
ACUTE RENAL FAILURE 
 

ACUTE RENAL FAILURE IS THE DETERIORATION OF RENAL FUNCTION 
OF HOURS OR DAYS RESULTING IN ACCUMULATION OF TOXIC WASTES 
AND THE LOSS OF INTERNAL HOMEOSTASIS 
 

 
 
THE DIAGNOSIS OF ARF IS COMPLICATED BY THE FACT THAT EARLY 
DETERIORIATIONS IN FUNCTION ARE ASYMPTOMATIC 
 
THE FIRST STEP IS TO DIFFERENTIAT THE CAUSE OF THE RENAL 
INSULT AS PRE-RENAL, INTRINSIC OR POST-RENAL: 

• PRE-RENAL  decreased perfusion of a normal kidney 
• INTRINSIC  pathologic changes within the kidney itself 
• POST-RENAL  obstruction to the urinary outflow tract 

 
ED GOALS OF TREATMENT OF ACUTE RENAL FAILURE INCLUDE: 

• Identify patients at risk 
• Correct metabolic effects of renal failure 
• Decrease ongoing renal injury 
• Prevent iatrogenic injury 

 
EPIDEMIOLOGY: 

• The distinction between community and hospital-acquired ARF is important for 
the differential diagnosis, treatment and eventual outcome (see below): 

 

 



• In community-acquired ARF  most common causes are PRE-RENAL vs 
hospital acquired  most common cause is intrinsic, typically ACUTE 
TUBULAR NECROSIS 

o Because majority of community-acquired ARF are from volume-
depletion, up to 90% HAVE A POTENTIALLY REVERSIBLE CAUSE  

o Hospital-acquired ARF is often accompanied by other organ-system 
failure 

• Mortality rates increase depending on the severity and cause of the renal injury  
e.g. the combination of ARF with sepsis is associated with an almost 30% 
increase in mortality over the rate of ARF alone 

• With the advent of dialysis, the most common cause of death in ARF is sepsis and 
cardiovascular disease 

 
PATHOPHYSIOLOGY: 

• The normal functions of the kidneys are glomerular filtration and tubular 
reabsorption/secretion 

• Normal GFR is 120mL/1.73m2  decreases by 8mL/min with every decade after 
early adulthood 

• For most causes of ARF, global or regional decrease in renal blood flow is the 
final common pathway 

• The most common cause of intrinsic renal failure is ISCHAEMIC ARF  
formally known as ACUTE TUBULAR NECROSIS  now known as ACUTE 
KIDNEY INJURY  occurs when renal perfusion is decreased so much that the 
kidney parenchyma suffers ischaemic injury 

• OBSTRUCTIVE RENAL FAILURE  initially results in an increase in tubular 
pressure, which  decreases the driving force for filtration  this pressure gradient 
soon equalizes and the maintenance of depressed GFR depends on 
vasoconstriction 

• RECOVERY FROM ARF  first depends on restoration of renal blood flow: 
o In pre-renal failure, restoration of circulating blood volume is usually 

sufficient 
o In obstructive renal failure  rapid relief of urinary obstruction results in 

prompt decrease of vasoconstriction 
o In intrinsic renal failure  clearance of tubular toxins and initiaion of 

therapy for glomerular diseases help restor renal blood flow 
o DEPENDING ON THE REMNANT NEPHRON POOL, GFR WILL 

PROPORTIONATELY RECOVER 
 
CLINICAL FEATURES: 
 
HISTORY AND COMORBIDITIS: 

• ARF itself has few symptoms until severe uraemia has developed  characterised 
by N+V, drowsiness, fatigue, confusion and coma 

• MOST OFTEN, ARF PRESENTS WITH SYMPTOMS RELATED TO THE 
UNDERLYING DISEASE  



• BELOW IS A LIST OF FACTORS OF THAT WILL INCREASE 
SUSCEPTIBILITY TO ARF: 

 
• PRERENAL  thirst, orthostatic dizziness, thirst 
• INTRINSIC RENAL DISEASES CAN OFTEN BE ANTICIPATED BECAUSE 

OF SYMPTOMS OF THEIR PRECIPITATING CAUSE: 
o Ischaemic acute kidney injury  expect in cardiac arrest, shock states of 

any causes 
o Crystal-induced nephropathy, nephrolithiasis and papillary necrosis  

present with flank pain and haematuria 
o Pigment-induced ARF  suspect in rhabdomyolysis 
o Darkening urine and oedema, with/without constitutional symptoms  

acute GN 
o Acute renal artery occlusion  severe flank pain 
o Pulmonary/renal syndromes (Goodpasture/Wegener)  cough, dyspnoea 

and haemoptysis 
• POST-RENAL  suspect in men with appropriate RF  men with prostatic 

disease, those with IDC. ANURIA strongly suggests obstruction  vascular 
obstruction and fulminant renal disease are also possible 

 
 



PHYSICAL EXAMINATION: 
• Assessment of volume status is especially important in the care of patients with 

ARF 
• Hypotension and tachycardia are obvious clues to decreased perfusion but HR/BP 

are insensitive markers of hypovolaemia 
o Orthostatic vital signs have some utility  ↑HR by 30/min has usefule LR 

+/- in evaluation of LARGE VOLUME LOSS 
• Evaluation of mucosal membrane moisture, jugular venous distention, lung 

auscultation, peripheral oedema and tissue turgor are also helpful 
• Base-deficit, lactate level, CVP and IVC US are also reliable indicators of 

hypovolaemia 
• Fever suggests SEPSIS (most commonly) but could indicate autoimmune cause of 

ARF 
 
DIAGNOSIS: 

• The RIFLE criteria are the most widely used diagnostic classification for ARF, 
whereas the stages of chronic kidney disease are outlined below: 

 
 
DIFFERENTIAL DIAGNOSIS  PRE-RENAL FAILURE: 

• Differential diagnosis can be broken down into: 
o VOLUME LOSS 
o HYPOTENSION 
o DISEASES OF LARGE/SMALL RENAL ARTERIES 

• Pre-renal ARF is a common precursor to ischaemic and nephrotoxic conditions 
leading to intrinsic renal failure 

• For full list of conditions, see table below 



 
 

DIFFERENTIAL DIAGNOSIS  POST-RENAL FAILURE: 
• Post-renal ARF accounts for 5-17% of all community acquired disease  rises to 

22% in the elderly population 
• RF include: 

o Extremes of age 
o Male sex 
o Malignancy 
o Nephrolithiasis 
o Retroperitoneal disease 
o GU surgery 
o IDC 

• Timely relief of obstruciotn is essential for the return of normal renal function 
• Significant permanent loss of renal function occurs over the course of 10-14 days 

in the setting of complete obstruction 
• The risk of permanent renal failure increases significantly if obstruction is 

complicated by UTI 
• Differentials are outlined below 



 
 
DIFFERENTIAL DIAGNOSIS  INTRINSIC RENAL FAILURE: 

• NOT COMMON IN PATIENTS WITH COMMUNITY-ACQUIRED 
DISEASE, BUT IS THE MOST COMMON CAUSE IN HOSPITALISED 
PATIENTS 

• INTRINSIC RENAL FAILURE CAN RESULT FROM INJURY TO THE 
GLOMERULUS, TUBULE, INTERSTITIUM AND VASCULATURE (SEE 
BELOW): 



 
• In community-acquired intrinsic disease, drugs and infection are common 

precipitants, whereas in hospital-acquired  toxic and iscahemic insults cause 
most cases: 

o RADIOCONTRAST-INDUCED NEPHROPATHY  a common causes 
of in-hospital ARF and can be provoked with imaging with an IV contrast 
agent 
 Begins to be a significant concern when GFR < 60 
 Typical course is increasing creatinine over three to five days 

followed by complete resolution 
 RF include  CRF, DM, older age, hypovolaemia, ↓albumin, 

sepsis 
 To minimise incidence  ensure adequate hydration, avoid 

nephrotoxins 
o Gadolinium based contrast for MRI can cause NEPHROGENIC 

SYSTEMIC FIBROSIS WHEN GFR < 30 
• ACE-Inhibitors may precipitate renal failure in rare cases. By dilating post-

glomerular capillaries, they increase renal blood flow and decrease the glomerular 
filtration fraction  ARF in this setting should prompt consideration of 



BILATERAL RENAL ARTERY STENOSIS  in which case the maintenance 
of GFR is dependent on postglomerular arteriole vasoconstriction 

o Because ACE-I improve renal blood flow while decreasing GFR, renal 
failure is not a contraindication to use of these drugs in appropriate 
patients 

• NSAID can cause renal failure  decrease synthesis of vasodilatory 
prostaglandins  ↓GFR, ↓renal blood flow. RF for adverse reactions to these 
medications  older age, CRI, CCF, DM, volume depletion and use of diuretics 
or ACE-I 

• Aminoglycosides  peak concentration is important for bactericidal activity, 
BUT TROUGH CONCENTRATION APPEARS TO BE MORE RELEVANT IN 
PREDICTING RENAL INJURY  once daily dosing can reduce incidence of 
nephrotoxicity 

• Haemoglobin and myoglobin from haemolysis or rhabdomyolysis are deposited 
and concentrated in the renal tubules  renal injury occurs through obstruction 
and direct tubular toxicity, the latter being in part dependent on urinary pH 

• Overview of drugs implicated in renal failure shown below: 

 
 

LABORATORY EVALUATION: 
• Lab evaluation can demonstrate decreased renal function, but it is important to 

remember that A PATIENT WITH A VERY LOW BASELINE CREATININE 
CAN LOSE MORE THAN HALF OF THEIR FUNCTIONING NEPHRONS 
BEFORE DEVELOPING AN ELEVATED CREATININE LEVEL 

• The urea to creatinine ratio can be helpful: 
o In the setting of normal concentrating ability, the serum ratio of urea to 

Cretaine is typically >20. But urea can be increasing in the setting of 
protein loading  GI bleeding or trauma 



• Creatinine is used to estimate GFR by using various equations  Cockroft-Gault 
equation most commonly 

• MICROSCOPIC EVALUATION OF THE URINE  very useful in establishing 
the differential diagnosis (see below) 

 
• In acute GN  blood enters the filtrate and appears as casts and dysmorphic cells 
• In ATN, the tubular epithelium breaks down and allows protein to leak into the 

filtrate 
• An important clue to rhabdomyolysis is the presence of haemoglobin on the 

dipstick analysis and NO RED CELLS AT MICROSCOPY 
 
IMAGING: 

• FIRST  obstruction below the bladder level should be investigated with bedside 
US or catheter drainage 

• Imaging studies can IDENTIFY HYDRONEPHROSIS  but in intermittent or 
partial obstruction, hydronephrosis may not be present and it may even be absent 
in complete obstruction in the setting of retroperitoneal fibrosis 

• Renal US  ~90% sensitivity and specificity for detecting hydronephrosis due to 
mechanical obstruction  if obstruction is detected, a second study may be 
required to find the location of obstruction  CT 



 
Hydronephrosis on ultrasound 

o Bipolar renal length <9cm suggests chronic renal failure 
 
TREATMENT: 

• In the critically ill patient with ARF, resuscitation is the first priority and multiple 
diagnostic and therapeutic processes advance simultaneously 

o ECG to screen for hyperkalaemia  sensitivity is poor (for K>6.5, ranges 
form 14-60%)  can lead to delayed therapy 

o CXR evaluates volume status 
o The remainder of the initial diagnostic sequence focuses on the exclusion 

of obstruction and interpretation of basic blood/urine results 
• Output through a properly positioned IDC is BOTH DIAGNOSTIC AND 

THERAPEUTIC for obstruction below the level of the bladder 
o POST-OBSTRUCTIVE DIURESIS can result in significant volume loss 

and even death 
 This complication typically occurs when obstruction has been 

prolonged and has resulted in renal failure or significant volume 
overload  ADMISSION FOR MONITORING 
RECOMMENDED if U/O >250ml/h for >2 hours  renal 
replacement of urine output advocated 

• FLUID ADMINISTRATION: 
o Hypovolaemia potentiates and exacerbates ALL FORMS OF ARF  the 

reversal of hypovolaemia is often sufficient to treat and/or improve many 
forms of ARF  crystalloids are the cornerstone of IV resuscitation 

• MEDICATIONS: 
o LOW-DOSE (RENAL) DOPAMINE NO LONGER ADVOCATED  it 

does not improve renal recovery or decrease mortality  may increase 
urine output at the cost of increased medullary oxygen consumption 
 FENOLDOPAM is a potent D-1 agonist that may be useful 

o VENODILATORS FOR VOLUME OVERLOAD (nitrates) 
 Diuretics as an adjunct 



o Large-volume crystalloid infusion is the cornerstone of treatment for 
rhabdomyolysis and haemoglobinuria 

• INDICATIONS FOR DIALYSIS: 
o Principal methods of renal replacment are intermittent haemodialysis, 

CVVHD and peritoneal dialysis 
o Indications are outlined below: 

 


