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Continuous Renal Replacement Therapy: Continuous Blood Purification
in the Intensive Care Unit
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Abstract
Severe acute renal failure (SARF) occurs when renal dysfunction is such that haemodialysis or haemofiltration becomes necessary to

maintain homeostasis. SARF is increasingly seen in association with multiorgan  failure and has become a predominantly Intensive Care
Unit disorder. Because of this change in epidemiology, the treatment of SARF has evolved from being exclusively nephrologist and
intermittent haemodialysis-based to being mostly intensivist and continuous haemofiltration-based,  particularly in European countries
with a strong ICU tradition and in Australia.

Continuous renal replacement therapy (CRRT) has several advantages in critically ill patients, including greater flexibility, excellent
haemodynamic tolerance, outstandingfluid  balance control, excellent control of uraemia, prevention of cerebral oedema, ability to provide
full and aggressive nutrition, and a possible anti-inflammatory effect.

The blood purification effect of CRRT may, in fact, go beyond the simple control of uraemia. Several animal studies have now shown
that CRRTattenuates  the haemodynamic consequences of bacteraemia or endotoxaemia. Such studies have also shown that increasing the
intensity offluid  exchange may offerfurther beneficial effects in the setting of sepsis. In the light of these findings, CRRT is moving into
the area of adjuvant treatment of sepsis, andpilot  randomized controlled trials are being conducted to test the hypothesis that CRRT, either
in standard or high fluid exchange volumes, attenuates the inflammatory effects of sepsis in humans. In the future, the use of CRRT may
extend beyond its initial scope into the area of adjuvant management of sepsis and continuous blood purification may become part of a
complex multifaceted approach to multiorgan  dysfunction.

Ann Acad Med Singapore 1998; 27~426-9

Key words: Critical Illness, Cytokines, Multiorgan  failure, Sepsis, Septic Shock

Introduction

The last decade has seen a progressive change in the
style of management of severe acute renal failure (acute
renal failure which requires the use of renal replacement
therapy) as well as in the epidemiology of this condi-
tion.’ Severe acute renal failure (SARF)  is now most
commonly seen in the intensive care unit and is part of
the syndrome of multiorgan failure.’ Patients with SARF
are typically on artificial ventilation, have severe sepsis
or septic shock and/or require the administration of
inotropic or vasopressor agents to maintain an adequate
cardiac output and an adequate mean arterial blood
pressure. These patients do not easily tolerate “conven-
tional” forms of renal replacement therapy such as stand-
ard intermittent haemodialysis or peritoneal dialysis.
The former often results in serious haemodynamic insta-
bility, arrhythmias, and fresh ischaemic injury to the
recovering kidney, the latter is associated with a high
risk of intraperitoneal infection and often cannot achieve
the degree of solute and fluid removal necessary to
control uraemia and volume overload.2  Because of the

shortcomings of standard nephrological patient man-
agement, two trends in medical practice have recently
developed, particularly in countries with a strong and
independent intensive care tradition (Australia, Hol-
land, and Austria): one directed toward the predomi-
nance of intensivist-led SARF management and the other
toward an increased use of CRRT (any form of continu-
ous haemofiltration). These two trends have been in
response to the changing epidemiology of SARF, are
complementary, and have moved blood purification
therapy from the dialysis unit and the renal ward into
the intensive care unit.

The Changing Epidemiology of SARF

The recent change in the epidemiology of SARF is
being increasingly documented.’ Previously, relatively
common causes of SARF such as renal outflow obstruc-
tion, multitrauma, haemorrhage, or postpartum renal
failure have become uncommon because of prompt and
aggressive fluid resuscitation. On the other hand, the
performance of more and more complicated major sur-
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gery  (solid organ transplantation and cardiac surgery)
in an older population with diminished renal reserve
recurrently exposes fragile patients to the risk of SARF.
A recent prospective survey in the state of Victoria,
Australia3 has shown that critically ill patients with
SARF now have a mean age of approximately 65 years
and that chronic renal impairment is present in up to a
third of such patients. In more than 70% of these patients,
there is the concomitant need for mechanical ventilation
and inotropic support (i.e. failure of at least 3 organs).
Sepsis is now the most common aetiology of SARF. In the
three intensive care units of the Austin & Repatriation
Medical Centre, close to 100 such patients are treated
with CRRT every year with a prevalence of SARF of
approximately 5% and approximately 30 patients re-
ceive acute dialytic treatment for isolated acute renal
failure outside the ICU. The consequence of this epide-
miological shift has been well documented in Australia:
intensive care specialists now see most SARF and man-
age it with little or no nephrological input.3  Such a shift
in practice threatens established attitudes and entrenched
interests, and is seen with much ambivalence in several
countries, particularly the USA but has been embraced
without problems in Australia. This steady change in
practice is also part of the process of a new specialty
(critical care medicine) coming of age. In addition, given
the growing complexity and increasingly expanding
role of CRRT (see below), it is also likely that, over time,
new physicians will emerge with combined training in
nephrology and intensive care, and with strong interest
and expertise in this area of medical practice (critical care
nephrology). The consequences of such possible shifts in
practice style and training cannot yet be predicted.

Continuous Renal Replacement Therapy

As argued above, critically ill patients with SARF
require a renal replacement therapy which is particu-
larly suited to their degree of physiological fragility. The
only therapy that currently meets their needs is CRRT,
also known as continuous haemofiltration.4,5 The advan-
tages of CRRT over conventional treatment have been
discussed in detail elsewhere.5  It is useful, however, to
emphasise those with major clinical relevance. Firstly,
unlike standard intermittent haemodialysis,‘j  CRRT is
associated with outstanding haemodynamic stability.7
Secondly, CRRT can achieve the removal of large amounts
of fluid without inducing hypotension. This is because it
does so steadily and over a 24-hour period. It is therefore
possible to remove up to 5 to 6 litres of isotonic fluid from
a grossly oedematous patient without any haemody-
namic alterations.8  In addition, such ability to safely
modulate the fluid status of critically ill patients can be
used prophylactically. For instance, if an ICU patient has
been adequately resuscitated and has severe dissemi-
nated intravascular coagulopathy requiring large
amounts of fresh frozen plasma, this can be given safely

May 1998, Vol. 27 No. 3

while CRRT is operative because fluid can be simultane-
ously removed to make “space” for the blood products
being administered. This prevents the development of
pulmonary oedema. Thirdly, uraemic control is predict-
able, steady and superior in degree to that achieved by
other therapies9~10 (Figs. 1& 2). Fourthly, once the setting
up of a continuous haemofiltration circuit has become
part of the intensive care routine just like inserting a right
hear t  ca the ter  or  in i t i a t ing  and  regula t ing
mechanical ventilation, the filter can be changed from a
haemofilter (pore size approximately 30 000) to a
plasmafilter and continuous plasmapheresis can be car-
ried out as part of the treatment of such conditions as

6

Days on renal replacement therapy

Fig. I. Diagram illustrating the difference in mean urea concentration between a group
(n = 46) of critically ill patients receiving intermittent haemodialysis (squares) and a
group (n = 46) of similar patients receiving CRRT (diamonds) over a period of 14 days.
As can be seen, uraemic  control is vastly superior with CRRT.
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Days on renal replacement therapy

Fig. 2. Diagram illustrating the difference in mean creatinine clearance between a group
(n = 46) of critically ill patients receiving intermittent haemodialysis (squares) and a
group (n = 46) of similar patients receiving CRRT (diamonds) over a period of 14 days.
Serum creatinine is rapidly lowered by CRRT and kept at much lower levels throughout
the duration of therapy.
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myasthenia gravis, Guillan-Barre syndrome, Good
pasture syndrome and the like. Last but not least,
because fluids and uraemia can always be easily control-
led, nutritional therapy can proceed unhindered to the
same degree that one would offer it to a patient without
renal failure.”

Hemofilter

water replacement

In particular patients, the evidence for CRRT is so
strongI2 that it has almost become mandatory. These
patients are those with acute renal failure and cerebral
oedema, particularly patients with combined acute liver
and renal failure. In these patients, intermittent haemo-
dialysis causes an increase in intracranial pressure,
while CRRT reduces the severity of intracranial
hypertension.‘”

There are several techniques of CRRT which can be
used in critically ill patients. Their nomenclature and
features have been recently reviewed in detail.14  Vascu-
lar access for continuous haemofiltration can be ob-
tained by the insertion of a femoral artery cannula (or the
creation of a Scribner  shunt) and a femoral vein cannula
for the return of purified blood to the patient (arteriov-
enous haemofiltration). More recently, however, double
lumen catheters have been used for vascular access.
When such catheters are used, blood must be pumped
from a central vein to the filter and back to the same vein
via the catheter (veno-venous haemofiltration). Such
veno-venous therapy is technically more complex than
arteriovenous haemofiltration because it requires the
use of a peristaltic blood pump. It is important, however,
to realise that veno-venous therapies which use double

water loss
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Fig. 3. Diagram of a continuous veno-venous haemofltration  (CWH) circuit with pump
control of ultrafiltration. Blood is driven byaperistalticpump into thefilterand  returned
to the patient. The rate of ultrafiltration is controlled by a volumetric pump as is the
replacement fluid rate.
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plasma water
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lumen central venous catheters for vascular access, are
significantly safer than those which require cannulation
of an artery (arteriovenous therapies).15  A diagram of 2
standard veno-venous circuits is shown in Figures 3 and
4. It is also important to realise that, whatever therapy
one chooses, clearance of small solutes (urea, creatinine,
phosphate and other small molecular weight substances)
can always be increased by simply regulating the amount
of dialysate delivered to the non-blood compartment of
the filter by countercurrent flow. Under such circum-
stances, which effectively represent a form of “slow
continuous dialysis”, solute removal occurs by diffu-
sion. Diffusion is a mode of solute transfer in which
molecular movement across a semipermeable mem-
brane occurs according to the concentration gradient of
that molule. If a diffusive therapy (continuous veno-
venous haemodialysis) is used, solute clearance will be
different in content from that achieved by means of
convection. Convection is a form of solute transfer in
which molecular movement across a semipermeable
membrane is driven by a transmembrane pressure gra-
dient. Such transmembrane pressure is essentially gen-
erated  by the hydrostatic pressure associated with blood
flow through the filter. Such pressure induces plasma
water movement across the membrane with solutes also

Fig. 4. Diagramofa continuous veno-venous haemodiafiltration  (CWHDF) circuit with
pump -controlled ultradiaftltration.  Dialysate is pumped countercurrent to blood and the
resulting ultradiafiltrate  is also pumped off the volumetric pump. The blood path is the
same as in CWH.

moving across the membrane as part of the mass move-
ment of plasma water (“solvent drag”). Convective
therapy (continuous veno-venous haemofiltration), is
slightly inferior to diffusive therapy in achieving small
solute clearance but it is vastly more effective in achiev-
ing middle molecular clearance.16  Such middle molecu-
lar clearance may be important in the setting of sepsis.
Recent data indicate that convective therapy is associ-
ated with the removal of several soluble inflammatory
mediators. The clinical significance of this remains un-
clear, but these findings suggest that convective thera-
pies may be preferable to diffusive therapies.16J7  The
mode of solute removal is therefore important as is the
type of filtering membrane in use. Recent evidence, in
fact ,  suggests tha t  cer ta in  membranes  l ike
polyacrylonitrile for instance, have a high absorptive
capability and can rapidly reduce the circulating levels
of complement factor D as well as absorb a variety of
cytokines Is<19 (Table I). These novel insights into the
immunological effects of CRRT and several anecdotal
reports of a beneficial haemodynamic effect of CRRT in
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septic patients have raised the possibility that continu-
ous haemofiltration techniques may provide a degree of
blood purification that goes beyond the simple control of
uraemia. This development would then make CRRT a
potential form of adjuvant therapy in severe sepsis and
septic shock. Several animal experiments conducted by
different groups around the world have indeed shown a
beneficial effect of CRRT in endotoxaemic or gram-
positive shock, further supporting the concept that the
role of CRRT in the treatment of sepsis should be for-
mally explored.20  A pilot randomised controlled study is
being conducted in Australia to test the hypothesis that
CRRT applied for 48 hours in patients with severe sepsis
or early septic shock would lead to a decrease in the
severity and duration of organ dysfunction. More recent
studies also suggest that standard approaches to
haemofiltration may not be enough, and that increasing
the degree of convective clearance will lead to even
greater benefits. In that regard, Grootendorst et a120  have
conducted animal experiments in endotoxaemic pigs
and have been able to reverse the hypotension and
cardiac dysfunction seen in this setting by performing
high-volume continuous veno-venous haemofiltration

. (HV-CVVH - fluid exchange rate: 6 L/h). In the light of
these findings, it has now become justifiable to test the
efficacy of HV-CVVH in humans with established septic
shock. A pilot randomised controlled multicentre study
of the haemodynamic consequences of HV-CVVH in
this setting is now being conducted in Australia and the
Netherlands. In addition, even more efficient blood
purification may be achieved if plasmafiltration instead
of haemofiltration is performed and the plasmafiltrate is
passed through absorptive resins that remove media-
tors during single pass. 21 Initial ex vivo experiments
suggest that this strategy should be tested in animals and
humans.

Clearly, the arrival of CRRT in the intensive care unit
has opened new horizons as well as addressed old
unsolved problems. The role of blood purification in
human disease is being reassessed as techniques de-
velop to increase depurative efficiency and as we gain

TABLE I: INFLAMMATORY MEDIATORS SHOWNTOBE AFFECTED
BY CONTINUOUS RENAL REPLACEMENT THERAPY

IL- 1 : absorbed and filtered
IL-6 : absorbed and filtered
IL-8 : filtered
TNF : absorbed and filtered
Platelet activating factor : absorbed and filtered
C3a : filtered
C5a : filtered
Factor D : absorbed
Endothelin : filtered
Thromboxane : filtered
Prostaglandins : filtered
Myocardial depressant factors : filtered
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further insights into the role of soluble mediators in a
variety of human conditions, particularly sepsis. It is
likely that the future will bring further major advances
and applications for CRRT and that the intensivist,
rather than the nephrologist will be exploring their
consequences and increasing their application.

2.

3.

4.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

REFERENCES

Bellomo R, Ronco C. The changing pattern of severe acute renal failure.
Nephrology 1996; 2149-54.

Forni L G, Hilton P J.  Continuous hemofiltration in the treatment of acute
renal failure. N Engl J Med 1997; 336:1303-9.

Silvester W, Cole L, Reeves J, Bellomo R. A prospective survey of the
management of acute renal failure in 21 Victorian ICUs.  Proceedings of the
Annual Scientific Meeting of the Australian and New Zealand Intensive
Care Society; 1997 October; Hobart, Australia. Australia: ANZICS, 1997.

Bellomo R, Farmer M, Parkin  G, Wright C, Boyce N. Severe acute renal
failure: a comparison of acute continuous hemodiafiltration and conven-
tional dialytic therapy. Nephron 1995; 71:59-64.

Bellomo R. Dialytic therapies. In: Oh Teik, editor. Intensive Care Manual.
4th ed. Oxford, UK: Butterworth-Heinemann, 1997:364-72.

Keshaviah I’, Shapiro FL. A critical examination of dialysis-induced hy-
potension. Am J Kidney Dis 1982; 2:290-3.

Lauer A, Alvis R, Avram M. Hemodynamic consequences of continuous
arteriovenous hemofiltration. Am J Kidney Dis 1988; 12:110-5.

Parkin G, Wright C, Bellomo R, Boyce N. Use of a mean systemic filing
pressure analogue during the closed-loop control of fluid replacement in
continuous hemodiafiltration. J Crit Care 1994; 9:124-33.

Bellomo R, Mansfield D, Rumble S, Shapiro J, Parkin G, Boyce N. A
comparison of conventional dialytic therapy and acute continuous
hemodiafiltration in the management of acute renal failure in the critically
ill. Renal Failure 1993; 15:595-602.

Bellomo R, Ronco C. Acute renal failure in the intensive care unit: adequacy
of dialysis and the case for continuous therapies. Nephrol Dial Transplant
1996; 11:424-g.

Bellomo R, Martin H, Parkin G, Love J, Kearly Y, Boyce N. Continuous
arteriovenous haemodiafiltration in the critically ill: influence on major
nutrient balances. Intensive Care Med 1991; 17:399-402.

Davenport A, Will E, Davison A M. Effect of renal replacement therapy on
patients with combined acute renal failure and fulminant hepatic failure.
Kidney Int 1993; 43:S245-S251.

Davenport A, Will E J, Davison A M. Changes in intracranial pressure
during haemofiltration in oliguric patients with grade IV hepatic encepha-
lopathy. Nephron 1989; 53:142-6.

Bellomo R, Ronco C, Mehta R. Nomenclature for continuous renal replace-
ment therapies. Am J Kidney Dis 1996; 28:S2-57.

Bellomo R, Parkin  G, Love J, Boyce N. A prospective comparative study of
continuous arteriovenous hemodiafiltration and continuous veno-venous
hemodiafiltration in critically ill patients. Am J Kidney Dis 1993; 21400-4.

Bellomo R. Choosing a therapeutic modality: hemofiltration vs. hemodialy-
sis vs hemodiafiltration. Semin Dialysis 1996; 9:88-92.

Jaber B L, Pereira B J G. Inflammatory mediators in sepsis: rationale for
extracorporeal therapies. Am J Kidney Dis 1996; 28:S35-549.

Gasche  Y, Pascual  M, Suter P M, Favre H, Chevrolet J-C, Schifferli J A.
Complement depletion during hemofiltration with polyacrylonitrile mem-
branes. Nephrol Dial Transplant 1996; 11:117-9.

Journois D, Silvester W. Continuous hemofiltration in patients with sepsis
or multiorgan failure. Semin Dialysis 1996; 9:173-g.

Grootendorst A F, Bouman  C S C, Hoeben  K H N, van Saase J L C M, van
Leengoed L A M G. The role of continuous renal replacement therapy in
sepsis and multiorgan failure. Am J Kidney Dis 1996; 28:S50-S57.

Ronco C. Continuous renal replacement therapies: evolution toward a new
era. Semin Dialysis 1996; 9:215-221

.-


	Content

