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Objectives 

• Recognize the three main categories of acute kidney injury:  
– pre-renal 
– intrinsic renal 
– post-renal  
 

• Understand the diagnostic approach of acute kidney injury 
 

• Describe the management of acute kidney injury 



Key Words / Definitions 

• AKI:  Acute Kidney Injury 
• ARF:  Acute Renal Failure 
• ATN:  Acute Tubular Necrosis 

 
• Acute: hours to days 
• ‘Sub-acute’: days to weeks 
• Chronic: months (>3 mo)  



AKIN / KDIGO 
Stages 

 

 

1 

2 

3 

within 48hrs / 7days 

Inc creat by >0.3 mg/dL or 

Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P.  Crit Care, 2004.  Acute renal failure – Second International Consensus Conf of ADQI Group 
Mehta RL, Kellum JA, Shah SV, et.al.  Crit Care, 2007.  Acute Kidney Injury Network: Report of an initiative to improve outcomes in AKI 

Kidney Disease: Improving Global Outcomes (KDIGO) AKI Work Group. KDIGO Clinical Practice Guideline for AKI. Kidney inter., Suppl. 2012; 2: 1–138.. 



Key Words / Definitions 

• Oliguria:  low urine output 
– < 0.5 mL/kg/hr  
– eg. < 35 mL/hr for a 70kg patient 
– < 500 mL/day 

 
• Anuria: < 50 mL/day 

 
• Non-oliguric (normal UOP 1-2 L/day) 

 



Typical Case 

A 72 year old male presents with fever, two weeks of 
cough, and infiltrates on chest x-ray.  The diagnosis of 
pneumonia is made and the patient is started on 
antibiotics.  The hospitalization is complicated by low 
blood pressure and on the 6th day there is a decrease in 
urine output and the serum creatinine begins to rise: 

         Admission       6th    7th     8th      9th 

Creatinine       1.0 mg/dl         1.1    1.7      2.7      3.7 
 



Form and Function 
 





Rotellar C.  1988 
Acute Renal Insufficiency MRS 

Post-renal (obstructive) injury 



BPH 
Pelvic malignancy 
Bladder stone 
Urethral stricture 
 



Typical Case 

A 72 year old male presents with fever, two weeks of cough, and 
infiltrates on chest x-ray.  The diagnosis of pneumonia is made 
and the patient is started on antibiotics.  The hospitalization is 
complicated by low blood pressure and on the 6th day there is a 
decrease in urine output and the serum creatinine begins to rise: 

         Admission       6th    7th     8th      9th 

Creatinine       1.0 mg/dl         1.1    1.7      2.7      3.7 
 



Case 

On hospital day 6, the nurse pages you to report less than 
30cc of urine output for each of the prior several hours.  If 
you want to rule out obstruction, you order a/an 
_________  
and scan the result for evidence of  
________. 

 



Case 

On hospital day 6, the nurse pages you to report less than 
30cc of urine output for each of the prior several hours.  If 
you want to rule out obstruction, you order a/an 
ultrasound or bladder scan  
and scan the result for evidence of  
hydronephrosis or increased post-void residual.  

 





Bladder Capacity 
• Normal desire to void: 150 - 

350 mL 
• Strong sensation to void: 

250 -500 mL 
• Max capacity: 400 – 600 

mL 
 
 
Placement of a foley catheter, 

esp in older man, can be 
diagnostic and therapeutic 
 
 





Rotellar C.  1988 
Acute Renal Insufficiency MRS 

Pre-renal Azotemia 
Including states of low effective circulating volume (eg. cirrhosis, CHF) 
Biopsy would show no change from normal 

NaCl NaCl 



What are the 
effects of NSAIDs 
and ACEi/ARBs ?  



Abuelo JG.  NEJM, 2007 
Normotensive ischemic acute renal failure 

Figure 2. Intrarenal Mechanisms for 
Autoregulation of the Glomerular 
Filtration Rate under Decreased 
Perfusion Pressure and Reduction of 
the Glomerular Filtration Rate by 
Drugs. 
Panel A shows normal conditions and a normal 
glomerular filtration rate (GFR). Panel B shows 
reduced perfusion pressure within the 
autoregulatory range. Normal glomerular 
capillary pressure is maintained by afferent 
vasodilatation and efferent vasoconstriction. 
Panel C shows reduced perfusion pressure with 
a nonsteroidal antiinflammatory drug (NSAID). 
Loss of vasodilatory prostaglandins increases 
afferent resistance; this causes the glomerular 
capillary pressure to drop below normal values 
and the GFR to decrease. Panel D shows 
reduced perfusion pressure with an angiotensin-
converting–enzyme inhibitor (ACEI) or an 
angiotensin-receptor blocker (ARB). Loss of 
angiotensin II action reduces efferent resistance; 
this causes the glomerular capillary pressure to 
drop below normal values and the GFR to 
decrease. 



What are the 
effects of NSAIDs 
and ACEi/ARBs ?  

NSAIDs 

ACEi/ARB 



What mechanisms 
contribute to these 
findings? 
 
 



What mechanisms 
contribute to these 
findings? 
 
 
RAAS 
 
 
 
 
 
ADH/AVP 



Spectrum of injury from 
Pre-renal to  
Ischemic ATN 



Rotellar C.  1988 
Acute Renal Insufficiency MRS 

Ischemic Acute Tubulal Necrosis 
(Intrinsic AKI) 

NaCl 

NaCl 

NaCl 

NaCl 



Proximal Tubular Cells 
 
This is an EM section of 
the proximal convoluted 
tubule. Note the microvilli 
(Mv) forming the brush 
border on the apical 
surface and the 
mitochondria (M) 
alongside the basolateral 
regions of the plasma 
membrane.  

Yale Systems Cell Biology 
Urinary System 



Eppel GA, et.al. Neural control of renal medullary perfusion 
Clin Exp Pharmacol Physiol, 2004 



Figure 20-22  Alpers CE, Chang A.  Kumar V, et.al., 2015 
Robbins and Cotran Pathologic Basis of Disease, 9th Edition 



Figure 3. Tubular-Cell Injury and Repair in 
Ischemic Acute Renal Failure.  
After ischemia and reperfusion, morphologic 
changes occur in the proximal tubules, including 
loss of the brush border, loss of polarity, and 
redistribution of integrins and Na/K–ATPase to 
the apical surface. Calcium, reactive oxygen 
species, purine depletion, and phospholipases 
probably have a role in these changes in 
morphology and polarity as well as in the 
subsequent cell death that occurs as a result of 
necrosis and apoptosis. There is a sloughing of 
viable and nonviable cells into the tubular lumen, 
resulting in the formation of casts and luminal 
obstruction and contributing to the reduction in 
the glomerular filtration rate. The severely 
damaged kidney 
can completely restore its structure and function. 
Spreading and dedifferentiation of viable cells 
occur during recovery from ischemic acute renal 
failure, which duplicates aspects of normal renal 
development. A variety of growth factors probably 
contribute to the restoration of a normal tubular 
epithelium.   

Thadhani R, et.al.   
Acute Renal Failure.  NEJM, 1996 



What mechanisms 
contribute to these 
findings? 



What mechanisms 
contribute to these 
findings? 
 
 
 
 
Tubular backleak 
and tubular 
obstruction form 
cellular debris  



Figure 3. Pathophysiological 
Mechanisms of Ischemic 
Acute Tubular Necrosis. 
Tubular injury is a direct 
consequence of metabolic pathways 
activated by ischemia but is 
potentiated by inflammation and 
microvascular compromise. The inset 
shows shedding of epithelial cells 
and denudation of the basement 
membrane in the proximal tubule, 
with back-leak of filtrate (inset, left) 
and obstruction by sloughed cells in 
the distal tubule (inset, right). 
 

Abuelo JG.  NEJM, 2007 
Normotensive ischemic acute renal failure 



Figure 20-24  
Acute tubular injury. Some of the 
tubular epithelial cells in the 
tubules are necrotic, and many 
have become detached (from their 
basement membranes) and been 
sloughed into the tubular lumens, 
whereas others are swollen, 
vacuolated, and regenerating 
 

Alpers CE, Chang A.  Kumar V, et.al., 2015 
Robbins and Cotran Pathologic Basis of Disease, 9th Edition 



Granular cast with renal tubular epithelial 
cells (“muddy brown”) 



Typical Case 

A 72 year old male presents with fever, two weeks of cough, and 
infiltrates on chest x-ray.  The diagnosis of pneumonia is made 
and the patient is started on antibiotics.  The hospitalization is 
complicated by low blood pressure and on the 6th day there is a 
decrease in urine output and the serum creatinine begins to rise: 

         Admission       6th    7th     8th      9th 

Creatinine       1.0 mg/dl         1.1    1.7      2.7      3.7 
 



Case 

You collect a fresh urine specimen, carry it to the lab, test 
with urine dipstick, centrifuge a small sample, and review 
the urine microscopy.  What would each finding suggest? 

a. Muddy brown casts 
b. Red blood cell casts 
c. White blood cell casts 
d. Dysmorphic red cells 
e. Acyclovir crystals 
 



Case 

You collect a fresh urine specimen, carry it to the lab, test 
with urine dipstick, centrifuge a small sample, and review 
the urine microscopy.  What would each finding suggest? 

a. Muddy brown casts  ATN* (most likely) 
b. Red blood cell casts  Glomerulonephritis (GN) 
c. White blood cell casts  Interstitial Nephritis (AIN) 
d. Dysmorphic red cells  GN 
e. Crystals    Drug toxicity, kidney stones 
 



Oliguric vs Non-oliguric ATN 



Review of medications is crucial 
with dose adjustment  or 
discontinuation of renal toxins (if 
possible).   



Indications for urgent dialysis 
A E I O U 

• Acidosis 
 

• Electrolyte abnormality (hyperK, hyperCa) 
 

• Intoxication / Ingestion (AG, OG)  
 

• Overload of volume (pulmonary edema) 
 

• Uremia (clinical, not any specific creat or BUN level) 
AG, Anion Gap;  OG, Osmolal Gap 



Chawla LS, et.al.  NEJM, 2014 
Acute Kidney Injury and Chronic Kidney Disease as Interconnected Syndromes 



Objectives 

• Recognize the three main categories of acute kidney injury:  
– pre-renal 
– intrinsic renal 
– post-renal  
 

• Understand the diagnostic approach of acute kidney injury 
 

• Describe the management of acute kidney injury 



Questions 

fatehi@stanford.edu 



Appenix 



Figure 20-23  
Patterns of tubular damage in ischemic and toxic 
acute tubular injury. In the ischemic type, tubular 
necrosis is patchy, relatively short lengths of tubules 
are affected, and straight segments of proximal 
tubules (PST) and ascending limbs of Henle's loop 
(HL) are most vulnerable. In toxic acute tubular 
injury, extensive necrosis is present along the 
proximal convoluted tubule segments (PCT) with 
many toxins (e.g., mercury), but necrosis of the 
distal tubule, particularly ascending HL, also occurs. 
In both types, lumens of the distal convoluted 
tubules (DCT) and collecting ducts (CD) contain 
casts.  
 

Alpers CE, Chang A.  Kumar V, et.al., 2015 
Robbins and Cotran Pathologic Basis of Disease, 9th Edition 





Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P.  Crit Care, 2004.  Acute renal failure – Second International Consensus Conf of ADQI Group 
Mehta RL, Kellum JA, Shah SV, et.al.  Crit Care, 2007.  Acute Kidney Injury Network: Report of an initiative to improve outcomes in AKI 

Clinical Practice Guidelines for Acute Kidney Injury 2012. http://www.kdigo.org/clinical_practice_guidelines/AKI.php. 



Figure 4 | Stage-based management of AKI. Shading of boxes indicates priority of action—solid shading indicates actions that are equally appropriate 
at all stages whereas graded shading indicates increasing priority as intensity increases. AKI, acute kidney injury; ICU, intensive care unit. 

Kidney Disease: Improving Global Outcomes (KDIGO) AKI Work Group. KDIGO Clinical Practice Guideline for AKI. Kidney inter., Suppl. 2012; 2: 1–138.. 
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