DIAGNOSTIC EVALUATION (TABLE 334-1)
The presence of AKI is usually inferred by an elevation in the SCr
concentration. AKI is currently defined by a rise from baseline of
at least 0.3 mg/dL within 48 h or at least 50% higher than baseline
within 1 week, or a reduction in urine output to less than 0.5 mL/kg
per hour for longer than 6 h. It is important to recognize that given
this definition, some patients with AKI will not have tubular or glomerular damage (e.g., prerenal azotemia). The distinction between
AKI and CKD is important for proper diagnosis and treatment. The
distinction is straightforward when a recent baseline SCr concentration is available, but more difficult in the many instances in which the
baseline is unknown. In such cases, clues suggestive of CKD can come
from radiologic studies (e.g., small, shrunken kidneys with cortical
thinning on renal ultrasound, or evidence of renal osteodystrophy)
or laboratory tests such as normocytic anemia in the absence of blood
loss or secondary hyperparathyroidism with hyperphosphatemia and
hypocalcemia, consistent with CKD. No set of tests, however, can rule
out AKI superimposed on CKD because AKI is a frequent complication in patients with CKD, further complicating the distinction. Serial
blood tests showing continued substantial rise of SCr represents clear
evidence of AKI. Once the diagnosis of AKI is established, its cause
needs to be determined.
HISTORY AND PHYSICAL EXAMINATION
The clinical context, careful history taking, and physical examination
often narrow the differential diagnosis for the cause of AKI. Prerenal
azotemia should be suspected in the setting of vomiting, diarrhea,
glycosuria causing polyuria, and several medications including diuretics, NSAIDs, ACE inhibitors, and ARBs. Physical signs of orthostatic
hypotension, tachycardia, reduced jugular venous pressure, decreased
skin turgor, and dry mucous membranes are often present in prerenal
azotemia. A history of prostatic disease, nephrolithiasis, or pelvic
or paraaortic malignancy would suggest the possibility of postrenal
AKI. Whether or not symptoms are present early during obstruction
of the urinary tract depends on the location of obstruction. Colicky
flank pain radiating to the groin suggests acute ureteric obstruction.
Nocturia and urinary frequency or hesitancy can be seen in prostatic
disease. Abdominal fullness and suprapubic pain can accompany massive bladder enlargement. Definitive diagnosis of obstruction requires
radiologic investigations.
A careful review of all medications is imperative in the evaluation of
an individual with AKI. Not only are medications frequently a cause of
AKI, but doses of administered medications must be adjusted for estimated GFR. Idiosyncratic reactions to a wide variety of medications
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can lead to allergic interstitial nephritis, which may be accompanied 1805
by fever, arthralgias, and a pruritic erythematous rash. The absence
of systemic features of hypersensitivity, however, does not exclude the
diagnosis of interstitial nephritis.
AKI accompanied by palpable purpura, pulmonary hemorrhage, or
sinusitis raises the possibility of systemic vasculitis with glomerulonephritis. Atheroembolic disease can be associated with livedo reticularis
and other signs of emboli to the legs. A tense abdomen should prompt
consideration of acute abdominal compartment syndrome, which
requires measurement of bladder pressure. Signs of limb ischemia may
be clues to the diagnosis of rhabdomyolysis.
URINE FINDINGS
Complete anuria early in the course of AKI is uncommon except in the
following situations: complete urinary tract obstruction, renal artery
occlusion, overwhelming septic shock, severe ischemia (often with
cortical necrosis), or severe proliferative glomerulonephritis or vasculitis. A reduction in urine output (oliguria, defined as <400 mL/24 h)
usually denotes more severe AKI (i.e., lower GFR) than when urine
output is preserved. Oliguria is associated with worse clinical outcomes. Preserved urine output can be seen in nephrogenic diabetes
insipidus characteristic of longstanding urinary tract obstruction,
tubulointerstitial disease, or nephrotoxicity from cisplatin or aminoglycosides, among other causes. Red or brown urine may be seen with
or without gross hematuria; if the color persists in the supernatant
after centrifugation, then pigment nephropathy from rhabdomyolysis
or hemolysis should be suspected.
The urinalysis and urine sediment examination are invaluable
tools, but they require clinical correlation because of generally limited
sensitivity and specificity (Fig. 334-6) (Chap. 62e). In the absence of
preexisting proteinuria from CKD, AKI from ischemia or nephrotoxins leads to mild proteinuria (<1 g/d). Greater proteinuria in AKI
suggests damage to the glomerular ultrafiltration barrier or excretion
of myeloma light chains; the latter are not detected with conventional
urine dipsticks (which detect albumin) and require the sulfosalicylic
acid test or immunoelectrophoresis. Atheroemboli can cause a variable
degree of proteinuria. Extremely heavy proteinuria (“nephrotic range,”
>3.5 g/d) can occasionally be seen in glomerulonephritis, vasculitis, or
interstitial nephritis (particularly from NSAIDs). AKI can also complicate cases of minimal change disease, a cause of the nephrotic syndrome (Chap. 332e). If the dipstick is positive for hemoglobin but few
red blood cells are evident in the urine sediment, then rhabdomyolysis
or hemolysis should be suspected.
Prerenal azotemia may present with hyaline casts or an unremarkable urine sediment exam. Postrenal AKI may also lead to an unremarkable sediment, but hematuria and pyuria may be seen depending
on the cause of obstruction. AKI from ATN due to ischemic injury,
sepsis, or certain nephrotoxins has characteristic urine sediment
findings: pigmented “muddy brown” granular casts and tubular
epithelial cell casts. These findings may be absent in more than 20%
of cases, however. Glomerulonephritis may lead to dysmorphic red
blood cells or red blood cell casts. Interstitial nephritis may lead to
white blood cell casts. The urine sediment findings overlap somewhat
in glomerulonephritis and interstitial nephritis, and a diagnosis is not
always possible on the basis of the urine sediment alone. Urine eosinophils have a limited role in differential diagnosis; they can be seen in
interstitial nephritis, pyelonephritis, cystitis, atheroembolic disease,
or glomerulonephritis. Crystalluria may be important diagnostically.
The finding of oxalate crystals in AKI should prompt an evaluation for
ethylene glycol toxicity. Abundant uric acid crystals may be seen in the
tumor lysis syndrome.
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does not rule out the presence of partial obstruction, because the
GFR is normally two orders of magnitude higher than the urinary
flow rate. For AKI to occur in healthy individuals, obstruction must
affect both kidneys unless only one kidney is functional, in which
case unilateral obstruction can cause AKI. Unilateral obstruction
may cause AKI in the setting of significant underlying CKD or, in
rare cases, from reflex vasospasm of the contralateral kidney. Bladder
neck obstruction is a common cause of postrenal AKI and can be
due to prostate disease (benign prostatic hypertrophy or prostate
cancer), neurogenic bladder, or therapy with anticholinergic drugs.
Obstructed Foley catheters can cause postrenal AKI if not recognized
and relieved. Other causes of lower tract obstruction are blood clots,
calculi, and urethral strictures. Ureteric obstruction can occur from
intraluminal obstruction (e.g., calculi, blood clots, sloughed renal
papillae), infiltration of the ureteric wall (e.g., neoplasia), or external
compression (e.g., retroperitoneal fibrosis, neoplasia, abscess, or
inadvertent surgical damage). The pathophysiology of postrenal AKI
involves hemodynamic alterations triggered by an abrupt increase in
intratubular pressures. An initial period of hyperemia from afferent
arteriolar dilation is followed by intrarenal vasoconstriction from the
generation of angiotensin II, thromboxane A2, and vasopressin, and
a reduction in NO production. Reduced GFR is due to underperfusion
of glomeruli and, possibly, changes in the glomerular ultrafiltration
coefficient.

BLOOD LABORATORY FINDINGS
Certain forms of AKI are associated with characteristic patterns in the
rise and fall of SCr. Prerenal azotemia typically leads to modest rises
in SCr that return to baseline with improvement in hemodynamic
status. Contrast nephropathy leads to a rise in SCr within 24–48 h,
peak within 3–5 days, and resolution within 5–7 days. In comparison,
atheroembolic disease usually manifests with more subacute rises in
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