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Renal replacement therapy
in the critically ill

By R.T. NOEL GIBNEY, MB, FRCPC

Acute renal failure (ARF) requiring renal replacement therapy (RRT) occurs in
4%-6% of patients admitted to critical care units. Despite major advances in overall
supportive therapy and in techniques for RRT, mortality in patients with ARF - partic-
ularly when associated with multiple organ failure — remains high, with reported rates
of up to 80%.¢ The development of ARF is an independent variable associated with a
significantly higher mortality.*” This issue of Critical Care Rounds will briefly review
the indications for, and timing of, RRT in patients with ARF and will also discuss avail-
able RRT modalities and outcomes.

Indications for RRT

The indications for RRT are listed in Table 1. There are now a number of safe and effec-
tive modalities for RRT. Itis important, however, to understand that the lessons learned from
chronic dialysis are not applicable to critically ill patients with ARF. There are a number of
principles to be considered in the management of these critically ill patients.

* The degree of physiological disturbance in the first 24 hours of ICU care significantly
determines eventual outcome. Rapid and effective correction of metabolic and physio-
logic derangement is an important therapeutic goal. RRT should be applied early to
prevent electrolyte imbalance, uremia, acidosis, and pulmonary edema.

¢ Although not a traditional indication, oliguria (< 5 mls/kg/day) in the setting of shock or
severe critical illness is an indication for RRT as these patients require large volumes of
fluid for their antibiotics and vasopressors/inotropes. Critically ill patients with ARF as
a component of multiple organ failure require the same high protein requirements as
similar patients without renal failure. It is impossible to provide adequate nutrition to
critically ill patients without early and effective RRT.

® The use of artificial organ system support should not delay the recovery of the organ
system.

® The organ replacement system must be biocompatible and must not activate com-
ponents of the immune or complement systems.

Membranes

In order to remove potentially toxic solutes and water, the patient’s blood is circulated
over a semi-permeable membrane. Membranes may be classified as:

e cellulosic or synthetic

e low-flux or high-flux

 nonbiocompatible or biocompatible
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Table 1: Indications for acute RRT in ARF?

Table 2: Modalities for RRT

e Oliguria (urinary output <5 mL/kg/day)
e Anuria (no urinary output for > 12 hrs)
e Serum creatinine >600 pumol/L

® Plasma urea concentration >35 pmol/L

* Hyperkalemia (serum potassium concentration
>6.5 mmol/l)

* Pulmonary edema unresponsive to diuretics
e Metabolic acidosis (pH <7.2)

e Uremic encephalopathy

e Uremic pericarditis

e Uremic neuropathy

Cellulosic membranes (cuprophan, hemophan, cellu-
lose acetate) are manufactured from cotton fibres and are
thin and hydrophilic with uniform porosity. Synthetic
membranes include polysulphone, polymethylmethacry-
late, polyacrylonitrile, polyamide and carbonate; these are
thicker, but usually have larger pores. Low-flux dialysis
membranes have smaller pores and are less efficient in
solute removal, especially of larger molecules than high-
flux membranes. Older unsubstituted cellulosic membranes
activate the coagulation cascade, complement, and leuko-
cytes, and have been implicated in the development of
acute lung injury, delay in the recovery of renal function,
and higher mortality.”!° Synthetic dialysis membranes and
biocompatible cellulose triacetate membranes avoid these
complications and only these biocompatible membranes
should be used in RRT in ARE.!'12

Modalities of RRT

Solutes can be removed from fluid by diffusion when
molecules move across a semi-permeable membrane along
a diffusion gradient or by ultrafiltration when solute mole-
cules are carried convectively with water (solute drag)
across a permeable membrane after hydrostatic pressure is
applied. Smaller molecular weight substances are removed
effectively by both techniques, while larger molecular weight
substances are more effectively removed convectively. The
available modalities for RRT are listed in Table 2.

Peritoneal dialysis

Peritoneal dialysis uses the peritoneum as a natural
semi-permeable membrane for the diffusive removal of
solutes. It is a very effective modality in patients with
chronic renal failure. It is preferable in patients with
limited vascular access or in those who cannot tolerate
hemodialysis because of severe hypotension due to limited
cardiac reserve. Peritoneal dialysis is also valuable in pedi-
atric critical care where vascular access is challengiing and
the peritoneal surface area is relatively larger than in
adults.”® In critically ill adult patients, peritoneal dialysis is

e peritoneal dialysis
e intermittent hemodialysis

e continuous renal replacement therapies
- CVVH
- CVVHD
- CVVHDF
— high volume ultrafiltration

of limited value because of low solute clearance in hyper-
catabolic patients and the development of pulmonary
restriction in those with respiratory failure. It is also tech-
nically impossible when there are surgical drains and
partially open surgical incisions.'*

Intermittent hemodialysis

Hemodialysis is a process of solute clearance based on
diffusion across the membrane that is driven by a concen-
tration gradient between the blood and dialysate. The total
amount of solute transported per unit of time (clearance),
depends on the molecular weight of the molecule, the dif-
fusibility of the membrane (dialysance), the dialysate flow,
and the blood flow. In standard intermittent hemodialysis
(IHD), the dialysate flow is 500 mL/minute and therefore
requires that the dialysate be prepared on-line. This
requires a supply of pyrogenic, electrolyte-free water.

Although the use of continuous renal replacement
therapy (CRRT) is gaining more support in the critically
ill, particularly in Australia and to some extent in Europe,
IHD remains the primary mode of RRT in the manage-
ment of ARF in many other countries and in North
America. However, use of CRRT is increasing progres-
sively.>1® While generally very effective in removing solutes,
IHD may cause severe hypotension due to plasma capillary
refill lagging behind fluid removal or by sudden shifts in
tonicity, causing loss of intravascular fluid into the inter-
stitial space. These episodes of hypotension and associated
increases in vasopressor therapy may cause further renal
damage on recovery from ARE.""!8 Dialysis dysequilibrium
syndrome caused by cerebral edema during IHD in
patients with very elevated plasma urea levels is now very
rare."” However, a similar situation occurs in patients with
ARF associated with fulminant hepatic failure where the
brain may already be edematous and the drop in urea levels
during IHD may precipitate severe cerebral edema.?’-?

Continuous renal replacement therapy (CRRT)

CRRT refers to a group of renal replacement therapies
that are applied continuously to critically ill patients with
brief interruptions for hemofilter replacement, trips to the
operating room, or to diagnostic imaging. The most com-
monly applied modalities are continuous venovenous hemo-
filtration (CVVH), continuous venovenous hemodialysis



(CVVHD), and continuous venovenous hemodiafiltration
(CVVHDF). During CVVH, solute is removed primarily
by convective clearance, whereas during CVVHD, solute
is cleared primarily by diffusion. CVVHDEF combines both
convective and diffusive clearance. CRRT provides slower
solute clearance per unit time, but over 24 hours, may even
exceed clearances with IHD. Because fluid is removed
relatively slowly compared with IHD, plasma refilling can
usually keep pace with this and there is generally more
hemodynamic stability during CRRT, even in very criti-
cally ill patients.?**

Slow low efficiency daily dialysis (SLEDD)

These are variants of IHD where the duration of
dialysis is extended to between 8 and 12 hours, blood flow
is lowered to 100 mL/min, fluid removal is more gradual,
and solute clearance slower. SLEDD is associated with less
hemodynamic instability than IHD and has excellent
solute control.?¢

Timing of initiation and dose of RRT

The timing of the initiation of RRT in a critically ill
patient with ARF cannot be based on recommendations
for chronic renal failure. There is accumulating evidence
that although urea is not directly toxic, it is a marker for
other toxic substances that accumulate in ARF. There is
also evidence that outcomes are improved when RRT is
started when serum urea is at or below 35 mmol/L. It has
been suggested that the provision of earlier RRT is associ-
ated with improved outcomes in critically ill patients.?’
It is rare to see patients with symptomatic uremia these
days as RRT is usually initiated relatively early. On the
other hand, it is important to remember that patients with
ARF may develop symptomatic uremia at much lower urea
levels because they do not have the time for adaptation
seen in chronic renal failure.

While, in the past, there was the view that outcome was
not determined by the intensity of dialysis, there is now
extensive evidence that survival of critically ill patients with
ARF is influenced by the intensity of RRT.? A meta-analysis
by Kjellstrand suggests that mortality in ARF is reduced
when plasma urea levels are maintained <35 mmol/L3
Effectiveness of RRT in IHD is measured as KT/V, where
K = the dialysance of the dialyzer, T = time, and V = the
volume of distribution. However, because the volume of dis-
tribution is so variable in critically ill patients, the practical
use of this formula is clinically limited. For practical pur-
poses, the duration of each dialysis session is the most
important determinant of dialysis in IHD. In CRRT, the
dialysis dose represents the volume of effluent fluid (replace-
ment fluid and dialysate) delivered to the circuit.

Paganini and his group in Cleveland have established
a clear link between dialysis dose and outcomes for
critically ill patients with ARF’ This study showed that
patients at the extremes of illness severity did not benefit

from more intensive RRT. However, in patients with mid-
range severity of illness, a higher RRT dose (whether
delivered by IHD or CRRT) was associated with signifi-
cantly lower mortality. Schiffl also showed improved
mortality in ICU patients with ARF treated with daily
IHD compared to alternate day IHD.}! RRT dose should
be individualized, and in particular, take into account
weight, as well as the degree of catabolism. Nomograms
and computer programs have been created to estimate
time and frequency of IHD, as well as dose of CRRT.%?-*
Heavier patients (> 100 kg) may require daily IHD for up
to 6 hours to maintain acceptable urea levels. There is also
evidence that CRRT dose influences outcome. Ronco et al
showed that a moderately increased dose of CVVH of
35 mL/kg/hr was associated with improved survival in crit-
ically ill patients with ARF. However, increasing the dose
to 45 mL/kg/hr did not improve outcomes.*®

High volume hemofiltration

Hemofiltration has the ability to remove significant
amounts of middle molecular weight compounds,
including various cytokines.’” Two case series showed
improvement in hemodynamic status and outcomes in
patients with severe septic shock treated with high-volume
hemofiltration at ultrafiltration rates of up to 9 L/hour for
4 hours, followed by CVVH at 1 L/hr.’®*° However, these
results were not supported in a more recent, prospective,
randomized, controlled trial that found no significant
differences in outcomes when compared to more conven-

tional CVVH dosing.*

Vascular access

Vascular access must be obtained using double lumen
dialysis catheters. These may be inserted acutely in the
internal jugular or femoral veins. If possible, the subclavian
veins should not be cannulated to avoid subsequent venous
stenosis, which may significantly complicate venous access
if chronic hemodialysis is subsequently required.** Blood
recirculation can reduce the effectiveness of RRT, particu-
larly during IHD. Use of a short 13.5 c¢m catheter in the
femoral vein may result in up to 23% blood flow recircula-
tion and can be avoided by using longer catheters (19-25 c¢m)
when using the femoral vein for vascular access.™

Anticoagulation

Unfractionated heparin remains the mainstay of anti-
coagulation for IHD and CRRT.* Nonetheless, many
critically ill patients are at high risk of hemorrhage
because of trauma, major surgery, and/or coagulopathy. It
is possible to perform regional anticoagulation with
heparin neutralized with protamine; however, this is an
extremely complex procedure and is often complicated
by hemodynamic instability and rebound anticoagulation
later when the heparin and protamine dissociate.*
Because of the shorter duration and high blood flow used,



it is often possible to perform IHD without anticoag-
ulation, particularly when the patient is coagulo-
pathic. Low molecular weight heparin is excreted
renally and should not be used without careful moni-
toring of factor Xa levels in patients with ARE.*

Continuous anticoagulation is usually required to
maintain CRRT circuits and may result in significant
hemorrhage over time.¥ While unfractionated heparin
is still used in most centres, regional citrate anticoag-
ulation with either 4% trisodium citrate or ACD-A is
increasingly used for CRRT. Regional citrate antico-
agulation gives a longer hemofilter life and eliminates
any extra risk of bleeding.*-*> Regional citrate antico-
agulation may also be used with IHD in patients at
high risk for hemorrhage.”® Prostacyclin has been
used in patients at high risk of bleeding, particularly
those with combined ARF and hepatic failure. It is
associated with hypotension and a need for increased
vasopressor requirements in most patients. Lower
doses of prostacyclin may be used with low doses of
unfractionated or low molecular weight heparin.’

In patients with heparin-induced thrombo-
cytopenia (HITT), direct thrombin inhibitors should
be used for systemic and extracorporeal circuit anti-
coagulation.’”*¢ Options include danaparoid, lepirudin
and argatroban. Danaparoid may interact with anti-
heparin antibodies in 20%-40% of patients with
HITT.%” Lepirudin, a recombinant form of hirudin, is
a potent thrombin inhibitor, but is renally excreted
and standard tests of coagulation are poor monitors of
the degree of anticoagulation.’®? Argatroban, another
potent direct thrombin inhibitor, has recently become
available for clinical use and offers significant advan-
tages in patients with renal failure since it is metabo-
lized in the liver and the dosage may be accurately
monitored using PTT.606!

Nutrition during RRT

The once favoured concept of protein restriction
in ARF should no longer be applied. Critically ill
patients with ARF are hypercatabolic and require the
same protein and caloric intake as critically ill patients
who do not have ARFE.%*%* The dose of RRT, whether
IHD or CRRT, should be tailored to avoid azotemia.
Effective RRT dosing results in significant removal of
amino acids. Higher doses of CRRT remove up to
12% of administered amino acids and administered
protein should be proportionately increased to com-
pensate for these losses.®

IHD or CRRT?

CRRT allows for the provision of effective RRT
in critically ill, hemodynamically unstable patients

who would not tolerate IHD. Although many studies
have attempted to investigate which modality of RRT
is superior, these have been underpowered, have
excluded unstable patients from IHD, or have had
high crossover rates from IHD to CRRT.%%’ Conse-
quently, there is no definitive answer about whether
one modality is superior in all clinical settings of
ARF. A recent meta-analysis by Kellum et al suggests
that CRRT may offer survival advantages over IHD
in critically ill patients. CRRT is considerably more
expensive than THD (costing CDN $200-$500 per
day), depending on the dose and numbers of hemo-
filters used. It also requires that the patient remain
immobilized, even when beginning to stabilize.
Consequently, it would seem prudent to use CRRT
initially in unstable patients with ARF, subsequently
converting to IHD once hemodynamic stability has
been achieved.

Who should prescribe and monitor RRT?

Unfortunately, issues of “turf” have tended to
cloud institutional decisions over the provision of
IHD versus CRRT. While local politics and medical
expertise are important to consider, patient-care issues
should be paramount in deciding who should pre-
scribe and monitor RRT in the ICU. Ciritically ill
patients with ARF are the most unstable patients in
the hospital and require moment-to-moment titration
of therapy. This is particularly an issue in fluid and
vasopressor management. Consequently, it is prefer-
able that RRT should be prescribed and monitored by
the team managing other organ system support thera-
pies.”"73 It is also important to maintain close nephro-
logical observation when managing critically ill
patients with ARF to rule-out the possibility of
reversible intrinsic renal disease and to follow those
who may require ongoing IHD following their
transfer from the ICU.7*” The clinical “bottom lines”
for the administration of renal replacement therapy
are shown in Table 3.

Table 3: Clinical bottom lines for RRT

* Provide adequate nutrition

e Initiate early, effective, gentle RRT for
critically ill patients with ARF

e Use biocompatible membranes

e Use access catheters appropriate for
insertion site

e Avoid IHD if risk of cerebral edema

e Use CRRT if hemodynamically unstable
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The future of RRT in the ICU

The expense of the fluids required for CRRT has
limited their use and kept dosing typically below rec-
ommended levels. However, it is certain that on-line
proportioning devices to produce ultrapure fluids will
be incorporated into future CRRT machines.”s”
There is increasing interest in albumin dialysis to
remove toxins accumulating in hepatic failure. This
modality is currently undergoing clinical evaluation
and may be clinically available in the near future.”
The use of other adsorbtive mechanisms such as
coupled plasma-filtration adsorbtion for the selective
removal of cytokines has had encouraging preliminary
results in severe sepsis and more clinical studies are

currently underway. 7%

R. T Noel Gibney, MB, FRCPC, is a Professor in the
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28 January- 02 February 2003
32nd Critical Care Congress - Society of Critical
Care Medicine
San Antonio, Texas
CONTACT: Society of Critical Care Medicine
Tel. 847-827-6888
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18-21 March 2003

23" International Symposium on Intensive
Care and Emergency Medicine

Brussels, Belgium

CONTACT: http://www.intensive.org

16-21 May 2003

The American Thoracic Society Meeting

Seattle, Washington

CONTACT: http://www.thoracic.org/ic/ic2003/
default.asp
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