
Renal replacement therapy  
for acute kidney injury in intensive care

Use and indications
Severe acute kidney injury results in the 
dysregulated homeostasis of fluid, potassium 
and acid–base status. Renal replacement 
therapy removes solutes and excess water, and 
thus provides supportive treatment, but does 
not replace any other functions of the kidney, 
i.e. resorption of amino acids, activation of 
vitamin D, production of erythropoietin or 
gluconeogenesis. 

Around 5–10% of intensive care patients 
will receive renal replacement therapy during 
their stay, and the hospital mortality rate in such 
patients is around 50–60% (Susantitaphong 
et al, 2013; Hoste et al, 2015). The cause of 
acute kidney injury is often multi-factorial and 
complex in critically ill patients, but regardless 
of the underlying aetiology, if the renal injury 
cannot be easily rectified, and if the patient’s 
primary condition has a reasonable degree of 
reversibility, then renal replacement therapy 
should be considered. 

The indications for renal replacement 
therapy are not absolute, and several renal 
and non-renal factors play a role when 
considering whether renal replacement 
therapy should be started (Table 1). Notably, 
there are no universally accepted levels of 
urea, creatinine, potassium or pH at which 
to commence therapy. 

Principles and techniques of renal 
replacement therapy
Renal replacement therapy can broadly be 
divided into intermittent or continuous 
techniques. Intermittent techniques 
include peritoneal dialysis and intermittent 
haemodialysis. Continuous renal replacement 
therapy includes continuous veno-venous 
haemofiltration, continuous veno-venous 
haemodialysis, and continuous veno-venous 
haemodiafiltration. Hybrid methods also exist 
such as sustained low-efficiency dialysis and 
slow continuous ultrafiltration, which attempt 
to combine the benefits of both intermittent 
and continuous methods. In the UK the most 
common methods used in intensive care are 
continuous veno-venous haemofiltration and 
continuous veno-venous haemodiafiltration, 
but continuous veno-venous haemodialysis is 
increasingly being used.

Renal replacement therapy in the 
intensive care setting involves the use of an 
extracorporeal circuit to remove solutes and 
excess water from the blood and plasma. This 

Table 1. Indications for initiation of renal replacement therapy

Renal 
indications

Rapidly evolving renal failure, or the development of uraemic complications  
(e.g. uraemic pericarditis or encephalopathy)

Hyperkalaemia unresponsive to medical management

Severe metabolic acidosis

Oliguria or anuria resulting in fluid overload and diuretic-resistant pulmonary oedema

Management of complex fluid balance, e.g. in cardiac failure

Non-renal 
indications

Drug toxicity, e.g. lithium

Correction of electrolyte abnormalities, e.g. in hypernatraemia

Temperature control (rarely performed nowadays because other methods work better)
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A
cute kidney injury is a common 
occurrence on the intensive 
care unit, with up to 60% of 
patients being affected (Hoste 
et al, 2015). In hospitalized 

patients, acute kidney injury is associated 
with increased hospital mortality, length 
of stay and health-care costs, and is also an 
independent risk factor for chronic kidney 
disease (Chertow et al, 2005; Lafrance and 
Miller, 2010). 

Renal replacement therapy has become 
an essential tool in the intensive care 
management of patients with severe acute 
kidney injury, and helps to correct metabolic 
derangements and fluid overload, and 
prevent the associated life-threatening 
complications. A basic understanding of 
renal replacement therapy is essential for 
all doctors treating acutely unwell patients, 
and this review provides a brief overview of 
renal replacement therapy commonly used 
in the intensive care unit.
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circuit requires vascular access in the form 
of a large bore double lumen central venous 
catheter – often referred to as a ‘vascath’. 
Blood is removed from the patient via the 
afferent limb of the catheter using roller 
pumps, and passed through a cylindrical 
synthetic semi-permeable polysulphone 
membrane consisting of multiple hollow 
fibres with pores throughout where filtration 
and/or dialysis takes place. The blood is then 
returned to the patient via the efferent limb 
of this catheter.

The fundamental aim of all renal 
replacement therapy techniques is the removal 
of unwanted solutes and water through a semi-
permeable membrane using the processes of 
diffusion, convection or a combination of 
both. Diffusion describes solute transport 
across a semi-permeable membrane generated 
by a concentration gradient. Convection refers 
to bulk flow of solute across a semi-permeable 
membrane together with solvents (solvent 
drag), in a manner that is dependent on the 
transmembrane pressure and membrane 
characteristics, and independent of solute 
concentration. 

Haemodialysis 
Using the principle of diffusion, haemodialysis 
detoxifies the blood by running it through 

a semipermeable membrane bathed in a 
solution of pure water, electrolytes and salts, 
referred to as dialysate. Dialysate flows in the 
opposite direction to create a counter-current 
mechanism optimizing the concentration 
gradient between blood and dialysate at all 
times, thus enabling rapid diffusion of solute. 
Diffusion is more effective at removing low 
molecular weight molecules (<30 kDa) such 
as urea, creatinine, ions and ammonia. 

Haemofiltration  
Haemofiltration uses convection as the 
mechanism for detoxification of blood. The 
clearance of solute via convection depends 
on both the direction and magnitude of the 
transmembrane pressure. Increasing the flow 
rate will increase the volume of ultrafiltrate 
removed as effluent, and in turn increase 
solute clearance. The movement of solute 
across the semi-permeable membrane is also 
dependent on both the size of the molecule 
in question, the size of the pores in the 
membrane, the degree of protein binding and 
whether the substance is water soluble or not. 

To effectively detoxify blood of solute 
by convection, large volumes of ultrafiltrate 
are needed, which leaves the circuit as waste 
(effluent). During this process, molecules 
like bicarbonate, magnesium, calcium and 

other essential electrolytes are also removed. 
This necessitates the return of a balanced 
crystalloid solution to the patient, in effect 
exchanging the waste ultrafiltrate with a 
replacement solution. 

Haemodiafiltration 
Haemodiafiltration is a combination of 
haemodialysis (diffusive clearance), and 
haemofiltration (convective clearance). 
Haemodialysis effectively becomes 
haemodiafiltration by increasing the 
transmembrane pressure and thereby 
increasing the ultrafiltration volume – and 
with it the convection of solutes. Diffusive 
clearance continues as previously described 
– down a concentration gradient maintained 
by the counter-current flow of dialysate. The 
removal of larger volumes of ultrafiltrate 
again necessitates volume replacement with 
a balanced crystalloid solution to maintain 
blood volume. 

Choice of modality 
There is no strong evidence to support 
use of one type of renal replacement 
therapy in intensive care over the others 
(Table 2), and no convincing survival 
advantages have been demonstrated 
(Rabindranath et al, 2007; Nash et al, 

Table 2. Advantages and disadvantages of different modalities of renal replacement therapy

Modality Advantages Disadvantages

Intermittent 
haemodialysis

■■ Allows more rapid removal of low molecular weight substances and 
toxins

■■ Reduced anticoagulation exposure

■■ Lower cost than continuous renal replacement therapy

■■ More time for rehabilitation and mobilization

■■ Hypotension with rapid fluid removal

■■ Dialysis disequilibrium syndrome with risk of cerebral 
oedema

■■ Usually not provided by intensive care unit team

■■ More complex drug dosing

■■ Possibly higher risk of long-term dialysis dependency

■■ Loss of micronutrients

Sustained 
low efficiency 
dialysis

■■ More haemodynamic stability than with intermittent haemodialysis

■■ Decreased anticoagulation requirements

■■ Time when not receiving treatment may be used for diagnostic or 
therapeutic procedures or rehabilitation

■■ May not be tolerated by extremely unwell unstable patients

Slow continuous 
ultrafiltration

■■ Gentler fluid removal and control of fluid balance in volume overload

■■ Decreased anticoagulation requirements

■■ No clearance of solutes or toxins

■■ Can only be used in patient with fluid overload

Continuous renal 
replacement 
therapy

■■ Haemodynamic stability as a result of gentler fluid removal

■■ Continuous removal of toxins and better metabolic homeostasis

■■ Gentler fluid removal and better control of fluid balance

■■ Slower clearance of toxins

■■ Need for anticoagulation

■■ Risk of hypothermia

■■ Higher costs than intermittent haemodialysis

■■ Immobilization

■■ Loss of micronutrients
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2017). The superiority of continuous 
over intermittent techniques also remains 
debated, but current UK practice (and 
general international consensus) is that 
continuous renal replacement therapy is 
more appropriate for haemodynamically 
unstable patients and patients with acute 
brain injury who may not tolerate rapid 
fluctuations in fluid status and metabolic 
shifts (Kidney Disease: Improving Global 
Outcomes (KDIGO), 2012). 

In the critically ill patient, continuous renal 
replacement therapy offers the theoretical 
advantages of more haemodynamic stability 
as a result of gentler fluid removal over 
a longer period, continuous control of 
fluid status and electrolytes, and better 
cerebral protection. The disadvantage of 
continuous renal replacement therapy is 
that the continuous nature necessitates 
immobilisation and anticoagulation which 
can have side effects. 

Intermittent techniques, although 
preferred in the stable patient, can lead 
to rapid fluid and solute shifts causing 
haemodynamic instability in the critically 
ill patient, and an increased risk of cerebral 
oedema causing raised intracranial pressure 
(dialysis disequilibrium syndrome). Data 
from observational studies suggest that 
the use of continuous techniques for acute 
kidney injury may also result in reduced 
long-term dialysis dependence compared 
to intermittent haemodialysis (Wald et al, 
2014). 

Hybrid methods such as sustained low-
efficiency dialysis have been developed 
in an attempt to achieve the best of both 
worlds, working for long enough time 
periods to ensure haemodynamic stability 
and good fluid and solute control, but short 
enough to allow rehabilitation and avoid the 
complications of continuous anticoagulation. 
Sustained low-efficiency dialysis is safe and 
effective in critically ill patients, but there 
is no evidence to suggest superiority over 
other techniques (Kitchlu et al, 2015). Slow 
continuous ultrafiltration is an alternative 
method of renal replacement therapy, used 
solely to control fluid balance in patients 
with volume overload via the removal of fluid 
through ultrafiltration. Owing to low blood 

flows, minimal solute clearance occurs and 
there is no need for dialysate or replacement 
fluid.

Considerations for continuous renal 
replacement therapy
Timing
The general criteria of when to initiate 
renal replacement therapy are outlined in 
Table 1, and normally it is started when 
one or more of these criteria is met. The 
optimal timing of when to initiate renal 
replacement therapy has become an area 
of debate with observational studies and 
single centre randomized controlled trials 
suggesting that early initiation may improve 
survival (Karvellas et al, 2011; Zarbock et 
al, 2016). However, larger multicentre 
randomized trials have shown no mortality 
benefit, and significantly reduced use of 
renal replacement therapy (and therefore 
associated complications), in the delayed 
initiation groups (Gaudry et al, 2016; 
Barbar et al, 2018). At present therefore, 
the decision to start renal replacement 
therapy should be made by the intensive 
care team, taking into account the severity 
and trajectory of the patient’s illness and 
organ failure.

Anticoagulation
The physical contact of blood with 
the extracorporeal circuit activates the 
clotting cascade. In addition, a degree of 
haemoconcentration occurs within the filter 
as a result of fluid removal. This necessitates 
anticoagulation of the blood in the filter 
circuit to ensure efficient continuous renal 
replacement therapy. 

Citrate is the recommended anticoagulant 
in the UK. It chelates calcium and thus 
inhibits the clotting cascade and platelet 
aggregation. Around 50% of citrate–calcium 
complexes are then removed in the effluent, 
which necessitates calcium replacement 
(and close monitoring of the calcium level 
to avoid hypocalcaemia). The remaining 
50% of citrate–calcium complexes enter 
the systemic circulation where calcium 
is recycled, and citrate is metabolised to 
bicarbonate (Krebs cycle), mainly in the 
liver and muscle. Owing to the risk of 

accumulation, citrate should be used very 
cautiously in patients with severe liver failure 
or circulatory shock compromising muscle 
perfusion. The use of citrate results in strictly 
regional anticoagulation and therefore can 
reasonably be used in patients with high 
bleeding risk. 

Heparin is recommended as a second-
line agent and is still widely used, but it is 
associated with a reduced filter lifetime, an 
increased filter failure rate, and an increased 
bleeding risk (Bai et al, 2015). Heparin is not 
recommended if the patient has an increased 
bleeding risk, impaired coagulation or is 
already receiving systemic anticoagulation 
(KDIGO, 2012). 

Other alternatives include prostacyclin 
(epoprostenol), which is used if both citrate 
and heparin are contraindicated. Prostacyclin 
is a relatively weak anticoagulant and has 
vasodilatory properties which may affect 
haemodynamic stability during renal 
replacement therapy. 

Administration of intermittent saline 
flushes into the circuit can help to reduce 
haemoconcentration but this is less effective 
than anticoagulants and increases the 
workload of the bedside staff.

Dosing
The optimal dose or intensity of continuous 
renal replacement therapy in patients 
with acute kidney injury is controversial. 
The dose is the amount of effluent fluid 
(ultrafiltrate) in ml/kg body weight/hour; 
standard dosing is around 25 ml/kg/hr. It 
had been postulated that increased intensity 
may result in improved outcome as a result 
of improved solute clearance, but large 
multicentre studies failed to detect any 
reduction in mortality with effluent flows 
of 35 ml/kg/hr, 40 ml/kg/hr and 70 ml/
kg/hr when compared to the standard rate 
(Palevsky et al, 2008; Bellomo et al, 2009; 
Joannes-Boyau et al, 2013). Inadvertent 
losses of trace elements, water-soluble 
vitamins and essential drugs resulting in 
sub-therapeutic plasma levels (including 
antibiotics) are important risks of high dose 
renal replacement therapy. 

Fluid balance and replacement
Fluid overload is associated with adverse 
outcomes and increased mortality in 
patients with acute kidney injury (Bouchard 
et al, 2009). During renal replacement 
therapy, a calculated proportion of the 

Fluid overload is associated with adverse outcomes 
and increased mortality in patients  
with acute kidney injury. 

C126� British Journal of Hospital Medicine, August 2019, Vol 80, No 8

Doctors in Training

©
 2

01
9 

M
A 

H
ea

lth
ca

re
 L

td



KEY POINTS
■■ The mortality associated with acute 

kidney injury is high.

■■ The fundamental aim of all techniques of 
renal replacement therapy is removal of 
unwanted solutes and water through a 
semi-permeable membrane via diffusion 
(dialysis) and/or convection (filtration).

■■ Continuous modes of renal replacement 
therapy are predominantly used in 
intensive care units.

■■ The optimal timing for initiation of renal 
replacement therapy remains unknown; 
early initiation is not associated with 
improved survival.

■■ Anticoagulation is required during 
continuous renal replacement therapy; 
citrate is the recommended first choice 
agent, although heparin is still commonly 
used in the UK.

■■ Increased intensity or dose of continuous 
renal replacement therapy is not 
associated with improved survival.

ultrafiltrate is replaced with replacement 
fluid to maintain plasma electrolyte and 
acid–base homeostasis, and the desired net 
fluid balance. Bicarbonate ions are freely 
filtered during renal replacement therapy, 
so bicarbonate-based buffer solutions are 
often used as replacement fluid. Lactate-
based fluids were previously used, with the 
lactate being metabolised to carbon dioxide 
and water, generating new bicarbonate ions 
via the Krebs cycle in the liver. 

Fluid can be replaced before the filter 
(pre-dilution) and after (post-dilution). Pre-
dilution reduces haemoconcentration and 
the incidence of premature filter clotting but 
results in less effective clearance of solute. A 
combination of both pre- and post-dilution 
is often used to help maintain the lifespan 
of the filter while achieving adequate solute 
clearance.

Drug dosing
The pharmacokinetics of drugs in 
patients on continuous renal replacement 
therapy is complex, making generalized 
recommendations difficult. The rate of drug 
removal on continuous renal replacement 
therapy is variable depending on the 
modality, the ultrafiltrate and dialysate 
flow rates, the type of semi-permeable 
membrane, the degree of protein binding 
of the drug, and the disease state of the 
patient. 

Given the complexity of the above, 
under- and over-dosing of drugs has been 
reported. As such, recommendations for 
drug dosing should be made in conjunction 
with the intensive care unit pharmacy team 
who also take into account the degree of 
multiorgan dysfunction of the patient and 
the pharmacokinetic properties of the drug 
in question, including non-renal clearance.

Vascular access
Functional vascular access with adequate 
blood flow is essential for renal replacement 
therapy. A large bore double lumen catheter 
of appropriate length is required in a 
central vein as previously discussed. Kidney 
Disease: Improving Global Outcomes 
(2012) lists a preference for the site of 
vascular access as:

■■ First choice: right jugular vein 
■■ Second choice: femoral vein
■■ Third choice: left jugular vein
■■ Last choice: subclavian vein with 

preference for the dominant side.

The right internal jugular is first choice 
because it allows improved delivery of renal 
replacement therapy (Parienti et al, 2010). 
The subclavian vein is rarely used because of 
difficulty using ultrasound-guided techniques 
and an increased risk of pneumothorax. 
There is also a perceived increased risk of 
vein stenosis which may compromise future 
venous access for long-term haemodialysis in 
those with premature development of end-
stage renal failure after acute kidney injury 
(Schillinger et al, 1991). 

The femoral vein is preferred to the left 
internal jugular as it is associated with less 
malfunction, and is no longer thought to be 
linked with a high risk of catheter-related 
bloodstream infections, except in patients 
with raised body mass index (Parienti et 
al, 2008, 2010). It is important that the 
tip of the catheter is positioned in a high 
flow portion of the vessel. As such, it is 
recommended to insert a 15 cm catheter in 
the right internal jugular, 20 cm catheter in 
the left internal jugular and 25 cm catheter 
in the femoral vein (Huriaux et al, 2017).

Discontinuation of therapy and 
prognosis
Renal replacement therapy usually 
continues until the patient shows signs 
of recovery of native renal function or 
the goals of overall care change. There is 
a paucity of studies evaluating the process 
of weaning or providing guidance on 
ideal markers that predict sufficient renal 
recovery. Deciding the optimal time to 
wean acute renal replacement therapy is 
complex and should be individualized in 
critically ill patients. 

Renal recovery may be demonstrated by 
an increase in urine output, an improvement 
of creatinine clearance, and/or urea excretion 
on steady state renal replacement therapy, 
or after a short period off renal replacement 
therapy (filter holiday). Of these, urine 
output is probably the most well studied, 
and has been used in two large trials as a 
marker to wean renal replacement therapy 
(Gaudry et al, 2016; Zarbock et al, 2016). 
Retrospective data showed that patients with 
a spontaneous urine output over 400 ml/day 
while on renal replacement therapy had an 
80% chance of successful discontinuation 
(Uchino et al, 2009). 

A proportion of patients will not be able 
to be weaned off the filter, so will need input 
from the renal team to enable discharge from 

intensive care and provide ongoing renal 
replacement therapy (Wald et al, 2014). In the 
longer term, between 4 and 15% of patients 
who received renal replacement therapy for 
acute kidney injury on intensive care unit will 
require long-term renal replacement therapy 
at 2 years (Ishani et al, 2009).

Supportive measures during renal 
replacement therapy
In patients receiving renal replacement 
therapy, nutritional status may be affected by 
the removal of amino acids, trace elements, 
glucose and water-soluble vitamins (Berger 
et al, 2004). During continuous renal 
replacement therapy, amino acid losses of 
10–15 g/day have been reported, and up to 
80% of patients had below-normal levels of at 
least one important micronutrient (thiamine, 
pyridoxine, ascorbic acid, folate, zinc or 
copper) (Scheinkestel et al, 2003; Kamel et 
al, 2018). The most recent guideline by the 
European Society for Clinical Nutrition and 
Metabolism recommends delivering 1.3 g/
kg protein equivalents per day gradually, 
together with trace elements and water-
soluble vitamins (Singer et al, 2019). In 
patients with insufficient oral intake, enteral 
feeding within 24–48 hours of acute illness 
is recommended. When enteral nutrition is 
contraindicated, parenteral nutrition should 
be considered. 
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In patients receiving citrate-based 
continuous renal replacement therapy, 
it is important to remember that citrate 
contributes to the daily caloric load. 

Conclusions
Acute kidney injury is associated with 
significant mortality and morbidity. Renal 
replacement therapy can prevent the life-
threatening complications of severe acute 
kidney injury. Continuous techniques 
provide more haemodynamic stability than 
intermittent techniques, so are preferred in 
intensive care units. A basic understanding 
of factors to consider when using continuous 
renal replacement therapy is essential 
for any doctor treating acutely unwell 
patients.  BJHM
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CURRICULUM CHECKLIST
This article addresses the following 
requirements from the general internal 
medicine training curriculum:

■■ Delivering effective resuscitation and 
managing the acutely deteriorating 
patient.

■■ Managing medical problems in patients 
in other specialties and special cases.

■■ Managing an acute unselected take.
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