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Abstract: Many patients with AKI have a mixed aetiology as the presence of co-factors as sepsis, 

ischaemia and nephrotoxicity often co-exist and complicate recognition and treatment.  This 

syndrome is more common among patients without critical illness and it is essential that health 

care professionals, particularly those without specialisation in renal disorders, detect it easily.  
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Introduction. 

At the beginning of the twentieth century, ARF, then 

named Acute Bright’s disease, was described in William 

Osler’s Textbook for Medicine (1909), to be “as a 

consequence of toxic agents, pregnancy, burns, trauma or 

operations on the kidneys”. During the First World War the 

syndrome was named war nephritis, and was reported in 

several publications. The syndrome was forgotten until the 

Second World War, when Bywaters and Beall published their 

classical paper on crush syndrome. [1-2] 

Acute Kidney Injury (AKI) is the term that has recently 

replaced the term ARF. AKI is defined as an abrupt (within 

hours) decrease in kidney function, which encompasses both 

injury (structural damage) and impairment (loss of function). 

It is a syndrome that rarely has a sole and distinct 

pathophysiology. [3] 

Many patients with AKI have a mixed aetiology as the 

presence of co-factors as sepsis, ischaemia and nephrotoxicity 

often co-exist and complicate recognition and treatment.  This 

syndrome is more common among patients without critical 

illness and it is essential that health care professionals, 

particularly those without specialisation in renal disorders, 

detect it easily. [4-5] 

Acute tubular necrosis (ATN) was the term that was used to 

describe this clinical entity, because of histological evidence 

for patchy necrosis of renal tubules at autopsy. For many years 

in clinical practice, the terms ATN and ARF were used 

interchangeably. [6] 

Homer W. Smith who is credited for the introduction of the 

term acute renal failure, in a chapter on Acute renal failure 

related to traumatic injuries in his 1951 textbook The kidney-

structure and Function in Health and Disease. Until recently, 

a precise biochemical definition for ARF was missing. [7]                   

The aim of this manuscript was to assess the incidence and 

privilence of acute kidney injury in critically ill patients. 

Epidemiology: 

In urban areas of developing countries, main causes of AKI 

are hospital acquired (renal ischaemia, sepsis and nephrotoxic 

drugs) while in rural areas it is more commonly a consequence 

of community acquired disease (diarrhoea, dehydration, 

infectious diseases, animal venoms etc.). Under-reporting of 

AKI especially in developing countries is also a major 

problem that relates with the true knowledge of its impact in 

many parts of the world. [8-9] 

In developed countries the prevalence of AKI is increasing. 

In hospital inpatients it is estimated to occur up to 15% and is 

more common in critically ill patients, in whom its prevalence 

is estimated to be up to 60%.  Community AKI is usually 

uncommon although a recent study estimated its incidence at 

4.3% among all hospital admissions. 

[10]  

Multiple studies have shown that AKI in the elderly (usually 

defined as older than 65 years) is increasingly common and 

that there is an age-dependent relationship between AKI and 

older age. This may be due to mixed aetiology of anatomic 

and physiologic changes in the aging kidney and in part to 

various comorbidities as: hypertension, cardiovascular disease, 

chronic kidney disease (CKD) - that may require procedures 

and/or medications that act as kidney stressors and alter renal 

haemodynamics or are nephrotoxic. [11-12] 
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Table 1. 

Risk, Injury, Failure, Loss of kidney function and End-

stage kidney disease (RIFLE) classification 

Class GFR UO 

Risk ↑ SCr × 1.5 or ↓ GFR >25% <0.5 mL/kg/h × 6 h 

Injury ↑ SCr × 2 or ↓ GFR >50% 
<0.5 mL/kg/h × 12 

h 

Failure 

↑ SCr × 3 or ↓ GFR >75% or if 

baseline SCr ≥353.6 μmol/L(≥4 

mg/dL) ↑ SCr>44.2 μmol/L(>0.5 

mg/dL) 

<0.3 mL/kg/h × 24 

h or anuria × 12 h 

Loss of 

kidney 

function 

Complete loss of kidney function 

>4 weeks 
Anuria 

End-

stage 

kidney 

disease 

Complete loss of kidney function 

>3 months 
Anuria 

 

 
GFR (glomerular filtration rate) ; UOP  (urine output) ; 

SCr (serum Creatinine) 

Table 2. 

The AKIN classification/staging system of acute kidney 

injury 

Stage  SCr UOP 

1  
↑ SCr ≥26.5 μmol/L (≥0.3 mg/dL) or 

↑SCr ≥150 a 200% (1.5 a 2×) 
<0.5 mL/kg/h (>6 h) 

2  ↑ SCr>200 a 300% (>2 a 3×) <0.5 mL/kg/h (>12 h) 

3  

↑ SCr>300% (>3×) or if baseline SCr 

≥353.6 μmol/L (≥4 mg/dL) ↑SCr 

≥44.2 μmol/L (≥0.5 mg/dL) 

<0.3 mL/kg/h (24 h) 

oranuria (12 h) 

 

 

SCr (serum Creatinine) – UOP (urine output) - Stage 3 

also includes patients requiring RRT independent of the 

stage (defined by SCr and/or UOP) they are in at the 

moment they initiate RRT. 

 

 

 

Figure 1;  Classifiation and causes of AKI 

 
During an ischaemic insult all segments of the nephrons can 

be affected but proximal tubular cells are the most commonly 

injured. In addition, the nephron’s natural function is to filter, 

concentrate and reabsorb many substances from tubular 

lumen, and the concentration of these substances may reach 

toxic levels for the surrounding epithelial cells. A detailed 

description of the sequence of events and the cellular changes 

during ischaemic AKI can be found elsewhere. 

Figure 2 Time to Death or Dialysis from Day of 

Consultation in Intensive Care Unit Groups are stratified 

by day 1 status. 
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For those patients who were diuretic resistant (furosemide 

equivalent per milliliter ratio ≥1.0), the No. at risk for days 1, 

2, 3, and 5 were 35, 19, 10, and 3, respectively. Analysis 

includes 411 of the 416 patients who survived at least 7 days 

after nephrology consultation in the intensive care unit. Data 

are excluded for 5 patients who died at an unknown time. 

Figure 3; Outcomes of AKI 

 
Approximately 5% to 6% of patients with AKI require renal 

replacement therapy and the mortality rate in this popu- lation 

that requires renal replacement therapy is approximately 50% 

to 70%. AKI also significantly increases length of hospital 

stay and is associated with a significant increase in the risk for 

chronic kidney disease and end-stage renal disease.  

Discussion  

Recently, studies also have identified that even small changes 

in serum creatinine are associated with significant increases in 

mortality. Furthermore, AKI survivors are still at high risk for 

long-term adverse outcomes such as chronic kidney disease, 

end-stage renal disease, and premature death, even if the 

serum creatinine level returns to normal. [13] 

 

The importance of RIFLE (Table 1) criteria is that they move 

beyond ARF. The term “acute kidney injury/impairment” has 

been proposed to encompass the “entire spectrum of the 

syndrome from minor changes in markers of renal function to 

requirement for renal replacement therapy (RRT)”. [14] 

 

The concept of AKI, as defined by RIFLE, creates a new 

paradigm. AKI encompasses ATN and ARF as well as other, 

less severe conditions. It includes patients without actual 

damage to the kidney but with functional impairment relative 

to physiologic demand. Including such patients in the 

classification of AKI is conceptually attractive because these 

are precisely the patients that may benefit from early 

intervention. The RIFLE criteria have also been modified for 

use in the paediatric setting. [15] 

 

Pickering et al., 2011 showed that there was a mismatch 

between increases in sCr concentration and decreases in GFR 

(estimated with MDRD or Cockroft-Gault formulae) in the 

descriptions of Risk and Failure severity grades. A 1.5-fold 

increase in sCr corresponds to a one-third decrease (not 25%) 

in GFR and a three-fold increase corresponds to a two-third 

decrease in GFR (not 75%). [16] 

 

If the GFR is not directly measured but estimated by a formula 

then results might be also different depending on the formula 

used. With the MDRD formula a 1.5-fold increase in sCr 

corresponds to a 37% decrease in GFR, and a three-fold 

increase in sCr to a 72% decrease in GFR. [16] 

The limitations of RIFLE classification include, the 

endogenous production and serum release of Cr are variable, 

and it is influenced by multiple factors, namely age, gender, 

diet, and muscle mass. 10 to 40% of Cr elimination is 

performed by tubular secretion and this mechanism is 

amplified as the GFR diminishes, thus, overestimating renal 

function in AKI patients. [18] 

 

The pathophysiology of AKI (Figure 1) is multi-factorial and 

complex. The most common cause of AKI is ischemia, which 

can occur for a number of causes. Physiological compensatory 

accommodations occur, in response to the reduction in blood 

flow can compensate to a certain degree, but when delivery of 

oxygen and metabolic substrates becomes inadequate, the 

resulting cellular injury leads to organ dysfunction. The 

kidney is highly susceptible to injury related to ischaemia, 

resulting in vasoconstriction, endothelial injury, and activation 

inflammatory processes. [19] 

       

Following the reduction in effective kidney perfusion, the 

epithelial cells are unable to maintain adequate intracellular 

ATP for essential processes. This ATP-depletion leads to cell 

injury and if it is severe enough can lead to cell death by 

necrosis or apoptosis. During an ischaemic insult all segments 

of the nephrons can be affected but proximal tubular cells are 

the most commonly injured. In addition, the nephron’s natural 

function is to filter, concentrate and reabsorb many substances 

from tubular lumen, and the concentration of these substances 

may reach toxic levels for the surrounding epithelial cells. A 

detailed description of the sequence of events and the cellular 

changes during ischaemic AKI can be found elsewhere. [20-

21] 

 

The aim of work is to prevent complications and allow the 
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kidneys time to heal. Treatments that help prevent 

complications include: Treatments to balance the amount of 

fluids in the blood. If acute kidney failure is caused by a lack 

of fluids in the blood, the doctor may recommend intravenous 

(IV) fluids. In other cases, acute kidney failure may cause to 

have too much fluid, leading to swelling in your arms and 

legs. In these cases, the doctor may recommend medications 

(diuretics) to cause the  body to expel extra fluids.  [22-23]        

Dialysis aims to remove toxins from the blood. If toxins build 

up in the  blood, It  may be needed temporary hemodialysis — 

often referred to simply as dialysis — to help remove toxins 

and excess fluids from your body while your kidneys heal. 

Dialysis may also help remove excess potassium from the 

body. During dialysis, a machine pumps blood out of your 

body through an artificial kidney (dialyzer) that filters out 

waste. The blood is then returned to your body. [24] 

 

Conclusion: the frequency post-operative AKI (abnormal KFT 

or decreased uop , 25% of all studied patients) and incidence 

of AKI in these patients was 48.1% versus 10.4% in patients 

with normal post-operative KFT. Hypotension is strongly 

associated with increased postoperative complication as AKI. 

 

Abbreviation:  

AKI: acute kidney injury, 

ATN: acute tubular necrosis,  

CKD: chronic kidney disease,  

CK: creatine kinase,  

ECG: Electrocardiogram,  

eGFR: estimated glomerular filteration rate,  

IOH: intraoperative hypotension,  

MAP: mean arterial blood pressure,  

CVP: central venous pressure 

Aim: To detect incidence and prevalence of AKI in critically 

ill patients. 

Results: 25.2% of critically ill patients developed AKI, 19.9% 

of them required dialysis, which was 22.1% in patients with 

change to chronic renal failure, (4.9%) who developed 

complications were died during stay in ICU.  

 

Conclusion: incidence of AKI 48.1% versus 10.4% in patients 

with normal post-operative KFT. Hypotension is strongly 

associated with increased postoperative complication as AKI. 

 

References 

 

1- Makris K, Spanou L. Acute kidney injury: definition, 

pathophysiology and clinical phenotypes. The 

Clinical Biochemist Reviews. 2016; 37 (2):85-91. 

2- Gaieski DF, Edwards JM, Kallan MJ, Carr BG. 

Benchmarking the incidence and mortality of severe 

sepsis in the United States. Critical care medicine. 

2013;41 (5):1167-1174. 

3- Bellomo R, Cass A, Cole L, Finfer S, Gallagher M, Lo 

S. RENAL Replacement Therapy Study 

Investigators. Intensity of continuous renal-

replacement therapy in critically ill patients. New 

England Journal of Medicine. 2009;361 (17):1627-

1638 

4- Gallagher M, Cass A, Bellomo R, Finfer S, Gattas D, 

Lee J, Lo S, McGuinness S, Myburgh J, Parke R. 

Long-term survival and dialysis dependency 

following acute kidney injury in intensive care: 

extended follow-up of a randomized controlled trial. 

PLoS medicine. 2014;11 (2):15-22.  

5- Li PKT, Burdmann EA, Mehta RL. Fabrizio Dal Moro1 

and Alessandro Crestani1. Kidney International. 

2013; 84(4):623-624.  

6- Botto F, Alonso-Coello P, Chan MT, Villar JC, Xavier 

D,VSrinathan S, Guyatt G, Cruz P, Graham M, Wang 

C. Myocardial injury after noncardiac surgery: a 

large, international, prospective cohort study 

establishing diagnostic criteria, characteristics, 

predictors, and 30-day outcomes. Anesthesiology. 

2014;120(3):564- 578.  

7- van Waes JA, Nathoe HM, de Graaff JC, Kemperman 

H, de Borst GJ, Peelen LM, van Klei WA, Cardiac 

Health After Surgery Investigators include the 

following awUMCU, Utrecht, Netherlands, Buhre 

WF, de Graaff JC. Myocardial injury after 

noncardiac surgery and its association with short-

term mortality. Circulation. 2013; 127(23):2264-22. 

8- Thygesen K, Alpert J, Jaffe A, Simoons M, Chaitman 

B, White H, Hasdai D, Hoes A, Kirchhof P, Knuuti J. 

Joint ESC/ ACCF/AHA/WHF task force for the 

universal definition of myocardial infarction. Third 

universal definition of myocardial infarction. Journal 

of the American College of Cardiology. 2012; 60 

(16):1581-1598. 

9- Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, 

Rodseth RN, Cywinski J, Thabane L, Sessler DI. 

Relationship between intraoperative mean arterial 

pressure and clinical outcomes after noncardiac 

SurgeryToward an empirical definition of 

hypotension. Anesthesiology: The Journal of the 



MODERN APPLIED MEDICAL RESEARCH (MAMR)                                                   1(4): 13-17 

ISSN:2582-9181 

 

www.gulfpublishers.com 

 

 

17 

American Society of Anesthesiologists. 2016; 119 

(3):507-515. 

10-  Grobben RB, Nathoe HM, Kemperman H, de Borst 

GJ, Peelen LM, van Klei WA. One-year mortality, 

causes of death, and cardiac interventions in patients 

with postoperative myocardial injury. Anesthesia & 

Analgesia. 2017; 123 (1):29-37. 

11- Medve L, Gondos T. Epidemiology of postoperative 

acute kidney injury in Hungarian intensive care units: 

an exploratory analysis. Renal failure. 2012;34 

(9):1074-1078. 

12- Kolhe NV, Stevens PE, Crowe AV, Lipkin GW, 

Harrison DA. Case mix, outcome and activity for 

patients with severe acute kidney injury during the 

first 24 hours after admission to an adult, general 

critical care unit: application of predictive models 

from a secondary analysis of the ICNARC Case Mix 

Programme database. Critical Care. 2008 ;12 

(S1):S2-S. 

13- Abelha FJ, Botelho M, Fernandes V, Barros H. 

Determinants of postoperative acute kidney injury. 

Critical care. 2009;13(3):R79- R82. 

14- Tang Y, Zhu C, Liu J, Wang A, Duan K, Li B, Yuan 

H, Zhang H, Yao M, Ouyang W. Association of 

intraoperative hypotension with acute kidney injury 

after noncardiac surgery in patients younger than 60 

years old. Kidney and Blood Pressure Research. 

2019;44 (2):211- 221. 

15- Sun LY, Wijeysundera DN, Tait GA, Beattie WS. 

Association of intraoperative hypotension with acute 

kidney injury after elective noncardiac surgery. 

Anesthesiology: The Journal of the American Society 

of Anesthesiologists. 2015; 123 (3): 515-523.  

16- Walsh M, Devereaux P, Garg A, Funck-Brentano C, 

Hasdai D, Hoes A, Kirchhof P, Knuuti J. ESC 

Committee for Practice Guidelines (CPG); Document 

Reviewers: Third universal definition of myocardial 

infarction. Journal of the American College of 

Cardiology. 2012; 60 (16):1581-159 

17- Sumrani N, Daskalakis P, Miles A, Hong J, Sommer 

B. The influence of donor age on function of renal 

allografts from live related donors. Clinical 

nephrology. 1993;39(5):260-264. 

18- Kheterpal S, O ’Reilly M, Englesbe MJ, Rosenberg 

AL, ShanksAM, Zhang L, Rothman ED, Campbell 

DA, Tremper KK. Preoperative and intraoperative 

predictors of cardiac adverse events after general, 

vascular, and urological surgery. Anesthesiology: The 

Journal of the American Society of Anesthesiologists. 

2009; 110 (1): 58-66. 

 

19- Jammer I, Wickboldt N, Sander M, Smith A, Schultz 

MJ, Pelosi P, Leva B, Rhodes A, Hoeft A, Walder B. 

Standards for definitions and use of outcome 

measures for clinical effectiveness research in 

perioperative medicine: European Perioperative 

Clinical Outcome (EPCO) definitionsA statement 

from the ESA-ESICM joint taskforce on 

perioperative outcome measures. European Journal 

of Anaesthesiology (EJA). 2015; 32(2):88-105.  

20- van Waes JA, Grobben RB, Nathoe HM, Kemperman 

H, de Borst GJ, Peelen LM, van Klei WA. One-year 

mortality, causes of death, and cardiac interventions 

in patients with postoperative myocardial injury. 

Anesthesia & Analgesia. 2016; 123(1):29-37. 

21- Mangano DT, Wong MG, London MJ, Tubau JF, 

Rapp JA, Group SoPIR. Perioperative myocardial 

ischemia in patients undergoing noncardiac 

surgery—II: incidence and severity during the 1st 

week after surgery. Journal of the American College 

of Cardiology. 1991;17(4):851-857. 

22- Priebe HJ. Triggers of perioperative myocardial 

ischaemia and infarction. British journal of 

anaesthesia. 2004; 93(1):9-20.  

23- Devereaux P, Chan M, Alonso-Coello P, Walsh M, 

Berwanger O, Villar JC, Wang C, Garutti RI, Jacka 

MJ, Sigamani A. Association between postoperative 

troponin levels and 30-day mortality among patients 

undergoing noncardiac surgery. Jama. 2012; 307 

(21):2295-2304. 

24- Garg AX, Kurz A, Turan A, Rodseth RN, Cywinski J, 

Thabane L, Sessler DI. Relationship between 

intraoperative mean arterial pressure and clinical 

outcomes after noncardiac SurgeryToward an 

empirical definition of hypotension. Anesthesiology: 

The Journal of the American Society of 

Anesthesiologists. 2018; 119 (3):507-515. 

 
 

 


