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ACUTE RENAL FAILURE AND 

RENAL REPLACEMENT 

THERAPY

DR.TAI CHENG SHENG

OBJECTVES OF LEARNING

• RECOGNITION OF DEFINITION OF ARF

• RECOGNITION OF CAUSE OF ARF

• RECOGNITION OF PATHOGENESIS OF ARF

• RECOGNITION OF  EVAUATION OF ARF

• RECOGNITION OF MANAGEMENT OF ARF

• RECOGNITION OF INDICATION OF CRRT

• RECOGNITION OF PRINCIPLES OF CRRT

• RECOGNITION OF ADVANTAGES OF CRRT

ACUTE RENAL FAILURE

• Defined as a sudden and sustained loss of 

renal function (over several hours to 

several days), ARF results in 

derangements in extracellular fluid 

balance, acid base, electrolytes, and 

divalent cation regulation.

ACUTE RENAL FAILURE

• An increased serum creatinine

concentration,accumulation of other 

nitrogenous-based waste products,and

often a decline in urinary output are the 

hallmarks of ARF. 
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ACUTE RENAL FAILURE CAUSES OF ARF

CLASSIFICATION OF ARF ETIOLOGICAL CLASSIFICATION OF ARF
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RIFLE CRITERIA 

CLASSIFICATION OF ARF

CONDITINS CAUSE THE 

ISCHEMIC ARF

CAUSES OF ARF BY CLINICAL SETTING SEPSIS AND KIDNEY

• Sepsis is one of the most common causes 

of ARF in critically ill patient

• ARF is a marker on the road to the loss of 

life
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EVALUATION OF ACUTE RENAL FAILURE EVALUATION OF ARF

• INTRAVASCULAR VOLUME STATUS IS 

THE MOST IMPORTANT FACTOR IN 

THE EVALUATION OF ARF.

• A DECREASE IN URINARY VOLUME IS 

OFTEN ONE OF THE INITIAL CLINICAL 

FINDING IN ARF.

EVALUATION OF ARF

• The most important laboratory test for a 

patient with ARF is uninalysis.

• Both urniary sediment and urninary indices

in combination with serum values can 

often be extremely helpful in determining 

the cause of ARF.

GUIDELINE OF URINARY INDICES
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CAUSES OF ABNORMAL 

BUN/CREATININE RATIO
URINALYSIS IN ARF

Klahr S and Miller S. N Engl J Med 1998;338:671-675

Photomicrograph of Urinary Sediment Obtained from a Patient with Acute Tubular Necrosis 
(x200)

URINARY SEDIMENT OF ATN
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Thadhani R et al. N Engl J Med 1996;334:1448-1460

Typical Urine Findings in Conditions That Cause Acute 
Renal Failure

URINARY DIAGNOSTIC INDICES IN ARF

SIGN OF ECF DEPLETION

• TACHYCARDIA

• ORTHOSTATIC BLOOD PRESSURE 

CHANGES

• DRYNESS OF MUCOCUTANEOUS 
MEMBRANE

• HYPOTENSION

• OLIGURIA(＜400mL/D.)

• ANURIA(＜50mL/D.)

PRERNAL CAUSES OF ARF

• ＞60% of cases of community acquried

ARF  are due to prerenal conditions.

• These disorders are caused by 

excessive ,nonreplaced fluid deficits due 

to GI,renal,or cutaneous

losses.(hypovolemia)
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PRERNAL CAUSES OF ARF

• Hospital-acquired prerenal ARF is 

primarily due to decreased effective renal 

perfusion.

• Often,CHF,cirrhosis,or sepsis is noted.

• A continuum exists between prerenal renal 

failure and ischemic acute tubular 

necrosis(ATN). 

CAUSES OF LOW PERFUSION STATES

FACTORS INCREASING SUSCEPTIBILITY TO 
RENAL HYPOPERFUSION PRERNAL CAUSES OF ARF

• OF IMPORTANCE,MANY MEDICATIONS

INDUCE A FUNCTIONAL PRERENAL 

STATE BECAUSE OF ALTERATIONS IN 

REMAL PERFUSION AND 

GLOMERULAR HEMODYNAMICS.
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MEDICATIONS CAUSE A FUNCTIONAL 

DECREASE IN RENAL PERFUSION

• NSAIDs

• ACE inhibitor

• Cyclosporine

• Cocaine

GLOMERULAR PRESSURE 

AUTOREGULATION

Copyright ©2003 American Society of Nephrology

Bonventre, J. V. et al. J Am Soc Nephrol 2003;14:2199-2210

Figure 1. Interacting microvascular and tubular events 
contributing to the pathophysiology of ischemic acute 

renal failure (ARF)
PREDISPOSING FACTORS FOR 

NSAID-INDUCED ARF

• CHF

• CIRRHOSIS OF LIVER

• NEPHROTIC SYNDROME

• CHRONIC RENAL FAILURE

• ATHEROSCLEROTIC DISEASE OF 

RENAL ARTERY

• HYPOVOLEMIA



9

ACE inhibitor associated ARF

• ACUTE RENAL FAILURE ASSOCIATED 

WITH ACE INHIBITORS SHOULD 

PROMPT INVESTIGATION TO RULE 

OUT BILATERAL RENAL ARTERY 

STNOSIS OR SEVERE RENAL ARTERY 

STENOSIS IN A SOLITARY 

FUNCTIONING KIDNEY.

CONTRAST- INDUCED 

NEPHROPATHY

• Contrast-induced nephropathy causes 

ARF predominantly via acute 

vasoconstriction.

Pathophysiology of contrast-

induced acute kidney injury
RISK FACTORS FOR CONTRAST-

INDUCED NEPHROPATHY

• GFR＜35mL/min.

• Diabetic nephropathy

• Severe CHF

• Administration of large amount of contrast

• Preexisting hypokalemia or hypotension
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PREVENTION OF CONTRAST-

INDUCED NEPHROPATHY

• Administration of crystalloid(1-1.5mL/Kg/hr 
for 8-12 hours before a procedure)remains
the safest,most efficacious,and cost-
effective method of preventing contrast-
induced nephropathy.

• Administration of acetycysteine in two 
600mg doses the day along with saline 
infusion for patients with stable chronic 
renal insufficiency(Cr＞2.0mg/dL)

Algorithm for management of 

contrast-induced nephropathy

Renal causes of ARF

• The most common cause of ARF in 

hospitized patient is intrinsic renal failure

due to ATN.

• Four anatomic compartment of Intrinsic 

ARF:vascule,interstitium,glomerulus,tubule

Renal causes of ARF

• Polypharmacy is common among most 

patients with chronic diseases and 

hospitalized patients.

• Allergic interstitial nephritis should be 

strongly considered in alll patients with 

ARF.
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MEDICATION CAUSES OF ALLERGIC 

INTERSTITIAL NEPHRITIS

• Penicillines

• Cephasporines

• Sulfonamides

• Rifampin

• Ciprofloxacin

• NSAIDs

• Thiazide diuretics

• Loop diuretics

• Cimetidine

• Phenytoin

• Allopurinol

• Chinese herb 

Thadhani R et al. N Engl J Med 1996;334:1448-1460

Drugs Associated with Acute Renal Failure

DRUG AND TOXIN ASSOCIATED ARF

Thadhani R et al. N Engl J Med 1996;334:1448-1460

Tubular-Cell Injury and Repair in Ischemic Acute Renal Failure
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Copyright ©2006 BMJ Publishing Group Ltd.

Fry, A C et al. Postgrad Med J 2006;82:106-116

Figure 2  Mechanisms of acute tubular necrosis.

Copyright ©2000 American Society of Nephrology

VANHOLDER, R. et al. J Am Soc Nephrol 2000;11:1553-1561

Figure 1. Pathophysiology of acute renal failure in 
rhabdomyolysis Pathophysiology of acute renal 

failure in rhabdomyolysis
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DIFFERENTIAL DIAGNOSIS OF 

ACUTE RENAL FAILURE
Therapy of ARF

• The goal of any focused evaluation of ARF 

is immediate correction of its reversible 

causes.

• Recognition and relief of urinary outlet 

obstruction should be given the highest

priority,especially for patient with anuria.

Therapy of ARF

• Support of renal perfusion with either 

volume infusion or therapeutics that 

improve renal oxygen delivery should be 

considered before any attemp to improve 

urinary flow.

• Urinary indices should be examined before 
diuretic intervention.

INDICATION OF RENAL 

REPLACEMENT THERAPY
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MECHANISM OF HYPERKALEMIA IN ARF EKG OF HYPERKALEMIA

CRRT USED ON ICU CRRT MACHINE
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DIFFERENT TYPES OF CRRT CATHER CRRT

CRRT PRINCIPLE OF CRRT



16

UREMIC SOLUTES CONVECTION PRINCIPLE

DIFFUSION PRINCIPLE CRRT
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THE GOALS OF MOST(MULTIORGAN 
SUPPORT THERAPY)

•Blood purification and renal support.

•Temperature control. 

•Acid–base control. 

•Fluid balance control and cardiac support. 

•Protective lung support and removal of carbon 
dioxide. 

•Protection of the brain from fluid shifts. 

•Blood detoxification and liver support. 

•Sepsis therapy, immunomodulation, and 
endothelial support. 
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Pharmacokinetics of hemodialysis IHD VS CRRT

IHD vs. CRRT

• Randomized trial, observational studies 

unclear and limited because of patient 

populations and significant cross-over to 

CRRT.

• Meta-analysis unclear because of 

limitation of original studies.

• LEVEL 2B SUGGESTION of no 

difference between the use of IHD vs. 

CRRT as therapy for  acute renal failure.

Renal Replacement

• Absence of hemodynamic instability
– Intermittent hemodialysis and 

continuous venovenous filtration equal 
(CVVH)

• Hemodynamic instability
– CVVH preferred

Grade B
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THANK YOU FOR YOUR 

ATTENTION


