Ischemic Acute Renal Failure

[bookmark: _GoBack]2 forms of ischemic acute renal injury: prerenal azotemia and acute tubular necrosis
	Account for >50% of the cases of renal failure seen in hospitalized human 
patients
	Patients with ischemic acute renal failure typically have low systemic 
perfusion (sometimes secondary to volume depletion), although their BP may not fall dramatically but may remain within the normal range
		In the absence of frank hypotension, an unobserved drop in blood 
pressure may have caused acute renal failure OR normotensive ischemic acute renal failure may have occurred
	Can occur secondary to several processes, most of which 
involve increased renal susceptibility to modest reductions in perfusion pressure
Renal response to ischemia
	The renal response to a drop in perfusion pressure is AUTOREGULATION= 
maintenance of normal blood flow and GFR, even with a MAP as low as 80mmHg
	Myogenic stretch reflex in the afferent arteriole
	Autoregulation during a decrease in renal-artery pressure derives 
mainly from a drop in afferent glomerular arteriolar resistance- mediated in large part by prostaglandins
	Addiitionally, glomerular capillary pressure is also partly 
supported by an increase in efferent glomerular arteriolar resistance- mediated largely by angiotensin II
		Therefore, sustains glomerular capillary pressure, the 
driving force of filtration
	As renal perfusion pressure drops below the autoregulatory range, 
endogenous vasoconstrictors increase afferent arteriolar resistance
		Reduces glomerular capillary pressure and GFR, resulting in 
functional prerenal azotemia
		Post-glomerular capillary bed, which perfuses the tubules has 
diminished blood flow and pressure, but the tubules remain intact
			Increasing severity and duration of ischemia may cause 
structural tubular injury
				Results in sloughing of tubular epithelial cells and 
brush-border-membrane debris, leading to the 
formation of casts that obstruct the tubules
Back-leak also occurs= glomerular filtrate leaks from 
the tubular lumen across the denuded tubular walls into the capillaries and the circulation
Impaired sodium reabsorption by injured tubular epithelial cells increases the sodium concentration in the tubular lumen
	Increased intratubular sodium concentration 
polymerizes Tamm-Horsfall protein contributing to cast formation
	Mechanism by which ischemia and oxygen depletion injure tubular 
cells starts with ATP depletion
	Cytoskeletal disruption leads to loss of brush-border microvilli and 
cell junctions and to mislocation of integrins and Na-K-ATPase from basal surface to apical surface
As a result, brush-border membranes and cells slough and may obstruct tubules downstream
		ATP depletion activates harmful proteases and phospholipases, 
which, with reperfusion, cause oxidant injury to tubular cells
		Similar damage occurs in endothelial cells of the peritubular 
capillaries (esp outer medulla- marginally oxygenated)
Oxidant injury + shift in balance toward vasoconstrictors (endothelin) result in vasoconstriction, congestion, hypoperfusion and expression of adhesion molecules (initiates leukocyte infiltration)
		Leukocytes obstruct microcirculation and release 
cytotoxic cytokines, ROS, and proteolytic enzymes which damage tubular cells= acute tubular necrosis
Factors increasing renal susceptibility to ischemia:
	The kidneys are most vulnerable to moderate hypoperfusion when 
autoregulation is impaired (most commonly when afferent arteriolar 
resistance does not decrease appropriately or even increases)- seen with hypertension, CKD, NSAIDs/COX inhibitors (decreased synthesis of vasodilatory prostaglandins); sepsis, hypercalcemia, severe liver failure, calcineurin inhibitors and radiocontrast agents can act through various vasonstrictor mediators to increase afferent arteriolar resistance
	In addition, sepsis and contrast agents may have direct toxic effects on 
the tubules
ACEi decrease efferent arteriolar constriction
Low perfusion states in normotensive renal failure
	Normotensive renal failure usually involves milder degrees of low perfusion 
processes, but azotemia occurs because of factors that increase renal susceptibility to ischemia
Less common mechanism for normotensive renal failure is severe hypoperfusion in the presence of increased levels of vasoconstrictive substances that limit the drop in blood pressure but that may occasionally increase the measured BP
Conversely, the severe hypoperfusion may be local
Diagnosis of normotensive ischemic ARF
	In the normotensive variant, when the UOP decreases or the creatinine 
concentration increases, the clinician should look for the presence of a low-perfusion state that may not have been readily apparent
Look at current BP in light of historical BPs, particularly if hypertension historically and current normotensive
Look for cause of decline of BP/susceptibility factors for renal ischemia that cause both low-perfusion states + increased afferent arteriolar resistance, ischemic states in the absence of low-perfusion states, or local hypoperfusion
Laboratory findings:
	Low-perfusion states trigger the body’s water- and sodium-conserving 
mechanisms
		Tubule increases reabsorption of water, sodium, passive reabsorption 
of urea
	Increase in reabsorption is facilitated by increased expression 
of urea transporters in the collecting duct, mediated by high plasma vasopressin concentrations
USG>1.015, urinary sodium and urea excretion decrease and ratio of BUN:creatinine rises from 10:1 to >20:1
***Strongly suggestive of renal hypoperfusion, even with normal BP
	If further ischemia causes ATN, the injured tubules are no longer able to 
increase reabsorption of water, sodium and urea
		USG becomes isosthenuric and urinary sodium and fractional 
excretion of sodium and urea increase; ratio of BUN: creatinine falls back to 10:1
Urinary sediment will show sloughed renal tubular epithelial cells and debris-filled, muddy brow, granular casts
	***Many patients appear to be “between” prerenal azotemia and ATN 
because of mixed findings
Therapy and response:
	Low-perfusion states and risk factors for renal ischemia are often treatable 
and thus should be identified and dealt with promptly
If possible, BP that is on lower end normal should be increased by correction 
of hypovolemia and by dose reduction/discontinuation of meds that decrease BP
The patient should be evaluated for occult infection and approp treated
If ATN has not occurred, effective tx can reverse azotemia within 24-48 hours
Treating patients with ATN-  highly susceptible to recurrent renal damage, therefore avoid volume depletion, hypotension, administration of nephrotoxic drugs, unnecessary anesthesia, sx, radiocontrast medium
	Dose-reduce renally excreted substances
	Fluid, electrolyte, acid-base balance must be maintained and volume 
overload and hyperkalemia avoided
Adequate nutrition
CRRT
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