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Preface

The third edition of Manual of Nephmlogy Dtagnasw and Th,empy has been writ-
ten explicitly for the primary care physnclan This edition has been substantially
revised, but the purpose of the manual is still to provide a practical approach for
dnagnosis and treatment of renal ﬂuid and electrolyte, aexd -base, and hyperten-
sive dlsorders

The first chapter on edematous dlsordera has been wntten for this edition by the
editor and includes a new umfymg hypothesis far body fluid volume regulation
in health and disease. A decrease in arterial filling, determined by either a de-
crease in cardiac output or peripheral arterial vasodilation, is proposed to be the
major factor that initiates an extrarenal reflex leading to renal sodium and water
retention in edematous disorders. Barareceptor-mediated increased sympathetic
tone, which stimulates the nonosmotic release of vasopressin and the renin-
angiotensin-aldosterone system, is involved in this extrarenal reflex.

In the revised second chapter on disorders of water metabolism, the controversial
issue of the optimal rate of correction of hyponatremia is addressed as well as
newer methods now used to determine serum sodium coneentration and diagnose
pseudohyponatremia. The classic approach to diagnosing and treating hypona-
tremic and hypernatremic disorders is again a central focus of this important
chapter.

In this edition of the manual, Robert G, Narins, a renowned educator, joins Rich-
ard L. Tannen in authoring the chapter on abnormalities of potassium metabo-
lism, William D, Kaehny, an expert in the field of acid-base disorders, again
writes a lucid chapter that allows the primary care physician to diagnose and
treat simple and mixed metabolic and respiratory disorders. Zalman 8. Agus and
colleagues have extensively revised their chapter on calcium and phosphorus dis-
orders to include the state-of-the-art knowledge in this area. Fredric L. Coe pre-
sents a practical approach to the diagnostic evaluation and treatment of the pa-
tient with renal stones, an extremely important and common clinical problem.

Richard A. Wright joins L. Barth Reller in updating the chapter on urinary tract
infections. Single-dose antibiotic treatment without pre- or post-treatment urine
cultures is presented as a cost-effective means of treating uncomplicated lower
urinary tract infections and differentiating these infections from those of the up-
per urinary tract.

What constitutes a practical approach to the evaluation of the patient with he-
maturia and/or proteinuria is discussed by Kenneth F. Fairley. For example, the
question of which patxents with hematuria should have cystoscopy, renal biopsy,
or renal angiogram is examined. Acute and chronic renal failure are areas han-
dled in a clinically relevant and lucid manner by Robert E. Cronin and Ronald B.
Miller and colleagues, respectively.

How the physician should alter drug therapy in the patient with renal disease is
discussed by George R. Aronoff and Steven R, Abel. Marshall D. Lindheimer and
Adrian 1. Katz present a practical approach to management of the pregnant pa-
tient who has hypertension, renal disease, or both. They also discuss which pa-
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tients the physician should advise not to become pregnant because of either dan-
ger to the mother or the prospect of worsening the renal disease.

Michael J. Dunn, a prominent expert in hypertension, and his associate, Michael
C. Smith, present an excellent and authoritative approach to evaluating and
treating the patient with primary and secondary hypertension.

Finally, many sophisticated and expensive radiologic procedures in addition to
excretory urography including ultrasonography, computerized tomography, cyst
puncture, renal scan, and renal angiography are now availablc. Michael D. Par-
ker, Robert A. Older, Daniel E. Wertman, Jr., Larry M. Crane, and Hector J. Hi-
dalgo present a practical and systematic approach to the use of these procedures
in the evaluation of the patient with a renal mass, renal failure, urinary tract
obstruction, hematuria, renal transplant, renal and perirenal infection, or renal
hypertension.

I invited the authors of these chapters to contribute to the manual not because of
their sophistication in the science of medicine, although sophisticated scientists
they are, but because they are physicians who are able to use their scientific
knowledge in a practical way to allow for a focused and cost-effective plan of di-
agnosis and treatment that is in the best interests of their patients. In this same
spirit. I would like once again to dedicate this book to Professor Hugh de Warde-
ner, a humane ‘physician, a man of science, and above all, a practical man whose
uncanny ability to focus on important issues in many areas, including sodium
and water metabolism, bone disease, chronic dialysis, and hypertension, has ben-
efited medical science and his patients for over 40 years.

R.WS.
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Notice

The indications and dosages of all drugs in
this book have been recommended in the
medical literature and conform to the
practices of the general medical
community. The medications described do
not necessarily have specific approval by
the Food and Drug Administration for use
in the diseases and dosages for which they
are recommended. The package insert for
each drug should be consulted for use and
dosage as approved by the FDA. Because
standards for usage change, it is advisable
to keep abreast of revised
recommendations, particularly those
concerning new drugs.
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The Edematous Patient
Robert W. Schrier

1. Body fluid distribution. Of the total fluids in the human body, two-thirds reside-
inside the cell (i.e., intracellular fluid), and one-third resides outside the cell (i.e.,
extracellular fluid [ECF}). The patient with generalized edema by definition has
an excess of ECF. The ECF resides in two compartments—the vascular compart-
ment (i.e., plasma fluid) and the fluid that resides between the cells of the body
but outﬂde of the vascular compartment (i.e., interstitial fluid). In the vascular
compartment, 85 percent of the fluid resides on the venous side of the circulation
and 15 percent on the arterial side (Table 1-1). An excess of interstitial fluid con-
stitutes edema. With digital pressure the interstitial fluid can generally be moved
from the area of pressure and thus has been described as “pitting.” This obser-
vation demonstrates that the excess interstitial fluid can move freely within its
space between the body’s cells and the vascular compartment. If digital pressure
does not cause pitting in the edematous patient (i.e.; nonpitting edema), then the
free movement of the interstitial fluid is not present. Such nonpitting edema can
occur with lymphatic obstruction (i.e., lymphedema) or regional fibrosis of sub-
cutaneous tissue, which may occur with chronic venous stasis. ;
Although generalized edéma always signifies an excess of ECF, specifically in the
interstitial compartment, the intravascular volume may be decreased, normal, or
increased. Since two-thirds of ECF resides in the interstitial space and only one-
third in the intravascular compartment, a rise in total ECF volume may oceur as
a consequence of excess interstitial fluid (i.e., generalized edema), even though
intravascular volume is decreased.

Starling’s forces, namely capillary hydrostatic and oncotie pressures, govern the
movement of fluid between the inferstitial space and the vascular compartment.
Since serum albumin is the major determinant of capillary oncotic pressure, the
Starling force that maintains fluid in the capillary, hypoalbuminemia can lead to
excess transudation of fluid from the vascular to interstitial compartment. In this
setting the kidney retains sodium and water in an effort to normalize intravas-
cular volume. However, because of the diminished plasma albumin and oncotic
pressure, fluid continues to move from the vascular compartment into the inter-
stitium with resulting edema formation and expansion of total ECF volume. Pro-
teinuria (>3.5 gm/day), dermal losses of protein (e.g., burns), severe malnutrition
(e.g., kwoshiorkor disease), protein-losing enteropathy (e.g., malabsorption), and
impaired hepatic synthesis of albumin (e.g., cirrhosis) are causes that can lead to
a hypoalbuminemic state and generalized edema.

As shown in Fig. 1-1, fluid leaves the capillary at the arterial end because hydro-
static pressure exceeds oncotic pressure and returns at the venous end of the
capillary because oncotic pressure exceeds hydrostatic pressure. The interstitial
fluid that is not returned to the capillaries by virtue of these Starling forces is
returned to the vascular compartment by lymphatic drainage into the jugular
veins. In fact, in cirrhosis where hepatic fibrosis causes high capillary hydrostatic
pressures in association with low capillary oncotie pressures, the lymphatic flow
can increase 20-fold from 1 to 20 liters per day in an effort to diminish the in-
crease in accumulating interstitial fluid. Nevertheless, in decompensated cirrho-
sis excess interstitial fluid accumulates, with a predilection for the abdominal
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Table 1-1. Body fluid distribution
Compartment Amount Volumes in 70-kg man
Total body fluid 60% of body weight 42 liters
Intracellular fuid 40% of body weight 28 liters
Extracellular fluid (ECF) 20% of body weight 14 liters
Interstitial fluid Two-thirds of ECF 9.4 liters
Plasma fluid One-third of ECF 4.6 liters
Venous fuid 85% of plasma fluid 3.9 liters
Arterial fluid 15% of plasma fluid 0.7 liters
Precapillary - Postcapillary
sphincter sphincter
From VFM moving Forces moving :
arteriole| fluid out fluid in venule
Pressures:
o Capillary hydrostatic
« ISF oncotic

o Negative-free ISF

] ]] ' vl

Excess fluid
enters
lymphatics
To venous
\ circulation
Lymphatic capillary

Fig. 1-1. Effect of Starling forces on fluid movement across capillary wall. (ISF =
interstitial fluid.)

interstitial space (i.e. ascites) because of portal and splanchnic venous hyperten-
sion causing an elevation in capillary hydrostatic pressure.

From this foregoing discussion, it should also be clear that lymphatic obstruction
(e.g., malignancy) can also cause excessive accumulation of interstitial fluid and
thus edema. Another factor that must be borne in mind as a cause of edema is an
increase in fluid permeability of the capillary wall. This is the cause of edema in
association with hypersensitivity reactions and angioneurotic edema and may be
a factor in edema associated with diabetes mellitus and idiopathic cyclic edema.
The factors that may cause edema, either alone or in concert, are summarized in
Table 1-2.

Although the preceding comments refer to generalized edema (i.e., an increase in
total body interstitial fluid), it should be noted that such edema may have a pre-
dilection for specific areas of the body for various reasons. The formation of as-
cites because of portal hypertension has already been mentioned. With the nor-
mal hours of upright posture, accumulation of the edema fluid in the dependent
parts of the body should be expected, whereas excessive hours zt bed rest in the
supine position will predispose to edema accumulation in the sacral and perior-
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Table 1-2. Factors that may cause edema

Increased capillary hydrostatic pressure
Decreased capillary oncotic pressure
Lymphatic obstruction

Increased capillary permeability

bital areas of the body. The physician must also be aware of the potential presence
of localized edema, which must be differentiated from generalized edema.
Although generalized edema may have a predilection for certain body sites, it is
nevertheless a total-body phenomenon of excessive interstitial fluid. On the other
hand, localized edema is due to local factors and therefore is not a total-body
phenomenon. Venous obstruction, as occurs in thrombophlebitis, may cause lo-
calized edema of one lower extremity. The physical examination in a patient with
ankle edema therefore should include a search for venous incompetence—e.g.,
varicose veins. It should be recognized, however, that deep venous disease may
not be detectable on physical examination and thus may necessitate other diag-
nostic approaches (e.g., venography). Thus, if the venous disease is bilateral, the
physician may mistakenly search for causes of generalized edema (e.g., cardiac
failure and cirrhosis), when indeed the bilateral ankle edema is due to local fac-
tors. Pelvic lymphatic obstruction (e.g., malignancy) can also cause bilateral
lower extremity edema and thereby mimic generalized edema. Trauma, burns,
inflammation, cellulitis, and angioedema are other causes of localized edema.

li. Body fluid volume regulation. The edematous patient has presented a challenge
in the understanding of body fluid volume regulation for several decades. In the
normal subject, if ECF is expanded by the administration of isotonic saline, the
kidney will excrete the excessive amount of sodium and water in the urine, thus
returning ECF volume to normal. Such an important role of the kidney in volume
regulation has been recognized for many years. What has not been understood,
however, is why in the edematous patient the kidneys continue to retain sodium
and water. Certainly in circumstances where kidney disease is present and renal
function is markedly impaired (i.e., acute or chronic renal failure) it is under-
standable why.the kidney continues to retain sodium and water even to the de-
gree of causing hypertension and pulmonary edema. However, much more per-
plexing are those circumstances where the kidneys are known to be normal and
yet continue to retain sodium and water in spite of expansion of ECF and edema
formation (e.g., cirrhosis, congestive heart failure). For example, if the kidneys
from a cirrhotic patient are transplanted to another environment (e.g., a patient
without liver disease), excessive renal sodium and water retention no longer oc-
curs. The conclusion therefore emerged that neither total ECF nor its interstitial
component, both of which are expanded in the patient with generalized edema,
are the modulators of renal sodium and water excretion. Rather, Peters suggested
in the 1950s that another body fluid compartment other than total ECF or inter-
stitial fluid volume must be the regulator of renal sodium and water excretion.
The term effective-blood volume was coined to deseribe this undefined, enigmatic
body fluid compartment that was signaling; through unknown pathways, the kid-
ney to retain sodium and water in spite of expansion of total ECF and interstitial
volumes with edema formation in the patient with cardiacor liver disease. It was
then suggested that the kidney must be responding to cardiac output, thus pro-
viding an explanation for sodium and water retention in low-output cardiac fail-
ure. This concept, however, did not provide a universal explanation for general-
ized edema because many patients with decompensated cirrhosis, who were
avidly retaining sodium and water, were found to have normal or elevated cardiac
outputs.



