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Prescribing Continuous Kidney Replacement Therapy in
Acute Kidney Injury: A Narrative Review

Siddharth Verma and Paul M. Palevsky

Severe acute kidney injury is a common complication in critically ill patients, often necessitating support
with a modality of kidney replacement therapy. Continuous kidney replacement therapies (CKRTs) have
become a mainstay in the management of patients with acute kidney injury in the intensive care unit.
Understanding the fundamentals of CKRT is necessary to safely and effectively prescribe treatment. In
this narrative review, we summarize critical aspects of CKRT management, including selection of the
mode of therapy; choice of hemofilter/hemodialyzer used; determination of the blood flow rate, compo-
sition and flow rates of dialysate and/or replacement fluids, and the ultrafiltration rate; and use and
methods of anticoagulation. Requirements for vascular access and appropriate monitoring and dose
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adjustment of medications and a plan for monitoring the delivery of therapy and ensuring appropriate

nutritional management are also discussed.
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cute kidney injury (AKI), defined by an abrupt

decrease in glomerular filtration rate over a matter of
hours to days, occurs in >50% of critically ill patients and
is associated with an in-hospital mortality rate of 20% to
25%.""> Among patients requiring kidney replacement
therapy (KRT), mortality is 40% to 70%, with 5% to 30%
of survivors remaining dialysis dependent at hospital
discharge.” " Indications for KRT include severe hyper-
volemia unresponsive to diuretics, electrolyte abnormal-

ities including severe hyperkalemia and refractory
metabolic acidosis, drug intoxications, and overt uremic
symptoms.

Although these broad indications for KRT are widely
accepted, there has been a lack of consensus on precise
criteria for KRT initiation. Thus, decisions to initiate KRT
are often subjective, based on the individual patient’s
clinical condition as determined by the treating nephrol-
ogist and/or intensivist. Because AKI must be considered
potentially reversible, a key goal in the management of
KRT is to not interfere with the recovery of kidney func-
tion while preventing the morbidity and mortality asso-
ciated with the acute loss of kidney function.

MODALITIES OF KRT IN THE INTENSIVE CARE
UNIT

Multiple modalities of KRT can be used in the management of
AKI, including intermittent hemodialysis (IHD), continuous
KRTs (CKRTs), prolonged intermittent KRTs (also known as
hybrid therapy, extended duration dialysis, or sustained low-
efficiency dialysis), and peritoneal dialysis. These modalities

*Although the word convection has been used in nephrology litera-
ture to describe clearance during hemofiltration, convection technically
refers to the movement of fluids due to thermal gradients or other
physical forces, whereas advection refers to the movement of entrained
matter or solute due to the flow of solvent.
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provide solute clearance using varying proportions of diffu-
sion (dialysis) and advection* (hemofiltration) based on the
specifics of the chosen treatment.

In 1977, Kramer et al’ published the initial description
of continuous arteriovenous hemofiltration, followed soon
thereafter by a description of slow continuous ultrafiltra-
tion (SCUF) using a similar arteriovenous circuit by
Paganini et al.” These initial arteriovenous modes of CKRT
were associated with complications of arterial cannulation,
including both thrombosis and hemorrhage, as well as
with relatively low blood flows in the extracorporeal cir-
cuit. Arteriovenous CKRT was supplanted by venovenous
therapies, which eliminated the need for prolonged arterial
cannulation and provided more consistent blood flow but
necessitated additional safety monitoring, including air
detectors and pressure monitors.” During the past 3 de-
cades there has been a rapid proliferation of dedicated
CKRT machines, replacing early jury-rigged systems
assembled from blood pumps and other components
scavenged from dialysis machines and intravenous pumps,
with integrated blood and fluid pumps, pressure monitors,
air detectors, and ultrafiltration control mechanisms to
permit the safe and efficient delivery of a wide variety of
CKRT modes in the intensive care unit.®

Multiple randomized controlled trials (RCTs) and meta-
analyses have compared CKRT and IHD and found them to
be comparable in terms of mortality, recovery of kidney
function, and length of stay.” ' However, it should be
recognized that the IHD prescription in hemodynamically
unstable patients was often modified in these trials and
treatment duration was prolonged to enhance hemody-
namic tolerance and safety.'” CKRT has been associated
with a greater ability to achieve negative fluid balance'” as
compared with IHD and is suggested by the KDIGO
(Kidney Disease: Improving Global Outcomes) AKI clinical
practice guidelines to be superior in hemodynamically
unstable patients.3 CKRT has slower solute removal, which
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Table 1. Components of CKRT Orders

CKRT Mode

SCUF CVVH CVVHD CVVHDF
Hemofilter/hemodialyzer X X X X
Blood flow X X X X
Replacement fluid composition X X
Replacement fluid flow rate X X
Replacement fluid infusion site X X
Dialysate composition X X
Dialysate flow rate X X
Net ultrafiltration rate X X X X
Anticoagulation X X X X

Abbreviations: CKRT, continuous renal replacement therapy; CVVH, contin-
uous venovenous hemofiltration; CVVHD, continuous venovenous hemodialy-
sis; CVVHDF, continuous venovenous hemodiafiltration; SCUF, slow
continuous ultrafiltration.

diminishes osmotic shifts that can exacerbate cerebral
edema and potentially less treatment-related hypotension,
resulting in greater preservation of cerebral perfusion.
Thus, CKRT is preferred over IHD in patients with
increased intracerebral pressure, including patients with
fulminant hepatic failure, cerebral edema, and head
trauma.' "/

The benefit of CKRT as compared to IHD with regard to
recovery of kidney function has been debated. Although
multiple observational studies have shown a higher
probability of dialysis independence among surviving pa-
tients treated with CKRT as compared with THD,'® this
finding has not been confirmed in RCTs.”*'®

TIMING OF INITIATION OF KRT

Although an in-depth discussion of when to initiate KRT is
beyond the scope of this review of CKRT prescription, the
decision to start therapy undergirds the prescription of
therapy. Indications for CKRT are similar to those for other
modalities of KRT, including volume overload unrespon-
sive to diuretic therapy; metabolic acidosis, hyperkalemia,
and other electrolyte abnormalities refractory to medical
management; and uremic manifestations. Although CKRT
has been used in the management of drug intoxications,
IHD provides more rapid drug clearance and is generally
preferred to CKRT in this setting, even in hemodynami-
cally unstable patients.'”*"'

The role of earlier KRT in patients without an absolute
indication for initiation of therapy has been debated.
Although observational studies suggested a survival
advantage with earlier initiation of KRT, most of these
studies excluded patients with early AKI who never
received KRT, introducing significant bias.”” Five recent
RCTs have examined this question, with most con-
cluding that a moderately delayed strategy of KRT
initiation was not inferior to earlier initiation of therapy
and was associated with decreased health care use and
higher rates of recovery of kidney function.””*’
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CKRT PRESCRIPTION

In developing a CKRT prescription for a patient, a
number of factors need to be considered, beginning
with selection of the mode of treatment and corre-
sponding operational parameters including blood flow,
selection of dialysate and/or replacement fluid, dosing
of therapy, anticoagulation, and fluid management
(Table 1). In addition, consideration must also be given
to monitoring of treatment efficacy, medication dosing,
and nutrition.

Selection of Mode of CKRT

Multiple modes of CKRT are available, varying with regard
to configuration of the extracorporeal circuit (arteriove-
nous or venovenous) and by the primary mechanism of
solute transfer across the membrane (predominantly
diffusion, predominantly advection, or a balanced com-
bination). Given the virtual abandonment of the use of
arteriovenous circuits for CKRT, our remaining discussion
focuses exclusively on the venovenous modes of CKRT.

SCUF provides isolated ultrafiltration with minimal so-
lute removal (Fig 1A). The primary role of SCUF is the
treatment of volume overload in hemodynamically un-
stable patients. It has also been used as an alternative to
high-dose diuretic therapy in patients with decompensated
heart failure, although the relative benefit of ultrafiltration
as compared with diuretics is controversial.”***” Given the
low blood flow rates required to perform SCUF, it can be
performed using a peripheral access capable of sustaining a
blood flow of only 50 mL/min as compared with the other
modes of CKRT that require central or femoral venous
access, although substantial anticoagulation may be needed
to maintain circuit patency.

Continuous venovenous hemofiltration (CVVH) pro-
vides solute clearance primarily by advection (Fig 1B).
During CVVH, ultrafiltration is provided at rates higher
than required for volume management and the excess ul-
trafiltrate is replaced with pre- or postfilter infusion of
solutions with electrolyte composition similar to plasma
water. Ultrafiltration is driven by the hydrostatic pressure
across the hemofilter membrane; solutes with molecular
diameter smaller than the size of the membrane pores will
cross the membrane entrained in the flow of ultrafiltrate.

Continuous venovenous hemodialysis (CVVHD) re-
sembles conventional intermittent hemodialysis in that
solute removal across the dialyzer membrane occurs pri-
marily by diffusion of solutes down their concentration
gradients (Fig 1C). Because diffusion is highly dependent
on the mobility of solutes in solution and is inversely
related to the molecular weight of the solute, low-
molecular-weight solutes are more readily cleared by
diffusion than higher-molecular-weight solutes. Net ul-
trafiltration rates are set based on the desired rate of vol-
ume removal. Thus, unlike CVVH, CVVHD uses the
perfusion of dialysate with an electrolyte composition
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resembling normal plasma water across the opposite side
of the dialyzer membrane from the blood but does not
require the infusion of intravenous replacement solutions.
Although CVVHD is commonly referred to as a predomi-
nantly diffusive therapy, filtration from blood into the
dialysate compartment and back filtration from dialysate
into blood will occur as the result of the change of pressure
gradients along the length of the membrane. As a result,
when membranes with high hydraulic permeability are
used, substantial rates of advective transport may also
occur, permitting removal of solutes with higher molec-
ular weights than would be expected by diffusion alone.

Continuous venovenous hemodiafiltration (CVVHDF)
combines the higher ultrafiltration rates and intravenous
replacement fluids used during CVVH with the dialysate
flow of CVVHD (Fig 1D). This combination of hemodi-
alysis and hemofiltration achieves solute clearance by both
advection and diffusion.

Choosing a Mode of CKRT

The initial step in prescription of CKRT is selection of the
mode of therapy. Hemofiltration is preferred by some
practitioners because of the higher clearances provided for
larger molecules as compared with the diffusive clearance
provided by CVVHD, which has been postulated to provide
modulation of inflammatory cytokines. Although this is a
theoretical benefit, no difference in survival, recovery of
kidney function, vasopressor use, or organ dysfunction has
been demonstrated when outcomes of CVVH and CVVHD
are compared.’’ Potential reasons for this lack of benefit
include the relatively low clearance achieved for inflam-
matory mediators as compared with their biological half-
lives and the concomitant removal of anti-inflammatory
cytokines.

The initial development of CVVHDF was driven by
technological limitations of early CKRT equipment that
restricted the maximal clearances that could be provided
with either CVVH or CVVHD alone. Given the operational
characteristics of current CKRT equipment, adequate solute
clearance can be achieved with all 3 modalities, and no
specific therapeutic benefit can be ascribed to CVVHDEF.

Thus, selection of mode of CKRT is generally a matter of
individual or institutional preference rather than being
driven by specific clinical outcomes.

Hemofilter/Hemodialyzer Selection

Hemofilters/hemodialyzers containing membranes with
high hydrostatic permeability, to permit high ultrafiltration
rates, are generally most appropriate for CKRT. Membrane
permeability is dependent on the number of pores, pore
size, and membrane thickness. High-flux membranes that
have more or larger pores allow greater ultrafiltration. As
pore diameter increases, larger solutes can be entrained in
the ultrafiltrate and can cross the membrane by advection.
Typically, membranes used for hemodialysis and hemofil-
tration permit solutes with molecular weights of up to 10 to
40 kDa to cross the membrane, but membranes with even
larger pore sizes can be used. Membrane surface area de-
termines the available area for diffusion and ultrafiltration.
Although larger surface area membranes may increase
maximal clearance, increasing membrane surface area poses
an increased risk for clotting. Membranes with anionic or
cationic residues may also bind solutes to the membrane
surface; surface adsorption of midsized molecules including
inflammatory mediators has been demonstrated, although
generally with rapid saturation.”'

Membrane biocompatibility is also an important
consideration. Biocompatibility is defined by the degree of
activation of humoral and cellular mediators on exposure
to blood.”” Unmodified cellulosic membranes are gener-
ally less biocompatible than synthetic membranes and have
been associated with impaired survival and delayed recovery
of kidney function.””*® Thus, high-flux biocompatible
membranes such as polyacrylonitrile and polysulfone
membranes are generally preferred for CKRT.

Blood Flow

Selection of a blood flow rate for CKRT should optimize
patency of the extracorporeal circuit, avoid hemodynamic
stress, and provide sufficient flow to maintain solute clear-
ance. Although it is often believed that higher blood flow
rates are associated with increased risk for hemodynamic

Figure 1 (previous page). Schematics of modes of continuous kidney replacement therapy. (A) Slow continuous ultrafiliration
(SCUF): blood in the extracorporeal circuit is perfused through a hemofilter and an ultrafiltrate is generated equal to the desired
rate of fluid removal. (B) Continuous venovenous hemofiltration (CVVH): blood in the extracorporeal circuit is perfused through a
hemofilter and a high volume of ultrafiltrate is generated. Ultrafiltrate volume in excess of the desired rate of fluid removal is replaced
with crystalloid solution that may be infused prior to the hemofilter (prefilter replacement fluid), into the return line (postfilter replace-
ment fluid), or both. The net ultrafiltration rate is equal to the difference between the effluent and the replacement fluids flow rates. (C)
Continuous venovenous hemodialysis (CVVHD): blood in the extracorporeal circuit is perfused through a hemodialyzer, dialysate is
perfused across the membrane, and an ultrafiltrate is generated equal to the desired rate of fluid removal. The effluent consists of
both the spent dialysate and ultrafiltrate with the net ultrafiltration rate equal to the difference between the effluent and dialysate
flow rates. (D) Continuous venovenous hemodiafiliration (CVVHDF): blood in the extracorporeal circuit is perfused through a hemo-
filter, dialysate is perfused across the membrane, and a high volume of ultrafiltrate is generated. Ultrafiltrate volume in excess of the
desired rate of fluid removal is replaced with crystalloid solution that may be infused before the hemofilter (prefilter replacement fluid),
into the return line (postfilter replacement fluid), or both. The effluent consists of both the spent dialysate and ultrafilirate with the net
ultrafiltration rate equal to the difference between the effluent flow rate and the sum of dialysate and replacement fluid flow rates.
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instability, when using hollow-fiber membranes there is
little relationship between blood flow through the extra-
corporeal circuit and hemodynamic stability. Other mem-
brane configurations that have been used for hemodialysis
in the past (eg, parallel plate dialyzers and coils) were
associated with substantial increases in extracorporeal vol-
ume as blood flow increased. In contrast, hollow-fiber
membranes have low compliance and exhibit minimal
change in extracorporeal volume with variation in blood
flow, minimizing the risk for flow-related hemodynamic
stress with higher blood flow rates. At the same time, very
high blood flow rates, as frequently used during IHD, are
not required to optimize solute clearance. Solute clearance
during CVVHD is generally dialysate-flow rather than
blood-flow limited and during CVVH is dependent on
ultrafiltration.

The use of higher flow rates decreases filtration fraction
during hemofiltration (discussed in Dialysate/Replacement
Fluid Flow Rates), diminishing the risk for system clotting.
However, when catheter function is poor, higher flow
rates may trigger alarms, interrupting treatment and
increasing clotting risk. Higher flow rates may also dilute
anticoagulation and diminish its effectiveness. Conversely,
if very low blood flow rates (eg, <100 mL/min) are used,
equilibration with dialysate, particularly at higher dialysate
flow rates, may be incomplete, resulting in lower-than-
expected clearances. Similarly, low blood flow rates dur-
ing CVVH with prefilter replacement may result in exces-
sive solute dilution and decreased clearance. Thus, the
optimal blood flow rate for most patients is between 150
and 250 mL/min, as permitted by catheter function.

Dialysate/Replacement Fluid Composition
Dialysate and replacement fluids should have an electrolyte
composition approximating that of plasma water, with
sufficient buffer to correct metabolic acidosis.”” Multiple
commercial solutions are available with variable concen-
trations of calcium and potassium. Although dialysate does
not need to be sterile, replacement fluids must meet the
sterility standards for intravenous solutions. Glucose con-
centrations of solutions vary. Physiologic glucose con-
centrations are generally preferred, although glucose-free
solutions can be used but are associated with an increased
risk for hypoglycemia or euglycemic ketoacidosis.”* *” So-
lutions with high glucose concentration were used in the
past and were associated with significant hyperglycemia.
Although non-bicarbonate-buffered solutions were
frequently used in the past, these have now been sup-
planted by commercially-available bicarbonate-buffered
fluids. Typically, a buffer concentration of 35 mmol/L is
sufficient to provide control of acidosis; however, higher
compositions may be necessary to compensate for marked
hypercarbia. Lower concentrations are needed when citrate
anticoagulation is used to adjust for citrate’s buffering ca-
pacity and may also be needed to prevent alkalemia when
patients are maintained on CKRT for a prolonged duration.
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The use of phosphate-free solutions is associated with
significant risk for hypophosphatemia and need for phos-
phorus supplementation.”’ The wuse of phosphate-
containing fluids when hyperphosphatemia has resolved
can prevent the development of hypophosphatemia and
obviate the need for phosphorus replacement.””

Sodium concentrations can be adjusted to assist in the
treatment of dysnatremia. Adding free water to dialysate or
replacement fluid can mitigate the rate of increase in serum
sodium levels in patients with severe hyponatremia.”’
Alternatively, 5% dextrose in water can be administered
post filter to control the rate of increase in plasma sodium
concentration.

Dialysate/Replacement Fluid Flow Rates

Solute clearance during CKRT is determined by the effluent
volume, which is the sum of the dialysate, replacement
fluid, and ultrafiltration flow rates.”* Because dialysate
flow is usually markedly lower than blood flow rates,
almost complete equilibrium of low-molecular-weight
molecules is achieved between plasma and dialysate dur-
ing CVVHD. Similarly, the concentration of low-
molecular-weight solutes in the ultrafiltrate during CVVH
approximates the concentration in plasma water. Thus, the
concentration of low-molecular-weight solutes in the
effluent will correspond to the concentration in plasma
water for all modes of CKRT, and clearance of these solutes
approximates the effluent flow rate.

Several single-center trials suggested that effluent flow
rates during CKRT of =35 mL/kg per hour were associated
with improved survival.””*® However, these results were
not confirmed in 2 large multicenter RCTs, which did not
find improved survival associated with effluent flow rates >
25 mL/kg per hour.””"** In a meta-analysis, higher doses
of therapy were also associated with delayed recovery of
kidney function.”” Higher doses of CKRT are also associ-
ated with an increased risk for electrolyte abnormalities,
particularly hypophosphatemia, which may have contrib-
uted to fewer ventilator-free days among patients treated
with higher doses of CKRT.”” Higher doses of therapy also
increase the likelihood of subtherapeutic antibiotic levels
in patients with sepsis.gl For these reasons, the KDIGO
guidelines recommend a target effluent flow of 20 to 25
mL/kg per hour, with the caveat that a higher prescribed
dose may be required to deliver this ideal target dose.’**”

An additional consideration in prescribing replacement
fluid during CVVH and CVVHDF is whether the fluid is
infused between the blood pump and the hemofilter inlet
(prefilter) or in the return line to the patient (postfilter).
During hemofiltration, the high ultrafiltration rate can
result in significant hemoconcentration within the hemo-
filter, increasing the risk for fiber occlusion and hemofilter
failure. Prefilter administration of replacement fluid miti-
gates this hemoconcentration but at the expense of diluting
the solute concentration within the hemofilter and
reducing solute clearance. The ratio of ultrafiltration rate to
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plasma flow rate within the hemofilter when replacement
fluid is infused postfilter is known as the filtration fraction
and quantifies the degree of hemoconcentration occurring
within the hemofilter.”> When the filtration fraction is
>30%, there is an increased risk for hemofilter failure.
Thus, the prescription should be adjusted during hemo-
filtration to maintain the filtration fraction at <20%. This
can be achieved by shifting a portion or all of the
replacement fluid from post- to prefilter or by increasing
blood flow rate.

Net Ultrafiltration Rate

In addition to solute control, one of the major goals of
CKRT is the management of volume overload. Critically ill
patients have been shown to have poor outcomes with
worsening fluid overload and the speed of fluid accumu-
lation is an independent risk factor for hospital mortality.””
However, the optimal rate of net ultrafiltration (the dif-
ference between effluent flow rate and the sum of dialysate
and replacement fluid administration) is uncertain and is
likely dependent on whether the patient is in the resusci-
tation, optimization, stabilization, or de-escalation phase
of volume management.”” During the initial resuscitation
phase, any net ultrafiltration may be inappropriate; during
optimization and stabilization, modest net ultrafiltration to
mitigate further fluid overload may be appropriate,
whereas more aggressive ultrafiltration may be indicated
during the de-escalation or de-resuscitation phase. Failure
to account for this temporal arc in the goals of fluid man-
agement may account in part for contradictory findings
from observational studies attempting to define a single
optimal rate of net ultrafiltration.”*”” Rather, individuali-
zation of prescribed ultrafiltration rates based on collabo-
ration between intensivist and nephrologist is critical.

Anticoagulation

Clotting is the most common complication of CKRT.
However, anticoagulation in the critically ill patient is
associated with an increased risk for bleeding. Partial
clotting of hemofilter/hemodialyzer fibers decreases solute
clearance and ultrafiltration while complete clotting of the
extracorporeal circuit contributes to treatment interruption
and increased blood loss. Estimates suggest that CKRT is
provided without anticoagulation 30% to 60% of the
time.”® The most commonly used methods for anti-
coagulation are unfractionated heparin (UFH) and regional
citrate anticoagulation (RCA). Less commonly, low-
molecular-weight heparin, regional heparinization with
protamine reversal, thrombin antagonists (eg, argatroban
and bivalirudin), platelet-inhibiting agents, and prostacy-
clin have been used, but are not discussed here in detail.

Unfractionated Heparin

UFH is usually administered as an initial bolus of 10 to 30
IU/kg followed by a maintenance infusion of 5 to 10 IU/
kg per hour into the arterial limb of the extracorporeal
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circuit. Heparin therapy can be monitored based on the
activated partial thromboplastin time, with a target of 45
to 60 seconds (1.5-2 times normal), or by monitoring
anti-factor Xa levels, with a target based on the low end of
the specific laboratory’s therapeutic range. Bleeding epi-
sodes range from 10% to 50%, with mortality from
bleeding ~15%.”” Heparin-induced thrombocytopenia
may also develop and necessitates immediate discontinu-
ation of heparin anticoagulation and consideration of
systemic anticoagulation with argatroban.’

Regional Citrate Anticoagulation

Citrate chelates calcium, a necessary cofactor for the
coagulation cascade. Infusion of citrate into the arterial
limb of the extracorporeal circuit provides regional anti-
coagulation of the circuit with minimal systemic effects.®’
Coagulation is inhibited when ionized calcium levels
are <0.35 mmol/L in the extracorporeal circuit, which
equates to a citrate concentration of 3 to 6 mmol/L in
blood.®" When the blood is returned to the body, the
citrate is metabolized and ionized calcium levels are
restored. Because RCA is usually performed using calcium-
free dialysate and replacement fluids, calcium needs to be
infused systemically to replace the calcium lost in the
effluent, although even when calcium-containing fluids
are used, calcium infusion is required to replace calcium
lost complexed to citrate.

Management of RCA requires careful titration of the
citrate and calcium infusions to maintain the postfilter
ionized calcium concentration between 0.25 and 0.40
mmol/L in the extracorporeal circuit while ensuring a
normal systemic ionized calcium concentration. Because
citrate levels are not readily measured, systemic citrate
accumulation can be monitored for based on the ratio of
total to ionized calcium, with a ratio > 2.5 indicative of
significant citrate accumulation.®”"*’

Complications of citrate anticoagulation can include
both metabolic alkalosis or, with impaired metabolism, a
high anion gap metabolic acidosis, and symptomatic hy-
pomagnesemia and hypocalcemia. The use of dialysate and
replacement solutions with reduced buffer content may be
necessary to mitigate the risk for citrate-induced metabolic
alkalosis, and if a high-concentration citrate solution such
as acid citrate dextrose is used, reducing the sodium
concentration may be required to prevent hypernatremia.
Because the required rate of citrate administration is pro-
portional to the blood flow rate, the systemic effects of
citrate can be mitigated by using lower blood flow rates,
with optimal blood flow rates of 150 to 200 mL/min. As a
result of impaired metabolic clearance, the use of citrate is
relatively contraindicated in the setting of shock, liver
failure, and muscle hypoperfusion.”“" The use of RCA is
associated with increased circuit lifespan and lower
bleeding risks as compared with UFH.®”*“° KDIGO rec-
ommends RCA over UFH in CKRT patients.” However
citrate is not approved by the US Food and Drug Admin-
istration for use in the United States.
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VASCULAR ACCESS

A well-functioning vascular access is essential to obtain
adequate blood flows for CKRT. Most commonly, access is
achieved using a large-bore nontunneled double-lumen
catheter in an internal jugular, femoral, or subclavian
vein. The right internal jugular vein is the preferred site
because it provides the shortest and straightest course to
the right atrium.” Although femoral catheters are generally
associated with higher rates of bacteremia than internal
jugular catheters, the KDIGO guidelines recommend use of
femoral catheters over the left internal jugular vein on the
basis of the Cathedia trial, which demonstrated similar
rates of infection with femoral and internal jugular vein
catheters®” but with higher rates of catheter dysfunction
using left internal jugular vein catheters.”® However, an
important caveat is that the relative risk for femoral cath-
eter bacterial colonization was higher in obese patients,
defined based on a body mass index > 28.4 kg/m”.%’
Thus, in many patients, use of left internal jugular
venous catheters may be more appropriate. Although
subclavian venous catheters are associated with the lowest
rates of infection, their use is not recommended due to
higher rates of insertion complications and risks for cath-
eter induced subclavian vein stenosis and thrombosis.’
Proper positioning of the catheter tip is critical for
adequate catheter function. For internal jugular catheters,
depending on catheter design, the tip should be positioned
at the junction of the superior vena cava and the right
atrium or in the right atrium.®” Given the venous anatomy,
a longer catheter is therefore required for insertions in the
left than in the right internal jugular vein. Even longer
catheters are required in the femoral position, with
optimal positioning within or as close to the inferior vena
cava as possible. Catheter malposition is associated with an
increased risk for catheter malfunction leading to restricted
blood flow and elevated access pressures, often leading to
machine alarms, interruption of circuit flow, and increased
circuit clotting. Although tunneled catheters are not rec-
ommended for routine use, they are associated with lower
rates of infection and should be considered when the need
for KRT is expected to be prolonged.’

MONITORING AND DOSE ADJUSTMENT OF
MEDICATIONS

Drug dosing may need to be adjusted to maintain thera-
peutic blood levels, particularly in the setting of high
effluent flow rates. Factors that affect clearance include the
molecular weight, degree of protein binding, and volume
of distribution of the drug; the mode of KRT (diffusion vs
convection); and residual kidney function.”"”® Under-
dosing of medications, especially antibiotics, may lead to
treatment failure, especially when higher doses of CKRT
are used.’"”' Medications whose effect can be assessed
immediately (eg, inotropes, vasopressors, and pain medi-
cations) should be titrated based on clinical response.
Drugs with a high volume of distribution and affinity of
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protein binding may not need significant dose adjustments
due to their poor extracorporeal clearance. For drugs that
are removed by extracorporeal therapy, pharmacokinetic
monitoring should be used when available to ensure
adequate dosing.

MONITORING OF TREATMENT ADEQUACY

Primary monitoring of treatment adequacy should be
directed at ensuring appropriate prescription and delivery
of a target low-molecular-weight solute clearance of 20 to
25 mL/kg per hour and minimization of time off therapy.
Although the target dose of 20 to 25 mL/kg per hour is
sufficient for most patients, individual patients who are
highly catabolic may require higher doses to achieve
adequate control of hyperkalemia, metabolic acidosis, and
azotemia. Higher doses of therapy are also indicated when
CKRT is used in the management of poisonings and drug
intoxications and in some patients with hyperammonemia.
Ongoing monitoring of serum urea nitrogen (SUN),
electrolyte, calcium, phosphorus, and magnesium levels is
essential to ensure treatment adequacy and avoid critical
iatrogenic complications.

Filtrate Urea Nitrogen to SUN Ratio

The ratio between the filtrate or effluent urea nitrogen and
SUN levels can be used as an index of hemofilter/hemo-
dialyzer function. A primary assumption underlying the
use of a fixed dose of CKRT of 20 to 25 mL/kg per hour is
that filtrate urea nitrogen to SUN ratio approximates unity.
In patients in whom the prescribed treatment is not
achieving the desired degree of metabolic control,
measuring the filtrate urea nitrogen to SUN ratio can
provide an assessment of loss of filter efficacy over time.””
This may be of particular importance during CVVH and
CVVHDF, in which higher rates of advection can result in
protein polarization along the hemofilter membrane.

NUTRITION

Dialysis patients are generally at a high protein catabolic
state and undergo losses of amino acids and water-soluble
vitamins. A daily caloric intake of 35 kcal/kg and protein
of 1.5 g/kg provided through enteral feeding is recom-
mended. Additional replacement of water-soluble vitamins
is also recommended to account for CKRT losses, although
the optimal dose is not defined and replacement has not
been associated with improved survival.”’

ETHICAL CONSIDERATIONS

The appropriateness of continuing CKRT treatment is always
a consideration in critically ill patients. Consistent infor-
mation needs to be presented to the patient and the family
by both the primary teams and the other consulting teams.
Alternative modalities of treatment should always be pre-
sented, while realistically explaining the overall prognosis.
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Identifying the appropriate surrogate decision maker is key if
the patient is unable, as is often the case in critically ill pa-
tients, to participate in decision making regarding initiation
and continuation or discontinuation of therapy. When pa-
tients are able to participate in decision making, they should
be encouraged to include their families in the decision-
making process. Given the uncertainty in establishing
prognosis, time-limited trials of therapy with reassessment
of disease trajectory should often be considered. Palliative
care consultation is often beneficial in helping with difficult
end-of-life decisions and in providing emotional support to
patients and family during this difficult time.
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