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spontaneous bacterial peritonitis. Peritonitis should be ruled out
by culture of ascitic fluid. Albumin may prevent AKI in those treated
with antibiotics for spontaneous bacterial peritonitis. The definitive
treatment of the hepatorenal syndrome is orthotopic liver transplantation. Bridge therapies that have shown promise include terlipressin (a vasopressin analog), combination therapy with octreotide (a somatostatin analog) and midodrine (an α1-adrenergic
agonist), and norepinephrine, in combination with intravenous
albumin (25–50 g, maximum 100 g/d).

Disorders of the Kidney and Urinary Tract

Intrinsic AKI Several agents have been tested and have failed to
show benefit in the treatment of acute tubular injury. These include
atrial natriuretic peptide, low-dose dopamine, endothelin antagonists,
loop diuretics, calcium channel blockers, α-adrenergic receptor blockers, prostaglandin analogs, antioxidants, antibodies against leukocyte
adhesion molecules, and insulin-like growth factor, among many
others. Most studies have enrolled patients with severe and wellestablished AKI, and treatment may have been initiated too late. Novel
kidney injury biomarkers may provide an opportunity to test agents
earlier in the course of AKI.
AKI due to acute glomerulonephritis or vasculitis may respond to
immunosuppressive agents and/or plasmapheresis (Chap. 332e).
Allergic interstitial nephritis due to medications requires discontinuation of the offending agent. Glucocorticoids have been used, but
not tested in randomized trials, in cases where AKI persists or worsens despite discontinuation of the suspected medication. AKI due
to scleroderma (scleroderma renal crisis) should be treated with
ACE inhibitors. Idiopathic TTP-HUS is a medical emergency and
should be treated promptly with plasma exchange. Pharmacologic
blockade of complement activation may be effective in atypical
HUS.
Early and aggressive volume repletion is mandatory in patients
with rhabdomyolysis, who may initially require 10 L of fluid per day.
Alkaline fluids (e.g., 75 mmol/L sodium bicarbonate added to 0.45%
saline) may be beneficial in preventing tubular injury and cast formation, but carry the risk of worsening hypocalcemia. Diuretics may
be used if fluid repletion is adequate but unsuccessful in achieving
urinary flow rates of 200–300 mL/h. There is no specific therapy for
established AKI in rhabdomyolysis, other than dialysis in severe cases
or general supportive care to maintain fluid and electrolyte balance
and tissue perfusion. Careful attention must be focused on calcium
and phosphate status because of precipitation in damaged tissue and
release when the tissue heals.
Postrenal AKI Prompt recognition and relief of urinary tract obstruction can forestall the development of permanent structural damage
induced by urinary stasis. The site of obstruction defines the treatment approach. Transurethral or suprapubic bladder catheterization
may be all that is needed initially for urethral strictures or functional
bladder impairment. Ureteric obstruction may be treated by percutaneous nephrostomy tube placement or ureteral stent placement.
Relief of obstruction is usually followed by an appropriate diuresis
for several days. In rare cases, severe polyuria persists due to tubular
dysfunction and may require continued administration of intravenous fluids and electrolytes for a period of time.
SUPPORTIVE MEASURES
Volume Management Hypervolemia in oliguric or anuric AKI may
be life threatening due to acute pulmonary edema, especially
because many patients have coexisting pulmonary disease, and
AKI likely increases pulmonary vascular permeability. Fluid and
sodium should be restricted, and diuretics may be used to increase
the urinary flow rate. There is no evidence that increasing urine
output itself improves the natural history of AKI, but diuretics may
help to avoid the need for dialysis in some cases. In severe cases
of volume overload, furosemide may be given as a bolus (200 mg)
followed by an intravenous drip (10–40 mg/h), with or without a
thiazide diuretic. In decompensated heart failure, stepped diuretic
therapy was found to be superior to ultrafiltration in preserving
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renal function. Diuretic therapy should be stopped if there is no
response. Dopamine in low doses may transiently increase salt
and water excretion by the kidney in prerenal states, but clinical
trials have failed to show any benefit in patients with intrinsic AKI.
Because of the risk of arrhythmias and potential bowel ischemia, it
has been argued that the risks of dopamine outweigh the benefits
in the treatment or prevention of AKI.
Electrolyte and Acid-Base Abnormalities The treatment of dysnatremias and hyperkalemia is described in Chap. 63. Metabolic acidosis
is generally not treated unless severe (pH <7.20 and serum bicarbonate
<15 mmol/L). Acidosis can be treated with oral or intravenous sodium
bicarbonate (Chap. 66), but overcorrection should be avoided because
of the possibility of metabolic alkalosis, hypocalcemia, hypokalemia,
and volume overload. Hyperphosphatemia is common in AKI and can
usually be treated by limiting intestinal absorption of phosphate using
phosphate binders (calcium carbonate, calcium acetate, lanthanum,
sevelamer, or aluminum hydroxide). Hypocalcemia does not usually
require therapy unless symptoms are present. Ionized calcium should
be monitored rather than total calcium when hypoalbuminemia is
present.
Malnutrition Protein energy wasting is common in AKI, particularly
in the setting of multisystem organ failure. Inadequate nutrition may
lead to starvation ketoacidosis and protein catabolism. Excessive
nutrition may increase the generation of nitrogenous waste and
lead to worsening azotemia. Total parenteral nutrition requires
large volumes of fluid administration and may complicate efforts at
volume control. According to the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines, patients with AKI should achieve a
total energy intake of 20–30 kcal/kg per day. Protein intake should
vary depending on the severity of AKI: 0.8–1.0 g/kg per day in
noncatabolic AKI without the need for dialysis; 1.0–1.5 g/kg per
day in patients on dialysis; and up to a maximum of 1.7 g/kg per
day if hypercatabolic and receiving continuous renal replacement
therapy. Trace elements and water-soluble vitamins should also be
supplemented in AKI patients treated with dialysis and continuous
renal replacement therapy.
Anemia The anemia seen in AKI is usually multifactorial and is not
improved by erythropoiesis-stimulating agents, due to their delayed
onset of action and the presence of bone marrow resistance in critically ill patients. Uremic bleeding may respond to desmopressin or
estrogens, but may require dialysis for treatment in the case of longstanding or severe uremia. Gastrointestinal prophylaxis with proton
pump inhibitors or histamine (H2) receptor blockers is required.
Venous thromboembolism prophylaxis is important and should be
tailored to the clinical setting; low-molecular-weight heparins and
factor Xa inhibitors have unpredictable pharmacokinetics in severe
AKI and should be avoided.
Dialysis Indications and Modalities (See also Chap. 336) Dialysis is
indicated when medical management fails to control volume
overload, hyperkalemia, or acidosis; in some toxic ingestions; and
when there are severe complications of uremia (asterixis, pericardial rub or effusion, encephalopathy, uremic bleeding). The timing
of dialysis is still a matter of debate. Late initiation of dialysis carries the risk of avoidable volume, electrolyte, and metabolic complications of AKI. On the other hand, initiating dialysis too early
may unnecessarily expose individuals to intravenous lines and
invasive procedures, with the attendant risks of infection, bleeding, procedural complications, and hypotension. The initiation of
dialysis should not await the development of a life-threatening
complication of renal failure. Many nephrologists initiate dialysis
for AKI empirically when the BUN exceeds a certain value (e.g.,
100 mg/dL) in patients without clinical signs of recovery of kidney
function. The available modes for renal replacement therapy in
AKI require either access to the peritoneal cavity (for peritoneal
dialysis) or the large blood vessels (for hemodialysis, hemofiltration, and other hybrid procedures). Small solutes are removed
across a semipermeable membrane down their concentration
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