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CHAPTER 30 

Biomarkers of Recovery and/or Repair 
Following Acute Kidney Injury
Lui G. Forni and Lakhmir S. Chawla

OBJECTIVES
This chapter will:
1. Consider the difficulties in describing and defining the 

recovery process after an episode of acute kidney injury.
2. Outline the current types of biomarkers available and 

examine the evidence that they may shed light on the 
repair and recovery process.

3. Explain how such biomarkers may be employed in the 
future to direct therapy.

The limitations of serum creatinine and urine output as 
early indicators of an acute kidney injury (AKI) have been 
well described.1,2 These shortcomings have catalyzed 
considerable efforts to characterize robust early markers of 
AKI, thereby facilitating prompt recognition, which is hoped 
will translate into improved outcomes. The search for an 
AKI biomarker(s) has generated a substantial body of work, 
much of which has been subject to considerable criticism 
based not only on a lack of specificity and bemoaning the 
lack of a true therapeutic intervention or indeed any 
meaningful alteration in practice.3,4 Despite these concerns 
this field continues to develop and no doubt will continue 
to provide further insights into AKI. At present, biomarkers 
of AKI can be broadly considered as being one of three 
major types5:
1. Inflammatory biomarkers (e.g., NGAL, IL-6, and IL-18)
2. Cell injury biomarkers (e.g., KIM-1, L-FABP)
3. Markers of cell cycle arrest (e.g., IGFBP7 and TIMP-2)

Much effort has been focused on the ability of these 
biomarkers in the clinical setting to predict AKI. However, 
little has been reported on the potential for biomarkers to 
inform as to recovery of renal function. This probably is 
due, in part, to the problems with defining renal recovery, 
particularly in the intensive care unit (ICU), where the 
patients may suffer an AKI as part of multiorgan dysfunction. 
Under such circumstances recovery as defined by changes 
in serum creatinine is unhelpful, and urine output informa-
tion also may be misleading. Applying often-used criteria 
such as dialysis independence is simplistic and ignores 
the significant number of patients with AKI who may not 
receive dialysis and yet be at a significant risk for chronic 
kidney disease (CKD), even those who have suffered what 
may be viewed as a relatively trivial insult. For example, 
in a recent analysis of veterans’ health data in the United 
States, patients who suffered AKI stage I but resolved within 
2 days still have a relative risk of 1.4 of developing CKD 
stage III or higher within 12 months.6 Such difficulties in 
defining renal recovery are confounded in the ICU, where 
significant changes in muscle mass, creatinine production, 
and intravascular volume may lead to a significant under-
estimation of renal impairment where serum creatinine is 
used. Indeed, several studies have highlighted the inadequa-

cies of most of the conventional measures of GFR in the 
critically ill as well as the poor performance of estimates 
of GFR. Moreover, any attempts to define renal recovery 
in terms of commonly measured parameters such as serum 
creatinine suffer from the application of arbitrary values, 
which are inherently flawed given that “recovery” to within 
a normal range still may reflect significant renal damage, 
and a set “cutoff” for recovery is meaningless when applied 
to an individual.

Given the difficulties in assessing renal recovery in the 
ICU using conventional means has lead to some considerable 
interest in the use of biomarkers to predict repair or recovery 
of renal function after an episode of AKI, particularly with 
regard to potential mechanistic insights. Given the difficul-
ties in assessing renal recovery in the ICU using conventional 
means much interest in the use of biomarkers to predict 
repair or recovery of renal function after an episode of AKI, 
particularly with regard to potential mechanistic insights 
has been generated.

CONVENTIONAL MEASURES

As alluded to, conventional measures of renal function, in 
particular those using serum creatinine, perform poorly in 
the critically ill. The reasons for the poor performance are 
multifactorial, but despite this several attempts have been 
made to try to assess creatinine clearance when the plasma 
creatinine is changing acutely using kinetic estimated 
glomerular filtration rate (KeGFR) calculations.7,8 Such 
mathematic modeling is used not only to determine falls 
in GFR but also to assess renal recovery in terms of calcu-
lated GFR. A formula has been employed to determine 
recovery of GFR9:
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in which SSPCr is the plasma creatinine at steady state 
(effectively the premorbid level, which may be absent in 
those presenting to the ICU) and ΔPCr refers to the change 
in plasma creatinine, which is proportional to how much 
the true GFR is impaired or improved in relation to the 
steady-state GFR. Max ΔPCr/Day is the maximum increase 
in plasma creatinine that can be expected in the absence 
of any renal function. Although this often is taken as 
approximately 90 to 130 µmol/L (1.0–1.5 mg/dL), this of 
course depends on the patient. Furthermore, there is some 
debate as to whether this holds true in all causes of AKI.10

Despite the shortcomings of the plasma creatinine, this 
model has been shown to perform relatively well in predict-
ing recovery of renal function as determined by plasma 
creatinine values. Clearly there are potential confounders, 
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cisplatin- induced nephrotoxicity, where known biomarkers 
display different kinetics throughout recovery.18

Liver-type fatty acid binding protein (L-FABP) is found 
in the cytoplasm of human proximal tubular cells and binds 
fatty acids, transporting them to mitochondria or peroxi-
somes, where the fatty acids undergo oxidation. L-FABP 
has a high affinity for binding long-chain fatty acid oxidation 
products and thus may be an effective endogenous anti-
oxidant expressed in human proximal tubules. Indeed the 
protective effects of L-FABP have been shown in a chemical 
model of AKI.19 In a prospective cohort of 199 patients, 
18.6 developed AKI with urinary NGAL and L-FABP were 
increased significantly from the time surgery was completed 
(p < 0.05). The peak levels of NGAL and L-FABP occurred 
12 and 4 hours, respectively, postoperatively with the area 
under the receiver operating characteristic curve (AUROC) 
approaching 0.70 for predicting nonrecovery. However, in 
this study NGAL and L-FABP may be poor predictors for 
renal recovery after AKI.20

Biomarkers Reflecting Cell Cycle Arrest
Tissue inhibitor of metalloproteinase-2 (TIMP-2) and insulin 
growth factor binding protein-7 (IGFBP7) were identified 
as novel biomarkers for AKI in a two-stage multicenter 
study.21 Both of these factors are implicated in G1 cell cycle 
arrest and hence may be a marker of a renal stress response. 
Proteomic studies on urine obtained from patients with 
AKI also revealed IGFBP7 as a candidate biomarker for 
early identification of AKI along with NGAL. Both biomark-
ers discriminated between patients who exhibited early 
recovery (within 7 days) or late/nonrecovery from AKI. 
Although high concentrations of both markers were associ-
ated with a longer duration of AKI, high IGFBP7 also was 
associated with prolonged length of stay, whereas high 
NGAL concentrations predicted mortality. IGFBP7 was also 
a more accurate predictor of renal outcome than NGAL.22 
In high-risk patients undergoing cardiac surgery, IGFBP7 
and TIMP-2 were measured at 4 and 24 hours after surgery 
to assess renal recovery as defined by a serum creatinine 
value at hospital discharge equal to or lower than the known 
baseline. The decline in urinary biomarker concentrations 
was measured and for [TIMP-2]•[IGFBP7], the AUROC curve 
for the difference between the two values was 0.79 (CI: 
0.65–0.92) whereas for NGAL it was 0.48 (CI: 0.31–0.64).23 
In a general ICU population the use of [TIMP-2]•[IGFBP7] 
also predicted short-term renal recovery as defined by 
recovery within 48 hours with a serum creatinine value 
less than 1.5 times baseline or less than 0.35 mg/dL above 
the baseline with a reversal of oliguria.24

THE FUTURE

Clearly the use of biomarkers throughout medicine is 
increasing and will continue to do so. Most of the biomarkers 
for AKI have been determined from studies trying to 
determine the presence of an AKI before the classical 
measures. This has shed light on the mechanistic processes 
involved including, with cell cycle arrest, a plausible 
teleologic response to injury. We presume that with the 
continued search for improved diagnostics, this field will 
grow and may lead to the discovery of new molecules that 
will be predictors of renal recovery. The clinical application 
of such information will be challenging and exciting. The 
figure (Fig. 30.1) outlines how such a test may fit into the 

not least the assumption regarding maximal rise in creatinine 
as well as reduction in creatinine production, particularly 
in sepsis as well as changes in the volume of distribution, 
which may affect the measured creatinine concentration.

Biomarkers Related to Inflammation
The biomarker that has received the most attention within 
this group is neutrophil gelatinase-associated lipocalin 
(NGAL), a widely expressed 25 KD protein found in many 
tissues and discussed in detail elsewhere (see Chapter 25). 
Intrarenal NGAL is upregulated after AKI, and a few small 
studies have suggested that urinary NGAL may aid in 
predicting post–AKI progression. However, predicting 
recovery has been less fruitful, although some early studies 
suggested that NGAL with IL-18 could detect early graft 
dysfunction in renal transplant recipients as well as provide 
prognostic information regarding longer-term allograft 
function.11 Although viewed as a marker of renal injury, 
NGAL is thought to play a role in restoring tubular epithelial 
function and regeneration later in the AKI process. Indeed, 
studies on patients with community-acquired pneumonia 
and AKI revealed that plasma NGAL (pNGAL) measured 
on the first day of AKI (as determined by RIFLE-F criteria) 
was significantly lower in the recovery group (p < .001), 
with nonsurvivors of AKI having higher median pNGAL 
concentration compared with survivors. Unsurprisingly a 
higher median pNGAL concentration was seen in those 
with persistent AKI. In this study recovery was defined as 
survival without dialysis, but in patients who survived, 
pNGAL predicted failure to recover renal function with 
area under the curve (AUC) of 0.71(95% CI 0.61–0.81).12 
Similarly, a panel of biomarkers applied to patients with 
AKI requiring renal replacement therapy demonstrated that 
decreasing uNGAL during the first 14 days after AKI was 
associated with a reduced need for renal support at 60 
days.13 Animal studies have supported this observation with 
the uNGAL-to-urinary creatinine ratio predicting renal 
recovery in dogs after aminoglycoside-induced AKI.14

As well as NGAL, the cytokines IL-6 and IL-18 and the 
chemokine IL-8 have been proposed as markers of renal 
injury given their proinflammatory properties. Certainly 
IL-18 plays a central role in the promotion of inflammation, 
probably through the nuclear factor-κB (NF-κΒ) pathway, 
and may well exacerbate renal injury after initial insult. 
As well as being predictive in delayed graft function, IL-18 
also has been shown to be predictive in terms of 60-day 
outcomes as noted earlier.13 In perhaps the largest study 
on the ability of biomarkers to predict renal recovery in 
patients with AKI, the findings were less promising, although 
the addition of IL-8 to a four-variable clinical model did 
improve the predictive value for renal recovery at 60 days 
as well as mortality.15

Biomarkers Reflecting Cellular Injury
KIM-1 is a transmembrane protein of 38.7 kD, which is 
upregulated after ischemia-reperfusion injury and toxic 
injury but under basal conditions expression is low on the 
normal kidney. Although a marker of renal injury, it also 
has been proposed that KIM-1 may play a role in tubular 
regeneration and hence renal recovery after AKI.16 In animals 
prolonged elevation of KIM-1 appears to be associated with 
progressive renal injury and may be involved in the transi-
tion to CKD.17 Indeed a temporal relationship with the 
injurious process has been described in animal models of 
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ischemia, AKI is a clinical syndrome that can result from 
a variety of differing insults. As such diagnostic accuracy 
from a single test seems improbable. However, some of the 
candidate molecules reflect a response to injury that can 
only further our understanding of the underlying patho-
physiology. Molecules developed to predict AKI in fact 
may inform as to when the kidney is recovering from insult 
or indeed predict prognosis. This, of course, has the potential 
to provide us with tools that, in the future, may guide our 
treatment through prediction of response to therapy. Such 
goals may not be far away.

Key Points

1. Defining renal recovery through conventional 
measures such as changes in serum creatinine and 
urine output or by dialysis independence may be 
misleading.

2. Renal recovery defined as return of serum creatinine 
to normal values is inherently flawed given that 
recovery to a normal range may mask loss of 
significant renal function in an individual case.

3. Currently most biomarkers for AKI are interrogated 
as early markers of damage. The search for improved 
diagnostics may yield new biomarkers associated 
with renal recovery, which may enable personalized 
therapies.
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conceptual Acute Dialysis Quality Initiative (ADQI) bio-
marker framework, in which patients who have suffered 
an injury without full recovery may be highlighted and 
then followed up aggressively. Of course, such markers 
may influence treatment not only with as-yet proven thera-
pies but also with our current armamentarium. For example, 
recovery biomarkers may enable personalized therapies to 
be reintroduced throughout the recovery period, especially 
as we seek improved diagnostics.

CONCLUSIONS

The search for accurate biomarkers of AKI will continue, 
but unlike other discrete insults, such as myocardial 
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FIGURE 30.1 Potential biomarkers of renal recovery with the functional 
markers of renal function, serum creatinine and urine output, are 
used to classify outcome after acute kidney injury. The potential 
outcomes include complete recovery (in which functional markers 
return to normal after a positive biomarker of recovery); functional 
recovery (in which functional markers return to normal but biomark-
ers of recovery were absent, this may reflect loss of renal/nephron 
mass and the latter development of end-stage renal disease [ESRD]); 
subclinical recovery (in which functional markers do not return 
to normal even though the biomarker of recovery were positive 
reflecting what appears to be a full recovery but may carry an 
increased risk of ESRD); and partial recovery or damage with 
long-term loss of function (in which functional markers do not 
return to normal in tandem with the absent biomarker[s] of recovery; 
this will reflect loss of renal/nephron mass and the latter develop-
ment of ESRD). 



Chapter 30 / Biomarkers of Recovery and/or Repair Following Acute Kidney Injury  166.e1

14. Palm CA, Segev G, Cowgill LD, et al. Urinary Neutrophil 
Gelatinase-associated Lipocalin as a Marker for Identification 
of Acute Kidney Injury and Recovery in Dogs with Gentamicin-
induced Nephrotoxicity. J Vet Intern Med. 2016;30(1):200.

15. Pike F, Murugan R, Keener C, et al. Biomarker Enhanced Risk 
Prediction for Adverse Outcomes in Critically Ill Patients 
Receiving RRT. Clin J Am Soc Nephrol. 2015;10(8):1332.

16. Ichimura T, Asseldonk EJ, Humphreys BD, et al. Kidney injury 
molecule-1 is a phosphatidylserine receptor that confers a 
phagocytic phenotype on epithelial cells. J Clin Invest. 2008; 
118(5):1657-1668.

17. Ko GJ, Grigoryev DN, Linfert D, et al. Transcriptional analysis 
of kidneys during repair from AKI reveals possible roles for 
NGAL and KIM-1 as biomarkers of AKI-to-CKD transition. Am 
J Physiol Renal Physiol. 2010;298(6):F1472-F1483.

18. Sinha V, Vence M, Salahudeen K. Urinary tubular protein-based 
biomarkers in the rodent model of cisplatin nephrotoxicity: a 
comparative analysis of serum creatinine, renal histology, and 
urinary KIM-1, NGAL, and NAG in the initiation, maintenance, 
and recovery phases of acute kidney injury. J Investig Med. 
2013;61(3):564.

19. Matsui K, Kamijo-Ikemorif A, Sugaya T, et al. Renal liver-type 
fatty acid binding protein (L-FABP) attenuates acute kidney injury 
in aristolochic acid nephrotoxicity. Am J Pathol. 2011;178(3): 
1021-1032.

20. Zeng X-F, Li J-M, Tan Y, et al. Performance of urinary NGAL 
and L-FABP in predicting acute kidney injury and subsequent 
renal recovery: a cohort study based on major surgeries. Clin 
Chem Lab Med. 2014;52(5):671.

21. Kashani K, Al-Khafaji A, Ardiles T. Discovery and validation 
of cell cycle arrest biomarkers in human acute kidney injury. 
Crit Care. 2013;17:R25.

22. Aregger F, Uehlinger DE, Witowski J, et al. Identification of 
IGFBP-7 by urinary proteomics as a novel prognostic marker 
in early acute kidney injury. Kidney Int. 2014;85(4):909-919.

23. Meersch M, Schmidt C, Van AH, et al. Urinary TIMP-2 and 
IGFBP7 as early biomarkers of acute kidney injury and renal 
recovery following cardiac surgery. PLoS ONE. 2014;9(3).

24. Dewitte A, Joannes-Boyau O, Sidobre C, et al. Kinetic eGFR 
and Novel AKI Biomarkers to Predict Renal Recovery. Clin J 
Am Soc Nephrol. 2015;10(11):1900-1910.

References
1. Doi K, Yuen PS, Eisner C, et al. Reduced production of cre-

atinine limits its use as marker of kidney injury in sepsis. J 
Am Soc Nephrol. 2009;20(6):1217-1221.

2. Waikar SS, Bonventre JV. Creatinine kinetics and the definition 
of acute kidney injury. J Am Soc Nephrol. 2009;20:672-679.

3. de Geus HR, Betjes MG, Bakker J. Biomarkers for the prediction 
of acute kidney injury: a narrative review on current status 
and future challenges. Clin Kidney J. 2012;5(2):102-108.

4. Ostermann M, Joannidis M. Biomarkers for AKI improve clinical 
practice: no. Intensive Care Med. 2015;41(4):618-622.

5. Lameire N, Vanmassenhove J, Van Biesen W, et al. The cell 
cycle biomarkers: promising research, but do not oversell them. 
Clin Kidney J. 2016;9(3):353-358.

6. Heung M, Steffick DE, Zivin K, et al. Acute kidney injury 
recovery pattern and subsequent risk of CKD: an analysis 
of veterans health administration data. Am J Kidney Dis. 
2016;67(5):742-752.

7. Chiou WL, Hsu FH. A new simple and rapid method to monitor 
the renal function based on pharmacokinetic consideration of 
endogeneous creatinine=. Res Commun Chem Pathol Pharmacol. 
1975;10(2):315-330.

8. Yashiro M, Ochiai M, Fujisawa N, et al. Evaluation of estimated 
creatinine clearance before steady state in acute kidney injury 
by creatinine kinetics. Clin Exp Nephrol. 2012;16(4):570-579.

9. Chen S. Retooling the creatinine clearance equation to estimate 
kinetic GFR when the plasma creatinine is changing acutely. 
J Am Soc Nephrol. 2013;24(6):877-888.

10. Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney 
injury. N Engl J Med. 2009;361(1):62-72.

11. Hall IE, Yarlagadda SG, Coca SG, et al. IL-18 and urinary NGAL 
predict dialysis and graft recovery after kidney transplantation. 
J Am Soc Nephrol. 2010;21(1):189-197.

12. Srisawat N, Murugan R, Lee M, et al. Plasma neutrophil 
gelatinase-associated lipocalin predicts recovery from acute 
kidney injury following community-acquired pneumonia. 
Kidney Int. 2011;80(5):545-552.

13. Srisawat N, Wen X, Lee M, et al. Urinary biomarkers and renal 
recovery in critically ill patients with renal support. Clin J Am 
Soc Nephrol. 2011;6(8):1815.


	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

