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urinary osmolality unreliable in many instances. Loss of concentrating
ability is common in septic or ischemic AKI, resulting in urine osmolality below 350 mOsm/kg, but the finding is not specific.

Disorders of the Kidney and Urinary Tract

RADIOLOGIC EVALUATION
Postrenal AKI should always be considered in the differential diagnosis of AKI because treatment is usually successful if instituted early.
Simple bladder catheterization can rule out urethral obstruction.
Imaging of the urinary tract with renal ultrasound or CT should
be undertaken to investigate obstruction in individuals with AKI
unless an alternate diagnosis is apparent. Findings of obstruction
include dilation of the collecting system and hydroureteronephrosis.
Obstruction can be present without radiologic abnormalities in the
setting of volume depletion, retroperitoneal fibrosis, encasement
with tumor, and also early in the course of obstruction. If a high
clinical index of suspicion for obstruction persists despite normal
imaging, antegrade or retrograde pyelography should be performed.
Imaging may also provide additional helpful information about kidney
size and echogenicity to assist in the distinction between acute versus CKD. In CKD, kidneys are usually smaller unless the patient has
diabetic nephropathy, HIV-associated nephropathy, or infiltrative
diseases. Normal sized kidneys are expected in AKI. Enlarged kidneys in a patient with AKI suggests the possibility of acute interstitial nephritis. Vascular imaging may be useful if venous or arterial
obstruction is suspected, but the risks of contrast administration
should be kept in mind. MRI with gadolinium-based contrast agents
should be avoided if possible in severe AKI due to the possibility of
inducing nephrogenic system fibrosis, a rare but serious complication seen most commonly in patients with end-stage renal disease.
KIDNEY BIOPSY
If the cause of AKI is not apparent based on the clinical context, physical examination, laboratory studies, and radiologic evaluation, kidney
biopsy should be considered. The kidney biopsy can provide definitive
diagnostic and prognostic information about acute kidney disease
and CKD. The procedure is most often used in AKI when prerenal
azotemia, postrenal AKI, and ischemic or nephrotoxic AKI have been
deemed unlikely, and other possible diagnoses are being considered
such as glomerulonephritis, vasculitis, interstitial nephritis, myeloma
kidney, HUS and TTP, and allograft dysfunction. Kidney biopsy is
associated with a risk of bleeding, which can be severe and organ- or
life-threatening in patients with thrombocytopenia or coagulopathy.
NOVEL BIOMARKERS
BUN and creatinine are functional biomarkers of glomerular filtration
rather than tissue injury biomarkers and, therefore, may be suboptimal
for the diagnosis of actual parenchymal kidney damage. BUN and creatinine are also relatively slow to rise after kidney injury. Several novel
kidney injury biomarkers have been investigated and show promise for
earlier and accurate diagnosis of AKI. Kidney injury molecule-1 (KIM-1)
is a type 1 transmembrane protein that is abundantly expressed in
proximal tubular cells injured by ischemia or nephrotoxins such as cisplatin. KIM-1 is not expressed in appreciable quantities in the absence
of tubular injury or in extrarenal tissues. KIM-1’s functional role may
be to confer phagocytic properties to tubular cells, enabling them to
clear debris from the tubular lumen after kidney injury. KIM-1 can
be detected shortly after ischemic or nephrotoxic injury in the urine
and, therefore, may be an easily tested biomarker in the clinical setting.
Neutrophil gelatinase associated lipocalin (NGAL, also known as lipocalin-2 or siderocalin) is another novel biomarker of AKI. NGAL was
first discovered as a protein in granules of human neutrophils. NGAL
can bind to iron siderophore complexes and may have tissue-protective
effects in the proximal tubule. NGAL is highly upregulated after inflammation and kidney injury and can be detected in the plasma and urine
within 2 h of cardiopulmonary bypass–associated AKI. Other candidate
biomarkers of AKI include interleukin (IL) 18, a proinflammatory
cytokine of the IL-1 superfamily that may mediate ischemic proximal
tubular injury, and L-type fatty acid binding protein, which is expressed
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in ischemic proximal tubule cells and may be renoprotective by binding free fatty acids and lipid peroxidation products. A number of other
biomarkers are under investigation for early and accurate identification
of AKI and for risk stratification to identify individuals at increased risk.
The optimal use of novel AKI biomarkers in clinical settings is an area
of ongoing investigation.

COMPLICATIONS
The kidney plays a central role in homeostatic control of volume
status, blood pressure, plasma electrolyte composition, and acid-base
balance, and for excretion of nitrogenous and other waste products.
Complications associated with AKI are, therefore, protean, and
depend on the severity of AKI and other associated conditions. Mild
to moderate AKI may be entirely asymptomatic, particularly early in
the course.
UREMIA
Buildup of nitrogenous waste products, manifested as an elevated BUN
concentration, is a hallmark of AKI. BUN itself poses little direct toxicity at levels below 100 mg/dL. At higher concentrations, mental status
changes and bleeding complications can arise. Other toxins normally
cleared by the kidney may be responsible for the symptom complex
known as uremia. Few of the many possible uremic toxins have been
definitively identified. The correlation of BUN and SCr concentrations
with uremic symptoms is extremely variable, due in part to differences
in urea and creatinine generation rates across individuals.
HYPERVOLEMIA AND HYPOVOLEMIA
Expansion of extracellular fluid volume is a major complication of
oliguric and anuric AKI, due to impaired salt and water excretion. The
result can be weight gain, dependent edema, increased jugular venous
pressure, and pulmonary edema; the latter can be life threatening.
Pulmonary edema can also occur from volume overload and hemorrhage in pulmonary renal syndromes. AKI may also induce or exacerbate acute lung injury characterized by increased vascular permeability
and inflammatory cell infiltration in lung parenchyma. Recovery from
AKI can sometimes be accompanied by polyuria, which, if untreated,
can lead to significant volume depletion. The polyuric phase of recovery
may be due to an osmotic diuresis from retained urea and other waste
products as well as delayed recovery of tubular reabsorptive functions.
HYPONATREMIA
Administration of excessive hypotonic crystalloid or isotonic dextrose
solutions can result in hypoosmolality and hyponatremia, which, if
severe, can cause neurologic abnormalities, including seizures.
HYPERKALEMIA
Abnormalities in plasma electrolyte composition can be mild or life
threatening. Frequently the most concerning complication of AKI
is hyperkalemia. Marked hyperkalemia is particularly common in
rhabdomyolysis, hemolysis, and tumor lysis syndrome due to release
of intracellular potassium from damaged cells. Potassium affects the
cellular membrane potential of cardiac and neuromuscular tissues.
Muscle weakness may be a symptom of hyperkalemia. The more serious complication of hyperkalemia is due to effects on cardiac conduction, leading to potentially fatal arrhythmias.
ACIDOSIS
Metabolic acidosis, usually accompanied by an elevation in the anion
gap, is common in AKI, and can further complicate acid-base and
potassium balance in individuals with other causes of acidosis, including sepsis, diabetic ketoacidosis, or respiratory acidosis.
HYPERPHOSPHATEMIA AND HYPOCALCEMIA
AKI can lead to hyperphosphatemia, particularly in highly catabolic
patients or those with AKI from rhabdomyolysis, hemolysis, and
tumor lysis syndrome. Metastatic deposition of calcium phosphate
can lead to hypocalcemia. AKI-associated hypocalcemia may also arise
from derangements in the vitamin D–parathyroid hormone–fibroblast

2/9/15 6:45 PM

