relies on a combination of time, treated volume 
and online water hardness monitoring. The online hardness 
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monitor has a distance alarm, activated in case of improper 
decalcification. If no online hardness monitor is available, 
water hardness must be manually tested before each patient 
shift. Ion resin regeneration is automatically achieved when 
the softener is off-line (during night time for example), by 
percolation of sodium chloride brine. The softener clock must 
be daily checked (can be delayed by a power failure!) and 
corrected when necessary. The water softener brine tank must 
be weekly verified for salt clogging (making a salt bridge!) and 
refilled according to its salt consumption.

Technical note: the best position of the softener remains a 
matter of debate; this is often placed before the carbon filter as 
chlorine or chloramines in the incoming water suppress bacterial 
growth on the resins; however, other prefer the softener after 
the carbon filter to protect them from the chemical reaction 
with chlorine or chloramines, reducing softener resin life, with 
the risk of nitrosamine release (a suspected carcinogen)19. 

3.1.3.3 Reverse Osmosis 

3.1.3.3.1 Reverse-Osmosis is the most important 
sub-unit of the water purification system 
and is always recommended, due to its 
specific efficiency producing chemical and 
bacteriological pure water. 

3.1.3.3.2 Proper functioning (pressure drop over the 
RO), flow rates (product and reject) and its 
conductivity or resistivity (pre- compared 
to post RO) must be daily checked and 
recorded. They monitor the RO water quality 
online, informing when membrane cleaning or 
replacement is necessary.

Rationale: Reverse-Osmosis (RO) is a membrane based 
filtering process holding thin-film composite membranes (with 
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cut off of 200 Daltons) that are highly permeable to water, 
impermeable to solutes and withstanding to high pressures. 
It rejects 90-98 % of monovalent ions and 95-99 of divalent 
ions by size and ionic exclusion. This is very effective for 
the removal of dissolved organics, bacteria, pyrogens and 
particles. A booster pump supplies water at high pressure (15-
30 bars) to the RO membranes. The resistivity of RO water is  
> 1MΩ-cm. The RO also monitors the feed water pressure to 
the pump, and the pressure drop over the RO membranes 
which in fact monitors for membrane plugging or fouling. The 
RO water production requirement depends on the number 
of dialysis machines, dialysis fluid flow rates and techniques 
used, to which incidentally to add concentrate production 
and dialyser reuse. Special attention needs to be drawn to 
the possible water temperature drop in winter time, as RO 
production is water temperature dependent (see 3.1.3.4.2). 
RO membrane cleaning is required at least yearly or more 
often, according to the pressure increase evolution over the 
RO membranes. And regular disinfection is required, at least 
monthly, according to the manufacturers’ instructions and 
the renal unit’s hygiene water quality bacterial and endotoxin 
protocol.

Technical note: Conductivity and resistivity are both measures 
of the ability of a fluid to conduct electrical current. Conductivity 
is simply the reciprocal of resistivity: conductivity =1/resistivity. 
For deionized and RO water, resistivity units in micro Siemens/
cm (µS/cm) are used, because this measurement is more 
accurate.

3.1.3.4 Other standard devices contained in the water 
purification chain

3.1.3.4.1 A backflow prevention valve, an inlet pressure 
meter (with alarm), a sediment filter and a 
particle (depth) filter are always recommended. 
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3.1.3.4.2 A temperature blending valve, an acid pump 
and/or an iron filter are recommended only 
in specific circumstances (if the water 
temperature is too low, the water pH too high, 
and/or the water iron concentration too high, 
respectively). 

3.1.3.4.3 Polishing RO water (by double RO or extra 
electro-deionizer) is recommended for 
producing ultra-pure water for dialysis and 
dialysis fluids and a preferred option for 
high flux dialysis and for dialyser reuse. 
Anyway, the European Renal Best Practice 
recommend using ultra-pure dialysis fluid for 
all haemodialysis modalities20. 

Rationale:

A backflow prevention valve on the incoming tap water is 
legally obligatory. 

A tap water inlet pressure meter is usually installed alarming 
in case of tap water supply interruption; such incident can 
happen with direct feed from the water company as well as 
from the hospital’s or unit’s own reservoir. The low pressure 
alarm stops the booster pump and the RO.

The sediment filter captures particles, circulating through the 
incoming tap water pipe, protecting damaging the subsequent 
parts of the water purification system. A sediment filter is 
monitored by the pressure drop over the filter, compared to 
new. Sediment filters are automatically or manually cleaned by 
reversed flow to the drain, when the system is not in use. See 
the manufacturer’s instructions.

This may be followed by a booster pump, ensuring the 
minimum necessary pressure and flow through the water 
treatment system. 
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A particle filter (depth filter) is added on the outlet of the 
carbon filter, preventing particles (carbon fines) damaging 
the RO membranes. When the pressure drop over the filter 
exceeds the value specified by the manufacturer, this filter 
must be replaced. 

An iron sediment filter can be necessary: Water softeners 
have a low efficacy removing iron. An iron filter is necessary 
if the RO feed water iron is > 0.3 mg/l, preventing RO scaling.

A temperature blending valve can be added If the tap water 
is too cold; this is because RO membranes’ performance is 
temperature dependent: lower temperature = lower product 
water, approx. 3%/degree C temperature drop. The highest 
volume produced is at 25° C. Water temperature correction is 
monitored online by visual and audible alarm settings.

Also, an acid pump must be added (infusing a strong or 
a weak acid) if the tap water pH is very high (>8.5). This is 
because a too high water pH is associated with a reduced 
carbon chloramine and chloramines adsorption, and the RO 
filtration efficacy. Water companies may increase their tap 
water pH (adding sodium hydroxide for example), reducing 
the corrosion in their water pipes (avoiding lead and copper 
release above the drinking water standards). Acid injection is 
monitored online with a visual and audible alarm.

Eventually, an electro-deionizer or Double RO can be 
added for ‘polishing’ the RO water. Its efficacy is permanently 
monitored by a resistivity meter in a similar way as a single 
RO. This obviously succeeds into ultra-pure water for dialysis 
fluids, with less residuals. Resistivity of polished RO water is 
higher than 5 MΩ-cm: ultra-pure water has better bacterial 
and endotoxin norms (see subchapter 3.3); this is required for 
online haemo(dia)filtration and is also increasingly used for 
conventional haemodialysis, using high flux dialysers; this is 
also a recommended option for dialyser reuse. 
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3.1.4 Communication with your water supplier and 
hospital technical staff

3.1.4.1 It is important that the technical unit stays in 
good communication with the local municipal 
water supplier, being informed of any unusual 
water quality change. A written agreement with 
the water supplier is recommended. 

3.1.4.2 Even so, it is important to stay in good 
communication with your hospital technical 
staff, ensuring the required safety in case of 
general disinfection of the hospital water line. 

Rationale: Tap water quality variations: It is beneficial to stay in 
good dialogue with your tap water company, making sure that 
the unit is informed in due time of any unusual changes in tap 
water quality. For example, acute aluminum encephalopathy 
occurred in a renal unit without RO21, after incidental cement 
mortar fell in the water distribution pipe, without any warning. 
Water companies dispose of a very extended list of their tap 
water contaminants, which are very interesting for us to share! 

Hospitals may disinfect their water storage tanks, avoiding 
growth of legionella bacteria. For this purpose, hydrogen 
peroxide is often used but they might wish to use different 
disinfectants like chlorine dioxide or silver stabilized hydrogen 
peroxide for which, unfortunately, we miss the information on 
its safe removal by carbon adsorption and residual testing22. 
The renal unit should liaise with the hospital technical team, 
about the timing and using a safe disinfectant. This can be 
completely avoided if the renal unit disposes of or opt for a 
direct tap water connection from the water company. 

3.1.5 How to compose an optimal water purification unit 
 for dialysis fluids?
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3.1.5.1 Advice can best be gained from a water 
company engineer in your region, specialized 
in water purification for pharmaceutical, 
electronic or haemodialysis applications, to 
design and install an optimal water purification 
RO water system in your unit.

3.1.5.2 It is recommended that each renal unit has a 
dedicated person (mostly a machine technician 
or technologist), trained and documented by 
your water purification equipment company; 
he/she daily surveys the well-functioning of all 
water purification subunits, keeping concise 
records of all parameters (pressures, flows, 
conductivity or resistivity) with trend analysis. 

Rationale: The water purification equipment must be in 
compliance with the ISO 26722 Standards. It is not practical to 
specify the design of your water purification for dialysis fluids; 
this depends on many factors such as the quality of your 
municipal water, its seasonal variations, its water temperature, 
iron load and pH variations, the required water quality, the 
maximum peak flow and its daily consumption in your unit.

3.1.6 Creating an optimal RO water distribution loop

3.1.6.1 An RO water distribution loop design, with 
optimal turbulent flow and without dead 
spaces is important, minimizing adhesion 
of microorganisms at the surface; however 
this can never be completely avoided. A 
purified water installation engineer expert is 
recommended to set up an optimal RO water 
distribution loop. 

3.1.6.2 Research people should investigate the issue 
of UV reducing bacterial growth and hence 
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endotoxin increase in purified water and dialysis 
fluids (especially when a storage tank is used 
and in zones with some stagnation): this has a 
great potential and is not well known. However, 
UV is active on microorganisms passing the UV 
lamp without protection downstream the UV 
lamp. Therefore, the use of an UV lamp must 
be supported by other conventional methods 
of disinfection as specified by your equipment 
manufacturer.

Rationale: The RO water is circulated through the distribution 
line using a booster pump and is pressure regulated. The 
used pump should be corrosion free; this was demonstrated 
by an aluminum intoxication incident using an aluminum pump 
for the RO water distribution23. The distribution line should 
be in PVC or other plastic type material, of sanitary grade, 
or in stainless steel. The distribution line should rather be of 
small diameter, ensuring an overall high turbulent flow (also in 
the bends!), without dead spaces and lateral arms. However 
adhesion of microorganisms at the surface level can always 
take place and can only be minimized. 

The optimal RO water distribution is by direct feed, with 
the return loop being connected to the entrance of the RO, 
thus being continuously re-freshened. In this case, the RO 
automatically reduces its reject to the drain accordingly. But 
for safety reasons, covering for an interruption of the water 
purification unit and allowing peak flows, this can also be by 
indirect feed, using an RO water storage tank; of course the 
latter option will need more frequent disinfection. An ultra-filter 
or an ultraviolet filter (UV) is often added in the departure line, 
for bacterial protection. The use of UV should be furthermore 
investigated, as this offers a great potential. The general 
belief that UV destroys bacteria and increases endotoxin in 
purified water is opinion: this was never demonstrated! Our 
pharmaceutical department as well as our renal unit have over 
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20 years’ experience using UV as bacterial growth preservative 
in purified water for pharmaceutical IV solutions and for 
haemodialysis fluids. We have evidence24,25 that the general 
opinion is incorrect; this was confirmed by Träger26, engineer 
in pharmaceutical water purification installations and its follow-
up in Germany. This author demonstrated that UV treated 
purified water bacteria are not destroyed, but they remain 
alive; this is why he as well as we were unable to measure 
any endotoxin increase by continuous UV radiation in purified 
water; only, these bacteria are unable to reproduce because 
the UV damaged their DNA! We recommend to use an online 
UV radiant energy monitor or, based on our experience24,25, to 
check at least weekly the UV lamp light functioning.

3.1.7 Water quality in Acute Settings and for Home Dialysis

3.1.7.1 Decide about the best water purification 
solution for your acute and home dialysis 
patients, according to the practical and 
financial situation. Water purity has the same 
requirements as for the main unit and must be 
validated as well. Also, bacterial and endotoxin 
levels should be monitored.

Rationale: For home dialysis, first, we must ensure that 
the available tap water is of drinking water quality. A water 
analysis is required. If this water is OK, a compact water 
purification unit can be installed, which can be in the next room 
where the patient will do his dialyses. Dialysis water quality 
for Home Dialysis should comply in the same way with the 
ISO Standards as each main renal unit. For more information 
see ISO 23500:2011 Annex F. Special care must be taken with 
samples withdrawn for bacterial/endotoxin testing avoiding 
significant bacterial growth during transfer from the home 
dialysis location to the hospital lab. Also, extra contact and 
information should be exchanged with the water and power 
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supplying companies on the patients’ location, with priority 
for restoring the distribution, in case of delivery failure, plus 
offering communication on any relevant problem. But in 
some machines it is possible to pass over the need of water 
purification, or to choose for a Peritoneal Dialysis mode.

For both home and ICU applications, small compact water 
purification units are available from different brand names, 
combining all water subunits in one single, silent machine. As 
in these applications (less regularly used machines) keeping 
bacterial/endotoxin within ISO Standard norms is difficult, 
point of use dialysis fluid ultrafiltration is recommended, but 
this does not substitute for regular disinfection!

For acute dialysis, this problem can be avoided using CVVH, 
an extra water purification free machine or a machine which 
does not need a water treatment on the spot. For more 
information for acute dialysis see ISO 23500:2011 Annex G.

3.2 Dialysis concentrates

3.2.1 Make sure that acid concentrates are clearly 
labeled, perhaps with a different colour for each 
type, avoiding errors, especially for spiked 
concentrates. 

3.2.2 Consider a central acid concentrate delivery 
system, if possible, as this saves work and 
reduces empty container waste.  

3.2.3 Bicarbonate concentrate is prone to bacterial 
growth. If you mix your bicarbonate concentrate, 
the water used for production must meet 
the requirements in ISO 13959:2009 and if 
you distribute your bicarbonate concentrate 
the produced dialysis fluid must meet the 
requirements in ISO 11663:2009. 
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Rationale: Dialysis can be performed using dialysate in 
central distribution, a practice that is popular in Japan. This 
production and distribution needs to be daily disinfected. In 
current dialysis machines, two concentrate types are used for 
the preparation of dialysis fluid: 

First, the acid concentrate: Acid concentrate has a high 
osmolality in which, in practice, bacteria are unable to survive 
and multiply. This is very fortunate as storage is safe and 
either bags, drums or a central distribution system can be 
used. A central distribution system is interesting as this can be 
from bulk concentrate, delivered from outside or be produced 
on the spot; this is cheaper and less labour intensive; this 
also avoids carrying full jugs before, and removing empty 
ones after dialysis. However piping of central distribution 
systems may be contaminated over time and should hence 
be possible to disinfect. Containers are of no problem since 
these are either single use or recycled with cleaning. Different 
acid concentrates are usually needed, with different levels of 
Potassium and Calcium; all or part of them can be in central 
distribution and each should be clearly labeled, avoiding 
errors. Exceptionally needed acid concentrate compositions 
are sometimes prepared “spiking” a normally available acid 
concentrate (i.e. adding and mixing a well-defined powder 
quantity of a required electrolyte). It is obvious that these 
special jugs must be perfectly mixed and immediately clearly 
labeled, best with a different colour label. 

Second, for the bicarbonate concentrate, we generally 
meet two types: 
Some renal units employ a tank, equipped with a mechanical 
mixer. The tank is filled with purified water to a pre-determined 
volume and an exact amount of sodium bicarbonate powder is 
added and then mixed until dissolved. Its correct concentration 
is monitored by conductivity and the bicarbonate concentrate 
can be filled in jugs or put in central distribution; note that 
bacteria easily grow in bicarbonate concentrate. Therefore, 
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this concentrate should be consumed within the shortest 
reasonable time; jugs must be emptied after use and jugs 
as well as mixing and central delivery systems, frequently 
disinfected and controlled on bacterial/endotoxin quality as 
part of the unit hygiene protocol. For microbiological cultivation, 
the method in ISO 23500:2011 clause 8.3.3.3 should be used.

The best option of course is to integrate the bicarbonate 
dosage in each machine. Therefore, a cartridge with a pre-
measured amount of dry sodium bicarbonate, sufficient for 
one treatment, is attached to the machine and a water line 
is attached to the cartridge. After each dialysis, the used 
cartridge goes to the waste. With this system, the bicarbonate 
concentrate is mixed at the point of use. This has the least 
concern of bacterial contamination. 

Storage of acid concentrates, and powder concentrates, must 
be kept according to manufacturers’ specifications; for practical 
reasons this is usually in the technical part of the renal unit.

3.3. Dialysis fluid disinfection and bacterial and endotoxin 
monitoring

3.3 It is beneficial to appoint one dedicated team 
member for withdrawing samples for bacterial 
and endotoxin testing, being instructed by your 
bacteriologist on how to correctly do this. This team 
member should best have another colleague, also 
trained for this job, replacing him in his absence.

Rationale: This is to avoid false positive results and false 
interpretations, which are extremely annoying and confusing!

The table below shows the bacteria and endotoxin norms 
for RO water, dialysis fluid, ultrapure dialysis fluid and online 
prepared substitution fluids:
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Fluid
Microorganisms 
CFU/ml

Endotoxin  
EU/ml

Reference

Dialysis water < 100* < 0.25* ISO 13959:2009

Dialysis fluid < 100* < 0.5* ISO 13663:2009

Ultrapure dialysis 
fluid

< 0.1* < 0.03 ISO 11663:2009

Substitution fluid Sterile Non-pyrogenic ISO 11663:2009

*Action level is 50%.

3.3.1: The RO Water Distribution

3.3.1.1 Regular disinfection of the RO water 
distribution (minimum monthly) is required 
and the disinfection method and/or frequency 
adapted according to the results, to always 
meeting the bacteriology and endotoxin norms. 
An action level, improving your RO water 
loop disinfection is needed when 50% of the 
norms level is reached. This is followed by 
more frequent bacterial/endotoxin controls till 
the desired norms are again met. Many water 
systems operate with daily disinfection and/or 
several times per week disinfection, depending 
on part of the system.

3.3.1.2 Purified water samples are minimum monthly 
withdrawn, on Monday morning, from the most 
distal part of the loop, in the last week before 
disinfection is planned (the worst case). All 
results must be clearly noted and stored in a 
the units bacterial and endotoxin water quality 
monitoring file. 

Rationale: The intention with disinfection is to prevent 
formation of biofilm in the system. Once a biofilm is formed 
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it is in principle impossible to remove it (ISO 23500 clause 
8.1). The disinfection programme should be established and 
verified by the manufacturer and used from start of operation. 
The RO water distribution and disinfection policies vary widely 
between renal units. In general, the best results are obtained 
when the disinfection is complete, from the RO to the dialysis 
machines, and alternating a NaOH based (for cleaning = 
avoiding biofilm!) and an acid based disinfecting agent. 
Disinfection is required for 100% of the circuit, including the 
connections to the machines, putting them in rinsing phase. 
Daily heat sterilization of the complete circuit is a better 
alternative, however, this is expensive to install, and energy 
consuming; but it is automatic, saving working hours and 
has the merit of being free of disinfecting agents. Testing for 
disinfectant residual is imperative with chemical disinfection 
and of course not with heat disinfection.

The RO water distribution disinfection efficacy must be 
validated, at least monthly, for bacterial and endotoxin 
contamination. In case the action level is met, the disinfection 
frequency must be increased, the procedure reviewed, and 
extra bacterial and endotoxin tests performed, until this is 
again under control.

Purified water of mobile/portable ROs should be tested 
(chemical and microbiological) in the same way as for the 
main RO. 

3.3.2 Dialysis fluid, dialysate and online prepared 
substitution fluid

3.3.2.1 Follow the manufacturer’s instructions for 
machine management and disinfection, 
keeping all machines in the disinfection routine, 
but also to critically review the procedures 
since the user is responsible for the quality. 
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Production of substitution fluid “on-line” is the 
most sensitive procedure in dialysis today. 

3.3.2.2 Organize dialysate bacterial and endotoxin 
assessment in the same way as the RO water 
distribution, but weekly, switching to another 
machine so that all machines are regularly 
controlled. 

3.3.2.3 It should be noted that the efficiency of 
disinfection strategy used is suggested to be 
interpreted as shown in Table D1 in ISO/DIS 
23500:2012 concerning microbiological test 
results; this table is intended for users to have 
a tool to interpret whether the disinfection 
programme used is effective or not, as early as 
possible:

Cultivation Test Results Interpretation with respect to disinfection

0.1 - 1 CFU/ml

System in good order 
An indication that the disinfection 
programme is proactive and ensures good 
dialysis quality

1 - 5 CFU/ml

System in good order 
An indication that the disinfection 
programme is adequate to maintain 
acceptable dialysis water quality

5 - 10 CFU/ml

Some surface growth likely 
An indication that the disinfection 
programme is barely adequate to maintain 
acceptable dialysis water quality

10 - 50 CFU/ml

Established surface growth 
An indication that the disinfection 
programme is probably inadequate to 
maintain acceptable dialysis water quality

>50 CFU/ml

Substantial surface growth indicated 
An indication that the disinfection 
programme is inadequate to maintain 
acceptable dialysis water quality
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Endotoxin Test Results Interpretation with respect to disinfection

<0.03 EU/ml

System in good order 
An indication that the disinfection 
programme is adequate to maintain 
acceptable dialysis water quality

0.03 - 0.1 EU/ml

An indication that microbial growth is 
present and/or that residuals from prior 
microbial growth remain in the system 
An indication that disinfection programme 
might be barely adequate

0.1 - 0.25 EU/ml

An indication that microbial growth is 
established in the system and that the 
disinfection programme is inadequate to 
maintain acceptable dialysis water quality

>0.25 EU/ml

An indication that there is substantial 
surface growth and that the disinfection 
programme is inadequate to maintain 
acceptable dialysis water quality

Rationale: Surface growth of microorganisms makes the 
limit and action limit to be too insensitive. Due to that all 
microbiological growth starts as surface growth (biofilm) and 
it is too late when limit values or even action limit values 
are seen in the fluid phase. Then surface growth is already 
established. For this reason table D1 in ISO/DIS 23500:2012 
was constructed. Quality is not the result of testing, quality is 
the result of disinfection. Disinfection is recommended to be 
proactive (ISO 23500:2011 clause 8.2.2.1)

Machines are installed avoiding back contamination from the 
drain; the size of the gap is depending on the physical shape 
of the drain. Important is to avoid aerosol formation. The fluid 
to the drain shall come “smoothly” on the surface of the drain 
construction. The more “splashing” the larger the air gap should 
be. Usually, a 20 cm air space between the dialysate outlet tube 
and the sewage water level is kept. Also an anti-backflow valve 
to the RO water distribution installed. Each dialysis machine 
has a sampling port allowing to taking a sample for pre-dialysis 
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residual disinfecting agent testing and for periodical dialysate 
quality control assessment. The machine hydraulic circuit 
disinfection is carried out by the nurses staff, following each 
dialysis session or before each next dialysis. Disinfection can 
be chemical, thermic or a combination of both. This is more 
complicated than it looks like because this encompasses 3 
distinguished actions: cleaning, precipitations removal (calcium, 
magnesium and iron carbonate) and disinfection. Different 
used disinfecting agents have a different efficacy for each of 
these 3 parts27, and, if any of the 2 first parts are neglected, 
proper disinfection efficacy will diminish as a function of 
time! Fortunately, progress on this level has meanwhile been 
achieved: Firstly, the machine manufacturer is responsible 
to develop and validate a proper disinfection procedure for 
his machine and so, the renal unit is responsible to follow 
the manufacturer’s hygienic prescriptions28. And secondly, 
maintaining good results is highly facilitated by using an online 
dialysate ultrafiltration; Of course, these ultrafilters need to be 
regularly replaced, according to the manufacturers’ instructions. 

For online substitution fluid, quality assurance relies on 
double or triple dialysate ultrafiltration in series for which 
manufacturers’ instructions need to be strictly followed; in case 
of reuse of the final ultrafilter, the cleanliness of this ultrafilter 
must match the quality demand of the substitution fluid. 
Volumes of substitution fluid to be used in haemodiafiltration, 
needed to have beneficial outcomes, are 50 liters per session 
or more. These large volumes makes it important not to have 
any microbial surface growth in the water systems since the 
microorganisms produce metabolites which cannot be filtered 
off when they have molecular weights lower than the “cut off” 
value for the ultrafilters used.

It is important to rotate spare machines, keeping them in the 
normal disinfection routine and to disinfect machines after 
repair before coming again in the normal circuit. Disinfection 
encloses the concentrate pipettes. 
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Bacterial and endotoxin norms and action levels are shown 
in the tables above. The difference is that dialysate samples 
are withdrawn for bacterial and endotoxin control on a weekly 
basis, taking each week two other machines so that, eventually, 
each machine is regularly tested.

3.4 Emergency situations and management

3.4.1 It is recommended to effectively train all nurses 
annually to terminate dialysis and safely return 
the patient’s blood, in case of an RO water supply 
failure that cannot be resolved soon. 

Rationale: The RO water distribution can be interrupted by 
a water supply interruption, a water treatment equipment 
breakdown, an electricity failure or for any other reason. It 
is the role of the technical team to immediately identify the 
problem and to inform the medical and nursing team of what 
to do.

Each renal unit is recommended to effectively train all renal 
nurses of the team to early terminating a dialysis due to an 
emergency situation. This is something that can and will 
incidentally happen! Written instructions for these situations 
must be in the hygiene plan for the dialysis unit.

3.5 A sustainable and economic water consumption is 
recommended

3.5.1 Consider being economic with your water and 
dialysis fluid consumption. You can help to reduce 
the renal unit’s carbon footprint and save money 
for the renal unit as well. 

Rationale: This is a suggestion, not an ISO standard.  
EDTNA/ERCA, in co-operation with Fresenius Medical Care, 
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realized a handbook entitled “Environmental Guidelines for 
Dialysis – A Practical Guide to reduce the environmental 
burden of dialysis”29. From this handbook, I cite hereby 4 
areas where, technically, water for dialysis fluids can be saved. 
Rationalize as much possible:

Your water purification system: an oversized water softener 
consumes more salt and water for resin regeneration. An 
oversized RO easily results into an excess of treated water 
and an increase in reject water to the drain. The choice of RO 
type is of surprizing importance30: the reject water ranges from 
75% down to 25%. This reduction in the reject water stream is 
achieved by recirculating the reject water at high speed over 
the RO membranes, avoiding membrane plugging and foiling. 
If a double RO is used, the reject water of the second RO 
should be delivered to the inlet of the first one.

Your RO water consumption: to start machine preparation, 
switch the RO not earlier on than needed. Even so, as soon 
as machine disinfection after the last dialysis is completed, 
immediately switch the RO in stand-by or analogous mode. 
The RO water distribution configuration should be optimal, 
without any of the high quality water unnecessarily being 
dumped to the drain. 

Your dialysate consumption: Dialysate flow rates should be 
reduced to a minimum in the waiting times between preparation 
and patient connection. High dialysate flow rates (800 ml/
min) bring no real benefit to the patients. Bhimani et al31 in 
their investigation conclude that: “increasing dialysate flow 
rate beyond 600 mL/min at a blood flow rate of 400 mL/min is 
likely to have only a modest impact on dialyzer performance”. 
This could rather be replaced, for example, by an autoflow 
regulator, keeping dialysate flow 1.2 times the bloodflow32. 

Your RO reject water: RO reject water is of excellent quality, a 
shame to dump it directly to the drain. Connor et al.33 reported 
about their more than 10 years positive experience how to 
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beneficially collect their RO reject water into a reservoir, with 
full automatic service and delivery to their hospital toilets. The 
authors reported that their reject water reuse resulted into a 
potential annual saving of over 12,000 Euros and an overall 
carbon saving of 0.76 tonnes CO2 for this unit.

The recommendations given here are especially to be 
considered in purchase requirement specifications.
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Recommended Literature:

• For more detailed information on water purification for dialysis, 
consult a text book like for example: “Water treatment for 
contemporary hemodialysis” by Gianni Capelli and Paola Inguaggiato 
In: Replacement of Renal Function by Dialysis; 2004: 491-503. 
Fifth reviewed edition. Editors Water H. Hörl et al, Kluwer Academic 
Publishers. 

• Or, download from the web: “Essentials of water treatment” by 
Suhail Ahmad (24). Hemodialysis International 2005; 9: 127–134: 
http://www.uphs.upenn.edu/renal/important%20pdf%20II/HD%20
water%20treatment.pdf

• Consult: RA and ART Guideline on Water Treatment Facilities, 
Dialysis Water and Dialysis Fluid Quality for Haemodialysis and 
Related Therapies – 2012. Nic Hoenich, Robert Mactier, Gerard 
Boyle, Maurice Harrington, Elizabeth Lindley, Ian Morgan, Paul 
Rylance, Donal O’Donoghue

• Water for Dialysis and Dialysis Fluids must be in compliance with the 
following International Standards:
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1. ISO 13959: 2009: Water for haemodialysis and related therapies 

2. ISO 11663: 2009: Quality of dialysis fluid for haemodialysis and 
related therapies 

3. ISO 13958: 2009: Concentrates for haemodialysis and related 
therapies 

4. ISO 26722: 2009: Water treatment equipment for haemodialysis and 
related therapies 

5. ISO 23500: 2011: Guidance for the preparation and quality 
management of fluids for haemodialysis and related therapies

Note that ISO standards are not mandatory, they are voluntary. 

In countries where substitution fluid in haemo(dia) filtration is considered a 
drug, the European Pharmacopoeia or local recommendations may apply.
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Introduction:
The human body consists of fat, fat-free solids, and water. Of 
the total body weight, about 60% is water. The water content 
varies with age, sex, state of health, fat content, and muscle 
development.

The major fluid compartments in the body are:

• Intracellular fluid (ICF) - the fluid inside the cells
• Extracellular fluid (ECF), which is mainly made up of;

a. Interstitial fluid - the fluid surrounding the cells and
b. Intravascular fluid - the plasma contained in 

the cardiovascular system, acting as the major 
transport medium of the body.

The fluid compartments are separated by semipermeable 
membranes and the relative fluid volume in each is; 

• Kt/V has long been the standard in the measurement 
of haemodialysis adequacy. However, it is unlikely 
that achieving an acceptable Kt/V alone will 
measurably change mortality, hospitalisations, or 
quality of life, since the major causes of mortality and 
hospitalisations in End Stage Renal Disease (ESRD) 
are cardiovascular and often related to fluid overload.13 
The goal of this chapter is to review assessment of 
fluid status in the haemodialysis (HD) patient, as well 
as tools and techniques that may be used to provide 
safe fluid removal and promote adequate control of 
fluid balance.

AIM
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• Intracellular compartment (IC) contains approximately 
2/3 of the total fluid volume

• Extracellular compartment (EC) contains approximately 
1/3 of the total fluid volume.

There is an on-going exchange of water and solutes between 
the fluid compartments following physiologic transport 
principles, as part of regulatory mechanisms to keep the 
internal milieu constant, i.e. in order to attain homeostasis.

During the dialysis process, fluid is removed directly from the 
intravascular space through ultrafiltration. In accordance with 
the Starling formula, the decrease in intravascular pressure 
and the increase in intravascular colloid osmotic pressure will 
induce a fluid shift between the intravascular and interstitial 
compartments, which partly compensates for the fluid 
removed through the dialyzer during ultrafiltration. However, 
in most cases, the refill from the interstitial compartment to 
the intravascular compartment will not be complete and the 
blood volume will decrease.14 Intravascular hypovolemia 
may, therefore, occur when the interstitial compartment is 
still fluid overloaded. Several mechanisms, mainly related 
to the dialysis treatment but also patient-associated factors, 
will influence blood volume preservation and therefore the 
hemodynamic stability during dialysis.15 Haemodialysis (HD) 
replaces the excretory functions of the kidney. In this capacity 
HD is capable of removing waste products, removing excess 
fluid, regulating acid base balance, and regulating electrolyte 
levels. While the topic of fluid management can be influenced 
by many factors, the most common issue facing the clinical staff 
in a dialysis unit is assessment of hydration status and fluid 
removal. Removing excess fluid from the body is one of the 
main tasks of fluid management during haemodialysis, as fluid 
that accumulates between the treatments must be (UF). One 
of the most important goals of HD is to obtain normalization of 
volume status without intra-dialytic complications.40
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Dry Weight (DW) is an important concept in the volume 
management of HD patients. There are many definitions of 
DW, some examples are:

• the lowest weight a patient can tolerate without the 
development of symptoms of hypotension, in the 
absence of fluid overload11

• the weight when fluid volume is optimal and the patient 
is euvolemic and normotensive40 

• the post-dialysis weight at which the patient is and 
remains normotensive until the next dialysis without 
anti-hypertensive medication in spite of the inter-
dialytic fluid retention23

• the lowest tolerated post-dialysis weight, achieved 
via gradual change in post-dialysis weight, at which 
there are minimal signs or symptoms of hypovolemia 
or hypervolemia19

4.1 Post-dialysis target body weight

4.1.1 The aim for the target post-dialysis body weight 
(TW) should be at or close to reaching the HD 
patient’s estimated dry weight

Rationale: Excess fluid that accumulates between dialysis 
treatments must be safely removed during haemodialysis 
(HD) with ultrafiltration (UF). Inaccurate estimation of TW and/ 
or DW has significant consequences on interdialytic morbidity 
and long term cardiovascular (CV) complications.11 Incorrect 
assessment of this weight may result in either underhydration 
or overhydration in dialysis patients.

The fluid status of the patient has a major influence on 
changes in blood volume (BV) during dialysis, which can be 
explained by the hydration state of the interstitial space When 
the patient is underhydrated, refill of the blood volume from 
the extravascular compartment is hampered because the 
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interstitium is also fluid depleted and interstitial hydrostatic 
pressure is low. In contrast, interstitial pressure is high in 
hypervolemic patients, which will induce a volume shift into 
the intravascular compartment when fluid is removed during 
dialysis.16 It should be noted that the patient can have excess 
fluid in the absence of clinical signs of volume expansion, i.e. 
silent overhydration.

Overestimation of DW: Studies have shown that at least 
80% of all hypertension in dialysis patients is due to chronic 
hypervolemia.11 Cardiovascular disease and stroke are 
prevalent causes of morbidity and mortality in dialysis 
patients, which in turn have been linked to markers of volume 
overload. These markers include hypertension, left ventricular 
dysfunction, and left ventricular hypertrophy.

Underestimation of DW: This is more likely to be recognized 
due to its immediate consequences of intradialytic morbidity. 
It frequently occurs when there is a failure to adjust the 
ultrafiltration prescription to account for increases in either 
lean mass or fat mass over time. A previously stable patient 
may become frequently hypotensive during HD.11

4.1.2 The goal for the TW may be set slightly above the 
estimated DW in patients with substantial urine 
output.

Rationale: Hypotensive episodes during dialysis may cause 
residual renal function (RRF) to deteriorate faster. Many renal 
experts favour the preservation of renal function over the 
lowest tolerable weight, and prefer not to drive patients into a 
very dry state at end of dialysis. The importance of preserving 
RRF is undisputed in peritoneal dialysis29 but until recently, it 
has been widely assumed that RRF is of no significance once 
a patient has started haemodialysis. However with modern 
technology both single center9 and national10 studies have 
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shown that RRF can be preserved in haemodialysis, and that 
the loss of RRF is a powerful predictor of mortality.27

4.1.3 Regularly and systemically evaluate a patient’s 
DW 

Rationale: DW should be systemically re-evaluated as it may 
change under various conditions e.g. inter-current illness 
leading to a loss of muscle mass or patient newly started 
on dialysis becoming less uremic and regaining appetite, 
leading to a gain of muscle and fat mass, i.e. an increase in 
body weight not related to excess fluid. Also consider recent 
hospitalizations, current stressors and holidays as possible 
reasons for weight adjustments.

Probing for the true DW may involve a gradual decrease in 
the target post dialysis body weight while carefully watching 
for hypovolemia induced hypotension. For a fluid overloaded 
patient this is generally a step-by-step process over several 
weeks until evidence of fluid overload is absent. Actively 
reducing the post dialysis weight target until hypotensive 
symptoms start to appear may lead to significant improvement 
in hypertension and reduced left ventricular hypertrophy.19

4.1.4 Assess the patients hydration state through 
clinical assessment

Rationale: Physical examination should always be the 
first basis for assessment in dialysis patients.25 Patient 
assessments should be performed according to unit protocol.

Unfortunately haemodialysis patients often have co-morbidities 
that can make the signs of fluid status ambiguous. Heart failure 
can lead to low blood pressure in a patient with severe fluid 
overload while an inadequately blocked renin-angiotension 
system can lead to high blood pressure in a patient who is 
dehydrated. Many patients with fluid overload show no obvious 
signs of edema, and have no breathing difficulties, while chest 
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infections or anaemia can cause shortness of breath in fluid 
deplete.

Table 1. Parameters used in a typical clinical assessment of fluid status.12

Parameter Fluid Overload Fluid Depletion

Trend in body weight

Recent weight loss
Anorexia, hospital 
admission
Nausea, vomiting, 
diarrhea

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

Edema
May have facial edema
May have ankle/hand 
edema

No generalized edema

Intradialytic problems May have intradialytic 
hypotension

May be unable to 
achieve target (dry) 
weight
May have cramps, 
dizziness

Post dialysis problems Usually recovers quickly
May have headaches

Usually feels washed out
May be thirsty, have 
croaky voice

4.1.5 Utilize tools and technologies to strengthen the 
assessment of a patient’s DW

Rationale: While clinical history and examination have been 
the basis for prescribing DW, usually determined by the 
physician with varying frequency, attention to technology 
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can provide useful objective information especially when the 
clinical indicators are ambiguous.3,12

4.1.5.1 Blood volume (BV) monitoring may be of value 
to assess DW

Rationale: During dialysis the patient’s total blood volume 
changes in response to the balance between ultrafiltration and 
vascular refilling. It is useful to monitor relative blood volume 
changes during dialysis, to determine if patients are adequately 
hydrated, fluid depleted or fluid overloaded, thereby reducing 
the risk of developing hypotension and hemodynamic instability 
on dialysis.26 The blood volume change during the dialysis 
session provides an indication of the change in plasma water 
volume during the dialysis session. There may be potential 
for additional fluid removal during a HD treatment utilizing BV 
monitoring since the patient’s plasma refill rate relative to the 
current UFR can be observed.40

When the DW is approached during dialysis the interstitial 
volume decreases, leading to reduced refill of the intravascular 
space in response to UF, which in turn leads to a successively 
reduced BV. The expected BV response is a reduction of 
5-15% over the course of dialysis. When this does not happen, 
it may be an indication that fluid overload is persistent; keeping 
the interstitial hydrodynamic pressure elevated to drive 
continued refilling of the vascular compartment. Evaluating 
the intradialytic BV response to UF is therefore a valuable 
functional assessment of the patient’s fluid status. It should be 
noted, however, that poor refilling may be present in spite of 
an expanded volume, for example in diabetics with autonomic 
dysfunction or in patients with cardiomyopathy.41

BV monitoring allows for testing of the refilling capacity, for 
example, by stopping UF and evaluating the BV response. 
When the UF stop is induced in the last minutes of the dialysis 
session, a significant BV increase indicates a possibility to 
remove more fluid.24
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4.1.5.2 Bioimpedence analysis (BIA) may be of value to 
assess DW

When in doubt regarding a patient´s fluid status before 
HD, bioimpedance may be used to obtain information on 
the patient´s ECV and on its expansion. Bio-impedance 
spectroscopy (BIS) represents a different approach to the 
assessment of fluid status and this analytic technique mainly 
uses electrical properties of biological cells and fluids. BIA is 
a non-invasive indicator of total body water that depending on 
the specific technique chosen, measures the distribution of 
total body water (the ICF and the ECF).

Rationale: When fluid removal becomes symptomatic and 
the patient remains hypertensive, one is left with the problem 
of deciding whether or not the extracellular volume is still 
expanded. Bioimpedance monitors can provide non-invasive 
bedside estimation of fluid status.12

4.1.5.3 Standard Radiology (chest, cardiac, ultrasound) 
may be of value to assess DW

Rationale: Cardiothoracic ratio by X-ray is able to detect over 
hydration, but has not been formally tested as a tool for under-
hydration.37 This method may be suitable for the assessment 
of a new or previously unseen patient or in case of cardiac 
deterioration of a known patient.

4.1.5.4 Ultrasonic assessment of inferior vena cava 
(IVC) may be of value to assess DW

Rationale: Inferior vena cava diameter and collapsibility of 
deep inspiration correlate well with right atrial central venous 
pressure and is found to be of clinical value in the assessment 
of dry weight in dialysis patients.17 It is non-invasive and 
enables the rapid evaluation of intravascular volume status. 
However, the clinical application may be limited by cost, need 
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for staff training, inter-observer variability and the waiting time 
needed for reaching stabilization after dialysis.

4.1.6 Review special circumstances affecting the 
patient’s fluid status

Rationale: Acute illness may affect patients’ tolerance to 
fluid removal, making it difficult to reach dry weight without 
intradialytic hypotension or other symptoms. Over some time 
it may also reduce the patient’s body mass and reduce the 
actual dry weight.40 Conversely, as dialysis or other factors 
improve the uremic and state of wellbeing, an increase in 
lean body mass or fat mass may occur undetected due to a 
coincident reduction in extracellular volume.11

4.2 Pre-dialysis body weight

Before starting the dialysis treatment, it is important to obtain 
and evaluate the patient’s blood pressure, weight, and pulse 
as part of the fluid assessment parameters. The pre-dialysis 
weight relative to the treatment trends provides important 
information regarding the ultrafiltration rate to be set during the 
treatment and the patient’s variation from their target weight.42

A large inter-dialytic weight gain may increase the sensitivity 
for Inter Dialytic Hypotension (IDH) because the ultrafiltration 
rate has to be increased if dialysis time is not adjusted.

4.2.1 Regularly talk to patients of the importance to 
reduce salt intake

Rationale: Fluid consumption between dialysis sessions 
is directly linked to sodium intake and the thirst this causes. 
Therefore sodium restriction is one of the most effective and 
important ways to limit fluid-related weight gain between 
dialysis sessions.32 When a patient is advised to restrict sodium 
intake, should they be advised to limit water intake too? It is 
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suggested that attempts at water restriction are commonly 
futile if sodium limitation is not observed simultaneously.42

In order to control inter-dialytic weight gain and reduce the 
risk of IDH, dietary salt intake of no more than 4-6 g/day, 
corresponding to 1.6-2.4 g of sodium.26 Patients who consume 
less than 6 g of salt per day should accumulate no more than 
0.8 l of fluid per day. Most patients are able to tolerate the 
ultrafiltration rates required to remove this amount of fluid.12, 25

4.2.2 Regularly assess the patient’s weight gain 
between treatments

Rationale: Frequent and large weight gains result in the need 
for a UF rate compensatory to accomplish fluid removal during 
the prescribed time. If the UF rate is high enough to result in a 
marked decrease in blood volume, it may lead to a decrease 
in cardiac filling, a decrease in cardiac output and IDH. It is 
essential for fluid levels to be carefully controlled in renal 
patients to help avoid these complications.

Ingestion quantification; Individual fluid allowance is optimal 
when corresponding to the estimated daily urine output plus 
1000 ml/day. It has been recommended that weight gain 
should not exceed 1 kg between dialysis treatments during 
the week and 2 kg during the weekend.40 If the patient has 
zero or very low urine output, it is desired but unlikely that they 
can adhere to the recommended inter-dialytic weight gain. 
Consequently, inter-dialytic weight gains are generally larger 
than noted above.

4.3 Dialysis ultrafiltration volume
UF rates are typically set to remove the fluid gained during 
the inter-dialytic period and to achieve the TW. Fluid removal 
as a result of UF leads to blood volume decline. Blood 
volume decline at which IDH occurs shows a large intra-
individual variation (2%-29%). IDH may occur as a result of 
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a decline in blood volume, impaired cardiac response and 
impaired constriction of resistance and capacitance vessels.33 
Individualization of each patient’s ultrafiltration volumes 
should always be considered. Review of prior treatment 
records will lend valuable assistance to the patient’s tolerance 
to ultrafiltration.

4.3.1 Obtain an accurate weight pre-dialysis by 
standardized procedure (e.g. weighing without 
heavy clothing and without shoes).

Rationale: The pre dialysis weight, as compared to the 
treatment trends, (i.e., unusually large or small weight gain) 
provides important information regarding the ultrafiltration rate 
to be set during the treatment and the patient’s variation from 
their target weight.

4.3.2 Calculate the fluid goal correctly using a 
standardized procedure.

Rationale: Determine the degree of ultrafiltration (UF) for 
each dialysis treatment and the feasibility of reaching the UF 
goal safely, without inducing hypotension.40 Review of prior 
treatment records will assist in this evaluation. 

4.3.3 Obtain an accurate weight post-dialysis using a 
standardized procedure 

Rationale: The post dialysis weight should be close to the 
DW. Accurate weight measurement post dialysis, particularly 
when compared to the previous treatment records provides 
valuable information on the patient’s DW, and their ability to 
reach it.

4.4 Blood pressure monitoring
The management of blood pressure (BP) is an important 
component of fluid management, as it correlates with the 
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patient’s hydration status. However, in cardiac compromised 
patients BP may increase with fluid removal as the heart 
becomes de-loaded.

4.4.1 Blood pressure monitoring is recommended to be 
done pre-dialysis, during dialysis as required, and 
post-dialysis

Rationale: A high pre-dialysis or intra-dialytic blood pressure 
may be related to excessive sodium and water intake during 
the inter-dialytic period, a high dialysate sodium level, sodium 
profiling, whereas a high post-dialysis blood pressure may 
reflect inadequate achievement of dry weight.40

4.4.2 Blood pressure measurement should be taken 
using a standardized procedure

Rationale: Blood pressure should be measured both sitting 
and standing, if appropriate and possible for the patient’s 
condition.40

KDOQI Guideline CVD 12 recommends that the dialysis 
personnel should be trained and regularly re-trained.

The patient should be seated quietly for at least 5 minutes in 
a chair with feet on the floor, and arm supported at heart level.

Blood pressure should be measured at least 5 minutes before 
the needles for dialysis access are placed, as this may cause 
substantial stress in some patients.

Blood pressure should be measured in the standing position 
(at least 2 minutes) and the arm should be supported at heart 
level.

Blood pressure should be measured both before and at the 
end of dialysis.42

It should be noted that oscillometric methods generally 
provides higher BP levels than the classical auscultatory 
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method to measure BP. Therefore the same method should 
be used throughout the treatment.

In patients who have undergone multiple surgeries for vascular 
accesses in both arms and blood pressure is technically not 
measurable in the arms, blood pressure could be measured in 
the thighs or legs. However, health-care professionals need to 
be properly trained, and should use appropriate cuff size and 
measure blood pressure only in the supine position. It must 
be kept in mind that blood pressure in the lower limb does 
not represent blood pressure measured in the arm. Systolic 
blood pressure and pulse pressure are amplified from the aorta 
towards peripheral arteries and amplification increases with the 
distance from the heart. Therefore, lower limb blood pressure 
is often higher than the brachial pressure. The difference is 
usually expressed as ankle-arm-pressure index. In young 
subjects the ankle pressure could be higher than arm pressure 
by as much as 30%. In older subjects, ankle and arm pressure 
tend to be the same. Therefore, the reference value for systolic 
blood pressure of 140 mm Hg is valid only for brachial pressure; 
the reference value for lower limb blood pressure is basically 
unknown, but trends during the actual treatment will provide 
valuable information regarding the treatment status.42

4.4.3 Pre- and post-treatment Blood Pressures should 
be reviewed in relation to previous treatment 
records.

Rationale: National Kidney Foundation Disease Outcomes 
Quality Initiative (NKF_KDOQI) Clinical Practice guidelines42 
suggest that a dialysis log summarizing the relevant information 
such as body weights, blood pressures, and Inter Dialytic 
Morbidity (IDM) is essential to provide a longitudinal dynamic 
view of ECF volume and blood pressure changes. Note any 
interventions for hypotension or other intradialytic morbidities.
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4.4.4 Blood pressure and heart rate measured frequently 
during dialysis may anticipate hypotension

Rationale: Hypotension requiring nursing or medical 
intervention occurs in 5-30% of treatments. This incidence 
varies with the type of treatment and the underlying medical 
condition of the patient.40 Most frequently, episodes of IDH 
are preceded by a gradual decline in BP and an increase in 
heart rate.4 During the dialysis session, BP and heart rate (HR) 
are usually measured every 30-60 minutes. Any complaints 
of dizziness or a washed out feeling are suggestive of 
hypotension and should prompt immediate measurement of 
the blood pressure.

4.5 Hypotension and other signs and symptoms of 
excessive ultrafiltration

The usual manifestation of hemodynamic instability during 
ultrafiltration is hypotension. The incidence of a symptomatic 
reduction in blood pressure during or immediately following 
HD ranges from 5-30% of treatments.27

Hypotension during HD has many adverse effects and 
potential life-threatening consequences. By impairing tissue 
perfusion, low blood pressure can compromise dialysis 
adequacy, contribute to loss of residual kidney function and 
predispose patients to coronary and or cerebral ischemia. 
Serious vascular complications include mesenteric, cardiac, 
and cerebral ischemia, atrophy, vision loss, vascular access 
thrombosis, and arrhythmias. Intradialytic hypotension and 
orthostatic hypotension after the procedure have been found 
to be independent risk factors affecting the morbidity and 
mortality of dialysis patients.31

4.5.1 In case of hypotension or other adverse symptoms 
occurrence, reassess target weight frequently 
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to ensure that target post-dialysis body weight 
matches the current dry weight

Rationale: An increase in dry weight that goes undetected may 
lead to target weight set below dry weight, which increases the 
risk of excessive blood volume reduction causing hypotensive 
episode. Conversely, a decrease in dry weight that goes 
undetected may leave the patient fluid overloaded.

4.5.2 When the patient cannot reach his/her target 
weight (or normalize his/her fluid status) even over 
several sessions, prolongation of the treatment 
time is to be considered 

Rationale: The average patient without Cardio Vascular 
Disease (CVD) or other co-morbid conditions can tolerate 
500-1000 ml/hr of fluid removal producing a change in BV of 
-3% to -8% per hour up to a total of 10-15%.40 A review of the 
HEMO study data30 suggested that chronic HD patients who 
undergo a UFR > 13 ml/hr/kg are associated with an increase 
in all-cause mortality. As UFR is dependent on the dialysis 
time prescribed, increasing dialysis time enables the reduction 
of ultrafiltration rate, which will lead to a more gradual decline 
in blood volume. Brunet et al assessed in a randomized cross-
over trial the effects of five versus four hours treatment time on 
intra-dialytic tolerance and found a reduction in hypotensive 
episodes.45

4.5.3 Sodium profiling may be of value in hypotension-
prone patients

Rationale: Dialysate sodium is important in the refill 
of blood volume from the interstitial compartments as 
well as in the minimization of IDH. With high dialysate 
sodium concentrations, fluid shifts from the intercellular 
compartments are enhanced, whereas with low dialysate 
sodium concentrations, disequilibrium between the intra and 
extracellular compartments may occur. To achieve blood 
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pressure stability the dialysate concentration of sodium can 
be varied. High sodium (i.e. ≤ 144 mmol/l) dialysate has been 
associated with a decrease in IDH. However, in some, but not 
all studies it was also associated with worsened intra-dialytic 
BP control, especially in hypertensive patients, or increased 
inter-dialytic weight gain.25 

One should be aware of the risk of increased plasma osmolarity 
at the end of the dialysis session that could increase the patients 
thirst. Intradialytic sodium load may be detected without any 
blood sampling by checking patient plasma conductivity as 
may be shown on HD machines equipped with the on-line Kt/V 
measurement based on ionic dialysance.

4.5.4 Ultrafiltration profiling (UF) may be of value in 
hypotension-prone patients

Rationale: UF profiling facilitates movement of fluid from the 
intravascular space into the dialysate by varying the rate of fluid 
removal to permit periods of plasma refill.40 By implementing 
ultrafiltration profiling, the change in blood volume can be 
influenced. The goal is to individualize the UF rate according 
to the patient response and to avoid IDH. The most commonly 
used ultrafiltration profiles are characterized by an initially high 
ultrafiltration rate, or intermittent ultrafiltration pulses followed 
by periods of minimal ultrafiltration.8,25

4.5.5 Individualized blood volume controlled profiling 
may be of value in hypotension-prone patients 

Rationale: With blood volume controlled treatments, 
ultrafiltration rate and/or dialysate conductivity are adjusted 
according to changes in relative blood volume. This can be 
performed automatically; the UF rate and dialysate conductivity 
are continuously adapted throughout the treatment, to keep the 
blood volume variation within a physiological range and along 
a pre-programmed optimal trajectory. This automatic profiling 



A Guide to Implementing Renal Best Practice in Haemodialysis

135134

allows for a real time ‘answer’ to the patient physiological 
status, since when the blood volume gets near the lower 
acceptable tolerance, the system temporarily decreases the 
ultrafiltration rate and increases the dialysate conductivity. As 
a result, the blood volume increases. Conversely, i.e. when 
the blood volume gets near the upper tolerance, the system 
increases the ultrafiltration rate and decreases the dialysate 
conductivity, to lead the blood volume along the optimal 
trajectory.26

4.5.6 Isolated Ultrafiltration (IU) may be of value in 
hypotension-prone patients

Rationale: This procedure removes fluid from the circulation 
via convection, without the associated diffusion of dialysis. 
This process involves bypassing the dialysate solution from 
the dialyzer, allowing UF only.40 Negative thermal balance 
occurs in this process so the blood returning to the patient 
is cooler with IU than with standard dialysis.2,18 The effects of 
increasing osmolality, lowering of the core body temperature 
may allow for large amount of fluid to be removed. Since no 
diffusion occurs and waste product removal is minimal during 
the IU process the total treatment time should be prolonged 
so that the subsequent haemodialysis session length is not 
shortened.

Despite the relatively good tolerance to fluid removal with 
IU, hypotension can still occur if the ultrafiltration rate is 
excessive. If overt edema is present, then hypotension is rare 
at ultrafiltration rates of 1.5-2.0 L/ per hour for a 70 kg patient; 
it is best not to exceed an ultrafiltration rate of 30mL/kg per 
hour.

Rebound hyperkalaemia has been reported after intensive 
IU. This can best be avoided by routinely following IU with a 
sufficiently long period of haemodialysis.40
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4.5.7 Reduction of dialysis fluid temperature to 35-36ºC 
(cool dialysis) may be of value in hypotension-
prone patients 

Rationale: Core body heating is a powerful stimulus 
for vasodilatation, resulting in both arterial and venous 
vasodilatation. Dialysate at body temperature or warmer can 
facilitate this dilation.43 Because the dialyzer is an excellent heat 
exchanger, blood temperature in the dialyzer will approximate 
dialysate temperature. Since the core temperatures of uremic 
patients average 36.5°C, positive thermal balance is the 
rule rather than the exception when dialysate temperature is 
37.0°C. Thermal balance if positive may result in peripheral 
vasodilatation and a decrease in vascular resistance with 
subsequent hypotension. Cooling of the dialysate to between 
35 and 36°C may result in fewer instances of symptomatic 
hypotension.22

4.5.8 Dialysate calcium concentration of 1.50 mmol/l or 
higher may be of value in patients with frequent 
episodes of IDH 

Rationale: The concentration of calcium in the dialysate 
can vary over a wide range. The effect of dialysate calcium 
concentration on blood pressure seems to be mediated 
through changes in myocardial contractility during dialysis. 
Several studies have demonstrated a lower myocardial 
contractility between patients treated with a low (1.25 mmol/l) 
compared with patients treated with a high (1.75 mmol/l) 
dialysate calcium concentration.21

A dialysate calcium concentration of 1.50 mmol/L has less 
pronounced effects on calcium balance compared with 
dialysate calcium concentration of 1.25 or 1.75 mmol/L.6

4.5.9 Dialysate buffer composition should be 
considered
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Rationale: Ultrafiltration tolerance was significantly increased 
when the use of bicarbonate as dialysate buffer replaced the 
use of acetate. Acetate, when used as a dialysate buffer, 
has both vasodilating and cardio depressant effects. With 
bicarbonate-based dialysate a small amount of acetate 
may be present in the dialysate and lead to significant intra-
treatment acetate transfer. The clinical significance of this is 
unclear but acetate-free options, like citrate-based dialysate 
and acetate-free bio filtration, has been shown to be of benefit 
in the reduction of IDH.25

Conversely, a high bicarbonate setting may result in too high 
or too rapid influx of buffer that may have a detrimental impact 
on cardiac status (up to sudden cardiac arrest).

4.5.10 High volume convective therapies
Rationale: Various clinical studies found a reduced incidence 
of IDH and lesser decline in BP during convective therapies 
(on-line haemofiltration and haemodiafiltration, acetate free 
bio filtration) compared with HD. The mechanism is unclear, 
but it has been indicated that the effect is at least partly 
mediated by a cooling effect from the infused substitution 
fluid. During online HDF, an enhanced energy loss within the 
extracorporeal system occurs, despite identical temperature 
setting for the dialysate and substitution fluids. As a result, the 
blood returning to the patient is cooler during online HDF than 
during HD.2

4.5.11 Limit food intake during dialysis 
Rationale: Food ingestion during dialysis leads to a decline 
in systemic vascular resistance that can contribute to a fall 
in blood pressure.5 In addition, increased splanchnic pooling 
of blood will impair maintenance of central blood volume and 
thereby limit cardiac refilling. 
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4.5.12 Consider co-morbidities that may affect tolerance 
to fluid removal

Rationale: Many co-morbid conditions will affect the patient‘s 
blood pressure and subsequent ability to properly regulate the 
patient’s fluid status. It has been shown that the presence of 
cardiac disease, leading to systolic and diastolic dysfunction 
increases the risk for IDH. Autonomic neuropathy from 
diabetes blunts the normal peripheral vascular restriction 
response to postural/ orthostatic hypotension and may impair 
the HR response during hypovolemia. Hypoxemia and tissue 
ischemia cause a release of adenosine, a potent vasodilator. 
In patients in whom IDH has not been a problem, but 
develops suddenly, should be evaluated for septicaemia and 
unrecognized cardiac or pericardial disease.46

4.5.13 Consider anti-hypertensive medication regimen
Rationale: Many physicians instruct patients to hold 
antihypertensive medications until after haemodialysis. 
However, the EBPG guidelines on hemodynamic stability 
conclude that there is no evidence that routinely withholding 
antihypertensive treatment on the day of dialysis treatment is 
of benefit in the prevention of IHD.25

4.6 Intolerance to fluid removal
Patients with gross fluid overload may have heart failure or 
a low serum albumin. The dialysis removes fluid from the 
vascular compartment, but the low serum protein does not 
exert sufficient oncotic pressure to mobilize fluid from the 
interstitial space. There is another group of patients in whom 
cardiac failure or hypoproteinemia are not obvious causes, who 
have problems with over hydration, and who have vascular 
instability during dialysis. These patients, during conventional 
dialysis with ultrafiltration may become symptomatically 
hypotensive. The causes are likely to be multifactorial.38 
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Thus, hypotension is not only related to “underhydration” 
but may also be seen when the patient is in a state of gross 
“overhydration”.

4.6.1 Symptomatic hypotensive episodes require 
immediate response directed at increasing 
cardiac filling and re-expanding the intravascular 
volume. 

Rationale: Hypotension perpetuates hypotension; Tissue 
ischemia causes the release of adenosine which is an active 
vasodilator. The immediate response is aimed at restoring 
blood pressure and stopping potential ischemia.

4.6.1.1 In case of IDH, make a temporary stop in 
ultrafiltration or decrease in ultrafiltration rate

Rationale: Stopping ultrafiltration will prevent a further decline 
in blood volume and may facilitate refill of blood volume from 
the interstitial compartment.

4.6.1.2 In case of IDH, consider placing the patient in 
Trendelenburg position (head down feet up)

Rationale: Placing the patient in Trendelenburg’s position is 
very commonly applied in the treatment of IDH. With the use 
of this maneuver, blood volume is believed to be centralized. 
This will increase cardiac filling by redistributing dependent 
vascular volume centrally and may increase the blood pressure 
promptly.

Conversely: The effect of the Trendelenburg position on 
blood volume appears to be small, and data on BP are 
lacking. Caution should be used as the use of this position 
has been linked to adverse effects on pulmonary function and 
intracranial pressure. There is also some suggestion that it 
may also have a detrimental effect apparent on returning the 
patient to a supine or upright position.39 
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4.6.1.3 Administer a bolus of isotonic saline as 
indicated

Rationale: The acute management of intradialytic hypotension 
is dependent on volume expansion regardless of the underlying 
mechanism. Volume expansion is frequently performed by 
infusions of saline, a practice that frustrates attempts to attain 
dry weight by increasing the fluid burden, thus necessitating 
greater ultrafiltration and potential hypotension.20

The quick disappearance of significant part of administered 
saline from the vascular space to the intersititium makes its 
volume expansion effect short term only.

*Note, there are disadvantages to giving saline. Fluid removal 
during dialysis will be less. If given late in or after HD, the 
patient may experience post dialysis thirst due to sodium 
loading, resulting in inter-dialytic weight gain. 

4.6.1.4 Alternately, depending on individual center 
practice, administer 5-10mL of hypertonic 
saline (15-23%) and/or 25-50mL of 50% glucose.

Rationale: it has been shown that preventing the reduction 
in osmolality during HD could improve hemodynamic stability. 
Limiting the reduction in extracellular osmolality during HD can 
be done by injecting hypertonic fluids, for instance hypertonic 
saline, or other volume expanders. Because of the side-
effects of sodium, such as thirst, interdialytic weight gain, and 
hypertension, which could be of great clinical importance in 
cardiac compromised patients, the use of hypertonic saline is 
not without drawbacks.20

4.6.1.5 Administration of oxygen may be of value to 
manage IDH 

Rationale: Acute hypotension is a frequent complication of 
HD. Blood oxygenation may play a role in hypotension and 
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hypoxemia, as an indicator of the ups and downs of tissue 
perfusion and cardiac output, may be considered as a surrogate 
marker of hemodynamic instability. Fifty six percent (56%) of 
patients have been found to experience at least one episode 
of hypoxemia during haemodialysis. Intra-dialytic hypoxemia 
is considered an underestimated additional factor of chronic 
deterioration of the cardiovascular system. Hypoxemia leads 
to the release of adenosine, a potent vasodilator. Adenosine 
decreases vascular tone, peripheral vascular resistance, and 
plasma refill.34, 35

4.6.1.6 Consider other reasons than excessive fluid 
removal as cause of intradialytic hypotension

Rationale: A second type of dialysis-related hypotension 
is a chronic, persistent form of hypotension that occurs in 
approximately 5% of dialysis patients.1 This second form of 
hypotension is usually observed in patients who have been on 
HD for at least 5 years. 
Such patients often come to the dialysis unit with a systolic 
blood pressure of less than 90 mm Hg. This form of 
hypotension is associated with an increased mortality and is 
often a manifestation of malnutrition and/or cardiovascular 
disease in the chronic HD patient.7

4.6.2 Be aware that painful muscle cramps may be 
related to fluid removal

Rationale: Although muscle cramps are not life threatening, 
they can cause the patient severe discomfort. The affected 
areas are generally the hands, legs and feet. Muscle cramps 
are caused by fluid removal during dialysis. The best 
preventative measure for muscle cramps is to reduce weight 
gain between treatments. With the onset of muscle cramps, 
decreasing the ultrafiltration rate and giving a small bolus of 
saline helps alleviate the pain.40
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4.6.2.1 Strategies should be applied to treat intradialytic 
hypotension and muscle cramps

Rationale: Immediate treatment is designed to increase 
intravascular volume, e.g. by discontinuation of ultrafiltration 
or administration of hypertonic saline, mannitol, or glucose. In 
addition to affecting an intravascular shift of water, hypertonic 
solutions may directly improve blood flow to muscles.

4.6.2.2 Evaluate the prescribed sodium level in 
dialysate 

Rationale: Low dialysate sodium concentrations have been 
associated with intradialytic symptoms such as muscle cramps 
and hypotensive episodes.25 On the other hand, inappropriately 
high dialysate sodium may lead to an unacceptable increase 
in interdialytic weight gain.

Some dialysis machines may contain a tool that measures 
and displays plasma conductivity (sometimes presented as 
plasma sodium). Following the change in plasma conductivity 
from beginning to end of the dialysis session may provide 
guidance on how well the prescribed dialysate sodium level 
matches the patient’s plasma sodium set point.
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European Best Practice Guidelines Stratified Approach to prevent IDH25

Initial Approach
Dietary counselling on sodium and fluid restriction
Refraining from food intake during dialysis
Clinical assessment of Target (Dry) weight
Use of bicarbonate as dialysis buffer
Use of a dialysate temperature of 36.5º
Check dosing and timing of antihypertensive agents

Second Level Approach
Objective methods to assess dry weight
Perform cardiac evaluation
Individualized blood volume control
Prolong dialysis time and/or increase dialysis frequency
Utilize a dialysate calcium concentration of 1.50 mmol/l

Treatment of IDH

Stop or slow rate of ultrafiltration
Place patient in Trendelenburg position
Restore intravascular volume

Individual dialysis unit protocols will dictate which approaches 
to the management of IDH may be used.
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Blood will clot when exposed to external surfaces therefore, 
in order to undertake extracorporeal treatments such as 
haemodialysis (HD) anticoagulation is required. A review 
of the coagulation cascade is necessary to understand the 
action of the various anticoagulants. The coagulation process 
is initiated as soon as the blood enters the arterial needle, but 
takes some time to complete. If the blood has returned to the 
patient before this time has elapsed, the blood will not clot in 
the extracorporeal circuit. 

There are two approaches to preventing clotting in the 
extracorporeal circuit. First, reduce the time it takes for blood 
to pass through the extracorporeal circuit. Second, increase 
the time required to clot by the use of anticoagulant drugs if 
necessary. 

Coagulation risk

• To reduce the time blood takes to pass through the 
extracorporeal circuit, use dialysers which have a 

The aim of this chapter is to assist nurses involved in the 
dialysis treatment to:

• Individually assess patients risk factors in regards to 
coagulation and bleeding 

• Determine when variations are required in 
anticoagulation treatment regimes 

• Understand the various methods and medications 
available to review/prevent coagulation of the dialysis 
circuit.

AIM
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lower blood volume. Ensure the circuit is accurately 
primed and use higher blood pump flows (QB) where 
possible.

• A variety of strategies can be considered to minimise 
clotting without the use of anticoagulant agents.

• Types of anticoagulation methods chosen will depend 
upon the patients current clinical state, equipment, 
drug availability and workplace preference. 

• Factors which lead to an increased risk of clotting 
include decreased blood flow rate (QB), inappropriate 
QB matched to surface area of dialyser, increased 
haemoglobin, increased ultrafiltration rate, intra-
dialytic hypotension and administration of packed cell 
transfusion.1,2 

• Evaluation of the treatment is recommended includ-
ing assessment of drug efficiency, side effects and 
assessment of coagulation in the circuit.

Unfractionated Heparin
Unfractionated heparin (UFH) is the most commonly used 
anticoagulant due to long-standing experience, ease of use, 

Anticoagulation and Continuous Renal Replacement Therapy, Volume 1. Renal intensive care-  
Self learning module (pg 19). © Copyright 2004 Gambro Lundia AB
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availability, cost effectiveness and clinical safety.2 However, 
its wide dose range and variable response requires patients 
to be individually assessed and monitored. It is administered 
intermittently or continuously and has a half life of approximately 
1-2hrs which is slightly prolonged in renal impairment.3

Low Molecular Weight Heparins
Increasingly low-molecular weight heparins (LMWH) are 
utilised over UFH. There is evidence to suggest that LMWH’s 
have a better safety profile and are equally effective as 
UFH. They are also easier to use,4 have a longer duration of 
action, which means they are administered as a single dose 
on commencement, and have greater predictability of dose.2 

Additional proposed benefits include improved lipid profile, less 
hyperkalaemia, decreased bleeding risk,4 decreased risk of 
Heparin Induced Thrombotic Thrombocytopaenia Syndrome 
(HITTS) and less impact upon bone structure. Though some 
benefits remain unproven or inconclusive.5 The cost of LMWH 
may be a disincentive for some units. 

Risks of Anticoagulation
Excessive bleeding is the major risk of heparin administration. 
Thrombocytopaenia has been reported to occur in patients 
receiving heparin and although it is often mild with no obvious 
clinical significance it may be accompanied by severe 
thromboembolic complications. Hypersensitivity occurs rarely, 
however osteoporosis and alopecia have been associated 
with long term therapy.1

Method of Administration

• Anticoagulants may be administered as a standard 
dose, minimal anticoagulation, regional or not at all 
(anticoagulation-free). 
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• Due to the risks associated with administration and the 
persisting systemic anticoagulation after the completion 
of dialysis it is essential to ensure correct doses are 
administered and evaluated. Too small a dose and 
patients risk clotting the circuit and losing blood, too 
high a dose and bleeding may occur also contributing 
to blood loss. Because of this, haemodialysis patients 
have an increased risk of thromboembolic and bleeding 
events compared to the general population.6 

5.1 Awareness of clinical state and contraindications 

5.1.1 Prior to anticoagulant administration, check 
that the patient does not need an alternate 
anticoagulation strategy related to a recent 
change in clinical condition.

Rationale: Acute changes need to be assessed and 
considered prior to medication administration. There are 
numerous reasons for changes to the acute or chronic 
prescription including recent surgery; recent trauma or injury; 
HITTS; concurrent systemic heparinisation or commencement 
of warfarin.

5.1.2 Individual adjustments to anticoagulation regime 
may be required due to changes affecting 
coagulation, drug sensitivity or metabolism.

Rationale: Numerous clinical states affect coagulation status 
and response to medication. The impact of fever, sepsis, 
long-term anticoagulation or antithrombotic medication, 
will have an impact on dosage required therefore constant 
review and discussion is recommended. Each patient needs 
to be medically assessed for the appropriateness of the 
anticoagulation strategy. The nurses role is to be aware 
of potential adverse effects of each strategy, patient risk 
factors, such as allergies or clinical conditions and report 
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these promptly to medical staff. Generally in patients without 
elevated bleeding risk, either UFH or LMWH, can be used to 
prevent clotting of the circuit.4

5.1.3 Anticoagulants, antithrombolytic agents and 
antiplatelet agents, either prescribed or bought over 
the counter may effect coagulation and this must be  
taken into account.

Rationale: Oral anticoagulation is insufficient to prevent 
circuit coagulation in HD, therefore heparinisation of 
the circuit is still required. Warfarin dosing is affected by 
anticoagulation strategies, therefore weekly monitoring (as a 
minimum) is recommended. Achieving therapeutic doses for 
warfarin is difficult in renal patients7 and complications such 
as bleeding rates are evident in 3.1 – 54% of patients.6 The 
use of antiplatelet agents (which have a controversial use in 
decreasing cardiovascular events in kidney disease), may 
impact upon the patients bleeding risk dependent on the 
agent used.8 Nurses need to be aware of the impact of these 
agents and discuss the use of prescribed and non-prescribed 
medications with patients on a regular basis. Aspirin does not 
appear to increase hemorrhagic risk9 but use should be noted 
and potential risk considered.

5.1.4 Consideration needs to be given to the type 
of treatment as various modes of dialysis will 
impact upon coagulation and therefore affect the 
anticoagulation chosen.

Rationale: Consideration is required regarding to the impact 
and complications of a chosen treatment i.e. some treatment 
modalities require higher/lower haemocoagulation. Post-
dilution haemodiafiltration (HDF) requires more anticoagulation 
than pre-dilution due to its concentrating effects; single needle 
dialysis also requires increased dosing due to the reduced 
effective blood flow rate and constant pause-start of the pump.
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The convective properties of pre-dilution HDF have increased 
risk of coagulation10 therefore anticoagulation dose may need 
to be increased. Extended hours dialysis requires additional 
dosing however adjustments to prescriptions such as 
changes to blood flow rate and ultrafiltration rate will impact 
upon the treatment. Therefore initial increased monitoring is 
recommended to establish a new baseline. Correct dosing 
is still being established for LMWH in extended hours/long 
overnight dialysis,2,5 and if clotting becomes evident it is 
currently recommended to revert to UFH (Expert Opinion). 

5.1.5 Nurses needs to be aware of the prolonged half-
life of anticoagulants and the potential risk and 
adverse reactions of such medications.

Rationale: Product information and medication guides 
are to be readily available which outline the full list of 
possible reactions. Individual risk must be assessed prior to 
administering any medication and changes in clinical state need 
to also be considered. The nurses awareness of complications 
minimises risk and encourages prompt response to adverse 
reactions such as bleeding, haematoma, thrombocytopenia 
and central nervous system disturbances.

5.1.6 Nurses needs to be aware if an antidote exists, its 
availability and how it is administered.

Rationale: This is a safety precaution in case of unexpected 
change in patient´s haemocoagulation status or if an error is 
made in the dose administered. Unit protocols or guidelines 
are recommended regarding safe administration practices and 
action plans if concerns arise.



A Guide to Implementing Renal Best Practice in Haemodialysis

157156

5.1.7 Where practical, the system pressure should be 
monitored in addition to the usual arterial and 
venous line pressures. The system pressure 
requires an additional sensor connected to the 
blood line between blood pump and dialyser. 

Rationale: This pressure transducer is the only one usually 
incorporated in the extracorporeal circuit, which can detect 
clotting commencing in the dialyzer. In this case, system 
pressure increases while pressures in the venous drip chamber 
and in the pre-pump chamber may remain unchanged (Refer 
to Diagram 1). Awareness of each pressure reading is also 
vitally important in clinical practice as an alert to complications 
and potential clotting. If clotting occurs arterial pressure may 
rise, most predominantly the system pressure (if available) will 
rise, the TMP will rise and venous pressure may rise or fall 
dependent on the location and size of the clot.1,11

Diagram: 1- PA stands for arterial pressure; 2- PS stands for system pressure; 3- PV stands for 
venous pressure 

Diagram 1 – Increases in pressure in the HD circuit occurs 
primarily prior to the dialyzer, but can also be identified to a 
lesser degree by the arterial and venous pressure transducers.
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5.2 Machine preparation, anticoagulant administration 
and monitoring

5.2.1 Thorough priming of circuits with sodium chloride 
will minimise air pockets and resultant increased 
coagulation.

Rationale: Ensure minimal air entry, static flow and turbulence 
in the circuit which is implicated in reduced efficiency and 
increased rates of clotting.2,4 Accurate priming of both sides of 
the dialyser is required and equipment that is easy to prime is 
recommended.

5.2.2 Heparin flushing of lines is not recommended as 
this provides no procedural advantage and may 
place the patient at increased risk of adverse 
events. 

Rationale: Heparin priming results in no difference in activation 
of coagulation cascade with 20% of cases still displaying 
partial clotting.2,4

5.2.3 If any continuous anticoagulation is performed, 
make sure that the correct syringe type is 
programmed in the infusion pump and/or HD 
machine, and that the correct syringe is used.

Rationale: Syringes differ in length and diameter, therefore 
it is necessary to check which syringe is pre-programmed for 
the pump in order to ensure precise delivery of prescribed 
dose. A significant deviation can result from use of incorrect 
syringe type.

5.2.4 It is advised to utilise clinical expertise and 
any available technology to establish baseline 
anticoagulation regimes.
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Rationale: Dependent on the chosen anticoagulant measuring 
technique (such as an activated clotting times for UFH 
monitoring) this may assist in developing an anticoagulation 
schedule. Additional tests such as activated partial 
thromboplastin time (APTT) or Prothrombin Time (PT) require 
laboratory testing and results are only reliable at lower levels 
of coagulation.12 Bed-side testing is costly, requires additional 
equipment and is not routinely warranted for stable patients. 
Monitoring is also dependent on the chosen drug as there may 
not be suitable testing equipment available. It is also currently 
not advocated to review coagulation studies routinely. 

5.2.5 Utilise venous sampling port for testing 
anticoagulation to determine changes within the 
dialysis circuit. 

Rationale: Regardless of the anticoagulation testing 
undertaken venous samples may better reflect haemostatic 
changes in the filter and drip chamber,13 and therefore will 
more accurately enable interpretation of current coagulation 
within the circuit. Appropriate changes to the treatment of 
prescription can then be made. 

5.2.6 Visual inspection of the extracorporeal circuit 
for signs of clotting during dialysis is desirable, 
particularly in new and/or unknown patient, or 
when the dialyzer type (membrane material), 
anticoagulant strategy or treatment mode is 
changed.

Rationale: Assessment of the circuit during treatment can 
lead to appropriate actions to minimise risk of coagulation and 
maintain circuit patency. The venous and arterial heads of 
the dialyzer and the venous drip chamber are the sites where 
clotting usually starts and can be visualised by blood darkening 
(“black blood syndrome”). Thrombus formation occurs more 
frequently in venous chamber than in the dialyser.14 Be mindful 
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to review the difference in blood color and via a central 
venous catheter (venous blood) as the blood will appear 
darker due to lower oxygenation than arterialized blood 
from arterio-venous fistula/arterio-venous graft (AVF/AVG). 

5.2.7 It is recommended that each dialysis unit have 
an anticoagulation monitoring system in place to 
prompt changes in anticoagulation prescription 
based on the patients clinical state and evaluation 
of clotting within the circuit.

Rationale: Documentation and communication at each 
dialysis session is recommended in order to provide on-going 
evaluation of the effectiveness of the previous anti-coagulation 
strategy. On completion of each treatment it is suggested to:

• Visually inspect the dialyzer and venous chamber 
after blood wash-back in order to review and classify 
the degree of clotting in filter heads; filter fibers; the 
venous chamber. In order to provide comprehensive 
and accurate information, it is recommended that units 
develop a system for scoring the degree of clotting 
(Diagram 2) and have associated action plans/policies 
in regards to the management of extent of clotting i.e. 
consider adjusting dose of anticoagulant, changing of 

Diagram 2
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anticoagulant cessation time, and further investigation 
of causative factors.

• Check the time required for the vessel puncture sites 
to stop bleeding after removal of needles (less than 
10 minutes is desired). A review of anticoagulation 
administration should occur prior to suspecting access 
concerns. 

5.2.8 If significant clotting is suspected or evident 
do NOT run the blood back to the patient and 
disconnect immediately.

Rationale: Introducing clotted blood into the patient is 
hazardous and places them at increased risk. The circuit 
needs to be carefully inspected for clots prior to returning 
blood to the patent.

5.2.9 It is recommended that dialysis units seek 
guidance from their hospital quality and safety 
committee regarding the use of the anti-coagulant 
syringe pump for use other medications. 

Rationale: There are several risk factors associated with the 
use of the anticoagulation pump for purposes other than this 
i.e. concurrent iron administration. It is advised that this should 
only be undertaken with extreme caution and with appropriate 
safety checking mechanisms in place. These inherent risks 
include the potential for incorrect pump settings and 
resultant incorrect dosing of heparin at next dialysis 
session. 

5.3 Anticoagulation with UnFractionated Heparin (UFH) 

5.3.1 Continuous heparinisation rather than intermittent 
is recommended.
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Rationale: The total amount of heparin needed in continuous 
mode (to keep patient´s clotting time within acceptable limits) 
is usually less than half of the amount needed in intermittent 
mode. Also peaks in clotting time during intermittent use 
could be possibly dangerous in certain conditions (e.g. recent 
surgery) and are avoided in continuous mode (Expert Opinion).

5.3.2 Suggested dosing for UFH administration is a 
bolus dose then maintenance - but this must be 
individualised. 

Rationale: Medical consultation and unit plans/policies will 
guide prescribes doses. Product Information will recommend 
commencement doses1,2,4 which then require adjustment as 
clinical condition changes. A large initial dose is required to 
overcome the high-level of non-specific binding.2

5.3.3 Minimal “tight” heparin regimes should also be 
individualised for the bolus dose with or without a 
maintenance dose.

Rationale: Reductions are warranted in cases of risk of 
bleeding or recent surgery and need to be viewed in context 
of risk of clotting (related to haematocrit, historical trends vs. 
current risk compared to utilisation of heparin-free strategies). 

5.3.4 UFH is administered via an infusion pump (usually 
incorporated in the HD machine) into arterial 
circuit.

Rationale: This allows anticoagulation of the complete circuit.

5.3.5 Assessment regarding cessation of heparin 
time needs to be individualised depending on 
risk factors and evident bleeding risk at end of 
dialysis.
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Rationale: UFH cessation time needs to be individually 
assessed dependent on vascular access bleeding times on 
the completion of dialysis and the appearance of the dialysis 
circuit. Consideration of the risk of clotting in the CVC often 
warrants on-going administration until the completion of 
treatment.

5.3.6 Nurses need to be aware of the specific range of 
adverse reactions of UFH, in order to react and 
refer promptly.

Rationale: Product information and medication guides are 
to be readily available which outline the full list of possible 
reactions. These could include (but not limited to) the 
following: hyperkalaemia, increased bleeding related to dose, 
thrombocytopenia and osteoporosis risk of heparin-induced 
thrombocytopaenia syndrome (HITTS Type II) hair loss, a 
degree of immunosuppression, vascular smooth muscle cell 
proliferation and intimal hyperplasia.2 

5.3.7 Evaluation of UFH dose can be undertaken by 
reviewing the APTT via laboratory testing or ACT 
(Activated Clotting Time) from bed-side testing if 
equipment is available. 

Rationale: Consistency and timing in practice is imperative to 
establish a usable result. Results can be viewed in terms of 
‘seconds to clot’ or as a percentage variation of the initial result 
(refer to manufacturer’s instructions). However APTT testing 
is highly variable test producing inconsistent results due to the 
variety of instruments, the source and volume of collection.15  
Some medications such as warfarin also increase ACT 
readings making results difficult to interpret. Therefore no one 
test is to be used in isolation but as part of a holistic approach 
to assessment of treatment and risk of adverse events.
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5.3.8 Nurses need to be aware of the potential for 
patients to be resistant to the anticoagulation 
effects of UFH. If high doses of heparin are being 
used and clotting is occurring, the physician 
needs to be notified in order to investigate 
possible causes eg antithrombin III deficiency).

Rationale: Factors predisposing to heparin resistance include 
fever, infection, myocardial infarction, cancer; hyperkalaemia 
risk factors e.g. diabetes; history of allergy; hepatic or renal 
disease; high dose, prolonged use; elderly; pregnancy.16 
Inherited antithrombin deficiency combined with renal failure 
is rare but the implications for HD need to be considered. 
Patients are more likely to have a hypercoagulation state17 and 
the prevalence of acquired thrombophilic factors is significantly 
higher in patients on dialysis.18 Alternate anticoagulants that 
don’t aggravate the antithrombin effect are required for this 
specific population.

5.3.9 Awareness of risk of HITTS (Type II) and the 
resultant coagulation changes is imperative for all 
patients receiving heparin and alternate treatment 
strategies need to be available.

Rationale: The incidence of HITTS in dialysis patients is 
between 2.8-12%19 and generally occurs in 4-10 days of 
exposure to heparin. All forms of heparin need to be avoided 
completely (including UFH and LMWH). Initially heparin free 
dialysis may be attended but an alternative medication regime 
is required for medium to long-term management. HITTS 
antibodies disappear over time20 so monitoring of antibody 
level and reassessment of anticoagulation drug is to be 
attended as part of patient follow-up and review.
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5.4 Anticoagulation with low-molecular weight heparin 
(LMWH) 

5.4.1 Nurses need to be aware of the limitations of 
LMWH and when it may be inappropriate to utilise 
this medication. Therefore alternative strategies 
for anticoagulation need to be discussed with the 
Physician.

Rationale: There is an inability to accurately measure the 
clotting activity of LMWH and there is no defined antidote, as 
protamine is considered only partially effective.4 Therefore, 
in acute situations alternate strategies may be warranted. 
LMWH also poses a risk of bioaccumulation and increases the 
potential risk for patients whom are prone to bleeding.13

5.4.2 LMWH doses are calculated on patients ideal 
body weight and doses need to be verified prior 
to administration.

Rationale: Refer to the Product Information for dose 
calculations as this is based on patient “dry” weight. 
Consideration is to be given to the obese patients and 
calculations such as Broca’s weight may be considered. 
LMWH’s are also considered cumulative when prescribed 
in renal failure so there may be a tendency for cautious 
prescription initially, with on-going review.

5.4.3 The administration procedure for LMWH is 
recommended as a single dose into venous port 
of the dialysis circuit.

Rationale: Whilst LMWH is not significantly removed by 
dialysis the current recommendation13 is to administer via the 
venous port at the commencement of treatment.2,21 If treatment 
is longer than four hours and clotting is occuring, administration 
of a small extra dose of LMWH may be considered after the 
first 2hrs.
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5.4.4 Nurses need to be aware of the range of adverse 
reactions of UFH, in order to react and refer 
promptly. 

Rationale: Product Information and medication guides 
are to be readily available which outline the full list of 
possible reactions. Reactions include (but are not limited 
to): thrombocytopenia; thrombocytosis; haemorrhage; 
anaemia; gastro-intestinal upset; oedema; fever; confusion; 
elevated liver function and platelets tests; hyperkalaemia and 
osteopenia.16

5.4.5 Routine monitoring of LMWH is not required due 
to the predictable effect of the medication, the lack 
of availability of testing and associated costs.

Rationale: LMWH is considered to have a high bioavailability 
and therefore a predictable effect so routine monitoring is 
not required.2 Testing for anti-Xa can be attended in some 
pathology laboratories but each laboratory has varying 
therapeutic ranges. This also a costly test, does not reflect 
overall anti-coagulation effect of LMWH and therefore provides 
little usable data in reviewing prescribed doses.13

5.5 Anticoagulation with other anticoagulants 

5.5.1 Other agents such as glycosaminoglycans may 
be utilised due to its binding interaction with 
heparin cofactor II (HCII) and resultant regulation 
of coagulation.

Rationale: Glycosaminoglycans inhibit the procoagulative 
activity of thrombin and are the agent of choice in some 
countries.
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5.5.2 It is recommended that glycosaminoglycans be 
given as a bolus and maintenance dose via an 
infusion pump.

Rationale: An initial bolus of IV gycosaminogycans as 
recommended has effectively prevented clotting in dialysis 
sessions of 3 to 4 hours.22 Prescriptions are to be reviewed 
regularly and adjusted dependent on the dialyser, resultant 
clotting and duration of treatment.

5.5.3 Monitoring possibilities include review of the 
dialysis circuit and utilisation of coagulation 
studies as recommended by the Physician. 

Rationale: The physician may recommend reviewing of 
the APTT/coagulation studies and make recommendations 
regarding changes.

5.6 Regional anticoagulation - citrate/calcium gluconate 

5.6.1 Regional citrate anticoagulation is not 
recommended for intermittent HD.

Rationale: This method of anticoagulation is thought to result 
in less clotting although associated risks of hypocalcaemia 
or inefficiency in practice can lead to clotting of the circuit.1,2 
Therefore a robust management system is required consisting 
of a dedicated protocol, the necessary equipment and required 
training. 

5.6.2 Protocols need to be specific in regards to 
administration rates of citrate anticoagulant 
infused into arterial line whilst calcium chloride is 
infused into the venous line.

Rationale: An adequate rate of calcium infusion, proportional to 
the rate of citrate delivery is required to prevent dangerous fall 
in serum calcium level. If QB is changed during the treatment, 
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citrate administration rate must also be adjusted. Calcium is 
only required to replace calcium losses in the dialyser. The 
calcium complexed to citrate in the blood is returned to the 
circulation by metabolism. If the treatment is paused, citrate 
infusion pumps also need to be paused.

5.6.3 It is recommended that the calcium replacement 
is administered via a separate infusion pump. If 
calcium infusion pumped is stopped at any stage 
the citrate infusion pump should also be stopped.

Rationale: This will ensure that ongoing administration not 
effected by alarms or potential pauses in treatment.

5.6.4 Careful monitoring of calcium levels is 
recommended during and on completion of 
treatment in order to predict possible risks and 
monitor rebound levels.

Rationale: It is recommended to monitor calcium levels 
(including ionised calcium) every 30-60 minutes,12,23 by taking 
calcium levels after the dialyser (venous port) aiming for 
0.2-0.3 mmol/L.24 High and low ionised calcium levels may 
ultimately result and may require investigating. Monitoring 
of the ionised calcium to total calcum ratio, is often attended 
in order to detect failure of metabolism of citrate-complexed 
calcium, back to calcium and bicarbonate. Utilisation of HDF 
during this procedure has been shown to negate some of 
these biochemical changes and this needs to be taken into 
consideration.23

5.6.5 Regional citrate anticoagulation is not suitable for 
patients with severe liver failure due to increased 
risks. 

Rationale: Citrate is metabolised in the liver therefore 
accumulation is possible with liver dysfunction. In these 
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cases it is usually possible to dialyse such patients without 
anticoagulant.

5.6.6 Heparin/protamine regional anticoagulation is not 
a recommended procedure due to the increased 
risk of bleeding and technical complexity.

Rationale: Historically this procedure had been used an 
alternative strategy however it is technically challenging and 
offers few advantages over low dose heparin regimes. There are 
concerns that the protamine has a shorter half-life than heparin 
leading to increased risk of bleeding 2-4hrs post dialysis.4

5.7 Sustaining treatment without anticoagulation 

Anticoagulation free treatment may be required in situations 
of bleeding, pericarditis, coagulopathy or, thrombocytopenia. 
The following strategies are usually sufficient to maintain 
a treatment up to 4 hours however for those patients that 
usually require a longer treatment time, medical consultation 
is recommend and reduction of treatment time may be 
prescribed (to 4 hours).1

5.7.1 Clotting should be monitored and saline flushes 
used only if necessary, due to the possible 
dilution of natural anti-coagulation properties14. 
If flushes are used, monitor fo effectiveness and 
discontinue if clotting becomes worse.

Rationale: The purpose of this strategy is to minimise build-
up of any clots and enable visualisation of the circuit. This 
additional fluid needs to be accounted for in ultrafiltration 
goal, volumes and frequency may require reduction in order 
to achieve desired goal. Ideally increase blood flow rate (if 
tolerated) as per unit protocol or medical guidance to minimise 
clotting risk.12 
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5.7.2 Consider utilising convective force of pre-dilution 
HDF to assist in minimising coagulation whilst 
maintaining an effective treatment.

Rationale: Similarly to the concept of sodium chloride flushes, 
the use of on-line pre-dilution infusate fluid (pre-dilution HDF) 
as both an on-line bolus option and as part of a treatment 
strategy will prolong filter life1 whilst accounting for additional 
fluid volume. Treatments need to be individually assessed to 
determine the appropriate infusate volume which may be a 
standard dose, increased or ceased dependent on resultant 
transmembrane pressure (TMP) readings.

5.7.3 If increased clotting is suspected consider 
additional strategies such as administering a 
small bolus of anticoagulant (if within first 2 hrs) 
or terminating the treatment early (in the last 
hour). 

Rationale: If challenges arise during the treatment individual 
risks and potential treatment changes need to be considered. 
The options must be considered in regards to appropriateness 
for patient, available equipment and ease of implementation. 
Nurses should seek guidance from the most experienced 
team member and/or Physician.

5.7.4 Utilising citrate based dialysate may be considered 
to support anticoagulation strategies for stable 
patients.

Rationale: Citrate based dialysate has a mild anticoagulant 
effect, is considered to be well tolerated and safe.25 This 
can also be utilised for patients with HITTS.20 Heparin doses 
can be reduced if citrate based dialysate is utilised and is 
proving effective as a standard treatment 26 and is also utilised 
successfully in post-dilution HDF.27
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5.7.5 Precautions are advised when administering 
packed cell transfusions to minimise risk of 
clotting within the circuit.

Rationale: Avoid blood transfusions during dialysis as 
increased viscosity promotes clotting. However if transfusions 
are urgently required it is ideal to administer via an infusion 
pump into venous return to reduce clotting in the filter and 
venous chamber.1 Previous concerns regarding increasing 
potassium levels can be negated by reviewing pathology, 
changing dialysate concentrations and administering towards 
the end of treatment. Maximising QB is also desired to maintain 
a patent circuit.
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Optimal haemodialysis cannot occur without an adequately 
functioning form of vascular access. 

An ideal vascular access has adequate blood flow with minimal 
complication rates and allows viable in-flow and outflow rates. 
Ideally creation of permanent vascular access should be 
approached as a scheduled planned procedure.

Types of vascular access
• Arterio-venous Fistulae (AVF) – are preferred due to 

the lowest risk of thrombosis, lower infection risk and 

The aim of this chapter is to provide staff involved with 
the care and use of haemodialysis (HD) vascular access 
information to:

• Accurately undertake pre-cannulation assessment of 
vascular access 

• Understand key principles for cannulating 
haemodialysis vascular access

• Understand key principles in utilising and care of HD 
central venous catheters

• Undertake problem-solving of common complication 
related to vascular access

• Increase staff awareness regarding patient safety and 
risk factors related to invasive HD treatments

• Be aware of the quality and monitoring strategies for 
vascular access.

AIM
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longer access survival. A wrist fistulae is preferable for 
ease of creation, has few complications and preserves 
upper arm vessels that might be required in the future. 
If adequate dilation or blood flow is not achieved within 
four months after creation, modification or correction 
with radiological intervention or surgery, such as 
superficialisation or alternate access planning may be 
required.1,2,3 

• Arterio-venous Graft (AVG) – is a viable option if an 
AVF is unachievable, although there is an increased 
risk of thrombosis, infection and need for intervention. 
AVG often have reduced survival compared with AVF 
lasting approximately 3-5 years.3

• Central Venous Catheters (CVC) are considered 
a last resort due to the risk of infection, degree of 
recirculation and often reduced blood pump speed 
(QB) requirements due to malpositioning. Tunnelled 
CVC’s are the preferred first option if required for 
greater than 1-2 weeks and are usually placed with 
the assistance of ultrasound guidance in order to 
establish correct position. Non-tunnelled CVC’s may 
be required in emergent situations where placement 
confirmation via x-ray is required prior to use, in order 
to ascertain position and prevent cardiac related 
complications.1,2,3 Femoral veins are not recommended 
unless emergency situations arise due to the risk of 
infection and mobility limitations.4

Identification of factors impacting in recirculation

Nurses need to be aware of the risk factors that could lead 
to recirculation and decreased treatment efficiency. Significant 
recirculation can occur due to inadvertent line reversal, cardio-
pulmonary recirculation, in the presence of significant access 
stenosis or when pump QB (blood flow rates) exceeds Qa 
(access flow rates). Checking and monitoring procedures 
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need to be incorporated into daily practice to minimise this 
risk.

6.1 Pre-access creation period, access insertion/creation 
and maturation and commencing cannulation 

6.1.1 Protection of veins in pre-access creation period 
is essential in order to minimise scarring and 
clotting of the vessels and allow for success in 
surgical procedure.

Rationale: All intra-venous (IV) lines and venepuncture 
procedures need to utilise vessels other than the cephalic 
veins both in the forearm and upper arms especially for CKD 
patients Stage 4 and 5.3

6.1.2 Regular hand exercises prior to surgery are 
recommended in order to promote development 
of the diameter of forearm vessels.

Rationale: Although no definite data is available, it is proposed 
that hand exercises may lead to a dilatation of the future 
vascular access similar to the development of varicose -veins-
mechanism in the lower limbs. The positive pressure created 
in the venous system, dilates the vein as the wall of the vein is 
thin and has no intramural muscles unlike the arterial system.

6.1.3 Timing when vascular access creation is required 
in chronic patients is difficult to determine due to 
variations in disease progression. It is proposed 
that up to 6 months prior planning is required 
and therefore education regarding permanent 
vascular access creation should be commenced 
prior to this.

Rationale: KDOQI suggest that six months prior planning is 
required for AVF creation and at least three to six weeks for 
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AVG creation. Planning should occur early in Stage 4 CKD in 
order to ensure adequate education of patients and allow for 
maturity of permanent vascular access. This will hopefully also 
reduce the likelihood of urgent CVC placement. 

6.1.4 Following access creation delaying cannulation 
to allow for AVF/AVG development is preferred. 
This needs to be reviewed on an individual basis 
as development occurs at varying rates, therefore 
be guided by surgeons, nephrologists and/or 
cannulation experts. 

Rationale: In AVF allow 4-6 weeks for vessel development, 
for AVG wait 3-6 weeks to ensure sufficient blood flow, good 
morphology of new vascular wall and a reduction in post-
operative swelling in AVGs.1 Elevation of the arm post AVG 
insertion (not higher than heart level) is encouraged as much 
as possible until swelling decreases, which may take as long 
as three to six weeks.3 If persistent swelling is evident refer 
to Surgeons for possible investigation of lymphatic damage 
concerns.

If vascular access is inserted/created and is not yet required a 
defined follow-up process and monitoring is advised. This may 
include surgical/nephrologist appointments or the scheduling 
of DUS (Duplex UltraSound). This will ensure early detection 
of malfunctions and guide time to cannulation.

6.1.5 Principles of cannulation should be consistent to 
maintain longevity of access. 

Rationale: This includes appropriate needling technique 
to prevent aneurysms2 and stenosis through appropriate 
needle angle dependent on the access (AVF vs. AVG). This 
may require ongoing updates in regards to staff training and 
revision of standards as part of unit quality procedures.
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6.1.6 Timing of first cannulation needs to be carefully 
planned. Maturation and therefore use of the 
access is determined by the surgeon/nephrologist 
and an experienced dialysis nurse.

Rationale: Vascular access is considered suitable to cannulate 
when:

• vein at least 6mm in diameter and not greater than 
8mm below the surface of the skin

• Approx. 4-6 weeks post creation of AVF 
• Approx. 3-4 weeks post creation of AVG1 up to 6 

weeks3

• the ideal doppler flow (also called access flow) of the 
vascular access is desirable to be greater than 400 ml/
min for AVF at least, and a minimum of 600ml/min for 
AVG3 (if available).

If flow rates are reduced or unsuccessful cannulation is evi-
dent, imaging and early reintervention should be undertaken.5 

6.1.7 Scheduled commencement onto dialysis and 
cannulation of vessels should have a planned and 
methodical process. 

Rationale: Each unit should develop defined guidelines 
regarding the instigation of cannulation practices including a 
consistent evidence based education program for nursing staff; 
stipulations regarding the usage of ultrasound technology to 
assist in cannulation; a scheduled planned increase in needle 
size and possible length; graduation of appropriate blood flow 
rate (QB); evaluation of each cannulation episode and a well 
communicated plan for all staff. 

6.1.8 Patient education regarding access care is 
essential to minimise complications and ensure 
longevity of access. 
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Rationale: A comprehensive list of all the patient educational 
needs in relation to haemodialysis are beyond the scope of 
this guide. However it should be noted that a comprehensive 
acute care and community based educational program should 
encompass the following aspects:

• Personal hygiene in regards to access care, infection 
risk and hand washing and/or hand-disinfection 
principles

• Signs and symptoms of infection and importance of 
early identification (CVC/AVG/AVF)

• Contact details of the unit/ emergency department and 
discussion of an action plan in case of hypotension/
clotted access/ or access bleed at home

• Appropriate assessment of permanent vascular 
access patency

• Cannulation technique that will be utilised and patient 
involvement in cannulation where possible

• Patient education and information brochures should 
be given - especially if patients are not yet on dialysis 
or unfamiliar with whom to contact if concerns arise3

6.2 Cannulation techniques in native fistulae

6.2.1 Staff need to be adequately trained and display 
consistency in practice and adhere to unit 
protocols.

Rationale: Educational resources should be available in 
line with protocols to ensure staff have an understanding of 
rationales for patient care and safety. 

6.2.2 Principles of asepsis should be applied during 
cannulation including a consistent approach, 
in line with organisational policies. This 
should include utilisation of aseptic technique, 
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appropriate equipment and consistent staff and 
patient education programs. The following key 
points are essential:

• Patient should disinfect/wash hands on entering and 
leaving the unit 

• Patient must wash/disinfect their vascular access on 
2 occassions prior canulation i.e. initial disinfection 
steps with soap and water or alcohol solution (spray 
or liquid) then disinfection wipes or alcohol spray prior 
to cannulation (70% alcohol or 0.5 -2% chlorhexidine 
gluconate)

• Cannulation equipment must be prepared in an aseptic 
manner

• Procedure for skin preparation and cannulation should 
be attended in a consistent manner

• Personal protective equipment should be worn by staff 
members and changed between patients (Refer to 
Section 6.2.5)

• It is recommended that the cannulation area should 
be secured and covered by sterile dressing during 
treatment. Note: It is advised that the vascular access, 
including cannulation area, dressing and connections 
remain visible through the treatment also. 

• Frequent hand-washing/hand disinfection is considered 
essential in minimising infection transmission3

Rationale: Preventing infections is vital in patients with renal 
disease due to their immunosuppressed state and increased 
risk factors due to vascular access 

6.2.3 For new vascular access the most experienced 
nurse should preform initial cannulation.

Rationale: This ensures an accurate assessment is undertaken 
including selecting the most appropriate of cannulation sites 
and needle gauge. Smaller gauge needles such as 16G 
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may be utilised to prevent trauma to the vessel and local 
anaesthetic may be discouraged in order to ensure vessel 
is not vasoconstricted. Assessment of the access should be 
undertaken at each session regarding vessel development, 
if cannulation strategies need to be varied and the level of 
experience/competence required by the cannulator.3 It is 
recommended that dialysis units have a system of training, 
competency assessment and self-assessment in place to 
determine level of expertise of each staff member

6.2.4 Before each cannulation the vascular access 
should be assessed visually, for redness, bruising, 
haematoma, rash, bleeding, warmth, pain, 
tenderness and possible aneurysm formation. 
This is irrespective of the age of the vascular 
access.

Rationale: Cannulation site selection techniques need to 
focus on accurate needle placement for optimal blood flow 
rates, minimal patient discomfort and reduced incidence of 
infection. Inspect the access visually for signs of inflammation 
or infection and refer concerns to Senior Nurse or Physician. 

Cannulation of aneurysmal areas is avoided as this places the 
patient at increased risk of vessel degradation, thrombosis and 
stenosis which poses a significant safety risk.3 Note: It is vital 
that all patients are educated regarding actions to be taken if 
they have a vascular access bleed at home and that they have 
emergency equipment and instructions in case this occurs. 

6.2.5 Vascular access should be thoroughly assessed 
at each dialysis session by auscultation and 
palpation.

Rationale: The entire length of the fistula should be palpated 
and ‘thrill’ assessed for consistency to ensure sufficient 
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blood flow for a viable treatment.1 The AVF/AVG should be 
auscultated for ‘bruit’ along the entire length.7,8 

Palpation: can detect stenosis, filling or thrombotic changes, 
depth, course of fistula.

Auscultation: identifies systolic and diastolic bruit, if diastolic 
bruit is missing this is a sign of stenosis.

These three steps (look, feel, listen) should be routine in the 
assessment of vascular access.2 Select the site carefully and 
consider ideal needle orientation and ability of patient to self-
cannulate. 

6.2.6 The use of tourniquet use for well-developed 
fistulas is currently debated and is reliant on a 
thorough assessment of the vessel and utilised 
as per unit recommendations. 

Rationale: Tourniquets are recommended only for use in 
native fistulae as they ensure stability of the vessel and provide 
engorgement. The use of tourniquets and resultant high 
pressure may cause vessel damage in new vessels therefore 
the recommended pressure is only to be 10 – 20 mmHg higher 
than diastolic blood-pressure. Tourniquets are not required for 
AVG as the vessel has a defined diameter and use is likely to 
cause trauma at the anastomosis. Tourniquets are only to be 
used for short periods of time5 prior to needle insertion.

6.2.7 Select the appropriate sized cannulation needle 
dependent of the width of the access, then review 
pressures and the effective blood flow rate 
achievable.

Rationale: For AVF cannulation it is recommended to 
measure the needle width against access (without the use 
of a tourniquet) to determine appropriate needle size for first 
needles. Selection of appropriate gauge of needle such as 
16G3 initially will improve cannulation success and minimise 
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bleeding and trauma for new access whilst endeavouring 
to achieve a suitable QB. Gradually over the next two to 
four weeks needle size can be graduated to 15G, as 15G 
needles have been shown to exhibit lower venous pressures 
and higher adequacy than 16G needles.7 Assessment of 
increasing needle gauge (up to 14G) may be considered for 
larger patients with well-functioning vascular access that need 
to increase adequacy targets (Expert Opinion). Due to the 
defined width of the AVG needle size is usually maintained at 
15G, if adequate Qb cannot be aquired then investigation is 
required.

6.2.8 Thorough assessment of vascular access may 
identify special situations where variations in 
needle type and size may occur.

Exception/special situation: For patients with short vascular 
access/cannulation area (that aren’t utilising button-hole 
technique) or those with access close to the cubital fossa 
and for agitated, patients alternate cannulae than traditional 
metal needles may be advantageous. Fistula cannulae with 
an internal metal introducer/mandril (for puncturing) and a 
blunt tipped venous cannula externally are believed to provide 
less damage to the vessel. This provides required blood flow 
during treatment and less risk of infiltration.

6.2.9 Correct assessment and procedure of rope ladder 
cannulation for AVF ensures vessel preservation.

Rationale: Inspection of the access should occur to determine 
suitable needle placement, ensuring that the needle sites are 
rotated so that an even distribution of puncture sites occurs 
along the entire length of the access. Select an appropriate 
area a minimum of 2-3 cm from anastomosis, for the arterial 
needle. Assessment for the venous needle should consider 
a straight viable access (ideally >6mm diameter & <8mm 
depth) that totals in length > 5cm. Adoption of the rope ladder 
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technique aims to ensure the complete viable length of the 
vascular access is utilised. 

6.2.10  A planned approach to adoption of buttonhole 
cannulation technique may be considered. 

Rationale: Buttonhole (constant-site) cannulation is gaining 
popularity due to a possible decrease in infiltration rates, 
reduced pain, proposed better preservation of the outflow vein 
and ease for patients to self-cannulate.9

In regards to the development of the buttonhole tunnel, this 
should be assessed individually as sites may not develop at 
the same rate, with possibly six to ten cannulations required 
before the scar tissue/track will be developed.3 Consistency in 
technique is imperative and ideally the one cannulator should 
be involved in tunnel development, and where possible the 
patient is the optimal choice. A quick transition to blunt needles 
is thought to preserve the integrity of buttonhole and prevent 
complications, however assessment and inspection is vital to 
prevent systemic infections developing. Although the rates 
are unknown, infections continue to be a concern with the 
buttonhole technique.10 The major area of focus is on thorough 
cleansing of the vascular access and ensuring proper scab 
removal with sterile implements.11 Refer to unit guidelines 
regarding the adoption of this technique and necessary 
precautions.

6.2.11 It is important to identify and encourage those 
patients or significant others who are capable to 
perform cannulation.

Rationale: As part of patient advocacy, promotion of self-
care and longevity of access, patients should be encouraged 
to self-cannulate, if their access is suitably positioned. The 
current preferred technique for self-cannulation is button-hole, 
but individual assessment and unit preference need to be 
considered.3
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6.2.12 It is recommended to insert the cannulation needle 
bevel up at a 25-30º angle for AVF3 but individual 
assessment of the vascular access is required.

Rationale: The cannulation angle will be dependent on the 
depth of the vessel. A flat angle provides a longer cannulation 
tunnel, and bleeding time after removal of the cannula at the 
end of dialysis treatment is potentially shorter. If the cannulation 
angle is too flat, there is risk of splitting the vessel, the steeper 
the angle, the shorter the cannulation tunnel and more 
difficulties for post-dialysis compression with an associated 
increased risk of bleeding.12 A bevel-up cannulation technique 
allows for appropriate utilisation of the cutting edge, reduces 
sheering on the vessel wall and prevents cannulating too 
deep.3 Once flash-back is achieved, the needle angle should 
be reduced. Rotation of needles is not recommended practise 
due to risk of ‘coring’ of the vessel. When cannulating with a 
‘dry needle’ it is easier to establish flashback and determine 
success of cannulation, however ‘wet needles’ are considered 
a viable alternative when cannulation is difficult and if the 
needle is likely to clot during insertion. If clotting is occurring 
this needs to be thoroughly investigated to determine if cause 
is in relation to slower cannulation technique, poorly chosen 
cannulation area or if there are concerns regarding reduced 
vascular access blood flow.

6.2.13 Consider the length of the vascular access in 
determining needle direction for arterial needle. 
Distance between needle tips is ideally at least 3 - 
5 cm. Retrograde direction of the arterial needle is 
generally achievable if short cannulation section 
exists, whilst venous needle always to be placed 
antegrade (same direction as blood flow). 

Rationale: There appears to be no difference in recirculation 
when arterial needle placed in either direction, but earlier 
studies suggest retrograde (against blood flow) needle 
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placement increases risk of endothelial flap formation leading 
to micro-trauma and possible pseudo-aneurysm formation.14,15 
However to adhere to the minimal needle distance 
requirements of 3-5cm, it is thought that placing needles 
antegrade and retrograde increases the distance between 
needle ends and decreases the risk of recirculation.5 This 
needs to be individually assessed as does the patients risk 
of cardiopulmonary recirculation which plays a greater role in 
recirculation than needle placement alone (Expert Opinion). 
Nurses need to be aware of the vascular access flows and 
resultant changes, and patient's risk of cardiopulmonary 
recirculation, and discuss with Physician if action is required.

6.2.14 A single (bifurcated) needle and associated 
dialysis treatment may be utilised as an interim 
strategy for developing vascular access when a 
second needle is unable to be inserted, or due to 
severe infiltration. 

Rationale: Although this therapy is not able to provide 
sufficient clearances for longer-term treatment it is considered 
more beneficial than inserting a CVC due to infection risks and 
additional discomfort for the patient. However, single needle is 
often used with nocturnal haemodialysis programs to promote 
patient comfort, and where extended hours of treatment are 
able to provide adequate clearances.16 A lower effective blood 
flow rate (EBFR) is the result and this needs to be consisted 
in regards to the patients clinical state. An EBFR less than 
or equal to 180 mL/min delivers inadequate dialysis however 
if EBFR can be increased to 250 mL/min acceptable dialysis 
is achievable for periods of one to two weeks.17 For single 
needle treatments choose an appropriate needle gauge 14 or 
15 G, dependent of the assessment of the vascular access. In 
order to maximise treatment increasing dialysis time and even 
restricting dietary and fluid consumption is advised. 
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6.2.15 Assess branched AVF to determine the appropriate 
vessel which will provide an adequate flow for 
treatment. 

Rationale: Thorough assessment of the entire vascular 
access is required to determine viable vessels for use. 
Branches may divert flow away from the main trunk of the AVF 
therefore resulting in potential trauma and inadequate flow. 
If collaterals have developed sufficiently they may be used 
as an alternative for venous needle in order to maximise the 
usable portion of access. Alternatively if flow is diminished 
these vessels may need ligation. Consultation with Surgeon's, 
review of duplex ultrasound (DUS) and operative notes will 
assist in determining the most viable vessels. 

6.2.16 If infiltration occurs on initial cannulation then 
the needle should be removed, site covered 
and cool compress applied. Adequate manual 
compression is essential, to reduce haematoma. 
If infiltration occurs during dialysis, treatment 
should be paused and re-cannulation attended. 

Rationale: Infiltration can occur at initial cannulation, during 
treatment and on needle removal, and rapid treatment is 
required to minimise damage to the access.

Consideration regarding removal of the needle will depend on 
the extent of infiltration, duration of treatment and heparin dose 
previously administered (Expert Opinion). Documentation of 
the incident and management plan is required. Assessment 
is required to determine if new cannulation site is feasible, 
consideration should be given regarding continuation with 
single needle dialysis or, to cease treatment and reattempt 
the next day. Massive hematoma should be controlled 
immediately by applying firm pressure whilst not risking 
complete compression of fistula. A remaining massive 
hematoma can provoke compression of fistula and an increase 
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in serum potassium,the Physician should be notified as serum 
monitoring may be considered necessary.

6.2.17 Secure taping of the inserted needle with at least 
three lengths of tape is considered a mandatory 
aspect of safety in order to prevent venous needle 
dislodgement.

Rationale: Taping at same angle as insertion is recommended3 
and for upper arm fistulae longer needles will assist in ensuring 
taping is easier and more secure.18 Currently there is little 
consensus regarding the appropriate taping technique with 
Butterfly or Chevron technique being recommended by expert 
nurses.18 Due to the hygienic risk, no unsterile tape should 
cover the puncture site, puncture site and ideally be covered 
sterile gauze or dressing. 

6.2.18 Upon completion of dialysis, the needles should 
be carefully withdrawn at the angle of insertion 
and mild pressure applied (once the needle has 
been withdrawn) with one finger over the vessel 
insertion sites.3

Rationale: The key principle maintaining pressure on the 
puncture site is to ensure the skin insertion site and the 
vascular access insertion site are both compressed. During 
compression, the blood flow can be controlled to the proximal 
part of vascular access i.e the site needs to be compressed 
but not totally occluded limiting blood flow through the 
vascular access. This mild pressure should be maintained for 
at least 10 minutes however assessment of approximate time 
to bleeding cessation should be assessed at each dialysis. 
Extended bleeding on completion could indicate stenosis19 
or concerns with the current anticoagulation regime or of a 
vascular access infection. 
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6.2.19 Sterile compresses, sterile tapes, adhesive 
bandages, should be applied as per manufacturer’s 
instructions, with assessment of bleeding 
cessation attended prior to discharge.

Rationale: Regardless of the dressing used, pressure 
should be applied to ensure cessation of bleeding at vessel 
entry and skin entry site. The final dressing should only be 
placed when bleeding in the cannulation tunnel has ceased. 
Until haemostasis is achieved clamps possess an increased 
risk of slow bleeding and possible delay in identification of 
haemorrhage at site. Their use is discouraged on grounds of 
patient safety risk and hygiene concerns (Expert Opinion).

6.2.20 It is recommended to remove venous needle first 
so as to avoid recommencement of bleeding of 
arterial site by occlusion of vessel distal to arterial 
site.

Rationale: The raised pressure in the vessel may cause the 
arterial site to re-bleed and poses a patient safety risk.

6.3 Cannulation technique in synthetic grafts

6.3.1 There is no current evidence differentiating 
between needle gauge size for AVG compared 
with AVF. 

Rationale: 15G needles are considered the standard needle 
gauge as the AVG diameter is consistent and changes in 
needle size are not usually required.

6.3.2 The needle insertion angle should be individually 
assessed with recommendation to insert bevel up 
at a 45º angle for AVG. Tourniquets are not to be 
used for AVG. 
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Rationale: Dependent of the depth of the AVG, the defined 
cannulation angle minimises the risk of ‘slicing’ the vessel wall 
and lessens the risk of perforating the lower portion of the graft 
material.3 Again, the angle used depends on depth of graft. 
Tourniquets are not required as vessel width is pre-defined 
and engorgement or dilatation of the vessel is not required.

6.3.3 Appropriate utilisation of the vascular access 
length is recommended to ensure long-term 
viability of access.

Rationale: For AVG, cannulation must always be undertaken 
utilising rotational site techniques (rope ladder) to prevent 
deterioration of the graft material. It is advised to strictly 
avoid puncture sites at the loop section of the graft, repeated 
puncture of the same site or close to the anastomosis.

6.3.4 Ascertain and document of flow direction in 
looped grafts to ensure an accurate treatment 
with minimal recirculation.

Rationale: Determine the direction of Qa by consulting with 
operative notes, DUS reports, and surgeon or physician 
assessment. If uncertain then check flow by applying 
compression to the mid-section of the loop, palpate or auscultate 
both sides, whereby pulsation of arterial anastomosis can be 
felt and heard in the arterial section, but not in venous section.

6.3.5 Alternate cannulation strategies may need to be 
considered in AVG after interventional procedures 
or surgery.

Rationale: Alternate cannulation procedures may be 
recommended post intervention or surgery whereby both 
needles could be placed in the same section of the loop, with 
arterial needle place in opposed direction due to reduced 
cannulation area. 
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6.4 Venous needle dislodgement and safety 

6.4.1 Irrespective of the Venous Pressure (VP) window 
width it is suggested that the lower interval 
between the actual pressure and the lower alarm 
be set at 30%.18

Rationale: There is no safe technical measurement existing 
which allows early detection of needle dislodgement. However 
some recommendations exist to attempt to minimise the 
risk by tightening the lower limit of the VP to enable early 
detection if VP drops due to possible needle displacement, 
and is considered a safety aspect. The resultant alarm window 
between the actual pressure and the upper limit will now be 
70% (rather than the traditional 50% below and 50% above 
actual level).18 Modifying venous alarm limits may require 
negotiation with companies when equipment is purchased. It 
is also important to ensure effective communication between 
the nursing team members to ensure limits are set at required 
levels for all treatments (Expert Opinion). For detailed 
information regarding how to minimize the risk of venous 
needle dislodgement refer to the following poster overleaf. 

6.4.2 The vascular access should also be visible at 
all times to allow ease of inspection and early 
identification of critical problems such as needle 
displacement.

Rationale: To maximise safety it is essential to visualise the 
access during treatment for needle security and complications. 
Monitoring arterial pressure (AP) readings is essential as well 
as Venous Pressure. Although VP readings are considered a 
late indicator of needle dislodgement and should not be relied 
upon. 
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EDTNA/ERCA. Pilatusstrasse 35, CH-6002 Lucerne, SwitzerlandFor a detailed explanation of these recommendations please go to www.edtnaerca.org

VENOUS NEEDLE DISLODGEMENT (VND)
HOW TO MINIMIZE THE RISKSRecommendations for Renal Nurses

1 Staff, patients and carers should be aware of VND and the consequences. 

2 An area around the vascular access large enough for taping should be cleaned 
and dried before cannulation. 

3 Haemodialysis units should have a consistent procedure for taping needles 
and blood lines. 

4 Blood lines should be looped loosely to allow movement of the patient and to 
prevent blood lines pulling on the needles.

5 If it is necessary to reposition a needle, all taping should be replaced.

Educational & Research Board  EDTNA/ERCA

12 Additional protection can be provided by devices intended to detect blood loss
to the environment. 

6 Staff to patient ratio should be adequate to allow routine monitoring of 
vascular access during treatment. 

8 Vascular access and needles should be visible at all times during haemodialysis. 

10 The lower limit of the venous pressure alarm should be set as close as possible
to the current venous pressure. 

AWARENESS

REPOSITIONING

11 Staff, patients and carers should be aware that the venous pressure monitoring 
system of the dialysis machine will often fail to detect VND.

  DETECTION 
FAILURE

7 All patients should be assessed for level of risk of VND and, if appropriate, an 
alarm device intended for monitoring venous needle dislodgement used.   ASSESSMENT

9 When the venous pressure alarm is activated, the vascular access and fixation of need-
les and blood lines should always be inspected prior to resetting the alarm limits. 

  ALARM 
ACTIVATION
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6.4.3 Only Certification of Europe (CE) or equivalent 
certified devices should be used to detect leakage 
or dislodgement.

Rationale: Such devices need to be assessed for effectiveness 
and validity as some have shown to fail unless volumes up to 
250ml are reached.21 Only devices marked for this purpose 
and alarmed appropriately should be utilised. Ideally products 
should be manufactured where the sensor is combined with 
the dialysis blood pump and leads to a the pump stopping.

6.4.4 It is suggested to undertake a post-dialysis 
assessment including: clinical observations, 
possible post dialysis symptoms and condition of 
vascular access.

Rationale: This ensures the patient is safe for discharge 
and has ceased bleeding at needle sites.22 Documentation 
and recommendations for the next treatment should also be 
undertaken.

6.5 CVC access (tunnelled and non-tunnelled) principles 
of nursing care

6.5.1 Verification of catheter type and suitable blood 
flow rates should be ascertained at time of first 
use.

Rationale: Various designs are currently being marketed 
ranging from double-lumen, twin catheters and split designs, 
it is important to note that the design and flow of the catheter 
will have an impact on clotting.3 Qb (up to 350ml/min) should 
be matched to type of catheter to ensure safe pressure 
readings and minimal recirculation. Recommendations exist 
for standardised blood flow measurement within first week of 
CVC implantation, which includes:

• Ensure comfortable positioning of patient
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• Reviewing CVC flows within first hour treatment
• To undertake assessment of CVC pressures ensure 

arterial and venous alarm limits are set as wide as 
possible: in order to monitor trends and provide 
individual assessment regarding patency

• Increase blood flow speed until one of the alarms reach 
250-300mmHg (Qb) as per unit guidelines. When the 
alarm sounds note the Qb at this point, and this will 
then be the “maximum achieveable Qb”. This can be 
used to establish a benchmark for assessing changing 
in Qb over time. Guidance should be sought from the 
Physician regarding desirable ongoing Qb. This ’test’ 
can easily be repeated at regular intervals to determine 
flow trends and frequency of monitoring can increased 
if concerns arise 23 

6.5.2 Staff must be appropriately trained in principles 
of management and asepsis.

Rationale: Adherence to strict aseptic technique is mandatory 
during use of CVC’s and local procedures should be consistent 
with current evidence base.3 Principles should focus on 
utilisation of aseptic technique and equipment, an emphasis on 
hand-washing/disinfection, glove changing between patients, 
and consistent staff / patient education.

The following areas must also be considered:

A system of exit site classification is strongly advised in order to 
improve communication and identify and review management 
plans

• It is ideal for the first dressing remain in place for a 
minimum for 4-5 days if no bleeding is evident. This 
ensures good incorporation of tunnelled catheter. 

• For established catheter exit sites a system of scoring 
will assist in determining exit site classification, 
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the resultant dressing and necessary disinfection 
requirements. For example if exit site is bland/
classification 0, then disinfection of exit site is not 
mandatory, and could be cleaned with sodium 
chloride. 23 CVC exit site should be inspected for signs 
of infection each treatment and concerns dealt with 
promptly.

• Additionally as defined by the classification of exit site, 
differences will exist between primary, secondary and 
tertiary dressings and the level of asepsis required. 
This needs to be assessed on an individual basis. 
Options may include a non–occlusive/transparent 
dressing applied to allow for site visualisation (Expert 
Opinion) or if allergies are evident a gauze dressing 
can be used in preference.

• Frequence of dressing changes need to be based 
on material of dressing, classification of exit site, 
individual patient assessment and unit preference 
related to local infection rates, with frequency ranging 
from each dialysis session to weekly.3

• Catheter movement should be minimised, (atraumatic 
handling) to prevent exit site trauma (during treatment 
lines should be secured to minimise further trauma/
tugging of the catheter)

• It is strongly encouraged to minimise connections at 
catheter hub by:
a. i.e. avoid assessing CVC for purposes other than 

HD
b. Utilise pressure devices/caps that reduce 

connection at catheter hub

Addressing the following areas is vital:

• Equipment should be prepared in an aseptic technique2 

• Procedue for accessing CVC should be attended in a 
consistent manner
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• Appropriate disinfection/cleaning agents should 
be utilised as advocated by the manufacturers 
recommendations/unit policy
a. for catheter exit
b. for connectors

• Personal protective equipment should be worn by staff 
members and changed between patients

• Utilisation of sterile gloves and sterile gauze as a barrier 
are recommended for attending the dressing and 
connection/disconnection procedures, alternatively 
of non-sterile gloves in combination with non-touch 
technique 

• Use of masks is debatable and beyond scope of 
chapter therefore refer to hospital infection control 
policies in regards to management of central venous 
access devices

• Frequent hand-washing/hand disinfection is considered 
essential in minimising infection transmission 

6.5.3 Early identification of infection in CVC, and 
prompt swabbing for microbiological assessment 
is paramount.

Rationale: Microbiological investigation by laboratories needs 
to include identification of sensitivity/resistance towards 
antibiotics. Investigation will also need to be undertaken 
to differentiate between exit and tunnel infection. Medical 
assessment is paramount as assessment of tunnel infection 
may require DUS and ultimately requires removal of catheter.

6.5.4 Removal of anticoagulant lock from each lumen is 
mandatory prior to use. 

Rationale: Complete volume of anticoagulant lock needs 
to be aspirated prior to use to avoid potential systemic 
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anticoagulation. Both patients and staff need to be aware of 
this and the importance of removing this lock prior to using 
the catheter. If locking agent is unable to be aspirated refer to 
local guidelines regarding management as varying risks are 
evident.

6.5.5 Each lumen requires flushing with 10-30ml sodium 
chloride 0.9% prior to and after use.

Rationale: Traditionally each lumen is flushed with 10ml-30ml 
of sodium chloride after dialysis prior to locking with heparin/
anticoagulation/anti-microbial solution. Expert Opinion is 
advocating for increase in volume of flushes (to 30ml) to 
minimise formation of secondary fibrin membrane and flow 
issues. 

6.5.6 Transposing or inversion of CVC connection lines 
due to flow concerns may be attended to allow 
for completion of the dialysis session. However 
follow-up investigations should be undertaken if 
this becomes a regular practice.3

Rationale: Due to the incorrect position of the CVC tip, 
increased pressures may become evident warranting 
treatment and investigation. Initially flushing the catheter at the 
hubs and repositioning the patient are short term strategies. 
If these strategies are unsuccessful there is potential for 
further decreasing flows, increased recirculation, decreasing 
clearances and the need for thrombolytic therapy.1,8,24 There 
needs to be clear processes in place to differentiate between 
position problems and thrombotic complications. In the first 
case, there is no thrombolytic therapy needed, in the second 
there is. Complications within CVC may arise from the presence 
of thrombus or the development of biofilm which could be 
source of infection, and need to be investigated promptly. 
Standardised flow measurement should be undertaken and 
documented. 
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6.5.7 It is recommended to ‘lock’ the CVC with 
anticoagulants agents to the volume noted on the 
CVC, at the completion of treatment in order to 
prevent clotting.

Rationale: Traditionally doses of 5000u/ml sodium heparin 
(to the volume of the catheter) have been used as a locking 
volume but due to associated risks of leakage/or inadvertent 
administration of high doses some units use 1000u/ml sodium 
heparin. The technique at which the lock is administered 
appears to have no impact on the patency of the lock but the 
choice of agent does. Regardless of the rate of the infusion of 
anti-coagulant lock solution will spill out of the catheter into the 
systemic circulation, if there are side holes present the spill 
is increased.24 If the volume is not noted on the CVC, refer 
to the insertion notes or the Product Information as errors in 
locking volumes can lead to patency concerns and possible 
anticoagulation risks for the patient.

6.5.8 Alternatively to anticoagulant locks, anti-
microbial/antibiotic locks are considered viable 
in preventing clotting of the access whilst also 
minimising infection risk. Utilising hospital policy 
and referring to manufacturer’s instructions 
regarding the use and administration of these 
medications is essential.

Rationale: This is still an area of debate regarding the benefits2,8 
and risks of individual agents. Current considerations include 
approvals by regulatory boards,25 reviewing the potential 
of antibiotic resistance,26 consideration of cost and clinical 
feasibility. 

6.5.9 Thrombolytic agents may be prescribed as a 
treatment strategy for diminished flows in CVC or 
as a locking agent. These should be administered 
as per the manufacturer’s instructions in line with 
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unit policy and accurate assessment of patient 
risk.

Rationale: Thrombolytic agents are also proposed to reduce 
complications, improve Qb and have lower venous pressures,4 
although the substantial cost increase often warrants their 
use for individual at risk patients. Positioning of the CVC 
needs to be investigated to ensure this is not the cause of 
flow-complications. Due to the side effects of such potent 
agents reviewing of risk factors should include assessment 
of the following risk balanced against the feasibility of CVC 
manipulation/reinsertion. The following table outlines patient 
risk factors that need to be assessed by the prescriber:

Contra-indication for High Dose Urokinase Administration

Positioning problem of the CVC

Active internal bleeding

Recent cerebrovascular accident, intracranial or intraspinal surgery (within 
2 months)

Recent severe trauma including cardiopulmonary resuscitation

Known intracranial neoplasm, arteriovenous malformation or aneurysm

Severe uncontrolled hypertension 

Surgery, invasive procedure or serious gastro-intestinal (GI) bleed in last 
10 days

Known subacute bacterial endocarditis or left heart thrombus

Known uncontrolled hypocoagulable state, haemorrhagic diabetic 
retinopathy

Pregnancy or immediate post-partum

6.5.10 Once the lock has been instilled and clamped, 
the clamp should remain closed until the next 
treatment.
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Rationale: Once the clamp is reopened movement of the lock 
from the connection to the clamp will occur therefore reducing 
patency.24 Patient and staff education is required regarding 
this.

6.5.11 An alert system (such as a sticker) should be 
applied to the patient dressing to ensure health 
care professionals are aware of the anti-coagulant/
antithrombolytic lock is insitu and appropriate 
action.

Rationale: As patients may often be treated in non-renal 
related areas a patient safety system should be utilised to 
ensure all health care professionals are aware of the CVC 
access and the locking solution insitu. The most effective 
and visible strategy is to label the access with an appropriate 
caution sticker, alternatively some units provide patients 
with information/alert cards which they should present on 
admission. It is strongly discouraged for non-renal related 
areas to utilise dialysis CVC for purposes other than dialysis 
due to the increased infection risk and potential for patency 
issues if not utilised appropriately.

6.5.12 Discussion at a unit level should occur regarding 
the benefits/risk of utilising cap/connection 
technology as a potential strategy of reducing 
infection rates for CVC. 

Rationale: Various connectors are currently marketed which 
create a mechanical and microbiological closed system 
implicated in decreasing blood stream infections for CVC.27 
Various regulatory bodies are reviewing the data and units 
may wish to investigate the appropriateness of such devices. 
With the increasing use of various pressure devices/caps 
some units are also flushing with sodium chloride rather than 
anticoagulants, as suggested by the manufacturers (Expert 
Opinion).
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6.6 Infection Control for Dialysis Access (AVF/AVG/CVC) 

6.6.1 Nursing staff need to be trained during orientation 
and at least once per year in infection prevention 
strategies and be aware of the increased risk 
related to the chronically immunosuppressed 
state of renal patients.3 

Rationale: Nurses must have continuous education to ensure 
practices are based on current evidence and guidelines with a 
high standard of adherence.28 

6.6.2 Consideration regarding patient risk and use of 
prophylactic antibiotics for high-risk patients 
having invasive procedures. 

Invasive procedures such as operations, dental work and 
endoscopy place patients at increased risk of blood-stream 
infections. This risk is compounded in patients with prosthetic 
AVG insitu,5 CVC and those using buttonhole needling 
technique. Infections may lead to serious and potentially life-
threatening complications and therefore early identification 
and treatment is imperative. Patients and staff should be 
trained to prevent infection and recognise the early signs of 
infection. 

6.6.3 Routine screening of Multi-resistant Organisms 
(MRO) [Sensitive (SSA) and multi-resistant staph 
aureus (MRSA)] is advised as per local hospital 
policy.

Rationale: Patients with kidney disease and chronic wounds 
are at increased risk of colonisation with MRO due to chronic 
immunosuppression related to disease state and associated 
medications, frequent hospitalisation and presence of non-
native dialysis access such as CVC/AVG.1,28,29 Note: Patients 
with type 2 diabetes are at increased risk of nasal carriage of 
SSA ad catheter related bacteremia.3
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6.6.4 Routine monitoring of infections in all types 
of dialysis access should be undertaken and 
reviewed by units on a regular basis as part of 
on-going quality assurance and risk management 
processes.

Rationale: Local protocols should be developed and 
adherence to these tracked by Unit Managers. Key clinical 
components to consider are:

• Early identification and notification of access infections 
is paramount. This includes identification of signs and 
symptoms of afebrile infections; sepsis; increased risk 
of heart valve colonisation and interpretation of high 
CRP-levels 

• Prompt instigation of antibiotic therapy (where 
appropriate)

• Non-functioning AVG Graft or CVC or thrombosed AVF 
(are particularly at risk of bacterial infections) should 
be investigated as a priority

• In the unfortunate case that CVC are required as 
long-term access, catheter integrity should also be 
inspected as part of the routine monitoring process.

• Prioritisation of removal of infected AVG will prevent 
systemic infection.

6.6.5 Removal of CVC must be considered if infection is 
present. 

Rationale: Processes should be in place to ensure alerts 
notify staff of CVC duration, data and unit guidelines should be 
in place to determine appropriate removal date or monitoring 
systems.

Infection could present in any of the following 3 stages:
• Exit infection
• Tunnel infection
• CVC-associated septicaemia 30
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Prompt removal (as soon as permanent access is considered 
viable) is a requirement in preventing longer term local and 
systemic complications. If infection symptoms become evident 
CVC should be removed immediately and blood cultures taken 
from the CVC and peripherally to ensure correct interpretation 
of the result.1,31 The patient should remain catheter free for 24-
48hrs to minimize the risk of re-colonisation and appropriate 
antibiotic therapy should continue for two to three weeks after 
removal.31

6.7 Access Monitoring and Surveillance 
Regardless of measures undertaken systematic (when, 
what and how) clinical assessment of the vascular access is 
paramount and includes: changes in morphology/structure 
of vascular access; changes in blood flow rate and pressure 
changes (arterial and venous); changes in thrill and bruit of 
the vascular access; review of extended bleeding times; 
identification of increased difficulties in cannulating or 
evident changes in structure of vessel including signs of 
stowage/swelling, oedema and collatoral veins. Furthermore 
development of ischemia (and associated pain) in the 
peripheral area of vascular access arm should be paramount. 32 
Additionally checking procedures need to be incorporated into 
daily practice to ensure machine lines are correctly connected 
or not inadvertently reversed, as measures for recirculation 
are not undertaken every treatment.33

6.7.1 Frequency of individual assessment methods 
for AVF/AVG is dependent on method used and 
patient‘s risk. KDOQI and ERBP recommend 
monthly Qa for AVG and 3 monthly for AVF 
although individual assessment is pivotal.

Rationale: Clinical assessment of vascular access should 
be attended at each dialysis session irrespective of type of 
access. Surveillance methods differ in both their technique and 
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proposed benefits and only provide valuable data if concerns 
are addressed prompty. A thrombosed vascular access should 
be recognised before any cannulation. 

6.7.2 It is recommended that new vascular access be 
monitored for Qa wthin 4 weeks of creation, as 
flows <400ml/min need urgent intervention and 
rectification.

Rationale: After 4 weeks if Qa is <400ml/min then urgent 
investigation and intervention is required as delaying this 
process will not alter the Qa.34, 35 Ensuring access viability is 
vital at the outset and having defined quantifiable data prompts 
actions as well as determining baseline data and establishing 
a monitoring schedule relative to perceived risk.

6.7.3 Qa should be re-assessed as soon as possible 
post interventional procedures 

Rationale: This is advised to determine the success of the 
intervention and if further referral to Physician/Surgeon is 
required. Similarly this also allows for the individualisation and 
scheduling of on-going monitoring to occur.

6.7.4 The method of measuring Qa is optional as there 
is no conclusive evidence to suggest one method 
over the other.

Rationale: There are various evidence based methods 
dependent on available technology, for undertaking Qa and 
these include thermodilution, optodilution and ultrasonic 
dilution. 

6.7.5 It is recommended to undertake thermodilution Qa 
monitoring towards the beginning of treatment. 
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Rationale: The risk of diminished flows is increased towards 
to end due to decreased cardiac output related to ultrafiltration.

6.7.6 Regardless of method consistent technique 
should be applied, including consistency in 
direction of arterial needle placement. When 
accessing Qa for each patient there needs to be 
a standard approach in cannulation direction to 
ensure results are comparable- that is cannulation 
should always occur in a anterograde or always 
retrograde position.

Rationale: For results to be comparable and trends predicted 
consistency in needle placement and procedural technique is 
vital. Preliminary studies suggest that retrograde insertion will 
produce lower Qa.15

6.7.7 All current guidelines agree that access flow 
(Qa) measurement is the preferred option for 
surveillance of AVF. 

Rationale: Regular Qa or DUS increases detection of stenosis 
compared with DVP or isolated pressure measurements.37 

AVF preferable systematic monitoring options are:
Physical Assessment including vascular access arm 

elevation test 23,38 

Qa – frequency to be individually assessed

DUS – conflicting views 37

Dynamic Venous Pressure – not advocated in AVF 37 

although it can be relevant 36

Recirculation measures 
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Note: Vascular access arm elevation test is useful in 
determining: 23

• Inlet flow of AVF
• Out flow of AVF
• hemodynamic and morphological/structural changes: 

if stenosis is evident: segments of the vascular access 
remain filled, when normally vascular access vein 
collapses when the arm is elevated. 

Practical Skills:
Vascular access elevation test is a bed-side test that may 
be undertaken routinely as part of the individualized patient 
assessment, based on unit guidelines and patient risk factors. 
To undertake the fistula elevation test – elevate the fistula arm 
for several minutes and examine the collapse of the access. 
The test is considered normal when the fistula collapses, and 
abnormal if the vessel remains engorged.

6.7.8 The usefulness of Qa routinely for AVG monitoring 
is currently being debated. 

Rationale: An emphasis on systematic clinical physical 
assessment has higher benefit for survival of access than 
measurements. 36 There appears to be questionable benefit 
of the role of Qa in AVG in reducing thrombosis or prolonging 

AVG preferable monitoring options are:
Physical Assessment (no elevation test possible)

Intra-access flow3 – questionable benefit 37

Static Venous Pressure – little evidence available 37

Dynamic arterial and venous pressure  
(intimal hypertrophy of venous anastomosis)

DUS – conflicting views 37
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survival of access.37 The recognition of flow reduction by 
stenosis will only appear in Qa, when stenosis >75 % which is 
a late indicator. 

6.7.9 Access can clot at any time in AVG despite Qa 
readings, therefore preventative patient education 
regarding risk factors and early detection is 
essential.

Rationale: If there is a severe stenosis causing reduced 
flows or clotting resultant of hypotension, Qa will not be able 
to determine a predictive time when occlusion may occur. 
Therefore patients needs to be aware of potential risk factors, 
symptoms and measures for early detection, notification, and 
presentation to healthcare service in to receive timely care.

6.7.10 Notification levels for reduced Qa for AVF are < 
400ml/min and AVG < 600ml/min or a decrease of 
>20% than since the previous reading.3 Refer to 
Table 1.

Table 1 - Notification limits for Qa 

Guideline AVF AVG

ERBP (an indication for 
pre-emptive intervention)

Qa < 300ml/min or ↓ flow of 
20% /month

Qa < 600ml/
min*

KDOQI (refer for 
evaluation & treatment) Qa < 400 – 500ml/min Qa < 600ml/

min*

A Frequent screening of Qa has questionable benefit in reducing 
thrombosis although increased detection of stenosis is evident. This 
needs to be individually assessed and generally varies from 1 – 3 months 
dependent on the level of risk.
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6.7.11 Potential high Qa flow rates need to be discussed 
with Physician/Surgeon as this may place adverse 
strain on patients cardiac output.

Rationale: Suspected high Qa should be assessed in regards 
to the clinical situation of patient (cardiac situation) and should 
be discussed in the multidisciplinary team (MDT) regarding 
possible management plan and consequences. 

Recirculation

Recirculation is a late symtom of a vascular access dysfunction 
which should be assessed earlier by systematic monitoring of 
hemodynamics and laboratory results. 

6.7.12 Notification limits for recirculation are relative 
to the type of test undertaken and should be 
investigated appropriately.

Rationale: 

For optodilution levels > 0% should be investigated.

For thermodilution levels >10% will require investigation and 
levels >20% would indicate incorrect connection/increased 
cardiopulmonary recirculation and should be addressed 
immediately.3 

6.7.13 If recirculation is clinically suspected then 
treatment should be reviewed in regards to 
immediate clearances, dialysis adequacy and pre- 
or post-dialysis potassium levels. 

Rationale: Ensure patient safety especially in relation to 
potassium removal and assists in determining management 
plan if recirculation is evident.
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6.7.14 All thermodilution measures take cardio-
pumnonary recirculation into account and 
therefore this needs to be taken into consideration 
when interpreting the results.

Rationale: Discuss with physician the implications of 
test results and the resultant cardiac involvement and 
recommendations for care.

6.7.15 Undertaking recirculation measures utilising the 
3 sample method (which includes a perihperal 
blood sample) is no longer advocated. 

Rationale: This causes increased patient discomfort and does 
not provide any beneficial information.

Venous Pressure Readings

6.7.16 Dynamic Venous Pressure readings attended as 
an isolated monitoring instrument are no longer 
recommended for access surveillance.3

Rationale: Significant access recirculation can occur in AVF 
without increase in VP making detection difficult. This is 
further compounded if the stenosis is located proximally. For 
departments without access to advanced technology dynamic 
venous pressures> 200 or a gradual increase within a defined 
period (under the utmost standardised conditions) 36 should 
be investigated. An interpretation of the venous pressure is 
still important and must be done regularly by staff. However 
current guidelines agree that dynamic VP offers no benefit in 
AVF assessment.37 The interpretation of changes in dynamic 
venous pressure is nevertheless important in AVG (intimal 
hyperplasia).The key is that readings should be reviewed in 
regards to trends and under standardised conditions rather 
than as isolated incidences.
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6.7.17 The use of DUS is recommended to investigate 
concerns within vascular access.

Rationale: DUS provides an in-depth assessment including 
vessel mapping, velocities/ flows and pictures. This provides 
valuable data for all members of the team in identifying 
problems, determining appropriate variations in cannulation 
areas and assists in determining the most appropriate plan 
of action. It is important to note that the quality of DUS is 
dependant of the skill of the user and the manipulation 
of the angle of the receiving transducer of the ultrasound 
probe. However the impact of routine DUS screening and 
resultant interventions, in regards to AVG thrombosis and 
survival is not known.2,37

6.7.18 Therefore there are little consistent recommenda-
tions on the use of Venous Pressure (VP) measure-
ments.

Rationale: The current evidence is inconclusive1 and does not 
reduce risk AVG thrombosis or prolong survival. 2,37 

6.7.19 Ionic dialysance monitoring allows dialysis dose 
to be managed for each session and can indirectly 
detect early vascular dysfunction.39 

Rationale: Declining dialysis clearances may be related to 
access recirculation, inadequate dialyser size, differences 
between the Qb of the pump and the effective Qb.40 Declining 
dialysis clearances, as measured by on-line systems, will lead 
to investigation of access functionality once blood flow (Qb), 
surface area (SA), dialysate flow (Qd) and needle position are 
optimized. 

6.7.20 If on-line clearance (Kt) monitoring is available, 
daily monitoring of the K/Qb (clearance/blood flow) 
ratio should be attended for early identification of 
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those patients who require further evaluation of 
their access. 

Rationale: An effective ionic dialysance (EID)/Qb ratio (or K/
Qb ratio) of ≤50% identifies access recirculation in patients 
receiving dialysis using dialyzers with a range of surface areas 
and ultrafiltration coefficients (KoAs).33 This can be readily 
calculated at the chairside and can be used to identify patients 
with inadvertent line reversal, needle malposition, a smaller 
dialyzer surface area, or true AVF dysfunction (when used 
early during a dialysis session). 

6.7.21 Once obvious errors have been ruled out, EID/Qb 
ratio ≤50% can be used to identify patients who 
need further evaluation of AVF functioning.

Rationale: If these parameters are set incorrectly a decrease 
in EID(K) may be evident so therefore these should be 
checked against the prescribed measures to ensure accurate 
interpretation. 33 In units with this technology available it should 
be utilised at every treatment. 

6.8 Implementation of vascular access processes 

6.8.1 A collaborative multi-disciplinary team approach 
to health care focussed on early detection of 
stenosis and resultant prolonging of access is 
paramount.

Rationale: A quality program should be in place within each 
organisation with benchmarking standards including focus on:

• Monitoring of CVC and other vascular access infection 
rates

• Auditing of hand hygiene
• Patient education
• Catheter use reduction programs
• Staff education and competency 40
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6.8.2 Each unit should have a documented plan of 
responsibility in regards to whom undertakes 
access measurements, reviews and actions 
results to ensure intervention occurs in a timely 
manner.

Rationale: Flow-charting or mapping unit guidelines provides 
a clear pathway for staff to follow and ensures evaluation of 
practices can occur. The first point reinforces every nurses 
role in reviewing vascular access as part of routine care and 
systematic clinical assessment. Clinical assessment and 
evaluation has been shown to have significant implications 
in long-term outcomes of patency in comparison to other 
methods23, 41. Multi-disciplinary meetings should occur regularly 
to discuss accuracy of process and concerns regarding 
patient planning, including regular audits of hygiene, aspects 
in access care, and evaluation of infection rates.
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Is the patient high risk of 
access problems

Perform Qa (Access Blood 
Flow Rate) & recirculation 
routinely every 1 month

Perform Qa & recirculation 
routinely every 3 months

Qa within Targets

If AFR > 2000 ml/min 
discuss with 
Physician regarding 
management plan 
particularly (if cardiac 
symptoms evident)

If recirculation outside of 
acceptable limits on  
3 consecutive treatments 
or concerns regarding  
potassium levels then

If recirculation > 20% - discuss 
with Physician urgently 
Check electrolyte levels
and enquire regarding safety 
for patient discharge

Physician plan will include 
urgent DUS to be completed 
If cancelled contact 
Physician

Repeat Qa / recirculation next HD
• Recheck Qa/recirculation
• Check results is consisteng by 

confirming stable BP/BFR 
adequate needle positioning, 
results within first 1.5 hr of HD

Inform Physician review 
and organise
• Surgical referral
• Doppler referral

Reduce HD blood flow 
rate (Qb) if access flow 
(Qa) decreased

• If Qa trending down, monitor 
monthly and commence referral 
process through appropiate team 
members

• If Acceptable result 
document and perform 
again in 3 months

Recirculation
> 0% on 
transonic
> 10% on 
BTM
monitor

Qa if trending 
decrease of 20% 
or below targets
< 400 mls/min
AVF (fistula) 
< 600 AVG 
(graft)

Action as outlined

YES

NO

Notifiable Limits

Diagram 1 Example of a Flow-Map outlining vascular access management processes and 
intervention levels
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Sections 7.1 and 7.2 provide a brief explanation of the causes 
of renal anaemia and the available treatment. The concept of 
desired ranges for haemoglobin and for the markers of iron 
deficiency is introduced in section 7.3.

The actual ranges will depend on the guidelines on which 
your unit bases its anaemia management policy. The Kidney 
Disease Improving Global Outcomes1, European Renal Best 
Practice2,3 and many national documents (including Australia’s 
CARI, Canada’s CSN, Japan’s JSDT, the UK’s NICE and the 
USA’s KDOQI guidelines) are easily accessed via the internet. 
Your unit policy may use guidelines from more than one 
source and/or adapt the guidelines based on local experience 
or conditions.

The guidance on implementation in section 7.4 should be 
applicable regardless of the origin of the desired range for 
haemoglobin or the criteria for correcting iron deficiency. To 
ensure that your anaemia management programme can be 
audited and improved, it is vital that all staff involved agree on 
and apply the same policy.

AIM

The aim of this chapter is to help the staff responsible for 
anaemia management to:

• Keep the haemoglobin levels of the patients in their 
care within a desired range and

• Optimise the use of iron supplements and erythropoiesis 
stimulating agents (ESAs).
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7.1 Causes of anaemia in haemodialysis patients

7.1.1 Haemodialysis patients who become anaemic 
will usually have erythropoietin (EPO) deficiency 
but it is important to check for, and correct, iron 
deficiency and other possible causes of anaemia, 
including unnecessary dialysis-related blood loss 
and vitamin deficiencies.

7.1.2 Your unit should agree on a standard test for 
functional iron deficiency for use in anaemia 
management. 

Rationale: Erythropoietin deficiency: The principal cause 
of anaemia in patients with chronic kidney disease (CKD) is 
erythropoietin deficiency. EPO is the hormone responsible for 
promoting the production of red blood cells (RBCs) in the bone 
marrow. It is mainly produced by peritubular cells in the kidney. 
The loss of these cells that occurs in most forms of CKD leads 
to lower levels of EPO and a reduction in the generation of 
RBCs.

The haemoglobin molecules that give the RBCs their colour 
can bind reversibly to oxygen and carbon dioxide. This allows 
them to transport oxygen from the lungs to the tissues. The 
haemoglobin can then take carbon dioxide back to the lungs 
where it is replaced by oxygen. Carbon monoxide (CO) is 
poisonous because it binds very strongly to haemoglobin, 
reducing the amount of oxygen that can be carried by the 
blood. The strong bonding means that even low levels of 
CO can be fatal during long periods of exposure. In heavy 
smokers, a significant proportion of the oxygen binding sites 
can be blocked by CO.

The symptoms of anaemia occur when patients do not have 
enough RBCs (or have RBCs that do not contain enough 
haemoglobin) to transport oxygen to the tissues. They include 
tiredness, feeling dizzy or short of breath, headaches, angina 
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and leg cramps. These symptoms will be most noticeable 
when patients try to exercise.

Haemoglobin level is the parameter most commonly used 
to quantify anaemia. It is measured in grams per decilitre or 
grams per litre (g/dL or g/L). In haemodialysis patients, the 
pre-dialysis haemoglobin level should be used.

The definition of anaemia for the general population varies 
between organisations. The World Health Organisation 
defines it as Hb <130 g/L for men and <120 g/L for women, 
with lower levels for children and in pregnancy4.

Absolute iron deficiency: Iron deficiency is another important 
factor in the development of anaemia in CKD because iron is 
a vital component of haemoglobin. ‘Absolute’ iron deficiency 
means that the body simply does not have enough iron stores 
to make the required amount of haemoglobin. This will lead to 
anaemia even if the patient has enough EPO. Absolute iron 
deficiency can be caused by blood loss, inadequate dietary 
intake or poor absorption of iron from the gut. 

In the general population the main causes of blood loss 
leading to iron deficiency are gastrointestinal bleeding (or 
losses to parasitic worms) and menstruation. CKD patients 
have additional losses due to blood sampling. Haemodialysis 
patients also lose the blood that is discarded in the tubing and 
the dialyser each time they come for dialysis.

Iron that is not required immediately is stored inside ferritin 
molecules. These spherical molecules have a central cavity 
that can store up to about 4500 iron atoms (see figure 1). A low 
level of ferritin in the blood gives a clear indication that there is 
too little iron in the body. Unfortunately, ferritin is also produced 
by the liver as part of the body’s response to inflammation. 
It is not clear why ferritin production is increased during 
inflammation but it could be to trap available iron and inhibit 
the growth of microbial pathogens5. Whatever the reason, high 
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levels of ferritin in the presence of inflammation do not mean 
that iron is readily available for the production of RBCs.

Figure 1: The ferritin molecule 
From: http://www.chemistry.wustl.edu/~edudev/LabTutorials/Ferritin/Ferritin.html 

Functional iron deficiency: A lack of readily available iron is 
called ‘functional’ iron deficiency. The most common measure 
of this type of iron deficiency is the transferrin saturation 
(TSAT). Transferrin, as you can guess from its name, is the 
protein that transports iron into the cells that need it. The total 
iron binding capacity (TIBC) of transferrin is the amount of iron 
it could carry if all of the sites to which iron can bind were 
occupied. The TSAT is the proportion of these sites that are 
actually occupied. It is normally about 20 to 40%.

A low TSAT is a good indication of functional iron deficiency in 
HD patients with anaemia. A normal level can be misleading 
in the presence of inflammation as the liver decreases the 
production of transferrin. As with the extra production of 
ferritin, this is probably to make it more difficult for microbes to 
reproduce and spread infection. With a low level of transferrin 
in the circulation, a small amount of serum iron will give a higher 
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TSAT. The use of TSAT in isolation is not recommended6, but it 
may be the only test available to your unit.

Two alternative tests for functional iron deficiency are red 
cell hypochromia (RCH) and the content of haemoglobin in 
reticulocytes (CHr). RBCs are defined as ‘hypochromic’ (low in 
colour) if they have a haemoglobin concentration of less than 
280 g/L. A high %RCH indicates that there was insufficient 
iron available when the cells were produced. In haemodialysis 
patients, the life span of RBCs is about 90 days, so RCH will 
reflect the degree of functional iron deficiency over the last 
three months or so. Accurate measurements of RCH are only 
possible if samples can be tested soon after they are drawn.

Reticulocytes are immature RBCs that have just emerged into 
the circulation. A low haemoglobin content in these cells (the 
CHr) should give a better indication of current functional iron 
deficiency than RCH7. A recent analysis of the literature on 
assessment of iron status included studies using erythrocyte 
zinc protoporphyrin, soluble transferrin receptor and hepcidin 
as well as the markers mentioned above8. The authors 
concluded that none of the currently available biomarkers for 
iron status was ideal, but CHr and RCH may provide a more 
reliable guide to iron management.

Other factors affecting haemoglobin levels in 
haemodialysis patients: Although EPO and iron deficiency 
are the main factors leading to anaemia in haemodialysis 
patients, there are many factors that contribute to variation in 
haemoglobin. These include fluid overload, dialysis adequacy, 
dialysate purity and clotting in the extracorporeal circuit due to 
poor priming or insufficient anticoagulation.

Infection, complications of diabetes, malignancies, hyperpa-
rathyroidism, haematological disorders and systemic haemol-
ysis can affect the generation and life span of RBCs. Gastro-
intestinal bleeding and haemolysis caused by a problem with 
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the extracorporeal circuit may lead to an unexpected fall in 
haemoglobin.

Deficiency of vitamin B12 and/or folic acid can cause anaemia. 
If your unit does not prescribe routine supplementation of 
water soluble vitamins for patients on haemodialysis, patients 
who become anaemic should be checked for deficiency of 
vitamin B12 and/or folic acid. Deficiencies should be corrected 
by supplements or dietary changes.

7.2 Treatment of anaemia in haemodialysis patients

7.2.1 Clinically, the available ‘erythropoiesis stimulating 
agents’ (ESAs) differ mainly in half-life. Shorter-
acting ESAs need to be given more frequently. 
Your unit should select an ESA based on cost, 
impact on workload and experience.

7.2.2 The available intravenous iron preparations differ 
in the amount of iron that can be delivered in 
one dose, the minimum administration time, the 
requirement for dilution and the need for test 
doses. As with the ESA, your unit should select 
an IV iron based on cost, impact on workload and 
experience.

7.2.3 Gastro-intestinal iron absorption is usually 
very poor in dialysis patients. A trial of oral iron 
supplements could be initiated if patients cannot 
tolerate IV iron but it should be discontinued if 
there is no improvement in haemoglobin level. 

Rationale: Most haemodialysis patients require a combination 
of intravenous iron and an ESA to correct renal anaemia. 
Allergies to these medications are very rare. A very few patients 
develop antibodies to synthetic erythropoietin. This condition 
is called pure red cell aplasia (PRCA). Patients with PRCA 
should be treated with an alternative to the synthetic epoetins 
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(if one is available, see below) or with blood transfusions. 
Transfusions may also be necessary if a decision has been 
made not to use ESAs because of active malignancy or if 
the patient does not respond to therapy with high ESA doses 
despite correcting all possible causes of resistance.

Allergy to the newer IV iron preparations is rare compared 
to high molecular weight iron dextran. If a patient is unable 
to tolerate any of the available IV iron preparations, a trial of 
oral iron could be initiated if measures are taken to optimise 
absorption.

Erythropoiesis Stimulating Agents (ESAs): There are now a 
range of ESAs available for treating renal anaemia. Genetically 
enginered recombinant human (rHu) erythropoietins are 
produced from cultures of Chinese hamster ovary cells. 
These rHu erythropoietins include epoetin alfa, epoetin beta, 
darbepoetin alfa and methoxy polyethylene glycol-epoetin 
beta. Since the patent on the epoetins expired in the European 
Union, a number of generic alternatives, most of which are 
‘biosimilars’, have been developed9.

An alternative to the epoetins may be peginesatide (now 
Omontys, previously Hematide), a synthetic peptide that 
mimics the action of EPO. However, the manufacturer of 
peginesatide withdrew Omontys from the US market in 
February 2013 following post-marketing reports of serious 
hypersensitivity reactions, including life-threatening or fatal 
anaphylaxis10. The marketing authorisation application for 
Omontys in Europe was withdrawn in June 201311. Patients 
with PRCA already enrolled in a clinical study were given the 
option to continue receiving the drug but it is unlikely that 
production will be continued for this very small market.

The main difference between the ESAs is their half-life. The 
short acting epoetin alfa’s (including the biosimilars) are 
usually administered 2-3 times per week. Darbepoetin alfa is 
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usually administered once a week or once every two weeks. 
Mircera and Omontys are usually given monthly.
All the ESAs in table 7.1 can be given by the intravenous or 
subcutaneous route. Subcutaneous administration extends the 
half-life of an ESA. This makes little difference for the agents 
that have a long half-life, but it means that the short-acting 
agents are likely to be more efficient if given subcutaneously. 
However, haemodialysis patients will probably opt for IV 
administration, if given the choice.
The epoetins and darbepoetin alfa have molecular weights 
in the 30-40 kDalton range. Peginesatide and Mircera have 
molecular weights of about 45 and 60 kDaltons respectively. 
High-flux membranes are designed to optimise the clearance 
of middle molecules without leaking albumin (MW 66 kDa) so 
it is possible that the smaller ESAs could be lost through a 
high permeability membrane. Currently, the manufacturer’s 
instructions for IV administration do not specify when the ESA 
should be given, so any loss into the dialysate is assumed to 
be clinically insignificant.
As membrane technology improves, it may become worth 
comparing the dose required to maintain Hb when the smaller 
ESAs are given early or late in the session. If you are using 
high permeability membranes, it would be logical to give ESAs 
in the last hour if you have a choice.
As all ESAs are effective, provided the patient is responsive, 
the choice of agent is usually based on cost, workload and 
familiarity with the product. Most of the older ESAs have been 
approved for use in children, though currently the only one with 
manufacturer’s instructions for neonatal use is epoetin beta 
(NeoRecormon).
When changing from one ESA to another, it is worth looking 
for reports from other units who have made the same switch. 
If possible, keep a record of the ESA doses for stable patients 
before and after changing agent, in case your unit changes 
back.
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Intravenous iron preparations: Intravenous iron prepara-
tions are colloids consisting of particles with a core of iron- 
oxyhydroxide gel surrounded by a carbohydrate shell. The 
shell limits exposure to free iron which is highly reactive and 
toxic to cells. As the iron is released, it is bound to the trans-
port molecule transferrin and the storage molecules, ferritin 
and hemosiderin.

The first IV iron to be widely used in the management of 
renal anaemia was iron dextran. Compared to the newer 
preparations (including low molecular weight iron dextran), 
anaphylactic-type reactions were much more common with 
the early iron dextran products. Fatal reactions occurred when 
test doses were administered but also in situations where the 
test dose had been tolerated. The evidence is limited, but ACE 
inhibitors may increase the probability of a reaction to IV iron12.

Ferric gluconate, iron sucrose and low molecular weight 
iron dextran have also been in use for many years. More 
recent introductions are ferumoxytol, ferric carboxymaltose 
and iron isomaltoside. Test doses are no longer required for 
most preparations but reactions to these products do occur 
occasionally. The European Medicines Agency recently 
issued a recommendation that intravenous iron should always 
be given in a location where resuscitation equipment and 
staff trained to manage anaphylatic reactions are immediately 
available13. 

Table 7.2 shows the manufacturer’s instructions for adminis-
tering different IV iron products. Note that the trade names 
and the available vial sizes can vary between countries so 
the products you use may not be included in the table. The 
instructions may also vary between countries. For example, 
low molecular weight iron dextran is available as INFeD in the 
USA and Infufer in Canada. In most European countries, the 
trade name is CosmoFer. Although it is the same product, the 
instructions for administration are different.
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When used to treat haemodialysis patients, the main difference 
between the IV irons is the dose that can be delivered safely 
during a single syringe push. The newer preparations in table 
7.2b allow iron deficiency to be corrected with fewer infusions 
but at a higher cost (with the exception of CosmoFer). Typically 
patients need at least 1000mg iron to correct iron deficiency. 
As IV iron can be administered several times a week during 
haemodialysis, several smaller doses of a less expensive IV 
iron preparation is often the most cost-effective option.

IV iron molecules are too large to pass through a dialyser 
membrane. Iron sucrose is the smallest at 34 to 60 kDaltons, 
the others are much larger. Although this means that iron can be 
administered at any time during dialysis, giving it earlier rather 
than close to the end of the session will allow any unwanted 
free iron to dialyse out (though this is not considered to be 
a significant problem). In addition, the European Medicines 
Agency recommends that patients are monitored for at least 
30 minutes following an IV iron infusion13.

The North American manufacturer’s instructions for high and 
low molecular weight iron dextran include its use in children 
aged over 4 months. In some countries, none of the available 
IV iron preparations have instructions for use in children aged 
under 14 years.

Oral iron preparations: With the range of IV iron preparations 
that are now available, very few haemodialysis patients are 
expected to need oral supplements. If a trial of oral iron is 
initiated, it is important to make it as effective as possible. The 
principal regulator of absorption of iron via the gut is currently 
thought to be hepcidin, a peptide produced by the liver. High 
levels of hepcidin inhibit iron absorption. Ferritin and hepcidin 
are two of the ‘acute-phase’ proteins produced by the liver in 
response to inflammation. Hepcidin is not measured routinely, 
but patients with high ferritin levels will probably be unable to 
absorb iron.
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Oral iron should be taken between meals because absorption 
is improved if taken on an empty stomach and also because 
calcium or magnesium based phosphate binders can reduce 
absorption of iron14. It should not be taken at the same time as 
warfarin, which can bind to iron.

A supplement containing ‘haem’ iron could be considered if 
available. Haem (or haemoglobin) iron, which is found in meat 
and fish, is more readily absorbed than non-haem iron. The 
iron in vegetable sources, such as lentils and spinach, and 
in traditional supplements like ferrous sulphate, is non-haem 
iron. A six month evaluation of haem iron15 suggested it could 
maintain iron stores in patients who had been treated with IV 
iron. The only published study comparing haem iron and the 
cheaper traditional supplements in dialysis patients did not 
show an advantage16. The manufacturers of haem iron based 
supplements such as Proferrin ES (in the US) or Globifer Forte 
(in Europe) claim that they cause fewer gastrointestinal side 
effects than inorganic iron but this has not been validated in 
dialysis patients.

7.3 Desired ranges for haemoglobin and iron markers

7.3.1 Your unit should agree on a standard desired 
range for haemoglobin, i.e. lowerHb to upperHb, 
based on international, national or regional 
guidelines or local policy. A wider desired range 
for haemoglobin (e.g. 20 g/L) will reduce dose and 
haemoglobin cycling.)

7.3.2 Your unit should agree on a policy covering when 
and how to adjust the standard haemoglobin 
range in individual cases.

7.3.3 Your unit should decide on a limit for ferritin, i.e. 
lowFer, below which therapy for absolute iron 
deficiency may be initiated.
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7.3.4 Your unit should establish a definition of 
functional iron deficiency, ‘functDef’, based on 
your standard test (usually TSAT, RCH or CHr). 
Iron therapy may be initiated if the patient has 
functional iron deficiency (i.e. functDef is ‘Yes’) 
when the ferritin is above lowFer,

7.3.5 Your unit should decide on an upper limit for 
ferritin, i.e. highFer, above which iron therapy is 
normally withdrawn.

7.3.6 Your unit should also decide on an upper limit for 
the ESA dose, i.e. maxESA, above which above 
which a clinical review should be initiated, and 
iron therapy may be allowed even if the ferritin 
level exceeds highFer.

7.3.7 Your unit may establish a haemoglobin action 
level, actionHb, between lowerHb and upperHb, at 
which treatment for iron deficiency is initiated in 
patients not on an ESA.

7.3.8 Your unit may establish an ESA action level, 
actionESA, below maxESA, above which treatment 
for iron deficiency is initiated in patients whose 
haemoglobin is in the desired range.

Rationale: Maintenance of haemoglobin in the desired range 
is the real outcome measure for anaemia management in an 
individual patient. The ranges specified for iron markers are 
used to guide iron supplementation, but only when intervention 
is required to achieve or maintain a haemoglobin in the desired 
range with minimal use of ESAs.

Anaemia management programmes are usually based on 
an algorithm for starting and adjusting ESA and iron doses 
according to a set of rules. The parameters defined in 7.3.1 
to 7.3.8 can be drawn from published guidance and/or local 
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experience. Once defined, they can be substituted in the flow 
charts in section 7.4.

Desired range for haemoglobin (Hb): Those who started 
work in dialysis unit before the widespread use of synthetic 
EPO will remember that patients became accustomed to Hb 
levels as low as 60 to 80 g/L. Blood transfusions could alleviate 
anaemia but only with the risk of viral infections, iron overload 
and a longer wait for a transplant due to sensitisation.

When synthetic EPO was introduced, it was a fantastic 
success. EPO was able to transform the lives of patients who 
previously had a very limited capacity for exercise without 
exposing them to the risks associated with blood transfusions. 
It soon became clear that, with appropriate treatment, most 
dialysis patients could have normal Hb levels. Many people 
thought that normalising Hb would give dialysis patients the 
best possible outcomes. 

The Normal Vs Low Haematocrit study17 was designed to 
assess the benefits of normalising Hb levels in haemodialysis 
patients with clinical evidence of cardiac disease. It was 
stopped when it became clear that the risk of death or heart 
attack was significantly greater in the group that were receiving 
ESA treatment with the aim of achieving a normal haematocrit 
(see figure 2).

Subsequently the CREATE and CHOIR studies18,19 were carried 
out in CKD patients who were not on dialysis. Neither of these 
studies showed that attempting to achieve Hb levels over 130 
g/L was beneficial and CHOIR suggested that it could increase 
the risk of death and cardiovascular complications. There is 
also some evidence of increased risk of access thrombosis 
at Hb > 130 g/L from studies in haemodialysis patients. 
The TREAT study20 of anaemia correction in non-dialysis 
patients with CKD and diabetes confirmed the lack of benefit 
of normalising Hb and highlighted the risk of using ESAs in 
patients with a history of cancer or stroke. It is important to 
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note that the harm that occurred in these studies did not relate 
to the Hb levels achieved, but to being in the group that was 
treated more aggressively with ESAs.

 
Figure 2: Probability of death or first non-fatal myocardial infarction in the Normal Vs Low Haematocrit 

study (reproduced from ref 17). 

At the time of writing the KDIGO recommendation for Hb 
in CKD patients (including those on haemodialysis) is that 
it should not be below 90 g/L or above 115 g/L. The ERBP 
recommended range is slightly higher at 100 to 120 g/L, 
primarily to avoid the need for blood transfusions.

National guidelines may recommend a narrower range. Setting 
a narrow desired Hb range (e.g. 100 to 110 g/L) can lead to 
frequent ESA dose changes due to temporary variation in RBC 
production and fluid status. It can also lead to Hb cycling when 
dose adjustments result in Hb changes that are larger than 
the width of the desired range. A window of 20 g/L between 
lowerHb and upperHb is probably the best compromise. 
Where a ‘target’ haemoglobin is required for dose adjustment 
(see section 7.4), it is the mid-point of the desired range.

Individualisation of the desired range for haemoglobin: 
The desired range discussed above is applicable to the 
majority of haemodialysis patients who require treatment for 
renal anaemia, but it may require individualisation. The KDIGO 
guideline states that it may be necessary to maintain Hb at a 
level above 115 g/L for patients who will have an improved 
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quality of life and who accept the possible risks associated with 
trying to achieve a higher Hb. This would include physically 
active patients, who can benefit from increased exercise 
tolerance, and patients with ischaemic heart disease that is 
symptomatic at low Hb levels.

The KDIGO and ERBP guidelines agree that ESAs should not 
be used to intentionally increase the Hb level to over 130 g/L. 
Setting the desired range to 110 to 130 g/L complies with this 
recommendation, but to maintain Hb at a level above 115 g/L it 
may be necessary to adjust the range to 115 to 135 g/L.

For patients at greater risk of complications due to higher Hb 
(e.g. diabetics with symptomatic limb arteriopathy or patients 
with sickle-cell anaemia) or treatment with high ESA doses, 
a lower desired range for Hb may be appropriate. The ERBP 
guidance is to aim for the lower end of 100 to 120 g/L range. 
In practice, this will usually mean setting the desired Hb range 
to 90 to 110 g/L.

The desired Hb range for very young children may be set at 
a slightly lower level than for adults and older children (e.g. 
NICE 201221). The KDIGO guidelines recommend a ‘selected’ 
Hb of 110 to 120 g/L for all children to avoid complications 
of low Hb. For practical purposes, this would mean a desired 
range of 105 to 125 g/L.

Indication for correction of absolute iron deficiency: 
As explained in section 7.1, a low serum ferritin indicates 
absolute iron deficiency. Correcting absolute iron deficiency 
with iron supplements in patients with low Hb may increase the 
Hb into the desired range without the need to start or increase 
an ESA. For patients already on an ESA with Hb in the desired 
range, correcting absolute iron deficiency may allow the ESA 
dose to be reduced.

The KDIGO guideline does not specify a low serum ferritin for 
adults, though it does for paediatric patients. Other guidelines 
usually describe ferritin <100 µg/L as low, but may recommend 
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giving IV iron until ferritin is at least 200 µg/L. This has the 
effect of making a ferritin level of <200 µg/L an indication for 
correction of iron deficiency (ie lowFer = 200 µg/L).

Indication for correction of functional iron deficiency: 
Correction of iron deficiency may also increase Hb or allow 
a reduction in ESA dose in patients with ferritin levels that 
are greater than lowFer but who have functional iron 
deficiency. The guidelines use different parameters and limits 
to define functional iron deficiency. Typically, the indications 
for treatment for functional iron deficiency are TSAT <20%, 
RCH >6% and CHr <29 pg/cell. To avoid confusion, it is best to 
select one indicator. If the criteria for functional iron deficiency 
are met, whichever measure is used, then functDef = ‘Yes’.

If your unit does not have routine access to any measures of 
functional iron deficiency, you may decide to make functDef 
= ‘Yes’ up to a higher ferritin level (e.g.350 µg/L) when  
Hb < lowerHb (or actionHb).

Indication for withholding iron: Haemodialysis patients who 
are not being treated for iron deficiency normally require a 
maintenance dose of IV iron to replace the blood lost in the 
blood lines and dialyser at each session and in the routine 
blood tests. Maintenance doses are typically equivalent to 
25 to 50 mg/week and are normally stopped when the ferritin 
exceeds an upper limit, highFer.

The evidence on which an upper limit for ferritin can be based 
is currently rather poor. As a result the recommendation for 
the ferritin level at which iron supplementation should be 
withheld is difficult to define. The KDIGO and ERBP guidelines 
recommend treating patients with IV iron while ferritin ≤500 
µg/L and TSAT ≤30%. Raising ferritin levels from 200 to 500 
µg/L has been shown to allow a substantial reduction in ESA 
dose22,23.

Unfortunately it is quite common for patients to have 
functional iron deficiency but to also have ferritin > highFer 



How to Manage Anaemia in Haemodialysis Patients

241240

due to inflammation. In this situation IV iron would normally 
be withheld. If Hb < lowerHb, and the ESA dose is considered 
to be high, the risks and benefits of continuing to give iron 
have to be reviewed on a more individual basis. This is 
discussed further in section 7.4. In figure 7.2 the ESA dose 
at which a clinical assessment should be initiated is maxESA. 
An assessment should be initiated at a lower ESA dose if 
previous dose increases have not led to an improvement in 
Hb. This situation may have led to the harm in the studies 
described in section 7.3.

Some guidelines give a higher limit for ferritin (e.g. 800 µg/L) 
when the patient has functional iron deficiency. If basing the 
local policy on such guidelines, your unit will need decide 
whether to (a) use two upper limits for ferritin (one when 
maintenance iron is required and a higher one for correction of 
iron deficiency), (b) select the lower or higher limit as highFer 
or (c) choose a value between the two.

Maintenance IV iron is also withheld if the Hb exceeds the 
upper limit of the desired range and the patient is not on an 
ESA.

The KDIGO guideline suggests avoiding administering IV 
iron to patients with active systemic infections. This may be 
difficult to implement in a routine management programme as 
it requires constant clinical assessment. If your unit is following 
this guidance, such patients should be temporarily excluded 
from routine management until there is a clinical decision to 
reinstate them.

7.4 Implementing an anaemia management programme

7.4.1 Haemoglobin is usually measured monthly for 
haemodialysis patients. More frequent sampling is 
indicated only when monitoring rapidly changing 
levels. 
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7.4.2 Anaemia management is simplified if ferritin and 
measures of functional iron deficiency can also 
be measured monthly. 

7.4.3 Maintenance iron therapy is normally provided as 
long as correction for iron deficiency is not required 
and ferritin is below highFer (and haemoglobin is 
not above upperHb in patients who are not on an 
ESA). 

7.4.4 Treatment for iron deficiency is normally initiated 
when a patient has haemoglobin below lowerHb 
and ferritin below lowFer or if your criteria for 
functional iron deficiency are met (i.e. functDef = 
‘Yes’) and ferritin is not above highFer. Treatment 
of iron deficiency in patients with a haemoglobin 
in the desired range may allow a reduction in 
ESA dose to be made. Your unit should define a 
standard course of IV iron for the treatment of iron 
deficiency. 

7.4.5 The effect of treating iron deficiency should be 
established before starting or increasing an ESA.

7.4.6 ESA therapy is normally initiated if a patient has 
haemoglobin below lowerHb and does not have 
iron deficiency or has received a course of iron 
therapy. The risks and benefits of initiating an 
ESA in patients with active malignancy should be 
assessed. Your unit should have a protocol for 
setting doses when starting or adjusting the ESA.

7.4.7 ESA dose adjustments should be made only 
when the effect of the last dose change can be 
measured or predicted. It normally takes about 3 
months for the haemoglobin to get back to steady 
state after dose change.
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7.4.8 Resistance to ESA therapy should be investigated, 
and treated where possible, if a patient’s Hb level 
does not rise after repeated ESA dose increases 
or if the recommended dose exceeds ESAMax.

Rationale: This section covers the practical aspects of 
implementing a basic anaemia management programme for 
haemodialysis patients. The flow charts in figures 7.1 and 7.2 
provide the basis for a programme that can be adapted to 
reflect the requirements of your unit’s policy. The charts need 
to be used in conjunction with the manufacturer’s prescribing 
instructions for the ESA and IV iron used, and your unit’s 
experience, to set the starting doses and dose changes.

If you want to be able to audit and refine your anaemia 
management programme, it is very important to ensure 
that routine treatment is consistent. The policy must be 
as unambiguous as possible, and all staff involved must 
understand and implement it.

Response to changes in ESA dose: Perhaps the most 
important point to keep in mind when developing a policy for 
managing renal anaemia is the time it takes for an increase 
or decrease in ESA to take full effect. If not affected by other 
factors (such as bleeding, or changes in the availability of iron, 
fluid status or inflammation) it will usually take about 3 months 
for the Hb level to return to steady state after a dose change.

Shortly after an increase in ESA, the rate at which new RBCs 
appear in the circulation should increase. The Hb will not 
increase immediately (and may decrease initially) because it 
takes about a week or so for the maturing RBCs to emerge 
from the bone marrow. In haemodialysis patients RBC’s 
typically circulate for about 90 days before they die and the 
iron they contain is recycled24. This means that at any time, the 
Hb level is a reflection of the rate of RBC production and loss 
over the last 3 months or so.
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Consider the example in figure 3. This patient’s Hb has been 
steady at 80 g/L for two months. His iron deficiency has been 
treated and he is now on a maintenance dose of IV iron. After 
his monthly bloods at week 2, his ESA dose is increased. During 
week 4, his Hb begins to rise due to increased production of 
red cells in the bone marrow. It continues to rise as long as 
the red cells that are dying were produced before the dose 
increase. In figure 3a, the Hb levels off at 107 g/L in week 17 
as the cells produced at the newly increased rate begin to die 
and the patient returns to steady state. No further action is 
required as the patient’s Hb is in the desired range (100 to 120 
g/L in this case). In figure 3b, an additional increase in ESA 
dose is made after the monthly bloods in week 10 when the 
Hb was 92 g/L. This causes the patient’s Hb to rise above the 
desired range and stabilise at 125 g/L in week 25.

Note that the time required for the Hb to return to steady state 
after changing the ESA dose does not depend on the type of 
ESA used. The manufacturer’s prescribing instructions may 
suggest making dose adjustments more frequently (e.g. every 
two weeks or monthly). The advice on the frequency and size 
of the adjustments is usually based on the regime followed 
in the studies used to obtain approval for the product. These 
studies were carried out to demonstrate safety and efficacy, 
not to optimise the adjustment strategy.

Routine monitoring for anaemia management in 
haemodialysis patients: Hb levels are usually measured 
monthly for in-centre haemodialysis patients. This is suitable 
for the routine management of anaemia with ESAs and 
iron supplements. Hb must be measured pre-dialysis and 
preferably on the same day of the week (usually mid-week) to 
limit fluctuations due to fluid status.

More frequent sampling for Hb is indicated only if the routine 
measurement shows a large, unexpected change. A rapid 
decrease could be due to bleeding, a rapid increase by the 
resolution of a cause of poor response in a patient receiving 
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a high ESA dose. If confirmed on a repeat sample, these 
changes may require quick fixes (blood transfusions or 
discarding blood circuits).

Figure 3: Change in haemoglobin level in a stable patient without iron deficiency following an increase 
in ESA dose. (a) No action taken in response to Hb below lowerHb at week 6 and 10. (b) A second 

ESA dose made before reaching steady state causes Hb to rise above upperHb. 

If possible, check ferritin and any marker of functional iron 
deficiency used (TSAT, RCH, CHr) monthly. The guidelines 
typically say that iron stores should be checked at least every 
3 months, but then ask for more frequent checks in certain 
circumstances. By routinely checking these markers monthly, 
it is not necessary for staff to identify the patients who require 
more frequent assessment.
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For patients who are not on a monthly blood sampling regime, 
three monthly monitoring for anaemia management is usually 
acceptable provided they are on a stable dose of ESA and 
maintenance iron. When monitoring is less frequent, the patient 
and carers should be aware of the symptoms of anaemia.

Maintenance iron therapy: Maintenance iron therapy is 
usually provided as long as patients do not require correction 
for iron deficiency and have ferritin below the level at which 
IV iron is normally withheld, i.e. functDef = ‘No’ and ferritin ≥ 
lowFer and ≤ highFer.

If maintenance iron is required (see figures 7.1 and 7.2), a 
reasonable approach is to start with a regime that gives the 
patient a dose equivalent to about 50 to 60 mg of elemental 
iron per week, or 1 mg/kg/week for children21. In the absence 
of evidence to show a benefit from splitting vials to give smaller 
doses more often, the required weekly dose can be achieved 
by adjusting the frequency at which the dose in a standard vial 
is administered, e.g. 1 vial ferric gluconate (62.5 mg elemental 
iron) weekly or 1 vial iron sucrose (100 mg elemental iron) 
alternate weeks.

Larger doses given at longer intervals may be preferred where 
there are logistical difficulties in ensuring that the equipment 
and staff required for immediate resuscitation are available at 
the location where the patient normally has dialysis (e.g. for 
home patients).

Maintenance iron is usually withheld if ferritin exceeds the 
upper limit defined in 7.3.4 or if Hb exceeds the upper limit of 
the desired range and the patient is not on an ESA, i.e. ferritin 
> highFer, or Hb > upperHb and not on ESA. If maintenance 
iron has been withheld temporarily, consider restarting at a 
lower maintenance dose to stabilise the regime. This can be 
achieved by increasing the time between infusions.

Convert to correction of iron deficiency (see below) if 
indicated by the routine blood tests and your unit’s criteria. 
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Repeated requirement for iron deficiency treatment should be 
investigated.

Correction of iron deficiency: Correction of absolute or 
functional iron deficiency to increase Hb or allow a reduction 
in ESA dose is normally initiated in patients with ferritin  
< lowFer and/or ferritin ≤ highFer together with functDef = 
‘Yes’. If patients have Hb < lowerHb it is logical to correct iron 
deficiency before starting or increasing an ESA. The patient 
may be receiving or producing enough erythropoietin and only 
require iron to achieve a haemoglobin in the desired range. 

For patients who are not on an ESA, your unit may decide 
to correct iron deficiency when patients have a haemoglobin 
level just above lowerHb. This will mean your unit has to define 
an actionHb. If lowerHb is 100 g/L and your actionHb is 105 
g/L, you would initiate iron therapy (if required) when Hb ≤ 105 
g/L. This may prevent or delay the need to prescribe an ESA.

If correction of iron deficiency is required (see figures 7.1 and 
7.2), arrange a course of IV iron infusions that will deliver 
approximately 1000 mg elemental iron for adults (or a weight-
based dose for children). This could be done with a single 
infusion of one of the newer preparations or a series of smaller 
infusions given over approximately one month e.g. 2 vials 
ferric gluconate (125 mg elemental iron) twice weekly for 4 
weeks or 1 vial iron sucrose (100 mg elemental iron) twice 
weekly for 5 weeks.

If the infusion time required is >5 minutes, it may be better to 
use a pump to deliver the iron. If your haemodialysis machines 
are fitted with heparin pumps that you do not use (often the 
case in units that have converted to low molecular weight 
heparin), they can be used to infuse the iron. The flow rate will 
need to be relatively high to overcome viscosity and the staff 
will need to check that the full dose has been delivered. 

If possible, wait until at least 6 weeks after starting the course 
to correct iron deficiency before checking the Hb, ferritin and 
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your measure of functional iron deficiency. This will give time 
for the RBCs generated when iron became available to mature 
and enter the circulation. Estimate the rate of increase in Hb 
that has occurred and see if you think that Hb will reach the 
lower limit of your desired range, lowerHb, within 3 months 
from starting iron therapy. If this seems unlikely, start an ESA 
or increase the dose. If the Hb is already in the desired range 
or appears likely to reach it within 3 months from starting iron, 
wait for the next Hb measurement. 

If the patient still meets the requirements for correction of iron 
deficiency after completing the course of IV iron infusions, the 
course should be repeated. Several additional courses may 
be required.

Correction of iron deficiency may also be initiated in patients 
with Hb in the desired range who meet the criteria above and 
are on a high dose of ESA, i.e. ESA dose > actionESA. If you 
want to use more iron and less ESA, your actionESA should 
be low (or zero, so that iron deficiency is treated regardless 
of the ESA dose). If the optional actionESA is not set, high 
doses of IV iron will only be given when the patient has Hb < 
lowerHb.

Starting an ESA: In patients who are not on one already, an 
ESA, is normally started when a patient has Hb < lowerHb, 
and is not iron deficient or has received a course for correction 
of iron deficiency.

Other possible causes of anaemia that does not respond to 
iron therapy, such as hypothyroidism, aluminium toxicity and 
chronic infection should be considered but are not usually 
a reason to delay starting treatment with ESAs. Current or 
previous malignancy may be a contraindication to ESA use. 
This should be reviewed on an individual basis. 

The starting dose for the ESA will usually depend on the 
patient’s weight and/or how far they are from the target Hb (ie 
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the centre of the desired range). Your unit will need to decide 
on the criteria.

The suggested starting dose in the manufacturer’s prescribing 
instructions will depend on the starting dose in the studies 
used to obtain approval for the product. This is not necessarily 
the optimum starting dose for routine care. Your unit may 
decide to modify the manufacturer’s recommendation based 
on experience or published studies. You may need to contact 
the authors directly to get details of their protocol.

As an example, the manufacturer’s suggested starting dose 
for darbepoetin alfa (Aranesp) is 0.45 µg/kg per week (approx 
30 µg/week for a 70 kg patient). Good control of anaemia has 
also been achieved with starting doses of 10 x ΔHb µg/week, 
where ΔHb is the difference between the target and actual Hb, 
up to a maximum dose of 30 µg/week. The calculated dose is 
rounded up or down to the nearest syringe size25.

Provided your unit keeps to a standard protocol for the ESA 
starting dose, you will be able to check if the doses are too 
high or too low by auditing dose changes in the first 6 months 
of ESA therapy.

Adjusting ESA doses: Adjustments to the ESA dose should 
be avoided until a measurement of Hb at least 3 months after 
the last change in ESA is available. Predicted values may be 
used instead of actual values. Prediction of the Hb at 3 months 
will not usually be possible until at least two monthly blood 
samples have been taken. 

The ESA dose will need to be increased if Hb < lowerHb and 
the patient is not iron deficient, or has received a course for 
correction of iron deficiency (see above). The ESA dose will 
need to be decreased if Hb > upperHb. 

As with the starting dose, your unit may decide to modify the 
manufacturer’s recommended increments for adjusting the 
ESA dose based on experience or published studies. The 
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appendix to Lines 201225 includes a dose adjustment protocol 
for darbepoetin alfa (Aranesp).

Multiple ESA increases should not be made if there is no 
evidence that the patient has responded (ie if there is no 
increase in Hb). If this occurs, the patient should be reviewed 
for resistance to ESA (see below). Assessment for resistance 
should also take place if the ESA dose exceeds the maximum 
limit set by your unit, ie ESA dose > maxESA.

Management of resistance to ESA in haemodialysis 
patients: There are numerous causes for resistance (or 
hyporesponsiveness) to ESA treatment. Reasons for persistent 
anaemia and strategies for improving response to ESA are 
reviewed in Johnson et al26.

ESA resistance due to poor water quality and the use of 
bioincompatible dialysers is less common than in the past, 
and usually affects groups of patients rather than individuals. If 
aluminium toxicity is possible, the patient should be assessed 
and treated if appropriate.

Blood loss due to excessive sampling and inadequate washing 
back of the blood in the circuit should be minimised. Clotting 
in the circuit should be prevented by careful priming and 
adequate anti-coagulation. Citrate-containing dialysate may 
reduce clotting in the dialyser.

Where possible, inadequate dialysis, malnutrition, infection, 
inflammation as gastro-intestinal bleeding should be identified 
and treated.

If iron supplements have been withheld due to high serum 
ferritin and the patient has indications of functional iron 
deficiency (i.e. functDef = ‘Yes’), the risks and benefits of 
giving IV iron should be reviewed. The DRIVE study showed 
a response to IV iron in patients treated with high ESA doses 
(EPO ≥ 225 IU/kg) and low TSAT who had ferritin up to 1200 
µg/L27.
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If the possible benefit of giving IV iron is considered to 
outweigh the risks, the patient could be given a short course 
of iron infusions and monitored to see if their Hb increases. 
If there is no improvement, and there are no other treatable 
causes of ESA resistance, it may become necessary to rely 
on transfusions.

7.5 Suggestions for audit

7.5.1 Audits of the proportion of patients in the 
(individualised) desired range for Hb, the ESA 
and iron doses and the number of dose changes 
per patient-month can be used to monitor the 
effectiveness of your anaemia management 
programme. 

When establishing or updating an anaemia management 
programme, regular audits can be used to assess the impact 
of the change in practice. The following measures could be 
audited before, and at 3 to 6 month intervals after, introducing 
or changing a protocol or product:

• Proportion of patients in the (individualised) desired 
range for Hb.

• ESA and iron doses.
• Number of ESA dose changes per patient-month.
• Patients with Hb above a defined upper limit (for 

example upperHb + 10 g/L) who are prescribed an 
ESA.

• Patients with Hb below a defined lower limit (for 
example lowerHb - 10 g/L) who have iron deficiency.
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Malnutrition is a general term that indicates a state of nutrition 
in which a deficiency or excess (or imbalance) of energy, 
protein, and other nutrients causes measurable adverse effects 
on tissue/body form (body shape, size and composition) and 
function, and clinical outcome1. The first and most important 
type is protein-energy malnutrition (PEM) or protein-energy 
wasting (PEW), which is defined as a lack in supply of sufficient 
energy or protein to meet the body's metabolic demands2. The 
causes for malnutrition are:

• an inadequate food intake secondary to anorexia caused 
by uremia and altered taste sensation

• increased demands due to disease or acute illness

• impaired ability to prepare food

• unpalatable prescribed diets (low salt, fluid restriction, low 
potassium, low phosphorus) 

• the dialysis procedure itself due to nutrient losses (protein 
peptides, water soluble vitamins e.t.c)

• hypermetabolism due to chronic inflammation 

• endocrine disorders due to uremia3,4

AIM

The aim of this chapter is to help the healthcare staff to 
understand that dietary intervention is of high importance 
for patients with chronic kidney disease (CKD), both for 
disease outcome and for prevention and treatment of 
malnutrition (over- and undernutrition), which is quite 
common in renal patients. 
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Therefore, a detailed nutritional assessment is of paramount 
importance in providing optimal care to individuals with CKD of 
all disease stages. Classically, three major lines of inquiry, i.e. 
dietary intake, biochemical measures, and body composition, 
are used to assess the protein-energy nutritional status.

8.1 Preventing malnutrition

8.1.1 Nutritional status should be assessed at the 
beginning of haemodialysis

Rationale: Due to the high prevalence of malnutrition after 
the initiation of haemodialysis a baseline measurement is 
useful for monitoring of nutritional status. At the beginning of 
haemodialysis nutritional status may already be negatively 
influenced by the adherence in restrictive dietary plans in 
earlier stages of CKD. Unintentional weight loss, which 
reaches 5% of body weight in 3 months, is considered a 
significant weight loss and should be an alert for action in 
order to prevent malnutrition. Moreover, limited appetite, low 
phosphorus, cholesterol and albumin levels should be early 
detected and patients should be encouraged to increase their 
energy and protein.

8.1.2 PEM should be avoided in maintenance 
haemodialysis patients

Rationale: PEM increases the risk of morbidity and mortality, 
therefore measures that ensure good nutritional status of 
the patients should be taken. The prevalence of PEM varies 
between 23 and 76% in haemodialysis patients and as it 
was shown in a large prospective study low protein intake in 
haemodialysis patients was related to increased mortality and 
need for hospital admissions5.
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Table 8.1. Factors contributing to wasting in CKD patients3, 4

Anorexia due to:
Nausea, emesis, medications
Uremia/uremic stage of metabolism
Underdialysis
Accumulation of uremic toxins not completely removed dialysis
Inflammation
Contributing anorexia
Inducing catabolism
Due to comorbidities
Related to the dialysis procedure (such as impure dialysate, backfiltration)
Metabolic Acidosis
Encocrine Disorders
Insulin resistance
Hyperparathyroidism
Impaired response to IGF-1
Co morbidity
Infections
Diabetes mellitus (diabetic gastroparesis)
CVD
Dental problems
Dialysis-Related
Inadequate doses
Bioincompatible membranes
Loss of amino acids and protein loss
Reuse with bleach, nausea, hypotension
Psychosocial 
Depression
Low physical activity
Loneliness
Poverty
Inadequate Dietary Recommendations
Immobility and Reduced Ability to Purchase Food
Mechanical Compression of Stomach and Intestine in Polycystic 
Kidney Disease
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8.1.3 Nutritional status should be monitored every 6 
months in patients <50 years of age and every 3 
months in patients undergoing haemodialysis for 
more than 5 years and/or >50 years old. 

Rationale: Early detection of alternations in nutritional status 
is important for the early treatment of malnutrition. In younger 
and stable haemodialysis patients monitoring of nutritional 
status every six months is sufficient, while in older adults or 
in patients in haemodialysis for more than five years closer 
monitoring in necessary due to the negative effects of aging 
and haemodialysis in nutritional status. 

Figure 8.1. Clinical algorithm for interpreting serum albumin6.
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8.1.4 Nutritional status in maintenance haemodialysis 
patients is preferred to be evaluated with a 
combination of valid measures rather than any 
measure alone. 

Rationale: Nutritional abnormalities in haemodialysis patients 
are multifactorial, affecting in different ways body composition 
and nutritional status. No single measurement can provide 
a comprehensive indication of nutritional status and more 
detailed measurements can provide more detailed, specific 
and sensitive information regarding nutritional status and the 
risk of malnutrition. For the estimation of protein and energy 
intake, dietitians should focus on the quality and quantity of 
dietary intake, in order to assess the adequacy of energy and 
nutrient intakes, as well as to rule out the excess intake of 
nutrients that may harm renal function (e.g. sodium, phosphorus 
and potassium).With regard to dietary assessment, the most 
commonly used methods include dietary recalls over short 
periods of time (e.g. 24 hrs), food records with or without 
supplementary dietary interviews conducted over short periods 
of time (e.g. 3 to 7 days), and long term (weeks to months) 
food histories in the form of food frequency questionnaires 
(FFQs)7,8. Additionally, in hemodialysis (HD) patients 
(particularly those with little or no residual renal function) the 
extent of the rise in serum urea between two consecutive 
HD treatments allows protein intake to be estimated9. In 
particular, most maintenance HD patients cannot excrete 
a significant amount of urinary nitrogen. Hence, the rate of 
increase in serum urea nitrogen between two consecutive HD 
sessions reflects dietary nitrogen intake, provided that the 
individual is not in substantially negative or positive nitrogen 
balance. This indirect but conveniently available measure of 
protein intake is referred to as the urea kinetic and is based 
on protein equivalent of total nitrogen appearance (PNA) or 
protein catabolic rate (PCR), which is usually normalized (n) 
for the patient’s body weight or an estimate of the volume of 
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distribution of urea; hence the term, nPNA or nPCR10, which 
should be >1,0 g/kg Ideal Body weight/day11. 

Muscle mass and body composition as estimated by 
anthropometry (skin folds, mid-arm circumference, oedema 
free body weight, Body mass index, Bioelectrical Impedance 
Analysis and Dual X-ray Absorptiometry) and muscle 
functionality, as estimated mainly by hand grip strength 
alongside with nutritional screening tools and biochemical 
markers can provide useful information. According to 
KDOQI Guidelines for CKD Care12 serum albumin <4 g/dl,  
prealbumin <30 mg/dl, predialysis creatinine <10 mg/dl and 
cholesterol <150 mg/dl are clinically useful markers indicating 
high possibility of protein-energy under-nutrition in CKD 
patients, whereas the International Society of Renal Nutrition 
and Metabolism recently included serum albumin <3.8 g/dl as 
one of three biochemical diagnostic criteria for protein– energy 
wasting (together with transthyretin and cholesterol levels) 13. 
Moreover, according to EBPG Guideline on Nutrition11 BMI 
should be >23 kg/m2 in maintenance haemodialysis patients. 

8.2 Nutritional needs

8.2.1 Adjusted Edema-Free Body Weight (aBWef) 
should be used for assessing or prescribing 
protein or energy intake. For haemodialysis 
patients this should be obtained post dialysis. 

Rationale: In haemodialysis patients a great variability in 
body weight is observed as intradialytic weight gain can reach 
even 5-6 kg. Therefore the use of actual body weight is of 
limited value, or could be problematic in obese or underweight 
patients, as it could lead to over or under estimation of 
the actual needs of the patients. It is recognized that the 
determination of oedema-free body weight is often difficult 
and it is based on clinical judgment, physical examination and 
anthropometric measurements. The following equation can 
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be used to calculate the edema-free adjusted body weight 
(aBWef): 

aBWef=BWef+ [(SBW-BWef) x 0.25]

where BWef is the actual edema-free body weight and SBW is 
the standard body weight as determined from the NHANES II 
data or the body weight corresponding to a BMI = 23 kg/m2.11,14

8.2.2 The recommended energy intake in a clinically stable 
chronic haemodialysis patients is advised to be 30– 
40 Kcal/kg/day, adjusted to age, gender and to 
the best estimate of physical activity level. For 
patients >60 years old or obese energy intake 
prescription should not exceed 30 Kcal/kg/day.11, 

12, 15

Rationale: Sufficient energy intake is essential in order to 
achieve a positive nitrogen balance. An energy intake of 35 
kcal/kgBW/day is associated with better nitrogen balance and 
is recommended in stable CRF patients in the range of ideal 
body weight ±10%.16 Overweight or undernourished patients 
may need adjustments of energy supply, to assure better 
coverage of their needs. Energy intake for patients > 60 years 
old should be 30 kcal/kg/day due to their limited energy needs 
because of their sedentary life and their declining REE due to 
ageing12. Regular physical activity should be encouraged as it 
helps in maintaining the functionality of muscles and improves 
endurance and cardiovascular health. 

8.2.3 Recommended protein intake is 1.0-1.5 g/kg body 
weight in clinically stable chronic haemodialysis 
patients and nPNA at least 1.0 g/kg/day. The 
optimum protein intake for a maintenance dialysis 
patient who is acutely ill is at least 1.2 to 1.3 g/
kg/d.4, 11
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Rationale: Protein needs in patients in maintenance 
haemodialysis exceed the needs of normal healthy people 
as the dialysis treatment itself induces significant nutrient 
losses, particularly aminoacids, oligopeptides, water soluble 
vitamins and trace elements. Moreover the dialysis procedure 
is a catabolic one, inducing catabolic stress and release or 
proinflammatory cytokines, which raise the protein needs17.

Protein intake should be of high biological value, i.e. from 
animal sources, e.g. poultry, meat, egg whites, soya, cream 
cheese etc. Animal protein high in phosphorus (small fish, 
dairy products, cheese, meat close to the bones) should be 
limited for a better blood phosphorus control. Protein foods 
should be limited to the meals that the patient is receiving 
phosphorus binders, in order to limit phosphorus absorption 
from the gut. 

In cases that alteration in taste of animal protein is reported 
(metallic taste), alternative sources of high biological value 
protein should be given. Fortification of food with protein 
supplements could be a way to cover patient’s increased 
protein needs. 

8.2.4 Haemodialysis patients are considered at high 
risk for developing cardiovascular disease. 
Therefore, in nutritional care of these patients all 
the nutrition related cardiovascular risk factors is 
advised to be taken into account.18, 19

Rationale: CKD raises the risk of developing cardiovascular 
disease,20 due to inflammation, disturbed calcium to 
phosphorus ratio and preexisting risk factors such as diabetes 
mellitus. In haemodialysis patients, emphasis should be given 
into the quality of their dietary fat intake. Saturated fat should 
be limited to <10% of total energy intake, cholesterol <250 
mg/day, monounsaturated should be 10-20% of total energy 
intake (TEE) and polyunsaturated fat should provide around 
10% of TEE. Therefore sources of saturated fat, such as full 
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fat dairy, cheese, fatty meat, poultry with skin, fried food, butter 
and full fat cream should be avoided, while olive oil intake 
should be one of the main sources of fat. Emphasis should 
be given in omega-3 fatty acid intake, which may be limited 
due to phosphorus restriction. Fatty fish intake, such as cod or 
salmon could be included once a week, with the correct use of 
phosphate binders. Fiber intake may also be limited due to the 
restriction in fruits and vegetables for the control of potassium. 
If constipation is present, patients should be advised add low 
potassium fruits and vegetables in their daily dietary program, 
and if this is not possible and/or not effective, supplementary 
fiber should also be considered. 

8.2.5 Vitamin supplementation should be tailored to 
individual needs. 

Rationale: Dialysis patients are prone to developing vitamin 
deficiencies due to abnormal renal metabolism, inadequate 
dietary intake and compliance to strict dietary restrictions, 
loss of gastrointestinal absorption and dialysis losses. Losses 
depend on the type of dialysis and its duration, since high-flux 
and high-efficiency dialysis attenuates losses in water soluble 
vitamins. Vitamin deficiencies develop slowly but they can affect 
patients’ quality of life. Each patient’s vitamin status should be 
evaluated on individual basis, according to the age, gender, 
dietary intake, dialysis losses, residual renal function and type 
of dialysis before he is subscribed to any supplemental vitamin 
therapy 11. Blood vitamin levels, alongside with early detection 
of symptoms of vitamin deficiencies is important to assure the 
individualization of treatment. 

8.2.6 Water soluble vitamin supplemental intake is 
advised to achieve 100% of the Dietary Reference 
intake (DRI) for Thiamin (B1), Rivoflavin (B2), 
Pyridoxine (B6) and vitamin B12. Folic acid and 
vitamin C intake is recommended to reach higher 
levels of intake4, 11. 
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Rationale: During haemodialysis a significant amount of the 
water soluble vitamins are lost in the dialysate. Due to dietary 
restrictions in vegetables and fruits, patients are prone to 
deficiencies in folic acid and vitamin C. Moreover, sufficient 
folic acid intake (1-5 mg) is needed for the prevention of 
hyperhomocysteinaimia. Vitamin C is also necessary to be 
taken as a supplement (75-90 mg11) as its sources include fresh 
fruits and vegetables, which are restricted for a better potassium 
control. Thiamin deficiency is common in haemodialysis 
patients due to clearance by dialysis and inadequate dietary 
intake. Dietary sources of thiamin include seeds and legumes, 
which are often not included in sufficient amounts in regular 
basis, and pork. Beriberi is the most known condition caused 
by thiamin deficiency, while other manifestations include 
neurological symptoms (Wernicke encephalitis). Nowadays, 
all the vitamin supplements for renal patients include thiamin11. 
Rivoflabin deficiency is not common, eventhough it is well 
cleared during a haemodialysis session, as its main sources 
include lean meat, eggs, food cereals and bread, food items 
included in end stage CKD patients’ diet. B6 needs could be 
increased by the accelerated erythropoiesis due to treatment 
by erythopoetin. B12 is necessary for the prevention of 
pernicious anaemia and for an optimal folic acid metabolism. It 
is found in sufficient amounts in meat, milk and egg yolk. B12 
supplements are safe, though renal patients diet diets should 
already contain sufficient B1211. The recommendations for 
vitamin intake and supplements are summarized in Table 8.1. 

8.2.7 Fat soluble vitamins should be treated with 
caution, as they are stored in the body and the 
toxicity risk is higher. Vitamin A and K should not 
be given as supplements.11

Rationale: Vitamin A deficiencies are rare in renal patients as 
it is not removed by haemodialysis. Therefore, the danger of 
toxicity is higher and supplemental use is not recommended. 
Daily needs can be covered by its dietary sources which 
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include dairy products, fish oil and carrots. Supplemental use 
of vitamin A may be considered in patients receiving Total 
Parenteral Nutrition (TPN) but these should not exceed 700 
-900 μg.There is emerging evidence that vitamin K deficiency 
is common in dialysis patients. Subclinical vitamin K deficiency 
may contribute to the vascular calcification and inflammation in 
dialysis patients. There are ongoing trials to determine whether 
vitamin K supplementation helps or harms dialysis patients. 
Until these trials report their results, it is recommended that 
vitamin K supplements are used only in patients on TPN or 
those with problematic nutritional intake. Supplements in TPN 
should not exceed 7.5 mg/week. (Table 8.1.)
Table 8.2. Recommended dietary intake and supplements of vitamins 11

Vitamin Daily recommendations

Water soluble vitamins

Thiamin (B1) 1.1-1.2 supplement 

Riboflavin (B2) 1.1 -1.3 supplement

Niacin (B3) 14-16mg supplement

Pantothenic Acid (B5) 5 mg supplement

Pyridoxine (B6) 10 mg supplement

Biotin (B8) 30 μg supplement

Folic Acid (B9) 1-5 mg supplement 

Cobalamine (B12) 2.4 mg supplement

Vitamin C 75-90 mg supplement

Fat Soluble vitamins

Vitamin A
700 – 900 μg intake 
– no supplement

Vitamin K 90-120 μg - no supplement

Vitamin E
400 – 800 IU supplement for 
secondary CVD prevention and 
cramps
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8.2.8 Sodium restriction to no more than 80-100 mmol 
(2000-3000 mg) of sodium or 5-6 g (75 mg/kg BW) 
of sodium chloride (salt) is indicated. Interdialytic 
weight gain (IDWG) is advised not to exceed 
4-4.5% of dry body weight 11

Rationale: Sodium restriction is indicated for the majority 
of CKD patients who do not have increased salt losses. 
Dietary sodium restriction helps prevent the fluid overload 
and hypertension which is common at all stages of CKD. In 
anuric and ologuric hemodialysis patient, sodium control 
is even more important. These patients cannot excrete 
significant amounts of salt between dialysis sessions, so any 
dietary salt will increase thirst, driving the fluid intake which 
is necessary to dilute the salt and prevent a rise in serum 
sodium concentration. In general, 8.5 g of sodium chloride will 
require 1 litre of fluid intake to dilute sufficiently. If the dialysis 
patient does not drink enough fluid to dilute the dietary salt, 
the serum sodium will rise between dialysis sessions and 
reduce rapidly during dialysis as the salt is dialysed out. This 
fall in serum sodium will cause cramps and hypotension. Salt 
substitutes containing potassium chloride should be avoided 
in HD patients and salt can be substituted by the use of herbs 
and spices. 

Some patients may drink excessively, even after successfully 
reducing salt intake. In this case, the pre-dialysis serum sodium 
concentration will be low. These patients should restrict their 
fluid intake to 500-1000 ml in addition to daily urine output 
in order to achieve an IDWG of 2-2.5 kg or 4% of dry body 
weight. All foods that are liquid at room temperature (18-20°) 
should be counted as fluid, except oils. Thirst control can be 
facilitated by the consumption of chilled liquids, consumption 
of ice cubes instead of water, addition of lemon in water and 
the use of chewing gums to hydrate mouth.21, 22
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8.2.9 Potassium control is important to prevent cardiac 
arrhythmias and hyperkalaemia. In patients with 
pre dialysis potassium >6mmol/l, daily potassium 
intake may not exceed 50-70 mmol (1950-2730 
mg) or 1 mmol/kg BW 11

Rationale: In healthy subjects, 90% of dietary potassium is 
excreted by the kidneys. Dietary intake and adequate dialysis 
can help in the maintenance of acceptable potassium levels. 
Since potassium exists in almost every food item, severe 
restrictions should be of limited time, in order to assure the 
balance in patients’ diet and a better quality of life. In case of 
hyperkalemia, i.e. elevated blood potassium levels, patients 
could complain for nausea, weakness, numbness or tingling, 
slow pulse, irregular heartbeat, and they are at high risk of heart 
failure or sudden death. In this case serum potassium levels 
before HD treatment should be measured and documented. 
If they are repeatedly elevated, patients should be advised to 
limit their potassium intake, by avoiding fruits and vegetables 
rich in potassium (bananas, oranges, potatoes, tomatoes, 
etc.) and choosing lower potassium ones (apples, pears, 
lettuce, carrots, boiled vegetables, pealed fruits or boiled and 
chopped). In CKD patients, potassium intestinal excretion 
is increased as a compensatory mechanism. Therefore, 
constipation has to be avoided, by the use of the allowed 
quantity of low potassium fruits and vegetables and/or the use 
of dietary fiber supplements. Finally, patients should avoid 
the use of salt substitutes as part of a low sodium diet and 
attentively read food labels for the presence of potassium salt 
or the phrase “enhanced with a natural solution of…”23.
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Table 8.3 Steps to Calculate the initial binder prescription 25

Step Example Example

Phosphorus intake Total dietary P 
intake

1000 mg per day or  
7000 mg /week

Amount absorbed

(50-70% of mixed 
diet in non-renal) 
(53% renal vs 77% 
in non-renal)

Dietary intake 
multiplied by  
50-60% absorbed

600 mg per day or  
4200 mg /week

Average HD/PD 
clearance

HD = 800 mg per 
treatment

PD=300-315 mg per 
day

Amount absorbed 
– dialysis clearance 
= remaining P 
to be bound by 
phosphate binder

HD: 4200-2400 =  
1800 mg/week or 257 mg/day 

PD: 4200 – 2205 =  
1995 mg/ week or 285 mg/day

Divided by 
estimated binding 
power or the binder 
of choice

Remaining P/
binding power

257/39 (approx. P bound by  
1g CaCO3) = 6.5 g CaCo3

257/45 (approx. P bound  
by 1g calcium acetate)= 5.7 g

257/15-30 (approx. P bound by 
1 Al(OH)3 tablet = 12-17 tablets

257/64 (approx. P bound or 
800 mg sevelamer HCl)  
= 4 tablets

257/32 (approx. P bound per 
400 mg sevelamer HCL)  
= 8 tablets

Note: Calculations for OD 
would use 285 instead of 257

Note: The above table estimates the initial prescription based on average phosphorus absorption, 
average dialysis clearance and the approximate binding potential for the binder of choice.  
The dose should be monitored and adjusted based on response of the individual patient. 
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8.2.10 Phosphorus intake is recommended to be 
controlled, without compromising protein intake. 
Dietary education alongside with a daily intake 
or 800-1000 mg or <17mg/kg of phosphate is 
recommended4, 11

Rationale: Dietary phosphate is normally excreted by the 
kidneys. It tends to accumulate in CKD patents, especially 
in dialysis patients when they become anuric. Phosphate 
accumulation causes itching, one of the main unpleasant 
symptoms of CKD. Phosphate accumulation contributes to 
vascular calcification, one of the main factors limiting survival 
in CKD. Phosphate accumulation is the most important cause 
of hyperparathyroidismand mineral bone diseases. Therefore 
phosphorus should be closely monitored. 

Each haemodialysis session removes 500-700 mg of 
phosphate. Typical protein-containing foods contain 12-16mg 
phosphate per g. Therefore a diet with adequate protein 
content of 80-100g could include up to 1,600 mg phosphate 
per day unless the patient takes care to choose food with 
lower phosphate content. Dairy products have the highest 
phosphate content11 and 50-60% of the dietary phosphate 
is absorbed. Standard thrice weekly haemodialysis removes 
500-700 mg phosphate per session, far less than the dietary 
intake during the two or three days between sessions. 

Selection of foods with the lowest content of phosphorus can 
help in achieving the phosphate goals, without affecting protein 
intake. Moreover, the appropriate use of phosphate binders - 
in means of type, dose and time – is important in order to 
assure effective phosphorus excretion. In Table 8.3 the steps 
to calculate the initial binder prescription is described. 
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Table 8.4 Phosphate binding compounds 25

Compound Common  
product-
names

Estimate of % 
Ca+2 absorbed

P (mg) bound 
per mg Ca+2 

absorbed

Estimate 
of potential 
binding power

Potential Side 
effects

Calcium 
Carbonate

TUMS
Oscal
Calcichew
Caltrate
Calci-Mix
Titralac
Chooz Gum

Approximately 
20-30% is 
absorbed

Approximately 
1mg P bound 
per 8mg 
Calcium 
absorbed

Approximately 
39mg P bound 
per 1 g Calcium 
carbonate

Hypercalcaemia, 
extrasceletal 
calcification, 
GI side effects, 
constipation

Calcium 
Acetate 

PhosLo With meals 
21±1%

Between meals 
40±4%

Approximately 
1.04 mgP 
bound per 
2.3mg Ca 
abs. 
1 mg P bound 
per 2.9mg Ca 
absorbed

Approximately 
45mg P bound 
per 1 g Calcium 
Acetate 

Hypercalcaemia, 
extrasceletal 
calcification, GI 
side effects

Calcium 
Citrate

Citracal 22% N/A N/A Increases 
aluminium 
adsorption

Magnesium 
Carbonate 
CaCO3

MagneBind 
200/300

It contains 
450/300mg 
calcium acetate

Approximately 
1mgP bound 
per 2.3mg Ca 
abs

N/A Hypermagnisemia

Aluminuim 
Hydroxate

AllernaGEL
Alucap
Alutab
Amphojel
Dialume

None N/A Liquid: Mean 
binding 22.3mg 
P per 5ml
Tablet/ 
capsule:mean 
binding 15.3 mg 
P per capsule 

Constipation/ 
faecal impaction, 
bone mineral 
defects, 
aluminium 
toxicity, chalky 
taste, GI distress

Aluminium 
Carbonate

Basajel None N/A Same as above Same as above

Sevelamer 
HCL

Renagel None N/A Unknown GI side effects, 
cost

CaCO3 = 43mg P bound per 1 g elemental Ca
PhosLo = 106 mg P bound per 1 g elemental Ca
Sevelamer = 80mg P bound per 1 g Sevelamer – animal data only
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8.2.11 Calcium intake is recommended not to exceed 
2000 mg/day, including the intake from phosphate 
binders, to limit the risk or vascular calcification. 

Rationale: The restriction in phosphorus can affect negatively 
calcium intake, as milk and dairy products are often limited. 
Calcium intake by dietary sources can be suppressed up 
to 500 – 800 mg. day. Despite that, overall calcium intake 
can be much higher as calcium can be obtained from other 
sources, such as phosphate binders. Therefore, in order to 
avoid vascular calcification all sources of calcium should be 
taken into account and in cases where hyperparathyroidism is 
poorly controlled non-calcium binders should be chosen 14. In 
Table 8.4 the main existing phosphate binders are presented, 
along with the percentage of Calcium absorption in the 
calcium containing binders. The relative phosphate binding 
coefficient (RPBC), based on weight of each binder can be 
estimated relative to calcium carbonate, the latter being set 
to 1.0. According to a systematic review of the evidence by 
Daugirdas et al, gave the following estimated RPDC gave 
the following estimated RPBC: for elemental lanthanum, 2.0, 
for sevelamer hydrochloride or carbonate 0.75, for calcium 
acetate 1.0, for anhydrous magnesium carbonate 1.7, and for 
‘‘heavy’’ or hydrated, magnesium carbonate 1.3. Estimated 
RPBC for aluminum-containing binders were 1.5 for aluminum 
hydroxide and 1.9 for aluminum carbonate. The phosphate-
binding equivalent dose (PBED) was then defined as the dose 
of each binder in g multiplied by its RPBC, which would be the 
binding ability of an equivalent weight of calcium carbonate. 
The PBED may be useful in comparing changes in phosphate 
binder prescription over time when multiple binders are being 
prescribed.24

8.3 Nutritional support 

8.3.1 Nutritional support could be considered in 
undernourished haemodialysis patients, i.e. 
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patients with BMI <20 kg/m2, serum albumin<3.5 
mg/dl and serum proalbumin <300 mg/l15

Rationale: In case of established malnutrition, the first action 
that should be taken is dietary counceling by a trained renal 
dietician3, 15. Possible causes of malnutrition (Table 8.1) should 
be treated and the administered dialysis doses (Kt/V) should 
be adapted to the patient‘s target weight. In case of mild to 
moderate malnutrition, there is a need for increased dietary 
protein and energy intake, according to the pre-defined edema-
free target weight 3. Fortification of food should be considered 
with sources of energy (fat and/or carbohydrates, e.g. olive 
oil, vegatable oils, margerine, butter and sugar in absence of 
diabetes mellitus and specific products that provide energy 
by fat and carbohydrates) and/or protein (e.g. egg whites or 
commercially available protein powers mainly from casein).   

8.3.2 Oral nutritional supplements (ONS) or enteral 
nutrition (EN) through tube feeding (TF) could 
be imposed in malnourished patients whose 
oral nutritional intake fail to reach the goals of 
adequate nutrition. 

Rationale: If nutritional counseling alone fails to improve 
nutritional status ONS and enteral feeding should be 
considered. ONS and enteral feeding can improve nutritional 
status of haemodialysis patients. According to a recent meta-
analysis ONS and EN improved serum albumin levels by 0.23 
g/dl in maintenance haemodialysis patients with little effect 
on serum electrolytes 26. EN by TF should be a choice in 
patients with low compliance to ONS and patients with low 
levels of consciousness or patients with dysphagia15, in order 
to avoid the risk of aspiration. In patients with gastroparesis, 
nasojejunal TF should be chosen in order to facilitate better 
promotion of food in the gut. In patients requiring long term 
EN, percutaneous endoscopic gastrostomy or jejunostomy 
(PEG or PEJ) should be considered15.
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8.3.3 Standard ONS can be used. Haemodialysis – 
specific formulas should be preferred for enteral 
feeding. Enteral formulas should be energy dense 
and low in potassium and phosphorus 15. 

Rationale: There are several ONS designed for haemodialysis 
patients. These formulas exist in different flavors to improve 
compliance. As it has been reported compliance after 2-3 
months only reach 50%, so different tastes and choices 
could provide a benefit27. Moreover, dietary counseling can 
also provide motivation to the patients to drink the prescribed 
ONS. As for their characteristics, they have higher protein 
content (1.5-2.0 Kcal/ml), to facilitate fluid control, controlled 
concentrations in electrolytes to improve their serum level 
control. These formulas can also be used by tube feeding as 
a sole source of nutrition. The benefits of their use is more 
profound in this case as they have to cover the specific needs 
of haemodialysis patients as a whole, but it needs better 
evaluation in means of their use as ONS15. ONS can improve 
nutritional status when they are provided intradialytically28, 29. 
Other studies support their provision as late evening snacks, 
as they reduce overnight fast and do not compromise appetite 
during the day.

8.3.4 In stable undernourished maintenance 
haemodialysis patients with low compliance 
or tolerance of ONS and/or EN, intradialytic 
parenteral nutrition (IDPN) may be provided. 30

Rationale: Intradialytic parenteral nutrition is a cyclic 
parenteral nutrition (PN) provided during haemodialysis 
through the venous way of the dialysis line, three times per 
week. This method has been developed in 1980s. IDPN 
typically provides 800 – 1200 Kcal/ haemodialysis session, in 
the form of fat carbohydrate and protein (30-60 g) and equals 
to the nutritional support of 400-600 Kcal /day31. Although IDPN 
can improve parameters indicative for nutritional status31,32, no 
significant improvement in quality of life or in mortality could 
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be demonstrated33, 34. IDPN should be chosen in patients in 
haemodialysis with acute protein catabolism, when oral and 
enteral nutrition is not possible. In the algorithm in Figure 8.2 
the pathway for choosing the appropriate route of nutritional 
support is presented.

Figure 8.2. Decisional algorithm for the management of malnutrition or in Haemodialysis patients.

IDPN: intradialytic parenteral nutrition. EN: Enteral Nutrition, BMI: Body Mass Index
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Glossary

Glossary of Key Terms 
A

access: in haemodialysis, the point on the body where a needle or catheter 
is inserted. 

access flow rate (Qa): measurement of blood flow rate (Qa) is used to 
monitor arteriovenous fistulas and grafts that are used for haemodialysis 
blood access.

acetate: a salt or ester of acetic acid. In most A-concentrates for dialysis, 
a small amount of acetic acid (CH3COOH) is added to adjust the pH of the 
final dialysis fluid. This is done to reduce the probability for calcium carbonate 
precipitates in the dialysis machine. 

acetate free biofiltration (AFB): a haemodiafiltration technique based on a 
buffer-free dialysate and bicarbonate infusion in the postdilution mode.

advanced glycation end products (AGEs): end products of non-enzymatic 
protein lipoproteins and nucleic acid glycosylation. AGEs accumulate in 
structural proteins (of ligaments, blood vessel walls, etc.) to compromise the 
microcirculation and contribute to the secondary complications of long-term 
diabetes

albumin creatinine ratio (ACR): this test compares the amount of albumin in 
the urine with the amount of creatinine. It is used to detect whether albuminuria 
is present. 

albuminuria: more than normal amounts of a protein called albumin in the 
urine. 

amyloidosis: a condition in which a protein-like material builds up in one or 
more organs. This material cannot be broken down and interferes with the 
normal function of that organ. People who have been on dialysis for several 
years may develop amyloidosis because the artificial membranes used in 
dialysis fail to filter the protein-like material out of the blood.

anaemia: the condition of having too few red blood cells. Healthy red blood 
cells carry oxygen throughout the body. If the blood is low on red blood cells, 
the body does not get enough oxygen. People with anemia may be tired and 
pale and may feel their heartbeat change. Anaemia is common in people with 
chronic kidney disease or those on dialysis.
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arterial pressure: the pressure of the circulating blood on the arteries; 
“arterial pressure is the product of cardiac output and vascular resistance”

arteriovenous (AV) fistula (F): surgical connection of an artery directly to a 
vein, usually in the forearm, created in patients who will need haemodialysis. 
The AV fistula causes the vein to grow thicker, allowing the repeated needle 
insertions required for haemodialysis.

arteriovenous (AV) graft: a vascular access surgically created in patients 
who will need haemodialysis using a synthetic tube to connect an artery to 
a vein. 

B

beta 2 microglobulin: β2-microglobulin is also known as B2M and is a 
component of MHC class I molecules, which are present on all nucleated 
cells (excludes red blood cells). In long-term haemodialysis patients, it can 
aggregate into amyloid fibres that deposit in joint spaces, a disease known as 
dialysis-related amyloidosis.

bicarbonate: a salt containing the ion HCO3-. Bicarbonate is a key component 
of the main buffer system in the body. 

Biocompatibility: refers to the ability of a material interacting with body 
systems to perform with an appropriate host response in a specific situation.

blood flow rate (Qb): the rate at which the patient’s blood is pumped through 
the artificial kidney. 

blood urea nitrogen (BUN): a waste product in the blood that comes from the 
breakdown of food protein. The kidneys filter blood to remove urea. As kidney 
function decreases, the BUN level increases.

C

central venous catheter (CVC): a way of accessing the blood system for 
dialysis. If time does not allow for the development of an AVF because the 
kidney disease has progressed rapidly, then a venous catheter can be a 
temporary access until an alternative is available. Catheters that will be used 
for more than a few weeks are tunneled under the skin to increase comfort 
and reduce complications.
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citrate: a derivative of citric acid, that is, the salts, esters, and the polyatomic 
anion found in solution.

clearance: volume of blood per minute that is completely cleaned of a specific 
substance (measured in ml/min).

complement: a substance in the blood, consisting of nine different fractions, 
which aids the body’s defences when antibodies combine with antigens.

convection: the movement of solutes with water flow. The greater the volume 
of water flow the greater the solute movement. Convection is utilised on 
haemodiaflitration and haemofiltration therapies.

cystatin: a serum protein that is filtered from the blood by the kidneys and 
serves as a measure of kidney function.

creatinine : a type of waste in the blood that comes from using your muscles 
in everyday activities. Healthy kidneys clean creatinine from the blood. When 
kidneys are not working, creatinine can build up in blood.

creatinine clearance: a test that measures how efficiently the kidneys 
remove creatinine and other wastes from the blood. Low creatinine clearance 
indicates impaired kidney function.

cystine: an amino acid found in blood and urine. Amino acids are building 
blocks of protein. 

cholesterol: a waxy, fat-like substance in your blood. Your body needs some 
cholesterol, but too much cholesterol can raise your risk for heart disease and 
kidney disease.

chronic kidney disease (CKD): slow and progressive loss of kidney function 
over several years, often resulting in permanent kidney failure. People with 
permanent kidney failure need dialysis or transplantation to replace the work 
of the kidneys.

D

diabetes : a disease that keeps the body from making or using insulin 
correctly. Your body needs insulin to get energy from sugar in the foods you 
eat. If your body can’t make or use insulin correctly, sugar can build up in your 
blood and cause problems.

Glossary
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diabetic nephropathy:  the medical name for kidney disease caused by 
diabetes.

dialysis: a way of cleaning waste and extra fluid from the blood once the 
kidneys have failed. There are two types of dialysis: haemodialysis and 
peritoneal dialysis.

•	haemodialysis: the use of a machine to clean wastes from the blood 
after the kidneys have failed. The blood travels through tubes to a 
dialyzer, which removes wastes and extra fluid. The cleaned blood then 
flows through another set of tubes back into the body.

•	peritoneal  dialysis: cleaning the blood by using the lining of the 
abdominal cavity as a filter. A cleansing liquid, called dialysis solution, 
is drained from a bag into the abdomen. Fluids and wastes flow through 
the lining of the cavity and remain “trapped” in the dialysis solution. The 
solution is then drained from the abdomen, removing the extra fluids and 
wastes from the body. There are two main types of peritoneal dialysis:

o continuous ambulatory peritoneal dialysis (CAPD): The most common 
type of peritoneal dialysis. It needs no machine. With CAPD, the blood 
is always being cleaned. The dialysis solution passes from a plastic 
bag through the catheter and into the abdomen. The solution stays in 
the abdomen with the catheter sealed. After several hours, the person 
using CAPD drains the solution back into a disposable bag. Then 
the person refills the abdomen with fresh solution through the same 
catheter, to begin the cleaning process again.

o continuous cycling peritoneal dialysis (CCPD): A form of peritoneal 
dialysis that uses a machine. This machine automatically fills and 
drains the dialysis solution from the abdomen. A typical CCPD 
schedule involves three to five exchanges during the night while the 
person sleeps. During the day, the person using CCPD performs one 
exchange with a dwell time that lasts the entire day.

dialysis solution: a cleansing liquid used in the two major forms of dialysis 
- haemodialysis and peritoneal dialysis. Dialysis solution contains dextrose 
(a sugar) and other chemicals similar to those in the body. Dextrose draws 
wastes and extra fluid from the body into the dialysis solution.

dialyzer: a part of the haemodialysis machine. The dialyzer has two sections 
separated by a membrane. One section holds dialysis solution. The other 
holds the patient’s blood.
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di-2-ethylhexyl-adipate (DEHA): an ester of 2-ethylhexanol and adipic acid 
and known as a plasticiser. Plasticisers are added to products to increase the 
plasticity or fluidity of a material.

di-2-ethylhexyl-phthalate: an organic compound, DEHP is the most common 
of the class of phthalates which are used as plasticisers.

diffusion: the movement of a substance from an area of high concentration 
to an area of low concentration. In haemodialysis this occurs via a semi-
permeable membrane.

dry weight: the ideal weight for a person after a haemodialysis  treatment. 
The weight at which a person’s blood pressure is normal and no swelling 
exists because all excess fluid has been removed

dynamic venous pressure (DVP): Each treatment measure Venous 
Pressure per ml/min blood flow.

E

EID/Qb ratio: Effective Ionic Dialysance/Blood Flow Ratio

electrolytes: chemicals in the body fluids that result from the breakdown of 
salts, including sodium, potassium, magnesium, and chloride. The kidneys 
control the amount of electrolytes in the body. When the kidneys fail, 
electrolytes get out of balance, causing potentially serious health problems. 
Dialysis can correct this problem.

end-stage renal  disease (ESRD): total and permanent kidney failure. When 
the kidneys fail, the body retains fluid and harmful wastes build up. A person 
with ESRD needs treatment to replace the work of the failed kidneys.

Erythropoietin (EPO): a hormone made by the kidneys to help form red 
blood cells. Lack of this hormone may lead to anaemia.

F

fluid allowance/restriction: is a limit or daily total amount of fluid taken daily 
that is usually set by a doctor

fluid retention: when the body does not get rid of enough liquid (water). This 
can cause swollen or puffy ankles, face or hands or shortness of breath.

Glossary
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G

glomerular  filtration rate (GFR): a calculation of how efficiently the kidneys 
are filtering wastes from the blood. A traditional GFR calculation requires an 
injection into the bloodstream of a fluid that is later measured in a 24-hour 
urine collection. A modified GFR calculation requires only that the creatinine 
in a blood sample be measured. Each laboratory has its own normal range 
for measurements. 

Goodpasture syndrome: An uncommon disease that usually includes 
bleeding from the lungs, coughing up of blood, and inflammation of the kidneys 
that can lead to kidney failure. This condition is an autoimmune disease.

H

HDL: also called high density lipoprotein or “good” cholesterol. HDL carries 
cholesterol to the liver where it can be removed from the blood. 

haematocrit : a measure that tells what portion of a blood sample consists 
of red blood cells. Low haematocrit indicates anemia or massive blood loss.

haemofiltration (HF): a type of ESRD treatment that does not use dialysate. 
The solutes are removed using convective forces to filter plasma water 
through a semipermeable membrane. Substitution fluid is used to replace the 
volume removed by filtration.

haemodiafiltration (HDF): special type of ESRD treatment combining the 
advantages of haemodialysis and haemofiltration. High elimination rates are 
achieved for substances with small and large weight molecules via diffusive 
and convective mechanisms respectively. 

high flux: a dialyser membrane with high hydraulic permeability which allows 
the transfer of larger solutes and large amounts of water at low membrane 
pressures.

hormone: a natural chemical produced in one part of the body and released 
into the blood to trigger or regulate particular functions of the body. The kidney 
releases three hormones: erythropoietin, renin, and an active form of vitamin 
D that helps regulate calcium for bones.

hydrophobic: something having little or no affinity to water

hypercatabolism: an abnormally increased rate of metabolic breakdown of 
substances in the body.
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K

kidney disease: permanent damage to the kidneys. The most common 
causes are diabetes and high blood pressure. If left untreated, kidney disease 
can lead to kidney failure.

kidney failure: when the kidneys don’t work well enough to clean your blood. 
A person with kidney failure will need dialysis or a kidney transplant to live.

kidney transplant: when a healthy kidney from one person is placed in 
someone else whose kidneys have failed. A kidney transplant can come from 
a living donor or from someone who has just died.

Kt/V: a formula for measuring dialysis adequacy, where K = dialyzer clearance, 
t = time, V = patient urea distribution volume.

L

Low flux: a dialyser membrane with low hydraulic permeability which limits 
the transfer of water and solutes of larger sizes.

M

membrane: a thin sheet or layer of tissue that lines a cavity or separates two 
parts of the body. A membrane can act as a filter, allowing some particles to 
pass from one part of the body to another while keeping others where they 
are. The artificial membrane in a dialyzer filters waste products from the blood.

membranoproliferative glomerulonephritis: a disease that occurs primarily 
in children and young adults. Over time, inflammation leads to scarring in 
the glomeruli, causing proteinuria, hematuria, and sometimes chronic kidney 
disease or end-stage renal disease.

membranous nephropathy: a disorder that hinders the kidneys’ ability to 
filter wastes from the blood because of harmful deposits on the glomerular 
membrane. Some cases of membranous nephropathy develop after an 
autoimmune disease or malignancy, but most develop without a known cause. 

medical nutrition therapy (MNT): using nutrition to help control chronic 
conditions like diabetes, heart disease or kidney disease. MNT usually means 
working with a dietician to make health changes to diet.
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N

nocturnal haemodialysis: performed at night while the patient is asleep. 
This is usually performed at the patient’s home

O

oedema : swelling caused by too much fluid in the body.

P

P-cresol: a metabolite of the amino acid tyrosine considered a prototype 
of a group of protein bound uremic solutes. P-cresol has increasingly been 
recognised to play a role in the pathophysiology of uremic syndrome.

phosphate binder: if phosphate level is too high  phosphate binders may 
be prescribed. These combine with phosphate in the intestines and will pass 
out of the body with the faeces. It is important to take phosphate binders with 
meals and snacks.

R

renal osteodystrophy: weak bones caused by poorly working kidneys. Renal 
osteodystrophy is a common problem for people on dialysis who have high 
phosphate levels or insufficient vitamin D supplementation.

Rennin: a hormone made by the kidneys that helps regulate the volume of 
fluid in the body and blood pressure.

T

transmembrane pressure (TMP): hydrostatic pressure gradient across the 
dialyser membrane.

thrombin–antithrombin (TAT): form following thrombin generation and have 
a plasma half-life of 10-15 minutes. The presence of TAT indicates ongoing 
thrombin formation and the consumption of antithrombin. 

thrombomodulin: a glycoprotein present in the plasma membrane of 
endothelial cells that binds thrombin.

thrill: a vibration or buzz that can be felt in an arteriovenous fistula, an 
indication that the fistula is healthy.
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transferrin saturation (TSAT): the amount of iron stored in the body is 
indicted by the level of ferritin in the blood. Transferrin saturation is a score 
that indicates how much iron is available to produce red blood cells.

triglycerides: a type of fat in the blood. High triglycerides can raise the risk of 
heart disease and kidney disease.

U

urea: a waste product found in the blood and caused by the normal breakdown 
of protein in the liver. Urea is normally removed from the blood by the kidneys 
and then excreted in the urine. Urea accumulates in the body of people with 
renal failure.

uremia: the illness associated with the buildup of urea in the blood because 
the kidneys are not working effectively. Symptoms include nausea, vomiting, 
loss of appetite, weakness, and mental confusion.

URR (urea reduction ratio): a blood test that compares the amount of blood 
urea nitrogen before and after dialysis to measure the effectiveness of the 
dialysis dose.

UF coefficient: the mathematical coefficient used to describe the rate of 
water transport (ultrafiltration or UF) through the membrane in response to a 
certain pressure gradient (TMP) across a membrane.

ultrafiltration: the movement of fluid down a pressure gradient from an area 
of high pressure to an area of low pressure.

V

vascular access: a general term to describe the area on the body where blood 
is drawn for circulation through a haemodialysis circuit. A vascular access 
may include an arteriovenous fistula, a graft, or a central venous catheter.

venous needle dislodgement (VND): occurs when a venous needle 
dislodges from a patient’s vascular access during haemodialysis treatment.
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