more serious prognosis for renal recovery in all conditions except
prerenal azotemia. Nonoliguria refers to urine output >400 mL/d
in patients with acute or chronic azotemia. With nonoliguric ATN,
disturbances of potassium and hydrogen balance are less severe
than in oliguric patients, and recovery to normal renal function is
usually more rapid.

ABNORMALITIES OF THE URINE

293

CHAPTER 61
Azotemia and Urinary Abnormalities

PROTEINURIA
The evaluation of proteinuria is shown schematically in Fig. 61-3 and
typically is initiated after detection of proteinuria by dipstick examination. The dipstick measurement detects only albumin and gives
false-positive results at pH >7.0 or when the urine is very concentrated
or contaminated with blood. Because the dipstick relies on urinary
albumin concentration, a very dilute urine may obscure significant
proteinuria on dipstick examination. Quantification of urinary albumin on a spot urine sample (ideally from a first morning void) by
measurement of an albumin-to-creatinine ratio (ACR) is helpful in
approximating a 24-h albumin excretion rate (AER), where ACR (mg/g)
≈AER (mg/24 h). Furthermore, proteinuria that is not predominantly
due to albumin will be missed by dipstick screening. This information
is particularly important for the detection of Bence-Jones proteins in
the urine of patients with multiple myeloma. Tests to measure total
urine protein concentration accurately rely on precipitation with sulfosalicylic or trichloracetic acid (Fig. 61-3).
The magnitude of proteinuria and its composition in the urine
depend on the mechanism of renal injury that leads to protein losses.
Both charge and size selectivity normally prevent virtually all plasma
albumin, globulins, and other high-molecular-weight proteins from
crossing the glomerular wall; however, if this barrier is disrupted,
plasma proteins may leak into the urine (glomerular proteinuria;
Fig. 61-3). Smaller proteins (<20 kDa) are freely filtered but are
readily reabsorbed by the proximal tubule. Traditionally, healthy
individuals excrete <150 mg/d of total protein and <30 mg/d of
albumin. However, even at albuminuria levels <30 mg/d, risk for progression to overt nephropathy or subsequent cardiovascular disease

is increased. The remainder of the protein in the urine is secreted by
the tubules (Tamm-Horsfall, IgA, and urokinase) or represents small
amounts of filtered β2-microglobulin, apoproteins, enzymes, and
peptide hormones. Another mechanism of proteinuria entails excessive production of an abnormal protein that exceeds the capacity of
the tubule for reabsorption. This situation most commonly occurs
with plasma cell dyscrasias, such as multiple myeloma, amyloidosis,
and lymphomas, that are associated with monoclonal production of
immunoglobulin light chains.
The normal glomerular endothelial cell forms a barrier composed of
pores of ~100 nm that retain blood cells but offer little impediment to
passage of most proteins. The glomerular basement membrane traps
most large proteins (>100 kDa), and the foot processes of epithelial
cells (podocytes) cover the urinary side of the glomerular basement
membrane and produce a series of narrow channels (slit diaphragms)
to allow molecular passage of small solutes and water but not proteins.
Some glomerular diseases, such as minimal change disease, cause fusion
of glomerular epithelial cell foot processes, resulting in predominantly
“selective” (Fig. 61-3) loss of albumin. Other glomerular diseases
can present with disruption of the basement membrane and slit diaphragms (e.g., by immune complex deposition), resulting in losses of
albumin and other plasma proteins. The fusion of foot processes causes
increased pressure across the capillary basement membrane, resulting
in areas with larger pore sizes (and more severe “nonselective” proteinuria (Fig. 61-3).
When the total daily urinary excretion of protein is >3.5 g, hypoalbuminemia, hyperlipidemia, and edema (nephrotic syndrome;
Fig. 61-3) are often present as well. However, total daily urinary
protein excretion >3.5 g can occur without the other features of the
nephrotic syndrome in a variety of other renal diseases, including
diabetes (Fig. 61-3). Plasma cell dyscrasias (multiple myeloma) can
be associated with large amounts of excreted light chains in the
urine, which may not be detected by dipstick. The light chains are
filtered by the glomerulus and overwhelm the reabsorptive capacity
of the proximal tubule. Renal failure from these disorders occurs
through a variety of mechanisms, including proximal tubule injury,
tubule obstruction (cast nephropathy), and light chain deposition
(Chap. 340). However, not all excreted light chains are nephrotoxic.

EVALUATION OF PROTEINURIA
PROTEINURIA ON URINE DIPSTICK

Quantify by 24-h urinary excretion of protein and
albumin or first morning spot albumin-to-creatinine ratio
Microalbuminuria

30-300 mg/d or
30-300 mg/g

Macroalbuminuria

Nephrotic range

300-3500 mg/d or
300-3500 mg/g

> 3500 mg/d or
> 3500 mg/g

RBCs or RBC casts on urinalysis

Consider
Early diabetes
Essential hypertension
Early stages of
glomerulonephritis
(especially with RBCs,
RBC casts)

In addition to disorders listed
under microalbuminuria consider
Myeloma-associated kidney
disease (check UPEP)
Intermittent proteinuria
Postural proteinuria
Congestive heart failure
Fever
Exercise

+

Go to
Fig. 61-2

Nephrotic syndrome
Diabetes
Amyloidosis
Minimal change disease
FSGS
Membranous glomerulopathy
IgA nephropathy

Figure 61-3 Approach to the patient with proteinuria. Investigation of proteinuria is often initiated by a positive dipstick on routine urinalysis. Conventional dipsticks detect predominantly albumin and provide a semiquantitative assessment (trace, 1+, 2+, or 3+), which is influenced
by urinary concentration as reflected by urine specific gravity (minimum, <1.005; maximum, 1.030). However, more exact determination of
proteinuria should employ a spot morning protein/creatinine ratio (mg/g) or a 24-h urine collection (mg/24 h). FSGS, focal segmental glomerulosclerosis; RBC, red blood cell; UPEP, urine protein electrophoresis.
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