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CHAPTER 174

Section 25 / Continuous Renal Replacement Therapies (CRRT)

Clinical Effects of Continuous Renal

Replacement Therapies

Zaccaria Ricci, Stefano Romagnoli, and Claudio Ronco

OBJECTIVES

This chapter will:

1. Describe different renal replacement strategies and their
clinical effects on critically ill patients.

2. Review the benefits and side effects of continuous renal
replacement therapies.

3. Compare the clinical effects of continuous therapies with
those of intermittent and hybrid techniques.

Different renal replacement therapy (RRT) modalities
and prescriptions will result in various clinical effects
in individual critically ill patients. These effects can be
acknowledged either as desirable clinical outcomes of
the dialytic treatment or as undesirable side effects that
should be avoided. With extracorporeal RRT, an obvious
antagonism between (s)low-efficiency continuous therapies
and high-efficiency intermittent treatments has been growing
since Kramer et al. first introduced the idea of continuous
hemofiltration 20 years ago."

The kidneys remove water, various solutes, and non-
volatile acids, thereby maintaining homeostasis; they also
metabolize inflammatory mediators and excrete administered

drugs or their metabolites. The first point to be addressed,
then, in examining clinical effects of RRT and their impact
on the altered homeostasis of critically ill patients is to
evaluate whether the optimal treatment should closely mimic
the 24 hours lasting functions of the kidneys or if renal
support can be managed safely on an intermittent basis,
as with other therapies administered as repeated boluses.

FLUID REMOVAL

Continuous RRT (CRRT) slowly and continuously removes
fluid, approximating ongoing urinary output, whereas
intermittent hemodialysis must extract up to 2 days’ worth
of administered fluid plus excess body water, which may
be present in the anuric patient as a result of a pathologic
process, in one relatively brief session. The intravascular
volume depletion associated with intermittent hemodialysis
(IHD) is due to the high rate of fluid removal required and the
transcellular and interstitial fluid shifts caused by the rapid
dialytic loss of solute.” The major consequence of rapid fluid
removal is hemodynamic instability. Critically ill patients
need continuous volume infusions: blood and fresh frozen
plasma, vasopressors and other continuous infusions, and
parenteral and enteral nutrition, which must be delivered
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without restriction or interruption even in hypercatabolic
patients. In the clinical setting of anuria, providing such infu-
sions carries a constant risk for fluid overload and high daily
ultrafiltration requirements. Examples of patients in whom
sudden intravascular volume shifts may be catastrophic are
the patient with acute respiratory distress syndrome (ARDS),
the septic patient who is becoming refractory to vasopres-
sors, and the patient with cerebral edema. Furthermore, all
critically ill patients tolerate hypotension poorly, with a
definite risk of cardiac arrest, particularly if they are already
inotrope dependent. Indeed, the damaged kidneys, which
have temporarily lost pressure-flow autoregulation, also
may be threatened with fresh ischemic lesions occurring
with each hemodialysis session,” leading to a delay in renal
recovery. Patients should be assessed actively for the final
target of fluid removal and must be reassessed carefully
and frequently, whichever method is used to achieve this.
Setting the rate of removal requires consideration of the
severity of complications of fluid overload, anticipated fluid
intake, expected rate of vascular refilling, and cardiovascular
tolerance to transient reduction in intravascular volume
resulting from ultrafiltration. Although many tools can be
used to predict the response to fluid administration (such
as pulse pressure variations or passive leg raising), there are
no good indicators to predict tolerance to fluid removal. A
fluid removal trial (reverse fluid challenge) is therefore often
the only option while assessing cardiovascular tolerance
with the available hemodynamic tools.

The importance of fluid balance management is enhanced
in the specific category of patients with decompensated heart
failure. In fact, it is just these patients who may well respond
positively to continuous ultrafiltration with a rise in cardiac
index, while avoiding a fall in arterial pressure, owing
to a beneficial change in preload optimizing myocardial
contractility on the Starling curve.” In many instances,
congestive heart failure not responding to conventional
therapy now can be treated successfully in this way.*

In critically ill children, the correction of water overload
is considered a priority. It has been shown that restor-
ing adequate water content in small children is the main
independent variable for outcome prediction.”® This concept
is much more important in critically ill neonates, in whom
a relatively larger volume of fluid must be administered to
deliver an adequate amount of drug infusion, parenteral
or enteral nutrition, and blood derivatives.” Several retro-
spective and observational studies also have confirmed the
importance of fluid overload as an independent variable
affecting adult critically ill patients’ mortality.®’ It is possible
that starting ultrafiltration when a lower degree of fluid
accumulation has been reached and targeting a negative fluid
balance in the first treatment hours may improve outcome.
However, provided no prospective data, it is impossible
to recommend a priori at what level of fluid gain RRT
should be started or the net ultrafiltration rate that should
be prescribed. These factors should be tailored according
to individual patient requirements.

SOLUTE REMOVAL, ACID-BASE CONTROL,
AND ELECTROLYTE BALANCE

An attribute of IHD often quoted by proponents is that it
is highly efficient at clearing small solutes such as urea
and electrolytes. In fact, this is a false argument and a
disadvantage. The primary rationale for using continuous
therapy is to maintain a more physiologic, constant removal
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FIGURE 174.1 Example of changes in mean blood urea nitrogen (BUN)
concentration during continuous renal replacement therapy (CRRT),
intermittent hemodialysis (IHD), and extended daily dialysis (EDD)
during 2 days of therapy.

of fluid and solute, electrolytes, and other molecules. In the
process, the cumulative clearance of urea and creatinine
by a continuous method is significantly superior to that
achieved by intermittent hemodialysis applied up to four
times per week, even in septic patients. Indeed, intermittent
hemodialysis sessions six times per week would be required
to achieve the same uremic control' (Fig. 174.1).

The clinical impact of these physiologic aspects of solute
control have not been elucidated fully. Nevertheless, several
facts have been established in patients with end-stage
renal failure. In the National Cooperative Dialysis Study,
rates for indices of morbidity, including cardiovascular
events and hospitalization rate, were higher in the group
of patients whose target average urea was 100 mg/dL
(36 mmol/L) than in the patients whose target urea was
50 mg/dL (18 mmol/L)."" An effect of uremia relevant
to intensive care is immunosuppression, with impaired
phagocytosis and defective lymphocyte and monocyte
function. Uncertainty regarding the relative contributions
of uremia, malnutrition, and bioincompatible membranes
is evident from previous studies.’” Work must be done
specifically in patients with acute kidney injury (AKI). It
is possible that dose prescription for solute control has to
be tailored on a patient-to-patient basis. The trial by Ronco
et al. showed an adequate dialytic dose (metabolic control)
at a continuous venovenous postdilution hemofiltration of
35 mL/kg per hour compared with a hemofiltration rate of
20 mL/kg per hour in 425 critically ill patients with AKL"
However, recently, studies in the Japanese population have
shown that CRRT dose even lower than recommended by
the KDIGO default dose (20-25 mL/kg/hr)™ can achieve
adequate control of serum urea concentrations."

Nonvolatile acids, normally excreted by the glomerulus
and renal tubules, cross hemofilters by diffusion and convec-
tion. Once again, the main concern with IHD is the physi-
ologic effects of rapid clearance, particularly in critically
ill, catabolic patients with accelerated acid production.
Acid accumulation may interfere with normal myocardial
electrical conduction and contractility. Rapid delivery of
bicarbonate during dialysis may exacerbate intracellular aci-
dosis, although this point is still controversial. Bicarbonate
is the standard buffer used with intermittent hemodialysis;
a number of buffers have been used with CRRT—most
commonly, lactate and sodium bicarbonate. Acetate, of
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course, should not be used because of its vasodilating,
hypoxia-inducing, and cytokine- and complement-activating
properties.'® No clinical difference has been observed in
the relative merits of lactate versus bicarbonate buffering,
apart from the need to avoid lactate buffering in patients
with fulminant hepatic failure.'” The essential point is that
both can be delivered with continuous therapy.

One specific comment concerns the difference between
continuous venovenous hemofiltration (CVVH) and all other
techniques, including dialysis and the use of diuretics. In
all pharmacologic and dialytic techniques, the removal of
sodium and water cannot be dissociated, and the mecha-
nisms are correlated strictly. In particular, the diuretic effect
is based on a remarkable natriuresis, whereas ultrafiltration
during dialysis may result in hypo- or hypertonia, depending
on the interference with diffusion and removal of other
molecules such as urea and other electrolytes. In such
circumstances, water removal is linked to other solutes in
proportions that are dependent on the technique used. In
CVVH, the mechanism of ultrafiltration produces a fluid
that is very similar to plasma water except for a minimal
interference resulting from Donnan effects. In such a tech-
nique, ultrafiltration is basically iso-osmotic and isonatremic,
and water and sodium removal cannot be dissociated, with
sodium elimination linked to the sodium plasma water
concentration. During hemofiltration in general, the ultra-
filtrate composition is definitely similar to plasma water,
but the sodium balance can be affected significantly by the
sodium concentration in the replacement solution. Hence,
sodium removal can be dissociated from water removal
in CVVH, thereby allowing definitive manipulation of the
sodium pool in the body. This effect cannot be achieved
with any other technique. The advantage is that not only
plasma concentrations but also the electrolyte content in
the extracellular and possibly intracellular volume can be
normalized."®

The increased solute clearance achieved by CRRT
may cause unwanted losses of amino acids, vitamins,
catecholamines, antibiotics, and other compounds.'® Severe
hypophosphatemia (<1.0 mg/dL; <0.32 mmol/L) occurs in
about half of ICU patients, and CRRT can contribute to
this deficiency, especially when high intensity treatment is
prescribed."” Hypophosphatemia is associated with respira-
tory and cardiac depression, immune dysfunction. This
condition should be prevented or adequately treated with
supplementation, especially in CRRT patients.'” Phosphate-
containing CRRT replacement fluids are now available that
protect against hypophosphatemia. Hypomagnesemia also
can occur during CRRT, because the replacement fluid also
lacks magnesium.

One of the most active areas of research in intensive care
in recent years has involved the modulation of the septic
response with the aim of reducing the persistently high
mortality in this group of patients. One avenue has been
to investigate the potential benefit of CRRT in the sepsis
syndrome. Although skepticism counters the idea that any
improvement is due to nonspecific changes such as fluid
removal or lowering the core temperature in febrile patients,
some evidence suggests that cytokines and complement,
among other mediators, are cleared from the blood by
convection or adsorption, or both, onto high-flux synthetic
hemofilter membranes. Whether this removal translates to
significant reversal of end-organ damage by inflammatory
mediators and results in a reproducible reduction in
mortality or morbidity is still being elucidated. However,
there is little doubt that use of biocompatible membranes
is important and that mediator removal, to be beneficial,
must be continuous and convective, not intermittent and
diffusive.”” However, recent data definitely showed that an
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“average” extracorporeal blood purification, conducted with
high dialytic dose, is not beneficial in the septic patient.”!
Whether this lack of effect is due to inadequate mediators
control or to a wrong pathophysiologic concept (septic
patients do not change their clinical course by simply
modulating circulating mediators) is currently unknown.
Some research is being conducted to better discriminate
patients who may be responding to high-dose CRRT from
those who do not.”

SIDE EFFECTS OF CONTINUOUS RENAL
REPLACEMENT THERAPY

Although considerable attention has focused on the per-
ceived benefits of CRRT, less emphasis has been placed
on the possibility that this modality may carry increased
risk. As a continuous extracorporeal therapy, CRRT often
requires continuous anticoagulation, which can increase
bleeding risk. Conversely, clotting of the extracorporeal
circuit also occurs frequently with CRRT, which potentially
may contribute to blood loss, thereby exacerbating anemia
in critically ill patients. The increased solute transfer associ-
ated with the use of CRRT may enhance removal of amino
acids, vitamins, catecholamines, and other solutes with a
beneficial function in critically ill patients.

Continuous therapies must be continuous to work. How
many treatments really last more than 18 to 20 hours per
day? Down time because of filter-circuit-catheter clotting,
circuit change, frequent replacement, or substitution of
solution bags, and patient mobility (surgery, diagnostics)
should be monitored carefully; any of these factors may have
significant impact on dialysis dose.*”” Also of concern are
recent reports that technical problems with the delivery of
CRRT, including machine malfunction, medication errors,
and compounding errors, may contribute to increased patient
morbidity and mortality. Detection of safety problems and
adverse events is particularly difficult when the rates of
expected morbidity and mortality are already high in the
population undergoing a procedure, as is the case with
CRRT in critically ill patients with AKI.

Currently, few available studies in the nephrology litera-
ture provide substantive information on the safety or adverse
effects of CRRT or intermittent hemodialysis in the critically
ill population. After the introduction of new technology
and devices into medical practice, a natural tendency is to
assume that the novel therapeutic approach is providing
benefit. This is especially the case when a therapy is applied
to a critically ill patient 24 hours a day and becomes part
of the typical equipment of an intensive care unit (ICU)
bed. The level of attention from ICU caregivers probably
is superior when a dedicated dialysis nurse administers
conventional hemodialysis for few hours during a day shift.
Nonetheless, a new generation of dedicated CRRT machines
has been released recently with strict safety features and
the possibility of a broad range of prescriptions. In any
case, the ideal therapy still does not exist, and specific
ICU staff training is mandatory before the routine use of
such modern monitors. There will never be a solution to
the unwise use of a perfect system.”

A specific subchapter of side effects should be related
to renal recovery. Recent reports have suggested a benefit
for CRRT with respect to recovery of renal function.***
Compared with CRRT, initiation of IHD in critically ill
adults with AKI is associated with a higher likelihood of
chronic dialysis. Other studies already have presented such

information®”**: chronic renal insufficiency at either death or
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hospital discharge was diagnosed in 17% of patients whose
initial therapy was conventional hemodialysis versus only
4% of patients whose initial therapy was CRRT (p = .01).
Patients receiving a minimum exposure of 25 hours of CRRT
and two treatments of 3 hours or more each of conventional
hemodialysis, 92% of the patients undergoing CRRT had
complete recovery of renal function, versus 59% of those
receiving conventional hemodialysis (p < .01). Finally, a
significantly higher percentage of patients crossing over from
conventional hemodialysis to CRRT had complete recovery
of renal function compared with those crossing over in the
opposite direction (45% vs. 7%; p <.01). This evidence has
not been confirmed prospectively nor retrospectively,* but
clinicians should be aware of this additive risk occurring
with intermittent prescriptions.

Another important (potential) CRRT side effect is relative
to the application of citrate anticoagulation (better detailed
elsewhere).

Sodium citrate forms a complex with ionized calcium,
removing this central component from coagulation path-
ways. Citrate is infused before the patient’s blood enters
the CRRT circuit. Extracorporeal calcium concentrations
below 0.35 mmol/L are usually sufficient for regional
anticoagulation, requiring citrate doses of approximately
4 to 6 mmol/L blood. A substantial amount of calcium
citrate complexes quickly passes the filter membrane and is
lost in the effluent volume. The remaining calcium citrate
enters the systemic circulation and is metabolized in the
liver, muscle, and kidney, producing three molecules of
bicarbonate for each molecule of citrate. Additional calcium
infusions compensate for extracorporeal losses in the circuit,
maintaining the patient’s normal calcium levels. Caution
with RCA should be exercised in patients with severe liver
failure." To monitor magnesium is very important because
citrate chelates magnesium. First, it is mandatory to know
and understand clearly the Stewart approach for acid-base
balance because it is the only possibility to understand acid-
base citrate management.'’ Indeed, citrate anticoagulation
implies a large delivery of sodium with trisodium citrate, and
the risk is to face metabolic alkalosis if patient is not able
to remove sodium or if acid-base balance is not equilibrated
with sodium removal or chloride intake.'” Also, citrate is
metabolized by the liver, it is transformed at the end in
H,0 and CO,, and the patient must be able to remove it,
which may be difficult for chronic obstructive pulmonary
disease (COPD) patients in spontaneous breathing or ARDS
patients.” On the other hand, if the patient suffers some
type of liver failure, he or she may face metabolic acidosis
because of citrate accumulation that is monitored easily by
the total Ca to ionized Ca ratio (if ratio increases above 2.5,
the patient has a high risk of citrate accumulation syndrome
and treatment should be stopped immediately)."’ For calcium
supplementation at the end of the circuit, chloride calcium
carries more chloride, and calcium gluconate is two to three
time less concentrated than chloride calcium. Furthermore,
chloride calcium causes a high risk of necrosis when infused
peripherally.” Finally, blood products transfusions (fresh
frozen plasma or red cell packed) deliver a citrate load.
In such cases it may be preferable to use extra shots of
calcium instead of manipulating regional anticoagulation."

TRIALS ON THE FINAL CLINICAL
EFFECT: MORTALITY

Five recently published randomized clinical trials and
one multicenter observational study have claimed that
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outcomes with CRRT are superior to those with intermit-
tent hemodialysis.””*** None of these studies showed a
superior outcome for CRRT compared with intermittent
hemodialysis, and they do not support the belief that
CRRT provides better outcomes than those obtained with
intermittent hemodialysis.

A common key point that can be derived from these
recent trials is that intermittent hemodialysis has become
safer and more efficacious with contemporary dialytic
techniques. Furthermore, liberal and extended use of
CRRT may be less safe or efficacious than was considered
or expected previously. The presumed ability of CRRT
to provide more hemodynamic stability, more effective
volume homeostasis, and better blood pressure support
than intermittent hemodialysis has been the basis for the
assumption that CRRT is a superior therapy. Over the past
two decades, however, technical advances in the delivery of
conventional hemodialysis have decreased dramatically the
propensity of intermittent hemodialysis to cause intradialytic
hypotension. These advances include the introduction
of volume-controlled dialysis machines, the routine use
of biocompatible synthetic dialysis membranes, the use
of bicarbonate-based dialysate, and the delivery of higher
doses of dialysis. Finally, a common issue arising from
randomized trials comparing intermittent and continuous
therapies is the possibility of switching one randomized
treatment to the other. The change of modality is made
in up to 20% of intermittent hemodialysis (IHD) patients
because of hemodynamic instability and/or to significant
fluid overload.* For different reasons the CRRT group
may require switching of modality in a similar proportion:
repeated filter clotting, metabolic reasons, bleeding, or issues
related to the use of anticoagulation, thrombocytopenia, or
because of clinical improvement of study patients. This
apparent violation of study randomization suggests that
the two techniques may be seen as complementary rather
than alternative. In other words, expert clinicians in routine
clinical practice may combine the benefits of both modalities,
tailoring RRT from patient to patient and from session to
session.

POTENTIAL COMPROMISE:
HYBRID TECHNIQUES

Hybrid techniques have been given a variety of names,
such as slow-efficiency daily dialysis (SLEDD), prolonged
intermittent daily RRT, extended daily dialysis (EDD), or
simply extended dialysis,”** depending on variations in
schedule and type of solute removal (convective or dif-
fusive). Theoretically, the purpose of such therapies would
be consolidation of the advantages offered by either CRRT or
intermittent hemodialysis, including efficient solute removal
with minimum solute dysequilibrium, reduced ultrafiltration
rate with hemodynamic stability, optimized delivered-to-
prescribed ratio, low anticoagulant needs, diminished cost
of therapy delivery, efficiency of resource use, and improved
patient mobility. Initial case series have shown the feasibility
and high clearance rates that potentially are associated with
such approaches. A single short-term, single-center trial
comparing hybrid therapies with CRRT has shown satisfying
results in terms of dose delivery and hemodynamic stability.
The arrival of technology that can be used by nurses in
the ICU to deliver SLEDD with convective components
offers further options from a therapeutic point of view.
It is now possible, using user-friendly ICU technology, to
generate ultrapure replacement fluid and administer it as in
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CRRT but at lower cost, in greater amounts, and for shorter
periods of time, or to combine such hemofiltration with
diffusion, or to use pure diffusion at any chosen clearance
for a period that can encompass a given nursing shift, the
“9 to 5” maximum staff availability period, or the nighttime
period.

An interesting randomized trial assessed CVVH and EDD
with filtration (EDDf{) differences in achieving correction of
several electrolyte abnormalities present before intervention.*
Potential risk of hypophosphatemia in patients undergoing
CVVH suggests the need for vigilance and frequent serum
phosphate monitoring. In all patients, hypo- or hyperkale-
mia and magnesemia were avoided with the prescriptions
used. Although the serum sodium was maintained within
the normal range and levels were similar in both groups,
significant differences in the chloride concentration were
noted. The relative hyperchloremia in the EDDf patients
almost certainly was due to the greater concentration of
chloride in the fluids used for EDDf (111.8 mmol/L) than in
the fluids used for CVVH (100.75 mmol/L). The investigators
found that the two therapies affected metabolic acid-base
variables differently. First, the concentration of lactate
was lower with EDDf throughout the study period. This
difference probably was explained by the use of lactate as
buffer during CVVH versus bicarbonate during EDDf. Second,
despite the increase in lactate with CVVH, median pH,
bicarbonate, and base excess values were less acidotic with
continuous treatment. These findings are consistent with
the lower amount of buffer in EDDf fluids (26 mEq/L) than
in CVVH fluids (45 mEq/L) and the relative hyperchloremia
of these fluids. The effect of hyperchloremia also is likely
to explain the difference in mean apparent strong ion dif-
ference (SID) between the two groups. A decrease in CO, in
response to this metabolic acidosis accounted for the lower
effective SID values observed during EDDf. Conversely, the
strong ion gap was similar for both treatments, in keeping
with probably equivalent clearance of unmeasured acids.
Although the clinical significance of these differences is
uncertain, a higher bicarbonate concentration in EDDf fluids
may be desirable.

As a matter of fact, 17 studies comparing CRRT and
hybrid therapies were conducted from 2000 to 2014:*
7 RCTs and 10 observational studies involving 533 and
675 patients, respectively. A recent meta-analysis showed
no difference in mortality rates between EDD and CRRT.
However, EDD apparently was burdened by a lower mortality
risk in observational studies, but it is possible that such
survival benefit is dependent on allocation or selection bias.
In RCTs and observational studies, there were no significant
differences in recovery of kidney function, fluid removal,
or days in the intensive care unit, and EDD showed similar
biochemical efficacy to CRRT during treatment (serum urea,
serum creatinine, and serum phosphate).

CONCLUSION

Comparing intermittent and continuous therapies can be
misleading. Besides the difficulty of conducting a well-
designed, adequately powered, randomized trial (requiring
at least 1200 patients), continuous and intermittent therapies
represent a continuum in the management of AKI. Sicker
patients, for example, potentially may derive greater benefit
from CRRT, whereas less severely ill patients may do well
with daily extended or intermittent treatments.

Should the therapy be 3 or 4 hours of intermittent
hemodialysis with standard settings? Should it be CRRT

Section 25 / Continuous Renal Replacement Therapies (CRRT)

at 25 mL/kg per hour effluent flow rate? Should it be SLEDD
at blood and dialysate flow rates of 150 mL/minute for 8
hours during the day? Should SLEDD be applied for 12
hours overnight? Should a convective component be added
to SLEDD to make it SLEDDf? Should CRRT and SLEDD
be combined for the first 2 or 3 days when the patient is
in the hyperacute phase, with SLEDD alone thereafter as
recovery takes place? Indeed, from the point of view of the
intensivist, the modes of RRT are beginning to resemble the
modes of mechanical ventilation, with ventilator settings
seamlessly being changed to fit the therapeutic goals and
patient needs and phases of illness. Just as stereotypical
approaches to ventilation are anachronistic, often resulting
in an attempt to fit the patient into an inappropriate, fixed
therapy, rather than tailoring the therapy to the patient, so
should RRT be adjusted to fill the needs of the individual
patient and his or her illness. Also, just as the possibility of
showing that one mode of ventilation is better than another
is apparently a lost cause, the same seems to hold true
for RRT.

To summarize how to choose the most appropriate RRT
modality at the start of treatment, the optimal RRT is the
safest, the simplest, and the most efficient. Usually, this
ideal treatment is the one the clinician knows best.

Key Points

1. Different renal replacement therapy prescriptions,
modalities, and schedules can be administered to
critically ill patients with acute kidney injury.

2. Clinical effects in critically ill patients depend on
the selected renal replacement therapy protocol
and on the severity and complexity of the clinical
picture.

3. Modern, versatile machines and flexible prescrip-
tions allow the clinician to choose from among
various renal replacement therapies ranging from
highly intermittent high-efficiency therapies to
slow continuous hemofiltration, depending on the
patient’s hemodynamic stability, fluid balance
needs, and acid-base and electrolyte status.

Key References

9. Garzotto F, Ostermann M, Martin-Langerwerf D, et al. DoReMIFA
study group. The Dose Response Multicentre Investigation on
Fluid Assessment (DoReMIFA) in critically ill patients. Crit
Care. 2016;20(1):196.

10. Clark WR, Mueller BA, Alaka K], et al. A comparison of
metabolic control by continuous and intermittent therapies
in acute renal failure. | Am Soc Nephrol. 1994;4:1113-
1120.

14. Kidney Disease: Improving Global Outcomes (KDIGO). Clini-
cal Practice Guideline for Acute Kidney Injury. Kidney Int.
2012;Suppl(2):1-138.

19. Ronco G, Ricci Z, De Backer D, et al. Renal replacement therapy
in acute kidney injury: controversy and consensus. Crit Care.
2015;19:146.

25. Wald R, Shariff SZ, Adhikari NK, et al. The association between
renal replacement therapy modality and long-term outcomes
among critically ill adults with acute kidney injury: a retrospec-
tive cohort study. Crit Care Med. 2014;42(4):868-877.

A complete reference list can be found online at ExpertConsult.com.



Chapter 174 / Clinical Effects of Continuous Renal Replacement Therapies

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kramer P, Wigger W, Rieger J, et al. Arteriovenous haemo-
filtration: A new and simple method for treatment of over-
hydrated patients resistant to diuretics. Klin Wochenschr.
1977;55:1121-1122.

. Lauer A, Alvis R, Avram M. Hemodynamic consequences of

continuous arteriovenous hemofiltration. Am J Kidney Dis.
1988;12:110-115.

. Conger JD, Robinette JB, Hammond WS. Differences in vascular

reactivity in models of ischemic acute renal failure. Kidney
Int. 1991;39:1087-1097.

. Costanzo MR, Guglin ME, Saltzberg MT, et al. for the UNLOAD

Trial Investigators. Ultrafiltration versus intravenous diuretics
for patients hospitalized for acute decompensated heart failure.
J Am Coll Cardiol. 2007;49:675-683.

. Goldstein SL, Somers MJ, Baum MA, et al. Pediatric patients

with multi-organ dysfunction syndrome receiving continuous
renal replacement therapy. Kidney Int. 2005;67(2):653-658.

. Sutherland SM, Zappitelli M, Alexander SR, et al. Fluid

overload and mortality in children receiving continuous
renal replacement therapy: the prospective pediatric con-
tinuous renal replacement therapy registry. Am J Kidney Dis.
2010;55(2):316-325.

. Askenazi DJ, Goldstein SL, Koralkar R, et al. Continuous renal

replacement therapy for children <10 kg: a report from the
prospective pediatric continuous renal replacement therapy
registry. J Pediatr. 2013;162(3):587-592, e3.

. RENAL Replacement Therapy Study Investigators, Bellomo

R, Cass A, et al. An observational study fluid balance and
patient outcomes in the Randomized Evaluation of Normal
vs. Augmented Level of Replacement Therapy trial. Crit Care
Med. 2012;40(6):1753-1760.

. Garzotto F, Ostermann M, Martin-Langerwerf D, et al. DoReMIFA

study group. The Dose Response Multicentre Investigation on
Fluid Assessment (DoReMIFA) in critically ill patients. Crit
Care. 2016;20(1):196.

Clark WR, Mueller BA, Alaka KJ, et al. A comparison of
metabolic control by continuous and intermittent therapies
in acute renal failure. ] Am Soc Nephrol. 1994;4:1113-1120.
Lowrie EG, Laird NM, Parker TF, et al. Effect of the hemodialysis
prescription on patient morbidity: Report from the National
Cooperative Dialysis Study. N Engl ] Med. 1981;305:1176-1181.
Hammerschmid DE, Goldberg R, Raij L, et al. Leukocyte
abnormalities in renal failure and hemodialysis. Semin Nephrol.
1985;5:91-103.

Ronco C, Bellomo R, Homel P, et al. Effects of different doses
in continuous veno-venous haemofiltration on outcomes of
acute renal failure: A prospective randomised trial. Lancet.
2000;356:26-30.

Kidney Disease: Improving Global Outcomes (KDIGO). Clini-
cal Practice Guideline for Acute Kidney Injury. Kidney Int.
2012;Suppl(2):1-138.

Yasuda H, Uchino S, Uji M, et al. Japanese Society for Physicians
and Trainees in Intensive Care Clinical Trial Group. The lower
limit of intensity to control uremia during continuous renal
replacement therapy. Crit Care. 2014;18(5):539.

Heering P, Ivens K, Thiimer O, et al. The use of different buffers
during continuous hemofiltration in critically ill patients with
acute renal failure. Intensive Care Med. 1999;25:1244-1251.
McLean AG, Davenport A, Cox D, et al. Effects of lactate-buffered
and lactate-free dialysate in CAVHD patients with and without
liver dysfunction. Kidney Int. 2000;58:1765-1772.

Ronco G, Ricci Z, Bellomo R, et al. Extracorporeal ultrafiltration
for the treatment of overhydration and congestive heart failure.
Cardiology. 2001;96:155-168.

Ronco G, Ricci Z, De Backer D, et al. Renal replacement therapy
in acute kidney injury: controversy and consensus. Crit Care.
2015;19:146.

Venkataraman R, Subramanian S, Kellum JA. Clinical review:
Extracorporeal blood purification in severe sepsis. Crit Care.
2003;7:139-145.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1050.e1

Joannes-Boyau O, Honoré PM, Perez P, et al. High-volume versus
standard-volume haemofiltration for septic shock patients with
acute kidney injury (IVOIRE study): a multicentre randomized
controlled trial. Intensive Care Med. 2013;39(9):1535-1546.
Murugan R, Wen X, Keener C, et al. Biological Markers of
Recovery for the Kidney (BioMaRK) Study Investigators.
Associations between Intensity of RRT, Inflammatory Mediators,
and Outcomes. Clin ] Am Soc Nephrol. 2015;10(6):926-933.
Uchino S, Fealy N, Baldwin I, et al. Continuous is not continu-
ous: The incidence and impact of circuit “down-time” on
uraemic control during continuous veno-venous haemofiltration.
Intensive Care Med. 2003;29:575-578.

Ronco C, Ricci Z, Bellomo R, et al. Management of fluid
balance in CRRT: A technical approach. Int J Artif Organs.
2005;28:765-776.

Wald R, Shariff SZ, Adhikari NK, et al. The association between
renal replacement therapy modality and long-term outcomes
among critically ill adults with acute kidney injury: a retrospec-
tive cohort study. Crit Care Med. 2014;42(4):868-877.
Schneider AG, Bellomo R, Bagshaw SM, et al. Choice of renal
replacement therapy modality and dialysis dependence after
acute kidney injury: a systematic review and meta-analysis.
Intensive Care Med. 2013;39:987-997.

Mehta RL, McDonald B, Gabbai F, et al. A randomized clinical
trial of continuous vs.intermittent dialysis for acute renal failure.
Kidney Int. 2001;60:1154-1163.

Bell M, SWING, Granath F, et al. Continuous renal replace-
ment therapy is associated with less chronic renal failure than
intermittent haemodialysis after acute renal failure. Intensive
Care Med. 2007;33:773-780.

Liang KV, Sileanu FE, Clermont G, et al. Modality of RRT and
Recovery of Kidney Function after AKI in Patients Surviving to
Hospital Discharge. Clin ] Am Soc Nephrol. 2016;11(1):30-38.
Uehlinger DE, Jakob SM, Ferrari P, et al. Comparison of continu-
ous and intermittent renal replacement therapy for acute renal
failure. Nephrol Dial Transplant. 2005;20:1630-1637.
Augustine JJ, Sandy D, Seifert TH, et al. A randomized con-
trolled trial comparing intermittent with continuous dialysis
in patients with AKI. Am J Kidney Dis. 2004;44:1000-1007.
Vinsonneau C, Camus C, Combes A, et al. for the Hemodiafe
Study Group. Continuous venovenous haemodiafiltration versus
intermittent haemodialysis for acute renal failure in patients
with multiple-organ dysfunction syndrome: A multicentre
randomised trial. Lancet. 2006;368:379-385.

Schefold JC, von Haehling S, Pschowski R, et al. The effect of
continuous versus intermittent renal replacement therapy on
the outcome of critically ill patients with acute renal failure
(CONVINT): a prospective randomized controlled trial. Crit
Care. 2014;18(1):R11.

Ricci Z, Romagnoli S. Renal replacement therapy for critically
ill patients: an intermittent continuity. Crit Care. 2014;18(2):115.
Marshall MR, Golper TA, Shaver M]J, et al. Urea kinetics
during sustained low efficiency dialysis in critically ill
patients requiring renal replacement therapy. Am J Kidney
Dis. 2002;39:556-570.

Naka T, Baldwin I, Bellomo R, et al. Prolonged daily intermittent
renal replacement therapy in ICU patients by ICU nurses and
ICU physicians. Int J Artif Organs. 2004;27:380-387.

Kumar VA, Craig M, Depner T, et al. Extended daily dialysis:
A new approach to renal replacement for acute renal failure
in the intensive care unit. Am J Kidney Dis. 2000;36:294-300.
Kielstein JT, Kretschmer U, Ernst T, et al. Efficacy and car-
diovascular tolerability of extended dialysis in critically ill
patients: A randomized controlled study. Am | Kidney Dis.
2004;43:342-349.

Baldwin I, Naka T, Koch B, et al. A pilot randomised controlled
comparison of continuous veno-venous haemofiltration and
extended daily dialysis with filtration: Effect on small solutes
and acid-base balance. Intensive Care Med. 2007;33:830-835.
Zhang L, Yang J, Eastwood GM, et al. Extended Daily Dialysis
Versus Continuous Renal Replacement Therapy for Acute Kidney
Injury: A Meta-analysis. Am ] Kidney Dis. 2015;66(2):322-330.



	Chapter 000 - Cover.pdf
	a.pdf
	b.pdf
	c.pdf
	d.pdf
	e.pdf

	Chapter 001 - The Critically Ill Patient.pdf
	Chapter 002 - The Pathophysiologic Foundations of Critical Care.pdf
	Chapter 003 - Mechanical Ventilation.pdf
	Chapter 004 - Hemodynamic Support in the Critically Ill Patient.pdf
	Chapter 005 - Monitoring Organ Dysfunction in Critical Care.pdf
	Chapter 006 - Kidney-Specific Severity Scores.pdf
	Chapter 007 - The Physiology of the Glomerulus.pdf
	Chapter 008 - The Physiology of the Loop of Henle.pdf
	Chapter 009 - Glomerular Filtration Rate, Renal Functional Reserve, and Kidney Stress Testing.pdf
	Chapter 010 - Renal Energy Consumption and Metabolism.pdf
	Chapter 011 - Acute Kidney Injury_ From Clinical to Molecular Diagnosis.pdf
	Chapter 012 - Community- and Hospital-Acquired Acute Kidney Injury.pdf
	Chapter 013 - Epidemiology of Acute Kidney Injury in Critically Ill Patients.pdf
	Chapter 014 - Acute Kidney Injury in Patients With Chronic Kidney Disease.pdf
	Chapter 015 - Genetic Predisposition for Acute Kidney Injury (AKI).pdf
	Chapter 016 - Risk Factors and Risk Assessment in Acute Kidney Injury.pdf
	Chapter 017 - Experimental Models of Acute Kidney Injury.pdf
	Chapter 018 - Renal Blood Flow and Perfusion Pressure.pdf
	Chapter 019 - Humoral Mediators in Sepsis.pdf
	Chapter 020 - Cell Death Pathways_ Apoptosis and Regulated Necrosis.pdf
	Chapter 021 - Pathogen-Associated Molecular Patterns, Damage-Associated Molecular Patterns, and Their Receptors in Acute Kidney Injury.pdf
	Chapter 022 - Acute Kidney Disease.pdf
	Chapter 023 - Acute Kidney Disease, Renal Recovery, and Post–Acute Kidney Injury Care.pdf
	Chapter 024 - The Role of Biomarkers in the Diagnosis and Management of Acute Kidney Injury.pdf
	Chapter 025 - Functional Biomarkers.pdf
	Chapter 026 - Damage Biomarkers.pdf
	Chapter 027 - Kidney Stress Biomarkers.pdf
	Chapter 028 - Renal Repair and Recovery.pdf
	Chapter 029 - Maladaptive Repair and Progression to CKD.pdf
	Chapter 030 - Biomarkers of Recovery and_or Repair Following Acute Kidney Injury.pdf
	Chapter 031 - Practical Considerations of Renal Biopsies in Critical Care Patients.pdf
	Chapter 032 - Localization of Injury and Repair Pathways.pdf
	Chapter 033 - Ultrasonography and Doppler Techniques.pdf
	Chapter 034 - Contrast-Enhanced Renal Ultrasound.pdf
	Chapter 035 - Traditional Radiology, Computed Tomography, and Magnetic Resonance Imaging in Critical Care Nephrology.pdf
	Chapter 036 - Radionuclides Diagnostic Techniques.pdf
	Chapter 037 - Multiple Organ Dysfunction.pdf
	Chapter 038 - Acute Kidney Injury in Burns and Trauma.pdf
	Chapter 039 - Drug-Induced Acute Kidney Injury.pdf
	Chapter 040 - Acute Kidney Injury in Pregnancy.pdf
	Chapter 041 - Acute Kidney Injury in Oncology and Tumor Lysis Syndrome.pdf
	Chapter 042 - Acute Kidney Injury in Cardiac Surgery.pdf
	Chapter 043 - Acute Kidney Injury in Major Surgery.pdf
	Chapter 044 - Acute Kidney Injury in Heart Failure.pdf
	Chapter 045 - Acute Kidney Injury in Cirrhosis.pdf
	Chapter 046 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 047 - Acute Glomerulonephritis.pdf
	Chapter 048 - Contrast-Induced Acute Kidney Injury.pdf
	Chapter 049 - Abdominal Compartment Syndrome.pdf
	Chapter 050 - Hemolytic Uremic Syndrome.pdf
	Chapter 051 - Nonpharmacologic Management of Acute Renal Injury.pdf
	Chapter 052 - Novel Drugs for Acute Kidney Injury.pdf
	Chapter 053 - Remote Ischemic Preconditioning.pdf
	Chapter 054 - Blood Biochemistry_ Measuring Major Plasma Electrolytes.pdf
	Chapter 055 - Assessment of Urine Biochemistry.pdf
	Chapter 056 - Disorders of Sodium and Water Balance.pdf
	Chapter 057 - Disorders of Potassium and Magnesium.pdf
	Chapter 058 - Calcium and Phosphate Physiology.pdf
	Chapter 059 - Principles of Fluid Therapy.pdf
	Chapter 060 - Blood Transfusion Therapy.pdf
	Chapter 061 - Loop and Thiazide Diuretics.pdf
	Chapter 062 - Vaptans and the Treatment of Hyponatremia.pdf
	Chapter 063 - Aldosterone Antagonists, Amiloride, and Triamterene.pdf
	Chapter 064 - Laboratory Tests_ Blood Gases, Anion Gap, and Strong Ion Gap.pdf
	Chapter 065 - Acid-Base Physiology and Diagnosis of Disorders.pdf
	Chapter 066 - Metabolic Acidosis.pdf
	Chapter 067 - Hyperlactatemia and Lactic Acidosis.pdf
	Chapter 068 - Renal Tubular Acidosis.pdf
	Chapter 069 - Metabolic Alkalosis.pdf
	Chapter 070 - Respiratory Acid-Base Disorders.pdf
	Chapter 071 - Iatrogenic and Poison-Derived Acid Base Disorders.pdf
	Chapter 072 - Energy Requirement and Consumption in the Critically Ill Patient.pdf
	Chapter 073 - Impact of Renal Replacement Therapy on Metabolism and Nutrient Requirements in the Critically Ill Patient.pdf
	Chapter 074 - Amino Acid Turnover, Protein Metabolism, and Nitrogen Balance in Acute Kidney Injury.pdf
	Chapter 075 - Carbohydrates and Lipids.pdf
	Chapter 076 - Endocrinology of the Stress Response During Critical Illness.pdf
	Chapter 077 - Anemia of Critical Illness.pdf
	Chapter 078 - Management of Nutrition in Acute Kidney Injury and Renal Replacement Therapy.pdf
	Chapter 079 - Blood Glucose Control in Critical Care.pdf
	Chapter 080 - Enteral Nutrition.pdf
	Chapter 081 - Microbiologic Considerations in the Intensive Care Patient.pdf
	Chapter 082 - Innate Immunity and the Kidney.pdf
	Chapter 083 - Adaptive Immunity and Critical Illness.pdf
	Chapter 084 - Spontaneous Bacterial Peritonitis and Hepatorenal Syndrome.pdf
	Chapter 085 - Tropical Infections Causing Acute Kidney Injury.pdf
	Chapter 086 - Sepsis and Septic Shock.pdf
	Chapter 087 - Complement and Its Consequences in Sepsis.pdf
	Chapter 088 - Coagulation Abnormalities in Sepsis.pdf
	Chapter 089 - Endothelial Dysfunction of the Kidney in Sepsis.pdf
	Chapter 090 - Sepsis-Induced Acute Kidney Injury.pdf
	Chapter 091 - Recommendations for Sepsis Management.pdf
	Chapter 092 - Principles of Antimicrobial Prescription in Intensive Care Unit Patients With Acute Kidney Injury.pdf
	Chapter 093 - Renal Replacement Therapy for Septic Acute Kidney Injury.pdf
	Chapter 094 - Blood Purification for Sepsis.pdf
	Chapter 095 - Management of Infection in Patients With Kidney Transplant.pdf
	Chapter 096 - Critical Care Viral Infections.pdf
	Chapter 097 - Principles of Antibiotic Prescription in Intensive Care Unit Patients and Patients With Acute Renal Failure.pdf
	Chapter 098 - Drugs and Antidotes in Acute Intoxication.pdf
	Chapter 099 - Extracorporeal Therapies in Acute Intoxication and Poisoning.pdf
	Chapter 100 - Plasmapheresis in Acute Intoxication and Poisoning.pdf
	Chapter 101 - Poisoning_ Kinetics to Therapeutics.pdf
	Chapter 102 - Bleeding and Hemostasis in Acute Renal Failure.pdf
	Chapter 103 - Gastrointestinal Problems in Acute Kidney Injury.pdf
	Chapter 104 - Cardiovascular Problems in Acute Kidney Injury.pdf
	Chapter 105 - Water and Electrolyte Disturbances in Acute Renal Failure.pdf
	Chapter 106 - Neurologic Problems in Acute Renal Failure.pdf
	Chapter 107 - Immunologic and Infectious Complications of Acute Kidney Injury.pdf
	Chapter 108 - Cellular Response to Acute Kidney Injury.pdf
	Chapter 109 - Heart-Kidney Cross-Talk.pdf
	Chapter 110 - Classification of Cardiorenal Syndrome.pdf
	Chapter 111 - Cardiorenal Syndrome Type 1.pdf
	Chapter 112 - Cardiorenal Syndrome Type 2.pdf
	Chapter 113 - Cardiorenal Syndrome Type 3.pdf
	Chapter 114 - Cardiorenal Syndrome Type 4.pdf
	Chapter 115 - Cardiorenal Syndrome Type 5.pdf
	Chapter 116 - Renal Function During Cardiac Mechanical Support and Artificial Heart.pdf
	Chapter 117 - The Kidney in Diastolic Dysfunction.pdf
	Chapter 118 - Principles of Diuretic Management in Heart Failure.pdf
	Chapter 119 - Management of Overhydration in Heart Failure Patients.pdf
	Chapter 120 - Recent Advances for Stroke Prevention in Patients With Atrial Fibrillation and Advanced Kidney Disease.pdf
	Chapter 121 - Lung-Kidney Cross-Talk.pdf
	Chapter 122 - The Kidney During Mechanical Ventilation.pdf
	Chapter 123 - Extracorporeal Membrane Oxygenation and Renal Function.pdf
	Chapter 124 - Extracorporeal Carbon Dioxide Removal.pdf
	Chapter 125 - Extracorporeal Membrane Oxygenation and Continuous Renal Replacement Therapy in Adults and Children.pdf
	Chapter 126 - Pulmonary-Renal Syndrome.pdf
	Chapter 127 - Liver-Kidney Interaction.pdf
	Chapter 128 - Pathophysiology and Management of the Hepatorenal Syndrome.pdf
	Chapter 129 - Kidney Dysfunction After Liver Transplantation.pdf
	Chapter 130 - Extracorporeal Liver Support Devices.pdf
	Chapter 131 - Treatment of Combined Acute Renal Failure and Cerebral Edema.pdf
	Chapter 132 - Renal Protection in the Organ Donor.pdf
	Chapter 133 - Effect of Extracorporeal Therapies on the Brain.pdf
	Chapter 134 - Components of Fluid Balance and Monitoring.pdf
	Chapter 135 - Noninvasive Methods of Fluid Status Assessment in Critically Ill Patients.pdf
	Chapter 136 - Management of Fluid Overload in Cardiorenal Patients_ The Five B Approach.pdf
	Chapter 137 - Mechanical Fluid Removal.pdf
	Chapter 138 - Indications for Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 139 - Principles of Extracorporeal Circulation and Transport Phenomena.pdf
	Chapter 140 - Membranes and Filters for Use in Acute Renal Failure.pdf
	Chapter 141 - Continuous Renal Replacement Therapy Machine Technology.pdf
	Chapter 142 - Principles of Anticoagulation in Extracorporeal Circuits.pdf
	Chapter 143 - Dialysis Solutions and Replacement Fluids.pdf
	Chapter 144 - Starting and Stopping Renal Replacement Therapy in the Critically Ill.pdf
	Chapter 145 - The Concept of Renal Replacement Therapy Dose and Efficiency.pdf
	Chapter 146 - Quantification of Acute Renal Replacement Therapy.pdf
	Chapter 147 - Principles of Pharmacodynamics and Pharmacokinetics of Drugs Used in Extracorporeal Therapies.pdf
	Chapter 148 - Ethical Considerations in Acute Renal Replacement Therapy.pdf
	Chapter 149 - Intermittent Techniques for Acute Dialysis.pdf
	Chapter 150 - Solute and Water Transport in Hemodialysis_ Dialyzers, Flow Distribution, and Cross-Filtration.pdf
	Chapter 151 - Biocompatibility of the Dialysis System.pdf
	Chapter 152 - Composition of Hemodialysis Fluid.pdf
	Chapter 153 - Indications for and Contraindications to Intermittent Hemodialysis in Critically Ill Patients.pdf
	Chapter 154 - Technical and Clinical Complications of Intermittent Hemodialysis in the Intensive Care Unit.pdf
	Chapter 155 - Correction of Water, Electrolyte, and Acid-Base Derangements by Hemodialysis and Derived Techniques.pdf
	Chapter 156 - Urea Kinetics, Efficiency, and Adequacy of Hemodialysis and Other Intermittent Treatments.pdf
	Chapter 157 - Assessment of Fluid Status and Body Composition and Control of Fluid Balance With Intermittent Hemodialysis in the Critically Ill Patient.pdf
	Chapter 158 - Outcomes of Intermittent Hemodialysis in Critically Ill Patients With Acute Kidney Injury.pdf
	Chapter 159 - Hybrid Dialysis Techniques in the Intensive Care Unit.pdf
	Chapter 160 - The Role of Plasmapheresis in Critical Illness.pdf
	Chapter 161 - Cascade Filtration for ABO Incompatible Transplant.pdf
	Chapter 162 - Nursing Issues and Procedures in Continuous Renal Replacement Therapy.pdf
	Chapter 163 - Indications for Continuous Renal Replacement Therapy_ Renal Replacement Versus Renal Support.pdf
	Chapter 164 - Beginning and Ending Continuous Renal Replacement Therapy in the Intensive Care Unit.pdf
	Chapter 165 - Solute and Water Kinetics in Continuous Therapies.pdf
	Chapter 166 - Continuous Renal Replacement Therapy_ Modalities and Their Selection.pdf
	Chapter 167 - Vascular Access for Acute Renal Replacement Therapy.pdf
	Chapter 168 - Anticoagulation Strategies for Continuous Renal Replacement Therapy.pdf
	Chapter 169 - Nursing Strategies to Prevent Coagulation of the Extracorporeal Circuit.pdf
	Chapter 170 - Adequacy of Continuous Renal Replacement Therapy_ Prescription and Delivery.pdf
	Chapter 171 - High-Volume Hemofiltration in the Intensive Care Unit.pdf
	Chapter 172 - Pulse High-Volume Hemofiltration in Management of Critically Ill Patients With Severe Sepsis or Septic Shock.pdf
	Chapter 173 - High Cutoff Membranes for Mediators Removal.pdf
	Chapter 174 - Clinical Effects of Continuous Renal Replacement Therapies.pdf
	Chapter 175 - Antibiotic Adjustment in Continuous Renal Replacement Therapy.pdf
	Chapter 176 - Nomenclature_ Basic Principles.pdf
	Chapter 177 - Nomenclature_ Techniques.pdf
	Chapter 178 - Peritoneal Dialysis System.pdf
	Chapter 179 - Indications, Contraindications, and Complications of Peritoneal Dialysis in Acute Renal Failure.pdf
	Chapter 180 - Solute and Water Transport Across the Peritoneal Barrier.pdf
	Chapter 181 - Choice of Peritoneal Dialysis Technique_ Intermittent or Continuous.pdf
	Chapter 182 - Correction of Fluid, Electrolyte, and Acid-Base Derangements by Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 183 - Feasibility, Efficiency, and Adequacy of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 184 - Clinical Results and Complications of Peritoneal Dialysis in Acute Kidney Injury.pdf
	Chapter 185 - Treatment of Peritonitis and Other Clinical Complications of Peritoneal Dialysis in the Critically Ill Patient.pdf
	Chapter 186 - Comparison of Peritoneal Dialysis With Other Treatments for Acute Kidney Injury.pdf
	Chapter 187 - Continuous-Flow Peritoneal Dialysis as Acute Therapy.pdf
	Chapter 188 - Nursing and Procedure Issues in Peritoneal Dialysis.pdf
	Chapter 189 - Sorbents_ From Basic Structure to Clinical Application.pdf
	Chapter 190 - Therapeutic Apheresis in Critically Ill Patients_ Indications, Modalities and Techniques, Clinical Results.pdf
	Chapter 191 - Extracorporeal Blood Purification Techniques Beyond Dialysis_ Coupled Plasmafiltration-Adsorption.pdf
	Chapter 192 - Prometheus System.pdf
	Chapter 193 - Toraymyxin and Other Endotoxin Adsorption Systems.pdf
	Chapter 194 - Plasmafiltration-Adsorption-Dialysis System.pdf
	Chapter 195 - Extracorporeal Membrane Oxygenation for Cardiac Support.pdf
	Chapter 196 - Extracorporeal Membrane Oxygenation for Pulmonary Support.pdf
	Chapter 197 - Cell-Based Therapies.pdf
	Chapter 198 - Cellular and Molecular Mechanisms of Acute Kidney Injury.pdf
	Chapter 199 - Epidemiology of Pediatric Acute Kidney Injury.pdf
	Chapter 200 - Treatment of Acute Kidney Injury in Children_ Conservative Management to Renal Replacement Therapy.pdf
	Chapter 201 - Technical Aspects of Pediatric Continuous Renal Replacement Therapy.pdf
	Chapter 202 - Multiple Organ Dysfunction in the Pediatric Intensive Care Unit.pdf
	Chapter 203 - Drug Dosing in Pediatric Acute Kidney Insufficiency and Renal Replacement Therapy.pdf
	Chapter 204 - Nutrition of Critically Ill Children With Acute Renal Failure.pdf
	Chapter 205 - Outcome of Pediatric Acute Kidney Injury.pdf
	Chapter 206 - Renal Replacement Therapy for the Critically Ill Infant.pdf
	Chapter 207 - Neonatal Hyperammonemia and Continuous Renal Replacement Therapy.pdf
	Chapter 208 - Modified Ultrafiltration in Pediatric Heart Surgery.pdf
	Chapter 209 - Techniques and Machines for Pediatric Renal Replacement Therapy.pdf
	Chapter 210 - Antibiotics in Critically Ill Newborns and Children_ Nephrotoxicity and Management During Renal Replacement Therapy.pdf
	Chapter 211 - Patient Selection and Pretransplantation Care for Kidney Transplant Recipients.pdf
	Chapter 212 - Kidney Support and Perioperative Care in Kidney Transplantation.pdf
	Chapter 213 - Acute Renal Failure in Kidney Transplant Recipients.pdf
	Chapter 214 - Management of Chronic Kidney Disease and End-Stage Kidney Disease Patients in the Intensive Care Unit.pdf
	Chapter 215 - Management of Patients with Diabetes in the Intensive Care Unit.pdf
	Chapter 216 - Diagnosis and Management of Acute Kidney Injury in the Emergency Department.pdf
	Chapter 217 - Anticancer Drugs and the Kidney.pdf
	Chapter 218 - Antiinflammatory Drugs and the Kidney.pdf
	Chapter 219 - Calcineurin Inhibitors and Other Immunosuppressive Drugs and the Kidney.pdf
	Chapter 220 - Alternative Medicine and Chinese Herbs and the Kidney.pdf
	Chapter 221 - Environment, Smoking, Obesity, and the Kidney.pdf
	Chapter 222 - Lead and Heavy Metals and the Kidney.pdf
	Chapter 223 - Statins and the Kidney.pdf
	Chapter 224 - Erythropoietin Therapy in Critically Ill and Acute Kidney Injury Patients.pdf
	Chapter 225 - Vasoactive Drugs, Renal Function, and Acute Kidney Injury.pdf
	Chapter 226 - End Points for Clinical Trials in Acute Kidney Injury.pdf
	Chapter 227 - Hypothermia and the Kidney.pdf
	Chapter 228 - Renin-Angiotensin System Blockers and Acute Kidney Injury.pdf

