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PREFACE

Over the past two decades remarkable progress has been made in the
understanding and treatment of kidney disease. The solid foundations
of renal physiology have been added to by further understanding of the
pathophysiology brought about by renal biopsy and improved pathologic
techniques. At the same time, recent advances in the treatment of renal
disease with dialysis and renal transplantation have led to further
immunologic and biochemical approaches to our understanding of the
disease process. Clearly the understanding, treatment, and investigation
of renal disease involves many disciplines. To this end, the Rogosin
Kidney Center was organized as a categorical disease center devoted to
the care of patients with kidney disease. The core of the Kidney Center
is the Nephrology Division of the Department of Medicine. There are
also major and vital inputs from Departments of Surgery, Pediatrics,
Psychiatry, Radiology, and Obstetrics and Gynecology; and the Basic
Science Departments of Biochemistry, Immunology, Pharmacology,
Pathology, and Physiology are actively involved in basic research. The
Kidney Center has its own nursing staff, social workers, dieticians, and
technical staff. It serves as the hub of a major network with over 40
hospitals referring patients for consultation, dialysis, and transplanta-
tion.

The major purpose of this book is to establish an approach to kidney
disease from a major center that has interdisciplinary teams working
closely together. The information contained herein is a result of over 20
years’ experience with contributions from many who have participated
in the activities of the Kidney Center. This experience provides the
basis for the judgements and principles that we use to treat patients
with renal disease. As more and more tertiary care centers develop, it
becomes increasingly important for those participating in these activities
to clearly define the principles they follow in diagnosis and treatment.
We trust that these principles will be useful to the student and house-
officer as well as to the practicing physicians and other individuals
engaged in the care of patients with renal disease.

ALBERT L. RuBIN, M.D.
JHOONG S. CHEIGH, M.D.

November 1980 Kurt H. STENZEL, M.D.
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1. EVALUATION OF PATIENTS WITH RENAL
DISEASE

KENYON B. FIELD

1. INTRODUCTION

The physician should maintain two important perspectives when con-
fronted with a patient with renal disease. One is the physician’s perspec-
tive of disease. He should understand the limitations of the diagnostic
process and be alert to discover new information that will provide
further insights into the pathogenesis of renal disease. Second, he
should be able to understand the patient’s perspective of his disease.
This perspective is critical if the physician is to be sensitive to the fears
and insecurities that the disease process elicits in a particular individual.
It is also important to understand when active intervention in the
disease process improves a patient’s condition and when such interven-
tion results in iatrogenic disease.

Table 1 is a list of currently recognized syndromes of renal disease.
Two features of this list deserve comment. First, although the list is
short, the list of etiologies for each of these syndromes is lengthy. Thus,
the kidney has a limited number of ways of expressing disease due to a
wide variety of insults. Second, these syndromes are not distinct cate-
gories, but blend into each other. The syndromes used to describe renal
events are in some instances different ways of describing the same
disease. Thus, a patient with an acute nephritic syndrome might also

Table 1. Syndromes of renal disease

Acute renal failure

Chronic renal failure

Acute nephritic syndrome

Nephrotic syndrome

Urinary tract infection and pyelonephritis
Obstructive nephropathy

Nephrolithiasis

Accelerated hypertension




Table 2. Levels of description in renal disease.

. Etiology (infectious, toxic, metabolic, others)

. Pathogenesis (immune, non-immune, others)

. Histopathologic description (glomerular, interstitial, vascular)

. Biologic and biochemical features (creatinine, BUN, electrolytes, others)

. Clinical syndromes

Stage of evolution

Behavior in time (acute or chronic)

. Therapeutic phase (no treatment, symptomatic treatment, steroids, dialysis, transplan-
tation, others)

have acute renal failure. Renal disease may be studied and described
from many different yet equally valid viewpoints, as shown in
Table 2.

2. IDENTIFYING RENAL DISEASE

2.1. History

The most important part of the data base is the medical history. It is
here that the physician sets the pattern of his continuing relationship
with the patient. In this present age of concern over costs and compli-
cations of procedures, a carefully conducted history can be of great
value. Many times, expensive and invasive procedures can be avoided
by simply asking the right questions.

2.1.1. Urinary symptoms

Patients should be questioned about the volume (increased or
decreased), pattern, color and odor of the urine and the presence of pain
on urination. Many renal diseases are silent and do not result in gross
changes in the urine or in urination. Thus, questions about urine are
often unrevealing even in the presence of severe renal disease. In
addition, the changes in urine volume or pattern of urination occur so
gradually that they often go unnoticed by the patient. Careful question-
ing, however, may often reveal the change.

2.1.1.1. Change in volume. Urine volumes normally are between 1500-
2000 ml/day depending on fluid intake. If there is any doubt about
urine output, it should be measured over a 24-hour period. Many renal
diseases are identified by the way in which they alter urine volume.



Urine output less than 400-500 ml/24 h is termed oliguria; urine output
less than 50 ml1/24 h, or no output at all, is called anuria. The differen-
tial diagnosis of decreased urine output includes prerenal, renal and
postrenal causes, and these are discussed in the chapter on acute renal
failure (Chapter 10).

An increase in urine excretion above what would be expected in a
normal individual is termed polyuria. Generally, this means a urine
output greater than 2000 ml/24 h. Polyuria may be secondary to a
number of factors including excessive fluid intake, osmotic diuresis or
defective renal concentrating ability. These are discussed in the chapter
on disorders of water and electrolyte balance (Chapter 2).

2.1.1.2. Pattern. Pattern of urination means the frequency, time and
characteristics of urination. Patients do not usually mention changes in
their urinary pattern and must be asked specifically about them.
Increased urgency or frequency may suggest inflammation of the urina-
ry tract, usually indicating lower urinary tract infection. Increased fre-
quency of urination is also seen in stone disease due to irritation of the
mucosa of the lower urinary tract.

Normally, urinary output during the day exceeds the night output.
This diurnal variation in urine output is such that individuals with
normal renal function should not have to void during the night. Nightly
urination on nocturia, usually indicates inflammatory disease of the
lower urinary tract or signs of chronic renal failure.

Another variation in urinary pattern, alternating periods of polyuria
with low or normal output, is seen in obstructive disorders. Elderly
males with urethral narrowing from prostate disease may notice hesitan-
cy or urination, as well as decreased size and force of the urinary
stream. Nocturia and polyuria may also result from obstructive nephro-
pathy such as prostatic hypertrophy.

2.1.1.3. Color and appearance. Normally, urine is clear and the color
varies from pale yellow to amber, depending on its degree of concentra-
tion. Quantitative or qualitative changes in chemical substances and
cellular elements in urine may produce changes in the urine’s color and
appearance. The clinical significance of these changes are described in
the section on urinalysis and in Table 4.

2.1.1.4. Pain. Pain associated with the kidneys or urinary tract is
usually described as burning or an irritating sensation on voiding or as
abdominal or back pain. Urinary tract infections frequently are present
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with burning on voiding and back pain. Not all patients describe
burning and some notice only frequency or urgency. Back pain is a
frequent accompaniment of renal disease and occurs in pyelonephritis,
urinary tract infection, acute and chronic renal failure, renal tumors, and
nephrolithiasis. It is particularly important to realize that many such
patients often consult an orthopedist or neurosurgeon before coming to
the attention of an internist or nephrologist. This pain is often described
as a dull constant ache or a ““tired sensation” in the back and may be
difficult to differentiate from low back pain of musculoskeletal origin on
history alone.

2.1.1.5. Odor. Malodorous urine is seen with urinary tract infection due
to E. Coli or similar enterococcal species and is also seen when a
specimen has been standing too long and is unsuitable for examination.
Characteristic urine odors may be noted after eating asparagus, in maple
syrup urine disease, and phenoylketonuria (mousy odor). A sweet fruity
odor is often noted in patients in diabetic ketoacidosis.

2.1.2. Systemic symptoms

Renal disease often leads to symptoms referable to other organ systems
or to nonspecific symptoms such as fever, generalized weakness, muscle
cramps, back pain, headache or rash. The list of such symptoms is vast
and the only way to discover subtle manifestations of renal disease by
history is to be aware that renal disease usually presents extrarenally.

2.1.3. Water balance

Water balance is usually disturbed in patients with renal disease. Large
changes in water balance that result in dehydration or anasarca are
readily identified. Smaller changes, resulting in water deficits or excesses
of 5-10% of body weight, are not as easily discovered. Historical infor-
mation can be helpful in assessing water balance, particularly if no
accurate serial weights are available. Patients should be questioned
about weight gain or loss, frequency and volume of urination, diarrhea
or vomiting, excessive sweating or fluid intake.

2.2. Family history

Inquiry into the family history is particularly important in evaluating
renal disease. Many renal diseases are recognized as being clearly fam-
ilial while in others the pathogenesis is less well understood. The list of
currently recognized heritable disorders of the kidney is long and com-



Table 3. Renal disease caused by single mutant genes.

Transmission Pattern

Diffuse Nephropathy

Hereditary nephritis including Alport’s syndrome Dominant
Hereditary nephritis in Allstrom’s syndrome Recessive
Renal dysplasia with retinal aplasia Recessive
Fabry’s disease X-linked recessive
Congenital nephrotic syndrome Recessive
Polycystic kidney disease

Adult type Dominant

Infantile type Recessive
Medullary cystic disease Dominant
Nephronophthisis, juvenile, familial Recessive
Nail-patella syndrome Dominant

Renal Tubular Dysfunction

Proximal Tubular Dysfunction

Cystinuria Recessive

Cystinosis Recessive

Fanconi’s syndrome Recessive
Oculo-cerebro-renal (Lowe’s syndrome) X-linked recessive
Hypophasphatemic vitamin D resistant rickets X-linked dominant
Renal glucosuria Recessive

Distal Tubular Dysfunction

Renal tubular acidosis Dominant and sporadic
Nephrogenic diabetes insipidus X-linked recessive
Bartter’s syndrome Recessive

plex (Table 3). Evaluation of the hereditary pattern of the disease is not
only important for an accurate diagnosis of the disease among sympto-
matic and asymptomatic patients in the family, but also for the pre-
vention of the disease by genetic counseling.

2.3. Physical examination

Physical examination provides important diagnostic information. All
patient complaints, no matter how small or seemingly insignificant,
should be thoroughly investigated. The following points are particularly
important in patients with renal disease.

The most important and sensitive indication of a disorder in water
balance is a change in body weight. All patients with renal disease
should be weighed daily, at the same time and on the same scale. The
value of having a reliable weight is unfortunately often appreciated only



in retrospect. Daily assessment of other signs of the state of hydration
should also be made. Early signs of water loss may be detected by
evaluating skin turgor and noting the moistness of mucous mem-
branes.

The usual maneuvers in physical examination apply to the renal
patient. Special attention should be paid to signs that relate to the type
and severity of renal disease. In addition to water balance, these would
include hypertension, eye ground changes, skin changes, neurologic
disorders, muscoloskeletal disorders, anemia, cardiac arrhythmias or per-
icarditis or signs of systemic disease. In examination of dialysis patients,
careful examination of the fistula for heat, tenderness or induration is
important since this is often a portal entry for infection. In transplant
patients, the graft should be examined for tenderness or increase in size
which might suggest rejection. A bruit can often be heard over the graft
and this correlates with good graft function or occasionally with vascular
stenosis. In both dialysis and transplant patients, as well as patients
with renal insufficiency, pulmonary infections are common and the
lungs should be examined frequently.

2.4. Urinalysis

There are few clinical tests which are at once as simple, powerful and
cost-effective as the urinalysis. It is useful in screening, diagnosis and
follow-up. Urinalysis, as performed in most hospitals or in the physi-
cian’s office, is a group of qualitative tests including evaluation of pH,
glucose, ketones, hemoglobin, protein, and microscopic examination for
formed elements. Tests for bilirubin and urobilinogen are sometimes
included and recently a nitrate reduction test for bacteriuria has been
made available.

Most of these chemical tests are readily available on a ‘dipstick’
which is dipped into fresh urine and read by comparing the color
changes with the standards on the bottle. Evaluation of the renal con-
centration mechanism is usually approximated by measuring specific
gravity although the measurement of osmolality is becoming more
available and provides more specific information. Microscopy is per-
formed to identify cells, casts, crystals or bacteria. In some hospitals,
many of these tests are now mechanized.

A large amount of clinical information is available from the urinaly-
sis. However, because of poor performance of the procedure and unre-
liable results, many physicians ignore or do not utilize fully the results
of urinalysis. A properly performed urinalysis can give crucial informa-



tion about the kidneys in less time and at less expense than any other
procedure. It is indeed a ‘liquid biopsy’ of the kidney. Limitations
include a high incidence of false positive and false negative reactions,
lack of generally accepted standards and performer bias. Improper col-
lection and delay in examining urine are common sources of poor
results. Urine should be ‘clean catch’ and should be examined within
one hour of collection. Delay in processing causes not only lysis of cells
but also the opportunity for bacterial growth.

2.4.1. Visual inspection

Much information can be gained by simply looking at freshly voided
urine in the light. Normal urine has a clear amber-yellow appearance
due primarily to the urochrome pigments. High fluid intake results in a
colorless, dilute urine while fluid restriction results in a more concen-
trated, yellower urine. Thus, the yellowness of urine roughly correlates
with the degree of concentration but this should be checked as there are
exceptions.

Table 4. Urinary Rainbow.

Appearance Causes

Colorless Dilute urine. polyuria, diabetes insipidus

Cloudy Bacteriuria, leukocyturia, phosphates, urates, contrast media, calculi

Milky Lipiduria (nephrotic syndrome), chyluria (lymphatic obstruction)

Yellow Nitrofurantoin

Amber Concentrated urine (dehydration), bilirubin, phenazopyridine

Red Hemoglobin, red blood cells, myoglobin, porphyrin, aniline dye, beets,
menstrual contamination

Red-pink Phenolphthalein (laxatives), rhubarb, cascara

Red-brown Red blood cells, hemoglobin on standing

Brown-black Methemoglobin, homogentisic acid (Alkaptonuria), methyldopa

Blue-green Methylene blue, pseudomonas infection (blue pus)

Dark brown Levodopa (high doses)

Table 4 describes the appearance of urine in abnormal states. Cloudy
urine is most often normal and due to phosphate precipitation in alkal-
ine urine. Urates cause a white or pink cloud in acid urine. Bacterial
growth causes an unpleasant odor in addition to the cloudiness. Turbid-
ity or smokiness may be due to red blood cells, spermatozoa, prostatic
fluid, mucin or chyle. Turbidity due solely to chyle can be extracted
with ether. Red urine is the most common color abnormality noted.



The term is loosely applied to urine of shades from pink to brown and
black. Benign causes include menstrual contamination in the female and
beet ingestion in some individuals. A convenient approach is to separate
red urine into heme positive and heme negative groups by dipstick. If
heme positive, there are three clinical possibilities: hematuria (RBC’s),
hemoglobinuria (elevated plasma hemoglobin) and myoglobinuria (from
skeletal muscle damage). Heme negative red urine may be caused by
drug ingestion, beets, acute porphyria or other diseases producing red
pigments. If red cells are present in large numbers, they may arise
anywhere from the glomeruli to the urethral meatus. Heme positive
urine with few or no RBC’s contains hemoglobin or myoglobin. These
may be distinguished by the fact that myoglobin is associated with clear
plasma while hemoglobin colors plasma red.

2.4.2. pH

The kidney’s ability to maintain normal hydrogen ion concentration in
plasma and extracellular fluid is reflected in the urine pH. Nonvolatile
acids such as sulfuric, phosphoric and hydrochloric acids as well as
small amounts of pyruvic, lactic and citric acids and some ketone bodies
are byproducts of metabolism which cannot be removed by the lungs.
These acids reach the distal tubule along with sodium where hydrogen
ions are exchanged for sodium and the urine becomes acid. Normal
urine pH is about 6 with a range from pH 4.6-8. Normally, the diet is
responsible for most swings in urine pH. When protein intake is high,
more phosphates and sulfates are produced and this results in a more
acid urine. In many non-Western countries where a vegetarian diet is
usual, the urine pH is more alkaline.

Acid urine is produced by diets high in protein or cranberries, or by
metabolic acidosis and potassium depletion. Alkaline urine is produced
by vegetarian diets, citrus fruits, metabolic alkalosis, respiratory alkalosis
and renal tubular acidosis. Alkalinization of urine by sodium bicarbon-
ate, potassium citrate or acetazolamide, may be used to aid dissolution
of renal calculi (uric acid stones) and in the treatment of salicylate or
other drug poisoning. Excretion of amphetamine, morphine and pro-
caine is greater in acid urine, while barbiturates, phenylbutazone, sali-
cylic acid and sulfonamides have greater clearance in alkaline urine.

2.4.3. Osmolality and specific gravity

The concentrating mechanism of the kidney is most frequently tested
by measuring osmolality or specific gravity. The kidney maintains hom-
eostasis of body fluid and electrolytes by varying the volume of urine



excreted and the solute concentration. The renal countercurrent mecha-
nism enables the kidney to excrete urine more concentrated than the
plasma from which it is derived. The solute concentration of urine
varies with water and solute ingestions, the state of the tubular cells and
the influence of antidiuretic hormone (ADH) on water reabsorption in
the distal tubules and collecting ducts. Concentrating or diluting defects
indicate renal disease or hormonal imbalance as detailed in Chapter 2
(disorders of water and electrolyte balance) and Chapter 10 (Acute Renal
Failure).

Urine osmolality is a function of volume and solute concentration of
urine. Osmolality depends entirely on the number of particles in solu-
tion. The normal adult on a normal diet and with normal fluid intake
will produce urine of about 500-800 m Osm/kg. The normal kidney can
decrease urine osmolality to as low as 40 m Osm/kg during water diur-
esis and increase urine osmolality to as high as 1400 m Osm/kg during
dehydration. After a period of fluid restriction, the kidney should be
able to produce urine three to four times as concentrated as plasma.
Thus, after 24 hours of fluid restriction, a urine osmolality greater than
900 m Osm/kg indicates a normal renal concentrating mechanism.
Urine osmolality is generally measured by an osmometer and is a
sensitive measure of overall renal function. It often becomes abnormal
before the serum creatinine rises.

Because of the ease of measurement and its linear relation to osmo-
lality over a wide range of urine tonicity, specific gravity is usually
substituted for measurement of osmolality. Normal adults with normal
diets and normal fluid intake produce a urine specific gravity of 1.016-
1.022. A random specimen with a specific gravity greater than 1.026
indicates normal renal concentrating ability. Urine specific gravity after
12 hours of fluid restriction should be 1.022 and after 24 hours 1.026.
Specific gravity depends upon the density of the various solute mole-
cules in a solution. It is measured by a urinometer (hydrometer) which
should be standardized daily in distilled water and corrections made if
the reading varies from 1.000. Attention to detail is important in using
the urinometer. Make certain it is floating freely and always read the
bottom of the meniscus. Measurement of specific gravity is affected by
many variables. Urine should be allowed to come to room temperature
before a reading is made. Glucose or protein in urine may falsely
elevate values and 0.001 should be subtracted for every 2.7 gm of
glucose or 3.9 gm of protein per 1000 ml of urine. A high specific
gravity in pale urine should suggest the presence of glucose. Radiograp-
hic contrast media will also falsely elevate specific gravity.
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2.4.4. Proteinuria

Protein in the urine is a major clinical finding pointing to kidney
disease. Both the amount of protein and the pattern of excretion can be
of diagnostic value. The first sign of proteinuria usually is discovered by
‘dipstick’ testing. While the simplicity and ease of performance make
this an ideal screening test, any abnormality should be investigated
further by quantitative measurement of 24 hour protein excretion. The
dipstick is a specific indicator of urinary albumin and is not sensitive to
globulin (hemoglobin, myoglobin, Bence-Jones protein). Many nephro-
logists prefer to test urine with a few drops of 20% sulfosalicylic acid.
However, there is little reason to prefer this test over the dipstick test,
unless the presence of abnormal protein such a Bence-Jones protein is
suspected. In patients who have high urine volumes, these qualitative
assays may be normal.

Normal 24-hour protein excretion is between 100-150 mg/day. Small
increases in proteinuria (less than 0.5 g/24 h) may be seen with febrile
states, exercise and in patients with heart failure in the absence of renal
disease. The presence of protein in the urine protein points to some
abnormality in the glomerular wall. We now understand that the deter-
minants of filtration of macromolecules across glomerular capillaries
include not only molecular size but also molecular charge and renal
hemodynamics. Proteinuria may be minimal or absent in urinary tract
obstruction, renal tumors, cystic kidney diseases, pyelonephritis and
hypokalemic and hypercalcemic nephropathies. Only slight amounts of
protein (less than 0.5 g/day) are seen in polycystic kidney disease,
tubulo-interstitial nephritis, and nephrosclerosis. Very heavy proteinuria
(greater than 3 g/day) is an essential diagnostic criteria of nephrotic
syndrome. The clinical significance of proteinuria is described in detail
in Chapter 4 (Glomerulonephropathies).

Protein excretion may be continuous, intermittent or postural. A
group of patients with abnormal protein excretion in the upright posi-
tion (orthostatic proteinuria) have been followed longitudinally without
progression to renal failure.

2.4.5. Urinary sediment

Examination of the urinary sediment can be most helpful in arriving at
a diagnosis. It is important that the physician cultivate the habit of
performing urinalyses by him or herself and knows what to look for in
the sediment, otherwise it will not be seen. Equally important is atten-
tion to detail in preparation of the specimen for microscopy. Urine
should of course be fresh. It is valuable to examine one drop of unspun
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urine with condensor lowered, for bacteria. Any bacteria seen correlate
with a significant bacteriuria (greater than 10° bacteria/ml of urine on
quantitative culture) and urinary tract infection. The sediment should be
prepared by centrifuging 15 ml of urine at 1500 RPM for 5§ minutes. The
tube is inverted to dispose of the supernatant and the remaining small
‘button’ is resuspended in the residual urine by tapping the tube sharp-
ly. A small amount is pippetted onto a glass slide, covered with a cover
slip and then examined with the high dry (44 x) objective under low
light.

2.4.5.1. Cellular elements. Red blood cells may appear either grossly or
only on microscopic examination. In either case, the most common
causes of hematuria are urologic and include urinary tract infection,
tumor, prostatitis, renal stones, obstruction and urethritis. Benign causes
include menstrual contamination, fever and exercise. Renal causes of
hematuria are discussed in the chapter on Glomerulonephropathies. The
mechanism by which red blood cells enter the urine is not known.
Normally, the daily urinary excretion of red blood cells is less than 1.5
million. Red blood cells are not seen on microscopic examination unless
the daily total excretion exceeds three times this amount, the equivalent
of a cubic millimeter of blood lost in the urine. Qualitative microscopic
examination should show only an occasional red blood cell per high
power field. Any more than this in several fields should be considered
as microscopic hematuria. Hematuria of glomerular origin has distinct
characteristics. It is never associated with blood clots and, microscopi-
cally, it gives rise to a wide range of morphological alterations in red
cells. In contrast, hematuria of nonglomerular origin (renal tumors,
trauma) or from the urinary tract, is often associated with clots, usually
red rather than brown or black, and, microscopically, morphology of red
cells is usually normal with some ‘ghost’ cells. The observation of
red-cell casts confirms a renal origin, specifically glomerular origin, of
hematuria.

White blood cells in the urine are most commonly a result of speci-
men contamination. The physician must ensure that the urine was
collected by the mid-stream clear-catch technique and that strict atten-
tion was paid to cleaning of the external meatus. In females particularly,
there should be no vaginal epithelial cells seen. After contamination,
the most common cause of pyuria is urinary tract infection. This cause
is evaluated best by examining a drop of unspun urine for bacteria.
Careful attention must be paid to focusing of the microscope for it is
easy to overlook bacteria. Normal urine may have as many as five white
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cells per high power field. More than ten white cells per high power
field should suggest pyuria. Causes of culture negative pyuria include
tubulo-interstitial nephritis, pelvic inflammatory disease, malignancy
and genito-urinary tract tuberculosis. The presence of proteinuria, glitter
cells (leukocytes with refractile granules which show brownian move-
ment), or the presence of white cell casts may help differentiate actual
renal infection (pyelonephritis) from lower urinary tract infection.

Renal tubular epithelial cells are about the same size as a leukocyte
and have a large round nucleus. They are seen in acute renal failure.
Epithelial cells that undergo fatty degeneration are termed oval fat
bodies and are found in the nephrotic syndrome.

Other cells that are diagnostically helpful may be seen in urine.
Nuclear inclusions may be found in patients with cytomegalovirus
infection. Small lymphocytes may be seen during renal transplant rejec-
tion as well as red and white cells. Rarely, tumor cells may be found.
The presence of renal papillary tissue indicates papillary necrosis.

2.4.5.2. Casts. Casts are agglutinated masses of cellular or noncellular
elements in a matrix of Tamm-Horsfall protein. The presence of cellular
casts in increased numbers in urine establishes the existence of renal
disease rather than lower urinary tract disease, since they are formed in
the nephron. Most casts arise in the distal tubules or upper portions of
the collecting ducts. Casts formed in the distal collecting ducts indicate
urinary stasis and are wider than most other casts. These are termed
broad or renal failure casts, as they are usually seen in chronic renal
diseases but also in the recovery phase of acute tubular necrosis.

Hyaline casts are frequently long, have a ground glass appearance and
may have cellular or lipid inclusions. They are seen in proteinuric states
as well as after exercise and dehydration. Granular casts are seen with
exercise, dehydration, fever and cardiac failure.

Leukocyte casts are distinguished from leukocyte clumps by the pre-
sence of a border. They are seen with tubulo-interstitial nephritis but
may also be seen in acute glomerular diseases. Red blood cell casts are
recognized by their characteristic reddish brown color. They are usually
found in patients with glomerular disease. Thus, the presence in the
urine establishes a renal origin for hematuria.

2.4.5.3. Crystals. Crystals do not carry the diagnostic significance nor
prognostic implications of casts. Under ordinary circumstances the posi-
tive identification of crystals is not necessary, except in patients with
renal stone disease. Cystine crystals are distinctive and should be
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sought in patients with unexplained renal function as well as in renal
stone disease. Identification of urinary crystals is essential for pathophy-
siologic evaluation of patients with renal stones. Cystine crystals appear
hexagonal, uric acid crystals tetrahedral, triple phosphate crystals have a
coffin lid appearance and calcium phosphate crystals are needle
shaped.

2.5. The chemical data base

A chemical data base in patients with renal disease may be established
by measuring serum sodium, potassium, chloride, CO, content, calcium,
phosphorus, urea and creatinine clearance.

In most instances, a rapid and reasonably (although not totally) reli-
able chemical evaluation of renal function may be obtained with a
serum creatinine determination (normal values; 0.6-1.5 mg/100 ml or
60-130 umol/l). Both creatinine production, as determined by the
breakdown and metabolism of muscle creatine and the excretion rate of
creatine over a wide range of renal function, remain relatively constant
(15-25 mg/kg of body weight/day or 0.13-0.22 mmol/kg/day). The
increase in creatinine production during the first two decades of life, is
accompanied by increased excretion, such that clearance remains
unchanged when corrected for body surface area. Similarly, muscular
individuals tend to have higher serum creatinines than asthenic ones.
As the kidney ages, i.e., beyond the fourth decade of life, its ability to
excrete creatinine decreases, clearance falls, but serum creatinine
remains unchanged, because muscle mass, and thus endogenous pro-
duction, decreases. Although a small fraction of urinary creatinine is
derived from tubular secretion, creatinine clearance closely correlates
with glomerular filtration rate over a wide range of renal function
(normal values; 150-180 1/day or 100-125 ml/min per 1.73 m? of body
surface area).

Blood urea nitrogen (BUN) as well as the urea nitrogen excretion rate
(urea clearance) have also been used to assess renal function. Since
many non-renal factors influence both the production and renal excre-
tion of urea, it not only less accurately reflects overall renal function but
also requires great caution in interpretation. Non-renal factors that may
increase BUN include a high protein intake, hypercatabolic states and
drugs causing hypercatabolism (corticosteroids, tetracycline), hypovo-
lemia and states associated with renal hypoperfusion (shock and conges-
tive heart failure). Non-renal factors, including protein malnutrition and
hepatic dysfunction, may decrease BUN by decreasing urea synthesis.
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The renal excretion rate of urea depends on its glomerular filtration and
tubular reabsorption. Factors that reduce tubular flow rate, such as
hypovolemia, hypotension and congestive heart failure, increase tubular
reabsorption and consequently BUN.

In renal diseases, as the glomerular filtration rate decreases, BUN
increases proportionally to serum creatinine with an approximately
10-20:1 ratio. The BUN: serum creatinine ratio may exceed 20:1 when
other factors that increase either production or renal tubular reabsorp-
tion of urea are superimposed. Similarly, the ratio may be less than
10:1 in states accompanied by overhydration (i.e., syndrome of inappro-
priate ADH secretion).

The significance of the other chemical values mentioned at the begin-
ning of this section are described later in appropriate chapters.

2.6 Radiologic techniques

2.6.1. General comments

Radiologic evaluation plays an important role in the diagnosis and
management of patients with renal disease. Renal diagnosis and treat-
ment has benefitted from the rapid advances in diagnostic and thera-
peutic radiology in the past decade. Techniques such as nephrosonogra-
phy, computerized tomography and renal scans, have increased our
ability to diagnose renal disorders by non-invasive techniques. In addi-
tion, the growth of therapeutic radiologic techniques, such as emboliza-
tion and renal artery balloon dilatation, have moved radiology into the
therapeutic arena as well. The rapid growth and complexity of these
radiologic techniques has increased more than ever the need for better
communication between the nephrologist and radiologist. Frequently,
rather than simply ordering a study, the physician might better confer
with the radiologist about what he is looking for. In that way, the
radiologist might better understand how to approach the problem and
can individualize the study. Good communication between physician
and radiologist will lead to a better study.

The patient should always be informed about why a particular study
is being done and what the risks are of the procedure. This should be
done by the patient’s physician and not only by the radiologist. Patients
will be more cooperative and tolerant when they are convinced a proce-
dure is important for them.

That renal size correlates with renal disease, iS a major concept
utilized in radiology. The excretory urogram, nephrosonogram, com-



Table 5. Renal diseases associated with abnormal kidney size.

Small Kidneys:

Chronic parenchymal kidney diseases;
Chronic glomerulonephritis
Chronic tubulo-interstitial nephritis
Hypertensive nephropathy (arterionephrosclerosis)
Hereditary nephritis
Chronic transplant rejection
Cortical necrosis (chronic)
Diabetic nephropathy (end-stage)
Radiation nephropathy (chronic)

Renovascular diseases;
Renal artery stenosis
Renal vein obstruction (chronic)

Collagen vascular diseases;
Systemic lupus erythematosus (end-stage)
Polyarteritis nodosa (end-stage)
Scleroderma kidney (end-stage)

Cystic disease;
Medullary cystic disease

Obstructive nephropathy with back pressure atrophy;

Normal to Large Kidneys:

Acute parenchymal kidney disease;
Acute glomerulonephritis
Lipoid nephrosis
Acute tubular or cortical necrosis
Toxic nephropathy
Acute tubulo-interstitial nephritis
Collagen vascular diseases and vasculitis
Acute transplant rejection

Chronic parenchymal kidney diseases;
Amyloidosis
Diabetic nephropathy
Xanthogranulomatous pyelonephritis

Renovascular disease;
Acute renal vien thrombosis

Cystic disease;
Polycystic kidney disease
Simple renal cysts

Obstructive uropathy;

Kidney disease secondary to neoplasms;
Primary and metastatic kidney tumors
Myeloma kidney
Lymphoma
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puted tomography and scanning techniques, all give information con-
cerning renal size. The simplest approach to assessing renal size is to
begin with a plain film of the abdomen or perhaps the nephrosonogram.
The plain film may be performed as an isolated study or prior to a more
detailed study. From it, one can get information about the size and
position of the kidneys and any affect they may have on adjacent
viscera, e.g., stomach, liver, spleen and colon. Calcifications can also be
evaluated and their relation to the kidney determined by oblique, lateral
or tomographic views.

Average values for renal size in the adult are 12-13 cm or 3} times
the height of a lumbar vertebrae. The left kidney is usually slightly
larger than the right and position may vary considerably. These values
are not absolute and renal size must be interpreted on an individual
basis. In particular, the kidneys should be symmetrical in shape, size
and thickness, and these facts may be of greater value than absolute
size.

Table 5 gives a list of disorders associated with small kidneys and
normal or large kidneys.

Some diseases such as cysts and tumors may cause only a localized
increase in size.

2.6.2. Plain film

The importance of the plain film for kidney evaluation can not be
overemphasized. It should be taken as a preliminary film before the
introduction of a contrast medium for the examination of the kidney or
other abdominal structures.

For silent urinary calculi, if no preliminary roentgenogram had been
made, stones could be missed as the opaque medium obscures them
completely. In contrast, areas of increased density in the region of the
calyces or where the ureter is kinked on itself may be interpreted
erroneously as calculi. Thus, it is important that the plain film be made
before the urogram. Since 90% of renal stones are calcified, most of the
stone diseases are recognized simply on plain film. Therefore, whenever
renal colic is suspected, taking a plain film should be the first diagnostic
step.

Besides stone problems, determination of renal size and shape, which
is usually provided on plain film, is important in approaching and
managing the patient. As an ancillary finding, the plain film gives us
valuable information about skeletal and soft tissue structures, which
sometimes are also an important clue for evaluating renal disease.
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2.6.3. Intravenous pyelography (IVP)

The IVP is the standard renal imaging technique against which all other
radiologic studies must be judged. The primacy of the IVP in evaluating
the kidney has been challenged in recent years by the sonogram, radio-
nuclide scanning techniques, and computed tomogram. The fear of
radio-contrast induced acute renal failure, poor quality studies, and the
availability of alternative techniques have led to somewhat less depen-
dence on the IVP, particularly in patients with renal insufficiency.
Perhaps the most common cause of an inadequate study is poor patient
preparation. This is often given only casual attention by the physician
since most hospitals utilize a protocol. Proper attention to the patient’s
bowel habits and an individualized regimen will help ensure the patient
arrives ‘cleaned out’ for the study.

The IVP should never be considered routine. Many studies have now
documented the occurrence of acute renal failure secondary to radio-
graphic contrast agents. Animal experiments have shown a direct neph-
rotoxic effect of these agents on tubular epithelium. Dehydration, mul-
tiple myeloma, diabetes and renal insufficiency have been implicated as
risk factors for acute renal failure in patients undergoing these studies.
Scheduling of radiologic contrast studies should always be spread out
over several days and never be done ‘back to back’ as this will increase
the likelihood of a toxic reaction. Renal function should be monitored
routinely after these studies. If these precautions are taken, the occur-
rence of acute renal failure following contrast studies may be reduced.

Almost any renal disease at any level of renal function may be
evaluated by the IVP. In cases of renal failure, suspected mass or in
patients over 40 years old, nephrotomography should be included as
part of the IVP. Nephrotomography eliminates overlying bowel gas,
permits excellent definition of the renal outline, and allows delineation
of renal masses. Common indications include acute abdominal or flank
pain, recurrent urinary tract infections, hypertension, suspected renal
masses, obstructive uropathy, as well as parenchymal kidney diseases.

All patients should be questioned about any previous contrast reac-
tions or history of allergy to iodine. The ability of contrast media to
visualize the kidney and collecting system is based on their iodine
content. The iodine dose used may vary from 15-60 grams, depending
on renal function. Some preparations contain large amounts of sodium
and can cause volume overload in patients with renal insufficiency.
Iodine accounts for the majority of reactions which can range from mild
uricosuria to acute renal failure, hypertensitivity reactions and sudden
death. Adverse reactions are seen in 10% of patients undergoing uro-
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graphy and the incidence of death ranges from 1 in 13,500 to 1 in
40,000 patients.

2.6.4. Computed tomography (CT)

The place of this newest renal imaging procedure in the diagnostic
scheme is controversial. The technique is capable of giving highly accu-
rate information about renal anatomy, masses, carcinoma, calcifications
and hydronephrosis. The technique is independent of renal function and
thus may be very helpful in patients with renal insufficiency. The
literature on applications of computed tomography is rapidly expanding
and its definitive indications are still being defined.

The renal CT is better than the IVP in demonstrating the renal
outline, however it cannot differentiate cortex from medulla. Quantita-
tive information about radiologic density (relative radiologic absorption
coefficient) is of value in differentiating various lesions around and in
the kidney. Renal cell carcinoma and benign cysts can be readily differ-
entiated by CT scanning. Small intrarenal masses, however, may be
difficult to define. Contrast media is often employed to aid in differen-
tiation of renal masses. The detection and evaluation of perirenal abnor-
malities by renal CT is superior to the IVP. In particular, the CT scan
can visualize abnormalities in the perinephric space or adjacent areas
extremely well. The IVP has often been normal in such instances,
whereas the CT clearly revealed the abnormality. The renal arteries and
veins can be clearly seen leaving the aorta or entering the vena cava.
Thus, renal vein thrombosis or invasion of the renal vein by tumor may
be diagnosed by noninvasive techniques.

It must be remembered that iodinated contrast media is often used
during the CT, particularly to visualize renal masses or the collecting
system. Contrast media induced acute renal failure may occur and the
same precautions used to minimize contrast related complications dur-
ing an IVP, also apply to CT of the kidneys.

2.6.5. Angiography

Widespread use of nephrosonography, renal scanning and computerized
tomography have reduced the need for renal angiography. If, however,
these techniques fail to demonstrate or unequivocally define the nature
of a renal lesion, angiography may be necessary. The major uses of
angiography today include preoperative assessment of renal masses,
demonstration of intravenous tumor extension, preoperative donor
transplant evaluation, postoperative transplant evaluation and renal vas-
cular hypertension. Its risks are mainly related to contrast medium
reaction and complications of angiographic instrumentation.
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2.6.6. Nephrosonography

The last decade has seen the rapid growth of this procedure to the point
where it has come to rival the intravenous pyelography as the first
procedure in evaluation of renal disease. While the pyelography remains
the standard for detailed radiologic examination of renal structure, the
sonogram is often the preferred primary study because of its safety, ease
of performance and excellent resolution. Because it does not depend on
renal function for visualization of structure, the sonogram is particularly
helpful in evaluating renal size, contour and architecture in patients
with impaired renal function. It is increasingly the initial procedure for
evaluation of suspected obstruction, acute renal failure, renal masses
and renal transplant complications.

Often the selection between nephrosonography or intravenous pyelo-
graphy as a first study, must be tempered by the particular skill and
interest of the radiologist. The techniques are complementary and
selection of the proper initial study should be individualized.

The sonogram has high reliability and sensitivity in excluding urinary
obstruction as a cause of renal disease. The degree of obstruction can
also be readily seen. Rarely, false positive sonograms may result from
normally overdistensible or clubbed calyxes. False negative results are
seen with cases of obstruction associated with retroperitoneal fibrosis,
vesicoureteral reflux, diabetes insipidus or infection.

Differentiation of solid (malignant) from cystic (benign) masses was
one of the earliest uses of sonography. Cysts can be resolved at a
diameter of 2 cm. Limitations of the technique must be kept in mind.
The acoustic transmission patterns of the sonogram may produce mis-
leading results in cases of carcinoma with liquefaction necrosis, homo-
genous solid tumors or with highly vascular tumors.

Sonography has become an even more necessary procedure in the
evaluation of renal failure. Many of the potential drawbacks of urogra-
phy, such as contrast toxicity and dependence on function, are
avoided.

Renal size, location, morphology and the presence of absence of
obstruction can be quickly and noninvasively determined. Renal medul-
lary pyramids, cortical parenchyma and arcuate arteries may be identi-
fied and form the basis for sonographic diagnosis of diffuse renal dis-
eases. Such information may well obviate the need for renal biopsy in
selected cases.

The proximity of the transplanted kidney to the body surface has
made the sonogram extremely useful in evaluating post-transplant com-
plications. Renal transplant rejection may be identified by serial sono-
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graphic renal volume determinations. Collections of fluid can be readily
identified. Sonographic evaluation of obstruction is complicated by the
fact that most transplanted kidneys have variable degrees of pelvocali-
ceal dilatation due to diuresis or obstruction, may be difficult. If there
has been no change in creatinine, one should be cautious in diagnosing
obstruction in a renal transplants patient.

2.6.7. Renal scan
Renal scanning consists of three main procedures which may be per-
formed together or independently.

Renal scintiangiography is accomplished by injecting the patient with
99m Tc DTPA or 99m Tc glucoheptinate while serial images are
obtained of the aorta, main renal arteries and kidneys. Resolution is not
as good as an arteriogram; however, serial studies over time can provide
noninvasive information about the arterial supply. This technique is
particularly helpful in the evolution of renal transplant.

Renal scintiscanning give a parenchymal image and some indication
of morphology and functioning renal tissue.

Renography, using "'l hippuran, which is secreted largely by the
tubules, gives information on renal function. Renal scanning is particu-
larly valuable in patients in whom excretory urography is contraindi-
cated.

2.7. Percutaneous renal biopsy

A percutaneous renal biopsy provides important diagnostic and prognos-
tic information in a number of clinical conditions. Properly selected
patients undergoing kidney biopsy have a comparable morbidity rate to
that from the patients undergoing a liver biopsy.

Clinical situations in which a renal biopsy may be helpful include:

1. Evaluation and follow-up of patients presenting with clinical syn-
dromes suggesting significant glomerular, interstitial, or vascular dis-
ease.

2. Evaluation of patients with acute renal failure in which the
expected resolution has failed to occur.

3. Evaluation and diagnosis of rejection and recurrent disease in renal
transplant recipients.

Patients to undergo a renal biopsy should be screened with a CBC
and platelet count, prothrombin time, partial thromboplastin time and
urinalysis. In addition, the patient should have a type and cross match
for 2 units of blood. Prior evaluation should rule out the presence of



21

infection and establish that two functioning kidneys are present. In
addition to abnormalities in the above, contraindications to closed per-
cutaneous biopsy include: single functioning kidney, uncontrolled
hypertension, and when the patient is uncooperative.

Biopsies are performed using local anesthesia after premedication with
diazepam and meperidine. Localization of the kidney may be done
using either sonography or pyelogram and fluoroscopy. A complete eva-
luation of the specimen should include light microscopy, including a
number of routine stains, immunofluorescence and electron microscopy.
On occasion, special stains, such as Congo red for amyloid, may be
indicated.

After biopsy the patient should be kept at strict bed rest for 24 hours,
monitoring blood pressure, pulse, urine output, and gross hematuria if
present. Hydration is maintained with parenteral solutions, and the
resumption of a regular diet permitted. Hematocrit is checked at six
hour intervals and if the patient is stable for 24 hours, ambulation is
permitted and the patient is discharged after 24 hours of further obser-
vation.

The most frequent complications seen after renal biopsy include flank
pain, perirenal hematoma formation and gross hematuria. Transfusion
may be required is less than 1% of patients and nephrectomy in less
than a tenth of a percent. Overall mortality is estimated to be less than
0.1%.

2.8. Risks and cost of procedures

In this chapter, we have described a number of ways in which renal
disease is currently recognized. Most patients with renal disease have
few symptoms. Physical examination may reveal signs of renal involve-
ment, although these are often subtle. The greatest abnormalities are
generally found in the laboratory evaluation. Thus, urinalysis, measure-
ment of creatinine and BUN, electrolytes in serum and urine, radiologic
assessment and biopsy are all critical in the evaluation of renal disease.
In the evaluation of any patient, however, the risk and cost of proce-
dures must be taken into account. The decision to do a renal CT or
other radiographic studies should always be considered carefully and
should be done only when such information cannot be readily obtained
by other techniques. In particular, the risks of renal biopsy must be
carefully weighed against its benefits. The crucial question that must be
answered is: will the information gained by biopsy change the manage-
ment of the patient in any significant way ?
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3. SYNDROMES OF RENAL DISEASE

This section deals with how the diagnostic procedures outlined here are
used in the evaluation of selected renal syndromes. Since syndromes are
defined as unique constellations of signs and symptoms, some patients
are not defined well by any one of these syndromes and may have
characteristics of two or even more simultaneously. Thus, while a
syndrome may enable us to characterize the nature of the disease, it
does not necessarily represent an absolute description of disease in any
particular patient. However, classifying a disease process into a syn-
drome can help us to understand the disease better and leads us to
more effective diagnostic and therapeutic approaches.

3.1. Acute renal failure

Acute renal failure (ARF) is a rapid decrease in renal function accom-
panied by oliguria and progressive azotemia over a period of hours, days
or weeks. Occasionally, urine output may gradually decline and oliguria
is apparent only by measuring daily urine output. Rarely, there is little
or no fall in urine output (non-oliguric renal failure). Similarly, degrees
of azotemia and duration of renal failure are variable depending on the
cause of ARF and its reversibility.

Major causes of ARF are acute tubular necrosis (toxic nephropathy
and vasomotor nephropathy), acute glomerulonephritis (post infectious
nephritis, rapidly progressive glomerulonephritis, Goodpasture’s syn-
drome), renovascular disorders (vasculitis, emboli), and acute bilateral
obstruction. If decreased kidney function is secondary to pre-renal fac-
tors, such as hypotension, hypovolemia or heart failure, it is not con-
sidered ARF despite the presence of oliguria and azotemia.

Pathophysiology and diagnosis of ARF and its medical management
are discussed in detail in Chapter 10 (Acute Renal Failure).

3.2. Chronic renal failure

Chronic renal failure (CRF) implies a progressive reduction in the glom-
erular filtration rate due to irreversible nephron loss over an extended
period of time. This term has been used clinically in a comprehensive
sense that includes all degrees of chronic and irreversible reduction in
renal function, with varying degrees of azotemia and uremic symp-
toms.

To establish a diagnosis of CRF, it is essential to document the
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presence of reduced glomerular filtration rate or azotemia over a period
of several months. Although laboratory data are not helpful in differen-
tiation of CRF from acute renal failure, the clinical findings such as
small kidneys, renal osteodystrophy and uremic peripheral neuropathy
are supportive evidence for CRF.

Pathophysiology of CRF and its medical management is discussed in
detail in Chapter 11 (Chronic Renal Failure).

3.3. Acute nephritic syndrome

This syndrome is characterized by an acute onset of varying degrees of
hematuria, proteinuria, azotemia and impaired salt and water excretion
(circulatory congestion, hypertension and oliguria) secondary to acute
glomerulitis. Since a major cause of acute nephritic syndrome is post
infectious glomerulonephritis including poststreptococcal glomerulon-
ephritis, most patients with the syndrome have a history of infection,
such as pharyngitis or impetigo, one to two weeks before onset of the
syndrome.

Causes, diagnosis and management of acute nephritic syndrome are
discussed in detail in Chapter 4 (Glomerulonephropathies).

3.4. Nephrotic syndrome

The nephrotic syndrome is characterized by severe and sustained pro-
teinuria (3.5 gm/24 hours for adults), associated with hypoalbuminemia,
hyperlipidemia, lipiduria and generalized edema. Since most of the
biochemical and physical abnormalities of nephrotic syndrome are con-
sequences of proteinuria, these are worse as proteinuria is heavier and is
sustained a longer period of time.

The presence of nephrotic syndrome usually indicates a significant
glomerular involvement of primary or secondary kidney diseases. The
causes, differential diagnosis and its management of nephrotic syn-
drome are discussed in detail in Chapter 4 (Glomerulonephropa-
thies).

3.5. Urinary tract infection

Infection may occur anywhere from the kidney to the urethral meatus.
The diagnosis of urinary tract infection is based on urine culture.
Significant bacteriuria is a term used to indicate a bacterial count greater
than 100,000/ml of urine and implies the presence of urinary tract
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infection. This significant quantitative urine culture correlates with any
bacteria seen on examination of one drop of unspun urine from a clean
catch specimen.

Infection of renal parenchyma may present as acute pyelonephritis or
may be entirely asymptomatic. Symptoms of acute pyelonephritis
includes the sudden onset of fever, chills, flank pain and frequent
burning urination. Abdominal pain is often a part of this symptom
complex. Physical examination reveals exquisite tenderness over the
kidney usually noted in the costovertebral angle. Urinalysis shows bac-
teriuria and usually pyuria. The presence of WBC casts in urine indi-
cates renal parenchymal infection. Uncomplicated urinary tract infection
does not impair renal function even when the kidney is directly
involved.

The significance of bacteriuria, localization of infections and medical
management of urinary tract infection are discussed in detail in Chapter
5 (Urinary Tract Infection and Pyelonephritis).

3.6. Obstructive Nephropathy

Obstruction to urinary flow can result from a number of post renal
conditions (Table 6) and causes varying degrees of acute or chronic renal
failure.

Clinical manifestations, pathophysiologic changes and therapeutic
approaches of obstructive nephropathy vary greatly depending on many
factors such as duration of obstruction (acute vs. chronic), severity
(partial vs. complete), extension (unilateral vs. bilateral), level (upper vs.
lower), nature of the lesion (benign vs. malignant), and origin of the
lesion (intraluminal vs. extraluminal). Thus, an acute, bilateral, complete
urinary tract obstruction may present clinically as an acute renal failure
with back pain, but chronic, unilateral, partial obstruction may produce
no symptoms or azotemia at all. Similarly, urinary output may be the
anuric range, with alternative periods of oliguria and polyuria or even
persistent polyuria. Thus, the possibility of obstructive nephropathy
should be evaluated in every patient who presents with unexplained
renal failure.

The sonogram, excretory pyelogram (IVP) and retrograde pyelogram
are the essential diagnostic tests for this syndrome. The frame of diag-
nostic work should be designed to obtain all the factors outlined ear-
lier.
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Table 6. Causes of obstructive nephropathy

Renal:

Renal carcinoma
Renal stones

Pelvis and Ureter:

Blood clots

Trauma and surgical ligation
Stones

Tuberculosis

Congenital anomalies

Neoplasms

Retroperitoneal fibrosis or neoplasm
Pelvic inflammatory disease

Bladder:

Vesicoureteral reflux
Neurogenic bladder
Neoplasms

Stones

Congenital anomalies

Urethra:

Urethritis

Prostatic diseases (benign hypertrophy and carcinoma)
Neoplasms

Trauma

Foreign body

3.7. Renal tubular dysfunction

There are three groups of kidney diseases which tend to affect, anatom-
ically and/or functionally, renal tubules more than glomeruli. These are
cystic diseases (e.g., polycystic kidneys, medullary cystic kidneys,
medullary sponge kidneys), tubulo-interstitial diseases (e.g., pyelonephri-
tis, analgesic nephropathy, tubulo-interstitial nephritis, hypercalcemic
nephropathy, urate nephropathy) and renal tubular acidosis.

Clinically, these diseases are characterized by varying degrees of
impaired renal concentration capacity, electrolyte imbalance, metabolic
acidosis, mild or no proteinuria, and lack of nephrotic syndrome and
generalized edema. In cystic and tubulo-interstitial diseases, as the dis-
eases progress, azotemia usually develops and may advance to uremia,
but it is often mild or absent in renal tubular acidosis. Because of a
urinary salt losing tendency, hypertension is rare in most of these
diseases except in patients with tubulo-interstitial nephritis or polycystic
kidneys. The clinical features, diagnosis and management of renal tubu-
lar acidosis, tubulo-interstitial diseases and cystic diseases are discussed
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in detail in chapters 3, 6, 7 and 9 (Disorders of Acid-Base Balance,
Tubulo-Interstitial Nephritis, Cystic Diseases of the Kidney, and Drug-
Related Nephropathy, respectively).

3.8. Nephrolithiasis

Virtually all renal calculi are composed of one or more of the following
substances; calcium oxalate, struvite (magnesium ammonium phos-
phate), uric acid or cystine. Calcium oxalate stones with or without
calcium phosphate are the most common type of renal stones in North
America, and next in descending order of frequency are struvite stones,
uric acid stones and cystine stones. Diseases that are often associated
with renal stones are:

Calcium stones; hyperparathyroidism, Cushing syndrome, immobiliza-
tion, sarcoidosis, milk-alkali syndrome, renal tubular acidosis, medul-
lary sponge kidney, chronic small bowel disease, hypervitaminosis D
and idiopathic hypercalciuria

Struvite stones; chronic and recurrent urinary tract infection with urea-
splitting organisms

Urate stones; hyperuricemia

Cystine stones; cystinuria.

Clinically, renal stones may be silent or produce varying combinations
of acute or chronic obstructive nephropathy, tubulo-interstitial disease
with tubular dysfunction, urinary tract infection and hematuria. The
clinical significance and management of renal stones are greatly depen-
dent on the composition, causes, size, location (upper vs. lower and
unilateral vs. bilateral) and associated symptoms and signs of the renal
stones. Thus, the clinical evaluation of patients with renal stones should
be designed to obtain all of this information. The clinical features,
diagnosis and management of renal stone disease are discussed in detail
in Chapter 8 (Urolithiasis).

3.9. Accelerated hypertension

The cardinal features of accelerated hypertension are (1) severe hyper-
tension, with diastolic blood pressure over 120 mm Hg, (2) progressive
retinopathy with exudates, hemorrhages and papiledema (Keith-Wagner
grade III-IV retinopathy), (3) rapidly declining kidney function with
azotemia and hematuria, and (4) encephalopathy manifested by head-
ache, convulsion, stupor and coma.
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Essential hypertension and glomerulonephritis are the most common
diseases causing accelerated hypertension, but chronic pyelonephritis,
radiation nephritis, scleroderma, pheochromocytoma, and renovascular
hypertension may cause accelerated hypertension.

Accelerated hypertension is a clinical syndrome, not a pathological
entity. Pathological changes are, however, unique and characterized by
widespread necrotizing vasculitis. This is especially severe in the kid-
neys, brain, pancreas and adrenal glands.

Accelerated hypertension is a serious medical emergency. Potential
irreversible damage to the vital organs, and severe complications of
uremia, intracranial hemorrhage and pulmonary edema, may occur at
any time. Immediate and efficient control of blood pressure is, there-
fore, essential and may reverse the clinical course.

The clinical significance of hypertension and its management are
discussed in detail in Chapter 12 (Renal Hypertension).

4. CONCLUSION

Renal disease may be studied at several different levels. A patient
presents to his physician with a symptom. The physician must then
correlate this symptom with other data from the history, physical exam-
ination and laboratory tests and attempt to make a diagnosis. The
diagnosis may be based upon the patient’s symptom (e.g., hematuria or
renal colic), upon the pathology at the time (e.g., membranous glome-
rulopathy), pathogenesis, clinical syndrome (e.g., nephritic), or on the
behavior of the disease over time (acute or chronic renal failure). It is
evident then that diagnosis in nephrology is based upon observed cor-
relations between different kinds of data.

A review of the history of renal nomenclature leads to an appreciation
of the shifting nature of the terms used today. Nephrologic diagnosis is
constantly changing as new information is uncovered, and one must be
cautious in placing too much emphasis on a specific diagnosis. It must
be recalled that in spite of attempts to predict the course of renal
disease, the physician has only a limited number of therapeutic
maneuvers available. Diagnostic terms mean little to a patients, and he
is mainly looking for relief from the symptoms which brought him to
the physician. The physician should never lose sight of his main task
which is to lessen the impact of illness upon that individual. Thus,
diagnosis should be understood for what it is: an attempt to explain a
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disease process at one point in time utilizing current terminology. Diag-
nosis should therefore be only one step in the physician’s total task in
alleviating the burden of illness and should not be viewed as an end in
itself.
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2. DISORDERS OF WATER, SODIUM AND
POTASSIUM METABOLISM

MicHAEL C. Rubppy and KUrRT H. STENZEL

1. MAINTENANCE OF OSMOTIC HOMEOSTASIS

1.1. General considerations

Normal cellular function depends upon a carefully regulated osmotic
environment. Plasma osmolality is normally maintained between 280
and 295 mOsm/l. Any deviation from this range stimulates a complex
array of physiologic responses that tend to return plasma osmolality
toward normal.

Osmolality of a solution is determined in the clinical laboratory by
freezing point depression. The freezing point of water decreases by
1.87°C for each increase in total solute concentration of 1 mole per liter
(i.e, 1000 mOsm/l). The osmometer rapidly cools the sample and deter-
mines the freezing point from a sudden change in the electrical conduc-
tivity of the solution during ice crystal formation.

Plasma osmolality can, however, be accurately estimated by determin-
ing the concentrations of the main solutes of plasma. The following
calculation can be used:

Plasma osmolality (mOsm/1) = 2xNa™* (mEq/l)+
Glucose (mg/dl) N BUN (mg/dl)

18 2.8

Serum sodium accounts for more than 90% of the cationic solute in
plasma. The multiplicative factor of two is required to account for the
approximately equal concentration of anions (mostly chloride and bicar-
bonate) that accompany sodium in solution. Glucose and urea also
present modest additions to total plasma solute concentration. An esti-
mate of the contribution of glucose to plasma osmolality can be
obtained by dividing the measured serum glucose in mg/dl by its
molecular weight (180 mg/mmol). Conversion from mOsm/dl to the
more conventional mOsm/] requires multiplication by a factor of ten.
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Hence, a net division by 18 of the serum glucose (mg/dl) results in the
osmotic concentration in mOsm/1.

The osmotic load of urea is calculated by using a denominator (2.8),
derived by a similar method. The major difference is that serum urea is
determined by measurement of blood urea nitrogen (riot urea per se) in
mg/dl. The urea molecule contains 2 nitrogen atoms (14 daltons each).
Therefore, the conversion of BUN in mg/dl to urea in mOsm/l is
achieved by dividing by 28/10, i.e., 2.8.

Unfortunately, no simple calculation is acceptable for estimation of
urinary osmolality. Total urinary solute is made up primarily of urea
and other solutes that are not routinely measured. Urine sodium con-
centration is usually inversely related to osmolality and is therefore not
helpful. As with plasma, urine osmolality can be measured by freezing
point depression.

Determination of urine specific gravity provides a more available
means of estimating urine osmolality. The two commonly used bedside
methods employ the use of either a hydrometer or a refractometer.
These two techniques are both useful, but several precautions should be
observed in the interpretation of urinary specific gravity measurements.
Refrigeration of the urine, or excretion of large quantities of glucose,
protein, or radiocontrast agents may result in significant increases of
urine specific gravity in excess of corresponding increases in osmolality.
The glassware must be kept clean and detergent-free. Finally, these
instruments should be calibrated at frequent intervals with distilled
water.

A urine specific gravity of 1.020 corresponds to a urine osmolality of
about 800 mOsm/l; a specific gravity of 1.010 is equivalent to
300 mOsm/I, while a specific gravity of 1.001 is equivalent to approxi-
mately 50 mOsm/I.

1.2. Free-water clearance

Theoretically, abnormal plasma osmolality could result from disorders in
either water or solute balance. For example, hyponatremia (hypo-osmo-
lality) might arise from either a gain in total body water or a loss of
extracellular solute. Conversely, hyperosmolar states might occur secon-
dary to either loss of water or net gain in solute.

However, it is distinctly unusual for alterations in solute (i.e., sodium)
balance to be directly responsible for changes in plasma osmolality. In
almost every instance, the net external balance of water is the final
determinant of plasma osmolality.
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Net urinary water excretion in excess of solute can be quantitated by
determining the ‘free-water clearance’ (Cy,o). Urine volume may be
divided into two parts. One fraction contains the volume needed to
excrete the total solute load at the same osmolality as plasma. This
isotonic component is termed the ‘osmolar clearance’ (Cosm). The
remaining component is the so-called *free-water clearance’ (Cy,), and
is the theoretical volume of solute-free water that has been added to
(positive Cy, o) or reabsorbed from (negative Cy,,) the isotonic portion of
urine (Cosm) to result in either hypotonic or hypertonic urine respec-
tively. These relationships may be arranged as follows:

V(urine flow) = Cosm+Cy,,
(Uosm) x urine flow (V)  Uosm
Cosm = ' =
Plasma osmolality (Posm) Posm
Cy,0 = V—Cosm

x V

Tnspection of these relationships will allow several general conclusions
to be drawn. When Uosm is less than Posm (hypotonic urine), V is
greater than Cosm; therefore Cy,, will be positive. On the other hand,
when Uosm is greater than Posm (hypertonic urine), V is less than
Cosm; the resultant Cy,, will be negative. Finally, when Uosm equals
Posm (isotonic urine), V equals Cosm; therefore Cy,, is zero.

Excretion of a hypertonic urine (negative Cy,,) has the net effect of
returning solute-free water to the organism, thereby diluting body
fluids. Conversely, the excretion of a hypotonic urine (positive Cy,) has
the effect of removing solute-free water from the body and thus con-
centrating body fluids[39].

1.3. Renal concentrating and diluting mechanisms

In the final analysis, plasma osmolality is governed primarily by the
ability of the kidney to excrete concentrated or dilute urine (negative or
positive Cy,o) in the appropriate quantifies and circumstances. The
important functional and morphological characteristics enabling the kid-
ney to perform this subtle but all-important homeostatic operation will
be outlined. It is recognized that this function of the kidney is depen-
dent upon a number of intra- and extrarenal hemodynamic factors as
well as hormonal mechanisms.

1.3.1. Proximal tubule
Approximately 60-85% of filtered sodium is actively reabsorbed in the
proximal tubule. Because this early component of the nephron is freely
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permeable to water, a similar percentage of filtered water is reabsorbed
passively (and isotonically) with sodium. An important property of this
site is the inverse relationship between renal blood flow (i.e., effective
blood volume) and sodium and water reabsorption [2].

1.3.2. Ascending limb of the loop of Henle and the early distal tubule
(diluting segment)

This segment maintains permeability to sodium and chloride, but is

almost totally impermeable to water. With active reabsorption of NaCl,

the urinary filtrate becomes progressively less hypertonic. As the urine

approaches the tip of the cortical diluting segment (early to mid distal

tubule), it becomes hypotonic to plasma [24].

Reabsorption of electrolytes without water from the ‘diluting seg-
ment’ serves two major functions. First, removal of solute from the
tubular lumen creates urine which eventually reaches a minimal osmo-
lality of about 60 mOsm/l. It is here that ‘free water’ is made. It is
important to note that all urine that reaches the end of the diluting
segment has developed this low osmolality. Second, entrance of solute
into the interstitial space causes local tonicity to increase dramatically,
reaching a maximum osmolality of approximately 1200 mOsm/l near
the tip of the loop of Henle[27]). As described below, generation of
interstitial hypertonicity serves as the main driving force for reabsorp-
tion of solute-free water from the collecting duct during states of anti-
diuresis.

1.3.3. Late distal tubule and collecting duct

When ADH is not present, this segment is only slightly permeable to
water. As a result, final urine retains the hypotonic character that is
generated by electrolyte removal in the diluting segment. However, in
states with reduced urinary flow, transit time through this segment may
be prolonged sufficiently to allow the final urine osmolality to approach
isotonicity.

Under the influence of ADH, the tubular epithelia of the late distal
tubule and collecting duct become highly permeable to water. A pro-
gressive increase in water resorption takes place along the length of the
collecting duct as it reaches the deeper medullary portions of the kid-
ney. Here, water transport is induced by the hypertonic nature of the
interstitium, which has in turn been produced by solute resorption along
the diluting segment. All urine arriving at this ADH-responsive site has
a tonicity of approximately 60 mOsm/l but may reach as high as
1200 mOsm/1 in the terminal medullary portion of the collecting sys-
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tem. Thus, ‘free water’ may be removed from the urine and returned to
the body during states of antidiuresis, thereby helping to preserve nor-
mal plasma osmolality [2, 24, 27].

1.4. Antidiuretic hormone

1.4.1. Structure and storage

ADH is a cyclic octapeptide. Synthesis occurs primarily in neurons of
the supraoptic and paraventricular nuclei of the hypothalamus. The
peptide is bound to one of a group of transport proteins, neurophysins,
and transported along the axon in neurosecretory granules. The axons
terminate within the posterior pituitary gland where the hormone is
stored [35].

1.4.2. Site of action

Antidiuretic hormone action is initiated by binding to specific receptor
sites along the basolateral (capillary) surface of the late distal tubule and
collecting duct. Membrane-associated adenyl cyclase is activated, result-
ing in generation of cyclic AMP from ATP [24].

Perhaps via activation of protein kinases, intracellular cyclic AMP
increases permeability of the luminal surface membrane to water, urea,
and sodium. Calcium ion is known to interfere with both ADH-receptor
binding and adenyl cyclase activation. Prostaglandin E, may also inhibit
adenyl cyclase activation. In contrast, adrenal steroids enhance the
permeability response to ADH, perhaps by inhibition of intracellular
phosphodiesterase [27, 35].

1.4.3. Stimuli for release of ADH

Release of vasopressin from the posterior hypophysis is most sensitive
to changes in the plasma osmolality. This is apparently mediated by
intracellular dehydration of osmoreceptors within the central nervous
system. Increments in plasma osmolality of as little as 1% within the
normal range of 280-290 mOsm/] result in measurable elevations of
plasma ADH.

Plasma volume depletion (i.e., extracellular dehydration) is another
important stimulus for ADH release. Small decreases in plasma volume
are less potent than corresponding increases in osmolality. However,
large decreases in blood volume lead to ADH levels that exceed those
caused by similar but opposite changes in osmolality.

There are a number of other stimuli for ADH secretion that may be
clinically important. These include pain, emotional stress, cholinergic
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agents, beta-adrenergic agents, nicotine, barbiturates, narcotics, tricyclic
antidepressants, several chemotherapeutic agents, prostaglandins, and
perhaps sulfonylureas. Ethanol, diphenylhydantoin, narcotic antagonists,
and glucocorticoids have been shown to inhibit ADH release [35].

1.5. Summary of requirements for maximum water diuresis (Cy,o)

The following conditions must be met to ensure optimal free-water
clearance [24].

1. Normal glomerular filtration.

2. An adequate volume of filtrate must escape reabsorption in the
proximal tubule to be delivered to the diluting region of the neph-
ron.

3. The tubular epithelial cells of the diluting segment must be function-
ally intact in their capability to reabsorb solute while remaining
impermeable to water.

4. Free water, which is generated in the diluting site, must escape
reabsorption in the late distal tubule and collecting duct. Thus, these
areas must also remain impermeable to water.

2. CLINICAL STATES ASSOCIATED WITH HYPO-OSMOLALITY

2.1. True dilutional hyponatremia

2.1.1. Primary polydipsia

Excessive water intake as a cause of hyponatremia is by itself a distinct-
ly uncommon phenomenon. Normal metabolic processes produce about
600 mOsm of solute to be excreted by the kidneys each day. Since the
diluting capability of the nephron is to approximately 60 mOsm/l, an
intake of greater than 10 liters/day would be necessary to cause dilution
of body solutes. It is clear that only serious disorders of hypothalamic
thirst regulation or profound psychiatric disturbances would result in
such abnormal drinking behavior [24].

A possible exception is that of so-called beer-drinker’s hyponatremia.
This is occasionally seen in patients who have chronically ingested large
quantities of beer, often to the exclusion of food. Since beer itself is
quite low in solute, the net obligatory solute excretion may decline to as
little as 300 mOsm/day. Thus, a total beer intake of only about 5
liters/day could result in hyponatremia[2].
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Treatment would include reduction of beer intake or, failing that,
increased solute intake (e.g., salted beer).

2.2. Renal failure

Mild to moderate levels of renal insufficiency interfere with optimal
free-water clearance by decreasing the amount of filtrate presented to
the diluting segment of the nephron. Such a defect does not usually
become apparent until excessive quantities of water are ingested.

However, in the presence of more severe renal failure, especially if
oliguric, maximum free-water clearance may be zero or actually nega-
tive. In this setting, even otherwise normal fluid intake could result in
hyponatremia. This phenomenon is most likely to occur during acute
oliguric renal failure, since recognition of limited fluid tolerance may
often be delayed.

Treatment should be directed to restriction of the patient’s fluid
intake commensurate with his limitation of free-water clearance. It is
usually safe to limit such intake to about 600 ml/day plus urine output.
With severe or symptomatic hyponatremia it may be necessary to add
dialysis therapy as a life-saving measure.

2.3. Decreased delivery of filtrate to diluting segment of the nephron

2.3.1. Depletion of plasma volume

The proximal tubule responds to reduction of renal blood flow by a
proportionately greater reabsorption of sodium and water. This phenom-
enon may be considered an attempt by the body to preserve plasma
volume. Therefore, less than the usual amount of urine escapes the
proximal tubule to arrive at the diluting segment. The quantity of free
water generated at this site is dependent on both the functional integrity
of the tubular epithelium and the amount of filtrate delivered. Hence,
clinical states resulting in plasma volume depletion impair maximal
free-water clearance. As a result, a normal intake of fluid may lead to
hyponatremia [2, 24].

Clues to this form of hyponatremia may often be found by physical
examination. Dry mucus membranes, poor skin turgor, orthostatic
hypotension, and tachycardia are evidence of plasma volume depletion.
In most instances, urine sodium concentration is <20 mEq/l. Excep-
tions include sodium and volume depletion secondary to increased renal
losses (diuretics, mineralocorticoid deficiency, renal salt-wasting syn-
dromes).
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Initial management requires replacement of losses with isotonic sal-
ine. In addition, procedures should be initiated to identify and treat the
primary cause of plasma volume depletion. Such measures are usually
simple, such as cessation of diuretics, but may require an intensive
search for the endocrine, renal, or gastrointestinal disorders listed in
Table 1. Chronic dehydration is easy to treat in the acute in-hospital
setting. Prevention of future episodes, however, may necessitate careful
psychosocial evaluation and follow-up.

Table 1. Causes of plasma volume depletion that may lead to hyponatremia

Urine sodium less than 20 mEq/| (extrarenal losses)
1. Chronic dehydration
2. Vomiting or diarrhea
3. Burns
4. *Third-space’ losses

Urine sodium greater than 20 mEq/| (renal losses)
1. Diuretic therapy
2. Salt wasting nephropathies
3. Mineralocorticoid deficiency

2.3.2. Volume expansion

As in states of volume depletion, decreased renal blood flow also char-
acterize the edema-forming disorders, such as congestive heart failure,
hepatic insufficiency and nephrotic syndrome. Paradoxically, these ede-
ma-forming conditions are accompanied by a measurable elevation of
extracellular fluid volume and total body sodium. Hence, a state of
decreased ‘effective’ plasma volume is said to exist.

The major immediate cause of sodium retention and edema in these
disorders is an increase in proximal tubular sodium and water reabsorp-
tion. As in those conditions with ‘true’ volume depletion (Table 1), the
proximal tubular response of these patients serves as a mechanism to
increase plasma volume and improve renal perfusion [23].

As proximal tubular fractional reabsorption of sodium and water
increases, less filtrate is available to the diluting segment for generation
of free water. Hence, maximum free-water clearance is blunted, putting
the patient at risk to develop hyponatremia following an otherwise
normal fluid intake.

Physical examination may reveal some or all of the following clinical
findings : edema, ascites, hypertension, neck vein distention, pulmonary
rales, or a third heart sound. As in most cases of ‘true’ plasma volume
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depletion, patients with edema excrete urine that usually has a sodium
concentration <20 mEq/I.

Management of hyponatremia in any of these settings may be diffi-
cult. However, fluid restriction is a key element in any such treatment.
Congestive heart failure may require judicious use of diuretics or ino-
tropic agents. The renal and hepatic causes listed may require protein
supplementation in addition to nutritional and diuretic therapies. Ste-
roids or cytotoxic agents may be indicated in several forms of nephrotic
syndrome.

2.4. Syndrome of inappropriate ADH (SIADH)

As described above, ADH acts on the epithelial lining of the late distal
tubule and the collecting duct to increase permeability to water. In the
presence of ADH, free water generated by the more proximal diluting
segment is passively reabsorbed. Normally, this sequence of events
takes place only when plasma osmolality is elevated or plasma volume
is decreased. The syndrome of inappropriate ADH is characterized by
continuous ADH secretion despite plasma osmolality that is subnormal
and plasma volume that is normal or increased [8]. The disorders asso-
ciated with this syndrome are listed in Table 2.

Table 2. Disorders associated with SIADH.

1. Neoplasm - lung, duodenum, pancreas, prostate, lymphoma, thymoma
2. Pulmonary Disease — tuberculosis, pneumonia, abscess, aspergillosis, chronic infection
3. Central Nervous System Disorders

Encephalitis, meningitis

Cerebralvascular accident

Space-occupying lesions

Head trauma

Guillain-Barré syndrome
4. Miscellaneous

Acute intermittent porphyria

Hypokalemia

Systemic lupus erythematosis
5. Idiopathic

2.4.1. Criteria for diagnosis of SIADH

No firm diagnosis of SIADH can be made in the absence of any of the
findings listed in Table 3[24, 27, 35]). However, problems in interpreta-
tion may arise. For example, there is no consensus about what consti-



39

Table 3. Criteria for the diagnosis of SIADH

. Serum hypo-osmolality — Rule out Pseudohyponatremia

. Inappropriately concentrated urine

. Normal plasma volume — No Evidence of edema or volume depletion
Normal renal, adrenal and thyroid function

. Urine sodium approximately equivalent to intake

. Correction by water restriction alone

. Hypouricemia

~N NN B W=

tutes an inappropriately concentrated urine. A urine osmolality greater
than 60 mOsm/] indicates that water has been reabsorbed distal to the
diluting segment of the nephron and might therefore represent inappro-
priate ADH activity. However, some residual permeability to water does
exist in the collecting duct despite the absence of ADH. In clinical
states with low urine flows (renal insufficiency, decreased effective plas-
ma volume) a significant fraction of glomerular filtrate may be reab-
sorbed distally even with suppressed ADH. Urine osmolality may be
isotonic or mildly hypertonic in those settings, and does not necessarily
represent abnormal ADH activity. Therefore, before invoking SIADH as
the cause of hyponatremia in any patient, it iS most important to
demonstrate a normal plasma volume and glomerular filtration rate.

Urine sodium concentration is usually greater than 30 mEq/l, which
is a reflection of the normal or slightly increased plasma volume in
patients with SIADH. However, these patients are capable of reducing
Uy, to lower levels in the presence of rigid salt restriction [2].

2.4.2. Treatment of SIADH

2.4.2.1. Water restriction. Reduction of free-water intake is an impor-
tant aspect of the diagnosis and management of hyponatremia secon-
dary to SIADH. While rigid fluid restriction is effective and practical
during acute, inhospital care, it is often difficult to achieve on a chronic,
out-patient basis.

2.4.2.2. Hypertonic saline and diuretic therapy. Occasionally, rapid devel-
opment of hyponatremia may result in severe alterations in brain func-
tion accompanied by stupor, convulsions, or coma. A potent diuretic
such as ethacrynic acid or furosemide may be administered intra-
venously to induce a rapid increase in free-water clearance. Urinary
electrolyte losses are exactly replaced by an equivalent infusion of a
small volume of hypertonic (3%) saline [22]. Hypertonic saline may be
used without a diuretic for this purpose but is only transiently effective
since, in the presence of the volume expansion of SIADH, sodium is
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rapidly excreted. Furthermore, in an elderly patient, hypertonic saline
alone may precipitate pulmonary edema.

2.4.2.3. Pharmacologic agents. Both lithium and demeclocycline have
been found to antagonize the effect of ADH on renal tubular epithe-
lium. While lithium is now thought to be too toxic for use, studies of
demeclocycline therapy are more promising[17]. In addition, investiga-
tions are now underway with a variety of other agents including diphe-
nylhydantoin, narcotic antagonists, and ADH analogues[44]. Some or
all of these drugs may prove to be especially useful in managing
patients with chronic SIADH who find it difficult to maintain the strict
fluid limitation necessary to avoid serious hyponatremia.

2.5. Drugs associated with impaired free-water clearance

Table 4 contains a list of agents that have been shown to interfere with
urinary dilution. Although the classification is according to mechanism,
there is not total consensus in every case[18, 24, 39].

Table 4. Drug-related hyponatremia

a. Stimulation of ADH release
1. Nicotine
Narcotics
Barbiturates
Tricyclic antidepressants
General anesthetics
Antineoplastic agents — Vincristine, Cyclophosphamide
(Carbamazepine
Clofibrate
Chlorpropamide
. Prostaglandin E
b. Simulation of renal ADH effect
1. ADH analogues
2. Oxytocin
3. Chlorpropamide
4. Prostaglandin synthetase inhibitors
c. Multifactorial
1. Diuretics

SoxaaLA LN

Diuretics are the most common cause of drug-induced hyponatremia.
Plasma volume depletion, leading to increased proximal tubular reab-
sorption of sodium and water, with decreased delivery of filtrate to the
diluting segment, has already been cited. Furthermore, both plasma
volume depletion and hypokalemia have been shown to enhance ADH
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secretion[16). Finally, distal-acting diuretics, including thiazide and
loop-acting agents, interfere directly with the ability of the diluting
segment to reabsorb electrolytes, thereby limiting generation of free
water within the tubular lumen.

2.6. Endocrine deficiencies

2.6.1. Hypothyroidism
Hyponatremia has occasionally been described with severe degrees of
hypothyroidism. It is probable that several factors may interfere with
maximum urinary dilution. There is evidence that the normal function-
al integrity of the diluting segment may be impaired in the absence of
thyroid hormone. In some patients, overt or covert heart failure may
exist, creating a state of effective volume depletion. Also, ADH levels
have been reported to be elevated in a large fraction of myxedematous
patients [40]. Whether this latter effect is directly caused by thyroid
deficiency per se or by cardiac insufficiency is not clear at this time.
Therapy is directed toward appropriate thyroid hormone replacement
and treatment of coexisting heart failure.

2.6.2. Adrenal insufficiency

Mineralocorticoid deficiency has already been cited as a cause of renal
salt wasting, resulting in ‘true’ plasma-volume depletion and subse-
quent interference with maximum free-water clearance. Deficient miner-
alocorticoid production is most likely to accompany glucocorticoid defi-
ciency as seen in disorders of primary adrenal insufficiency. However,
isolated defects of aldosterone production have also been described.
Suspicion of inadequate mineralocorticoid production should be aroused
by the simultaneous presence of hyperkalemia, hyponatremia, and high
urine sodium in the setting of normal or only mildly impaired renal
function.

Glucocorticoid deficiencies may also limit maximum free-water clea-
rance. There is recent evidence that glucocorticoid deficiency has a
deleterious effect on cardiac function, thereby resulting in ‘ineffective’
plasma volume as well as ADH stimulation [4]. Furthermore, glucocor-
ticoids may be necessary to achieve minimal water permeability of the
collecting duct when ADH is absent. Deficient glucocorticoid produc-
tion may either be seen as an isolated phenomenon with disorders of
the hypothalamic-pituitary-adrenal axis or together with mineralocorti-
coid deficiency when primary disease of the adrenal gland exists.
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2.7. Reset osmostat

This phenomenon probably represents what was formerly referred to as
the ‘sick cell syndrome’. Hyponatremia has occasionally been described
in patients with certain chronic, debilitating diseases such as tuberculo-
sis, cirrhosis, or malabsorption syndrome. As in SIADH, these patients
can excrete whatever sodium is ingested, as well as concentrate their
urine normally. In contrast to those with SIADH, such patients are
capable of normal urine dilution and excretion of a water load when
their plasma osmolality reaches a certain lower set point. In true
SIADH, normal urine dilution following a water load is never achieved
because of continued ADH excretion despite lowered plasma osmolali-
ty [10].

2.8. Summary of the diagnostic approach to hyponatremia

2.8.1. Rule out non Hypo-osmolar states

Significant elevations of serum proteins or lipids displace some water
from the plasma compartment. Since sodium is only in aqueous solu-
tion, measured sodium concentration in plasma (which includes water
and nonaqueous substances) may be reduced.

Hyperglycemia can cause hyponatremia because of the osmotic effect
of glucose in the extracellular space. Water shifts out of the intracellular
space diluting extracellular solutes. For each increment of serum glucose
of 100 mg/dl, serum sodium should decline by about 1.6 mEq/I.

Therefore, it is important early in the evaluation of hyponatremia to
determine levels of the patients’ serum lipids, pioteins, and giucose.

2.8.2. History
Emphasis should be placed on a careful search for underlying problems
and unusual eating and drinking habits, as well as drug history.

2.8.3. Physical examination

Physical examination is probably the single most useful procedure for
evaluation of hyponatremia. Of greatest importance is an estimate of the
patient’s extracellular fluid volume.

A clinically normal extracellular volume suggests several possibilities,
chiefly: SIADH, drugs, pain, emotion, hypothyroidism, and isolated
glucocorticoid deficiency. Evidence of plasma volume depletion implies
that one of the renal or extra-renal disorders listed in Table 1 is the
likely etiology. Finally, the presence of edema or other evidence of
volume expansion points towards cardiac, hepatic or renal disease as the
underlying etiology.



43

Careful physical examination is also likely to yield clues about the
precise nature of the underlying process.

2.8.4. Urine sodium concentration

As described above, urine sodium of less than 20 mEq/I is consistent
with either ‘true’ or ‘effective’ plasma volume depletion. Clinical states
with normal plasma volume occasionally may also be accompanied by
Ux. less than 20 mEq/I if dietary intake is low. Interpretation of Uy,
greater than 20 mEq/I is dependent upon the plasma volume status of
the patient. On one hand, this level is consistent with any of the
aforementioned disorders known to be associated with normal plasma
volume. However, in the setting of plasma volume depletion, a Uy,
greater than 20 mEq/| indicates renal losses as the cause of volume
depletion (see Table 1).

3. HYPERNATREMIA AND DISORDERS OF URINE CONCENTRATION

In contrast to hypo-osmolar states, hypernatremia is characterized by
water loss in excess of solute[14]). Commonly, hypernatremia occurs
with normal renal concentrating function in the setting of severe, acute
hypotonic fluid losses. Some hypernatremic patients however, are una-
ble to achieve maximum urinary concentration; hence, free-water clea-
rance is abnormally high. Concentrating defects can be attributed either
to low levels of circulating ADH or to an impaired response of the
kidney to appropriate levels of ADH.

3.1. Low circulating levels of ADH

3.1.1. Central diabetes insipidus

3.1.1.1. Pathophysiology. As described earlier, ADH acts on the late
distal tubule and collecting duct to increase epithelial permeability to
water. The interstitium surrounding the collecting duct has been made
hypertonic by solute reabsorption in the diluting segment. Hence, in the
presence of ADH, water will be reabsorbed, thereby concentrating the
urine.

Defects in the synthesis or release of ADH will lead to a marked
concentrating defect and, therefore, an inappropriately elevated free-
water clearance with polyuria. Urinary osmolality usually varies from 50
to 200 mOsm/1 and specific gravity from 1.001 to 1.005. An intact thirst
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and drinking mechanism will result in polydipsia which maintains net
water balance, keeping serum sodium in the normal range[35].

The exact nature of defective regulation of ADH secretion has not
been thoroughly elucidated. However, there appear to be several differ-
ent types and levels of ADH insufficiency[33]. ADH levels may be
either partially or completely deficient, thereby resulting in concentrating
defects that may range from mild to severe. In some settings, ADH
levels may be absent or subnormal until a certain high ‘set point’ of
plasma osmolality is achieved, above which normal regulation occurs.
Another type of defect is characterized by ADH levels which rise in
proportion to plasma osmolality, but always to a subnormal degree.
Some patients may have no ADH response to osmotic stimuli but a
normal elevation when challenged with volume depletion [21].

It is important to note that hypernatremia does not occur in any of
these disorders as long as normal thirst and drinking behavior are
present. The small initial rise in plasma osmolality resulting from water
losses will usually stimulate thirst and sufficient fluid ingestion to
maintain plasma osmolality in at least the high-normal range. There are,
however, occasional circumstances in which patients are not able to
drink sufficient fluid to avoid hypernatremia. This might occur during
states of disturbed consciousness, or when free water is not available,
such as on a desert or open sea. Another disorder termed °‘essential
hypernatremia’ is characterized by deficient thirst in the setting of
inadequate ADH release. Interestingly, patients with this condition may
be remarkably asymptomatic despite very high plasma sodium concen-
trations [21].

3.1.1.2. Causes and clinical features of central diabetes insipidus. Table 5
presents a classification of disorders that may lead to insufficient ADH
release [14]. Surgery in the area of the hypothalamus or pituitary,
together with head trauma, now represent the majority of cases of
central diabetes insipidus. Following neurosurgical procedures, a classic

Table 5. Causes of central diabetes insipidus

Head trauma
Hypophysectomy

Supra - or intrasellar tumors
Idiopathic and familial
Cysts

Granulomatous disorders
Cerebral vascular disease
CNS infections
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triphasic pattern of water metabolism may occur. Immediately postoper-
atively, the patient may experience polyuria and polydipsia which is
thought to represent acute damage to the hypothalamic center involved
in ADH release. After four or five days, a period of profound antidiur-
esis may occur that is ascribed to release of stored ADH from the
denervated neurohypophysis. Finally, after several more days, polyuria
returns, this time as permanent central diabetes insipidus[24].

A number of characteristic clinical features may be seen regardless of
the specific etiology of central diabetes insipidus. The onset of central
diabetes insipidus is often abrupt. Some patients are able to recall the
exact time that polyuria began. The severity of polyuria frequently
reaches its peak in the first few days after onset. In contrast to psychog-
enic polydipsia, patients with central diabetes insipidus usually must
void and drink large volumes of fluid both day and night. These
patients often insist that only ice water will quench their otherwise
relentless thirst [39].

3.1.1.3. Treatment of central diabetes insipidus. Patients with a mild
partial defect of ADH secretion may be content to continue their
increased drinking habits and, therefore, prefer to avoid replacement
therapy. Usually, however, therapy with one of several available forms
of vasopressin is indicated. In the acute in-hospital setting, aqueous
vasopressin is the preparation of choice. This is administered intramus-
cularly or subcutaneously in doses (usually 5-10 units) and frequencies
(often every 4-6 hours) necessary to control polyuria.

For chronic therapy, vasopressin tannate in oil has a duration of
action of 24-72 hours when given intramuscularly. Several intranasal
preparations are also available. Lysine vasopressin is well tolerated but
has the disadvantage of a short duration of action lasting only three to
four hours. Recently, another intranasal preparation has been synthe-
sized that has greater potency than endogenous arginine vasopressin.
The analogue 1-deamino-8-D-arginine vasopressin (DDAVP), when giv-
en intranasally at a dose of 10-20 mg, has a duration of action of 12-24
hours [36]. In addition, there is a complete loss of the pressor activity
normally seen with other derivatives of ADH.

Chlorpropamide, in doses of 250-500 mg/day, enhances the effect of
endogenous ADH on the renal concentrating mechanism. Hence, this
drug may be useful in managing patients with partial defects of ADH
release. Clofibrate at a dose of 500 mg q.i.d. stimulates release of endo-
genous ADH and may, therefore, be useful in treating partial central
diabetes insipidus. Occasionally, clofibrate has been used at full doses in
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combination with low doses of chlorpropamide to reduce the risk of
hypoglycemia from the latter drug[27].

3.1.1.4. Psychogenic polydipsia. This syndrome of compulsive water
drinking mimics central diabetes insipidus since both are associated with
polyuria, polydipsia and low circulating levels of ADH. In contrast to
central diabetes insipidus, ADH release in psychogenic polydipsia is
inhibited appropriately by the mild hypo-osmolality and volume expan-
sion of body fluids resulting from the primary increase in water
intake.

There are several clinical features of compulsive water drinking that
are helpful in distinguishing it from central diabetes insipidus. Compul-
sive water drinking is often seen in females, frequently in menopause,
with a history of psychiatric disturbances. The history of onset of
polyuria is often vague with greater variations in fluid intake than is
usually seen in central diabetes insipidus. Severe nocturia is more vari-
able in this functional disorder. While in diabetes insipidus plasma
osmolality is typically in the high-normal range (290-300 mOsm/1),
compulsive water drinkers usually have plasma osmolality in the low-
normal range (270-280 mOsm/1)[39]. Definitive physiological tests
involving either dehydration, administration of exogenous vasopressin
or hypertonic saline will serve to distinguish these two entities.

Management is directed at the primary psychiatric disorder.

3.2. Renal tubular hyporesponsiveness to ADH (nephrogenic diabetes
insipidus)

3.2.1. Causes and pathophysiology

There are a number of factors that may impair the ability of the kidney

to concentrate urine maximally in the presence of adequate levels of

ADH/[11]. The causes listed in Table 6 are mediated by several of these

mechanisms.

Table 6. Causes of nephrogenic diabetes insipidus

Hypercalcemia

Hypokalemia

Interstitial nephritis

Urinary tract obstruction

Polycystic and medullary cystic kidney disease
Dysproteinemias-amyloidosis, multiple myeloma, Sjogren’s syndrome
Drugs-lithium, demeclocycline, methoxyflurane

Sickle cell disease

Hereditary
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Acute hypercalcemia may interfere with receptor-binding of ADH, in
addition to inhibiting renal tubular adenyl cyclase. Chronic hypercal-
cemia often results in nephrocalcinosis, which probably interferes with
tubular function elsewhere, including the ability of the diluting segment
to generate interstitial hypertonicity. Impaired ability of the ascending
limb of Henle to produce a hypertonic interstitium plays a major role in
the concentrating defects seen with a number of conditions, including
hypokalemia, interstitial, obstructive, and cystic renal diseases, as well
as dysproteinemias. Both lithium and demeclocycline are known to inter-
fere with response to ADH by impairment of both cyclic AMP genera-
tion and action. The specific mechanism of the concentration defect
induced by methoxyflurane is not well understood but may relate to its
toxic metabolites which include fluoride and oxalate. Concentrating
defects are frequently seen in sickle cell disease. This has been ascribed
to intravascular sickling and occlusion of the medullary vasa recta,
with resultant inhibition of solute transport in the ascending limb of
Henle [27].

Hereditary nephrogenic diabetes insipidus is a rare disease that is
apparently transmitted in a sex-linked pattern with variable penetrance
in female heterozygotes. There are data which suggest that the concen-
trating abnormality is a result of tubular resistance to the action of
ADH, perhaps secondary to renal tubular adenyl cyclase deficiency [46].

3.2.2. Treatment of nephrogenic diabetes insipidus

Unfortunately, management of patients with this form of diabetes insi-
pidus can be quite difficult. With the exception of electrolyte abnormal-
ities, obstructive uropathy, and drugs, most primary causes of nephrog-
enic diabetes insipidus are not reversible.

Therapy includes ensuring that patients have free access to water at
all times. Polyuria can be diminished somewhat by reducing the solute
load. Hence, a low protein and salt diet may be a useful adjunct.
Finally, thiazide diuretics have also been shown to be useful in this
setting. The effectiveness of this class of drugs appears to be the result
of contraction of extracellular volume and subsequent increased proxi-
mal tubule reabsorption of glomerular filtrate. Hence, distal water deliv-
ery and eventual excretion will be reduced. Consistent with this mech-
anism of action is the fact that salt restriction must be maintained to
avoid return of polyuria.
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3.3. Diagnostic approach to the patient with a disorder
of urinary concentration

3.3.1. General considerations

Attention to the clinical features as outlined earlier in this chapter will
usually provide enough information to make an accurate diagnosis of
the underlying causes of most polyuric states. However, patients with
milder or functional types of polyuria may require extensive physiolog-
ical testing to evaluate all aspects of the concentrating mechanism.

3.3.2. Dehydration test [39]

A carefully done water deprivation test usually enables one to recognize
ADH deficiency of all degrees, as well as to differentiate these patients
from those with polyuria of other etiologies. It is carried out by with-
holding fluid until urine osmolality becomes stable during hourly collec-
tions. In persons with severe polyuria, fluid restriction is advised to
begin early in the day to avoid the risk of severe volume depletion in
the middle of the night. Those with milder forms of polyuria may
require 12-18 hours before urine osmolality becomes stabilized and may
therefore begin fluid deprivation in the evening. Plasma osmolality is
measured prior to the initiation of fluid restriction and again at the time
of reaching the plateau of urine osmolality. At the end of the fluid
deprivation period, aqueous vasopressin, 5 units, is administered subcu-
taneously. Urine osmolality is again measured 1 hour later.

At the termination of dehydration, a normal subject will have
increased his urine osmolality to greater than 800 mOsm/l. Patients
with partial central diabetes insipidus as well as those with compulsive
water drinking may achieve urine osmolalities in the 400-600 mOsm/I
range. Submaximal urine concentration in psychogenic polydipsia is
probably related to a medullary washout phenomenon. After several
more days of avoidance of high fluid intake, urine osmolality can reach
normal levels on re-testing. Complete central or nephrogenic diabetes
insipidus will typically result in maximum urine osmolalities of less
than 200 mOsm/I at the end of dehydration.

Following ADH administration, patients with severe central diabetes
insipidus will show at least a 50% increase in urine osmolality above
that obtained by fluid deprivation alone. It is common for the absolute
value of urine osmolality to remain subnormal, secondary to medullary
interstitial dilution that may occur with any polyuric-polydipsic state.
Patients with partial defects in ADH release will show a modest
increase in urine osmolality of greater than 9% but less than 509%.
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Urine osmolality will show little change in either the normal state or in
those with a nephrogenic form of diabetes insipidus.

An alternative method of increasing plasma osmolality is to infuse
hypertonic saline. As plasma osmolality rises, a sudden sharp decline in
measurable free-water clearance can be detected when the ADH release
mechanism reaches its osmotic threshold [33]. In normal individuals, or
in those with compulsive water drinking, this threshold is generally less
than 290 mOsm/l. Some patients with partial central diabetes insipidus
will have normal release but at an abnormally high threshold. Patients
with complete central or nephrogenic diabetes insipidus will not respond
at all to the osmotic stimulus.

Eventually, as accurate, sensitive ADH assays become available, lev-
els of ADH will be of utmost help in distinguishing among total and
partial diabetes insipidus, nephrogenic diabetes insipidus and psychog-
enic polydipsia.

4. DISORDERS OF SODIUM METABOLISM

Extracellular osmolality is a function of water balance. Extracellular
fluid volume, however, is primarily dependent on total body sodium
content. Since sodium is the major osmotically active element in the
extracellular space, it serves as the main determinant of the distribution
of water in various body fluid compartments. Total body sodium is in
turn regulated primarily by urinary excretion.

Each day, the kidneys filter about 160 liters of plasma water with a
sodium concentration of 140 mEq/l. Hence, the total filtered load of
sodium is about 23,000 mEq per day. The final urine content of sodium
is only about 100 to 200 mEq per day—Iless than 1% of the filtered
load. About 60 to 75% of filtered sodium is reabsorbed by an energy
dependent process in the proximal tubule. Chloride reabsorption occurs
passively down its electrical gradient[19]. In the thin ascending limb of
the loop of Henle, sodium and chloride are further reabsorbed passively
down their respective concentration gradients. In the thick portion of
the ascending limb, chloride reabsorption is an active process. Sodium
follows passively out of the tubular lumen along the electrical gradient
that has been created by chloride removal [6]. In the late distal tubule
and collecting duct, sodium is once again actively reabsorbed, under the
influence of aldosterone. The intraluminal electronegative potential that
is generated serves as the driving force for potassium and hydrogen ion
secretion at this site [19].
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4.1. Determinants of renal sodium excretion

4.1.1. Filtered load

As noted above, the daily filtered load of sodium greatly exceeds excre-
tion. In order to avoid potentially fatal variations in urine flow and
sodium excretion, some form of coupling of filtration and reabsorption
of sodium must exist. This poorly understood phenomenon, termed
glomerulo-tubular balance, is quantitatively the most important determi-
nant of tubular handling of sodium [29]. A large number of mechanisms
have been put forth to explain this feedback system. Among the factors
that have been thought to play a role are the renin-angiotensin system,
‘natiuretic hormone’[20], the renal neural system and the physical
properties of the peritubular interstitium (colloid and hydrostatic pres-
sures) and capillaries (hematocrit and blood viscosity).

4.1.2. Aldosterone

Sodium reabsorption in the late distal tubule and collecting duct is
highly dependent on the presence of mineralocorticoids. Aldosterone
apparently acts by inducing the synthesis of a protein that either serves
as a permease, a carrier, or as a source of energy for the active sodium
transport system [12). Since the late nephron segment is the final site of
sodium reabsorption, the influence of aldosterone on the ‘fine-tuning’
of sodium homeostasis is clearly of great importance.

4.1.3. Third factors

[t has been conclusively shown that factors in addition to aldosterone
and filtered load have a potent influence on tubular sodium reabsorp-
tion. This so-called ‘third factor’ probably consists of multiple vari-
ables.

One such factor may be renal plasma flow (RPF). Renal blood flow is
influenced in turn by effective arterial blood volume in addition to
various humoral agents including catecholamines, angiotensin Il and
prostaglandins. Glomerular filtration rate (GFR) and renal plasma flow
may be decreased to a moderate extent, with a disproportionate fall in
RPF leading to an increased filtration fraction (GFR/RPF). An elevation
in filtration fraction indicates that a higher than normal fraction of renal
plasma flow is being filtered. The protein concentration in postglomeru-
lar peritubular capillaries will be increased since a higher proportion of
protein-free fluid has been removed by filtration. The resultant higher
peritubular oncotic pressure may induce a greater quantity of filtrate to
leave the tubular lumen [28].
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It is also possible that urinary excretion of sodium may be influenced
by the distribution of intrarenal blood flow [38]. Normally, about 90% of
total renal blood flow is cortical and 10% medullary. Morphologically,
cortical nephrons are characterized by short thick loops of Henle that
only reach to the outer medulla. The loops of Henle of the juxtamedul-
lary nephrons are longer and reach deep into the medullary and papil-
lary regions of the kidney. These nephrons may have a greater sodium
reabsorptive capacity than cortical nephrons. It has been postulated that
a number of conditions such as cirrhosis, congestive heart failure and
hypovolemia lead to salt retention because blood flow is directed away
from the cortex and into juxtamedullary nephrons.

4.2. Sodium retaining states (edema)

Edema is a sign that indicates the abnormal accumulation of salt and
water in the interstitial space. Development of generalized edema indi-
cates that abnormal retention of sodium and water by the kidney has
occurred irrespective of underlying disease process.

4.2.1. Congestive heart failure
Myocardial failure is one of the most common causes of generalized
edema. Heart failure is defined as inadequate cardiac output, either in
absolute terms (low output failure) or in relative terms (high output
failure). In either case, total renal blood flow is generally reduced.
However, because of renal autoregulatory mechanisms, glomerular fil-
tration rate is usually better preserved. Thus, filtration fraction tends to
increase, leading to changes in peritubular physical factors that promote
sodium reabsorption [32]. Normal blood pressure is maintained in heart
failure in part by increased activity of the sympathetic nervous system.
As a result, renal vascular resistance increases, causing a further decline
in total renal blood flow. Furthermore, greater sympathetic tone may
also shunt blood flow away from the cortical nephrons and into the
medulla where greater sodium reabsorption is thought to occur[41].
Decreased renal perfusion may also stimulate biosynthesis and release
of renin from the juxtaglomerular apparatus, resulting in an increased
formation of angiotensin II, which acts as both a renal vasoconstrictor
and a potent inducer of aldosterone production and release. Aldosterone
serves as a powerful stimulant of sodium reabsorption in the distal
tubules. Plasma levels of aldosterone may also be elevated as a result of
impaired hepatic metabolism in heart failure [43]. Finally, there is con-
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tinued speculation that the absence of some as yet unidentified natriur-
etic substance may also contribute to renal salt retention.

4.2.2. Hepatic cirrhosis

Cardiac output is often normal or elevated in cirrhotic patients. Total
peripheral resistance is, however, usually diminished in cirrhotic
patients with edema. Vascular resistance is probably altered as a result
of anatomical arteriovenus shunts that arise as a consequence of hepatic
insufficiency. It has also been proposed that metabolic clearance of
some undefined vasodilator may be impaired.

Most patients with liver cirrhosis have reduced renal blood flow.
Causes of this change are multifactorial, including decreased peripheral
vascular resistance, increased adrenergic tone and angiotensin II activity
as well as shunting of renal blood flow to the medullary region. Renal
perfusion may be further impaired by the presence of hypoalbuminemia
in some patients[13].

Aldosterone levels are more frequently elevated in patients with liver
cirrhosis than with heart failure. This is probably a result of increased
angiotensin IlI-induced release as well as impaired hepatic clearance.
Nevertheless, the clinical significance of hyperaldosteronism in the ede-
ma formation of liver disease has not been determined [37].

4.2.3. Renal disease

The filtered load of sodium provides the quantitatively most important
determinant of tubular handling of sodium. As the glomerular filtration
rate declines in either acute or chronic renal failure, the ability to
maintain sodium homeostasis becomes progressively limited. Thus,
unless sodium intake is reduced in proportion to the diminished renal
function, edema may ensue.

In the nephrotic syndrome, the situation is more complex. Glomeru-
lar filtration rate may be low, normal or even elevated. Glomerular
leakage of plasma protein leads to hypoalbuminemia and diminished
plasma oncotic pressure. As a result, altered Starling’s forces will allow
plasma water to leak out of the vascular bed and into the interstitial
space. Consequently, true plasma volume will often be depleted. All or
most of the humoral and hemodynamic mechanisms proposed for con-
gestive heart failure and hepatic disease may then come into play to
contribute to the generalized edema of the nephrotic syndrome [26].

4.2.4. Miscellaneous causes of edema
Edema often arises during the course of normal pregnancy. Most com-
monly, this is confined to the legs and results probably from compres-
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sion of the inferior vena cava by the enlarging uterus. Elevated estrogen
and aldosterone levels may also contribute to sodium retention. Edema
in association with toxemia of pregnancy may be a consequence of
several factors, including renal vasoconstriction, decreased glomerular
filtration rate and proteinuria[15].

The edema seen in hypothyroid patients has been shown to be par-
tially related to increased capillary permeability to plasma albumin in
addition to impaired lymphatic drainage of the interstitial space[34].
Overt or covert myocardial dysfunction may also be a consequence of
hypothyroidism.

Idiopathic cyclic edema is a common, but poorly understood, phe-
nomenon seen usually in women of child-bearing age. A number of
abnormalities have been demonstrated in these patients including exces-
sive venous stasis in the legs, exaggerated aldosterone response to the
upright posture, and abnormal regulation of antidiuretic hormone [45].

Localized edema can be a result of several factors. Tissue damage of
almost any cause may lead to increased capillary permeability with
resultant extravasation of protein and fluid into the interstitial space.
Obstructive lesions of the venous system can lead to increased capillary
hydrostatic pressure that will also tend to drive fluid out of the vascular
space [38]. Lympbhatic obstruction, on the other hand, may interfere with
normal drainage of the interstitial fluid.

4.3. Diuretic therapy

4.3.1. General principles in the treatment of edema

Most causes of generalized edema are mediated by a decrease in effec-
tive arterial blood volume. It is therefore imperative that initial manage-
ment be directed at the underlying disorder[26]. With cardiac disease,
adequacy of digitalization, control of blood pressure and arrhythmias
should be evaluated. In cirrhosis, good nutrition and abstinence from
alcohol may improve hepatic function and its accompanying humoral
and hemodynamic derangements. Certain types of nephrotic syndrome
may respond to steroids or cytotoxic agents. Several nonspecific modal-
ities such as salt restriction, bed rest and supportive stockings may aid
in the management of edema. In hypoalbuminemic states, infusion of
colloid may be transiently effective in mobilizing edema fluid.

Even if all else fails, the presence of edema alone is not a definite
indication for diuretic therapy. Any cosmetic value must be weighed
against potential toxic effects of these drugs. Situations in which fluid
accumulation impairs cardiac or respiratory function, or causes signifi-
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cant physical discomfort, are clear indications for diuretic treatment [26].
Occasionally, patients will find a low-salt diet unpalatable; diuretics can
be used to allow them to add some salt to their food.

4.3.2. Proximal tubular diuretics

Table 7 contains a classification of currently used diuretics, according to
site of action along the nephron.

Table 7. Classification of diuretics by site of action.

Chief site of action  Agents Potency Dose
Proximal tubule Acetazolamide low 250-500 mg PO*
or IV per day
Mannitol moderate 50-200 ml IV**
infusion
Loop of Henle Furosemide high 20-200 mg PO or
IV per day
Ethacrynic acid high 50-200 mg PO or
IV per day
Early distal tubule  Hydrochlorothiazide moderate 25-50 mg PO once
or twice per day
Chlorthalidone moderate 25-100 mg PO
once per day
Ticrynafen moderate 250-500 mg PO
once per day
Late distal tubule Spironolactone low-moderate 25-75 mg PO
two or three times daily
Triamterene low 100 mg PO twice daily

* PO = by mouth.
** [V = intravenously.

Osmotic agents such as mannitol are freely filtered but not reab-
sorbed. As a result, osmolality of tubular fluid reaches high levels,
thereby inhibiting fluid reabsorption from the tubular lumen. Acetazo-
lamide inhibits the enzyme carbonic anhydrase, and in turn slows
bicarbonate reabsorption. Since bicarbonate reabsorption is indirectly
coupled to sodium, interference with carbonic anhydrase activity partial-
ly blunts sodium reabsorption in this segment. However, the more
distal nephron segments have the capacity to increase reabsorption of
salt when faced with a greater load. Therefore, depression of proximal
reabsorption of sodium may not be associated with a significant diure-
sis. Proximal tubular diuretics are most effective when used in conjunc-
tion with distally acting agents[38].
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4.3.3. Loop of Henle diuretics

Furosemide and ethacrynic acid are the two most potent diuretic agents
available at this time. It should be recalled that sodium reabsorption in
the loop of Henle is dependent on active chloride reabsorption. The loop
acting drugs owe their potency to their virtually complete inhibition of
chloride transport in this segment [5]. Massive diuresis can result from
the fact that approximately 20 to 25% of the filtered load of sodium is
normally reabsorbed in the ascending limb of the loop of Henle. In
addition, there is evidence that furosemide administration causes an
intrarenal shift in blood flow toward the presumably less sodium-avid
cortical nephrons. Part of the acute beneficial effect of furosemide on
pulmonary edema may be explained by a veno-dilatory action causing a
reduction in venous return and thereby relieving pulmonary congestion
even before diuresis has occurred.

Because of their potency as diuretics, therapy with both furosemide
and ethacrynic acid is more likely to result in some of the complications
listed in Table 9. Ototoxicity has been especially associated with these
drugs. Although usually reversible, there are reported cases of irreversi-
ble deafness associated with both agents, especially when administered
to patients with renal insufficiency. Ethacrynic acid may be more dan-
gerous in this respect; it is, however, the preferred agent for individuals
with sulfonamide allergy.

4.3.4. Early distal tbular diuretics
Hydrochlorothiazide, chlorthalidon and ticrynafen are chemically dis-
tinct, but have a similar inhibitory action on active chloride transport in
the cortical diluting segment of the nephron. Normally, net passive
sodium reabsorption at this site is quantitatively less important than in
the loop of Henle [26]. Hence, the complications of these agents are less
frequent and generally less severe than from the loop-acting drugs.
Ticrynafen has the unique property of blocking tubular reabsorption
of uric acid[42]. Hyperuricemia is a common side effect of both the
loop-acting and early distal acting diuretics. Besides gout, there is some
evidence that hyperuricemia may predispose to early cardiovascular
disease. Hence, the plasma uric acid lowering property of this new agent
may prove to be of great importance.

4.3.5. Potassium sparing diuretics

Both spironolactone and triamterene act on the late distal tubule and
collecting duct to inhibit active sodium reabsorption and its dependent
potassium secretion. Spironolactone has a direct antagonistic effect on
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aldosterone action, whereas the mechanism of triamterene is less
clear [26]. Because sodium reabsorption in this site represents only a
small fraction of the total filtered load, these agents are not potent
diuretics. Nevertheless, they may play a useful role in combination with
more proximally acting diuretics, supplementing the diuretic effect and
preventing hypokalemia.

4.3.6. Use of diuretics in non-edematous states

Diuretics are useful in a number of disorders (Table 8) in which there is
no clinical evidence of sodium and fluid retention[31].

Table 8. Use of diuretics in nonedematous conditions

Hypertension

Diabetes insipidus

Proximal renal tubular acidosis
Hypercalciuria

Hypercalcemia

Hyponatremia

Halide intoxication

Salicylate and barbiturate intoxication
Hyperuricemia

Cystinuria

As discussed above, decreased effective arterial blood volume pro-
vides a potent stimulus for proximal reabsorption of fluid and electro-
lytes. The distal-acting thiazides cause a mild state of hypovolemia.
This property can be employed in the management of several disorders
including diabetes insipidus, proximal renal tubular acidosis and hyper-
calciuria. In each condition, the thiazide-induced hypovolemic state can
stimulate the proximal tubule to increase reabsorption of sodium, water,
bicarbonate or calcium respectively. Hypertension also often responds to
diuretics even though clinical hypervolemia may not exist. Hypercal-
cemia may respond to the combination of isotonic fluids and loop acting
diuretics. Life threatening hyponatremia may be treated with a combina-
tion of a loop diuretic and hypertonic saline. Loop diuretics can also be
useful in the management of halide intoxication from fluoride, bromide
or iodide.

The urine alkalinizing effect of acetazolamide has been utilized suc-
cessfully to increase the excretion of salicylates and barbiturates. Alkal-
inization of the urine may also prevent the urolithiasis of hyperuricemia
and cystinuria.
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4.3.7. Complications of diuretic use

Volume depletion is the most common and often the most serious
complication of diuretic therapy [26]. Further volume loss superimposed
on the decreased effective blood volume that underlies most cases of
edema, may cause cardiac output to fall, possibly resulting in shock or
renal failure. Mechanisms of diuretic-induced hypokalemia and hypona-
tremia are discussed elsewhere in this chapter. Hyperchloremic acidosis
is often seen with acetazolamide therapy and is a result of proximal
bicarbonate wasting. Alkalosis is more frequently seen with loop or
early distal-acting diuretics and is presumably secondary to a combina-
tion of volume, chloride and potassium deficiency. Hypercalcemia and
hyperuricemia are most probably related to hypovolemia-induced tubu-
lar avidity for these substances. An increased rate of cardiovascular
death has been associated with long-term thiazide treatment. This may
be secondary in part to carbohydrate intolerance, hyperuricemia, or
stimulation of the renin-angiotensin system. Carbohydrate intolerance
itself is best explained by diuretic-induced potassium deficiency. The
various hypersensitivity reactions have been most commonly associated
with the sulfonimide derivatives. Acute renal failure may complicate
diuretic therapy as a result of several factors, including volume deple-
tion, interstitial nephritis, electrolyte disorders (hypokalemia, hypercal-
cemia and uric acid nephrolithiasis).

Table 9. Complications of diuretic use

Volume depletion

Hypokalemia

Hyperkalemia — potassium-sparring diuretics

Hyperchloremic acidosis — acetazolamide

Alkalosis

Hyponatremia

Hyperuricemia — all except ticrynafen

Hypercalcemia

Carbohydrate intolerance

Deafness — loop-acting diuretics

Hypersensitivity! reactions — skin rash, thrombocytopenia, fever, interstitial
nephritis, pancreatitis

Cardiovascular ?

Acute Renal Failure
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S. DISORDERS OF POTASSIUM METABOLISM

5.1. Internal potassium balance

Approximately 98% of total body potassium (about 50 mEq/kg) is
located in the intracellular space. As listed in Table 10, a number of
clinically important factors can influence the transcellular distribution of
potassium. Alteration of extracellular pH causes hydrogen ion to move
into or out of cells along its concentration gradient. The resultant
change of transcellular potential difference leads to a flux of cationic
potassium in the opposite direction [25].

The role of hormonal factors in the distribution of potassium remains
to be fully clarified. Insulin enhances tissue uptake of potassium, inde-
pendently of glucose. Furthermore, increase in potassium concentration
within the physiological range stimulates insulin secretion. Insulin may
play a key role in the adaptive response to acute potassium loads.
Aldosterone acts primarily on the distal nephron. Nevertheless, this
hormone may also play an important role in extrarenal adaptation to
chronic potassium loads [9].

Sudden increases in extracellular osmolality cause a porportional out-
ward shift of cellular water. Potassium also leaves the cell by a ‘solvent
drag’ effect. Succinylcholine, which acts as a depolarizing agent, and
cardiac glycosides by inhibition of Na-K dependent ATPase, may cause
cellular egress of potassium.

Factors that increase cellular metabolic rate, or cause cellular break-
down, can result in massive efflux of potassium into the extracellular
space without affecting total body potassium content [25].

5.2. External potassium balance

5.2.1. Intake
The average American diet contains approximately 60 to 100 mEq of
potassium per day. In the hospitalized patient, intravenous solutions,

Table 10. Factors affecting transcellular distribution of potassium

Extracellular fluid pH
Endocrine factors
Insulin
Aldosterone
Extracellular fluid osmolality
Drugs — Succinylcholine, digitalis overdose, beta adrenergic inhibitors
Cellular metabolism — Fever, exercise, infection, hypoxemia
Cellular necrosis — Hemolysis, rhabdomyolysis, hematological malignancy
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including potassium salts of drugs (such as penicillin G which contains
1.7 of potassium per 10® units) can also contribute significantly to the
daily intake of this ion.

5.2.2. Output

5.2.2.1. Renal potassium handling. Since potassium freely permeates the
glomerular barrier, approximately 600-900 mEq are filtered daily. This
large filtered load is virtually completely reabsorbed by the proximal
tubule and the ascending limb of the loop of Henle.

Urinary potassium is ultimately dependent on secretion by the distal
tubule. Both potassium and hydrogen ion secretion are enhanced by the
negative intraluminal electrical potential that is generated by active
sodium reabsorption along this site [30].

There are several clinically important factors that affect the secretory
function of the distal segment of the nephron. First, potassium secretion
is proportional to the urine flow rate. Hence, oliguric states may impair
potassium secretory capacity. Secondly, tubular secretion of potassium is
directly related to intracellular levels of ths ion. Thus, factors that cause
redistribution of potassium into the cellular space may also enhance
renal excretion. Finally, electronegativity of the tubular lumen also
directly influences potassium secretion. This potential can be amplified
in several ways. Aldosterone and volume depletion stimulate sodium
reabsorption in the distal nephron. Also, a large filtered load of poorly
resorbable anions such as phosphate, sulfate, bicarbonate and citrate will
result in greater negativity of intraluminal space [25].

5.2.2.2. Extrarenal output. Under normal circumstances, combined fecal
and sweat losses of potassium are about 10 to 15 mEq per day. This
may increase markedly in the presence of diarrhea or exfoliative der-
matitis. Nasogastric suction may contribute an additional 5 to 10 mEq
per liter to these losses.

5.3. Hyperkalemia

Table 11 presents a list of disorders that have been associated with
elevated serum potassium concentrations.

5.3.1. Pseudohyperkalemia

Forearm exercise prior to blood drawing, can result in spuriously high
serum potassium levels. In addition, serum from patients with marked
thrombocytosis or leukocytosis may contain high levels of potassium.
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Table 11. Conditions associated with hyperkalemia

a. Pseudohyperkalemia
Improper blood collection
Thrombocytosis, leukocytosis

b. Cellular efflux (normal body potassium)
Acidosis
Diabetes mellitus
Hypoaldosteronism
Hyperosmolar states
Drugs — Succinylcholine, digitalis overdose
Fever, exercise, infection, hypoxia
Hemolysis, rhabdomyolysis, hematological malignancy

c. Increased total body potassium
1. Exogenous load
Oral or 1.V. potassium
Potassium containing drugs
Transfusion
Geophagia
2. Decreased renal excretion
Acute and chronic renal failure
Potassium sparing diuretics
Mineralocorticoid deficiency
Addison’s disease
Selective hypoaldosteronism
Tubular unresponsiveness to aldosterone

This is presumed to result from release during in vitro clotting. Deter-
mination of plasma potassium should prevent this error [25].

5.3.2. Normal total body potassium (cellular efflux)
Clinical states leading to hyperkalemia in the setting of normal body
potassium stores are outlined in section 4.1.

5.3.3. Increased total body potassium

5.3.3.1. Exogenous potassium load. Human adaptive responses to exoge-
nous loads of potassium are such that intake by itself would be a rare
cause of hyperkalemia. However, in the presence of disordered renal
function, oral or intravenous solutions and potassium-containing drugs
may contribute importantly to hyperkalemia. There are also a number
of reported cases of hyperkalemia induced by stored-blood transfusion,
as well as clay ingestion (geophagia).

5.3.3.2. Impaired renal potassium excretion. In view of the importance
of renal mechanisms in the homeostatic control of serum potassium, it
is remarkable that serious hyperkalemia is not present in all or even
most patients with renal failure.
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In chronic renal insufficiency, a number of adaptive responses can
occur. These might include a relatively greater single nephron glomeru-
lar filtration rate with resultant rapid tubular flow rate in addition to
increased distal delivery of sodium and nonresorbable anions, all of
which might lead to enhanced single nephron potassium secretory capac-
ity. Also, there is evidence for increased distal tubular and intestinal
epithelial Na-K dependent ATPase activity that may further contribute
to improved transport and secretion at these sites. Therefore, life threa-
tening hyperkalemic episodes are unlikely to occur in renal failure
unless one or more of the following is present: severe oliguria, large
exogenous or endogenous potassium loads, systemic acidosis, plasma
volume depletion [25], shock or hypoxemia[19].

5.3.4. Clinical consequences of hyperkalemia

The most serious effects of hyperkalemia probably result from reduction
(less negative) of the resting transmembrane potential of skeletal and
cardiac muscle. This change slows conductivity (a function of the total
amplitude of the action potential) and simultaneously increases excita-
bility (inversely related to the difference between the resting membrane
potential and the threshold potential). These cellular events are mani-
fested in part by muscle weakness or paralysis. Mortality in hyperkal-
emic patients is usually due to heart block or ventricular arrhythmias.

The electrocardiographic changes begin with peaking of the T wave at
serum potassium levels of 5.5 mEq/l. As serum potassium exceeds
6.5 mEq/l, slowed intraventricular conduction results in widening of the
QRS complex and above 7.0 mEq/l, P waves may be lost[11].

Serum potassium levels less than 6.5 mEq/l, in the absence of signif-
icant electrocardiographic changes, may respond well to simple potas-
sium restriction and liberalization of sodium intake. If the serum potas-
sium is greater than 6.5 mEq/l, or the above measures fail, then a
cation exchange resin such as sodium polystyrene sulfonate (Kayexala-
te® 15 to 20 grams orally, three or four times daily in water or 70%
sorbitol, may be used.

Major electrocardiographic changes almost always accompany serum
potassium levels greater than 7.0 mEq/l. These changes in cardiac con-
ductivity constitute a medical emergency regardless of the precise serum
potassium level. Treatment should be initiated with one to three
ampules of 10% calcium gluconate, infused intravenously over three to
five minutes for each ampule,during constant electrocardiographic mon-
itoring. Calcium acts rapidly by raising (makes less negative) the thresh-
old potential, thereby decreasing excitability. Sodium bicarbonate causes
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a rapid intracellular shift in potassium and can be administered either as
a bolus or by drip infusion, depending on the urgency of the situation.
Insulin, 10 units, plus 50 gms of glucose, either in bolus form (50 ml of
50% glucose) or by infusion of a 10% glucose solution, will also drive
potassium into the cellular space. The onset of action of glucose and
insulin is somewhat slower than NaHCO;, but may last for several
hours [25].

Since these measures are only temporarily useful, it may be necessary
to initiate or intensify a hemodialysis or peritoneal dialysis regimen to
reduce the total body load of potassium.

5.4. Hypokalemia

Clinical disorders associated with hypokalemia are classified in Table
12.

Table 12. Disorders associated with hypokalemia

a. Normal body stores
Alkalosis
Insulin therapy
Periodic paralysis
b. Depletion of total body potassium stores
1. Gastrointestinal losses
Vomiting
Nasogastric suctioning
Diarrhea
Villous adenoma
Laxative abuse
2. Renal losses
Diuretics
Metabolic alkalosis
Ureterosigmoidostomy
Antibiotics: Carbenicillin, amphotericin, gentamicin
Diabetic ketoacidosis
Acute leukemia
Mineralocorticoid excess
Low plasma renin activity
Primary hyperaldosteronism
Cushing’s syndrome
Adrenogenital syndromes
Licorice excess
High plasma renin activity
Accelerated hypertension
Renal vascular hypertension
Renin-producing tumor
Bartter’s syndrome
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5.4.1. Normal total body potassium (cellular shift)

As previously discussed, a rise in extracellular pH results in hypokalem-
ia acutely by causing an inward flux of potassium in exchange for
outward-moving hydrogen ion. It should also be emphasized that alka-
losis also causes increased urinary losses of potassium. This is probably
on the basis of higher intracellular levels available for secretion by the
renal tubular epithelium.

Periodic paralysis is a familial and sporadic disorder associated with
episodes of paresis and hypokalemia. Curiously, these spells are best
prevented by the daily administration of Acetazolamide 375 to 500 mg
per day [25].

5.4.2. Depletion of body potassium stores

5.4.2.1. Gastrointestinal losses. Vomiting and nasogastric suctioning are
among the most common causes of hypokalemia. This is unlikely to
result entirely from the loss of potassium in the enteric fluid. The
potassium concentration of gastric and small bowel secretions is rarely
greater than 5 to 10 mEq/l. Hypokalemia in this setting is primarily
related to the associated alkalosis, causing both intracellular shifts and
increased renal epithelial secretion of potassium.

On the other hand, diarrheal fluid often contains potassium levels of
50 to 100 mEq/I. Thus, it is possible to develop diarrhea-induced hypo-
kalemia even in the presence of accompanying acidosis. Hypokalemia
may be particularly severe in patients with villous adenoma or those
with laxative abuse.

5.4.2.2. Renal losses. Diuretics remain the most common cause of
hypokalemia. Potassium secretion is enhanced by increased flow rate
along the distal tubule. Also, increased sodium presentation to this site
amplifies luminal electronegativity, thereby promoting further potassium
secretion. Finally, potassium reabsorption in the ascending limb is indi-
rectly inhibited by the action of the loop acting diuretics (furosemide
and ethacrynic acid)[25].

Hypokalemia is frequently seen in both the proximal and distal forms
of renal tubular acidosis (RTA). In the former type, impaired proximal
resorption of bicarbonate results in flooding of the distal nephron with
this poorly resorbable anion. The resultant increase in luminal electron-
egativity enhances potassium secretion. In the distal form of RTA, renal
potassium loss may arise from a reduction in distal tubular Na*-H*
exchange due to a limitation in the hydrogen ion gradient that can be
achieved [25].
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Hypokalemia has been repeatedly observed in patients receiving cer-
tain antibiotics. Carbenicillin probably acts as a poorly resorbable anion,
whereas gentamicin and amphotericin are direct tubular toxins. In acute
leukemias, there is evidence that lysozyme released by myeloid cells
may cause renal tubular dysfunction; but this issue remains unre-
solved.

Hypermineralocorticoidism leads to hypokalemia by its direct stimulat-
ing effect on the distal tubular sodium reabsorption-potassium secretory
mechanism. The primary forms are distinguished by suppressed plasma
renin activity resulting from increased salt retention. In the secondary
forms, excessive renin release with formation of Angiotensin II acts to
stimulate adrenal production and release of aldosterone. The precise
mechanisms of renin release in these disorders is still a matter of active
investigation [3].

5.4.3. Clinical consequences of potassium depletion

The most serious effects of potassium depletion are on the myocardium
and the neuromuscular system. Cardiac abnormalities include ventricu-
lar and atrial irritability, A-V conduction abnormalities and predisposi-
tion to digitalis toxicity. Electrocardiographic changes begin with depres-
sion of the S-T segment and the amplitude of the T wave. Subsequent-
ly, a U wave may be seen. With severe hypokalemeia, the amplitude of
both the P wave and QRS complex may increase [25].

Neuromuscular alterations may be dramatic with profound weakness
of skeletal and smooth muscle that can lead to quadrapligia, respiratory
paralysis and ileus. In addition, rhabdomyolysis leading to myoglobinu-
ria may ensue[7].

Hypokalemia may also result in renal dysfunction, with a concentrat-
ing defect and impaired glomerular filtration rate. Potassium depletion
also interferes with normal insulin release leading to glucose intolerance.
Finally, metabolic alkalosis may be worsened by potassium deficits in
part because of transcellular shifts of hydrogen ion and increased prox-
imal tubular bicarbonate reabsorption[1].

5.4.4. Management of hypokalemia

Unfortunately, because only 2% of body potassium is extracellular,
serum potassium levels can only provide a crude index of the magni-
tude of body potassium deficits. As noted earlier, a number of factors,
especially pH, affect the transcellular distribution of potassium. A
patient with metabolic acidosis and a serum potassium of 2 mEq/l may
have a potassium deficit in excess of 1000 mEq. However, in the pre-



65

sence of alkalosis, the corresponding deficit would be considerably
less.

Modest degrees of potassium depletion can generally be corrected
with oral supplements. This is most conveniently given in the form of
KClI elixir or the newer tablet Slo-K® The chloride salt is generally the
preferred form since chloride deficiency is commonly associated with
hypokalemia. Non-chloride salts of potassium, such as bicarbonate or
gluconate, should be used in patients with renal tubular acidosis or with
other forms of hyperchloremic acidosis.

Patients with serious neuromuscular or cardiac alterations of hypokal-
emia, or who cannot take potassium by mouth, should be treated
intravenously. Depending on the urgency of the clinical situation, potas-
sium can be given up to a rate of 10 mEq/l per hour. More rapid
replacement should be given only with appropriate electrocardiographic
monitoring.
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3. ACID-BASE DISTURBANCES

KurT H. STENZEL

1. INTRODUCTION

The pH of body fluids is maintained within narrow limits by physiologic
buffers, by respiratory regulation of pCO,, and by renal control of H*
excretion. The pH is defined as the negative logarithm of the hydrogen
ion concentration and is related to hydrogen ion concentration as shown
in Table 1.

Table 1. Relationship between pH and [H *]

pH [H *]1(nEq/l)
6.90 120
7.00 100
7.05 90
7.10 80
7.15 70
7.22 60
7.30 50
7.40 40
7.52 30
7.70 20
8.00 10

1.1. Physiologic buffers

Buffering occurs in all body fluids, both extracellular and intracellular.
The major buffer systems are bicarbonate-carbonic acid, phosphate, tis-
sue proteins (including bone) and hemoglobin. The major extracellular
buffer is NaHCO,. The pH of blood is a function of the equilibrium
between [HCO;5 ] and [H,CO;]. This buffer is unique in that its acid is
volatile and can be removed via respiration.

H* + HCO; == H,CO, == H,0 + CO, 1
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Normally, the ratio of bicarbonate [HCO; ] to carbonic acid [H,CO,] is
20/1. pH is related to the ratios of these components by the following
(Henderson-Hasselbalch) equation :

pH = 6.1 + log—11CO 1T
[H,CO;] + [CO,]
HCOj; or total CO, combining power measurements are readily avail-
able in most clinical laboratories and can be used as the numerator of
this equation. Carbonic acid measurements are not generally available,
but [H,CO,] is related to pCO, so that the equation may be

rewritten :

pH = 6.1 + log

[HCO; ] (Metabolic)
.03 pCO, (Respiratory)
In terms of [H*] the relationship becomes:

[H*](nEq/l) = 24 PCO2_
[HCO;5]
Thus, given any two of the three unknowns in these equations the third
can be calculated. In serious acid-base disorders, however, all three
should be measured directly and their accuracy checked by fitting them
into the Henderson-Hasselbalch equation. It is clear from these consid-
erations that pH depends on the ratio of [HCO; ] to [H,CO;] or pCO,
rather than their absolute values. With alterations in [HCO;] or pCO,,
various compensatory mechanisms occur that tend to restore their ratio
to 20/1. The numerator of the Henderson-Hasselbalch equation is
termed the metabolic component, since it is metabolically controlled,
and the denominator the respiratory component, since it is controlled by
respiration.

1.2. Respiratory control of pH

Respiratory rate is sensitive to changes in [H*]. Decreases in pH stimu-
late respiration, pCO, drops, and the ratio of [HCO;]/.03 pCO, tends
toward normal. Increases in pH have the opposite effect.

1.3. Renal control of H ™ excretion

Normal metabolic processes result in the production of approximately
1 mEq of acid/kg of body weight per day. The kidneys have the
ultimate task of ridding the body of this excess acid. HCO; is freely
filtered at the glomerulus and at normal plasma levels is completely
reclaimed. There is a bicarbonate threshold, however, and HCO;



70

appears in the urine when blood levels exceed 28 mM/I. Excess H ™ is
excreted by buffering various bases, especially Na, HPO,.

Na,HPO, + H* = Na~™ + NaH,PO,

H™* excreted in this manner is termed titratable acidity. Net loss of H *
is -also accomplished by renal production of NH; from glutamine. NH;
combines with H ™ in the tubular lumen to form NH, , an ion that is
impermeable to the tubular epithelium.

1.4. Clinical definitions

Acidemia or alkalemia refer to actual changes in blood pH or [H *]
whereas acidosis and alkalosis refer to those physiologic processes that
tend to alter pH. A metabolic acid-base disturbance is one that is
initiated by a primary change in [HCO; ], whereas a respiratory distur-
bance is one initiated by a primary alteration in pCO,. Respiratory
disturbances can occur in acute or chronic form. Acid-base disorders
may be simple, that is consisting of only one of the four possible
disturbances (see Table 2), or mixed, consisting of the superimposition
of several of these processes in the same patient. Mixed disorders are
quite common in many serious clinical conditions. Compensatory mech-
anisms are those biochemical or physiological processes that tend to
restore the ratio of [HCO; /.03 pCO, towards 20/1 and thus tend to
return the pH toward normal. The types and kinetics of compensatory
mechanisms include : extracellular buffering (instantaneous), respiratory
control of pCO, (minutes), diffusion into cells and intramuscular buffer-
ing (several hours) and finally renal control of [H *] (hours to days).

Table 2. Simple acid-base disorders.

pH HCO_‘;- pC02
Metabolic Acidosis | | (primary) | (compensatory)
Respiratory Acidosis ! 1 (compensatory) ! (primary)
Metabolic Alkalosis 1 T (primary) T (compensatory)
Respiratory Alkalosis i | (compensatory) I (primary)

1.5. Diagnostic approach

It is important to approach acid-base problems with the same thorough-
ness that is applied to other diagnostic problems in clinical medicine
and not rely on laboratory data alone. A systematic approach is manda-



71

tory, with the background knowledge of the kinds of acid-base distur-
bances often associated with particular clinical conditions. The history
must be carefully analyzed to evaluate processes that could potentially
result in acid-base problems, such as a history of diabetes, renal, hepat-
ic, or pulmonary disease, gastro-intestinal abnormalities, and so on. The
physical examination often yields information useful to the analysis of
acid-base problems. Is the patient on a respirator? Is he losing enteric
fluids? Are there physical signs of diabetes, renal, pulmonary or hepatic
disease? Are there signs of acute intoxication? The laboratory data is, of
course, critical in the analysis, and most importantly initially are the
CO, combining power (or HCO5 ), the level of undetermined anions (see
below) and the K *. Other laboratory data should be scanned for clues
to acid-base disorders (eg blood sugar, BUN, bilirubin, transaminase). If
a significant acid-base problem is suspected, arterial blood gases and pH
should be obtained. Urine pH and urinary electrolytes may also be
necessary. Finally, the data must be explained. Only through this kind
of synthesis can a rational strategy for therapy be developed. Nomo-
grams are in common use to analyze these problems, but they some-
times prevent the clinician from thinking clearly about the problem at
hand. Nomograms simply define the predictable pH changes in normal
individuals for given changes in [HCO;] and pCO,. The ability to
compensate for an acid-base disturbance can, of course, be severely
altered by associated clinical problems especially those involving the
lungs and kidneys.

2. METABOLIC ACIDOSIS

Metabolic acidosis is initiated by a primary decrease in [HCO; ] without
an adequate compensatory decrease in pCO,. It may be caused by either
a loss of [HCO; ] (renal or extrarenal) or a gain in acid (endogenous or
exogenous). It is characterized biochemically be a decrease in plasma
pH, a decrease in plasma [HCO; ] (or CO, content) and a decrease in
pCO, (see Table 2). Serum K* is often, but not always, elevated
secondary to shifts from the intracellular to the extracellular space. This
probably occurs as an exchange of intracellular K * for extracellular H *,
which is then buffered by intracellular proteins. Cl~ may be increased
or normal, and this is an important diagnostic aid (see below under
anion gap). The compensatory mechanisms that modify changes in pH
in metabolic acidosis are primarily respiratory. Each 1.0 mEq/l decrease
in [HCO;] leads to approximately a 1.0-1.3 mm Hg decrease in pCO,.
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Finally, resolution of the acidosis depends on renal excretion of excess
H* and regeneration of HCO; . In renal failure this function is served
by dialysis. Mild metabolic acidosis may be symptomless, but as the
[HCO; ] falls below 15-18 mEq/l patients may complain of weakness,
malaise, headache, nausea, abdominal pain and vomiting. Respirations
become deep and usually more rapid (Kussmaul breathing) as the
HCO; and pH decrease further. The pH is generally <7.2 when this
sign appears. Restlessness and mild to moderate confusion may be
apparent and vasodilation may occur. Severity of the symptoms depends
on both the acuteness of their development as well as the absolute
biochemical changes. Often the clinical picture is dominated by the
cause of the acidosis.

Causes of metabolic acidosis can be conveniently grouped into two
major categories. In one, the acidosis is primarily secondary to retention
of the anion of a non-volatile endogenous or exogenous acid. This anion
is generally not measured in the usual electrolytes, and thus there is an
anion gap. The second category is related to a loss of HCO; or to a
gain of a Cl~ containing acid, thus leading to an increase in serum Cl
and a hyperchloremic or normal anion gap acidosis. Thus, the anion gap
is an important concept in the differential diagnosis among the various
causes of metabolic acidosis.

2.1. Anion gap

Figure 1A illustrates the acid-base composition of normal blood plasma.
In analyzing an acid-base problem in terms of anion gap, usually only
Na~, CI- and HCO; are considered, and the anion gap is defined as
the difference between these cationic and anionic components:

Anion gap = [Na*]—([CI"] + [HCO;5 ])

In reality, of course, the electrical neutrality of blood is maintained and
there is no anion gap. The unmeasured anions and cations are indicated
in Table 3. Thus the difference in the unmeasured anions (23 mEq/1)
and the unmeasured cations (11 mEq/1) accounts for the normal anion
gap (23-11 = 12 mEq/1). When other unmeasured anions (such as SO, ,
PO, . organic acids, lactate or ketone bodies) accumulate, the normal
gap is increased (see Figure 1).

An increased anion gap, once laboratory error has been excluded,
might theoretically also be caused by a decrease in unmeasured cations
(K, Ca®™", Mg**). It would be unusual, however, in clinical condi-



Table 3. Anion gap.
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Unmeasured cations

Unmeasured anions

K+ 4.5 mEq/1 Protein 15 mEq/I
Cat + 5.0 mEq/I1 PO4, SO4 3 mEq/I
Mg+ + 1.5 mEq/1 Organic acids 5 mEq/I
Total 11.0 mEq/1 (Anion Gap 23-11 = 12) 23 mEq/I
Measured cations Measured anions
+Nat 140.0 mEq/1 +Cl~ 103 mEq/1
+HCO5~ 25 mEq/I
Grand total 151.0 mEq/1 151 mEq/1
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Fig. 1. Electrolyte alterations in acidosis.

tions to have all of these cations depressed enough to result in a

significant anion gap.

A decreased anion gap (less than 8 mEq/1) can also occasionally occur.
This may be caused by an increase in unmeasured cations, a decrease in
unmeasured anions or a random or systematic error in measurement.
An increase in unmeasured cations may result from increases in the
normal cations (K*, Ca**, Mg* ") or from retention of abnormal
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cations. Gamma globulin is a cationic protein, and large increases as
might occur in multiple myeloma can result in a decreased anion gap.
Similarly, accumulations of lithium or tromethamine (THAM) can
occur. A decrease in unmeasured anions could occur in severe hypoal-
buminemia. Systematic errors in measurement can account for extremes
in decreased anion gap and even a negative anion gap. Br~ and I~ are
both measured as Cl~ in most clinical laboratories. There is a fairly
linear relationship between increases in Br~ and measured increases in
Cl™ in mEq/l. In the case of 17, however, 1 mEq/l of I~ may be
measured as several mEq/l Cl~, thus accounting for extremely high
reports of Cl~ levels.

Clinically, the anion gap in its simple form [Na™]—([CI~]+[HCO]),
is used to differentiate among various causes of metabolic acidosis.

2.2. Metabolic acidosis with an increased anion gap

Metabolic acidosis accompanied by an increased anion gap occurs when
anions of acids that titrate HCO; are retained.

For example: H "Lac™ + Na®"HCO; = Na*Lac™ +H,CO;
(Lactic H,0 + CO,
acid)

It should be noted that acidosis results from depletion of HCO; and
not retention of the anion. Table 4 lists common causes of metabolic
acidosis associated with an increased anion gap (normochloremic).

Table 4. Metabolic acidosis with increased anion gap (>12 mEq/l)-(Nor-
mochloremic)

Uremia
Diabetic ketoacidosis
Ketoacidosis with alcoholism or starvation
Lactic acidosis
Toxins: Salicylate
Methanol
Paraldehyde
Ethylene glycol

2.2.1. Renal failure

Increased anion gap acidosis may occur either in acute or chronic renal
failure. In acute renal failure it may be severe, occur rapidly and be
associated with significant hyperkalemia. Acidosis in chronic renal fai-
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lure is usually better tolerated and often moderate and not progressive.
Acidosis in chronic renal failure is apparently related to an inability to
excrete the normal metabolic acid load, and retention of PO, , SO; and
organic acids, leading to an increased anion gap. However, in less severe
renal failure, hyperchloremic acidosis may also occur. This may be due
to a decreased HCO; reabsorption (and a HCO; leak at normal plasma
HCO; concentrations), a decrease in NH; production, and finally a
hyporeninemic state (see below). It is a common clinical impression that
hyperchloremic acidosis in renal failure is more commonly associated
with interstitial diseases of the kidney. Laboratory data in uremic acido-
sis reveal a depressed HCO; and pCO,, a normal or increased Cl
usually an elevated K * and a creatinine usually >4.0 mg% and BUN
>40 mg%.

2.2.2. Lactic acidosis
Lactic acidosis is recognized with increasing frequency as a major cause
of acidosis in patients with a variety of life threatening illnesses. It is
often accompanied by other acid-base disorders and thus presents as a
mixed disorder. Some clinical conditions associated with lactic acidosis
are listed in Table 5.

Table 5. Lactic acidosis.

Tissue Hypoxia

Ingestion of drugs and toxins
ethanol, methanol, phenformin and other biguanides, salicylates, fructose, sorbitol,
catecholamines

Miscellaneous
neoplasia, hepatic failure, diabetes, sepsis, rare congenital metabolic defects

Lactate is formed from the reduction of pyruvate with NADH, and
converted back to pyruvate by oxidation with the oxidized form of the
dinucleotide NAD*. The reaction is catalyzed by lactic dehydrogenase.
The amount of lactate formed is thus a function of the ratio of
NADH,/NAD* and the pyruvate concentration. The ratio of
NADH,/NAD * is related to the oxidation-reduction state of the cytos-
ol, and the availability of NAD * is impaired in states of tissue hypoxia.
As noted above, H ™ formed with accumulation of Lac™H * is titrated
with HCO; and other buffer systems. The magnitude of the accumula-
tion of H* may be much greater than the ability of the kidney to
regenerate bicarbonate, without the concomitent consumption of lactate
and regeneration of HCO; by the liver.
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The diagnosis of lactic acidosis should be considered in patients with
metabolic acidosis and a large anion gap in the absence of uremia or
ketonemia, and it should be confirmed by blood lactate determinations.
Resting lactate levels are normally less than 2 mM/1, and levels above
4 mM/1 denote severe abnormalities in lactate metabolism. Some plasma
amino acids are often elevated in lactic acidosis, including alanine,
proline, valine, lysine and leucine. Serum PO, and urate are also
frequently elevated.

In addition to tissue hypoxia, drugs, hepatic failure, neoplasia and
diabetes, a variety of congenital defects in hepatic gluconeogenesis may
result in increased blood lactate. These are usually discovered in child-
hood and associated with severe hepatic and neurological defects that
preclude survival to adult life. The abnormalities so far delineated
include defects in gluconeogenesis (deficiencies in glucose-6-phospha-
tase — Type I glycogen storage disease, in fructose 1,6-diphosphatase,
and in pyruvate carboxylase) and in the oxidation of pyruvate (deficien-
cies in pyruvate dehydrogenase and in oxidative phosphorylation).

The therapy of lactic acidosis must be directed at the underlying or
precipitating cause. Correction of shock and sepsis are obvious needs.
When lactic acidosis occurs in low cardiac output states associated with
normal or elevated pulmonary wedge pressures, reduction of afterload
with vasodilators may improve tissue perfusion and acidosis. Acidemia
requires bicarbonate therapy and large amounts may be required. (see
below — therapy of metabolic acidosis.)

2.2.3. Ketoacidosis

Diabetic ketoacidosis can be recognized by a high anion gap acidosis in
a diabetic patient with a positive plasma nitroprusside test. It can also
be associated with lactic acidosis and an accumulation of -hydroxybu-
tyric acid. In this case, plasma will give a negative nitroprusside test,
since nitroprusside does not react with -hydroxybutyric acid, but rather
with acetoacetic acid. Although the need for HCO; therapy has been
questioned in diabetic ketoacidosis, patients with severe acidemia
(pH < 7.15) and severe depletion of HCO; reserves (<8 mEq/l) should
probably be given the benefit of alkali therapy. Nausea, vomiting,
myocardial depression, hypotension and increased lactate production
may all be corrected by improving acidemia.

Ketoacidosis may also occur in alcoholic patients with liver disease
and during starvation. Again, if associated with a decreased oxidation
potential, the serum nitroprusside test may be negative due to the
preferential accumulation of S-hydroxybutyric acid.
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2.2.4. Toxins

Salicylate poisoning results in a complex acid-base problem. Initially,
there is a stage of respiratory alkalosis with marked hyperventilation.
Metabolic acidosis then supervenes and may be associated with hyper-
pyrexia, hypothrombinemia, thrombocytopenia, convulsions, coma and
acute renal failure.

Methanol poisoning is associated with the accumulation of formic as
well as lactic acid, and the development of severe acidosis. Associated
symptoms include vertigo, headache, impaired vision, cyanosis, restless-
ness, coma and convulsions. Hemodialysis should be considered early in
patients with methanol intoxication since blindness may be prevented
by prompt removal of the toxin. Indications include ingestion of 30 ml
or more of methanol, blood methanol level of >100 mg%, severe
acidosis and impaired vision. Peritoneal dialysis is not as effective as
hemodialysis.

The mechanism of development of paraldehyde acidosis is not clear,
but is probably related to acid metabolic products of paraldehyde. In the
absence of acute renal failure, treatment of the acidosis can usually be
successfully accomplished with alkali therapy.

Ethylene glycol, a component of anti-freeze, is metabolized to oxalic
acid and various aldehydes, and frequently results in acute renal failure.
Hemodialysis may prevent acute renal failure by removing both ethy-
lene glycol and oxalate.

2.3. Metabolic acidosis associated with a normal anion gap
(hyperchloremic)

Metabolic acidosis associated with a normal anion gap occurs primarily
when there is a loss of HCO; (as in diarrhea or renal tubular acidosis
— RTA) or a gain of Cl™ containing acid (such as HCl, NH,CI,
arginine HCI or lysine HCI) (Figure 1C). Occasionally, hyperchloremic
acidosis occurs with the gain of an acid with an anion other than Cl -, if
the anion is rapidly cleared by the kidney (ie, ketone bodies in diabetic
ketoacidosis). Dilution of body fluids by intravenous administration of
HCOj free solutions may lead to a dilutional hyperchloremic acidosis,
especially in infants or when renal acidification is impaired. Table 6 lists
some of the common causes of hyperchloremic metabolic acidosis.

2.3.1. Extrarenal losses of HCO;
The concentration of HCO; in bile is approximately 38 mEq/l, in
pancreatic juice 110 mEq/l and in small bowel secretions 30 mEq/l.
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Table 6. Metabolic acidosis with a normal anion gap — (Hyperchloremic)

Extrarenal Loss of HCO3~
Diarrhea
Pancreatic, biliary or small bowel drainage
Ureterosigmoidostomies or Ileal conduits
CaCl,, cholestyramine
Renal Acidosis
Distal
Proximal
Mineralocorticoid Deficiency
Primary or Secondary
Renal failure
Gain of Cl~ Containing Acid
NH,Cl, HCI, arginine or lysine HCI, hyperalimentation
Dilutional

Thus, significant losses of HCO; , as well as of water, Na~ and K * can
occur with diarrhea or surgical drainage of biliary, pancreatic or small
bowel secretions. Metabolic acidosis in these situations is often compli-
cated by dehydration and hypo, rather than hyperkalemia. Careful
attention to replacement of electrolytes, especially K ©, must be given
when HCOj; is administered, since with correction of acidosis, K * may
decrease further.

Uretero-sigmoidostomies are no longer commonly created. They lead
to a hyperchloremic acidosis secondary to reabsorption of Cl~ in the
sigmoid in exchange for HCO; , and loss of HCO; in the stool. They
are often complicated by the development of interstitial nephritis. Ileal
conduits for urinary diversion are better tolerated and because of the
relatively small surface area, do not usually result in hyperchloremic
acidosis. Infection is also minimal. However, if the conduit is excessive-
ly large, hyperchloremic acidosis develops by a mechanism similar to
that occurring in patients with uretero-sigmoidostomies.

Oral administration of substances that bind HCO; in exchange for
Cl- also may lead to hyperchloremic acidosis. CaCl, has been impli-
cated in this process as follows:

CaCl, + 2NaHCO, = CaCO, + CO, + H,0

Cholestyramine might also exchange Cl~ for HCO; and has been
reported to cause hyperchloremic acidosis in patients with renal insuffi-
ciency.
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2.3.2. Renal acidosis

Acid-base ballance is maintained by the kidney by reclaiming virtually
all filtered HCO; (5,000 mEq/24 hr) and excreting a net acid load as
titratable acid and NH,; to eliminate acid produced by metabolism
(70 mEq/24 hr). HCO; reabsorption or regeneration is thought to
depend on a H™ secretory process. 85% of HCO; is reabsorbed or
regenerated in the proximal tubule and the remainder in the distal.
Tubular diseases that decrease the net secretion of H* (either reabsorp-
tion of HCO; or decreased production of titratable acid and NH;") at
normal plasma [HCO; ] result in hyperchloremic acidosis.

Renal tubular acidosis (RTA) can conveniently, although somewhat
artificially, be grouped into four major categories. These are distal RTA,
proximal RTA, mineralocortocoid deficiency and chronic renal insuffi-
ciency. Mineralocortocoid deficiency is often grouped with proximal
defects, and metabolic acidosis of renal insufficiency is a complex func-
tion of loss of renal mass.

Distal (Type 1) RTA is characterized by an inappropriately high uri-
nary pH even during severe metabolic acidosis. H* ion generation in
the distal tubule is apparently impaired leading to an inability to excrete
H 7 ion produced during metabolism. This in turn results in a positive
H* ion ballance, and titration of body buffers to a new steady state
characterized by a hyperchloremic acidosis. There is an incomplete form
of this disorder that may not be apparent until the patient is challenged
with an acid load. Distal RTA may be associated with bicarbonate
wasting, and in such cases termed Type 3 RTA. Patients with distal,
but not proximal, RTA are prone to hypercalciuria, nephrocalcinosis,
nephrolithiasis and bone disease. Hypokalemia may be severe.

Proximal (Type 2) RTA is characterized by HCO; wasting secondary
to an inability to secret enough H * in the proximal tubule to regenerate
and then reabsorb filtered HCO; loads at normal plasma HCO; levels.
The increased HCOj; load delivered to the distal tubule overwhelms its
ability to regenerate HCO; and there is a net loss of HCO; . As plasma
levels decrease, the filtered load of HCO; decreases to a point where all
the filtered HCO; can be regenerated. A new steady state then devel-
ops at a decreased plasma HCO; level associated with a hyperchloremic
acidosis. Patients with proximal RTA usually have associated defects in
proximal tubular function such as glycosuria, uricosuria, phosphaturia
and aminoaciduria.

Both types of RTA are associated with losses of salt and water,
increased secretion of aldosterone and loss of K * in the urine, leading
to hypokalemia. K * wasting in proximal RTA is proportional to the
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degree of bicarbonaturia. Thus administration of HCOj5 , since its prox-
imal reabsorption is impaired, leads to an exacerbation of K ~ wasting in
proximal RTA. HCO; therapy and volume repletion in patients with
distal RTA, on the other hand, usually normalizes serum K = by
decreasing aldosterone production as well as by direct tubular effects on
K * secretion.

Many clinical conditions may be associated with distal RTA (Table 7).
The secondary causes are more prominent in the adult population and
may be seen in various immunologic disorders characterized by hyper-
globulinemia or round cell infiltration in the renal interstitium. Nephro-
calcinosis can result from distal RTA, but distal RTA can also be
caused by interstitial and functional changes secondary to increased
levels of parathyroid hormone and consequent nephrocalcinosis. Drugs
also affect acid secretion by the distal tubule, notably amphotericin B,
lithium and toluene (a component of glue). Amphotericin B increases
tubular epithilial permeability to H* and allows tubular H © to leak
back into the peritubular blood. Lithium appears to impair generation of
H ™ in the distal tubule. A variety of other conditions may also be
associated with distal RTA (see Table 7).

Table 7. Clinical conditions associated with distal RTA.

1. Primary Distal RTA
Hereditary or Sporadic

2. Secondary Distal RTA

A. Immunologic Disorders
hyperglobulinemias, cryoglobulinemias, Sjoérgren’s syndrome, biliary cirrhosis.
SLE, transplanted kidneys

B. Nephrocalcinosis (disorder of Ca** metabolism)
primary hyperparathyroidism, Vitamin D intoxication, hyperthyroidism

C. Drugs
amphotericin B, toluene, lithium

D. Miscellaneous
Sickle cell anemia, medullary sponge kidney, edema forming states (especially
cirrhosis), hydronephrosis, Wilson's disease-copper toxicity

Proximal RTA is also associated with multiple clinical conditions
(Table 8), many of them similar to conditions associated with distal
RTA.

Treatment of distal RTA depends on the severity of presenting symp-
toms and biochemical values. Patients with severe K * depletion and
muscle weakness present a medical emergency, since respiratory failure,
worsening acidosis and death may rapidly occur. Parenteral K = must be
given either before or along with HCO; replacement. Chronic therapy
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Table 8. Clinical conditions associated with proximal RTA.

1. Primary
A. Unassociated with multiple dysfunction of proximal tubule (transient disorder in
infancy, carbonic anhydrase deficiency)
B. Associate with multiple defects of proximal tubular function (Fanconi syndrome)
Inborn errors of metabolism (cystinosis, tyrosinosis, galactosemia, hereditary
fructose intolerance)

2. Secondary (all associated with variable degrees of proximal tubular defects)

A. Immunologic and Neoplastic Disorders (multiple myeloma, Sjogren’s syndrome,
transplanted kidneys)

B. Drugs and toxins (lead, mercury, out-dated tetracycline, streptozotocin, 6-mercap-
topurine)

C. Disorders of calcium metabolism (hypervitamosis D, hyperparathyroidism)

D. Miscellaneous

Pyruvate carboxylase deficiency, nephrotic syndrome

requires daily HCO; for the rest of the patient’s life, usually in doses of
0.5-3.0 mEq/kg/day in divided doses, with some given as KHCO,.
Persistent Ca** wasting and bone disease may require a Vitamin D
preparation, but this is usually unnecessary. Proximal RTA may not
require treatment in adults if the plasma HCO; is greater than
18 mEq/1 or if there is no bone disease. Children always require alkali
since acidosis is related to growth retardation. At least half of the alkali
given should be in the form of KHCO; .

Mineralocorticoid deficiency leads to a diminished capacity for H™
secretion, hence HCO; regeneration in the distal tubule is impaired,
and up to 15% of the filtered HCO; may be lost (the amount normally
regenerated in the distal tubule). Aldosterone deficiency also impairs
NH; production, perhaps secondary to hyperkalemia. Mineralocorticoid
deficiency may be either primary (Addison’s Disease and adrenal
enzyme defects) or secondary (usually to renal interstitial disease—hy-
poreninemic hypoaldosteronism).

Hyporeninemic hypoaldosteronism is being recognized with increasing
frequency. The syndrome appears to be secondary to diminished renal
secretion of renin leading to decreased angiotensin II production and
decreased aldosterone secretion. Hypoaldosteronism leads to a decreased
distal reabsorption of Na* and impaired ability to excrete K* and H*.
Thus metabolic acidosis with hyperkalemia results. Most, if not all,
affected patients have some degree of renal insufficiency, often asso-
ciated with diabetes mellitis or tubular interstitial diseases. This type of
RTA differs from both distal and proximal RTA and has therefore been
designated Type 4. Therapy with mineralocorticoid generally corrects
hyperkalemia and acidosis. In hypertensive patients with fluid overload,
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however, such therapy may be hazardous. Furosemide in these situa-
tions has been reported to increase K+ and H * secretion.

Rare syndromes of renal tubular resistance to mineralocorticoid have
also been reported, leading to hyperkalemia and metabolic acidosis, but
with elevated renin and aldosterone levels and hypovolemia.

Finally, renal insufficiency, in addition to producing an increased
anion gap acidosis, may be associated with a hyperchloremic acidosis,
with normal or elevated renin and aldosterone levels. This is character-
ized by tubular defects in HCO; reabsorption and a diminished NH;
production, secondary to loss of renal mass.

The features outlined in Table 9 can serve to differentiate among the
various causes of RTA. Incomplete distal RTA can be diagnosed by
changes in urinary pH following administration of NH,Cl (Table 10).
This test should not be done in patients with acidosis or with hepatic or
renal failure. It may be helpful in some patients with unexplained
radio-opaque nephrolithiasis.

Table 10. NH4Cl test for urinary acidification.

1. NH4CI (capsule or liquid form) by mouth (0.1 Gm/kg) over 30—60 minutes
2. Hourly urine samples x 6 hrs in containers with mineral oil for pH
3. Serum electrolytes (blood drawn without stasis) before and 3 hrs after dose of
NH,Cl1
4. Normal response: decrease in urine pH to 5.3 or less
decrease in serum HCOj;~ 2-5 mEq/I

5. Major contraindications: Acidosis, liver disease, renal insufficiency

2.3.3. Metabolic acidosis secondary to administration of Cl~ containing
acids

NH,Cl or acidic salts of amino acids may all lead to hyperchloremic

acidosis. Occasionally, this type of acidosis occurs in patients with

diabetic ketoacidosis as noted above. As the ketone bodies are excreted

in the urine the anion may be replaced by Cl~ leading to a hyperchlor-

emic acidosis.

2.4. Treatment of metabolic acidosis

Since metabolic acidosis occurs in a wide variety of settings, treatment
varies depending upon the underlying condition. Some aspects of treat-
ment of particular kinds of metabolic acidosis have been indicated
above. The basic process must always receive appropriate therapy.
HCOj deficits may be calculated assuming a volume of distribution



84

of HCO; as 50% of body weight. In general, estimates based on a
correction of plasma HCO; to 15mEqg/l should be used. Calcula-
tion is as follows: HCO; deficit (mEq/l) = (desired HCO;) (50%
of body weight) — (observed HCO;) (50% body weight) = (desired
HCO; — observed HCO;) (50% body weight). In severe acidosis
(HCO; <5 mEq/l) the volume of distribution of HCO; apparently
increases and may be as much as 100% of body weight. Frequent
HCO,;, K", pH and pCO, determinations are required to monitor
therapy. Overcorrection should be avoided, since metabolic alkalosis
could then be induced. Rapid correction may lead to worsening of
encenphalopathy, but this should not delay replacement of HCO;
stores in life threatening acidosis.

3. METABOLIC ALKALOSIS

Metabolic alkalosis is initiated by a primary decrease in HCO; without
an adequate compensatory increase in pCO,. It may be caused by either
a loss of acid or a gain of base. The respiratory compensation for
metabolic alkalosis (hypoventilation) is limited somewhat by the toxicity
of CO,, although high pCO, levels can occur in patients with severe
metabolic alkalosis. Normally, for each mEq/I increase in HCO; there
is a 0.4-0.7 mm Hg increase in pCO,. The increase in HCO; leads to a
reciprocal decrease in Cl~ and is usually associated with a decreased
K *. Thus serum electrolytes usually reveal a hypochloremic, hypokal-
emic alkalosis with increased plasma pH and pCO,. Many of the dan-
gers of metabolic alkalosis are related to hypokalemia. These include
ileus, motor paralysis, cardiac arrythmias, decreased GFR and isosthe-
nuria. Tetany can also occur secondary to an increased plasma pH or
decreased ionized calcium.

Since there is a renal tubular maximum reabsorption for HCO; , one
might expect increased plasma HCO; to be rapidly corrected by renal
losses. Thus, persistance of metabolic alkalosis means that HCO; reab-
sorption is increased. Since HCO; reabsorption is catalyzed by H*
secretion and H ~ secretion is associated with Na™® reabsorption, both
H™ secretion and Na™ reabsorption are increased. The increased
Na*-H * exchange and resultant increased generation of HCO; may be
due to either of two factors: 1) Cl~ depletion or 2) direct stimulation of
the distal tubule to increase Na“—H * exchange. Metabolic alkalosis can
therefore be grouped into two major categories, those associated with a
depletion of Cl- and thus a decreased urinary [Cl ] and those asso-
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ciated with direct tubular stimulation of Na*-H * exchange and are
thus associated with a normal or high urinary [Cl~]. The former gener-
ally respond to NaCl therapy and are called salt responsive, and the
latter do not and are termed salt resistant forms (Table 11).

Table 11. Metabolic alkalosis.

Low urine ClI~ (<10 mEq/l) High urine Cl~ (> 10 mEq/l)

(Salt responsive) (Salt resistant)

Loss of gastric juice Excess mineralocorticoid

Post-hypercapneic Aldosteronism

Diuretic therapy (after diuretic Cushing’s syndrome
discontinued) Bartter’s syndrome

Severe K + deficiency
Licorice (glycyrrhizic acid)
Carbinoxolone

3.1. Metabolic alkalosis associated with low urinary CI~

The most common type of metabolic alkalosis is that associated with
loss of gastric contents by vomiting or nasogastric suction. In this
situation, the increase in HCO; is associated with a loss of Cl~ as well
as of salt and water. HCO; excretion is thus limited by volume deple-
tion and lack of Cl-. Correction, therefore, depends on adequate
replacement of volume and Cl~ deficits. Associated K * losses must
also be replaced. Renal loss of Cl~ secondary to diuretic therapy may
also lead to this type of alkalosis. Loss of salt and water have been
reported to lead to contraction alkalosis.

Post hypercapneic metabolic alkalosis results from the sudden relief of
chronic respiratory acidosis, without replacement of Cl~. The compen-
satory change in chronic respiratory asidosis (the primary change is an
increase in pCQO,) is an increase in plasma HCO; and urinary loss of
Cl~. As the pCO, diminishes with treatment of the respiratory disease,
bicarbonaturia cannot occur until Cl~ is replaced.

3.2. Metabolic alkalosis associated with normal or increased urinary CIl~

Agents that directly increase Na*—H ™ exchange in the distal tubule
lead to an increased reabsorption of NaHCO;. One of the major causes
of this type of alkalosis is mineralocorticoid excess. Urinary excretion of
K * is also an effect of mineralocorticoids, and the alkalosis is almost
always associated with hypokalemia. Chronic K * depletion itself exa-
cerbates metabolic alkalosis and can lead to decreased renal concentrat-
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ing ability, increased thirst, polyuria and impaired reabsorption of Cl~.
In addition to increased mineralocorticoid, certain agents mimic the
effect of these hormones on the renal tubule. These include a compo-
nent of licorice (glycyrrhicic acid) and carbonoxolone. The increased
Na* reabsortion results in expanded intravascular volume in these types
of metabolic alkalosis.

Bartter’s syndrome is an unusual disorder characterized by metabolic
alkalosis, hypokalemia, hypovolemia, and a normal blood pressure with
increased secretion of renin and aldosterone. The disorder usually
becomes apparent in childhood and is associated wih abnormalities in
neuromuscular, urinary and gastrointestinal systems, and often with
mental retardation. The syndrome may be due to a primary defect in
Cl~ reabsorption leading to chronic hypovolemia, stimulation of renin
and aldosterone secretion, and hypokalemia and metabolic alkalosis
secondary to increased mineralocorticoid. Pathologic changes include
hyperplasia of the juxtalglomerular apparatus.

Severe K * deficiency itself can apparently cause metabolic alkalosis,
largely because of associated depletion of Cl1~. K ™ deficiency results in
a decreased intracellular pH and favors H ~ secretion by the renal
tubule. It also results in enhanced NH; formation. The latter can cause
hepatic encephalopathy in cirrhotic patients with even modest degrees
of hypokalemia.

3.3 Treatment of metabolic alkalosis

Treatment of metabolic alkalosis should be directed toward both correct-
ing the disturbance initiating the alkalosis and correcting alkalemia. Salt
responsive metabolic alkalosis reponds to volume replacement with
NaCl and correction of hypokalemia with KCI in patients with normal
renal function. These measures are slow, however, and patients with
severe alkalemia may need, in addition to NaCl and KCI, therapy with
acidic solutions. Dilute HCI (.1 —.2 N) can be administered cautiously
via a large central vein. NH,Cl can also be used but may result in
encephalopathy. Both arginine and lysine HCI are effective. The calcu-
lation of Cl~ requirements can be done by again assuming a volume of
distribution for HCO; of 50%. Thus mEqCl~ required = desired
decriment in HCO; x 50% of body weight. Metabolic alkalosis of the
salt resistant variety is usually treated by correcting the underlying
disorder. Alkalemia is usually not severe and can often be managed
with KCI. NaCl is of no value in these conditions and may exacerbate
hypokalemia.
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4. RESPIRATORY ALKALOSIS

Respiratory alkalosis is initiated by a primary decrease in pCO,. In the
acute form [HCO; ] decreases secondary to buffering of tissue proteins.
Chronically, respiratory alkalosis results in decreased renal H* secretion
and decreased HCO; reabsorption. This further decreases plasma
[HCO; ] and tends to normalize pH. Conditions usually associated with
respiratory alkalosis are indicated in Table 12. Treatment depends large-
ly on correction of the underlying problem. Complications of respiratory
alkalosis include hypoxia, lactic acidosis, severe depletion of HCO;
reserves, and finally metabolic acidosis may supervene. Overbreathing
can also lead to pneumonia and the dry lung syndrome. Tetany, con-
vulsions and coma can occur.

Table 12. Conditions associated with respiratory alkalosis.

Acute Chronic

Pulmonary edema, mild Hepatic insufficiency
Pulmonary emboli CNS disease

Fever Gram negative sepsis
Hysteria

Salicylates

Mechanical ventilation

S. RESPIRATORY ACIDOSIS

Respiratory acidosis is initiated by a primary increase in pCO,. In the
acute form there is an abrupt elevation in pCO, with very slight incre-
ments in plasma [HCO; ]. Conditions associate with acute respiratory
acidosis include airway obstruction, sedative overdosage, severe pul-
monary edema and cardiac arrest. Chronic respiratory acidosis is com-
pensated for by renal mechanisms. These include an increased secretion
of H™*, stimulation of NH; formation, increased HCO; reabsorption,
and increased Cl~ excretion. K * is also usually lost. Thus, chronic
respiratory acidosis results in a hypochloremic, hypokalemic acidosis.
Chronic respiratory acidosis is usually associated with severe chronic
obstructive pulmonary disease such as pulmonary fibrosis, emphysema,
bronchiectasis, multiple pulmonary emboli, bronchial asthma, and in
severe obesity where hypoventilation may occur as part of the Pickwick-
ian syndrome. Treatment of respiratory acidosis is concerned mainly
with correction of the respiratory disturbance and prevention of post-
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hypercapneic metabolic alkalosis. The latter can be achieved by provid-
ing adequate amounts of KCIl during correction of chronic respiratory
acidosis.

6. MIXED ACID-BASE DISORDERS

Mixed acid-base disorders occur in many clinical situations and are
perhaps even more common than the simple acid-base disorders. Use of
a systematic approach outlined above usually provides the correct diag-
nosis of these mixtures. It must be recognized that in mixed disorders, a
normal CO, content does not mean that there is no acid-base emergen-
cy, and on the other hand a grossly abnormal CO, content is not
necessarily an indication for immediate therapy. Disorders that have an
additive effect on pH result in minimally altered CO, content. Disorders
that .have opposite effects on pH may result in severely disturbed CO,
content.

Several clinical situations are commonly associated with mixed meta-
bolic and respiratory acid-base disturbances. Combined respiratory aci-
dosis and metabolic acidosis usually occurs during cardiac arrest. Com-
bined respiratory alkalosis and metabolic acidosis may occur during
septic shock, salicylate intoxication and with hepatic and renal failure.
The common association of metabolic alkalosis and respiratory acidosis
following partial correction of chronic respiratory acidosis has been
noted above. The treatment of mixed acid-base disturbances is, of
course, directed towards the initiating insult. The treatment of the
combination of respiratory acidosis and metabolic alkalosis has already
been mentioned and includes primarily avoiding Cl~ deficiency by
replacing KCI in hypokalemic patients and those with edema, and
replacing NaCl if the patient is sodium depleted. The combination of
respiratory acidosis and metabolic acidosis as may occur during cardiac
arrest can lead to severe and progressive acidemia with a relatively
normal plama [HCOj ]. Both acid-base problems must be treated in such
patients. The pulmonary problem must be improved and adequate
amounts of alkali must be administered to return pH into a safe range.
The combination of respiratory alkalosis and metabolic acidosis can
occur during septic shock and in people with both hepatic and renal
damage. Typically such patients have a moderate hypokalemia, a pH
that is near normal or slightly alkaline and a severely depressed
[HCO; ] Since pH is close to normal, no immediate alkali therapy is
required. Therapy is directed at the primary disease states initiating
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these mixed disorders. The combination of respiratory alkalosis and
metabolic alkalosis is unusual, but can be serious. It is sometimes seen
in post-surgical patients who have large amounts of gastric drainage and
are treated with mechanical respiratory support. Again, both problems
must be approached together and severe alkalemia requires treatment
with some form of mineral acid.
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4. GLOMERULONEPHROPATHIES

STUART D. SaaL

l. INTRODUCTION

The glomerulonephritides comprise a group of diseases in which there is
a primary abnormality in glomerular structure. The abnormality may be
toxic, degenerative or inflammatory in origin and may appear to affect
only the kidney (primary glomerulonephritis) or may occur in a setting
of systemic disease (secondary glomerulonephritis). Other entities affect-
ing the kidney also alter glomerular structure secondarily, i.e., intersti-
tial nephritis, obstructive uropathy, etc., but have their primary patho-
genesis directed at nonglomerular structures.

Glomerulonephritis has been approached and classified on a number
of different levels. These include pathological description (light micros-
copy), pathogenesis (immunofluorescence and electron microscopy) and
clinical presentation and course. The latter approach, although overlap-
ping the former two, is the way the clinician observes the disease. As a
result, clinical evaluation alone determines the early steps of patient
evaluation, as well as often later therapeutic intervention.

Developing an approach to patients with the various glomerulone-
phritides may be greatly aided by recognizing a variety of clinical syn-
dromes that have been associated with different glomerular abnormali-
ties. These syndromes may then be used to develop guidelines for a
thorough evaluation, biopsy and follow-up of the patient. In the follow-
ing sections, discussion of the primary glomerulopathies has been based
on such a classification: asymptomatic urinary abnormalities (hematuria,
proteinuria); acute nephritic syndrome; nephrotic syndrome; rapidly
progressive glomerulonephritis; chronic renal failure[29]. Secondary
glomerulonephritides are associated with the same syndromes, but are
discussed separately.
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2. ASYMPTOMATIC URINARY ABNORMALITIES

2.1. Hematuria

2.1.1. Definition
Patients with asymptomatic hematuria have red blood cells in their
urine without apparent cause (i.e., no evidence of either systemic illness
or localizing genitourinary tract pathology). The hematuria, especially
when gross, may occur as either an isolated event of variable duration
or be episodic. If episodic, it may be followed by persistent microscopic
hematuria. In addition, the hematuria may be entirely and continuously
microscopic (>S5 RBC/HPF in females, >3 RBC/HPF in males).
Proteinuria in the presence of gross hematuria is difficult to evaluate.
A grossly bloody urine may be produced by adding 1 ml of whole blood
to 100 ml of urine and, without hemolysis, causes a 1+ qualitative
protein reaction. Without gross hematuria, proteinuria should not
exceed 1 gm/day.

2.1.2. Patient evaluation

Evaluation of patients with asymptomatic hematuria begins with docu-
mentation of the hematuria. Especially when a history suggests dark
urine, the presence of RBC’s as the source of this color must be
established. Other causes of dark urine to be excluded include: hemo-
globin, myoglobin, melanin, beet ingestion (betacyanin, especially if
G-6-PD deficiency is present and much less common in normals), and
phenolphthalein ingestion.

Red blood cells may enter the urine anywhere along the genitourinary
tract, and as a result, a thorough evaluation of the entire system is
necessary. Red blood cell casts in association with hematuria indicate
glomerular origin, whereas bright red blood, especially with passage of
clots, suggests a nonglomerular source.

A thorough history and physical examination may uncover a source
of hematuria (see Table 1). Evidence of systemic disease should be
looked for, including collagen vascular disease, atherosclerosis (embolic
source), coagulopathy, and infection (may include tuberculosis). A pain-
ful kidney may be due to pyelonephritis, a calculus, passage of a clot or
papilla or a recent infarct. Evaluation of renal size may suggest a cyst or
mass. Bladder examination may reveal tenderness suggestive of cystitis
or enlargement suggestive of prostatic obstruction. A vaginal examina-
tion may reveal an invasive source of hematuria (neoplasm) and testi-
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Table 1. Clinical considerations in investigating asymptomatic hematuria.

1) Family history
deafness, visual impairment, renal failure (Alport’s syndrome)
cystic disease (polycystic, medullary cystic and medullary sponge variants)
sickle cell anemia
bleeding diathesis
hereditary hemorrhagic telangiectasia (Osler-Weber-Rendu syndrome)
2) Renal and bladder calculi
3) Trauma and injury
renal: includes vigorous exercise prior to examination (*jogging’)
bladder: includes foreign bodies, radiation and sudden decompression after chronic
obstruction
urethra: foreign body
4) Genitourinary tract infection
renal: pyelonephritis (especially with papillary necrosis), tuberculosis, cystitis, prostati-
tis
5) Neoplasm (throughout the genitourinary tract)
6) Vascular lesions
kidney: arteriovenous malformations, fistulas and aneurysms, ‘essential hematuria’
Bladder: varicosity
7) Drug toxicity
renal toxicity: sulfonamides (crystallization); analgesic nephropathy, especially with
papillary necrosis
bladder: cyclophosphamide (hemorrhagic cystitis)
8) Glomerulonephritis
primary
associated with systemic disease
9) Systemic disease
contiguous organ involvement: direct spread to genitourinary organs of inflammatory
or malignant disease
atheroembolic sources

cular examination may reveal an epididymitis suggestive of tuberculo-
Sis.

2.1.3. Diagnostic procedures and laboratory examination

The diagnostic and laboratory procedures suggested attempt to eliminate
an obvious source of hematuria. Initial evaluation should include the
following :

— urinalysis to confirm i:ematuria is source of pigment; look for red
cell casts indicating glomerular origin;

— CBC and platelet count to indicate anemia (suggest extent of
blood loss, chronic renal failure, hemoglobinopathy) and thrombocytope-
nia;

— serum creatinine, creatinine clearance, electrolytes (including cal-
cium, phosphorus) to suggest underlying renal disease, stone predisposi-
tion;
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— twenty-four-hour urine protein—in absence of gross hematuria
protein excretion should be less than 1 gm/24 hours.

An IVP at this time will be helpful to rule out structural disease, as
well as providing evidence of chronicity (i.e., shrunken kidneys, scar-
ring). If a mass is seen, tomography and a sonogram may determine
cystic versus solid consistency and suggest a possible neoplasm. This
may be further evaluated by an arteriogram. If no red cell casts are
seen, then cystoscopy and retrograde studies are indicated to complete
the structural evaluation. This may be especially helpful during an
episode of hematuria to better localize the source, i.e., unilateral vs.
bilateral. If structural disease is still not evident at this time, then a
serological evaluation to better define an underlying systemic disease or
primary glomerulopathy should be performed. This includes an ASLO
titre (or streptozyme), antinuclear antibody, complement determination,
immunoglobulin electrophoresis, serum for cryoglobulins and hepatitis B
antigen. If all of these are unrevealing and the clinical nature of the
bleeding suggests a vascular lesion, an arteriogram may be warranted,
depending on the severity of bleeding.

If the above evaluation has been completed and the original definition
fulfilled, the diagnosis by exclusion is benign essential hematuria.
Although a biopsy at this point allows a pathological classification, it
has little therapeutic value and a patient may be reassured that without
it, his prognosis is excellent with the likelihood of progressive renal
dysfunction approximately 10%. At the same time, particularly for the
first follow-up year, repeat evaluations at 3-month intervals are sug-
gested. During these visits, attention is directed at changes in physical
examination, renal function, sediment and proteinuria, any of which
may suggest a progressive disease and one in which a biopsy may be
helpful. Subsequent follow-up may be carried out at progressively longer
intervals.

2.1.4. Clinicopathological correlation of primary hematuria

The clinical spectrum of primary hematuria includes a number of patho-
logical entities. Although there is no clinical feature to clearly distin-
guish them, the presence of significant proteinuria (>1 gm in 24 hours)
in the absence of macroscopic hematuria, suggests more significant
underlying disease.

Primary hematuria commonly presents in childhood or early adult-
hood, and 50-60% of the patients are under 25 at discovery [50, 65].
Males tend to predominate and if gross hematuria is evident, it occurs
within one to two days of fever, infection, innoculation or strenuous
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exercise. It tends to last for one to two days (occasionally longer) and
then subsides[38, 50, 65]. This short latency period is significant in that
a similar observation may be made in a number of chronic glomerulon-
ephritides, including Alport’s syndrome, whereas the latency period
between infection and gross hematuria in acute poststreptococcal glom-
erulonephritis tends to approach one week or longer. As already indi-
cated, the rest of the physical and laboratory evaluations are unremark-
able, although patients may complain of loin pain, possibly due to blood
clot passage.

Kidney biopsy of these patients reveals varying abnormali-
ties [50, 58, 65]. Twenty percent of the patients have a normal biopsy
and an additional 50% will have a focal proliferative glomerulonephritis.
Immunofluorescence and electron microscopy of the latter generally
reveals mesangial immunoglobulin deposition, including IgA, IgG and
IgM. An additional 20% of patients have a diffuse proliferative glome-
rulonephritis, in which mesangial deposition is more extensive and
some endothelial deposits may be present. Rarely, linear immunofluor-
escence, suggesting the presence of anti-GBM antibody disease, is
found [50). The remaining group of patients are found for the most part
to have chronic glomerulonephritis or interstitial nephritis [65, 68].

Follow-up of these groups of patients reveals loss of hematuria and
normal renal function in one third to one half in two to five
years [65, 68]. If hematuria persists and no other clinical change is evi-
dent, renal histology will probably be unchanged and prognosis remains
good [65]. Patients with evidence of glomerular sclerosis or crescent
formation may develop progressive renal failure [5S0]. In any event, there is
no clear therapy for the underlying process.

2.1.5. Berger’s disease (IgA-IgG nephropathy)
Berger’s disease is a type of mesangial or focal proliferative glomerulon-
ephritis that may cause benign, intermittent gross or microscopic hema-
turia. It has been singled out as an entity because of the abundant IgA
deposits in the glomerular mesangium [8]. Pathogenetic significance of
the IgA is, however, unknown.

Berger’s disease accounts for about 5% of renal biopsy specimens [55].
[t occurs most commonly in children and young adults, with males
predominating. The lesion may draw attention to itself clinically, by
causing gross hematuria several days after the onset of an upper respi-
ratory tract infection or fever, or may present as asymptomatic micro-
scopic hematuria. Physical examination is otherwise unremarkable.
Hypertension is uncommon and protein excretion usually does not
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exceed 2 grams per day. Patients are generally normocomplementemic
and (some about 20%) have elevated serum IgA levels[55, 83). A skin
biopsy may reveal perivascular IgA deposition.

Renal biopsy frequently reveals mesangial proliferation and/or a focal
proliferative glomerulonephritis. In addition, sclerotic lesions, localized
crescents, interstitial scarring and diffuse proliferative lesions may occa-
sionally be seen[55, 83]. Abundant deposition of IgA, as in biopsies of
patients with lupus nephritis and Henoch-Schoenlein purpura [44], along
with IgG and complement is frequently seen in the mesangium and less
frequently subepithelially and subendothelially.

Berger’s disease was originally thought to represent a benign lesion.
More recently progression into renal failure has been noted when per-
sistent proteinuria in excess of 2 grams per day, hypertension and a
biopsy revealing glomerular sclerosis and tubular destruction, have been
present [55, 83]. No specific therapy has proven to be beneficial and the
lesion may recur in a transplanted kidney.

2.2. Asymptomatic proteinuria

2.2.1. Definition
Asymptomatic proteinuria refers to an abnormal urinary excretion of
protein in the absence of signs or symptoms suggestive of renal or
systemic disease. The proteinuria is in the non-nephrotic range (usually
less than 2.5 gm/24 hours) and is unaccompanied by either elements of
the nephrotic syndrome or an active urine sediment (red blood cells,
white blood cells and casts).

Asymptomatic proteinuria has been further classified according to its
relation to posture (fixed or orthostatic proteinuria) and the reproducibil-
ity of its presence (persistent or intermittent).

2.2.2. Patient evaluation

Asymptomatic proteinuria generally reveals itself as an incidental find-
ing. This means that the determination has been qualitative and not
quantitative. A trace to 1+ reaction thus, may or may not be significant
depending on urine concentration. Similarly, a negative reaction in a
dilute urine, may miss significant excretion.

After proteinuria has been detected, a thorough history and physical
examination may reveal evidence of systemic illness as a cause of
proteinuria. Transient fever or prior exercise may also be associated with
intermittent proteinuria. The specific causes of proteinuria to be consid-
ered during patient evaluation have been outlined in Table 2.
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Table 2. Consideration in evaluating asymptomatic proteinuria.

Orthostatic proteinuria
Benign persistent proteinuria
Forme fruste of nephrotic syndrome (glomerulonephritis)
Nil Disease
membranous glomerulonephritis
membranoproliferative glomerulonephritis
focal and segmental sclerosis
rapidly progressive glomerulonephritis
chronic pyelonephritis
Interstitial nephritis
Congenital abnormalities (hypoplasia, polycystic disease)
Neoplasms (including genitourinary tract and systemic)
Systemic disease
Metabolic and inherited disease (diabetes mellitus, amyloidosis)
Collagen vascular disease (lupus nephritis, Sjogren’s syndrome)
Allergens
Drug toxicity
Infectious disease
Neoplasia
Fever
Exercise
Renal vein thrombosis
Pregnancy
Massive obesity

In older children and young adults, the proteinuria may be orthostatic
in nature and further evaluation will be unrevealing. Proteinuria may
also be the first indication of the nephrotic syndrome and will manifest
itself more fully upon subsequent examination. In addition, a form of
benign persistent proteinuria exists in which the proteinuria is not
orthostatic, does not progress to nephrotic syndrome and is associated
with no apparent abnormality in renal histology. -

Glomerulonephritis, especially membranous and membranoprolifera-
tive disease, may present as asymptomatic proteinuria. In the vast
majority of these cases, however, hematuria is also present. Scarring due
to chronic pyelonephritis or interstitial nephritis, may also cause protein-
uria, although it is usually mild and accompanied by leukocyturia.
Congenital abnormalities causing proteinuria include renal hypoplasia or
polycystic disease, and systemic causes of proteinuria include diabetes
mellitus, lupus nephritis, amyloidosis and multiple myeloma.

At the time of initial evaluation, urinalysis is important. Several
morning specimens should be examined for abnormal urinary sediments
and thus, the hint of more significant underlying disease.

The next step in evaluating patients with asymptomatic proteinuria
includes routine chemical and hematological studies and a 24-hour
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urine protein and creatinine clearance. The variety of inflammatory,
neoplastic processes or congenital deformities being considered, may be
further evaluated by an intravenous pyelogram. Renal proteinuria origi-
nates in the glomeruli or tubules and may be evaluated by a urinary
protein electrophoresis. Glomerular diseases show predominantly albu-
minuria, whereas tubular diseases show a predominance of low molecu-
lar weight proteins that migrate as globulins. The latter are not detected
by routine dipstick analysis.

Further evaluation at this time includes serology for collagen vascular
disease, complement levels, serum protein electrophoresis to detect mul-
tiple myeloma and a 2-hour post-prandial glucose to evaluate diabetes
mellitus. A rectal biopsy may be performed if amyloidosis is seriously
considered. Evaluation for orthostatic proteinuria may be done as out-
lined below.

Adhering to the definition of asymptomatic proteinuria, there is prob-
ably no indication for renal biopsy at this point. Having ruled out all
evidence of systemic disease, no specific treatment is warranted and
thus there are no therapeutic implications of a biopsy. Furthermore and
equally important, a biopsy at this point is often non-informative.

2.2.3. Clinicopathological correlations
It is useful to observe whether proteinuria is fixed or orthostatic, and if
it is persistent or intermittent.

Orthostatic proteinuria is generally considered an exaggeration of a
normal process, in which albuminuria increases in an upright or lordotic
position, when renal blood flow is decreased [74]. Actually, albuminuria
is increased above normal in a lying position in these patients as well. It
is usually seen in older children or young adults. A random urine yields
a trace to 2+ reaction, although occasionally more [88]. Abnormal uri-
nary sediments, although usually considered atypical, may appear in as
many as 45% of patients on a S-year follow-up(82]. Total protein
excretion is generally less than 2 grams per 24 hours.

A review of renal biopsies from these patients reported that 45% were
normal, 45% showed minor changes consisting of glomerular capillary
thickening and mild hypercellularity, and 10% showed more definitive
abnormalities [73].

Although orthostatic proteinuria often persists for a long time, it
rarely progresses into renal failure[72, 82].

Evaluation to determine the orthostatic nature of proteinuria may be
done by instructing the patient to void prior to retiring and then one
hour after retiring. In the morning, the patient is then instructed to void



98

while still in bed or immediately after rising. Not even a trace amount
of protein should be detected in this specimen. A specimen examined
after the patient is up and around will reveal demonstrable proteinuria.
The proteinuria may be exaggerated and red blood cells and casts
produced by lordotic positioning.

Asymptomatic fixed proteinuria refers to patients in whom detectable
proteinuria is seen both after recumbency and after standing. This is
also more common in young adults. In contrast to orthostatic proteinu-
ria, a significant histological abnormality is more often seen in this
group of patients. Less clear, however, is its clinical significance. Even
with persistent proteinuria and pathological changes, few patients show
progressive renal failure [64].

2.2.4. Prognosis and follow-up

After the initial evaluation, which, except for the proteinuria, has been
found to be normal, follow-up at three-month intervals including clini-
cal examination, urinalysis, quantitative urine protein and creatinine
clearance, is necessary. The clinical course may then be more clearly
defined. A decline in creatinine clearance or an increase in proteinuria
are generally accepted as indications for a renal biopsy. If repeat evalua-
tions are unchanged, further follow-up at extended intervals is accepta-
ble. It is important at the outset, to explain the nature of the patient’s
condition and especially its excellent prognosis.

2.3. Asymptomatic proteinuria and hematuria

2.3.1. Definition

Patients included under this category have proteinuria continuously in
excess of 1 gram per 24 hours, and accompanying microscopic hematu-
ria. Transient gross hematuria may occur, especially during intercurrent
infection, but even during periods of clearing, microscopic hematuria
persists and proteinuria does not decline to levels associated with benign
essential hematuria. Proteinuria may often be in the range of 1-3 gm/24
hours, with neither lipid abnormalities nor edema.

This group of patients is an important subgroup to identify. It
includes a considerable number of patients who have conventionally
identifiable renal lesions and who, despite a benign presentation, may
go on to develop progressive renal failure.

2.3.2. Patient evaluation
The evaluation here is essentially the same as that described for benign
essential hematuria. With the discovery of significant proteinuria, how-
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ever, in addition to the other studies performed, a renal biopsy should
be done. The types of pathological changes uncovered in this evaluation
include lesions compatible with focal and segmental sclerosis, membra-
nous, membranoproliferative and chronic glomerulonephritis, and anti-
GBM antibody nephritis. In addition, other nonspecific lesions, compa-
tible with resolving post-streptococcal glomerulonephritis, may be dis-
covered.

The type of lesion will determine prognosis and possible therapeutic
intervention, as discussed in further sections.

3. NEPHROTIC SYNDROME

3.1. Definition

The nephrotic syndrome has been defined by five components. These
include proteinuria (= 3.5 gm/24 hours), hypoalbuminemia, lipiduria,
hypercholesterolemia and edema. Patients with protein excretion
>3.5 gm/hours but lacking one or more of the other criteria, are nev-
ertheless considered to have nephrotic range proteinuria and there is no
particular significance to the presence or absence of the complete syn-
drome. In fact, some diseases characterized by nephrotic range protein-
uria seem less likely to show hypercholesterolemia (SLE, amyloid), and
others show a greater tendency towards edema formation (diabetes).
With increasing amounts of protein excretion (sometimes as high as
20-30 gm/24 hours), the rest of the syndrome is more likely to be
present.

3.2. Pathogenesis of proteinuria

Normal individuals excrete less than 150 mg of protein in a 24-hour
period [70]. If the protein in a normal urine is examined electrophoreti-
cally, 2/3 to 3/4 of it migrates with the globulin fraction and the rest
migrates as albumin. The globulin fraction in urine is antigenically
similar to circulating globulins in normal plasma, but is of much lower
molecular weight (10,000-20,000) and readily filtered by the glomerulus.
They represent, in some cases, light chains of circulating globulins
(behaving the same way on heating as Bence Jones proteins), or possible
metabolic precursors or derivatives of these globulins[70]. The albumin
that is present in urine is identical to that found in serum. With a
molecular weight of 40,000, it is a polyanion of sufficient size to meet
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considerable filtration resistance by the normal glomerular barrier.
Tamm-Horsfall macroprotein is the major protein found in urinary
casts. Not found circulating in plasma, it is produced in the loop of
Henle and distal tubules and migrates electrophoretically as an « globu-
lin.

Normal handling of circulating proteins by the kidney seems to
involve selective glomerular filtration of suitably sized and charged
molecules, followed by a considerable amount of proximal tubule active
metabolism and return to the systemic circulation. Less than 5% of
filtered protein appears in the final urine. Pathological proteinuria
results from a defect in the glomerular barrier, a defect in the tubular
reabsorptive and metabolic capacity or an overproduction of normally
filtered protein, so that the tubular capacity is supersaturated and over-
flow results [70].

The glomerular barrier to filtration is made up of the fenestrated
endothelium, the glomerular epithelium with its podocytes and slit pore
membrane between them and the glomerular basement membrane. No
pores reaching from one end to the other have been identified and the
actual barrier for different molecules may differ. Two characteristics that
may determine penetrability are molecular size and net charge. Altera-
tions of the glomerular barrier, as caused by immunological injury or
toxins, may lead to a loss of negatively charged proteins in the glome-
rular barrier, that in turn, permits increased penetration of relatively
large molecular weight, anionic proteins such as albumin, that then
appear in increased amounts in the urine[10]. In fact, in a glomerular
proteinuria, 60 —90% of the urinary protein is albumin. Attempts have
been made to relate the underlying pathological process and steroid
reponsiveness to differential protein clearances. Relative clearances of
substances with molecular weights similar to albumin (transferrin) and
higher molecular weight substances IgG or @2-macroglobulin, enable
one to calculate a ‘selectivity index’. The overlap that exists between
different pathological entities has made this of limited usefulness.

Tubular proteinuria occurs in diseases that either structurally or meta-
bolically affect renal tubules. Normal transport and metabolic processes
are interrupted and the normally filtered low molecular weight globulins
appear in increased amounts in the urine. Proteinuria in these instances
does not usually exceed several grams per day. Of note, also, is that the
tetrabromphenol used as a dip stick indicator for proteinuria is specific
for albumin and will be negative in these states. Total quantitative
protein determination by, for example, sulfasalicylic acid precipitation,
will detect the discrepancy [70].
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Overproduction of low molecular weight globulins, for instance in
multiple myeloma or certain leukemias, may result in proteinuria with
an electrophoretic pattern characteristic of tubular proteinuria. Amyloi-
dosis, when superimposed on multiple myeloma, causes a glomerular
type proteinuria [70].

3.3. Patient presentation and evaluation

Edema is the most common symptom that brings patients with neph-
rotic syndrome to a physician’s attention, although evaluations for new-
ly discovered hypertension hematuria, or asymptomatic proteinuria,
may also uncover evidence of nephrotic syndrome. In addition, while
evaluating systemic conditions that may involve the kidney, nephrotic
range proteinuria may be discovered. Clinical considerations in evaluat-
ing cases of primary and secondary nephrotic syndrome should be
directed at those entities listed in Table 3.

Evaluation of the patient with nephrotic syndrome proceeds as
described in asymptomatic proteinuria. The quantity of protein excreted
in these cases, however, points to its glomerular origin. An intravenous

Table 3. Clinical considerations in evaluating the nephrotic syndrome.

Primary glomerulonephropathies
Lipoid nephrosis
Membranous glomerulonephritis
Mesangiocapillary glomerulonephritis
Focal and segmental glomerulosclerosis

Secondary glomerulonephropathies

Inherited and metabolic diseases
Diabetes, amyloidosis, Alport’s syndrome, myxedema, sickle cell disease, Fabry’s
disease

Infectious diseases
Post-streptococcal, infectious endocarditis, shunt nephritis, leprosy, congenital and
secondary syphilis, hepatitis B, malaria, schistosomiasis (hepatic)

Neoplastic diseases
Gastrointestinal solid tumors, lung, breast, kidney, ovary, Hodgkin’s and non-
Hodgkin’s lymphomas

Toxins and allergens
Heavy metals (gold, mercury), street heroin, pencillamine, probenecid, insect and
snake venoms

Systemic and immune mediated diseases
Lupus erythrematosus, vasculitic syndromes (polyarteritis, hypersensitivity angiitis.
Henoch-Schoenlein purpura, cryoglobulinemia, serum sickness, etc.), sarcoid, der-
matitis herpetiformus

Other
Toxemia, transplant rejection
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pyelogram, as suggested, may give clues as to chronicity of disease, and
serological studies may point to a particular primary glomerulonephro-
pathy or aid in the evaluation of systemic disease. A renal biopsy is
usually indicated, in order to make a more precise diagnosis.

3.4. Clinicopathological correlation

3.4.1. Lipoid nephrosis (minimal change disease, Nil Disease)

The variety of terms used to describe this clinicopathological entity, all
allude to the fact that there are no specific pathological findings on renal
biopsy.

Lipoid nephrosis, generally thought of as a major cause (60-80%) of
childhood nephrotic syndrome, accounts for between 10 and 30% of
adult nephrotics [45]. Patients generally present with all the features of
the nephrotic syndrome and renal function is usually normal or supra-
normal with severe hypoalbuminemia[l4,45]. On occasion, however,
hypoalbuminemia is accompanied by a progressive decline in renal
function and irreversible renal failure has been described[71]). Urine
sediment is usually unremarkable, except for lipiduria, as is the rest of
the physical and laboratory evaluation[14,45]. An attempt has been
made to identify this particular glomerular capillary alteration using the
urine protein ‘selectivity index’. Whereas in children, protein excretion
tends to be selective, this is less of a feature in adult minimal change
disease.

Renal biopsy in this group of patients reveals normal appearing glom-
eruli with nonspecific epithelial foot process fusion and normal tubules
with proteinuria-induced hyaline vacuolization. Immunofluorescent stu-
dies reveal an absence of immunoglobulins and complement[42, 45].

The nephrotic syndrome attributed to lipoid nephrosis, may occur or
exacerbate following an infection, inoculation or insect sting. Causal
relationships, however, have not been established and the etiology of
this lesion remains obscure. Altered immunological responses have been
reported in patients with minimal change disease and the occurrence of
this lesion in patients with Hodgkin’s disease, a disorder associated with
defects in cellular immune function, suggest that cellular immune
mechanisms may play a role in its pathogenesis.

Patients with unequivocal minimal change disease have an excellent
response to therapy and long term prognosis[42,45]. A four-week
course of prednisone at a dosage of 1 mg/kg/day results in a complete
remission in protein excretion in at least 80% of adults. This remission
may be permanent and sustained, may be followed by a relapse at some
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future time, or may be dependent on maintaining steroid administra-
tion. Institution of steroid therapy may be elected after biopsy results
are available in adults, whereas children with nephrotic syndrome often
receive steroid therapy empirically. The dose of 1 mg/kg is continued
for 4 to 6 weeks or until the urine is protein free for 10 days, whichever
comes first. Patients are then switched to alternate day administration at
the same dosage for 4 to 6 weeks and then the dose is gradually
reduced to zero. If relapses are infrequent, the same regimen may be
repeated. If relapses occur frequently, or if patients are steroid depen-
dent, the addition of cyclophosphamide [14] or chlorambucil [33] may be
considered with the possibility of achieving a longer remission. Patients
who are steroid unresponsive or only partially responsive, often do not
respond to these added measures and the toxicity of the cytotoxic drugs
often precludes their use. Adjunctive measures for symptomatic man-
agement of nephrotic syndrome, appropriate in either case, are outlined
in a later section. Relapses may continue to occur for 10 or more years,
although appearing with diminishing frequency as time elapses[80].
Patients who are initially steroid responsive, usually maintain this re-
sponsiveness throughout their course.

3.4.2. Focal and segmental glomerulosclerosis (focal glomerulosclerosis)
Focal and segmental glomerulosclerosis, may be confused with minimal
change disease. Characteristic pathological changes seem to originate in
juxtamedullary glomeruli and biopsy specimens lacking these may be
compatible with minimal change disease [35, 46).

The majority (75%) of adults presenting with this lesion, are under
the age of 40, with a peak incidence between 20-30. The ages of
children with this lesion clearly overlap those with minimal change
disease. There is some male predominance. Most patients with focal
sclerosis have proteinuria at presentation and approximately 75% have
nephrotic syndrome. In addition, abnormal urine sediments are the rule
and a significant percentage have microscopic hematuria (60-80%), and
occasionally gross hematuria. Pyruria may also be present and possibly
results from interstitial involvement. Upper respiratory infection, as well
as other infectious processes and immunizations, often increase the
formed elements found in the urine, but no etiological relationship has
been shown. Azotemia is also present in some patients at presentation
and mild to moderate hypertension is common. Both azotemia and
hypertension increase in frequency as the disease progresses. The sero-
logical and other laboratory studies are nondiagnostic.

Light microscopic evaluation reveals focal (only some glomeruli
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affected) and segmental (parts of glomerular tuft but not entire tuft)
sclerosis. Subendothelial hyaline deposits are found in sclerotic areas,
and capillary loops are collapsed. These areas contain intracapillary
hyaline and foam cells derived from endothelial cells. Additional find-
ings include local capsular adhesions, focal tubular atrophy and intersti-
tial fibrosis. A variant of this lesion has also been described in which
scattered glomeruli are found to be entirely fibrotic, so-called focal and
global glomerulosclerosis [35]. The significance of this lesion is that it
apparently has a better prognosis than the segmental lesion. Electron
microscopy reveals foot process fusion and folded, wrinkled basement
membranes in involved areas. Electron dense subendothelial and para-
mesangial deposits are seen [35]. Immunofluorescence reveals a predom-
inance of IgM and complement in affected glomeruli. This is thought to
represent nonspecific trapping and not to be indicative of an immuno-
logic origin for the lesion [46].

Although discussed as a separate entity, the lesion of focal glomeru-
losclerosis is not unique. Similar lesions may be seen in patients with
hypertension, vesicoureteral reflux, pyelonephritis, Alport’s syndrome,
heroin addiction and transplant rejection. It thus appears that a variety
of disease processes may lead to the same pathological change. What
leads to the establishment of this apparent clinicopathological entity and
indeed if it represents a single entity, is unclear.

Patients with focal glomerulosclerosis generally show a gradual
decline in renal function. Azotemia at diagnosis, hypertension and per-
sistent fixed proteinuria, suggest a poorer prognosis and adults with the
lesion fare worse than children. No specific therapy is known to be
effective and thus, none is indicated[46, 59]. The lesion may progress
in a setting of apparent improvement in proteinuria. It is interesting to
note that focal glomerulosclerosis tends to recur in transplanted kid-
neys.

3.4.3. Membranoproliferative glomerulonephritis
(mesangiocapillary glomerulonephritis)

Membranoproliferative glomerulonephritis is a histologically and sero-
logically distinct form of primary glomerulonephritis. It derives its name
from an increase in mesangial matrix, mesangial cell proliferation and
basement membrane splitting that is apparent on light microscopy. In
addition, an important diagnostic marker of this disease is a depression
of total hemolytic complement activity, especially of the C,; compon-
ent[36, 41].
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Clincally, membranoproliferative glomerulonephritis is slightly more
common in women, and most cases occur under the age of 30 [10-20].
Approximately 30-50% of patients have the nephrotic syndrome at
biopsy and an increasing percentage subsequently develop it. An addi-
tional group of patients present with asymptomatic proteinuria. Both
groups have an active urine sediment including microscopic hematuria
and not uncommonly gross hematuria. These nephritic features point to
a second important presentation (i.e., an acute nephritic syndrome) that
may often follow an upper respiratory infection. An etiological relation-
ship, however, remains unproven. A rapid decline in renal function may
sometimes occur and is indicative of an aggressive disease. Physical
examination is unremarkable other than a considerable percentage of
patients who have mild to moderate hypertension and peripheral ede-
ma([l2,36,41]. A syndrome of partial lipodystrophy is known to be
associated with membranoproliferative glomerulonephritis and with
abnormalities in complement components.

Laboratory evaluation may reveal azotemia at onset, although this
often resolves, and a normocytic, normochronic anemia, disproportion-
ate to the decrease in renal function. Whereas most serological studies
are unremarkable (including ESR and ANA), 85% of patients are noted
to be hypocomplementemic at some time during the course of their
disease[12, 36,41]. Two patterns of hypocomplementemia emerge and
are seen more frequently in distinct pathological entities [63]. Classical
complement pathway activation may be seen including depression of
early factors (C,, C,) and concomitant C; depression. In the second
pattern that emerges C, and C, tend to be more normal, in the face of
depressed C; and suggest some form of alternate pathway activation. C,
nephritogenic factor, in the presence of certain C; breakdown products,
promotes alternate pathway activation and is found more frequently
when this pattern of activation is evident[9]. Hypocomplementemia
occurs in glomerulonephritides associated with streptococcal infections,
subacute bacterial endocarditis, infected ventriculo-atrial shunts, mixed
cryoglobulinemia, serum sickness and lupus erythematosus. Appropriate
diagnostic and clinical evaluation should be carried out to search for
these entities. Membranoproliferative glomerulonephritis has been
reported after streptococcal infections (not etiological). In this clinical
setting, persistent hypocomplementemia lasting beyond 6-8 weeks (by
which time typical post-streptococcal hypocomplementemia resolves)
should suggest its presence.

Light microscopy reveals glomeruli that enlarge with disease progres-
sion. The glomeruli may take on a lobular appearance and mesangial
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cells show proliferation with increased matrix[41]. This proliferation
may cause capillary loop collapse and mesangial cells may interpose
themselves between endothelial cells and basement membranes[36].
These changes give the basement membrane a double contour or tram-
track appearance (more common in Type I than Type II)[36]. The
basement membrane remains intact, however, although it is often thick-
ened. Crescent formation is sometimes present and this is associated
with a more rapidly progressive course.

Electron microscopy confirms these findings and, in addition, is the
basis for distinguishing at least two distinct types of membranoprolifer-
ative glomerulonephritis. Type I (more commonly associated with clas-
sical complement pathway activation) is characterized by subendothelial
deposits, with thickened but otherwise normal glomerular basement
membrane. Type II (C; nephritogenic factor, and alternate complement
pathway activation more commonly seen) is characterized by electron
dense deposits within the basement membranes of glomeruli, tubules,
Bowman’s capsule and peritubular capillaries[36]. Other variants,
although not as widely accepted, have also been described.

Immunofluorescence reveals a variety of patterns including staining
for C, alone and various complement and immunoglobulin patterns.
Complement is present irregularly along capillary walls and IgG and
IgM, if found, are present in a similar but more segmental distribu-
tion [36].

Excluding patients who have crescentic disease on biopsy (more com-
mon in Type II), the histological pattern is not a key determinant of
course and prognosis. Some patients may retain normal renal function
for many years, but the overall tendency is to show a gradual decline,
so that overall survival approximates 78% at S years and 50% at 10
years. Clinical remissions, if they occur, tend to be short and are not
necessarily associated with histological remission. Patients who have
crescentic disease on biopsy have poorer survival (< 3 years). Additional
adverse factors include early and persistent azotemia, hypertension and
persistent nephrotic syndrome. Although hypocomplementemia is a sig-
nificant marker of this disease, it bears no relation to either disease
activity or progression, and the interaction between C; nephritic factor,
hypocomplementemia and disease activity is also unclear [4].

Therapy directed at the underlying glomerulopathy in the form of
steroids and other immunosuppressants have been generally unsuccess-
ful.
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3.4.4. Membranous nephropathy

Membranous nephropathy is the most common primary glomeruloneph-
ropathy associated with nephrotic syndrome in adults and is the most
common pathological entity seen with secondary nephrotic syndrome.
Membranous nephropathy occurs with a peak incidence between the
ages of 40 and 60[22,25], but may account for approximately
3-10% (37, 77] of primary glomerulonephritis in children. Males seem
more commonly affected than females[22, 25,37, 77].

A significant majority of patients (as high as 85%) present with the
nephrotic syndrome. Physical examination may reveal peripheral edema
and approximately a third of the patients are hypertensive. If not clini-
cally nephrotic, the remaining patients have at least significant protein-
uria. Microscopic hematuria is common (30-90%) and gross hematuria
also occurs, but is uncommon. A minority of patients have azotemia
when initially seen. Serological evaluation reveals no abnormalities in
the idiopathic disease and circulating immune complexes are usually not
detected [22, 25, 37, 77].

Light microscopy reveals a diffuse thickening of the glomerular base-
ment membrane [39]. A closer evaluation using techniques to demon-
strate immune deposits, including staining with methenamine silver,
reveals spike-like subepithelial deposits[39]. These spikes may not be
easily demonstrated in very early or late disease and electron microscop-
ic evaluation is necessary to make a diagnosis. Electron microscopy also
provides a better evaluation of the evolution of these deposits in rela-
tion to the glomerular basement membrane. Little, if any, cellular prol-
iferation accompanies this deposition[39]. Tubular and interstitial
changes are not prominent, although when present, correlate better than
glomerular changes with functional impairment. Immunofluorescence
reveals diffuse deposition of a variety of immunoglobulins including
IgG, IgA and IgM, as well as complement in a granular pattern along
the glomerular capillary walls.

Membranous nephropathy is a slowly progressive disease, and stable
function may be maintained for many years. Actuarial survival at 10
years is approximately 75% [62]. During varying follow-up periods, 25%
of patients develop renal insufficiency or failure, 50% remain
unchanged and another 25% have a clinical remission[22, 62]. In gen-
eral, the longer the duration of disease at biopsy, the more likely a more
severe lesion will be found. Remission or progression is possible with
any stage lesion. Clinical remission is possible without pathological
remission, and renal function may deteriorate in the absence of protein-
uria. Poorer prognosis has been noted in patients with persistent neph-
rotic syndrome, hypertension and azotemia at diagnosis.
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Whether membranous nephropathy benefits from specific therapy is
not entirely clear. Corticosteroids were long held to be of no therapeutic
value, but recent studies prospectively examining the benefits of a short
course of alternate day steroids suggest better preservation of function
in the treated group of patients.

3.4.5. Management of the nephrotic syndrome

In most instances, therapy directed at the pathogenesis of the nephrotic
syndrome is inadequate. As a result of this primary failure, measures to
control the sequelae of nephrotic induced hypoalbuminemia take on
added importance in maintaining patient well-being.

The major manifestations of this hypoalbuminemic-induced decreased
oncotic pressure include edema, decreased effective intravascular vol-
ume resulting in shock and pulmonary edema and hyperlipoproteinemia
resulting in accelerated atherosclerosis. In addition, the abnormal capil-
lary permeability may result in hypoimmunoglobulinemia, specifically
hypo-1gG and decreased antithrombin III activity leading to hypercoa-
gulability and possible renal vein thrombosis. The degree of symptomat-
ic therapy will depend on the severity of the sequelae as they arise.
Symptoms due to reduced oncotic pressure may be helped by diet,
diuretic use and colloid replacement.

Diet therapy in nephrotic patients is important in managing hypoal-
buminemia and the concomitant hyperlipoproteinemia. Patients should
be encouraged to consume a high protein diet (1.5 g/kg) to minimize
the existing negative nitrogen balance by maximizing the available
sources of protein synthesis. Salt retention is a result of the edema
forming process, and in order to reduce edema, a state of negative
sodium balance until equilibrium (edema control) is reached must be
produced. A salt restricted diet (frequently 2-3 g sodium chloride) result-
ing in an intake less than measured excretion and occasionally as low as
500 mg of sodium per day, should be instituted.

All types of hyperlipidemia, except Type 1, are seen in patients with
nephrotic syndrome [60] and this significantly contributes to their long
term morbidity and mortality. An attempt at control using diet therapy
should be made to achieve ideal body weight and minimize hyperlipi-
demia. Adjunctive drug therapy (i.e., cholestyramine, clofibrate, etc.)
may be associated with an increased incidence of side effects in hypoal-
buminemic patients, but may be tried if cholesterol or triglycerides
remain at unacceptable levels.

Diuretic therapy, especially those diuretics acting on the thick seg-
ment of the ascending loop of Henle (furosemide ethacrynic acid), are
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effective adjuncts in controlling edema. They may be titrated from low
doses to doses approaching several hundred milligrams per day to
achieve negative salt and fluid balance. Combination with aldactone,
whose more distal effect may enhance response, may help in achieving
a diuresis. If patients are extremely hypoalbuminemic or show evidence
of decreased effective intravascular volume, then diuretics should not be
used as a first line therapy for mobilizing fluid, and instead, oncotic
pressure should be increased with salt-poor albumin infusions. The
effect of salt-poor albumin is limited in that it remains in the circulation
for only a short time and repeated infusions may be necessary to
maintain an adequate effective intravascular volume. Similar therapy
may be necessary in patients who develop pulmonary congestion. Diur-
etics are only helpful if an adequate effective intravascular volume is
present. They may be detrimental when the patient is hypovolemic. In
this case, acute renal failure may occur, and dialysis in conjunction with
some of the previously mentioned measures to maintain plasma oncotic
pressure, may be necessary.

Patients with the nephrotic syndrome may show an increased suscep-
tibility to infections with gram positive organisms. Although hypoglobu-
linemia may be responsible for this susceptibility, long-term replacement
of immunoglobulins is not practical. Patients should receive prophylactic
pneumococcal vaccination, as well as other available vaccines during
winter months.

There appears to be a significant negative correlation between anti-
thrombin III levels and urinary protein excretion. This may result in
hypercoagulability and contribute to a predisposition to venous throm-
bosis, including renal vein thrombosis [41]. Regardless of how frequently
renal vein thrombosis occurs in patients with the nephrotic syndrome, it
appears to be of clinical significance in a relatively small percentage.
Unless the degree of suspicion is high, screening for renal vein throm-
bosis using an inferior vena cavagram in all patients with the nephrotic
syndrome, is probably unnecessary. This is based on the observation
that during the course of the nephrotic syndrome, a single inferior vena
cavagram is difficult to interpret, and the role for anticoagulation other
than as it effects embolic phenomena, remains unclear. It is more
important to be aware that a predisposition to thrombosis exists, and in
a nephrotic patient with pulmonary embolism, rapidly declining renal
function, or severe edema in the lower extremities, renal vein thrombo-
sis should be considered.
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4. ACUTE NEPHRITIC SYNDROME

4.1. Definition

Acute nephritic syndrome refers to an acute disease characterized by
microscopic or macroscopic hematuria, proteinuria (not necessarily
nephrotic range), edema, and hypertension. A decline in renal function
is also common during this acute phase.

The prototype of this syndrome is acute post-streptococcal glomeru-
lonephritis. There is an initiating factor, an infection with a nephritog-
enic strain of streptococcus, followed by a latent or incubation period,
prior to the onset of nephritis. During this time an immunological
response occurs, resulting in acute glomerulonephritis. With elimination
of the causative factor, the immunological response may subside and its
byproduct, glomerulonephritis, may also subside. Variations in immune
response may modify this course in individual cases and progressive
rendl disease may result.

In addition to poststreptococcal glomerulonephritis, a variety of other
infections have been associated with an acute glomerulonephritis. These
include pneumococcal pneumonia, staphylococcal sepsis, typhoid fever,
falciparum malaria, toxoplasmosis, varicella, mumps, infectious mono-
nucleosis, congenital syphilis and enteroviruses. Clinical features of
acute glomerulonephritis caused by these infections are similar to those
of poststreptococcal glomerulonephritis.

In a variety of glomerulonephropathies, any intercurrent febrile dis-
order, particularly from infectious origins, may acutely exacerbate the
clinical course of the nephropathy and be associated with increased
hematuria, proteinuria and azotemia. These changes can be either tran-
sient or permanent, and may be seen in membranoproliferative glome-
rulonephritis, focal glomerulosclerosis, lupus nephritis, Henoch-Schoen-
lein purpura, mixed essential cryoglobulinemia and Alport’s syndrome.
This nonspecific phenomenon, secondary to an acute febrile disorder,
should be differentiated from an acute primary glomerulonephritis that
is pathogenetically related to the preceding or concurrent infectious
disease.

4.2. Patient presentation and evaluation

Patients are generally seen first because of the infectious process. Fea-
tures of the acute nephritic syndrome may become apparent during the
course of the disease or after the primary process has subsided and a
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latent period has passed. Initial evaluation should include urinalysis,
with a careful microscopic examination of the sediment to determine
the presence of hematuria, casts and other formed elements, a quanti-
tative assessment of proteinuria (interpreted with caution in the pre-
sence of gross hematuria) and a determination of creatinine clearance.

Evaluation of the patient then focuses on identifying an etiological
factor. Bacterial culture should be taken from the throat, sputum, blood
and any skin lesions. Serological studies should include ASLO titer,
febrile agglutinin tests, heterophile antibodies and antibodies against
enteroviruses during acute and convalescent periods. Further evaluation
may be helped by determining cryoglobulins, ANA and an immuno-
electrophoresis. Complement determination is helpful and may be nor-
mal or depressed during the acute phase of various infectious diseases,
but returns to normal within 6 weeks, if more significant underlying
processes such as bacterial endocarditis, shunt nephritis or cryoglobuli-
nemia is not present.

Most post-infectious nephritides generally follow a short benign and
self-limited course. Persistence of significant proteinuria or hematuria
beyond several months, or a decline in renal function indicate a need
for further evaluation, including an intravenous pyelogram and perhaps
a kidney biopsy. A kidney biopsy and intravenous pyelogram are not
necessary during the acute phase, unless the etiology or sequence of
events are unclear.

4.3. Clinicopathological correlation

4.3.1. Acute post-streptococcal glomerulonephritis is a model for the
acute nephritic syndrome. Most commonly seen in children after a
streptococcal pharyngitis or impetigo, it may also occur in adults. The
disease occurs more commonly in males than females (2:1) and shows
a seasonal variation related to climate [20, 79].

Pharyngitis or impetigo caused by nephritogenic strains of 8 hemolyt-
ic streptococcus, regardless of antibiotic therapy, may be followed after a
latency period averaging 8-14 days (may be shorter; or longer in cases
of impetigo) by the abrupt onset of hematuria (60%), edema, circulatory
overload (i.e., dyspnea, abdominal discomfort) and symptoms related to
hypertension (i.e., headache, visual disturbances)[20, 53]. It is at this
point that the patient usually sees his physician. Physical examination
may reveal circulatory overload possibly including pulmonary edema,
hypertension of varying degree accompanied by signs of encephalopa-
thy, if it is sufficiently severe, and peripheral edema. Laboratory evalua-
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tion reveals gross or microscopic hematuria, accompanied by red blood
cell casts and leukocyturia. Significant proteinuria is common, but the
nephrotic syndrome is unusual [S3]. A normocytic normochromic ane-
mia is common. A small percentage of patients are frankly oliguric.
Throat cultures are positive in about 25% of patients, but ASO titre,
anti-hyaluronidase and/or anti-DNAse B titre are elevated in virtually
all patients [52]. Anti-DNAse B is particularly important in documenting
cases of impetigo since ASO and anti-hyaluronidase titres rise less
consistently [19]. Titres are generally at their highest during the initial
evaluation and during the first 3 months of follow-up [20]. Hypocomple-
mentemia is also found in up to 95% of patients and circulating cryo-
globulins may be detected in some.

If a biopsy is performed at this time, it shows generalized glomerular
swelling with increased cellularity due to mesangial and endothelial
proliferation, and consequently narrowed and sometimes obliterated
capillary loops. Infiltrating polymorphonuclear leukocytes may be seen
and the glomerular tuft may fill Bowman’s space. Rare cases show
numerous and extensive crescent formation [53].

Immunofluorescence study reveals granular deposition of immunoglo-
bulin and complement along the glomerular basement membrane. Elec-
tron microscopy reveals subepithelial humps of immune deposits, char-
acteristic of post-streptococcal glomerulonephritis. Deposits are also seen
in the mesangium and correspond to the localization of streptococcal
antigen when it is found, as opposed to the subepithelial humps, which
have not been shown to contain streptococcal antigen[S3].

4.3.2. Other acute glomerulonephritides

Acute nephritic syndrome has been attributed to a variety of other
infectious agents, as mentioned above. The presentation of acute ne-
phritis in these instances is similar to that following streptococcal infec-
tion with a variable, often shorter, latency period and acute onset of
hematuria and proteinuria. Hypertension and decreased renal funcion
may occur and rarely renal failure. Complement levels are usually
normal and renal biopsy generally shows less change than post-strepto-
coccal glomerulonephritis. Most post-infectious acute nephritic syn-
dromes are benign and resolve spontaneously.

Acute nephritic syndrome secondary to underlying primary renal dis-
ease should be suspected if an antecedent infection cannot be docu-
mented, the latency period seems unusually short, systemic findings fail
to resolve or they recur during follow-up. Membranoproliferative glo-
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merulonephritis especially should be suspected when hypocomplemen-
temia persists beyond six weeks.

4.4. Management of acute nephritic syndrome

No specific therapy is available for the acute nephritic syndrome, other
than that directed at a possible etiological (infectious) agent. Nonethe-
less, a variety of problems arise that require close medical manage-
ment.

The need for hospitalization depends on an evaluation of the clinical
situation, as well as the ability of the patient to receive adequate care
and follow-up at home. Clinical conditions that warrant close observa-
tion and hospitalization include: deteriorating renal function including
oliguria, azotemia and symptoms of uremia; hypertension and hyperten-
sive encephalopathy; fluid overload with pulmonary congestion.

There are no clear guidelines available for the amount of activity that
should be allowed for a patient with acute nephritis. It seems reasonable
to maintain general bedrest until the acute signs of nephritis have
cleared (gross hematuria, circultory congestion and edema, severe hyper-
tension) and renal function has stabilized or improved. This usually
requires between 10 days and two weeks and bedrest beyond this period
is unnecessary. It is useful to follow serial renal function measurements
as a guide to the rapidity of resumption of normal activities.

Hypertension is a common problem and its management depends on
its severity. Mild elevation in blood pressure may respond to bedrest
and salt restriction. Diuretic therapy may be required if fluid overload is
present. Diastolic blood pressure above 100 mm Hg in the absence of
vascular congestion, may be managed with the addition of a beta
blocker and vasodilator if necessary. Severe hypertension, over
120 mm Hg diastolic, especially when accompanied by signs of encepha-
lopathy requires immediate control with parenteral antihypertensive
drugs.

Evidence of vascular congestion and fluid overload are related to
hemodynamic changes rather than to proteinuria. Individualized diuretic
therapy with a thiazide diuretic or furosemide and modest salt restric-
tion, are effective measures for fluid overload. Pulmonary edema or
congestion may require more aggressive therapy, and when renal func-
tion is severely depressed or oliguria is present, dialysis may be indi-
cated.

Adequate attention to nutrition is also important in managing many
of the complications of acute nephritis. Salt and fluid restriction have
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already been mentioned. In an average 70 kg adult, insensible water loss
is approximately 500-600 ml and maintenance fluids should include this
amount and ml for ml replacement for measured fluid losses (urine,
vomitus, etc.). Overall guidance may be obtained by observing weight
and blood pressure changes. Early dialysis is preferable to rigorous
protein restriction in a symptomatically uremic patient, and no protein
restriction is required when renal function is not reduced. However,
dietary protein should be of high biologic value and caloric intake
should be adequate.

Antecedent infections require treatment with appropriate antibiotics.
In cases of post-streptococcal glomerulonephritis with positive cultures,
10 days of penicillin therapy is recommended. Furthermore, throat
cultures from family contacts should also be taken and individuals with
positive cultures should be treated similarly. There is no therapy avail-
able for the glomerulonephritis itself.

Patients are allowed to ambulate and gradually return to normal
activity after acute features have subsided. Although second episodes of
post-streptococcal glomerulonephritis are exceedingly uncommon, exa-
cerbations of an underlying disease are more common and patients
require continued follow-up. Management is directed at problems that
may persist after the acute phase and these will dictate frequency of
follow-up. In addition, because of the possibility of slow progression of
the disease after initial clinical improvement, longterm follow-up is also
necessary. After the acute episode has subsided, clinical evaluation at
three-month intervals should be adequate with longer intervals as activ-
ity subsides. Follow-up evaluation should include complete physical
examination, urinalysis, renal function tests and 24 hour urine protein
excretion.

4.5. Prognosis

Complete recovery from acute post-streptococcal glomerulonephritis
occurs in a majority of patients, although the exact incidence of such
recovery is unclear. Children with either sporadic or epidemic disease in
some series show 90-100% recovery [61]. Adults may fare less well, and
in a recent series, 3040% had evidence of renal disease at five-year
follow-up. This series may be biased with patients having initially sev-
ere disease, and children in this series also had a higher incidence of
progressive disease [78].

Initial urine protein and cellular excretion do not predict severity,
although persistent nephrotic syndrome may indicate a poor outcome.
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Similarly, ASLO titres and complement levels do not reliably predict
biopsy results. The extent of glomerular obliteration does correlate with
decreased creatinine clearance and evidence of crescent formation sug-
gests a poorer prognosis. Patients with less glomerular alterations tend
to have more complete healing, but all degrees of glomerular severity
may go on to complete clinical resolution [53].

Renal function usually returns close to normal within 3 weeks, while
abnormalities in the urinary sediment may persist longer [79]. Hematuria
generally clears before proteinuria, which may persist for many years
(5% at 5 years), and may become orthostatic before finally clear-
ing[61,79]. A biopsy at this point may be quite normal.

5. RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS (RPGN)

5.1 Definition

Rapidly progressive glomerulonephritis (RPGN) represents a clinicopa-
thological syndrome characterized by the presence of extracapillary
glomerular proliferation (crescent formation) associated with a rapid
decline in renal function (often approximating a 50% or greater decline
within a 3-month period) proteinuria, hematuria and usually cylindruria
in a person without a prior history of renal disease. Rapidly progressive
glomerulonephritis is a syndrome and the clinicopathological features
of the syndrome may occur as a primary renal disease, or may be part
of various systemic disorders.

5.2. Patient presentation and evaluation

Patients with RPGN may present with clinical features related to the
abrupt changes in fluid balance that occur, the inflammatory nature of
the underlying lesion, and the uremic sequelae that ultimately super-
vene. The signs and symptoms that result must then be evaluated in a
context of disease that appears limited to the kidneys, or in the presence
of a systemic disease.

Twenty-five to 40% of patients have a history of a prior upper
respiratory or other infectious illness at the time they present. Some
patients seek medical care initially because of signs and symptoms of
fluid overload and edema, gross hematuria, hypertension (i.e., headache,
visual disturbance) and uremia (i.e., malaise, fatigue, nausea, anorexia,
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and weight loss). Complaints relating to the infectious illness itself may
bring patients to a physician’s attention, at which time a urinanalysis
or blood tests disclose evidence of renal disease. A final group of
patients may be discovered during evaluation and follow-up of individ-
uals presenting with hematuria, edema, hypertension, proteinuria or
azotemia and who develop either an unexpected decline in function or
some variation in clinical course that then prompts a kidney biopsy.

Evaluation of the patient with RPGN begins with the recognition that
this clinicopathological entity may indeed be present. This may be
recognized the first time a patient is seen, or alternatively, may require
a variable period of observation.

The urinalysis reveals proteinuria, hematuria and usually cylindruria.
Renal function may be normal or severely impaired and protein excre-
tion will virtually always be abnormal ranging from several grams to
nephrotic range proteinuria. Preliminary laboratory evaluation should
include a complete blood count, platelet count, electrolytes and chest
X-ray.

While assessing renal function, structural evaluation is helpful, and
this requires an intravenous pyelogram or sonogram and renal scan.
Mindful of the limitations and hazards of an intravenous pyelogram, if
the serum creatinine is stable and < 3.0 mg%, we would go ahead with
an intravenous pyelogram in a well-prepared, hydrated patient. If func-
tion is rapidly declining or serum creatinine is >3.0 mg/100 ml, then
similar structural and dynamic information may be obtained using a
sonogram and renal scan. Results will often reveal normal sized kidneys
with variable function. Small, shrunken kidneys suggest a chronic pro-
cess, and possible structural abnormalities (i.e., obstruction) will become
evident.

If the evaluation supports the clinical impression of RPGN, further
studies should be done in an attempt to delineate the etiology of the
syndrome. This should include an ASLO titre, anti-GBM antibody,
ANA (anti-DNA antibody if indicated), hepatitis B antigen, cryoglobu-
lins, serum complement, blood cultures if indicated and serum and
urine immunoelectrophoresis.

A renal biopsy should be considered and several points should be
weighed: a kidney biopsy will result in a tissue diagnosis; various
studies, including immunofluorescence may establish a pathogenesis
suggesting means of specific therapeutic intervention; a biopsy will aid
in formulating a prognosis; a biopsy will enable identification of a lesion
that may recur in a transplant. A kidney biopsy is then an important
procedure as long as the patient retains some degree of renal function. If
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a patient has reached dialysis, his renal disease does not warrant aggres-
sive therapy and a biopsy is less significant.

5.3. Clinicopathological correlation

5.3.1. Rapidly progressive glomerulonephritis

Idiopathic rapidly progressive glomerulonephritis is a relatively uncom-
mon entity and may account for <19% of renal biopsies performed [7]. It
seems to occur in a variety of antecedent clinical settings including:

1) infection: such as viral syndromes, streptococcal infection, suba-
cute bacterial endocarditis, ventriculo-atrial shunt infection;

2) hydrocarbon exposure;

3) neoplasm;

4) nonspecific systemic illness.

All age groups appear to be affected and males seem to be affected
slightly more often than females.

The patient generally presents with symptoms of brief duration, often
traceable for several weeks or months, or of even shorter duration.
Commonly, a history of a recent viral-like illness is obtained including
complaints of fever, cough, hemoptysis, headache, myalgias, arthralgias,
weakness, anorexia, nausea and vomiting. A patient may take note of
fluid retention or edema, and a diminished urine output or hematuria.
Alternatively, a patient may be relatively asymptomatic and present to
his physician for an evaluation of unexplained hematuria or ane-
mia[7, 21, 89].

Initial physical examination is often unremarkable and may only
reveal evidence of hypertension. This tends to be a more common
physical finding as the disease progresses. Other nonspecific findings
relating to uremia and fluid overload, including pallor, pulmonary con-
gestion, pericardial friction rub, arterixis and edema, may be pre-
sent [7, 81, 89].

Urinalysis invariably reveals evidence of renal disease including gross
or microscopic hematuria, proteinuria, pyuria, and granular and red
blood cell casts. The majority of patients have variably imparied renal
function when first seen and some may be oliguric. Protein excretion
generally ranges from several hundred milligrams to more than several
grams/24 hours[7, 81, 89].

Anemia is common as is an elevated white blood cell count, and
erythrocyte sedimentation rate. Abnormal blood chemistries relate to
the degree of renal impairment present. Unless evidence of a systemic
disease is found, serological evaluation is generally unremarka-
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ble[7,81,89]. An elevated ASLO titer, a positive ANA (negative Farr)
or, occasionally, antibodies to hepatitis virus may be found in a few
patients, but serum complement levels are generally normal. Assays for
circulating immune complexes may be positive in a number of patients
and circulating cryoglobulins are commonly seen.

Renal biopsies of patients with clinical RPGN show a variety of
histological abnormalities. The pathological hallmark of RPGN by light
microscopy in all series is the presence of extracapillary proliferation.
This varies both in the number of glomeruli affected and in the size of
the individual crescents. Different groups of patients are described as
having no other proliferation of the glomerular tuft, while others show
mesangial and endothelial cell proliferation. Severe disease may reveal
varying degrees of tuft necrosis and collapse. Varying degrees of inter-
stitial infiltrate and fibrosis are also common. Electron microscopy con-
firms these findings and, in addition, the glomerular basement mem-
brane may be wrinkled, and in some areas, ruptured. Electron dense
deposits may be seen in subepithelial and subendothelial areas and in
the mesangium. Immunofluorescence is especially striking for fibrin
deposition in crescents as well as in the urinary space. IgG with or
without IgM, IgA and complement, may be present in a diffuse or focal
granular pattern throughout the glomerular tufts. In some instances,
complement may be present alone. Alternatively, no immunoglobulin or
complement may be seen|7, 81, 89].

5.3.2. Prognosis and therapy
Prognosis in patients with RPGN is poor. Estimated survival off dialysis
is approximately 5% at 3 years. The patients reported in different series,
however, may represent different subgroups of the disease, and thus
must be taken into consideration when prognosis, as well as when
therapeutic results, are considered. Factors that appear to affect outcome
deleteriously include[58, 89]:

1) percent of crescentic involvement (greater than 80% of glomeruli
with crescents a poorer prognosis, less than 80% a better prognosis).

2) oliguria at presentation [89];

3) impaired renal function at presentation [89].
Patients who have RPGN associated with bacterial infection, including
bacterial endocarditis, whose biopsy often reveal endocapillary prolifera-
tion as well as extracapillary proliferation (crescents) tend to have a
better prognosis.

Management of patients with RPGN should include consideration of
the following:
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1) etiology : if a causative agent or systemic disease is identified,
appropriate therapy should be initiated and improvement in the asso-
ciated glomerulonephropathy may result;
~2) renal failure: regardless of its etiology, appropriate therapy for the

concomitant renal failure as outlined in other sections, must be insti-
tuted and is a major factor affecting patient survival;

3) rapidly progressive glomerulonephritis itself: attempts at treating
RPGN with anticoagulation, antiplatelet drugs, steroids and other
immunosuppressants and plasmaphereses, have achieved variable suc-
cess. Therapy is often given with combinations of these agents and this
may lead to a greater morbidity and mortality than the natural course of
RPGN with subsequent dialysis and transplantation. A conservative
approach is the following:

a) oliguric patients requiring dialysis are not candidates for aggressive
immunosuppressive therapy. Appropriate management of any systemic
disease and attention to the problems associated with renal failure
constitute appropriate management;

b) early therapy should be instituted in an attempt to prevent further
deterioration in patients who retain residual function, and for whom
treatment protocols exist, including an evaluation of the benefits of the
treatment itself’;

¢) RPGN should be considered a medical emergency and the patient
should be referred to a center capable of initiating and critically evaluat-
ing therapy prior to the onset of oliguria and loss of renal function.

5.3.3. Goodpasture’s syndrome

Goodpasture’s syndrome is a clinicopathological entity in which RPGN
occurs, typically associated with pneumonitis and hemoptysis. It’s sig-
nificance lies in the fact that it and related clinical syndromes are
associated with circulating antibodies directed against the glomerular
basement membrane.

Anti-glomerular basement membrane nephritis accounts for less than
5% of glomerulonephritis with biopsies available [90], although evidence
of linear staining may be present in a greater number [56). There is no
clinical feature that distinguishes this entity from other forms of RPGN.
Hemoptysis and anemia, features that make Goodpasture’s syndrome a
primary clinical consideration, can also occur in other forms of glome-
rulonephritis. Diseases caused by circulating anti-GBM antibodies may
present with either pulmonary or renal manifestations alone. Renal
involvement in a few cases may even be benign with spontaneous
remission [56].
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Patients with Goodpasture’s syndrome are typically male, in their
second or third decade, and may present with a viral-like syndrome.
Physical examination often reveals evidence of pulmonary involvement,
and there may be some degree of hypertension. Peripheral edema is
rarely present and urinalysis reveals proteinuria, varying degrees of
hematuria and red blood cell casts. Patients are anemic with varying
leukocytosis and may have normal or impaired renal function. Circulat-
ing anti-GBM antibodies are detectable by a number of assays, and
other serological studies are usually normal (complement, antinuclear
antibody, etc.).

Pathological changes on light microscopy are nondiagnostic, but may
range from a focal and segmental glomerulonephritis to a necrotizing
extracapillary glomerulonephritis. Immunofluorescence reveals a promi-
nent linear deposition of immunoglobulins, especially IgG, and is the
distinguishing feature of this entity [80].

Until recently, patients with Goodpasture’s syndrome had a uniform-
ly poor prognosis. Spontaneous remissions were uncommon, with about
10% of patients maintaining stable renal function and the remaining
90% either on dialysis or dead at approximately one year. Recently, the
therapy combining plasmapheresis with prednisone and cyclophospha-
mide, has been reported to result in a more rapid decline in circulating
anti-GBM antibodies and improved preservation of renal function and
patient survival. With this approach, Goodpasture’s syndrome may
become a more manageable and self-limiting disease [54].

6. CHRONIC NEPHRITIC SYNDROME

6.1. Definition

The chronic nephritic syndrome is not clinically nor pathologically dis-
tinct. A wide variety of glomerulonephropathies cause a gradual,
chronic, irreversible decline in renal function and patients with these
progressive diseases suffer from the chronic nephritic syndrome.
Depending on when in their course the diseases are initially discovered,
patients may have minor urinary abnormalities or be frankly uremic. As
such, overlap with the previously mentioned clinical categories is evi-
dent, and biopsy early in the course may permit better classification.
Most patients who have a renal disease that belongs to this category
have a history of chronic hypertension, abnormal urinary sediments,
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proteinuria, some impairment in renal function and shrunken, scarred
kidneys, with no apparent etiology.

6.2. Patient presentation and evaluation

Patients generally come to medical attention because of problems asso-
ciated with renal disease. These may include hypertension, unexplained
anemia, or an exacerbation of hematuria during an intercurrent illness.
In a child, failure to grow or mature sexually, may promote an evalua-
tion. Patients with this syndrome may also be discovered because of an
abnormal urinalysis or, at the other extreme, because of symptoms
related to uremia.

Patient evaluation at this point should be directed at evaluating renal
function and amount of proteinuria. This may place a patient in one of
the other clinical categories already discussed and for which appropriate
evaluation has already been outlined. Following this, an intravenous
pyelogram (if the creatinine is < 3.0 mg/100 ml) or sonogram will delineate
any gross structural abnormalities. Kidneys are usually found to be small, in
accord with the chronicity of the underlying process.

Further evaluation and management is best directed at attempts to
preserve renal function, by correcting underlying chemical abnormalities
(i.e., acidosis, hypocalcemia, hyperphosphatemia, hyperuricemia) and
preparing the patient for dialysis and possible transplant. We do attempt
to identify a pathogenesis if possible, including performing an ANA,
complement, hepatitis B antigen, serum immuno- and protein electro-
phoresis, cryoglobulins and other serological studies if they seem appro-
priate. A renal biopsy is of no value, since the primary disease is
difficult to identify by this time, and may be complicated by patholog-
ical changes due to nonspecific scarring, intercurrent hypertension,
infection and metabolic abnormalities. Specific therapy is unwarranted,
since none has been effective and the risks and consequences of immu-
nosuppression in uremic patients are substantial.

7. GLOMERULONEPHRITIS AND SYSTEMIC DISEASE

The kidney has a finite spectrum of pathological response to systemic
disease. At the same time, different diseases may have more than one
clinical presentation. The following sections are directed at reviewing
the clinical presentation of systemic diseases as they affect the kidney.
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Their major purpose is to point out the clinical situations in which each
entity should receive consideration.

7.1. Metabolic and inherited diseases

7.1.1. Diabetes mellitus

A clinical triad thought to be the hallmark of diabetic nephropathy is
hypertension, edema and proteinuria. This triad occurs in only about
half of diabetic patients with nephropathy [75]. It does, however, point
to the common signs and symptoms in patients with diabetic renal
disease (exclusive of non-glomerular alterations that occur with
increased frequency in diabetics, i.e., pyelonephritis, papillary necrosis
and atherosclerosis). Thus, in evaluating patients with asymptomatic
proteinuria, nephrotic syndrome and proteinuria with microscopic hema-
turia and pyuria, diabetes mellitus should be considered. Diabetic ne-
phropathy invariably progresses and this may be reflected in progression
of clinical manifestations from asymptomatic proteinuria to nephrotic
syndrome, that may be associated with an abnormal urine sediment and
hypertension. Progressive azotemia also occurs [26, 76].

Screening for diabetes includes a fasting blood sugar, a 2-hour post-
prandial glucose and, in questionable cases, a glucose tolerance test. The
presence of renal failure, however, may make results difficult to inter-
pret. A renal biopsy is not necessary in the vast majority of diabetic
patients who develop renal disease, although when the diagnosis is not
clear, a biopsy may be helpful.

Pathologically, the diabetic kidney combines features of arteriosclero-
sis involving large vessels (renal artery and its branches) and small
vessels, including hyalinization of afferent and efferent arterioles and
glomerulosclerosis. There appears to be excessive accumulation of base-
ment membrane and mesangial matrix in many cases, with the devel-
opment of diffuse glomerulosclerosis, and in a smaller percentage of
patients, a nodular sclerotic lesion, the Kimmelstiel-Wilson lesion.
Associated with these changes is a variable degree of tubular degenera-
tion, atrophy and dilatation. Hyaline or exudative lesions, in which
eosinophilic material is deposited along Bowman’s capsule, in Bowman’s
space or in capillary lumens may also be seen |2, 26].

Diabetic nephropathy eventually develops in a significant number of
patients and accounts for 6% of all diabetic deaths and 20% of deaths
in diabetic patients under 40. A poor prognostic sign is the presence of
proteinuria, and patients without proteinuria often do not develop renal
failure [86]. If proteinuria develops, the time from the diagnosis of
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diabetes to its onset is approximately 15 years in juvenile diabetes and
20 years in adult onset diabetes. Once nephropathy is established, it
progresses and protein excretion may remain high, in spite of a decreas-
ing glomerular filtration rate. Virtually all patients with persistent ne-
phrotic syndrome will be in renal failure within 5 years. Nodular scle-
rosis is associated with hypertension, retinopathy, proteinuria and azo-
temia. It is always accompanied by varying degrees of diffuse sclerosis.
The extent of the diffuse sclerosis and not the nodular lesion correlates
directly with the extent of clinical renal disease[26].

Therapy for patients with diabetic nephropathy should be directed at
its sequelae, i.e., hypertension and nephrotic syndrome, as already out-
lined. There is no specific treatment for the lesion itself and the role for
control of the diabetes, is not clearly established. Other entities includ-
ing pyelonephritis, papillary necrosis and neurogenic bladder require
specific treatment as indicated in other chapters.

7.1.2. Ampyloidosis

Amyloidosis may occur in previously healthy adults (primary amyloido-
sis) or in a setting of chronic inflammatory or neoplastic disease (secon-
dary amyloidosis). In either case, the renal involvement that occurs in
the vast majority of cases is often initially clinically overshadowed by
involvement of other organ systems[51].

Renal amyloid deposition is usually most maked in glomerular capil-
lary loops and the resulting clinical expression is proteinuria and ne-
phrotic syndrome[40]. These are often accompanied by microscopic
hematuria, granular and fatty casts and, if extensive infiltration occurs,
azotemia. Uncommonly, tubular syndromes (renal tubular acidosis, ne-
phrogenic diabetes insipidus) are prominent. This may be due to peritu-
bular amyloid deposition. Acquired Fanconi syndrome has been describ-
ed in amyloidosis, which may be due to proximal precipitation of Bence
Jones protein, and which may precede amyloid deposition by years.

Amyloidosis should be a clinical consideration in the following
groups:

a) previously healthy adults presenting with proteinuria or nephrotic
syndrome. In this setting it is uncommon under the age of 40 but may
account for 15% of idiopathic nephrotic syndrome in adults over 50.
Systemic infiltration with congestive heart failure, orthostatic hypoten-
sion, carpal tunnel syndrome, peripheral neuropathy and malabsorption,
may overshadow renal dysfunction [51];

b) patients with chronic inflammatory diseases who develop protein-
uria or nephrotic syndrome. The most common clinical situations
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include rheumatoid arthritis, osteomyelitis, paraplegics with chronic uri-
nary tract infections or decubiti, syphilis, leprosy, bronchiectasis, ulcer-
ative colitis and regional enteritis[51];

c) patients with multiple myeloma and other neoplastic conditions
who develop significant proteinuria [51];

d) familial amyloidosis and patients with familial Mediterranean fever
and proteinuria.

Amyloid is a protein that in some cases (primary amyloidosis, multi-
ple myeloma) has the structure of the variable portion of light chains
and in other cases is of indeterminate origin. Diagnosis is made by
biopsy of an involved organ, and Congo Red staining that reveals a
characteristic green birefringence when viewed under polarized light.
Although a variety of tissues and urine have been sources for diagnosis,
rectal biopsy carefully including lamina propria is positive in 85% of
cases[51]. The kidney and liver should be avoided as primary biopsy
sites because of an increased bleeding tendency.

Although a variety of agents including steroids, cyclophosphamide,
melphalan, and colchicine, have been tried in primary amyloidosis,
further trials are necessary to determine their efficacy. Treatment should
be directed at controlling clinical sequelae, such as nephrotic syndrome.
Secondary amyloidosis, may improve with eradication or control of the
underlying disease.

7.2. Hereditary nephritis

A number of inherited disorders are associated with renal dysfunction.
The one to which the term is most commonly applied, Alport’s syn-
drome, involves a varying expression of eye, ear and renal involve-
ment.

Alport’s syndrome commonly expresses itself in childhood or adoles-
cence. It is usually evident initially as asymptomatic, persistent, micro-
scopic hematuria or as an acute nephritic syndrome with recurrent
episodes of macroscopic hematuria, closely following an upper respirato-
ry infection or exercise. Significant proteinuria is also often evident,
suggesting significant underlying pathology, but nephrotic syndrome per
se is an uncommon event[17, 69].

Alport’s syndrome should be a consideration when:

a) other younger members of the family have a history of renal
disease;

b) the patient and/or other family members have hearing (neurosen-
sory) or ocular (lenticonus, spherophakia, retinitis pigmentosa) abnor-
malities.
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There are no specific serological alterations in Alport’s syndrome, and
diagnosis is made in the appropriate clinical setting by characteristic,
although not specific, findings in the kidney biopsy. Light microscopic
findings are not specific, and in early stages light microscopy may be
normal. Progression of disease reveals mesangial proliferation, increased
mesangial matrix and thickened capillary walls, which ultimately result
in periglomerular fibrosis and hyalinization. Interstitial changes often
predominate (chronic interstitial nephritis), and characteristically ‘foamy
cells’ are found especially at the corticomedullary junction. Immuno-
fluorescence is typically negative. Electron microscopy reveals what has
become the most characteristic lesion of hereditary nephritis: the glo-
merular basement membrane has areas of thickening and thinning, and
the thickened areas contain a split lamina densa, separated by clear
areas containing electron dense particles[32]. This is an important fea-
ture, because some families have ‘hereditary benign hematuria’, a non-
progressive condition, with no associated hearing defect and a uniformly
thinned basement membrane on electron microscopy.

Most families with Alport’s syndrome appear to inherit it in an
autosomal dominant pattern with variable penetrance. Males tend to be
more severely affected than females and reach end stage renal failure by
2540 years. Females in affected families may manifest minor urinary
abnormalities, but occasionally also develop renal failure.

There is no specific therapy for Alport’s syndrome and treatment
should be directed at appropriate management of chronic renal failure.

Another inherited disease associated with hematuria, proteinuria and
the development of renal failure at a later age, usually in the fifth
decade, is Fabry’s disease, an inborn error of glycosphingolipid metabol-
ism (deficiency of a tissue alpha galactosidase activity). Patients with
Fabry’s disease accumulate glycosphingolipid in a number of tissues
throughout the body. Although the natural course of the disease often
ends in progressive renal failure, and this may be the only presenting
sign, other clinical manifestations, including acroparasthesias, coronary
or cerebral insufficiency or a characteristic papular skin lesion (in men
only) may be more prominent [66].

Therapy in these patients directed at enzyme replacement, including
renal transplantation, has met with variable success. Since the course
and presentation is most compatible with a chronic nephritic syndrome,
conservative management as outlined in other sections is most appro-
priate.
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7.2.1. Sickle cell disease

A number of prominent renal syndromes have been described in sickle
cell disease or trait. Although renal infarction, papillary necrosis and
tubular dysfunction are all asociated with sickle cell disease, two other
syndromes, recurrent hematuria and proteinuria, are relevant to glome-
rulopathies.

A major cause of gross, painless hematuria in blacks, is the presence
of sickle cells. More frequent with trait than with sickle cell disease, the
hematuria may be spontaneous or precipitated by exercise. The source
of the hematuria appears to be an ischemic renal medulla caused by
medullary intravascular sickling (resulting from hypertonicity, acidity,
hypoxia) and not a glomerular lesion. Patient evaluation is the same as
for all patients with hematuria, but the diagnosis of sickle hemoglobin
induced hematuria is still one of exclusion. Associated clinical and
laboratory findings include a urine sediment containing sickled red cells,
concentrating defects and a high incidence of pyelographic abnormali-
ties, especially calyceal defects. The rest of the evaluation is unremark-
able and renal biopsy is unnecessary [21, 87].

Therapy may be directed at the factors predisposing to medullary
sickling and include aggressive hydration and diuresis to produce a
hypotonic urine, administration of alkalynizing agents [49], and adminis-
tration of aminocaproic acid in divided doses up to 4 grams per
day [24].

The presence of persistent proteinuria and/or the development of
nephrotic syndrome in patients with sickle cell anemia should suggest
possible underlying glomerulonephropathy. Clinical and laboratory eva-
luation may reveal evidence of a normocholesterolemic nephrotic syn-
drome with varying renal function. Other serological parameters (includ-
ing complement levels) are normal. Renal biopsy most commonly re-
veals membranoproliferative changes or focal segmential sclerosis.
These changes may be related to circulating iron-protein complexes
produced during crisis or possibly to circulating immune complexes[21].
The nephrotic syndrome is not associated with sickle trait.

Progressive renal failure may occur in the nephrotic syndrome asso-
ciated with sickle cell disease and no specific therapy has been of value.
Successful dialysis and transplantation is possible.

7.3. Infectious disease

A variety of infectious diseases are occasionally followed by clinical and
pathological evidence of glomerulonephritis. Some of the relationships,
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including bacterial endocarditis and shunt nephritis, are well established,
whereas others remain anecdotal.

7.3.1. Chronic bacteremia and viremia

In the pre-antibiotic era, renal failure was a common cause of death in
patients with bacterial endocarditis. Friable valvular vegetations may
embolize and produce microscopic or macroscopic hematuria with focal
infarctions. Unless infarction is extensive, patients remain asymptomatic
and renal function is preserved. An acute nephritis may also occur and
patients have hematuria, red blood cell casts, proteinuria and varying
degrees of azotemia[34]. This group of patients were often treated for
infection late in their course, and the acute nephritis is associated with
hypocomplementemia, rheumatoid factor, cryoglobulins and other im-
mune complexes [1, 3]. Nephrotic syndrome is uncommon, but a picture
consistent with rapidly progressive glomerulonephritis may evolve. This
group of patients may show a striking clinical resemblance to patients
with lupus and, from a therapeutic point of view, it is obviously impor-
tant to distinguish between them [34].

In these clinical situations, especially when a newly detected heart
murmur is evident, endocarditis should be considered and blood cul-
tures and an echocardiogram should be done to help arrive at a diagno-
sis. Circulating immune complexes should also be measured. Antibiotic
therapy for the endocarditis results in decreased complex formation and
concomitant resolution of the glomerulonephritis[6]. No other specific
therapy is available.

Circulating immune complexes and immune complex deposition may
also be associated with a membranoproliferative glomerulonephritis in
patients with infected ventriculo-atrial shunts for the correction of
hydrocephalus. Staphylococcus albus is the most commonly isolated
organism. Patients are often nephrotic and may have microscopic or
macroscopic hematuria, varying degrees of azotemia and are hypocom-
plementemic with circulating cryoglobulins, rheumatoid factor and other
immune complexes. Antibiotic therapy often results in improve-
ment [48].

A number of other infectious agents that are uncommon in the
United States are associated with glomerulonephritis. Congenital syphil-
is may be accompanied by a mixture of the nephrotic and nephritic
syndromes and the nephrotic syndrome may accompany secondary
syphilis. In either case, improvement may occur spontaneously or after
antibiotic therapy. A small percentage of patients with leprosy may
develop an immune complex glomerulonephritis. Chronic parasitic
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infection leads to immune complex formation, and secondary glomeru-
lonephritis may be seen in malaria (P. malariae, P. falciparium) and
Schistosoma mansoni. These entities are usually unresponsive to
therapy directed at the offending agents.

Chronic viremia, specifically hepatitis B virus infection, may be
accompanied by hypocomplementemia and a systemic vasculitis that
involves the kidneys. Of interest is one report documenting the pre-
sence of Hb antigen in deposits eluted from a number of primary
glomerulonephritides, although its pathogenetic role has not been estab-
lished.

Table 4. Acute infection and associated clinical syndromes.

Infectious Agent Clinical Syndrome

Bacterial infection

D. pneumoniae Acute nephritis
Leptospirosis Acute nephritis
S. typhosa Acute nephritis
Staphylococcus Acute nephritis
Tuberculosis Nephrotic syndrome
Viral infection
Infectious mononucleosis Nephrotic syndrome, acute nephritis
CHV Nephrotic syndrome
Hepatitis B Nephrotic syndrome, acute nephritis
Varicella Acute nephritis
Mumps Acute nephritis
Echo, coxsackie Acute nephritis
Parasites
Toxoplasmosis Acute nephritis, nephrotic syndrome

7.3.2. Acute infection and glomerulonephritis

A number of other infectious agents have been associated with a glo-
merulopathy. Since few cases have been reported, the true nature of the
relationship remains unclear. The agents and the clinical syndromes
they have been associated with, are listed in Table 4. Most of these
infectious glomerulonephritides are nonprogressive and therapy should
be directed at the underlying infection.

7.4. Toxic nephropathy

A variety of substances to which patients become exposed either deli-
berately as medications or inadvertently may be responsible for the
development of nephrotic syndrome. The toxic mechanisms in most
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cases are poorly understood and elimination of the toxin does not
always lead to resolution of renal involvement. Nonetheless, a careful
history is necessary to determine exposure to any of the substances
listed in Table 5 and exposure should be discontinued and reexposure
avoided.

Table 5. Toxic nephrotic syndrome

Medication
Gold (organic compounds)
Mercury
Penicillamine
Probenecid
Oxazolidine Compounds
Miscellaneous
*Cut’ heroin
Snake bites
Bee stings
Vaccinations
Pollen allergen

7.5. Collagen vascular disease

The immune nature of the collagen vascular diseases accounts for an
extremely high incidence of associated glomerulonephritis. It is impor-
tant to remember that these are systemic diseases, diagnosed by clinical
and laboratory studies. Renal biopsy is compatible with the systemic
disease, but not diagnostic of it.

7.5.1. Systemic lupus erythematosis (SLE)
Lupus nephritis is a diverse clinicopathological entity capable of mim-
icking all of the clinical syndromes thus far described. Renal manifesta-
tions may dominate the clinical picture, suggesting a primary glomeru-
lonephropathy, or extrarenal involvement may make the diagnosis more
apparent. In either case, the varying incidence of reported renal involve-
ment probably reflects the diligence with which it is looked for, and
clinical and pathological severity may occasionally be quite disparate.
In all of the clinical syndromes mentioned above, SLE should be
considered. This includes patients with asymptomatic urine abnormali-
ties, nephrotic and nephritic syndrome, rapidly progressive glomerulo-
nephritis and chronic nephritic syndrome[1, 3]. In each case, a careful
history, physical and laboratory evaluation to reveal evidence of sys-
temic disease fulfilling the American Rheumatology Association criteria
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for a diagnosis of SLE, is necessary. Similarly, when a diagnosis of SLE
is made, evidence of renal involvement should be searched for. In
addition to clinical criteria, serological studies (i.e., antinuclear antibod-
ies, anti-DNA antibodies) greatly aid a diagnosis of SLE. The presence
of immune complexes, including DNA-anti-DNA antibody complexes,
may be found and patients with active renal disease are frequently
hypocomplementemic (C;, C, and total CHS50 activity). Urinalysis fre-
quently reveals red and white blood cells and a variety of casts, either
individually or together in a ‘telescoped urine’. Proteinuria, frequently
in the nephrotic range, and varying functional impairment, may be
evident.

The renal pathology of lupus mimicks many forms of glomerulone-
phritis and a number of systematic approaches to classification are in
use. The lesions seen vary in extent and severity from no obvious light
microscopic change, through mesangial proliferation and focal and seg-
mental proliferative glomerulonephritis, to diffuse proliferative lesions
including crescent formation. In addition, a membranous lesion may
also be seen. Serial evaluation of the pathology and clinical course in
some cases, may reveal the transformation of a milder, less severe
lesion to a more progressive disease[l,28]. Immunofluorescence and
electron microscopic evaluation confirms the presence of immune com-
plexes and reveals granular deposits of immunoglobulin (especially 1gG)
and complement in the mesangium and capillary loops. Deposits may
be present in the mesangium, subendothelially, subepithelially or intra-
membranously, and their magnitude and extent corresponds to the
severity of light microscopic alteration. Extensive subendothelial deposi-
tion gives the appearance of capillary wall thickening, and results in the
‘wire loop’ lesion (1, 3].

The type of renal lesions may affect the overall prognosis, but as
already mentioned, mild lesions may occasionally progress to more
severe lesions. The role of therapy in lupus nephritis remains unre-
solved. Although steroid administration clearly improves extrarenal ma-
nifestations, the long term benefit of the wide range of immunosuppres-
sive regimens (azathioprine, cyclophosphamide, high dose steroid
‘pulse’) used to treat lupus nephritis remains speculative and generally
unproven [18, 25]. The following recommendations are reasonable at this
time.

(1) Patients with mild lesions including mesangial proliferation do not
develop renal insufficiency, unless transformation of the lesion (occur-
ring in perhaps one third of patients) occurs and therapy for the renal
lesion itself is not recommended.
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(2) Patients with focal proliferative and diffuse proliferative glomeru-
lonephritis may be extremes of a similar type of involvement. Although
the courses have been considered to be different (five year renal survival
in patients with focal proliferative disease 70%, versus diffuse prolifer-
ative disease 25%), a recent study suggests they may be similar. Ste-
roids may benefit these patients. They should be continued for no more
than 8-12 weeks in high dosages, then decreasing to the lowest dose
that is sufficient to control non-renal lupus. Therapy for episodes of
deterioration should be based on protocols allowing objective evaluation
of their efficacy. The side effects of prolonged high dose steroids are
considerable, and dialysis and transplantation are more suitable alterna-
tives.

(3) Patients wih membranous nephropathy tend to do well (5 year
renal survival 85%) and therapy may be the same as for idiopathic
membranous nephropathy.

7.5.2. Vasculitides

The vasculitides consist of a wide spectrum of diseases that have in
common a pathogenesis characterized by immunologically mediated
vascular inflammation and necrosis. Vasculitis may be associated with
immune complex deposition in vessel walls, with activation of a variety
of mediators of inflammation, or with extensive cellular infiltration [23].
These responses are systemic in nature and the kidney’s peculiar vul-
nerability arises from the high renal blood flow, the large renal vascular
surface area and the unique sieving and concentration functions of the
kidneys. The clinicopathological results of vasculitis involving the kid-
neys include a number of recognizable syndromes that have been clas-
sified in different ways. Although renal involvement may be significant,
systemic manifestations may be more prominent and usually systemic
symptoms are the ones that bring patients to physicians’ attention.

7.5.2.1. Polyarteritis nodosa. Polyarteritis nodosa is a clinicopathological
syndrome in which vascular lesions, at different stages of development,
involve small and medium sized arteries throughout the body. Renal
involvement, at least initially, is most often characterized by a vasculitis
affecting interlobar and arcuate arteries, with disruption of the elastic
lamina, fibrinoid necrosis of the vessel wall and subsequent aneurysm
formation. The resulting renal lesions are due to ischemia, and glome-
ruli respond with varying degrees of proliferation and necrosis. Upon
healing, these become sclerotic and obliterated. Patients are usually
hypertensive and have asymptomatic proteinuria and hematuria. Neph-
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rotic syndrome is uncommon, and patients may occasionally present
with severe renal insufficiency and few urinary findings. Progressive
renal failure is more commonly a late occurrence, when it occurs.
Systemic manifestatins of the disease include fever, arthralgia, monon-
euritis multiplex and affected organ infarction, and these findings often
overshadow renal involvement. Hepatitis B antigenemia may also be
present [23, 29].

7.5.2.2. Allergic granulomatosis. Allergic granulomatosis includes many
features of polyarteritis nodosa and is distinguished by pulmonary
involvement that may be characterized by asthmatic attacks. In addi-
tion, eosinophilia, eosinophilic tissue infiltration and granuloma forma-
tion occur. In addition to involving the same sized vessels as polyarter-
itis nodosa, capillaries and venules may be involved resulting in necro-
tizing glomerular lesions. Systemic manifestations tend to dominate the
clinical picture, but uremia may be a sequelae. Although polyarteritis
nodosa and allergic granulomatosis appear to be two distinct syndromes,
features of both, including renal involvement, may be present in so-
called ‘overlap’ syndromes|[23, 29].

7.5.2.3. Hypersensitivity vasculitis (small vessel polyarteritis). The common
involvement of medium sized arteries in polyarteritis and allergic gran-
ulomatosis contrasts with the characteristic small vessel involvement
seen in the syndromes collectively referred to as hypersensitivity angiitis
(hypersensitivity vasculitis, allergic vasculitis, leukocytoclastic vasculitis,
microscopic polyarteritis). Inflammation in these small vessels is usually
associated with immune complex deposition, arising in response to
exogenous or endogenous antigens. The most common organ involved
is the skin, leading to a variety of lesions, including typical purpura.
Other organ involvement may occur and results in nonspecific symp-
toms similar to typical polyarteritis. With renal involvement, an active
urine sediment may also be seen. Renal disease may not progress or
may evolve into the syndrome of rapidly progressive glomerulonephri-
tis. Nephrotic syndrome may also be seen. Histologically, renal involve-
ment occurs in small caliber vessels and the glomeruli may be predom-
inantly involved. Focal proliferation or fibrinoid necrosis and crescent
formation may be seen. Electron microscopy is nonspecific and immu-
nofluorescence reveals scanty mesangial IgG, IgM and complement
deposition. Areas of necrosis and crescent formation may show promi-
nent deposition of fibrin. An episode of hypersensitivity angiitis may
occur after an upper respiratory tract infection or may follow drug
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exposure. The clinical course may be self-limiting with only one episode
or may recur intermittently without new exposure. Clinically distinct
recognizable forms of hypersensitivity angiitis include serum sickness.
Henoch-Schonlein purpura and the syndromes associated with mixed
essential cryoglobulinemia.

7.5.2.4. Henoch-Schonlein purpura. Henoch-Schonlein purpura (anaphy-
lactoid purpura) is a leukocytoclastic vasculitis that includes a character-
istic pattern of skin, joint, gastrointestinal and renal involve-
ment[5,23,57] It tends to occur more commonly in children than
adults. The characteristic syndrome may be less evident in adults. The
severity of systemic signs and symptoms are not related to the severity
of the renal lesion, and renal involvement has been reported in
20-100% of cases, depending on the criteria used and the diligence with
which it is searched for. The syndrome of Henoch-Schonlein purpura
may evolve variably over days or weeks with renal involvement evident
at any time, but generally after other symptoms have appeared. The
most common urinary abnormalities are microscopic hematuria and
proteinuria. Macroscopic hematuria may also be seen, and an acute
nephritic syndrome may occur in more severe cases. Nephrotic syn-
drome, a rapid decline in renal function similar to rapidly progressive
glomerulonephritis or gradual progression to uremia may occur. They
are seen most commonly as a sequel to a presentation as the acute
nephritic syndrome[5, 57].

An upper respiratory tract infection may precede the onset of the
syndrome, and ASLO titres may be elevated in some cases. Relapses
may occur following exposure to cold or allergens, but their pathogen-
etic relationship remains unclear. Serological studies are generally nor-
mal, except for an elevated IgA on immunoelectrophoresis in about
50% of cases. Immunofluorescent studies on skin biopsies from areas of
purpuric and normal skin may reveal IgA deposition in dermal capillar-
ies and connective tissue. Kidney biopsies are usually characterized by a
focal and segmental proliferative glomerulonephritis as well as small
vessel vasculitis, and are distinguished by the diffuse mesangial IgA
deposition seen on immunofluorescence [5, 57].

There is no evidence to suggest that specific therapy affects the
course of the renal disease. Less than 50% of patients with the syn-
drome have renal involvement that exceeds inapparent microscopic
hematuria and proteinuria. According to renal presentation, long term
follow-up reveals the following:

a) patients with microscopic hematuria alone do very well;
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b) 10-20% of patients with significant proteinuria and hematuria may
develop renal insufficiency or active renal disease by 10 years;

¢) patients who develop nephrotic syndrome have the poorest progno-
sis and over 50% are hypertensive, nephrotic or azotemic at 10 years.

Children and adults with renal disease may have a recurrence of the
clinical syndrome for several years, with no evidence of worsening renal
function.

7.5.2.5. Cryoglobulinemia and vasculitis. A number of diseases are asso-
ciated with circulating cryoglobulins and cryoglobulinemia may also
occur spontaneously as part of the syndrome of mixed essential cryoglo-
bulinemia. In both cases, essential and secondary, a typical hypersensi-
tivity vasculitis may occur. Secondary or mixed essential cryoglobuli-
nemia may present clinically with a purpuric rash, occurring especially in
areas exposed to the cold, arthralgias, acroparesthesias, fever and hepa-
tosplenomegally [11]. Renal involvement may be indicated by hematuria,
proteinuria, the nephrotic syndrome, and rapidly progressive glomeru-
lonephritis may evolve. Patients have an elevated erythrocyte sedimen-
tation rate, positive rheumatoid factor, may be hypocomplementemic,
may have circulating hepatitis B antigen, and may or may not have a
primary underlying disorder (i.e., rheumatic, neoplastic). The circulating
cryoglobulins usually consist of a monoclonal component with antibody
activity to a polyclonal IgG, although other variations also occur and
may give symptoms/[11, 16, 31]. Renal biopsy often reveals a diffuse
proliferative glomerulonephritis and some crescent formation may
occur. Treatment should be directed at lowering the cryoglobulin level
and this may be accomplished by intermittent plasmapheresis. If an
underlying disease exists, then treatment directed at its control may be
helpful {11].

Circulating cryoglobulins may also be found in a variety of primary
glomerulonephritides, without systemic disease. The type of glomerular
alteration most commonly seen is a crescentic or an acute exudative
glomerulonephritis [11].

7.5.2.6. Wegener’s granulomatosis. Wegener’s granulomatosis represents
another type of vasculitis, in which a clinical picture of upper and lower
respiratory tract involvement and a glomerulonephritis develop secon-
dary to a granulomatous vasculitis [23, 91].

The syndrome is more common in males and evidence of systemic
involvement may be apparent, including keratoconjunctivitis, uveitis,
otitis media, necrotizing skin lesions, arthralgias, mononeuritis multi-
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plex and coronary artery insufficiency. Renal biopsy reveals a necro-
tizing glomerulonephritis that may be segmental or diffuse and includes
a granulomatous vasculitis involving both small arteries and veins.
Although evidence for the presence of circulating immune complexes
during active disease may be present, their pathogenetic role is unclear.
Immunofluorescence of renal tissue may reveal patchy deposition of
immunoglobulins. Identification of this disease is important since recent
reports suggest a combination of prednisone and cyclophosphamide may
greatly improve the outcome [23].

7.6. Dysproteinemias

The dysproteinemias include multiple myeloma, benign monoclonal
gammopathy and Waldenstrom’s macroglobulinemia. Exept for the
development of amyloidosis in association with multiple myeloma, sig-
nificant disease attributable to glomerular pathology is uncommon.

Patients with multiple myeloma rarely develop a glomerular lesion
similar to the nodular sclerosis of diabetic nephropathy. ‘Myeloma’
kidney and its varying clinical manifestations, including renal failure,
are attributable to tubular rather than glomerular disease. Some patients
with benign monoclonal gammopathy have mild proteinuria and hema-
turia. Rarely, the nephrotic syndrome and renal failure develop and
renal biopsy reveals diffuse proliferative glomerulonephritis. Patients
with Waldenstrom’s macroglobulinemia behave similarly; they may
have mild proteinuria and hematuria, and rarely nephrotic syndrome
and progressive renal insufficiency. Acute renal failure may occasionally
result from intraglomerular IgM thrombi.

Treatment should be directed at the primary process and includes
appropriate chemotherapy and plasmapheresis as indicated.

7.7. Pregnancy

Glomerulonephritis in pregnancy is a complicated issue involving sever-
al separate and often overlapping considerations including the follow-
ing:

a) pregnancy with a history of acute or chronic glomerulonephritis;

b) glomerulonephritis first appearing during pregnancy;

¢) toxemia and its postpartum sequelae as it relates to the above two
or developing de novo in pregnancy.

In women with a history of acute or chronic glomerulonephritis,
consideration is directed at how these conditions affect the fetus, and at
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the same time, what effect the pregnancy will have on the underlying
renal disease. Women with a history of acute glomerulonephritis may
safely become pregnant when no disease activity is evident. After reso-
lution, a one-year interval of observation is suggested before pregnancy
is considered and then close attention should be paid to blood pressure,
proteinuria and renal function during the pregnancy. Women with a
prior history of focal glomerulonephritis and Berger’s disease have no
added difficulty during pregnancy. In women with chronic glomerulon-
ephritis, the incidence of preeclampsia is approximately 17% and it may
occur much earlier in the pregnancy than in normal women. This risk
arises especially in women with antecedent hypertension. The presence
of azotemia also adversely affects the pregnancy. The same variables
also adversely affect pregnancy in women with the nephrotic syndrome
and their babies tend to be small and premature. There is no objective
evidence suggesting that pregnancy adversely affects the natural course
of the underlying renal disease, although this may occasionally appear
to occur on an individual basis [24].

Acute glomerulonephritis has been rarely reported to occur during
pregnancy. Although fetal loss is high, a successful outcome is possible
and termination of the pregnancy is only indicated if blood pressure or
fluid balance cannot be controlled and if renal function declines. If
preeclampsia develops in the last trimester, it is difficult to differentiate
from acute glomerulonephritis. Findings suggestive of acute glomeru-
lonephritis include a history that may suggest an etiology, a urinalysis
with red blood cells and red blood cell casts, and appropriate serology
including an elevated ASLO titer and hypocomplementemia. There is
no evidence to suggest that the course of acute glomerulonephritis is
affected by pregnancy, although changes due to superimposed pre-
eclampsia may be expected to improve postpartum [24].

Preeclampsia is a multisystem disease occurring most commonly in
the last trimester of pregnancy with an increased incidence in young
primiparous and older primiparous women. It is defined by the devel-
opment of relative or absolute hypertension, proteinuria and edema.
The onset of seizures changes the terminology to eclampsia. Physiolog-
ically, a relative reduction in glomerular filtration rate occurs, plasma
volume is decreased, serum renin and angiotensin levels decline and
vascular reactivity to angiotensin infusion increases in the last trimester.
Women who develop preeclampsia may complain of generalized edema
(dependent edema commonly occurs in pregnancy without preeclamp-
sia), headaches, visual disturbances and irritability. Physical examination
reveals a relatively or absolutely increased blood pressure, vasospastic
retinal arteries, generalized edema and in more severe cases hyperactive
reflexes. Urinalysis is generally benign except for proteinuria and a few
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red cells and rare red cell casts. Serum uric acid is increased
(>4.5mg%) and evidence of low grade intravascular coagulation is
evident by the presence of circulating fibrin monomer. Renal biopsy at
this time reveals a nonimmunological insult characterized by ischemc
glomeruli with thickened capillary walls. Endothelial cells appear swoll-
en with foamy cytoplasm, so-called ‘endotheliosis’, containing fibrin
related products [24].

Differentiating preeclampamia from unmasked essential hypertension
is often difficult, especially when one is superimposed on the other.
Evaluation of protein excretion, serum uric acid and the degree of
hypertension may be helpful.

Treatment of women with preeclampsia must be individualized. The
goals to be achieved include maternal and fetal well-being with optimal
timing of the delivery if possible, control of blood pressure and the
prevention of decreasing renal function and eclampsia. Therapy begins
with an accurate diagnosis, and symptoms may be controlled with
bedrest, sedation and a low salt diet. Antihypertensive therapy is deter-
mined by the severity of hypertension. It includes diet and rest, if mild;
the addition of apresoline or alpha metyldopa if further therapy is
required, but diuretics should be avoided. If hypertension is severe,
parenteral medications are required. No absolute drug contraindications
exist. Delivery may be necessary if blood pressure cannot be controlled,
if renal function declines, if coagulopathy worsens, or if eclampsia
occurs. Otherwise, delivery is based on evaluation of fetal viability
(lecithin: sphingomyelin ratio) and placental sufficiency.

The long term sequelae of preeclampsia or eclampsia remains unclear.
It is not known whether a significant percentage of these women will
have sustained hypertension or renal disease, and it appears only a third
of them will have subsequent episodes of toxemia.
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5. URINARY TRACT INFECTION AND
PYELONEPHRITIS

Luis Taria

The relationship between urinary tract infection (UTI) in the absence of
structural abnormalities and chronic renal failure is not well under-
stood[2,5,7,8,20]. The confusion probably originated from early
reports in which nearly 60% of patients dying of uremia had the
pathological diagnosis of chronic pyelonephritis, which was based on
morphological findings common to all chronic interstitial nephritis.
However, new data indicates that only a small percentage of interstitial
nephritis is secondary to UTI[24]. Furthermore, long-term follow-up in
adults with chronic urinary tract infections revealed that persistent uri-
nary tract infection does not produce renal damage([7, 8, 19], unless it is
associated with an obstructive uropathy [13]. Urinary tract infection in
young children[32, 54], however, is a more serious problem because it
tends to be associated with a high incidence of vesicoureteral reflux and
consequent renal parenchymal damage [25].

This chapter will be limited to discussion of incidence, pathogenesis
and management of UTI in patients with no obstructive uropathy.

l. PREVALENCE

1.1. Overall incidence

The urinary tract is second only to the upper respiratory tract as the
most common site of infection in young women; 12 out of 1,000
consultations in general practice are for symptoms related to urinary
tract infection[7]. It accounts for 7% of all infections in the general
population and 40% of all nosocomial infections [50].
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1.2. Prevalence of urinary tract infection in children

Survey studies in newborns[1, 35] have shown that among children
under the age of 1 year, boys are more susceptible to urinary tract
infections, with a reported incidence of 1-2.7%. This is probably related
to the higher occurrence of congenital malformations of the urinary
tract in boys. In pre-school children[15], the incidence ranged from
0.2-2% in boys and 0.8-7% in girls. However, when aseptic conditions
were observed and specimens were collected by professional personnel,
the incidence was significantly lower. A survey in school en-
trance [31, 44] revealed that 1.2-1.6% of girls and .03% of boys had
significant bacteriuria. Girls are more susceptible to recurrent infections
than boys, probably because of the high incidence of urethral abnormal-
ities seen in girls[6, 15]. Seventy percent of girls with recurrent urinary
tract infections had distal urethral stenosis and 80% of these girls were
cured after dilatation of the stenosis. Follow-up studies in school girls
showed that the prevalence of significant bacteriuria rises steadily with
age, with an annual acquisition rate of 0.4%. Thus, 5-6% of school girls
will have urinary tract infections by the time they leave school.

1.3. Prevalence of urinary tract infection in adults

The prevalence of significant bacteriuria in adults[3, 7, 52] between the
ages of 16-65, ranges from 4-6% in females and 0.5% in males.
Follow-up studies indicated that spontaneous remissions and new infec-
tions occurred at a rate of 1% per year. Consequently, at any given
time, the prevalence remains about the same in females. The incidence
of significant bacteriuria rises with age to 10-25% in women older than
60 years and 7% in men of the same age. The incidence of bacteriuria
in pregnant women[11, 56] is not higher (6-8%) than in non-pregnant
women, however, approximately 20-30% of pregnant women with sig-
nificant bacteriuria develop acute pyelonephritis.

The association of sexual intercourse[12,30] and urinary tract infec-
tion is still controversial. Buckley et al. demonstrated that bacteria may
enter the urethra and perhaps the bladder during sexual intercourse.
They observed that 30% of intercourse episodes resulted in increases of
more than one log in bacterial colony count in urine. The rise in colony
count, however, was always transient.

The fact that females, sexually active or not, are more susceptible to
bacterial colonization than men has been demonstrated by comparative
studies done among sexually active women, nuns and male controls.
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However, this study also showed that among the women, celibacy was
associated with lower frequency of infection [33]. All these studies sug-
gest that conditions relating to the anatomy and physiology of female
genitalia, may play a role in the pathogenesis of urinary tract infection.
As suggested by Kunin[33], there is probably a certain population of
women whose urethra and vaginal mucosa are particularly susceptible to
bacterial colonization.

2. CLINICAL SIGNIFICANCE OF BACTERIURIA

Bacteriuria is an abnormal laboratory finding. Its significance varies in
many different circumstances. In a large survey done in the general
population, 100,000 subjects were screened; 5,000 of them had signifi-
cant bacteriuria. Of these, 80% had instrumentation of the urinary tract,
previous treatment for urinary tract infection, a history of diabetes or
hypertension and past pregnancy. Of these, 1,666 had persistent bacter-
iuria for over two years and all of them had histories of hypertension,
diabetes, abnormalities of the urinary tract, or kidney stones. Thus,
pre-existing renal disease seems to be a prerequisite for chronic UTI.

2.1. Pregnancy and urinary tract infection

Urinary tract infection in pregnant women may be deleterious to both
mother and child[11, 13, 56]. In the mother, acute pyelonephritis has
been reported to occur in 4-63% of the cases. The reason for this wide
difference is probably related to the criteria used for the diagnosis of
pyelonephritis. Using unified criteria, Brunfitt found that 31% of preg-
nant women with bacteriuria had acute pyelonephritis[11]. Acute pyel-
onephritis can induce prematurity and high fetal mortality. Early treat-
ment of pyelonephritis might prevent these complications. Even though
bacteriuria in pregnant women more often causes pyelonephritis than in
non-pregnant women, it rarely progresses to chronic renal disease.

2.2. Hypertension and urinary tract infection

The causal relationship between hypertension and pyelonephri-
tis[19, 33, 38] is obscure. Miall, Kunin and Freedman, in separate stu-
dies, reported that blood pressure is slightly higher in patients with
urinary tract infection than in control groups. The cause and effect
relationship between urinary tract infection and hypertension is still
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controversial. Some observers suggest that hypertension is predisposed
to pyelonephritis [45]. They hypothesize that ischemia and/or hypokal-
emia, that may complicate hypertension, make the kidney more suscep-
tible to infection. Others believe that pyelonephritis induces hyperten-
sion, based on the observation that hypertension subsides following the
treatment of pyelonephritis and that malignant hypertension is 10 times
more frequent in patients with pyelonephritis (15-20%) than in the
general population (2%).

2.3. Diabetes and urinary tract infection

Although urinary tract infections are not more frequent in diabetic
patients, when they do occur, they are more severe than in non-
diabetics. Previous reports indicate that the higher incidence of pyelon-
ephritis in diabetics was probably derived from autopsy findings in
which advanced renal changes secondary to diabetes were indistinguish-
able from those of pyelonephritis. Recent surveys in juvenile diabetics
showed that one out of 94 girls and none of 76 boys had significant
bacteriuria.

2.4. Bacteriuria in non-pregnant women

Urinary tract infection in non-pregnant women is usually a benign
condition [7, 8, 20, 52]. Asscher[7] followed 107 women with significant
bacteriuria and 87 matched controls over a period of 3-5 years. He
found no evidence of progressive kidney damage in untreated patients
with persistent bacteriuria, providing that hypertension and obstructive
uropathy were not part of the clinical picture.

2.5. Bacteriuria in children

Significant bacteriuria in young children is a more serious mat-
ter(7,43,47]. Failure to control it may lead to retardation of kidney
growth and pyelonephritis, especially when vesicoureteral reflux or uri-
nary tract obstruction are present. Vesicoureteral reflux is found in
approximately 30-60% of children with significant bacteriuria, and
approximately 20% of children under the age of five with significant
bacteriuria and associated reflux, have evidence of kidney damage by
intravenous pyelography.

In older girls (ages 5-11), bacteriuria usually remits spontaneously
within six months. Treatment of bacteriuria in this group can be post-



147

poned for this period of time, allowing spontaneous remissions to occur.
Only ‘high risk’ patients with urinary tract abnormalities may need to
be treated. Therefore, in children with persistent bacteriuria, screening
for urinary tract abnormalities is mandatory.

The natural history of significant bacteriuria in older boys[22] is
different from that in girls. Hallet et al. found that out of 73 boys with
significant bacteriuria, 30% had urological abnormalities, and 8% alrea-
dy had pyelonephritic changes. The source of infection was probably the
prepuce and urethral flora. Recurrence of infection in the absence of
urinary tract abnormalities was rare in this series.

2.6. Bacteriuria in men

In the absence of severe urological disease or concomitant non-infec-
tious renal disease, urinary tract infection in men[21], as in women, is a
benign condition. A U.S. Public Health Service cooperative study by
Freeman and collaboraters followed 249 men with bacteriuria for 10
years. All patients with persistent bacteriuria received specific antibiotic
therapy, followed by two years of prophylactic treatment with sulfame-
thizole, nitrofurantoin, methenaminmandelate or placebo. Continuous
therapy with antimicrobial agents delayed reoccurrence of bacteriuria
and reduced acute clinical exacerbations. However, after two years of
therapy, further antimicrobial therapy did not make any difference in
the subsequent clinical course of patients with obstructive uropathy.
They demonstrated that the best prognosis was in patients infected with
E. coli, without anatomical abnormalities within the kidney or urinary
tract, and those who had had no previous antibiotic therapy. The worst
prognosis was seen in patients with prostatic disease, stones, pyelon-
ephritis and mixed enterococcal infections.

2.7. Nosocomial urinary tract infections

Urinary tract infection is the most common nosocomial infection in the
U.S.[51]. It accounts for 40% of all hospital acquired infections, with
over 80% of these following catheterization or other urological manipu-
lations [50]. The risk of infection increases with the duration of hospital-
ization. Fortunately, the majority of these infections are benign with
relatively low morbidity and mortality. However, these infections are a
serious problem in patients with impaired immune response, i.e., elder-
ly patients with lengthy hospitalization for surgical and urological proce-
dures and serious underlying disease, immunosuppressed patients with
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malignancies such as leukemia and lymphomas, and patients who have
undergone kidney transplantation. In fact, 83% of patients with asso-
ciated bacteremia and 95% of patients that die of sepsis belong to this
group.

The transplanted group deserves special attention because approxi-
mately 60% of these patients developed urinary tract infections within
the first 4 weeks following transplantation[14,28,29]. Although these
infections were not associated with a particularly poor prognosis for
graft survival in general, we observed a significant difference in the
bacterialogic spectrum between the successful and unsuccessful trans-
plant groups and demonstrated an association between streptococcus
faecalis urinary tract infection and loss of the allograft[14].

3. PATHOGENESIS

Bacteriuria produces symptoms and diseases in some but not all indi-
viduals affected. As mentioned previously, there may be a susceptible
population of patients in which local and systemic immunological fac-
tors may play a role in the pathogenesis of chronic pyelonephritis, some
of which are described below.

3.1. Local barriers of invasion

The intact urinary tract has a great ability to resist infections. A normal
bladder can eliminate 99% of bacteria instilled into it by the simple
mechanical washout effect of urine flow. Furthermore, the bladder wall
secretes bactericidal substances including organic acids and other uni-
dentified substances[41]. The pH (<5 or >8) and high osmolality (over
800 in mOsm) of urine also have a bacteriostatic effect [39].

3.2. Cervico-vaginal antibodies

The cervico-vaginal secretions of normal women have antibodies that
protect them against bacterial infections. Using an antibody coated
bacteria technique, Stamey et al. demonstrated the presence of cervico-
vaginal antibodies in 77% of normal women and in only 26% of
women with recurrent urinary tract infections [49]. E. Coli were demon-
strated to adhere more avidly to mucosal cells isolated from the introi-
tus of susceptible women than the ones obtained from resistant women.
This was probably due to the absence of cervico-vaginal antibodies in
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the susceptible women. The most common antibody in the cervico-
vaginal fluid seems to be of the IgA type. IgG is also present and IgM is
detected in less than half of them.

3.3. Uroepithelial antibodies

Local antibodies of the IgG type were first documented in patients that
had a partial nephrectomy done because of localized pyelonephritis.
Subsequently, local antibodies of the IgA type were detected in the urine
of patients with urinary tract infections, who at the same time had IgA
antibodies to the same organism in serum.

The capacity of E. coli to adhere to uroepithelial cells from patients
with symptomatic and asymptomatic bacteriuria was studied by Eden et
al. [17] who found that E. coli adhesion to uroepithelial cells was much
higher in symptomatic patients than in asymptomatic patients. The
capacity for an organism to adhere or not to the renal tissue is probably
related to local antibody response: local antibodies coat the bacteria and
block their site of attachment to the host’s epithelial cells and prevent
symptomatic infections. However, bacteria with little or no capacity to
adhere may still be able to survive in the urinary tract, especially if
residual urine is present.

3.4. Systemic antibody response

In acute renal infections([23,40], IgM antibodies can be detected in
serum. IgG antibodies, on the other hand, are present in patients with
recurrent pyelonephritis. Levels of antibody titer correlate well with
degrees of radiological abnormalities in the kidney. Antibodies may
have a protective effect against hematogenous infections but their role
in ascending infections is not clear.

3.5. Other mechanisms

Local immunological factors can protect the host against bacterial inva-
sion of the kidney. However, their importance in the long term progno-
sis of urinary tract infection is uncertain [37)].

Some patients with radiographic changes suggestive of chronic pyel-
onephritis may give no past history of urinary tract infection. One
possible explanation is that these changes may not be due to chronic
infection but related to other causes of interstitial nephritis. However,
assuming the infection was the cause of these changes, several hypo-
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theses, some of them based on animal experimentation, have been
postulated. Kalmanson et al.[27] using parabiosed rats, demonstrated
that bacteria may initiate the lesion but were not needed for the pro-
gression or persistence of the disease. He postulated that a cell-mediated
mechanism is stimulated in the host, which would explain the persis-
tence of interstitial mononuclear cell infiltration and fibrosis, despite
eradication of the infections, and the occurrence of the disease in the
parabiosed rat.

Other studies[37] have shown that antibodies against E. coli cross-
react with kidney tissue due to an immunological similarlity between E.
coli and kidney antigens. It is conceivable, therefore, that antibodies
against E. coli could attack the kidney and the subsequent inflammatory
response might produce renal damage even in the absence of active
infection. Bacterial endotoxins have been shown to alter the antigenicity
of renal tissue. Thus, it would be theoretically possible for auto-antibod-
ies to be produced against this altered tissue and produce renal damage.
Bacterial antigenic residues have been demonstrated in the kidneys of
experimental animals for months after the induction of pyelonephritis.
This residue could stimulate the local production of antibodies by the
kidney and perpetuate the renal damage. Although the above immuno-
logical mechanisms may be important in the pathogenesis of pyelon-
ephritis in animals, they have not been proved to play a role in human
infections.

3.6. Vesicoureteral valve

The competency of the vesicoureteral valve is the most important factor
in the prevention of ascending infections in humans. The urinary tract
can become infected either by hematogenous or ascending routes. The
hematogenous route is uncommon except in those who have either a
systemic infection or defective immune system. The initial lesion is
usually in the form of cortical microabscesses. However, some organ-
isms, such as group D-streptococci and proteous species, have a predi-
lection for the medullary region. The ascending route of invasion is the
most common, but it only occurs when the vesicoureteral valve is
incompetent.

3.6.1. Functional vesicoureteral incompetency

Vesicoureteral valve competency can be altered by inflammation of the
bladder wall alone, without anatomical changes of the vesicoureteral
valve itself. This may explain the 30-60% incidence of vesicoureteral
reflux seen in children with bacteriuria. The reason for this vesicoure-
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teral valvular dysfunction during inflammation is probably related to the
anatomical characteristics of subepithelial tissue of the urinary tract. The
subepithelium is a continuous compartment that extends from the blad-
der to the ureters, renal pelvis and intra-renal interstitium. During an
inflammatory process, it could be affected in its entirety, rendering the
vesicoureteral orifice incompetent and allowing the urine to reflux into
the kidney. All these changes, however, are reversible as the inflamma-
tory process subsides.

3.6.2. Permanent vesicoureteral incompetency

Vesicoureteral incompetency can be permanent by either persistent
inflammation and scarring and/or due to congenital anatomical anomal-
ies of the vesicoureteral valve. The latter is common in children under
the age of 4 in whom reflux of urine, especially when it is
infected [43,47], will produce permanent renal damage with retarded
kidney growth and eventual renal failure.

3.6.3. Vesicoureteral reflux

The mechanism of renal damage by reflux has been studied in
humans[43,47] and pigs[25], by micturation cystograms during which
the radio-opaque material flows back from the calyces into the kidney in
a ‘fan shape’ distribution, up to the ducts of Bellini at the papillary tip
from where it spreads to the collecting tubules. The leak of urine
propelled in this fashion into the renal parenchyma, might produce
renal damage either by direct mechanical action or by the release of
tubular lysosomal enzymes. Cortical atrophy can be detected in the
areas where the reflux of urine is more pronounced. However, cortical
scars do not develop unless the urine becomes infected. In these cir-
cumstances, the renal medulla, because of its peculiar anatomical and
physiological characteristics, is more susceptible to infections than the
rest of the kidney. In fact, blood flow and oxygen delivery to this region
is markedly decreased, which lowers its resistance to injury. The high
ammonia concentration in this region has an anti-complementemic
effect that limits its inflammatory and chemotactic response. The hyper-
tonicity of the papilla interferes with the phagocytic function of leuko-
cytes and macrophages, and consequently allows the proliferation of
protoplast and L-forms in this part of the kidney.
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4. ETIOLOGY

4.1. Bacterial infection

The most common organisms involved in urinary tract infections are
the Gram negative bacteria, of which E. coli is the most com-
mon [21,51]. This organism is isolated most often from uncomplicated
acute urinary tract infections[21], but it has been involved in chronic
infections as well. Approximately 40% of urinary tract infections in the
general population are caused by E. coli, followed by Klebsiella, entero-
bacter, pseudomonas, proteus, group D-streptococcus and staphylococ-
cus. Approximately 20% of these infections are mixed infections. In
hospital acquired infections[51], E. coli is also the most common offen-
der with 46% incidence, followed by proteus 19%, klebsiella 14%,
pseudomonas 12%, enterobacter 7% and serratia 2%. Infections with
klebsiella, serratia and pseudomonas are usually superimposed infec-
tions in previously treated patients, with obstructive lesions, and are
often associated with bacteremia and high mortality rate.

Urinary tract infections with proteus[47], are commonly associated
with the formation of strubite or magnesium ammonium phosphate
stones. This bacteria has the ability to produce urease. Urease splits urea
and produces an alkaline urine, with higher levels of ammonium ions,
which produce super saturated urine and stone formation.

Infections with group D-streptococcus are common in patients with a
history of recurrent urinary tract infection[21,27]. According to Free-
man et al. [21], the isolation of this organism was an important signal of
a complicated and refractory urinary tract infection and progressive
renal failure. Streptococcus faecalis is known to produce protoplasts and
L-forms after antibiotic therapy. This may help to explain the persistant
infection and progressive renal damage. Also, as demonstrated by Kal-
manson in parabiosed rats, it may also trigger immunologic mechanisms
of cellular immunity that would explain the progressive renal damage in
the absence of active infection.

Streptococcus viridians, staphylococcus aureus and staphylococcus epi-
dermis are occasional urinary pathogens. Anaerobic bacterial infec-
tions [29] are rare but have been related to the presence of anatomic
abnormalities of the urinary tract, indwelling catheters, advanced age,
poor metabolic status and renal transplantation. In our experience, anae-
robic infections following renal transplantations occur in patients who
received cadaver renal grafts and who had been heavily immunosup-
pressed.
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4.2. Fungal infections

Fungal infections occur more frequently in patients with defective
immune systems, as in hematologic or lymphoproliferative malignancy
or kidney transplantation. Diabetics are also more prone to develop
fungal infections.

The most common fungal infection is candidiasis, which can be
acquired by either hematogenous or ascending routes, especially in
catheterized, debilitated and elderly patients. Other fungal infections
such as nocardia, aspergillosis, blastomycosis, and mucormycosis, may
cause urinary tract infection as part of the disseminated state of the
disease, usually in immunosuppressed subjects.

4.3. Viral infection

The role of viral infection in chronic renal disease is very specula-
tive [57]. Viruria is known to occur in the course of measles, mumps,
Coxsackie B and other systemic viral infections. Though rare, cases of
Coxsackie B, lymphocytic choriomeningitis virus and cytomegalic virus
pyelonephritis have been reported. Infections with advenovirus type II
have been associated with increased susceptibility to E. coli pyelon-
ephritis.

5. CLINICAL MANIFESTATIONS

The presentation of acute pyelonephritis is readily recognized and
includes fever, chills, flank pain, headache, myalgia, anorexia and pros-
tration. Concomitant lower urinary tract symptoms, such as dysuria,
tenesmus, frequency and suprapubic tenderness, are frequently present.
Other symptoms, such as nausea, vomiting, diarrhea and abdominal
distention are occasionally seen, and symptoms of central nervous sys-
tem are rarely seen. By physical examination, costovertebral angle ten-
derness and a tender kidney on palation are frequently present.

In the evaluation of a patient with urinary tract infection, the past
medical history is very important because approximately 28% of the
school girls and 40-90% of women with significant bacteriuria, have a
past history of urinary tract infection[32]. In these patients, a careful
evaluation of the urinary tract to rule out structural abnormalities
should be done.

The majority of adult patients with upper urinary tract infection do
not have radiologically demonstrable abnormalities[9, 10, 36]. In this
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group, acute pyelonephritis may be followed by some loss of renal mass,
although no cortical deformity or caliectasis develops. The radiological
features that indicate chronic pyelonephritis, have only been seen to
develop in infancy with the presence of severe vesicoureteral
reflux [43, 47]. However, progressive renal damage does occur in adults
if there are associated complicating factors such as hypertension,
analgesic abuse, persistent vesicoureteral reflux, diabetes mellitus,
obstruction or neurogenic bladder[9, 13, 21]. The extent of investigative
studies of patients with urinary tract infection obviously involves many
factors. In patients with recurrent infections, urologic evaluation should
be performed to rule out urinary tract abnormalities.

6. DIAGNOSIS

The diagnosis of urinary tract infection relies principally upon the
demonstration of significant bacteriuria (over 100,000 bacteria per ml. of
urine) by quantitative cultures of an aseptically collected specimen of
urine [3, 16]. A number of semiquantitative methods are presently avail-
able to differentiate between significant and non-significant bacteriuria,
of which the dip-slide is the most practical screening method for general
practice.

6.1. Urine collection

Urine should be collected during mid-stream voiding. However, when
contamination can not be avoided, suprapubic aspiration is the method
of choice.

6.2. Microscopic examination

The direct microscopic examination, including Gram stain, of the mid-
stream urine specimen, is probably the most valuable initial examina-
tion that should be done[34,42]). In Kunin’s series, the presence of
bacteriuria by Gram stain had a 80-90% correlation with quantitative
cultures. Lewis and Alexander also reported a 999% correlation between
them. Robbins had similar results and he concluded that quantitative
cultures were not needed when the microscopic stain was negative.

Pyuria does not necessarily correlate with significant bacteriuria but
indicates inflammation in the urinary tract[4]. The presence of bacteria
and pyuria should be followed by quantitative cultures to establish the
diagnosis.
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6.3. Localization

The source of bacteriuria can be detected by direct and indirect meth-
ods.

6.3.1. Transurethral catheterization

Transurethral catheterization is a direct method to determine the source
of bacteriuria[54]. However, this method has a high morbidity rate
(2-10%) and is not justified for use in just obtaining a culture speci-
men.

6.3.2. Fairley test

One of the most popular tests presently used to determine the source of
bacteriuria is the bladder washout or Fairley test[18]. It consists of
sterilizing the bladder by topical instillation of neomycin sulfate solu-
tion, followed by collecting the urine (after administration of a diuretic
to increase urine flow) through an indwelling catheter for quantitative
cultures. The first samples are urine from the lower urinary tract and
the later samples from the upper urinary tract. If the later colony counts
increase over the initial count, the site of bacteriuria is assumed to be
the upper urinary tract.

6.3.3. Antibody coated bacteriuria

Recently, some emphasis has been placed on the determination of
antibody coated bacteriuria in the urine to differentiate between upper
and lower urinary tract infection[26,53]. Bacteria invading the renal
tissue presumably induces an antibody response and the antibody coats
the organisms, which are shed into the urine where it can be detected
by immunofluorescent tests with antihuman immunoglobulin. Accord-
ing to studies by Jones et al. and Thomas et al., this test is a sensitive,
reliable and noninvasive technique to differentiate upper and lower
urinary tract infections. However, Silverberg [46] reported that 23.6% of
girls (ages 2-13 yrs.) with asymptomatic bacteriuria had positive tests of
antibody coated bacteriuria, but only one of five children with calyceal
scarring and one of three with vesicoureteral reflux, had positive results
of antibody coated bacteriuria. Although the test is a sensitive and
non-invasive technique to differentiate the location of infection between
upper and lower urinary tract, the positive result does not necessarily
indicate the presence of renal parenchymal damage.

6.3.4. Renal biopsy
Renal biopsy is contraindicated if a diagnosis of urinary tract infection
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or pyelonephritis is suspected. However, biopsies done during an acute
attack of pyelonephritis have shown, most of the time, only occasional
white cell casts in the tubules and polymorphonuclear leukocyte filtra-
tion in interstitial tissue. Histologic changes characteristically associated
with chronic pyelonephritis (obtained by nephrectomy or autopsy stu-
dies) are marked interstitial round cell infiltration, tubular dilation and
atrophy and periglomerular fibrosis. These changes, however, are non-
specific of pyelonephritis and indeed are seen in a variety of conditions
that affect the medullary tissue and interstitium of the kidney such as
diabetes mellitus, sickle cell anemia, vascular disease, medications like
phenacetin and uric acid deposits. Thus, chronic pyelonephritis, if it
exists as an isolated entity, could be included in the broader category of
diseases called tubulo-interstitial nephritis.

7. MANAGEMENT

7.1. Asymptomatic bacteriuria

Covert or asymptomatic bacteriuria that is discovered during routine
screening and is not associated with anatomical defects in the urinary
tract, should not be treated immediately. Rather, its presence should be
confirmed under strict aseptic conditions. Sometimes, the suprapubic
aspiration technique is preferred to obtain a proper urine specimen in
young children, when contamination can not be avoided otherwise. If
the presence of bacteriuria is confirmed, the location of infection should
be determined by either the Fairley test or detection of antibody coated
bacteriuria.

Asymptomatic bacteriuria originating from lower urinary tract does
not need to be treated. However, high risk patients (diabetes mellitus,
pregnancy, immunodeficiency by either disease or drugs and anatomical
abnormalities in urinary tract) should be treated.

7.2. Acute pyelonephritis

Acute pyelonephritis should be treated vigorously. Gram stain of the
urine should be used as a guide to initiate treatment. Gram positive
organisms can be treated with ampicillin and gram negative organisms
may require aminoglycosides, and should be given until culture and
sensitivities results are available. If the infection is acquired in the
hospital, the likelihood is that the organism will be a resistant E. coli,
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klebsiella, proteus, pseudomonas or serratia. Then, parenteral aminogly-
cosides should be used empirically without delay until culture and
sensitivity results are available. The oral route should be used as soon
as constitutional symptoms subside.

The duration of therapy must be individualized, although 7-10 days
is the reasonable period for acute infection. In simple infections, recul-
ture of the urine 48 hours after starting therapy, should confirm the
efficacy of treatment by a sterile urine culture. If the organisms are still
present, then obstruction or anatomical lesions should be considered.
Following treatment, it is essential to obtain urine cultures 2-3 weeks,
3 months and 12 months thereafter. '

7.3. Recurrent infections

In recurrent infections, relapses should be differentiated from reinfec-
tions by the serotypes of the infective organisms. If the serotype is the
same, the recurrence is most likely due to relapse, but if the serotype is
different, the present infection is a reinfection. In relapses, antimicrobial
therapy should be intensified with the help of a minimal inhibitory
concentration (M.I.C.) test to reach the appropriate dose. In reinfections,
an anatomical lesion or obstruction should be strongly considered.
Sometimes ‘intra-renal obstruction’ by small radioluscent stones are the
cause. Relapses and recurrences characterize the clinical course as long
as the obstruction persists.

7.4. Antibiotics

In choosing the appropriate antibiotic, several factors should be consid-
ered. If the antibiotic is eliminated by the kidney, the minimal inhibi-
tory concentration is achieved with relatively small doses of antibiotics.
Thus, the total dose required is much less and therefore drug toxicity is
reduced.

Urine pH is an important factor in the effect of antibiotics on the
kidney. Aminoglycosides along with penicillin and erythromycin are
much more effective in alkaline urine. Tetracycline, furantoin and man-
delamine are more effective in acid urine. Ampicillin has the same
effect in alkaline or acid urine.

Although bactericidal drugs are preferable, in practice this may not
always be feasible. Besides, there is little evidence that drugs which are
bactericidal in vitro, are more effective than those which are bacterio-
static in vitro. When a combination of drugs must used, the synergistic
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and antagonistic effect of each agent should be established. Of the
antibiotics most commonly used, ampicillin is probably the best one
because of its bactericidal effect and high tissue penetration. The cepha-
losporins are also frequently used. Other antibiotics such as aminogly-
cosides are nephrotoxic, but they may be used when indicated.

7.5. Prophylaxis

Post-coital bacteriuria or ‘honeymoon’ cystitis is generally self limited
and does not require treatment. In cases of recurrence, prophylactic
treatment either with nitrofurantoin, nalidixic acid, slow acting sulfon-
amides and trimethoprim-sulfamethoxazole at bedtime and the follow-
ing morning has been recommended. This practice seems to reduce the
incidence of symptomatic bacteriuria in sexually active females. For
patients who have irreparable urinary tract abnormalities or high risk
patients with episodes of recurrent urinary tract infections, it is generally
recommended to use long term bacteriostatic drugs.
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6. TUBULO-INTERSTITIAL NEPHRITIS

Luis TAPIA

INTRODUCTION

Tubulo-interstitial nephritis (interstitial nephritis) includes a group of
diseases in which the initial inflammatory process occurs in the intersti-
tium and tubular structures of the kidney. The glomeruli are spared
early in the course, but are eventually affected by the sclerosing pro-
cess.

The response of the interstitium to injury is limited and nonspecific.
The interstitium responds to injury with edema and cellular infiltration
(lymphocytes, macrophages, plasma cells, polymorphonuclear leukocytes
and eosinophiles) in the acute stage, and with increased collagen and
mucopolysaccharide deposition, peritubular fibrosis, tubular basement
thickening, flattening and atrophy of the tubular cells, accumulation of
proteinaceous material within the tubules (so called ‘thyroidization’ of
the kidney), periglomerular fibrosis and patchy infiltration of lympho-
cytes and plasma cells, in the chronic stage. The clinical manifestations
are also nonspecific and include polyuria, isosthenuria, salt wasting,
renal tubular acidosis, pyuria and eventually azotemia.

Interstitial nephritis is an important cause of chronic renal disease,
representing probably one-quarter of the population of patients on
hemodialysis or waiting for transplantation. Conditions that have been
incriminated as a cause of interstitial nephritis are listed in Table 1.
Among these, obstruction is the most common, followed by analgesic
abuse and hyperuricemia. Urinary infection alone is not an important
primary cause of chronic renal disease but it frequently complicates
other conditions[43]. Although it was at one time thought to be a
common cause of chronic interstitial nephritis and chronic renal failure,
new information has been accumulated indicating that urinary tract
infections in the absence of structural abnormalities in the urinary tract
are not an important cause of progressive renal failure.
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Table 1. Diseases that have been incriminated as a cause of interstitial
nephritis

1.

Hereditary Kidney diseases:

1. medullary cystic disease

2. sponge kidney

3. Alport’s syndrome
Metabolic Kidney diseases:

1. hypercalcemia and nephrocalcinosis
2. hypokalemia

3. oxalate nephropathy

4. gouty nephropathy
Hematologic diseases:

1. hemolytic uremic syndrome
2. sickle cell anemia

Vascular diseases:

. hypertension

. arteriosclerosis

. diabetes mellitus

. aging process

. renal artery stenosis

. renal thromboembolism
. acute tubular necrosis

Neoplastic diseases
1. lymphomas

2. leukemia

3. myeloma

4. amyloidosis

Infectious diseases
1. bacterial

2. viral

3. fungal

4. protozoal

Immunologic diseases

. anti-tubular basement membrane antibodies

. immune complex nephritis

. reflux nephropathy and chronic pyelonephritis
. drug related nephropathy

. renal transplant

. Sjogren’s syndrome

~N N AW N —

AN N AW -

. Analgesic nephropathy
. Heavy metals

10.
11.
12.

Balkan nephropathy
Radiation nephritis
Obstructive uropathy
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1. HEREDITARY KIDNEY DISEASES

Among the hereditary kidney diseases, medullary cystic disease, medul-
lary sponge kidney and hereditary familial nephritis (Alport’s syndrome)
may be associated with interstitial processes in addition to the primary
congenital defects.

1.1. Medullary cystic disease

Medullary cystic disease is inherited as an autosomal dominant trait,
manifested more frequently in children, and characterized by salt wast-
ing, acidosis, anemia and azotemia. Hypertension is uncommon in this
condition. The gross appearance of the kidney is characteristic and
consists of small, pale kidneys with atrophic cortex and small, approxi-
mately 1 cm in diameter cysts in the corticomedullary junction. Micro-
scopically the cortical tubules are atrophic and the cortical collecting
ducts are dilated. Near the papillae, the collecting ducts are very narrow
or even obstructed with marked, concentric thickening of the basement
membrane. The interstitial space is replaced by fibrous tissue and infil-
trated with lymphocytes, macrophages and plasma cells.

There is no effective treatment for this disease other than supportive
therapy.

1.2. Medullary sponge kidney

Medullary sponge kidney is a benign disorder, unless it is complicated
by stones or infections. Diagnosis is made by the typical pattern on
intravenous pyelography that varies from a papillary blush to extensive-
ly opacified large cysts. Plain films of the abdomen may show oval
calcifications within the kidney.

The lesion consists of ectatic collecting ducts, limited to a few ducts
or extended throughout both kidneys. The dilated ducts are lined by
stratified, transitional epithelium, and filled with a gelatinous, brown
material and precipitates by hydroxyapatite. Some patients, with this
condition, have hypercalciuria and distal tubular dysfunction.

[ts etiology is unknown but it appears to be familial. It can occur in
children but usually becomes apparent between the 2nd and 5th decade
of life. It is usually asymptomatic and no treatment is needed. However,
in cases of hypercalciuria with stone formation, hydration and thiazide
diuretics are indicated. Infections should be treated early, specifically
and intensively.
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1.3. Hereditary familial nephritis (Alport’s syndrome)

Alport’s syndrome consists of nephropathy (glomerulopathy and inter-
stitial disease), nerve deafness and eye defects (Ienticonus, cataracts and
spherophakia). It is inherited in an autosomal dominant pattern.

It was initially described as an interstitial nephritis. However, subse-
quent reports indicate that glomerular basement thickening is one of the
earliest changes. A characteristic of this disease is the presence in the
interstitium of foam cells containing neutral lipid. These cells are, how-
ever, not specific for this condition.

High frequency hearing impairment is common and its severity is
related to the degree of renal involvement. Males are affected more
frequently than females and the first symptoms and signs are asympto-
matic hematuria, mild proteinuria and pyuria. Renal insufficiency may
develop early in life and is rapidly progressive.

There is no effective treatment for this disease.

2. METABOLIC KIDNEY DISEASES

Hypercalcemia, hypokalemia, hyperoxaluria and hyperuricemia are rela-
tively common metabolic causes that can produce interstitial nephritis.
Hyperphosphatemia and choline deficiency are rare causes of interstitial
nephritis.

2.1. Hypercalcemia

Hypercalcemia and hypercalciuria produce renal disease by two mecha-
nisms. The first is related to the formation of calcium stones and
subsequent obstructive uropathy (urolithiasis). The second imechanism is
more complicated and probably related to the deposition of calcium in
the renal interstitium (nephrocalcinosis).

Acute hypercalcemia in experimental animals[3] produces mitochon-
drial swelling within one hour of its administration followed by cytoplas-
mic and basement membrane deposition of calcium. The earliest detect-
able lesions are seen in the distal convoluted tubules and collecting
ducts. The injured tubules plug the lumen with necrotic debris and
calcium precipitates producing intrarenal obstruction. The obstructed
tubules collapse and the tubular cells atrophy. The cortical areas that
correspond to the damaged tubules become atrophic. Atrophic cortical
areas alternate with normal cortical tissue. Interstitial fibrosis and lym-
phocytic infiltration follow this insult, which leads to periglomerular
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fibrosis and glomerular hyalinization. Vascular calcifications, superim-
posed infections and intrarenal stone formation, complete the patholog-
ical picture of nephrocalcinosis.

The earliest functional change is a decrease in the maximal concen-
trating ability. Glomerular filtration rate and renal plasma flow are
normal early in the process. However, in acute and severe hypercalcem-
ia, glomerular filtration and renal plasma flow may be significantly
diminished. When hypercalcemia subsides, these measurements return
to normal. In long-standing hypercalcemia, prolonged inflammatory
reaction and interstitial fibrosis make these functional changes perma-
nent, producing renal insufficiency. Other tubular abnormalities seen in
nephrocalcinosis are renal tubular acidosis (distal type) as well as sodium
and potassium wasting [41].

2.2. Hypokalemia

Profound, prolonged hypokaliemia produces interstitial changes similar
to chronic pyelonephritis[41]. The most characteristic lesion, although
not pathognomonic, is vacuolization of the proximal and distal tubulo-
epithelial cells. The vacuoles disappear when hypokalemia is corrected.
Irreversible changes are less certain and it is difficult to predict when
they will appear[45]. In animal experiments, the most characteristic
lesions occur in the inner medulla where intracytoplasmic droplets and
whorl-like bodies are detected. The outer medulla and cortico-medullary
junction shows hyperplasia and swelling of the epithelial cells of the
collecting ducts which produce intrarenal obstruction and increased sus-
ceptibility for infection. Chronic hypokalemic changes with tubular dila-
tation (cyst-like formation) and interstitial fibrosis are difficult to differ-
entiate from chronic pyelonephritis [41].

As in other interstitial disease, the first functional abnormality is a
decrease in the maximal concentrating ability. In advanced stages, cor-
tical scarring, tubular atrophy, interstitial fibrosis and glomerulosclerosis
are seen. Cellular infiltration is variable. Renal insufficiency is usually
present at later stage and may progress to end stage renal disease.

Interstitial nephritis from other causes may lead to urinary potassium
wasting and hypokalemia. The role of kaliuria and hypokalemia in these
instances is unknown.

2.3. Oxalate nephropathy

Oxalate is a non-metabolizable end product of glycine metabolism [50].



167

The renal clearance of oxalate exceeds that of creatinine, because oxal-
ate is both actively filtered and secreted by the proximal tubules. Thus,
the oxalate-creatinine clearance ratio is greater than 1. Most oxalate is
derived from endogenous metabolism. The intestinal absorption rate of
oxalate is only 3-5% of that ingested in the diet. A normal diet
contains approximately 100 mg of oxalate and therefore only 3-5 mg of
oxalate are absorbed by the gastrointestinal tract. The daily excretion of
oxalate, on the other hand, ranges from 20-50 mg per 24 hrs.

Hyperoxaluria can be due to increased excretion, absorption or pro-
duction of oxalate.

2.3.1. Hyperoxalurias can be secondary to two congenital enzyme
defects. Type 1: due to a deficiency of soluble 2-oxoglutarate, glyoxal-
ate carboligase. Characterized by an increased excretion of oxalic acid,
glyoxilic acid and glycolic acid in the urine. And Type 11 due to a
deficiency of a dehydrogenase, associated with an increased excretion of
L-glyceric acid.

2.3.2. Abnormal absorption of oxalates may be due to increased inges-
tion of oxalate precursors such as glycolate, glyoxalate and ethylene
glycol. The ingestion (usually accidental) of ethylene glycol [8], in doses
as low as 100 ml (equivalent to 3-10 grams of oxalic acid) produces
marked hyperoxaluria and extensive crystallization in the renal tubules
with interstitial edema and celular infiltration and manifested by flank
pain, tenderness and oliguria.

2.3.2.1. Methoxyflurane, a general anesthetic, is known to produce
nephrogenic diabetes insipidus in some cases [39]. But also can produce
hyperoxaluria up to ten times normal[17]. Massive oxaluria can be
complicated by acute tubular necrosis and transient renal failure. A small
percentage of patients however may develop permanent renal damage
due to interstitial inflammation and fibrosis[21].

2.3.2.2. Hyperoxalurias secondary to intestinal disease[25, 26] (inflam-
matory bowel disease, intestinal by-pass, etc.) were initially thought to
be due to decreased absorption of conjugated bile in the ilium. The bile
entering into the large intestine would be in the form of glycine conju-
gated bile salts. The glycine moiety is split by bacterial action into
glyoxalate which is converted into oxalic acid in the liver.  This
hypothesis was supported by the fact that taurine and cholestyramine,
which bind bile salts in the gut, decreased oxalate excretion in the
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urine. However, the bile salt theory is not supported by more recent
metabolic studies. Present evidence suggests that hyperoxaluria asso-
ciated with intestinal disease is secondary to increased absorption of
oxalate from the diet, probably related to a low free calcium/oxalate
ratio in the intestine. Low intestinal calcium may allow free oxalate to
be absorbed more rapidly from the intestine.

High urinary concentrations of oxalate for any cause can lead to its
precipitation in the distal tubules and produce intrarenal obstruction.
Oxalic acid usually precipitates as calcium oxalate in the tubules. Cal-
cium oxalate crystals have a peculiar yellowish-brown color and are
anisotropic under polarized light. Following intraluminal deposition, the
tubules dilate and the interstitium reacts with cellular infiltration and
fibrosis, followed by hypertension and azotemia.

2.4. Gouty nephropathy

The association of gouty arthritis and renal disease was first recognized
by Aretaeus the Cappodocian, a contemporary of Galen, approximately
20 centuries ago. Since then, innumerable reports have accumulated
implicating nephritis as a common complication of gout[49] with an
incidence ranging from 18-41%, depending on the reported series.

The evidence that asymptomatic hyperuricemia produces renal dis-
ease is, on the other hand, limited and inconclusive[35]. The only
extensive evaluation of the long term effect of hyperuricemia on the
kidney is the Framingham study in which 5,000 patients were followed
for over 12 years. During this time, 240 of them had uric acid levels of
7 mg per dl or greater, of which 12 patients had ‘renal disease’. Seven
of the twelve had a new diagnosis of renal disease but their courses
were not defined; five of the twelve patients had pre-existing renal
disease. Other investigators [16] have shown no statistical difference in
mean serum creatinine levels before and after the onset of hypera-
uricemia. Klinenberg et al.[32], on the other hand, showed that 63% of
patients with asymptomatic hyperuricemia had ‘some kind’ of renal
function abnormalities such as a defect in the tubular concentration and
acidifying functions.

The pathogenesis of interstitial nephritis associated with hyperuricemia
has been recently clarified by the development of animal models in
which a chronic hyperuricemic state and uricosuria was produced by
feeding rats oxonic acid, a potent hepatic uricase inhibitor, plus a dietary
supplement of uric acid [4]. Uric acid crystals precipitated in the distal
tubules and disrupted the tubular basement membrane, producing an
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exudative response of neutrophilic granulocytes and tophi formation in
the interstitium, with giant cell reaction around the crystals, increased
collagen deposition and interstitial fibrosis. The glomeruli and blood
vessels were normal early in the process.

In humans, three major mechanisms of renal damage have been
associated with abnormal uric acid metabolism; 1. ‘blockade’ uric acid
nephropathy, 2. chronic gouty nephropathy and 3. urate stones.

2.4.1. The first mechanism is related to the massive production of uric
acid in diseases such as lymphomas and leukemias, in which cell
destruction by chemotherapy releases large amounts of nucleoproteins.
These are subsequently incorporated into purine metabolic pathways
and lead to increased uric acid production. High serum levels of uric
acid are associated with uricosuria and precipitation of large amounts of
amorphous and crystalline uric acid within the tubules and collecting
ducts. These produce a mechanical ‘blockade’ of the tubules and dam-
age of the tubulo-epithelial cells. This damage is folowed by an intersti-
tial reaction and inflammatory response. The area of the kidney most
severely injured by this mechanism is the papilla. Hydration with nor-
mal saline, alkalinization of the urine with sodium bicarbonate and
carbonic anhydrase inhibitors can prevent this damage. However, when
the load of uric acid is too large, acute oliguric renal failure takes place.
This process, fortunately, is almost always reversible and the tubular
cells regenerate with complete resolution within a few weeks. Nowa-
days, acute uric acid nephropathy is seen less frequently because of the
growing awareness of this possibility in patients with malignancies, and
the prophylactic use of allopurinol (xanthine oxidase inhibitor), that
prevents the production of uric acid.

2.4.2. The second mechanism is a slow indolent process that occurs in
patients with persistent hyperuricemia (familial or idiopathic) that leads
to a chronic interstitial process known as ‘gouty kidney’ and manifests
itself clinically by mild proteinuria and slowly progressive renal insuffi-
ciency. This condition although commonly associated with gouty arthri-
tis, can occasionally occur in the absence of arthritis.

Necropsy findings of patients with gouty nephropathy reveal bilateral
cortical scars and a granular surface with parenchymal deposits of white
specks or streaks of uric acid and urates throughout both kidneys.
Stones within the collecting system are also frequently seen. Microscop-
ically, uric acid and urate crystals are detected within the collecting
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tubules and interstitium respectively, which produce epithelial cell inju-
ry, peritubular cell infiltration and interstitial fibrosis.

To make the diagnosis of gouty nephropathy, however, the negative
birefringent crystals must be detected by polarized light. In order to do
this, the specimen should be fixed in 70% alcohol. Otherwise, because
of the solubility of uric acid in water, it can be missed. Two types of
crystals can be detected by this technique; a rhomboid crystal with
radial striations, which is uric acid, and a crystal of varied size which is
sodium-monourate [13]. Both crystals are brilliantly refractile in polar-
ized light with a yellow or yellow green color. The uric acid crystals
deposit within the tubules and produce an exudative reaction, similar to
that seen in experimental animals[5], with infiltration of neutrophils,
interstitial inflammation and atrophy of the epithelial cells. Epithelial
cell degeneration is demonstrated by an increase in the lipofuscin gran-
ules in the cytoplasm of these cells. The urate crystals, on the other
hand, are seen in the interstitium where they form tophi, with aggrega-
tion of lymphocytes and monocytes, and the formation of multinu-
cleated giant cells.

The source of urates in the interstitium is still controversial [13, 14].
Some authors believe that they are formed primarily by interstitial
crystallization. This is supported by X-ray diffraction studies that iden-
tify uric acid within the tubules and sodium monourate in the intersti-
tium. The explanation for this segregation is based on the observation
that acid pH decreases the solubility of uric acid causing precipitation
within the tubular lumina. The relative alkalinity and high sodium
concentration of the interstitium, on the other hand, favors the crystal-
lization of sodium monourates in the pyramids and papillary intersti-
tium [13]. This ‘local environment’ also explains the absence of crystal-
lization in the cortex, which is hypotonic and highly vascular. Recent
animal experiments have shown that intratubular crystals migrate into
the interstitium, through the damaged collecting tubules, and produce
chronic inflammatory changes in the interstitium[14]. Regardless of
their origin, however, urate crystals with tophi formation, are the only
characteristic feature of ‘gouty nephropathy’ and its absence, from a
specimen appropriately fixed in alcohol, rules out gout as the cause of
the interstitial process.

2.4.3. The third mechanism involves the production of stones, which
depends on the solubility of uric acid, or its salts, in the urine[48]. As
mentioned above, uric acid precipitates in acid media, urate salt precipi-
tates in alkaline media. Approximately 10-20% of gouty patients even-
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tually develop radioluscent stones. Furthermore, uric acid stones are a
common complication of otherwise asymptomatic hyperuricemias, and
the development of stones is an indication to treat the hyperuricemia.
The reason for stone formation is unknown; local factors like acid
urine, dehydration, and systemic acidosis are probably the most com-
mon contributory factors.

Pure uric acid stones are rare and many of them contain calcium
salts. The best prevention for stone formation is hydration. Alkalization
of the urine, although important in the prevention of uric acid precipi-
tation in the acute stage, may not be practical in the chronic stage.
Thus, short term alkalization is beneficial, but long term alkalinization
has not been proved to be effective.

3. HEMATOLOGIC DISEASES

3.1. Hemolytic-uremic syndrome

Hemolytic-uremic syndrome is characterized by disseminated intravas-
cular coagulation, microangiopathic hemolytic anemia and acute renal
failure associated with fibrin thrombi in small arteries and afferent
arterioles of the kidney. Patients that survive the acute stage of hemo-
lytic uremic syndrome can develop interstitial nephritis consisting of
interstitial edema and tubular necrosis in the areas of vascular involve-
ment. These lesions can progress to interstitial fibrosis and tubular
atrophy.

3.2. Sickle cell anemia

Sickle cell anemia has long been known to be associated with a specific
renal lesion [1]. One of the earliest manifestations of sickle cell disease is
a functional inability to concentrate the urine. This defect is not limited
to the homozygous (Hemoglobin SS disease), but is also present in the
heterozygous (Hemoglobin SA disease); therefore, it is not related to the
anemia. The concentration defect is patially reversed after blood trans-
fusion in children [47], but becomes fixed late in life. The reason for the
concentration abnormalities are explained by the hypertonic environ-
ment of the medulla that promotes sickling and lowering of blood flow
in the vasa recta. This concentration defect becomes fixed late in life
due to papillary necrosis and interstitial fibrosis. Patients with sickle cell
anemia undergo what is called ‘spontaneous papillectomy’, during the
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natural course of their disease. This is due to recurrent episodes of
papillary necrosis that lead to the total destruction of the papillae. The
cortex is not affected and the glomerular filtration rate remains normal
for prolonged periods.

4. VASCULAR DISEASES

Hypertension, arteriosclerosis, diabetes mellitus and aging are systemic
conditions that affect the interstitium producing ischemic interstitial
fibrosis and tubular atrophy. The glomerular lesions (glomerulosclero-
sis), however, determine the prognosis, and the interstitial process plays
only a small part in the clinical course.

Other conditions such as renal artery stenosis and thromboembolic
disease can produce tubular interstitial changes with interstitial fibrosis
or acute ischemic infarct, depending on the rapidity of the insult. Renal
artery stenosis is usually associated with hypertension and renal insuffi-
ciency due to decreased renal blood flow and glomerular filtration rate.
Thromboembolic disease may be associated with cortical necrosis and
acute renal failure.

5. NEOPLASTIC DISEASES

Leukemia, lymphoma and myeloma can affect the kidney directly by
parenchymal infiltration of malignant cells, indirectly by invading the
renal vessels or by secondary effects such as hypercalcemia, hyperuri-
cemia, lysozymuria, abnormal proteins (Bence Jones) or amyloidosis.

5.1. The incidence of renal involvement in patients dying of lymphoma
ranges from 42-63% [38,46]. The lesions may be either multiple dis-
crete nodules or diffuse infiltration of the interstitium. The latter is
particularly common in lymphosarcoma and reticulum cell sarcoma.
Lymphomatous renal involvement is often accompanied by painful
flank masses and bilateral enlargement of the kidneys. Renal insuffi-
ciency occurs in 14% and uremia in 3.8% of the cases[29]. Acute
reversible renal failure due to massive lymphomatous infiltration res-
ponsive to radiation or chemotherapy has been reported. This is impor-
tant because if recognized early, it can be treated successfully.

5.2. Leukemias are rarely complicated by uremia. However, renal par-
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enchymal infiltration in a nodular or diffuse pattern has been reported
in 52-67% of the cases[44].

5.3. The association of multiple myeloma and kidney disease is well
known[37]. However, the renal abnormalities attributed to multiple
myeloma have only recently been thoroughly investigated and are prob-
ably related to the excretion of Bence Jones protein in the urine[11].
Bence Jones protein appears to exert a direct nephrotoxic effect, at the
tubular level, with resultant tubular dysfunction and tubular atrophy.
This has been confirmed by the presence of kappa and lambda chains
by immunofluorescent studies in the renal tubular cells. It seems that
during the process of tubular reabsorption and metabolism of these
proteins, the tubular cells are damaged, however, the exact me<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>