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CHAPTER 93 

Renal Replacement Therapy for Septic Acute 
Kidney Injury
Matthew J. Maiden and Rinaldo Bellomo

OBJECTIVES
This chapter will:
1.	 Highlight the very high mortality rates of patients who 

receive renal replacement therapy for septic acute kidney 
injury.

2.	 Appraise renal replacement modes, clearance techniques, 
doses, and optimal time to commence treatment in septic 
acute kidney injury.

Epidemiologic studies conducted across multiple hospitals 
in numerous countries have identified that depending on 
case mix, 30% to 60% of patients in an intensive care unit 
(ICU) have or develop acute kidney injury (AKI), and that 
this most commonly occurs in conjunction with sepsis.1–3 
When AKI is severe enough to lead to marked metabolic 
or fluid derangements, renal replacement therapies (RRTs) 
are considered. Application of these renal supports has 
increased from 4% to 14% of ICU patients over the last 
decade, representing either a greater prevalence of severe 
AKI, a lower threshold for using this therapy, or both.2

Despite provision of extracorporeal renal supports, 
mortality rates remain remarkably high, with 50% to 60% 
of ICU patients receiving RRT not surviving their hospital 
admission.1 Outcomes appear even worse for those with 
septic AKI. The Beginning and Ending Supportive Therapy 
for the Kidney (BEST Kidney) study, conducted in 23 
countries, compared groups of patients with septic AKI 
and nonseptic AKI who received RRT. Septic AKI patients 
had a longer hospital length of stay and higher in-hospital 

mortality rate (70% vs. 52%), which remained significant 
after adjusting for covariates (OR 1.48; 95% CI 1.17–1.89).3 
Fortunately, about 90% of septic AKI survivors recover 
renal function and do not require long-term dialysis.1,4

Given the prevalence of septic AKI, the increasing use 
of RRT and the marked mortality rates when this therapy 
is used, it is crucial to consider how these renal supports 
are best applied. Until recently, our knowledge about RRT 
in septic AKI was derived largely from uncontrolled 
observational reports. Now with increasing implementation 
of RRT, a number of large-scale controlled clinical studies 
have been conducted. Although these studies have been 
undertaken in a heterogeneous group of ICU patients with 
severe AKI, the largest group of patients enrolled have had 
sepsis. This chapter discusses the evidence on how we 
best apply RRT, emphasizing the data available for the 
group of patients with septic AKI.

MODE OF RENAL REPLACEMENT THERAPY

Dialysis circuits used for patients with chronic renal failure 
have been the basis of RRT modalities available in the ICU. 
Modifications have included dialysis using a lower blood 
flow (e.g., 100 mL/min), premixed bags of sterile dialysis 
solution, incorporation of hemofiltration, and hardware 
(machines and circuits) suitable for use in an ICU.

The “mode of RRT” typically has been categorized 
according to (1) its duration and (2) clearance techniques. 
Intermittent RRT (iRRT) is applied for less than 12 hours 
per session, whereas continuous RRT (CRRT) is prescribed 
with the intention to run for 24 hours per day. Within each 
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enrolled 316 patients and revealed no difference in mortality, 
hospital length of stay, or renal recovery. Again, these 
outcomes were no different when analyzing the subgroup 
of patients with septic AKI.

Dialysis or Hemofiltration Modes
It remains unclear whether RRT is best delivered as dialysis, 
filtration, or a combination of both. Removal of low-
molecular-weight solutes is similar with both clearance 
modalities, whereas larger molecules are cleared more 
effectively with convective therapies.

Cytokines, eicosanoids, endotoxins, and other inflam-
matory mediators are water soluble, largely unbound in 
the circulation, and normally eliminated by the kidney. 
Ultrafiltration has been shown to enhance clearance of 
inflammatory mediators and has been investigated as a 
potential therapeutic intervention for sepsis.16–18 However, 
when tested in randomized controlled studies, continuous 
hemofiltration at 25 to 30 mL/kg/hr applied at the first sign 
of organ failure in septic patients, even before severe AKI 
had developed, did not alter cytokine levels and either did 
not alter, or worsen, organ function.19,20 These findings 
temper enthusiasm for early hemofiltration in septic AKI 
pending further controlled trials.

The only controlled study to suggest a treatment effect 
of an RRT clearance mode randomized 206 AKI patients 
(34% with sepsis) to continuous hemofiltration (25 mL/kg/
hr) with or without an added dose of dialysis (18 mL/kg/
hr).21 The group with the added dialysis had greater clearance 
of urea and creatinine and higher survival rates (34% vs. 
59%, p < .01). Although this was a single-center study, and 
the group with added dialysis received higher intensity 
RRT, it is reasonable to conclude that the combination of 
clearance modalities is preferable for septic AKI. A multi-
center study that examines RRT clearance mode, while 
standardizing dose, would be required to determine whether 
this conclusion is valid.

DOSE OF RENAL REPLACEMENT THERAPY

As with any therapy, determining the therapeutic or potential 
harmful dose of RRT in septic patients is a fundamental 
consideration.

Dose of Solute Clearance
Traditionally, “dialysis dose” has been determined from 
urea clearance (Urea Kt/V). Urea is considered to distribute 
across the volume of total body water (e.g., 60% of body 
weight), and a “dose” of RRT typically is administered to 
clear this from an entire volume of total body water (e.g., 
42 L in a 70-kg person). However, urea production is variable 
during critical illness, and it is not known how its clearance 
specifically relates to removal of other molecules in septic 
AKI. Given this uncertainty, a more pragmatic dose variable 
of RRT, particularly for CRRT, is the amount of dialysate 
plus filtrate replacement fluid applied to create a volume 
of effluent per hour.

The concept that a higher dose of RRT effluent would 
enhance recovery from severe AKI has been tested in a 
number of studies. In a single-center randomized controlled 
trial of CRRT in 425 patients, survival benefit was seen 
with effluent rates of 35 to 45 mL/kg/hr compared to 20 mL/

of these “duration modes,” a combination of “clearance 
modes,” comprising dialysis, filtration, or a variable com-
bination of both, is applied. Therefore a range of RRT modes 
are available, and trying to determine the most efficacious 
mode(s) has been difficult.

Intermittent or Continuous Modes
Whether RRT therapies are best applied as an intermittent 
or continuous mode to patients with septic AKI has been 
the matter of long-standing debate. iRRT techniques typically 
rely on larger extracorporeal blood flows and lead to more 
rapid correction of metabolic derangements. This mode 
uses dialysate and replacement fluid sourced from plumbed 
water with electrolyte solution added. However, iRRT may 
be poorly tolerated in hemodynamically unstable septic 
patients and in those who require slower restoration of 
metabolic equilibrium (e.g., cerebral edema). In the inter-
national BEST Kidney study, hypotension was reported 
more than twice as often during iRRT compared with CRRT, 
despite CRRT patients having a higher severity of illness.3

In contrast, continuous RRT can be performed with lower 
blood flows and titrated to the patient’s hemodynamic status. 
As patients with septic AKI often are receiving infusion of 
catecholamines to support mean arterial pressure, CRRT 
commonly is favored in these circumstances. Continuous 
RRT also provides more gradual correction of metabolic 
derangements. However, lower blood flows with CRRT may 
necessitate increased need for anticoagulation, which may 
provoke bleeding complications. Longer duration on an 
extracorporeal circuit also may limit mobility of the patient, 
may lead to greater clearance of medications and micro-
nutrients, and costs more than intermittent RRT.5

Multinational epidemiologic studies of ICU patients 
receiving RRT for AKI, of whom 41% to 48% had septic 
shock, reported that CRRT was used for 75% to 80%, iRRT 
for 17% to 25%, and peritoneal dialysis with slow continu-
ous ultrafiltration in 1% to 3%.1,2,6 Although continuous 
modes appear to be most commonly applied to patients 
with severe septic AKI, there is strong preference for iRRT 
in some centers. For example, in the recent AKIKI trial 
investigating timing of RRT initiation in French ICUs, iRRT 
was the mode chosen for 50% of the patients, despite most 
having sepsis and 85% receiving catecholamines.7

Evidence supporting the optimal “duration mode” of 
RRT is limited. Most studies comparing outcomes after 
intermittent and continuous modes have been observational, 
with varying forms of AKI, different severity of illness, 
excluded hemodynamically unstable patients, have had 
small cohort sizes, and have not considered cointerventions. 
Furthermore, other RRT variables, such as clearance mode, 
choice of dialysis/replacement fluids, anticoagulation, time 
to initiation, and type of filter membrane, have not been 
controlled.

Over the past decade controlled studies have examined 
the duration mode of RRT.8–11 A series of meta-analyses 
that incorporated the accumulating evidence have derived 
the same conclusion, that there is no apparent mortality 
benefit (overall 50% to 70%), no difference in hemodynamic 
instability requiring treatment, no difference in hospital 
length of stay, recovery of renal function, or need for chronic 
dialysis.5,12–14 These conclusions remained after adjusting 
for confounders and when analyzing just the subgroup of 
patients with septic AKI.

Since these meta-analyses, there has been a further 
randomized controlled trial that stratified patients to receive 
either iRRT (daily for 4 to 6 hours) or CRRT.15 This study 
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remove desirable molecules such as micronutrients, anti-
inflammatory mediators, and antimicrobials.28,29

Pilot studies of HVHF (65 mL/kg/hr) in a small group 
of patients with sepsis seemed effective and appeared to 
reduce the dose of noradrenaline that patients were receiv-
ing.30,31 Subsequent controlled trials, which included 64 
septic AKI patients, showed this technique was safe but 
could not demonstrate a clear benefit.32

The multicenter IVOIRE Study (High Volume in Intensive 
Care Trial) randomized 140 patients with septic AKI to 
receive 35 or 70 mL/kg/hr continuous hemofiltration through 
a polyethersulfone filter (with 35 kD cutoff pore size) for 
96 hours.33 These patients had severe disease and were 
receiving high doses of catecholamines. Sepsis originated 
from the abdomen in 50%, lung in 25%, and two thirds 
had a Gram-negative infection. The HVHF group had higher 
clearance yielding lower serum creatinine and urea, but 
there was no difference in 28-day mortality. Even though 
the study did not recruit the desired number of patients 
and was underpowered for its primary endpoint, there was 
not even a trend to difference in duration of ventilation, 
length of stay, duration of RRT, catecholamine-free days, 
or any endpoint of organ dysfunction, even when adjusted 
for severity of illness. It is concerning that hypophospha-
temia and antibiotic clearance was markedly higher with 
HVHF despite a treatment protocol to prevent this.

Extra high-volume hemofiltration (50 vs. 85 mL/kg/hr) has 
been tested in 280 patients with septic AKI, but yielded no 
change to survival or any other patient-centered outcome.34 
The lack of efficacy of HVHF on mortality, hospital length 
of stay, renal recovery, and hemodynamic status has been 
noted in meta-analysis of four controlled trials involving 
a total of 466 patients.35 Interestingly, the recent HEROICS 
study of HVHF (80 mL/kg/hr) in shocked cardiac surgical 
patients on high-dose catecholamine infusion reported no 
difference in mortality or length of hospital stay.36

Dose of Fluid Removal
Retrospective studies have identified that patients with AKI 
have higher mortality if they have a positive fluid balance.37,38 
In a posthoc analysis of the RENAL Study, half of the patients 
had a positive mean daily fluid balance, and this group of 

kg/hr (mortality 43% vs. 59%, p < .01).22 Enhanced metabolic 
clearance and survival advantage with higher intensity RRT 
also was reported in a single-center German study of 146 
patients (36% septic) who were alternately allocated to 
receive daily or second-daily iRRT. In contrast, other rela-
tively small studies have reported no difference in mortality 
between groups of patients receiving CRRT with 20 mL/
kg/hr effluent compared to 35 to 48 mL/kg/hr.23,24

Observational retrospective multinational studies also 
have reported a lack of survival advantage with higher 
intensity RRT. In the BEST Kidney study of 1006 patients 
treated with RRT, median dose of RRT was 20 mL/kg/hr, 
with only 12% receiving more than 35 mL/kg/hr.3 The dose 
of effluent was not independently associated with survival 
advantage. The Do-Re-Mi study separated 553 patients 
receiving RRT into more intensive (CRRT ≥ 35 mL/hr/kg, 
iRRT ≥ 6 sessions per week) and less intensive (CRRT < 
35 mL/kg/hr or iRRT < 6 sessions per week), and following 
multivariate analysis found the higher intensity group 
appeared to have shorter duration of mechanical ventilation 
and shorter hospital stay but no difference in ICU mortality.6 
These conclusions were similar when analyzing only those 
with septic AKI.

There since have been two landmark controlled studies 
that addressed the dose of RRT applied to patients with 
severe AKI. The VA/NIH Acute Renal Failure Trial Network 
randomized patients with severe AKI to intensive (iRRT 6 
sessions per week, or CRRT 35 mL/kg/hr) or standard dose 
RRT (iRRT 3 sessions per week, or CRRT 20 mL/kg/hr).25 
Mode of RRT was stratified according to hemodynamic 
status and transition between modes was permitted. The 
study enrolled 1124 patients, of whom 55% had sepsis. 
Although the higher dose yielded lower serum urea levels, 
there was no difference in mortality after 60 days (54% vs. 
52%, p = .47), recovery of renal function, or in the number of 
days free from organ failure. Analyzing the subgroups with 
sepsis and those requiring catecholamines also revealed no 
difference in mortality between groups. The higher dose of 
RRT appeared safe, and although fluid removal was greater, 
hypophosphatemia and hypokalemia were more common.

The Randomised Evaluation of Normal versus Augmented 
Level (RENAL) Replacement Therapy Trial compared effluent 
flow of 40 vs. 25 mL/kg/hr in 1508 patients, of whom 49% 
had sepsis.4 A continuous mode of RRT (filter blood flow 
≥150 mL/min) with 50% effluent being dialysate and 50% 
being ultrafiltrate was used for all patients in the study. 
The study groups achieved clear separation in administered 
dose, serum creatinine, and urea, yet there was no difference 
in mortality, length of stay, or need for ongoing dialysis 
after 90 days. The conclusions were similar when assessing 
the group with septic AKI.

Subsequent meta-analyses have concluded that higher 
doses of RRT in septic AKI (CRRT effluent above 30 mL/
kg/hr, or 6 sessions of iRRT per week), provide no survival 
advantage or recovery in renal function over standard doses 
of RRT (CRRT effluent < 30 mL/kg/hr or 2–4 iRRT sessions 
per week)26 (Fig. 93.1). These findings apply equally to 
patients with or without sepsis.

High-Volume Hemofiltration
High-volume hemofiltration (HVHF) has been defined as a 
dose of ultra-filtrate exceeding 50 mL/kg/hr using CRRT, 
or 100 to 120 mL/kg/hr for 4 to 8 hours with iRRT.27 
Enhanced “blood purification” with HVHF has been a 
popular therapeutic concept after early experimental studies 
in pigs. Conversely this RRT technique may excessively 

Year published 2008 2009 2013

Septic (n)/ Total (n) 708/1124 722/1464 137/137

Doses studied (mL/kg/hr) 20 vs 35 25 vs 40 35 vs 70

Mortality outcome 60 days 90 days 28 days
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FIGURE 93.1  Mortality rates of the subgroup of patients with septic 
AKI enrolled in multicenter randomized controlled trials comparing 
renal replacement therapy (RRT) effluent doses. In all studies, 
there was no significant difference in survival between groups of 
septic patients receiving standard or higher-dose RRT. 
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and variable practice.3 RRT may confer some theoretical 
advantages in septic AKI, and commencing it early in disease 
may attenuate severity of illness. However, initiating RRT 
unnecessarily may risk complications from catheter inser-
tion, metabolic correction, clearance of therapeutic sub-
stances, and impaired recovery of renal function.

There have been conflicting reports from retrospective 
observational studies regarding the benefits of commencing 
RRT earlier in disease. From the BEST Kidney study, those 
patients who had RRT started later in time or later in disease 
(i.e., with higher serum creatinine) had lower rates of renal 
recovery.45 A single-center retrospective study of 147 septic 
AKI patients separated the cohort into those who received 
RRT when serum urea was less than 36 mmol/L (early) or 
36 mmol/L or more (late).46 Although mortality was sig-
nificantly lower in the group started RRT early (52% vs. 
68%, P < .05), the dose and adequacy of RRT were not 
considered, and more than twice as many patients who 
started late RRT had cancer, suggesting a treatment selection 
bias. Another retrospective analysis, assessing RRT timing 
in the RENAL study, examined a subgroup of 439 patients, 
53% of whom had sepsis. Multivariate analysis revealed 
no significant relationship between time to initiate RRT 
and mortality, duration of mechanical ventilation, ICU length 
of stay, or renal recovery. Interestingly, those without 
absolute indications for RRT (i.e., hyperkalemia, severe 
acidosis, edema) and patients with higher serum creatinine 
levels tended to have higher survival rates when renal 
supports were commenced later.47

Meta-analysis of studies that reported time to RRT initia-
tion concluded that there was a lower rate of mortality and 
a trend to less dependence on chronic dialysis in the groups 
of patients receiving earlier RRT. However, data were derived 
largely from small, historical, uncontrolled studies with 
marked publication bias, different definitions of renal failure, 
variable timing of RRT, and with uncertain relevance to 
septic patients.48,49 Controlled studies clearly are needed 
to clarify the optimal timing of RRT in septic AKI.

A small controlled study examined the effect of applying 
the same dose of hemofiltration early or later in 71 patients 
with severe AKI. RRT was applied a mean of 7 hours after 
randomization in the early group, and after 42 hours in 
the delayed group. There was no difference in mortality 
rates, hospital length of stay, or renal recovery between 
groups, including patients with sepsis.23

The Artificial Kidney Initiation in Kidney Injury (AKIKI) 
trial was a French multicenter, prospective, open-label 
randomized controlled trial on ICU patients receiving 
catecholamines or mechanical ventilation and with severe 
AKI (serum creatinine > 354 nmol/L or greater than three 
times baseline, anuria for more than 12 hours, or oliguria 
for more than 24 hours) with no absolute indication for 
RRT (i.e., oliguria for more than 72 hours, or urea > 
40 mmol/L, or serum potassium > 6 mmol/L, or pH < 7.15, 
or diuretic resistant pulmonary edema).7 Patients were 
randomized to receive any mode of RRT immediately upon 
satisfying enrolment criteria or to wait and be closely 
monitored until an absolute indication was encountered. 
The AKIKI trial enrolled 602 patients, 80% with sepsis, 
with early and delayed RRT groups evenly matched at 
baseline. Of the 308 patients randomized to receive expectant 
management, only 157 (51%) received RRT, at a median 
of 57 hours after randomization. Despite evolution of more 
marked metabolic derangement in the delayed group, 
mortality rates at day 60 were similar between early and 
delayed RRT groups (49% vs. 50%, p = .79). Secondary 
end points including lengths of stay, days on catecholamines, 
and measures of organ dysfunction did not differ between 

patients had a 70% higher mortality rate, more time on 
RRT, mechanical ventilation, and longer lengths of stay. 
This observation remained significant even after adjusting 
for severity of illness and excluding the fluid balance in 
the first 2 days of RRT.39 An association between fluid 
balance and outcomes also has been illustrated in patients 
with sepsis.40 In the ARDSnet study, those patients with 
lung disease administered lower volumes of parenteral 
fluids developed less AKI, and fewer patients required RRT.41 
Taken together, these observations should encourage careful 
consideration to the dose of fluid removal applied to patients 
with septic AKI on RRT and support the avoidance of 
accumulating positive fluid balance.

Dose of Therapeutic Agents
Therapeutic drug monitoring is important to consider when 
applying RRT for septic AKI. β-lactams, glycopeptides, and 
aminoglycoside readily pass across RRT membranes and 
require dose adjustment. Reference guides are available for 
these dose adjustments.42 Such references should be con-
sulted carefully, especially if high volume hemofiltration 
is applied.

FILTER MEMBRANES

Filters used in RRT circuits are characterized by their 
composition, biocompatibility, pore size, surface area, and 
flux. Biocompatible synthetic membranes that have very 
little complement activation have been a major advancement 
in RRT technology and have resulted in lower rates of 
death than use of cellulose membranes. In the BEST Kidney 
study, the most commonly used filter was composed of 
polyacrylonitrile, polysulfone, or polyamide. Although not 
specifically reported in the septic AKI subgroup, the type of 
filter used was not an independent predictor of mortality.3

Current synthetic filters allow flux of molecules up to 
30 to 40 kD, theoretically permitting extraction of most 
inflammatory mediators. However, plasma levels of most 
cytokines are unchanged with RRT, even with very high 
ultrafiltration rates. High cutoff membranes allowing filtra-
tion of molecules up to 60 kD are thought to further enhance 
clearance of molecules involved with sepsis. In preclinical 
and pilot clinical studies, RRT using these filters appeared 
to allow earlier reduction of noradrenaline doses in septic 
AKI.43 However, a subsequent larger study of high cutoff 
membranes in sepsis (HICOSS) was stopped after enrolment 
of 81 patients, because there was no survival benefit, reduc-
tion in catecholamines, mechanical ventilation, or length 
of stay.27

A range of new filters has been developed (e.g., AN69 
surface treated ST, SEPTEX, polymethyl-methacrylate, 
Oxiris, polymyxin B, and CytoSorb). These currently are 
being tested to determine if they attenuate the severity of 
sepsis, rather than primarily improve outcome in septic AKI.

TIMING OF RENAL REPLACEMENT THERAPY

Absolute indications for RRT include life-threatening 
hyperkalemia, uremic complications, severe metabolic 
acidosis, intoxication with dialyzable substances, and 
excessive interstitial fluid (e.g., pulmonary edema).44 When 
to commence RRT in septic AKI has been a matter of debate 
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shock will be enrolled within 48 hours of commencing 
catecholamines. Any mode of RRT is allowed with doses 
of at least 25 mL/kg/hr (or iRRT at least every 2 days for 
4–6 hours). Trial investigators plan to recruit 864 patients 
to determine if RRT within 12 hours or delayed RRT will 
provide mortality benefit, renal recovery, and influence 
long-term outcomes.

A remaining uncertainty regarding timing of RRT is the 
best prompt for starting this therapy. Besides the absolute 
indications of RRT described earlier, serum urea, serum 
creatinine and urine output have been the usual parameters 
used to guide when therapy should be commenced. However, 
serum urea and creatinine are imprecise biomarkers of renal 
function because they have variable rates of production 
during critical illness and may not necessarily reflect kidneys 
that are injured enough to require RRT support. Renal 
biomarkers such as NGAL, tissue inhibitor of metallopro-
teinases (TIMP), and insulin-like growth factor binding 
protein-7 (IGFBP7) are being investigated to determine if 
these are better triggers to commence RRT in septic AKI.53 
Their specific relevance to patients with septic AKI remains 
unclear.

SUMMARY

Based on current evidence, the choice of intermittent or 
continuous RRT for septic AKI is best determined by the 
patient’s condition and local expertise with available tech-
nology. For patients with septic AKI requiring pharmaceutic 
support of blood pressure, continuous RRT modes may be 
preferable, whereas in hemodynamically stable patients (a 
minority), intermittent modes of RRT may be acceptable. 
There is currently little evidence to guide whether dialytic 
or convective clearance is most efficacious in septic AKI or 
what constitutes optimal timing of intervention; however, 
volume control appears important. Newer approaches such 
as HVHF and high cutoff membranes have not produced 
any clinical benefits and remain research tools.

RRT effluent doses of 25 mL/kg/hr appear suitable for 
severe septic AKI. Effluent doses beyond this are not associ-
ated with any benefit and have led to greater incidence of 
hypophosphatemia, hypokalemia, antibiotic clearance, and 
increased costs. Although higher doses have not proven 
beneficial, clinicians should be aware that prescribed doses 
may not be achieved if RRT repeatedly is interrupted (e.g., 
filter clotting, patient transport) or if doses are not adjusted 
for patient size.

If there are no absolute indications to commence RRT 
in septic AKI, there appears no compelling evidence to 
support earlier initiation. An expectant approach, while 
closely monitoring electrolytes, pH, volume status, and 
uremia, appears appropriate. In the meantime, research 
should focus on determining other parameters that may 
indicate when RRT is beneficial.

Key Points

1.	 Patients receiving renal replacement therapies (RRT) 
for septic acute kidney injury (AKI) have markedly 
high mortality rates (40% to 70%).

2.	 Current evidence suggests that preemptively com-
mencing RRT for septic AKI does not confer 
survival advantage or enhance renal recovery.

groups. Patients allocated to delayed RRT had fewer catheter-
related infections, less hypophosphatemia, and an earlier 
spontaneous diuresis. Although the subgroup of patients 
with septic AKI were not analyzed separately, they accounted 
for the vast majority of patients enrolled and hence the 
outcomes are likely to apply to this group.

Although this study indicates that early RRT provides 
no clear benefit for all patients with severe AKI, mortality 
rates were highest in those who received delayed RRT (62%) 
compared with those who were allocated to delayed RRT 
but did not require it (37%). It is further concerning that 
mortality was higher in those who received early RRT (49%) 
than those who never received RRT (37%). Although these 
differences in mortality rates were not significant after 
adjusting for severity of illness, it supports the need to 
investigate for better markers to determine which septic 
patients with AKI will benefit from early, delayed, or no 
RRT at all.

The Early versus Late Initiation of Renal Replacement 
Therapy in Critically Ill Patients with Acute Kidney Injury 
(ELAIN RCT) was published soon after.50 This single-center 
German study enrolled 231 patients with Kidney Disease: 
Improving Global Outcomes (KDIGO) stage 2 AKI, neutrophil 
gelatinase-associated lipocalin (NGAL) greater than 150 ng/
mL, or those with septic shock. Patients were randomized 
to start RRT within 8 hours (early) or within 12 hours of 
developing KDIGO stage 3 AKI (delayed), with the mode 
and dose of RRT the same for both groups (CVVHDF at 
30 mL/kg/hr using citrate anticoagulation). All patients 
assigned early RRT received it, whereas 9% assigned delayed 
therapy did not receive it. The delayed group had a higher 
mortality at 90 days than the group that received earlier 
RRT (55%, vs. 39%, p = .03). Secondary end points also 
differed, with the early group having shorter duration of 
RRT, mechanical ventilation, and a hospital length of stay 
that was reduced by 30 days. Although there are many 
strengths of this study, the delayed group appeared to have 
higher Acute Physiology and Chronic Health Evaluation  
(APACHE) and NGAL at baseline, and there was no adjust-
ment for these confounders. Most of the AKI in this study 
followed cardiac surgery and the 32% of enrolled patients 
having sepsis were not analyzed separately. The separation 
between groups in the time to commence RRT was only 
modest and would be unlikely to account for the absolute 
mortality reduction of 16% and the 1-month shorter hospital 
stay. Nevertheless, this study supports the need for a further 
multicenter study that tests the effect of RRT timing while 
controlling how this therapy is applied.

Of relevance to this debate regarding optimal timing of 
RRT in severe septic AKI, the HEROICS trial of early HVHF 
in cardiac surgical patients on high-dose catecholamines, 
reported no change in mortality, and that 43% of the patients 
assigned to expectant management did not require RRT. 
Although this study was not conducted in septic patients, it 
supports a watch-and-wait approach even in severe shock.36

Two further trials are underway to determine the clinical 
outcomes of commencing RRT at different times. The 
Standard versus Accelerated Initiation of Renal Replacement 
Therapy in Acute Kidney Injury (STARRT-AKI) trial is an 
international multicentre study of patients with severe AKI 
randomized to receive RRT (any mode) within 12 hours or 
at the discretion of the clinician. A pilot study of 101 patients 
(57 with sepsis) found no difference in mortality with timing 
of RRT.51

The effect of RRT timing in septic AKI will be studied 
in the Initiation of Dialysis Early versus Delayed in the 
Intensive Care Unit (IDEAL-ICU).52 In this French study, 
patients with severe AKI (RIFLE-F stage) in early septic 
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3.	 Continuous and intermittent modes of RRT appear 
equally effective for septic AKI. The impact of RRT 
mode on hemodynamics must be considered.

4.	 There is no clinical advantage of providing continu-
ous RRT effluent doses beyond 25 mL/kg/hr, or 
more than three intermittent RRT sessions per 
week.

5.	 High-volume hemofiltration and increased porosity 
of filter membranes have yielded no clinical benefit 
for patients with septic AKI.

Key References
7.	 Gaudry S, Hajage D, Schortgen F, et al. Initiation Strategies 

for Renal-Replacement Therapy in the Intensive Care Unit. N 
Engl J Med. 2016;375:122-133.



Chapter 93 / Renal Replacement Therapy for Septic Acute Kidney Injury    548.e1

acute renal failure: a prospective randomised trial. Lancet. 
2000;356:26-30.

23.	 Bouman CS, Oudemans-Van Straaten HM, Tijssen JG, et al. 
Effects of early high-volume continuous venovenous hemofiltra-
tion on survival and recovery of renal function in intensive care 
patients with acute renal failure: a prospective, randomized 
trial. Crit Care Med. 2002;30:2205-2211.

24.	 Tolwani AJ, Campbell RC, Stofan BS, et al. Standard versus 
high-dose CVVHDF for ICU-related acute renal failure. J Am 
Soc Nephrol. 2008;19:1233-1238.

25.	 VA/NIH Acute Renal Failure Trial Network. Intensity of renal 
support in critically ill patients with acute kidney injury. N 
Engl J Med. 2008;359:7-20.

26.	 Van Wert R, Friedrich JO, Scales DC, et al. High-dose renal 
replacement therapy for acute kidney injury: Systematic review 
and meta-analysis. Crit Care Med. 2010;38:1360-1369.

27.	 Honore PM, Jacobs R, Boer W, et al. New insights regarding ratio-
nale, therapeutic target and dose of hemofiltration and hybrid 
therapies in septic acute kidney injury. Blood Purif. 2012;33: 
44-51.

28.	 Churchwell MD, Pasko DA, Btaiche IF, et al. Trace element 
removal during in vitro and in vivo continuous haemodialysis. 
Nephrol Dial Transplant. 2007;22:2970-2977.

29.	 Bouman CS. Antimicrobial dosing strategies in critically ill 
patients with acute kidney injury and high-dose continuous 
veno-venous hemofiltration. Curr Opin Crit Care. 2008;14: 
654-659.

30.	 Boussekey N, Chiche A, Faure K, et al. A pilot randomized study 
comparing high and low volume hemofiltration on vasopressor 
use in septic shock. Intensive Care Med. 2008;34:1646-1653.

31.	 Cornejo R, Downey P, Castro R, et al. High-volume hemofiltra-
tion as salvage therapy in severe hyperdynamic septic shock. 
Intensive Care Med. 2006;32:713-722.

32.	 Borthwick EM, Hill CJ, Rabindranath KS, et al. High-volume 
haemofiltration for sepsis. Cochrane Database Syst Rev. 2013;(1): 
CD008075.

33.	 Joannes-Boyau O, Honore 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;39:1535-1546.

34.	 Zhang P, Yang Y, Lv R, et al. Effect of the intensity of continuous 
renal replacement therapy in patients with sepsis and acute 
kidney injury: a single-center randomized clinical trial. Nephrol 
Dial Transplant. 2012;27:967-973.

35.	 Clark E, Molnar AO, Joannes-Boyau O, et al. High-volume 
hemofiltration for septic acute kidney injury: a systematic 
review and meta-analysis. Crit Care. 2014;18:R7.

36.	 Combes A, Brechot N, Amour J, et al. Early High-Volume Hemo-
filtration versus Standard Care for Post-Cardiac Surgery Shock. 
The HEROICS Study. Am J Respir Crit Care Med. 2015;192: 
1179-1190.

37.	 Payen D, de Pont AC, Sakr Y, et al. A positive fluid balance is 
associated with a worse outcome in patients with acute renal 
failure. Crit Care. 2008;12:R74.

38.	 Grams ME, Estrella MM, Coresh J, et al. Fluid balance, diuretic 
use, and mortality in acute kidney injury. Clin J Am Soc 
Nephrol. 2011;6:966-973.

39.	 RENAL Replacement Therapy Study Investigators. An obser-
vational study fluid balance and patient outcomes in the 
Randomized Evaluation of Normal vs. Augmented Level of 
Replacement Therapy trial. Crit Care Med. 2012;40:1753-1760.

40.	 Alsous F, Khamiees M, DeGirolamo A, et al. Negative fluid 
balance predicts survival in patients with septic shock: a 
retrospective pilot study. Chest. 2000;117:1749-1754.

41.	 Wiedemann HP, Wheeler AP, Bernard GR, et al. Comparison 
of two fluid-management strategies in acute lung injury. N 
Engl J Med. 2006;354:2564-2575.

42.	 Ashley C, Dunleavy A, eds. The Renal Drug Handbook. Florida: 
CRC Press; 2014.

43.	 Morgera S, Haase M, Kuss T, et al. Pilot study on the effects 
of high cutoff hemofiltration on the need for norepinephrine 
in septic patients with acute renal failure. Crit Care Med. 
2006;34:2099-2104.

44.	 Brochard L, Abroug F, Brenner M, et al. An Official ATS/ERS/
ESICM/SCCM/SRLF Statement: Prevention and Management 
of Acute Renal Failure in the ICU Patient: an international 

References
1.	 Uchino S, Kellum JA, Bellomo R, et al. Acute renal failure 

in critically ill patients: a multinational, multicenter study. 
JAMA. 2005;294:813-818.

2.	 Hoste EA, Bagshaw SM, Bellomo R, et al. Epidemiology of 
acute kidney injury in critically ill patients: the multinational 
AKI-EPI study. Intensive Care Med. 2015;41:1411-1423.

3.	 Uchino S, Bellomo R, Morimatsu H, et al. Continuous renal 
replacement therapy: a worldwide practice survey. The begin-
ning and ending supportive therapy for the kidney (B.E.S.T. 
kidney) investigators. Intensive Care Med. 2007;33:1563- 
1570.

4.	 RENAL Replacement Therapy Study Investigators. Intensity of 
continuous renal-replacement therapy in critically ill patients. 
N Engl J Med. 2009;361:1627-1638.

5.	 Pannu N, Klarenbach S, Wiebe N, et al. Renal replacement 
therapy in patients with acute renal failure: a systematic review. 
JAMA. 2008;299:793-805.

6.	 Vesconi S, Cruz DN, Fumagalli R, et al. Delivered dose of renal 
replacement therapy and mortality in critically ill patients 
with acute kidney injury. Crit Care. 2009;13:R57.

7.	 Gaudry S, Hajage D, Schortgen F, et al. Initiation Strategies 
for Renal-Replacement Therapy in the Intensive Care Unit. N 
Engl J Med. 2016;375:122-133.

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

9.	 Vinsonneau C, Camus C, Combes A, et al. Continuous veno-
venous haemodiafiltration versus intermittent haemodialysis 
for acute renal failure in patients with multiple-organ dys-
function syndrome: a multicentre randomised trial. Lancet. 
2006;368:379-385.

10.	 Augustine JJ, Sandy D, Seifert TH, et al. A randomized con-
trolled trial comparing intermittent with continuous dialysis 
in patients with ARF. Am J Kidney Dis. 2004;44:1000-1007.

11.	 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.

12.	 Kellum JA, Angus DC, Johnson JP, et al. Continuous versus 
intermittent renal replacement therapy: a meta-analysis. 
Intensive Care Med. 2002;28:29-37.

13.	 Rabindranath K, Adams J, Macleod AM, et al. Intermittent versus 
continuous renal replacement therapy for acute renal failure 
in adults. Cochrane Database Syst Rev. 2007;(3):CD003773.

14.	 Bagshaw SM, Berthiaume LR, Delaney A, et al. Continuous 
versus intermittent renal replacement therapy for critically ill 
patients with acute kidney injury: a meta-analysis. Crit Care 
Med. 2008;36:610-617.

15.	 Lins RL, Elseviers MM, Van der Niepen P, et al. Intermittent 
versus continuous renal replacement therapy for acute kidney 
injury patients admitted to the intensive care unit: results of 
a randomized clinical trial. Nephrol Dial Transplant. 2009; 
24:512-518.

16.	 Rimmele T, Kellum JA. High-volume hemofiltration in the 
intensive care unit: a blood purification therapy. Anesthesiology. 
2012;116:1377-1387.

17.	 Honore PM, Joannes-Boyau O. High volume hemofiltration 
(HVHF) in sepsis: a comprehensive review of rationale, clinical 
applicability, potential indications and recommendations for 
future research. Int J Artif Organs. 2004;27:1077-1082.

18.	 Piccinni P, Dan M, Barbacini S, et al. Early isovolaemic hae-
mofiltration in oliguric patients with septic shock. Intensive 
Care Med. 2006;32:80-86.

19.	 Payen D, Mateo J, Cavaillon JM, et al. Impact of continuous 
venovenous hemofiltration on organ failure during the early 
phase of severe sepsis: a randomized controlled trial. Crit Care 
Med. 2009;37:803-810.

20.	 Cole L, Bellomo R, Hart G, et al. A phase II randomized, 
controlled trial of continuous hemofiltration in sepsis. Crit 
Care Med. 2002;30:100-106.

21.	 Saudan P, Niederberger M, De Seigneux S, et al. Adding a 
dialysis dose to continuous hemofiltration increases survival in 
patients with acute renal failure. Kidney Int. 2006;70:1312-1317.

22.	 Ronco C, Bellomo R, Homel P, et al. Effects of different doses 
in continuous veno-venous haemofiltration on outcomes of 



548.e2    Section 15 / Infectious Diseases and Sepsis

consensus conference in intensive care medicine. Am J Respir 
Crit Care Med. 2010;181:1128-1155.

45.	 Bagshaw SM, Uchino S, Bellomo R, et al. Timing of renal 
replacement therapy and clinical outcomes in critically 
ill patients with severe acute kidney injury. J Crit Care. 
2009;24:129-140.

46.	 Carl DE, Grossman C, Behnke M, et al. Effect of timing of 
dialysis on mortality in critically ill, septic patients with acute 
renal failure. Hemodial Int. 2010;14:11-17.

47.	 Jun M, Bellomo R, Cass A, et al. Timing of renal replacement 
therapy and patient outcomes in the randomized evaluation of 
normal versus augmented level of replacement therapy study. 
Crit Care Med. 2014;42:1756-1765.

48.	 Seabra VF, Balk EM, Liangos O, et al. Timing of renal replace-
ment therapy initiation in acute renal failure: a meta-analysis. 
Am J Kidney Dis. 2008;52:272-284.

49.	 Karvellas CJ, Farhat MR, Sajjad I, et al. A comparison of early 
versus late initiation of renal replacement therapy in critically 

ill patients with acute kidney injury: a systematic review and 
meta-analysis. Crit Care. 2011;15:R72.

50.	 Zarbock A, Kellum JA, Schmidt C, et al. Effect of Early vs 
Delayed Initiation of Renal Replacement Therapy on Mortality 
in Critically Ill Patients With Acute Kidney Injury: The ELAIN 
Randomized Clinical Trial. JAMA. 2016;315:2190-2199.

51.	 Wald R, Adhikari NK, Smith OM, et al. Comparison of standard 
and accelerated initiation of renal replacement therapy in acute 
kidney injury. Kidney Int. 2015;88:897-904.

52.	 Barbar SD, Binquet C, Monchi M, et al. Impact on mortality 
of the timing of renal replacement therapy in patients with 
severe acute kidney injury in septic shock: the IDEAL-ICU study 
(initiation of dialysis early versus delayed in the intensive care 
unit): study protocol for a randomized controlled trial. Trials. 
2014;15:270.

53.	 Bihorac A, Chawla LS, Shaw AD, et al. Validation of cell-
cycle arrest biomarkers for acute kidney injury using clinical 
adjudication. Am J Respir Crit Care Med. 2014;189:932-939.


	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

