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Acute kidney injury

PART 13

Prerenal

Disorders of the Kidney and Urinary Tract

Hypovolemia
Decreased cardiac output
Decreased effective circulating
volume
• Congestive heart failure
• Liver failure
Impaired renal autoregulation
• NSAIDs
• ACE-I/ARB
• Cyclosporine

Intrinsic

Glomerular
• Acute
glomerulonephritis

Ischemia

Tubules and
interstitium

Sepsis/
Infection

Postrenal

Vascular
• Vasculitis
• Malignant
hypertension
• TTP-HUS

Bladder outlet obstruction
Bilateral pelvoureteral
obstruction (or unilateral
obstruction of a solitary
functioning kidney)

Nephrotoxins
Exogenous: Iodinated
contrast, aminoglycosides,
cisplatin, amphotericin B
Endogenous: Hemolysis,
rhabdomyolysis,
myeloma, intratubular
crystals

Figure 334-1 Classification of the major causes of acute kidney injury. ACE-I, angiotensin-converting enzyme inhibitor-I; ARB, angiotensin
receptor blocker; NSAIDs, nonsteroidal anti-inflammatory drugs; TTP-HUS, thrombotic thrombocytopenic purpura–hemolytic-uremic syndrome.
filtration. The most common clinical conditions associated with
prerenal azotemia are hypovolemia, decreased cardiac output, and
medications that interfere with renal autoregulatory responses such
as nonsteroidal anti-inflammatory drugs (NSAIDs) and inhibitors of
angiotensin II (Fig. 334-2). Prerenal azotemia may coexist with other
forms of intrinsic AKI associated with processes acting directly on
the renal parenchyma. Prolonged periods of prerenal azotemia may
lead to ischemic injury, often termed acute tubular necrosis (ATN).
By definition, prerenal azotemia involves no parenchymal damage to
the kidney and is rapidly reversible once intraglomerular hemodynamics are restored.
Normal GFR is maintained in part by the relative resistances of the
afferent and efferent renal arterioles, which determine the glomerular
plasma flow and the transcapillary hydraulic pressure gradient that
drive glomerular ultrafiltration. Mild degrees of hypovolemia and reductions in cardiac output elicit compensatory renal physiologic changes.
Because renal blood flow accounts for 20% of the cardiac output, renal
vasoconstriction and salt and water reabsorption occur as homeostatic
responses to decreased effective circulating volume or cardiac output in
order to maintain blood pressure and increase intravascular volume to
sustain perfusion to the cerebral and coronary vessels. Mediators of this
response include angiotensin II, norepinephrine, and vasopressin (also
termed antidiuretic hormone). Glomerular filtration can be maintained
despite reduced renal blood flow by angiotensin II–mediated renal efferent vasoconstriction, which maintains glomerular capillary hydrostatic
pressure closer to normal and thereby prevents marked reductions in
GFR if renal blood flow reduction is not excessive.
In addition, a myogenic reflex within the afferent arteriole leads to
dilation in the setting of low perfusion pressure, thereby maintaining
glomerular perfusion. Intrarenal biosynthesis of vasodilator prostaglandins (prostacyclin, prostaglandin E2), kallikrein and kinins, and
possibly nitric oxide (NO) also increase in response to low renal perfusion pressure. Autoregulation is also accomplished by tubuloglomerular feedback, in which decreases in solute delivery to the macula densa
(specialized cells within the distal tubule) elicit dilation of the juxtaposed afferent arteriole in order to maintain glomerular perfusion, a
mechanism mediated, in part, by NO. There is a limit, however, to the
ability of these counterregulatory mechanisms to maintain GFR in the
face of systemic hypotension. Even in healthy adults, renal autoregulation usually fails once the systolic blood pressure falls below 80 mmHg.
A number of factors determine the robustness of the autoregulatory response and the risk of prerenal azotemia. Atherosclerosis,
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long-standing hypertension, and older age can lead to hyalinosis
and myointimal hyperplasia, causing structural narrowing of the
intrarenal arterioles and impaired capacity for renal afferent vasodilation. In chronic kidney disease, renal afferent vasodilation
may be operating at maximal capacity in order to maximize GFR
in response to reduced functional renal mass. Drugs can affect the
compensatory changes evoked to maintain GFR. NSAIDs inhibit
renal prostaglandin production, limiting renal afferent vasodilation.
Angiotensin-converting enzyme (ACE) inhibitors and angiotensin
receptor blockers (ARBs) limit renal efferent vasoconstriction; this
effect is particularly pronounced in patients with bilateral renal
artery stenosis or unilateral renal artery stenosis (in the case of a
solitary functioning kidney) because renal efferent vasoconstriction is
needed to maintain GFR due to low renal perfusion. The combined use
of NSAIDs with ACE inhibitors or ARBs poses a particularly high risk
for developing prerenal azotemia.
Many individuals with advanced cirrhosis exhibit a unique hemodynamic profile that resembles prerenal azotemia despite total-body
volume overload. Systemic vascular resistance is markedly reduced
due to primary arterial vasodilation in the splanchnic circulation,
resulting ultimately in activation of vasoconstrictor responses similar to those seen in hypovolemia. AKI is a common complication
in this setting, and it can be triggered by volume depletion and
spontaneous bacterial peritonitis. A particularly poor prognosis is
seen in the case of type 1 hepatorenal syndrome, in which AKI without an alternate cause (e.g., shock and nephrotoxic drugs) persists
despite volume administration and withholding of diuretics. Type 2
hepatorenal syndrome is a less severe form characterized mainly by
refractory ascites.
INTRINSIC AKI
The most common causes of intrinsic AKI are sepsis, ischemia,
and nephrotoxins, both endogenous and exogenous (Fig. 334-3).
In many cases, prerenal azotemia advances to tubular injury.
Although classically termed “acute tubular necrosis,” human biopsy
confirmation of tubular necrosis is, in general, often lacking in
cases of sepsis and ischemia; indeed, processes such as inflammation, apoptosis, and altered regional perfusion may be important
contributors pathophysiologically. Other causes of intrinsic AKI
are less common and can be conceptualized anatomically according
to the major site of renal parenchymal damage: glomeruli, tubulointerstitium, and vessels.
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