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Abstract 
Acute kidney injury is a syndrome characterized by a sudden, sus-
tained, and potentially reversible decrease in glomerular filtration 
rate and tubular function, which globally impacts renal function. It 
comprises of a series of events starting with the presence of risk 
factors, then evolving towards acute kidney injury progression, 
characterized by stress, injury, and renal failure, culminating with 
either the use of renal replacement therapy or death. Currently, the 
use of biomarkers that differentiate between the initial functional 
deterioration and late-onset structural damage of the kidney ena-
bles the clinician to perform an early diagnosis and indicate treat-
ment before the stages of acute kidney injury progression are es-
tablished, thus increasing survival rates. 
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Main messages 

• Acute renal failure is considered a marker of severity and mortality that determines the prognosis of other concomitant 
diseases.  

• It is a frequent syndrome with an incidence that varies according to etiology between 15 and 35%, and it is a late phase 
condition in a continuum of stages preceded by risk, stress, and lesion.  

• The employment of biomarkers could alert the presence of early stages, which makes knowledge about them important, 
given that their use allows for the detection of subtle changes in renal function and illustration of lesions before there is 
an increase in serum creatinine.  

• There is uncertainty about the employment of certain drugs; therefore, management is still focused on non-dialytic ther-
apies and renal replacement. 
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Introduction 
The natural progression of acute kidney injury (AKI) is defined by a 
continuum of events that begin with the presence of risk factors and 
continue with the phases of stress, kidney injury, and kidney failure1. 
The latter is characterized by a sudden, sustained, and potentially re-
versible decrease in glomerular filtration rate and tubular functions 
in less than 30 days, globally affecting renal function2,3. Therefore, 
acute kidney injury can cause alterations in blood pressure homeo-
stasis, platelet function, blood volume, fluid and electrolyte balance, 
acid-base balance, drug half-life, among others. Current studies show 
that the early presence of kidney damage can be sought-out through 
the use of biomarkers, introducing the concepts of stress and kidney 
injury as phases before failure. 

The purpose of this review is to integrate the available scientific ev-
idence that describes the previous phases of acute renal failure, re-
viewing in detail its possible causes, classifications, most current di-
agnostic methods, and generalities of the main current recommen-
dations on its driving. For this, reviews were carried out in PubMed, 
ScienceDirect, and Google Scholar. 

Epidemiology 
Acute renal failure has an incidence that varies between 15 and 35%, 
determined by the etiologic trigger4. These include shock and sepsis 
(50%), major surgery or trauma (between 25 and 35%), in-
traabdominal hypertension, nephrotoxic substances (less than 14%), 
among others5-7. A prospective multicentric study in Chile shows a 
similar frequency to that described in international literature, indicat-
ing sepsis (50.9%), ischemia (46.9%), surgery (26.3%), exogenous 

toxicity (24.5%), endogenous toxicity (11.4%), acute glomerular 
damage (6.1%) and obstructive uropathy (6.1%) as causes8. 

Acute kidney injury mortality varies between 35 and 60% in patients 
who require renal replacement therapy4. Therefore, even though a 
person can recover renal function after the kidney injury phase, there 
is still a higher risk of mortality or a greater risk of rehospitalization 
within two years9, which is also a risk factor for chronic kidney dis-
ease. According to the classification criteria of the Acute Kidney In-
jury Network (AKIN), survival rates diminish depending on the state 
of severity and days of hospitalization. In patients without a diagno-
sis of acute renal failure, the survival rate is 95%, with AKIN 1 of 
80%, AKIN 2 of 65%, and AKIN 3 of less than 60%10. Therefore, 
acute kidney injury is considered an indicator of severity and mortal-
ity that defines the prognostic of accompanying disease11. 

Etiology 
Currently, the classic etiologic classification for the differential diag-
nosis of acute kidney injury (table 1)12, which is based on the location 
and frequency of presentation, is being replaced by observable pat-
terns of kidney injury13 based on the presence of biomarkers or the 
phenomena that overlap the pre-renal and parenchymal etiologies14. 
Evidence informing the use of blood urea nitrogen and creatine as 
an indicator of the etiology with a cut-off value of 20 has been ques-
tioned since it does not indicate with certainty the location of the 
structural damage15, which therefore renders its use as ill-advised. 
Hence, before an increase in serum creatinine ensues, the availability 
of biomarkers has allowed the detection of subtle changes in renal 
function and evidence of damage3. 
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Table 1. Etiologies according to anatomical location and overlapping causes. 

Etiology Alteration Possible causes 
Pre-renal 60% 
 
Urinalysis: 

• OsmU > 500 
mOsm/kg 

• NaU < 20 mEq/l 
• U/P Crea > 40 
• FeNa < 1% 
• FeU < 35% 
• Normal urinary sedi-

ment (there may be 
fine granular or hyaline 
casts) 

Hypovolemia Hemorrhage 
Volume depletion 

Renal water loss (diuretics) 
Third-spacing (burns, peritonitis, muscle trauma) 

Hemodynamic 
instability 

Congestive heart failure 
Cardiogenic shock 

Systemic vasodilation Antihypertensive drugs 
Anaphylaxis, sepsis and septic shock 

Hepatic cirrhosis 
Increase in vascular 

resistance 
Anesthesia and surgery 
Hepatorenal syndrome 

NSAIDs 
Drug-induced renal vasoconstriction (cyclosporine) 

Parenchymal 35% 
 
Urinalysis: 

• OsmU < 400 
mOsm/kg 

• NaU > 40 mEq/l 
• U/P Crea < 20 
• FeNa > 1% 
• FeU > 35% 
• Epithelial Reno-tubu-

lar cells (muddy brown 
granular casts) 

Tubular 
(85%) 

50% due to ischemic ATN (shock, surgical complications, 
hemorrhage, trauma, bacteremia, pancreatitis, pregnancy) 

35% due to nephrotoxic ATN, which can be due to either ex-
ogenous substances (antibiotics, antineoplastic drugs, contrast 
agents, organic solvents, anesthetics, heavy metals) or endoge-

nous substances (myoglobin, hemoglobin, uric acid) 
Glomerular 

(< 5%) 
Acute glomerulonephritis, post-infective or due to IgA, rap-

idly progressive glomerulonephritis or lupus nephritis 
Infectious endocarditis 

Insterstitial (10%) Infectious interstitial nephritis (bacterial, viral) or drug-in-
duced interstitial nephritis (antibiotics, diuretics, NSAIDs) 

Vascular Medium-vessels (bilateral stenosis of the renal artery, bilateral 
thrombosis of renal veins) 

Small-vessels (certain vasculitis, acute hypertensive nephro-
sclerosis, atherosclerotic or thrombotic emboli, hemolytic-
uremic syndrome, thrombotic thrombocytopenic purpura) 

Post-renal < 5% (obstructive) 
 
 

Extra-renal 
Obstruction 

Benign prostatic hypertrophy, cancer (bladder, prostate, or 
cervix) 

Hipertrofia de próstata, cáncer (vejiga, próstata o cuello 
uterino) 

Improperly installed catheter 
Retroperitoneal fibrosis 

Intra-renal 
Obstruction 

Nefrolitiasis, metástasis 
Blood clots 

Papillary Necrosis 
Sepsis and septic shock 

 
Hyperdynamic state and vasodilation due to multiple organic 

dysfunction syndrome (improves with vasopressors) 
Volume overload 

 
Venous congestion of the kidney with an increase in central 

venous pressure 
NSAID: non-steroidal anti-inflammatory drugs.  
FeNa: Fraction excreted sodium. 
FeU: Fraction excreted from urea. 
NaU: urinary sodium. 
ATN: acute tubular necrosis. 
 OsmU: urinary osmolarity. 
U / P Crea: urinary / plasma creatinine ratio.  
The last two etiologies correspond to overlapping phenomena of causes (pre-renal - parenchymal).  
Source: Adapted from Makris and Spanou12,20. 

 

Biomarkers 
Historically blood urea nitrogen and serum creatinine have been 
used as biomarkers of renal function. The latter increases once the 
glomerular filtration rate decreases more than 50%, with a kinetic 
that requires a period of 24 to 48 hours to evaluate changes16, indi-
cating the scarce correlation between serum creatinine and the pro-
gressive changes at the renal level, making it a late biomarker that 
underestimates the degree of renal failure at the beginning of the 
disease and overestimates the recovery16. 

Consequently, new biomarkers that screen for early onset of altera-
tions to renal function have been investigated. Among these stand 
out NAG (N-Acetylglucosamine), GST (Glutathione-S-Transfer-
ase), L-FABP (Liver Fatty Acid Binding Protein), IL-18 (Interleukin 
18), KIM-1 (Renal Injury Molecule), NGAL (Associated Lipocalin 
to Neutrophil Gelatinase, present in the renal tubule), C-C (Cystatin-
C) y TIMP2-IGFBP7 (tissue inhibitor metalloproteinase-2, and in-
sulin growth factor binding protein 7)3,17,25. These are classified as 
biomarkers of glomerular function (C-C) and tubular damage (NAG, 
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GST, L-FABP, IL-18, KIM-1, NGAL), highlighting TIMP2-
IGFBP7, because of their usefulness in the identification of renal 
stress (state prior to renal damage and highly susceptible to imminent 
damage)25. Although the pathophysiology and time of appearance of 
these biomarkers are still under study, it is estimated that IL-18 is 
released in the urine by proximal tubular cells four to six hours after 
a tubular injury (reflecting inflammatory activity). In comparison, 
KIM -1 is released between three to six hours after the onset of is-
chemia or nephrotoxicity, and NGAL is released three hours after 

the onset of damage (caused by neutrophils and renal tubular epithe-
lial tissue)3. 

Through biomarkers of intrinsic damage, it is possible to detect kid-
ney lesions before significant changes in the functional biomarkers 
occur(Figure 1); however, their use has not yet been standardized, 
given the limited development of guidelines, use, and monitoring25. 
Furthermore, there are no studies that determine the degree of sen-
sitivity and specificity of these biomarkers for detecting kidney dam-
age. 

 

Figure 1. Classification according to biomarkers. 

 
Glomerular Function Markers (Creatinine or C-C) and Tubular Damage (NAG, GST, L-FABP, IL-18, KIM-1, NGAL). The combination of 
both types of biomarkers will allow the doctor to diagnose AKI earlier and better differentiate the disease process. Each of these rises before 
blood creatinine elevation; however, its pathophysiology has not yet been precisely defined, so its specific role in AKI has yet to be defined. 
In this scheme, the colors represent the severity of the AKI, being absent or mild (green), moderate (yellow), and severe (red). Note that 
depending on the type of injury that is expressed (kidney function or damage), it will manifest as subclinical, pre-renal, or intrinsic AKI.  
Source: Adapted from Ostermann and Koyner3,25. 

 

Urinalysis 
The biochemical analysis of urine provides information for the etio-
logic diagnosis that underlies acute kidney injury (table 1)18; however, 
its usefulness is controversial given the change in the pre-renal/renal 
paradigm19 due to the appearance of biomarkers. Among the patho-
logical findings that stand out are the following: presence of pro-
teinuria and hematuria with red blood cell casts and dysmorphic 
erythrocytes (suggestive of glomerulonephritis), leukocyturia and 
aseptic pyuria (suggestive of interstitial nephritis), hemoglobinuria, 
and changes in urine color from black to pink (suggestive of kidney 
damage due to pigments or myoglobinuria) and tubular epithelial cell 
casts (suggestive of acute tubular necrosis). 

Imaging 
Within the imaging modalities, renal ultrasound stands out for its 
easy accessibility, low cost, absence of adverse effects, and no expo-
sure to radiation or IV contrast. Renal ultrasound provides useful 

information such as renal size (nine to 12 centimeters in length), cor-
tex width (usually one centimeter), corticomedullary differentiation, 
echogenicity, pyelouretheral involvement, and vascularization20. Be-
cause recent-onset renal failure is potentially reversible, the purpose 
of using ultrasound is to identify patients in whom acute kidney fail-
ure could reverse or progress with further deterioration of the glo-
merular filtration rate. 

Regarding renal size in acute renal failure, typically, it is normal; how-
ever, both acute tubular necrosis and interstitial edema can increase 
in dimensions. Although it is common to find a decreased renal size 
in chronic illness, there are chronic diseases in which there is a bilat-
eral increase in renal size (diabetes, lymphomas, HIV nephropathies, 
multiple myeloma, and amyloidosis)20. 

Renal echogenicity is a subjective but useful ultrasound finding sug-
gestive of underlying kidney disease. The normal echogenicity of the 
right kidney is equivalent or hypoechoic compared to the liver, while 
the left kidney is typically hypoechoic compared to the spleen. When 



 

 5 / 7 

cortical echogenicity is more pronounced than the liver, it is consid-
ered a reliable marker for renal dysfunction. Nonetheless, in acute 
kidney injury, the appearance varies depending on the etiology; for 
example, in pre-renal situations, cortical echogenicity is normal 
whereas in acute tubular necrosis, there is a more significant cortico-
medullary differentiation20. 

Assessment of the renal hilum may reveal hydronephrosis, often the 
consequence of obstructive (intrinsic or extrinsic) or non-obstruc-
tive uropathy (pregnancy, papillary necrosis). It is important to rule 
out any obstruction of the urinary tract in the presence of dilation of 
the renal pelvis (Table 1). 

Diagnosis 
Depending on the classification system used, the diagnosis can be 
made according to the following: AKIN-KDIGO (Kidney Disease: 
Improving Global Outcomes) staging, etiology, temporality, or pres-
ence or absence of functional and kidney damage biomarkers (Table 
2, Figure 1), which allows for an earlier diagnosis compared other 
classification systems. It is a dynamic process in which the patient 
can oscillate between one stage or another3. 

 

Table 2. Diagnosis of acute kidney injury. 

Classification categories Diagnostic criteria 
AKIN-KDIGO criteria 
 I 

Creatinine increase of 1.5 to 1.9 of basal in 7 days or increase > 0.3 mg/dl in 48 horas 
Diuresis < 0.5 ml/kg/hr in 6 hours 

II 
Creatinine increase of 2 to 2.9 of basal 
Diuresis < 0.5 ml/kg/hr in > 12 hours 

III 
Creatinine increase of 3 of basal or increase > 4 mg/dl or initiation of RRT 

Diuresis < 0.3 ml/kg/hour in > 24 hours or anuria in > 12 hours 
These criteria detect more ARI compared to the RIFLE criteria 

According to functional alternations 
and/or structural damage (Figure 1) 

Absence of functional alterations (normal creatinine or C–C) 
Presence of functional alterations (elevated creatinine or C–C) 

Absence of renal damage (negative biomarker) 
Presence of renal damage (positive biomarker) 

The 10th ADQI consensus conference proposes to use damage and function biomarkers in 
combination with traditional markers of kidney function to define better and characterize AKI [3],[25]. 

Etiology 
(Table 1) 

Pre-renal: physical examination and complete urinalysis 
Parenchymal: complete urinalysis 

Post-renal: imaging 
Sepsis/septic shock-induced AKI 

AKI due to volume overload 
AKI temporality Transitory: normalizes within < 72 hours. It correlates with KDIGO 1 y FeNa < 1%. 

Persistent: does not return to normal. It correlates with an increase in biomarkers (NGAL), KDIGO 2 
& 3, FeNa > 1%, and increased mortality. 

AKI: Acute Kidney Failure. 
ADQI: Adequate Dialysis Quality Initiative. 
C – C: Cystatin C. 
FeNa: Fraction excreted sodium.  
NAG: N-Acetylglucosamine.  
KDIGO (Kidney Disease: Improving Global Outcomes). 
 

Management 
The implementation of uniform management measurements has 
shown benefits in survival and hospitalization rates. Non-dialytic 
treatment and renal replacement therapy are among these manage-
ment strategies. 

1. Non-dialytic treatment 

The treatment of underlying diseases and predisposing conditions is 
a vital pillar in the prevention and management of acute renal failure. 

1.1. Volume expansion. A controlled resuscitation with crys-
talloids is recommended in case of volume depletion or as 
a prophylactic measure to prevent acute kidney failure as-
sociated with the use of drugs (see Table 1). By monitoring 
electrolyte levels and acid-base status, efforts should be 
made to avoid volume overload. Likewise, if intravascular 

contrast media is administered, the use of isotonic crystal-
loids is recommended. On the other hand, the use of se-
rum albumin is reserved only for situations of septic 
shock, and the use of starch or dextrans is discouraged, 
given the evidence pointing to harmful effects21. 

1.2. Diuretics. Only recommended to control or avoid vol-
ume overload in patients who respond to diuretics21. 

1.3. Vasopressors. It is recommended to titrate vasopressors 
for a mean arterial pressure of 65 to 70 millimeters of hy-
drogen in septic shock, except if in the cases of previous 
chronic hypertension, where the target should be a mean 
arterial pressure (MAP) between 80 and 85. In case of hy-
potension, prefer the use of norepinephrine as the first 
choice or vasopressin in cases of vasoplegia21. 

1.4. Vasodilators: The use of dopamine, levosimendan, 
fenoldopam, or natriuretic peptides is not recommended 
for renal protection in critically ill patients as they may 
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cause hypotension by counteracting compensatory vaso-
constriction in occult hypovolemia21. 

1.5. Hormonal-metabolic. It is indicated to maintain glyce-
mia between 110 and 149 micrograms per deciliter for the 
prevention of hyperglycemic kidney damage22. The use of 
selenium-IV, erythropoietin, or steroids is not recom-
mended to prevent acute kidney injury, given its lack of 
benefit. The use of N-acetylcysteine in the prevention of 
contrast-associated acute kidney injury is also not recom-
mended in critically ill patients due to conflicting results 
and possible adverse effects. The short-term use of 
atorvastatin or rosuvastatin to prevent contrast-associated 
acute renal failure is recommended in high-risk patients 
undergoing coronary angiography, as well as the perioper-
ative use of high-dose statins to prevent postoperative 
acute kidney failure in cardiac surgery21. 

1.6. Nutritional. Nutrition should not be stopped in a patient 
with acute kidney injury, thus maintaining adequate nutri-
tional support, preferably through the enteral route. A 
provision of 20 to 30 kilocalories per kilogram per day, 
and a protein contribution of 0.8 to one gram per kilogram 
per day (between 1 and 1.5 in renal replacement therapy, 
maximum 1.7 in hypercatabolic patients) is recommended. 
In cases of uremia, renal replacement therapy could be an 
option to restore nutrition as soon as possible, therefore 
preventing a uremic exacerbation22. 

2. Renal replacement therapy 

Renal replacement therapy includes intermittent dialysis, continuous 
dialysis, or hybrid therapies. Each modality has its established pro-
tocols. However, there are still doubts about how to measure the 
quality of renal replacement therapy delivery, so the use of one is not 
preferred over the other23. 

The criteria for starting renal replacement therapy in acute kidney 
injury are oliguria (less than 200 milliliters in 12 hours) or anuria (less 
than 50 milliliters in 12 hours), hyperkalemia (greater than 6.5 mi-
croequivalents per liter), hypernatremia (greater than 155 microe-
quivalents per liter) and hyponatremia (less than 120 microequiva-
lents per liter) refractory to treatment; severe acidemia (pH less than 
7), azotemia (blood urea nitrogen greater than 73 micrograms per 
deciliter or urea greater than 30 micrograms per deciliter), uremic 
complications (encephalopathy, neuropathy, myopathy, uremic per-
icarditis), hyperthermia and dialyzable drug overdose24. 

A Cochrane review including five low-quality randomized studies 
with 1084 patients compared standard initiation versus early initia-
tion of renal replacement therapy25. The outcomes were reduced risk 
of death, increased recovery of kidney function, or an increased risk 
for adverse events in patients with severe acute kidney injury25. Alt-
hough early initiation of renal replacement therapy has shown to re-
duce the risk of death and improve recovery of renal function, it also 
increases the risk of adverse events that worsen these results. Re-
garding mortality, the evidence did not show different patterns in the 
short or long term—given that there are results that show an in-
crease and a decrease in mortality, both of little significance. There-
fore, there is a need for additional studies with appropriate criteria 
to reduce the ambiguity of the results26. 

 

 

3. Follow-up 

Follow-up with serial creatinine levels has the disadvantage of show-
ing kidney function 48 hours before drawing the blood sample16. 
However, a declining creatinine curve could elucidate a pattern that 
warrants patient discharge, thus continuing with outpatient visits. In 
chronic dialysis patients, creatinine is monitored at least every three 
months, while urea nitrogen is monitored monthly. 

Concluding remarks 
The definition of acute kidney injury still tries to clarify concepts that 
allow an early diagnosis over an etiological diagnosis. Thus, the use 
of biomarkers is being introduced to establish the degree of renal 
involvement in conjunction with the current AKIN-KDIGO stag-
ing system. Despite this, more evidence is needed to expand its use 
in clinical practice. Consequently, management continues to focus 
on preventive measures and essential support to avoid the require-
ment for renal replacement therapy, which, although it may be ben-
eficial in the recovery of kidney function and reducing the risk of 
death, has a negative impact by increasing the risk of adverse events. 
Likewise, it is unclear whether its use increases or reduces mortality. 
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