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Abstract: 

Background: Acute kidney injury, which was previously named as acute renal failure, is a complex clinical 

disorder and continues to be associated with poor outcomes. It is frequently seen in hospitalized patients,  

especially in critically ill patients. The primary causes of acute kidney injury are divided into three categories: 

prerenal, intrinsic renal and postrenal. The definition and staging of acute kidney injury are mainly based on 

the risk, injury, failure, loss, end-stage kidney disease (RIFLE) criteria and the acute kidney injury network 

(AKIN) criteria, which have previously been defined. However the clinical utility of these criteria is still  

uncertain. Several biomarkers such as Cystatin C and neutrophil gelatinase-associated lipocalin have been 

suggested for the diagnosis, severity classification and most importantly, the modification of outcome in acute 

kidney injury.  

Methods: Current literature on the definition, biomarkers, management and epidemiology of acute kidney 

injury was reviewed by searching keywords in Medline and PubMed databases.  

Results: The epidemiology, pathophysiology and diagnosis of acute kidney injury were discussed. The  

clinical implications of novel biomarkers and management of acute kidney injury were also discussed. 

Conclusions: The current definitions of acute kidney injury are based on the RIFLE, AKIN and KDIGO  

criteria. Although these criteria have been widely validated, some of limitations are still remain. Since acute 

kidney injury is common and harmful, all preventive measures should be taken to avoid its occurrence.  

Currently, there is no a definitive role for novel biomarkers.  
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Introduction 

 

cute kidney injury (AKI) is a complex clinical dis-

order that is associated with severe morbidity 

and mortality. Despite technological advances in renal 

replacement therapy, AKI continues to be associated 

with poor outcomes. AKI is a syndrome of sudden loss of 

the kidney’s excretory function, often with oliguria, which 

usually occurs over the course of hours to days. AKI is 

common in hospitalized patients, especially in critically ill 

patients.1 In the majority of patients, recovery of the 

kidney function is usually seen; however, many patients 

remain dialysis-dependent or are left with severe renal 

impairment.1,2 Since severe AKI is associated with a high 

mortality rate, all preventive measures should be taken 

to avoid the heavy burden of this common, but usually 

overlooked, clinical entity. 

 

Epidemiology 

 

In the Kidney Disease Improving Global Outcome 

(KDIGO) clinical practice guidelines, AKI is defined as 

any of the following: increase in serum creatinine (sCr) 

by≥0.3 mg/dl (≥26.5 µmol/l) within 48 hours; or an 

increase in serum creatinine to ≥1.5 times baseline, 

which is known or presumed to have occurred within the 

preceding 7 days; or a urine volume <0.5 ml/kg/h for 

6 hours.3 The definition and staging of AKI are based 

on the risk, injury, failure, loss, end-stage kidney dis-

ease (RIFLE) criteria4 and the acute kidney injury net-
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work (AKIN) criteria,5 which have previously been de-

fined.  

The incidence of AKI varies according to the different 

patient populations, differences in parameters used for 

the criteria and timing of end points. In a population-

based study of AKI using the RIFLE criteria, the annual 

incidence of AKI was 2147 per million population.6 This 

study examined hospitalized patients in whom only sCr 

had been measured. In another community study, the 

annual incidence of non-dialysis-requiring and dialysis-

requiring AKI were respectively 3841 and 244 per mil-

lion population.7 However, the criteria used for the di-

agnosis of AKI were different from the RIFLE criteria, 

and the baseline creatinine was derived from lowest 

creatinine during admission. 

Recent hospital studies have reported that 3.2-21 % 

of all hospitalized patients and up to 50% of patients 

admitted to the intensive care unit develop AKI.8-10 

 

Pathophysiology 

 

AKI is now considered to be a broad clinical syn-

drome encompassing various etiologies, including acute 

tubular necrosis, pre-renal azotemia, acute interstitial 

nephritis, acute glomerular and vasculitic renal diseases, 

and acute postrenal obstructive nephropathy. Some of 

these conditions may coexist in the same patient.4,5 Im-

paired renal blood flow can lead to hypoxic injury to 

the renal tubular cells by depleting intracellular ATP, 

disrupting the intracelular calcium homeostasis, infiltra-

tion of leukocytes, injuring the endothelium, releasing 

cytokines and adhesion molecules and causing apopto-

sis.11 However, this ischemic cascade has little clinical 

relevance to illnesses such as sepsis.12 Another important 

characteristic of this ischemic model is the little relevance 

to periods of decreased perfusion, as can be seen dur-

ing major surgery, since 80% renal-artery occlusion for 

2 h does not lead to sustained renal dysfunction.13  

In AKI, the renin-angiotensin-aldosterone system, the 

renal sympathetic system, and the tubuloglomerular feed 

back system are activated. These circulatory changes 

induce renal vasoconstriction and lead to increased re-

lease of arginine vasopressin, which contributes to water 

retention.14 

 

Diagnosis 

 

The clinical evaluation of AKI includes a careful histo-

ry and through physical examination. Since there is no a 

specific symptom or a sign for AKI, it is usually diag-

nosed in the context of another acute illness. The most 

common sign is oliguria, but it is neither specific nor sensi-

tive.15  sCr and urea concentrations are the most widely 

used parameters. In patients with increased sCr concen-

trations, it is important to distinguish whether the patient 

has AKI, chronic kidney disease, or a bout of acute ill-

ness superimposed on a chronic disease. In this context, 

some diagnostic clues that suggest the presence of 

chronic kidney disease may be helpful, namely, abnor-

mal sCr prior to presentation, associated risk factors 

(eg, hypertension or diabetes), a slow clinical course for 

presenting illness and normocytic anaemia. Renal ultra-

sonography may provide evidence of chronic disease 

with small kidneys.16 

In some cases, AKI occurs secondary to inflammatory 

parenchymal diseases such as vasculitis, glomerulone-

phritis and interstitial nephritis. In such patients, the clini-

cal features of these diagnoses including systemic mani-

festations in vasculitis, the presence of macroscopic 

haematuria in glomerulonephritis and/or the recent 

initiation of treatment with a drug known to cause inter-

stitial nephritis should be considered. Malignant hyper-

tension, bilateral cortical necrosis, pyelonephritis, amy-

loidosis and nephrotoxins are well known other causes 

of parenchymal AKI.16 

In the absence of obstruction or a clear prerenal 

cause, urinary microscopy with haematuria, proteinuria 

or fragmented red cells, red-cell casts, white cell casts 

or granular casts and any combination of these factors 

considerably suggests glomerular pathological chang-

es. Although the sensitivity of the test is poor, urine 

samples should be tested for eosinophils in the suspicion 

of interstitial nephropathy.16 

sCr concentrations and plasma urea concentrations 

are insensitive markers of glomerular filtration rate, as 

they are modified by nutrition, gastrointestinal bleed-

ing, corticosteroid therapy, high protein diet, muscle 

mass, age, sex and aggressive fluid resuscitation.16,17 

Indeed, increased levels of these waste products are 

observed only when the glomerular filtration rate de-

creases by more than 50% and does not show dynamic 

changes in filtration rates. Due to the limitations of sCr 

mentioned above, it is not an ideal marker for renal 

function. However, the sCr level is highly associated 

with the outcome in patients with AKI.18 

 

Drugs and AKI 

 

In drug-induced AKI, many patients present with a 

polyuric state, and thus, a high index of suspicion is 

needed for the diagnosis.16,17 Some of frequently pre-

scribed drugs such as aminoglycosides, amphotericin, 

non–steroidal anti-inflammatory drugs, methotraxete, 

cisplatin, ciclosporin, angiotensin-converting-enzyme 
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inhibitors and angiotensin-receptor blockers seem to be 

responsible for AKI in roughly 20% of patients, especial-

ly in critically ill patients.19 

An important cause of AKI is the use of iodinated 

contrast agents in the diagnostic procedures such as an-

giography.20 Contrast-induced nephropathy can be pre-

vented by use of iso-osmolar agents and isotonic saline 

infusion.20,21  

 

Novel Biomarkers 

 

As mentioned above, the creatinine level does not 

detect AKI promptly. Over the past decade, the discov-

ery and validation of unique biomarkers of kidney injury 

has gained significant interest. Among these biomarkers, 

neutrophil gelatinase-associated lipocalin (NGAL) and 

Cystatin C are the most frequently studied. These promis-

ing markers seem to change earlier than sCr concentra-

tions do, by showing different aspects of renal injury. For 

example, Cystatin C concentrations are related to 

changes in glomerular filtration rate,22 whereas concen-

trations of NGAL are related to tubular stress or injury.23 

Changes in these biomarkers with treatment or recovery 

suggest that they can also be used to monitor interven-

tions.24 Furthermore, they can distinguish a majority of 

patients who do not have AKI according to creatinine-

based criteria, but actually have a degree of kidney 

stres or injury that is associated with worse outcomes.25 

      Cystatin C is now considered a superior marker 

when compared with sCr in both animal models and clini-

cal settings of chronic kidney disease.26,27 However, it is 

unclear whether the value of cystatin C is generarizable 

to all forms of AKI or not. Moreover, the analysis of cys-

tatin C is affected by diabetes, hyperthyroidism, in-

flammation, large doses of corticosteroids, hyperbilluri-

binemia, rheumatoid factor and hypertrigliseridemia.28 

NGAL is the most extensively studied renal biomarker 

and it has been demonstrated in a recent meta-analysis 

that serum and urine NGAL levels have been found to be 

not only diagnostic of AKI, but that they have also pre-

dicted the clinical outcomes, such as the need for initi-

taion of dialysis, and mortality.25 

To date, several other biomarkers such as microalbu-

min, N-acetyl-ß-D-glucosaminidase, kidney injury mole-

cule-1, interleukin-18, liver fatty acid-binding protein, 

netrins and nestin have been studied for the diagnosis, 

severity classification and most importantly, the modifi-

cation of the outcome in AKI.29,30 However, more clinical 

studies will be required to prove the true superiority and 

cost effectivity of novel biomarkers over creatinine. 

 

 

General Management 

 

Since there is no an established pharmacotherapy 

for AKI, all preventive measures should be taken to 

prevent its occurrence. For example, if pre-renal fac-

tors contribute, they should be identified and rapid 

administration of intravenous fluids should be quickly 

undertaken. In this regard, the association between a 

positive fluid balance and increased 60-day mortality 

should be kept in mind.31 In fluid-resuscitated critically 

ill patients with pronounced oliguria or anuria, the 

avoidance of fluid overload can be provided by the 

initiation of renal replacement therapy at an early 

stage.16 

Central volume status can be monitored by physical 

examination, central venous pressure and measurement 

of blood pressure and heart rate. 

Nutritional support should be started as early with 

adequate calories, protein, trace elements and vita-

mins.17 

Hyperkalemia should be treated with insulin, dex-

trose, a bicarbonat infusion and/or nebulised salbuta-

mol. If the serum potassium concentration is higher than 

7 mmol/L or if electrocardiographic signs of hyper-

kalemia are present, 10 ml of 10% calcium gluconate 

should also be given intravenously.16,17 

As the nephroprotective effect of renal-dose or low 

dose dopamine has been refuted by findings from sev-

eral systematic reviews, use of this strategy is not rec-

ommended.17,32,33 

Although loop diuretics such as furosemide and 

bumetanide are commonly used in the management of 

AKI, their use are not recommended for the prevention 

or treatment of AKI, except in the management of vol-

ume overload.17 

 

Renal replacement therapy 

 

When making the decision for renal replacement 

therapy (RRT), the clinicians must consider some factors 

such as potassium, creatinine, and urea concentrations; 

fluid status; urine output; the overall course of the pa-

tient’s illness; and the presence of other complications. 

Absolute indications for initiation of RRT: 16 

1. Anuria (negligible urine output for 6h) 

2. Severe oliguria (urine output <200 ml over 12h) 

3. Hyperkalemia (potassium concentration >6.5 

mmol/L) 

4. Severe metabolic acidosis (pH<7.2 despite nor-

mal or low partial pressure of carbon dioxide in arte-

rial blood) 
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5. Volume overload (especially pulmonary odema 

unresponsive to diuretics) 

6. Pronounced azotemia (urea concentrations >30 

mmol/L or creatinine concentrations >300 µmol/L) 

7. Clinical complications of uremia (eg, encephalopa-

thy, pericarditis, neuropathy) 

Due to the fact that the only studies linking timing 

with the outcome are observational, the optimal time to 

start RRT is still debatable.34,35 The available forms of 

RRT include: continuous, intermittent and peritoneal dia-

lyses. Continuous RRT includes filtration alone (ie, contin-

uous venous-venous haemofiltration) or diffusion alone 

(eg, continuous veno-venous haemodialysis), or both (eg, 

continuous veno-venous haemodiafiltration).16 

Since there are no randomised controlled trials com-

paring intermittent or continuous RRT intermittent haemo-

dialysis, slow low efficiency dialysis, with continuous RRT, 

all seem to be acceptable options.36 

As it is unclear, the Acute Renal Trial Network (ATN)37 

and Randomised Evaluation of Normal versus Augment-

ed Level of Renal Replacement Trial (RENAL)38 studies 

have been designed to investigate the appropriate in-

tensity of RRT. Both have shown no difference in survival 

rates with increasing intensity of RRT. The current evi-

dence suggests that the prescribed dose of RRT should 

be equivalent to 20-30 ml/kg/h of continuous RRT or 

intermittent RRT three times weekly. This requires care-

ful monitoring as there is often a significant reduction in 

the dose delivered versus prescribed. Hemodynamical-

ly unstable patients should preferably receive continu-

ous RRT.37,38,39 

 

Conclusion 

 

Since AKI is common, harmful and treatable, all efforts 

should be focused on minimising the causes of AKI, on 

increasing awareness of the importance of serial meas-

urements of sCr in high risk patients, and on document-

ing the urine volume in acutely ill patients in order to 

achieve early diagnosis; there is as yet no definitive 

role for alternative biomarkers. 

 

Funding: None 

Competing interest: None declared 

Ethical approval: Not required. 

 

 

References 

 

1. Lameire N, Van Biesen W, Vanholder R. Acute kidney injury. Lancet. 2008 Nov 29;372(9653):1863-5. 

2. Kliger AS, Foley RN, Goldfarb DS, Goldstein SL, Johansen K, Singh A, et al. KDOQI US commentary on the 2012 KDIGO Clinical Practice Guideline 

for Anemia in CKD. Am J Kidney Dis. 2013 Nov;62(5):849-59. 

3. The Kidney Disease Improving Global Outcomes (KDIGO) Working Group. Definition and classification of acute kidney injury. Kidney Int Suppl. 

2012;2:19-36. 

4. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P; Acute Dialysis Quality Initiative workgroup. Acute renal failure - definition, outcome measures, 

animal models, fluid therapy and information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative 

(ADQI) Group. Crit Care. 2004 Aug;8(4):R204-12. 

5. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, et al. Acute Kidney Injury Network: report of an initiative to improve outcomes in 

acute kidney injury. Crit Care. 2007;11(2):R31. 

6. Ali T, Khan I, Simpson W, Prescott G, Townend J, Smith W, et al. Incidence and outcomes in acute kidney injury: a comprehensive population-based 

study. J Am Soc Nephrol. 2007 Apr;18(4):1292-8. 

7. Hsu CY, McCulloch CE, Fan D, Ordoñez JD, Chertow GM, Go AS. Community-based incidence of acute renal failure. Kidney Int. 2007 Jul;72(2):208-

12. 

8. Fang Y, Ding X, Zhong Y, Zou J, Teng J, Tang Y, et al. Acute kidney injury in a Chinese hospitalized population. Blood Purif. 2010;30(2):120-6. 

9. Long TE, Sigurðsson MI, Indridason OS, Sigvaldason K, Sigurdsson GH. [Epidemiology of acute kidney injury in a tertiary care university hospital ac-

cording to the RIFLE criteria]. Laeknabladid. 2013 Nov;99(11):499-503. 

10. Riley S, Diro E, Batchelor P, Abebe A, Amsalu A, Tadesse Y, et al. Renal impairment among acute hospital admissions in a rural Ethiopian hospital. 

Nephrology (Carlton). 2013 Feb;18(2):92-6. 

11. Bonventre JV, Yang L. Cellular pathophysiology of ischemic acute kidney injury. J Clin Invest. 2011 Nov;121(11):4210-21. 

12. Ishikawa K, May CN, Gobe G, Langenberg C, Bellomo R. Pathophysiology of septic acute kidney injury: a different view of tubular injury. Contrib 

Nephrol. 2010;165:18-27. 

13. Saotome T, Ishikawa K, May CN, Birchall IE, Bellomo R. The impact of experimental hypoperfusion on subsequent kidney function. Intensive Care 

Med. 2010 Mar;36(3):533-40. 

http://www.jivresearch.org/
http://www.ncbi.nlm.nih.gov/pubmed/19041789
http://www.ncbi.nlm.nih.gov/pubmed/23891356
http://www.ncbi.nlm.nih.gov/pubmed/23891356
http://www.ncbi.nlm.nih.gov/pubmed/15312219
http://www.ncbi.nlm.nih.gov/pubmed/15312219
http://www.ncbi.nlm.nih.gov/pubmed/15312219
http://www.ncbi.nlm.nih.gov/pubmed/17331245
http://www.ncbi.nlm.nih.gov/pubmed/17331245
http://www.ncbi.nlm.nih.gov/pubmed/17314324
http://www.ncbi.nlm.nih.gov/pubmed/17314324
http://www.ncbi.nlm.nih.gov/pubmed/17507907
http://www.ncbi.nlm.nih.gov/pubmed/20714143
http://www.ncbi.nlm.nih.gov/pubmed/24287739
http://www.ncbi.nlm.nih.gov/pubmed/24287739
http://www.ncbi.nlm.nih.gov/pubmed?term=Riley%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed?term=Diro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed?term=Batchelor%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed?term=Abebe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed?term=Amsalu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed?term=Tadesse%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23088253
http://www.ncbi.nlm.nih.gov/pubmed/23088253
http://www.ncbi.nlm.nih.gov/pubmed/22045571
http://www.ncbi.nlm.nih.gov/pubmed/20427951
http://www.ncbi.nlm.nih.gov/pubmed/20049587
http://dx.doi.org/10.5249/jivr.v8i1.610


 

 

Koza Y Injury & Violence      62 
 

Journal homepage: http://www.jivresearch.org                                                        J Inj Violence Res. 2016 Jan; 8(1): 58-62. doi: 10.5249/ jivr.v8i1.610 

14. Loutzenhiser R, Griffin K, Williamson G, Bidani A. Renal autoregulation: new perspectives regarding the protective and regulatory roles of the un-

derlying mechanisms. Am J Physiol Regul Integr Comp Physiol. 2006 May;290(5):R1153-67. 

15. Macedo E, Malhotra R, Claure-Del Granado R, Fedullo P, Mehta RL. Defining urine output criterion for acute kidney injury in critically ill patients. 

Nephrol Dial Transplant. 2011 Feb;26(2):509-15. 

16. Bellomo R, Kellum JA, Ronco C. Acute kidney injury. Lancet. 2012 Aug 25;380(9843):756-66. 

17. Kellum JA, Lameire N; for the KDIGO AKI Guideline Work Group. Diagnosis, evaluation, and management of acute kidney injury: a KDIGO summary 

(Part 1). Crit Care. 2013 Feb 4;17(1):204. 

18. Uchino S. Creatinine. Curr Opin Crit Care. 2010 Dec;16(6):562-7. 

19. Pannu N, Nadim MK. An overview of drug-induced acute kidney injury. Crit Care Med. 2008 Apr;36(4 Suppl):S216-23. 

20. McCullough PA. Contrast-induced acute kidney injury. J Am Coll Cardiol. 2008 Apr 15;51(15):1419-28. 

21. Solomon R. The role of osmolality in the incidence of contrast-induced nephropathy: a systematic review of angiographic contrast media in high risk 

patients. Kidney Int. 2005 Nov;68(5):2256-63. 

22. Ahlström A, Tallgren M, Peltonen S, Pettilä V. Evolution and predictive power of serum cystatin C in acute renal failure. Clin Nephrol. 2004 

Nov;62(5):344-50. 

23. Devarajan P. Review: neutrophil gelatinase-associated lipocalin: a troponin-like biomarker for human acute kidney injury. Nephrology (Carlton). 

2010 Jun;15(4):419-28. 

24. Srisawat N, Wen X, Lee M, Kong L, Elder M, Carter M, et al. Urinary biomarkers and renal recovery in critically ill patients with renal support. Clin J 

Am Soc Nephrol. 2011 Aug;6(8):1815-23. 

25. Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-Fielitz A; NGAL Meta-analysis Investigator Group. Accuracy of neutrophil gelatinase-

associated lipocalin (NGAL) in diagnosis and prognosis in acute kidney injury: a systematic review and meta-analysis. Am J Kidney Dis. 2009 

Dec;54(6):1012-24. 

26. Togashi Y, Sakaguchi Y, Miyamoto M, Miyamoto Y. Urinary cystatin C as a biomarker for acute kidney injury and its immunohistochemical localization 

in kidney in the CDDP-treated rats. Exp Toxicol Pathol. 2012 Nov;64(7-8):797-805. 

27. Soto K, Coelho S, Rodrigues B, Martins H, Frade F, Lopes S, et al. Cystatin C as a marker of acute kidney injury in the emergency department. Clin J 

Am Soc Nephrol. 2010 Oct;5(10):1745-54. 

28. Séronie-Vivien S, Delanaye P, Piéroni L, Mariat C, Froissart M, Cristol JP; SFBC "Biology of renal function and renal failure" working group. Cystatin 

C: current position and future prospects. Clin Chem Lab Med. 2008;46(12):1664-86. 

29. Charlton JR, Portilla D, Okusa MD. A basic science view of acute kidney injury biomarkers. Nephrol Dial Transplant. 2014 Jul;29(7):1301-11.  

30. Zhang W, Zhang L, Chen YX, Xie YY, Zou YF, Zhang MJ, et al. Identification of nestin as a urinary biomarker for acute kidney injury. Am J Nephrol. 

2014 ;39(2):110-21. 

31. Payen D, de Pont AC, Sakr Y, Spies C, Reinhart K, Vincent JL; Sepsis Occurrence in Acutely Ill Patients (SOAP) Investigators. A positive fluid balance 

is associated with a worse outcome in patients with acute renal failure. Crit Care. 2008;12(3):R74. 

32. Friedrich JO, Adhikari N, Herridge MS, Beyene J. Meta-analysis: low-dose dopamine increases urine output but does not prevent renal dysfunction or 

death. Ann Intern Med. 2005 Apr 5;142(7):510-24. 

33. Kellum JA, M Decker J. Use of dopamine in acute renal failure: a meta-analysis. Crit Care Med. 2001 Aug;29(8):1526-31. 

34. Bagshaw SM, Cruz DN, Gibney RT, Ronco C. A proposed algorithm for initiation of renal replacement therapy in adult critically ill patients. Crit Care. 

2009;13(6):317. 

35. Bagshaw SM, Uchino S, Bellomo R, Morimatsu H, Morgera S, Schetz M, et al. Timing of renal replacement therapy and clinical outcomes in critically ill 

patients with severe acute kidney injury. J Crit Care. 2009 Mar;24(1):129-40. 

36. Bagshaw SM, Berthiaume LR, Delaney A, Bellomo R. Continuous versus intermittent renal replacement therapy for critically ill patients with acute kid-

ney injury: a meta-analysis. Crit Care Med. 2008 Feb;36(2):610-7. 

37. VA/NIH Acute Renal Failure Trial Network, Palevsky PM, Zhang JH, O'Connor TZ, Chertow GM, Crowley ST, et al. Intensity of renal support in criti-

cally ill patients with acute kidney injury. N Engl J Med. 2008 Jul 3;359(1):7-20. 

38. RENAL Replacement Therapy Study Investigators, Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, et al. Intensity of continuous renal-replacement 

therapy in critically ill patients. N Engl J Med. 2009 Oct 22;361(17):1627-38. 

39. Kellum JA, Ronco C. Dialysis: Results of RENAL-what is the optimal CRRT target dose? Nat Rev Nephrol. 2010 Apr;6(4):191-2. 

 

 

http://www.jivresearch.org/
http://www.ncbi.nlm.nih.gov/pubmed/16603656
http://www.ncbi.nlm.nih.gov/pubmed/16603656
http://www.ncbi.nlm.nih.gov/pubmed/20562094
http://www.ncbi.nlm.nih.gov/pubmed/22617274
http://www.ncbi.nlm.nih.gov/pubmed/23394211
http://www.ncbi.nlm.nih.gov/pubmed/23394211
http://www.ncbi.nlm.nih.gov/pubmed/20736825
http://www.ncbi.nlm.nih.gov/pubmed/18382197
http://www.ncbi.nlm.nih.gov/pubmed/18402894
http://www.ncbi.nlm.nih.gov/pubmed/16221227
http://www.ncbi.nlm.nih.gov/pubmed/16221227
http://www.ncbi.nlm.nih.gov/pubmed/15571178
http://www.ncbi.nlm.nih.gov/pubmed/20609093
http://www.ncbi.nlm.nih.gov/pubmed/21757640
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/19850388
http://www.ncbi.nlm.nih.gov/pubmed/21377848
http://www.ncbi.nlm.nih.gov/pubmed/21377848
http://www.ncbi.nlm.nih.gov/pubmed/20576828
http://www.ncbi.nlm.nih.gov/pubmed/18973461
http://www.ncbi.nlm.nih.gov/pubmed/18973461
http://www.ncbi.nlm.nih.gov/pubmed/24385545
http://www.ncbi.nlm.nih.gov/pubmed/24503548
http://www.ncbi.nlm.nih.gov/pubmed/18533029
http://www.ncbi.nlm.nih.gov/pubmed/18533029
http://www.ncbi.nlm.nih.gov/pubmed/15809463
http://www.ncbi.nlm.nih.gov/pubmed/15809463
http://www.ncbi.nlm.nih.gov/pubmed/11505120
http://www.ncbi.nlm.nih.gov/pubmed/19909493
http://www.ncbi.nlm.nih.gov/pubmed/19272549
http://www.ncbi.nlm.nih.gov/pubmed/19272549
http://www.ncbi.nlm.nih.gov/pubmed/18216610
http://www.ncbi.nlm.nih.gov/pubmed/18216610
http://www.ncbi.nlm.nih.gov/pubmed/18492867
http://www.ncbi.nlm.nih.gov/pubmed/18492867
http://www.ncbi.nlm.nih.gov/pubmed/19846848
http://www.ncbi.nlm.nih.gov/pubmed/19846848
http://www.ncbi.nlm.nih.gov/pubmed/20348928
http://dx.doi.org/10.5249/jivr.v8i1.610

	Acute kidney injury: current concepts and new insights
	Introduction
	Epidemiology
	Pathophysiology
	Diagnosis
	Drugs and AKI
	Novel Biomarkers
	General Management
	Renal replacement therapy

	Conclusion
	References


