Management of Acute Renal Failure

EDDIE NEEDHAM, M.D., Emory University School of Medicine, Atlanta, Georgia

Acute renal failure is present in 1 to 5 percent of patients at hospital admission and affects up to
20 percent of patients in intensive care units. The condition has prerenal, intrarenal, and postre-
nal causes, with prerenal conditions accounting for 60 to 70 percent of cases. The cause of acute
renal failure usually can be identified through an appropriate history, a physical examination,
and selected laboratory tests. The initial laboratory evaluation should include urinalysis, a deter-
mination of the fractional excretion of sodium, a blood urea nitrogen to creatinine ratio, and a
basic metabolic panel. Management includes correction of fluid and electrolyte levels; avoidance
of nephrotoxins; and kidney replacement therapy, when appropriate. Several recent studies sup-
port the use of acetylcysteine for the prevention of acute renal failure in patients undergoing
various procedures. The relative risk of serum creatinine elevation was 0.11 in patients undergo-
ing radiocontrast-media procedures (absolute risk reduction: 19 percent) and 0.33 in patients
undergoing coronary angiography (absolute risk reduction: 8 percent). In patients pretreated
with sodium bicarbonate before radiocontrast-media procedures, the relative risk of serum
creatinine elevation was 0.13 and the absolute risk reduction was 11.9 percent. Dopamine and
diuretics have been shown to be ineffective in ameliorating the course of acute renal failure. (Am
Fam Physician 2005;72:1739-46. Copyright © 2005 American Academy of Family Physicians.)

Oliguria is defined as a
urine output of less than
400 mL in 24 hours, and
anuria is defined as a urine
output of less than 100 mL

in 24 hours.
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cute renal failure is an acute loss of

kidney function that occurs over

days to weeks and results in an

inability to appropriately excrete
nitrogenous wastes and creatinine. Electro-
lyte disturbances and loss of fluid homeosta-
sis may occur. In spite of this rapid decline
in kidney function, patients with acute renal
failure often have few symptoms.

A strict definition of acute renal failure is
lacking. Accepted diagnostic criteria include
an increase in the serum creatinine level
of 0.5 mg per dL (44.2 umol
per L) or a 50 percent increase
in the creatinine level above
the baseline value, a 50 percent
decrease in the baseline-calcu-
lated glomerular filtration rate
(GFR), or the need for acute
kidney replacement therapy.!”
Oliguria is defined as a urine
output of less than 400 mL in 24 hours, and
anuria is defined as a urine output of less
than 100 mL in 24 hours.

Acute renal failure is present in 1 to 5 per-
cent of patients at hospital admission. The
condition affects 15 to 20 percent of patients in
intensive care units (ICUs); reported mortal-
ity rates range from 50 to 70 percent in these
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patients.!? Infection and cardiorespiratory
complications are the most common causes of
death in patients with acute renal failure.

Pathophysiology

Creatinine is a metabolic waste product
excreted by the kidneys. When the GFR is
normal, creatinine is filtered through the
glomerulus into the tubules and then excreted.
Creatinine also is secreted by tubular cells.

Medications such as trimethoprim (Pro-
loprim; with sulfamethoxazole [Bactrim, Sep-
tra]) and cimetidine (Tagamet) can inhibit
tubular secretion and falsely elevate the serum
creatininelevel.? Formulas to estimate the GFR
in patients with acute renal failure should not
be used to adjust medication dosages because
the serum creatinine level is not in a steady
state and continues to fluctuate.’

Causes of Acute Renal Failure

Traditionally, the causes of acute renal fail-
ure are classified as prerenal, intrarenal, or
postrenal (Table 1).?

PRERENAL CAUSES

Prerenal causes of acute renal failure are
common, with intravascular volume deple-
tion being the most common cause.? Fever,
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SORT: KEY RECOMMENDATIONS FOR PRACTICE

Evidence
Clinical recommendation rating References
Use of prophylactic acetylcysteine (Mucomyst) — C 20-22
may be considered to decrease the incidence
of renal insufficiency in radiocontrast-media
procedures, but studies showing improved
outcomes are needed.
Dopamine should not be used to prevent A 23-25
acute renal failure.
Diuretics should not be used to treat oliguria B 26, 27

in patients with acute renal failure.

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-
quality patient-oriented evidence; C = consensus, disease-oriented evidence, usual
practice, expert opinion, or case series. For information about the SORT evidence
rating system, see page 1639 or http://www.aafp.org/afpsort.xml.

TABLE 1
Causes of Acute Renal
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vomiting, and diarrhea can lead to decreased
kidney perfusion. Dehydration from any
cause, including diuretics, can precipitate
acute renal failure.

Prerenal azotemia occurs in diseases that
lead to a decrease in the effective arterial blood
volume. These diseases include heart failure,
liver failure, and nephrotic syndrome.

Nonsteroidal anti-inflammatory drugs
(NSAIDs) and angiotensin-converting
enzyme (ACE) inhibitors are known to
cause prerenal azotemia. NSAIDs affect the
kidney by blocking cyclo-oxygenase, leading
to an increase in thromboxane A,, which is
a potent vasoconstrictor of the preglomeru-
lar arterioles. Because these afferent vessels
supply blood to the kidney, vasoconstriction
causes decreased glomerular perfusion.’

ACE inhibitors block the production of
angiotensin II, causing vasodilation of the
postglomerular efferent arterioles. The vaso-
dilation results in a decrease in the glomeru-
lar pressure, which may cause azotemia.®

Large-vessel diseases, such as thrombosis,
embolus, and dissection, also can reduce
renal perfusion.

INTRARENAL CAUSES

Intrarenal causes of acute renal failure are
classified as tubular, glomerular, interstitial,
and vascular.

Injury to the tubules most often is caused
by ischemia or nephrotoxins. If prerenal azo-
temia and poor perfusion continue without
treatment, tubular cells begin to die. This
condition is termed “acute tubular necro-
sis.” Acute tubular necrosis is not a separate
entity; rather, it is a marker of a more severe
ischemic insult to the kidneys. Therefore,
prerenal azotemia and tubular ischemia rep-
resent stages in the continuum of tubular
injury."’

Acute tubular necrosis has three phases:
initiation, maintenance, and recovery. After
the initial insult to the kidneys, the main-
tenance phase typically lasts one to two
weeks. During the recovery phase, there
may be marked diuresis and a slow return
of kidney function. To date, no therapy has
been shown to hasten recovery from acute
tubular necrosis.
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Efforts should be made to prevent the development
of acute tubular necrosis in high-risk patients. Condi-
tions that place patients at risk for this condition include
untreated prerenal azotemia and the use of nephrotoxic
drugs or exposure to other nephrotoxins (Table 2).

Glomerulonephritis, an uncommon cause of acute
renal failure, has systemic manifestations such as fever,
rash, and arthritis. Urine findings include red blood

TABLE 2
Selected Nephrotoxins

Acyclovir (Zovirax)

Aminoglycosides*

Amphotericin B (Fungizone)
Angiotensin-converting enzyme inhibitors*

Cancer drugs: cisplatin (Platinol AQ), ifosfamide (Ifex)
Cocaine

Cyclosporine (Sandimmune)

Foscarnet (Foscavir)

Heavy metals

Myeloma light chains

Nonsteroidal anti-inflammatory drugs*

Oxalic acid

Pentamidine (NebuPent, Pentam 300, Pneumopent)
Pigment: hemoglobin, myoglobin

Radiocontrast media*

Uric acid

*—Most common toxins.
|
|

TABLE 3

Common Drugs That Can Cause
Allergic Interstitial Nephritis

Allopurinol (Zyloprim)

Cephalosporins

Cimetidine (Tagamet)

Ciprofloxacin (Cipro)

Furosemide (Lasix)

Nonsteroidal anti-inflammatory drugs

Penicillins

Phenytoin (Dilantin)

Rifampin (Rifadin)

Sulfonamides

Thiazide diuretics

Trimethoprim (Proloprim; with sulfamethoxazole [Bactrim,
Septra])
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Acute Renal Failure

cell casts, hematuria, and proteinuria. It is important
to evaluate all patients with glomerulonephritis for dis-
eases such as systemic lupus erythematosus. Consulta-
tion with a nephrologist may be required; renal biopsy
may be necessary.

Acute interstitial nephritis is an interstitial distur-
bance that leads to acute renal failure. (The diagnosis
and management of this condition have been reviewed in
American Family Physician.®) Acute interstitial nephri-
tis often results from an allergic reaction to a drug
(Table 3). Symptoms include fever and rash. Serum and
urine eosinophil counts may be elevated. Autoimmune
diseases, infection, and infiltrative diseases also can
lead to interstitial nephritis. If a drug is suspected as
the causative agent, immediate withdrawal of the drug
and supportive care are essential. Corticosteroids may
be beneficial >

Vascular disease can occur on the microvascular and
macrovascular levels. Depending on the location of the
lesion(s), vascular causes can be prerenal or intrarenal.
Microvascular processes commonly present as micro-
angiopathic hemolytic anemia and acute renal fail-
ure secondary to small-vessel thrombosis or occlusion.
Macrovascular causes of acute renal failure should be
suspected in older patients. These causes include renal
artery stenosis or thrombosis, atheroembolism second-
ary to atrial fibrillation, and aortic disease or acute
dissection.!!

POSTRENAL CAUSES

Postrenal causes of acute renal failure result in obstruction
of the outflow tracts of the kidneys. Causes include pros-
tatic hypertrophy, catheters, tumors, strictures, and crys-
tals. Neurogenic bladder also can cause an obstruction.

Because postrenal causes are readily reversible, it is
imperative to exclude them.!? Recovery of renal function
is directly proportional to the duration of the obstruc-
tion. Renal ultrasonography can be used to assess
patients for hydronephrosis. Because no contrast dye is
used, renal function is not further compromised.

Identification of Probable Causes

Probable causes of acute renal failure, based on the find-
ings of the history, are listed in Table 4. Probable causes
based on the physical findings are listed in Table 5.1
Urine test values and serum creatinine levels in prerenal
and intrarenal acute renal failure are compared in Table
6.23713 Selected diagnostic test results and their interpre-
tations are given in Table 7.1

Urine collected before the initiation of intravenous
fluid or diuretic treatment can be used to calculate the
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Acute Renal Failure

TABLE 4

Probable Causes of Acute Renal Failure
Based on the Findings of the History

History

Probable causes

Review of systems
Pulmonary system

Sinus, upper respiratory, or
pulmonary symptoms

Cardiac system
Symptoms of heart failure

Intravenous drug abuse;
prosthetic valve or valvular
disease

Gastrointestinal system

Diarrhea, vomiting, poor
intake

Colicky abdominal pain
radiating from flank to groin
Genitourinary system
Symptoms of benign prostatic
hypertrophy
Musculoskeletal system
Bone pain in older patient

Trauma, prolonged
immobilization

Skin
Rash

Constitutional symptoms

Anorexia, fatigue, fever,
weight loss

Medical history

Diabetes mellitus, multiple
sclerosis, stroke

Surgical history

Recent surgery or procedure

Medication history

Acyclovir (Zovirax), angiotensin-
converting enzyme inhibitors,
antibiotics, nonsteroidal anti-
inflammatory drugs

Pulmonary-renal syndrome,
vasculitis

Decreased renal perfusion
Endocarditis

Hypovolemia

Urolithiasis

Obstruction

Multiple myeloma,
prostate cancer

Rhabdomyolysis (pigment
nephropathy)

Allergic interstitial nephritis,
atheroemboli, systemic
lupus erythematosus,
thrombotic thrombocyto-
penic purpura, vasculitis

Malignancy, vasculitis

Neurogenic bladder

Atheroemboli, contrast
agent, ischemia,
endocarditis

Acute tubular necrosis,
allergic interstitial
nephritis, decreased renal
perfusion

Adapted from Agrawal M, Swartz R. Acute renal failure [published cor-
rection appears in Am Fam Physician 2001,63:445]. Am Fam Physician

2000,61:2080.
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fractional excretion of sodium (FENa). The first
urine sample obtained from the patient in the emer-
gency department is the most useful. In a patient with
acute renal failure, a FENa below 1 percent reflects
preservation of the kidneys’ ability to avidly reabsorb
sodium and water. A FENa higher than 1 percent sug-
gests the presence of acute tubular necrosis and loss
of the kidneys’ ability to concentrate urine.

Management

Acute renal failure often is preventable. Risk factors
for this condition include diabetes mellitus, chronic
renal insufficiency, heart failure, and advanced age.

Many medications can injure the kidneys. Dosing
schedules can help prevent acute renal failure. For
example, acute renal failure is less likely to develop
with a once-daily dose of an aminoglycoside than
with multiple daily doses."*

When acute renal failure is diagnosed, the cause(s)
must be identified and treated (Figure 1). Critical
measures include maintaining adequate intravascular
volume and mean arterial pressure, discontinuing all
nephrotoxic drugs, and eliminating exposure to any
other nephrotoxins (Table 2)."* Electrolyte abnor-
malities must be corrected, and urine output should
be monitored closely. Pigment or uric acid exposure
can be treated with alkaline diuresis. Ethylene glycol
or methanol poisoning should be treated with an
alcohol drip or with fomepizole (Antizol).!>1

Hyperkalemia is a common complication of acute
renal failure.”” Potassium levels below 6 mEq per L
(6 mmol per L) usually can be managed with dietary
restriction and resin binders. Caloric intake should
come primarily from carbohydrates. Protein intake
should be balanced to minimize nitrogenous waste
production while limiting starvation ketosis and
subsequent production of ketoacids. This balance is
achieved best with a protein intake of 0.6 g per kg
per day.

Sodium bicarbonate therapy should be reserved for
the treatment of severe metabolic acidosis (i.e., pH
below 7.2 or a bicarbonate level below 10 to 15 mEq
per dL [10 to 15 mmol per L]) with or without associ-
ated hyperkalemia. It is important to note that sodium
bicarbonate and sodium polystyrene sulfonate have
a large sodium load and may worsen fluid status in
patients with acute renal failure.

When hyperkalemia is severe and unresponsive
to treatment, kidney replacement therapy may be
indicated (Table 8).""*'® The use of intermittent
or continuous hemodialysis (multiple techniques)
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continues to be debated. Both approaches
are effective, and studies have not dem-
onstrated either approach to be superior
to the other.’™ Intermittent hemodialysis
requires less anticoagulation than does con-
tinuous hemodialysis; however continuous
hemodialysis can be performed in patients
with less hemodynamic stability.

Although renal biopsy rarely is performed,
it may be indicated for patients with acute
renal failure who do not respond to ther-
apy or for assistance in the diagnosis of
glomerulonephritis.

Future Directions
ACETYLCYSTEINE

Evidence exists that the prophylactic use of
acetylcysteine (Mucomyst) before radiocon-
trast-media procedures decreases the inci-
dence of acute renal failure.?*!

In one randomized trial®® of 83 patients
with chronic renal insufficiency, patients
were assigned to receive 0.45 percent saline
plus oral acetylcysteine (600 mg twice daily)
or 0.45 percent saline alone before under-
going computed tomographic scanning.
Within 48 hours after the imaging test, cre-
atinine levels increased by 0.5 mg per dL or
more in nine of the 42 patients in the saline-
only group but increased in just one of the
41 patients in the acetylcysteine group
(P =.01, relative risk = 0.11, absolute risk reduc-
tion = 19 %, number needed to treat = 5).

A second randomized controlled trial*!
evaluated acetylcysteine pretreatment in
patients scheduled to undergo coronary
angiography and angioplasty. All patients
had stable, moderate renal insufficiency and
a GFR of less than 60 mL per minute.
Patients randomly received acetylcysteine
(600 mg twice daily) the day before the
coronary procedure and the day of the pro-
cedure. All patients received an infusion of
0.9 percent normal saline. Within 48 hours
of the procedure, serum creatinine levels
increased by more than 25 percent in 12 of
98 patients in the saline-only group and in
four of 102 patients in the acetylcysteine
group (P = 0.03, relative risk = 0.33, absolute
risk reduction = 8%, number needed to
treat = 12).
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TABLE 5

Probable Causes of Acute Renal Failure
Based on the Physical Findings

Physical examination

Probable causes

Vital signs
Elevated temperature
Blood pressure

Weight loss or gain
Mouth

Jugular veins and axillae

(perspiration)
Pulmonary system
Heart

Abdomen

Pelvis
Rectum
Skin

Possible infection

Hypertension: nephrotic syndrome, malignant
hypertension
Hypotension: volume depletion, sepsis

Hypovolemia, hypervolemia
Dehydration
Hypovolemia, hypervolemia

Signs of heart failure

New murmur of endocarditis, signs of heart
failure

Bladder distention suggesting urethral
obstruction

Pelvic mass

Enlarged prostate

Rash of interstitial nephritis, purpura of
microvascular disease, livedo reticularis
suggestive of atheroembolic disease,

splinter hemorrhages or Osler’s nodes of
endocarditis

Adapted from Agrawal M, Swartz R. Acute renal failure [published correction appears
in Am Fam Physician 2001,63:445]. Am Fam Physician 2000,61:2081.

TABLE 6

Laboratory Values in Acute Renal Failure

Laboratory test

Values if intrarenal
cause of acute
renal failure

Values if prerenal
cause of acute
renal failure

FENa, percent*

BUN to creatinine ratio

Urine specific gravity

Urine osmolality, mOsm
per kg

Urine sodium concentration,

mEq per L (mmol per L)
Urine sediment

<1 >1

>20:1 10 to 20:1
>1.020 1.010 to 1.020
>500 300 to 500
<10 (10) >20 (20)

Hyaline casts Granular casts

FENa = fractional excretion of sodium, BUN = blood urea nitrogen.

*—FENa is calculated as follows:

Urine sodium + plasma sodium

FENa =

X 100

Urine creatinine + plasma creatinine

NOTE: A prerenal FENa of greater than 1 percent can occur in patients receiving
chronic diuretic therapy or in patients with acute renal failure superimposed on
chronic renal failure.’> Conversely, an intrarenal FENa of less than 1 percent can occur
with radiocontrast nephropathy and rhabdomyolysis.?

Information from references 2, 3, 7, and 13.
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TABLE 7

Selected Diagnostic Test Results and Corresponding Diseases in Patients with Acute Renal Failure

Diagnostic test results Diseases

Elevated creatine kinase level, elevated myoglobin level Rhabdomyolysis

Elevated uric acid level Gouty nephropathy, malignancy, tumor lysis syndrome
Elevated calcium level Malignancy

Monoclonal spike on serum protein electrophoresis
Hemoglobin SS on hemoglobin electrophoresis
Positive HIV test

Elevated antistreptolysin-O titer

Evidence of hemolysis (schistocytes on peripheral smear,
decreased haptoglobin level, elevated indirect bilirubin level,
elevated lactate dehydrogenase level); thrombocytopenia

Positive antinuclear antibody
Positive double-stranded DNA antibody
Low complement level

Positive antibasement membrane antibody

Positive cytoplasmic antineutrophil cytoplasmic antibody
Increased anion gap with increased osmolar gap*
Eosinophiluria

Positive blood cultures, with a new cardiac murmur
Elevated prostate-specific antigen level

Calcifications on abdominal plain-film radiograph

Mass or calcifications on abdominal or pelvic
computed tomographic scan, hydronephrosis on
renal ultrasonography

Multiple myeloma

Sickle cell nephropathy

HIV nephropathy

Poststreptococcal glomerulonephritis

Hemolytic uremic syndrome, thrombotic thrombocytopenic
purpura, systemic lupus erythematosus, other autoimmune
diseases

Autoimmune diseases
Systemic lupus erythematosus

Systemic lupus erythematosus, endocarditis, postinfectious
glomerulonephritis

Goodpasture’s syndrome

Wegener's granulomatosis

Ethylene glycol or methanol poisoning
Allergic interstitial nephritis
Endocarditis

Prostate hypertrophy, prostate cancer
Nephrolithiasis, ureterolithiasis

Malignancy, prostate hypertrophy, uterine fibroids,
nephrolithiasis, ureterolithiasis

HIV = human immunodeficiency virus, Na* = sodium ion,; CP = chloride ion; HCOs* = bicarbonate ion;, BUN = blood urea nitrogen.

*—Calculations are as follows:
Anion gap = Na* — (CI~ + HCO3~)

Serum osmolality = 2(Na* [in mEq per L]) + (BUN [in mg per dL] + 2.8) + (glucose [in mg per dL] + 18)
Osmolar gap = measured serum osmolality — calculated serum osmolality

Adapted from Agrawal M, Swartz R. Acute renal failure [published correction appears in Am Fam Physician 2001,63:445]. Am Fam Physician

2000;61:2081.

A third study?*? showed that preprocedural acetylcys-
teine was neither helpful nor harmful.

DOPAMINE

Dopamine traditionally has been used to promote renal
perfusion. However, systematic reviews* 2> of dopamine
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treatment in critically ill patients and in patients with
sepsis do not support the use of dopamine to prevent
renal insufficiency, morbidity, or mortality.

A multicenter, randomized, double-blind, placebo-
controlled trial?®* of low-dose dopamine therapy was
conducted in patients with clinical evidence of early
renal dysfunction who met two criteria for systemic
inflammatory response syndrome (sepsis). In this study,
328 patients from 23 ICUs were assigned to receive
dopamine (2 mcg per kg per minute) or placebo. The
primary endpoint was elevation of the serum creatinine
level during the infusion. No statistical differences were
found between the two groups in elevation of creatinine
levels, need for dialysis, duration of ICU stay, or length
of hospital stay. There were 69 deaths in the dopamine
group and 66 deaths in the placebo group. The study
showed no benefit for dopamine.

A recent meta-analysis?* was conducted on the use of
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Initial Evaluation of Acute Renal Failure

Laboratory test results consistent with acute renal failure (rise of
0.5 mg per dL or a 50 percent increase in creatinine above the
baseline or a 50 percent decrease in the baseline calculated GFR)

}

Medical history; current medications; review of systems
to include systemic symptoms (fever, weight loss); and
physical examination to include vital signs, heart, lung,
abdominal, pelvic, rectal, and skin examinations

}

Likely cause of acute renal failure apparent?

lYes

Confirm diagnosis with appropriate
tests. Diagnosis confirmed?

lYes lNo
\

Electrolytes (plasma and urine)

Treat cause.

Urinalysis with microscopic examination

FENa
Renal ultrasound

:

Prerenal

BUN to creatinine ratio >20:1

FENa < 1 percent

Urine specific gravity >1.020

Hyaline casts in urine sediment

No evidence of obstruction

No evidence of intrarenal causes
of acute renal failure

)

Hydrate.
Eliminate toxins.
Treat causes.

.

Intrarenal

BUN to creatinine ratio 10:1 to 20:1

FENa >1

Urine specific gravity 1.010 to 1.020

Tubular or granular casts in urine

Ultrasound showing medical kidney
disease or normal, no obstruction

CBC, ESR
Consider nephrology consult/
kidney biopsy.

:

Postrenal

Ultrasound shows
hydronephrosis.

Serum and urine tests
have similar results
to intrarenal causes.

Order CT (without contrast) if cause
of obstruction is not evident.
Relieve obstruction.

Eliminate toxins.
Treat causes.

Consider urology consult.

Figure 1. Algorithm for the initial evaluation of acute renal failure. (GFR = glomerular filtration rate; FENa = fractional
excretion of sodium; BUN = blood urea nitrogen; CBC = complete blood count; ESR = erythrocyte sedimentation rate;

CT = computed tomography.)

dopamine to reduce the incidence or severity of acute
renal failure, the need for dialysis, or mortality in critically
ill patients. Of the 58 studies that were identified, 17 were
randomized clinical trials. Dopamine did not prevent
mortality, onset of acute renal failure, or need for dialysis.
A literature review” reached a similar conclusion.

OLIGURIC VS. NONOLIGURIC ACUTE RENAL FAILURE

Historically, nonoliguric renal failure has been assumed
to have a better outcome than oliguric renal failure. As a
result, diuretics commonly have been given in an attempt
to convert the oliguric state to a nonoliguric state. How-

November 1, 2005 ¢ Volume 72, Number 9

www.aafp.org/afp

ever, diuretics have not been shown to be beneficial, and
they may worsen outcomes.?

An observational study?” of 552 patients with acute
renal failure in four ICUs found that 326 of the patients
were given diuretics at the time of nephrology consulta-
tion. The patients initially given diuretics were older; were
more likely to have a lower serum blood urea nitrogen
concentration; and were more likely to have a history of
heart failure, nephrotoxic renal failure, or acute respira-
tory failure. The main outcome measures were all-cause
hospital mortality, nonrecovery of renal function, or
both. Diuretic use in these higher risk patients was

American Family Physician 1745



Acute Renal Failure

TABLE 8
Indications for Kidney Replacement Therapy

Acidosis unresponsive to medical therapy

Acute, severe, refractory electrolyte changes
(e.g., hyperkalemia)

Encephalopathy

Significant azotemia (blood urea nitrogen level
>100 mg per dL [36 mmol per L])

Significant bleeding
Uremic pericarditis
Volume overload

Information from references 1 through 4 and 18.

associated with a significant risk of death or nonrecovery
of renal function (odds ratio [OR] = 1.77; 95 % confidence
interval [CI] = 1.14 to 2.76). In the patients who survived
one week past the initial nephrology consultation, the risk
of death and nonrecovery of renal function was signifi-
cantly increased (OR = 3.12;95% CI =1.73 to 5.62).

SODIUM BICARBONATE

A recent placebo-controlled trial?® involving 119 patients
found an absolute risk reduction of 11.9 percent and a
relative risk of 0.13 for elevated serum creatinine lev-
els (from contrast-induced nephropathy) in patients
who were given a sodium bicarbonate infusion before
a radiocontrast-media procedure compared with those
who were given only saline. This single-center study was
stopped early because of the degree of benefit demon-
strated for sodium bicarbonate infusion.

Author disclosure: Nothing to disclose.
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