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Figure 334-6 Interpretation of urinary sediment findings in acute kidney injury (AKI). ATN, acute tubular necrosis; GN, glomerulonephritis; HUS, hemolytic-uremic syndrome; RBCs, red blood cells; RTE, renal tubular epithelial; TTP, thrombotic thrombocytopenic purpura; WBCs,
white blood cells. (Adapted from L Yang, JV Bonventre: Diagnosis and clinical evaluation of acute kidney injury. In Comprehensive Nephrology, 4th ed.
J Floege et al [eds]. Philadelphia, Elsevier, 2010.)

SCr, although severe AKI with rapid increases in SCr can occur in this
setting. With many of the epithelial cell toxins such as aminoglycoside
antibiotics and cisplatin, the rise in SCr is characteristically delayed for
3–5 days to 2 weeks after initial exposure.
A complete blood count may provide diagnostic clues. Anemia is
common in AKI and is usually multifactorial in origin. It is not related
to an effect of AKI solely on production of red blood cells because this
effect in isolation takes longer to manifest. Peripheral eosinophilia can
accompany interstitial nephritis, atheroembolic disease, polyarteritis
nodosa, and Churg-Strauss vasculitis. Severe anemia in the absence
of bleeding may reflect hemolysis, multiple myeloma, or thrombotic
microangiopathy (e.g., HUS or TTP). Other laboratory findings of
thrombotic microangiopathy include thrombocytopenia, schistocytes
on peripheral blood smear, elevated lactate dehydrogenase level, and
low haptoglobin content. Evaluation of patients suspected of having
TTP-HUS includes measurement of levels of the von Willebrand factor cleaving protease (ADAMTS13) and testing for Shiga toxin–producing Escherichia coli. “Atypical HUS” constitutes the majority of
adult cases of HUS; genetic testing is important because it is estimated
that 60–70% of atypical HUS patients have mutations in genes encoding proteins that regulate the alternative complement pathway.
AKI often leads to hyperkalemia, hyperphosphatemia, and hypocalcemia. Marked hyperphosphatemia with accompanying hypocalcemia, however, suggests rhabdomyolysis or the tumor lysis syndrome.
Creatine phosphokinase levels and serum uric acid are elevated
in rhabdomyolysis, while tumor lysis syndrome shows normal or
marginally elevated creatine kinase and markedly elevated serum
uric acid. The anion gap may be increased with any cause of uremia
due to retention of anions such as phosphate, hippurate, sulfate, and
urate. The co-occurrence of an increased anion gap and an osmolal
gap may suggest ethylene glycol poisoning, which may also cause
oxalate crystalluria. Low anion gap may provide a clue to the diagnosis of multiple myeloma due to the presence of unmeasured cationic
proteins. Laboratory blood tests helpful for the diagnosis of glomerulonephritis and vasculitis include depressed complement levels and
high titers of antinuclear antibodies (ANAs), antineutrophilic cytoplasmic antibodies (ANCAs), antiglomerular basement membrane
(AGBM) antibodies, and cryoglobulins.
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RENAL FAILURE INDICES
Several indices have been used to help differentiate prerenal azotemia
from intrinsic AKI when the tubules are malfunctioning. The low tubular flow rate and increased renal medullary recycling of urea seen in
prerenal azotemia may cause a disproportionate elevation of the BUN
compared to creatinine. Other causes of disproportionate BUN elevation need to be kept in mind, however, including upper gastrointestinal
bleeding, hyperalimentation, increased tissue catabolism, and glucocorticoid use.
The fractional excretion of sodium (FeNa) is the fraction of the filtered sodium load that is reabsorbed by the tubules, and is a measure
of both the kidney’s ability to reabsorb sodium as well as endogenously
and exogenously administered factors that affect tubular reabsorption.
As such, it depends on sodium intake, effective intravascular volume,
GFR, diuretic intake, and intact tubular reabsorptive mechanisms.
With prerenal azotemia, the FeNa may be below 1%, suggesting avid
tubular sodium reabsorption. In patients with CKD, a FeNa significantly above 1% can be present despite a superimposed prerenal state.
The FeNa may also be above 1% despite hypovolemia due to treatment
with diuretics. Low FeNa is often seen early in glomerulonephritis and
other disorders and, hence, should not be taken as prima facie evidence
of prerenal azotemia. Low FeNa is therefore suggestive, but not synonymous, with effective intravascular volume depletion, and should
not be used as the sole guide for volume management. The response of
urine output to crystalloid or colloid fluid administration may be both
diagnostic and therapeutic in prerenal azotemia. In ischemic AKI, the
FeNa is frequently above 1% because of tubular injury and resultant
inability to reabsorb sodium. Several causes of ischemia-associated
and nephrotoxin-associated AKI can present with FeNa below 1%,
however, including sepsis (often early in the course), rhabdomyolysis,
and contrast nephropathy.
The ability of the kidney to produce a concentrated urine is dependent upon many factors and reliant on good tubular function in multiple regions of the kidney. In the patient not taking diuretics and
with good baseline kidney function, urine osmolality may be above
500 mOsm/kg in prerenal azotemia, consistent with an intact medullary gradient and elevated serum vasopressin levels causing water reabsorption resulting in concentrated urine. In elderly patients and those
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