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Abstract

Acute renal failure (ARF) requiring dialysis is a

common complication of patients in intensive care unit

(ICU). Dialysis can be performed with either intermit-

tent hemodialysis (IHD) or continuous renal replace-

ment therapy (CRRT). CRRT is associated with less

hemodynamic instability. Therefore, it is preferred in

critically ill and hypotensive patients in ICU. However,

current evidence does not demonstrate the superiority

of CRRT over IHD. Both methods for renal replace-

ment therapy are complementary and the choice of

dialysis in ICU should be individualized based on he-

modynamic stability of patients and local expertise.

Case Report

Introduction

ARF is usually diagnosed by elevation in blood urea ni-

trogen and creatinine, and decrease in urine output. ARF

is a frequent complication of patients admitted to ICU. It

often presents as part of multiple organ failure (MOF).

The mortality of ARF in an ICU setting is 50% to 80%

[1-5] compared to 7% in patients admitted to a hospital

with ARF due to prerenal azotemia [6]. Survival after

ARF is influenced by the severity of the underlying ill-

ness and number of failed organs. The mortality of pa-

tients with ARF increases with the number of failed or-

gan systems both in ICU and non-ICU settings [5]. De-

spite advances in dialysis and supportive care in the last

30 years, the mortality of ARF in ICU settings is still

unacceptably high [7].   Pending recovery of renal func-

tion, temporary renal replacement therapy is required in

most cases. In addition to ARF, acute renal replacement

therapy is also indicated for other reasons (Table 1).

Choice of Renal Replacement Therapy

In clinical practice, there is a large variation in the way

renal replacement therapy is performed in ICU. Apart from

IHD, other techniques including CRRT and slow low-effi-

ciency daily dialysis (SLEDD) are commonly used as re-

nal replacement therapy in ICU. Each modality has ad-

vantages and disadvantages (Table 2). CRRT is most of-

ten selected for patients with ARF, who have hemodynamic

instability and for patients in whom continuous removal

of volume or uremic toxins is thought desirable [8-10]. In

addition, CRRT offers more rapid improvement and con-

trol of metabolic acidosis and hyperphosphatemia [11].

However, serum phosphate level needs to be monitored

since hypophosphatemia can occur during CRRT. Beyond

renal support, CRRT also provides a degree of cytokine

removal via filtration and adsorption [12]. However, the

clinical significance of such removal is still unknown since

multiple studies have shown that CRRT does not lead to

the expected reduction in the serum concentrations of these

mediators [13-15].
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TABLE 1. INDICATIONS FOR ACUTE RENAL REPLACEMENT THERAPY

• Oliguria (urine output <400 ml/day) or anuria (urine out-

put <100 ml/day)

• Diuretics resistant pulmonary edema

• Severe hyperkalemia (serum potassium >6.5 mmol/L)

• Azotemia (serum urea >30 mmol/L)

• Severe metabolic acidosis (pH<7.1)

• Suspected uremic pericarditis or encephalopathy

• Drug overdose due to dialyzable toxins

• Severe hypothermia (core temperature <320C) or hyper-

thermia (core temperature >400C)



Crit Care & Shock 2005 Vol. 8, No. 116

For a long time, it has been claimed that CRRT was

superior to IHD.  However, several recent trials failed to

confirm the superiority of CRRT over IHD [16,17]. A

recent meta-analysis also showed no difference in mor-

tality between IHD and CRRT [18]. Unfortunately, study

quality included in the meta-analysis was poor and only

a few studies were randomized.

However, secondary analyses after adjusting for se-

verity of illness suggest that mortality was lower in pa-

tients treated with CRRT. In addition, none of the retro-

spective or prospective comparisons published in the

literature has ever shown any trend in favor of IHD and

all have shown a trend in favor of CRRT [19]. In addi-

tion, CRRT is recommended over IHD for patients at

risk of or who have increased intracranial pressure since

CRRT has been shown to prevent the surge in intracra-

nial pressure that is associated with intermittent thera-

pies [20-23].

Initiation and treatment dosage of CRRT

Dialysis has been shown to improve short-term survival

in severe ARF [24]. Nonrandomized study suggests that

earlier initiation of CRRT might increase survival [25].

However, a recent prospective randomized study failed

to confirm the benefit of early over late CRRT [26]. Cur-

rently there is still no consensus regarding the timing of

initiation of dialysis in ARF [8]. The minimum of deliv-

ered dialysis dose in patients with end-stage renal dis-

ease is well known. It is recommended that a Kt/V of at

least 1.2 should be delivered for patients on hemodialy-

sis [27]. Unfortunately, little is known about the mini-

mum of dialysis dose for patients with ARF. Ronco et al

showed in a prospective randomized study that patients,

who were treated with ultrafiltration volume of 35 and

45 ml/hr/kg of body weight had a lower mortality rate

than patients who were treated with ultrafiltration vol-

ume of 20 ml/hr/kg of body weight [28]. However, two

recent studies did not show any significant survival ben-

efit for high volume haemofiltration [26,29]. Currently,

there is no consensus on what the minimum dialysis dose

should be for ARF [8].

Different Formats of CRRT

Kramer et al described the first use of continuous arterio-

venous haemofiltration (CAVH) for treatment of patients

with fluid overload in 1977 [30]. Initially, CAVH is used

since it does not require a blood pump.  However, CAVH

has serious shortcomings, since it requires arterial can-

nulation and it is incapable in maintaining adequate sol-

ute clearance in most critically ill patients in ICU. There-

fore, a venovenous technique of CRRT was developed

using a peristaltic blood pump and a double lumen cath-

eter for vascular access. In practice, all CRRT modalities

are now venovenous.

There are several formats of CRRT, which are used

in the ICU (Figure 1 and Table 3). Based on the avail-

able data, there is no consensus regarding the preferred

type of CRRT. The use of predominantly convective

(CVVH), diffusive (CVVHD) or combination therapy

(CVVHDF) should be individualized based on the com-

petency of physicians and nurses and the local resources

of the health care facilities. Removal of middle- and

high-molecular-weight solute is greater with convec-

tive therapy. However, there is no evidence that this en-

hanced solute removal is associated with better clinical

outcomes.

TABLE 2. CHARACTERISTICS OF IHD COMPARED WITH CRRT

IHD CRRT

Mainly diffusive Mainly convective (CVVH), diffusive (CVVHD),

or both (CVVHDF)

High dialysate flow (500-800 mL/min) Low dialysate flow (1-2 L/hr) as in CVVHD

or CVVHDF or no dialysate at all (CVVH)

On-line dialysate production Use commercial fluid

Usually 4 hr per dialysis session In theory continuous

Technically demanding Technically less demanding

Less labor-intensive Labor intensive

Usually used in patients who are Usually used in patients with hemodynamic

hemodynamically stable instability or increased intracranial pressure



Crit Care & Shock 2005 Vol. 8, No. 1 17

Vascular Access

The standard vascular access for CRRT is a dual-lumen

venous catheter, which is placed in subclavian, internal

jugular or femoral veins. The choice of the venous ac-

cess site is determined by the risks of infection, thrombo-

sis, and ease of placement. The risk of infection is great-

est in the femoral position [31]. Due to the risk of central

vein stenosis and thrombosis, the subclavian insertion site

should be avoided, if possible, for CRRT access in a pa-

tient who may need permanent vascular access [32-33].

Catheter insertion in the right internal jugular vein is as-

sociated with a lower risk of complications compared to

other sites [34-35]. Ultrasound-guided insertion of cath-

eter is recommended to reduce insertion-related compli-

cations [36-37].

Replacement fluid, pre- versus post-dilu-
tion

Replacement fluids used during CRRT should contain

physiologic concentrations of electrolytes and lactate or

bicarbonate as buffer. Both lactate or bicarbonate based

buffer solutions are able to correct the metabolic acidosis

in most ARF patients [38]. A recent clinical study did not

show any advantage of bicarbonate-based buffer over

lactate buffer solution [39]. Thus, either lactate or bicar-

bonate can be used as buffer in most CRRT patients.

However, bicarbonate buffer is preferred in patients with

liver failure [8]. Since liver failure is a relatively frequent

complication in ICU patients, many ICUs still choose

bicarbonate as buffer solution. At our institution, we use

commercial bicarbonate buffer solution as replacement

fluid (Hemosol BO, Hospal).

The choice between pre- and post-dilution fluid ad-

ministration depends on several factors. Pre-dilution

hemofiltration may be useful in patients with frequent

filter clotting since replacement fluid administered prior

to hemofilter will decrease the hematocrit of the blood

during the passage through the filter with theoretical lower

risk of clotting problems. A recent study showed that pre-

dilution of replacement fluid was associated with in-

creased filter life [40]. The disadvantage of pre-dilution

hemofiltration is decreased efficacy of dialysis and in-

creased requirement of replacement fluid.

Hemofilter

Some studies have suggested that dialysis with

bioincompatible membranes is associated with a less fa-

vorable patient outcome than dialysis with biocompatible

synthetic membranes [41-42].  However, other studies

found no differences in the survival rate of ICU patients

using cellulose-based or synthetic membrane filters [43-

47]. At present time, there is insufficient data to recom-

mend the use of specific membranes in CRRT.

Anticoagulation

Clotting of the filter is one of the most common compli-

cations of CRRT. Therefore, continuous anticoagulation

needs to be provided to prevent filter clotting and extend

filter life. Systemic anticoagulation with heparin is most

commonly used in patients not at risk of bleeding. The

degree of anticoagulation can be monitored by measure-

ment of partial thromboplastin time (PTT). In addition,

routine measurement of platelets should be done to avoid

Solute removal is through convection
No requirement of dialysate
Ultrafiltrate is replaced in part or completely with
a replacement fluid (1-2 L/hr).
Clearance of solutes equal ultrafiltration
Usually used in patients who are septic with he-
modynamic instability

Solute removal is through convection
No requirement of dialysate
Removal of ultrafiltrate at rates < 300 ml/hr with-
out the use of a replacement fluid
Used only for patients with fluid overload with-
out azotemia such as patients with end-stage con-
gestive heart failure awaiting heart transplanta-
tion

Solute removal is through diffusion
Dialysate is used countercurrent to blood flow at
a rate of 1-2 L/hr
Replacement fluid is minimal (<100 ml/hr) and
usually not routinely administered
Usually used in patients with hemodynamic in-
stability

Solute removal is through both diffusion and con-
vection
Dialysate is used countercurrent to blood flow at
a rate of 1-2 L/hr
Ultrafiltrate is replaced in part or completely with
a replacement fluid (1-2 L/hr)
Usually used in patients with hypercatabolism
and hemodynamic instability

TABLE 3. SUMMARY OF CRRT

CVVH

SCUF

CVVHD

CVVHDF
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Blood flow: 100-200 mL/min

Dialysate: No

Ultra-

Filtration

direction on bloodflow

Phosphate Urea

H20creatinineK+

UltraFiltrate

out

SOLUTE REMOVAL IS THROUGH CONVECTION. DIFFUSION DOES NOT OCCUR SINCE NO DIALYSATE IS USED. REMOVAL OF

LOWER MOLECULAR WEIGHT SOLUTES (E.G. UREA, CREATININE, POTASSIUM) IS LESS EFFECTIVE THAN CVVHD. LARGE

VOLUME OF ULTRAFILTRATE (1-2 L/HR) IS REPLACED IN PART OR COMPLETELY WITH A REPLACEMENT FLUID.

FIGURE. 1. THE DIFFERENT FORMATS OF CRRT.
A. CVVH (Continuous venovenous hemofiltration)

Blood flow: 50-150 mL/min

Dialysate: No

Ultra-

Filtration

direction on bloodflow

Phosphate Urea

H20creatinineK+

UltraFiltrate

out

SCUF IS A FORM OF CVVH WITH REMOVAL OF ULTRAFILTRATE AT RATES < 300 ML/HR WITHOUT THE USE OF A REPLACE-

MENT FLUID. AS IN CVVH, NO DIALYSATE IS USED. SCUF IS SELDOM USED. THE PURPOSE IS TO PREVENT OR TREAT

VOLUME OVERLOAD. THE IDEAL INDICATION FOR SCUF IS PATIENT WITH END-STAGE CONGESTIVE HEART FAILURE, WHO

IS VOLUME OVERLOAD AND AWAITING URGENT HEART TRANSPLANTATION.

B. SCUF (Slow continuous ultrafiltration)
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Blood flow: 100-200 mL/min

Dialysate flow: 1-2 L/hr

Hemo-

dialysis

direction of bloodflow

Phosphate Urea

H20creatinineK+

dialysis
fluid in

direction of dialysis fluid flow

C. CVVHD (Continuous venovenous hemodialysis)

dialysate
out

DIALYSATE SOLUTION IS USED COUNTERCURRENT TO BLOOD FLOW AT A RATE SLOWER THAN BLOOD FLOW RATE (1-2 L/HR). SOLUTE

REMOVAL IS BY DIFFUSION. REPLACEMENT FLUID IS MINIMAL (<100 ML/HR) AND USUALLY NOT ROUTINELY ADMINISTERED.

Blood flow: 100-200 mL/min

Dialysate flow: 1-2 L/hr

CVVHDF

direction of bloodflow

Phosphate Urea

creatinineK+

dialysis
fluid in

direction of dialysis fluid flow

D. CVVHDF (Continuous venovenous hemodiafiltration)

dialysate and Ultrafiltrade
out

DIALYSATE SOLUTION IS USED COUNTERCURRENT TO BLOOD FLOW AT A RATE SLOWER THAN BLOOD FLOW RATE (1-2 L/HR). LARGE

VOLUME OF ULTRAFILTRATE (1-2 L/HR) IS REPLACED IN PART OR COMPLETELY WITH A REPLACEMENT SOLUTION. SOLUTE REMOVAL IS

THROUGH BOTH DIFFUSION AND CONVECTION.

H20
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