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Familiarity with the initiation, dosing, adjustment, and termination of continuous renal replacement therapy
(CRRT) is a core skill for contemporary intensivists. Guidelines for how to administer CRRT in the intensive
care unit are not well documented. The purpose of this review is to discuss the modalities, terminology, and
components of CRRT, with an emphasis on the practical aspects of dosing, adjustments, and termination.
Management of electrolyte and acid-base derangements commonly encountered with acute renal failure is
emphasized. Knowledge regarding the practical aspects of managing CRRT in the intensive care unit is a
prerequisite for achieving desired physiological end points.
Division of Trauma Anesthesi-
Center, University of Maryland
8 3246.
lvagno@yahoo.com

Inc.
Published by Elsevier Inc.
1. Introduction

Approximately 5% to 25% of all intensive care unit (ICU) patients
develop acute renal failure (ARF) [1-3]. Once continuous renal
replacement therapy (CRRT) is required, mortality may exceed 50%,
[3-5] and the need for CRRT is associated with a marked increase in
the patient's severity of illness and the complexity of ICU manage-
ment. In many ICUs, the intensivist makes decisions regarding the
initiation, dosing, adjustment, and termination of CRRT. A description
of the physiology, equipment, and data supporting outcomes is
beyond the scope of this review; the reader is referred to
comprehensive reviews by Tolwani [3], John and Eckhardt [6], and
Ghossein et al [5] for more information. The purpose of this review is
to describe practical aspects for the management of CRRT by
intensivists. Initiation, dosing, adjustment, and termination of CRRT
will be extensively discussed.
2. Indications for CRRT

The decision regarding when to initiate CRRT is a fundamental
question faced by intensivists. Although no controlled trials exist to
establish clear indications for early versus late initiation of CRRT, it is a
widely established practice to start CRRT for severe acidosis, uremia,
hyperkalemia, or pulmonary edemawhen other therapeuticmeasures
have failed for these conditions [6-8]. Established indications for the
initiation of CRRT are listed in Table 1.

The principal indication for CRRT, as opposed to intermittent
hemodialysis, is to correct metabolic or fluid derangements associated
with ARF, in patients who are hemodynamically unstable [6,7].
Additional benefits of CRRT are the ability to continuously remove
volume, customize replacement solutions for different clinical
conditions, and use ICU staff instead of relying on specialized dialysis
support staff. Established definitions for acute kidney injury (AKI) and
ARF should be used to diagnose the condition [9,10].

3. Continuous renal replacement therapy modalities

There are 4 main modalities used for CRRT. These modalities are
slow continuous ultrafiltration (SCUF), continuous venovenous
hemofiltration (CVVH), continuous venovenous hemodialysis
(CVVHD), and continuous venovenous hemodiafiltration (CVVHDF).
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Table 1
Indications for CRRT

Indications Comment

Life-threatening acidosis Typically pH b7.0
Severe uremia With associated neuropathy, myopathy,

encephalopathy, or pericarditis
Hypervolemia With pulmonary edema, bowel edema, associated with

oliguria or anuria
Hyperkalemia Usually N6.5 mmol/L with or without

electrocardiographic changes
Intoxications For clearance of dialyzable toxins (eg, salicylates,

contrast media—agents that are water soluble and not
highly protein bound)

Other severe electrolyte
derangements

For example, hypernatremia or hyponatremia, usually
occurring in conjunction with other electrolyte
derangements

Severe sepsis Controversial; see text for explanation
Rhabdomyolysis May consider more liberal indications for starting CRRT

in crush injury patients in anticipation of potential
problems [22]

Table 3
The RIFLE criteria [9]

RIFLE
stage

GFR criteria Urine output
criteria

Sensitivity/
Specificity for
AKI/ARF

Risk Increased creatinine × 1.5 b 0.5 mL kg−1 h−1

× 6 h
High
sensitivityDecreased GFR N25%

Injury Increased creatinine × 2 b0.5 mL kg−1 h−1

× 12 h
High
sensitivityDecreased GFR N50%

Failure Increased creatinine × 3 b0.5 mL kg−1 h−1

× 24 h or anuria ×
12 h

High
specificityDecreased GFR N75% or creatinine

≥4 mg/100 mL (acute rise of
≥0.5 mg per 100 mL/dL)

Loss Persistent ARF (complete loss of
renal function N4 wk)

End-
stage
renal
disease

End-stage renal disease (dependent
on dialysis)

GFR indicates glomerular filtration rate.

Table 4
The 4 principle modalities used for CRRT

Modality Urea
clearance

Replacement
fluid

Dialysate Solute
transport

UF
flow

Dialysate
flow
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In practice, the most commonly used modality in most ICUs is
CVVH (Table 2).

The CRRT modality should be selected based on the indication and
goals of clearance and/or volume removal. Although a discussion of
the physiological principles is beyond the scope of this review, a few
key concepts and definitions should be understood. When blood
passes through the dialysis filter, solute clearance is achieved by
diffusion, convection, or a combination of both. Convective clearance
refers to filtration and occurs when water driven by hydrostatic or
osmotic force is pushed through a membrane; solute clearance is
therefore dependent on ultrafiltration. Ultrafiltration refers to the
process in which hydrostatic pressure forces a liquid against a
semipermeable membrane; the “ultrafiltrate” (UF) refers to the fluid
collected distal to the membrane, or hemofilter. Solutes that can pass
easily through the membrane pores are swept along with the water
(ie, “solute drag”). Diffusive clearance refers to dialysis and occurs
because of movement of solutes as the result of random molecular
motion. If the solute molecule encounters a pore of sufficient size, the
molecule will pass through the filter. Diffusive clearance can occur in
either direction. In dialysis (diffusive clearance), solute clearance is
dependent on dialysate infusion rate and blood flow rate because
the faster blood flows across a dialysis membrane, the greater the
opportunity to maintain a diffusion gradient across the length of the
filter. The same machine and filters can be used for the different
modalities (Tables 3-5).

Clearance of solutes depends largely on molecular size. Diffusive
clearance of solutes by hemodialysis decreases rapidly with increasing
molecular weight. For example, in rhabdomyolysis, myoglobin has a
molecular weight that exceeds the pore size of standard CVVH filters
and is poorly cleared [11-13]. Dialysis membranes (eg, Polyflux series;
Gambro Lundia AB, Lund, Sweden)with larger pores have been shown
to improve clearance of myoglobin compared with conventional
dialysis [11]. Similarly, with drugs, the capacity of a drug to pass
through a dialysis filter membrane is governed by the sieving
coefficient. A sieving coefficient represents the ratio of drug
concentration in the UF to the drug concentration in the plasma. A
coefficient of 1 indicates full passage of solute through the filter (eg,
sodium and potassium), whereas a coefficient of 0 (eg, albumin)
Table 2
Definition of AKI

AKI is defined as any one of the following: [7]
1. Increase in serum creatinine by N0.3 mg/dL; OR
2. Increase in serum creatinine by N1.5 times baseline, which is known or
presumed to have occurred within the prior 7 d; OR
3. Urine volume b0.5 mL kg−1 h−1 for 6 h
indicates that the solute does not pass through the filter at all [14].
Filter age and protein binding are factors that influence the sieving
coefficient. Overall clearance of larger molecules such as drugs is
dependent on both the sieving coefficient and the dialysis flow rate.

For smaller solutes (b300 d) such as urea, creatinine, or amino
acids, convection or diffusion is the mechanism of clearance. For
middle-size solutes (500-50 000 d) or large proteins (b50 000 d) such
as myoglobin, vitamin B12, vancomycin, or albumin, convection is the
mechanism of clearance; CVVH can be used to clear these molecules.
Low-molecular-weight proteins (5000-50 000 d) such as inflamma-
tory mediators are cleared by both convection and adsorption;
CVVHDF is an appropriate modality to clear these molecules.

In both SCUF and CVVH, no dialysate is used. Slow continuous
ultrafiltration simply involves running blood through the filter
without replacement fluid, to allow fluid removal. Conversely, with
CVVH, blood is run through the filter with a replacement fluid added
either before and/or after the filter. Molecules that are small enough
(b50 000 d) pass through the semipermeable CVVH filter membrane
through the process of convection. The filtered fluid (UF) is removed
and replaced to create the desired fluid balance (ie, “even” or
“negative 50 mL/h”). In CVVH, the replacement fluid is used to replace
the volume of fluid removed, as opposed to hemodialysis, where
blood is separated from a crystalloid solution by a semipermeable
membrane, and clearance is affected by diffusion. Continuous
venovenous hemofiltration is indicated for the removal of middle or
large molecules (ie, blood urea nitrogen, creatinine, myoglobin) when
precise control of fluid management is needed.

Continuous venovenous hemodialysis involves the addition of
dialysate after blood is separated by diffusion across a semipermeable
membrane (ie, haemodiafilter; Fig. 1). For example, bicarbonate
moves from dialysate to blood, whereas urea and potassium move
from blood to dialysate. The dialysate flows countercurrent to the flow
(g/d) (mL/h) (mL/h)

SCUF 1-4 No No Convection 100-
400

0

CVVH 22-24 Yes No Convection 500-
4000

0

CVVHD 24-30 No Yes Diffusion 0-350 500-4000
CVVHDF 36-38 Yes Yes Convection

+
diffusion

500-
4000

500-4000



Table 5
Mechanisms of clearance for various solutes and molecules in CRRT

Molecular
size

Small
solutes
(b300 d)

Middle
molecules
(500-50 000 d)

Low-molecular-
weight proteins
(5000-50 000 d)

Large
proteins
(b50 000 d)

Substances Urea, creatinine,
amino acids

Myoglobin, B12,
vancomycin

Inflammatory
mediators

Albumin

Clearance
mechanism

Convection/
Diffusion

Convection Convection
± absorption

Convection

Data from McCunn et al [13].

Table 6
Considerations when choosing where to place the dialysis catheter

Line site Advantage Disadvantage

Internal
jugular
vein

- Straightest route
(especially the
right side)

- Swings in intrathoracic pressure reduce flow

- Overall, the
preferred site

- Site is often occupied by other lines.

Subclavian
vein

- Cleanest site - Exposed to intrathoracic pressure changes
(as with internal jugular vein)

- Most comfortable
for the patient

- Subclavian venous stenosisa

- Higher pneumothorax risk associated
with insertion

Femoral
vein

- Straight route - Higher risk of infection (especially in
obese patients)

- Easy to access in
most patients

- Risk of pseudoaneurysm and dissection if
artery transected during multiple attempts
(risk can be mitigated with use of ultrasound)

a There is a significant chance of subclavian venous stenosis after large-bore venous
catheter insertion, which is problematic if an arteriovenous fistula is subsequently
required for long-term dialysis. However, the mortality for patients who require CRRT
is high, and those who survive are not usually dialysis dependent.
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of blood to maintain concentration gradients. Dialysate is used to
obtain concentration gradients across the semipermeable dialysis
membrane to allow diffuse clearance. Continuous venovenous
hemodialysis is effective for removal of small- to medium-sized
molecules, with the dialysate tailored to promote diffusion of specific
molecules. Continuous venovenous hemodialysis is also a useful
modality for safely reversing severe acidosis. Titration of a positive or
zero fluid balance is more challenging than with CVVH because the
rate of solute removal is dependent on the rate of fluid removal from
the patient; hence, in CVVHD, when attempting to remove fluid,
solute removal will occur, as well. The amount of fluid in the effluent
bag in CVVHD is equal to the amount of fluid removed from the
patient via osmotic clearance, plus the dialysate, and the amount
ultrafiltrated through the convective process. Continuous venovenous
hemodiafiltration includes both dialysate and a replacement fluid.
Pressure applied across the membrane induces convective clearance
and the underlying diffusive clearance provided by the dialysate.
Accordingly, this modality combines the benefits of diffusion and
convection for solute removal, while permitting a zero or net positive
fluid balance. The amount of fluid in the effluent bag in CVVHDF
equals the fluid removed from the patient plus the dialysate and the
replacement fluid.
4. Vascular access

The success of CRRT is largely dependent on the consistent
performance of the vascular access catheter because the blood flow
Fig. 1. Schematic representation o
pump will fail if the outflow from the access (ie, blood flow from the
patient into the filter) is inadequate. Alternatively, high pressures
associated with postfilter blood return back to the patient are also
important and, if excessively high, can jam the dialysis machine. In
CVVH, CVVHD, and CVVHDF, a double-lumen uncuffed central
venous catheter (typically 11-12F diameter for each lumen) is
recommended. The first choice for access should be the right jugular
vein, followed by the femoral vein, and then the left jugular vein. [7]
The last choice for access should be the subclavian vein because
cannulation of this vein may lead to central vein stenosis and may
impede subsequent permanent access with an arteriovenous fistula
[7]. Although the subclavian vein is associated with a high degree of
stenosis after cannulation when a large-bore dialysis catheter is
used, the mortality of patients who require CRRT is high, and many
survivors do not require long-term intermittent dialysis. Other
considerations when choosing where to site the central venous
catheter are outlined in Table 6.
f CVVH and CVVHDF circuits.



Table 7
CRRT terminology

Term Definition

UF Fluid collected in the bag distal to the hemofilter
Dialysate Fluid instilled into the filter countercurrent flow of the blood
Effluent UF + dialysate (in CVVH, this is simply the UF)
Substitution/
Replacement fluid

Fluid instilled prefilter or postfilter to replace UF volume

Sieving coefficient
(Sc)

Ability of substance to pass through filter (Sc = 1, passing
freely; Sc = 0, unable to pass)

Solute drag Free circulating, unbound solutes carried with water during
UF. Solutes bound to red blood cells or proteins are not
cleared.

Qb Blood flow rate (typically 150-300 mL/min)
QD Dialysate flow rate (typically 1-3 L/h)
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5. Terminology

Before initiating CRRT, some key definitions and abbreviations
must be understood. Several of these definitions are listed in Table 7.

Effluent volume is the total fluid in a waste bag at the end of a
period. This volume is composed of the UF and dialysate. The UF
volume is the amount of plasma water removed from the circulating
blood and is collected as part of the effluent volume.

6. Dialysate and substitution/replacement fluid selection

A wide variety of replacement (substitution) solutions are
available for CVVH and CVVHDF. The choice of solution should be
based on the goals of electrolyte and acid-base management.
Plasma-Lyte (Baxter Healthcare, Deerfield, Ill) or Prismasate (Gam-
bro Inc, Lakewood, Colo) are typical first-line replacement solutions.
Both have near-physiological concentrations of electrolytes, but
additional electrolytes can be added as required (Table 8). Current
guidelines do not specify which type of replacement solution should
be used. At our institution, we typically initiate Prismasate 4 K+
unless the patient is hyperkalemic, in which case, we initiate
Prismasate 0 K+. In acidemic patients, bicarbonate, rather than
lactate, is recommended as a buffer in both dialysate and re-
placement fluids for patients with acidosis and AKI; bicarbonate is
also preferred for patients with circulatory failure, lactic acidemia,
and liver failure [7].

Most CRRT solutions do not contain phosphate, and supplemen-
tation is frequently required at some point during CRRT. Replacement
fluid is usually given up to a rate of 4500 mL/h with an initial rate of
1000 mL/h to start in most cases. The blood flow rate can be set,
typically between 150 and 300 mL/min, with the understanding that
filter clotting tends to occur more frequently with lower flow rates in
the absence of anticoagulation. Increasing the rate of blood flow and/
or replacement fluid increases the rate of solute clearance.
Table 8
CRRT replacement fluid solutions

Electrolyte/Solute Reference:
human plasma

0.9% Sodium
chloride

0.45% sodium chlori
75 mEq NaHCO3

Sodium (mEq/L) 135-145 154 152
Chloride (mEq/L) 100-108 154 77
Potassium (mEq/L) 3.5-5.0 0 0
Magnesium (mEq/L) 1.5-2.0 0 0
Lactate (mEq/L) 0.5-2.0 0 0
Bicarbonate (mEq/L) 22-26 0 75
Glucose (mg/dL) 70-110 0 0
Acetate (mEq/L) 0 0 0
Calcium (mEq/L) 2.3-2.6 0 0
Osmolality (mOsm/L) 280-296 308 304
Gluconate (mEq/L) 0 0 0
7. Anticoagulation

Anticoagulation of the CRRT circuit is often required because the
contact of blood with the CRRT circuit activates platelets and clotting
factors during the initiation, amplification, and propagation stages of
the clotting cascade and may cause clotting of the dialysis filter [7]. In
patients at risk for bleeding, the decision to anticoagulate must be
made carefully, after the risks and benefits from anticoagulation are
assessed (Fig. 2).

Filter clotting may be prevented by providing different proportions
of prefilter and postfilter replacement fluids. Prefilter replacement is
thought to enhance the UF rate by helping dilute solutes before blood
entry into the filter. Consequently, prefilter replacement may help
prevent filter clotting. However, at standard UF rates, prefilter
replacement results in decreased urea clearance caused by the overall
dilution of the solute [15,16]. When blood flow rate (Qb) is low (eg,
access flow problems), both prefilter and postfilter replacement may be
indicated to optimize clearance. At our institution, in patients for whom
anticoagulation is contraindicated, we typically order 50% of the
replacement fluid be administered prefilter and 50% postfilter. Different
prefilter and postfilter ratios may be used to prevent filter clotting,
although it must be understood that theoretically, the greater the
percentage of replacement fluid given prefilter, the worse the solute
clearance. This may be attenuated by increasing the overall Qb and/or
replacement fluid rate, and in practice, any decrease in efficiency can be
overcome with the use of a higher ultrafiltration rate. Future research
in this area is required Because the absolute indications for using
prefilter and postfilter replacement remain unclear [7].

In patients not at risk for bleeding, heparin is typically usedwith an
initial bolus of 40 U/kg, then an infusion at 5 to 15 U kg−1 h−1 [17,18].
The activated prothrombin time (aPTT) is monitored before and after
filter, with a goal of 1.5 to 2.0 seconds times greater than the baseline
value in the blood return line [17,18]. Alternatively, some institutions
simply monitor a systemic aPTT, with a goal of keeping the aPTT less
than 2.0 seconds greater than baseline [17]. If an activated clotting
time is used, a goal used at our institution is 180 to 200 seconds. The
activated clotting time should be checked from the portion of the
vascular access line that returns blood to the patient (ie, postfilter). A
goal antithrombin III level is greater than 0.5 mmol/L for heparin to
exert an optimal effect. If low-molecular-weight heparin is used,
monitoring of anti-Xa levels is recommended for a target level of 0.25
to 0.35 U/mL [17]. Dalteparin, at a bolus dose of 20 U/kg, followed by a
maintenance infusion of 10 U kg−1 h−1, has been used in one trial and
was shown to be as safe as unfractionated heparin, although more
costly [19].

Filter clotting is a troublesome complication of CRRT. Filter clotting
can be detected by a rise of the pressure before entering the filter of
greater than 50 mm Hg in 1 hour or 100 mm Hg over baseline. Other
signs of filter clotting include a change in the filter drop pressure ±20
mmHg in 1 hour (or 50mmHg over baseline) or pressure on the filter
de with Sterile water with
150 mEq NaHCO3

Primasate
4 K+

Prismsate
0 K+

Plasma-Lyte

150 140 140 140
0 113 109.5 98
0 5 0 5
0 1.5 1 3
0 3 3 0

150 32 32 0
0 110 0 0
0 0 0 27
0 2.5 3.5 0
0 300 287 294
0 0 0 23



Contraindication 
to citrate?

Increased 
Bleeding Risk?

Proceed without 
anticoagulation

Regional citrate 
anticoagulation

Heparin or low-molecular 
weight heparin

N
o

N
o

Yes

Yes

Fig. 2. Flowchart summary of recommendations for anticoagulation in CRRT [7].
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side of the membrane dropping below 0mmHg. Access failure should
be differentiated from anticoagulation inadequacy as a cause of circuit
clotting. If the filter continues to clot, an antithrombin III level should
be checked.

In patients with heparin-induced thrombocytopenia, argatroban
may be considered at a dosage of 2 μg kg−1 min−1 (0.5 μg kg−1 min−1

in hepatic impairment), with monitoring of the aPTT every 12 hours for
a goal aPTT 1.5 to 3.0 times baseline [18]. In our practice, we generally
Fig. 3. Selection and initial sett
start at a lower dosage (0.05-1 μg kg−1 min−1) and adjust accordingly
to achieve the aPTT goal.

An alternative to heparin and argatroban is citrate regional
anticoagulation. Trisodium citrate may be considered for infusion at
a dosage of 15 mmol/h, with monitoring of prefilter and postfilter
calcium levels [18]. Calcium monitoring and replacement is required
because citrate can chelate calcium, forming citrate-calcium com-
plexes that result in a net loss of ionized calcium [18]. It is for this
reason that administration of prefilter calcium should be avoided. In
the most recent Kidney Disease Improving Global Outcomes guide-
lines, citrate-based anticoagulation is considered as a front-line
modality for preventing filter clotting (Fig. 1) [7]. However, citrate-
based anticoagulation should be used with caution in cases of
hypernatremia, alkalosis, or hypocalcemia. It should be noted that
current guidelines recommend the use of unfractionated heparin or
low-molecular-weight heparin rather than other anticoagulants in
patients who have contraindications to citrate and do not have an
increased risk of bleeding [7].

8. Initial settings

Once the desired CRRTmodality is selected, initial settings must be
established (Fig. 3).

A proposed sequence for the initiation of CRRT, once access is
established, is as follows:

1. Select the CRRT modality based on the indication and goals of
clearance/volume removal.

2. Determine the need for anticoagulation and order accordingly.
3. Prime the machine with 1 L of 0.9% saline.
a. If heparin use is authorized, the machine may also be primed

with 5000 U of unfractionated heparin.
ings for initiation of CRRT.

image of Fig.�2


Table 9
Factors that affect pharmacokinetics while on CRRT

Factor affecting pharmacokinetics Effect on drug clearance

Protein binding Drugs that are highly protein bound (eg,
warfarin, diazepam, propranolol, and
phenytoin) are only cleared by CRRT in small
amounts. As the patient's protein levels fall,
the free fraction of the drug increases, as does
the clearance of the drug.

Size of drug molecule and mode of
CRRT (convective vs diffusive)

Small molecules (b300 d) are cleared by all
modes of CRRT, but asmolecule size increases,
diffusive modes become less effective.

Dose of CRRT Reduced flow rates will reduce clearance of
drugs.

Membrane permeability The high-flux membranes used in CRRT are
permeable to most non–protein-bound drugs

The patient's residual GFR This also needs to be taken into consideration;
if residual GFR is high, drug clearance will be
accelerated.

GFR indicates glomerular filtration rate.
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4. Select the filter type.
a. A biocompatible membrane is recommended to prevent

activation of blood components/bioincompatibility [7].
b. At our institution, the M-150 (Wilcom Inc, Belmont, NH) filter

is used as a preferred filter.
c. The AN69ST (Gambro Lundia AB) membrane may be more

effective for preventing filter clotting in patients where
anticoagulation is contraindicated [20].

d. Consider filters with larger pore size/superhigh flux for
myoglobin clearance (Polyflux Revaclear or Polyflux H;
Gambro Lundia AB) [11]

5. Set the blood flow rate (Qb).
a. It is usually initiated at 100 mL/min, but it can increase to 200

mL/min, or potentially higher in CVVH.
b. The UF/Qb (filtration fraction) ratio should be less than 25%.

i. Example: 3750 mL of UF would require a Qb of approxi-
mately 250 mL/min
1. 250/min * 60 min = 15.0 L/h Qb
2. 15 L/4 = 3.75 L = 25% of Qb

a. Therefore, to obtain maximal efficiency with the filter, if
a replacement rate of 3.75 L is chosen, Qb should be at
least 250 mL/min.

6. Choose the substitution fluid and set the replacement flow rate.
a. 0-4500 mL/h
b. Usually initiated at 1000 mL/h
c. Can be increased in increments by 500 to 1000 mL/h, using

values of electrolytes, blood urea nitrogen, and creatinine to
assess clearance

7. Choose the dialysate flow rate (QD) if using CVVHD or CVVHDF.
a. No dialysate, just an UF (replacement) rate is needed for CVVH,

and no UF (replacement) rate is needed for CVVHD. Both are
required for CVVHDF.

b. 0-4500 mL/h
c. Usually initiated at 1000 mL/h

8. Set the fluid removal rate (UF).
a. Up to 2000 mL/h
b. In CVVH, if no fluid is removed, the replacement is the same as

the UF rate more or less; the same holds true for CVVHD
9. Order CRRT laboratories (usually drawn every 6-8 hours initially;

may be drawn every 12 hours once on stable settings).
a. Chemistry panel with sodium, chloride, blood urea nitrogen,

creatinine, bicarbonate, potassium
i. Standard ICU practices apply for severe electrolyte de-

rangements; more frequent monitoring intervals may be
indicated in certain situations (ie, laboratory draws every
hour for severe hypernatremia, hyperkalemia, etc).
b. Magnesium, phosphorus, ionized calcium
c. A complete blood count is recommended before the initiation

of CRRT.
d. Coagulation panel, or at least an aPTT

10. Discuss pharmacokinetics with a pharmacist or review drug
manufacturer's recommendations for dosing adjustments of
medications given while on CRRT.

a. Factors that affect pharmacokinetics while on CRRT are briefly
summarized in Table 9.

9. Dosing

The components of an optimal CRRT dose depend on the patient's
fluid balance, electrolyte status, nutrition, and general clinical
condition. A nutritional assessment is particularly important because
critically ill patients may have higher needs when on CRRT because of
glucose and amino acid losses. Critically ill patients are often catabolic,
and protein balance may be difficult to achieve; patients have been
shown to have greater protein losses when on CRRT [21]. Although
the optimal dose of CRRT for patients with ARF remains controversial,
an effluent volume of 20 to 25 mL kg−1 h−1 is generally
recommended. This dose is based largely on the results of 2 major
trials. In the randomized evaluation of normal versus augmented level
trial, treatment with a higher dose (40 mL kg−1 h−1) did not improve
mortality in ICU patients [22]. Similarly, in another trial that compared
flow rates of 35 mL kg−1 h−1 vs 20 mL kg−1 h−1, higher intensity of
CRRT was not found to decrease mortality, improve kidney recovery,
or reduce the rate of nonrenal failure in patients with AKI and at least
one other organ failure [23]. Effluent volume has been shown to
significantly overestimate the delivered dose of small solutes in CRRT,
and actual solute clearance, as evidenced by laboratory findings, may
be the best indicator for assessing the adequacy of CRRT [24].

10. Adjustments for typical clinical scenarios

Adjustments for typical electrolyte derangements are described in
Table 10. Management of potassium disorders is discussed separately
in Table 11. In cases of hyperkalemia, Prismasate with 0 K+ may also
be an option.

In general, bicarbonate, rather than lactate, is recommended for
use as a buffer in dialysate and replacement fluid in patients with ARF
requiring CRRT [7]. Use of lactate solutions, although cheaper, is
predicated on the assumption that the liver is capable of converting
lactate to bicarbonate. In patients with concomitant hepatic insuffi-
ciency, bicarbonate should be used preferentially. If citrate regional
anticoagulation is used, the load of anionic base itself may attenuate
metabolic acidosis. For the management of metabolic acidosis, an
ampule of sodium bicarbonate (50 mEq), diluted in 100 mL, can be
infused for 1 hour, repeated as needed. The replacement fluid can also
be changed to 5% dextrose in water with 3 ampules (150 mEq) of
sodium bicarbonate, or sterile water with 3 ampules of sodium
bicarbonate (Table 5). If metabolic alkalosis is encountered, the
replacement solution could be changed to 0.9% sodium chloridewith a
sliding scale for potassium replacement (Table 8).

11. Continuous renal replacement therapy for the septic
ICU patient

Acute renal insufficiency and failure associated with sepsis has a
high mortality of more than 70% [25]. Specific doses and adjuvant
novel techniques in septic patients are controversial and lack
evidence. This, in part, has been caused by the inability to classify
renal insufficiency resulting in the delay in diagnosis and treatment.
Guidelines from the Surviving Sepsis Campaign [26] specify the
following:



Table 10
Management of electrolyte disorders with CRRT

Electrolyte problem Recommended adjustment

Azotemia Increase the replacement and/or dialysate flow rate
Sodium disorders
Hyponatremia Add 3% sodium chloride to the dialysate at 70 mL per 5-mL

bag
Hypernatremia Treat with peripheral dextrose 5% in water (1 L) or ½

sodium chloride as a background infusion based on
correction of free water deficit

Calcium disorders
Hypocalcemia Calcium chloride (10%), 10 mL in 100 mL of 0.9% sodium

chloride or dextrose 5% in water for 1 h, repeat as needed;
may consider the use of a premixed calcium solution

Hypercalcemia Change to calcium-free dialysate (bicarbonate based);
increase bicarbonate dialysate or replacement fluid rate

Magnesium disorders
Hypomagnesemia Magnesium sulfate (50%), 2 mL in 100 mL of 0.9% 0.9%

sodium chloride or dextrose 5% in water for 1 h, repeat as
needed

Hypermagnesemia Change to calcium-free dialysate (bicarbonate based);
increase bicarbonate dialysate or replacement fluid rate

Phosphate disorders
Hypophosphatemia Sodium phosphate (3 mmol/mL) 5 mL in 100 mL 0.9%

sodium chloride for 2 h, repeat as needed for target
phosphate N1.0 mg/dL

Hyperphosphatemia Change to calcium-free dialysate (bicarbonate based);
increase bicarbonate dialysate or replacement fluid rate
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1) CRRT and intermittent renal replacement therapy are equiva-
lent in patients with severe sepsis who have ARF with no
differences in mortality [1].

2) The use of CRRT to manage fluid balance is acceptable in
hemodynamically unstable septic patients.

Although there is no improvement in mortality with the latter
recommendation, there may be an improved tolerance to CRRT in the
vasopressor-dependent hemodynamically unstable patient.

Despite a lack of evidence regarding dose of CRRT in septic patients
with AKI, the recommendation by many is to administer higher doses
than those in nonseptic patients, about 35 to 45 mL kg−1 h−1 [25,27].
A current multicenter trial is ongoing, comparing doses of 70 and 35
mL kg−1 h−1 in patients with septic shock who have AKI (IVORIE
trial) with preliminary results demonstrating a lower mortality at 28
days [27]. Specific correlation with dose andmortality in this trial may
modify current CRRT guidelines in septic patients with AKI. In regard
to timing, we recommend early initiation of CRRT in septic patients
with AKI. This coincides with the “injury” stage of RIFLE (Table 3).
Both the higher dose and the early initiation of therapy are current
aspects of research that have potential to improve outcome and
decrease mortality. Additional adjuvant techniques such as coupled
plasma filtration adsorption and artificial renal devices, in combina-
tion with CRRT, have demonstrated promise by decreasing vasopres-
sor requirements and improved mortality, respectively [25].

12. Termination of CRRT

The decision to discontinue CRRT remains controversial because
very few studies have been conducted to address this issue [7,8]. In
Table 11
Recommendations for the management of hypokalemia with CRRT

Serum potassium
level (mEq/L)

Potassium to
add

mL to add to 1 L of
replacement fluid

mL to add to 5 L of
replacement fluid

N5.5 0 mEq/L None None
4.5-5.5 3 mEq/L 7.5 mL 37.5 mL
b4.5 4 mEq/L 10 mL 50 mL

Assumes Qb has been optimized (decreased if clearance is too high).
general, CRRT should be terminated when intrinsic kidney function
has recovered to the point that CRRT is no longer necessary to meet
the goals of care [7]. If the patient is hemodynamically stable but still
requiring dialysis for clearance and fluid management, the patient
should be transitioned to intermittent hemodialysis. Intermittent
hemodialysis is less costly and less labor intensive than CRRT. Some
authors have recommended the following criteria for termination of
CRRT [28]:

1) Spontaneous urine output greater than 400 mL/d
2) Correction of metabolic derangements
3) No need for solute clearance
4) Stabilization of fluid balance

Diuretics are not recommended to enhance kidney function
recovery during or after CRRT, and initiation of diuresis has not
been shown to decrease the duration of CRRT [7,29].

13. Complications

The potential complications of CRRT include the following:

• Complications related to the central venous line (including
central line associated bloodstream infections)

• Hemodynamic instability
• Blood loss
• Platelet consumption
• Electrolyte imbalances
• Hypothermia
• Air emboli
• Effects of anticoagulation (bleeding or other specific adverse effects
of the anticoagulant used—eg, heparin-induced thrombocytopenia)

14. Conclusion

Familiarity with the initiation, dosing, adjustment, and termina-
tion of CRRT is a core skill for contemporary intensivists. Knowledge
regarding the practical aspects of managing CRRT in the ICU is a
prerequisite for achieving desired physiological end points.
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