Ischemic Acute Renal Failure

1. Identify two types of ischemic acute renal injury (causes of azotemia)?

Prerenal azotemia and acute tubular necrosis



2. Patients with ischemic acute renal failure typically have low systemic perfusion.  Describe two circumstances in which they can have normal blood pressures.

An unobserved drop in blood pressure may have caused acute renal failure
Or
Normotensive ischemic acute renal failure may have occurred
	This can occur secondary to several processes, most of which 
involve increased renal susceptibility to modest reductions in perfusion pressure
Less common mechanism for normotensive RF is severe hypoperfusion in the presence of increased levels of vasoconstrictive substances that limit the drop in BP but that may occasionally increase the measured BP OR severe local hypoperfusion


3. What is the kidney’s normal response to a drop in perfusion pressure (HINT: think about what happen at the level of the afferent and efferent glomerular arteriolar)?

Normal response is autoregulation with the maintenance of normal blood flow and GFR even with a MAP as low as 80mmHg
Autoregulation during a decrease in renal-artery pressure derives mainly from a drop in afferent glomerular arteriolar resistance, mediated largely by prostaglandins
Additionally, glomerular capillary pressure is also partly supported by an increase in efferent glomerular arteriolar resistance- mediated largely by angiotensin II
Therefore, glomerular capillary pressure is sustained

4. As renal perfusion pressure drops below the autoregulatory range, what happens at the level of the afferent arteriole?

Vasoconstriction occurs increasing afferent arteriolar resistance, reducing glomerular capillary pressure and GFR, resulting in a functional prerenal azotemia

5. Why do we often see casts with acute tubular necrosis secondary to ischemic acute renal failure?

Increasing severity and duration of ischemia may cause structural tubular injury, resulting in the sloughing of tubular epithelial cells and brush-border-membrane debris, leading to the formation of casts that obstruct the tubules.  Impaired sodium reabsorption by the injured tubular epithelial cells increases the sodium concentration in the tubular lumen.  The increasing intratubular sodium concentration polymerizes with Tamm-Horsfall protein, contributing to cast formation

6. What is the mechanism by which ischemia injures tubular cells?

ATP depletion
Depletion activates harmful proteases and phospholipases,  which with reperfusion, causes oxidant injury to tubular cells
Similar damage also occurs in the endothelial cells of the peritubular capillaries
Oxidant injury + shift in balance toward vasoconstriction leads to vasoconstriction, congestion, hypoperfusion and expression of adhesion molecules which initiate leukocyte infiltration
Leukocytes obstruct microcirculation and release cytotoxic cytokines, ROS and proteolytic enzymes which damage tubular cells leading to acute tubular necrosis

7. For each of the factors listed below, please describe how they increase renal susceptibility to ischemia.
a. NSAIDS/COXi
Decreased synthesis of vasodilatory prostaglandins- decreased afferent arteriolar dilation normally seen with autoregulation
b. ACEi
Decreased angiotensin II which normally acts to increase efferent arteriolar constriction normally seen with autoregulation
c. Sepsis
Low-volume state, autoregulation is impaired (afferent glomerular arteriolar vasoconstriction) and may have direct toxic effects on the tubules
d. Hypercalcemia
May increase afferent glomerular arteriolar resistance, may lead to marked hypovolemia because it may increase renal fluid losses, may simultaneously cause systemic vasoconstriction which may paradoxically maintain/increase BP
e. Radiocontrast agents
May increase afferent glomerular arteriolar resistance and may cause direct tubular damage
f. CKD
Failure to decrease arteriolar resistance d/t structural changes in renal arterioles and small arteries
g. Chronic hypertension
Failure to decrease arteriolar resistance d/t structural changes in renal arterioles and small arteries

8. How would you distinguish between the two types of ischemic acute kidney injury based on laboratory data (i.e. prerenal azotemia vs. ATN)?

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 
[bookmark: _GoBack]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


[P —————

2 Pt s s e sy el
i, Do oo e o

£ oo ey o oot F s
e o
o e e e O R
sty

5 Wi ey sl s 3ol petsionpresr (AN
o g e e e s e ot
ey

iy 8 A e e S

e e omeri e s s
"
o S e s

st oo b e




