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* evaluation and treatment of the patient with renal stones, and Dr. L. Barth Reller

~~ nephrologist in making important decisions about modes of treatment of end-stage

Preface

The first edition of Manual of Nephrology: Diagnosis and Therapy was written
explicitly for the primary care physician. This updated edition maintains that
emphasis.

A practical approach to diagnosis and therapy constitutes the focal point of the
Manual. Our companion text, Renal and Electrolyte Disorders (3rd ed.), du« for
publication by Little, Brown in 1985, emphasizes the importance of an under-
standing of the pathophysiology of disease. Although there is overlap in the areas
discussed in these two texts, the approaches differ considerably. Manual of Ne-
phrology avoids the discussion of pathophysiology of disease and instead addresses
a number of important clinical problems from a diagnostic, therapeutic, and cost-
effective viewpoint.
For example, Dr. Fredric L. Coe presents a practical approach to the diagnostic

discusses urinary tract infections. Dr. Michael J. Dunn deals with the practical
and cost-effective diagnosis and treatment of the hypertensive patient. Drs. Robert
E. Cronin and Ronald B. Miller discuss the diagnosis and management of the
patient with acute or chronic elevation in blood urea nitrogen and/or serum cre-
atinine. Dr. Miller also discusses many practical points that the primary care
physician should know concerning modalities for treatment of end-stage renal
disease by dialysis or transplantation. This information will allow the physician
to participate in a more knowledgeable way with the patient, the family, and the

renal disease. Diagnostic and therapeutic approaches to various electrolyte and
" acid-base problems are presented in a systematic manner for (1) the edematous
patient (Dr. Mortimer Levy), (2) hypo- and hypernatremia (Dr. Robert W. Schrier),
(3) hypo- and hyperkalemia (Dr. Richard L. Tannen), (4) elevation and depression
of serum bicarbonate (Dr. Jordan J. Cohen), and (5) hype- and hyperc\alcemia and
hypo- and hyperphosphatemia (Drs. Zalman S. Agus, Stanley Goldfarb, and Alan
Wasserstein). 5 :
What constitutes a practical approach to the evaluation of the patient with he-
maturia and /or proteinuria is discussed by Drs. Antoine M. de Torreté and Robert
J. Anderson. For example, the questien of which patients with her.:aturia should
have cystoscopy, renal biopsy, or renal angiogram is examined. How the physician
should alter drug therapy in the patient with renal discase is discussed by Dr.
William M. Bennett. Drs. Marshall D. Lindheimer and Adrian I. Katz present a
practical approach to management of the pregnant patient who has hypertension
or renal disease, or both. They also discuss which patients the physician should
advise not to become pregnant because of either danger to the mother or the pros-
pect of worsening of renal disease. Lastly, many sophisticated and expensive
radiologic procedures besides excretory urography (e.g., ultrasonography, cem-
puterized tomography, cyst puncture, renal scan, renal angiography) are available
now. Drs. Robert A. Older, Larry M. Crane, Daniel E. Wertman, and Hector Hidalgo
present a practical and systematic approach for 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 hv- . tension.
The authors of these chapters were invited by the editor to contribute  the Manual
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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 cost-effective plan of therapy
and treatment that is in the best interests of their patients. In this same spirit I
would like once again to dedicate this to Professor Hugh de Wardener, a humane
physican, a man of science, and above all, a practical man whose uncanny ability
to focus on important issues in many areas, inciuding sodium and water metab-
olism, bone disease, chronic dialysis, and hypertension, has benefited medical sci-
ence and his patients for over 35 years.
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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
Mortimer Levy

. Types of edema. Edema refers to an excessive collection of fluid within the interstitial

space (i.e., within the nonvascular portion of the extracellular fluid volume). Edema

itself is not a disease but a symptom of many different disorders that share as a

common feature the propensity to induce fluid collection within the interstitial space.

Edema may be localized or generalized.

A. Localized edema. Localized edema occurs when alterations of the Starling forces
are restricted to a given organ or discrete vascular territory. Fluid collects locally
because of either an increment in capillary hydrostatic pressure (induced by ar-
teriolar dilatation or, more commonly, venous obstruction) or some obstruction
to regional lymphatic flow. Less commonly, there may be some increase in capillary
wall permeability, resulting from either trauma or histamine release. Alterna-
tively, a generalized disturbance such-as hypoalbuminemia may find clinical
expression only as localized ankle edema because of postural considerations. De-
pending on the magnitude of the local disturbance, the edema may vary in volume
from barely detectable amounts to several hundred milliliters of fluid. Although
conceptually there may be a period of transient plasma volume contraction and
urinary sodium retention in these patients, by the time they are seen by their
physicians they are generally free of urinary sodium retention or any alteration
of systemic or renal hemodynamics.

Clinical causes of localized edema include:

1. Inflammation

2. Trauma (burns)

3. Venous cbstruction (thrombophlebitis)

4. Lymphatic obstruction (postsurgical or metastatic)
5. Angioedema

B. Generalized edema. Generalized edema can occur when the potential for fluid
to leave the vascular space exists for all vascular beds within the body. Depending
on the nature of the underlying disease, postural influences, and magnitude of
the underlying disorder, however, fluid may be detected only in a single site,
such as the lungs (pulmonary edema) or lower extremities. Patients confined to
bed may preferentially collect edema in the presacral area, periorbital area, or

fingers.

1. Clinlcal causes. Important conditions associated with generalized edema are
as follows:
a. Low-output cardiac failure N

b. High-output cardiac failure
c. Kidney disease
(1) Nephrotic syndrome
(2) Acute glomerulonephritis
(3) Acute renal failure
(4) Chronic renal failure
. Cirrhosis of the liver
e. ldiopathic recurrent edema
f. Consumption of certain drugs fe.g., estrogens and antihypertensive va-
sodilators)
g. Toxemia of pregnancy
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1: The Edematous Patient

2. Physiologic disturbances. Conditions associated with generalized edema may
be accompanied by a variety of physiologic disturbances:

a. Urinary sodium retention (i.e., urinary sodium excretion is less than sodium

intake when sodium intake is normal.)

b. Urinary composition (urinary sodium less than 20 mEqg/L, urinary os-
molality greater than 400 mOsm/kg H;O, urine-plasma creatinine ratio
greater than 35) confirms prerenal failure unless acute or chronic renal
failure or diuretic use is present.
¢. Total plasma volume, particularly the venous portion, is usually expanded;

decreased plasma volume may, however, occur with nephrotic syndrome.
. Inappropriately elevated or normal plasma levels of renin, aldosterone,

and antidiuretic hormone are present in spite of sodium and water retention.
e. Hypokalemia and hyperuricemia may be present.

. Hyponatremia may be present even without excess water intake.

g. Increment in blood urea nitrogen (BUN) is generally greater than increment
in serum creatinine (i.e., ratio greater than 10:1)—evidence of prerenal
azotemia and renal hypoperfusion.

The volume of plasma transudate that may accumulate as edema, particularly

within the peritoneal space as ascites, is often much larger than the circulating

plasma volume. Generalized edema would be a self-limiting process were it
not for continuing urinary sodium retention, which permits replenishment of
the plasma volume. Two physiologic disturbances highlight the progressive
accumulation of edema: (a) urinary retention of salt and water, and (b) the
dislocation of retained fluid into the ‘nterstitial fluid from the intravascular
- compartment under the dictate of altered Starling forces.
1l. Starling forces as determinants of edema formation
A. Starling forces. Extracellular fluid (ECF) represents in normal circumstances
about ‘,Mercent of the total body weight. Of the approximately 14 liters found
in an average 70-kg man, about 25 percent of the total, or 3.5 to 4.5 liters, circulates
within the vascular space as plasma, while the remainder is confined to the non-
vascular portion of the extracellular space as interstitial fluid (ISF) and lymph.
The volumes of fluid normally found within and without the vascular tree are
in equilibrium. Fluid leaves the arteriolar end of capillaries to enter the ISF
because capillary hydrostatic pressure exceeds plasma colloid osmotic pressure;
fluid reenters the capillary at the venular end because plasma colloid osmotic
pressure exceeds capillary hydrostatic pressure at that site. This balance of hy-
drostatic and colloid osmotic pressures regulating the transcapillary movement
of fluid is termed the Starling forces. Interstitial fluid that is not resorbed into
capillaries is returned to the vascular compartment by lymphatic drainage. These
events are summarized in Figure 1-1.
Edema formation. Edema occurs when more fluid leaves the vascular compartment
than can be returned there by the lymphaties. Since fluid can leave the circulation
only at the level of the capillary bed, it follows that edema can accumulate only
when those factors that normally determine the transcapillary partitioning of
ECF become deranged. The more important of these factors are:
1. Decreased plasma colloid osmotic pressure
2. Increased capillary hydrostatic pressure
3. Increased permeability of the capillary wall
4. Obstruction of regional lymphatic flow
Although localized edema can occur with local disturbances of capillary hydrostatic
pressure, increased permeability, and obstruction to lymph flow, generalized edema
can occur only when there is a widespread increment in capillary hydrostatic
- pressure and/or a marked decrement in plasma colloid osmotic pressure.
iil. Clinical signs and symptoms
A. “Pittind” versus “nonpitting” edema. Because of postural influences, edema is
usually first detected by the physician in the subcutaneous space of the lower
extremities (ankles), but fluid can collect in any organ or tissue in which fluid
is leaving the vascular space. The edema is said to be “pitting” if digital pressure
causes transient indentation of the skin and “nonpitting” if such indentation does
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1: The Edematous Patient

arrhythmias, hyperthyroidism, pulmonary embolic episodes, or chronic obstructive
lung disease. Evidence for these underlying diseases is generally present.

. Nephrotic syndrome. Nephrotic syndrome refers to a consteliation of clinical

findings, which includes heavy proteinuria, hypoalbuminemia, hypercholester-
olemia, and edéma. This syndrome may occur gecondary to lipoid nephrosis or
nil disease, in which the light microscopy of the kidney is normal, or it may be
secondary to some form of glomerulopathy (membrarous, focal glomerulosclerotic
proliferative, or membranoproliferative). Renal lesions leading to nephretic sy'n:
drome may also appear with a variety of systemic diseaseg, such as diabetes mel-
litus, lupus erythematosus, malignancies, or infections, or with a variety of drugs.
The various causes of nephrotic syndrome are listed in Table 8-3. The diagnosis
is made by demonstrating marked proteinuria (usually in excess of 3.5 gm per
day); usually an abnormal sediment, which may contain red and white blood
cells, various types of casts, and oval fat bodies; and marked hypoalbuminemia
Edema may be localized to the lower extremities but is often quite diffuse. Ne:
phrotic patients may present with generalized anasarca, which may include both
peritoneal and pleural effusions. Periorbital edema, especially on awakening in
the morning, and edema of the fingers may be quite common.

Edema accumulates because of the marked decrement in plasma colloid osmotic
pressure caused by albumin losses in the urine. If the formation of edema has
been particularly rapid, especially if salt intake has been low, patients may present
with oliguria, dizziness, and orthostatic hypotension. A renal biopsy may be re-
quired to diagnose the cause of the heavy proteinuria, particularly if s-’ystemic
causes have been excluded.

. Acute giomerulonephritis. Edema may accompany any renal lesion which produces

an acute glomerulopathy (i.e., acute glomerulonephritis}. Acute glomerulonephritis
may occur with malignant hypertension, poststreptococcal renal invelvement, an
acute collagen vascular disease such as lupus erythematosus, or hypersensitivity
vasculitis. The edema is usually mild and restricted to the lower extremities, unless
there is a marked reduction in the glomerular filtration rate (GFR). Hypertension
and mild-to-modest oliguria may be present. The urinary sediment is character-
istically abnormal; proteinuria, many red and white cells, and a large number of
granular and red cell casts in their various forms are present.
Serum creatinine and BUN are invariably elevated to some extent, and there
may be mild hypoalbuminemia. Serum complement levels may be reduced if the
glomerulonephritis is due to the deposition of immune cemp!exeé within the kidney
(e.g., glomerulonephritis associated with streptococeal infection, lupus nephritis,
or bacterial endocarditis). Systemic symptoms such as pleuritis, arthralgias, and
cutaneous rashes may be present, depending on the underlying lesion (e.g., vas-
culitis Vand collagen vascular diseases). A renal bicpsy may be required'for di-
agnostic purposes. :
Cirrhosis of the liver. In cirrhosis of the liver, edema is generally confined to the
peritoneal space as ascites because of the portal venous hypertension, and to the
!ower extremities because of the combined effects of hypoalbuminemia and the
}ncreased pressure on the abdominal vena cava exerted by tense ascites. Edema
in cirrhosis usually does not occur until the disease is well advanced, and diagnosis
1ts easily made by the history, physical examination, and results of liver function
ests.
idiopathic recurrent edema. Idiopathic recurrent edema refers to a group of signs
and symptoms observed predominantly in obese premenopausal women, but it
may occur rarely in males. The syndrome is usually characterized by anxiety,
irritability, abdominal bloating, headaches, and recurrent edema, usually most
marked in the lower extremities. Renal, hepatic, and cardiac functions are normal.
Although the edema may be cyclic, it may also be persistent and may demonstrate
a ma.rked diurnal variation (i.e., nonexistent in the morning and marked in the
evenings). The diagnosis of this syndrome is one of exclusion. -
Drug ingestion. Edema caused by ingestion of drugs is generally a diagnosis of
gxclusion which is made by cbtaining a history of drug intake. The drugs usually
mvolyed are estrogens, oral contraceptives, and antihypertensive vasodilators,
especially minoxidil.

X EER YN
W

7
..
=

m
!

i
)

@

)

|
4@

W

{
|
|

|

§

<.a‘ ;,.u.n.»l E‘;—A a ,L
y

[

nnone

3
)
3
<
9
e
)
-
)
=
=

1- The Edematous Patient 5

G. Toxemia of pregnancy. Edema caused by preeclampsia usually occurs in the last
trimester of pregnancy in a primiparous patient. Hypertension and proteinuria
are always present. The cause of the sodium retention is obscure, and plasma
volume is often reduced. Although ankle edema is most common, finget and per-
jorbital edema may also be present. It must be remembered, however, that as
many as 75 percent of normal pregnancies may be associated with detectable
ankle edema.

V. Treatment of edema. Appropriate therapy for edema in clinical practice rests on
three basic principles: (a) identification, and when possible, treatment of the un-
derlying cause of urinary sodium retention; (b) manipulation of dietary intake of
salt and water; and {¢) modification, when possible, of the renal excretion of salt and
water. Because manipulation of dietary sodium intake and modification of renal
sodium excretion are common modes of therapy for all the edematous states, let us
consider them first.

A. Manipulation of dietary intake of sodium. Readjustment of salt intake in the diet
to provide, if possible, a smaller amount of sodium than is excreted in the urine
may be quite helpful in treating edema. This is particularly useful in the sodium
retention associated with chronic renal failure, because in this situation daily
urinary sedium excretion proceeds at a fairly fixed rate provided urinary output
is maintained at a reasonable level. Ingestion of less dietary sodium than is ex-
creted in the urine often leads, within several days, to complete mobilization of
the edema. Even when daily urine and sodium excretion is quite modest, restriction
of oral intake may allow the patient to achieve “sodium balance” without pro-
gressive fluid accumulation.

1. Indications for restricting sodium intake. Patients who actively form edema
retain a fraction of the daily ingested sodium to replenish the “effective” cir-
culating arterial volume. Measurement of the 24-hour urinary excretion of
sodium thus provides a measure of the renal ability to handle an oral sodium
load. A proper “balance” study is not required, because by definition such
edematous patients are in positive sodium balance, and the daily urinary output
represents the best that the kidneys can do with the patient on a given diet.
In fact, even a 24-hour urine collection is unnecessary to assess whether or
not the patient is retaining sodium; low sodium concentrations in an aliquot
of urine (e.g., less than 10 to 15 mEq/L), especially when coupled with an
elevated urine-plasma creatinine ratio (greater than 35), suggest very strongly
that the patient is in positive sodium balance.

2. Guideiines for dietary planning

a. In planning dietary restriction of salt, it is helpful to recall that a 1-gm
salt (NaCl) diet contains 17 mEq of Na~, whereas a 1-gm Na* diet contains
about 43 mEq of Na”. Restricting sodium to less than 20 mEq per day is
probably not worthwhile, because such diets are quite unpalatable, and
patient compliance is low. The average sodium intake in North America
is about 80 to 200 mEq per day. By restricting use of the saltshaker at
mealtime, this level of intake can be reduced to 70 to 125 mEq per day;
it can be additionally reduced to 50 to 70 mEq per day by the avoidance
of salt in the cooking and preparation of foods.

b. When a patient is on a diet of severe salt restriction, to avoid hyponatremia
free-fluid intake should be restricted to about 1200 to 1500 ml per day.
particularly if the patient is taking a diuretic agent as well. - -

¢. For those patients who cannct tolerate a low salt diet, a variety of salt
substitutes is available. These contain largely potassium chloride and

therefore should not be prescribed in the presence of marked renal failure, -

in which urine output is markedly reduced, or when captopril or a potas-

sium-sparing diuretic is being administered (e.g., spironolactone, amiloride, -

triamterene).
B. Modification of salt excretion: diuretics
1. Indications for using diuretics. Edematous patients who canniot be managed
successfully with dietary therapy alone should be placed on diuretic therapy-
So potent and effective are these drugs in producing renal salt wasting that
many patients may be treated with just these agents while dietary management
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; or consideration of the underlying disease is ignored. Nevertheless; the use of

] diuretics should not replace an intelligent and reasonable therapeutic program

but should be looked on as an addendum to a program that already has taken

% in%o consideration treatment of the underlying lesion and dietary control of
salt. =

{

¥

2. Action of diuretics. Diuretics exert their effect by partially inhibiting the renal
tubular resorption of sodium and chloride. The resulting natriuresis osmotically
obligates water within the tubular lumen so that large amounts of near-isotonic

4 urine may be excreted. An increase in the fractional excretion of salt and

water means that less of the glomerular filtrate will be reabsorbed into the i
peritubular capillary circulation, and thus less glomerular filtrate will be re- )
turned to the circulating plasma volume. As the plasma volume contracts, t
subtle changes in capillary hydrostatic pressure and plasma colloid osmotic §
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3. Complications of diuretics. The complications most frequently encountered &
a with diuretics are as follows:

i a. Contraction of the vascular volume (from overzealous diuresis)
b. Orthostatic hypotension

¢. Hypokalemia é
Hyperkalemia (spironolactone, s
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. Hypercalcemia (thiazides)
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i . Hyponatremia o i

i. Metabolic alkalosis E
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m. Pancreatitis (thiazides)

n. Acute interstitial nephritis (thiazides, furosemide, and triamterene) <
4. Major diuretic agents. Some of the major features of diuretics commonly in -

use today are summarized in Table 1-1. In addition to the diuretics listed in

the table, several drug combinations have

become increasingly popular in the q‘\
last several years among family physicians,

largely because they diminish the
need to be concerned about body K™ stores a

nd serum K* concentration. Dy- ‘\
azide is a triamterene-hydrochlorothiazide preparation, and Moduretic is a 1 g
hydrochlorothiazide-amiloride preparation. Although useful, both triamterene :
and amiloride carry their own complications (Table 1-1); if not used cautiously, q*@
or if the patient is insufficiently monitored, dangerous hyperkalemia may occur, ;
particularly if the patient becomes acidotic.

5. Principles of diuretic management g*

a. Except in emergencies, such as acute pulmonary edema, it is rarely nec- i
_essary to initiate a vigorous diuresis. It is much safer for the patient, par- *»“
ticularly the elderly, to be subjected to a gentle diuresis, perhaps no more ‘3
than 0.5 to 1.0 kg of weight loss per day, to allow sufficient tirne for vascular -
= replenishment from depots of edema in the interstitial space or serous cav- ¥ g
E ities.

b. lWhen the desired effects have been achieved with diuresis (i.e., “dry g-ﬁ
{weight,”), one should consider stopping the diuretic, reducing the dose, or f
even administering it on an alternate-day schedule

to reduce the risks of
volume contraction, hyponatremia, and hypokalemia. A )

. In most circumstances diuresis should be started with a thiazide drug; the
more potent loop-active agents (e.g., furosemide, ethacrynic acid) should
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Table 1-i. Features of Commonly Used Diuret!
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be reserved for situations in which the patient is resistant to the thiazide

diuretic, or a more vigorous diuresis is required.

- d. The diuretics acting;on the more distal parts of the nephron (e.g., spiron- V

olactone, amiloride, triamterene) are weak and also potassium-sparing, an
effect that may cause hyperkalemia in the presence of renal failure, acidosis
- or a diet very high in potassium. These diuretics, therefore, should never
be used in the presence of renal failure or with potassium supplements.
C. Treatment of the specific underlying disorder
1. Congestive heart failure (CHF) 3

a. Cardiac glycosides. Because CHF generally occurs when the heart fails
as a pump, the major thrust of therapy in this clinical circumstance is to
improve the efficiency of ventricular performance. This is usually accom-
plished with a cardiac glycoside preparation, most commonly, digoxin.
(1) Action of digoxin. Although a thorough discussion of digoxin is beyond

the scope of this chapter, it should be emphasized that the drug is
extremely effective in reversing low-output cardiac failure as well as
in controlling the ventricular rate in atrial fibrillation and a variety
of supraventricular tachyarrhythmias. Its marked inotropic effect on
the ventricular myocardium is particularly efficacious in the heart
failure associated with coronary artery disease, hypertension, or val-
vular disease. It is less effective in states of high-output heart failure
(e.g., thyrotoxicosis and severe anemia), in cor pulmonale, and in con=
ditions in which there is a disturbance in renal function‘limiting the
ability of the kidneys to increase the fractional excretion of salt and
water in response to an improved cardiac output (e.g., uremia or an
acute glomerulopathy). Digoxin is also rather ineffective when there
is pericardial tamponade or constrictive pericarditis, and it is generally
contraindicated in hypertrophic obstructive cardiomyopathy because
of the danger of worsening the subaortic stenosis.

(2) Administration and dosage of digoxin. In prescribing digoxin, one
should recall that there must be either a reduction in dosage or an
increment in dosage interval when renal failure is present. Although
theoretically one can administer a standard loading dose, in practice
it is probably much safer to administer either a reduced loading dose
(e.g., 30 to 50 percent of the usual dose over a period of 24 to 36 hours)
or the maintenance dosage without a loading dose, when there is no
requirement for rapid digitalization. Additicnal drug therapy in the
‘azotemic patient is discussed in Chapter 11. In elderly patients, the
serum creatinine may not accurately reflect the GFR because of loss
of muscle tissue. A serum creatinine of 1.2 mg per deciliter may in
fact be associated with a GFR of less than 60 ml per minute. Such
considerations should be kept in mind when the potentially lethal car-
diac glycosides are prescribed for geriatric patients with CHF, and if
there is any doubt, creatinine clearance should be measured and suit-
able formulas employed for calculating the required dose (see Chap.
11). In practice, because of the serious potential problems associated
with glycosides, many physicians prefer to initiate therapy with dietary
salt restriction and a diuretic, and avoid using digoxin unless it is
absolutely necessary (e.g., for atrial fibrillation).

b. Control of predisposing factors. In addition to cardiac glycosides, control
of factors predisposing to CHF should be instituted. These conditions include
hypertension, thyrotoxicosis, anemia, hypoxia, and polycythemia. Dietary
restriction of salt, reduction in physical activity, avoidance of extremes of
heat, moderation in sexual activity, sedation, and use of diuretics usually
complete the therapeutic program, although all these maneuvers are not
required for every patient. Extreme salt restriction and/or abu3e of diuretics
may actually be harmful to the patient in CHF. The failing heart maintains
a reasonable cardiac output, in part because of plasma volume expansion
(caused by renal sodium retention) and increased venous return, which
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2nd ed.]. Boston: Little, Brown, 1980.)

improve myocardial performance. Reduction of the Yentr}cular prelogd'by
excessive contraction of the plasma volume (excessive dietary rest.nct.i.on
and/or diuretic abuse), in the presence of a failing heart, x.-educes _cardlac
output even more and may aggravate existing prerenal failure (Fig. 1-2).
i is of the liver 5

= il.nzzsslt?n‘;nce from alcohol and sodium restriction. Tr_eating the undgrlymg
cause of established alcoholic cirrhosis of the liver is extremelyt {hfﬁcu.lt.
Nevertheless, abstinence from alcohol and consumption of a nutritious fhet
may improve hepatic function and retard .the rate.of cirrhotic prog‘rasl.?n.
Such improvement may allow the resolution of existent e(_iema and ascites
or at least permit other therapy tQ become more ef.ﬁcaclous.. In patients
with decompensated cirrhosis who actively retain urinary sodium, dietary
restriction of sodium is indicated according to the guidelines discussed
earlier. ¢ - - . - -

b. Use of diuretics. Most cirrhotic patients with ascites require diuretics at
some stage in their disease. Nonetheless, there is no urgency to treat small
amounts of ascites in well-nourished patients abstaining from alcohol, and
even large amounts of ascites probably never shot.ﬂd be x:emoved by par-
acentesis. There is rarely any urgency in removing agcxtes up]ess it is
associated with marked pain and discomfort, malnutrition, or circulatory
or respiratory embarrassment. Conservative thergpy always should be at-
tempted first. Sodium restriction (20 to 50 mEq pér day), with only modest
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water restriction and bed rest, results in a spontaneous diuresis and mo-
bilization of ascites in approximately 10 to 20 percent of hospitalized pa-
tients with ascites.
Diuretics should not be used until it is clear that abstinence from alcohol,
salt restriction, provision of a nutritious diet, and bed rest have failed.
The diuretic agent of choice in the cirrhotic patient is spironolactone. It
should be started in doses of 50 mg four times per day and increased at
weekly intervals to 75 mg q.i.d. and then 100 mg four times per day if no
response is observed. The daily dosage of this agent should not exceed 400
mg. The great advantage of spironolactone is that it is a weak diuretic,
inhibiting the transport of no more than 1 to 2 percent of the filtered sodium
load at the distal cationic exchange site of action of aldosterone; thus a
slow, gentle diuresis proceeds. In contrast, furosemide or a thiazide may
inhibit transport of as much as 10 to 15 percent of the filtered sodium load
and thus initiate a more vigorous diuresis, with attendant complications.
c. Rate of diuresis. It is of great importance that a diuresis proceed gently
in the cirrhotic patient with ascites, since diuretic losses tend to cause
underfilling of the arterial circulation, and vascular replenishment can
occur only from the peripheral edema and ascites depots. Ascites, however,
must be resorbed into a vascular compartment (splanchnic capillaries)
where hydrostatic and osmotic forces (portal hypertension and hypoal-
buminemia) do not favor the resorption of fluid. Hence, mobilization of
fluid may not keep up with diuretic losses. It has been demonstrated in
cirrhotic patients that probably no more than 900 ml of ascitic fluid can
be transferred across the peritoneum in a single day. It is probably wise,
therefore, to keep weight loss induced by diuretics at no more than 0.5 to
1.0 pound per day. Along with volume contraction and the subsequent
tendency to induce renal failure, hypokalemia and hyponatremia are fre-
quent complications associated with the overenthusiastic use of diuretics.
Hypokalemia has been suggested as a cause of hepatic encephalopathy.
Spironolactone may cause hyperkalemia and worsen any tendency for hy-
perchloremic renal tubular acidosis. Spironolactone may also be associated
with painful gynecomastia.-Thiazides or furosemide should not be added
to spironolactone unless it has been clearly demonstrated that spirono-
lactone alone is not effective. ?

d. Plasma volume expansion. Such maneuvers as infusion of iso-oncotic or
hyperoncotic albumin, reinfusion of ascites, and infusion of saline solution
generally are not helpful and may actually induce variceal hemorrhage
by increasing plasma volume and portal venous pressure transiently.

e. Portacaval shunts. Side-to-side portacaval fistulas may be attempted to
alleviate marked portal venous hypertension. End-to-side fistulas are as-
sociated with unacceptable mortality and should not be contemplated. The
former operation carries as much as 40 percent operative mortality and
should be reserved only for young patients with cirrhosis who have given
up alcohol and whose liver function is reasonably intact. Thus, patients
with cirrhosis who have had previous episodes of encephalopathy and who
have ascites, jaundice, hypoalbuminemia, and vitamin K-resistant pro-
longed prothrombin times are not good candidates.

f. LeVeen shunt. As many as 95 percent of patients treated with conservative
techniques (including diuretics) exhibit complete or partial discharge of
the ascites. For those who do not (i.e., “intractable” patients), one may
attempt insertion of a LeVeen shunt.

(1) Technique. A LeVeen shunt is a Silastic, pressure-sensitive valve that

is implanted beneath the abdominal muscles under local anesthesia.

l' One end of the tubing rides within the peritoneal space while the other
is tunneled subcutafieously and inserted into a jugular vein. The valve
permits flow of fluid from the peritoneum to the jugular vein only as
long as a 3- to 4-cm water-pressure difference exists across the valve.
The valve functions as an exogenous thoracic duct, conducting fluid

(2

s Naep;‘;t;fﬂ:y::g;?::nt of systemic disease. Like cirrhosis of the liver, ne-

Treatment of nil disease. In some clinical situations, it is virtually im-
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(a) Disseminated intravasgular coagulation
(b) Continuous leak of ascites
(c) Thrombosis of jugular vein
(d) Infection of shunt and peritonitis
(e) Fever

(f) Variceal hemorrhage
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nephropathy, lipoid (mil or minimal-chapge disease) nephrosis, :
nephropathy, and collagen-vascular diseases.

i i i developed. This is true,
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cannot be reversed by controlling blood sugar concentrations. In other cir-

b . . .ds
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organ incréase in serum albumin), the patient may be 9{mv:e o el
alternate-day regimen. Therapy is usually continued until a
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~° obtained, although the dosage may be progressively decreased when it is
_ erally obtained in greater than 80 percent of adults. Even in patients who

adequacy of steroids, a dosage of prednisone of at least 1 mg/kg/day shouid
be provided. Responders will generally be proteinuria-free within 8 weeks,
but decreasing amounts of steroids should be given for a total of 3 months.

- If a patient is not responding to steroids or is exhibiting frequent relapses
and complications from the steroids, cyclophosphamide (2 mg/kg/day) may
be given orally for a 2-month period as an adjunct to or substitute for the
steroids. Azathioprine is generally not helpful in this disorder, but chlor-
ambucil- may be as effective as cyclophosphamide. One should be aware of
the toxic side effects of steroids (e.g., hypertension, thromboembolic phe-
nomena, in predisposition to infection, osteoporosis, aseptic necrosis,
cataracts) and of alkylating agents (e.g., bone marrow suppression, in-

_ creased predisposition to infection, liver disease, hemorrhagic cystitis, ste-
rility) before commencing therapy. Since each alkylating agent has different
complications, however, the physician should become familiar with the
complications or specific side effects of an agent before using it.
¢. Treatment of membranous nephropathy and lupus nephritis. Idiopathic
membranous glomerulopathy is a common cause of nephrotic syndrome in
adults. It generally occurs in patients over the age of 40 and accounts for
at least 50 percent of the adult cases of idiopathic nephrotic syndrome in
North America. The onset of this disease is insidious, its course may be
indolent and prolonged, and there may be spontaneous remission in as

- many as 20 percent of cases. Whether steroids are useful in the treatment

of this disease is still controversial. Nevertheless, because of the poor prog-
nosis if membranous nephropathy is permitted to continue unabated, many
nephrologists advocate a trial of therapy for patients whose renal function
is not severely depressed. If a course of therapy is undertaken, it should
be vigorous (e.g., 60 to 80 mg of prednisone per day or 125 mg on alternate
days) for as long as 2 months, with total duration of therapy (at reduced
doses of 60 to 80 mg on alternate days) 1asting for 6 to 12 months, before
the physician concludes that there has been no response. Alkylating agents
are not generally indicated for idiopathic membranous nephropathy. When
the nephrotic syndrome is due to collagen vascular disease (e.g., lupus
erythematosus), the primary disease should be fully treated with prednisone
and/or azathioprine in an attempt to obtain a remission.

4. Acute glomemlonephrltls. Edema may occur with any acute glomeruloneph-
ritis. Although diuretics and salt restriction are extremely useful in these
circumstances, permanent relief from urinary sedium retention will come only
as the acute glomerulopathy resolves (e.g.. poststreptococcal glomeruloneph-
ritis) or is appropriately treated (e.g., malignant hypertension with antihy-
pertensive agents or acute collagen vascular disease with steroids).

5. Idiopathic edema. Women troubled with this syndrome may be very difficult
to treat. Rarely, men may also be afflicted with this disorder. Since the cause
of the sodium retention has not been clearly recognized, it is difficult to rec-
ommend specific therapy.

a. Supportive therapy. Some women profit from caloric restriction and weight
loss, others from avoidance of excess heat, whereas in others regular ex-
ercise, particularly swimming, may prove quite helpful. Almost all women

_.profit from avoidance of the orthostatic position, combined with the wearing
of elastic support hose.

b. Drug therapy. Some women have obtained relief with the use of sym-
pathomimetic amines that constrict precapillary resistances. Dextroam-

- phetamine,-10 to 25 mg per day, has been quite helpful in some women

. in reducing the daily swings in body weight and fluid collection. Since this
- drug causes insomnia and excitement in some patients, it is probably best

clear that the patient is showing a beneficial response. A response is gen-

___ are responding, frequent relapses way oceur. If there is doubt about the .

BN SR ey ——

1: The Edematous Patient 13

used in combination with a barbiturate. The decision to use this drug should
not be taken lightly, however, and the patient must be carefully monitored.

Recent evidence suggests that dopamine agonists may be quite helpful in
producing a natriuretic effect in women with idiopathic recurrent edema,

but it is not yet clear whether this drug is suitable for long-term therapy. - -

The majority of these patients are treated with dietary salt restriction and *
diuretics. Although in many cases this therapeutic regimen may keep the
patient edema-free, there are potential complications with the long-term
use of diuretics in this syndrome. The patient may come to exhibit a marked
“dependence” on these drugs and use them as cure-alls for many different
types of complaints. Indeed, many women with recurrent edema are anxious
and often irritable. Abuse of thiazide diuretics or furosemide may lead to
chronic hypokalemia, which in itself may be a salt-retaining influence. It
has also been postulated that in sensitive people volume contraction induced
by diuretics may provoke persistent secondary hyperaldosteronism and
excess tubular retention of sodium such that edema may actually be pro-
duced and perpetuated. Other complications of chronic diuretic abuse in-

clude hyperlipidemia, hyperuricemia, and profound metabolic alkalosis.
Vl. Refractory edema. Often, strict control of dietary salt intake and use of diuretic
agents are not sufficient to control edema, presumably because the salt-retaining
signal to the renal tubule is simply too potent, due to the underlying disease. Al-
ternatively, the alteration in Starling forces tending to force fluid out of the vascular
space may be so marked that virtually complete urinary sodium retention is required
to replenish the vascular space. In patients whose edema is refractory to conventional
therapy, the following guidelines may be helpful: . .;

A. Bed rest, with some elevation of the lower extremities, may be beneficial in pa-
tients with refractory edema. There tends to be a transfer of blood to the central
circulation with bed rest, resulting in an augmented cardiac output and improved
renal perfusion. Bed rest may also lead to a decrease in circulating levels of an-
tidiuretic hormone and aldosterone. Bed rest often converts an edematous patient
who is refractory to diuretics to one who is more responsive to diuretics, which
may permit a reduction in dosage.

8. Compression stockings for the lower extremities may aid in forcing the inter-
stitial fluid of edema back into the vascular space, thereby improving central
blood volume and renal perfusion.

C. In diuretic therapy it may be necessary to make changes as follows:

1. Administer medication intravenously rather than orally to avoid failure of
intestinal absorption because of gastrointestinal edema.

2. Change the diuretic; patients may respond to ethacrynic acid when they have
stopped responding to furosemide.

3. Use combinations of diuretics that act at different sites within the nephren
(e.g., acetazolamide, followed by large doses of furosemide, thiazides, and/or
spironolactone). The combination of furosemide and metolazoné administered
together has been proposed as an effective alternative in furosemide-resistant
patients. b .

4. Attempt to improve renal perfusion by infusing preglomerular vasodilators
such as dopamine.

5. Occasionally, only marginal adrenal function is present, particularly in elderly
patients who have been chronically ill and who have recently suffered from
additional acute stresses. In these circumstances, intravenous injections of
soluble glucocorticoid may permit a heightened 22 a given dosage of
diuretic, perhaps by increasing glomerulap# 6}6

D. In specific edematous states, it may be neg#asa ) FegOTtts u{ﬁs
?oﬂﬁngd to the lafery

Thus, pregnant women with toxemia

position in bed, a posture that improves#s mad¥mamics. s Ired Jy discussed,
patients with cirrhosis of the liver m: P& b‘kg,&q\w Le¥®en shifafing, whereas
patients with nephrotic syndrome Jiag ) ;enﬁlmﬁkaneojs influsions of hy

peroncotic albumin and diuretics. §] o
- O
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E. Patients with CHF may be treated with a pharmacotherapeutic protocol that i

Z cludes such vasodilators as nitroprusside or hydralazine in an attempt to red =
the afterload, ameliorate ventricular pumping, and reduce venous pressure T‘llqc'e
approach may improve renal perfusion (despite a reduction in blood pres'surel)S
apd a more potent diuretic response may be obtained. Because peripheral r :
sistance is in part angiotensin-dependent in CHF, captopril, a new, potent ve‘
sodilator .that inhibits angiotensin generation, has been particularl;l helpful ia-
some patients with advanced CHF and refractory edema. It produces markel;d1
,a{terload rgduction and assists in the mobilization of fluid. Because of its potenc

,and.p.ot,entl_ally hazardous complications, the physician should become thorou; hly
familiar with this agent before contemplating its use. s
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The Patient With
Hyponatremia or
Hypernatremia

Robert W. Schrier

Hyponatremia

Hyponatremia, defined as a plasma sodium concentration of less than 135 mEq per

liter, is a frequent occurrence in the hospitalized patient. It has been suggested that

approximately 15 to 25 percent of patients in hospitals have a low plasma sodium
concentration at some time during their stay. Hyponatremia in the ambulatory out-
patient is a much less frequent occurrence and is usually associated with a chronic
disease state. \

I. Clinical settings. Many clinical disorders may be associated with hyponatremia. In
fact, a low plasma sodium concentration may be a finding that leads to the diagnosis
of a specific disease state. For example, hyponatremia is associated with severe and
overt cardiac fai ure-er-tiver disease. A low plasma sodium concentration also may
be present in the patient with undiagnosed Addison’s disease, hypopituitarism, or
hypothyroidism, or it may be a harbinger of excessive use even before symp-
tor=or-volume depletion become apparent. HyponatreFrE’Tn'ﬁTalso present as 2
complication of other drug use (e.g., antineoplastic agents, including vincristine and
cyclophosphamide), or it may be an early Teature of oat cell carcinoma of the lung.
It is clear, therefore, that even in the asymptomatic patient the presence of hypo-
natremia cannot be ignored; rather, a diagnostic approach that leads to the specific
cause of the hyponatremia must be used. =

Il. Signs and Symptoms

_— A. Age of patient and rate ot development of hyponatremia. The level of hypo-

natremia that may cause signs and symptoms varies with the rate of decline in
the pla_smggodium concentration and the age ~of the patient. In general, the
younger patient appears to tolerate a specific Tevel of hyponatremia better than
does the older patient. However, the acute (few hours) development of hypona-
tremia in a previously asymptomatic young patient may cause severe central
nervous system (CNS) signs and symptoms, such as depressed sensorium, seizures,
and even death, when the plasma sodium “oncentration has reached a level only
between 125 and 130 mEq per liter- This is because the capacity of brain cells
to extrude osmotically active particles, thus' relieving the brain swelling that
accompanies hyponatremia, requires a longer time to be invoked. On the other
hand, this protective mechanism against brain swelling is very effective with the
chronic development of hyponatremia over days or weeks, 80 that an elderly person
may present without signs or symptoms even with a plasma sodium concentration
below 110 mEq per liter. ¢

B. Gastrointestinal and CNS dysfunction. Gastrointestinal symptoms, including
anorexia and nausea, may occur early with hyponatremia; however, the more
severe later signs and symptoms relate to the CNS. This is because the cell swelling
that occurs with hyponatremia is least well tolerated within the rigid encasement
of the skull. Severe hypenatremia of rapid onset may lead to brain edema and
herniation and thus requires rapid treatment. Cheyne-Stokes respiration may be

a hallmark of severe hyponatremia; in addition to exposure, uremia, and hypo-

thyroidism, hyponatremia also should be considered in the differential diagnosis

of the hypothermic patient.
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> body sodium. The volume-depleted patient with fiat neck veins, decreased skin
turgor, dry rmuccus membranes, and orthostatic hypotension and tachycardia is
classified as having hyponatremia with a deficit of total body sodium. Lastly, the
patient without either edema or evidence of ECF volume depletion is classified
as having hyponatremia with near normal total body sedium. g

In summary, symptoms that may be associated with hyponatremia include: E Pﬁ
4. Lethargy, apathy = - =
2. Disorientation i = |
3. Muscle cramps : @ 2
3 4. Anorexia, nausea # e

2 - 5. Agitation

3 A - S : t;_ D. Edematous hyponatremic patient. This classification of the hyponatremic patient

5 Signs that may be Mlafed with hypqnatrerma include: ; S (Fig. 2-1) narrows the diagnostic focus and diminishes the diagnostic possibilities.

¢ {. Abnormal sensorium i The hyponatremic ederatous patient must have either cardiac failure, cirrhesis, .

2. Depressed deep tendon reflexes ' e i nephrotic syndrome, or renal failure. When hyponatremia is secondary te cardiac

3. Cheyne-Stokes respiration _. 4 { and hepatic disease, the disease is advanced and readily evident on clinical ex-
4. Hypothermia 4 e i amination. In the absence of the use of diuretics the urinary sodium concentration
5. Pathologic reflexes _~* ' in the hyponatremic edematous patient should be quite low (less than 10 mEg
6. Pseudobulbar palsy ¢~ & per liter) because of avid tubular sedium resorption. The exception is in the pres-

ence of acute or chronic renal failure, in which, because of tubular dysfunction,
the urinary sodium concentration is higher {greater than 20 mEq/L}).

E. Hypovoiemic hyponatremic patient. The diagnostic possibilities in the hypoveo-
lemic hyponatremic patient are entirely different. Again, a spot urinary sodium
concentration is of value. If the volume-depleted hyponatremic patient has a low
(less than 10 mEg/L) sodium concentration, the kidney is functioning normally
by conserving sodium in response to ECF volume depletion. On the other hand,
if the urinary sedium concentration is greater than 20 mEq per liter in a hy-
povolemic hyponatremic patient, the kidney is not responding appropriately to
the ECF volume depletion, and renal losses of sodium and water must be considered

as the likely cause of the hyponatremia.

1. Gastrointestinal or “third space” losses—urinary sodium less than 10 mEq
per liter. In a hypovolemic hyponatremic patient with urinary sodium con-
centration less than 10 mEq per liter, a gastrointestinal source of sodium and
water losses must be sought. This may be readily apparent if the patient pre-
sents with a history of vomiting and/or diarrhea. In the absence of an obvious
history of gastrointestinal fluid losses, several other diagnostic possibilities
must be considered. Substantial ECF lesses may occur into the abdominal
cavity with peritonitis or pancreatitis and into the bowel lumen with ileus or
membranous colitis. The surreptitious cathartic abuser may present with evi-
dence of ECF volume depletion and no history of gastrointestinal losses. A
clue to this diagnosis may be the presence of hypokalemic metabolic acidesis
and phenolphthalein in the urine. Loss of haustra on barium enema and me-
lanosis coli are other clues to cathartic abuse. Burns or muscle damage may
also lead to a state of hvpovolemia and hyponatremia secondary to substantial
fluid and electrolyte losses from skin or into muscle.

. Renal losses—urinary sodium greater than 20 mEq per liter. In a hypovolemic
hyponatremic patient with a urinary sodium level greater than 20 mEq per
liter, several different diagnostic possibilities must be considered.

a. Diuretic use. Foremost among these diagnoses is excessive use of diuretics.
In fact, a fall in plasma sodium concentration in a patient receiving diuretics
may be the first clue to the need to readjust the dosage of the diuretic.
There are some patients with diuretic abuse in whom ECF volume depletion
is not readily apparent from clinical examination. As important clue, how-
ever, to the diagnosis of diuretic-induced hyponatremia is that virtually
all of these patients have an associated hypokalemic alkalosis. Cessation
of use of the diuretic is the best means of confirming the diagnosis of
diuretic-induced hyponatremia. It must be remembered, however, that |
restoration of ECF volume and potassium balance are also necessary to
correct the hyponatremia.

b. Surreptitious diuretic abuse. Surreptiticus diuretic abuse is becoming very
common, particularly among premenopausal women who use diuretics for
weight loss or other cosmetic reasens (e.g., thick ankles or calves, “puffy”
face, swelling of ankles.) These patients may be difficult to distinguish
from patients with surreptitious vomiting. because both may present with
evidence of ECF volume depletion and hypokalemic metabolic alkalosis.

7. Seizures
Iil. Diagnosis

A. Pseudohyponatremia. It is important to ascertain that the low plasma sodium
concentration is\not a consequence of drawing the sample from a vein into which
a hypotonic solution is being infused. Pseudohyponatremia does not require a
diagnostic search, ‘since the sodium concentration in plasma water is normal.
Patients with lipid or protein disorders may have a large percentage of their
plasma occupied by these solids, in contrast to the 8 percent of solids that oc-
cupy normal plasma. Thus, measurement of sodium concentration in the total
plasma will be Jow. However, removal by ultracentrifugation of lipids from
the plasma of a patient with nephrotic syndrome or pancreatitis or of proteins
from the plasma of a patient with Waldensirém's macroglobulinemia reveals a
normal sodium concentration in plasma water. Because ultracentrifugation may
not be readily available, a more practical means of documenting the diagnosis
of pseudohyponatremia is to measure the plasma osmolality. All other hypona-
tremic states are accompanied by hypoosmolality, but with pseudohyponatremia
plasma osmolality is normal. With very high plasma lipid concentrations, the
level of pseudohyponatremia may be below 120 mEq per liter, and yet the plasma
water sodium concentration will be between 145 and 150 mEq per liter.

B. Hyponatremia and increased ECF osmolality. Another cause of hyponatremia
is the presence of an increased number of osmotically active particles in the ex-
tracellular fluid (ECFj compartment that do not readily penetrate into cells (e.g.,
mannitol administration or hyperglycemia in the untreated diabetic patient). With
hyperglycemia it can be calculated that for each 100 mg per deciliter rise in blood
sugar a 1.6 mEq per liter fall in plasma sodium concentration will occur as ECF
water moves out of cells. For example, as blood sugar rises from 200 to 1200 mg
per deciliter in an untreated diabetic patient, the plasma sodium concentration
would be expected to fall from 140 to 124 mEq per liter (1.6 mEq/L x 10 = 16
mEq) without a change in total body water and electrolytes. Conversely, treatment
with insulin and lowering of the blood sugar in this diabetic patient from 1200
to 200 mg per deciliter would result in comparable osmotic water movement from
the ECF into cells and a return of plasma sodium concentration to 140 mEq per
liter without any change in total body water or electrolytes.

C. Assessment of ECF volume status and classification of hyponatremia. In the
absence of pseudohyponatremia or with an excess of osmotically active solute in
the ECF, the most important initial step in the diagnosis of hyponatremia is an
assessment of the ECF volume status. The hyponatremic patient can then be
classified in one of three categories: (2] hyponatremia in the presence of an excess
of total body sodium, (b) hyponatremia in the presence of a deficit of total body
sodium, and (c) hyponatremia with a near normal total body sodium. Sodium is
the primary cation in the ECF compartment and, with its accompanying anions,
dictates ECF osmolality and fluid volume. Thus, ECF volume provides the best
index of total body exchangeable sodium. A careful physical examination focused

~ on the evaluation of ECF volume status therefore allows for the classification of
the hyponatremic patient into one of the above categories. For example, the
edematous patient is classified as having hyponatremia with an excess of total
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The presence or absence of the hyponatremia depends on the patient’s water
intake. The pivotal diagnostic test to distinguish between the hypovolemic
hyponatremic patient with metabolic alkalosis who is a diuretic abuser
versus the patient who is surreptitious vomiter is the urinary chloride
concentration. The surreptitious vomiter will have a low (less than 10 mEq/
L) concentration and the surreptitious diuretic abuserahi gh (greater than

20 mEq/L) urinary chloride concentration.
i i dullary cystic disease, chronic in-

¢. Sailt-losing nephritis. Patients with me
terstitial nephritis, polycystic disease, analgesic nephropathy, partial uri-
nary tract obstruction, and, rarely, chronic glomerulonephritis may present
with hypovolemic hyponatremia secondary to salt-losing nephritis. These
patients generally have moderately advanced renal impairment with serum
creatinine levels greater than 3 to 4 mg per deciliter. This diagnosis should
virtually never be considered in patients with renal disease that is not
associated with a rise in serum creatinine. Patients with salt-losing ne-
phritis may need supplemental sodium chloride intake to avoid ECF volume
depletion or may be very susceptible to ECF volume depletion in association §
with either decreased intake or extrarenal (e.g., gastrointestinah sodium i
and water losses. Because these patients may be pigmented, secondary to
uremic dermatitis, and exhibit hyponatremia and volume depletion, their
disease was initially described as mimicking Addison’s disease.
d. Addison’s disease. The patient with Addison’s disease generally has as-
sociated hyperkalemia, and the prerenal azotemia general

ly does not in-
crease serum creatinine to levels greater than 3.0 mg per deciliter. ECF
volume repletion in these patients may correct both the hyponatremialand
the hyperkalemia. Moreover, the plasma cortisol during peri t

ods of stress

may fall within the normal range. Thus if adrenal insufficiency is suspected,
a 2-hour cosyntropin (Cortrosyn) stimulation test should be performed. In
addition to a urinary sodium concentration greater than 20 mEq per liter,
a urinary potassium concentration of less than 20 mEq per liter may be
another clue to mineralocorticoid deficiency. If fluid intake has been re-
b stricted, the patient with Addison’s disease may not present with hypo-
natremia, and hyperkalemia may not be present if the ECF volume de-

ﬁa‘ pletion is not severe. Thus, a high index of suspicion is necessary to make
] . the diagnosis of adrenal insufficiency. These patients may present with
CEQ Ao nonspecific symptoms such as weight loss, anorexia, abdominal pain, nau-

P

Acute and chronic
renal failure
Urinary sodium

concentration
>20 mmol/L

iy

gl
ECF volume excess

on
L

tedema)
[

Nephrotic syndrome,
cirrhosis, cardiac

failure

}

Excess total body sodium

and larger excess
of total body water

Urinary sodium
Water restriction

concentrat.
<10 mmol

xcess total
body water

E

Hyponatremia

Urinary sodium

concentration
20 mmol/L

Normonatremia

syndrome of inappropriate
Water restriction

|
J T
Glucocorticoid deficiency,
ADH secretion

hy;x)t.hyroidism, pain,
emotional stress, drugs,

Modest ECF volume excess

(no edema)

\

sea, vomiting, diarrhea, or fever.
r major diagnostic consid-

e. Osmotic, diuresis or anion excretion. Anothe
eration in the hypovolemic hyponatremic patient with a urinary sodium
Ry concentration greater than 20 mEq per liter is whether an osmotic diuresis
3 is obligating urinary sodium excretion. \
‘ ‘; (1) Glucose, urea, of mannitol diuresis. The uncontrolled diabetic patient
{\ may have substantial glucosuria, causing water and electrolyte losses

N

Extrarenal losses
pancreatitis, peritonitis,

traumatized muscle
Urinary sodium
concentration
<10 mmol/L,
Isotonic saline

'\'/omiting, diarrhea,
third space” burns,

E(yne depletion

water and larger deficit

of total body sodium

Deficit of total body

and thus ECF volume depletion. The urea diuresis after relief of urinary
tract obstruction is another example of an osmotic diuresis that can

=)\

g . . . . .

: cause ECF volume depletion. A chronic mannitol infusion without
‘k‘? electrolyte replacement can produce 2 similar situation.

concentration
>20 mmol/L

i

Urinary sodium

(2) Bicarbonaturia. Increased anion excretion also can obligate renal water
osses. The most frequently encountered example of
rbonaturia. The bicarbonate anion
and potassium,

and electrolyte 1

: } this is metabolic alkalosis with bica
i in the urine is accompanied by cations, including sodium
_‘ <€) which maintain electrical neutrality. Bicarbonaturia may accompany
paee the early development of metabolic alkalosis with postoperative na-
‘*\. sogastric suction or vomiting. Proximal renal tubular acidosis (e.g.
3 Q i Fanconi’s syndrome) is another condition in which bicarbonaturia
causes renal electrolyte loss. In the absence of a urinary tract infection

t\ ; with urease-producing organisms, a urinary pH greater than 6.1 in-

Diuretic excess, mineralo-
tubular acidosis, metabolic
alkalosis), ketonuria,
osmotic diuresis (glucose,
urea, mannitol)

corticoid deficiency,
sz?lt-losing nephritis,
bicarbonaturia (renal

Renal Ios;es

5‘€; dicates the presence of bicarbonate in the urine.

Fig. 2-1. Diagnostic approach to the hyponatremic patient
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(3) Ketonuria. Ketoacids are other anions that can obligate renal electro
losses in spite of ECF volume depletion; this may contribute :o m'mlaﬁr;

e ____electrolyte losses in diabetic or alcoholic ketoacidosis and starvation. — —

1. Euvolemic ic patient. There zre a limited number of diagnostic

__ possibilities with hyponatremic patients who exhibit neither edema nor

~-— - ECF volume depletion (i.e., euvolemic hyponatremic patients). Two en-

docrine disorders must be considered—hypothyroidism and secondary ad-
- renal insufficiency associated with pitwitary or hypothalamic disease.

/ {1) Hypothyroidism. The occurrence of byponatremia with hypothyroidism

generally suggests severe disease, including myxedema coma. In some
patients, particularly the elderly, the diagnosis may not be readily
apparent. Thus, thyroid function mast be assessed in the euvolemic
hypenatremic patient.

(2) Glucocorticoid deficiency. An intact renin-angiotensin-aldesterone
system avoids ECF volume depletisa with secondary adrenal insuffi-
ciency, but it is clear that glucocoriicoid deficiency alone can impair
water excretion and cause hyponatremia. Although skull films and
computed axial tomography (CT scan} should always be obtained in
theeuvolemic hyponatremic patient when the cause of the hyponé-
tremia is not obvious, normal skull films or CT scans do not exclude
secondary adrenal insufficiency. A low plasma cortisol level associated
with a low adrenocorticotropic hormone {ACTH) level supports the di-
agnosis of secondary adrenal insufficiency. In this setting, both sec-
ondary adrenal insufficiency and sesendary hypothyroidism may con-
tribute to the hyponatremia accompanying pituitary insufficiency.

(3) Emotional stress, pain, and drugs. In the absence of endocrine dis-
orders, drug effects and emotional or physical stress must be considered
in the euvolemic hyponatremic patient before invoking the diagnosis
of the syndrome of inappropriate antidiuretic hormone (SIADH) se-
cretion. Acute pain or severe emotional stress (e.g., decompensated
psychosis associated with continued water ingestion) may lead to acute
and severe hyponatremia. Drugs that either stimulate the release of
antidiuretic hormone (ADH) or enhance its action include:

(a) Nicotine
(b) Chlorpropamide
s {(c) Tolbutamide

/(d) Clofibrate :

! (e) Cyclophosphamide ] t
(f) Morphine \
(g) Barbiturates
(h) Vincristine
(i) Carbamazepine (Tegretol)
(j) Acetaminophen -

* = 77 (k) Indomethacin

(1) Isoproterenol

"I‘hus, determining whether the patient is receiving such drugs is an

important diagnostic step with the euvolemic hyponatremic patient.

(4) SIADH. After exclusion of the diagnases given above in the euvolemic
hyponatremic patient, the diagnosis of SIADH may be considered. In
general, the causes of SIADH include:

(a) Carcinomas - -

() Lung
(i) Duodenum
- =« ={ill) Pancreas- -
(b) Pulmonary disorders -

: {i) Viral pneumonia - : &
(il) Bacterial pneumonia
(i) _Pulmonary abscess
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(iv) Tuberculosis
- (v) Aspergillosis = ==
(c) Central nervous system disorders =
() Encephalitis, viral or bacterial -
(1) Meningitis, viral, bacterial, or tubercular
(ili) Acute psychosis :
(iv) Stroke (cerebral thrombosis or hemorrhage)
(v} Acute intermittent porphyria
(vi) Brain tumor
(vii) Brain abscess
{vlii) Subdural or subarachnoid hematoma or hemorrhage
(ix) Guillain-Barré syndrome
(x) Head trauma
(5) Evaluation of urinary sodium concentration. The urinary sedium con-
centration in SIADH as well as in other conditions leading to euvolemic
hyponatremia is generally greater than 20 mEq per liter. However, if
the patient with SIADH is on a sodium-restricted diet or is volume
depleted, the urinary sodium concentration may be less than 10 mEq
per liter. Refeeding with a normal salt intake or expansion of ECF
volume with saline will increase urinary sodium concentration to
greater than 20 mEq per liter, but the hyponatremia will persist in
the patient with SIADH or another euvolemic cause of hyponatremia.

V. Therapy. The therapy of hyponatremia depends on several factors, including (a) the
cause of the hyponatremia, (b) the degree of the hyponatremia, and (c) the severity
of signs and symptoms relating to the hypomatremia. Hyponatremia relating to mi-
neralocorticoid, glucocorticoid,- and/or thyroid hormone deficiency is of course best
treated by hormone replacement. -

Specific treatment of cause of hyponatremia. Drug-induced hyponatremia or
hyponatremia related to physical or emotional stress is best managed by removal
of the drug or stress. Treatment of edematous disorders (e.g., cardiac glycosides

"~ with cardiac failure or corticosteroids with nephrotic syndrome secondary to nil

disease, or lipoid nephrosis) may also suppress nonosmotic vasopressin release
and improve the renal capacity to excrete water, thus correcting the hyponatremia.
Correction of ECF volume depleticn, whether secondary to gastrointestinal or
third space losses, diuretic abuse, Addison’s disease, or salt-losing nephritis, also
may correct the hyponatremia. In an occasional patient with diuretic-induced
hyponatremia, cessation of the drug and restoration of ECF volume is inadequate
to correct the hyponatremia if total body potassium stores are not repleted. Treat-
ment of the uncontrolled diabetic patient with profound hyperglycemia, ketonuria,
and glucosuria will also diminish renal losses of fluid and electrolytes, thereby
alleviating the precipitating cause of the hyponatremia.

. Restriction of water intake. If none of these specific treatments is possible, ad-

equate restriction of water intake will increase plasma sodium concentration in-
dependent of the cause of the hyponatremia. Adequate fluid restriction is re-
striction to an amount less than urine output and estimated insensible losses.
For example, if a hyponatremic patient has a daily urine output of 500 ml and
estimated daily insensible losses of 500 ml, daily water restriction to 1000 ml
should be expected to prevent additiona} lowering of the plasma sodium concen-
tration; more severe fluid restriction to less than 1000 ml per day is necessary
to increase plasma sodium concentration.

_ Demeclochlortetracycline administration. In a patient with chronic SIADH who

will not voluntarily restrict water intake to a degree sufficient to avoid symp-
tomatic hyponatremia, the administration of demeclochlortetracycline (600 to 1200
mg per day) may be used to create a state of drug-induced nephrogenic diabetes
insipidus, thereby allowing more liberal fluid intake without associated hypo-
natremia. It must be remembered, however, that demeclochlortetracyeline is me-
tabolized largely by the liver, and patients with liver disease may develop azotemia
associated with high plasma drug concentrations and nephrotoxicity. This tetra-
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cycline may also cause a natriuresis, with subsequent ECF volume depletion.
Lithium has also been used to cause a vasopressin-resistant nephrogenic diabetes
insipidus in patients with chronic SIADH and symptomatic hyponatremia, but
this drug is less consistently effective and has more side effects than demeclo-
chlortetracycline. Specific antagonists to arginine vasopressin have now been de-
veloped and should be available for clinical use in the near future.

D. Treatment of acute symptomatic hyponatremia with furosemide and hypertonic
saline. For the asymptomatic patient who has no reversible cause of hyponatremia
and a plasma sodium concentration of not less than 130 mEq per liter, only careful
monitoring may be appropriate, On the other hand, if the plasma sodium con-
centration decreases to 125 mEq per liter or less, cell swelling is no doubt occurring,
and appropriate water restriction to maintain plasma sodium concentration at a
level greater than 130 mEq per liter is indicated. As already emphasized, however,
the rate of decrease in plasma sodium concentration is an important determinant
of asspciated signs and symptoms.

1. Indications for treatment. In a patient with acute hyponatremia and CNS
symptoms, including stupor, coma, or seizures, rapid treatment to decrease
the brain swelling is indicated. The best approach is to increase ECF osmolality
by administering hypertonic (3%) saline at a rate equal to furosemide-induced
renal losses of sodium, potassium, and chloride. The difference in the hourly
rate of urine flow and hypertonic saline infusion will equal the net negative
fluid balance. For example, if a furosemide-induced (1 mg intravenously) di-
uresis of 1 liter per hour occurs and the urinary electrolyte losses are replaced
by 150 ml of 3% saline, then 850 ml of net negative water balance has been
achieved. This approach avoids dangerous overexpansion of ECF and corrects
the primary cause of the hyponatremia—excessive total body water. When
available vasopressin antagonists will be very useful in the treatment of acute
symptomatic hyponatremia.

2. Calculation of desired negative water balance. The following example illus-
trates the method of correcting the plasma sodium concentration from 115 to
130 mEq per liter in a stuporous, hyponatremic 70-kg man: :

Total body water (TBW) = body weight X 60% or 70 x 0.6 = 42L
Then, s

Actual plasma concentration 115 mEq/L
% : e i L =365L
Desired plasma concentration g 130 mEq/L 5 2008

Therefore, 5.5 liters (42.0 L—36.5L) negative water balance will be needed to
raise plasma sodium concentration to 130 mEq per liter.

Therefore, an approximate net negative fluid balance of 900 ml per hour in
this patient should raise the plasma sodium concentration to 130 mEq per
liter in 6 hours. Nevertheless, careful monitoring of the patient during these
rapid changes in fluid balance is important.

Hypernatremia

Hypernatremia, defined as a plasma sodium concentration greater than 150 mEq
per liter, is less frequent than hyponatremia. This is probably not due to a more
frequent occurrence of disorders of renal dilution than of renal concentration. If there
is an inability to dilute the urine, however, water intake of 1 to 2 liters per day may
cause hyponatremia. This amount of fluid intake may be ingested as routine behavior
in $pite of a hypo-osmolar stimulus to suppress thirst, thus perhaps explaining the
frequenty of hyponatremia. On the other hand, renal concentrating defects that cause
renal water losses generally do not cause hypernatremia unless a disturbance in
thirst is present or the patient cannot drink or obtain adequate fluid to drink. The
very young, the very old, and the very sick are, therefore, the populations that develop
hypernatremia most frequently. In the absence of an inability to drink (e.g., coma, _
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nausez, and vomiting) or to obtain water (e.g., infants or sey:r;laytile}; ;d:ilzi),c ;:’e‘
thirst mechanism is very effective in preventing hypernalltreml ié; S

lete central diabetes insipidus may have rena! water losses in exc i
: r dav. Even so, these patients rarely present with hypernatremia stu'; N
‘L)x(laatioin leads to increased water intake with only a 1 to 2 percent ris

osmolality, thus avoiding frank hypematremia.

i i uate
Clinical settings. Renal concentrating defects can occur either secondary to inadeq

vasopressin release (central diabetes insipidus) or as an impaired renal response to
; 3 e e iy :
/ essin (nephrogenic diabetes mblp\dus A e
;\?SoCenpr tral diab‘;tes insipidus. .-\pprOlea(fiel}i 50 percesr:. :fx &ntsktig(:feofl zca:itf;zd -
insipidus have no detectable underlying cau S ar e
ia::)t::thic.p'l‘rauma. surgical procedures in the area of the pxtu;z;gtiocr bl':')ezzt
thalamus, and neoplasms, either primary or §econdary (e.fg., n;ea{diabetes =
cancer) constitute the majority of the remaining causes of cen T e
sipidus. In addition, encephalitis, sarcoidosis, Or eosinophilic granuloms
central diabetes insipidus. e = ‘ =1
B. Nephrogenic diabetes insipidus. Nephrogenic diabetes insipidus can be seco 3
to a variety of conditions (Table 2-1).

]

Table 2-1. Acquired Causes of Nephrogenic Diabetes Insipidus

Chroenic renal disease
Polvcystic disease
Medullary cystic disease
Pvelonephritis
Ureteral obstruction
Far-advanced renal failure
Analgesic nephropathy
Electrolyte disorders
Hypokalemia
Hypercalcemia
Drugs
; Lithium/ }
Demeclocycline
Acetohexamide
Tolazamide .
Glyburide v
Propoxyphene
Amphotericin
Methoxyflurane .
Vinblastine-
Colchicine
Sickle cell disease
Dietary abnormalities
Excessive water intake
Decreased sodium chloride intake
Decreased protein intake
Miscellaneous =)
Multiple myelom'a—')
Amyloidosis
Sjogren’s disease
Sarcoidosis

Schri L / Sodium Concentration..
T. Berl and R. W. Schrier, Disorders of Serum . ;
frl:il:e Cal'ai‘t:.: h;l‘cGaw Laboratories, Division of American Hospital Corpora
tion, 1979.
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9. The Patient With Hyponatremia or Hypernatremia

1. Seccndary to renal diseases. Medullary er interstitial renal diseases are par-
~ticularly likely to be accompanied by vasopressin-resistant renal concentrating
defects: the most frequent of these diseases are medullary cystic disease, chronic
interstitial nephritis (e.g., analgesic nephropathy), polycystic disease, and

—partial bilateral urinary tract obstruction. Far-advanced renal disease of any
cause is uniformly associated with a renal concentrating defect. However, be-

cause of the very low glomerular filtration rate, the renal water loss (i.e,
polyuria) is modest (2 to 4 L per day). =

2. Sececndary to hypercalcemia and hypokatemia. Hypercalcemia secondary to
any cause, including primary hyperparathyroidism, vitamin D intexication,
milk alkali syndrome, hyperthyroidism, and tumor, may cause nephrogenic
diabetes insipidus. Similarly, hypokalemia secondary to any cause, including
primary aldesteronism, diarrhea, or chronic diuretic use, may cause nephro-
genic diabetes insipidus.

3. Drugs, dietary abnormalities, and other causes. Various drugs impair the
end-organ response to ADH and thus causea renal concentrating defect (Table
2.1). Excess water intake as well as dietary sodium and/or protein restriction
also has been shown to impair urinary concentration. Other unique causes of
nephrogenic diabetes insipidus include maultiple myeloma, amyloidosis, 5j6-
gren’s disease, and sarcoidosis.

C. Insensible losses or osmotic diuresis. Excessive insensible lospes without ad-

equate intake will cause hypernatremia since these losses are always hypotonic
in nature. Also, renal lgsses are generally hypotonic during an osmotic diuresis
such as occurs with glucose, urea, or mannitol and thus may lead to hypernatremia.
However, hypernatremia will occur secondary to hypotonic losses only if (a) the
thirst mechanism is impaired, (b) fluid is not available, or (c) the patient is unable
to obtain and/or drink fluid. Thus, since hypeotonic fluid losses are most frequently
associated with an intact thirst mechanism. availability of fluid, and ability to
drink, hypernatremia is not a frequent occurrence. -

. Administration of hypertonic salts. A rare cause of hypernatremia is the admin-

istration of hypertonic salt substances. Thus, hypernatremia may occur during
cardiopulmonary resuscitation and administration of large amounts of sodium
bicarbonate or during inadvertent intravascular infusions of hypertonic saline
in therapeutic abortions. Sea water drowning or hemodialysis with a mistakenly
high sodium concentration dialysate are other causes of hypernatremia. The use
of sodium chloride tablets without adequate water intake in a hot, humid en-
vironment may occasionally lead to profound hypernatremia in some people. The
modest elevation of plasma sodium concentration in patients with Cushing’s syn-
drome or primary hyperaldosteronism may provide a clue to the diagnosis but is
of no clinical consequence. When hypernatremia occurs in any of the above clinical
settings, severe signs and symptoms may be associated.

1. Signs and symptoms. Polyuria and polydipsia may be prominent symptoms of the

patient who subsequently develops hypernatremia in association with inadequate
water intake.
A. CNS dysfunction. Neurologic abnormalities constitute the most prominent man-

ifestations of hypernatremic states. These neurologic manifestations appear to
be due primarily to ceilular dehydration and shrinkage of brain cells that is as-
sociated with tearing of cerebral vessels. Capillary and venous congestion, sub-
cortical and subarachnoid bleeding, and venous sinus thrombosis all have been
described with hypernatremia.

. Prognosis of acute versus chronlc hypemnatremla. The signs and symptoms of

hypernatremia are more severe with acute than with chronic hypernatremia.
Indeed, 75 percent. mortality has been reported in association with acute hyper-
natremia in adults with acute elevations of plasma sodium concentration above
160 mEq per liter. These adults, however, frequently have severe primary diseases
associated with their hypernatremia, and these primary diseases may largely
account for the high mortality. A 45 percent mortality has been reported in chil-
dren with acute hypernatremia, and as many &s two-thirds of the surviving chil-
dren may have neurologic sequelae.
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{a. The more benign course of chronic
hypernatremia appears o be related to cellular mechanisms that protect against
severe brain dehydration. The brain, however, requires some period of time, per-
haps days, to adapt. With chronic hypernatremia brain cells generate idiogenic
osmoles, some of which appear to be amino acids; these idiogenic osmoles are
osmotically active and restore brain water to near control levels in spite of per-
sistent hypernatremia. The presence of these idiogenic anions with chronic hy-
pernatremia, although protective against brain dehydration and shrinkage, may
predispose to brain edema if the hypernatremia is corrected too rapidly.

. Correlation of CNS dysfunction with degree of hyperosmotality. The earliest

manifestations of hypernatremia are restlessness, increased irritability, and
lethargy. These symptoms may be followed by muscular twitching, hyperflexia,
tremulousness, and ataxia. The level of hyperosmolality at which these signs and
symptoms occur depends not only on the rapidity of the change in the plasma
sodium concentration but also on the age of the patient; the very young and the
very old exhibit the most severe manifestations. In general, however, these signs
and symptoms may occur progressively with plasma osmolality in the range of
395 to 375 mOsm per kilogram of water. At plasma osmolalities above this level
tonic muscular spasticity, focal and grand mal seizures, and death may occur.
The elderly patient with dementia or severe cerebrovascular disease may dem-
onstrate these life-threatening signs and symptoms at a lower level of plasma
hyperosmolality. E

Because of the potential severe consequences of hypernatremia, it is important
to make a specific diagnosis of the cause and institute appropriate therapy.

lil. Diagnosis. As with hyponatremia, a diagnostic approach (Fig. 2-2) that classifies
patients on the basis of total body sodium or ECF volume status may be used. Such
an approach allows the clinician to focus on the most likely diagnosis in each category.
A. Hypovolemic hypernatremic patient. The hypernatremic patient may have evi-

dence of ECF volume depletion that has occurred secondary to either renal or

extrarenal losses.

1. Extrarenal losses. If the losses have been from an extrarenal site (e.g., diar-
rhea), then sodium and water conservation by the kidney should be readily
apparent. In such patients the urine sodium concentration is less than 10 mEq
per liter and the urine is hypertenic.

2. Renal losses. In contrast, hypotonic electrolyte losses may occur in the urine
during an osmotic diuresis. In these patients evidence of renal sodium and
water conservation is of course not present because the urine is the source of
the losses. Thus, the urine is not hypertonic, and urine sodium concentration
is generally greater than 20 mEq per liter. In the hyperglycemic diabetic patient
with good renal function ard profound glucosuria, hypernatremia may be a
presenting feature because hypotonic renal losses may obscure any effect of
hyperglycemia to shift water osmotically from cells to ECF.

. Hypervolemic hypematremic patient. Patients with hypernatremia glso may have

evidence of ECF volume expansion. Generally, these are patients who have re-
ceived excessive amounts'of hypertonic sodium chloride or sodium bicarbonate.
In such an acute setting the incidence of ECF volume expansion is most likely
to be associated with pulmonary congestion and/or elevated neck veins rather
than peripheral edema. This variety of hypervolemic hypernatremia is rather
infrequent.

. Euvolemic hypernatremic patient. More frequent are hypernatremic patients who

exhibit evidence of neither ECF volume depletion nor expansion. These are pa-
tients who have suffered primarily from water losses without electrolyte losses.
Because of free permeability of membranes to water, water losses are only one-
third from the ECF compartment and two-thirds from within cells. This is the
main reason that hypernatremia rather than ECF volume depletion primarily
occurs with water losses.
1. Insensible water losses. 111 patients who do not receive replacement cf in-
sensible losses will become hypernatremic. The acclimatized patient also has
primarily water loss without electrolyte loss with prolonged sweating and may
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el become hypernatremie. This is rare, however, since stimulation of thirst and =
= water intake are generally adequate to avoid hypernatremia. With these ex-
e. ¢ trarenal’ water losses the urine becomes concentrated, and the urine sodium
; 3 concentration reflects sodium intake. ‘
i 2. Partial central diabetes insipidus. Patients with partial central diabetes in-
t. = sipidus, particularly with hypothalamic lesions associated with hypodipsia,
| i = | 2 = may present with hypernatremia and hypertonic urine. . .
i = | Eg s = g & s 3. Hypernatremia, hypedipsia, and hypertonic urine. Patients with vxr‘gual ab-
| Siex i 28 ZE, : E o8 o sence of osmotic vasopressin release may maintain normal nonosmotic vaso-
i eIl PEETR T oag 5 3 P pressin release (e.g., secondary to volume depletion) and present with hyper-
5 T L S-S "} ) natremia, hypodipsia, and maximally concentrated urine. These patients
| LT ~BwE g o p4 x5 o generally have hypothalamic brain lesions. Their disorder has in the past been
{ B E gEEt L . 2o 2 E @ 4 termed essential hypernatremia or a reset osmostat. t
SE / [5=¢ % é" _f:} ;‘* = 5 3N ZE 4. Complete central diabetes insipidus. In patients with complete cenm_z.l diabetes ;
{ c fms ik : insipidus the urine is hypotonic in spite of plasma hyperosmolality, which 1§
St _-?_ i > | @ -, normally stimulates vasopressin release and concentrates the urine. ;
e | zw3 2 ” 5. Responses to fluid deprivation and exogenous ADH. In Table 2-2 are shown
! I e 2 52 g = the responses to fluid deprivation (3 to 5 percent loss of body weight) followed
t 1 =L2 o E B by exogenous vasopressin administration in patients with partial and complete i
{ |, §82 §»32 3 diabetes insipidus compared to normal subjects. Patients with compulsive water f
1 e » ;‘»: a E g Z = \ 2 Q: =y d}"inking may present with polyuria and a blunted response to the fluid dep- i
25 [ g 2 = ] NG £ oL rivation test: on cessation of fluid intake, hypernatremia does not develop in tH “
=l RO g ‘t % these patients and their renal concentration defect is primarily due to a re-
SR - s oY sistance of the kidnev to vasopressin. However, since patients with central or
s Z‘c‘ E 3 é " / = \ ¥ i nephrogenic diabetes insipidus may present with polyuria and polydipsia in
g i X_£3= | £ 3 = t‘, W, the absence of hypernatremia, awareness of the diagnosis of compulsive (psy-
g SEzgZ | 5 / = \ 2 S chogenic) water drinking is quite important. Menopausal women with previous | n
E | w2 §g ey S ;—:’2; - < t - psychiatric problems are particularly prone to compulsive water drinking.
5 | 28;585°5 { =8 Es g 1»; Lastly, the patient with nephrogenic diabetes insipidus may occasionally have
Ei = f-@ é9§ éé‘é 2 Z‘c‘ vasopressin-resistant hypotonic urine (e.g., hypercalcemic or hypokalemic
&2 \ g }%é E_é zZ23% ! 9 5 nephropathy); thus, the temporary absence of fluid intake because of an in- t
®Z S5 cB tercurrent illness can be asscciated with hypernatremia. In all hypernatremic ;
i .ca % . patients who have primarily water losses, the urine sodium concentration |
£ = e e merely reflects sodium intake. iR,
» 5B -2 3 IV. Therapy. The treatment of hypernatremia depends on two important factors—ECF 1!
o 2% Blar, g_c/-‘; - volume status and rate of development of the hypernatremia. {
= =8¢ | g5 o SRR A. Correction' of ECF volume depletion. If the hypernatremia is associated with
+ 2 ? s é 3_»:3 gc\ ECF volume depletion, the primary therapeutic goal is to administer isotonic
% / 58< 3 ] g \ o A \3* saline until restoration of ECF volume is achieved, as assessed by normal neck
z = \ E x%3 oy E= £ = veins and absence of orthostatic hypotension and tachycardiaHypotonic (0.45%)
3 _g / RS T \ @ B @ -, sodium chloride or 5% glucose can then be used to correct plasma osmolality.
33 g SR Y B. Correction of ECF volume expansion. In contrast, if hypernatremia is associated
2 g’ \ g o / % 'i g 45 with ECF volume expansion, diuretics can be used to treat the hypernatremia.
=3 \ z § g / 3 S 1Ty The loop diuretic furosemide appears to be particularly useful in the generation |
23 Sisws S of hypotonic urine and thus is particularly effective in this setting. In the presence |
27 e _2: ZNET a ; — of renal failure the patient with hypernatremia and fluid overload may need to t :
8% b o8 E § y be dialyzed to treat the hypernatremia. ; =
§, ESE : L E£EQ S Q C. Water replacement—method of calculation. Lastly, the patient with euvolemic |
=OE3 253% [Shia 1‘; hypernatremia may be treated primarily with water replacement either orally ; :
© > or parenterally with 5% glucose in water. The methed of calculation of the nec- . & .
2 ﬁ essary water replacemest for a 75-kg man with a plasma sodium of 154 mEq per %
g,, g ;3 liter is as follows: 1
i g g\“;) Total body water (TBW) = body weight x 60% or TBW = 75 x 0.6 = 45 L
4 . L
t = o b Then, / £
u_d - Act!..lal plasma sodlfxm < TBW - 154 mEq/L w 45 L = 495 L ;
A Z) Desired plasma sodium 140 mEq/L

wal
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13 Table 2-2. Responses to Fluid Deprivation and Exogenous Vasopressin

Number

=3 Mean Uosm Uosm after % Change
= of Cases  with Dehydration Vasopressin  (in Uosm)
d Normal subjects 9 1067 = 68.7 978 + 794 -89 +30
= Complete central 18 168 + 13 445 = 52 180 = 414
L diabetes insipidus -
~ Partial central 12 437 + 336 5486 + 28.2 285+ 4.7

diabetes insipidus

Compulsive water 7 738.2 = 52.9 7798 = 73.1 5+22
drinking

antidiuretic hormone secretion. Ann. Intern. Med. 73:721, 1970.

Data from M. Miller, T. Dalakos, A. M. Moses, et al., Recognition of partial defects in

N ’ .
Therefore, 4.5 liters (49.5 L - 45.0 L) positive water balance would correct the
plasma sodium concentration.

D. Rate of correction. The recommended rate of correction of the hypernatremia

depends on the rate of development of the hypernatremia and the associated
symptoms. More neurologic signs and symptoms are associated with acute hy-
pernatremia; therefore, this biochemical abnormality should be corrected rapidly
over a few hours. {
Idiogenic osmoles appear to accumulate in brain cells during periods of chronic
hypernatremia, 8 mechanism that protects against brain shrinkage. Thus, rapid
correction of chronic hypernatremia can create an osmotic gradient between the
ECF and intracellular compartments with osmotic water movement into cells
and brain edema. In general, therefore, chronic hypernatremia is best corrected
gradually at a rate not to exceed 2 mOsm per hour. Total correction time should
be 48 hours or longer.
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The Patient With
Hypokalemia or
Hyperkalemia

Richard L. Tannen

Potassium, the major intracellular cation, influences several enzymatic processes.
Far more important, however, is the fact that membrane polarization is critically
dependent on the relation between extracellular and intracellular potassium con-
centrations (Ke/Ki). The major clinical manifestations of hypo- and hyperkalemia,
caused by alterations of membrane phenomena in excitable tissues, are abnormalities
in neuromuscular function and cardiac conduction.

. Body potassium stores and factors atfecting transcellular distribution. Total body

potassium content, in a normal person averages 50 mEq per kilogram and ranges
from 31 to 57 mEq per kilogram (Fig. 3-1). Only 1.5 to 2.0 percent of potassium is
within the extracellular fluid (ECF) space; the remainder is located in intracellular
fluid (ICF), largely in muscle. The normal serum potassium concentration ranges
from 3.8 to 5.0 mEq per liter, and intracellular potassium concentration is estimated
to be 150 mEq per liter.

In view of the marked disparity between the potassium content of the intra- and

extracellular spaces, factors controlling the transcellular distribution of potassium

are critical for maintaining normal serum levels (Fig. 3-2).

A. pH. Acidosis promotes potassium exit from cells and increases the Ke/Ki ratio;
alkalosis acts in the opposite fashion and tends to decrease serum potassium con-
centration. Alterations in bicarbonate concentration without changes in plasma
pH can also modify transcellular potassium movement. In addition, mineral and
nonmineral acids may affect potassium in somewhat different fashions. A rough
guideline is that each 3.1 unit change in pH results in a reciprocal 0.6 mEq per
liter change in serum potassium with hyperchlofemic acidosis, but the same
change in pH causes an average 0.4 mEgq per liter or less change in potassium
with other acid-base disturbances. .

B. Insulin. Insulin promotes potassium entry into cells, which is, at least in part,
independent of its action on glucose uptake. Because potassium can stimulate
insulin release, this action may represent a regulatory mechanism.

C. Aldosterone. The major effect of aldosterone is modification of urinary potassium
excretion. Although it has beén suggested that it may also promote cellular po-
tassium uptake, this issue remains unresolved at present.

D. Beta-adrenergic agents. Beta-adrenergic agents, specifically those with By-agonist

properties, promote cellular potassium uptake by a direct effect on-the sodium- .

potassium pump. Whether potassium can, in turn, stimulate épinephrine release
has not been resolved definitely. Y

E. Total body potassium. It is apparent that alterations in one or several of the
above factors can modify the serum potassium concentration independent of any
change in total body potassium content. In the absence of changes in these factors,
serum potassium concentration parallels changes in cellular potassium stores;
depletion results in hypokalemia, and surfeit, in hyperkalemia.
Firm guidelines do not exist to estimate the magnitude of depletion from the
measured serum potassium level. A rough rule of thumb is that each 1 mEq per
liter decrement in serum potassium concentration corresponds to a loss of ap-
proximately 200 to 300 mEq per liter of body potassium stores. Reliable data
correlating hyperkalemia with the magnitude of potassium retention are not
available, but an increase in potassium of 1 mEq per liter above normal probably
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: Dietary intake ]
— — = = = - 370 mEq)

Other ICF ECF

to the distal nephron and perhaps by increasing sodium reabsorption at distal
nephron sites. A decrease in sodium excretion diminishes potassium excretion.
When a diet high or low in sedium content is ingested for several days; sodium
balance is achieved without major changes in total body potassiumt. Thus, ad-
__ justments maintain potassium balance despite variations in sodium intake. In
fact, an acute potassium load is excreted more readily on a low than on a high
sodium diet, in apparent contrast to the infiuence of acute changes in sodium
excretion on potassium. This probably results from the higher aldostercne level
with sodium deprivation. :
B. Mineralocorticoids. Mineralocorticoids promote sodium retention and potassium
excretion, although the two effects may be the result of separate mechanisms.
Furthermore, a high potassium concentration stimulates aldosterone secretion,
whereas a low potassium concentration is inhibitory. This results from a direct
effect of potassium on the adrenal glands rather than an indirect, renin-mediated
mechanism, because a high potassium level suppresses and a low potassium level
stimulates renin secretion. This interrelation between potassium and aldosterone
appears to present an important feedback control mechanism for the regulation
of potassium excretion.
Anion excretion. Excretion of poorly reabsorbable anions such as sulfate promotes
kaliuresis. An increase in the negative transtubular voltage across the epithelium
of the distal nephron (by providing a more favorable electrochemical gradient for
potassium movement into the tubular lumen) and an increase in tubular flow
rate both may increase potassium secretion. In addition, recent studies indicate
that a decreased chloride concentration in distal tubular fluid directly promotes
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Fig. 3-1. Normal pot.assiun'; homeostasis for a 70-kg person, showing the relationship
between potassium intake, output, and distribution in bedy compartments.
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= | net potassium secretion by this segment of the nephron.
eﬁ_ D. Acid-base K
Changes in serum K’ ' 1. Systemic pH. Changes in systemic pH appear to alter the potassium content
of the renal tubular cell in a manner analogous to the effect on other tissues
~-‘-\$ (i.e., acidosis decreases and alkalosis increases intracellular potassium).

! 3 There is evidence indicating that acute acidosis decreases potassium secretion
N via this mechanism, whereas alkalosis acts in the opposite fashion. However,
Altered transcellular distribution Altered total body stores 3 S this effect is transitory and overridden by other factors when the acid-base
! Ld é abnormality is sustained. Chronic metabolic acidosis is usually accompanied
% 1. Acid-base 1 P’"ple'c"}i’ggol 3"654 2 e;;l;s:‘ & i 3 by mild potassium depletion; chronic respiratory acidosis and alkalesis, by
A. 1 Acidosis } (0.4-0.6 mEq/L of K’) 2 ‘Ez'.:uion—; mE::r?m mdle 5 f little change in total body potassium; and chronic metabolic alkalosis, by severe

B. | Alkalosis " 0.1 pH unit " peflects 200 mEq evoins No 3 potassium depletion.
~ 2. Insulin data for larger increments 3 2. Ar‘nm_on!a metabolism. A relation bct‘ween potassium and renal ammonia me-
3. Aldosterone ‘ tabolism has been elucidated. Potassium depletion stimulates renal ammonia
4. Beta-adrenergic agents (B, agonists) 3 production, whereas a high potassium intake is inhibitory. Enhanced ammonia

production and excretion ir the urine decrease potassium excretion, possibly

by favoring hydrogen ion and thereby diminishing potassium secretion. This
3} may be an additional feedback mechanism for control of potassium excretion,

but its quantitative importance has not been clearly defined.

- a E. Dietary potassium. Finally, the renal capacity to excrete or retain potassium is

Fig. 3-2. Changes in serum potassium concentration.

reflects at least a 200 mEq per liter excess of body potassium stores. The amount
f of retention corresponding to higher serum potassium concentrations is not kn'own.
Il. Maintenance of potassium batance—renal regutation of ppta;slum. Regulation of
body potassium stores is relegated to the kidney. Asshown in Figure 3-1, 90 percent
or more of ingested potassium ig excreted in the urine, with the remainder lost in
stool. When renal function is substantially impaired. stool losses may account for a "N
greater proportion of potassium excretion; stool excretion averages 34 percent in
patients with severe renal failure (i.e., creatinine clearance below 5 ml per mxpute). -
A detailed review of renal regulation of potassium 18 provided in the publication by E
Wright and Giebisch. In general, potassium is freely fltered ard 90 percent is then =4
reabsorbed in the proximal portions of the nephron. The potassium excrfated in ?he
urine is largely the result of secretion in the distal cenvoluted tubule and collecting l
duct. The factors that influence potassium handling by the distal nephron and, con- €
sequently, determine the urinary excretion rate include the following; %
=%
%
s
171

influenced by the daily potassium intake. The kidney possesses substantial flex-

ibility in potassium handling, with the capacity to excrete up to 10 mEqg/kg/day

(700 mEq for a 70-kg man/day) or less than 10 mEq per day. Several days are

required for maximal adaptation to either extreme.

a Ingestion of a high potassium diet increases aldosterone and the enzyme Na-K-
ATPase, which promotes potassium entry into renal tubular cells. This adapted
kidney has an enhanced capacity to excrete potassium, and the adapted person

3, has an increased ability to survive an otherwise lethal potassium load. With
ingestion of a low potassium diet, urinary potassium excretion diminishes to less

9‘ than 10 mEq per day within a week. The early potassium-conserving response

@

L X 2

appears to depend, at least in part, on a decrease in plasma aldosterone coneen-
tration: after several days, however, the mechanism is independent of the hormone
and involves an intrinsic adaptive response by the kidneys. The precise cellular
: mechanism responsible for low K* adaptation is undefined.

‘; Considering the multitude of factors influencing renal potassium excretion, it i
-

A. Sodiunt. Acute changes in sodium excretion result in parallel changes m.poms.sium
excretion. A natriuresis promotes potassium excreton by increasing fluid delivery
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not surprising that a variety of pathologic events can modify renal potassium

‘ : |
handling. Furthermore, when potassium homeostasis is altered by extrarenal &
\ phenomena, appropriate and effective modification of renal potassium excretion

transpires. : x : N 3

o IR

Serum K’

T (mEg/L)
/\A’_/\_,U__ 5.0-6.5 i
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Hypokalemia

¥

I. Clinical setting. Hypokalemia occurs as a result of (a) factors that influence the
transcellular distribution of potassium, (b) total body potassium depletion, or (c) a
combination of these phenomena. Thé'most common cause of hypokalemia secondary
to altered transcellular distribution is alkalosis, either respiratory or metabolic, but
it also occurs with exogenous glucose or insulin administration. True potassium def-
icits result from gastrointestinal or renal losses and, rarely, sweat losses. Hypokalemia
should be anticipated with loss of either upper or lower gastrointestinal tract se-
cretions; tBe common renal causes are diuretic therapy or states of excess miner-
alocorticoid secretion. Potassium depletion is frequently seen in association with
metabolic alkalosis, since common mechanisms underlie the development of both
disorders.

i d and the i
i ia the T wave is flattene |
i nduction. In hypokalemia, Bl
Fig. 3-3. _Al‘:;,e,ﬁ:;:;‘:‘?f, c}?yperkalemia. the ECG chgnggsoic: :ﬁ; :r»:o 1e o
o hrim & tassi : i but the progression : e
- 5 he peassh i tassium concentratio | |
the serum potassium values b pro e o . $ |
with the potassiu el. \ D Ofil 1%
correlates to some c}egree \ et bl 3 e . ;8
e i centration greater tha _
than 6.5 mEq per liter, : e ok r b il
Shomn W i al, and widening 4
B ;n’:le ;‘%?t:gfi:%;éf e o pro!c!(llgatlosn Oiyge\gﬁl;r;ze::re hyperkalemia
6.5, include ; = e ‘ =,
e brillation or
s Q%S COT{;‘L?:\ wa‘ L::nedwavg pattern develops and ventricular fi
(>8.0 mEq per liter), 2 ¢
cardiac arrest 18 imminent.

Signs and symptoms. The important manifestations of hypokalemia are given in

Table 3-1. The major symptoms result from aberrations in membrane polarization
that affect function of both neural and muscular tissue.

Table 3-1. Clinical manifestations of hypokalemia

Cardiac
Predisposition to digitalis intoxication
Abnormal ECG
Atrial and ventricular ectopic beats
Cardiac necrosis (rare)
Hemodynamic 2
Decrease in blood pressure $
Decreased pressor response to angiotensin II e@
Neuromuscular i ot
GI: constipation, ileus ' , GJQ'
Striated muscle: weakness, paralysis i

Life-threatening respiratory paralysis

i i bnormality. As shown i
i ion is the most important & .
g e c(?miucmmtlhe ECG, with flattening of .the T wavel:s ar;d
: o el gt wises hich may give the impression of a prolong ;
' ksl i ) t critical,
devel?pmentlf)‘it? r(:‘I:(;?sepx:)g:s :,vo atrial and ventricular ect:oplc(ll)ei;sa.i ;VIos edoe
) S;;rrelvnetrer}‘:;p;)ka{’emia increases the ?eéxlsngllty ﬁ;ﬁ:&i :nF :r thisposereason, i
‘ ife- i y ias of digitalis tion. n; 90
; T 'l‘fe_tsrf:x:ﬁ: lrlriistrg:)camrex?;aﬁsy monitored and meticulously controlled in p
tassium ba.

: :vine digitalis preparations. ure in both nor-
ﬁenﬁeﬁ:‘gg. ;’goltassitrm depletion can dec1:ase :ﬁg‘i’& i?:?ffcm o humans.A
Rhabdomyolysis % B. m‘:)rt',‘ensiy\"e and hypertensive animals and may have ;
Kidney &

I e

Decrease in GFR and renal blood flow

= a and POIle decrease In pEIlphe!al resistance, 8C00unwd fOl n pa!t by d"n“ushed VaSCUIa!
psia

i odification
itivity to the pressor effects of angiotensin 11, accounts fox the mo
sensitivity ; 5
! \ e wi iovascular status symptoms
s o a (o] lr?e?:l:%muscular. In individuals with normal tcz\;;}d:s»;he e A
Stirxl:fxll’la: aS &nhg- i ect - G . otassium depletion are usually not aplgarg:a ) v A
Increased reenal I;ISH, production : > gf total body potissiu;xos:Erf ;(,Zgolin.quastrointestinal o tract dysfunction 1
Predisposition to hepatic coma tassium is less than o.
Sodium retention

W ith hyp()kdle“ua can be mar n{%bed in m‘\stlpauoll or ﬁ axlk lleus. Stl lated "1\15(:13

\
Hyponatremia (with concomitant diuretic therapy)

b LG theate el
bnormalities can vary from mild weakness“to :: e;gr;;zraa 1;?3,;;};81;?“!“ con- L h “
fhloride vastin ' . 3 2ning FESDRALS poxslgie ahe 13&8111-;5 u?’otyassgxm depletion also predisposes
i e tration of less than 2.0 mEq per liter. cute renal failure. - =
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OiCRAy - @ Sy rlfh ugh renal function is altered by potassium dep 2 $
Decrease in aldosterone ' e D. Renal. Althoug
Increase in renin

Increase in Prostaglandins (possible
Decrease injinsulin
Carbohydrate intolerance ——
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the development of severe chronic renal failure. Mpyoglobinuria-induced acute
renal failure represents the other serious renal complication induced by potassium
depletion. The most commonly recognized defect of hypokalemia is an inability
to concentrate the urine maximally, but potassium depletion also directly stim-
ulates thirst. This combination results in polydipsia and polyuria, which can
sometimes provide a clue to underlying potassium depletion but seldom is of a
magnitude to require specific clinical attention.

Renal ammonia production is stimulated by potassium depletion. This may explain
why hypokalemia can provoke hepatic coma in patients with cirrhosis. Increased
ammonium excretion also accounts for a higher than normal urine pH. Potassium
depletion promotes sodium retention and may predispose toward edema formation
under certain circumstances. Although potassium depletion has been incriminated
as a cause of hyponatremia in association with diuretic use, the clinical importance
of this effect has not been clearly defined. Severe potassium depletion appears to
result in renal chloride wasting. This abnormality may account for the devel-
opment of metabolic alkalosis with severe depletion (serum potassium less than
2.0 mEq/L).

. Endocrine. The levels of several hormones are modified by potassium depletion.

Aldosterone is depressed, but this is probably a physiologic control mechanism.
Hypokalemia also elevates plasma renin activity (PRA). Stimulation of the vas-
cular receptor secondary to renal vasoconstriction and an effect on the macula
densa both may account for the increase in hypokalemia-induced PRA. When the
potassium deficit is severe, pancreatic insulin release is inhibited; this probably
accounts for the abnormal carbohydrate tolerance of potassium-depleted patients.
This phenomenon may complicate management of the diabetic patient and oc-
casionally may contribute to a false diagnosis of diabetes mellitus.

ill. Differential diagnosis. By employing a systematic approach to the patient in whom
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5. Barium poisoning. Barium poisoning, caused by ingestion of acid-soluble bar-
jum salts, can produce flaccid paralysis and hypokalemia, which appear to
result from potassium redistribution into cells. Associated vomitihg and diar-
rhea differentiate it from periodic paralysis. 3

6. Toluene intoxication. Toluene intoxication commonly causes severe hypoka-
lemia, often associated with severe muscular manifestations. In part the hy-
pokalemia may result from redistribution of potassium into cells, although
renal potassium wasting secondary to scquired renal tubular acidosis may
also play a role. ,

Altered transcellular distribution clearly can coexist with a change in total body
potassium. This should be anticipated in patients with metabolic alkalosis. Con-
versely, with severe acidosis the serum potassium may be normal in the presence
of a potassium deficit. This can be confirmed by monitoring serum potassium as
the acidosis is corrected. Diabetic ketoacidosis is a classic example of this phe-
nomenon.

. Potassium depletion. Hypokalemia unaccounted for by redistribution reflects a

true potassium deficit. The cause should be defined not only to guide therapy,

but also because it may provide a diagnostic clue to some other clinically important

disorder.

A flow diagram for the diagnostic approach to hypokalemia is shown in Figure

3.4. The first step is to determine whether the potassium loss has a renal or

extrarenal cause.

1. Extrarenal potassium loss. If the primary source of potassium loss is extrarenal
and the deficit has persisted for several days, evidence of effective renal po-
tassium conservation should be present. Urinary potassium excretion should
be less than 20 mEq per day. The potassium concentration of a spot urine can

be misleading because of the associated polyuria; however, a fractional po-
tassium excretion (FEK) of less than 6 percent or a potassium (mEq/L)-cre-
atinine (grams) ratio of less than 20 may be useful for a more rapid but less
precise assessment of urinary potassium handling.

The most common causes of extrarenal potassium depletion are losses from

hypokalemia is identified, it should be possible to identify the cause in the majority
of instances. The important clues are derived from the clinical setting and certain
key laboratory parameters, including plasma acid-base values and urinary potassium
and chloride measurements. In some instances an assessment of the renin-angiotensin-
aldosterone system is indicated. The presence or absence of hypertension may be

helpful in the differential diagnosis.
A. Pseudohypokalemia. Potassium concentration can be lowered spuriously if a blood

specimen with a high WBC count (> 10°/ml) is stored at room temperature. The
fall in plasma or serum potassium, which is caused by uptake by the leukocytes,
can be prevented by prompt separation of plasma or serum.

. Hypokalemia secondary to redistribution. The first question is whether a low

serum potassium concentration reflects an alteration in distribution or results

from a true potassium deficit. The causes of altered transcellular distribution are

as follows:

1. Alkalosis. Alkalosis is identified by measurement of plasma pH (either arterial
‘or venous) and determination of either total CO; or PCO,. The rough guide-
line—a 0.1 unit increase in pH results in a 0.4 mEq per liter or less decrease
in serum potassium—gives some indication of whether the hypokalemia results
solely from altered transcellular distribution. Chronic respiratory alkalosis
does not result in potassium depletion, but metabeolic alkalosis is usually as-
sociated with a substantial potassium deficit.

2. Insulin excess. Insulin administration can decrease serum potassium con-
centration. More commonly, an acute glucose load promotes insulin release
and hypokalemia.

3. Beta-adrenergic agonists. Systemic administration of drugs with B,-agonist
properties (e.g., epinephrine, salbutamol, terbutaline) can decrease the serum
potassium concentration.

. 4. Hypokalemic periodic paralysis. Hypokalemic periodic paralysis is a rare he-

reditary disorder with autosomal dominant transmission. It is characterized
by recurrent attacks of flaccid paralysis affecting the trunks and limbs, which
last for 6 to 24 hours. Attacks are accompanied by hypokalemia caused by
redistribution of potassium inte cells.

the lower gastrointestinal tract, which also result in metabolic acidosis because
of bicarbonate loss. Overt diarrhea does not present a difficult diagnostic prob-
lem, nor does copious drainage from a fistula or villous adenoma. Chronic
laxative abuse can pose problems of diagnosis because the patient may not
admit to use of these agents. Patients with villous adenoma and laxative abuse
may also present with a normal acid-base picture or with metabolic alkalosis.

Other extrarenal causes are less commen. Inadequate potassium intake in the

absence of concomitant gastrointestinal problems is an unusual cause of hy-

pokalemia, but it can be seen with anorexia nervosa or in the elderly patient
on a tea and toast diet. Potassium depletion from severe perspiration produces
an unusual clinical picture, with normal serum potassium levels and high
rates of urinary potassium excretion despite substantial cellular potassium
depletion. The explanation for these findings is unclear. ;

2. Renal causes of potassium depletion. In the hypokalemic patient a renal
cause of potassium wasting should be anticipated if the urinary potassium
exceeds 20 mEq per day. As shown_in Figure 3-4, the differential diagnosis
can be approached by initially segregating the causes according to the acid-
base status of the patient.

a. With metabolic acidosis. Renal potassium wasting with an accompanying
acidosis can be seen in diabetic ketoacidosis, with either the proximal or
distal forms of renal tubular acidosis (RTA), or as a result of therapy with
carbonic anhydrase inhibitors (e.g., acetazolamide), which produce a clinical
picture similar to RTA. Distal RTA is associated with a hyperchloremic
acidosis, inability to acidify the urine, and renal stones or nephrocalcinosis
distributed in a medullary pattern. Although uncommon, its initial pre-
sentation may be severe potassium depletion with paralysis. Proximal RTA
has a similar electrolyte pattern, but the urine can be acidified and ne-
phrocalcinosis does not occur. It is usually accompanied by other mani-
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festations of proximal tubular dysfunction (hypouricemia, hypophospha-
temia, glycosuria, and/or aminoaciduria). SEE- S
Ureterogigmoidostomy can result in potassium loss, due to secretion of
potassium into theé urine by the portion of the gastrointestinal tract acting
as a urinary reservoir. = =
b. With metabolic alkalosis. Renal potassium wasting presents most com- - 3
monly in association with metabolic alkalosis (Fig. 3-5). Categorization of
the metabolic alkalosis into the syndromes with and without chloride de-
pletion is useful for diagnostic purposes. If the kidney is avidly conserving
chloride, the metabolic alkalosis and potassium depletion are of the chioride i
depletion variety. In this instance, the daily excretion of chloride is less :
than 10 mEq, and a spot urine concentration less than 10 mEq per liter.
(1) Alkalosis with renal chloride retention (chloride depletion). The most
common causes of chloride depletion are diuretic therapy and the loss
of upper gastrointestinal fluids from vomiting or nasogastric suction.
With vomiting or nasogastric suction, potassium depletion is not due _ ;
to losses in the gastric fluid itself, which contains potassium at a con-
centration between 5 and 10 mEq per liter, but rather results from
renal potassium wasting. Although diuretics result in a kaliuresis, the
potassiym depletion accompanyirg their prolonged use is often sus-
tained because of chloride depletion. Renal chloride conseryation will
not be apparent if diuretics have not been discontinued before eval- 1
uation. A more subtle cause of chloride depletion and hypokalemic al- 4
kalosis is posthypercapneic alkalosis. The pathophysiology is' hyper-
capneic-induced chloriuresis, with subsequent correction of the CO,
retention but not the chloride depletion. An uncommon cause of chloride
depletion is congenital chloride-wasting diarrhea.
(2) Alkalosis without renal chioride retention
(a) Nonmineralocorticoid causes. Metabolic alkalosis without renal
chloride conservation is due to excessive mineralocorticoids, with
three notable exceptions. The first and most common exception is
the continued administration of diuretic agents. A second possibility
| is Bartter's syndrome. It has been speculated that this rare ab-
normality, characterized by normotension, hyperreninemic hyper-
. aldosteronism, urinary hyperexcretion of prostaglandin E and
prostacyclins, hyporesponsivity to pressor agents, and hypokalemic
| alkalosis, may result from a defect in chloride reabsorption in the i
loop of Henle. Not surprisingly, surreptitious diuretic administra- !
tion can mimic this picture, and a serum or yrinary drug screen
for diuretics may be diagnostic in this setting.\,
Finally, renal chloride wasting can occur secondary to severe po-
tassium depletion. This is observed with a serum potassium con-
centration less than 2.0 mEq per liter and deficits that approach
1000 mEq. With potassium depletion of this severity, the presence
of chloride in the urine does not necessarily indicate a mineralo-
C R 3 corticoid-induced cause for the hypokalemic alkalosis.
Ao 4 (b) Mineralocorticoid excess. All the abnormalities in this category
e ; are associated with hypertension; thus, the absence of hypertension
o~ _,3 tends to eliminate this group of disorders. In view of the frequency
- of essential hypertension, however, the presence of a high blood =
e £ia pressure is consistent with, but not strong evidence for, t’hese ab-
(B _ normalities. e - A—— =
@ To differentiate disorders with excess mineralocorticoid secretion,  ©
D : measurement of plasma renin (PRA) and aldosterone concentrations — -
(or urinary aldosterone) are helpful. These parameters must be ——
c'\ - : = _ interpreted in relation to sodium homeostasis. The patient should
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1. Fanconi’s syndrome
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A. Acute tubular necrosis (ATN)
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among these parameters in normal persons are given in Table 3-
2, but since hypokalemia depresses aldostercne and stimulates
renin, it distorts these relations to some degree. !

(i) High aldosterone. An elevated aldosterone is rhost reliable
when the patient ison a high sodium diet, which should sup-
press aldosterone secretion.

(i) Low renin—high aldosterone. The combination of a low renin
and high aldostercne is diagnostic of primary hyperaldos-
teronism. A low sodium diet or the response to acute furo-
semide administration is useful to confirm the suppression
of PRA. Additional studies are necessary to differentiate be-
tween an adrenal adenoma and hyperplasia (see Chap. 8).

(iii) High renin—high aldostercne. A high renin associated with
a high aldosterone indicates that the primary abnormality
is oversecretion of renin with secondary hyperaldosteronism.
This occurs with renovascular hypertension, malignant hy-
pertension, and renin-secreting tumors.

(iv) Low or normal aldosterone. The combination of a low al-

dosterone and low renin suggests the presence of excess min-
eralocorticoid other than aldosterone. Elevated levels of de-
soxycorticosterone (DOC) or corticosterone, which can result
from hereditary adrenal enzyme deficiencies of 11-8 and 17-
a-hydroxylase, produce this picture. Similarly, excessive
ingestion of licorice, which contains glycyrrhizic acid, a com- ]
pound with mineralocorticoid activity, presents in this fash-
ion. Several families with low aldosterone levels have been .
described in which excess mineralocorticoid cannot be iden-
tified (Liddle’s syndrome), and an abnormality in renal tu-
bular function has been postulated.
Cushing’s syndrome and ectopic adrenocorticotropic hormone
(ACTH) production can also cause hypokalemic alkalosis.
Aldosterone and PRA may be low or normal with these en-
tities.

{v) Variable acid-base status. Several disorders listed in Figure
3-4 can result in renal potassium wasting with either alkalosis
or a normal acid-base status. Sodium salts of penicillin or
carbenicillin may result in renal potassium loss, presumably:
because of the natriuresis and high anion excretion rates.
The aminoglycosides and the tumoricidal drug cis-platinum
can cause both renal potassium wasting and renal magnesium
wasting. The mechanism of potassium depletion associated

svndrome
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Table 3-2. Relation Between Sodium Intake,
Plasma Renin, and Aldosterone Concentration

Aldosterone
Dietary Urine ~,
Salt Sodium PRA Plasma Urine
(grams) imEg/day) (ng/ml/hr) (ng/100 ml) (ng/day

—

PRI TR TR

= 2.0 2
> 9.0 >F

.0 > 20.0 > 20.0
.0 <200 < 20.0

N

(TA
AV
(S

(9]

0
0

«

PRA = plasma renin activity.

Note: These data refer to noontime determinations in the upright position. The normi
values may vary among laboratories, so each institution should define its own guideline
Changes in potassium homeostasis alter PRA and aldosterone in opposite fashions and wi
distort this relationship. Data must be interpreted with this in mind.
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Fig. 3-5. Differential diagnosis of hypokalemia gecondary to renal cause
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with magnesium depletion is undefined, but serum and urine
magnesium should be measured when the cause of hypoka-
: lemia is unclear.

iV. Therapy .

A. Established potassium deficiency. Treatment of established potassium deficiency

requires a decision regarding (a) the type of potassium salt, (b) the route of re-

placement, and (c) the quantity and speed of drug administration.

1. Type of potassium salt. The patient with metabolic alkalosis who is chloride
as well as potassium depleted requires potassium chloride for effective cor-
rection of the potassium defidit. With the combination of metabolic acidosis
and a potassium deficit, potassium with bicarbonate or metaholic precursors
of bicarbonate (gluconate, acetate, citrate) is preferable. The diabetic in ke-
toacidosis is usually phosphate depleted as well as potassium depleted, so
potassium phosphate is the most rational therapy. When the cause of the po-
tas€ium depletion is unclear, potassium chloride is the best choice because it
effectively corrects all forms of potassium depletion.

With primary hyperaldosteronism, sodium restriction concomitant with po-

tassium supplementation is needed to correct the potassium deficit. Alter-

natively, the aldosterone antagonist, spironolactone, can be used to correct

the hypokalemia. As a general rule, the concomitant administration of po-

tassium supplements and potassium-sparing diuretics should be avoided, be-
~ cause of the risk of hyperkalemia.

2. Route of replacement. Oral replacement is generally desirable. The exceptions
are severe, symptomatic potassium depletion that requires more rapid cor-
rection or the inability of the patient to tolerate oral medication.

3. Quantity and speed. The guidelines cited earlier (sec. L.E.) can provide an
estimate of the amount of potassium depletion; however, adequate replacement
is determined by monitoring the serum potassium value during therapy.

In the patient without paralysis, digitalis intoxication, or hepatic coma, it is
preferable to replace potassium at a slow rate. Oral potassium or, if necessary,
intravenous administration in dosages of 80 to 120 mEq per day is usually
satisfactory, and with very minimal depletion even 40 mEq per day may suffice.
When intravenous therapy is-employed in a nonurgent setting, the potassium
concentration of intravenous fluids should not exceed 40 mEq per liter, and
the rate of administration should not exceed 10 mEq per hour.

If urgent treatment is required (digitalis intoxication, paralysis), potassium
can be administered more rapidly but should not exceed 40 mEq per hour. In
this circumstance ECG monitoring in an intensive care unit is advisable. Po-
tassium concentrations greater than 40 mEq per liter should be administered
into a large vein to avoid phlebitis, but central (intracardiac) administration
should be avoided because of the danger of cardiac arrhythmias.

B. Potassium replacement with diuretic therapy. In the majority of patients receiving
thiazides or loop diuretics for antihypertensive therapy, severe potassium depletion
does not develop. Although, prophylaxis is therefore not warranted, the serum
potassium should be monitored. If the serum potassium decreases to less than
3.0 mEq per liter, or if the patient develops symptoms attributable to potassium
depletion, replacement therapy is advisable. Patients receiving cardiac glycosides
or with cardiovascular disease may require potassium supplements with a plasma
potassium between 3.0 and 3.5 mEq per liter.

- Patients receiving diuretics for edlema may be more prone te potassium depletion,
and potassium supplementation seems advisable. It is indicated for patients who
are susceptible to hepatic coma.

Liquid potassium chloride preparations are probably the therapy of choice, but
wax rfxatrix potassium chloride (slow-K) is a suitable substitute if the liquid form
is not tolerated. The salt substitutes that contain potassium chloride are the least
expensive option for potassium replacement. An alternative is the use of the po-
tassium-sparing diureties, spironolactone, triamterene, or amiloride. These di-

uretics are the preferred therapy in the patient with fluid retention secondary
to hepatic disease. !
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C. Complications
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drochloride infusions. Succinylcholine, which can cause potassium exit from cells
by altering membrane permeability, poses a danger to a hyperkalemic patient
undergoing anesthesia, particularly patients with renal impairmerjt. Massive
-digitalis overdose can cause hyperkalemia by interfering with the Na-K-ATPase
pump. Finally, hyperkalemic periodic paralysis, a rare autosomal dominant in-
herited disorder, is manifested in intermittent attacks of tonic paralysis of about
1 hour duration, accompanied by an acute increase in serum potassium.
C. Increase in total body potassium

ad;

Renal failure. Oliguria of any cause predisposes toward potassium retention
and hyperkalemia. Hyperkalemia is usually not seen with chronic renal failure
until the glomerular filtration rate (GFR) is less than 5 ml per minute, at
which point oliguria may also be present.

In the presence of a large endogenous or exogenous potassium load, hyper-
kalemia occurs more quickly, is more severe, and can occur with less severe
impairment of renal function. Hemolysis, tissue necrosis of any type, and gen-
eralized catabolic states all lead to an increase in the endogenous potassium
load, predisposing toward hyperkalemia. Obviously, either oral or intravenous
potassium administration poses a similar risk.

Although the vast majority of hyperkalemic patients have severe renal failure,
there are several other mechanisms that result in potassium retention.

. Mineralocorticoid deficiency. These patients often present with a hyper-

chloremic acidosis as well -as hyperkalemia.

a. Addison’s disease. The diagnosis can be confirmed by measuring basal
serum cortisol levels and the response to ACTH.

b. Hypoaldosteronism. Hypoaldosteronism has been recognized with in-
creasing frequency in patients with chronic renal disease. It is usually
associated with low renin levels and is thought to result from a defect in
renin secretion, hence the term hyporéninemic hypoaldosteronism. This
symptom complex has been found most frequently in patients with diabetic
renal disease or interstitial nephritis, but it is not confined to these path-
ologic entities. The diagnosis is suspected in the presence of low renin and
aldosterone levels in relation to sodium intake, especially during ingestion
of a low sodium diet. Care should be taken when placing these patients
on a low sodium diet or when administering glucose in diabetic patients.
because the hyperkalemia may worsen. Normalization of potassium by
administration of the exogenous mineralocorticoid, Sa-fluorohydrocortisone
(Florinef), is confirmatory. Hyperkalemia, because of its action in sup-
pressing renal ammonia production, may account, in part, for the associated
acidosis.

c. Drugs. Indomethacin, or other nonsteroidal drugs that inhibit renal pros-
taglandin production, may cause a reversible form of hyporeninemic hy-
poaldosteronism. The pathophysiology relates presumably to interference
with the prostaglandin»mediated control of renin release.; Captopril, an
inhibitor of angiotensin-converting enzyme, can result in hyperkalemia
secondary to hypoaldosteronism induced by low angiotensin II levels. In
this case PRA levels are high. Hyperkalemia has infrequently been ascribed
to heparin, which can directly inhibit aldosterone bicsynthesis by the ad-
renal gland. ~

Primary renal tubular dysfunction. Patients with renal transplants, lupus
erythematosus, amyloidosis, multiple myeloma, sickle cell disease, and ob-
structive uropathy have been reported with hyperkalemia that appears to be
secondzry to an intrinsic renal tubular defect in potassium secretion. These
patients have a normal renin-aldosterone axis, and the hyperkalemia is un-
responsive to exogenous mineralocorticoid administration.

Infants with pseudohypoaldosteronism have high renin and aldosterone levels

and present with hyperkalemia and salt wasting unresponsive to mineralo-

corticoids. In addition, older children and adults with hypertension, hyper-
kalemic acidosis, and low renin and aldosterone levels have been described
who are unresponsive to exogenous aldostercne. It has been speculated that
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this condition may represent the converse of Bartter’s syndrome, with enhanced

sodium chloride reabsorption at some site proximal to the aldosterone exchange

site, and these cases have been called pseudohypoaldosteronism, type II.

4. Drug-induced hyperkalemia

a. Spironolactone. Spironolactone causes hyperkalemia by antagonizing the
effects of aldosterone.

b. Triamterene and amiloride. Both of these drugs inhibit potassium secretion
by an aldosterone-independent mechanism.

Therapy. Treatment of hyperkalemia is dictated by the level of serum potassium

and by the findings on ECG. Every hyperkalemic patient should have an immediate

ECG. If the ECG findings reflect any changes attributable to hyperkalemia other

than peaked T waves, or if the serum potassium exceeds 6.5 mEq per liter, aggressive

and prompt therapy should be instituted.

A. Acute hyperkalemia. This condition includes acute measures to counteract the
effect of potassium on membranes and to shift it into cells, as well as definitive
procedires to remove potassium from the body. The uses of calcium gluconate,
sodium bicarbonate, and glucose plus insulin are detailed in Table 3-3. These
substances act quickly and provide time for definitive therapy (i.e., the removal
of excess potassium from the body). This removal of potassium can usually be
accomplished successfully with the use of the cation exchange resin, sodium pol-
ystyrene sulfouate (Kayexalate). Kayexalate can be given either orally or as a
retention enema.

1. P.O. Forty grams of Kayexalate plus 20 ml (70%) sorbitol. Each gram removes
approximately 1 mEq of potassium. Repeat every 2 to 4 hours as required until
serum potassium is in the normal range.

2. Enema. Fifty to one hundred grams of Kayexalate in 200 ml water, by retention
enema. Insert via Foley catheter and inflate balloon to ensure retention for
30 to 45 minutes. Each gram removes approximately 0.5 mEq of potassium.
Repeat every 2 to 4 hours as required.

3. Dialysis. Dialysis-is rarely required to manage hyperkalemia, since cation
exchange resins work so effectively. On occasion, however, such as after colonic
surgery or when the rate of endogenous potassium release is massive (crush
injuries), dialysis may be required.

a. Hemodialysis. Hemodialysis can remove as much as 25 to 30 mEq of po-
tassium per hour: »

b. Peritoneal. This technique is significantly less efficient, with the capacity
to remove only 10 to 15 mEq of potassium per hour.

B. Chronic hyperkalemia. Chronic and more modest elevations of serum potassium

can be managed in several ways, depending on the underlying pathogenesis.

Table 3-3. Treatment of Acute Hyperkalemia

Mechanism

Treatment Onset of action

Antagonize membrane

Calcium gluconate (10-30 ml of Few minutes

effects 10% solution)
Redistribute NaHCO, (44-132 mEq) 15-30 minutes -
Glucose (50 gm) + regular insulin 15-30 minutes
(10 U) 7
Remove Cation exchange resin: sodium
polystyrene suflonate (Kayex-
alate)
Enema (50-100 gm) 60 minutes
i Oral (40 gm) - 120 minutes
i = Dialysis
Hemodialysis Few minutes after start
Peritoneal Few minutes after start
e
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1. Kayexalate. Kayexalate is effective in any setting and need not be given with
sorbitol, which patients find unpleasant. An effective, less potent cathartic
such as bisacody! (Dulcolax) tablets can also be used.

2. Mineralocorficoids. Mineralocorticoid deficiency can be treated with exogenous
mineralocorticoids. A high salt diet and Florinef are indicated in Addison’s
disease. With hyporeninemic hypoaldosteronism, mineralocorticoids usually
decrease hyperkalemia, but sodium retention and hypertension may be un-
desirable side effects.

3. Diuretics. Diuretics such as furosemide may reduce hyperkalemia in hypo-
reninemic patients. There is a suggestion that thiazides may be effective in
certain patients with renal tubular disorders, but this observation is not firmly
established. :

4. Intake reduction. Reduction in dietary potassium intake is always appropriate.
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The Patient With Abnormal
Plasma Bicarbonate,.
Arterial PCO;, or pH

Jordan J. Cohen ;
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i Disturbances of acid-base equilibrium are extremely common in clinical practice,
¥ especially among hospitalized patients. Their presence may be suspected on the basis
ot € ‘.l of bedside appraisal, but, in the final analysis, accurate diagnosis and appropriate
&, d management require reliable laboratory data.
The carbonic acid-bicarbonate buffer system is the keystone to the understanding
3 & & and classification of acid-base disturbances. The following equations are used to de-
NS < ~q~° scribe the equilibrium state of this buffer system in blood:
- PaCO
i g = # [H*]nEq/L) = 24 [anf‘]. I:Ienderson equation
: [ (HCO4"]
-~ H=61+1
D pH = &1 ¥ 085 5 % PaCO,

\ & —

Henderson-Hasselbalch equation

to express blood acidity—nanoequivalents per liter of hydrogen ion in one and pH

Sl in the other (Table 4-1). In each case, carbonic acid concentration is expressed as
: the partial pressure of carbon dioxide (PaCO,) in mm Hg, and plasma bicarbonate
e | concentration is expressed directly in mEq per liter. In normal people, arterial carbon
“\5 dioxide tension and plasma bicarbonate concentration average approximately 40 mm

2 Hg and 24 mEq per liter, respectively. Consequently, normal arterial hydrogen ion
e 2 is approximately 40 nEq per liter, (pH 7.4). It is apparent from either equation that

¥ 5 acidity is determined by the ratio of these two physiologic variables. Thus, analysis

i : e g of acid-base disturbances requires identification of the pathophysiologic events re-

/ ! : i\: sponsible for altering the PaCO, and/or plasma bicarbonate concentration.

= ‘ cgi : These are equivalent mathematical expressions differing only in the units chosen

I. Practical considerations. Certain practical aspects of blood sampling, specimen
handling, and analytic methodology must be strictly adhered to in order to ensure
accurate appraisal of acid-base equilibrium in the clinical setting. Data obtained
from the arterial blood are preferred. The most accessible sites for direct arterial
puncture are the brachial, radial, and femoral vessels. When frequent assessment
of acid-base equilibrium is required, it may be preferable to place an inlying arterial
catheter rather than risk multiple arterial punctures. Venous blood drawn without
stasis and free-flowing capillary blood obtained by finger stick (especially in infants
and young children) may be used, if necessary.

Blood samples for PCO, and pH measurements must be prevented from clotting.
Heparin is far superior to any other anticoagulant for this purpose because the smail
quantity required has a negligible effect on acid-base composition. Care must be
taken to avoid even brief exposure of the blood sample to air, to avoid loss of carben
dioxide. Even when anaerobic conditions are maintained during blood sampling,
continued cellular metabolism in vitro tends to alter the acid-base status of the spec-
imen. For this reason, measurements should be made immediately or the specimen
should be cooled (e.g., by immersing the syringe in crushed ice) before it is transported
to the laboratory. Even with this precaution, measurements should be made within
1 hour after sampling. : '
Both hydrogen ion concentration (pH) and carbon dioxide tension can be measured
directly by standard electrochemical techniques. Bicarbonate concentration is gen-
erally estimated from the total carbon dioxide (tCO,) released from an acidified serum
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Table 4-1. Equivalent Values for pH and Hydrogen Ion Concentration

[H"]
pH nEq/L
7.70 20 -
7.65 : 22
7.60 25
7.55 28
7.50 & 32
7.45 35
7.40 . 40
7.35 45
F.a0° 50 -
7.25 56
7.20 63
7.15 71
7.10 i)
7.05 89
7.00 100
6.95 112
6.90 126
6.85 141
6.80 158

sample; approximately 95 percent of the carbon dioxide released is derived from
bicarbonate ions under virtually all circumstances. Measurement in the same blood
sample of any two of the three acid-base variables is, of course, sufficient to permit
calculation of the third. Normal acid-base values are as follows:

Plasma [HCO;] 24-26 mEq/L’

PaCoO, 39-43 mm Hg
Plasma [H"] 39-42 nEq/L
pH 7.38-7.41

il. Definitions and terminology

A. Acidemia and alkalemia. Acidemia and alkalemia signify increase and decrease
in hydrogen ion concentration, respectively (or decrease and increase in pH). Ab-
normalities of acid-base equilibrium can be initiated by changes in elthgr PaCo,
or plasma bicarbonate concentration. When an increase or decrease in .PaCOE
initiates the disturbance, it is referred to as respiratory acidosis or resplratory
alkalosis, respectively. When changes in bicarbonate concentration initiate @he
disturbance, it is called metabolic acidosis or metabolic alkalosis. Each initiating
(primary) process, whether respiratory or metabolic, sets ip motion secondar.y
physiologic responses that alter the level of the opposing variable. The metabo.llc
disturbances produce a ventilatory response that rapidly alters PaCO% and min-
.imizes the impact on acidity. The respiratory disturbances result in an immediate
‘titration of tissue buffers that acutely alters the level of bicarbonate. If the res-
piratory disturbance:is prolonged (a few days or more), changes in rgnal acid
excretion and bicarbonate reabsorption occur that result in additional ad)ustm.ents
in acid-base equilibrium. The respiratory disturbances are, therefore, classified
as either acute or chronic. In the absence of confounding factors, each of these
secondary physiologic responses (ventilatory, buffer, and renal) is roughly pro-
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portional to the magnitude of the initiating, primary disorder. Thus, a range of
anticipated physiologic responses can be anticipated for each class of acid-base
disturbanee.

B. Simple and mixed acid-base disturbances. A simple acid-base disturbance de-
notes the presence of one primary process, coupled with its appropriate physiologic
response. A mixed acid-base disturbance refers to the coexistence of two or more
primary processes. Since these processes may have either additive or nullifying
effects on plasma acidity, mixed acid-base disturbances may produce extreme
deviations in hydrogen ion concentration on the one hand, or minor or undetectable
deviations on the other hand.

lll. Recognition of acid-base disturbances X

A. Clinical settings. The presence of an acid-base disturbance can never be definitely
established without appropriate laboratory confirmation. Nevertheless, there are

certain clinical settings in which acid-base disturbances occur so frequently that
the index of suspicion should be quite high (Table 4-2). .

. Clinical signs. Occasionally, an acid-base disturbance is first suspected on the
basis of clinical signs. Thus, acidemia may present as hypotension, hypercapnia
as obtundation, and alkalemia as paresthesias, tetany, or convulsions. Hyper-
ventilation may be the first clue to the presence of metabolic acidosis or primary
respiratory alkalosis. It is much more frequently the case, however, that acid-
base disturbances are discovered serendipitously because of abnormalities in bi-
carbonate concentration detected by routine serum electrolyte determinations.
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t Table 4-2. Clinical Settings Commoniy Associated with Acid-base Disturbances
)
e Metabolic Respiratory
Q; __3 Clinical Setting Acidosis Alkalosis Acidosis Alkalosis
& 3 Sepsis s X - X
k Renal failure \ X
e e ] Cardiopulmonary arrest X X
e Gastric-suction/vomiting X
el & 5 Diarrhea | X
1
B Small-bowel or biliary drainage X ‘\
" ::’ Diabetes meliitus with ketonuria X . %
Airway obstruction = X e
' =3  Chronic obstructive pulmonary —= X
RS/ : J
disease
; Hepatic insufficiency X } X
Recent alcoholic binge X - v X
‘f.? Drugs -
Diuretics (overt, surreptitious) X !
(z‘! Carbonic anhydrase inhibitors X > =
"I ‘-a (glaucoma) - - <
e‘ Amphotericin B X : L= £
= § Ammonium chloride X >
=" Salicylates toverdose) - X = X=
Q-m Sedatives (overdose) X
g :
\é Poisons /
g.; = ~ Methanol == X = ——
= Q Ethylene glycol X
- Paraldehyde X
3
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Table 4-3. Anticipated Relations Among Acid-base

Average Relation®

Net Effect

Secondary Response

Primary Change

Disorder

1.2 A[HCO; ]

0.

APaC

HH* ) UpH)
JLH | (1pHD
HH | UpHD

0,

-/
«<
o
o)
—

|(HCOy')
HHCO, )

1PaCO,

Metabolic acidosis

0, ]

. A[H*) = 0.756 APal

Chronic: A[HOO! ]

= 0.7 A[HC

APaCO.

~
\®,
o

Metabolic alkalosis
Regpiratory acidosis

0;
0.36 APaCO,

~
")

Oy )

0.50 APaCO.

Acute: A[H'} = 0.75 APaCO,

Chronic: A{HCO; |

[|H ) (pHD)

IITHCO, |

|PaCO,

v

Respiratory alkalosis

0,, mm Hg; [HCO; 7}, mEq/L; (H'], nEq/L.

are given in the following units of measure: PaCOy,

#In these relations it is assumed that acid-base values
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centration (total CO,) is a characteristic feature of both m¢,

piratory alkalesis (Table 4-3). These two possibilities can ofte. ‘&

reasonable certainty on the basis of the clinical setting (see ™ &
fact that only metabolic acidosis can reduce plasma bicarbona. \\\:‘?

(i.e., less than 10 mEq per liter). As a general rule, however, it

obtain measurements of pH and PaCO, not only to verify the clinic

also to assess the adequacy of the secondary physiologic responses.

A low bicarbonate in association with some degree of acidemia is diag

abolic acidosis, whereas a low bicarbonate and alkalemia signify respiratory aikalosis.

A. Metabolic acidosis {(low [HCO, 7], high [H"]). It is convenient to divide the causes

of metabolic acidosis into two groups—those associated with a normal unmeasured
anion concentration (anion gap) and those associated with an elevated unmeasured
anion concentration (Table 4-4). The unmeasured anion concentration can be de-
fined for practical purposes as the difference between serum sodium concentration
and the sum of the serum chloride and bicarbonate (total CO,) concentrations.
Defined in this way, the normal anion gap ranges from 8 to 12 mEq per liter.
Metabolic acidosis associated with a normal undetermined anion concentration
results from the loss of bicarbonate, disproportionate renal tubular dysfunction,
or the addition of hydrochloric acid to the body fluids. By contrast, metabolic
acidosis associated with an elevated undetermined anion concentration results
from an overproduction of endogenous acid or from renal insufficiency.
1. Normal anion gap (hyperchioremia)
a. Loss of bicarbonate. Loss of bicarbonate from the gastrointestinal tract
(e.g., profuse diarrhea, drainage of pancreatic or biliary juice) or from the
kidney (e.g., carbonic anhydrase inhibition) results in a hyperchloremic
metabolic acidosis. A similar form of metabolic acidosis may be seen with
obstructed ileal loop bladders or with ureterosigmoidostomies, which may
result in intestinal absorption of urinary chloride in exchange for extra-
cellular bicarbonate.

. Renal tubular acidosis. Renal tubular acidesis results from specific renal
tubular defects in bicarbonate or hydrogen ion transport or both. Unlike
glomerular function in patients with severe renal failure, glomerular
function may be normal or near normal with renal tubular acidosis. Two
main types of renal tubular acidesis are recognized: distal (classic, type 1,
gradient limitation) and proximal (type 2, bicarbonate wasting).

Table 4-4. Causes of Metabolic Acidosis

Normal Undetermined
Anion Concentre

Elevated Undetermined
Anion Concentration

Loss of bicarbonate
Diarrhea
Small bowel losses
Ureterosigmoidostomy
1leal loop bladder ttoo long or cbstructed)
Carbonic anhydrase inhibitors
Disproportionate failure of renal tubular
function
Renal tubular acidosis
Tubulo-interstitial renal disease
Addition of hydrochloric acid
Ammonium chloride
Lysine—HC!
Arginine—HCl

b 4
Overproduction of organic acids
Lactic acidosis
Diabetic ketoacidosis
Prolonged starvation
~Alcoholic ketoacidosis
Salicylate img‘.\_gj.q-?g-'mrr--f\
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Distal renal tubular acidosis. In distal renal tubular acidosis, the ter- -
mllnal segments of the nephron are unable to sustain a larée trans iy
epfthehal hydrogen ion concentration gradient. As a consequence—
urinary hydrogen ion concentration remains relatively low (pH greatelz
than 5.5) even after acid loading. Both the acidosis and the frequently
associated hypokalemia generally are corrected by daily alkali thera )
Growth retardation in youngsters can also be corrected by adequz]:ge;
a.lk.ah admmistration. Distal renal tubular acidosis may be primary
(lc_llopathlc) or secondary. Among the disorders frequem-ly associated
with sec_ondary distal renal tubular acidosis are hyperglobulinemic
:ta_te_s, Sjégrgn's syndrome, sickle cell disease, hypercalcemia, ampho-
tzilicclil:yfoxmty, toluene toxicity (glue or paint sniffing), and lithium
(2) Proximql renal tubular acidosis. In proximal renal tubular acidosis
4 the promxpal tubule is unable to to sustain a normal rate of bicarbonaté
.reabsorptlon. The urinary acidification process in the distal nephron
is normal but._may be obscured by the increased delivery of bicarbonate
from the proximal tubule. Even large doses of administered bicarbonate
may be ineffective in fully correcting the acidosis because the admin-
1stered alkali is not conserved by the kidney and escapes rapidly into
the urine. Proximal renal tubular acidosis is frequently associated with
other proximal tubular transport defects (e.g., Fanconi's syndrome) and
may.be seen either in association with certain errors of metabolism
(cystinosis, Wilson’s disease’ or as a consequence of heavy metal toxicity
outdated tetracycline, multiple myeloma, dysproteinemia, nephroti(;
Z};?(;l{;‘qme. or t;ansplaqt rejection. A mild form of proximal renal tubular
osis may be seen In primary or secondary hyperpara 1dis
c. Tubulo-;n_terstitial renal diseases. Tubulo—inter;t—};tiélprerr}:al dﬁ?ggffpr;‘e
!ongphrxtls. analgesic abuse nephropathy, acute or chronic transplz;nt re-
jection) are often accompanied by hyperchloremic metabolic acidosis because
of the_ presence o.f tubular dysfunction out of proportion to glomerular in-
suff'menAcy. A mild degree of hyperchloremic acidosis often accompanies
hyppremnemlc hypoaldosteronism associated with mild diabetic or inter-
stitial renal disease.
d. Adm!nlstration of ammonium chloride. Administration of ammonium
chloride or of the cationic amino acids, lysine and arginine (e.g., some forms
of parenteral nutrition), can cause hyperchloremic acidosis because these

are frequently required to offset the acid load and may lead to marked
hyperosmolality and serious vascular congestion; if diuretic agents fail to
promote adequate sodium and water losses, dialysis may be required to
prevent volume overload during alkali administration.
. Diabetic ketoacidosis. Diabetic ketoacidosis is a major cause of anion gap 3
metabolic acidosis. The fatty acid metabolites, acetoacetic acid and beta-
hydroxybutyric acid, are the major acids produced in uncontrolled diabetes.
The diagnosis of diabetic ketoacidosis is most reliably confirmed by a pos-
itive nitroprusside reaction (Acetest) in the serum. This test provides a
semiquantitative assay for acetoacetate but does not detect beta-hydrox-
ybutyrate. Low-dose insulin therapy has proved to be as reliable as high-
dose therapy in correcting the acid-base disturbance of uncontrolled dia-
betes.
- Patients with diabetic ketoacidosis are occasionally found to have a co-
~ existing element of lactic acidosis. When this occurs, a marked discrepancy
~ may be noted between the increment in unmeasured anions (and decrement
in bicarbonate) and the degree of positivity in serum nitroprusside reaction.
This discrepancy can arise not only from the presence of lactate but also
from a preponderance of beta-hydroxybutyrate, because of the diminished
oxidative potential of the tissues.
Example: A patient with insulin-dependent diabetes enters the hospital
¥ in shock following a myocardial infarction. The blood sugar is 500 mg per
deciliter: the serum sodium is 140, potassium 4.8, chloride 105, and bi-
carbonate 8 mEq per liter. The serum nitroprusside reaction is only 1+
inal:2dilution. These data strongly suggest that diabetic ketoacidosis
is not the only form of acidosis present; the anion gap is markedly elevated
at 27 mEq per liter (140 — (105 + 8] mEgq/L), but the nitroprusside reaction
is only weakly positive. The clinical setting is in keeping with the presence
of lactic acidosis from hypotension. Indeed, a measured lactate level was
12 mEq per liter (normal is less than 2 mEq per liter).
¢. Starvation. Starvation is also characteristically associated with an increased
breakdown of fatty acids, and a mild ketoacidosis is frequently seen.
d. Alcoholic ketoacidosis. Alcoholic ketoacidosis can occur after a pexiod of
heavy alcohol abuse. A history of protracted vomiting is often obtained. A
preporiderance of beta-hydroxybutyric acid is typically seen. Because direct
measurement of this acid is not readily available, the diagnosis is usually
made by exclusion.

"
-
N
A U e 01 422

Wi ‘

.
0

n_
<)

i

s

Q:J

W

]
|
»

-/

)

A AP AAW
i

1
o/

L.
o v

substances yield hydrochloric acid when metabolized.

2. Increased anion gap

a. Lactic ac_:idos_ls. Lactic acidosis is a very frequent cause of life-threatening
metabolu; acidosis. The overproduction of lactic acid results most often
from an interference with oxidative metabolism. Because hepatic use of
chtgte produced by peripheral tissues can regenerate the bicarbonate ion
dxsmpa.ted byj this acid, the presence of hepatic dysfunction, which is fre-
quent in patients with lactic acidosis, may contribute impo,rtantlv to the

. Overdosage. Overdosage with several potential poisons may result in a

severe metabolic acidosis, caused by the overproduction of various (largely
unidentified) endogenous acids. Such potential poisons include salicylates
(particularly in young children but alse in adults), methanol, ethylene gly-
col, and paraldehyde.

. Renal insufficiency. Renal insufficiency results in metabolic acidosis not

because of an overproduction of endogenous acids but because of a dimin-

ished capacity of the few remaining tubules to reabsorb filtered bicarbonate
and to generate sufficient urinary ammonium. The elevated undetermined
anion concentration characteristically seen is the consequence of a reduction
in glomerular function, which leads to a retention of a large variety of
filterable anions (e.g., sulfates and phosphates). -

3. Simple metabolic acidosis versus mixed acid-base disturbances. Because
metabolic acidosis often occurs in complex clinical circumstances, it is not un-
common for it to be present in the company of other acid-base abnormalities.
Such mixed acid-base disturbances can usually be detected by a careful analysis
of the acid-base values and of the pattern of serum electrolytes. The presence
of an independent primary respiratory disturbance tends to distort the relation
between PaCO, and plasma [HCO;"] ordinarily observed in simple metabolic
acidosis. The degree of secondary hypocapnia accompanying stable metabolic
acidosis is roughly proportional to the magnitug of the steady-state bicarbonate
decrement; on the average, each mEq per li na_bi

severity qf the acid-base disturbance. Lactic acidosis may occur in asso-
ciation with severe tissue hypoxia (shock, low cardiac output states, very
severe anemla) boYvel infarction, alcoholism, diabetes mellitus (wi’th or
without kgtoacldosxs), and certain types of leukemia. Lactic acidosis may
fievelop thho.u't. a recognized cause (“spontaneous”), especially in chron-
ically ill, debilitated patients. A firm diagnosis can be made only if the
serum [acta}e level is found to be elevated. Even in the absence of a lactat;
determination, however, a strong presumptive diagnosis can be advanced
if the undetermined anion concentration is clearly elevated and all of the
! o‘ther recogm_zed causes of anion gap acidosis have been excluded.
The qnly satisfactory treatment for lactic acidosis is removal of the un-
dz;}))élirllg cause. The efﬁcacy of oxidizing agents (methylene blue) or potent
vf s ators (sodium nitroprusside) as a means of improving the redox state
of cells remains to be confirmed. Large quantities of sodium bicarbonate
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plasma bicarbonate may outstrip the secondary decrement in PaCO;, giving

rise to extreme elevations in plasma hydrogen ion concentration. Similarly, period of several days. If the cause of the acidosis cannot be eliminated (e.g.,

chronic renal failure), long-term alkali therapy may be necessary. Bicarbonate

3 ~ during the rapid repair of severe metabolic acidosis, a normal or near normal 3 % ; g : 5 )
4 - level of plasme bicarbonate may be restored before hyperventilation subsides = GE-a1 OrEANicaniay capable of conversion to bicarbonate (e.g., citrate) may be
4 resulting in a marked reduction in plasma hydrogen ion concentration ‘\i.e.‘ = administered orally for this purpose in a dose adjusted empirically to maintain

the desired plasma bicarbonate concentration. =
If bicarbonate concentration is markedly depressed (plasma [HCO; ] to less
than 10 mEq/L), the intravenous administration of sodium bicarbonate may
be required even if the underlying cause can be removed quickly (e.g., diabetic
acidosis). As a general rule, such therapy should be designed to repair only
one-half of the total bicarbonate deficit over the initial 12 hours of treatment,
to avoid the consequences of abrupt changes in extracellular acid-base equi-
librium. When this precaution is observed, tetany, altered mental status, and
convulsions rarely occur. i

In estimating the amount of bicarbonate required to produce a desired incre-
ment in plasma bicarbonate concentration, an apparent space of distribution
of approximately 40 percent of body weight is ordinarily used.

Example: Body weight 70 kg, apparent space of distribution 0.4 x 70 = 28
liters. Plasma bicarbonate concentration 10 mEq per liter, desired increment
in bicarbonate concentration 7 mEq per liter. Therefore, 7mEq/L x 28L =
196 mEq.

Such estimates of bicarbonate requirements serve only as rough guidelines
and must be adjusted to suit individual circumstances. This is particularly
true when increased acid production or bicarbonate losses continue during the
period of therapy or when plasma bicarbonate is severely reduced (plasma
[HCO, ] less than 5 mEq/L). If cardiac or renal function precludes adminis-
tration of adequate amounts of bicarbonate (with sodium), it may be necessary
to institute peritoneal dialysis or hemodialysis.

Complications of alkali therapy include the following:

a. Sodium and volume overload, because of the large quantity of sodium bi-
carbonate that may be required.

b. Hypernatremia, because of the hypertonic nature of the sodium bicarbonate
solutions used.

¢. Hypokalemia, resulting from a shift of potassium from extracellular to
intracellular fluid. This complication is particularly likely to occur in pa-
tients who have lost body potassium because of their underlying conditions
(e.g., diabetes, diarrhea).

d. Post-treatment alkalosis. Alkalemia may occur during the course of treating
metabolic acidosis because of overzealous administration of alkali; me-
‘tabolism of organic anions (e.g., acetoacetate, lactate), which yield endog-
enous alkali; and persistent hyperventilation due to lingering acidosis
within the central nervous system.

B. Respiratory alkalosis (low [HCO,7}, low [H*]). Although a reduction in plasma
bicarbonate concentration may be the first indication of the presence of respiratory
alkalosis, this change in plasma composition is a manifestation of the secondary
physiologic response to respiratory alkalosis and not a clue to its cause or a mea-
sure of its severity. PaCO, must be measured directly or calculated {from
plasma bicarbonate and hydrogen ion “oncentration) to assess the severity of
the disturbance. =
1. Causes of respiratory aikalosis. Any process that stimulates alveolar ven-

tilation—with the exception of acidemia—will result in primary respiratory

alkalosis. The multiple causes of this condition can be classified as follows:

a. Central nervous system disease
(1) Anxiety, hysteria
(2) Cerebrovascular accident
(3) Trauma
(4) Infection
(5) Brain tumor

alkalemia). Excluding such transient circumstances, if respiratory adjustments
“fall short of the anticipated level (i.e., if PaCO; is higher than expected for a
given decrement in plasma bicarbonate), an eiement of respiratory acidosis
can be diagnosed; conversely, if respiratory adiustments appear excessive (i.e.
: if PaCO, is lower than expected), an independent element of primary respiratoq;
Fi alkalosis can be diagnosed.
a. Metabolic acidosis and respiratory alkalosis
Example: A patient with gram-negative septicemia is found to be in shock
and to have rapid, deep respirations. Arteria! blood studies reveal a PaCO,
of 15 mm Hg, a pH of 7.35 (H"1, 45 nEq per liter), and a plasma bicarbonate
concentration of & mEq per liter. Plasma bicarbonate is 16 mEq per liter
below normal (24 — 8 mEq/L) asa result of metabolic acidosis, presumably
on the basis of lactic acid overproduction. Thus, one might expect a reduction
in PaCO, of approximately 19 mm Hg just as the result of the physiologic
response to this degree of metabolic acidosis (16 mEg/L x 1.2 mm Hg per
mEq/L. = 19 mm Hg). The actual reduction in PaCO, is about 25 mm Hg
(40 — 15 mm Hg). This discrepancy between the observed and expected
degrees of hyperventilation signifies an independent process stimulating
ventilation and thus evidences a mixed disturbance in which metabolic
acidosis and respiratory alkalosis coexist. This particular mixed disturbance
is encountered with some frequency in patients with gram-negative sepsis.
b. Metabolic acidosis and metabolic alkalosis. The coexistence of metabolic
acidosis and metabolic alkalosis can be diagnosed by the pattern of serum
electrolytes if the component of acidosis is due to the overproduction of
endogenous acid (see Table 4-3). Under these circumstances, the increment
in unmeasured anion concentration sbove the normal value of 8 to 12 mEq
per liter is greater than the decrement in plasma HCO; below its normal
value of 24 to 26 mEq per liter; this discrepancy signifies that plasma
bicarbonate has been titrated to its observed value from a level higher
than normal and, thus, that a metabolic alkalosis is also present.
Example. A patient with chronic aleoholism is evaluated after several days
of profuse vomiting. Laboratory studies reveal serum sodium 135, potassium
3.0. chloride 80, and bicarbonate 12 mEq per liter. Arierial biood pH is
7.27 ({(H'1, 54 nEq per liter), and PaCO, 1s 27 mm Hg. It is evident that
a moderately severe metabolic acidosis is present and that its cause is in
3 the increased anion gap category. Indeed, alcoholic ketoacidosis largely
due to beta-hydroxybutyric acid was documented. Careful analysis, how-
ever, demonstrates that the anion gap is 43 mEq per liter (135 — [80 +
12] mEq/L), which is at least 30 mEq per liter higher than normal. This
is an clevation much greater than would be required to account for a re-
duction in bicarbonate from its normal level of 24 mEq per liter to its
present value of 12 mEq per liter. Thus, bicarbonate must have been much
higher than normal fi.e., & metabolic alkalosis must have been present)
at the onset of the metabolic acidosis. The patient’s history suggests that
this “hidden” alkalosis resulted from vemiting. Specifically, the serum bi-
carbonate must have started at 42 mEq per liter and then decreased to 12
mEq per liter as the hydrogen ions accompanying the 30 mEq per liter
increment in anion were buffered.
4. Therapeutic principles. Treatment of metabolie acidosis centers around removal
% of the underlying cause when possible and provision of adequate amounts of
; bicarbonate when necessary. If plasma bicarbonate is only moderately depressed
(plasma [HCO, ] greater {han 15 mEq/L), and if the cause of the acidosis can
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2. ACUte versus CI"O“'C Iespllatmy alkaIOSIS. Many causes of respir atory al-
M Y
kalOSIS are shor t-hved. IH these 1nstances the aCld-baSe dlStUI bdnce l: man-

> and a small, secondary decrement E

3.

b. Pulmonary diseases
g; ;"dulmonary emboli
ild pulmonary edem
23; Pneumonia 5
Ventilation-perfusion i i 1
T djsord‘;rs sion imbalance with hypoxia
(1) Fever
(2) Salicylate intoxication
8; gepatic insufficiency
ram-negative sept i
(5) Pregnancy -

ifested by the primary decrement in PaCO

1 >
in b car b()nate concentration that leSultS fl'()lll t.]le titration of llOllblCal l)()nale
tissue buﬂers. A deCremellt n blCaIbOIlate of 3 to 4 ”qu per liter may be

expect: ithi 1
mr;r)’ ngf:lﬁg::g::]:lhhlg seveyal minutes after PaCO, is lowered to 20 to 25
ey euZi change in plasma hydrogen ion concentration is‘ﬁrouohzlo'
e ange in PCO,; on the average, each mm Hg x:ed % ;
e C espiratory alkalosis results in a fall in plas s
Sl centralt.lon of approximately 0.75 nEq per liter e

omm i is li :

s Seconda(;r; iégeaslp:?tory alkalqsxs _lmgers‘long enough (a few days or more)
ol respiril:;t';nz?kt;m’.blcarbonate concentration to oc:'ur S(zl];i
e ! osis are especially likely to o 1 tients
patic insufficiency, chrenic salicylate intoxicatiyon cclf‘:::rlxr; T“em'b
; 1 ypoxic

states, and central y adju
» nervous system neopl / n d
te are fi piasms. When secondary renal adjus
rrne“ctia ei u“i}’ SCXPI esged and a new st,eady state is maintainc:d ;he li}‘v'ejrz:gt'.
eduction in plasma blcarbonate concentration is approximatelv’o 5m :
D, . 1

liter for each mm Hg reduction in PaCO,. -l

Treatment of respi
€ [ piratory alkalosis. The i
acid-base disturbance is removal of the ugggil;iarfésiiﬁggy e

V. El t: p' ntration. An elevated p]ab“la blCal bOHdte con-
evated asma blcal bOlIate concent

isach ac istic fe ature Of oth metabolic lk S n esp =

centration a ar teristic fe b t b() a 810 is and r >8] natm_y aci

dosis (see Table 4- inica i
able 4-2). The clinical setting in which an elevated plasma bicarbonate o

is found often suffices to disti i
_ : istinguish betwee ibiliti
5 . n these t i i
exzr::}zifgna%sZils‘rsually have evident pdmonar;’(:iipsz&ass,l;),ll)ltlﬁ.“tpanems “_'lth
e \;alues egar e;{;trl);.h The magnitude of the bicarbonate iicre:nzrr?t’ rg[a]ysxf‘?l
LT an 40 mEq perAliter almost never occur in res 1}1’ a t
- s & en renal‘ adaptation is complete; such high lev lPO nis
presence of metabolic alkalosis. Any doubt a,bout whgi:ch :l‘: " ;herj
ss of acid-

base dlSturballCe 1s lesponslble fOI an elevat,ed l) car b()ll e
C 1 at

alkalemia is dia, i
' gnostic of metabolic al is;
respiratory acidosis. s oty

Syt I ) ate can be resolved by meas-
high bicarbonate in association with some de}rrezats)f

a high bicarbonate and acidemia signify

A. Metabolic alkalosis (high [HCO,"], low [H*])

1. Causes of m i i
o i ma;tft;zlg;:(!talosrsa The causes of metabolic alkalosis can be divided
resistant, on the basis ofr'J ihso tum chloride responsive and sodium chloride
a. Sodiim ehindide e_pathogenetlc mechanisms involved (Table 4-5)
ponsive. The most frequently encountered mechanism

res| i i
ponsible for sustained metabolic alkalosis is the loss of body chloride

out of i i
‘ proportion to the loss of sodium. When this occurs, heightened renal

sodium conservation (due to a reduction i
o ction in the effecti é i
;i ::ll;;ng)l ;c::(ie;:dties the rate of renal sodium bicarbg:x‘:t: );gz)c;lr]';?ornﬂ Ll;ld
ek dilqlg-‘e 1s no longer accompanied by a normal complenyier(:t
iR o ghlo‘-rid pancly !)etween the renal avidity for sodium and the
o it t: i? ains the sustained alkalosis seen with gastric
e mercurials)poang aﬁleuretlcs (furosgmide, ethacrynic acid, thiazides
e o - r.abrupt relief of chronic hypercapnia. In ea h
s, adiagnostic hallmark is the virtual absence of urinaxc'y
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Causes of Metabolic Alkalosis

Sodium Chloride Résponsive

Sodium Chloride Resistant

Vomiting

Gastric suction
Use of certain diuretics
Abrupt relief of chronic hypercapnia

Hyperaldosteronism
Bartter's syndrome
Cushing’s syndrome
Severe potassium depletion
Licorice ingestion

Z

chloride (unless, of course, diuretic action is still present). A prerequisite
to correction of this form of metabolic alkalosis is the administration of
adequate amounts of chloride, usually with potassium and, if needed, so-
dium.

b. Sodium chloride resistant. The second major mechanism accounting for
sustained metabolic alkalosis is a direct stimulation of renal bicarbonate
reabsorption. Whenever the balance between sodium chloride and sodium
bicarbonate reabsorption is shifted in favor of bicarbonate, the kidney sus-
tains an increase in bicarbonate concentration and a decrease in plasma
chloride concentration, irrespective of the daily electrolyte intake. This
mechanism plays an important role in the sustained metabolic alkalosis
typically found in states of hyperadrenocorticism; these states include pri-
mary aldosteronism, Bartter's syndrome, and Cushing’s syndrome (espe-
cially that produced by ectopic ACTH production). Occasionally, very severe
potassium depletion (serum potassium, 2 mEq per liter or less) may produce
a similar picture. Because plasma anion composition in these conditions,
just as in the normal state, is largely unaffected by the level of salt intake,
ingested sodium chloride is rejected by the kidney and appears quanti-
tatively in the urire. Hence, these forms of metabolic alkalosis are typically
associated with abundant urinary chloride.

Simple metabolic alkalosis versus mixed acid-base disturbances. The co-
existence of primary respiratory acid-base disturbances and metabolic alkalosis
can be diagnosed when PaCO; is out of the range ordinarily encountered in
patients with simple metabolic alkalosis. In the absence of complicating acid-
base disturbances, the respiratory response to metabolic alkalosis results in
a change in PaCO; that is roughly proportional to the.increment in plasma
bicarbonate concentration. Specifically, in simple metabolic alkalosis, each
mEq per liter increment of bicarbonate appears, on the average, to evoke a
0.5 to 0.8 mm Hg increment in PaCO,. Patients with metabolic alkalosis who
manifest levels of PaCO, higher than can be accounted for by this relation
are likely to have independent respiratory acidosis. Conversely, patients with
metabolic alkalosis whose PaCoO, falls below the anticipated level manifest
some stimulus to ventilation and suffer from independent respiratory alkalosis.
Example: A patient with far-advanced hepatic cirrhosis has been treated with
potent diuretic agents and a salt-restricted diet because of ascites and edema.
Laboratory studies reveal plasma bicarbonate 38 mEq per liter, PaCO;42 mm
Hg, and pH 7.59 (1H™}, 26 nEq/L). It is evident that metabolic alkalosis, pre-
sumably resulting from diuretic treatment, dominates the acid-base disorder.
However, the 14 mEq per liter increment in plasma bicarbonate (38 — 24
mEq/L) should be associated with at least a 7 mm Hg increment in PaCQ; if
the anticipated degree of secondary hypoventilation is present (14 mEg/L X
0.5 mm Hg/mEq/L.). The observed increment, in PaCO, is only 2 mm Hg (42
— 40 mm Hg). This discrepancy between the predicted and the observed in-
crements in carbon dioxide tension signifies the presence of some stimulus to
ventilation and, thus, provides evidence for an independent respiratory alkalosis
superimposed on the underlying metabolic alkalosis.
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3. Therapeutic principles. The key to the correction of sodium chloride-responsive
forms of metabolic alkalosis is the provision of adequate dietary or parenteral
chloride. Because potassium deficits are almost universally present, potassium
supplements administered as the chicride salt are generally advisable in ad-
dition to sodium chloride to correct any volume depletion. Sodium chloride—
resistant forms of metabolic alkalosis respond to treatment of the underlying

disease. g
B. Respiratory acidosis (high [HCO,™], high [H*]). Although an increase in plasma
bicarbonate concentration may be the first clue to the presence of respiratory
acidosis, the diagnosis is more often suggested by the clinical setting (see Table

4-2). Because the increment in plasma bicarbonate in this condition reflects the

secondary physiologic responses to the underlying primary hypercapnia, it does

not provide an index of the severity of the acid-base disturbance. A value for

PaCO, should be obtained by direct measurement or by calculation (from plasma

bicarbonate and hydrogen ion concentration) to confirm the diagnosis and to

characterize the acid-base disturbance fully._

1. Causes of respiratory acidosis. Any process other than alkalemia that pro-
duces alveolar hypoventilation results in respiratory acidosis. The causes can
be divided into three categories, as follows:

a. Central nervous system disease
(1) Sedative overdose
{2) Respiratory arrest
(3) Primary alveolar hypoventilation
{4) Brain tumor
b. Pulmonary disease
(1) Acute airway obstruction
(2) Chronic obstructive pulmonary disease
(3) Severe pneumonia
(4) Severe pulmonary edema
(5) Pneumothorax
(6) Respiratory muscle disease
(7) Restrictive disease of the thorax
¢. Metabolic disease: myxedema, hypophosphatemia

2. Acute versus chronic respiratory acidosis. Many of the common causes of
respiratory acidosis result in abrupt, short-lived hypercapnia. The acid-base
disturbance under these circumstances is characterized by the initiating in-
crement in PaCO, coupled with a small, secondary increment in bicarbonate
concentration due to the titration of nonbicarbonate tissue buffers. This buffer
response is generally of small magnitude, accounting for only a 2 to 3 mEq
per liter increase in plasma bicarbonate even when PaCO, is increased by 30
mm Hg or more. As a consequence, there is a striking increase in plasma
hvdrogen ion concentration. On the average, each mm Hg increment in PaCO,
in acute respiratory acidosis results in a 0.75 nEq per liter increment in plasma
hvdrogen ion concentration.

In chronic respiratory acidosis (most often the consequence of chronic obstruc-
tive lung disease), secondary renal responses resuit in a more marked increase
in plasma bicarbonate concentration. The mean increment in bicarbonate con-
centration in patients fully adapted to chronic hypercapnia is approximately
0.3 to 0.4 mEq per liter for each mm Hg increment in PaCQ,. The coexistence
of metabolic acid-base disturbances in patients with primary respiratory aci-
dosis can be assessed by determining whether the level of plasma bicarbonate
concentration corresponds to the level anticipated for the observed degree and
duration of hypercapnia.

Example: A patient with long-standing lung disease has a PaCO, of 55 mm
Hg and a plasma bicarbonate concentration of 37 mEq per liter. The increment
above the normal PaCO, is approximately 15 mm Hg (55 — 40 mm Hg). Thus,
cne might anticipate an increment in plasma bicarbonate concentraticn of
approximately 6 mEq per liter just on the basis of chrenic hypercapnia (15
mm Hg % 0.4 mEg/L/mm Hg). The cbserved increment in bicarbonate con-
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centration, however, is 12 mEq above normal (37 — 25 mEq/L). This discrep-
ancy between the observed and anticipated levels of bicarbonate signifies an
independent process augmenting plasma bicarbenate and, thus, sug‘ports mixed
acid-base disturbance in which an element of metabolic alkalosis is present.
3. Treatment of respiratory acidosis. Optimal treatment of respiratory acidosis
is directed at removing the underlying cause. Tracheal intubation and me-
chanical ventilation may be required to reverse life-threatening hypercapnia
(and hypoxia). Pharmacologic stimulants have not proved to be especially
helpful in assisting patients with either acute or chronic carbon dioxide re-

tention. :
\
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I. Plasma forms of calcium. Calcium exists in plasma in several different forms. Much
of the circulating plasma calcium is bound to protein (~40 percent), and the remainder 3
exists as either the free or ionized form (50 percent) or bound to complexing ions '
such as citrate and phosphate (5 to 15 percent). Although the free, ionized form is i
the only physiologically active one, most laboratories do not measure it directly but
instead measure the total calcium. This fact is important in assessing disorders of i
the serum calcium level, because the serum ionized calcium may vary independently {
of the total calecium. Thus, hypoalbuminemia is associated with a reduction in the i
total calcium because of a reduced protein-bound component, but the ionized calcium
level is normal, and the patient exhibits no symptoms referable to hypocalcemia.
Conversely, alkalosis increases binding of ionic calcium to protein, thereby increasing
the fraction of the total calcium that is protein bound and reducing the ionized calcium
concentration; the patient, therefore, exhibits signs and symptoms of hypocalcemia,
but the total calcium as determined in the laboratory is normal.

Il. Regulation of ionized serum caicium. Regulation of the ionized serum calcium level
is accomplished at three levels. Calcium is absorbed from the gastrointestinal tract
principally under the influence of vitamin D and its metabolites; deposited in bone;
released from bone; and excreted by the kidneys. Bone deposition and release of

.~ _calcium are for the most part regulated by vitamin D, parathyroid hormone (PTH),

*and the serum phosphate. The renal excretion of calciufn is in turn determined by

the serum calcium level and the level of PTH. Increased levels of PTH result in

increased reabsorption of filtered calcium in distal portions of the nephron (Fig. 5-

1). Virtually all of the clinical disorders of serum calcium result from disturbances

in either gastrointestinal absorption or bone resorption, with the kidney playing a
secondary role. o \ ;

lil. Hypercalcemia
A. Causes. With the advent of the autoanalyzer and routine determination of serum

calcium levels, recognition of hypercalcemia has become more common. The causes

of hypercalcemia can be subdivided into two basic categories—increased gut ab-
sorption and increased bone resorption. The most common causes of hypercalcemia
= are malignancy and hyperparathyroidism, and granulomatous disorders such as

sarcoidosis, tuberculosis, and berylliosis run a distant third (Table 5-1).

1. Primary hyperparathyrcidism. In the majority of instances (80 to 85 percent),
hyperparathyroidism is associated with a single adenoma. In a smaller number
of patients there is hyperplasia of two or more glands. Hyperplasia is frequently
observed in familial hyperparathyroidism and in the multiple endocrine neo-
plasia syndrome.

= 2. Malignancies. Malignancy can be associated with hypercalcemia through sev-

eral pathogenetic mechanisms. Metastases to bone can cause local dissolution
and release of calcium. In myeloma and lymphgma and perhaps other tumors
as well, the recently discovered osteoclast-activating factor may mediate such
bone dissolution. Although ectopic secretion of PTH in malignancy has been
suspected for many years, recent evidence suggests that this mechanism occurs
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Fig. 5-1. Regulation of the serum calcium.

Table 5-1. Causes of Hypercalcemia

Hyperparathyroidism
Adenoma

Hyperplasia
Mulitiple endocrine neoplasia syndrome

Familial
Malignancy associated
Metastatic resorption of bone
Secretion of PTH-like substance
Osteoclast activation factor ;
Prostaglandins
Hormonal therapy of breast cancer
Granulomatous disorders
Sarcoidosis
Berylliosis
Tuberculosis
Histoplasmosis
Coccidioidomycosis
Familial hypocalciuric hypercalcemia
Paget’s disease
Addison’s disease
Thyrotoxicosis
Vitamin D intoxication
Milk-alkali syndrome
Immobilization
Thiazides
Recovery from acute renal failure (e.g., 2° rhabdomyolysis)

Postrenal transplant
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rarely, if ever. Rather, a substance that is immunologically distinct from PTH
but shares certain physiologic actions (hypercalcemia, decreased renal tubular
phosphate absorption) may account for so-called humoral hypercalcemia of
malignancy. Finally, hypercalcemia has been associated with pfostaglaridin
production in several types of solid tumors, but the relative incidence of this
mechanism remains to be determined. = o

3. Increased gastrointestinal absorption of calcium. Increased gastrointestinal
absorption of calcium plays the predominant role in the genesis of the hyper-
calcemia of vitamin D intoxication and the granulomatous disorders. There
is evidence that the mechanism of increased absorption in sarcoidosis (and
possibly other granulomatous disorders) may be increased production of 1,25
dihydroxycholecalciferol, 1,25 (OH),D, the active metabolite of vitamin D. The
incidence of hypercalcemia in sarcoidosis is approximately 10 percent, but hy-
percalciuria is very common in this disorder.

4. Other causes. Familial hypocalciuric hypercalcemia (FHH) is characterized
by hypercalcemia (usually asymptomatic), hypocalciuria (fractional calcium
excretion less than 1 percent), and hypercalcemia in family members. Although
serum P PTH levels may be mildly elevated, parathyroidectomy is ef no value;
this condition should be excluded before parathyroid exploration, particularly
if hypercalcemia is asymptomatic.

Thyroid hormone acts directly on bone to increase resorption. It commonly
causes hypercalciuria and, less often, hypercalcemia. At least two mechanisms
may be important in the hypercalcemia of milk-alkali syndrome. There is ob-
viously an increase in calcium intake and subsequent gut absorption. Addi-
tionally, alkalosis stimulates the renal tubular reabsorption of filtered calcium,
and this mechanism probably potentiates the development of hypercalcemia
in this syndrome. The mechanism of the hypercalcemia that is occasionally
seen in Addison’s disease is unknown, but volume depletion with increased
concentration of protein-bound calcium is one likely factor. Deficiency of glu-
cocorticoid hormone may also enhance bowel calcium absorption as mediated
by 1,25 (OH).D.

Other causes of increased bone resorption that may cause hypercalciuria and,
less frequently, hypercalcemia include Paget’s disease and immeobilization.
Administration of thiazides can be associated with the development of hy-
percalcemia. In normal persons there is only a slight, transient elevation of
serum calcium, which is due to concentration of serum protein from fluid loss
and a decrease in urinary calcium excretion associated with volume contraction,
as well as a possible direct effect of thiazides on renal tubular calcium reab-
sorption. In patients with accelerated bone resorption due to hyperparathy-
roidism, immobilization, Paget’s disease, or vitamin D administraticn, thiazides
e to poténtiate the underlying bone dissolution and may be associated with
the development of frank hypercalcemia.

B. Signs and symptoms. Because hypercalcemia is itself a manifestation of an un-
derlying disease process, several signs and symptoms that may besassociated with
hypercalcemia are manifestations of the primary process, whereas others relate
to the hypercalcemia per se.

1. Signs and symptoms associated with hypercalcemia include:

. Anorexia

. Nausea and vomiting N
Constipation
Polyuria, nocturia, and polydipsia
Hypertension

Confusion, stupor, and coma

. Acute and chronic renal insufficiency
Nephrolithiasis

Metastatic calcification

. Peptic ulcer disease, pancreatitis
Electrocardiographic changes
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2. Signs and symptoms associated with underlying disease processes include:

a. Hyperparathyroidism: anemia, myopathy, hyperchloremic acidosis, hy-
pophosphatemia, bone disease, pseudogout

b. Sarcoidosis: disturbances on chest x-rays, rash, lymphadenopathy

¢. Systemic manifestation of malignancy

d. Thyrotoxicosis

Hypercalcemia in and of itself may produce a symptom complex characterized
by anorexia, nausea and vomiting, constipation, polyuria, nocturia, polydipsia,
and central nervous system (CNS) disturbances, including confusion, psychosis,
lethargy, stupor, and coma. A~serum calcium above 15 mg per deciliter in
association with stupor or coma and renal insufficiency (hypercalcemic crisis)
is most commonly seen in malignancies but also occurs in hyperparathyroidism.
It requires urgent treatment. Hypercalcemia is often associated with hyper-
tension. If the process is prolonged, metastatic calcification and resultant renal
insufficiency may ensue. This is most commonly seen in hyperparathyroidism,
sarcoidosis, and the milk-alkali syndrome. Other associations with hypercal-
cemia include peptic ulcer disease and pancreatitis as well as a proximal my-
opathy that is more commonly associated with hyperparathyroidism. Neph-
rolithiasis may be associated with any cause of prolonged hypercalcemia and/
or hypercalciuria but is more commonly seen in patients with hyperparathy-
roidism. Laboratory findings are nonspecific, with the exception of ECG and

_ urinalysis. Electrocardiographic manifestations of hypercalcemia include

shortening of the Q-T interval and, rarely, serious arrhythmias. The polyuria,
nocturia, and polydipsia reflect an inability to concentrate the urine maximally
and possibly a primary stimulation of thirst also. Acid-base disturbances that
may be seen include a metabolic alkalosis associated with bone dissolution
and release of alkali salts, and an increase in bicarbonate reabsorption produced
by hypercalcemia AVhen hyperparathyroidism is present, however, the alkalosis
is usually overshadowed by the effect of PTH on the renal tubule to decreasg
bicarbonate reabsorption, resulting in a hyperchloremic acidosis. Hyperpar-
athyroidism also produces the classic radiologic findings of osteitis ﬁbrosa—ﬁ
subperiosteal resorption of phalanges, “ground-glass” appearance of the skull
and resorption of the distal elavicles.

C. Diagnosis

1.

Indirect demonstration. In the past, the diagnostic approach to hypercalcemia
was oriented toward an indirect demonstration of increased parathyroid hor-
mone activity, including abnormally increased phosphate excretion and evif)

dence of subperiosteal reabsorption. The frequent association of hy_r_)ggp_ara-B

thyroidism with a hyperchloremic acidosis has also been considered a diagnostic
feature. Changes in serum phosphate and chloride have even been combined
into a single diagnostic test. A ratio of serum chloride to phosphate exceeding
33 is said to favor hyperparathyroidism; a ratio less than 30, hypercalcemia
of other causes. All of these tests are indirect, however, and often there are
other factors present that may alter renal phosphate and/or bicarbonate han-
dling independently, thereby adversely affecting the diagnostic accuracy and
specificity of these determinations. At present, with the ready availability of
the PTH assay, there seems to be less need for these classic tests.

. Measurement of plasma immunoreactive PTH. The diagnostic workup, there-

fore, should begin with determination of the PTH level. PTH determinations
that relate serum PTH to concurrent serum calcium level and provide prob-
abilities for PTH-dependent versus PTH-independent hypercalcemia are com-
mercially available. Assay of the C-terminal fragment of the hormone is most

. useful in the diagnosis of hyperparathyroidism. Measurement of immuno-

reactive PTH should be done regardless of the presence of other potential causes
of hypercalcemia, because there are clear examples of the coexistence of hy-
perparathyroidism with a variety of conditions, including sarcoidosis, tuber-
culosis, thyrotoxicosis,and malignancies.

The diagnosis of hypercalcemia is almost always evident from the clinical set-
ing, however, and the role of the PTH determination is usually to confirm
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rather than to make the diagnosis. Thus, the vast majonty of ?atxeritsa\?cﬁﬁ
hypercalcemia discovered incidentally or d.urmg the evaluation o rex}a c"ien{,s
have prirhary hyperparathyroidism. Smular'ly, the vast majog‘l?«;fo epa;e e
with hypercalcemia of malignancy have malxgnancy diagnose & or 'n'athz'-
percalcemia is detected. In the patient with suspected pnma(xi'y yple}:'p;md 7
roidism, a frankly elevated PTH confirms tbe diagnosis, and para t)ilo -
ploration may be undertaken. However, a urine calcxum-yreat_mme ::5 fag
be obtained to exclude famililafl Eyp?l'(i‘ai—l{ciuncl ?Sy}l):l;cha%_cﬁearr::g;‘lp?anlgc: ("m)ap.
atient is asymptomatic. If the eve ! : 1 usp:
;};Ep?:ilate“ Tor tEye l%vel of hypercalcemia), the diagnosis ofbpr(;mz;rydlgyQ ;;s:”e
parathyroidism is still likely, but more definitive proof may fi e?x’e.mas.m ;
surger)’/. In such instances, which are more common now bec;uze :e mgl nunonﬁ
- detection of relatively mild hypercalcemia, sequeqtlal PT 4 e ;1“,1 G
usually reveal frankly elevated PTH. Because patients »\{}t non )n?q ?ha\’e
thyroidal hypercalcemia, particularly nonparathyroidal malignancy, ; e gimm-
PTH levels in the normal range, it is erroneous to ki‘z?.se a dlagr_msxi of p1 N
hyperparathyroidism solely on the ;iresence Ff z:;le },ﬁ?gﬁ‘ﬁsﬁeﬁal;ﬁamv
. which is in fact in the normal range. 1n _ I ey,
Sl;::;xklv elevated PTH does not suggest the presence of ectopic P'I‘H ;Zrodtll:nir;
but rather concomitant primary hyperparathyroidism. This assoc(;a :o’r:t}; p()id
ticularly common with certain tumors (e.g., breast carcinoma), an {).arcrim); <
exploration may be rewarding even in the presence of known m(zil lgr;f méﬁcy
PTE lvel in the normal range in & patien with WP CCCE Ly f the PTH
is ; observed, and is probably due t0 S I | A
ﬁnﬁfﬁ?::itsliy. In patients th}? other causes of hypercal‘cemla. thﬁd}x\algsnssllls
is usually obvious from the history (e.g-, vitamin D mtox1cat|odn. vlu .u’ di:e;qv
ally iatrogenic), or the clinical pictﬁl_lr_e is d())mmated by the underlying disease
. 8 icosis, adrenal insutiiciency). y V
(l:i};e:};\érczts?g:lcal cases that remain obscure after serial P’I‘H.measixr.emer‘m;
several additional diagnostic steps may be employed. The urine caAlc‘mln;]-c'ro_
atinine ratio and results of family members, tests may reveal f?m{ ia y};: :
calciuric hypercalcemia. Hypercalcemia of sarcoidosis but not 00 prm(]iaxi'i{' ﬁ)),r
perparathyroidism is suppressed by a trial of hydrocortisone (100 mg,; at ye 2
1 week). The rare instance in which hypercalcemia is a presentmg' ea:l ur..ne
malignancy should be detected by chest x-ray, urinalysis, selrum d(rix ux;i;ia
protein electrophoresis, and stool occult blood Although wel_ght osis and ane 2
may occur in primary hyperparathyroidism as well as in ma 1g§ancy,ara-
presence of these features, and/or repegted fallgrg to dqcumen.t yperp it
thyroidism by immunoassay, may necessitate additional .dlagnostui maneuv .
to exclude malignancy. These include an IVP to rule out renal cel 1carc1{110$a,
abdominal computed axial tomography (_CT) scan to exclude occult lymphoma,
and perhaps investigation of the gastromt,estmal tract.

D. Treatment. Numerous treatment modalities have been used in the management

of hypercalcemia. All have side effects and limitations, and some are more likely
to be effective in selected situations.

1. Phosphate administration. Calcium can be removed from the blood and de-

i ith i infusion. The usual

osited at extravascular sites with intravenous phosphate in . L

lc;ose is 20 to 30 mg of elemental phosphorus’?_e_r kilogram body we.xgg{. “(;zt

proximat:iy 50 mMol) over a period of 12 to 16 hours. The respt})lnse lj' s

immediate. This treatment is one of .tl.\e most pptent approacheste avail occm.-

Unfortunately, the extravascular deposition of calcium and phos};: al mtr.x.mra_
anywhere in the body, including the heart and kidney, and the use ol 1

venous phosphate has been associated with renal cortical necrosis, cardiac

i i ded.
st, and sudden death. For these reasons, its use 18 not recommen -
g::l phosphate therapy. particularly in patients with a fedlaced s:ru.m pll:::h
phate, is a much safer form of therapy an_d may 'be effectwe. y re ucins\,gto 2
calcium gut absorption and bone resorption. It is usua_lly given asd '600 m
gm of elemental phosphorus per day in divided doses (Phosp}lo-so a 9 1 g
phosphorus per 5 ml of solution, or Neutra-Phos 250 mg phosphorus per cap
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sule). Serum calcium usually begins to fall within 24 to 48 hours after admin-
istration. Oral phosphate therapy should never be used in patients with an
increased serum phosphate, because the risk of extravascular calcification is
markedly increased.

. Calcitonin and mithramycin. Several agents that seem to reduce bone resorption

as a primary action are available. Calcitonin, given as 4 units per kilogram
of body weight intravenously followed by subsequent doses of 4 units per kil-

_ogram subcutaneously at 12 to 24 hours, cften lowers serum calcium to or

toward normal within several hours after administration. Approximately 20
to 25 percent of patients do not respond, however. In those who do respond,
continued use may be limited by the rapid development of resistance; this
resistance may be avoidable, however, with concomitant steroid administration.
Despite these limitations, calcitonin is an attractive agent because of its rapid

" initial effect and remarkable freedom from side effects. Mithramycin is an

antitumor agent that also lowers serum calcium by inhibition of bone resorp-
tion. The hypocalcemic dose of 25 g per kilogram of body weight intravenously
is relatively safe, even in the presence of renal failure. Several repeated doses
may, however, be associated with the side effects of thrombocytopenia, platelet
dysfunction, or hepatic damage. Serum caleium usually begins to fall within
12 to 24 hours after administration, and the effects may persist for 3 to 7 days.
Diphosphonates also inhibit bone resorption and have the following two ad-
vantages over calcitonin and mithramycin—they can be given orally, and they
may ameliorate bone pain in patients with bone metastases. Currently, only
etidronate is available in the United States, and this agent causes osteomalacia.
Other diphosphonates, which are being used in Europe, do not have this side
effect and may soon be available in this country. Indomethacin, by inhibiting
prostaglandin synthesis, may eventually prove useful in selected patients with
hypercalcemia and malignancy, but at the present time there are not sufficient
data to justify its widespread use. In fact, prostaglandin inhibition in the hy-
percalcemic state can lead to renal failure.

. Glucocorticoids. Glucocorticoids decrease inwﬁtin;{ absorption either directly

or via inhibition of vitamin D metabolism: therefore, they are effective in hy-
percalcemia due to vitamin D intoxication or sarcoidosis. They are also effective
in some malignancies (notably, multiple myeloma and breast carcinoma), either
by tumoricidal effects or inhibition of bone reserption. Usual dosages are 3 to
5 mg/kg/day of hydrocortisone-equivalent initially, followed by smaller main-
tenance dosages. In those patients who respond, serum calcium usually begins
to fall after 2 to 3 days. !

_ Saline and furosemide. Finally, urinary calcium excretion can be increased

by inhibition of tubular sodium reabsorption at those sites at which sodium
and calcium transport appear to be linked. Thus, saline and/or sodium sulfate
infusion produces expansion of the extracellular fluid volume and subsequent
inhibition of proximal tubular sodium and calcium reabsorption. However, the
rapid expansion of the ECF volume may produce volume overload, particularly
in elderly patients or in those with underlying cardiovascular disease. A useful
adjunct to this type of therapy 1s the simultaneous use of a diuretic that acts
in the loop of Henle. This serves to potentiate calciuria markedly by inhibiting
calcium and sedium transport at a site downstream from the proximal tubule.
In-addition, natriuresis prevents overload of the cardiovascular system. Use
of the diuretic before the induction of volume expansion may be self-defeating,
because resultant natriuresis will produce contraction of the ECF volume, in-
creased proximal tubular reabsorption of sodium and calcium, and consequent
aggravation of hypercalcemia. Therefore, an initia! priming saline infusion of
1 to 2 liters over 1 hour should be given. The approach is as follows:

a. Begin with a priming dose of 1 to 2 liters saline IV over 1 hour.

b. Give furosemide 40 to 80 mg IV, and repeat every 2 to 3 hours.

¢. Measure urine volume every hour and urine sodium-potassium concen-

tration every 4 to 6 hours.
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d. Replace urine volume with saline and added potassium chloride

e If hype_rcalcgmia is prolonged, add magnesium (15 mg per ;iour)'
Once diuretics are given, urinary losses of sodium and potassium.must be
megsured and replaced. Sodium sulfate is theoretically more calciurfc than
saline because of the formation of calcium sulfate co'mplexes that are not
reabsorbgd by the tubule. Sedium sulfate has not proved to be more effeciive
than salme:-. however, and its use is often complicated by hypernatria
because it is most often prepared as an isotonic hypernatremic solutiéa'

. EDTA administration. EDTA’ also increases urinary calcium excretion. Its

principal virtue, however, is that by complexing with i i 3

before excretion, it reduces the ionized calfiuml;gvel un:;;cilxz‘t:l;n é}ﬁ?rgia'dé
to 50 mg per kilogram gver 4 hours, is probably the most eﬂ'ective‘irmnedi;%e
therapy for hypercalcemia. Unfortunately, there has been a significant inci-
dence of nephrotoxicity associated with EDTA administration in high dcee;
For‘ thl_s reason, its use should be restricted to life-threatening situations m
which immediate reduction of the ionized calcium level is critical. g

E. Therapeutic approach

/f.

Acute hypercalcemia. Therapy of acute s tomatic h; i
gradg of severity begins with volume expansy}ﬁr;:, which algxﬁztebfﬁi:é::g
in mxld-.to'—moderat.e hypercalcemia. After ECF volume expansion is achieved,
the addition of furosemide at intervals commensurate with the severitvtof
hypercalcemig additionally enhances calciuria. Additional thera})y depends
on the severity and urgency of the clinical picture. Severe hypercal?ee;ia
(greater than 15 mg per deciliter)-with acute neurologic, cardiovascular. or
renal dygﬁxncﬁon constitutes hypercalcemic crisis and is a medical eme ex;cv
In most instances, the addition of mithramyecin or calcitonin to salinlzfun-)-'
semide infusion provides adequate acute therapy. Neither agent requires renal
function to be effective. Calcitonin has a faster onset of action, although it is
less umformly effective than mithramycin. If after several h’ours of gsal‘i::&
furosemlde_ (_iiuresis and calcitonin infusion, hypercalcemia greater than 15
mg per d.ecﬂlter persists and the clinical condition remains unstable additioz:‘al
Fherapy is required. In these rare instances, immediate reduction 01’” the serum
1omzeld cizciubnt;py (iinfusion of sodium EDTA may be required. Rapid effects
can also be obtained with hemodi is; this 1 i i sith
e e odlalys_ls, this is preferred in the patient with
?hrc.)ni'c hypercalcemia. Management of subacute or chronic mild hypercal-
ve. éa:exsozi;;)endent to a certain extent on the cause of the hypercalcemia:
~ (1) Sarcoidosis
(2) Multiple myeloma *
(3) Breast cancer (50 percent)*
(4) Vitamin D intoxication b
(5) Immobilization :
/b. Oral phosphate
(1) Hyperparathyroidism (nonsurgical candidates)
= ﬁ) }?{ost malignancies
c. Mitl ‘ramycin: If oral phosphate isineffective or serum phosp i v
us, steroids are most effective in syndromes characterized gy(i)ic};:éesﬁils ejxlli:e:;?r;l

calcium absorption and in some malignancies, In other malignancies and in non-

ati

surgical candidates with hyperparathyroidism, oral phosphate therapy is a rel-

vely safe and effectiye treatment, If the serum phosphate is elevated, however,

the use of phosphate is contraindicated, and chfonic administrafion of mithramyein

at 5- to 7-day intervals is a reasonable alternative.
net been carefully evalua

8 reasinaste slierpti e use of indomethiacin has
Vet, but it is a potentially useful drug in the man-

agement of hypercalcemia bec it inhibi i ion i

st ause it inhibits prostaglandin preduction in some

f;i;gill};, it should be poin_t,eﬁ out that parathyroid surgery is the treatment of
1oice for hyperparathyroidism; chronic medical therapy is indicated only in pa-




tients in whom surgery has been repeatedly un: i

. : 3 successful or is contraindi
The mapagement 9f the patient with asymptomatic mild hypercalcemia detc:ctfédci
on routine screening remains controversial. Unless adequate follow-up can b
er_lsured, surgery is usually indicated to avoid the potential complications of b =
disease, kidney stones, and renal damage. s

IV. Hypocalcemia

A. Causes. The causes of a reduced serum calcium lev i i
: rel are listed in Table 5-
1. Hypoalbuminemia. Hypoalbuminemia lowers the total serum calciuem li.vel

by reduction of the fraction that is bound to protein. The ioni ion i
unaffected by this reduction, and the patientpis, therefore, a:lvzrz(i)tfgi;:;?cn i
useful ru!e qf thumb to estimate the contribution of hypoalbur'ninemia to h
pocalcemia is that total serum calcium will fall by 0.8 mg per deciliter fy<
every degren}ent in serum albumin of 1 gm per liter. . o
A reduc.tlon in the ionized calcium level usually reflects a disturbance in th
prodﬁc@xor.l, metabolism, or response to parathyroid hormone or vitamin D thi
two principal factors that regulate the ionized calcium level. Addition;ally

leﬂlo\ral Of calcw n from the serum and dep()Sl’tl‘OIl in eX“aVaSCUlal sites can
t

. Primary disturbances in the parathyroid system. Disturbances in the para-

thyroid hormone system that can i ia i
3 produce symptomatic hypocalcemia include
decreased production (hypoparathyroidism) or inadequate response to normal

_circulating levels of parathyroid hormone (pseudohypoparathyroidism). Hy-

Table 5-2. Causes of Hypocalcemia

Hypoalbuminemia
Disturbance in parathyroid systen/
Hypoparathyroidism
Surgical
Infiltrative
Idiopathic
Pseudohypoparathyroidism"‘
Hypomagnesemia
Disturbances in vitamin D system
Decreased intake—nutritional
Decreased absorption—malabserption
Decreased production of 25(0H)D—liver disease
Increased metabolism of 25(OH)D
Phenobarbital .
Phenytoin
Alcohol
Glutethimide
Accelerated loss of 25(OH)D
Nephrotic syndrome
Disturbances 'of enterohepatic circulation
Decreased production of 1,25(0H:LD
Hereditary =
Renal disease

Removal of calcium from serum

Hyperphosphatemia

Laxatives
; Phosphate enemas =

i Cytotoxic treatment of leukemias and lymphomas
Rhabdomyolysis —

Osteoblastic metastases

Acute pancreatitis
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poparathyroidism is most commonly due to surgical injury following thyroid,
parathyroid, or radical neck surgery. Rarely, it may be the consequence of
infiltrative disease such as iron storage disease, amyloidosis, and metastatic
malignancy, or it may occur either sporadically or as a familial idiopathic
disorder. Idiopathic hypoparathyroidism most often presents in childhood or
early adolescence. It 1s occasionally associated with other abnormalities such
as idiopathic adrenal insufficiency, diabetes mellitus, pernicious anemia,
moniliasis, and hypothyroidism. In all of these instances, serum PTH levels
are low or undetectable. In contrast, pseudohypoparathyroidism resembles
hypoparathyroidism in the clinical features of hypocalcemia and hyperphos-
phatemia but differs in two important respects. First, because the disease rep-
resents a lack of responsiveness to PTH rather than a defect in secretion, serum
PTH levels are high and suppressible with calcium administration. Second,
pseudohypoparathyroidism is often associated with a unique skeletal devel-
opmental abnormality, sometimes called Albright’s hereditary osteodystrophy,
consisting of short stature, mental retardation, round face, obesity, and a
characteristic shortening of the third and fourth metacarpals and metatarsals.
The osteodystrophy may occur in the absence of the biochemical abnormalities,
in which case the disease is known as pseudopseudohypoparathyroidism. The
cause of pseudohypoparathyroidism seems to be a defect in the adenylate cyclase
response to parathyroid hormone. Accordingly, the diagnosis is classically made
by demonstrating normal or elevated levels of PTH and lack of an increase
in urinary 3’5" adenosine monophosphate (cyclic AMP) after PTH infusion. In
rare patients, however, there may be bone resistance to PTH with a normal
increase in urinary cyclic AMP.

. Hypomagnesemia. Another interesting cause of hypocalcemia involving the

parathyroid hormone sysiem 18 hypomagnesemia; hypocalcemia in _this
situation combines the features of both hypoparathyroidism and pseudohy-
poparathyroidism. Thus, severe hypomagnesemia may decrease secretion of
parathyroid hormone as well as inhibit the response of the bone to normal
levels of parathyroid hormone. Either or both of these mechanisms may be
operative in any given patient, and the PTH level may be low, normal, or
elevated. The cardinal features of this disorder are a serum magnesium level
below 0.8 mEq per liter or 1 mg per deciliter and a resistance to therapy until
the hypomagnesemia has been corrected. The causes of hypomagnesemia in-
clude inadequate intake, hyperalimentation, steatorrhea, diarrhea, chronic
alcoholism, and nephrotoxicity secondary to aminoglycoside antibiotics or cis-

platin. The latter two agents apparently cause urinary magnesium wasting.

. Vitamin D deficiency. A deficiency of the active form of vitamin D may cause

hypocalcemia and may occur in a variety of ways. After abserption from the
GI tract as a fat-soluble vitamin, or synthesis in the skin under the influence
of ultraviolet irradiation, vitamin Ds is transported to the liver. In the liver,
the intermediate form, 25(0HID is produced; this compound is additionally
metabolized by the kidney to produce 1,25(0H);D, the most active metabolite
of the vitamin. Vitamin D metabolites both enhance intestinal calcium ab-
sorption and potentiate the effect of PTH on bone. Abnormalities anywhere
in this chain of events can produce decreased levels of 1,25 (OH)D; and sub-
sequent hypocalcemia. Nutritional deficiency of vitamin D has almost dis-
appeared in the United States, and gastrointestinal disease is now the most
important cause of vitamin D deficiency. Partial gastrectomy, chronic’ pan-
creatitis, small bowel disease, intestinal resection and bypass surgery, and
steatorrhea are all associated with impaired absorption of vitamin Ds. In ad-
dition, liver disease may be associated with decreased production of 25(OH)D
from the native vitamin. Drugs such as phenobarbital and phenytoin, which
accelerate the metabolism of 25(0H)D to inactive metabolites and make it
unavailable for metabolism by the kidney, can produce hypocalcemia; anti-
convulsants may also have direct inhibitory effects on intestine and bone. De-
ficiency of 25(OH)D can also be produced by disturbance of the enterohepatic
circulation and with loss into the urine in the nephrotic syndrome. Defective
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B.

enzyme activity in the kidney, either as a result of renal disease and a reduction
in functioning parenchyma or as a hereditary defect (vitamin D—dependent
rickets), produces low levels of 1,25(0H).D and hypocalcemia. Deficiency of
PTH may also be associated with diminished 1.25(0H),D. Recently, several
cases have been described with the features of vitzmin D deficiency but elevated
levels of 1,25(0H)D; these patients apparently have target organ resistance
to vitamin D metabolites.

5. Hyperphosphatemia, osteoblastic metastases, and pancreatitis. Removal of
calcium from the serum by deposition elsewhere can be produced by hyper-
phosphatemia and osteoblastic metastases. Acute hyperphosphatemia can occur
with phosphate ingestion (cow’s milk in infants, laxatives or enemas containing
phosphates, and potassium phosphate tablets) as well as following lysis of cells,
as in treatment of acute leukemia or lymphoma or with rhabdomyolysis. Os-
teoblastic metastases rarely cause hypocalcemia by enhanced bone formation
in carcinoma of the breast, prostate, and lung. The hypocalcemia of pancreatitis
probably also fits into this category; precipitation of calcium soaps in the ab-
dominal cavity is the major mechanism, and inadequate parathyroid response
plays an antillery role.

Signs and symptoms. As with hypercalcemia, the manifestations of hypocalcemia

range from the acute, dramatic, and life-threatening to the subtle and misleading

that go undiagnosed for many years. The major manifestations of hypocalcemia
involve disturbances of the following areas:

1. Psychiatric

2. Neuromuscular

a. Tetany

b. Seizures

c. Intellectual impairment
d. Extrapyramidal disorders
e. Myopathy

. Ectodermal
Ocular cataracts
Dental
. Cardiovascular
Tetany, with markedly enhanced neuromuscular trritability, is the hallmark of
hypocalcemia. It begins with circumoral and acral paresthesias. Motor manifes-
tations include stiffness, clumsiness, muscle spasms. cramps, and the characteristic
carpopedal spasm. Latent tetany may be detected by tapping over the facial nerve
to produce a facial twitch (Chvostek’s sign), or by inflation'of a blood pressure
cuff over systolic pressure for 3 minutes to produce carpal spasm (Trousseau’s
sign). Other manifestations include seizures associated with severe hypocalcemia,
mental retardation in children, and dementia or psychosis in adults. Extrapy-
ramidal movement disorders may occur with or without evidence of basal ganglia
calcification. Myopathy is due to secondary hyperparathyroidism, phosphate de-
pletion, or vitamin D deficiency, rather than to hypocalcemia per se. In hypo-
parathyroidism, dermatitis, eczema, and psoriasis may occur associated with
coarse, brittle hair and patchy zlopecia. Cataracts occur with prolonged hypo-
calcemia; progression can be prevented with treatment. Characteristic dental ab-
normalities occur when hypocalcemia is present during early development and
include hypoplasia, failure of eruption, defective enamel and root formation, and
carious teeth.

Hypotension may complicate acute hypocalcemia. and hypocalcemia may occa-

sionally contribute to the development of frank congestive heart failure due to

decreased myocardial contractility. Electrocardiographic manifestations inciude

a characteristic lengthening of the Q—T interval. Hypocalcemia may produce

insensitivity to digitalis. Rarely, disordered ventricular conduction with hypo-

calcemia may progress to ventricular fibrillation.

. Diagnosis. The diagnostic approach to hypocalcemia is basically a review of the

various components of parathyroid hormone and vitamin D metabolism (Fig. 5-
9). The first step is verification that the reduction in total calcium reported from

the laboratory indicates a reduction in ionized calcium levels. In the absence of
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_ accounts for hypocalcemia

Measure serum albumin level = ———

" Hypoalbuminemia does not acemfmt
= for hypocalcemia

&

» Mecsure magnesium level
ol atoianh bt Maidothiso e eniss

S e

Hypoalbuminemia

Hypomagnesemia Magnesium level normal
<0.8 mEg/L &
1
Evcluate serum phosphate and
draw PTH level
Elevated PTH Low PTH and high PO,
1

1
Low serum PO, Normal or high PO, Hypoparathyroidism

Vitamin D deficiency Pseudchypoparathyroidism
Confirm with clinical picture,
measurement of vitamin D metabolites,
and/or response to PTH infusion

Fig. 5-2. Diagnostic evaluation of the patient with hypophosphatemia.

direct measurements of this fraction, measurement of the serum albumin level
provides a reasonable guide. If the fall in calcium is greater than can be accounted
for by a reduction of 0.8 mg per deciliter for each 1 gm per deciliter reduction in
serum albumin level, physiologic hypocalcemia can be presumed. The next step
is to measure the serum magnesium level. If the magnesium concentration is
less than 0.8 mEq per liter or 1 mg per deciliter, hypomagnesmia is likely to be
a major factor in the genesis of hypocalcemia. If the magnesium level is not low,
the plasma phosphate concentration is helpful. A high serum phosphate suggests
hypoparathyroidism; a low value is compatible with secondary hyperparathy-
roidism due to vitamin D deficiency. Renal failure causes both high serum phos-
phate and 1,25(0H), vitamin D deficiency but is readily excluded by the usual
measures of renal function. The discrimination between hypoparathyroidism and
vitamin D deficiency can be confirmed by measurement of parathyroid hormone
levels. A low PTH level is expected in hypoparathyroidism; an elevated level is
consistent with either pseudohypoparathyreidism or vitamin D deficiency. The
clinical picture should distinguish the latter two syndromes. The presence of the
classic osteodystrophy confirms the diagnosis of pseudohypoparathyroidism. Gas-
trointestinal disease, liver disease, anticonvulsant medication, and’or nephrotic
syndrome all point to vitamin D deficiency. In the absence of clinital clues, this
differentiation can be made by measuring the circulating levels of 25(0H)D and
1,25(0H),D and/or by evaluating the urinary cyclic AMP response to PTH infusion.
Most instances of vitamin D deficiency are due to malabsorption of vitamin D;
few are due to disturbances in the metabolism of 256(OHID. As assays for the
various vitamin D metabolites become more widely available, it will be possible
to examine the components of this system more closely. For the present, however,
it is sufficient to make the diagnosis of vitamin D deficiency and to institute
therapy on that basis. -
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D. Therapeutic approach 2 ¢

1. Acute hypocalcemia. Acute symptomatic hypocalcemia should be considered
a medical emergency because of the possibility of laryngeal spasm and/or sei-
zures. Intravenous therapy to provide 200 to 300 mg calcium should be in-
stituted at the first sign of incipient tetany. This can be accomplished with
20 to 30 ml of a 10% calcium gluconate preparation (one 10-ml ampule contains
90 mg of elemental calcium) or 10 ml of 10% calcium chloride (360 mg per 10-
ml ampule). The advantages of reduced volume with the chloride preparation
are probably outweighed by the greater irritation produced by extravasation
of calcium chloride than of calcium gluconate. Calcium should not be mixed
with any solution containing bicarbonate because of the possibility of precip-
itation of calcium salts. If the cause of hypocalcemia is unknown, the serum
magnesium level should be checked immediately. If the level isbelow 0.8 mEq
per liter or 1 mg per deciliter, 1 to 2 gm (8 to 16 mEq) of 10% magnesium
sulfate solution should be given intravenously over a period of 15 to 20 minutes.
In the first few days following surgery on the parathyroid glands or adjacent
structures, subacute transient hypocalcemia may appear. If the patient has
symptoms suggestive of tetany, therapy should be instituted as above. Following
acute therapy, calcium can be continued intravenously and oral calcium sup-
plementation begun when regular oral intake is started. It is helpful to restrict
phosphorus (i.e., milk and meat) intake during this transition period. If hy
pocalcemia and/or hyperphosphatemia persist for longer than 10 to 14 days,
it is unlikely that normal parathyroid function will return, and long-term
therapy should be considered.

2. Chronic hypocalcemia. Chronic hypocalcemia, whether due to hypoparathy-
roidism or vitamin D deficiency, is treated by increasing intestinal absorption
of calcium. This is done with vitamin D therapy and increased calcium intake.
In hypoparathyroidism, the initial step is to provide calcium in the range of
2 to 4 gm per day, either as calcium lactate (60 mg elemental calcium per 300-
mg tablet), calcium gluconate (90 mg per 1-gm tablet), or calcium carbonate
(260 mg per 650-mg tablet). If response to this therapy is inadequate and a
near normal serum calcium is not achieved, a vitamin D preparation should
be added. This can be given €ither as vitamin D, ergocalciferol, 50,000 to
150,000 units or 1.25 to 3.75 mg per day, or dihydrotachysterol (DHT), 0.25
to 0.75 mg per day. These dosages are many times higher than the equivalent
physiologic dosage of 100 to 400 units of vitamin D, per day required to treat
true vitamin D deficiency. In part, the resistance may be due to inadequate
production of 1,25(0H)D, from 25(0H)D, due to PTH deficiency and hyper-
phosphatemia. DHT has the advantage of more rapid offset of action if hy-
percalcemia supervenes. It also bypasses the need for 1-hydroxylation. As ex-
perience is gained with the use of 1,25(0H).D, therapy may be additionally
improved. The aim of therapy is to provide a near normal serum calcium, but

. in the absence of the renal effects of PTH this produces hypercalciuria. Thiazides
have been shown to be effective in patients with hypoparathyroidism; the
careful use of hydrochlorothiazide may reduce both urinary calcium and the
need for vitamin D in this situation.

In hypocalcemia associated with disorders of vitamin D metabolism, therapy
can be individualized. In the usual patient with malabsorption, calcium sup-
plementation and vitamin D therapy, as given above, are appropriate. Dosage
of vitamin D ranges from 4000 to 12,000 units per day to high dosages com-
parable to those required in hypoparathyroidism. In patients with very large
requirements, magnesium depletion should be considered. Measurement of
25(0OH)D levels may be useful in assessing adequacy of therapy, and 1,25(0H),D
and 25(OH)D (calcifediol) may be particularly useful in conditions in which
hepatic 25-hydroxylase activity is compromised and in conditions of excessive
external losses of 25tOH)D, such as defects of the enterohepatic circulation or
the nephrotic syndrome. Patients taking anticonvulsant medication usually
respond to supplementation with 5000 to 10,000 units of vitamin D per day.
In the very rare patient with vitamin D-dependent rickets, therapy with
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1,25(0H),D is indicated. The hypocalcemia of renal failure is a special situation
in that.both deficiency of 1,25(0OH),D and hyperphosphatemia play 2 role. Renal
failure is only rarely associated with symptomatic hypoca!oemla, and the
therapeutic approach is designed to prevent, or treat bone disease. ’I‘h_e ﬁrst
step in therapy is reduction of hyperphosphatemia with phosphat,e-bx.ndm'g
antacids. If this is unsuccessful, therapy with oral calcium and then with vi-
tamin D is often required. Dihydrotachysterol or 1,25(0H);D .oompoqm?s that
bypass the requirement for renal 1-hydroxylation have special merit in @hxs
situation. Also, the complication of hypercalcemia is more rapidly reversible _
with these compounds than with vitamin D. :
Not infrequently, the diagnosis of hypocalcemia is based on a laboratory de-
termination in asymptomatic patients who often present with gxther bowel
disease or liver impairment and chronic alcoholism. In these patients, the de-
cision whether or not to institute therapy should be based on mdmdllxal as-
sessment. Mild hypocalcemia usually remains asymptomatic in these circum-
stances, and the principal complication is the potential development of
metabolic bone disease because of the associated vitamin D deficiency. If the
primary disease responsible for malabsorption can be t.reated. there isno need
for prolonged therapy with vitamin D. In a patient with irreversible disease
with expectation of a prolonged course or in'a patient with symptomatic bone
disease, treatment with vitamin D (approximately 1500 units) 1s.cl.ear.1y in-
dicated. In the absence of obvious gastrointestinal disease, a workup is indicated
to evaluate the presence of occult steatorrhea or liver disease.

Disorders of the Serum
Phosphate

Normal levels for serum phosphate are 3.5 to 4.5 mg per Qedliter, v'vhereas total
intracellular phosphate concentration (inorganic and organic forms) is neayly 390
mg per deciliter. Because the source of cellular inorganic phosp}mbe is primarily
extracellular phosphate, and since the cellular inorganic pool provides ghosphat,e for
adenosine triphosphate (ATP) and phospholipid synthesis, the regulation of serum
phosphate is critical to cellular function and membrane structure.

. External phosphate balance. Adults are in external phosphate balance. That is to

say, intake, of phosphate (averaging 1200 mg per day) equals output (800 mg per
day via the kidney -and 400 mg per day via losses into the GI tract). plgt and the
GI tract are not normally important influences on phosphate homeostasis since phos-
phate is ubiquitous in foods and intake is usually far in ex gf GI losses. There
is little regulation of gut phosphate absorption; most of dxet:ary intake, massive or
meager, is absorbed. The kidney, however, exerts a major influence on phosphate
homeostasis. About 9000 mg per day is filtered and available for excretion. Normally,
approximately 90 percent is reabsorbed, leaving 800 mg to be excreted daily. However,
a rise in parathyroid hormone levels can easily reduce the rate of phospha_te reab-
sorption by 10 percent of the filtered load, which in turn prodl_xces' a twofold increase
in excretion. A fall in PTH levels can lead to a 10 percent rise in phosphate rt_eab—
sorption by the kidney and acutely reduce output to less than 100 mg per day. S!nce
the total extracellular fluid phosphate content is only 56 mg, it 1s clear that minor
changes in renal phosphate transport may lead to major changes in serum phosphate
level. Although these changes are primarily the result of changing P'I'H )ev_els, PTH-
independent defects in renal phosphate transport exist and lead to clinically important
disturbances in the serum phosphate level.

. Internal phosphate balance. There is also an internal balance for phosphate. Nor-

mally, inorganic phosphate exists in intracellular fluids at a concentration of 3to 4

mg per deciliter, but total phosphate (organic plis inorganic) may be 300 mg per

deciliter. Extracellular fluid levels are 4 percent of this total value. Thus, shifts in
phosphate across cell membranes can profoundly alter the serum phosphate level.
Various hormones as well as changes in hydrogen ion content of the body fluids may
influence this transcellular distribution.

PR S

ae
e
i

ren




F 768  5: The Patient With Disorders of the Serum Calcium and Phosphate

) ‘V‘\
<

5: The Patient With Disorders of the Serum Caicium and Phosphate 77

p § T
{
|
1
|
|
t
i

#l. Hypophosphatemia e
~— A. Causes. Ten to fifteen percent of hospitalized patients may develop a lower serum - .
= phosphate level (less than 2.5 mg per deciliter), and a smaller number may be
g _—found with profound hypophosphatemia (less than 1.0 mg per deciliter). Hypo- @- :
f—— - phosphatemia can result from either excess external losses (GI tract or kidneys) =
or redistribution of phosphate from extracellular to intracellular fluids (Table 5- % E
3 3). Inadequate phosphate intake alone is rarely responsible for severe phosphate
depletion, because compensatory mechanisms reduce both renal excretion and ’j
- G secretion. The renal response is quite rapid, but the GI response may take
several weeks. Inadequate diet may cause mild-to-moderate depletion but does
not produce marked hypophosphatemia.

'a

origin, usually sclerosing hemangioma. This tumor may elaborate a substance
that, although not structurally similar to parathyroid hormone, may have
similar phosphaturic activity. = f

Fanconi’s syndrome refers to a primary injury to the renal proximal tubule
with reduced reabsorption of a number of solutes normaliy reabsorbed in this
segment of the nephron, including bicarbonate, glucose, and amino acids, as
well as phosphate. The causes of this lesion include metabolic diseases (cys-
tinosis, Wilson’s disease, hereditary fructose intolerance). neoplastic disorders
{multiple myeloma), inflammatory diseases {(systemic lupus erythematosus),
and intoxication (heavy metal poisoning).

b

i. Gastrointestinal disturbances. Gastrointestinal losses of phosphate sufficient
to induce hypophosphatemia can be produced with protracted diarrhea or
ingestion of large amounts of aluminum-containing antacids. Aluminum binds
to phosphate (either dietary or secreted) in the GI tract and produces net losses
of phosphate from the body. Rt
Hypophosphatemia in gastrointestinal disease is primarily the result of mal-
absorption. Malabsorption of vitamin D and calcium leads to secondary hy-
perparathyroidism, which in turn enhances urinary phosphate excretion. Al-
though reduced GI phosphate absorption may also play a role, increased renal
excretion is more important in the genesis of hypophosphatemia.

. Renal phosphate wasting—Iintrarenal factors. Renal phosphate wasting is due
to either intrinsic tubular transport abnormalities or inhibition of phosphate
reabsorption by extrarenal factors such as hormones, drugs, or acute expansion
of the extracellular fluid volume. The two must important forms of intrinsic
tubular abnormalities that lead to phosphate wasting are vitamin D-resistant
rickets (VDRR), both adult sporadic and familial forms, and variants of Fan-
coni’s syndrome. VDRR in the familial form represents a dominant sex-linked
disorder in which phosphate transport across the GI tract and kidney is de-
fective. Hypophosphatemia occurs in early life. The primary clinical mani-
festations are severe rickets and osteomalacia that do not respond to physiologic
doses of vitamin D. A form of this condition occurs sporadically in adults. This
latter disorder is quite rare. It is usually associated with tumors of mesenchymal

Table 5-3. Causes of Hypophosphatemia

Gastrointestinal disturbances
Inadequate intake
Aluminum-containing antacids
Chronic diarthea
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3. Renal phosphate wasting—extrarenal factors. Renal phosphate wasting due

to extrarenal factors primarily represents forms of hyperparathyroidism. In
both primary and secondary hyperparathyreidism (due to GI disturbances or
dietary vitamin D deficiency), elevated circulating levels of PTH chronically
depress renal tubular phosphate reabsorption and lead to hypophosphatemia.
The level of serum phosphate seen in these conditions is usually between 2.0
and 2.5 mg per deciliter. Severe hypophosphatemia is uncommon.

Certain other extrarenal factors may lead to phosphate wasting. Perhaps the
most important of these is glycosuria. Glucose and phesphate compete for
reabsorption in the proximal tubule. During hyperglycemia, renal phosphate
reabsorption may be reduced. This may contribute to the prominent hypo-
phosphatemia seen during the therapy of unstabl¢ diabetes mellitus. Certain
diuretics, such as acetazolamide and metolazone, may reduce proximal tubular
phosphate reabsorption in a manner. similar to the inhibition of phosphate
reabsorption that occurs during acute expansion of the extracellular fluid vol-
ume with saline- or bicarbonate-containing solutions.

. Redistribution of phosphate. Hypophosphatemia may be produced by redis- -

tribution of phosphate from the extracellular to the intracellular fluid. This
oceurs with stimulation of glycolysis and formation of large quantities of phos-
phorylated compounds. Glucose infusion, insulin administration, or respiratory
alkalosis has this effect. Hypophosphatemia is an inevitable consequence of
parenteral hyperalimentation unless phosphate supplementation is provided.
Marked hypophosphatemia is commonly seen in the treatment of diabetic ke-
toacidosis. Catecholamine administration also stimulates cellular phosphate
uptake. The mechanism is unknown.

. Hypophosphatemia of aicoholism. Perhaps the most common setting of marked

hypophosphatemia is the hospitalized alcoholic patient. Multiple factors con-
tribute to the pathogenesis of this syndrome. Before hospitalization, inadequate
phosphate intake, chronic diarrhea, and secondary hyperparathyroidism (due
to calcium and vitamin D deficiency and/or malabsorption) combine to produce
a baseline state of phosphate depletion. On admission, the alcoholic is usually
treated with glucose-containing intravenous solutions that stimulate cellular

Secondsry hyperparathyroidism phosphate uptake. Respiratory alkalosis develops as withdrawl from alcohol
Malabsorptive states and delirium tremens begin. The consequence of this sequence of events is

Vitamin D deficiency

severe hypophosphatemia, often most marked 12 to 24 hours after admission.

B. Signs and symptoms. Since inorganic cellular phosphate depends on extraceilular
fluid phosphate as its source, the conseg}uences of hypophosphatemia may be the
same whether phosphate is actually lost from the body fluids (urine or stool) or

Primary renal losses
Primary hyperparathyroidism
Vitamin D-resistant rickets

¢ ¢ &

- P enters cells in an organic form. The primary disturbance is cellular ATP deficiency,
gilmcosc Lk syndrome - due to both disordered adenine metabolism and reduced high-energy phosphate
Di):lret?!csm eu ﬂe bond formation. In general, severe hypophosphatemia {less than 1.0 to 1.5 mg
% Fxtracellular fluid volume expansion = per deciliter) is required to produce acute clinical symptoms.
Redistribati = [The organ systems most profoundly affected by hypophosphatemia are muscle
istribution = \(skeletal and cardiac), hematopoietic, central nervous system {CNS), and bone.
Insulin administration : = o .

1. Muscle. A skeletal myopathy may occur in hypophosphatemia with elevated
creatine phosphokinase {CPK) levels and profound weakness. This disturbance
has led to alveolar hypoventilation and respiratory failure according to at least
one report.

Acute respiratory alkalosis
Catecholamine administration

|

& UL

R

e
m, »:‘?'T Mﬂ-mﬁ Pbotutn: fepmidbate | fida i e b b i



78  5: The Patient With Disorders of the Serum Calcium and Phosphate
Serum PO, < 1.5 mgdl
Measure urine PO,
100 mygiday = < 100 mglday
Determine presence of glveosuria. Determine presence of glucose infusions,

aminoaciduria. or bicarbonaturia

Present ¥ Absent Present

- Absent
F'anc_om s syndrome Redistribution GI PO, losses
fcystinosis) Determine serum calcium < ° PO (Malabsorption)

«Wilson's disease!
+Multiple myeloma)
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or VDRR
Ectopic hyperparathy- —Famihal
roidism —Spontaneous

respiratory alkalosis. or epinephrine

e i

(AIOH  gel usage)

Fig. 5-3. Diagnostic evaluation of the patient with hypophosphatemia.

o

2. Hematopoie_tic. Reduced red blood cell survival, reduced white cell function
(phagocytosis), and reduced platelet adhesiveness have all been reported in

hypophosphatemia but are almost always of a minor degree and subclinical
in nature. =

3. CNS. Neurologic dysfunction manifested by obtundation, coma, and, rarely
sglzures.has also been noted in severe hypophosphatemia, particularfy in pa:
tients with multisystem disease or severe trauma.

4. Bone. Osteqmalacia has been shown to occur with severe, prolonged hypo-
phosph_at,emla. The deficiency of ATP induced by phosphate depletion may be
a }'elatxve one. For example, resting muscle may not undergo rhabdomyolysis
w1th phosphate deficiency, but vigorous activity may quickly stress cells beyond
their ATP reserves and lead to tissue damage. Also, patients who have a modest
degree of phosphate deficiency may become severely symptomatic when cellular
glucose uptake is stimulated by glucose or insulin administration.

Dlagnqsis. ’Ijhe differential diagnosis begins with assessment of urinary phosphate

excretion (Fig. 5-3). The kidney removes phosphate from the urine rz;pidly when

thg ﬁltered load of phosphate begins to fall. In normal people, phosphate is virtually

ehrgmat,egi from the urine below a phosphate level of 2.0 mg per deciliter. In a

patient with marked"hy_pophosphatemig, urinary excretion of greater than 100

mg per.d.ay (cpnjespondmg to a urinary phosphate concentration of 5 to 10 mg

per decll}ter) is inappropriate and indicates renal phosphate wasting, which is
due to either a tubular defect or increased levels of parathyroid hormone. Hy-
perparathyroidism (primary or secondary) is distinguished by measurement of
the PTH level. The various tubular syndromes can then be identified by the pres-
ence or.z}bsepce of other components of proximal tubular dysfunction, such as
g}yco.spina, bicarbonaturia, and aminoaciduria. :

I} urinary phosphate excretion is appropriately low, the differential diagnosis
includes GI losses and redistribution of phosphate associated with respiratory
alk.alosw. and glucose infusion. The former is corroborated by a history of gas-
trointestinal disease or the use of aluminum hydroxide gels.
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D. Therapeutic approach. All patients with marked hypophosphatemia should be
treated. The route and rate of therapy, however, are a source of controversy. The
first principle of therapy is to correct the underlying disturbance. In more than
60 percent of hospitalized patients, glucose infusions are the cause of hypophos-
phatemia. In the majority of the remaining patients, respiratory alkalosis due
to sepsis, pulmonary disease, anxiety, alcohol withdrawal, or fever will be present.
In these circumstances, correction of the primary disorder may preclude the need
for specific phosphate supplements. In some patients, however, obtundation, coma,
seizure, respiratory failure, and congestive heart failure may coexist with and
be attributable to hypophosphatemia. In this case, therapy with phosphate sup-
plements is indicated. Unfortunately, because of a highly variable patient response,
no regimen for intravenous phosphate therapy is completely safe. If hyperphos-
phatemia occurs, deposition of calcium phosphate complexes in soft tissues, blood
vessels, and other viscera, as well as severe hypocalcemia, may result. This un-
toward reaction may occur whenever the solubility product of [Ca] x [HPO,]
exceeds 60.

1. Oral phosphate. The preferred route of therapy is oral administration of phos-
phate, since it is less likely to cause acute, severe hyperphosphatemia. The
dosage for the treatment of severe hypophosphatemia should not exceed 2000
mg per 24 hoars in four divided doses. Serum phosphate should be monitored
once every 24 hours and phosphate repletion halted when serum phosphate
rises above 2.5 mg per deciliter. (Phospho-soda contains 650 mg phosphate
per 5 ml).

2. Intravenous phosphate. If oral therapy cannot be employed, then intravenous
phosphate may be used. The dosage should never exceed 2 mg per kilogram
of body weight over 6 hours, with monitoring of serum phosphate level every
6 hours until the level rises to 2.5 mg per deciliter. The prophylactic use of
intravenous phosphate is justified only in the setting of total parenteral nu-
trition, for which studies have shown the need for 450 mg of phosphate for
each 1000 kcal infused. In other conditions in acutely ill, unstable patients,
intravenous phosphate supplementation is indicated -only in the emergency
therapy of severe, symptomatic hypophosphatemia.

Prophylactic intravenous phosphate therapy has been suggested as a useful
adjunct to the management of diabetic ketoacidosis. The acute reversal of aci-
dosis reduces oxygen delivery (Bohr effect), and superimposition of reduced
2,3 diphasphoglycerate (DPG) levels due to hypophosphatemia may additionally
impair tissue oxygenation. However, prospective studies now show no clinical
benefit to routine, prophylactic phosphate infusions in patients being treated
for diabetic ketoacidosis. Therefore, oral phosphate administration is the pre-
ferred regimen when normal dietary intake of phosphates cannot be otherwise
achieved. oS

IV. Hyperphosphatemia

A. Causes. In the steady state, the level of urinary excretion is the major determinant
of the serum phosphate. In normal people, because of efficient renal excretion,
serum phosphate does not increase during periods of increased phosphate intake
even with an increase in intake to 4000 mg per day. Above that level, only small
rises occur, provided that phosphate intake is distributed over a 24-hour period.
If the increased intake is concentrated within a 2- to 3-hour period, hyperphos-
phatemia will transiently result. There are three circumstances in which renal
excretion is insufficient to prevent hyperphosphatemia (Table 5-4).  /

1. Massive phosphate Infusion. Acute elevation of serum phosphate by massive
infusion into the extracellular fluid from either exogenous or endogenous
sources may exceed the ability of the kidney to excrete phosphate. Exogenous
souces include oral phosphate supplementation, enemas, or laxatives. Severe
hyperphosphatemia tgreater than 15 mg per cfeciliter) has been reported in
children receiving hypertonic phosphate enemas. Recent studies have shown
that the use of recommended quantities of phosphate-containing laxatives in
adults may acutely and transiently raise serum phosphate to 7 to 8 mg per
deciliter. Endogenous causes of increased phosphate include acute rhabdo-
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- Massive phosphate infusion
~~ Endogenous 5 =N : =
. Cytotoxic therapy . :
1 / Rhabdomyolysis i =

~~_“Exogenous {
- Phosphate enemas
Laxative abuse
Decreased glomerular filtration rate

Increased tubular reabsorption
Hypoparathyroid disorders
Acromegaly ;
Thyrotoxicosis / =

. EHDP

“ Sickle cel anemia B
Tumoral calcinosis

EHDP = ethane-I-hydroxy-1, 1-diphosphonate. ?
myolysis secondary to a wide variety of disorders, including trauma, hyper-
thermia, and narcotic overdesage. In this setting, acute renal failure may-also
occur as a result of myoglobinuria, so that underexcretion of phosphate may
be present as well. Several recent reports have shown that severe hyper-
phosphatemia may occur following cytotoxic therapy of a variety of leukemias
and lymphomas. It has been suggested that pretreatment of these patients
with a low phosphate diet and aluminum hydroxide therapy would reduce the
phosphate load imposed by the acute cell breakdown with cytotoxic therapy.
Unfortunately, phosphate depletion induces an adaptive increase in the renal

phosphate reabsorptive capacity. This increase in reabsorption is independent e
of the serum phosphate and would, therefore, markedly impair the ability of I

the kidney to excrete an acute phosphate load. Thus, although the intracellular
pHosphate content may be reduced with a depleting regimen, marked hyper-
phosphatemia may still occur. This approach, therefore, is not recommended.

2. Decreased glomerular filtration rate. Reduction of glomerular filtration rate c

(GFR) is the second circumstance associated with inability of renal excretion
to maintain a normal serum phosphate. A decrease in GFR below 25 ml/min/

m? in either acute or chronic renal failure is associated with hyperphosphatemia c ;

if dietary intake is in the normal range (800 to 1200 mg per day). The degree

of hyperphosphatemia achieved in this setting is modest, 5 to 6 mg per deciliter. G

* More severe degrees of renal insufficiency or the combination of mild renal
insufficiency and increased phosphate intake are associated with more marked

hyperphosphatemia. Even in severe oligoanuric failure, a serum phosphate of G

greater than 10 mg per deciliter implies the presence of tissue breakdown or
excessive phosphate intake. -

3. Increased tubular reabsorption. Hyperphosphatemia can also be produced by ‘

an increase in the tubular reabsorptive capacity for phosphate. Even though

the filtered load is normal, the kidney excretes less phosphate as the tubules c =

reabsorb an increased fraction of the filtered load. Increased phosphate reab-

sorptive capacity occurs in a variety of clinical settings. By far the most common c

mechanism is a reduction in parathyroid hormone activity (see p. 70). Whether
due to absence of parathyroid glands or to registance to the renal tubular effects
of PTH (peeudohypoparathymidism), hyperphosphatemia ig a classic mani-
festation. If phosphate intake is excessive, serum phosphate may rise addi-
tionally and exacerbate the hypocalcemia. Growth hormone and thyroid hor-
mone directly stimulate tubular phosphate reabsorption; thus, both acromegaly
and thyrotoxicosis may be associated with mild-to-moderate hyperphospha-
temia. Disodium ethane-1-hydroxy-1, 1-diphosphonate (EHDP), a diphos-
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Serum PO, > 5.0 mgadi sl

= . =

Evaluate renal function v

3

Renal insufficiency P:; hate loadi
with PO, retention ’ 2 o
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phosphate reabsorption
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—Hyperthyroidism Rhs:;;o 2 1 o
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—Severe contraction of ytotoxic therapy ot
extracellular fluid volume ieukelml :;:r

—Tumoral calcinosis

Fig. 5-4. Diagnostic evaluation of the patient with hyperphosphatemia.

phonate recently approved for use in the therapy of Paget’s disease of bone,
is a potent stimulator of renal tubular phosphate reabsorption and is often
associated with moderate hyperphosphatemia. Tumoral calcinesis is a disorder,
usually familial, characterized by hyperphosphatemia, normocalcemia, and
deposition of large calcium phosphate masses around large joints. Recent studies
have shown that this rare condition is due to a primary increase in renal
tubular phosphate reabsorption.

B. Signs and symptoms. The principal effect of an elevation of serum phosphate is
the formation of insoluble calcium phosphate complexes. The symptoms that are
observed relate to the resultant hypocalcemia and metastatic soft tissue calci-
fications. An acute rise in serum phosphate may, therefore, be associated with
tetany, hypotension, and acute organ dysfunction, including acute renal failure
and cardiac arrest due to calcium phosphate deposition. Chronic hyperphospha-
temia, as seen in renal failure, also depresses bone resorption and intestinal cal-
cium absorption and additionally aggravates hypocalcemia. Secondary hyper-
parathyroidism ensues, and the resulting osteitis fibrosa and myopathy may be
the presenting features. In the absence of parathyroid hormone, as in hypopar-
athyroidism, hypocalcemia predominates in the symptomatology of chronic hy-
perphosphatemia.

C. Diagnosis. Hyperphosphatemia is due to either defective excretion or massive

overload (Fig. 5-4). The latter, whether from endogenous or exogenous sources,
should be immediately obvious from the history and physical examination. Even
in the absence of an appropriate history (and even in the presence of renal failure),
increased serum phosphate of greater than 10 mg per deciliter implies the presence
of increased phosophate load. Surreptitious laxative and enema abuse are often
associated with hypocalcemia or volume contraction. Measurements of serum
levels of CPK will reveal rhabdomyolysis.

Chronic mild-to-moderate hyperphosphatemia in the absence of an obvious source "
of phosphate implies a defect in renal excretion of phosphate, due to either renal
fa}l_ure or increased tubular reabsorption. In the absence of renal failure, the
differential diagnosis includes the various forms of hypoparathyroidism, thyro-
toxicosis, acromegaly, and tumoral calcinosis. Most forms of hypoparathyroidism
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are associated with hypocalcemia, wh ini
; , whereas the clinical pict i i
g;cc)\;vst.: :rngrr;:me and thyrpld hormone assays should diﬁ'er(friti:t;eg?;mr;xed o
= demonstram;?gﬁ?ﬁ;zgﬁggg; d?agnosi; of btumoral calcinosis rests ngrln (ZE:
g . mia in the absence of K i
phosphate load associated with normal levels of PTH ar?d :orn:;lk?efislgo:\r:i:reased
veness

to PTH.
D. Therapeutic approach

1. Ac
ati:t:\/l:)ggaelrczgq.sphalemla..Acute. severe hyperphosphatemia with sympt
L h)"perphoqp;]dafs:l .k;e a_llllfe-thn;?latening disorder. If renal function is i?lt(;Tt-
> hyp 0s ia will ysually resolve within 6 T f
e hdspl i 3 in 6 to 12 hours.
ine infusions may increase renal phosphate excretion but wrisll ’gkilleilfl.leset}?f
e

all ead)/ depl e:obed serum CalClqu. Ace a Ses O g per kilo; am
f.«iZO] mide in do!
f15 m gY
every 3 to 4 hOUX: Wln mncrease pl.«)cphate excretion. If symptomatlc hypo-

calcemia is present, however, and 1
ia is present, ! particularly if ion 1 i
herpodialysis is the only effective therapy a{';ilx:&i] 4 L i

. Chroni i i
ren:lnelic:eyg:;phogphatem|a.A Chronic hyperphosphatemia due to defective
ki ho’s a; in repal failure or.tumoral calcinosis, is treated primaril
e davpthese e(xitre diet iﬁd alummurq binding gels. In dosages of 5 to é
hyperpho:f)}’;atemia I_!ixgs p}x:1 uce a negative phosphate balance and prevent
predialv;* e . Hypophosphatemia should be avoided. In dialysis patients
ysis values of 4 to 5 mg per deciliter are acceptable. =
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The Patient With Renal
Stones

Fredric L. Coe

\-
In carrying out their regulatory functions, the kidneys must eliminate from the body
not only calcium but substances such as oxalic acid and phosphorus, with which
calcium forms highly insoluble salts. At the same time, the kidneys must eliminate
uric acid, which is a metabolic end product in humans and is also very insoluble.
The amounts of urine available to dissolve these insoluble materials are limited by
adaptation to terrestrial life, which requires the kidneys to conserve water efficiently.
Most of the time, presumably because of successful evolution, the kidney is able to
achieve a balance between the demands for the excretion of insoluble materials and
those for water conservation. Even in a normal person, however, occasional calcium
oxalate or uric acid crystals are observed during a routine urinalysis, illustrating
the extent to which supersaturation may occur in the course of everyday life.
Some people, because of a tendency to overexcretion of calcium or uric acid, pecu-
liarities of diet, or fundamental metabolic derangements, tend to eliminate ekcessive
amounts of insoluble materials in their urine. In these people crystalluria is much
more frequent than in normal people, and stones tend to form on the surfaces of the
renal papillae. Sometimes these stones break loose, occlude the ureteral orifice, and
produce pain and hematuria. In some people the stones remain anchored to the pap-
illary tips, producing a picture of nephrocalcinosis. Crystalluria is often intermittent
and is not always present in patients who form macroscopic stones, but the two tend
to go together and to arise from the same causes.
The approach to t i i nal stone disease is essentially twofold. First, a
thorgugh metabolic investigation should be made to determine wh ] rt
overewﬂﬂamrals. Next, treatment efforts are directed against dis-
orders that are found. /
In Tare instances hereditary disturbances of the renal tubule lead to the elimination
in the urine of ‘cystine, an amino acid that is insoluble in urine and consequently
forms crystals and stones. The finding of a cystine stone dictates the di ig of
cystinuria, for th i 1 iti

ese stones nev 5
infected with organisms Lha SSess Ure:
onium raises the urine pH

ammonium. The spontaneous liberation of and causes
preciww_‘he triple salt of magnesium sphate.
Struvite stones are never produced by netabolic disorders; the

by yrin i
Even in patients who form cystine and struvite stones, metabolic evaluation cannot
be abridged because multiple stone types are often passed. In addition, patients who
form stones of calcium or uric acid have a high risk of subsequent urinary infection
and development of struvite stones.

. Clinical setting. Renal stone disease has a pmvalebce in the American popufation

of approximately 5 cases per 1000 people. This figure is derived principally from |
hospital discharges. It probably understates the true prevalence because only a frac-
tion of renal stone attacks require hospitalization. Although calcium stones occur

in men more frequently than'in women—the sex ratio approaches 2 : lor3:1—

infection stones of struvite occur far more often in women than in men. Cystine
stones, which are caus i ! L
frequency in the two sexes. Calcium stones are very uncommon in children.
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Although the prevalence and attack rates vary geographically, stones are virtually
ubiquitous in the Western world. In the United States, as well as in the rest of the
Western Hemisphere, there aye “stone belts,” in which stone disease is particularly
prevalent. These geographic ¢lusterings, however, have been of less clinical and in-
vestigative interest than was initially hoped, and the reasons for them have never
heen elucidated. Abnormal levels of calcium or other minerals in the water supplies,:
altheugh long suspected, have never been documented. Differences in trace element
concentrations in foods, variations in soil chemistry, and other hypotheses also have
failed to gain support. About the only clear geographic risk factor is that of climate;
stone disease tends to occur more frequently in the hot and dry areas of the world.
This increase affects not only calcium stenes but also uric acid stones. The presumed
reason is chronic dehydration, which forces the kidney to eliminate normal or, in
some instances, abnormal amounts of insoluble material in lower than average vol-
umes of urine.

. Signs and symptoms. As long as the stones remain attached to the renal papillae,

where i}w&}lghtﬂd_toﬁorm, They produce no symptoms except hematuria. Renal
stones are one of the commonest causes of hematuria, along with urinary tract and
renal neoplasia, renal cysts, and urinary tract and renal infections. Once free to
move in the urinary stream, however, a stone can produce pain from acute obstruction
of the renal collecting system anywhere from the ureteropelvic junction to the ure-
terovesical junction. The pain, which arises because of increasing pressure-and con-
sequent dilatation of the kidney and urinary collecting system, is usually known as
renal colic. It tends to begin suddenly. Over a period of approximately 30 minutes

if reaches a plateau_of intensity and then remains constant and often of unbearable

severity. In general, a pain that begins in the flank area and does not change its
lo&tion reflects an obstruction anywhere al ¢ urinary system. but a pain that
begins 13;:_'i:_ﬂﬂlﬁﬂiﬁ__—ml‘mes‘downward, along the radiation path of the
ureter, Which 18 essentially along the lateral and anterior abdomen, almost always
indicates @ stone that has moved down the ureter. Stones that lodge at the ureter-
ovesicalwﬂzrﬁglfggﬂl_p_resent without renal colic, but rather with symptoms
suggestmg_uﬂl_agy__lﬁ_ec_ﬂﬂn-ﬁ.e., dysuria, frequency, and urgency). The reason for
these symptoms 1§ rritation othE%"T_____g_’ gLad der trigone. Stones at this location may also
cause pain that radiates into the testicle or vulva on that side.
Frequently, stones are asymptomatic and are discovered on routine radiographic
assessment for another condition. Apart from uric acid stones, renal stones are ra-
diopaqué—cystine stones because of the sulfur they contain, calcium stones because
of their calcium content, and struvite stones of their magnesium content.
In general, calcium stones tend to present as small, densely radiopaque objects; cystine
stones are slightly less radiopaque and have “soft” edges; struvite stones frequently
form laminated, branching “staghorn” calculi. d
Physical examination rarely reveals important findings except for those of urinary
obstruction or infection. The obstructed kidney tends to be tender and may be enlarged
enough to palpate. If urinary infection has supervened in an obstructed kidney, there
may well be signs of perinephric inflammation, including muscle spasm and costo-
vertebral angle tenderness. Tenderness along the path of the ureters is an infrequent
sign even if the ureter is dilated by a distal stone. In patients who have a stone at
the ureterovesical junction and who present with symptoms of lower urinary tract
infection, the absence of bladder tenderness is often a striking negative finding.
Types of stone disease. Four main types of stones are encountered in clinical practice
(Table 6-1); calcium stones predominate, and a majority of these are composed of or
contain calcium oxalale. Whatever their composition, stones are organized masses
of crystals That grow on the surfaces of the renal papillae whenever the excretory
burden of poorly soluble materials is excessive for the volume of urine that is available
to dissolve them. In the cases of calcium and cystine stones, the main causes are
overexcretion of caleium, uric acid, or cxalate, or of eystine, respectively. Uric acid
stones can be caused by overexcretion of uric acid, but an abnormatly low urine pH
is usually more important in pathogenesis. Struvite stones are produced only by
bacteria that possess the enzyme urease and, therefore, are a result of urinary in-
fection.
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Table &-1. Types of Renal Stones

pproximate
= ercent of

Major Constituent Crystal Type - All Stones
Calcium 75

Calcium oxalate

Hydroxyapatite (CaPO,)

Brushite \
Uric acid Uric acid : 5
Cystine Cystine (amino acid) gl
Struvite —carbonate MgNH,PO, and CaCO, 20 |

Al_Calcium stones> Hypercalciuric states, hyperuricosuria, and hyperoxaluria are
the main remediable causes of calcium stones.

1.

Hypercalciuria. Hypercalciuric states that cause calcium stones include:
. Idiopathic hypercalciuria o~ Ak wy
Primary hyperparathyroidism and d
Renal tubular acidosis (including acetazolamide use)
Sarcoidosis -
Cpabing s synidroms —
Immobilization
. Calcium-alkali excess (calcium phosphate stones)
Vitamin D excess e
Hyperthyroidism
. Paget’s disease (o Ln BN S osec U
The mo3tTommon cause is idiopathic hypercalciuria, which appears to be in-
herited as a mendelian dominant trait and is present in nearly one-half of
patients with calcium stones. Primary hyperparathyroidism, in which hyper-
calciufia is due to hypercalcemia from parathyroid hormone excess. is resent
in about 5 percent of patients with renal stones. All other hypercalciuric states
are uncommon causes of stone disease.
Hyperuricosuria. Hyperuricosuria, usually due to excessive purine intake in
the form of meat, fish, and poultry, causes calcium stones frequently, in about
20 percent of patients probably by producing crystals of uric acid or its sodium
salt that act as seed nuclei apon which calcium oxalate can deposit.
Hyperoxaluria. Hyperoxaluric states that cause calcium stones include:
. Intestinal disease (Crohn’s disease, malabsorption) l

&KW .

—-T@m0Q00Tp

. Ileal resection
. Jejuno-ileal bypass
. Vitamin C excess
Dietary axalate excess
f. Primary hyperoxaluria
Diseases of the ileum or ileal resectionQr bypass produces severe hyperoxaluria.
Although this cause of calcium stone disease is becoming Better recognized
and perhaps even more common becaude of the increase in the number of pa-
tients with jejuno-ileal bypass during the past decade, intestinal oxaluric states
are present in only a small percentage of all patients with renal stones. Fre-
guently, mild IIW' tea) or excessive vitamin C
intake may contribute to stone disease in patients with other disorders. Primary
hyperoxaluria is very rare. In this condition stones begin in childhood, followed -
by a gradual rise of stone disease. Elevated urine pH can also contribute to
calcium stones, because apatite or calcium phosphate (but not oxalate) crys-

tallizes readily in alkaline uriné; this is especially important in hereditary

distal renal tubtlar acidosis.
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B. Uric acid stones. Uric acid is weakly acidic, with a dissociation constant (pK,)
of 5.35. In a urine of that pH, 50 percent of the uric acid is dissociated into uratae

el

will be found in the examining room. Most stone formers, especially those with

i
) and protons. The undissociated acid is very insoluble compared {0 urate and forms | calcium stone disease, are otherwise well, and the cause of their stones is detectable
A f‘) H stones, whereas urate forms stones very rarely. Therefore, low urine p‘ﬁmﬂiw] only in the laboratory. The clinical assessment of the patient with nephrolithiasis
factor Tn producing uric acid stones, and such stones rarely form and persist in = includes:
an alkaline urine. Patients with gout and members of families that are afflicted 1. Stone disease characteristics Vv
with an inherited tendency toward uric acid stones elaborate a very acid urine Numbers of stones passed, removed, or visualized

. Current stone burden: radiograph of the kidneys, ureters, bladder v /
Stone morbidity: hospitalization, cystoscopy, surgery, urinary infection
. Damage from stones: loss of kidney substance, permanent urinary drainage
abnormality, azotemia S
e. Family history of stones, especially stone type
f. Types of stones formed by the patient: crystallographic analyses

2. Symptomatic causes of stones = gl .
a. Hyperparathyroidism: peptic ulcer, bone disease, pancreatitis
b. Renal tubular acidosis: bone pain, waddling galt
¢. Sarcoidosis: hilar lymphadenopathy, hepatosplenomegaly, erythema no-

dosum : °
d. Other: immobilization, Paget’s disease, Cushing’s syndrome, vitamin D
excess, vitamin C excess, hyperthyroidism, excess purine intake, alkali
excess, bowel disease, urinary tract infection (always obtain past culture
results), episodes of dehydration, history of low fluid intake.
B. Urinalysis

1. Hematuria. Hematuria is common in nephrolithiasis and may reflect the pres-
ence of stones even when stones cannot be visualized radiographically. Red
cell casts, however, indicate glomerular disease as the cause of the hematuria.

2. Leukocyturia. Leukocyturia usually reflects the presence of urinary tract or
renal infection. Severe proteinuria is not produced by renal calculi per se, but
it can be produced by some causes of stones. For example, tubulo-interstitial
renal disease from hypercalcemia, as in primary hyperparathyroidism, or from
severe hyperoxaluria can cause excessive excretion of low-molecular-weight
proteins, such as B, microglobulin or lysozyme, and very modest albuminuria—
no more than 500 mg per 24 hours. Renal calculi and more severe albuminuria
may be associated with renal disease secondary to hypertension, hypercalcemia,
or some underlying chronic renal disorder. Stone disease itself does not cause
casts.

3. Crystalluria. Crystalluria (Figs. 6-1 and 6-2 [color insert]) is diagnostically
important only in certain specific situations. Cystine crystals, which are flat
hexagonal plates, occur only in heterozygous or homozygous cystinuria. Struvite
crystals, rectangular prisms that resemble coffin lids, occur only when the

(Table 6-2), whose average pH is below 5.5 or even below 5.0 in extreme circum-
stances, for reasons that are not fully understood. Urine pH is also low in patients
w1Fh an ileostomy or colostomy, whose drainage is alkaline. Loss of colon function
raises urine uric acid excretion, because about one-third of the daily production
of uric acid normally is degraded by colonic bacteria. Low urine volume, secondary

= 2 = — * 1 4 Halihdammianisd Bl b
to hot climate. intestinal disease, or habitual Tow fluid intake, also lowers urine

pH, as M&s are rendered more concentrated. Perhaps the

: only sifuation in which uric acid stones form despite a normal urine pH is in the

e Lesch~Nzhan syndrome, in which uric acid overproduction 1s so extreme, and

hyperuricosuria is so massive, that the concentration of undissociated uric acid
exceeds the solubility [imit at even a normal pH.

C. Cystine §tones. Cystine, an amino acid, also has a solubility that depends on
pH,. but. its dissociation constant is so_high that its solubility does not increase
un'tll urine pH rises above 7.4. In cystinuria, throughout the physiologic pH range
urine is so saturated With cystine that sm_’gs_&_m&a‘sis for

A,\ cystinuria is a hereditary defect of amino acid transport by the brush border

. A\X:’,/meml_)rage's of the renal proximal tubules involving cystine, arginine, ornithine,

ywil-Tand citrulline. In;est]lxlal transport of these amino acids 1s also defective, but the

)\bv&\winmefect is clinically trivial. There is no cause for cystine stones except

cystinuria.

D. Struvite stones. Abnormal urine pH is critical to the formation of these stones
because struvite (MgNH,PO,) contains PO,” ", which is present only at a highy
pH, above 8.0, another requirement isﬁémmdney
itself cannot produce so alkaline a urine thatalso contains appreciable concen-
trations of NH, "; this combination occurs only when bacteria that possess urease
colong@g{v_@@nd generate ammonia from urea; the urea hydrolyzes
to NH, " and raises the pH to above 8.0. At that pH_ngt_o__n_l};_dmsxmyitacq’stall‘ize
spontaneously, but caltium carbonate crystals also form and intermingle with
the struvite; thus these stones always contain both minerals.

iV. Evaluation of the pafient

A. Clinical assessment. The main goals of clinical assessment are to characterize

the s_eriousnes§ of stone disease and to search for clues to causes. The history and
physical examination are critical because treatment must be chronic if it is to
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be effective, and it must be based on a complete understanding of the patient’s o urine is infected with urea-splitting bacteria. The other crystals can occur in

health status. Most of the time, however, little of direct therapeutic relevance N normal urine. Calcium oxalate monohydrate forms round discs that resemble

- I [ o red cells and may be connected in pairs, like dumbbells. Calcium oxalate di-

e T : hydrate forms in the shape of pyramids, (they look as though a pyramid is

RN Urodeil Siones Q | %V st)z]mding on a mirror}. Calgeum p‘;z)sphat,e crystals, either apatite or octocalcium

Hyoer- H : : h phosphate, usually look like nondescript fine dust, because the crystals are

Gauses \ yper- yper-  Low Urine Low Urine e ¢ _'_E, too small to be resolved by the light microscope. Brushite (CaHPO,), however,

; FETRHRG T e pH Volume ‘ R produces flat rectangular crystals that look like thin boards or laths. Uric acid

Gt V- @ = 3 s » usually forms a fine dust that may be red if it adsor icine, a red pigment

Familial ; = yes nY ] Ty normally present in Urine-—Brivacid dihydrate is uncommon in urine; it forms

- no no yes no i rhomboid crystals that are large and easily tecognizable. Although the finding

Climate » no no + yes e b g of caldummhvspmm should arouse sus-

Tleostomy » - = + yes yes j 4 picions about the probable cause of stones in a patient, any of these crystals
Colostomy » | ; no St o i g :7 = :ag ll)le founld i;xl theﬁur!i;la: gf-s x;ormal people.

. Metabolic evaiuation (1a

[Lﬁsc}; I\gh'an ?Syndmn_’e = eS\/I yes \/ @ @ SL“ : 1. Timing of outpatient workup. Hypercalcemidf hypercalciuria, hyperoxaluria,

petiaid gk habimal)as no no % yes . = 3 hyperuricosuria, and abnormal urine pH are all detected by measurements

e it : ; ‘l\‘-\y made on serum and 24-hour urine collections. Three collections are recom-

= bt ocus only same af the Hine. & mended, despite the cost and time involved, because treatment of chronic dis-

= J -“;’) ease usually results from a positive diagnosis. The urine collections are a mirror
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Crystals in urine sediment. A. Calcium oxalate monohydrate (40x). B.
oxalate dihydrate (40x). C. Cystine (40 x 1. D. Amorphous calcium phosphate

{40 ). E. Struvite (40x). (Figs. A-E courtesy of Jacob Lemann, Jr., M.D.) F. Uric
acid (40%). (Courtesy of Jerome P. Kassirer, M.D.)

of life-style and should, therefore, be collected while the patient is leading his
or her life as was usual when stones were being produced. There are endless
problems in obtaining useful collections of urine. New diets that have been
suggested by friends and relatives or by a physician and embraced as treatment
of stones must be discarded in favor of the old one. The high fluid intake that
most patients begin after recovery from a stone (and gradually give up as time
goes on) must also be willfully set aside for the collections. There is no sense
in collecting urine soon after surgery or even hospitalization, because patients
often regain their appetites only afier a few months have elapsed. It is often
difficult to wait, because patients are anxious for treatment to stave off a re-.
currence; however, stone disease is very chronic and a misleading study, done
in haste, can do much harm. The very worst and most regrettable error is to

6: The Patient With Renal Stones 83

ei Gria. 6-2. Uric acid crystals in urine sediment (polarized light). (Courte f erome '»
! B assirer, MD) :
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e; ,‘fslble 6-3. Metabolic Assessment of the Patient With Nephrolithiasis
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D.

Table 6-4. Upper Limits of Normal for Excreted Materials

do the workup in the hospital, for convenience, insuran

otl}er reason. No one can eat, drink, and get about normacl(leypil:lrgo}sl?)z’ iotlz.llimy'“

urine d.ata are as artificial and divorced from real life as possible B
2. Collection ?echniques. There is some art in the actual techniques c;f collecting’

samples. F"lrst of all, the physician must be in charge and everythin dong' =S

through his or her office. Four-liter plastic containers, with a molded l1gand;;e'

as wide a mouth as possible, and a metal or plastic screw cap that does not’.l

6: The Patient With Renal Stones - 91

‘,; Table 6-5. Differential Diagnosis of Hypercalciuria

v

B e

e . Serum &
Calcium  Other Serum Values i — Usual Stone Type

~ ;Q Idiopathic

hypercal- Normal Normal 2 Calcium oxalate and/or

ké;rl;éa?eﬂr]nost s_uitable. There should be a label for the collection times and ciuria* / : calcium phosphate
Soae w(;rth\i}‘u)ﬁgigt}.‘ A, teasbpqo?lgf thymol crystals is used as a preservative;'Q . .« Primary hyper- High Hypophosphatemia, Calcium oxalate and/or
Patients find it difﬁci}f t?)\x:;erslj; °§ :vhr ltttft? msltlmc-tmns Ll b Q parathyroidism occasionally hyper- calcium phosphate
: : nd that the collection is begun by voidin ) hl ic acidosi
into the toilet, not into the container; the intuitive action i s B, - chloremic acidosis

ifjye detion. 1846 void pin e ""Q Renal tubular acidosis Normal Hyperchloremic Calcium phosphate

container, thus producing an erroneous overcollection. It is hum

be chagri_ned when the container is still nearly empty at the en?ino?i;irgato
and to drink extra water to fill it up. Patients should be warned that the bottlz\ .
{s large enough to accommodate almost anyone and that few will fill it even
halfway. The office staff must also understand this. Finally, there is the “im-

possible” problem of collecting at least two of the urine samples during regular 3
yveekdays at work and at least one on Sunday: Every executive and pr;fessionLaI

is sure such an indignity is not intended for him or her; people who work in< = \‘;
a factory or on a construction site think the physician must not be seriouq—d

after all, there just is not unlimited bathroom time, teachers assure the piw-\ =

sician that the classroom is not the place for urine-collecting jugs; and so forth. % j

I:‘Iowever, everyone does manage to collect and, judging from the constancy of
sequential urines, collect well or at least consistently. ;

Interpret?tion of metabolic data. Overexcretion is defined using upper limits of
normal‘( Table 6-4). Criteria are given both in terms of absolute amounts and
normalized for body weight and for urine creatinine excretion, which tends to
parallel n_msc]e mass. Although the 3 serum calcium concentration measurements
must be interpreted using the normal for the laboratory that performed them
values above 10.3 mg per deciliter should be viewed with suspicion, especially i%
all thrge are high. It is useful to summarize metabolic data in cle:ar diagnostic
categories, such as hypercalcemia, hypercalciuria, hyperuricosuria. or hyperox-
aluria, using Table 6-4 as a guide, and then go on to the finer details. The inter-
pretation and analysis of hypercalcemic states, of which primary hyperparathy-
roxd1§m is the most important when one is concerned with renal stone disease
are discussed elsewhere (see Chap. 5, set. ll. !
1. Hyperca[ciurig. The differential diagnosis of hypercalciuria is presented in
T'able 6-5. Primary hyperparathyroidism, always a hypercalcemia state ig
discussed in Chapter 5, section Ill. Renal tubular acidosis is detected becailse
of hyperchloremia (serum chloride above 108 mEq/L) and low carbon dioxide
content (serum carbon dioxide below 24 mM); urine pH values will all be above

el o

_ . mg/24 hr
\
L mg/gm creatinine/
Material . Male Female mg/kg/24 hr 24 hr
Calcium 300 250 4 150
Uric acid 800 750 — -—
Oxalate .50 50 0.73 —
Cystine | — — — 60*
s LS . i
; Hgterozygogs cystinurics, who rarely produce cystine stones, excrete between 60 and 300GR<
E;g/ gm f:reatmme/24 hr; homozygous cystinurics excrete above 300 mg/gm creatinine/24 ; *@ 3

acidosis

.‘; *Sarcoidosis, Cushing’s syndrome, alkali abuse, immobilization, vitamin D excess, hyper-

thyroidism, Paget’s disease, rapidly . progressive bone disease, and malignant tumors

= 3 (which cause hypercalciuria though not stones) must be excluded on clinical grounds.

5.5 in the hereditary distal tubular form of the disease, but can be lower in
proximal tubtlar forms. Given such findings, the diagnosis of renal tubular
acidosis must be confirmed with an acid loading test (see Chap. 4, sec. IV).
The diagnosis of idiopathic hypercalciuria requires clinical exclusion of all
other possible hypercalciuric states. ;
Hyperuricosuria. The presence of hyperuricosuria can facilitate calcium stone
formation whatever other cause of stones may also be present. There is no
differential diagnosis of hyperuricosuria except whether it is due to dietary
intake or to endogenous overproduction. This distinction usually need not be
based on testing but can be inferred from the dietary history. If purine intake
from meat, fish, and poultry is very high, diet must be contributing to hy-
peruricosuria even if it is not the sole cause, and change of diet is a rational
first step in treatment. If there is no obvious surplus of dietary purine, a change
in diet i not indicated.

. Hyperoxaluria. Intestinal causes are obvious from history and physical ex-

amination, because they include Crohn’s disease, ileal resection, jejuno-ileal
bypass, and primary states of fat malabsorption. The site of excessive oxalate
absorption appears to be the colon, because ileostomy or colostomy prevent
hyperoxaluria. Fat malabsorption favors excessive colonic oxalate absorption
by enhancing the formation of calcium soaps of fatty acids in the bowel lumen,
leaving an abnormally high fraction of dietary oxalate, wtiig.h usually combines
with calcium to form insoluble salts, free’ for absorption.:In addition, some
fatty acids can enhance the permeability of colonic mucosa to oxalate. Bile
salt malabsorption allows excessive bile salts to reach the colon, where they
may increase mucosal permeability. It is important to question patients about

dietary oxalate excess (Table 6-6), as well as the use of vitamin C, which en-

hances oxalate production in some people. The onset of stones in childhood,
followed by severe stone disease and azotemia, suggests primary hyperoxaluria.
Uric acid stones. The most important question is whether stones are pure
uric acid or admixed with calcium. In the latter case, in which either mixed
stones or both calcium and uric acid stones ‘are present, the patient must be
treated as though two independent stone diseases were present, because treat-
ment directed at only one will often result in continued formation of the other.
The interpretation of hyperuricemia, hyperuricosuria, low daily urine volume,
and low urine pH is summarized in Table 6-2.. . :

Cystine stones. Even more than pure uric acid stones, cystine stones are &
diagnosis-in themselves, because cystinuriafis always present. The cystine

- screening test, however, readily detects heterozygous carriers of the cystinuria

gene whose cystine excretional, though elevated, is not high enough to produce
stones. For this reason, a positive test calls for measurement of 24-hour cystine
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Table 6-6. Common High Oxalate Foods

0.1% Oxalate by Weight 0.02% Oxalate by Weight
_ Beets ' Blackberries
Beet tops Blueberries
Dried figs Concord grapes
: Lime peel : Red currants
Nuts Gooseberries
Parsley Oranges (and peel)
Rhubarb Raspberries
Spinach 2 Strawberries
Swiss chard Beans (green and wax)
Black tea / __ Carrots
Chocolate ~ Celery
Cocoa \ Roasted coffee
TR Endive
S Okra

Green onions
; Green peppers
Sweet potatoes i

excretion but is not in itself a basis for diagnosis or treatment. Similarly, the

finding of cystine crystals in the urine should arouse suspicion and lead to

measurement of cystine excretion, but may reflect only the heterozygous carrier
state.
V. Treatment \ )

A. Calcium stones. The treatment of primary hyperparathyroidism and of renal
tubular acidosis is discussed elsewhere (see Chap. 4, sec. IV, and Chap. 5, sec. I},
1. Idiopathic hypercaiciuria (Fig. 6-3) - -

a. Thiazide therapy. The best available treatment for idiopathic hypercalciuria
and recurrent stones is a thiezide diuretic agent. When used chronically,
drugs of this class decrease urine calcium excretion and prevent stone re-
currence. A convenient drug is trichlormethiazide, 2 mg twice daily. At
this dosage, which is one-third of the full dose, potassium replacement is
rarely necessary. A high salt intake lessens the hypocalciuric effectiveness
of thiazide and is a common cause of treatment failure, so sodium excretion
must be measured along with calcium and creatinine in follow-up, 24-hour
urine collections. It is best to reassess calcium excretion after 8 weeks of
initial treatment and 8 weeks after any change in thiazide dosage or salt
intake. Thereafter, a yearly follow-up is desirable. A blood sample should
be obtained for calcium and potassium with each 24-hour urine collection.
Occasional patients develop a maculopapular or urticarial skin rash from
thiazide derivatives and must then discontinue the medication.

b. Low calcium diet. A low calcium diet is an alternative to a thiazide diuretic
for those patients who have formed only a single stone. The best way to
determine if diet will work in a given patient is to place the patient on a
conventional low calcium diet of about 500 mg per day, which is essentially
a diet free of dairy products. If urine calcium excretion falls into the normal
range, the treatment has been successful. Persistent hypercalciuria could
reflect extremely efficient intestinal calcium absorption or a renal tubule
leak of calcium; in either event, diet alone is not a realistic therapy.
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Renal calculus
with increased urine calcium excretion - - t
= e |
At least T
two stones One stone
Begier thiazide Reastrict dairy
treatment and products and
recheck calcium and ’ recheck urinary
sodium excretion in calcium excretion
8 weeks in 8 weeks
¥ a2 v/
Urine calcium Urine calcium Urine calcium  Urine calcium
excretion still excretion excretion excretion still
increased normal normal increased
Urine sodium Urine sodium Leave on Begin thiazide
=100 mEq/24 hr <100 mEq/24 hr current diet treatment, recheck
and recheck calcium and sodium
urine calcium  excretion in 8
in 1 year weeks
v
Restrict dietary Increase thiazide
sodium and dose by 50% and
recheck in 8 recheck in 8
weeks weeks ol

Fig. 6-3. Treatment of idiopathic hypercalciuria.

¢c. Cellulose phosphate. A more extreme restriction of intestinal calcium ab-
sorption can be accomplished with cellulose phosphate, an ion-exchange
resin. Given orally, the resin binds calcium in the 1
preventing its absorption, and the calcium and resin are eliminated in the
stool. This drug can cause chronic calcium depletion in patients with de-
foctive renal calcium conservation because it restricts calcium absorption
severely. Under ideal research conditions, renal hypercalciuria can be dis-
tinguished from absorptive hypercalciuria, but the tests are complicated
and open to dispute. Furthermore, cellulose phosphate is not yet av.

as a standard drug and is still mainly of research interest.

2. Hyperuricosuria. Since diet is the main problem in most patients with hy-
peruricosuria, a reduction of purine intake from meat, fish, and poultry isan |
ideal treatment. Usually it is difficult for patients to chang
many fail to do so, at least right away. For this reason, with a patient who
has severe recurrent stone disease, allopurinol may be instituted, 100 mg twice
daily, to provide protection during.a period of dietary adjustment that may
last 1 to 2 years. Some of these patients are unwilling or unable to do without
the drug; others eventually can be treated by diet alone. Given a patient who
has formed only one stone, however, diet is a proper first treatment. Naturally,
diet will not work when there is endogenous overproducticn of uric a
hyperuricosuria will persist despite ingestion of a diet that is not excessive in

purine content.

3. Hyperoxaluria. Dietary sources of excess oxalate should be reduced or elimi-
nated, as should the use of vitamin C supplements, whatever the cause of
hyperoxaluria. Intestinal hyperoxaluria, from ileal resection,
intrinsic ileal disease, can be treated initially with oral calcium supplemen-
tation, because calcium absorption usually is subnormal and the surplus cal-

umen of the bowel,
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cium mainly precipitates oxalate in the bowel lumen and is eliminated in the
feces. A reasonable starting dosage is 3 gm per day of calcium, as calcium
carbonate, taken in two divided doses, one after each meal. A low fat diet is
also helpful, because unabsorbed fatty acids form complexes with calcium in
the bowe! lumen, thereby offsetting the benefits of oral calcium supplements.
Certain fatty acids may also increase the permeability of the colonic mucosa
to oxalate and thereby foster its absorption. If calcium supplementation and
low fat diet both fail, cholestyramine is indicated--This ion-exchange resin
adsorbs both oxalate and bile acids, and it can reduce oxalate excretion in
almost all instances of absorptjve hyperoxaluria.

Intestinal bypass for obesity tends to produce severe hyperoxaluria that is
difficult to reverse except with cholestyramine. Azotemia and acquired tubular
defects are common. Hyperoxaluria causes intratubular obstruction through

the formation of masses of calcium oxalate crystals, and interstitial deposits_

of calcium oxalate lead to tubulo-interstitial renal disease. As a rule, the bypass
should be removed if there is any evidence of renal functional impairment or
if hyperoxaluria is refractory to treatment.

4. l|diopathic calcium lithiasis. When no metabolic cause of stones is found, the
best available treatment is oral phosphate supplementation, at a daily dosage
of 2 gm of phosphorus in four divided doses. In addition, as in every form of
stone disease, adequate hydration is recommended. The effectiveness of this
treatment is not as well documented as when hypercalciuria, hyperoxaluria,

- and hyperuricosuria are reversed. The course of stone disease during phosphate
treatment has not been published ir detail for a large group of patients except
in two instances. In both, phosphate was given in a dosage of only 1 gm daily,
and it was without effect. The higher dosage has been described as effective
in a large group of patients, but the clinical details about the patients have
never been published. Other treatments, including methylene blue, magnesium,
or pyridoxine supplementation, are untested and cannot be recommended.

B. Uric acid stones
1. Alkali administration. Whatever their cause, uric acid stones are first treated
by raising the urine pH into the normal range through oral alkali supple-
mentation. The pH of the 24-hour urine should be between 6.0 and 6.5; in-
dividual voidings should all have a pH of above 5.5 and below 7.0. Sodium
bicarbonate tablets (10-grain tablets each contain 7.2 mEq of base) are given
at a dosage of 0.5 mEq base per kilogram of body weight in four divided doses,
one on arising, one at bedtime, and the other two between meals. The patient
should be given pH test paper, so that the pH of individual voidings can be
recorded; the dosage of alkali may then be raised or the timing of doses altered
until control throughout the day is achieved.
Allopurinol administration. Hyperuricosuria above 1000 mg per 24 hours re-
quires treatment with allopurinol; 100 mg twice daily usually is sufficient. If
purine intake is very high, a reduction to, but not below, normal is also prudent.
Modest hyperuricosuria, between 800 and 1000 mg per day, should be treated
with allopurinol only if alkali treatment fails to control stone disease, or if
alkali cannot be used properly because of heart failure or intestinal disease.
Otherwise, a reduction of dietary purine intake is sufficient.
Intestinal disease'may pose special problems. Adequate urine volume can be
difficult to achieve when diarrhea is severe or when a colostomy or an ileostomy
is present, because intestinal fluid losses are high. Furthermore, a large fluid
intake may be poorly tolerated by patients with bowel disease because the
volume of diarrhea or the drainage from an ileostomy or cclostomy may rise,
_ and abdominal pain may ensue. Alkali also may be poorly tolerated, because
of abdominal distention and bloating, yet urine pH tends to be very low because
of ihtestinal bicarbonate loss. When these problems are present, allopurinol
should be used even if the urine uric acid excretion rate is normal. Naturaily,
fluids and alkali should be used up to the limit of tolerance.
3. Acetazolamide. Acetazolamide (Diamox) has a useful role in special cases. If
given in two to four doses of 250 mg daily it causes sustained bicarbonaturia;
thus sodium bicarbonate can be given despite heart failure or hypertension.
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Given as 250 mg at bedtime, the drug will raise the overnight urine pH. In
patients whose first merning urine is very acid despite alkali treatment, this
measure can be of critical value. . :
C. Cystine stones. The primary treatment is sufficient water to Produce a urine
volume that will dissolve the amount of cystine excreted daily. Since cystine dis-
solves to the extent of almest 300 mg per liter in urine, the required urine.volume
can be calculated if cystine excretion is quantified. As a rule, at least 3 I}Lcrs‘of
urine are needed daily, and urine flow must be as high at night as duylng the
dav. Alkali treatment of limited value because cystine solubility begins to increase
on]y above pH 7.4, and so elevated a pH can be aLtain.ed only by admmwtermg
very large doses of base, above 2 to 4 mEq/kg/day. D-penlcxllgmme, whxc;h produces
soluble complexes with cysteine and thereby aids gre:}tly in preventing cystine
precipitation, is an ideal agent except for an extraordinary frequency (ahpve 40
percent) of hypersensitivity reactions, ranging from skin rash to nephrouc syn-
drome. Because it is a potent antigen, the drug 1s best reserved for patients whose
stone disease cannot be controlled with high fluid intake and aklali.
D. Struvite stones o
1. Surgical considerations. Struvite stones must l?e.remc_)ved'lf they produpe
persistent obstruction of the ureter or ureteropelvic Jupctxon, mtragtable pain,
serious renal infection, or clinically important bleeding. Otherwise, surgery
should be delayed, because recurrence is very frequent and subsequent surgery
to remove recurrent stones is technically difficult and carries a high risk of
nephrectomy. Renacidin infusion into the pelvis at the time of surgery may
prevent recurrence. \ g ) ; o

2. Medical treatment. Because the stones are infected foreign bod.1e3, it is un-
realistic to expect to eradicate urinary infections. The l?est course is t,o,suppress
infection by the chronic administration of methenamine mandfelate \MapdeL
amine) or the combination of sulfamethoxazole and trimethoprim (Bactrim or
Septra). Acute exacerbations of infection are best treated wit}_1 a 3-week course
of an antibiotic to which the organism is sensitive at that time; a new urine
culture must be obtained with each such episode to assess antibiotic sensitivity.
Patients with struvite stones frequently have had metabolic stone disease in
the past and harbor specific causes of such stones. These should be treated to
forestall the formation of new stones.
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The Patient With Urinary
Tract Infection

L. Barth Reller ;

\
Urinary tract infections are exceeded in frequency among ambulatery patients only
by respiratory and gastrointestinal tract infections. Bacterial infections of the urinary
tract are the commonest cause of both community-acquired and nosocomial infections
in patients admitted to hospitals in the United States. The prognosis and management
of urinary tract infections, however, depend on the site of infection and any predis-
posing factors.

. Definitions. Some definitions are necessary, since infection of the urinary tract may

result from microbial invasion of any of the tissues extending from the urethral
orifice to the renal cortex. The first useful distinction is betweeen upper (kidney)
and lower (bladder, prostate, and urethra) urinary tract infections. Although the
infection and resultant symptoms may be localized at one site, the presence of bacteria
in the urine (bacteriuria) places the entire urinary system at risk of invasion by
bacteria. Significant bacteriuria is defined as the presence of 100,000 or more colony-
forming units (cfu) of bacteria per milliliter of urine. Although lesser colony counts
can be of diagnostic importance, bacteriuria commonly implies a colony count of
greater than or equal to 10° bacteria per milliliter of urine. '
The basic clinical entities included in the category of urinary tract infections are
the following. Pyelonephritis is nonspecific inflammation of the renal parenchyma.
Acute bacterial pyelonephritis is a clinical syndrome characterized by chills and
fever, flank pain, and constitutional symptoms caused by bacterial invasion of the
kidney. Chrenic bacterial pyelonephritis is long-standing renal infection with healed
residua or smoldering foci and persistent bacteriuria; symptoms often are absent.
Infections confined to the bladder (cysg}{fs), the urethra (ureﬂy{tis), and the prostate
(prostatitis) commonly cause dysuria, frequency, and urgency. Recurrence of urinary
tract infection is the result of either relapse or reinfection. It is clinically important
to make this distinction. Relapse is the recurrence of bacteriuria, with or without
symptoms, with the same infecting microorganism, which has persisted despite
treatment. In contrast, reinfection is recurrence of infection with a different, usually
drug-susceptible, microorganism. Relapse occurs more commonly after treatment of
bacterial pyelonephritis or prostatitis than after treatment of cystitis. Most episodes
of cystitis and urethritis are due to reinfection. Asymptomatic bacteyiuria is an im-
portant clue to the presence of infection somewhere in the urinary tract; however,
the importance of the infection and the need for treatment depend on the age, sex,
and underlying condition of the patient.

. Ciinical setting. To foster both prompt recognition and pessible prevention, and un-

derstanding of the epidemiology of urinarwtract infections (who gets them and why)

is particularly important for primary care physicians. In Figure 7-1 are shown the

major risk periods during life for symptomatic urinary tract infections and the in-
creasing prevalence of asymptomatic bacteriuria that accompanies aging.

A. Asymptomatic bacteriuria. In the absence of instrumentation, asymptomatic
bacteriuria in men is rare until after the age of 60 years. In noncatheterized,
institutionalized elderly men the prevalence of bacteriuria exceeds 20 percent.
The cumulative prevalence of asymptomatic bacteriuria in women increases abouf
1 percent per decade throughout life. All pregnant women should be examined
for bacteriuria, since proper treatment lowers the subsequent incidence of acute
pyelonephritis in the third trimester from about 30 percent to 3 percent. In the
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Urinary Tract Infections [3rd ed.]. Philadelphia: Ler:lzngggi;;d f;gga)gemem -
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4. Instrumentation of urinary tract

a. Indwelling urinary catheter
b. Catheterization

¢. Urethral dilatation

d. Cystoscopy

Most often bacteria ascend the urethra to initiate infection in the urinary tract.

Bacteria may also reach the renal parenchyma by the hematogenous or lymphatic
route. :

1ll. Clinical features - = =

A. Acute urethral syndrome. The cardinal symptoms of frequency and dysuria occur

in over 90 percent of ambulatory patients with acute urinary-tract infections.
One-third to one-half of all patients with frequency and dysuria, however, do not
have significant bacteriuria. These patients have the acute urethral syndrome,
which can mimic both bladder and renal infections. Vaginitis, urethritis, herpes
infections, and prostatitis are common causes of the acute urethral syndrome.
Certain additional signs and symptoms help to differentiate these clinical entities
from urinary tract infections, which can be diagnosed with certainty only by
quantitative cultures of urine. '
1. Vaginitis. About 20 percent of women in the United States have an episode

of dysuria each year, and one-half of these seek medical care. The presence
of vaginal discharge and irritation makes vaginitis the likely cause of dys-
uria, unless a concomitant urinary tract infection can be confirmed by culture.
Candida albicans, the commonest specific cause of vaginitis, can be dem-
onstrated readily by culture or by finding yeast cells in a Gram-stained
smear of vaginal secretions or in a saline preparation with potassium
hydroxide added. Trichomoniasis can be documented with a saline prep-
aration that shows the motile protozoa of Trichomonas vaginalis. Nonspecific
vaginitis most often is associated with Gardnerella vaginalis. A clue to the
diagnosis is the presence of many small gram-negative bacilli that adhere
to vaginal epithelial cells. '

. Urethritis. Acute frequency and dysuria for fewer than 3 days favor a diagnosis

of urethritis or urinary tract infection rather than vaginitis. Chlamydia tra-
chomatis is now recognized as a common cause of the acute urethral syndrome
in women as well as nonspecific urethritis (NSU) in men. Unavailability of
practical methods for laboratory confirmation of chlamydial urethritis has led
to empiric therapy with tetracycline. Neisseria gonorrhoeae is also a widespread
cause of urethritis and dysuria. The diagnosis and treatment of gonorrhea are
now well standardized. Low-colony-count (100-1000 cfu) infections with col-
iforms are now a recognized cause of urethritis in sympgomatic young women
with pyuria.

P
. Herpes infections. Herpes virus hominus, usually type 2,'\‘Scanother sexually

transmitted agent that can cause severe dysuria through erations in close
proximity to the urethral orifice. The diagnosis of herpes progenitalis can be
confirmed by finding giant multinucleated transformed cells in epidermal
scrapings stained with Wright’s stain (Tzanck smear) or by isolating the virus

. in tissue culture. i
. Prostatitis. Prostatitis is a common affliction of men that more frequently

causes dysuria and frequency in middle-aged and younger men than urinary
tract infections do. The major categories of prostatitis are acute and chronic
bacterial and nonbacterial. Acute bacterial prostatitis is characterized by the
sudden onset of chills and fever, urinary frequency and urgency, dysuria, per-

ineal and low back pain, and constitutional symptoms. Rectal examination- -

usually discloses an exquisitely tender, hot, and swollen prostate gland. Enterie
gram-negative bacilli, staphylocoeci, and enterococci are the usual pathogens

cultured from prostatic secretions or arine or both. A hallmark of chroni¢ pros-'f' =50

tatitis is relapsing urinary tract infections. Frequency, dysuria, pocturia, qn_d
low back and perineal pain are the usual symptoms. Nonbacterial prostatitis

is the most common form of chroni¢ prostatitis. Of unknown cause, it mimics

chronic bacterial prostatitis clinically; however, bacteriologic cultures of urine
and prostatic secretions are sterile.
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B. Urinary tract infections. Fortunately, despite the Tainicking spimne

+

V. L

~mainly in women of childbearing age. The presenting features are only suggestive

of the urinary tract can be established objectively and economi i

=kl PR : omically with =

titative cultures of urine obtained from patients with characteristiz, allbei‘? \11;::-
specific, signs and symptoms. Acute uncomplicated urinary tract infections occur

= of the site of infection: Aithough patients may present with classic symptoms of

> cystitis (dysuria, frequency, and suprapubic discomfort) or acute bacteriai pye-

Jonephritis (flank pain and tenderness, chills and fever, and nausea and vomiting)
7 g:ic_g?te lc;iz;‘lization requires laboratory studies {see sec. IV). Patients with acugts’,-
inféction of the upper urinary tract commonly have lower - how
the reverse is much less :?’mmon. : D e e
Flank gains, chills and fever, and nausea and vomiting herald the onset or flare-
up of kidney infections in patients with the risk factors outlined above (see sec
il.B). Moreover, those patients with obstruction to urine flow, vesicoureteral reflux,
large residual urines in the bladder, or instrumentation of the urinary tract are
prone to bapberemia as a complication of their symptomatic bacteriuria. The uri-
nary _trgct' is the most common source of gram-negative bacteremia in hospitals
in the United States. Classic hallmarks of bacterial sepsis are shaking chills an&
fevgr. often accompanied by circulatory collapse. Confusion is an early manifes-
tatan of septic shock. Initially there may be hyperventilation and associated
respiratory alkalosis, but metabolic acidosis often ensues. Decreased arterial blood
pressure, venous pooling, renal ischemia, and diminished urinary output addi-
tionally complicate the clinical picture. Prompt diagnosis and therapy may b
lifesaving. ! gl £
aboratory diagnosis

A. Urine specimens for culture

1. Indicaﬂons. The diagnosis of urinary tract infection, from simple cystitis to
comphca!ed pyelonephritis with sepsis, can be established with certainty only
by quantitative cultures of urine. The major indications for urine culturés are:

a. Patients with symptoms or signs of urinary infections :
b. Follow-up of recently treated urinary infection

c. Removal of indwelling urinary catheter

d. Scrgening for asymptomatic bacteriuria during pregnancy

e. Patients with obstructive uropathy and stasis, before instrumentation

2. Methods. Urine specimens must be cultured promptly, within 2 hours, or be
pregrved by refrigeration or a suitable chemical additive (e.g., beric acid-
sodluxp formate preservative). Acceptable methods of collection-are:

a. Midstream urine voided into a sterile container after careful washing (water
or saline) of external genitalia (any soap must be rinsed away)

b. Urine obtained by single catheterization or suprapubic needle aspiration
of bladder

¢. Sterile needle aspiration of urine from the tube of a closed catheter drainage
system (do not disconnect tubing to get specimen)

Not a_\ccept,able because of constant contaminatioen and the impossibility of quan-

titative counts are tips from indwelling urinary catheters and randomly-' obtained

urme‘without adequate preparation of the patient. The clean-voided, midstream
technique of f:ollect.ion is preferred whenever possible to avoid the risk of intro-
ducing infection at the time of catheterization, a hazard that is greater in elderly
patients confined to bed and in men with condom catheters. Occasionally, su-
prapubic aspiration of the bladder is necessary to verify infection. This tech;{ique
has bee_n most helpful in obtaining specimens from possibly septic infants and
from adults in whom repeated clean-voided specimens have yielded equivocal
colony counts on culture.

Microbial psthogens. The usual microbial pathogens isolated from patients with

urinary tract infections are listed in Table 7-1. Results of cultures are highly -

-dependent, however, on the clinical setting in which bacteriuria éccurs. For ex-
ample, Es:;h_erichia coli is found in the urine of 80 to 90 percent of patients with
acute cystitis or asymptomatic bacteriuria and no underlying anatomic abner-
malities of the urinary tract. Many patients with staghom'calculi of the kidneys
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Table 7-1. Microbial Pathogens of Kidney and Bladder

= — : — _ ~—Percentage of

= Urine Cultures !
= (with =10° cfu/ml)

Microorganism

Escherichia coli 50-90% :
" Klebsiella or Enterobacter 10-40

Proteus, Morganella, ot Providencia 5-10

Pseudomonas aeruginosa L 210

Staphylococcus epidermidis ( saprophytidus) 2-10 .

Enterococci 2-10

Candida albicans 1-2

1-2

Staphylococcus aureus

cfu = colony-forming units.

harbor urea-splitting Proteus organisms in their urine. Klebsiella and Enterobacter
infections are commonly acquired in the hospital. Pseudomonas aeruginosa gnd
Candida albicans are rarely encountered except in patients with indwelling cdth-
eters or relapsing infections” after multiple courses of antibiotic therapy. The
presence of Staphylococcus aureus in the urine most often is a clue to concomitant
staphylococcal bacteremia, unless there :s an underlying risk factor. Although
tFe likely microorganism and usual susceptibility patterns are sufficient to guide
initial empiric therapy of uncomplicated cystitis or acute bacterial pyelonephritis,
precise therapy requires isolation of the causative bacterium and standardized
antimicrobial susceptibility testing by the disk diffusion or the broth or agar
dilution method.

. Interpretation of urine cultures. Because quantitation of bacteriuria is so im-

portant clinically, methods for culture of urine must enable the number of colony-
forming units of a potential pathogen per milliliter of urine to be assessed. The
standard procedure involves use of calibrated bacteriologic loops that deliver a
known volume of urine to the surface of agar plates. Proper plating techniques
achieve isolated colonies that can be enumerated accurately. A satisfactory al-
ternative for the diagnosis of uncomplicated urinary tract infections is the dip-
slide method, which is particularly well suited for quantitative urine cultures in
smaller clinics. Rapid methods based on filtration and colorimetry, biolumines-
cence, growth kinetics, or biochemical reactions are being used more widely to
screen urine specimens for the presence of bacteria. Their sensitivities are in the
range of 10* to 10° cfu per milliliter. The simplest is the paper strip test for detection
of leukocyte esterase and nitrite in first-morning urine specimens. These methods
are not a substitute for sTandard cultures in symptomatic patients.

1. Colony counts. A basic guide to the interpretation of quantitative cultures
of urine is shown in Table 7-2. Colony counts greater than 10° cfu per milliliter
in properly collected and transported specimens usually indicate infection (Fig.
7-9). Colony counts of 10” or fewer cfu per milliliter from untreated patients
are uncommon with true urinary tract infections, except in symptomatic young
women with pyuria and urethritis. Intermediate counts, especially with mixec

flora, usually imply poor collection or delayed trapsports lture. Bris}
- diuresis may reduce transiently an otherwise I cadnR Eo.ﬁht.o > .
2. Suprapubic needle aspiration. Any growth m)mmrme&bv supRapubl

needle aspiration may be important. Us Pﬁéom-x&huantitahvbfl p fo
culturing aspirated urine permits det QR Of q\?&s 100 cfg\pel) mibkili
Two or more colonies (equal to or le A0 u‘pg o&d@

ganism ensures the purity of growt i j
dardized antimicrobial susceptibilit
for patients who are receiving anti
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“able 7-2. Interpretation of Urine Cultures

Probability of True Infection

Clean-Voided Catheterized
Juantitation Specimen Specimen
cfu/ml urine) (%) (%)
210,000 2 2
0,000 to 100,000 5 50
>100,000 8 95

fu = colony-forming units. x
Source: L. B. Reller, S. A. Sahn, and R. W. Schrier (Eds.), Clinical Internal Medicine. Boston: Little,
3rown, 1979. ’

‘ ~
1000 ~
Not delivered promptly
or badly contaminated
3 750
& Probable infections
753. but require confirmation
T 500 e
—
E
Z
250 \
Non-infected \ Infected
\\
\\\x\ %
LN 7
T T T " T T
10 10° 1P 10* l?" 10% 107
3000 100,000

Number of bacteria/ml urine

*ig. 7-2. Results of quantitative bacterial counts from cultures of urine specimens.
From W. Brumfitt and A. Percival. Pathogenesis and laboratory diagnosis of non-
uberculous urinary tract infection: A review. J. Clin. Pathol. 17:482, 1964.)

in unusual circumstances, the isolation of diphtheroids, alpha-hemolytic
streptococci, and lactobacilli indicates contamination of the urine specimen
with vaginal or periurethral flora.

3. Prostatic secretigns. In men the distinction between a urinary source and
prostatic focus of infection must be made. Figure 7-3 diagrams the procedure
for obtaining voided urine and expressed prostatic secretions in partitioned
segments that enable proper interpretation. VB, is the first 10 ml of voided
urine, and VB; is the midstream specimen of urine obtained before prostatic

- massage. Subsequently, the expressed prostatic secretions (EPS) are collected
~ . before the final voided urine specimen (VB;). When the bacterial colony counts
in the urethral culture (VB,) exceed by tenfold or more those of the midstream
(VH;,) and prostatic cultures (EPS and VB;), the urethra is the source of the
infection. The diagnosis is bacterial prostatitis if the quantitative counts of
the prostatic specimens (EPS and VB5) exceed those of the urethral (VB,) and

midstream (VB,) samples. A urinary tract infection with a prostatic origin,
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VB EPS VB,
= ’__" ‘;—2'_\ e
p Prostatic :
f.;)ti:‘ : massage Void (
) ) QR evevasee - — o
g \’.‘\. o,
218
- /: a'?,
(o1, 0
& &
i ‘ i i Prostatic secretions 1st voided 10 m!
- 1st voided 10 ml Midstream mmen‘ 1 aged b
Urethral ===  Bladder —> Prostate

Fig. 7-3. Localization of infection with segmented cultures qf the lqwexj urinary tract
in men. (From E. M. Meares and T. A. Stamey. Bacteriologic locallz.atxon patterns in
bacterial prostatitis and-urethritis. Invest. Urol. 5:492, 1968. Copyright © 1968, The
Williams & Wilkins Co., Baltimore.)

or vice versa, is indicated by colony counts of 10° or more cfu per milliliter of
the same microorganism in all four specimens. . : =
D. Microscopic examination of urine. Procedures for’ the microscopic examination
of urine are not yet standardized; nonetheless, visualization of pactena, leukocytes,
and epithelial cells in urine can provide some useful infoxjgnatxon. 'l‘h_e advantages
of microscopic analysis are immediate availability and lov_v cost. The disadvantages,
depending on the method, are lack of sensitivity or .specxﬁ.c)ty or both. Only prop-
erly collected and processed specimens for quantitative urine ¥ultures can provide
a precise diagnosis. y 3
T}?e microscogixl examination can be done on either unspun ux_'ine or the genmﬁlged
sediment. A critical comparison of these two techniques is not available. The

presence of squamous epithelial cells and mixed bacterial flora indicates contam-

ination and the need for a repeat specimen.

1. Unspun urine. When fresh, unspun urine from patients with significant >10°
cfu/ml) bacteriuria is examined microscopically (x1000), 90 percent of spec-
imens show one or more bacteria and 75 percent of specimens show one or

more white blood cells (WBCs) per oil-immersion field.

2. Centrifuged sediment. When 10 ml of urine is wnﬂifugeq in a standard '15- ;
ml conical tube for 5 minutes at 2500 revolutions per minute in a_chmcz_al
centrifuge, three or four drops of the sediment are ex.amu.led.under a cow'e'x'sl{p
at high power (X 400} in diminished light. Patients with significant bacteriuria
almost always show bacili in the urinary sedunent, whereas only _about. 10
percent of patients with less than 10° cfu perymilliliter show bacteria. A'bout
60 to 85 percent of patients with significant bacteriuria have 10 or more WBCs
per high-powered field (HPF) in the sediment of m}dstream-voxded urine; howy-
ever, about 25 percent of patients with negative urine cultures also hz_we pyuria
(10 or more WBCs per HPF). Since only about 40 percent of patients with
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pyuria have 10° or more bacteria per milliliter of urine by quantitative culture T
the presence of pyuria in a midstream specimen has low predictive value for e\

significant bacteriuria. In addition to urinary tract infection, any of the causes
of acute urethral syndrome (see sec. Iil.A) can resuit in pyuria. Genitourinary
tuberculosis is another cause of pyuria with negative routine urine cultures ~ e

& :3 travenous pyelography confirms the presence and location of calculi, detects ra-
Ean diolucent stones (less than 10 percent of renal calculi), and discloses the degree
i@r = of obstruction and dilatation. = :

S Ordinarily, radiographic studies should not be done during acute infections. Gram-
negative bacill_have the ability to impede ureteral peristalsis, and transien

although mycobacterial cultures are positive in 90 percent of instan I i pyeloneph Th

algesic nephropathy, perinephric abscess, renal corti‘zal abscess dissercr?isr;xé = } abpormalities of the IVP are common with acute pyelonephritis. These include

,  fungal infection, and appendicitis may also resnlt ih pyuria; 2 - B hydroureter, vesicoureteral reflux, diminished pyelogram, loss of renal outline,
E. Blochemical tests for bacteriuria. Two metabolic eapabilities shared by most and renel enlargement. Acute pyelonephritis with an ohstruciod W7Eel B L

gical emergency. A perinephric abscess also requires surgical drainage. These
complications, however, are best detected initially by ultrasound and by computed
tomography, respectively. To aveid radiocontrast-induced acute renal failure, ex-
cretory urography and other radiocontrast studies should be avoided whenever
possible in patients, especially elderly ones, with a serum creatinine above 1.5
mg per deciliter, diabetes mellitus, or dehydration.
V. Treatment of urinary tract infection
A. Principles underlying therapy and foliow-up. The basic principles for effective
management of urinary tract infections are outlined below.
4. Asymptomatic patients should have colony counts greater than or equal to}
10° per milliliter on at least two occasions before treatment is considered. '
2. Unless symptoms are present, no attempt should be made to eradicate bac-
teriuria until catheters, stones, or obstructions are removed.
3. Selected patients with chronic bacteriuria may benefit from suppressive ther-

@&
bacterial pathogens of the urinary tract are utilization of glucose and reduction e

of nitrate to nitrite; these are properties of all Enterobacteriaceae. Since small %
amounts of the glucose and nitrate are normaily present in urine, the presence :e =
of significant numbers of bacteria in urine results in absence of glucose and pres-

ence of nitrite. Dipstick devices are commercially available for both types of testing &g
Studies with nitrite indicator strips show that 85 percent of both women a;xci

children with culture-confirmed significant bacteriuria show positive results if

three consecutive morning urine specimens are tested. The sensitivity of the glu- e

cose utilization test is about 90 to 95 percent in patients without diabetes mell:zus.
Both biochemical tests have fewer than 5 percent faise-positive results. Therefore
these biochemical tests can be used by patients or parents after proper instmctior;
to determine when'quantitative cultures are needed in the management of re-
current episodes of urinary tract infection. !

F. Localization of the site of infection. The site of infection in the urinary tract has
great therapeutic and prognostic importance. Upper urinary tract infection (pye-
lonephritis) indicates a much greater likelihood of underlying uropathy <.e'.g.
congenital anomalies, renal stones, ureteral occlusion, vesicoureteral reﬂux.
neurogenic bladder, or prostatic hypertrophy) or previous instrumentation (see;
sec. I1.B.4). Relapses with the same, often multiple-antibiotic-resistant bacteria
are common with pyelonephritis or chronic bacterial prostatitis. Treatment is
long (10 to 14 days minimum) and may be arduous. On the other hand, cystitis

H

b,

apy.

4. A patient who develops bacteriuria as a result of catheterization should have
treatment to re-establish a sterile urine.

§. Antimicrobials used for treatment should be the safest and least expensive
agents to which the causative microorganisms are susceptible.

6. Efficacy of treatment should be evaluated by urine culture 1 week after com-ﬁ.
pletion of therapy.

The success and ease of treatment depends on absence or correction of any ob-

I
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rarely is complicated and treatment can be short tsingle-dose) and usually is
easy. 2
Unfortunately there is no ready way to distinguish between upper and lower

[
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struction to urine flow and on removal of foreign bodies (stones and catheters)
whenever possible. In the natural history of most uncomplicated urinary tract
infections, the acute symptoms usually resolve over several days to a week, re-

: >
urinary tract infections by simple laboratory tests. The difficulty in making thi 1 .
!; distinction reliably on clinical greunds alone has been discussejd (see sec EIZII BI)S ‘D gardless of therapy. Therefore, it is important to obtain follow-up urine cultures
" Older, indirect metheds (e.g., serum antibodies, urine concentration test aﬁd {:ri; 1 to 2 weeks after completion of antim_icrobi_al .therapy to insure eradication of
i nary beta-glucuronidase activity) are neither sensitive nor specific. The newer = 3 the mfegtmn. If symptoms are not resolving within 48 hours, urine cultures should
H antibody-coated bacteria test has been useful in research studies. It has not be obtained to evaluate.the emcacy of the prescribed treatment. It sbould be
a3 become established in routine practice, however, because of ldck of standardized c 3 noted, however, that antlmlprobx‘al' therapy based on results of standardized sus-
methods, expense, and difficulties in interpretation in children, catheterized pa- . % ceptibility testing rarely fails. Failure is usually due to (a) undrained abscess,
tients, and men with prostatitis. Direct methods for Iocalizatiyon (e.g., ureteral foreign body (intravenous or urinary catheter), or obstruction to d}'ainage; (b)
catheterization, renal biopsy, and the bladder washout technique) are hazardous c | e drug fever; or (c) tt.xe wrong diagnosis. _The most useful oral antxr;ncro’pials for
or expensive or both. Fortunately, eradication of bacteriuria with single-dose | treatment of bacteriuria and the approximate costs of therapy are listed in Table
therapy in symptomatic patients with uncomplicated disease is a practical method j 1-3.
for presumptive localization of infection to the bladder or uremga c ; e B. Treatment of asymptomatic bacteriuria. Asymptomatic bacteritiria should be
G. Radiography and other diagnostic procedures. The principal role o.f S dibbraphic : l : sought routinely and treated in all pregnant women. Short-acting sulfonamides
and urologic studies in patients with urinary tract hfoctions et deteftr \?e\“i- €/ e or ampicillin for 10 days usually suffices, since almost all of these infections are
coureteral reflux, renal caleuli, and potemiafly correctable lesions that obqrﬁct = 3 caused by sensitive Escherichia coli. This apprea;h can prevent about 80 to 90
!.ll'l{l:le flow and cause stasis: Uncomplicat_ed‘reinfe{lions (cystitis and urethritis) tx . fer.ce‘?’f ogcasetj Ot." antepartum______ac-ute‘gyelonephrmsl.d(xgzlstrm?;drecurri!r;t bac;
it e s s ey it |9 s 4o o e £l o SEn, o i man
aphic and en oscopic investigation of the urinary tract. Infants, bovs, el Sl
and men with first episodes and girls and women with relapsing urinary tract é; ) and nonpregnant women, a COMMoRA condition in the elderly, does not appear to
infections should have an intravenous pyelogram (IVP) with postvoiding radi- E = cause renal damage in the absence of obstructive “.“’Pathy or vesicoureteral reflux.
ographs. For a detailed evaluation of the ureterovesical junction bladder, and Loy Therefore, repeated attempts to clear the bacteriuria with antimicrobials seem
urethra, a voiding cysto aas s e r— unwarranted; they may only select for more resistant microorganisms and create
voiding may Le}r:xicessa:;e ;?zzirizzferzg,?{fefﬁﬁ ;;:;Femeaﬁz;d::‘l;i‘: ; :S;; — 1 a a need for more wzic aJ{d costly antibiotics should the patient subsequently develop
has been treated, a urologist should be consulted. Cystoscopy may be warranted. € = Symploms. Instrumentation of the genitouninary tract nguld be avoided in pa-
Renal calculi can usually be detected on a plain radiograph of the abdomen. In- } txeni ‘lv ’th. asy. n}ptf)mei)t.lclt;ictermna or, if necessary, done under the cover of
= prophylactic antimicrobial therapy.
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Table 7-3. Most useful antimicrobials for treatment of urinary tract infections

Infections

Antimicrobial

Approximate Cost
Adult Oral Dosage (10-day course)*

Sulfisoxazole 0.5-1 gm every 6 hours $ 3-7

Trimethoprim 100 mg every 12 hours $ 7-8

Trimethoprim- 2 tablets (80 mg/400 mg $ 6-14
sulfamethoxazole each) every 12 hours

Ampicillin 500 mg every 6 hours $ 8-19

Amoxicillin 250 mg every 8 hours $ 7-11

Nitrofurantoin 50-100 mg every 6 hours $ 2-14

Tetracycline 4 250-500 mg every 6 hours _ $4-14

Cephalexin or 250500 mg every 6 hours $25-55
cephradine

Carbenicillin 382-764 mg every 6 hours $29-58

*The cost of antimicrobials varies greatly between generic and trade-name products as well as from
pharmacy to pharmacy. The approximate costs noted were derived from The Medical Letter on Drugs
and Therapeutics: Handbook of Antimicrobial Therapy (rev. ed.), 1984, pp. 63-64.

C. Treatment of cystitis—single-dose therapy. Acute cystitis and low-colony-count

coliform urethritis are almost exclusively diseases of females, mostly sexually
active women between the ages of 15 and 45 years. Although reinfection is com-
mon, complications are rare. There is now appreciable evidence that infections
truly confined to the bladder or urethra respond as well to single-dose therapy
as to conventional therapy for 10 days. Indeed, response to single-dose therapy
implies a lower urinary tract infection. All of the following oral regimens for
adult, nonpregnant women _have been shown to give over 90 percent success:
amoxicillin, 3 gm; sulfisoxazole, 2 gm; or trimethroprim-sulfamethoxazole, four
tablets (80 mg of trimethoprim and 400 mg of sulfamethoxazole per tablet). This
is an important breakthrough in the management of uncomplicated cystitis and
coliform urethritis, because all patients were treated formerly with the standard
10 to 14 days of therapy. A logical approach would be to treat all patients with
acute lower urinary tract symptoms with single-dose therapy and to repeat the
urine culture in 48 to 72 hours. Patients with persistent bacteriuria would then
get an additional 10 to 14 days of therapy. All patients should get a subsequent
follow-up urine culture 1 to 2 weeks after cessation of treatment to document
successful treatment. Since 80 to 90 percent of episodes of acute cystitis are caused
by sensitive strains of E. coli, any of the less expensive antimicrobials listed in
Table 7-3 should prove effective, unless susceptibility testing discloses a resistant
microorganism. Symptomatic pyuria without bacteriuria in an otherwise healthy
young person suggests chlamydial urethritis.

. Management of recurrent cystitis (reinfections). Some women, especially those

whose periurethral and vaginal epithelial cells support attachment of coliform
bacteria more avidly, suffer from recurrent episodes of cystitis in the absence of
recognized structural abnormalities of the urinary tract. In these women a single
dose of an antimicrobial after sexual intercourse or nightly at bedtime has been
shown to reduce significantly the frequency of episodes of cystitis from an average
of 3 per patient-year to 0.1 per patient-year. Effective single-dose regimens include
nitrofurantoin, 50 or 100 mg; penicillin G potassium, 250 mg; trimethoprim-sul-

* famethoxazole, 40 and 200 mg; and cephalexin; 250 mg. Although antimicrobial

prophylaxis is effective and usually. safely tolerated for months to years, single-
dose therapy for acute cystitis makes prophylaxis more expensive and possibly

“more hazardous for most patients because of alterations in fecal and vaginal bac- -

terial flora. Lastly, a behavioral regimen that stresses regular, complete emptying
of the bladder has been shown to be effective in preventing reinfection and re-
current cystitis.

oo
I

»

@w :

nop

TR

o

7: The Patient With Urinary Tract Infection 107

E. Treatment of acute bacterial pyelonephritis. The occurrence of flank paim, chills

and fever, and nausea and vomiting with or without dysuria suggests acute bac-

terial pyelohephritis. In this clinical setting, blood cultures as well as quantitative

cultures of urine should be obtained. Whether or not ambulatory patients should
be admitted to the hospital for treatment depends in part on a subjective as-
sessment of toxicity, likely compliance with therapy, and the home situation.

When the assessment is doubtful, the patient should be treated in the hospital,

at least until there has been a clear response to therapy. This policy also applies

to patients with known underlying uropathies, since complications are more com-
mon in these patients.

1. Outpatlent therapy. Ampicillin, amoxicillin, and trimethoprim-sulfamethox-
azole are the drugs of choice for initial therapy of pyelonephritis in outpatients.
After culture results and susceptibility tests are available, a full 10- to 14-
day course of antimicrobial therapy may be completed with the least expensive
drug to which the patient’s microorganism is susceptible. '

2. Inpatient therapy. Patients who require admission to the hospital should be
treated initially with parenteral (intramuscular or intravenous) gentamicin
or tobramycin (1.5 to 2 mg/kg every 8 hours, with appropriate alteration of
the dose interval if the serum creatinine exceeds 1 mg/dl) if the urine shows
gram-negatiVe bacilli on microscopic examination. If gram-positive cocci are
seen in the urine, intravenous ampicillin (1 gm every 4 hours) should be given
in addition to the aminoglycoside to cover the possibility of enterococcal in-
fection while awaiting the results of urine and blood cultures and antimicrobial
susceptibility tests. If no complications ensue and the patient becomes afebrile,
the remaining days of a 10- to 14-day course can be completed with oral therapy.
The urinary tract is a common source of sepsis and bacteremic shock in patients
with underlying uropathies. As with other patients in septic shock, intravenous
fluids must be given to maintain adequate arterial perfusion, which usually
results in a urinary output in excess of 50 ml per hour. Mortality may be
reduced by massive pharmacologic doses of corticosteroids (3 mg/kg of dexa-
methasone or 30 mg/kg of methylprednisolone given as a single bolus infusion
through a central venous catheter over 10 to 20 minutes and repeated once
only after 4 hours if needed). Failure to respond to seemingly appropriate
therapy suggests the possibility of undrained pus, Examination by ultrasound
or computed tomography may disclose an obstructed ureter or perinephric ab-
scess, bath of which require surgical drainage.

F. Managemeht of recurrent renal infections (relapses). Chronic bacterial pyelo-

nephritis is one of the most refractory problems in clinical medicine; relapse rates

are as high as 90 percent. The entity is a heterogeneous one with multiple un-

derlying factors. s 7 N\ T

1. Risk factors. To improve the success rate, it is of utmost importance that any
correctable lesion be repaired, that obstructions to urine flow be relieved, and
that foreign bodies (e.g., indwelling urinary catheters or renal staghorn calculi)
be removed if possible. If the risk factors cannot be corrected, long-term erad-
ication of bacteriuria is almost impossible. To attempt eradication in such
instances leads only to emergence of more resistant strains of bacteria or fungi;
consequently, one must be resigned to treatment of symptomatic episodes of

.infection and to suppression of bacteriuria in selected patients. ’

2. Acute symptomatic infection. The treatment of acute symptoms and signs of
urinary tract infection in a patient with chronic renal bacteriuria is the same
as for patients with acutc bacterial pyelonephritis. Urine cultures are important
to detect a possible change in antimicrobial susceptibility of the infecting mi-
crogrganism. Toxic patients should also have blood cultures. =

3. Prolonged treatment. Some patients with relapsing bacteriuria after 2 weeks

true of patients with no underlying structural abnormalities and of men with
normal prostatic examinations. Patients who fail the longer therapy, who have
repeated episodes of symptomatic infection, or who have progressive renal dis-
ease despite corrective measures are candidates for suppressive chemotherapy.

of therapy will respond to 6 weeks of antimicrobial therapy; this is especially
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4. Suppressive therapy. Patients selected for suppressive therapy should have
2 to 3 days of specific high-dose antimicrobial therapy to which their infecting

bacteria are susceptible to reduce the colony counts in their urine. The preferred

agent for long-term suppression is methenamine mandelate, 1 gm four times
_ daily in adults, To be most effective the pH of the urine should be maintained
below 5.5; this can be accomplished with ascorbie acid, 500 mg two to four
times daily. Alternatively, the dosage of methenamine mandelate alone can
bé increased to 8 gm or even 12 gm per day. The dosage should be adjusted
- to the minimal amount required to keep the urine free of bacteria. To aveid
metabolic acidosis the dosage of methenamine mandelate must be reduced in
patients with renal insufficiency, in whom 2 gm per day may suffice; it should
not be used at all unless the creatinine clearance exceeds 10 ml per minute.

5. Prognosis. Although a common cause of appreciable morbidity, urinary tract
infections do not play a major role in the pathogenesis of end-stage renal disease.
Patients who come to renal dialysis or transplantation because of chronic bac-
terial pyelonephritis almost always have an underlying structural defect. Most
often the lesion is chronic atrophic pyelonephritis associated with vesicoureteral
Teflux that,\start,ed in infancy. The role of surgical correction of vesicoureteral
reflux is not clear despite years of debate; what is certain, however, is the
importance of meticulous control of infection in children to prevent progressive
renal scarring and renal failure by early adulthood.

G. Treatment of prostatitis

1. Acute bacterial prostatitis. Acute bacterial prostatitis is commonly accom-
panied by acute cystitis, which enables recovery of its causative pathogen by
culture of voided urine. Massage of an acutely inflamed prostate gland often
results in bacteremia; therefore, this precedure should be avoided unless the
patient is already receiving effective antibiotic therapy. The drug of choice is
the combination of trimethoprim-sulfamethoxazole (co-trimoxazole) in the
dosage given in Table 7-3; treatment should be given for 30 days to prevent
chronic bacterial prostatitis. If co-trimoxazole cannot be given, parenteral
gentamicin or tobramycin (see sec. V.E.) plus ampicillin should be used as
outlined for acute bacterial pyelonephritis until results of cultures and sus-
ceptibility testing are known. After acute symptoms subside, a suitable oral
antibiotic can be given in full dosage for at least 30 days. Urethral cathet-
erization should be avoided. If acute urinary retention develops, drainage should
be by suprapubic needle aspiration or, if prolonged bladder drainage is required,
by a suprapubic cystostomy tube placed under local anesthesia.

2. Chronic bacterial prostatitis. The hallmark of chronic bacterial prostatitis is
relapsing urinary tract infection. It is most refractory to treatment. Although
erythromycin with alkalinization of the urine has been effective against sus-
ceptible gram-positive pathogens, most instances of chronic bacterial prostatitis
are caused by gram-negative enteric bacilli. Co-trimoxazole is the drug of choice.
About 75 percent of patients improve and 33 percent are cured with 12 weeks
of co-trimoxazole therapy (two tablets twice daily). For patients who cannot

tolerate co-trimoxazole, nitrofurantoin, 50 or 100 mg once or twice daily, can

be used for long-term (6 to 12 months) suppressive therapy.

H. Recommendations for the care of urinary catheters. Urinary catheters are val-

uable devices for enabling drainage of the bladder, but their use is associated
with an appreciable risk of infection in the urinary tract. For a single (in and
out) catheterization the risk is small (1 to 2 percent); however, bacteriuria occurs
in virtually all patients with indwelling urinary catheters within 3 to 4 days
unless placement is done under sterile conditicns and a sterile, closed drainage
system is maintained (Fig. 7.4). The use of a neomycin-polymyxin irrigant does
not prevent catheter-associated infections.
Urinary catheters are the single commonest cause of nosocomial infections and
are responsible for more than 5000 deaths from gram-negative sepsis each year
in the United States. Explicit recommendations for the prevention of catheter-
associated urinary tract infections, formulated by the Center for Disease Control,
are given below.
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Fig. 7-4. Prevalence of bacteriuria in catheterized patients according to duration of
catheterization and type of drainage system. (From R. J. Fass, A. S. Klainer, and
R. L. Perkins. Urinary tract infection: Practical aspects of diagnosis and treatment.
JAMA. 225:1509, 1973. Copyright 1973, American Medical Association.)

. Indwelling urinary catheters should be used only when absolutely necessary;

they should never be used solely for nurse or physician convenience, and they
should be removed as soon as possible.

. Catheters should be inserted only by adequately trained personnel; if practical,

a team of individuals shculd be given responsibility for catheter insertion
and maintenance.

. Urinary catheters should be aseptically inserted utilizing proper sterile tech-

nique and the following sterile equipment: gloves, a fenestrated drape, sterile
sponges and an iodophor solution for periurethral cleansing, a Tubricant jelly,
and an appropriate-sized urinary catheter. Following insertion, catheters
should be properly secured to prevent movement and urethral traction.

. Once- or twice-daily perineal care for catheterized patients should include

cleansing of the meatal-catheter ijunction with an antiseptic soap; subse-
quently, an antimicrobial ointment may be applied.

_ A sterile closed drainage system should always be used. The urinary catheter

and the proximal portion of the drainage tube should not be disconnected
(thus opening the closed system) unless required for irrigation of an obstructed
catheter. Sterile technique must be observed whenever the collecting system
is opened and catheter irrigation is done; a large-volume sterile syringe and
sterile irrigant fluid should be used and then discarded. If frequent irrigations
are necessary to ensure catheter patency, a triple-lumen catheter permitting
continuous irrigation within a closed system is preferable. y
Small volumes of urine for culture can be aspirated from the distal end of
the catheter with a sterile syringe and 21-gauge needle; the catheter must
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Souney, P., and Polk, B. F. Single-dose antimicrobial therapy for urinary tract in-
fections in women. Reuv. Infect. Dis. 4:29, 1982. E

Stamm, W. E. Guidelines for prevention of catheter-associated urinary tract infections.
Ann. Intern. Med. 82:386, 1975.

., Counts, G.
Stamm, W. E., Wagner, K. F,, Amsel, R., Alexander, E. R, Tu;'ck, M, =
E., and Holmes, K. K. Causes of the acute urethral syndrome in women. N. Engl.

first be prepared with tincture of iodine or alcohol. Urine for chemical analyses
can be sterilely obtained from the drainage bag. +
7. Nonobstructed gravity flow must be maintained at all times; this requires
=5 emptying the collecting bag regularly, replacing poorly functioning or ob-
structed catheters, and ensuring that collecting bags always remain below
the level of the bladder.
8. All closed collecting systems contaminated by inappropriate technique, ac-

cidental disconnection, leaks, or other means should be immediately replaced. J. Med. 303:409, 1980. i
9. In patients with urinary catheterization of less than 2 weeks duration, routine 3 ic abscess. Medicine (Bal- 1
catheter change is not necessary except when obstruction, contamination, or 'Ifhorley . d . D., J09l17e:, S. R., and Sanford, J. P. Perinephric :
other malfunction occurs. In patients with chronic indwelling catheters, re- timore) 53:441, 1974. W i
placement is necessary when concretions can be palpated in the catheter or Warren, J. W., Platt, R., Thomas, R. J., Rosner, B.,.and Kass, E. H. Antlblot{c 16- 1 i
when malfunction or obstruction occurs. - rigation and catheter-associated urinary-tract infections. N. Engl. J. Med. 299:570, P2
10. Catheterized patients should be separated from each other whenever possible 1978. i ﬁ
and should not share the same room or adjacent beds if other arrangements 4

aréd available. Separation of bacteriuric and nonbacteriuric patients is par-
ticularly important.
These guidelines should be adhered to meticulously, and the use of indwelling
urinary catheters should be kept to a responsible minimum. -
Another hazard of indwelling urinary catheters is hospital-acquired urinary tract
infection caused by Candida albicans, which rarely occurs in the absence of pre-
vious catheterization or multiple antibiotics or both. Recommendations for treating ;‘

candiduria include removal of the urinary catheter, discontinuation of antibiotics,
and continuous bladder irrigation with amphotericin B (50 mg/1000 ml of sterile

water via a three-way catheter for 24 hours for 5 days). Occasionally, systemic e
therapy with oral 5-fluorocytosine or intravenous amphotericin B or both is re-
quired. ﬁ
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Il. Examination of urine

The Patient With
Proteinuriaoran -
Abnormal Urinary -

Sedimeht —— - ; E ==
/Antoine M. de Torrenté
and Robert J. Anderson

Examination of the urine is one of the simplest and most rewarding laboratory meth-
ods in clinical medicine. Urine is usually abundant and readily obtained, and the
method of examination is simple. Such tests, although lacking in specificity, are
usaally sensitive in detecting renal parenchymal or urinary tract disease. An ab-
normal urinary sediment or proteinuria should never be dismissed until a reasonable
explanation has been found. A variety of treatable diseases (e.g., renal parenchymal
infection, especially tuberculous; allergic interstitial nephritis, analgesic nephropathy,
and certain immune complex nephritides) that, if left unchecked, can lead to chronic
renal failure may be discovered. An early manifestation of a curable renal neoplasm
may be hematuria. The urinary sediment and the 24-hour quantitative protein ex-
cretion can also be used, with other tests of renal function, to ascertain positive or
negative responses to therapy. Urinalysis is an invaluable tool in screening for a
wide variety of diseases affecting the urinary tract and in monitoring their course;
therefore, it should be performed in every patient as routinely as blood pressure is
measured and height and weight are recorded.

Since almost all diseases of the urinary tract may be accompanied by either pro-
teinuria and/or an abnormal sediment, an abnormal sediment can never be diagnostic.
The physician confronted with an abnormal urine sediment has to use other means
of investigation, including history, physical examination, and laboratory and radie-
logic investigations, to arrive at a specific diagnosis.

. Collection of urine. For routine urinalysis a random specimen is adequate. The best

results are usually obtained on an ezrly morning specimen, which usually has a

high osmolality and low pH, a setting that prevents rapid dissolution of formed ele-

ments and casts. A concentrated urine specimen is also more sensitive to test for
proteinuria. :

A. Male patients. To avoid unnecessary contamination of the urine specimen, the
foreskin should be retracted in uncircumcised men, the meatus cleaned with a
gauze pad moistened with water, and a “clean catch” midstream specimen voided
into a clean container.

B. Female patients. In women the labia should be spread apart, the meatus cleaned
as described above, and a “clean catch” midstream specimen obtained. This methed,
although somewhat cumbersome, avoids heavy contamination by #®pithelial cells
and debris that may obscure meaningful findings. In general, urinary sediment
examination is of little value during the menstrual period even after insertion
of vaginal tampons. Red cell or white cell casts, however, cannot be explained
by contamination with menses. =

A. Urine color. Urine is normally clear or amber. A listing of causes of abnormal
urine color is in Table 8-1. :

B. Urine sediment. The urine specimen is shaken gently to mix its components.
Observation may reveal unusual color or abnormal foaming (proteinuria). Ten
milliliters of urine are then poured into a conical centrifuge tube and spun for 3
to 5 minutes at 3000 rpm. About 9 ml of the supernatant are carefully discarded
and the sediment suspended in the remaining milliliter. Some nephrologists have
recommended that all supernatant be discarded and the remaining “button” be
removed gently with a pipette and placed on the slide; this technique may be
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Table 8-1. Causes of Abnormal Urine Color

Red
- Benzidine (+): RBC, hemoglobin, myoglobin
Benzidine {( —): beeturia (a harmless inborn error of metabolism), medications

{paraaminosalicylic acid [PAS], Congo red, phenolsulfonphthalein [PSP], senna,
phenolphthalein)
Porphyria
Orange
Medications (phenazopyridine [Pyridiym], ethoxazene [Serenium], rifampin)
Porphyria
Brown/black
Hemoglobin or myoglobin with alkaline pH (should always be benzidine [ +])
Bilirubin (yellow foam)
Medications/(1L-dopa, methyldopa [Aldomet], phenol, phenacetin)
Melanin (tumor)
Homogentisic acid (alkaptonuria)
Porphyria
Blue/green
Medications (indigo-carmine dyes, methylene blue)
Pseudomonas infection

particularly helpful when a paucity of casts is present. One or two drops of the
sediment are then deposited on a microscope slide and examined first at a low
magnification ( x 100) and then at high power (x400). The sediment should be
examined immediately, before drying. Staining is usually necessary only with
the Gram stain, often best in the area just outside the coverslip. Formed elements
and casts are more abundant-at the edges of the coverslip. Usually 10 to 15 high
power fields (HPF) should be examined and the casts and formed elements ex-
pressed as number per HPF. An exact quantitation in a counting chamber is not
recommended, since the conditions of collection are so variable. One red blood
cell cast per HPF is as important as 20 or 40. The various cells and casts are
shown in Figures 8-1 through 8-16.

C. Urine protein. The urine should be checked for protein with the dipstick method.
This method employs the alteration of an indicator dye by protein and is sensitive
to about 30 mg of albumin per deciliter. The method, however, does not detect
light-chain proteins and some other globulins. Other low-molecular-weight pro-
teins excreted in tubular diseases also may not be detected by the dipstick method.
If light-chain or low-molecular-weight proteins are suspected, the sulfosalicylic
acid test should be performed on the urine as follows: Eight drops of 20% sul-
fosalicylic acid are added to 2 ml of urine. A white cloud of precipitate indicates
a positive test. The sulfosalicyclic acid test is more sensitive than the dipstick
method but is less specific (Table 8-2). A highly concentrated (specific gravity
greater than 1.030) early morning normal urine may contain trace to 1 + protein
by the dipstick method. The findings in a normal early morning urine are:

i. Protein: 0 to 1+ ¢
2. Epithelial cells: occasional per HPF (may be numerous in females)
3. Crystals: occasional per HPF
4. Red blood cells: 0 to 5 per HPF
5. White blood cells: 0 to 3 per HPF
~ 8. Casts: hyaline, occasional per HPF

i
i

= Proteinuria

I. General patient evaluation. Detection of an abnormal quantity of protein in urine
is one of the most reliable signs of renal parenchymal disease. Urine from normal
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persons contains less than 150 mg of protein per day. Any quantity above this amount
ghould be investigated. Ofice proteinuria has been discovered by the dipstick or sul-
fosalicyclic acid method on a urine sample, the minimal workup should be undertaken
as follows:

+/A. Complete physical examination and history. A physical examination and history,

F.
G.

especially in search of acquired or familial renal diseases and hypertension, are
essential.

Twenty-four-hour urine collection for quantitative protein excretion. This de-
termination is absolutely mandatory to assess the degree of proteinuria, a quan-
titation that may convey prognostic and diagnostic information.

. Repeat 24-hour protein measurement. A repeat 24-hour protein measurement

on three or four samples is necessary to ascertain the persistent or intermittent
nature of the proteinuria. Intermittent proteinuria is usually associated with a
benign course.

. Exclusion ot orthostatic proteinuria. This simple test is done in the following

manner. The patient voids in the evening (sample 1). The patient then retires
immediately. Urine is collected the next morning while the patient is still supine
(sample 2). The patient is then allowed to rise and ambulate. The next voiding
is again collected (sample 3). All three samples are checked for protein. With
orthostatic proteinuria the specimen should be negative or trace on sample 2 and
positive on samples 1 and 3. If the proteinuria is orthostatic and less than 1 gm
per day, without sediment abnormalities, serious renal disease is unlikely and
the prognosis is benign.

Information cn renal function. Information on renal functxon xs obtained by
measuring plasma creatinine and blood urea nitrogen (BUN). Creatinine clearance
can be calculated if the sample for 24-hour protein is also used to determine 24-
hour creatinine excretion.

Careful examination of the urinary sediment and urine culture

Routine hematologic and biood chemistry studies. These include complete blood
count, electrolytes, and blood sugar tests.

These steps allow the proteinuria to be classified and at the same time provide a
framework for a differential diagnosis.
Degrees of proteinuria: ciinical characteristics and coursa

A.

Low-grade proteinuria (less than 1 gm per day). This is a very common problem
in medical practice. Low-grade proteinuria can be caused by a number of different
renal afflictions (Table 8-3).

1. Idiopathic low-grade proteinuria. Idiopathic low-grade proteinuria is the di-

agnosis if the history and physical examination are normal, the renal function
is normal, and no cells or casts are seen in the sediment. This proteinuria is
usually due to minor abnormalities of the glomeruli or kidney vasculature.
Long-term studies have demonstrated that the prognosis is benign. The proper
approach, therefore, is to follow these patients carefully every 3 to 6 months
with regular blood pressure measurements and determinations of plasma cre-
atinine. Renal biopsy is not indicated if the renal function is stable and normal.
The association of low-grade proteinuria and hematuria is a more serious matter
and may indicate a progressive glomerular disease.

2. Functional protelnuria. Functional proteinuria is induced for unknown reasons

by congestive heart failure, fever, or heavy exercise. The urine sediment is
usually normal. Plasma creatinine can be somewhat elevated, secondary to a
low renal perfusion with heart failure or dehydration in a febrile ilIness. The,
proteinuria should resolve with the treatment of the primary disease. :

3. Nephrosclerosis. Nephrosclerosis is observed in patients with long-standing

essential hypertension. Renal function is usually moderately decreased and
the urine sediment is normal. Control of the blood pressure may decrease the
proteinuria and ameliorate or stabilize the renal function.

4. Polycystic kidney disease. Polycystic kidnéy disease in its adult form may

come to the attention of the physician initially because of low-grade proteinuria.
A family history of death in the fourth and fifth decades due to renal failure,
palpable kidneys, episodes of hematuria, and flank pain are characteristic.
The excretory urogram and ultrasonogram usually confirm the diagnosis.
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~ Fig. 8-1. White cells, red cells, and bacteria, The white cells are relatively uniform in
~ size in contrast to tubule cells, which are not showr but which tend to vary in size,
.saa;hweagré’nularh}tap}&smjs ch that their nuclei are not visible, but they are
“nevertheless identifisble as white cells by comparisen of their size with the red cells
‘and by their context, e.g., abvious urinary infection with pyuria as well as bacilluria.

Only one of the red cells has obvicus hemoglobin pigment but severa! other cells with

-~ Teco, - ‘mjspinedmpax,ations,asinthis,sedimen&butwcci YD e s
g - indisﬁngujzable from urinary granules without the use of Gram stain. (Provided

- Fig. 8-2. Many i‘)olymorphonuclear leukecytes, approsimately ten renal tubule cells,
and a number of granules (which are not red blood cells). Cytoplasmic granules have
been cleared by the addition of a few drops of dilute acetic acid to the sediment,
which allows the nuclei of the cells to be seen. In contrast to the pelymorphonuclear
leukocyies, the renal tubule cells are larger, vary in size, and have single nuclei that
B are generally round, sometimes eccentric. (Provided courtesy of Ronald B. Miller,
-2 M,D) b i Y > = TRngly £ . L 2 3

#

B % E% 2 :” y . 5 ~
' Fig.8-3. Many red cells and a single, broad hyaline cast. which runs diagonally
* through the photograph. The hyaline cast, which is comprised of Tamm-Horsfall
i mucoprotein, is barely more refractive than the surrounding urinary water. With
- greater illumination, the hyaline cast might be invisible. (Provided courtesy of
& Jerome P. Kassirer, MD) - e : i

4 Fig. 8-4. A hyaline cylindreoid (so-called because of its taili with a number of granules
- B atoneendof the cast, presumably precipitated serum proteins in a hyaline matrix of
B! Tamm-Horsfall protein. Note the mucous threads, which are thinner than ail but the -
= tail of the hyaline cast. {Provided courtesy of Ronald B. Miller, M.D.) ! :

. Fig. 8-5. A broad, finely granular cast, which presumably formed in either a

. collecting duct or & diseased, dilated tubule. The breadth of the cast can be

_ appreciated by comparing it to the white cells and red cells free in the urine. (By

: | | definition, 2 broad cast is morg than two or three cell digmeters wide.) Broad casts do

' hot invariably imply chronic renal failure, as was once believed; they may also occur

" in acute disease, particularly when there is oliguria. (Provided courtesy of Ronald B.

| Miller, M.D.} f-ixd = | s

E! - Fig. 8-6.7‘Anoﬂiér broad cast, somewhat more coarsely granular, sarrounded by a

: number;of sqUamous epithelial cells. (Provided courtesy of Ronald B. Miller, M.D)) » |

Fig. 8-7. A finely granular cast with a number of imbedded renal tubule cells (a so-
called granulotubular cell cast). Rare hyalocellular or granulocellular casts may be |

- seen in normal urine. If many such casts are present in a single urine specimen,
particularly if they are as broad as this cast, it is reasonably certain that renal
parenchymal disease is present although the nature of the disease is uncertain, since
these casts are nonspecific. (Provided courtesy of Jerome P. Kassirer, M.D))

° . Fig. 8-8. A;degénémting cell cast with a few cell outlines evident and considerable

. granular material, presumably degenerating cell fragments rather than precipitated
B = —LRF" serum proteins. Under the microscope WO individual cells in this cast had multilobed
- : nuclei, identifying thiscast as a leukocyte or pus cast. White cell casts are typical of
|~ pyelonephritis and other interstitial nephritides, but they also ccur in exudative
.}l glomerulonephritis, sometimes in-large numbers. (Provided courtesy of Ronald B.

: Miller, MD) =558 et TE i = M

= 'hbmcgeneus ovtopiasm are the same size and are, indeed. red cells. Baciili are easily

8-5
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Fig. 8-9. A typical red cell cast with the hemoglobin pigment of the red cells
clearly evident and cell outlines well preserved. Such a cast usually indicates
- glomerulonephritis; though red cell casts can also occur rarely with strenuous
exercise or trauma to the kidney. (Provided courtesy of Ronald B. Miller, M.D.)

Fig. 8-10. Another red cell cast in which individual cell outlines are less evident. This
cast is on its way to becoming a hemoglobin or blood cast (by breakdown of red cell
walls). As is usually the case in acute nephritis, there are innumerable red cells free
in the urine. (Provided courtesy of Ronald B. Miller, M.D))

Fig. 8-11. A cast that at one end has discernible red cell outlines; at the other end a
homogenous or slightly granular morphology with an unegquivocal hemoglobin-tint.
Thus, this cast is both a red cell cast and a hemoglobin or blood cast. The hemoglobin
pigment is indistinguishable from myoglobin, but one would not expect red cell casts
in a patient with myoglobinuria. (Provided courtesy of Ronald B. Miller, M.D.)* :

Fig. 8-12. A barely discernible hyaline matrix with many fat globules, as might be
seen in a patient with the nephrotic syndrome. This is a hyalofatty cast. Were there
mare fat globules, it would be called a fatty cast. Note the variable size of the fat
globules and their refractiveness with reduced illumination, characteristics that
distinguish them from red blood cells. (Provided courtesy of Ronald B. Miller, M.D.)

. Fig. 8-13. A fatty cast with sufficiently reduced illumination so that the fat globules
are quite refractive. (Provided courtesy of Jerome P. Kassirer, M.D.)

Fig. 8-14. The same cast as in Figure 8-13 viewed with polarized light, which
demonstrates the anisotropic nature of the fat (usually thought to be cholesterol
ester). Although many are out of focus, several fat droplets can be seen to exhibit the
maltese-cross phenomenon: (Provided courtesy of Jerome P. Kassirer, M.D.) .

Fig. 8-15. A cast that is broad and waxy at one end and has red cells incor-
porated in its matrix at the other end. This unusual cast is from a patient with
glomerulonephritis. The innumerable red cells free in the urine suggest the nephritis
_is acute or s‘ubacute. (Provided courtesy of Jerome P. Kassirer, M.D.)

= = - -

Fig. 8-16. A busy or active sediment from a patient with acute tubular necrosis with
many broad waxy! casts, one of which is convoluted, and with a number of broad,
brown, granular casts that are somewhat more typical of acute tubular necrosis than
are the waxy casts. The pigment is not hemoglobin, but rather an unidentified brown
pigment, particularly common in-the casts of patients with acute tubular necrosis, but
also occurring in casts of patients with chronic renal parenchymal disease. (Provided
courtesy of Jerome P. Kassirer, M.D.}- —
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Clinical Setting

B. Moderate proteinuria (1.0 to

RS AAISS: SRR A ’

Table 8-2. False-positive (+) and False-negative (—) Reactions

-~ With Dipstick or Sulfosalicylic Acid Test for Proteinuria

; Dipstick Sulfosalicylic Acid

“X-ray contrast media = - (+)

Tolbutamide = +)

Peniciliins = e +)
_Sulfisoxazole (Gantrisin) = +)
p-Aminpsalicylic acid - (+)

Low molecular weight (=) +

proteins, light chains
Dilute urine (=) i
Alkaline urine (+) +

Note: The absence of parenthesis indicates a correct finding.
i \ . 52
5. Medullary cystic disease. Medullary cystic disease may be a cause of renal
failure in adolescence. The disease is characterized by polyuria, nocturia, a
' severe anemia, and failure to thrive. A renal salt-wasting tendeéncy is common.
The sediment is unremarkable. The diagnosis is made mainly on clinical
grounds and by a careful family history. The kidneys are small on excretory
urogram and ultrasonogram, but these findings are nonspecific.
6. Obstructive uropathy. Chronic obstructive uropathy may present as nocturia,
polyuria, or polydipsia. Pyuria and proteinuria may or may not be present.
7. Chronic Interstitial nephritis. A nephropathy secondary to analgesic abuse,
lead, cadmium, oxalate, uric acid, hypercalceria, and hypokalemia may also
present with mild proteinuria.
3.5 gm per day). With severe, advanced disease
many of the disorders discussed above in association with low-grade proteinuria
(sec. l.A.) can lead to moderate proteinuria.‘By far the most common causes of
moderate proteinuria are glomerular diseases, however, interstitial diseases may
also cause moderate proteinuria.

. Heavy proteinuria (greater than 3 to 5 gm per day): the nephrotic syndrome.

The nephrotic syndrome is not a disease itself; it may be caused by a variety of
causative and pathogenetic mechanisms that result in a spectrum of pathologic
lesions with vastly different prognoses. !

1. Clinical characteristics. Proteinuria above 3 gm per day is usually classified

as in the nephrotic range, but the symptom complex may vary widely from
one patient to another. In addition to heavy proteinuria and lipiduria (oval
. fat bodies), the nephrotic syndrome is characterized by edema, varying from
. minimal degrees to frank anasarca, hypoalbuminemia)\bypercholesterolemia,
{ and hypertriglyceridemia)) Even if all features of the syndrome are not present,
proteinuria above 3 gm per day usually indicates a disease state that may
lead with time to the complete nephrotic syndrome complex.

2 Patient evaluation. The nephrotic syndrome may be indicative of generalized
disorders and should be approached as such. A narrow focusing on the kidney
disease alone may be misleading. In addition to the steps listed previously
{see A.1.), the evaluation of 8 nephrotic patient includes the following:

2. Renal blopsy. Except with typical clinical pictures such as steroid-
responsive nil disease (minimal change nephrotic syndrome), far-advanced
-~ diabetes mellitus, or constrictive pericarditis, a renal biopsy is usually

= syndrome.

1. Serologic tests. Serologic tests should include those for streptozyme, anti-
nuclear antibodies (ANA), total complement (CHy), VDRL, hepatitis B—
associated antigen, and cryoglobulins.

indicated for the_proper differential diagnosis of the cause of nephrotic =
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Table 8-3. Some Causes of Low-Grade Proteinuria

Critical Laboratory Findings

Clinical Clues

' Cause

Normal sediment, normal renal function

Idiopathic

No history of renal disease, normal blood

pressure
Congestive heart failure, high fever, heavy

Normal sediment, except sometimes white

exercise

Functional proteinuria

blood cells and an increase in hyaline

casts
Normal sediment

Pyuria

History of high blood pressure

.'Nephrosclerosis

Analgesic abuse, lead exposure, urinary

Chronic interstitial nephritis

tract infection

Streptococcal infection

Hematuria and red blood cell casts

, symptoms of connec-

Glomerulonephritides

skin rash,

tive tissue disease (arthritis,

etc.)

Congenital diseases

Family history, palpable kidneys Enlarged kidneys on excretory urogram,

Polycystic kidney disease

cysts on ultrasonogram

Disproportio

nately severe anemia, salt,
renal tubular acidosis

Family history, short stature

wasting,

l)wph-

Medullary cystic disease

ronophthisis)




122 8 The Patient With Proteinuria or an Abnormal Cl?.:‘v« Sediment

c. Heavy metal determination. Heavy metal determination (é.g., gold, bis- 1 =
muth, mercury) should be made if the history is compatible. L

—- 3. Differential diagnosis. The diagnostic approach given above and the results ” oy # -
of the renal biopsy usually allow the classifications shown in Table 8-4. Al- MW
though the list is extensive, some diseases are very rare. In the Western world Ma
the most common causes of nephrotic syndrome are diabetes mellitus, nil ’ n!...l
disease, and the idiopathic glomerulonephritides, including idiopathic mem- Lt
branous nephropathy, focal glomerulosclerosis, and prolife

{
i

Y

e

dial effusion on echocar-
d cardiac catheterization,

1 biopsy
fication on chest x-1a

rular en-
Hematuria, decreased renal function

Iso be

ction, large
cific on elec-
y on renal biopsy

acid, glome!

al change disease but mem-
al cell swelling on rena

phropathy may a
present on biopsy

Increa

termination of the metal

Membranous nephropath

amacmmuaami. “r
branoproliferative glomerulonephritis. h G
a. Minimal change disease:" Minimal change disease (nil disease) is usually M
red blood cells or red blood cell casts in the sediment, and absence of hy-
pertension. The patien - :
iis almost always steroid-sensitive. A disease that can be confused with nil ﬂ w
disease is focal glomerulosclerosis, which is characterized by a much more m
function, and, generally, steroid resistance. Since the disease seems to start
.Enrm&mmvmacxamimmc:minmv

, renal biopsy spe

characterized by previous good health, normal renal function, absence of n w
t is usually a child or young adult, and the disease

frequent incidence of hypertension, hematuria, slightly decreased renal \n .iw
hrons, it is often missed on renal biopsy.

or large kidney size
Usually decreased renal fun
sed serum uric

tron mMicroscopy

microscopy
kidneys
branous ne|
dotheli
diogram and
cardiac calci

- e
The prognosis is much worse than that for nil disease: about 50 percent o\..< w
of patients require chronic maintenance dialysis or a kidney transplant,
and

or are dead within 10 years after the diagnosis. O M w
b. Metabolic, systemic, and mechanical factors. Metabolic, systemic, & 3
mechanical factors provoking the nephrotic syndrome are usually recog- 7 \ i
nized by associated clinical findings. In this category, diabetic nephropathy .” w
is probably the most common form of nephrotic syndrome in the temperate
climates, and the prognosis is poor regarding preservation of useful renal P b
function. However, meticulous control of blood sugar and blood pressure
may improve the prognosis of the renal disease. Nephrotic syndrome due -
to poison and drugs is being recognized with increasing frequency. Non- W,TQ
steroidal antiinflammatory agents, mercury, and gold therapy can cause i
nephrotic syndrome. : m % w
c. Glomerulonephritis. Nephrotic syndrome due to glomerulonephritis is £
suspected on clinical grounds by the associated red blood cells or red blood 3
cell casts in the sediment and the frequent presence of hypertension. Any 0 . W =
type of glomerulonephritis, of any histologic feature (segmental, focal, dif- t =
fuse), idiopathic or associated with' collagen vascular diseases or hyper-

R
sensitivity reactions, can present with or be complicated by the nephrotic 0 w
syndrome. Appropriate serologic tests, systemic manifestations, and a renal :
biopsy usually establish the diagnosis. In this group of diseases membranous _ a
nephropathy, secondary or idiopathic, is especially frequent. #!
Iil. Guidelines to therapy of nephrotic syndrome

A. Diuretics. Although extracellular fluid (ECF) volume is increased in patients 0 ‘ u
-~

according to cause

vidence of pericar

vl

No hematuria, normal renal biopsy on light
Usually, decreased renal function, normal

Critical Laboratory Findings
Abnormal hemoglobin SS or SC
Pulmonary congestion on chest x-ray
Hematuria, positive sgrologic results

Usually minim
Urinary de

E

-

N

{as, arthritis, photosen-

h, arthralg
ity, hair loss

sitivi

's lymphoma,
renal cell, co-

f rheumatoid ar-

e.g.
Kussmaul's sign)

ns that distend more

ssure, target organ disease

no manifestation of systemic
ophthalmologic)

no hypertension

£ diabetes, high blood pres-

retinopathy
Mediterranean origin, multiple myeloma
's and non-Hodgkin

on inspiration (
thritis, seizures

(cardiac,

disease,
Black race

ination
Distended neck vei

lonic)
High blood pressure, third trimester

other carcinomas

sure,

Evidence of heart failure on physical exam-

¢ Syndrome
Clinical Clues
Young age,
History o
Hodgkin
High blood pre
Hibtory of exposure
“History of treatment 0
History of exposure
Skin ras

/

o

with the nephrotic syndrome, circulating intravascular volume may be normal

or decreased. Therefore, extreme caution should be exercised in the use of diuretics - 0
to avoid increased circulating volume depletion. A moderately potent diuretic, g
such as hydrochlorothiazide, is preferred to a more potent loop diuretic, such as &1 .
furosemide. A weight loss of 0.5 kg per day is the maximum diuresis that is well rJ“
tolerated. A low salt diet and the addition of spironolactone, an aldosterone an-

tagonist, may be useful for refractory edema. Diuretics should be used only for 0M10

dary to systemic

kind (chronic or
lar disease)

failure
adione

symptomatic edema and not for marginal cosmetic benefit.

B. Corticosteroids. The only disease that will almost always respond to corticosteroid m g
= therapy is minimal change disease. Minimal change disease may remit sponta- === 0
- neously, but the more rapid beneficial effect of steroids on the proteinuria, hy- J#.r

poglbuminemia, and other features of the syndrome has led to the universal ac-

ceptance of steroid therapy for this entity. Physicians differ widely in their
treatment schedules—A reasonable therapeutic approach is 1.0 tc mg/kg/day
of prednisone until the urine is protein-free for about 7 days. The patient 1s then

started on every-other-day therapy with twice the daily dosage of steroid, which

is tapered over 2 to 3 months. More than 90 percent of patients with nil disease

e o A

y, insect bites

,gold
or secon

lonephritis of any

acute, primary

| collagen vascu

agents
Allergens: poison v

Malignant or accelerated hypertension |
Captopril, nonsteroidal antiinflammatory

Pregnancy with pmx:lampsin

Severe congestive heart
Constrictive pericarditis
Penicillamine, trimeth

Mercury, bismuth

Diabetes mellitus

Amyloidosis

Sickle cell disease
Mechanica} factors

Neoplasia

Table 8-4. Differential Diagnosis of the Nephroti
diseases

Minimal change disease
Poisons.'drugn. and allergens

Metabolic or systemic

Diagnosis
Glomeru

K e Y
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respond, but many (up to 50 percent) relapse and thus need another course of
steroid therapy. After complete remission (proteinuria less than 200 mg per day),
the patient should have 24-hour urine protein determinations and plasma cre-
atinine determinations every 3 months. If the patient develops side effects from
stercids {moen facies, hypertension, weight gain) because of frequent attempts
at treating relapses, immunosuppressive agents, such as cyclophosphamide, should
be considered after consultation with a nephrologist.

Other forms of the nephrotic syndrome may remit if the cause of the disease is
reversible (e.g., discontinuation of the offending drug, control of accelerated hy-
pertension, or termination of pregnancy in the toxemic patient).

When the nephrotic syndrome is caused by a form of glomerulonephritis, the
prognosis is variable. The patient with systemic lupus erythematosus may have
nephrotic syndrome in association with membranous nephropathy, diffuse pro-
liferative glomerulonephritis, and, rarely, focal proliferative glomerulonephritis.
Steroid therapy may produce a remission of the nephrotic syndrome in some of
these patients with lupus nephritis. One study suggests that patients with idi-
opathic membranous nephropathy may respond to steroids. Except for some de-
crease in proteinuria, no beneficial effect of steroids was found in these patients
compared to nontreated patients, until 2 years of follow-up. At that time, a sig-
nificant deterioration in renal function was observed in the nontreated group
compared to patients treated with steroids. The results of this study should, how-
ever, be considered preliminary. The recommended therapy is 2 mg per kilogram
of prednisone every other day for 2 months followed by tapering of the dosage
over a 2-month period. !

C. Diet. If the renal function is normal, a high-quality protein diet is encouraged to
offset the loss of large amounts of protein in the urine. Salt intake should be
minimized to decrease the accumulation of edema.

D. Additional comments. Patients with the nephrotic syndrome seem to be more
prone to infections than are normal persons. Thus, any complaint such as cough,
abdominal pain, or fever should be carefully evaluated. Any rapid decrease 1n
renal function in nephrotic patients should raise the suspicion of acute renal vein
thrombosis. This complication may be asymptomatic or it may be accompanied
by hematuria and costovertebral angle tenderness. The diagnosis should be pur-
sued by renal venography. If venography documents the presence of renal vein
thrembosis, the patient should be anticoagulated because pulmonary embolus is
a feared complication. Chronic, asymptomatic renal vein thrombosis may also
accompany proliferative or membranoproliferative glonierulonephritis. Acute
deterioration in renal function in the nephrotic patient could also be due to volume
depletion, treatment with nonsteroidal antiinflammatory agents, or drug-induced
interstitial nephritis. o

Hematuria

s

Aside from proteinuria, hematuria is the most important clue to the presence of
kidney diseases or diseases of the urinary tract. A positive reaction with the Hemastix
indicates the presence of hemoglobin in urine due to the presence of either red blood
cells or free hemoglobin. More than three RBCs per HPF are required for a positive
test. Myoglobin will also give a positive reaction. To document the presence of red
blood cells, examination of the urine sediment is mandatory. Once true hematuria
has been confirmed by sediment examination, its origin should be determined and
the responsible lesion diagnosed. For practical purposes it is convenient to divide
hematuria into two basic categories: group I—hematuria due to glomerular inflam-
mation (i.e., ail the glomerulonephritides) and greup II—hematuria due to other
causes. -

. Hematurta due to glomerular inflammation—group L. The distinction between groups

I and II can be difficult. In group I diseases, hematuria is frequently accompanied
by severe proteinuria, althcugh some glomerular diseases may present with hematuria
and minimal proteinuria. The presence of red blood cell casts provides absolute proof
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of the glomerular origin of the hematuria. Proteinuria, however, is a much more
commen indicator of the glomerular origin of the hematuria than is the presence of
red blood cell casts. The combination of red bl 11s, red blood , and
proteinuria is commonly called a nephritic sediment. Recent studies suggest that
abnormai red blood cell morphology on urinalysis also points to a glomerular site of
erigin.
Hematuria due to nengiomerular causes—group ii. Since glomerular inflammation
is absent in group II diseases, proteinuria is absent and red blood cell casts are not
seen. However, a rare patient with red blood cell casts after frauma to the kidney
has been described. Also, depending on the severity of the bleeding, actual bloed
clots may be seen with nonglomerular diseases; this never occurs with the glo-
merulonephritides.

Approach to the patient with nephritic sedimeni—group |. Since there is a total

lack of specificity of a nephritic urinary sediment, a thorough clinical evaluation

and additional laboratory tests are needed to make the diagnosis.

A. Patient evaluation. The minimum workup of a patient presenting with a nephritic
urinary sediment includes the following:

1. History and physical examination. A complete history and physical exam-
ination should be made, with special emphasis on family history of renal dis-
eases and antecedent streptococcal infections. Skin rashes, heart murmur, ar-
thralgias, and other manifestations of systemic disease should be carefully
sought. ' 0 .

2. Serologic tests. Serclogic tests should include those for streptozyme, anti-
nuclear antibody (ANA), total complement (CHyp), hepatitis B-associated an-
tigen (HBAg), and VDRL. — i

3. Evaluation of renal functicn. This evaluation should include 24-hour protein
excretion and 24-hour creatinine clearance.

4. Routine laboratory tests. Other routine tests include complete blood count
with platelets and serum electrolytes.

B. Clinical and laboratory characteristics. Diseases that may present with a nephritic
sediment and their associated clinical findings are given in Table 8-5. This clas-
sification is not based on pathogenic mechanisms but rather on clinical and lab-
oratory characteristics that may lead to the correct diagnosis.

C. Nephrologic consultation and rena! biopsy. It may not be possible for the complete

evaluation of a patient presenting with a nephritic sediment to be completed by
a primary care physician alone. He or she may need the assistance and expertise
of a trained nephrologist and some sophisticated laboratory determinations.
Nevertheless, with a careful clinical evaluation the primary physician will be
able to focus cn the most likely diagnosis. One specialized diagnostic test that
may be necessary is the percutaneous renal biopsy. This diagnostic procedure is
not without risk. The morbidity is 5 to 10 percent for benign complications and
0.5 to 1.0 percent for serious complications. Mortality is rare. Indications for renal
biopsy vary widely among nephrologists. If the combination of a thotough history,
physical examination, and appropriate laboratory tests does not allow a diagnosis
with a reasonable degree of confidence, renal biopsy may be indicated. Never-
theless, few histologic or immunofluorescence studies of renal tissue can lead to
diagnosis of one disease entity. Much more frequently, the findings are only com-
patible with a specific diagnosis. Thus, the synthesis of clinical, laboratory, and
pathologic information may be necessary to establish the most likely diagnosis.
The renal biopsy may also provide some indication of the prognosis of the renal
disease. For instance, in a patient with glomerulonephritis, the finding of epithelial
crescents in more than 80 percent of the glomeruli indicates a poor prognosis
with respect to the potential reversibility and natural history of the renal disease.
This is particularly true when there is no evidence of associated systemic disease,
which indicates the diagnosis of idiopathic, rapidly progressive glomerulonephritis. -

D. Therapy. Only a few therapeutic interventions are of proven benefit in the various

forms of glomerulonephritis. In general terms, control of blood pressure and elec-
trolyte balance is of utmost importance in all forms of glomerulonephritis, in-
dependent of any specific treatment.



Table 8-5. Causes of Nephritic Sediment

Glomerulonephritides Clinical Clues Confirmatory Laboratory Tests and Findings
Postinfectious
Poststreptococcal History of sore throat, impetigo, or skin Positivéstreptozyme, low serum comple-
infection ment
Syphilis History of syphilis with other physical Positive VDRL, low complement
findings
Malaria History of exposure, fever, chills Positive antimalarial antibodies, charac-
) teristic blood smear
Bactdrial endocarditis Heart murmur, fever, skin manifestations, Positive blood cultures, low serum comple-

Visceral abscesses
Viral hep\atitis

Some other viral diseases (e.g., Guillain-
Barré, infectious mononucleosis)

Associated with multisystem diseases
Systemic lupus erythematosus (SLE)

Progressive systemic sclerosis (PSS)
Wegener's granulomatosis

Mixed connective tissue disease

Sjogren’s syndrome

Leucocytoclastic vasculitis (hypersen-
sitivity angiitis)

Thrombotic thrombocytopenic purpura

Adult hemolytic uremic syndrome

4 ] |
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Polyarteritis nodosa
Essential cryoglobulinemia

Goodpasture’s syndrome

Familial nephropathy (Alport’s syndrome)

Idiopathic

splenomegaly

Fever, abdominal findings, postabdommal
surgery |

Anorexia, jaundice, liver tenderness

Ascending neuropathy, sore throat,
splenomegaly

Arthralgias, skin rash, gerositis, hair loss,
photosensitivity

Skin changes, dysphagia, malabsorption
Associated sinusitis, abnormal chest x-ray

Features of SLE and PSS

“Sicca” picture, rheumatoid arthritis (RA)
associated

Palpable purpura, asthma

Systemic manifestations with predominant
neurologic symptoms

Abdominal pain, diarrhea, arthralgias

ment
Low complement in one-third of patients

Positive HBAg, merfbranous nephropathy
on renal biopsy
Albuminocytologic dissociation on spinal
tap, positive “mono spot” test

Positive ANA and DNA antibody, low
serum complement

Positive Scl-1*

Nasal mucosa biopsy, lung and/or renal bi-
opsy may be indicated

Positive nuclear RNP®

Positive SS-A or SS-B' in 60% of “sicca”
cases, negative with associated RA

Skin biopsy, eosinophilia

Microangiopathic hemolytic anemia, low
platelet count, gingival biopsy

Microangiopathic hemolytic anemia

APHODDDODNDODODIADNNNOIOIOBOONONBP O,

Systemic manifestations (lung, liver)
Purpura, arthralgia, hepatosplenomegaly

Hemoptysis, abnormal chest x-ray

Deafnes;, cataract (anterior or posterior),
lenticonus, family history

None

Musclg and/or testicular biopsy, arterial an-
giogram for splanchnic or renal mi-
croaneurysms

Presence of cryoglobulins, low serum com-
plement

Renal biopsy (linear immunofluorescence
staining), circulating antiglomerular
basement membrane (anti-GBM) anti-
body

Renal biopsy indicated (duplication of glo-
merular basement membrane by elec-
tron microscopy)

None characteristic, renal biopsy indicated

“Scleroderma-1 (Scl-1): a soluble anti

) gen present in rabbit th,

'cAntmbonucleoprot,em (RNP): complex of RNA and protein. s Rues

Sjogren’s syndrome A and B (SS-A, SS-B): extractable antigen from lymphoid cells.
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128  8: The Patient With Proteinuria or an Abnormal Urinary Sediment

Treatment of the underlying infection in the glomerulonephritis associated with
bacterial endocarditis, malaria, syphilis, ang visceral abscesses is of benefit.
As already mentioned, the various forms of Tupus nephritis are best controlled

with steroids. The combination of steroids and immunosuppressive agents to treat
diffuse proliferative lupus nephritis has not been shown to be better than steroids
alone. In rapidly progressive glomerulonephritis due to systemic lupus erythe-
matosus, plasmapheresis has been tried with some success. Steroidal and im-

munosuppressive therapy should accompany plasmapheresis to prevent immu-

“nologic rebound. Wegener's granulomatosis responds particularly well to

cyclophosphamide. Leucocytoclastic vasculitis may respond to drug withdrawal
if it is caused by 2 hypersensitivity reaction; a favorable respense to steroid therapy
may also be observed. Some cases of polyarteritis nodosa seem to benefit from
prednisone and cyclophosphamide.

Pulmonary hemorrhages are the most life-threatening manifestations of Good-
pasture’s syndrome. With massive hemorrhage, short pulse therapy with meth-
ylprednisolone (1 gm per day intravenously in divided doses) has been used, with
success in some isclated cases. Plasmapheresis accompanied by steroids and cy-
totoxic agents has been reported to be effective, but prospective controlled studies
remain to be performed. Bilateral nephrectemy has been uced as a last resort to

control pulmonary hemorrhage; however, there have been well-documented cases
of relapse after nephrectomy.

All of these therapeutic regimens invelve dangerous medications (steroids, im-
munosuppressive agents) and/or elaborate technology ( plasmapheresis). The pri-
mary care physician who decides to use these approaches must be fully aware of
their complications and should work closely with a nephrologist.

iv. Approach to the patient, with hematuria without proteinuria and red blood cell

casts—greup li. In this c*egory of diseases an attempt should be made to localize

the source of hemorrhage long the urinary tract.
A. Patlent evaluation. QObservation of the pattern of macroscopic hematuria is im-

portant. Total hematuria throughout urination is indicative of any lesion above
the bladder neck; initial hematuria followed by clearing of the urine suggests a
urethral lesion; and terminal hematuria usually originates in the prostatic urethra
or the bladder neck. If the hematuria is microscopic, the three-glass maneuver
with actual counting of the red blood cells in urine passed in each glass allows
the same differentiation. With the three-glass maneuver, the patient initiates
the urine stream into the first container (about 20 ml), continues voiding into
the second container, and finishes into the third. Findings are shown in Table
8-6. ;
It cannot be overemphasized that the presence of hematuria may be indicative
of a curable disease, including a renal carcinoma or renal tuberculosis. Therefore,
every effort should be made to establish a diagnosis. The urologist and radiclogist
should be intimately involved in the evaluation of such patients. The minimal
diagnostic evaluation of a patient presenting with hematuria without proteinuria
or red blood cell casts should include the following:
1. History. A thorough history is necessary, with emphasis on factors such as a
family history of renal diseases, anticoagulant ingestion, and history of exposure
to tuberculosis. A careful physical examination for renal masses, for abnormal

Table 8-6. The Three-glass Maneuver
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prostate enlargement or nodules, and of external genitalia ( i
‘ 5 ia (e.g. sar-
icocele may accompany a renal tumor on the righg should l(:eﬁn)a?i: S
2. ﬁssessmen! of the hematuria. This assessment should be made' b the thr
= g.ass maneuver, as described above. [ Z b
. Routine laboratory tests. Routine tests should include th
2 lab t sts ¢ ose for platel
thx"ombm time, partial thromboplastin time (PTT), sickle cell pre%a:at?és : gﬁ
skin test for tuberculosis (PPD). L
g. Straining of urine. Straining of urine should be done for stone or tissue debris
. Fiat plate. Flat plate of the abdomen and excretory urogram with nephrt;to:
F rém;sgtr:ég; ;hol‘;ldt?le éi(clme in search of radiopaque stones and renal masses
- y. If a bladder origin of the hematuria cann ; =
e gi e hematuria ¢ ot be excluded, cystoscopy
7. Urine culture

_ Clinical characteristics. Causes of hematuria without proteinuria or red blood

cell casts, along with some clinical clues and recommended diagnostic tests
shown in Table 8-7. In 40 percent of patients with hematuria, a stn;ct.ural d:fanf
can be found, such as a bladder abnormality, a calculus, or a rénal tumor. An ethecL
40 percent have a renal parenchymal disease, and in 10 to 15 e
cannot be determined. gy ls e
A.partlcularly important and frequent problem-is the diagnosis of the patient
with hematuria in whom a solitary renal mass is discovered on excreto g
raphy. The patient presenting with hematuria, flank pain, and a palpabxlz mug
glthough uncommon, is classic for the diagnosis of renal cell carcinoma, especiall ;
if the patient hgs associated signs of weight loss, fever or night sweats a,nd l::l ot
or polycythemia. The main differential diagnosis is with a benign, renal :;Ima
(e.g., s_ohtgry cyst, hematoma). Modern indirect techniques ca;1 make this ss?
ferentlal. dxagnosys with near certainty and with less morbidity and mortal‘lt 3
Fhan a dlr'ect §urg1cal approach. A recommended investigative sequence of ev lé
is showp in Flgure 8-17. This diagnostic approach, if performed at an experie e:ed
institution, is 100 percent as sensitive and 97 percent as specific as direc;t)s 5 1
exploration. The mortality is also ten times less and the cost 50 percent le:r;tzl‘mca
e)fploratox:y surgery. More recently, many radiologists are recommendi ; 3¥1
_CT scanning (with and without contrast) of renal masses. Such scans o O'ffd,v
information on the nature of the mass (solid versus cystic). the extent of thpmH .
:n‘d the}fresence of nodal, renal venous, and hepatic involvement Overelellrnf}fiss,
3?1});(1:; gsgrp?rlod:,>ﬁ3 more cost-effective and sensitive then that shown in Figure
Therapy. In most diseases in this category (neoplasms, impacted stones) th
treatment is surgical. If acute interstitial nephritis is due to a drug h o
sitivity, withdrawal of the drag is essential. A short course of prednio*xipflrser:
kg for 10 to 14 days) may hasten the recovery of renal function as wll] the
completeness of recovery with acute interstitial nephritis. s

s = £ 9 s . - s

f‘g’;lng mafjly' occur along or assoctated with some degree of hematuria. Any acute or
onic inflammatory disease of the kidneys or uri 7 t ult i i
=g e = 4 : nary ract can result in pyuria.
I pyuria can be in the form of isolated pus cell
' ' in the | S s, clumps, or.
rarel_x:, true white blood cell casts, which indicate the renal parenchymal o o i"
the disease process. i

Glass Initial Hematuria Total Hematuria Terminal Hematuria = ‘a Th
3 ‘he minimal workup of a patient who pres i i ia i

1 - — — AE s i o p presents predominantly with pyuria includes
/ = e -"3’!:‘-: a A. Hlst(?ry‘and physical éxamiqation. A careful history includes episodes of fever
. 5 = 255 ;:%- recent sext{al coqtacts, drug ingestion (analgesics, antibiotics) and previous uri’
; :3% 8 2 r[x)z;ry tract 1.nfect10n or symptoms (dysuria, frequency, urgenc)}). 1
—— = = i é‘ : - I }grm!natlon of_ plgsma uric acid, calcium, electrolytes, and iead, if histery
@!gk - indicates (e.g., drinking moonshine). : .
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Table 8-7..Causes of Hematuria Without Proteinuria or Red B_lpod Cell Casts

Hematuria

Clinical Clues

Critical Tl"ests and Findings

Hematuria of renal origin
Neoplastic diseases
Renal cell carcinoma

Carcinoma of renal pelvis

Other tumors of the renal parenchyma
Papillary necrosis

Diabetes mellitus

Analgesic abuse 8

Sickle cell (SS) anemia

Acute urinary tract obstruction

Cystic diseases
Polycystic kidney disease

Medullary sponge kidney

Solitary cyst
Medullary cystic disease

Vascular disorders
Renal embolus (including
atheromatous emboli)

Renal mass, flank or abdominal pain, fever,
weight loss, anemia

History of analgesic ubuse
Renal mass

\ -

History, fever, bacteremia, flank or abdomi-
nal pain

Middle-aged female, chronic pain, and
several-kilogram analgesic ingestion

Flank or abdominal pain, history of SS
crisis
History, usually male (prostate)

Family history, hypertension, renal masses

History of previous stones, renal tubular
acidosis, nephrocalcinosis

Generally no hematuria

Rarely hematuria, salt losing nephritis,
azotemia

Other embolic manifestations (e.g., abdomi-
nal pain, hemiparesis), cold, no pulse,
painful extremity

Excretory urogram (XU), ultrasound, an-
giogram (tortuous “tumor” vessels, ar-
teriovenous fistulae), CT

XU, retrograde pyelography, CT

XU, ultrasound, angiogram, CT

Straining of urine foy papillary debris in
urine

XU, positive Phenistix or ferric chloride
reaction in urine (salicylates), papillary
debris in urine

XU, papillary debris in urine, SS hemo-
globin on Hemoglobin electrophoresis

XU, papillary debris in urine

XU, ultrasound, CT
XU

XU, ultrasound, angiogram, CT

Renal scan, angiogram, stool guaiac,
ultrasound for mural thrombus

mwnﬁaanqo»»»pwrpnqnpp;g_ﬁ_m

Stones
Trauma
Acute interstitial nephritis

Hematuria of ureteral origin
Neoplasm
Stone
Trauma

Hematuria of bladder origin
Cystitis (viral or bacterial)
Neoplasm
Stone and foreign body
Runner's hematuria

Trauma
Cyclophosphamide
Hematuria related to the urethra or pros-
tate .
Benign prostatic hypertrophy

Acute u;ethritis
Trauma and foreign body

@W@@@J”ohbubui«»j

Previous history of renal calculi
History of trauma, blood clots in urine

History of drug intake (penicillins, al-
lopurinol, cimetidine, furosemide, sul-

fonamides)

Pain
History of trauma

Dysuria, frequency, urgency

History

Hevere physical exorcise, generally nceoms
panied by proteinuria

History of trauma, fractured pelvis

History of drug treatment, dysuria

History of nocturia, frequency, urgency, and
dysuria

Dysuria

History

XU, straining of urine

XU, angiogram

Peripheral eosmophlha fever, rash,
eosinophils in urine (possible pro-
teinuria)

XU, regrograde pyelogram, CT K
XU
XU, retrograde, pyelogram, CT

Associated pyuria, positive culture

XU, cystoscopy, CT
XU, cystoscopy

XU, cystoscopy
Cystoscopy
XU, cystoscopy

Cystoscopy
Cystoscopy
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Renal angiography

Malignant Benign

Renal mass on excretory urography
]

Py

Ultrasonography
\‘f\-\_ﬁw
Selid and cystic Normal

|

Nuclear scan?

—
Solid Mass Cystic mass

l ' Renal angiography
i
Zarh

Malignant  Benign

Cyst puncture with
cytology and radio-
contrast media
evaluation of cyst

7 X

Suspicious Benign

i Angiography

Fig. 8-17. Diagnosis of hematuria without proteinuria or red blood cell casts. (From
R. V. Clayman, R. D. Williams, and E. E. Fraley, Current concepts in cancer: The
pursuit of the renal mass. N. Engl. J. Med. 300:72, 18793

Hl.

Urine culture, Gram stain of unspun urine for bacteria, dipstick for protein,

examination of urine sediment.

Evaluation of renal function. The evaluation should be made with plasma cre-

atinine, early morning urine specific gravity, or osmolality.

Skin test. This test should be made with intermediate-strength PPD.

. Excretory urography. If pyuria is chronic or intermittently acute, excretory
urography should be performed.

Frequent causes of pyuria, with some clinical clues and additional laboratory tests,

are presented in Table 8-8.

mm O O

. Clinical characteristics. Pyuria related to bacterial infection is discussed in Chapter

7. The group of chronic interstitial nephritides is usually characterized by alterations
in tubular function before any important decrease in glomerylar function occurs.
Polyuria and nocturia may be prominent clinical features, especially in nephropathy
associated with nephrocalcinosis or potassium depletion. Hyperchloremic metabolic
acidosis, with a decrease in plasma bicarbonate and a concomitant increase in plasma
chloride, is common. Proteinuria is usually below 2 gm per day. Special mention
should be made of the frequency of analgesic nephropathy, which is a frequently
overlooked cause of unexplained chronic renal failure. The disease is especially com-
mon in middle-aged women with neurotic habits. Papillary necrosis is the predominant
feature with either an acute presentation of pain, fever, and superimposed infection
or a more chronic form discovered only on excretory urogram. The excretory urogram
may be normal, however. Infectior: is present in approximately 40 percent of patients.
Very often the diagnosis can be made only by finding on two or three occasions
salicylate in urine (positive Phenistix) or acetaminophen in urine (measurement
done by a drug assay laboratory). The histery is often exceedingly difficult to obtain
because the patient is reluctant to admit chronic drug abuse.

Therapy. The therapy of the various diseases manifested by pyuria is directed toward
the cause. Renal infectious processes are discussed in Chapter 7. Renal stone disease
is discussed in Chapter 6. In chronic interstitial nephritides special attention should
be devoted to maintenance of an adequate extracellular fluid volume, since in some

- patients renal water and salt losses are an important part of the clinical picture. In

the interstitial nephritides accompanied by hypertension (e.g., chronic urate ne-
phropathy and nephrosclerosis), control of the blood pressure is essential.
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Confirmatory Laboratory Tests and

Clinical Clues

Cause

Findings

WBC casts, urine and blood cultures
Wright’s stain of urine for eosinophils

Fever, chills, flank pain
Hematuria frequent

acute pyelonephritis

Acute hypersensitivity nephritis

Chronic interstitial nephritis

Acute interstitial nephritis
Bacterial

Pyuria of renal origin

al biopsy is most definitive
Excretory urogram (XU) reveals cortical

, and small kid-
ring sign), positive Phenistix

scars, blunted calyces
Hypokalemia

neys
XU may reveal papillary necrosis (e.g.,

ren

Sterile pyuria (60%), middle-aged female

History of previous acute episodes

Chronic bacterial pyelonephritis

Analgesic abuse

Polydipsia, polyuria

Potassium depletion
Nephrocalcinosis

Hypercalcemia

Polydipsia, polyuria

\

Elevated uric acid, anemia, basophilic stip-
pling of erythrocytes )

history (battery workers)

Children, moonshine drinkers, professional
History of exposure

\

\
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reters

XU, may reveal strictures of u

History of exposure, positive PPD

Tuberculosis

frequently

and/or renal infundibulum,

associated hematuria

\

|

Long-standing high blood pressure

Nephrosclerosis
Nephronophthisis (medullary.cystic dis-

Anemia, XU reveals smail kidneys

bilaterally
XU reveals calculi, positive urine culture

Positive urine culture

Family history, polyuria, nocturia, renal
failure in second decade

Pain

ease)
Pyuria originating from the excretory sys-

tem
Pyelitis associated with stone

Cystitis, acute
Urethritis

Frequency, urgency, pain

Positive urine culture

History of sexual contact

CGonococeal

Negative urine culture °

History of sexual contact

Nongonococcal
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The Patient With Acute
Azotemia

Robert E. Cronin
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A variety of disorders in both hospitalized and nonhospitalized patients may lead to
acute azotemia. The term azotemia implies a retention in body fluids of nitrogenous
wastes normally excreted by the kidney. However, the presence of azotemia does not

nopppo

necessarily imply a malfunctioning kidney. A healthy kidney in a person depleted
of salt and water may quite appropriately reduce excretion of all solutes and fluids
to maintain an adequate blood volume. Conversely, an obstructed or otherwise acutely
injured kidney may result in acute azotemia in the absence of volume depletion. The~
following exarhple may serve to illustrate the often complex circumstances that sur-
round acute azotemia. ‘ i .
Example (Figure 9-1): A 41-year-old white man was admitted to the hospital on July
16, 1977, with leg pain. He had a history of severe bilateral atherosclerotic disease
of the peripheral vasculature and 2 years earlier had undergone a left above-the-
knee amputation. On this admission an arteriogram demonstrated complete occlusion
of the aorta below the renal arteries. An unsuccessful revascularization procedure
under general anesthesia was followed in 3 days by a right below-the-knee ampu-
tation. Several revisions of the stump were required over the next 2 months. Because
of a persistent purulent drainage from the stump following the initial operation,
parenteral and-oral antibiotics were begun. Despite a combination of cephalothin
and gentamicin, a fever of 100° to 103° F persisted. Seven weeks after admission a
wound culture grew Acinefobacter resistant to gentamicin, ampiciilin, and cephal-
othin, but sensitive to colistin and carbenicillin. The patient was begun on a 14-day
course of colistin. On the minth day of colistin therapy, nonoliguric acute renal failure
was noted for the first time. Five weeks following discontinuation of all antibiotics,
the patient’s renal function returned to baseline values.

This patient, like many hospitalized patients, was exposed to a variety of insults

capable of causing acute azotemia, including high-dose intravenous x-ray contrast,

surgery, general anesthesia, gram-negative infection, andthree potentially neph-
rotoxic antibiotics. ‘ ~

. Clinical setting and characteristic features. An elevated blood urea nitrogen ( BUN)
and serum creatinine and a reduced urine volume are compatible with a variety of
disturbances that may be of renal or nonrenal origin. The mere documentation of
azotemia offers little guidance to the physician in choosing the proper diagnosis or
therapy. Acute azotemia can usually be attributed to one of the causes described
below.

A. Prerenal azotemia. Prerenal azotemia represents a decrease in glomerular fil-
tration rate resulting from a decrease in renal perfusion pressure and/or intense
renal vasoconstriction, such as ocurs with:; .
1. Volume depletion, secondary to:

a. Excessive diuresis
b. Hemorrhage
c. Gastrointestinal losses
= < d. Third space lesses
= = = (1) Burns /
> (2) Traumatized tissue
(3) Peritonitis
(4) Pancreatitis

Kassirer, J. P., and Gennari, F. J. Laboratory Evaluation of Renal Function. In L.
E. Earley and C. W. Gottschalk (Eds.), Strauss and Welt’s Diseases of the Kidney
i3rd ed.). Boston: Little, Brown, 1979.

Koehler, P. R. Hematuria. Med. Clin. North Am. 59:201, 1975.

Lanas, M. D., Wagoner, R. D., Levy, F.J. Unilateral essential hematuria. Mavo Clin.
Proc. 54:88, 1979.

Northway, J. Hematuria in children. J. Pediatr. 78:381, 1971.

West, C. D. Asymptomatic hematuria and proteinemia in children: Causes and ap-
propriate diagnostic studies. J. Pediatr. 89:173, 1976.
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Fig. 9-1. A 41-year-cld male developed acute azotemia following exposure to multiple -
operations, infections, and potentially nephrotoxic drugs.

2. Cardiac and vascular disorders

a. Congestive heart failure ;

b. Acute myocardial infarction

¢. Pericardial effusion with tamponade

d. Acute pulmonary embolism

e. Renal artery emboli, thrombosis, or stenesis
3. Peripheral vasodilatation

a. Gram-negative sepsis

‘6. Antihypertensive medications
4. Increased renal vascular resistance

a. Surgery | L

b. Anesthesia |

c. Hepatorenal syndrome

d. Prostaglandin inhibitors (aspirin, indomethacin, ibuprofen)
Many disturbances developing in both hospitalized and nonhospitalized patients
may seriously alter extracellular fluid (ECF) volume. Thus volume depletion must
always be excluded as a cause of prerenal azotemia. Prerenal azotemia accounts
for the vast majority of patients with acute azetemia, and it must be considered
in every patient in whom the diagnosis of acute azotemia is in deubt. Moreover,
it often precedes and predisposes to the development of acute renal failure and
as such is a risk factor for the more serious forms of acute azotemia. Since the
causative factors for prerenal azotemia and acute renal failure overlap, distin-
guishing between these two disease states may become possible only by the out-
come of therapy (e.g., if volume repletion or improved cardiac function rapidly
reverses the azotemia, then prerenal azotemiz was present).

. Postrenal azotemia. The common causes of postrenal azotemia include:

1. Urethral obstruction

a. Urethral valves

B. Urethral strictures =
2. Bladder neck obstruction

a. Prostatic hypertrophy

b. Prostatic and bladder carcinoma

¢. Autonomic neuropathy or ganglionic blocking agents

L
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> j= \ ~
?» st ‘
& .‘% e 3. Ureteral obstruction—bilateral
2 a. Intraureteral
?.‘ E = : (1) Stones i ==
R 3 (2) Blood clots : e

{3) Pyogenic debris or sloughed papillae -
(4) Edema following retrograde pyelography = =
b. Extraureteral
(1) Prostatic, bladder, or cervical cancer
g; Igetrgperitoneal fibrosis
ccidental ureteral ligation or trauma durin, i .
The common denominator of acute azotemia in this set ogf gfsl?&esl:riieggstmcﬁo
to the flow of urine. The patient most at risk for acute postrenal azotemia is t_bl;
elderly man in whom prostatic hypertrophy inay lead to complete or pa:rtial ob-
struction to urine flow. Young boys with congenital urethral valves may al
have acute (?bstmction, In women, complete urinary tract obstruction is rela);iveio
uncommon in the absence of pelvic surgery or pelvic malignancy. However t:ranji
sxentt, k\:mtatgriexl, pfirtial btxreter:::l obstruction is not uncommon in the coxirse of
acute bacterial pyelonephritis (py 1 i 1 i
i P) p (pvogenic debris) or fungal (fungal ball) urinary
C. Acute renal failure. In contrast to the two preceding categories, the disorders

listed here and in the next two sections represent primary renai disturbances
The course of acute azotemia in these situations cannot be changed by mani :
ulating factors outside the kidney (e.g., volume repletion, improving cardu;a:
function, correcting hypotension, removing obstruction). The term acute tubular
necrosis (ATN) is often used interchangeably with the term acute renal fatlure
However, proximal tubular necrosis, although present in many of these cases‘

does not always occur in-a patient who otherwise fits the descripti
et e description of acute

1. Ischemic disorders. Ischemic disorders
acute renal failure include:

. Complications of surgery
. Hemorrhage
. Trauma
Rhabdomyolysis with myoglobinuria
Gram-negative sepsis
Postpartum hemorrhage
. Pancreatitis ;
With the ischemic disorders, reduced blood flow to the kidneys results from either
a decreased total blood volume or a redistribution of blood away from the kidr;;y
It is seen most commonly following surgery and trauma. Rhabdomyolysis wit};
myoglobinuria is being recognized with greater frequency and may account for
many of the cases of acute renal failure previously classified as “etiology unknown.”
2. Nephrotoxic disorders. Nephrotoxic disorders include those caused by:
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a. Antibiotics ~
(1) Aminoglycosides
(2) Cephalosporins
(3) Colistin
— b. lodine-containing x-ray contrast
— ¢. Heavy metals (arsenic,lead, cadmium, mercury, bismuth, uranium)
¢d. Organic solvents (carbon tetrachloride) s
e. Ethylene glycol (antifreeze)
—f. Anesthetics (methoxyflurane, enflurane)
L . Cyclosporin
n ospitalized patients nephrotoxins have become a major cau i
faxlure. Antibiotics, particularly those of the aminoglycojside CY:;OZ?:LEZBGI;?:i
1mportant'cc.>ntribut0rs‘ Even with careful dosing and measurement é»f blood }eve‘::
nephrotoxicity occurs in 15-25 percent of all patients treated with ammoglvco:ide;‘
In_travenous x-ray contrast administration is also a major cause of acute ;‘e'xe
faxlure, especially in patients with multiple myeloma and diabetes mellitus The
increased susceptibility of diabetic patients has beer: appreciated only duri;:g the
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past 10 years. The factors that put these patients at risk appear to be preexisting
renal insufficiency, volume depletion, hypertension, vascular disease, and pro-
teinuria. It is also likely that administration of unrelated nephrotoxins may have
an additive nephrotoxic effect on the kidney. For example, in experimental an-
imals, aminoglycoside antibiotics are more nephrotoxic if given after the fluoride-
containing anesthetic methoxyflurane. X-ray contrast media and aminoglycoside
antibiotics may also have additive nephrotoxicities, since both agents are normally
concentrated in proximal tubular cells.
~  D. Acute interstitial nephritis. The following therapeutic agents represent the primary
causes of acute interstitial nephyitis:
1. Antibiotics
a. Penicillins
b. Cephalosporins
c. Rifampin
d. Sulfonamides
2. Miscellaneous drugs
. Diuretics (furosemide, thiazides, chlorthalidone)
. Allopurinol
Phenytoin
Phenindione
Phenylbutazone
.- f. Nonsteroidal antiinflammatory drugs
. ‘Although any member of the penicillin group of drugs may cause such a reaction,
-~ ‘methicillin is the agent most frequer.tly described. In contrast to the proximal
¢ ‘tubular necrosis seen commonly with acute renal failure, the primary histologic
lesion of acute interstitial nephritis is marked edema of the interstitial space
and a focal or diffuse infiltration of the renal interstitium with lymphocytes,
~macrophages, plasma cells, and polymorphonuclear leukocytes. Loss of renal
4. function from drug hypersensitivity tends to be less abrupt and severe than with
} ~ _classic acute renal failure; nevertheless, dialysis therapy may be required. Re-
# - ~covery of renal function following withdrawal of the drug may be slow and in-
“7complete. -
E.” Primary renal, systemic, and vascular diseases. Diseases in these categories
* associated with acute azotemia include:
= 2.3, Acute poststreptococcal glomerulonephritis
. “.«-. 2. Rapidly progressive glomerulonephritis .
< .+ 3. Goodpasture’s syndrome
. Systemic lupus erythematosus
. Subacute bacterial endzzﬁarditis
. Necrotizing vasculitis
Malignant hypertension
. Postpartum renal failure
When acute azotemia develops in association with these disorders, it often rep-
S resents only one of many serious complications of an underlying disease. Moreover,
histologically, the primary site of injury is the glomerulus or the vascular supply
of the glomerulus, with the proximal tubule and the interstitial areas relatively
uninvolved. Azotemia during the course of acute glomerulonephritis is rare, but
the glomerular filtration rate is nearly always reduced. Anuric or severe oliguric
acute renal failure complicating acute' glomerulonephritis appears to be more
_frequent in adults. Characteristically, acute azotemia developing in the course
of systemic vasculitis is an ominous sign, and recovery of renal function, if any,
is often delayed and usually incomplete.
Ii. Differential diagnosis
A. Evaluation of the acutely azotemic patient. Whether the patient is seen for the
first tiyme in the office, in the emergency room, or in the hospital, careful tabulation
— ——— and recording of data is the first step in diagnosis and treatment. Vital signs,
daily weights, records of intake and output, past and current laboratory data,
and the fluid and medication list should be recorded on a flow sheet and included
in the patient’s chart. In situations in which the patient has been hospitalized
for several days or weeks with a complicated course before developing acute azo- »
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temia, a carefully prepared flow sheet may often be the only way to comprehend
the problem and guide the way to proper therapy.
B. History.In evaluating a hospitalized patient with acute azotemia it is helpful to
determine whether the azotemia developed outside or inside the hospital.
1. Azotemia developed outside the hospital
a. Chronic systemic illness. Azotemia first discovered in the office or emer-
gency room may be chronic or acute in origin. A previous systemic disease
{e.g., diabetes mellitus, hypertension, systemic lupus erythematosus) or a
history of kidney disease (e.g.; kidney infection, abnormal urinalysis on a
previous physical examination) suggests that the azotemia may be chronic.
b. Acute systemic iliness. Alternatively, an acute systemic illness (e.g., viral
influenza, gastroenteritis) may lead to acute azotemia through a-variety
of mechanisms (e.g., volume depletion, rhabdomyolysis with myoglobi-
nuria). Acute poststreptococcal glomerulonephritis is usually preceded by

streptococcal pharyngitis or pyoderma. Pyoderma may occur in: children -

and adults of any age and is characterized by vesicular lesions, usually
on the extremities, which become pustular and then crust.
¢. Trauma. Trauma as the cause of acute azotemia is usually apparent at the

time of admission to the hospital, but the unconscious or comatose patient .-

may Harbor internal injuries, extensive muscle damage, or acute urinary
retention that are not discovered initially. ;

d. Obstructive uropathy. Male patients with acute azotemia should be
screened carefully for symptoms of prostatism. /

e. Adverse drug reaction. Antiinflammatory compounds that work by in-
hibiting prostaglandin synthesis (e.g., aspirin, indomethacin, ibuprofen)
cause prerenal azotemia by removing important intrarenal vasodilating
prostaglandins. Steroids and tetracycline compounds cause an elevation
of blood urea nitrogen, presumably through enhanced protein breakdown
and urea production, but there is usually no effect on glomerular filtration
rate, and thus in a strict sense this does not represent a renal disorder.
Demeclocycline, however, may be nephrotoxic in the patient with liver
disease. Diuretic agerts with a structural similarity to sulfa compounds
(thiazides, furosemide, chlorthalidone), antibiotics (penicillins, cephalo-
sporins, rifampin), and a variety of miscellaneous drugs may cause a hy-
persensitivity reaction in the renal interstifium, leading to acute azotemia.

f. Intoxication. Accidental or intentional intoxication with heavy metal com-
pbunds, solvents, ethylene glycol, salicylates, or sedatives, especially in a
patient presenting with disordered mentation, may explain an otherwise
unexpected episode of acute azotemia. X%

2. Azotemia developed inside the hospital. When azotemia develops in the hos-
pital setting, the list of possible causes narrows.

a. Fluid and electrolyte depletion. Fluid and electrolyte depletion usually
results from a failure to appreciate and replace fluid losses (e.g., excessive
diuresis, nasogastric suction, surgical drains, diarrhea) in patients who
are too ill to control their own solute and water intake.

b. Surgery and anesthesla. Both surgery and anesthesia cause a vasocon-
striction of the renal artery and release of antidiuretic hormone; both of
these effects may persist for 12 to 24 hours into the postoperative period.
As a result, reduced volumes of concentrated urine in the early postop-
erative period tend to be the rule rather than the exception. If postoperative
infection or unexpectedly large wound or drain losses occur, negative fluid
balance may supervene, leading to prerenal azotemia.

c. Nephrotoxic drugs and diagnostic agents. Although there seems to be :

little justification for continued use of methoxyflurane (Penthrane), an oc-
casional case of acute renal failure from its use still occurs. Enflurane, a
related agent, may also cause acute renal failure, but the risk seems to
be much less. Prolonged administration of methoxyflurane (greater than
4 to 5 hours) or repeated administration appears to predispose to neph-
rotoxicity.

Nephrotoxic drugs and diagnostic agents represent a major and serious
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cause of acute azotemia. Since the kidney is the pri =5

v is the primary organ of excreti - == : e

g = for many annbmtxcs‘and x-ray contrast agents, the renal tufdw e;;f:;gfn ‘ﬁ = % 5. Systemic diseases. The physical examination in primary renal, systemic, and

is exposed to very high concentrations 2nd not infrequently sustains d&r:l e vascular disorders is variable and is usually remarkable for the absence of
= gross urinary tract findings, but the mucous membranes, eyes. joints, and skin

A age. _Ncmoiiguric acute renal failure (greater th i i
despite a rising BUN and serum creag:;ineé isir}ixasx?a?chlﬁﬁi‘cu;?;pe;ca'y
that develops fo}lowing aminoglycoside ne;a}xrotoxiciti la‘mnk az‘;tegllfa
;econdary to amu_mglycosides may develop for the first time after the dnia
as befn d;spontmued; conversely, recovery of renal function followi 6
discontinuation of the nephrotoxic aminogliycoside is often dela dwmg
may require weeks to months to be complete! In contrast, acute renzsl(ef _1an
followu.lg intravenous or intraarterial administratiox; of x-ra at\;ure
agents is chgracteri stically abrupt in onset and usually oli ric\y RCOII !"aSt'
te'nds to beg_ln within 2 to 3 days. However, patients wim'ilévaﬁ ;f ?-veryl
ialrl;:e‘,: pa\tnlculgrlg' diabetic patients, may never recover function cfoll(;»?il:"
- ontras i i &
S n:od}alysis a;;t;;x; y1.1ced acute renal failure and may require chronic he-
. Physical examination. Since prerenal azotemia is the m
S fmaplimd 2 s ost common cause of
aoue = : egfr{ta, the adequacy of extracellular ﬁfx:d volume must be carefully
1. Adequacy of effective blood voiume Physica! findin i
. ume. gs useful in assessin
L:-e Is}t;adt‘x;s;m (;fi ;::. extracellular fluid compartment include: :
b. Postural blood pressure and pulse changes '
¢. Skin turgor '
d. Mucous membrane moisture
e. Intraocular pressure
Reduced .bOQy weight, a fall in systolic blood pressure of greéter than 10 mm
‘I:{g orarise in pulse of greater than 10 bpm when assuming the upright posture
tenting” of upper thorax skin when pinched with the fingers, dry muc '
membranes, 2nd reduced fullnes of the eyebails on light palpZu.oh all kus
a reduction in extracellular fluid volume. Prerenal azotemia may z‘xlc Zugzglest
in states in which extracellular fiuid is expanded ie.g., cardiac f{ﬂ:ure‘i'rit\xe .
::Khrptl? syndliome). (,i\lthough the ECF may be expanded as j\;dged i)vxbed(;?tlisé
eria (e.g., elevated jugular venous pressure, 1 ntri 3
g/a:_itf?p rhythm, ascites, peripheral edexgxak the e{Pfgl?;\?s iﬁgo];la‘\?i.u‘r]:: uc;‘rutl}:i ’_’eﬂ
E:n ;{)r;zwgg};in&the arterial circulation, may be decreased, thus leading to pre-
2 Urinaw tract obstruction. The physical examination is also .im ortant in di
agnosing pogtrenfﬂ azotemia, especially in the unconscious pat?em or 'mt(lill'
confused patient in whom otherwise unexplainable agitation m':v be thm le
clue to acute urinary retention. Careful abdominal examinati(;; may urfc?)?'e}x"

often demonstrate abnormalities. - +
D. Testing procedures = H
1. Laboratory studies. Although physical findings are the best guide to the ad-
equacy of the extracellular fluid volume, several laboratory tests point to the
presence of prerenal azotemia. =
2. Urinary diagnostic indices. With prerenal azotemia the specific gravity
of the first voided urine is often high (greater than 1.020), whereas patients
with postrenal failure and acuie renal failure tend to have a urinary specific
gravity similar to that of plasma (approximat,ely 1.010). The ratio of BUN
to serum creatinine in health and in established acute or chronic renal
failure is ordinarily 10 : 1. In the presence of prerenal azotemia, this ratio
tends to rise, reaching levels as high as 60 : 1. The first specimen of urine
obtained from a patient with newly discovered acute azotemia may be par-
ticularly helpful in differentiating prerenal azotemia from other causes of
renal failure (Table 9-1). The first voided or catheterized specimen of urine
of such a patient should be analyzed for the concentrations of sodium, cre-
atinine, and urea nitrogen, and for osmolality. Determination of the various
ratios and indices listed in Table 9-1 may help differentiate between pre-
renal and acute renal failure. Intermediate values may occur in patients ==
with postrenal failure or in those in transition from prerenal to acute renal
failure. Values with postrenal failure can also mimic exactly these in acute
renal failure. However, it is important to bear in mind that previous use
of a potent diuretic agent (furosemide or mannitol) in an attempt to prevent
or reverse acute renal failure may totally invalidate the use of these di-
agnostic indices for up to 24 hours. Acute renal failure occurring after x- -
ray contrast may be associated with alow urinary sodium concentration &
(<10 mEq/L), and thus represents an exception to these guidelines. When E
time is a critical factor in determining the cause of acute azotemia, OT not ©
all the tests are immediately available, prerenal azotemia may be suspected i
strongly if the urinary specific gravity is greater than 1.016, the urinary |
sodium concentration is less than 20 mEq per liter, and the BUN to cre-
atinine ratio is greater than 20 : 1. b
b. Examination of urinary sediment. Examination of the urinary sediment ©
may also be helpful. Hyaline casts in large numbers may be seen in prerenal =
azotemia, whereas granular casts, white cells, and tubular cells are char-
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Table 9-1. Urinary Diagnostic Indices

a di :

= al;tﬁgdggé t::fmti;r blantlder or bilaterally hydronephrotic kidneys. A digital —_

s e e prostate should be performed routinely in any azotemic i Q' o i o
i 3 b':n g: ulaeln;e fvr:;i é):;:;gnr;gieslnshouw bf sought in female patients through o E Index - =

. : e ion. In any patient in whom lower tract obstruction ~ @

. :f szciﬁdﬁ the cause of acute azotemia, a sterile “in-and-out” diagnostic a Urine sodium (Usa), mEQL = S
| _postvoid bladder catheterization should be perfarmed as a routin f ‘ = E ine oSO ity :
; .physical examination. The urine volume should be reco;"ded and ti pim O e ke %- e e - S o
t 5 ;aved for the studies described in section }.D.1.a. e E R L i -

2 : ng:ll's: nst:ﬂ.v ity reaction. Phystca\ findings with acute drug-induced inter- :?{ sy s e - =
: S ekp_ ritis may be lacking. a_lthough fever and a maculopapular or pe- i Renal failure index
i e ds m etr:uptxon may occur with any of the agents, particularly the per;- i E"—Q _ U
L | are morirl;:?p‘f:lxisi: rx‘gaililopli}?no;'- Ordinarily, however, laboratory findings = L ’;{) . l = -
: 2 3 ng this diagnosis: : =
H 4. Toxin Y i ! i ities in ti ‘s
1 L ?ati;{ur;\:fncaw dama?;. The physical abnormalities in these formsof acute @ Fractional excretion sfferecee e
y vary irom none to many, depending on the circumstances. -
. = Upas Baet 10 <1 =

When the cause is uncl 1 1

: : ear, particular attention should be dir ¥
gncoveﬂng ev1§lence of intoxication (e.g., altered mental statuls egdtﬁg‘tgw?;xd
reath or clothing) and muscle tenderness or edema. - =

35 PNa d UCr

ARF = acute renal failure.

L
==k
¥ ga.
ey

\

e sk e e

as




: 7. 9: The Patient With Acute Azotemia

=

=
-1

acteristic of acute renal failure. Red cells and red cell casts suggest acul;e:

glomerulonephritis or vasculitis. Heavy oxalate (env pe-sh i
purate (needle-shaped) crystalluria vn?a);—k;e—seen :ggheeiﬁaxﬁ):nd; ogrlhzégi
ingestion. Trace to 1+ proteinuria on dipstick of the urine may be com-
patible with prerenal azotemia or acute renal failure, but higher grades
_of proteinuria suggest acute interstitial pephritis or glomerulonephritis
\Rhabdomyolysxs sh_ould be suspected when acute azotemia is associate&
with frank muscl.e injury, a prolonged period of unconsciousness, alcohol
or d_rug abuse, seizures, Parkinson’s disease, hypokalemia, hypo;;hospha-
iemla, }«:r heat sFress:)Smce the' urinary dipstick does not distinguish be-
ween hemoglobin and mydglobin, a strong presumptive diagnosis of rhab-
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most instances of acute azotemia can supply as much pertinent information as
excretory urography at virtually no risk to the patient.

. Urologic studies. In instances of acute azotemia with a high suspicion of uri-

nary tract obstruction (e.g., calculi, pyogenic debris, blood clots), cystoscopy
and retrograde pyelography should be performed, even if ultrasonography is
negative for obstruction. Ureteral calculi extraction or placement of ureteral
catheters or stints may relieve the obstruction and allow urinary drainage. It
is particularly important to consider this diagnostic course in patients with
superimposition of acute azotemiaon a background of chronic stable azotemia.

. Renal biopsy. In patients in whom the cause of acute azotemia is unknown

don}}fOI)’SiS with myoglobinuria can be made by d . o a and a systemic disease (e.g., vasculitis) or acute interstitial nephritis is sus-
positive urine i th y demonstrating heme- ‘e :

e elevate:{ncer?ati e abselx:ce o}tl' refi cells or on the supernatant of the urine, : ‘ - pected b\;t not pmved, percutaneous or ope;: rem;l bg:g_sy mg)f be'}vangnt?d.

esiieem il Sl et Bl LG A e e ol St spe Besoenaai

. rum (i.e., absence of hemolysis). aggressive therapy (e.g., S s gents, .

In instances of acute drug-induced interstitial nephritisy (e.g., after meth- - In patients in whom the oliguric phase of acute renal failure extends beyond

: : 4to ks, 1bi be nted to determine whether another,

e-l 5 weeks, a renal biopsy may be warra ine whether anothe

icillin), fever, maculopapular skin rash, 10 to 60 percent. eosinophilia in

I
W

less favorable diagnosis, such as cortical necrosis, should be entertained.

peripheral blood, proteinuria, and urina i iti

) lood, I , al ry sediment abnormalities (gross

oAr ‘xglc_n;lsc’oplc hematuna, pyuria, eosinophiluria, and casts) are comion.
right’s stain preparation on a freshly voided and sedimented urine

lll. Treatment
A. Prerenal azotemia -
1. Correction of underlying disorder

specimen may demonstrate that eosinophils account for 33

; : ' ) percent of the

%Vrlpal;'y: whl.te pells. The urinary sediment is air-dried on a slide and
right’s stain is a'pplle(f for 1 minute, followed by Wright’s buffer for 2

n_llu_mtes. The specimen is then observed under the microscope using an

ﬁlin::nlmetr::ion (}ll),]ecgve lens. Eosinophils in the urine appear as granulated

clea cells. Because of varying urina: H, th
may not take up the eosin. &SR Gits
If with these laboratory tests the cause of acute azotemia is still in doubt,

(X3
b )

d

b &

a. Pure volume depletion. When prerenal azotemia is due to deficits in ex-
tracellular fluid volume, therapy is geared to restoring fluids to the body
similar to those lost. In gastrointestinal and other types of acute hemor-
rhage packed red cells in saline are indicated. When blood has not been
lost from the body, but plasma moves out of the intravascular compartment
to a third space (e.g.,-crush injury with extensive edema formation in de-
vitalized muscle, burns), isotonic saline approximates extracellular fluid
tonicity and will restore blood volume and blood pressure. Gastrointestinal

a blood screen for toxic chemicals and dru,
gs may be warranted. |

2. Radiographic studies t'..“4) fluid losses vary widely in electrolyte content and tonicity, and laboratory
a. Plain film of abdomen: Several radiographic procedures to assess acute el analysis for sodium, potassium, and chloride concentrations is the most

gzotemxa are avqxlable, the simplest of which is the plain film of the ab- Q Lo precise way to determine the type of replacement fluid. Ordinarily, gastric

omen. Often this procedure can document the size of the kidneys, thus ':’ juices will require replacement liter for liter with one-quarter to one-half

giving information regarding the duration of the azotemia (e.g., o fo—= normal saline containing 10 to 20 mEq per liter of potassium chloride.

Z:iy: sttfgest chr)omc renal disease, and normal or large kidneys suggest e 1? ‘; Pancreatic, biliary, and small bowel losses will require replacement with

CUbe process): e isotonic saline. Diarrheal losses can be restered with 5% dextrose and water

e e e G e s

. A nicity of the disease, and presence of uri ; ium bicarbonate) plus mEq of potassium chloride.
:’.lract obstruction. Howe_ver, a combination of the noni:vasive proc.‘:lert;?x?-?s’ = b. Ineffective arterial blood volume with edema. Prerenal azotemia occurring
hziglltxgd belt:w of:eg give equally valid information without the risk in- ¢ ! ? in this setting usually represents a secondary problem overshadowed by
in contrast administration. : a primary cardiac, hepatic, or renal disease. \

c. w angiography and renal scan. Patients with a history of hypertension &= A1) Cardiac failure. In cardiac failure, diuretic agents in combination with
oip:er:;lh?rghpltmla’ or etl‘therosclerotic disease of the large vessels and/ 3 -’ digitalis therapy may increase the cardiac output and improve renal

G tery,' cause o f:holgsterol emboli, may experience chronic : ¢ perfusmq, and thus lessen the azotemia. Vas_odllator drugs, spch as

prerenal azotemia or acute oliguria and azotemia may develop, sometimes = 3 hydralazine, may also improve cardiac function. However, with ad-

assocxlated with flank pain and hematuria. Also, renal embolization of a ‘ ‘ vanced heart failure refractory or only partially responsive to these

mux'.z:i 4 thh;':,r;l;lll.s :tl)llclgvzl;lg a n::yocardjal infarction may lead to acute azo- "Q — ; agents, the physician may be forced to aece{)t lmild-tn-moderat,e ;irfgrttlenal

T e e GRS cmtmsidan fatedl B et

o ‘ embolic stroke. When - - ‘

acute ohg\}xlna_ develops as a consequence of acute renal embolization, renal @: —Q;-. '/(2) Hepatic disease. Prerenal azotemia associated with advanced hepatic

= il:cg;tégr ap sy :aus:_‘e";“tg' WAL axlxt,ed, since acute surgical intervention in se- l xot ; cirrhosis, with or without the hepatorenal syndrome, is oﬂ:gn refr'actory
55 iscaseoﬂ,en useyful ; (;‘e t‘raena_ function. In less critical situations a renal ‘Q“ - a to attempts to improve intravascular volume. However; despite the
=i irpeird etermining whether renal blood flow to one or both = L 5 . presence of p:ln&l:fx;?l eden‘xia andlasmt.esé.som'e of these pa:.xem:ar?a);

3. R 'Ultrasonography.This . == c_ E improve renal function and renal excretion in response o a salin
! 8 procedure may be useful in assessing kidney and : .f~a-, challenge. Ordinarily, however, such patients are best treated with
= ::lahder size. Also, a normal renal pelvis and calyceal system OngultrasZnog- sodium-restricted diet (1 to 2 gm salt), modest water restriction (1500
b?p g’ ‘”"’t}m“)’ excludes important urinary tract obstruction. Thus, a com- to 2000 ml per day), and an aldostefone antagonist (spironolactone 50
nation of flat abdominal film, renal scanning, and renal ultrason et — ‘@ mg four times daily), while the usually mild prerenal state is ignored.
onography i i
: X A potent diuretic agent such as furosemide (40 to 80 mg twice daily)
y3 e
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is sor_netim% successful in causing a diuresis and improving renal
function, but this therapy carries the risk of precipitating severe hy-
pokalemia, increased ECF volume contraction, hepatic coma, or the
bepatoren_al syndrome. Paracentesis and reinfusion of the ascitic fluid
intoa peripheral vein may temporarily increase intravascular velume
and improve arine flow, but these bensfiis are of such short duration
that this curmbersome therapy is of iittle long-term practical value
Moreover, infection and disseminated intravascular coagulation are
definite risks. For selected, compliant patients with intractable symp-
tomatic ascites who have relatively good liver function, a peritoneo-
venous shunt {LeVeen shunt) may reduce ascites and improve renal
function (see Chap. 1). Major complications of the peritoneovenous shunt
are infections, disseminated intravsscular coagulation, pulmonary
edema, and variceal bleeding.

Nephrotic syndrome. Prerenal azotemia often occurs with nephratic
syndrome from any cause, particularly when it is accompanied by severe
h)fpoa“'bu‘minemia (serum albumin less than 2.5 gm/L) and hez'wy pro-
teinuria (10 to 20 gm/day). As in the sther states of prerenal azotemia
associated with an expanded ECF but reduced effective arterial blood
volumg, suCCess in reversing the prerenal state depends on correcting
Fhe primary disease state. Idiopathic nephrotic syndrome, especially
in children, usually responds to short-term, high-dose prednisc;ne (1 to
2 mg/kg/day), but steroid resistance or frequent relapse may require

(&)

the addition of cyclophosphamide (1 ta 3 mg/kg/day). When nephrotic

syndrome occurs as a complication of a primary renal disease (e.g.
membr_anou.s nephropathy) or as a complication of a systemic diseasé
{e.g., diabetic nephropathy), the level of proteinuria and thus the level
of prerenal azotemia may wax and wane spontaneously, and no drug
therapy has been found to be especially useful in altering this pattern.
ngever, a recent multicenter cooperative study shows that patients
w_xth membranous nephropathy treated with an 8-week course of pred-
nisone (100 to 150 mg every other day) with subsequent tapering of
the dosage over 2 months appear to have better long-term renal function
than untreated controls. ‘
Monitqring therapy. In most instances of prerenal azotemia secondary to volume
depletion, the volume of fluid required to replace the deficit can be estimated
from actual quantitation of fluid or blood losses or from changes in body weight
A useful rule is to replace no more than one-half to two-thirds of the totai
galculat,ed deficit in the first 24 hours, especially in elderly patients or in'pa-
tients vyith a compromised cardiovascular system. The sirr;plest way to follow
the patient’s response to replacement therapy is by bedside evaluation, with
frequent monitoring of orthostatic changes in blood pressure and pulse;. The
jugular venous pulsation is a gross indicator of pressure in the central venous
area of the right heart. In a normovolemic patient, jugular venous pulsations
are vgsﬂ)le when the patient is supine, but disappear when the patient assumes
the sitting position. Jugular venous pulsations are not visible in the volume-
depleted patient; thus, their reappearance following fluid administration sug-

. gests that the central venous pressure has returned to normal. The heart and

lu;xgs should also be monitored regularly. The presence of basilar rales or a
ﬂ}lrd heart sound implies too vigorous fluid replacement, with resultant car-
cximpulmonary congestion.

n patients in whom vigorous resuscitation efforts are required and th i
doubt regarding cardiovascular tolerance to sudden fluid cflgllenges somee;:rs
of indwelling monitoring system is desirable. :

a. pentra! verious catheter. In most instances in which rapid fluid admin-
istration is required and severe heart and or lung disease is absent, a cath-
et,e_r positioned in the central venous area of the right heart is a sa{.i’sfacwry
guide to the speed of fluid administration. Long polyethylene catheters
are placed in the antecubital vein and advanced into the central venous
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area. A shorter polyethylene catheter may be placed in the central venous

area via the subclavian vein, but this procedure presents more risks

{pneumothorax, hemothorax, air embolism). Fluctuation of the pressure
with respiration suggests successful placement of the catheter in the area

of the right atrium, but the exact location ‘of the catheter should be as-_
certained with an x-ray of the chest. This precaution will also serve to-
detect those instances in which catheter placement has caused pneumo-

thorax. The central venous pressure (CVP) normally ranges between 2 and

12 cm of water. In volume-depleted states, values of zero or below can be

expected. Before vigorous volume repletion is begun, & fluid challenge of
200 to 300 ml of normal saline should be attempted over a 10- to 20-minute

period. In an otherwise uncomplicated volume-depleted patient, this amount
of saline will have little effect on the CVP reading. A CVP rise greater
than 5 cm of water suggests cardiac failure, and the infusion should be
immediately discontinued. Venous thrombophlebitis, a major late com-
plication of central venous catheterization, can be avoided in large part
by removing the central line after resuscitation is complete or after a max-
imum of 36 hours.

b. Balloon-tipped catheter. When a volume deficit must be repaired in the
presence of tricuspid stenosis, acute or chronic pulmonary disease, or an
unstable cardiovascular system, the central venous pressure does not give
a reliable index of left ventricular performance. In this situation, & balloon-
tipped catheter (Swan-Ganz) can be wedged in a pulmonary artery. This
gives an indirect measurement of left ventricular end-diastolic pressure
and thus is a better guide to the adequacy and speed of fluid replacement
Because of the complications of infection, pulmonary infarction, and hemo-
prneumothorax, this device should be inserted and placed only by trainec
professionals. =

B. Acute renal failure

1

. Diagnostic and therapeutic use of diuretic agents. Osmotic diuresis witk

mannitol and, in more recent years, the potent loop diuretics (furosemide anc
ethacrynic acid) has been used almost routinely to prevent or reduce the severil;
of acute renal failure (Table 9-2). However, no human studies clearly documen
that this therapy is effective. Available evidence suggests that these agent
are effective only if given early in the initiation phase of acute renal failur
(e.g., immediately after a mismatched blood:transfusion or crush injury wit
rhabdomyolysis). There are no data to support their use in established acut
renal failure.

In patients in whom volume deficits have been repaired with isotonic salin
or its equivalent and oliguria persists, 50 ml of 25% mannitel (12.5 gm) |
generally given and repeated after 30 minutes if a diuresis of 40 ml per hot
does not ensue. If a diuresis does not occur, no more mannitol should be give:
since the hypertonic mannitol will increase the plasma volume and may pr
cipitate pulmonary congestion. If a diuresis occurs, it should be sustained wit
repeated boluses of mannitol or an infusion of 5% mannitol until the paties

Table 9-2. Diuretic Agents in Actte Renal Failure

Rationale for use
Convert oliguric to nonoliguric acute renal failure
Prevent acute renal failure (unproven)

Dosages .

Mannitol =
Initial 12.5 gm (50 ml of 25% solution) =
Repeat 12.5 gm
Maintain with 5% mannitol solution

Furosemide intravenous bolus 80-400 mg
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can maintain an adequate urine flow spontaneously. If mannitol fails to produce
a diuresis, furosemide may be used. Furosemide has the advantage of not
causing volume expansion. It is given intravenously in a dese of 80 to 400 mg.
Doses higher than this are rarely effective and add the risk of ototoxicity. The
- chance of having a satisfactory diuretic response is small if (a) acute renal
failure is more than 36 hours old, (b) the 24-hour urine output is less than
200 ml per day, and (c) the serum creatinine is greater than 5 to 6 mg per
deciliter. = 2
. Fluid therapy
a. Oliguric acute renal failutg (ARF). The use of dialysis therapy for oliguric
ARF may permit fluid intakes of 1.5 to 2 liters per day, depending on the
status of the cardiovascular system. If hemodialysis or peritoneal dialysis
is not immediately available, fluid balance usually can be maintained by
replacing insensible losses (400 to 600 ml/day) with 10% dextrose in water
And measured losses (e.g., urine, gastric drainage, diarrhea) liter for liter
with 0.45% saline. If the plasma bicarbonate level falls below 20 mEq per
liter, one or two ampules of 7.5% sodium bicarbonate (45 mEq of bicarbonate
per ampule) should replace an equivalent quantity of sodium chloride in
these fluids. The best monitor of adequacy of fluid therapy is an estimate
of the ECF volume status and daily weights. A serum sodium determination
every other day is helpful in deciding whether water intake is appropriate
to solute intake (hyponatremia indicates excessive water intake and hy-
pernatremia indicates too little water intake). Since hypokalemia is rarely
a problem with ARF, and because of the danger of cardiac arrhythmias
from hyperkalemia, potassium chloride is not added to intravenous fluids.
b. Nonoliguric ARF. In general, nonoliguric ARF represents a milder renal
injury and requires dialysis less frequently. As a result, fluid management
tends to be easier. These patients ordinarily should receive a volume of
water per day that equals their urine output plus insensible losses. The
salt content of their diets should be approximately equal to what is excreted
in the urine and lost in other measurable bodily fluids.
. Parenteral hyperalimentation. This form of therapy may be effective in de-
creasing mortality in ARF occurring in hypercatabolic surgical and trauma
patients, especially when complications have developed. The so-called renal
failure fluids consist of 50% dextrose as the source of carbohydrates and es-
sential l-amino acids as the nitrogen source. When ARF occurs in the absence
of the hypercatabolic state, parenteral hyperalimentation is not recommended.
Dialysis therapy. Indications for dialysis therapy are as follows:
Absolute indications ‘
(1) Central nervous system dysfunction
(a) Asterixis
(b) Neuromuscular irritability
(c) Somnolence ¥ AL,
(d) Coma sn L
(e) Seizures
(2) Gastrointestinal complications
(a) Nausea and vomiting
(b) Hemorrhage
(3) Pericarditis %
@ Relative indications 7
: (1) Cardiovascular complications
(@) Pulmonary edema
{b) Hypertension —
(c) Arrhythmias —
t (2) Metabolic complicatigns”
'?I;ns

~———+—— (a) Hyperkalemia-

(b) Hyperuricemia ° i
(c) Hyponatremia ¢< 125 mEq/L or symptomatic)
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It is now generally accepted that in the patient with acute renal failure, dialysis
therapy should be used as often as necessary to maintain the BUN helow 100
mg per deciliter. Dialysis should also be used to prevent symptoms of uremia
(irritability, insomnia, failure to concentrate, anorexia, vomiting). Thus, if a
65-year-old patient has uremic symptoms with a BUN of 70 mg per deciliter,
dialysis should be begun. In severely catabolic patients (e.g., crush injury, burns)
daily dialysis may be required. The. type of dialysis therapy for a particular
patient—hemodialysis versus peritoneal dialysis—depends on the clinical sit-
uation. Patients with severe tissue breakdown (e.g., rhabdomyolysis, trauma,
burns, sepsis, postoperative) have enhanced urea production and usually require
hemodialysis. Hemodialysis may also be indicated in methanol or ethylene
glycol poisoning to remove the toxin and control the accompanying metabolic
acidosis. In other types of ARF in which the catabolic component is less prom-
inent, such as when renal failure occurs secondary to antibiotics or x-ray con-
trast, peritoneal dialysis may be adequate. However, these patients often can
be managed successfully without dialysis, using the congervative measures
described above.

N

C. Postrenal failure. In large part, the therapy of urinary tract obstruction is surgical |
and requires early urologic consultation. Foley catheter drainage is usually suc-: - -
cessful for acute obstruction secondary to prostatic hypertrophy and may be fol-
lowed in several weeks by prostatic resection. With ureteral obstruction, cystoscopy -

a8

s

LS

LY

§

"D
&

kB

G b

it g

N,

W_»;&.._

]

299929,

Yuuye

=

F

A 4

T

\]
ARC VIV T TR

" ¢
I

2

L ¥

and placement of ureteral drainage catheters may allow passage of obstructing
stones, sludge, or pus, but if this fails operative intervention will be required.
D. Acute interstiiial nephritis. When a therapeutic agent is identified as the cause
of acute interstitial nephritis, removal of the agent is the obvious first step in
therapy. When renal impairment is minor, nothing more need be done. In more
severe cases, high-dose, short-term prednisone therapy (60 mg/day for 1 to 2 weeks)
may speed recovery of renal function and normalize urinary sediment. The extent

Table 9-3. Therapy of Acute Azotemia in Primary Renal, Systemic, and Vascular

Diseases

Disease |

Therapy

Acute poststreptococcal glomerulonephritis
Rapidly progressive glomerulonephritis
and Goodpasture’s syndrome

Systemic lupus erythematosus

Subacute bacterial endocarditis
Necrotizing vasculitis
Large vessel polyarteritis

Small vessel polyarteritis (leukocyto-
clastic vasculitis; hypersensitivity vas-
culitis)

Henoch-Schonlein purpura

Wegener’s granulomatosis

Malignant hypertension

Postpartum ARF =

No specific therapy

Pulse methylprednisolone 1 gm IV over 20
minutes for.3 days and/or prednisone
1-2 mg/kg/day

Cyclophosphamide -3 mg/kg/day

Plasmapheresis 4 L/day for 1-3 weeks

Prednisone 1-2 mg/kg/day

Cyclophosphamide 1-3 mg/kg/day

Antibiotics

Prednisone 1-2 mg/kg/day and/or
cyclophosphamide 1-3 mg/kg/day

Prednisone 1-2 mg/kg/day and/or
cyclophosphamide 1-3 mg/kg/day

No specific therapy

Cyclophosphamide 1-3 mg/kg/day — — 4

Antihypertensives
Dialysig, if required
No specific therapy

ARF = acute renal failure.
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and severity of the nonrenal manifestations (e.g-» fe\'er..dermal eruption) will
also be a consideration in the decision to use corticosteroids. :

E. Primary renal disease, sys ic diseases, and vascul‘ar. diseases. There is no
particularly effective therapy for acute glomerul_m}eghnm, including prolonged
bed rest or immunosuppressives. Prophylactic antibiotics to prevent future attaclfs
are not recommended. When renal failure develops in the course of a systemic
or vascular disorder, it is usually a grave sign. However, experience with several
of these disorders suggests that aggressive therapy may be warranted and con-
siderable recovery of renal function may occur in some patients. A compx_-ehensxve
discussion of the treatment of these systemic and vascplar disorders is beyond
the scope of this chapter, but Table 9-3 outlines the fhseases and 'uguafll).' rec-
ommended therapies. Management of such patients is often multxdxsgnplxnary
and includes the joint participation of a rheumatologlgt or immunologist and a
nephrologist. In all of these disorders, the drugs and their dosages represent uS\_ml
starting therapy. Certain patients may require hlghef doses, some will require
less. Response to therapy usually dictates how long high-dose .thergpy shoul'd.be
continued and how rapidly the drugs should be tapered. Ordinarily, a positive
response to therapy will be apparent within 3 to 4 wee}cs. Although there is not
complete agreement in the medical community regarding the usefulness of each
of these agents or protocols, the poor prognosis and releptlesg progressive nature
of these diseases when untreated usually dictate a trial with some form of ag-
gressive treatment. At present, cytotoxic agents, paﬂiculax:ly cyclop_hosphamxde,:,

are gaining favor as a primary drug in necrotizing vasculitis; and in Wegener’s
granulomatosis, cyclophosphamide is the agent of choice.
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The Patient With Chronic
Azotemia, With Emphasis

on Chronic Renal Failure
i

Ronald B. Miller f

\

Azotemia literally means an increase in the concentration of nitrogenous compounds
in the blood. These include proteins, peptides, amino acids, creatinine, urea, uric
acid, and ammonia. In common usage, however, the term chronic azotemia implies
prolonged (months to years) retention of waste products of protein metabolism that
would normally be excreted in the urine, particularly urea and creatinine. Thus, the
term may be used simply as a synonym for chronic renal insufficiency or it may be
used to imply an abnormal concentration of urea in the blood without an equivalent
elevation of serum creatinine. The latter circumstance obtains when there is an in-
ordinate generation of urea, as in patients with massive protein intake or significant
catabolism, or when there is inordinate renal tubular reabsorption of urea, as in
partial urinary tract obstruction or in cardiac failure. Severe azotemia (blood urea
nitrogen concentration above 50 to 75 mg/dl) rarely occurs without retention of cre-
atinine as well as urea, and is due to either renal failure or obstructive uropathy.

1. Clinical setting

A. Causes of chronic azotemia. The causes of chronic azotemia are chronic renal
failure, obstructive uropathy, cardiac failure, massive protein intake, and catabolic
states.

1. Chronic renal failure. The common causes of chronic renal failure (Table 10-
1) in both children and adults zre glomerulonephritis (including hereditary
nephritis), polycystic kidney disease, and interstitial nephritis (including pye-
lonephritis). In adults additional common causes are diabetes and hypertension
(nephrosclerosis). In children additional common causes are renal hypoplasia,
obstruction, and a variety of hereditary disorders, each of which is itself un-
common or even rare, such as medullary cystic disease, cystinosis, and oxalosis.
Some infrequent causes of severe renal failure are amyloidosis, sickle cell ane-
mia. tuberculosis, hemolytic uremic syndrome, and renal artery or vein oc-
clusion; there are many others.

2. Obstructive uropathy. Urinary tract obstruction is common, particularly at
the extremes of life. A variety of congenital obstructive disorders (frequently
with associated vesicoureteral reflux) occur in infants and young children and,
unfortunately, often result in chronic azotemia, because either,the diagnosis
of obstruction is not made for a long period of time or there are complications
(surgical or infectious). Renal damage may result from prolonged unrelieved
obstruction, recurrent (or even aggravated) obstruction following surgery, or
complicating infection. Obstructive nephropathy (i.e., obstruction resulting in
severe renal dysfunction) may proggess over a period of months to years to
end-stage renal disease (ESRD) in children and occasionally in adults. At the
other extreme of life, the commonest. obstructive nephropathy in the aged is
that due to benign prostatic hypertrophy. Fortunately, surgery for this disorder
is usually successful and sustained renal failure is rare, even in patients with
chronic infection. There are, of course, several other causes of obstruction in
both children and adults (such as urinary stones, tumors, surgical misadven-
ture, and retroperitoneal fibrosis or tumor), and the prognosis of these disorders
is variable.

3. Cardiac failure. Cardiac failure causes edema (which is of paramount impor-
tance) and also azotemia (which is usually mild and thus relatively unim-
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Table 10-1. Relative Frequency of Causes of Chronic Renal Failure in Adults

of which are listed above.
(and whether it affects one or both kidneys), the rate and degree of obstruction,

and the existence of complications.

1. Features related to the cause of the obstruction. If obstruction is due to a
renal tumof, the patient may have local symptoms such as pain, mass, Or
hematuria, or systemic symptoms such as fever and anemia. If obstruction is
due to stones, the patient may have a family or personal history of stones or
renal colic, hematuria, complicating or causative infection, or mar}ifestations
of other causative disorders such as hyperparathyroidism. gout, or renal tubular

;t):rt_ar;t.;xcept that its cause must be distinguished from other causes of azo-
f_11";11131‘. o the extent that edemg is asso_ciat_ed with a decrease in glomerular
iltration rate, there is a proportionate rise in blood urea nitrogen (BUN) and
zs;lerur{;leoidreatmme. Salt and water retention in congestive heart failure may
tusbo > ue tg) secopdary aldosteronism and increased fractional proximal renal

ular reabsorption of salt and water, and these disturbances may account

s
and Children e > the administration of a catabolic drug such as tetracyline or adrenal corti-
= Canse é costerogds. : = : :

& Adults Children : B. Presentation of the patient with chronic azotemia. Most patients with chronic
Gl i = - E ) azotemia (€xcept when due to heart failure) are asymptome}hc. A patw'nt may
omerulonephritis 3+ 4+ i nevertheless know of his or her chronic azotemia from previous evaluation and
Polycystic kidney disease 24+ 1+ e\ may present with a request for additional evaluation or management. Other pa-
Interstitial nephritis ; 24 - v\> tients may present with unrelated intercurrent illness or for routine periodic
Diabetes 4 2+ = examination, and their azotemia may be discovered by chance, a circumstance
Hypertension (neph ! iz Rare e _; increasingly common because of the use of screening panels of laboratory tests.
3 - nephrosclerosis) 2+ Rare p The minority of patients with chronic azotemia present because they have symp-
Obstructive uropathy 1+ 3+ & toms of uremia, and even then the presentation may be nonspecific (e.g., failure
Renal hypoplasia - Rare 2+ 3 to grow in children, failure to thrive in children or adults) or even misleading
Hereditary disorders* Rare o =4 (e.g., prpfound anemia). Whatever the presentation, additional evaluation is in

*Excludes Al _ €Co v it ot '

xcludes Alport’s syndr R T ; = - L~ . Clinical features

is included ir}: the g%omeiﬁfo;:?ﬁfﬁazzg};xixéth r;“,‘vf de‘flf‘"s” which e_ 3 A. Obstructive uropathy. The clinical features of obstruction of the urinary tract
e polycystic disease, both s “? depend on the cause of the obstruction, the level of the urinary tract obstructed

nNoo
w

. 52;:?&%8?1)' sl(i)w flow of filtrate down the nephron that there is enhanced i acidosis. If obstruction is due to retroperitoneal fibrosis, it may be occult, as
dispmmnkiloilz‘iz:;;oz?té?}?i;l;les;sdwe_ltlilThis presumably accounts for the - . } in idiopa&hic casesi)or thex_-;: rrtmty be afhistory 05 hez;dach;: and rlr;eLtl;lytser%_ide
: ! h with serum creatinine in most patients i use, or there may be manifestations o} a causative lymphoma. If obstruction
:;:’}; geélgéaillllutr};% such tha;thlan% patients with chronic congestive failure é “a is due to pelvic surgery (with inadvertent ligation of a ureter) or pelvic ir-
i e range o to 60 mg per deciliter but a serum creatini "-; radiation for tumor, these historical features are obvious If the cause of ob-

; nine ’ ) & s :
concentration usually less than 2.5 mg per deciliter and not infrequently within E struction is intrarenal uric acid deposition, there is often a history.of neoplasia

the normal range. ¥ e Q that may have been treated with radiation or chemotherapy.

2. Features related to the level of obstruction. Obstruction at the bladder neck

Massive protein intake. Dietary protein is an uncommon cause of azotemia ‘
is commonly accompanied by symptoms of bladder dysfunction (such as hes-

in an otherwise healthy person. When in i i i
othe e ! ¢ i en protein intake is massive there ma e“ -
be a rise in BUN without a proportionate rise in serum creatinine, but thz = 1 3 itancy, intermittency, sensation of incomplete emptying, and nocturia) and,

Exster ;’:ngggt{:rielrztsitv?l{ mildf. This phenomenon is seen in obese persons with e occa§ipnally, by complicating urinary infection. Higher levels of obstruction,
i o il Tic l(lm o Cal‘bohydrate a.nd‘fat, but either no restriction = particularly when chronic, are often asymptomatic, although there may be
nc;menon 2 seenni g, supp eme;lntatlon of protein intake. Occasionally the phe- 1 pain and/or a palpable mass. ; ‘
e b e b B P aLohsitucic biteal costruction. ConPLt e of
nts of protein obstruction (or unilateral obstruction in a atient with a soll idney) o
i 4 : . ot p . More common than pabis % 3 ney
:e renssz \gr\::tiirt‘y causes of chronic azotemia are iatrogenic causes of acute azo- course produces anuria. Unilateral obstruction in 2 patient with two kidneys,
i e inﬁgig’gfca%e of a_Zdo;temxa is parenteral hyperalimentation (the however, is often silent unless the rate of obstruction is sufficient to produce
st iflate thim fr antl;lno acids as wel.l as carbohydrate in a patient unable pain or severe eno_ugh t_o—produpe a hydronephrotic mass, or the obstruction
0 ubsrise inoglUNe gast.romtestl‘nal trgct), and this results in a dis- is complicated by infection, which may cause bacteremia.
e s Ariithior iatr:)g::i:;cgirs? (:? pa?enps \(;{ho a}i-ready have renal . Features rle‘latedbto the rate and deg;eeloftzbstru:tlopt. Pain is lmulch :r;lore
di 55 s [ azotemia (In W ich BUN may be common W en obstruction occurs suddenly an when 1 occurs slowly; thus,
irllsg};rior;lx;rtlggatetly ve;le\'rated to creatinine) is the use of high-protein tube feed- pain is not a usual manifestation of chronic obstruction. Complete obstruction
gy e i[; gisgr ?ns?x ‘1; Qom:WSe.Or otherwise unable to communicate thirst causes anuria, but partial obstruction may also cause abnormglities of urinary
iyl adm; nistratl‘c(;en fv_vater‘and solute to offset the urea diuresis that volume. Renal. tubular dysfunction from pgrnal obstruction may .resuh,‘ in
AEold e re-tanall flj 0 llftordll}ate amounts of protein. These iatrogenic polyuria. Varying degrees of partial obstruction may cause a fluctuating urine
Sfaniie Aot palitin short durati B krspt bR D O et diagnostle S o of obstruction. Infection | obably the
.5. Cataboli = : 20 - - = . Features re o complications of obstruction. iniec on is probably th
e rl::)l;: ?::;izn ?-i;abellSF {with {ncrgased endogenous protein breakdown) 3 most common complication and may occur spontaneously or after diagnostic
! ; use of azotemia than is increased protein i or therapeutic manipulation Hypertension and pol cythemia are less common
hatab X protein intake. Most erapeu 1p n. Hype nd polycytnen 5
azoté}?xlilgf S;ﬁf:&;lg\zf:ver, aig .notl of sufficiently long duration to cause chronic manifestations of obstruction but may be striking in individual patients. Ure-
2, exceptional circumstances they may. The increased mia (i.e., symptomati 1 failure) is the ulgimate manifestation of obstruction
e 2 : urea (i.e., symptomatic renal iailu . : !
generation due to catabolism may result from an underlying illness or from and may occur with severe and prolonged partial obstruction as well as with
complete obstruction.
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B. Clinical features of chronic renal insufficiency .

1. History of patients with chronic renal insufficiency. The con;snellatxgm of
symptems that eventually develops in patients with severe renal insufficiency
is called uremia (Table 10-2). Initially the symptoms are subtle, and their
onset may be so insidious that the patient is aware ot: them only in retrospect.
Most patients have generalized symptoms such as fatigue (particularly ijt,e
in the day), weakness, malaise, and a feeling of being cold. Symptoms derive

from malfunction of most organ systems, and those related to specific organ
systems vary from patient to patient. However, most patients have gastroin-
testinal symptoms, many have itching, some have neuromuscular symptoms,
and others have cardiovascular symptoms. :
In addition to the symptoms that are nonspecific, a history of a relatively
specific nature may provide a clue to the cause of the renal insufficiency (Table
10-3). Such important information as previous elevation pf bl_ood pressure,
proteinuria, or hematuria may not be recalled, but if the patient is asked about
the results of examinations for school; life insurance, or the military service,
he or she may at least recall that an abnorm_ali}y was det,ec_ted. When re_nal
insufficiency has reached end-stage, even renal biopsy may faxl to dlffgrent_xat,e
the nature of the disease. Thus, cbtaining data from previous examinaticns
or other physicians or hospitals may be the only way to reconst‘ruct the natural

history of the disease. : =
2. Physical signs of patients with chronic azotemia. Phys&_cal e_xammatxon of
patients with chronic azotemia often reveals only nonspecific signs (see Table
10-2). However, occasionally there are specific physical signs that suggest the
cause of the patient’s disease (Table 10-3). [ i s
3. Laboratory feafures of patients with chronic uotem:a._w_hen azotemia is rei-
atively mild, laboratory tests other than BUN and creatinine are often normal

(except for the presence of proteinuria and cylindruria in patients whose azo-

Table 10-2. Nonspecific Clinical Features of Patients
with Chronic Azotemia (Uremic Manifestations)

® 0
oo Y

Symptoms
General: fatigue, weakness » .
Gastrointestinal: anorexia, nausea, vomiting, abnormal taste, hiccoughs
Skin: itching, bruising

Neuromuscular: restless legs. numb feet, muscle cramps or twitehing, inability to con-

centrate, insomnia, irritability :
Genitourinary: loss of libido or potency, nocturia
Cardiovascular: dyspnea, edema, pericardial pain
Signs
General: ill appearance, wasting e
Skin: pallor, hyperpigmentation, ecchymoses, excoriations
Head. eyes, ears, nose, and throat: retinopathy, unmfero.us.breath
Cardiovascular. hypertension, cardiomegaly, murmur, fngngn rub, edema
Neuromuscular: peripheral neuropathy, drowsiness, asterixis, myoclonus

Laboratory Findings
Azotemia
Acidosis, metabolic
Anemia, usually normochromic, normocytic
Leukopenia and occasionally thrombocytopenia
Hyperuricemia >
Hyperphosphatemia, at times hypocalcemia and hyperphosphatasia_
Radiographic osteomalacia or osteitis fibrosa
Proteinuria
Cylindruria

o
N

Jr—""}

}

enn

®

s

Y,
e

n oo

¥ g F 4
i oz W

/o
\

VULV OLVLUUVULVLL

@

Q0

4
ﬂ*ﬂ"ﬂw"“ww

N
&

o

10: The Patient With Chronic Azotemia 153

~ Table 10-3. Specific Clinical Features that Suggest the Cause of Chronic Azotemia

History = > i
Chronic glomerulonephritis: history of acute nephritis or nephretic syndrome, symptoms
of systemic lupus erythematosus (SLE), deafness {Alport’s syndrome) =

Diabetes: polyuria, polydipsia, family history
Polycystic disease: family history :
Nephrosclerosis: hypertension before proteinuria or renal failure
Interstitial nephritis: recurrent urinary infection, analgesic abuse
Obstruction: symptoms of bladder dysfunction, stones 3 >
Physical examination
Diabetes: retinopathy, neuropathy
Polycystic disease: palpable kidneys, hematuria
SLE: facial rash, arthritis
Alport’s syndrome: deafness, ocular abnormalities
Obstruction: large prostate, palpable kidneys
Gout: tophi
Laboratory tests
Chronic glomerulonephritis: nephritic or nephrotic sediment
Diabetes: hyperglycemia
Polycystic disease: diagnostic intravenous pyelography (IVP) or ultrasonography
Interstitial nephritis: diagnostic IVP if pyelonephritis
Obstruction: diagnostic IVP or ultrasound study
SLE: positive antinuclear antibody, nephritic ernephrotic sediment

temia is due to renal parenchymal disease). As indicated above, an elevation
of BUN disproportionate to serum creatinine suggests obstruction, cardiac
failure, high protein intake, or catabolism, whereas proportionate elevations
of urea and creatinine suggest renal parenchymal disease.

When azotemia is severe, whether due to obstructive nephropathy or renal
parenchymal disease, there usually are many abnormalities of laboratory tests,
although they may be nonspecific (see Table 10-2). There may also be more
specific laboratory findings (Table 10-3) that provide etiologic informatien.
For example, a strongly positive antinuclear antibody (ANA) test is diagnostic
of systemic lupus erythematosus (SLE) and severe carbchydrate intolerance
of diabetes mellitus. It must be remembered that mild carbohydrate intolerance
is common in patients with renal insufficiency of any cause, but also that
diabetic nephropathy can occur in patients who have sufficiently mild car-
bohydrate intolerance not torequire insulin. Other clinical laboratory findings,
such as a nephritic or nephrotic urinary sediment, are somewhat less specific
(e.g., a nephritic sediment may occur in subacute bacterial endocarditis ((SBE™%,
SLE, and malignant hypertension as well as chronic glomerulonephritis, and
a nephrotic sediment may occur in congestive heart failure, malignant hy-
pertension, preeclampsia, sickle cell agemia, myeloma, and other malignancies
as well as in chronic glomerulonephritis), but at least they place the patient
within a category of diseases and exclude other types of diseases.

Often the most specific laboratory features in the patient with chronic azotemia
are radiographic. Although there is a risk of prertBiAtNg Hon

by intravenous urography (particularly ] fvith By mulnp‘:e
myeloma), it may not be possible to MQKe s spBATic didpheid A Mg renal

disease without radiographic study, ##
detect cysts with ultrasonography. faight think that renal by
be invariably definitive; although g may be in early stagesvef ch}oﬁ'l
parenchymal disease, it usually is not in end-stage disease in which 4
tologic damage may be so severe that it is nonspecific. i
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Hll. Diagnostic approach to patients with chronic renal failure

A.

An overview. The first step in evaluating a patient with renal failure, aside from
assessing its severity and initiating appropriate therapy if the patient is critically
ill, is to determine whether the renal failure is chronic or acute. Chronic disorders
are more likely to be stable and thus less of an immediate threat to the patient
than acute renal failure, but, unfortunately, chronicity often implies irreversibility.
Irreversibility is not, however, invariable, and the second question to be asked
is, even if the basic disease is chronic, is it remediable? Even if it is irreversible,
can its progress at least be slowed? The third question to be asked is, even if the
basic disorder is not remediable, are there remediable complications (i.e., factors
that contribute to, or aggravate, the azotemia)?

Only when there are reasonably certain answers to these questions can the phy-
sician comfortably embark on therapy. Conservative management often suffices
for months or years and includes the prevention of complications, measures to
slow the progression of renal failure, and therapy to prevent or relieve the symp-
toms of uremia. In progressive disorders conservative management eventually
fails, and the physician must proceed with radical management (i.e., treatment
of end-stage renal failure by chronic dialysis or renal transplantation).

. Evidence that renal failure is chronic. The most reliable evidence that renal

failure is chronic is documentation of previous sustained elevation of BUN and/
or serum creatinine. Such data should be sought in every patient, however in-
convenient, even if the expeditious approach of radiographic determination of
renal size demonstrates kidneys smaller than normal. The reason it is necessary
to obtain previous laboratory data even in patients with small kidneys is that
the relation between structure and function is variable; patients may have had
surprisingly good renal function despite substantial reduction in renal mass.
The converse (i.e., poor function despite normal-sized or even large kidneys) may
also be true with polycystic kidney disease, diabetic nephropathy, malignant
nephrosclerosis, multiple myeloma, rapidly progressive glomerulonephritis, and,
occasionally, chronic glomerulonephritis. Particularly in patients who have nor-
mal-sized kidneys despite renal failure, renal biopsy may be necessary to dem-
onstrate the nature of the disease and whether or not it is chronic. Yet another
diagnostic approach that may yield reasonably certain evidence of chronicity
is x-ray of the bone, demonstrating renal osteodystrophy, particularly osteitis
fibrosa. Even this, however, may be unreliable in the rare patient who has a para-
thyroid adenoma and deterioration of renal function due to previous hyper-
calcemia.

There are other data that may suggest chronicity, but they are less reliable than
documentation of previous azotemia, renal x-ray, renal biopsy, and bone x-ray.
A patient with a family history of an inheritable renal disorder such as adult
polycystic kidney disease or Alport’s syndrome is likely to have the same disorder.
A history of prolonged nocturia, polyuria, itching, or neuropathy is suggestive of
chronic renal insufficiency, but at times is misleading. The same is true of a
history of hypertension, since chronic hypertension does not invariably result in
renal insufficiency. Stigmata of uremia, hypertension, or hypercalcemia on phys-
jcal examination (e.g., pigmentation, neuropathy, retinopathy, and band kera-
topathy) are reasonably convineing evidence of chronicity. So, too, is the presence
of severe azotemia without uremic symptoms. Stability of azotemia is suggestive
of chronicity since the BUN and creatinine usually rise when the disorder is
acute and progressive, but with chronicity the converse is of relevance. Elevation
of urea disproportionate to creatinine has been previously discussed. Except in
patients with acute disease who are capable of, and forced to have, a water diuresis,
a serum creatinine disproportionately elevated to urea almost invariably indicates
chronic renal insufficiency with reduced urea generation due to either anorexia
and impaired protein intake in the absence of significant catabolism or dietary
preferences such as those of a vegetarian. The patient with acute renal failure
secondary to rhabdomyolysis and myoglobinuria also may have a disproportionate
rise in serum creatinine. The presence of severe acidosis, with tolerance for it,
is often evidence of chronicity. Hyperphosphatemia may imply chronicity, but it
is common in acute renal insufficiency when there is hypercatabolism. Hypo-
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calcemia is a somewhat more reliable indicator of chronic renal insufficiency,
but it may occur in acute renal failure, particilarly in association with rhab-
domyolysis. Anemia can occur with acute renal insufficiency but is more typical
of chronic renal insufficiency. Patients with severe chronic renal insufficiency,
however, may not have profound anemia until they become frankly uremic.

C. Screen for remediable causes of chronic renal failure. Table 10-4 lists 2 number

- Malignant nephrosclerosis

== Weééﬁér‘s 'gianmomaMSis

of chronic but remediable causes of renal failure as well as suggestive or diagnostic
features of these disorders. There are also some acute disorders that can lead to
permanent renal failure, including rapidly progressive glomerulonephritis (e.g.,
antiglomerular basement membrane nephritis or Goodpasture’s syndrome) and,
rarely, antibiotic nephrotoxicity (particularly that caused by cephalofidine and
amphotericin). 3 :

Table 10-4. Remediable Causes of Chronic Renal Failure

Causes Diagnostic Features and Tests

Obstruction

Bladder neck or prostate Nocturia, hesitancy, intermittency, de-

\ . creased ‘caliber or force of urinary
f stream, postvoiding residual

History of pelvic surgery or radiation
Intravenous pyelography (IVP), use of

methysergide (Sansert), lymphoma,
= myeloma

Colic, hematuria, passage of stone, plain
x-ray of abdomen, IVP

Stone formation : Stone passage
= _ KUB for radiopaque calcium or magne-
sium stone in kidney or ureter

Therapeutic misadventure ‘
Retroperitoneal fibrosis or tumor

Calculi

Ty : i IVP for nonopaque uric acid stone
Stones and/or nephrocalcinosis ' Renal tubular acidosis, hyperparathy-

roidism ¢

Hypercalcemic nephrepathy Hyperparathyroidism, milk alkali syn-
! drome, other causes of high serum cal-
cium . \
Pyelonephritis with active infection IVP, urine sediment, t{ulture

or papillary necrosis 7 o
History of analgesic abuse, other drugs or

Interstitial nephritis S
toxins (lead, cadmium)
Multiple myeloma Serum and urine electrophoresis or light-

chain testing, bone marrow
Angiography, bruits, rise in serum creat-
inine if captopril is administered
Hypertension, retinopathy, renin
Extrarenal manifestations of lupus (skin
* rash, hair loss, arthritis) :

Bilateral renal artery stenosis

Lupus nephritis

Upper and lower respiratory tract manifes-
tations of Wegener's, e.g., sinusitis, pul-—
monary infiltrates = =

Elevated serum uric acid, history of

= podagrze, ;

Low serum potassium, history of diuretic

or laxative use

Gouty x{eph{opaghy

Potassium depletion

KUB. = Kidney, ureter. and bladder x-ray.
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D. Screen for remediable complications or contributors to azotemia in patients
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It would be far better to prevent chronic renal insufficiency than to treat it, but, T e
--unfortunately, many of the most common causes of end-stage renal failure either — =<
go undetected for such long periods of time that irreversible damage results or g
are not amenable to prevention. At our present stage of knowledge the latter is &QA
true of most forms of chronic glomerulonephritis. diabetic nephropathy (although
the vascular complications of diabetes may be less when blood sugar is tightly e
controlled), polycystic kidney disease, and many other inherited or idiopathic 2
disorders. Even interstitial nephritis due te chrenic pyelonephritis (particularly
when it occurs in a child with vesicoureterz! reflux) may not be preventable, and
certainly chronic pyelonephritis can progress long after bacteriuria is eradicated.
Nevertheless, there are several common causes of chronic renal failure that should
be preventable. These include hypertensive nephrosclerosis, obstructive nephrop-
athies of most types, and nephropathy due ts anzlgesic abuse.
It should be evident that it is mandatory for @ physician seeing a patient with
chronic renal insufficiency to make a specific diagnosis if it is possible to do so
without unreasonable risk to the patient. Mzny diagnostic features and approaches
‘are suggested in Table 10-4, but diagnostic approaches for disorders that are not
remediable ‘are not listed. Those approaches for polycystic kidney disease, diabetic
nephropathyyand renal hypoplasia are relatively self-evident. Details of the pa-
tient’s history, meticulous examination of the urinary sediment, excretory urog-
raphy, and percutaneous renal biopsy are the mainstays of differential diagnosis
of parenchymal renal disease. Occasionally, immunologic, bacteriolgic, or blood
chemistry determinations allow a specific diagnosis to be made.
It is well known that the majority of patients with acute renal failure will recover
essentially normal renal function if they can be sustained through their acute
illness by dialysis and by appropriate medical and surgical therapy of the condition
that caused the acute renal failure. This is true even when acute renal failure
is prolonged. It is less well known that there are several causes of chronic renal
failure that, even if severe enough to require dialysis for a substantial period of
time (even many months), occasionally improve sufficiently that dialysis is not
required for a period of months (or even years). Such disorders include malignant
nephrosclercsis, lupus nephritis, Wegener's grenulomatosis, multiple myeloma,
and disorders in which a reversible complication 1s discovered.
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with chronic renal failure. Although the principle of parsimony (reluctance to

make more than one diagnosis in a young person) may be helpful in arriving at

a correct unifying diagnosis in a patient with multiple symptoms, the principle

is dangerous when applied to patients with chronic azotemia. Chronic renal failure

not only does not protect against other discrders, such as prostatism, but it makes
the patient susceptible to a number of complications that may worsen the disease.

Table 10-5 lists remediable contributors ta azotemia.

1. Erroneous laboratory data. Errcneous laberatory data not only may cause
undue concern to the physician and patient. but also may elicit inappropriate
therapeutic responses. The physician must not only be alert to the possibility

* of erroneous data, but also must appreciate that a number of substances, par-
ticularly drugs, may interfere with various chemical methods. For example,
an artifactually elevated serum creatinine may result from hyperglycemia,
ketonemia, albumin infusion, or ingestion of arginine, ascorbic acid, cefoxitin,
levodopa, and methyldopa. Some drugs may increase serum creatinine, not
by decreasing glomerular filtration rate but by interfering with the tubular
secretion of creatinine. Examples are trimethoprim and cimetidine. An arti-
factually elevated blood urea may result frem infusion of dextran or ingesticn
of acetohexamide, ammonium salts, aspirin. chloral hydrate, chloramphenicol,
hydantoins, and sulfonamides.

2. Congestlve heart failure and pericardial disease. Heart failure may cause a
decrease in creatinine clearance of approximately 50 percent in a patient with
chronic renal insufficiency, just as it may in patients with normal renal func-
tion. Renal failure may cause pericarditis, which may be complicated by tam-
ponade, and tamponade may in turn additionally impair renal function and
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Table 10-5. Remediable Contributors to Azotemia in Patients with Chronic Renal Failure

Laboratory error or chemical interference with laboratory determination ,
Heart failure: congestive, low-output, pericarditis with tamponade or constriction
Hypertension: severe, especially malignant; overtreatment of hypertension :
Urinary cbstruction: i
Intrarenal: uric acid, papillary necrosis
Ureteral: bilateral, unless patient has only one kidney
Bladder outlet >
Vascular obstruction: arterial or venous
Infection: renal or extrarenal
Catabolism: infection, surgery, gastrointestinal bleeding, steroid, tetracycline
Drugs: diuretics, antibiotics, radiographic dyes, anesthetics, analgesics, vitamin D, alkali,
phenazopyridine (Pyridium), magnesium antacids, prostaglandin inhibitors, captopril
Salt depletion: restriction, diuretics, anorexia and nausea, vomiting, diarrhea, laxatives
Electrolytes: salt, water, or potassium depletion; hypercalcemia, hypermagnesemia,
hyperphosphatemia, hyperuricemia, acidosis
Hypoproteinemia: nephrotic syndrome, cirrhosis, peritoneal dialysis, plasmapheresis
Uncontrolled diabetic glucose diuresis
Pregnancy: especially toxemia, preeclampsia
Acute renal failure of any cause

precipitate flagrant uremia. If pericarditis is complicated by defective blood
coagulation, life-threatening intrapericardial hemorrhage may result.

3. Hypertension. Hypertension must be severe, often accelerated or malignant,
to impair renal function acutely and reversibly. Another cause of worsening
renal function in a hypertensive patient with chronic renal insufficiency is
overtreatment of the hypertension. Reversible renal failure may also occur
when patients with bilateral renal artery stenosis are treated with captopril.

4. Urinary tract infection, obstruction, and catabolism. Kidney infection without
obstruction rarely causes a profound disturbance of renal function unless it is
so fulminant as to produce microabscesses throughout the kindeys, or papillary
necrosis. The latter is particularly common in diabetics, especially when there
is coexisting obstruction. Extrarenal infection with septicemia and/or catab-
olism is as frequent a cause of progressive azotemia in patients with chronic
renal insufficiency as infection of the kidney itself. Innumerable other causes
of catabolism, including infection, surgery, gastrointestinal bleeding, steroids,
and tetracycline, may similarly complicate chronic renal insufficiency.

5. Drugs. Drugs may cause azotemia in a variety of ways, including direct neph-
rotoxicity, catabolism with increased urea generation, diuretic loss of salt and
water with consequent volume depletion, reduction of blood pressure even in
the absence of volume depletion, prostaglandin inhibition, and interference
with the excretion of other substances or drugs that are nephrotoxic. Drugs
may also complicate chronic renal insufficiency by causing complications other
than azotemia (e.g., hyperkalemia). Drugs that cause hyperkalemia include
salt substitutes (which may provide a dietary load greater than the patient
can excrete), spironolactone, amiloride and triamterene (which interfere with
potassium excretion), and succinylcholine (which causes release of potassium
from muscle).

6. Electrolyte imbalance. Numerous electrolyte disturbances, either known or
suspected to impair glomerular filtration rate are listed in Table 10-5. Most
ominous, because it is frequently insidious and unrecognized, is salt depletion.
It is instinctive to treat the patient with hypertension or congestive failure
with salt restriction and/or diuretics, but this can be dangerous in the patient
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who also has chronic renal insufficiency. Although most patients with renal
insufficiency do not have manifest salt wasting ( inability to sustain salt balance
on a normal intake), most are unable to elaborate a sodium-free urine and
thus are at risk of volume depletion whenever salt intake is reduced below
their obligatory excretion. This is often more than half a gram of salt per day.
The volume depletion may be subclinical yet sufficient to impair glomerular
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tubular reabsorption of urea is more variable than is the secretion of creatinine.
Nevertheless, particularly when it is obtained in conjunction with a serum
creatigine, the BUN provides additional information about the patient that
may be even more important than knowledge of the GFR xtsglf._ For example,
altered production of urea (decreased with inadequate protein intake or very

severe liver dysfunction, increased with catabolism or gastrointestinal bleeding)
or increased reabsorption of urea (with decreased fluid intake, hypqvolem»m,
impaired cardiac function, or urinary obstruction) changes the BUN relative
to the serum creatinine. Thus, a serum creatinine disproportionately elcvat(_zd !
to urea (normal ratio 1 : 10} suggests inadequate protein intake, water diuresis, !
or advanced liver disease, and a BUN disproporticnately elevated to creatinine
suggests prerenal or postrenal failure. ==

4. Radiography, ultrasonography, and other studies. Although.c.hmcal labo-
ratory parameters provide critical quantitative information, addltmn'al stud_xes
are often useful. Chest x-ray may reveal cardiomegaly, an increase 1in cardiac
silhouette due to pericardial effusion, or uremic pneumnonitia (which has never :
been convincingly demonstrated to be more than a hilar pattern of pglrr}onary 3
edema). Renal x-ray (with or without radiographic contrast), rgna} scintiscans,
and ultrasound may all assess the severity of renal disease by indicating renal
size and may also detect obstruction. Bone x-ray, partlculax_'ly of hands and
feet to look for subperiosteal resorption or vascular calcification, are the most
practical tests of renal osteodystrophy, although bone deqsﬂometry allows
quantification of osteodystrophy and may be helpful, partxcular!y v»_'hen 0s-
teopenia is the major beny abnormality. Nerve conduction velocity is quan-
tifiable but somewhat variable, and may add relatively little to clinical as-
sessment of peripheral neuropathy as an index of the severity of renal
insufficiency. \

F. Varying natural history of different causes of chronic renal fal.lure. The rate of :
progression of renal insufficiency expected for a given patient 18 _of obvious im-
portance. If serial determinations of serum creatinine are not available, the rate
of progression may be predicted from the diagnosis. If the rate of expected pro-
gression is fulminant {as might be true of rapidly progressive glomerulonephritis, )

scleroderma, or maligrant pephrosclerosis), the physician will probably want to

Q have the patient in the hespital not only to follow the progress of the renal in- '
sufficiency but also to assess the efficacy of whatever therapy is employed and ‘
to detect complications of the disease or of therapy. If the rate of ex;?ected pro- 1
gression is rapid but not fulminant (late-stage juvenile diabetes), the patient s_houl.d
be seen in the office more frequently than if the rate of expected progression 1s
intermediate (glomerulonephritis, lupus nephritis, pyelqnephritis) or slgw (pol-
yeystic disease, benign nephrosclerosis, nephrocalcinosis, pz\artxal obstruction, IgA
nephropathy, adult diabetes). 3 ’

. This information regarding expected rate of progression is particularly usefgl
when a patient is seen for “only a second or third time. An abrupt change in
function unexpected for the underlying disorder dictates a search for ‘remedxgble
complications. After the physician has followed a patient for a ;_)enod of time,
however, the patient should serve as his or her own control. That is, after serum

filtration seriously.

E. Assessment of severity of chronic renal failure. For many patients, once the
renal failure is substantial, the cause of the underlying renal disease is less im-
portant than its severity with regard to manifestations, complications, and therapy.
Thus, when the physician has excluded remediable causes of chronic renal failure
and remediable aggravating factors, he or she must shift attention to assessment
of the severity of the renal failure and, thus, to its proper management.

1. Symptoms. The symptoms of renal insufficiency depend not only on its severity e
hut also on the rate at which it develops. If uremic symptoms are present, the
physician can be reasonably certain that renal insufficiency is severe. However, Q

9
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if symptoms are absent, the renal insufficiency may nevertheless be equally
severe and on occasion even life-threatening. Thus, the physician must not
rely on symptoms alone but must repeatedly obtain extensive laboratory data
to follow a patient with chronic renal insufficiency.

2. Physical findings. The physical examination of patients with renal insufficiency e,
may also reveal evidence of severe renal disease. If there is uremic frost, per- =
icarditis (particularly with tamponade), neuropathy (particularly motor rather
than simply sensory), or evidence of bone disease (deformities in children, ten- c
derness or pathologic fractures in adults); the renal insufficiency is severe.
Other stigmata, such as hypertension, hyperpigmentation, retinopathy, and c
even ecchymoses, do not necessarily correlate with the severity of the renal
insufficiency and may correlate better with its duration.

3. Laboratory data. Aside from the history, physical examination, and observation Q

&

g

\
\

@ s

&

Y4

of urine volume (oliguria invariably represents severe and potentially life-
threatening disease), definitive assessment of the severity of renal insufficiency
is dependent on laboratory findings. Anemia, acidosis, hyperphosphatemia, =
hypocalcemia, and hyperuricemia are all important but less useful in assessing
severity than are measurement of BUN, creatinine, and creatinine clearance.
Creatinine clearance is the most important clinical test. However, it overes-

timates glomerular filtration rate (GFR) when GFR is reduced below 5 to 10
percent of normal, and in this circumstance a mean value of creatinine and ¢
urea clearances (since the latter underestimates the extremely low GFR) gives
a more accurate value. Despite the overestimation of the very low GFR by
creatinine clearance, it is adequate for all clinical purposes. Except for errors
related to improper timing and collection (e.g., a patient with variable emptying
of the bladder or who is confused may be unable to collect a timed sample ¥2¥
reliably), creatinine clearance is superior to measurement of serum creatinine |
alone. This is particularly true of malnourished and elderly patients whose ;; l,
muscle mass may be difficult to estimate to interpret the clinical implication  °
of their serum creatinine level. Furthermore, if the patient is not severely
catabolic or anabolic (e.g., a growing child), once an accurate urinary creatinine
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creatinine has been measured on several occasions, the rate of progression can
excretion has been obtained, creatinine clearance can ever after be calculated : be estimated. A semilogarithmic plot of the serum creatinine against time should
from that value together with sérial serum creatinine determinations. g_f _3 yield a roughly linear slope, and any abrupt change in rate demands an expla-
Creatinine clearance is not always necessary for clinical purposes if it is ap- ; nation. : e
preciated that a large, muscular, young man should have a significantly higher #he. G. Parameters to monitor in patients with chronic renal failure. The symptoms and i
serum creatinine than a small, elderly woman. Furthermore, any change in ¢~r & signs of renal insufficiency and its complications are particularly useful in con-
serum creatinine concentration reasonably reflects a change in glomerular .i' - - junction with laboratery p;trameters in following patients with chronic renal dis- o =
filtration rate, since renal tubular secretion of creatinine is a relatively stable g"’ s ease. Both clinical and chemical features should be used to guide conservative

] and minor factor (except in advanced renal failure), and since the other de- f 3

; : : = . } and eventually radical management of renal insufficiency. =
pendent variable is the production of creatinine, which varies less than 10 . —_ These parameters are categorized in Table 10-8 by history, physical examination,
percent unless there is a change in muscle mass. = 1 %

: : > -t y laboratory tests, x-ray, and neurologic tests. Here we consider the parameters
The BUN is a less accurate measure of GFR because the production of urea from another point of view. The signs, symptorms, and laboratory derangements
is much more variable than the production of creatinine and because renal of uremia should be follewed to know when dietary protein restriction must be
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~ TYable 10-6. Parameters to Follow in Patients with Renal Failure

Histery - : i
Symptoms of uremia
Physical examination

tate, edema, reflexes, sensation
Laboratory tests 3

X-ray tests f&"
Chest, bone, kidney size
Neurologic tests

rics \

Weight, supine and standing blood pressure, retinopathy., skin turgor, c@iac size, pros-

Blood urea nitrogen, creatinine, potassium, HCO,, uric a_cid, phosp'habe, calcium, albu-
min, hematocrit, platelets, serum iron or ferritin, alkaline phosphatase, pgrathyrold
hon;lone, urine sediment and culture; 24-hcur urine volume, creatinine, protein, sodium

Physical examination or nerve conduction velocity, electroencephalogram, psychomet-

IV. Treatment of patients with chronic renal tai‘lure

A. Conservative management S
i. Measures to prevent aggravating renal failure and complications

initiated and, afler it has failed, when dialysis ?nd'or_transPlantation should’be
initiated. The signs, symptoms, and radiographic manifestations of.hypertens.u’m
and cardiac dysfunction should be followed to assess the need for antihypertensive,
diuretic, antiarrhythmic, and cardiotonic drugs and also eventually to appreciate
when dialytic therapy may be required to contrpl circulatory overload that maﬁ
aggravate hypertension and/or cardiac dysfunction. Laboratory parameters suc

as potassium and bicarbonate should be followed to know when dietary therapy
or other drugs are required, and parameters such as calcium, phosphorus, para-
thyroid hormone, and bone x-ray or densitometry to know .whel_x to modify the
diet and to use medications such as phosphate binders §nd vitamin D gnalogues;
Other tests, such as serial determination -of body weight, urine spdnpent and
culture, and serum iron or ferritin, are important to detect comphcatlons_‘. such
as salt depletion, urinary infection, and iron dfeﬁcxency, to make therapeutic n{a-
neuvers to prevent rapid deterioration of function or to treat complicating illness.

a. Careful drug usage. As in ail medicine, primum non nocere. Re.nal fax}ure%
may be aggravated or complicated, part.xcular!_v by the injudicious use 0d
medications or inappropriate manipulation pf the dlef.. Many drugs depen |
on renal excretion and have excessive or toxic effects if gmployed in norms(';ld
desage in patients with renal disease. Other medlcatxox}s must be u -
cautiously because of the impaired homeostatic mechanisms 1n patleg_a
with renal failure. Nonsteroidal antiinﬂlammawry.agents.are prostaglanbxln
synthesis inhibitors that may cause serious renal insufficiency, presumably
by decreasing renal blood flow. At times tl:ley may cause even moxv'e' ;exilo\.is
and less rapidly reversible renal insufficiency by causing interstitial ne-
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phritis, with or without nephrotic syndrome. Oth'er dr_ugs \_'vk_uch may cau_s;a
interstitial nephritics include phen_ylhydantom, cimetidine, captlt.)l;;n1 ;
methicillin, allopurinol, and furosem.xde. Such agents may be more likely
to cause interstitial nephritis in patients who already l}ave some 'degre_tz
of renal insufficiency. A detailed discussion of drug use in renal failure 1s
beyond the scope of this chapter, but tables for mod}ﬁcatlon of drug dosage
are readily available in the current literature and in Ckapter 11. To sur?é

~ marize bri.efly, a few medications are so toxic or dangerous that they shou
be avoided altogether; these include mtrofura_mtom (w'h{ch may caus?h?e};
ripheral neuropathy); spironolactone, Emll‘O!"lde, am.i triamterene (whic
may cause lethal hyperkalemia); cephaloridine (which may cause st_zverfi
renal failure); phenformin (which may cause severe lactic acidosis); an
sulfonylureas (which may cause severe hypoglycemia)y
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Many medications must be used in decreased dosage, with %nonitoring of
blood levels whenever possible; these include digoxin, many antibiotics,
cytotoxic medications, cimetidine, clofibrate, long-acting barbiturates, and
insulin. The physician must be particularly cautious in using drugs that
are potentially nephrotoxic and ototoxic, such as gentamicin, kanamycin,
and vancomycin. A few medications require increased dosage in patients
with renal insufficiency to be effective; these include diuretics and some
antibiotics when used to treat urinary infection.

b. Avoid volume depletion and hypotension. In patients with renal insuf-
ficiency, it is particularly important to avoid excessive treatment of hy-
pertension and edema. Thus, special care is necessary in the use of anti-
hypertensive medications and diuretics. Upright as well as supine blood
pressure should be monitored to detect postural hypotension, whether due
to an antihypertensive drug or to volume depletion. Even restriction of
dietary sodium is potentially dangerous and generally should be avoided.
Vomiting and diarrhea are particularly hazardous to the patient with renal
insufficiency because the renal ability to reabsorb sodium and bicarbonate
is limited; these symptoms are danger signals requiring prompt diagnostic
and therapeutic intervention, at times including intravenous fluid therapy.

¢. Avoid electrolyte imbalance. Although the ability to excrete potassium is
sufficient to handle the potassium in a normal diet until chronic renal
disease has progressed to an oliguric stage, the ability to excrete extra
potassium loads is not. Thus, supplemental medicinal potassium is rarely
required, and sait substitutes (KCl) as well as potassium-sparing diuretics
should be avoided in patients with chronic renal disease. Patients with
hyporeninemic hypoaldosteronism may require potassium restriction or
9a-fluorohydrocortisone. In diabetic patients with renal insufficiency, care
must be taken to avoid extreme hyperglycemia as well as acidosis to avoid
shifts of potassium out of cells and dangerous hyperkalemia.

d. Avoid indiscriminate protein restriction. Dietary protein restriction is
highly effective in ameliorating early uremic symptoms, but indiscriminate
protein restriction may result in malnutrition. Thus, when the quantity
of dietary protein is restricted, the remaining protein should be of high
biologic value (i.e., rich in essential amino acids).

e. Avoid pregnancy in high-risk patients. Although many patients with renal
insufficiency are infertile, some are not, and these women should be advised
against pregnancy (which may accelerate renal failure, at times irrever-
sibly) or at least cautionied of the high risk to the mother as well as fetus.
Risks are greatest in patients with hypertension, serum creatinine greater
than 3.0 mg per deciliter, or both. If pregnancy is not interrupted, extremely
close observation is mandatory. 2

f. Avoid instrumentation and radiographic contrast studies. Some diagnostic
maneuvers are potentially hazardous in patients with renal insufficiency.
Catheters and other urinary tract instrumentation should be avoided if at
all possible because of the risk of urinary infection. Radiographic contrast

studies are potentially dangerousto all patients with renal insufficiency,
particularly to patients with multiple myeloma, diabetes mellitus, hype-
ruricemia, or dehydration. Serum uric acid as well as BUN and serum
creatinine should be measured 'before any contrast study: if the serum uric
acid is elevated, the patient should be pretreated with allopurinol unless
the x-ray study is urgent. Fluid intake should not be restricted before uro-
graphic or angiographic studies, and at times additional fluid should be
administered. Patients with cholecystitis are frequently dehydrated, and’
volume repletion is indicated before cholecystography or cholangiography.
A cholecystogram should not be repeated in a patient with renal insuffi-
ciency without a substantial interval of time between studies.
2. Approaches to slow the progression of renal failure

a. Control hypertension. Control of hypertension, most particularly of ma-
lignant hypertension, may slow the progression of renal insufficiency
whether the hypertension is primary or secondary. With initial therapy
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there may be transient worsening of renal function, but this should not B evi :
x 2 B - 2 > at Symptoms
dissuade the physician from achieving control of the hypertension, even lj Table 10-7.Therapy to Alleviate Uremic Symp
5 if the patient is on the borderline of uremia and might require temporary & Itching =
dialysis. 0." the other hgnd, o prgvmusly mentioned, gvcrtreatment of ; Restrict phosphorous and protein; treat with ultraviolet irradiation, diphenhydramine
hypertension is to be avoided since it is as dangerous as inadequate treat- > Gustrainiesting] s
ment: syncopal episodes, aggravation of azotemia, and even modest re- | ; rastrointestinal symptoms . E
duction of blood pressure with captopril may cause reversible renal in- e 1T Restrict protein; correct acidosis; treat with frequent small meals, prochlorperazine
sufficiency in patients wit_h bilateral renal artery stenosis. i Neummuscular ‘syrnptoms_ ' . :
b. Treat urinary tract infection. Treatment of urinary infection is less fre- — s =) Restrict protein; treat with diazepam, sedatives, anticonvulsants
que_ntly eff¢ctive in slowing Fhe progression of renal insufficiency. Some % Bone disease
patients with severe renal infection have substantial improvement in e = Treat acidosis; restrict and bind phosphate; treat with calcium supplementation, vitamin
§ D, or 1,25(0H).D;

is restricted to the lower tract is unlikely to have a beneficial effect on

function with effective therapy, but treatment of patients whose infection j
renal function. Nevertheless, since there are other reasons to treat infection e

Neuropathy
3 Treat with vitamins

and since there is no sure way to tell which patients have only lower tract i A heras i
infection, all patients should be treated unless the treatment is judged to e z y : X ; f
be more dangerous than the infection. e > 3 Treat ?v?th iron, anabolic steroids, and, if severe, with transfusions
¢. Limit dietary protein. Protein ingestion or amino acid infusion increases ? Mah_'xutrmor} | g = s
renal blood flow and GFR and may increase renal size. A substantial body e‘dé High-quality protein when quantity of protein is restricted
of evidence—albeit much of it indirect or in experimental animals—sug- 3 Arthritis : N

gests that the rate of progression of renal insufficiency of any cause, even e i Restrict and bind phosphate; treat with allopurinol, phenylbutazone

ageing, may be greater when protein intake is high. Conversely, protein i > ]
restriction may slow the progression of renal disease. Whether considerable :
slowing can be achieved by modest reduction of dietary protein remains Q }
to be seen, but presently it seems reasonable to hmit dietary protein to 1 i
gm per kg body weight per day in patients whose creatinine clearance is
less than 30 ml per minute. Some advocate more stringent restriction even
earlier in the course of renal disease.

d. Control hyperphosphatemia. It is now well known that hyperphosphatemia < -
sufficient to initiate parathyroid hyperplasia and hyperparathyroidism oc- [
curs relatively early in renal insufficiency {when glomerular filtration is Q
reduced by only approximately 30 percentj; thus, to protect the skeleton )
and to prevent other potential hazards of hyperparathyroidism, use of
phosphate-binding medication and avoidance of excessive phosphate intake e ;}
(primarily, dairy products) are appropriate. It is also likely that hyper- =L

3. Therapy to aileviate uremic symptoms
a. Dietary protein restriction. When renal function fails and symptoms de-
&_ § velop, dietary protein restriction is indicated because uremia is largely
: due to the production of protein catabolites whose excretion is impaired,
and because a low-quantity, high-quality protein diet decreases the pro-
duction of protein catabolites. It is important to appreciate, however, that
a high-quality protein diet (one rich in essential amino acids) is necessary
to maintain nutrition. Furthermore, as described above, such a diet may
slow the progression of renal failure and even, perhaps, improve renal
function.
Dietary protein restriction should not be severe (i.e., should not be less
than 0.5 gm protein/kg body weight/day) until uremic symptoms develop,

phosphatemia mediates renal damage by enhancing cal.cium-p.hosphorous G since the beneficial effect in slowing progression of disease seems less than
depo&;nct)‘n ar}lld hastens the pll'(l)gressmn of renal insufficiency; it should be ) =t ; the risk of malnutrition. Furthermore, reserving marked protein restriction
treated for this reason as well. 2 : : : ’ 2 -
to the uremic stage of renal insufficiency generally allows the physician
e. Treat severe hyperuricemia (> 10 mg/dl). Although not as well demon- g‘ i otill ti d-sta i
: ; : S : -sta 1 disease man-
strated a pathogenetic factor in progressive renal insufficiency as hyper- 3 to know that there is still time to prepare for enc-StaEE FRe (- "

agement without undue haste or alarm, since marked protein restriction

PhtOSP‘t‘iFe;"{iaﬁ hy peru_ricem;a also causes r?n'al parenchymal damfige by g‘— usually allows one to several months of sufficient amelioration of symptoms
interstitial inflammation and scarring. Thus, its treatment may also slow 2 ) before dialysis or transplantation is required. To initiate marked protein
’ tg};it};vrzi;frséoztgf renal insufficiency even in patients who do not have g restriction before the onset of symptoms, and thereby to delay their ap-
pathy. = el : - x Yo ]
. e T > = pearance until very late in renal failure, obliterates this important signa
f. ;I're?t sivere metabbth acidosis. Metabolic acidosis should be treated, at ? to the physician that referral for end-stage renal disease care is indicated,
east when serum icarbonate falls below 17 mEq per liter, not only to <. thereby exposing the patient to greater risk of life-threatening compli-
provide a buffer reserve against acidogenic insults, but also to protect the 7 ‘-? cations such as hyperkalemia and pericarditis.

:l:::llaelt?gnf&oiglnd:m;nﬁzlsmngx;; It seelmsfpoes:ple tlhfa(:d acidosis may !m{{alr ¢ b. Treatment of pruritus. In addition to dietary protein restriction, a variety
tion as we cardiovascular function. ema or aggravation —— R ORE) ired to prevent or alleviate symptoms once

of hypertension results from sodium bicarbonate therapy, dietary sodium 1 @ of medications yusually requ 2 = L

“uremia has supervened. Itching is a common and particularly unpleasant,
problem that is not always amenable to conservative therapy. Restriction
=3 of dietary protein and restriction or binding of dietary phosphate may suf-
_ fice. If dryness of the skin contributes, avoidance of frequent or prolonged
bathing, use of mild soaps, and application of skin creams may be helpful.
— Ultraviolet irradiation has occasionally been highly effective. Other an-
tipruritic medication may be helpful in selected patients, but diphenhy-
dramine is usually the drug of choice both because it often decreases itching
and because it is sedative. Itching is particularly bothersome to the uremic
patient at night when activities of the day no longer distract attention
E™ from what is often relatively mild pruritus. ;

S :

restriction or diuretics may be required to allow continued alkali therapy. =

g. Control blood sugar in diabetic patients. Just as high protein intake may g -
cause glomerular hyperfiltration, so may hyperglycemia. Early in the course

|  of diabetes mellitus creatinine clearance is often high, and renal size, large. gj 3

b Long-standing hyperfiltration may be associated with proteinuria and glo-
merular damage. Conversely, rigid control of blood sugar may lessen renal —
damage in diabetics or at least slow the progression of renal insufficiency. 5?
Tight control with twice-daily long-acting insulin and supplemental regular
insulin before meals or with an insulin pump should be advised, particularly &*‘@
in young diabetic patients. =
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i ; Gastrointestinal symptoms are

s o'rg?ﬂs‘i:xor:::i:a’ll‘}s\ggm anorexia; 8 musty, metallig, or‘
a\most'}I nwl;ormul ta;t,e: nausea; vomiting. particularly in the morning;
oth;em Egety' and occasionally, diarrhea. These symptoms are usu_z;llly re-
f‘::lzds?w die‘tary ’protein restriction, e‘:'se;! thoug;}etth(j\ imdr;f\ :1“:3?1 uren;séy_

. i ient’ ma iet. !

T e th;n t?rﬁsp:;::i;,t ;r(;d additilg'\al measures may be indi-
el hﬂwebver‘,':sgl tl,)aqt,e may be abolished by decreasing oral bacteria
cabefi. e :tourea to»ammonia\, with half-strength hydrogen peroxide
i ‘tl:or;‘\’e by neutralization of ammonia with small amounts oij lemon
fﬂt_)UthV:SS o ay be sustained despite anorexia and early ‘satxety b._v
J‘}lxwe. N:;I f;g;:err?t small meals. Nausea may respond to correctixon of ax::i;;
:ibil‘il:eacidosis with sodium bicarbonate or to the use of prochlorperazine

i benzamide. g
d %:;;::2’;00, neuromuscular symptom& Neurqu}xsﬁul:;;ﬁ}r:sp;:;:spir:
2 haps the next most common in uremia. They include e a‘, e
N thiesta d dysesthesias as well as other symptoms of peripher ;
eSthe;;lfS afxlscleycrramps and myoclonic jerks, fatigue (particularly later 11:3
:l?\gaz{ia!'i n':nsomnia, and even convulsions. These sympt_,omshals?dn;z); e
a;ne‘io);'a;f,ed by restriction of dietary protein, and v1ta_mm§ s .;“;‘, s
THeg tient with neuropathy even though vitamin g‘ o =
Zf?gﬁt:thlixf lcaausé of it. Diazepam, sedatives, and—when indica
ticonvulsants may also be helpful.

t of bone and joint disease. Renal _osteodystroph)_' is fr%qx‘xxc;gtkls)e
g Tremnlth ugh rarely symptomatic. Even if asymptomatic, it s o el
?r::et:(;‘tg reostfiction and binding of dietary pho‘sph.at,e and by ct;:e efenal
1;'metabolic acidosis. Since daiTy prouw restriction is nfefessarv, sta};fis.hed ;o
giet is usually deficient in calcium. It 15..t§x:‘\;/:vsr,skr:g‘tl 1)216 bz et
o CalcmThsuft‘;}:;n lf;‘xt\?lt,l?pb(;rn; ld_'\sease is symptomatic or ev(;dglnt)
1aCtlca!1y. Onh' iurvev calcium carbonate (0.5 to 1.0 gm c_alcxum ?:igd
e Tad}nggP zlc X '-vi'u;min D. (0.25ug daily) are appropriate, provi —Ld
b ru-\xh) rus is cont.xlfolled and that serum calcium is follo“‘e
e Dhlosp 'r(;ur;-i;xduced ostecmalacia is demonstrated by an alu-
Tegﬂlarl:\’- l'f . urbnol e hiopsv the renal osteodystrophy may rgspond to alu-
ko v 0nl t {ldesferr-o;(amine. Arthritis is fortunately mfreq_uendl in
e removav D)-'l forms may occur. Periarticular hydroxyagat}te ep(-i
ur‘etma,atr)l‘fit is:;l‘:j:mation ma‘:' be prevented by die;ary ;estr:li)t;n:: ,,j:e
Bindin, y i y in may respond to pheny azone.
ron phos'?h%ted o:o);hp;r::t?z;iﬁ_?anh ’alloppurinc-l and acut.el_v :1&:
Sﬁ:ﬁti?iz (l)‘)fptll\zxanﬁbuptazone. Pseudogout may also be treated with phen-

]butazone or indomethacin. All forms of arthritis should be treated initially
y .

i o iigren f renal insufficiency is @ particularly
k Tregtmem ‘:?lf anel?li:p?;:ui;‘:g;;adoue. at least in part, 10 er_vt.hmpoxedtl.n
Lot Uer?.rtun't,ely erythropoietin has not been sy_nthesxzed an 1ls
deﬁCIEnify-blﬂ ? T tr:atm,ent of patients clinically. Patients s_hou}d be
{s‘::eear::ll 1;(3)3' Sthgr forms of anemia, particularly iron dgﬁgwr{zcy \:'llttl':] ;&(1;;1‘?;
iti i i of anemia is found tne oI
el fen‘m?, b\:et; ltgx: opgiglii:?]zdi?:istration of anabolic sterpldsd,
pn‘actl_cal the‘r'd 'pyunfortunatelv, not great. Because of risk and s'}:()x"t-lxx.."teh
i emwt)fl's"'ons should génerally be avoided except in patients wit
e bi:)ﬁary artery disease, cerebrovascular dxs{:ase, or cardxa'c‘
;mp:: r?&i:cl):ec:\l/mpmms relating to these cardiovascular diseases Improve
3 = -
: tranifusi“;;liercurrent fiiness. Finally, it should be noted _thatd the
ik Tfeatmef{ of mia are 80 protean as to simulate many other disorders.
Sympmn?:: 0h“u&':?cian must be alert to intercurrent illness with urelmlc
gl'r‘:x;t:r‘ni r;uihlas gastroenberitis, since such illness may be amenable to

therapy and, if not treated, may aggravate uremia.
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B. When to refer the patient with renal failure to a nephrologist

1. in renal insufficiency of any stage (early to advanced) when there are con-
cerns regarding the evaluation or management of the patient. When no longer
comfortable in caring for the patient, the primary physician sHould seek ne-
phrologic consultation. This may be because he is not confident of the evaluation
of the underlying disease or of possible superimposed complications, or the
primary physician may not be confident that he is providing optimal con-
servative management. Such confidence is understandably shaken when there
is unexpected, unexplained progression of renal insufficiency, when compli-
cations develop, or when manifestations are not controlied by therapy.

2. When temporary dialysis may be required. Dialysis for a relatively short period

of time may be indicated in a patient with moderate, suburemic renal insuf-
ficiency who develops an intercurrent illness or catabolic stress that precipiiates
symptomatic uremia. Preoperative preparatory dialysis may be indicated in
patients who require elective surgery that might cause uremia. Temporary
dialysis may also be required in a patient with moderate renal insufficiency
who has had surgery, complicating intraabdominal infection, or intestinal fis-
tula necessitating parenteral alimentation, any of which may precipitate
symptomatic uremia. In these situations the need for temporary dialysis can
be predicted, and it can be applied prophylacticaily before the development of
uremic symptoms. In other circumstances the need for temporary dialysis may
not be anticipated, such as in the patient who requires emergency surgery or
who, for whatever reason, develops an abrupt and severe deterioration of renal
function that results in uremia.
Temporary dialysis may also be required for a patient who presents already
uremic but who has not been adequately evaluated for the duration, cause,
reversibility, or complications of renal failure. Similarly, a patient may present
with uremia, with known, chronic, irreversible renal disease, who has not
been adequately evaluated for the appropriateness of chronic dialysis or trans-
plantation. Specifically, the patient may not have been evaluated for such
problems as metastatic disease, end-stage heart failure, intractable pain, and
psychosocial misery, any of which might contraindicate definitive ESRD care.
Such a patient should be dialyzed until the evaluation is complete.

3. To consider, pian, and prepare for definitive ESRD therapy

a. Indications for initiating chronic dialysis or transplantation for a patient
with otherwise suburemic severe renal failure include:
(1) Circulatory overload, congestive heart failure or hypertension that fails
to improve with medication
(2) Severe, progressive peripheral neuropathy, especially motor neuropathy
(3) Pericarditis
(4) Severe renal osteodystrophy
(5) Progressive physical debility or mainutrition
(6) Progressive emotional discouragement or psychosis
(7) Early, but progressive, diabetic retinopathy
(8) Severe diabetic neuropathy, gastroenteropathy, or vascular disease
() Creatinine clearance less than 4 ml per minute
(10) Irresponsible or noncompliant patient and danger of death from hy-
perkalemia or other complication
(11) Bleeding diathesis
b. Indications for initiating chronic dialysis or transplantation for a patient
with uremiec ESRD include: !
(1) Conservative management fails to sustain quality of life or productivity
(2) Patient emotionally as well as intellectually prepared
. Patients should be referred to a nephrologist when any of these indications
exists. Preferably, to allow for a smooth transition so that the patient has
adequate time to become acquainted with the new physician and to adjust
to the frightening and awesome transition from conservative to radical
management of renal failure, the patient should be referred before the
development of these indications. A signal that the time for referral is
auspicious is the onset of symptoms in a patient before the initiation of

2
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marked dietary protein restriction. Creatinine clearance may also serve
as a guide; referral is generally indicated when the clearance has fallen
= to 10 ml per minute or in the diabetic patient when it has fallen to 15 ml
per minute. Early referral is desirable not only for the reasons just men-
tioned, but also to allow time for maturation of an arteriovenous fistula

dialysis or transplantation when neither depressed nor .unc_ler Fhe stress of
acute illness or life situations. Another absolute contraindication is extrarenal
illness that, in the patient’s and physician’s opinions,'has so destroyed the
quality of life that dialysis or transplantation would simply postpone death

m ® 5
v ¥ e

for vascular access for hemodialysis or for preparation of the patient for ane{?}i?zlznc%rfagf;:i?gtion to dialysis and transplantation is disability or severe

transplantation. If there are willing related donors, time for their evaluation . ‘3 handicap in an infant who, in the parents’ and physician's opinions, wonld

and preparation is also necessary. e have severe difficulty adjusting even to a sheltered existence. Another retative = 1 -
C. Definitive ESRD therapy (chronic dialysis and transplantation) :

contraindication to initiating or continuing dialysis is the existence or d.e_vel- f’
opment of serious illness that, in the opinion of _the family and Physxcxan.
would cause severe and prolonged suffering of an incompetent patient.

1. Indications to initiate chrontc dialysis or transplantation. Indications that
thertime has arrived or passed for proper initiation of ESRD therapy are listed
above and are for the most part self-explanatory. A few, however, deserve

v
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3. Use of hemodialysis > = ] ]

ggmument: a. Ancillary therapy and technical aspects. Although the adequacy of dialysis ¥

a. Neuropathy. Sensory neuropathy is common, frequently only mildly dis- is difficult to measure or even define, most patients require 4 hours of =
ftressing to the patient, and not a cause for undue alarm. However, even };emodialysis three times weekly to sustain reasonable health. Dietary and ] E
early motor neuropathy is an indication that dialysis or transplantation fluid restrictions are mandatory, and ancillary therapy is almost invariably 3
should be initiated without delay, especially since dialysis rarely reverses required. For nearly all patients such therapy includes supplemental water- ¢ 4
peripheral neuropathy but may halt its progress. In fact, if motor neuro- ! soluble \'ritam'ms (B and C), folic acid, and phosphate binders (aluminum | °
pathy has progressed considerably, transplantation may be preferable to hydroxide or carbonate). For many patients therapy also includes anti- §
dialysis because it may allow regeneration of peripheral nerves. _j hy ertensive medications supplemental calcium and/or active vitamin D, © 7 3

b. Uremic pericarditis. Uremic pericarditis is often mild and as such does 5 ir}(l)rr)x andhperiodic transfus’ion of blood. Occasional patients require subtotal = |
not cause tamponade. However, there are occasional patients in whom :

parathyroidectomy because of bone disease, and rare patients require . ..
nephrectomy for treatment of hypertension. Although there are fewer i
problems with arteriovenous fistulae than with external s_hunts‘ vascular :
access fails periodically in most patients. The forearm veins of many pa- |
tients are inadequate to create adequate fistulae, and interposition seg- |
ments of bovine carotid artery, microporous Teflon (Impra or Goretex), or g ,4
umbilical vein are often required. - e
Perhaps the most important decision in chronic hemodxal).rsxs. is whgther
to perform it in the home or in a center. Some centers are W}thm.hospntals‘
others in free-standing units, and a few offer limited-care fixalysm at lower !
cost by virtue of greater patient and/or assistant participation. The ad- i
vantages of home dialysis are a sense of independence, ~alnhty to scheduAle i
dialysis to meet personal or business needs thus allowing better rghabll-
itation, less exposure to hepatitis, less expense than center dlalysx's anc_l, i
for the child, a more natural setting. The disadvantages of home dialysis
are the added psychological stress for the patient and assistant, the dis- 3
4
}
1

pericarditis is fulminant, particularly those whose uremia is also compli-
cated by a hemorrhagic diathesis. Hemorrhage into the pericardium may
precipitate tamponade, and a fibrinous, hemorrhagic pericardial exudate
may not be easily drained by pericardiocentesis. Thoracotomy with drain-
age, at times pericardiectomy, may be required. Indomethacin frequently
ameliorates the pain of uremic pericarditis, and if initiated early it may
possibly lessen the risk of tamponade and hemorrhage.
¢. Malnutrition and physical debility. Malnutrition and physical debility often
develop insidiously in uremic patients. and the conscientious physician
who sees patients at short intervals may be at a disadvantage in appre-
ciating these afflictions--Malnutrition and debility predispose patients to
intercurrent illness and impair their ability to recover from such illness.
d. Emotional considerations. The various complications of uremia were
common in the early days of dialysis'when it was less available and when
conservative therapy was prolonged beyond what we now know to be a
reasonable time. Thereafter, the pendulum swung to early initiation of
dialysis, even at the inception of uremic symptoms, and nephrologists took
pride in the fact that they were able to initiate definitive therapy with
minimal uremic symptoms. It is now apparent, however, that dialysis can
be initiated too early as well as too late, and that the patient who kas not
had to endure unpleasant uremic symptoms finds it extremely difficult to
accept emotionally the time-consuming, expensive, and at times unpleasant
demands of chronic dialysis or transplantation.
The patient must be emotionally as well as intellectually prepared for ESRD
therapy and thus probably should be allowed to experience early uremic
symptoms to accept dialysis or transplantation and thereby, in the long
run, to suffer less. The physician should, nevertheless, initiate dialysis or
transplantation when conservative management fails to sustain a reason-
able quality of life and health or fails to sustain productivity. The inability
~———— of a person to continue work or school activities or to enjoy retired life is
: an important signal that dialysis or transplantation should be deferred no
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ruption of family or marital life that the stresses maylocc_asion, the }ack
of expertise and equipment for cardiorespiratory resuscitation should it be
required by illness or technical misadventure, gnd the lesser frequency of
evaluation of the patient by nurses and physician.

. Efficacy of chronic dialysis. Uremic manifestations and how they are con-
trolled by dialysis are listed in Table 10-8. The net effect of ?hese Yanables
is a patient whose life is clearly prolonged, whose healt.h is varlgbly but
usually reasonably restored, and who has to expen@ consxder.able time and
effort, if not money, to achieve these ends. A minority of patients, perhaps
10 percent, feel entirely well, and their lives are pnrpax"lly dlsrupu?d. by
the time required for treatment and for medical evaluation and supervision.
The vast majority of patients are well enough to enjoy reasona})ly_normal
lives, and half of them can continue full-time work, school, or retirement
activities. A minority of patients, generally 10 to 20 percent dgpendmg on
acceptance criteria of the individual center, remam_sermusly ill apd have
a questionable quality of life. Nearly all such pat}entg have serious ex-
trarenal disease that is primarily responsible for their failure to be restored
to reasonable health or to be rehabilitated. : i
As might be anticipated, elderly and retired patients tend t.o‘ad:]ust better—Hi————
to the demands of chronic hemodialysis than do younger patients. Sur- i
prisingly, many elderly patients have fewer medical problems than their
younger counterparts.
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longer. —
=2 dontraindications to initiating chronic dialysis or transplantation or to con-
tinuing chronic dialysis. An absolute contraindication to initiation of dialysis
or transplantation is the patient’s decision against such action, if the patient
ig mentally competent and well informed. Specifically, the patient should be
given an opportunity to consider the pros and cons of prolongation of life by
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Table 10-8. Efficacy of Chronic Dialysis in Controlling Uremic Symptoms

Table 10-9. Corﬁplications of Hemodialysis

- Well Controlled Variably Controiled ~ Poorly Controlied Vascular access: hemo}z}'rhage, thrombeosis, embolus, infection, aneurysm, arterial steal,
= : E : Cardiovascular disease venous congestion, high flow (strain on heart) [

- Neurologic symptoms Sog;;:;;czf b e — Growth s Technical misadventure: impure water, improper dialysate, air embolism, ruptured
Gastrointestinal symptoms Hypertensio ot Development = :‘3 dialyzer, excessive anticoagulation, excessive ultrafiliration — =
Bleeding irculatory overload® Maturation ‘ Hepatitis and carrier state

Cujcu a.\ y Sexual interest and fince ﬁ 3 Removal of nutrients, medications, other solutes
Ac:dosxs‘ : ;:i : \ Anemia and impaired oxygen delivery
e Muscle cramps & S Neutropenia and eosinophilia \
Artt:érzpa:hy h Anephric anemia > *‘ : Bleeding and clotting tendencies
gi emi}; KPRy fj i 3 Cardiovascular: cardiac stress, hypotension, hypertension, arrhythmias, endocarditis
i Gastrointestinal: phosphate depletion, obstipation, ascites i
Negmpa’?hy { z , Genitourinary: sexual dysfunction, oliguria, stones, papillary calcification, acquired cystic

: Perlcarf'ilflls : - S disease (often with tumor) -

g \ Hypefhp‘dem“_’ = ‘ ; Neuromuscular: muscle cramps, seizures, disequilibrium, dementia, carpal tunnel syn-

] a Carbohydrate intolerance ¢ - E ;3' drome, intradialysis headaches, nausea, vomiting, hypotension, muscle cramps

Pruritis 5 Postdialysis hypotension or “washed out” feeling
Amenorrhea { .
Strength and endurance > E 2

Tooiier controlled by continuous pe itoneal dialysis than by hemegialysis. syndrome following dialysis, are common. Symptomatic hypotension

3 is also common during dialysis, particularly now that high-performance
3, dialyzers are commonly used to remove the accumulated solute waste

o TS24 1 BT AR |

¢. Complications of hemodialysis. Comp_‘licatims.of chronic hemodialysis are
listed in Table 10-8. Only a few require addmon?l comment. L

(1) Vascular access. With the exception m’ patients with 1arge-cah T,

superficial forearm cephalic veins that allow an optimal radial artery—

cephalic vein internal fistula for dialysis access, fistula or shunt surgery e

in short periods of time (4 hours or even less). This necessitates the
removal of fluid gained between dialyses in the same short period of
time. Transfer of fluid from interstitial and cellular spaces to the in-
travascular compartment may not proceed at a rate sufficient to prevent
hypotension.

(3) Disequilibrium syndrome. The disequilibrium syndrome consists of
headache, nausea, vomiting, and even convulsions, with or without
increased intracranial pressure. It has been thought, although not
demonstrated, that a b.ood-brain barrier to urea transfer results in

i iodi i i dergoing hemodialysis on a
is a periodic requirement for patients un i i :

1onv§§nn basis. Surgical ingenuity and the relamvel;f long hfelof bovine
caraotid arteries and of microporous Teflon tubes as interposition grafts
have made it rare that a patient cannot continue long-term hemodi-

: ter removal of urea from blood than from cerebral tissues during
: a ern renous shunts are Ereare: ; . ; s
alysis for 1‘ack of vascular accesi. I‘;xtbm‘al gr:f?:g\ e: mployed as the dialysis and that the resulting osmotic gradient causes an influx of
often required on a tiempot;ary b:f;qs ::;e t;:éir);daitional compli- water to the brain (i.e., cerebral edema). Thus disequilibrium is more
primary access on @ ong-term Dasis beca 2

cations of dislodgment and more frequent hemorrhage, infection, and

likely to occur when BUN is very high (e.g., when hemodialysis is
thrombosis than an internal arteriovenous fistula make them a poor

initiated or when a patient has gastrointestinal bleeding or has missed

ice. i
::Ihcocf:md sc}r\(:ms were the only available vascular access, and waxjfarm
compounds were employed to prevent thrombosis in many pat}{e_nft,si
hemorrhagic complications were frequent. _When dialyzers lar?l 1{(:;13
kidneys) required large amounts_of hepann, bemorrhage was o‘ eln
feared but rarely oceurred except in patients w1Fh gastrointestinal u i
ceration. Under such circumstances it Was routine to employ regiona
anticoagulationw—that is, to neulra\.x.zx> the hgparm in blood re'turg;r;g
to the patient with protamine. This tech_mque., however, has - thn
largely abandoned in favor of hght-s?stemxc antx_co_agulatson w1th e
use of relatively low-dose heparin; perhaps surprisingly, hemorrhagic

ications are now a rare event. :

{2) c(?omnr‘\’;l)lications related to the dialysi; procedure. More pauex_xltls a:e
made ill by dialysis than we like to thmk. Fortupatgl_y, seno.us i 'ne'~ s,
such as septicemia, endocarditis, OF 1Y embolism; is rare; howevc‘f‘r,
unpleasant symptoms, such as muscie cramps (related in part to~t )e
ultrafiltration required by excessive fluid _mtal_te betwien dialyses ;
headache, nausea, and vomiting during dialysis, or a washed out

dialyses). Symptoms of disequill

brium may be prevented by infusion
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of mannitol during dialysis. Fortunately, severe disequilibrium is in-
frequent despite the short, 4-hour dialyses that patients prefer.

(4) Dialysis dementia. A much more serious and lasting’disturbance of
the brain, so-called dialysis dementia, has become a major problem in
many dialysis centers. After the patient has been undergoing dialysis
for a period of time, often several years, this syndrome may begin in-
sidiously, usually with minor disturbances of speech. Thereafter, the
disturbance progresses to incomprehensible speech or even mutism,
an apraxia of gait as well as speech, epileptiform and slow-wave ab-
normalities on EEG, and at times, convulsions. There is a tendency
for all manifestations to be aggravated by dialyses. At times the de-
velopment of flagrant psychosis or progressive and disabling dementia
oceurs with dialysis. The cause of this disorder is not known, although
excessive aluminum in the grey matter of the brain has been implicated
in some patients. Unfortunately there is no effective remedy, apparently
not even transplantation, although there is hope that removal of alu-
minum through chelation with desferrioxamine may be therapeutic

and has been reported to be effective in some patients.
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Table 10-10. Causes of Death of 557 Chronic Hemodialysis l;atients

Pt S ————

'

B

Cause Percentage*
Sepsis 22
Cardiac 21
Myocardial infarction 18
Cerebrovascular H 10
Miscellaneous 10
Withdrawal or suicide 8
Dialysis-related 5
‘,Pen'carditis 3
Gastrointestinal bleeding 3

*Thirty percent of deaths occurred in the first month of dialysis.

d. Morbidity and mortality from chronic hemodialysis. Most patients
undergoing chronic hemodialysis require periodic hospitalization for vas-
cular access surgery; some require hospitalization for intercurrent illness,
but few are hospitalized for problems directly related to dialysis. A study
of 1800 patients in California and Minnesota several years ago revealed
that following their initial stabilization on dialysis, patients spent a mean
of 2 to 3 days per month (median of 1 day per month) in the hospital.
In the same study, the causes of death of 557 patients were carefully re-
viewed (Table 10-10). It should be emphasized that 30 percent of the deaths
occurred in the first month of dialysis. Other studies indicate that the
annual mortality of chronic hemodialysis patients is 10 to 15 percent in
the first year and 5 to 10 percent annually thereafter. Only a minority of
deaths relates directly to renal failure or dialysis. This is especially true
now that patients with serious extrarenal disease are commonly (and ap-
propriately) accepted for chronic dialysis therapy.

4. Chronic peritoneal dialysis. In the past several years chronic intermittent
peritoneal dialysis has become an acceptable alternative to chronic hemodi-

alysis for many patients, and continuous ambulatory peritoneal dialysis (CAPD)

or continuous cycling peritoneal dialysis (CCPD) may conceivably revolutionize

the treatment of end-stage renal disease and become the treatment of choice

for the majority of patients.

a. Indications for, and contraindications to, chronic peritoneal dialysis
(1) Indications. Even though peritoneal dialysis became firmly established
in the treatment of acute reaal failure years before hemodialysis was
used, the reverse was true for treatment of chronic renal failure. Thus,
the indications for chronic peritoneal dialysis remain for the most part.
even today, contraindications to hemodialysis. In the next several years
de¥elopment of more positive indications for chronic peritoneal dialysis
can be anticipated, especially if CAPD and CCPD find widespread ap-
plicability because of the development of technologic means to decrease
the frequency of complicating infections. Currently, indications for
peritoneal dialysis as opposed to chronic herhodialysis include:

(a) Home dialysis. Peritoneal dialysis may be preferable for a patient
who desires to undergo dialysis at home but who has no available
assistant for home hemodialysis. Although assistance is desirable,
it is unneccessary for home peritoneal dialysis.

(b) Severe cardiac arrhythmia, angina, intravascular volume insta-
bility, or autonomic neuropathy. Each of these conditions may make
hemodialysis technically dangerous or difficult.
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(2) Contraindications. The risk of peritonitis is unacceptable if a patient
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b. Technical aspects of chronic peritoneal diatysis. For peritoneal dialysis
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(c) Refusal of blood transfusion].l Tgis tenet of Jehovah's Witnesses
kes hemodialysis potentially dangerous. : .

(d) :::bility to constiuct vascular access. Ihxs may occur in a patt}l\e‘;;
who has had failed vascular accesses as in al_l extremities, or e
may be a temporary unavailability of functlonal‘vasc.gl?r Z?C({Z‘GL»E;;

{e) Infants. Peritoneal dialysis is preferable to hemodlaly’sxs for mnglr_\l.v

in whom problems of vascular access and cyrculatqry mst._a i 11'.1

complicate hemodialysis. Infants also have a hxvgh ratio (?f p‘f,‘tom‘f}

surface area to body mass, which makes pentonegl dialysis rela-

tively more effective for infants than for older patients. T

Diabetes. Peritoneal dialysis may also be preferable for ‘;(a ferust;

because the progression of retinopathy may be less, theris 10' im ;

ischemia reduced (vascular access m;t‘reqtlxged), and hyperglycemia
lled by intraperitoneal insuiin. .

(9) léti:;il' 'Ic'(k)xr:lc.gst of i)eritoneal dialysis is less than that of her?;.)d.l-
alysis, an important consideration for patients who do not | ax:i
Medicare entitlement and also a favorable factor for the nationa
health economy-.

(f

-~

has a fecal fistula, colostomy, of abdomipal wall iyfectlon, P?u:\tﬁniql
dialysis is theoretically contraindicgted if the patient has a(s_\g e 1.C_
aortic prosthesis, because peritonitis could cause mfectloln dnl .ana‘;
tomotic rupture. Communication between peptongal and pleura 'spef( :
is rare, but when it is present, pentoneql dxalysxs_ may cause m{mfx'\e
hydrothorax and atelectasis. Even the mild elevamon.of the c?'m}p \’rk.';_.:
from peritoneal dialysis makes it hazar(_ious fgr patients with bev‘ﬂ
pulmonary dvsfunction. Patients w@th_ cu'r}_msxs and z.xsm'te(jj rx;)a\t o,;
unaccepmiulx-'large amounts of protein if pfent,one_ally dialyz g a\xen ;
with massive poiycystic kidneys or extensive peritoneal adhe{’l{;ﬁ mate
not tolerate the instillation of the 1.5 to 2.0 liters of peritoneal cia ysa
necessary for effective dialysis.
to be carried out for an extended period of time, safe pengoneal access ’;2
mandatory. The entry of bacterifz; fxt')omdt}:le zi)kt; to tl:ge;:;x;or:l:\]lxqig be
impeded by twe Dacron felt cuffs bonded | e catl pret t{gwe e
eritoneal subcutaneous tunnel. The cuffs allow ingrow of tissue
g:zgent a fistulous tract from skin m‘perit,oneun}. The patient r}x:ust p}‘;cr:;z;el
meticulous aseptic technique in making connections petween the pex};x el
catheter and the closed dialysate delivery anfi drqlnage syst,em.to or T
attended, overnight, intermittent perxw.neal dlalysxs‘(IPD). an ag m‘a,em;
monitored delivery-drainage system (which produces pure we;ter dy Tr‘e;r =
osmosis and mixes it with dialysate concentr.ate) was develope .12 . burS
lowed dialysis to be performed while the patxent'slept for 10 _toht . (; -si;
3 to 4 nights each week. The machines for mtermxt!,ent, ove.rmgb . lla v?rith
proportion 100 ml of dialysate concentrate from a single 2-11‘t,er 0f et‘o“S
1900 m! of purified water for each of 20'exchanges and require co(xil_nic:‘ ;
and disconnections only at the beginning and end‘ of a 40-l.1t.er ia gx_l ;m
Continuous ambulatory peritoneal dialysis (CAPD) is a promising techniq :
in which 3 to 5 dialysis exchanges are perfo;'med each day, c?qnxrgg;xssi
for 24 hours. Presently it is to0 often co_mphcated by peritonitis cause
of the greater number of tubing com}ectxons.and. chscorlmect,y.onsl r;g 5
than for IPD. For CAPD, dialysate is §upphed m.l-,l /o=, OF 2- lt,Lhe eng;
that require a connection at the beginning an;i a dxsconnectgo: a ho ane
of each exchange. The average patient carries out three d- ({;}1’. -
exchanges during the day (with the gmpty dl‘alysate bag and tu {ng roum)
up and worn under the clothing whileithe dialysate 1s 1n the peritoneum)

and one 9-hour, 2-liter exchange while sleeping at night. This provides — 7~

excellent chemical and fluid control with slow but truly continuous di.a}}'.sis.
It requires no additional equipment, no assistant, and only @ short training
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period; also, it entails less expense than other forms of dialysis and provides
considerable mobility for the patient.

A modification of CAPD called continuous cyclihg peritoneal dialysis

(CCPD) has been developed using a cycling device for automatic delivery
of a number of exchanges of dialysate during the night. These cyclers are
easier to set up and use than the machines for IPD, and in addition patients
leave an exchange of dialysate in the abdomen each morning so that dialysis
and ultrafiltration can continue (albeit slowly) during the day. CCPD is
preferred to CAPD by patients who want to avoid the inconvenience or
time necessary to do exchanges during the day or who wish to cap off their
peritoneal catheter rather than wear the rolled-up dialysate bag and tubing
during the day. Even using 2-liter bags of dialysate and thus the same or
greater number of connections and disconnections than with CAPD, CCPD
is reported to have decreased the incidence of peritonitis, perhaps because
aseptic technique is more strictly adhered te when almost all the connec-
tions and disconnections are done at a2 singie time. The incidence of per-
itonitis may be additionally reduced with larger (3- or 5-liter) bags of di-
alysate for the cycler and with semiautomated connections made under
ultrviolet light. Such large bags of dialysate could not be used for the CAPD
technique because the volume is too great to infuse into the abdomen for
a single dialysis exchange (a large bag of dialysate is used for more than
one of the nighttime exchanges using the CCPD technique), and thus the
patient would have to carry about a partially filled bag of dialysate rather
than an empty bag that can be rolled up along with the tubing and carried
conveniently on the body. -

. Compiications of chronic peritoneal dialysis.

(1) Infection. The most serious complicatien of chronic peritoneal dialysis
is infection, either of the skin exit site, of the subcutaneous catheter
tunnel, or of the peritoneum itself. In several series, CAPD patients
averaged two episodes of peritonitis annually. Although these patients
usually can be treated on an outpatient basis, sometimes they require
hospitalization. Sometimes peritonitis does not clear without removing

the catheter, and of course patients then have to be hemodialyzed for

a month or more.
(2) Inadequate peritoneal clearance and uttrafiltration. Repeated episodes

of peritonitis can so diminish peritoneal surface area.and clearance of

solute that peritoneal dialysis becomes ineffective. With prompt rec-
ognition and treatment of peritonitis, howeverj it is now rare for a
patient to return to hemodialysis for this reason. Occasional patients
inexplicably lose the ability to ultrafilter and to maintain fluid balance
even though solute clearance is not diminished.

(3) Catheter failure. Catheter failure in peritoneal dialysis is a problem
comparable to failure of vascular access in hemodialysis, although less
frequent. It usually is due to infection, but occasionally to spontaneous
repositioning of the end of the catheter to a nondependent area in the
peritoneal space, fibrin clotting of the catheter, or omental encasement
of the catheter.

(4) Excessive removal of fluid or electrolytes. As with hemodialysis, the
goal to control fluid and electrolyte balance may be exceeded to the
point of depletion. Therefore, the physician may need to liberalize di-
etary or fluid intake, alter dialysate concentration of glucose or po-
tassium, decrease the duration or {requency of dialysis with IPD, or
decrease the number of exchanges with CAPD.

(5) Malnutrition. Malnutrition (due to loss of protein in peritoneal dialysis
effluent) can develop if the patient fails to ingest an adequate quantity
of protein, especially if he has frequent bouts of peritonitis, which
greatly increase the peritoneal loss of protein.

(8) Hypernutrition. Conversely, some patients become hypernourished,
even obese, from absorption of dialysate glucose. Glucose is present in
peritoneal dialysate to effect osmotic removal of fluid (ultrafiltration),
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since the patient ingests more fluid than can be excreted in urine,
stool, sweat, and insensible losses. —

(7) Hypernatremia. When a patient’s fluid intake and thus ylirafiltration
requirement is large, he or she must employ a high dia‘{ysate glucose
concentration (2.5% or 4.25% glucose rather than the customary 1.5%
glucose dialysate). The absorbed glucose may provide excessive cajories, -
and the unabsorbed glucose may remove so much water that hyper-
natremia develops. If substantial, the hypernatremia may in turn re-
quire the use of low-sodium dialysate or the provision of solute-free
water, which attenuates the effectiveness of the intended ultrafiltration.

(8) Hyperglycemia. In the diabetic patient, the absorbed glucose may result
in hyperglycemia, which may require additional insulin during each
dialysis with IPD or each day with CAPD. Many CAPD patients add
some or all of their daily insulin to their dialysate.

(9) Insomnia. Occasionally insomnia complicates overnight, unattended
peritoneal dialysis.

5. Renal transplantation
a. Indications for transplantation. It has long been hoped that a scientific

breakthrough in immunologic matching, manipulation, or suppression

would allow the uniform success of transplantation so that the indication

for renal transplantation would become end-stage renal disease itself (i.e.,

tansplantation would be preferable to dialysis for all patients). Major ad-

vances in transplantation in the past decade have decreased mortality and
increased graft retention, but transplantation is still not preferable even
for the majority of patients. These advances include restraint in immu-
nosuppressive therapy, especially of acute rejection episodes; preparation
of cadaver-transplant recipients with multiple, random, third-party trans-
fusions; preparation of living-related donor transplant recipients with
donor-specific transfusions; DR histocompatibility matching; and intro-
duction of cyclosporine, a semiselective immunosuppressive agent. Pre-
vention or treatment of rejection might be equally or more effective, vet

less toxic, if nonimmunogenic human monoclonal antibody to selected T-

lymphocyte subsets (helper, suppressor, cytotoxici were developed. Tissue

typing for the endothelial-monocyte antigen system as well as HLA antigens
may prevent hyperacute rejection not prevented by present crossmatch
techniques.

(1) Absolute indication. The only nearly absolute indication for trans-
plantation of a patient with end-stage renal failure is the existence of
either a healthy identical twin or an HI.A-identical sibling willing to
donate a kidney. HLA-identical sibling transplantation, although re-
quiring prednisone and azathioprine, has nearly the success of identical-
twin transplantation.

{2) Relative Indications. Transplantation should be seriqusly considered
for the following:

(a) A recipient who has a willing and healthy sibling, parent, or child
donor, who is ABO-compatible and shares an HLA haplotype and
to whom the recipient does not develop antibodies after three blood
transfusions from the prospective donor

(b) A recipient who does not have a relative to donate a kidney but
who:

()  Prefers a cadaveric transplant to dialysis and is well informed,
and/or

(i) Has adapted poorly to dialysis, and/or

(iti) Is a child (because dialysis interferes with the active life of
youngsters) and/or ;

(iv) Is an insulin-dependent diabetic.

What is an acceptable risk to one person, may not be to another, and

patient and physician may not always agree; nevertheless, a reasonable

and informed patient’s preference should be a major factor in the de-
cision whether to transplant or dialyze the patient.
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To oversimplify perhaps, the patient must decide whether he prefers e] 2 was simply a matter of patient selection. Spéciﬁcally; patients pre-
dialysis, which offers a slightly greater chance of survival but a lesser = «3

sensitized by blood transfusion were excluded from consideration

- chance of full restoration of health, or transplantation, which involves - for transplantation at the time a donor.kldne.:y bgmme available,
a sli_ghtly greater chance of death or of requiring prolonged hospital- e = \;‘3 either because of high levels of qytotdqu antlbod}qs or because ;),f

ization but—if successful—a greater chance of excellent health. 5 specific antibodies to the donor kidney with a positive crossmatch.

b. Contraindications to transplantation. Contraindications to transplantation e This is not the entire explanation, however. It appears that trans-

_ _are listed below. For the most part they are either self-explanatory or suf- - ~) fusion actually has a positive effect, alth(‘)ug}'l the mechanism 18 ;
ficiently technical to require the nephrologist rather than the family phy- unknown. in decreasing the chax‘lc'e of rejection of a transplant. :
(s};ia:;to lextplain tihemdto the patient considering transplantation. = > Thus, patients who do not hav% a hv:ing re}atted do:lzx;‘ at;(taicél:‘rgintt}l]i S

solute contraindications i st institutions for cadaveric trans '
(a) ABO incompatibility . e s::s:fru?;? ;‘n:xe to ten or even more units of nonfrozer, nonsaline,
(b) -Positive crossmatch, except B-cell or D-locus crossmatch (i.e., re- ‘; washed red blood cells over weeks to months prgcedmg transplan-
cipient serum is cytotoxic to donor T-lymphocytes) tation. / :
(c) Previous cytotoxic antibody in recipient to an HLA antigen of donor e} : —; (g) Donor-specific transfusions. Just as random, @hll‘d-Palit)’ g?ns—
¥ (d) Active infection: disseminated histoplasmosis or coccidioidomycosis, ! fusions have improved the success rate of.ca.davenc transplantation,
active tuberculosis, active urinary infection, recent hepatitis or re- e‘. = :3 so have donor-specific transfusions t(';)r l;vxng-mlaht(iedhdoqor (;rlayrrlrsl-
cent development of HB,Ag : parent, child, or sibling donor causes high mixe ST
{0 dve R pUr lcen dsess 2 ffo'?ysie’ﬁnm (MLC) reactivity with the potential recipient, the
(f) Oxalosis 5 o Salvatierra protocol is to give a total of three transfusions at two
(g): Malignaney . | weekly intervals from the donor to the recipient. Transplantation
(2) Relative contraindications = is carried out a month later if crossmatch is negative, but if it is
(a) HLA antigen in donor for subsequent transplant also present in T positive (as it becomes in one-third of patients) the recipient 18
donor of a previously rejected transplant ‘ advised to seek cadaveric transplantation. In the fyture the per-
(b) Antiglomerular basement membrane antibody ¢

centage of recipients who are sensitized by transfusion from their ‘
donors might be decreased by using smaller transfusxons o[f syored
donor blood and/or giving azathioprine concurrent with transfusions.

d. Donor evaluation and preparation

(d) Debilitation and malnutrition
(e) Cytotoxic antibodies over 50 percent
() Unsuitable bladder and/or urethra

e A o s i S At

(c) Malignancy in recipient within 2 years S ;

RSIHE ) (1) Living related donor. Criteria for an acceptable living related renal
(g) Diverticulosis e—.q transplant donor include: . ==
(h) Recurrent peptic ulcer disease (a) Willingness to donate to a close relative; psycholpglcal motivation
(i) Antibody to cytomegalovirus (CMV) in donor if not present in re- &‘ : is important because of an 8 to 15 percent operative morbidity and

cipient 3 ; ‘9 the risk of kaving only a single kidney -
c. Recipient evaluation and preparation ' (b) Two kidneys, both healthy (preferably with single renal artery)
(1) Evaluation. Recipient evaluation includes testing for the various ab- e '; (c) No disease that might be adversely affected (e.g., nephrolithiasis

solute and relative contraindications to transplantation, particularly i ¥

5 : (d) No active urinary infection
peptic ulcer, malignancy, debilitation, or an unsuitable lower urinary (e) ABO blood group compatibility
tract (although transplantation is technically possible with an ileal (f) Negative crossmatch : X,
conduit or other diversion). (g) HLA typing to identify double or single ‘haplotype matches, then
(2) Preparation. Preparation of the transplant recipient may require any MLC o select among relatives who are single haplotype matches
of several additional surgical procedures before or at the time of trans- Many centers have an additional criterion: the recipient’s health must
plantation. These procedures include: be sufficiently good to justify removal of a kidney from a healthy donor,
: (a) Bilateral nephrectomy, if malignancy is the primary renal disease no matter how willing or anxious the relative is to donate.
and is bilateral, if malignant hypertension cannot be controlled, There appears to be no greater success of renal transplantation from
or if there is persistent infection with reflux or polycystic disease, a living unrelated donor than from a cadaver, and such transplants
or if the renal disease is tuberculosis ’

. are rarely performed. : : 5
(b) Splenectomy if marked leukopenia or thrombocytopenia is present : . 2 cadavefym. The mechanically ventilated cadaver with beating
(c) Urologic surgery (e.g., prostatectomy, ileal conduit) ——

: : . BAS 4 — ' or hypertension)
to exclude patients (at least temporarily) who have active infection, el“}

~

heart is thought to be the optimal cadaveric organ' donor since good
(d) ‘Vagotomy and pyloroplasty if previous peptic ulcer disease, or colon renal perfusion reduces the probability of acute renal failure in the
e early post-transplant period. Such cadavers are those _th}f brain death
—— (usually due to vehicular accidents or gunshot). Criteria for brain death

(e) Parathyroidectomy if calciphylaxis, or if hyperparathyroidism is .
=—3 “‘ R are in the absence of hypothermia or central nervous system depressant

s —— very severe, since it-will not regress even after successful trans-

~ - plantation. e : = : ~ =~ drugs, (a) no response to external stimuli, (b) no spontaneous muscle
! (f) Transfusion. A surprising finding verified in centers throughout g Q&B = -~ movement or respiration, (c) no elicitable brain reflexes, and (d) flat
= 4~ theworldisthat blood transfusion with packed cellsor wholeblood -~ =& EEG, These observations must be made twice, 24 or more hours apart,  if
improves-the success of cadaveric transplantation. Since blood ‘J’. » = by two physicians, neither of whom is a member of the transplant team.—
transfusion can presensitize a patient to transplant antigens and | \3 Other criteria for cadaveric donors include:

_ thereby cause rejection and failure of a transplant, at first it was

(3) The deceased and/or next of kin has given permission for organ
’’’’’ thought that the improved graft survival of transfused patients ] - 4

e : donation

SUR———

—
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b} Age of 10 to 65 years, preferably & ) = : y g s

e ((c; Ni Sotentidlly ytransferable disease such as malignancy (ex- \€_ 4 Table 10-11. Immunosuppression for Renal Transplant Rec}pxents

i —— ?ep:, central nervous system), sepsis, hepatitis, or urinasy tract in- ! = Standard 1
ection -

Prednisone 200 mg/24 hr tapered to 40 mg per day over 2 weeks and
thereafter to 15 mg per day or 30 mg q.o.d.
Azathioprine 2 to 3 mg/kg/day
Cyclophosphamide, especially if recipient is intolerant of azathicprine
Cyclosporine \
Experimental 2 ;
Extracorporeal irradiation of recipient blood
Thoracic duct drainage to deplete lymphocytes
Total lymphoid irradiation
Antilymphocyte serum or globulin, antithymocyte globulin
Local x-irradiation of kidney (150 rads for three doses)
Heparin, sodium warfarin, dipyridamole
Solu-Medrol 1 gm per day for 3 to 5 days
Lymphoplasmapheresis
Monoclonal antibody

{d) Healthy kidneys: no previous renal disease or severe hypertension,-
no prolonged ischemia, blood urea nitrogen less than 30 mg per
deciliter, creatinine less than 2 mg per deciliter, urine volume more
than 20 ml per hour, urinalysis near normal

{e) ABO blood-group compatibility

{f) Negative crossmatch .

(g) HLA typing with matching desirable (especially at B locus) but
not necessary; serologic DR typing, which allows rapid determi-
nation of similar compatibility factors to those tested by the much
more time-consuming MLC technique for living-related donors, also
desirable / :

i (h) Experimental: pretreatment of Adonor with 5 gm of cyclophospha-

\mide and 4 gm of methylprednisolone, intravenously
Thete criteria are also self-explanatory, except for the pretreatment
of donurs with cyclophosphamide and methylprednisolone. The theo-
retical rationale for this experimental pretreatment is.the destruction
of passenger leukocytes (i.e., lymphocytes {and perhaps other cells] in
the donor organ that might mediate or augment sensitization to donor
antigens, thereby increasing the risk of rejection). i

e. Management and follow-up of transplant recipieni. Two agents have been

ased for 2 decades to prevent transplant rejection: prednisone and aza-

thioprine. Prednisone may be initiated at 200 mg daily, tapered to 40 mg
per day over 2 weeks, and thereafter to 15 mg per day or 30 mg on glterqate
davs (occasionally to even lower dosages, particularly in HLA-identical

sik;ling transplant recipients). Azathioprine is generally employed in a

dosage of 2 to 3 mg'kg/day, which is usually continued unless there are
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tibodies to transplant antigens (and/or the removal of lymphocytes), but’
preliminary results with this therapy are equivocal. Other experimental
therapies for acute rejection include the use of cyclosporine, antilymphocyte
globulin, and anticoagulants. - —

The transplant recipient is generally followed in the hospital with daily
laboratory tests for 2 or 3 weeks. Acute tubular necrosis or other compli-
cations may require longer hospitalization. Thereafter, the patient is fol-
lowed as an outpatient, initially with laboratory tests every 2 to 3 days.
The most crucial parameters to follow are urinary volume, BUN and serum
creatinine, urinary protein excretion, weight and blood pressure, and—to
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complications. If hepatic toxicity develops, cyclophosphamide may be §ub-
stituted for azathioprine, usually ina dosage two-thirds that of azathioprine.

Cyclosporine, a fungal peptide formerly called cyclosporin A, is a more
, “selective” immunosuppressant than prednisone (which affects monocytes
and blocks interleuken I) or azathioprine (which blocks proliferation of
rapidly dividing cells such as immunologically competent'cells). Cyp‘lo
sporine inhibits interleuken II (T-cell growth factor); a mediator required
for differentiation and proliferation of cytotoxic and helper T cells (but
spares suppressor T cells). Thus, cyclosporine suppresses both cellular gmd
humoral (antibody) immunity. This drug is best used without azathioprine,
and although some use it without prednisone, pmbabl_y it is wise to use
prednisone in reduced dosage. Although serum creatinine may be higher
than in patients treated with prednisone and azathioprine, the percentage
of patients with adequate graft function is higher, and patient survival is
superior, with cyclosporine. There is also much less marrow suppression
with cyclosporine, but there are a variety of adverse effects mch‘ldmg
nephrotoxicity and hepatotoxicity (both of which are dose-related), devel-
opment of lymphomas {especially if azathioprine is given concurrently),
and infections, hypertension, hirsutism, gum hyperplasia, and tremor. Cy-
closporine (Sandimmune)} may be given orally or intravenously, and the
dosage should be adjusted according to blood levels. i

All other therapies to prevent transplant rejection, such as the adminis-
tration of antilymphocyte serum and thoracic lymph duct drainage, must

be considered experimental because they are not unquestioyably efficacious.

Such therapies are listed in Table 10-11. : :

The mainstay of treatment of acute transplant rejection is an increase in
adrenal corticosteroid dosage for 3 te 5 days, usually oral prednisone (100
mg/day) or intravenous methylprednisclone (1 gmvday). An.experimema\
therapy of acute steroid-resistant rejection is plasmapheresis {or ly!ppho-
plasmapheresis). The theoretical rationale is the removal of cytotoxic an-
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detect excessive dosage of azathioprine—white blood count, platelets, and
hematoerit. Other parameters, such as serum potassium, bicarbonate, cal-
cium. and phosphate, and urine culture and sediment, are also followed.
Fever is an ominous sign that requires prompt evaluation for infection
and/or rejection, the former sometimes triggering the latter.

. Efficacy of transplantation. Uremia is “cured” with successful renal trans-

plantation, but preexistent disease (e.g., diabetes) and preexistent com-
plications of uremia (e.g., hypertension, cardiovascular disease, hyper-
parathyroidism) may be aggravated. Furthermore, the original renal
disease may recur in the transplant. Diseases that may recur include ox-
alosis, glomerulonephritis (particularly antiglomerular basement mem-
brane nephritis, rapidly progressive glomerulonephritis, mesangiocapillary
glomerulonephritis, and focal glomerular sclerosis), diabetes, and cystinosis.

. Complications of transplantation

(1) Technical complications. Early technical complications of renal trans-
plantation include:
(a) Acute tubular necrosis <
(b) Wound infection
(c) Vascular anastomotic leak or occlusion
(d) Ureteral anastomotic leak or obstruction
(e) Ureteral rupture (which may be due to rejection)
Late technical complications include lymphocele (which may cause
ureteral obstruction) and renal artery stenosis (which may cause hy-
pertension). The one complication worthy of discussion is acute oliguric
renal failure. It often occurs after cadaveric transplantation and in-
frequently after living related donor transplantation. Oliguria in the
immediate post-transplant period complicates detection of rejecticn
since the hallmark of acute rejection is a decrease in urinary volume.
Nevertheless, several tests, including ultrasound, renal scan, and frac-
tional sodium excretion, allow distinction between acute tubular ne-
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agement can be provided. Ultrasound is normal, renal blood flow

generally well preserved, and fractional sodium excretion is high with

acute tubular necrosis; the opposite’is true in patients with renal

transplant injection.

(2) Drug-related complications. Complications of prednisone, immuno-
suppressive agents, and antacids are as follows:
(a) Steroid: infection, masking of infection, Cushing’s syndrome, psy-
chosis, peptic ulcer, pancreatitis, cataracts, osteonecrosis
(b) Azathioprine: infection, bone marrow depression, liver damage,

malignancy

(¢) Cyclophosphamide: infection, bone marrow depression, ovarian fi-
brosis, aspermia, hemorrhagic cystitis, pulmonary fibrosis, alopecia,

malignancy

(d) Cyclosporine: infection, renal and liver damage, lymphoma, tremor,

hirsutism and gum hyperplasia

(e) Antilymphocyte globulin: thrombocytopenia, anemia, disseminated

s
crosis and hyperacute or acute rejection, and thus appfopriate man- e
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intravascular coagulation, fever, .arthritis, glomerulonephritis,

anaphylaxis if given intravenously, pain if given intramuscularly,

infection
(f) Antacid: hypophosphatemia

Hypophosphatemia is a complication that may be due to decreased renal
tubular reabsorption of ptosphate, which in turn is due to secondary
hyperparathyroidism failing to resolve in the early post-transplant pe-
riod; it may also be drug-related, particularly secondary to antacids
used to lessen the risk of peptic ulceration from prednisone.

(3) Immunologic complications. Four types of immunologic complications

of renal transplantation are:
(a) Rejection: hyperacute, acute, chronic
(b) Infection: common or esoteric pathogens

(c) Malignancy: reticulum cell sarcoma, lymphoma, cancer
(d) Recurrent glomerulonephritis: 5 percent of allografts, 65 percent

of isografts

Of these, transplant rejection deserves discussion since it may occur
in any transplant other than between identical twins. Hyperacute re-
jection, which occurs within minutes to hours (occasionally days) fol-
lowing a transplant, is due to preformed circulating antibody and results
in fulminant vascular disease of the renal graft. It may also cause
microangiopathic hemolytic anemia, thrombocytopenia, hemorrhage,
and even renal rupture. It is unresponsive to therapy, and nephrectomy

should be performed without delay.

Acute (or classic) transplant rejection may begin as early as several
days or as late as years following a transplant, but is most common
within the first 2 months. Sometimes it appears to be triggered by
intercurrent infection. Acute rejection may result in fever, tenderness
over the graft, hypertension, decreased urinary volume, increased BUN
and credtinine, an active urinary sediment, and a decrease in urinary
sodium concentration. Fortunately, this form of rejection may respond
to an increase in oral prednisone or an infusion of methylprednisolone
for several days. Unless the patient is severely oliguric, azathioprine
dosage is not decreased. If steroid therapy does not abrogate the re-
jection, antilymphocyte globulin, cyclosporine, heparin infusion, or —
lymphoplasmapheresis should be tried. If rejection fails to respond,
nephrectomy may be necessary for fever, pain, or thrombocytopenia.
Chronic rejection does not begin for months to years following trans-—
plantation and occurs in either of two forms: a proliferative glomer-
ulonephritis or an interstitial nephritis with fibrosis. Both forms are
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relentless, irreversible, and unresponsive to therapy, but nephrectomy

is rarely necesary.
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Fig. 10-1. Choice of therapy for end-stage renal disease.
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Table 10-12. Results of Transplantation and Chronic Dialysis

7

Functioning Graft Surviving Patient®
1 Year 5 Years 1 Year 5 Years

Donor (if transplant) (%) (%} (%) (%)
Identical twin 85 80 98 90
HLA-identical sibling 90 80 98 85
1-Hap10type-identical 80 7C 95 75

relative’
Continuous peritoneal — — 90° 4

dialysis 5
Chronic hemodialysis — — 85 60
Cadaver® 60 40 85 60

either hemodialysis or transplantation is 5 to 10 percent

agyrvival of diabetics undergoing
for CAPD) angd 15 to 20 percent worse at 5

worse than the above Qata at 1 year (20% worse

years
*Gibling, parent or child with donor-specific transfusions before transplant.

But only 60 to 80 percent of patients who start are still undergoing CAPD at tbe end of 1
year. |

dData are not yet available. J

“These results with azathioprine and prednisone appear

to be substantially improved with
cyclosporine and prednisone :

(4) Miscellaneous complications. Additional complications include:
(a) Renal tubular acidosis: early or late; with or without rejection;
proximal, usually transient; distal, often persistent or recurrent;
complete or incomplete
(b) Tubular phosphaturia (other causes of hypophosphatemia are ant-
acids and hyperparathyroidism)
(c) Erythrocytosis, which may require phlebotomy
(d) Situational depression, even suicide
(e) Nephrotic syndrome
h. Results of transplantation. The percentage of recipients of four classes of
renal transplant (classified according to relationship to donor) who have
functioning grafts and who survive are listed in Table 10-12. These data
are derived from many different sources, mostly in the United States. For
comparison, the survival of patients undergoing chronic peritoneal and
chronic hemodialysis is also listed.
The causes of renal transplant graft failure and of death following renal
transplantation are listed in Tables 10-13 and 10-14.

6. Comparicon of morbidity and mortality of chronic hemodialys!s and trans-
plantation. The overall morbidity of dialysis and transplantation is difficult
to quantify. However, the number of days a patient has to spend in the hospital
is a definable form of morbidity that can be quantified. A study of a relatively
small population (92 dialysis patients, 64 cadaver donor transplants, 21 living
related donor transplants) from a single institution was reported several years
ago. To the extent that hospitalization correlates with overall morbidity, it
suggests considerably greater morbidity from cadaver transplantation than
from living related donor transplantation or dialysis; however, means rather
than medians were reported, and it should be appreciated that the minority
of patients who require extremely long hospitalization following transplantation
skew the data considerably. 3
A study of the mortality of transplant and dialysis patients at a single insti-
tution several years ago revealed that at 1 year, 7 percent of patients with

living related donor transplants, 11 percent of patients with cadaver trans-

plants, and 15 percent of home dialysis patients had died. At this institution
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Table 10-13. Causes of Renal Transplant Graft Failure

181

Cause Percentage of Cases

Rejection 80 ;
- Death of patient 25

Technical : 3 10

Acute tubular necrosis 4

Recurrent disease 1

\

Table 16-14. Causes of Death After Renal Transplantation

Cause Percentage of Cases
Sepsis 30
Rejection and sepsis 10
Rejection 10 o
Immunosuppression 10
Technical 10
Other 4 8
Unrelated to transplant 5
Cardiovascular = 5
Gastrointestinal hemorrhage 4
Cerebrovascular 28 2
Suicide = 2
Pulmonary embolus 1
Neoplasm ot
Hepatitis 1
Pancreatitis 34

the percentage of renal tioni
nal grafts functioning at 1 year was 72 ivi
) s 72 per ;
rAel:ted donot transplants aqd 64 percent for cadaver trans;)larftesnt e
inqtie:_lfirms]t‘::\:;; Zﬁ; etgxzignnqxgahtgi ot;:ansplant and dialysis patients at a single
s Y lec ificantly better survival in patients trans i
?hgtaﬁ from a lwmg.related donor (98% at 1 year, 75% at 5 vezl;isl;t’teg w}Fh
: ot;e transplantgd with a'cadaveric graft (85% at 1 year 63% at 5 eaafl o
dIilﬁ'e ;s: un(_iergom.g c{nt’;mc hemodialysis (90% at 1 year 55%'&, 5 yles)rb %}(1);
ces in survival between cadaveric trans Claony -
in s . plant and chronic hemodi i
were not significant, and it was conciuded th i el
t , ar t a patient’s decisi
cadaveric transplantation and chroni falyen e
F nic hemodialysis should b
chosocial rather than medical ; ¢ Ryt el o
: 3 grounds. The paper noted that diff i
sur - S S er
survival of home hemodialysis versus center hemodialysis patients arsii)etsy‘er:

known.

7. A
prg;?)g::ghs:rgin;:rf:}r] (c’:i::lc? tohf ;herap;y h;:r ESRD. Figure 10-1 is the author’s
DS of therapy for ESRD. To recapitul i
physician should urge renal trans i i Canpdat e 0
s e T ! plantaticen for children and parti
gzggﬁt?rg ;t};he; l:iez.xltby ﬁdexll(tixcal twin or HLA-identical sibling iio ’i(;“;a\zliﬁi??;
: sician should also offer transplantati i
a 1-haplotype-matched relative willi 2 e
oloty illing to donate, or to infi i 5
prefer it to dialysis. Conversel ici ! St o
. t s. G y, the physician should re i i
patients incapable of successful trans i St e P
penks ! plantation and for elderly pati
majority of these patients do not have contraindications to her;:o‘:i?:l?r;:.o’fht:
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peritoneal dialysis. After the patient is informed of the advantages and dis-
advantages of each, the choice between hemodialysis and peritoneal dialysis
usually should be the patient’s preference. Technologic developments in aseptic
technique may so reduce the frequency of peritonitis that chronic peritoneal
dialysis (CPD) may become the preferred mode of dialysis for all patients with
ESRD who do not prefer transplantation.

Although progress in the simplification of dialysis and in transplantation im-
munology has been slower than desired, it should be appreciated that in less
than 25 years, not one, not two, but three forms of therapy (transplantation,
hemodialysis, and peritoneal dialysis) have become available for patients who
previously would have died. Furthermore, these therapies are available
throughout the world, and in this country are available to virtually all patients
who can benefit from them. No longer does the physician select the proper
patient for the treatment; rather, one selects the proper treatment for the
patient.

¢
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Approach to DrugVU-se
in the Azotemic

Patient : ;
= {
: William M. Bennett

There are increasing numbers of patients with renal dysfunction who require therapy
for intercurrent medical problems. Since most drugs or their metabolites undergo

W : renal excretion, compromised renal function may allow accumulation of a drug to
e~ S toxic levels unless proper dosage adjustments are made. Furthermore, the physiologic
E abnormalities of renal failure may alter the expected pharmacologic response of a

cu ; drug, resulting in an untoward reaction. The goal of therapy in the patient with
Cdw "3 : renal dysfunction is to tailor the dosage regimen to the individual patient’s clinical

E N situation to simulate normal therapeutic conditions.

'S

1. Principlies of prescribing to azotemic patients: stepwise approach -
A. Assessment of renal function—step 1. The extent of accumulation of drugs given

in the usual doses to patients with renal failure depends on the degree of renal
dysfunction. For the proper adjustments to be made, the level of renal function
must be known. Blood urea nitrogen (BUN) is an unsuitable parameter for this
purpose, since it is influenced b% extrarenal factors such as diet, steroid therapy,
and gastrointestinal bleedir}g) Tstead, measurement or approximation of glo-

B.

merular filtration rate is necessary to prescribe optimally for patients with renal
disease. The endogenous creatinine clearance is customarily used. Although

. measurement of creatinine clearance is widely available and convenient, the re-

quirement of carefully timed urine collections limits its usefulness in acutely ill
patients. Since creatinine excretion is proportional to lean body mass and inversely
proportional to age, formulas and nomograms have been developed to estimate
creatinine clearance from the serum creatinine without the need for urine col-
lection. One convenient formula is: .

(140 — age)(body weight in kg)
72 X serum creatinine

creatinine clearance =

(The calculated value should be multiplied by 0.85 for women).

If renal function is decreasing rapidly, the measured creatinine clearance or the
estimated value will overestimate the actual value. Thus, in patients with acute
renal failure dosage adjustments should be based on creatinine cldarance of less
than 10 ml per minute. Otherwise, serious overdosage may result. Conversely,
if the patient has improving function, care should be taken to avoid underdosing,
since serum creatinine may remain elevated for several days after urine output
has increased. In this chapter a creatinine clearance of less than 10 m! per minute
will be considered advanced of severe renal failure.
“Determining the need for dosage adjustment—step 2. Drugs that have a normal
renal route of elimination or that are transformed to active metabolites requiring
intact renal function for excretion are the agents that generally require major
dosage adjustments in renal insufficiency. Thus, some knowledge of a drug's
‘pharmacology is essential to rational prescribing for these patients. This is es-
pecially true for drugs with a narrow toxic-therapeutic ratio, such as cardiac
glycosides, antiarrhythmics, and aminoglycoside antibiotics. The situation is more
omplex when metabolites with pharmacologic activity are accumulated but the
parent compound is normally metabolized by the liver. An example of this is
normeperidine accumulation in patients with renal failure, which results in sei-

185
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zures and coma despite normal hepatic biotransformation of the pa’.rent compound

,meperidine.

For measured or estimated creatinine clearances above 30 ml per minute it is
seldom necessary to modify doses except for antibiotics and cardiovascular drug9
Common drugs with pharmacologically active or toxic metabolites are listed in
Table 11-1. In situations in which the clinician is in doubt about the need for
dosage modification it is safest to look up the usual pharmacologic handling of
the compound or specific recommendations in a standard reference source.

C. Choosing the loading doses af drugs—step 3. When patients receive multiple
drug doses at uniform close intervals, the average plasma concentraticn rises
until a steady state concentration is reached.(The time required to reach ap-
preximately 90 percent of this concentration is 3.3 times the half-life of drug
elimination) Since the half-life may be markedly prolonged in renal failure, ef-
fectiye therapy may be greatly delayed if dosage is simply adjusted for a prolonged
half-life. Therefore, a large initial dose, or loading dose, is usually required. This
is of particular relevance in antibiotic, antiarrhythmic, and digitalis therapy, in
which efficacy is needed quickly. In practice, the usual initial dose can be given.
If there are adverse hemodynamic factors, such as extracellular fluid volume
depletion or dehydration, it may be prudent to reduce the initial dose to 75 percent
of that usually prescribed. This applies in particular to cardiac glycosides such
as digoxin or ototoxic aminoglycoside antibiotics.

D. Finding a maintenance dosage—step 4. In practice, the desired dosage regimen
can be reached either by lengthening the interval between doses to correspond
to the delayed excretion of the particular drug in renal failure or by reducing the
size of the individual dose prescribed at the same interval as usual. The interval
extension method is particularly convenient for drugs with relatively long serum
half-lives, whereas the dosage reduction method is preferred when a more constant
serum level is desirable. The clinician usually uses a combination of these methods,
based on guidelines published in the literature. Any fixed formula must be adapted
to the individual situation since many complex variables may modify the rec-
ommendations. -

E. Use of the serum drug level to monitor therapy—step 5. A standard drug dosage
will lead to a variety of therapeutic effects in individual patients. To avoid serious
over- or underdosage, serum drug concentrations can be used as therapeutic guides.
Ranges of concentrations associated with safe, yet efficacious, therapy are being
increasingly identified for most categories of drugs used to treat patients with
renal failure. Therapeutic ranges of some common agents that can be used in
clinical practice are shown in Table 11-2. Serum levels can be interpreted fully

Table 11-1. Common Drugs with Active or Toxic Metabolites Dependent on Renal
Excretion

Parent Drug Active Metabolite
Adriamycin \ Adriamycinol
Allopurinol ~ Oxypurinol
Azathioprine ° 6-mercaptopurine
Cephalosporins Desacetyleephalosporing
Chlordiazepoxide Oxazepam

Clofibrate Chlorophenoxyisobutyrate
Diazepam Oxazepam

Meperidine Normeperidine
Primidone Phenobarbital
Procainamide == N-acetylprocainamide
Propranolol 4-hydroxypropranolol
Propoxyphene Norpropoxyphene
Sulfonamides i L Acetylsulfonamides
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Table 11-2. Serum Drug Levels and Changes Produced by Decreased Protein Binding
in Renal Failure -

Th utic -
Se:urfnpe Effect of Rengl Disease
Drug Concentrations on Protein Binding -
Antibiotics
Aminoglycosides
Amikacin 15-30 pg/ml No effect
Gentamicin 4-10 pg/ml No effect
Netilmicin- 4-10 pg/ml No effect
Tobramycin 4-10 pg/ml No effect
Cephalosporins
> o Serum levels not No effect
clinically useful
Penicillins e
Carbenicillin 100-300 mg/L Some dgcreased binding in
- | uremia —
Penicillin G i 1-25 mg/L Some decreased binding in
- ’ uremia e
Ticarcillin 100-300 mg/L Some decreased blpdxng in
uremia

lfonamides e, e :
5 Serum levels not Decreased binding in uremia

clinically useful

Cardiovascular Drugs

igoxi 82 ng/ml No effect )
gig?:::m Olg—-—éf; ﬁg/ml Decreased binding in uremia
and with heparin therapy
during dialysis
i i 2-7 mg/L No effect : i
g&i%ii:ﬁéde Serum legvels not Decreased binding in uremia
clinically useful /
Lidocaine 1.5-5 mg/L No effect
Procainamide 4-8 mg/L No effect
Propranolol 20—50 ng/ml No effect
Quinidine 2-6 mg/LL No effect
Miscellaneous drugs = \
Carbamazepine 2-6 mg/L No effect
Ethosuximide 4080 mg/L No effect .
Lithium 0.5-1.3 mEq/L No effect
Nortriptyline 50-150 pg/L No effect S -
Phenobarbital 15-30 mg/L gecreasegl l;{m;%ng ig uremia
i ecreased binding
e el uremia; side effects can be
seen at “therapeutic”
levels . ;
imi Decreased binding in uremia
Sena il of major metabolite, -
phenobarbital _
Salicylate 200-300 mg/L Decreased bir}d_ing in uremia
Theophylline 8-20 mg/L Increased toxicity with low -

/ serum albumin
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if the elapsed time from the last dose and the elimination half-life in that
;ﬁit‘:ular patgant are known. In practice, it is best to check a serum level 1 to
2 hours after an oral ‘dose or 30 minutes to 1 hour after a parenteral dose to get
a peak value. For drugs with long half-lives in venal failure, such as digoxin, the
time of sampling is less critical, since in the steady state the sefum levels vary
relatively little between doses. - s -
Many drflgs. such as diphenythydantein, digitoxin, and quinidine, travel in the

‘bloodstream bound extensively to serum proteins, predominantly albumin. Most

iques for measuring serum concentraticas determine the total.drug con-
?;lll:a(tll‘:m In clinical sit\glat.ions in which there isa low serum .albt_xmm, _suf:h as
nephrotic syndrome, or in which drug affinity for plgsma proteins is dgm}xshed
by uremia, an adverse drug reaction may occur with serum levels. within the
accepted therapeutic range. This occurs because only the free drug in serux‘n or
plasma interacts with receptors at the sites of drug action to produce pharmacoiogic
effects. Important changes in drug protein ptnd!ng c'iue:' to rena}.dlsease are also
noted in Table 11-2. These should be kept in mind in interpreting serum Xeve!s
in patients who experience symptoms and signs _of drug toxicity at therapeutic
Jevels. If decreased plasma protein binding occuss, it may not be possible to ‘predxct
recisely the consequences on pharmaceclegic action. In uremia, the elimination
half-life of phenytoin may actually be decreased. due to enhancement of conversion
of free drug to the major metabolite 5»phep_v‘:-5—parah.yd.roxyphenylhydantmnA
Although this metabolite depends on the kidzey for elimination from the body,

it is pharmacologically inactive. Thus, altheugh protein binding must be considered _

in evaluating serum levels, it cannot be generaiized that dosages of highly bound
drugs necessarily should be reduced for patients with renal failure.

. Drug interactions and interference with laboratory tests—step 6. In view of the

multiple medications often prescnbed for pau'ems with 'renal disease, xt‘x_s well
to review any possible drug interactions before introducing the therapeutic reg-
imen to the patient. This is best done by reference to a standa.rd sot'xrce since
the clinician will find it difficult to remember all of the potential interactions.
This is particularly important when warfarin is ordexjed in patients with renal
disease, since interaction with many com;;ounds can dlsplage warfann fm:n pro-
tein-binding sites. The drug interaction w'."Lh war'.jarm combined with the platelet
defect of uremia may cause severe bleeding. Other examples are the poor oral

/absorption of tetracycline antibiotics because of gastrointestinal binding by ant-

acids prescribed for hyperphosphatemia, and intgrference With.methotr&iam ex'
cretion by concomitant penicillin treatment, which can potentiate bone TmAITOW
toxicity. Careful consideration of the pha;mamlog;c properties of individual Slmg:
and a mental check for possible interactions should prevent most problems.

. With increasing use of automated laboratory tests in nephrology it has become

St

evident that abnormal values that do not relate to any clinical disease in 11}&
patient may be obtained. These aberrant results may }ead to unnecessary expense
or even in.appropriate treatment. The interference 1s most commonly du‘e Fo' a
drug or metabolite altering the actual measurement. However, many ‘d}mgb in-
terfere with laboratory tests through their pharmacologic actions (Table 11-3).
Examples of the latter include increases in serum creatinine producef _by tri-
methoprim and cimetidine, which compete for transport sites of tubular secretion.

. The alert clinician should not rely on iaboratory abnormalities alone without

checking on possible drug interference.

. Adjustments for hemodialyslis or peritoneai dialysis—step 7. If the patient with

i is undergoing dialysis, the final step in formulating a therapeutic
;flj:ilig?oh:;g;;t for dr%lg igsses or physioiogic changes ipduccd by the procedure.
Drugs that are effectively removed by clinical hemg\d\al)'51s usfually have molecular
weights less than 500 daltons. The driving force in hemod';al'ysxs is the concen-
tration gradient of unbound drug between plasma water and dmly'sam‘ As protein
binding of the drug increases, dialysis clearance dgcrgases. Semisynthetic peni-
cillins that have greater than 90 percent pretein blAndmg are poorly r(zz:no\'e(_! by
dialysis. Although propranolol has a molecuiar. wex.ght_ of only ‘.ZB_O_daxpcns, it is
not dialyzable because of & high degree of protein binding. In addition to protemn
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Table 11-3. Drug Interference With Laboratory Tests in Nephrology

Test Drug BEffect - = 4
yi
Serum creatinine Ascorbic acid Elevates total chromogen.
Para-aminohippurate  Elevates total chromogen =
Methyldopa/levodopa  Reducing agents interfere with au-
toanalyzer; increases when blood
level > 2 mg/ml
Trimethoprim . Raises serum level by competition

Urinary protein deter-
minations

for tubular secretion

May raise serum level by secretory
competition

Acetylsalicylic acid

Cefoxitin Increases serum level by interfer-
ence with Jaffe reaction
Cimetidine Increases serum level by secretory
competition
Serum urea nitrogen Acetohexamide Increases; mechanism unclear
Serum uric acid Ascorbic acid Increases in nonenzymatic methods
Salicylates Increases in nonenzymatic methods
Aminophylline Increases in nonenzymatic methods
Methyldopa Increases with phosphotungstate
method
Acetaminophen Increases in nonenzymatic methods
Levodopa _— Interference in autoanalyzer
Change in urine color Rifampin Red-brown
Sulfasalazine Red-brown
Phenothiazines Red-brown
Metronidazcle Darkens on standing
Methyldopa Darkens on standing
Nitrofurantoin Darkens on standing
Amitriptyline Blue-green
Triamterene Blue-green

Aminosalicylic acid

False-positive reaction
Acetylsalicylic acid

False-positive reaction

Cephalosporins False-positive reaction
Contrast media False-positive reaction
Penicillins False-positive reaction
Sulfonamides False-positive reaction
Acetazolamide False-positive reaction
Tolbutamide False-positive reaction
Tolmetin

Salicylic acid method only
Y

binding and molecular size, removal of a drug during dialysis depends on the
type of artificial kidney employed; most clinically used dialyzers have cuprophane
or cellulose membranes, which have similar characteristics. In general, regularly
scheduled drug doses should be given after dialysis to minimize remeval. For
drugs with considerable removal, it is best to replace a full maintenance dose
following dialysis (Table 11-4). Since hemodynamic factors and various other pa-
tient variables make precise adjustments difficult in clinical situations, it is best
to check serum levels before the next regularly scheduled dose. A serum level
measured immediately postdialysis may not accurately reflect the total body bur-
den since equilibration from intracellular pools may occur for several hours.

There has been a recent resurgence of interest in chronic peritoneal dialysis.
Because of the relatively large surface area available for transfer, the peritoneal
membrane is five to ten times more permeable to large-molecular-weight sclutes
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plantation. 8:41, 1879.

t
Table 11-4. Common Drugs Requiring Supplemental Dosage After Comt'entxonal e = Table 11-5. Drugs Cleared by Peritoneal Dialysis that Require
Hemodialysis ) ' { g Supplementary Doses During Clinical Therapy
~ Antibiotics e e : . @ “®  Antimicrobial dgents Antiarrhythmic agents
Aminoglycosides: Amikacin, gentamicin, netilmicin, streptomycin, tobramycin ‘ Amikacin Procainamide*
Cephalosporins: Cephalothin, cefamandole, cephazolin, third-generation e \’ Carbenicillin Quinidine |
cephalosporins o Cephalothi
Penicillins: AmE)Jgic.illin,' ampigil}in, .a.zloc.ill.in, carbenicillin, mezlocillin, x s ngh?a(()iinlen Antihypertensive agents
penicillin, piperacillin, ticarcillin e_“v_ \’ Ethambutol Methyldopa :
Antifungal drugs 5-flucytosine 3 Flucytosine 2 !
Antituberculous drugs Ethambutol, isoniazid, cycloserine &_ 8 7 $ Gent‘arr'xicin Negf°}110glclggent8w_ |
Miscellaneous Acyclovir, chloramphenicol, metronidazole, sulfisoxazole, 5 - Isoniazid ; Guil eny ydantoin
SO s : s 1 8 -Streptomycin* allanne
antiinfective drugs trimethoprim-sulfamethoxazole. e 3 S methoxanol i
f e T ; == ulfamethoxazole- !
Analgesics 4 Acetylsalicyclic acid, acetaminophen ‘ trimethoprim* Sedatives, hypnotics, tranquilizers
Sedatives, hypnotics, Phenobarbital, lithium e., & Sulfisoxazole Lithium carbonate
and tranquilizers g Ticarcillin Phenobarbital 4
Cardiovascular drugs X AL e__l_ Tobramycin . !
; Antiarrhythmics: Disopyramide, procainamide, quinidine “ Analgesics Miscellaneous
Antihypertensives: Atenolol, captopril, methyldopa, metoprolol, nadolol, sodium g 8 Acetylsalicylic acid Aminophylline®
+ nitroprusside e |
Miscellaneous drugs  Azathioprine, cyclophosphamide, ethosuximide, 5-fluorouracil, } +In vivo data are lacking, but indirect evidence strongly supports placing the drug in
gallamine, methotrexate, primidone, theophylline Q I this category.
’ Source: Adapted from T. A. Golper, Drugs and peritoneal dialysis. Dialysis and Trans-

than clinically used hemodialysis membranes. However, the relatively low blood e_‘_
flow to the peritoneum limits the removal of small-molecular-weight drugs. Re-
cently, the use of continueus ambulatory peritoneal dialysis (CAPD) has gained
widespread acceptance as a treatment for end-stage renal disease. Peritonitis is e;ﬁ
a major complication of this procedure. In general, there is excellent drug ab-
sorption following intraperitoneal administration. For the aminoglycosides,
cephalosporins, and penicillins, the levels of drug achieved in peritoneal fluid
following systemic administration are inconsistent. Table 11-5 lists drugs that
require supplemental doses during peritoneal dialysis.
il. Use of specific common drugs in azotemic patients
A. Digitalis glycosides. In renal failure cardiac glycosides are usually given in re- overdosage. =
duced amounts at customary dosage intervals after adequate body stores are pro- . Lidocaine. Lidocaine undergoes extensive hepatic metabolism similar to other
vided with the usual digitalizing dose. It is desirable for clinicians to become antiarrhythmics. No increased central nervous system toxicity has been ob-
familiar with one or at most two digitalis preparations. Digitoxin half-life and served in patients with renal disease. The drug is not dialyzable, and it can
serum levels are not altered by the presence of renal failure, which allows standard be used in the usual way for azotemic patients. :
digitalizing and maintenance doses. However, the long half-life of 6 to 8.5 days .

makes it less desirable for unstable patients, especially those with cardiac ar- e 3 a

B. Antiarrhythmic drugs
1. Procainamide. Procainamide is metabolized to a pharmacologically active
metabolite N-acetylprocainamide, which has antiarrhythmic potency similar
to the parent compound. The metabolite has a long life and is eliminated from
the body almost entirely by renal excretion. Conventional plasma level de-
terminations do not measure the metabolite. Doses of procainamide should be
given every 8 to 12 hours in patients with end-stage renal disease. Procainamide
and N-acetylprocainamide are readily removed by dialysis, and a full main-
tenance dose should be given following a dialysis treatment. Hypotension, ar-
rhythmias, and conduction disturbances may occur as a consequence of
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rhythmias. Heparin may cause some decrease in digitoxin-plasma protein binding;

. . . , SiTE ;
therefore patients undergoing hemodialysis necessitating heparin use may require Q*_ able 11-6. Cardiac Glycosides in Renal Failure

a slightly lower digitoxin blood level to avoid toxicity. Digoxin appears to be the : Dt PR ; : K
drug of choice for most patients. The half-life of digoxin is 1.6 days in patients c -, £ Digitalizing Dose ~ Maintenance Dase Dialysis
with normal renal function and 4.4 days in anuric patients. After a digitalizing > Q Digitoxin  Customary No change required Keep dialysate K* at 3.0

dose that is approximately 75% of normal, the daily maintenance dosage is equal 5
to nonrenal losses (15% of body stores) plus urinary losses. Since urinary losses Cf___ @
are inversely proportional to the creatinine clearance, patients with end-stage -

mEq/L; monitor serum
i level if heparin is used
Digoxin 75-90% of usual  Creatinine clearance > 50  Keep dialysate K* at 3.0

renal disease lose very little digoxin in the urine and may be adequately treated = : D ULAT ‘

ith 0.125 mg three to five times per week. Dialysis does not affect digoxin or ‘s r*\‘ mlimin, 0.23—0.o.mg/ mEq/L; monitor serum
gigitoxin serum levels; however, shifts in potassium or hydrogen ion during di- 1 day; 10-50 ml/min, level 2
alysis may provoke cardiac arrhythmias. It is recommended that dialysate po- g;" - a 0.125—0‘25.mg/d,ay ) j
tassium be 3.0 mEq per liter in digitalized patients. Treatment regimens for use = : < 10 ml/min, 0.0625- =

of digitalis glycosides in renal failure are shown in Table 11-6. 2 £ a 0.125 mg/day
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ifications are needed only when creatinine clearance is less than 10 per minute.

Cephalothin, cefazolin, and cephalexin follow similar pharmécokinetics. Ce-

phalothin is given in the usual loading dose followed by maintenance doses

every 8 to 12 hours for end-stage renal patients. For the orally active agents
such as cephalexin, adequate blood levels are achieved by a 1-gm load, followed

by 500 mg every 12 hours, in patients with creatinine clearances less than 10

ml per minute. Usual doses are necessary for urinary tract infections. Ceph-

alosporins are removed from plasma by hemodialysis. A maintenance dose

given after hemodialysis returns plasma concentrations to within the thera-
peutic range. The third-gengration cephalosporins have characteristics similar
to other drugs in the same class. An exception is cefoperazone, which undergoes
nonrenal elimination and thus requires no dosage adjustment in renal disease.

. Miscellaneous antibiotic, antifungal, and- antituberculous drugs

a. Chloramphenicol. No alteration in dose is necessary for chloramphenicol,

¢ even in patients with severe renal insufficiency. However, dose-related,
reversible, hematopoietic depression is more common in patients with im-
paired renal function. This may be related to accumulation of toxic me-
tabolites normally excreted by the kidneys.

b. Erythromycin and clindamycin. Erythromycin and clindamycin, which are
metabolized primarily by nonrenal mechanisms, are prescribed in usual
therapeutic doses to patients with impaired renal function.

¢. Lincomycin. Lincomycin exhibits a prolonged half-life in renal insuffi-
ciency. The normal dose of lincomycin should be reduced by one-half in
patients with advanced renal failure. Hemodialysis does not significantly
alter the plasma concentrations of erythromycin, clindamycin, or linco-
mycin.

d. Nitrofurantoin. Nitrofurantoin should be avoided in patients with renal
insufficiency. It is ineffective therapy when the creatinine clearance de-
creases to less than 30 ml per minute. Moreover, toxic metabolites may
cause peripheral neuropathy in patients with far advanced renal disease.

e. Sulionamides. Most sulfonamides are ineffective in patients with renal
failure because their elimination and urine concentration is dependent
largely on glomerular filtration. The sulfamethoxazole-trimethoprim com-
bination has recently been shown to be efficacious in the therapy of Pneu-
mocystis carinii infections in immunosuppressed patients. Dosage intervals
should be extended to 24 hours when creatinine clearance is less than 10
ml per minute. Hemodialysis removes the drug from plasma; therefore, a
maintenance dose should be given after dialysis.

f. Tetracyclines. Tetracyclines have well-known antianabolic effects that may
aggravate azotemia. They should be avoided if possible in patients with
uremia. If a tetracycline is specifically indicated, doxycycline is the drug
of choice. No alteration in the dosage schedule of this agent is required
for patients with renal failure.

g. Vancomycin. Vancomycin may cause damage to the eighth nerve if the
serum levels are high (greater than 80 mg/ml). It is eliminated primarily
by the kidneys, and dosage modification is needed in renal disease. The
drug has a long half-life, and dosage intervals should be extended to 3 to
6 days in‘advanced renal failure. Since the drug is not removed by dialysis,
vancomycin is a popular agent in the treatment of vascular access-related
infections. Serum concentrations should be obtained to ensure optimal
therapy.

. h. Amphotericin. Amphotericin B, a nephrotoxic agent, is widely used for
treating systemic mycotic infections. Although decreases in renal function
are commonly observed, serum drug concentrations do not rise. Dosage
need not be altered except in severe renal failure. In such patients, the
dose may be decreased by one-fourth. Amphotericin B is highly protein
bound and is not removed by hemodialysis.

i. Flucytosinen Miconazole and Ketoconazole. Flucytosine is excreted by
the kidneys. Dosage intervals should be extended to 24 hours in patients
with severe renal failure. Flucytosine is removed from plasma by hemo-
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dialysis. Single doses of 25 to 50 mg per kilogram body weight postdialysis
pmd}xce r}ontnxic, therapeutic concentrations in patients undergoing he-
mod.xalys'xs every 48 to 72 hours. Frequent monitoring of serum concen-
trations is recommended. Miconazole and ketoconazole require no dosage
adjustment in patients with renal failure.

|- Antituberculous drugs. Isoniazid is eliminated from the body predomi-
nantly by hepatic acetylation to an inactive metabolite. In most patients
no dosage alteration is required in renal insufficiency. However, in patients
with reduced hepatic metabolism (slow acetylators), the dosage should be
reduced by approximately one-third if the creatinine clearance is less than
10 rpl per minute. Isoniazid is removed by hemodialysis. Serum concen-
trations may be followed as a guide to dosage. The dose of rifampin need
not be altered in renal failure or adjusted for dialysis. Isolated case reports
of nephrotoxicity have been reported in patients receiving rifampin. Renal
function should be monitored in such patients. Ethambutol is excreted only
through the kidneys. The dosage interval needs to be extended 24 to 48

g_oulrs .for severe renal failure. Supplemental doses should be given after
ialysis.

5. Treatment of urinary tract infections in patients with renal disease. In patients

with rfmal dysfunction, effective treatment of urinary tract infection is difficult
to achieve. Delivery of antibiotics in adequate concentration to sites of infection
in the diseased urinary tract may not be possible.

Drug therapy for urinary infection in patients with poor renal function needs
to be selective to achieve effective antibiotic concentrations in the urine or
renal parenchyma. Penicillins and cephalesporins, both of which undergo tu-
bula}‘ seqretion. seem to achieve adequate urinary levels despite severe re-
ductions in creatinine clearance. Trimethoprim-sulfamethoxazole has also been
repqrted to achieve clinical urinary sterilization in patients with severe re-
ductions of renal function. It should be emphasized that the customary dosage
adjustments for renal failure will prevent high blood concentrations of antibiotic
but may reduce the concentrations achievable in the urine. Thus, ampicillin

eepha_lexin, and trimethoprim-sulfamethoxazole should be used in full dosage:
for urinary tract infections in patients with concomitant, severe renal disease.
Aminoglycoside antibiotics do not penetrate well into diseased renal paren-
chyma or achieve reliable urinary tract levels in patients with severe renal
failure (i.e., with creatinine clearances less than 10 ml/min). Thus, they should
be reserved for patients with septicemia.

. Treatment of dialysis-access infections. Of the infectious problems encoun-

tered in patients with chronic renal failure, infections of dialysis vascular access
sites are most troublesome. External shunts have a much higher incidence of
mfef:tmn than internal arteriovenous fistulae. Although the predominant or-
ganism causing these infections is Staphylococcus aureus, there are increasing
numbers of infections with gram-negative bacteria, especially Pseudomonas
aeruginosa. In addition to definitive surgical management, antibiotics are often
indicated. Penicillinase-resistant penicillins or vancomycin is preferred for
§taphylococcal infections, whereas an aminoglycoside is used for gram-negative
lnvol'vemgnt. Vancomycin, because of its long half-life and failure to be removed
Py dialysis, is particularly useful in a dose of 1 gm every 5 to 6 days admin-
istered after a dialysis. :

. Treatment of peritonitis in patients undergoing peritoneal dlalysis. Chronic

peritoneal dialysis is fast becoming a popular alternative for a growing number
of patients with end-stage kidney disease. Peritonitis remains a major limiting
complication. Once peritonitis is suspected on clinical grounds or after routine

cultures, peritoneal fluid should be obtained for Gram stain, total and differ- -

t;‘nti'al white _bloo@ count, and culture with antimicrobial sensitivity testing.
eritoneal dialysis should then be begun and antibiotics added on the basis

of bacteriologic studies or Gram stain. Some typical regimens are outlined in 7

Table 11-8. If the patient has systemic signs and symptoms it may be prudent -

to add appropriate nteral antibioti i ideli
o ey parenteral antibiotics according to dosage guidelines de-
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3. Quinidine. Quinidine half-life is similar in uremic patients and normal persons.
No dosage adjustment is required for renal failure, and the drug is not sig-
nificantly dialyzed.

4. Proprancloi. Propraﬁo]cl has found widespread use not only as an antiar-

Table 11-7. Aminoglycoside Dosing Chart

1. Select loading dose in mg/kg (ideal weight) to provide peak serum levels ixi range nstec

rhythmic agent but also as symptomatic treatment for angina pectoris and below for desired aminoglycoside. =
hypertension. The dosage need not be changed in patients with renal disease, - Expecte” Pea
because increased hepatiic metabolism counterbalances reduced uptake of the & '3 Aminoglycoside Usual Loading Doses Serum i els
drug by the liver. No significant amount of propranolol is removed by he- = —
. modialysis or peritoneal dialysis. - €~ Notilmicin

§. Other drugs. Disopyramide is excreted by the kidney and metabolized to a : % Tobramyecin 1.5t0 2.0 mg/kg 4010
compound with antiarrhythmic activity. For this reason, the interval between : Gentamicin \ '
doses should be extended to 12 to 24 hours in patients with end-stage renal ‘s e fciTs
failure. Calcium entry blocking drugs are metabolized by the liver and require Ka ; } 5.0t0 7.5 mg/kg 15t0 3C . g/m
no dosage adjustments for renal failure. namycin

C. Antibiotic therapy
1. Aminoglycoside antibiotics. These widely used drugs (gentamicin, amikacin,
kanamycin, tobramycin and netilmicin) have a narrow toxic-therapeutic ratio.
In patients with renal disease, drug accumulation may lead to ototoxicity and
additionakrenal damage. With very high blood levels, neuromuscular blockade
may occur. This may be of importance to anesthesiologists, since aminogly-
cosides potentiate the neuromuscular blocking properties of the paralyzing
drugs used in surgery. Loop diuretics such as furosemide and ethacrynic acid

9. Select maintenance dosage (as percentage of chosen loading dose) to contint  rea
serum levels indicated above according to desired dosing interval and the patient
corrected creatinine clearance.

{
']
f

Percentage of Loading Dose Required For Dosage Interval Selected

pooes
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are known to enhance irreversible ototoxicity associated with aminoglycoside Creatinine
therapy of patients with renal disease. Serum levels are widely used to ensure ﬁ Clearance Half-life
antibacterial efficacy. It is not clear that maintaining serum levels in the (ml/min) (hr)* 8 Hr 12 Hr —+ H
therapeutic range prevents toxicity; hewever, a rising serum level drawn 1 = T
hour following-a dose (peak) or just before the next dose (trough) indicates & 90 3.1 2 84% B =
renal dysfunction, since aminoglycosides depend primarily on glomerular fil- 80 34 80 W= 91% :
tration for excretion. Because aminoglycosides are removed by hemodialysis, t,,_i 70 39 76 88 =
supplements of 0.5 to 1.0 mg per kilogram after dialysis are necessary to 60 45 71 84
maintain therapeutic effects. The addition of 5 mg of gentamicin or tobramycin ) ’ e
to each liter of peritoneal dialysate maintains adequate serum concentrations e‘ = 50 53 o 2 -
during concomitant parenteral therapy. Suggested initial and maintenance 40 6.5 57 72 92%
regimens for aminoglycosides are given in Table 11-7. é 30 8.4 48 63 3
2. Peniciliins. The penicillins as a group are generally safe to administer to pa- i 25 9.9 43 57 Q1
tients with renal failure since little clinical toxicity is noted despite drug ac- _ E = : 37 50 =
cumulation. Isoxazoyl penicillins (cloxacillin, dicloxacillin, nafeillin) do not c» 8t 20 i - i ™
require dosage modification, nor are they significantly dialyzed. If penicillin 17 13.6 33 46 0
G is prescribed for patients with creatinine clearance less than 10 ml per min- ¢ p 15 15.1 31 42 67
ute, half the usual loading dose should be given every 8 to 12 hours after the 3 * 12 179 27 37 Bl
usual initial dose. Ampicillin and amoxicillin maintenance dosing intervals E 10 204 24 34 -6
should be extended to 12 to 16 hours when treating extrarenal infections in G =iy ; : -
patients with creatinine clearances less than 10 ml per minute. In the treatment ! 7 25.9 19 28 e!
of urinary tract infections, usual doses are required to achieve adequate an- g ¥ 5 215 16 23 £ 1
tibiotic concentrations in the urine and renal interstitium. The doses of car- 3 3 2 46.8 1§ 16 20
benicillin and ticarcillin should be reduced when creatinine clearance decreases 0 - 69.3 8 ‘11 £1
to 25 to 30 m! per minute. In patients with end-stage renal disease the car- g = 9 : ne
,be_mcnll_m dose is 2 gm every 8 to 12 hours. Toxic effects of penicillins in renal ; aAlternatively, one-half of the chosen loading dose may be given at an interval appro
failure include neurotoxicity at high serum levels, extracellular fluid volume - mately equal to the estimated half-life
expansion (carbenicillin contains 5 mEq sodium/gm); and hyperkalemia (1 Gkﬁ-i 3 e 5

e > 1 : : : ; Dosing for patients with Cer = 10 ml/min should be assisted by measured serum icvels
million units of penicillin contain 1.7 mEq potassium). Hypokalemic metabolic < Source: Adapted from F. A. Sarubbi and J. H. Hull, Amikacin serum concer  tio

alka]os{s'may also oceur, since urinary excretion of large amounts of anion Prediction of levels and dosage guidelines. Ann. Intern. Med. 893:612, 1978.
(carbenicillin or penicillin) enhances potassium and hydrogen ion excretion.

The interval between doses of the new penicillins, azlocillin, mezlocillin, and
piperacillin, should be extended to 8 hours in patients with end-stage renal
disease to avoid drug accumulation. .

E 3. Cephalosporing. Cephalothin and its related compounds are well-tolerated,
effective antibiotics for patients with renal failure. Although they are primarily
excreted by the kidneys, nephrotoxicity is rarely observed. Major dosage mod-
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e
: mm — D. Prescribing for pain, sedation, and sleep In the azotemic patient. Although nar-
3 _ o 5 Mar.w cotics are predominantly metabolized in the liver, E.o?wammoamm products may
cuw m m = = -, s B = E exhibit vonﬂ vwmﬁsmn&ommo woﬂmmﬁw and toxic manifestations when they accu-
- . 2 D s 2218 < Y mulate in the presence of renal failure.
.8 |m. ) \m @ % .M .m M .m ,m m = Mw 1. Anaigesics. Normeperidine, a metabolite of meperidine, accumulatés in pa-
mm,. Al83 DE Sm®B HmnO®R m <= a5 tients with renal failure, producing seizures in some patients. Methadone
‘g 2 -3 undergoes hepatic metabolism to an inactive hepatic metabolite that is not
< ° oo known to cause adverse mmwon,m. Cno:.:o patients are more sensitive to the
q = = = pm ﬂ 2 0 respiratory depressant effects of Eoﬂvr._:m because of mma.mmmom plasma protein
£ m 2 = m x 3 binding in uremic serum; thus, morphine ».%555 Um me_Emnmnmm with caution
23 3 A 2 P D in uremic patients, particularly those with low serum albumin and/or con-
i % m.. g o 2 N & B3 ml“ current liver disease. The propoxyphene metabolite, norpropoxyphene, accu-
i 5581w =R T ~ a £ = R mulates with repetitive dosing in patients with advanced renal disease, but
i Pl e Ad + DD b 5 P % oy its pharmacologic activity is probably low. Codeine, pentazocine, and naloxone
3 = w > can be used without dose modification in patients with renal failure. None of
! - 3 E ZTo R the narcotics undergoes sufficient removal during dialysis to require dosage
i VoS = @ o8 m L vw mcvﬁmamsgaoz. : b . : :
i ; NS = & o i m i Salicylates should be used with caution in patients with renal failure because
i N w..m ES 2n &Y ﬂ B they enhance .ﬁrm platelet &m.?:nﬁc: and gastric irritant mn.mnnm wmmcsmmma
: 0T = ‘w T nm with the uremic state. Acetaminophen Emﬁvo.gmm accumulate in patients with
i W g £ i h e o s £ 25 al renal %mmm.wm but have no mwmﬂﬂmn&o%n activity or known toxic m.m.mnnm..
m 233 |l o B L m Ew &I w. 2. Psychoactive drugs. Emetional stress and depression are common in patients
} =B = e e L I g -g 5 with renal failure. For mild-to-moderate symptoms, a benzodiazepine can be
; SREladere =~ aF -~ & =29 w3a AR safely used. Diazepam or chlordiazepoxide are given in their usual dosage,
i 4rm oy lm, 3w with a careful watch for excessive-sedation. Parenteral diazepam, which is
22 = ' = G £ M poorly dialyzed, is particularly useful to treat symptoms of acute anxiety during
m 2 2 2 £ 5 the dialysis procedure itself. Flurazepam, for insomnia, can usually be given
} m 2 m g T2 & 5 safely in usual doses to patients with renal failure. Clonazepam can be used
i i g = 9 ‘m 2w £ in patients with renal failure to treat the troublesome problems of restless
Lk 25 g 8 E TR legs and hiccoughs. Barbiturates, particularly phenobarbital, which depends
} ~ = 8 e < T on renal excretion for elimination from the body, should be avoided.
| .W B Wu.n 5 = um = £R .mewﬂm M:.Mw no cMWEMm side mﬂmﬁw of tricyclic wmﬁmonnmm_mm:nm ﬁ, the patient i#w
3 = ~ Yo} 2 3 % renal failure. Orthostatic hypotension can be a problem when su erimpose
m @ mm 2 | & m = ,m TS = e w ...m o 23 on dialysis-induced mxnnmnm:wﬁq fluid volume depletion. 7 :
i ER = LT Pl =k s B E u® : £ : o
t FlEEf|lddwnw 2a ) @S58 = £o, 3% The pharmacologic therapy of major nm%orc.mmm can be handled similarly to
¢ A 1“ EQ |=w = - : < & S T the therapy of nonuremic patients. Phenothiazine drugs are most useful, al-
{ w : s 579 & nw 2 m though the hypotensive woﬁmsﬁm_ and low seizure threshold of chlorpromazine,
i £1le t g8 ,m se <3 propensity of arrhythmias with SGEQEN.EP and extrapyramidal reacticns
i i 1 N = ...M £ m £ |W z caused by haloperidol need to be considered in selecting a drug for the individual
i — e N o n oo R @ =2 1 ient.
i 4 amd £ w M =] @ 1.1 5 b g ‘w m E=2S Fz E _uEmMmMMﬂm:n antihypertensive drugs
! 2182 2|da8a 882 o § 25887 28§ : A S A 1 fastive in th 1
i o B! S2IBBrd 8~ = — NiE—~2888° 54 1. U_cnm.zom. Diuretics are generally less effective in .ﬁ e presence of renal in-
i e B o A ey sufficiency. Furosemide, bumetanide, and ethacrynic acid may produce a na-
§ & e m 58 @ > g ,m..\m triuresis in patients with glomerular filtration rates as low as 5 to 10 ml per
i 3 l= 5P =7 @S M m 5 - minute; however, the large doses required may produce ototoxicity. Ethacrynic
i M < ] = w LR w8 E12. acid should be avoided in patients with severe renal disease since its ototoxic
i gd g £ Wm m B2 N £3 potential is greater than that of furosemide. Thiazide diuretics are generally
; 3 s m. 2 o >g Y.m B E ineffective in patients with glomerular filtration rates below 25 ml per minute.
i .m &= .Dm 2 P2 §g m “o8 .5 < Metolazone may have some efficacy in far advanced renal failure; however, it
} o|5¢g S m T & ) o 8 aSs=52eu is ineffective with glomerular filtration rates less than 10 ml per minute. Spi-
il B fRY¥IRBER s@~=x ®oa~|S m.m.m =7z £2E ronolactone, amiloride, and triamterene may cause fatal hyperkalemia in ad-
i ..w m T 9o m < 3 Sz & vanced renal failure and are contraindicated in such patients.
: z = B = g ..m g 18 M 2. Antihypertensive agents. Antihypertensive &dmm are generally administered
el % 7 = M R to patients with renal failure based on the patient’s blood pressure response,
< = w =E%x T o84 £8gEpeSE S rather than on pharmacologic characteristics of individual drugs. For urgent
2 5.5 Pm § B >3 e 3 z m.M."lw,m £ WW 8 lowering of blood pressure in patients with renal insufficiency, diazoxide is
- 2o .m =8 ..m m m m. m 23| EFg m £ M mﬂw.m especially useful. Sodium Em_..ovwzwmim administered by constant H.:?mmoz can
m g |= m. £2 £ g 5 & m. £ nm m m = EEE 2 5 control almost any hypertensive emergency. The metabolism of nitroprusside
S| E5|852& S5 830|0seFNrRES

to thiocyanate presents some risks to patients with renal failure. The symptoms
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e. Bronchodilator drugs. Bronchodilator drugs (theophylline, terbutaline, and
ephedrine) can be safely administered to patients with renal failure. A
slight decrease in dosage of terbutaline and ephedrine may be required.
Because of some loss during dialysis, theophylline should be administered
following the procedure. .

Hl. Management of drug overdose: role of forced diuresis, dialysis, and hemoperfusion.
Active measures to remove excgenous poison or drugs taken in overdoses are complex.
Undoubtedly the major factor in patient survival is expert intensive supportive care.
To be useful in treating poisoning, toxic drug effects should be related to the plasma
concentration or the duration of the drug in the body. The amount of drug removed
by diuresis, dialysis, or hemoperfusion should represent a considerable addition to
the drug’s or poison's usual elimination route. Peritoneal dialysis, because of relatively
low clearance rates, has little role in acute overdoses. Resin and charcoal hemoper-
fusion are absorbent procedures in which blood passes directly over absorbent ma-
terials. Compounds poorly removed by conventional hemodialysis are often effectively
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of thiocyanate toxicity, which include nausea, vomiting, myoclonic movements,
and seizures, can be rapidly alleviated by dialysis. Because of the potential
for accumulation of thiocyanate, nitroprusside infusions to patients with renal i
failure are best terminated within 48 hours. Although no dose adjustments
for renal failure are required for clonidine, methyldopa, hydralazine, prazosin,
guanethidine, or minoxidil, it may be wise to omit a dose just before dialysis
in patients who are likely to have hypotension during the procedure.
F. Miscellaneous drugs often used in patients with renal fallure

1. Anticonvulsants. Standard doses of phenytoin may be used in patients with
all degrees of renal impairment. Although uremia decreases phenytoin binding
to plasma proteins, accelerated metabolism by the liver keeps the amount of
free drug at relatively therapeutic levels. Even so, either lower than therapeutic
or toxic total phenytoin plasma levels may occur in patients with renal failure.
Phenytoin is not removed significantly by hemodialysis, and supplemental
doses postdialysis are not necessary. No good data are available on the di-
alyzability of other anticonvulsants. =

D

Lom e

For the long-acting barbiturates, empiric decreases in drug dosage are needed,
with close monitoring of plasma levels and observation for toxic effects. Phen-
obarbital is dialyzable. For treatment of status epilepticus, usual doses of par-
enteral diazepam may be administered. -
. Immunosuppressive and antineoplastic agents. The drugs most commonly
used in therapy of immunologically mediated renal diseases and renal trans-
plantation are azathioprine and cyclophosphamide. Considerable dosage re-
duction of cyclophosphamide is required in patients with renal failure since
significant renal excretion of active alkylating metabolites occurs. In patients
with renal insufficiency, empiric decreases in cyclophosphamide dosage are
indicated in association with evidence of toxic effects (e.g., leukopenia). Some
data suggest an increased pharmacologic effect when azathioprine is admin-
istered to patients with advanced renal failure, so careful monitoring is required
when these drugs are used in patients with renal failure. Some cyclophos-
phamide and azathioprine may be lost during hemodialysis.
The antineoplastic drugs actinomycin D, bleomycin, cis-platinum, 5-fluoro-
uracil, melphalan, methotrexate, and streptozocin all undergo considerable
renal elemination of either-parent drug or active metabolites and therefore
require empiric dosage decreases with evidence of toxic effects in patients with
compromised renal function. Considerable dialyzability has been demonstrated
for 5-fluorouracil and methotrexate, whereas bleomycin does not appear to be
significantly dialyzable.
. Other drugs
a. Clofibrate. Clofibrate is used as a hypolipidemic agent in uremic patients.
Because of the high degree of protein binding and considerable renal elim-
ination of clofibrate, use of this drug may be associated with a high fre-
quency of skeletal muscle damage when administered in standard doses
to either nephrotic patients or patients with renal insufficiency. The drug
probably can be used to lower serum triglycerides safely in patients
undergoing maintenance hemodialysis if reduced doses are prescribed.
b. Anticholinergic agents. The anticholinergic drugs are often used in treating
gastrointestinal disorders. Little modification of dosage is needed in renal
patients. Care must be taken with these agents to avoid urinary retention
that may additionally compromise renal function.
¢. Metoclopramide. Metoclopramide, a dopamine antagonist, has proved very
useful for management of nausea and vomiting associated with uremia or

diabetic gastroparesis. The dose should be 50 percent of normal in patients __

with advanced renal failure.

d. Cimetidine. Cimetidine, currently in widespread use for treatment and _
prophylaxis of peptic ulcer disease, undergoes considerable renal elimi-
nation. A dose of 300 mg every 12 hours should produce adequate inhibition
of gastric acid output in anephric patients.
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eliminated. Exact indications are not yet established. Drugs that may be removed
from the body effectively by forced diuresis, hemodialysis, and hemoperfusion are

listed in Table 11-9.

Table 11-9. Drugs Removed by Forced Diuresis, Hemodialysis, and Hemoperfusion

Drug Removal

Forced diuresis: Intravenous fluid
(plus osmotic agents such as
mannitol, 25-50 gm, every 2-4
hr) to achieve urine flow of 3-6
mlkg/hr

Alkaline diuresis. Sodium bicar-
bonate 1-2 mEq/kg v

Acid diuresis. Add ascorbic acid,
500 mg to 2 gm IV or am-
monium ghloride, 756 mg/kg/day,
in four divided IV doses

Hemodialysis
Immediate therapy indicated

Indicated for severe overdoses or if
usual elimination routes un-
available (i.e., liver or kidney
disease)

Hemoperfusion: May be used in se-
vere overdoses only -

Drug Comment £
Bromide Follow electrolytes; re-
place fluid losses with
0.45% NaCl to avoid
hyperosmolarity
Iso;xiazid Follow electrolytes closely, |
| Phenobarbital with early potassium
Salicylates supplementation
Amphetamines Contraindicated in liver
Phencyclidine * and renal disease
Strychnine
Quinine/quinidine A
\IV ethanol may be adjunc-
Ethylene glycol, \tive therapy
methanol if blood 5 =

level >50 mg/dl

Ethyl alcohol if
blood level > 90

Blood levels are only
guides; clinical judg-

mg/dl ment must be exercised

Salicylate blood
level >100 ;
mg/ml I ‘

Long- and short- Most reports_are anec-
acting barbitu- dotal; procedure lowers
rates blood platelets by

Digoxin 2 25—30%; contraindi- ;

Ethchlorvynol ™ cated in patients at risk— *

Glutethimide ~ of bleeding ;

Meprobamate e :

Methaqualone
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The Patient With
Kidney Disease and
- Hypertension jin_
-~ Pregnancy !

Marshall D. fIRehE T
and Adrian L. Katz

Gestation in women with preexisting renal disease, regardless of type or severity,
alarms physicians. Their concern is frequently shared by consultant nephrologists,
whose experience may be based on patients referred after complications have occurred.
As a result, pregnancies are often interrupted and contraception advised. Such views,
however, are unduly pessimistic. It is now apparent that in most instances gestations
in women with renal disorders end successfully, especially when kidney function is
well preserved and hypertension absent.

. The kidney and blood pressure in normal pregnancy. The anatomy and function

of the kidneys and lower urinary tract are altered in gestation. There are also phys-

jologic alterations in volume homeostasis and blood pressure control, recognition of

which is a prerequisite for the appropriate interpretation of data from pregnant pa-

tients with renal disease or hypertension (Table 12-1).

A. Anatomic and functional changes in the urinary tract. Kidney length increases
approximately 1 cm during normal gestation. The major anatomic alterations of
the urinary tract during pregnancy, however, are seen in the collecting system:,

- where calyces, renal pelves, and ureters dilate, often giving the erroneous
impression of obstructive uropathy. The dilatation is accompanied by hypertrophy
of ureteral smooth muscle and hyperplasia of its connective tissue, but whether
bladder reflux is more common in gravidas is unclear. The cause of the ureteral
dilatation is disputed; some researchers favor hormonal mechanisms, whereas
other researchers believe that it is obstructive in origin. It is clear that as preg
nancy progresses, assumption of a supine or upright posture may cause uretera
obstruction when the enlarged uterus entraps the ureters at the pelvic'brim (Fig
12-1). These morphologic changes have considerable clinical relevance. Stasis ir
the dilated urinary tract may contribute to the propensity of pregnant womer
with asymptomatic. bacteriuria to develop frank pyelonephritis. The widene
ureters contain substantial volumes of urine, which may lead to collection error
in tests that require timed urine volumes. These errors may be avoided by th
following simple protocol: gravidas to be tested receive a water load and remai
in bed positioned in lateral recumbency for 1 hour before the start of the collectior
This procedure minimizes inaccuracies by standardizing the procedure as wel
as by producing a modest water diuresis, so that residual urine is dilute and ¢
recent origin. : :

Acceptable norms of kidney size should be increased by 1 cm if estimated durin
pregnancy or the immediate puerperium, and reductions of renal length note
several months postpartum need not attributed to renal disease. Also, sinc
dilatation of the ureters may persist until the twelfth postpartum week, electiv
radiologic examination of the urinary tract should be deferred, if possible, unt
after this time.
B. Renal hemodynamics. Values considered normal in nongravid women may refle:
_ decreased renal function during pregnancy. For example, in gravid women cot
centrations of serum creatinine exceeding 0.8 mg per deciliter or of serum ure
nitrogen greater than 13 mg per deciliter suggest the need for additional evaluatio
of renal function.
1. Glomerular filtration rate (GFR) and renal plasma flow (RPF). GFR and RP
increase to levels 30 to 50 percent above nongravid values. Increments the
are already present during the days following conception become maximal E
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Table 12-1. Renal Changes in Normal Pregnancy

3

Alteration Manifestation Clinical Relevance

“Increased renal size Renal length approxi-

mately 1 cm greater on
roentgenograms

Postpartum decreases in
size should not be mis-
taken for parenchymal
loss

Not to be mistaken for
obstructive uropathy;
elective pyelography
should be deferred to the
twelfth postpartum week;
upper urinary tract infec-
tions are more virulent;
retained urine leads to
collection errors

Dilatation of pelvic calyces

Resembles hydronephrosis
and ureters

on intravenous pyelog-
raphy tiore marked on
right)

Increased renal hemody-

Glomerular filtration rate
namics

and renal plasma flow in-
crease 35-50%

Serum creatinine and urea
N values decrease during
normal gestation; so
values > 0.8 mg% Cr and
13 mg % urea N are al-
ready suspect; albumin,
amino acid, and glucose
excretion all increase

Serum bicarbonate is 4-5

mM/L lower in normal
gestation

Changes in acid-base me-

Renal bicarbonate
tabolism

threshold decreases

Renal water handling Osmoregulation altered Serum osmolality decreases

10 mOsm/L (serum
ok : sodium | 5 mEq/L) dur-
. ing normal gestation

the end of the first trimester. According to some authors, these increments
are sustained until term, whereas other investigators have observed a decline
in creatinine clearance during the last four weeks of pregnancy.

The increase in GFR has important clinical implications. Since creatinine pro-
duction is unchanged during pregnancy, increments in its clearance result in
decreased serum levels. Using the Hare method, one group of investigators
observed that true serum creatinine, which averaged 0.67 mg per deciliter in
nongravid women, decreased to 0.46 mg per deciliter during gestation. In
studies that also measured creatinine chromogen (resembling results reported
in most clinical laboratories), values were 0.83 mg per deciliter in nonpregnant
women and decreased to 0.74, 0.58, and 0.53 mg per deciliter in the first, second,
and third trimesters, respectively.

. Blood urea nitrogen. Similar changes occur in the mean value of blood urea,
but some of these alterations may be due to enhanced protein synthesis in
addition to increments in the clearance of this solute. In a serial study of 83
gravidas, blood urea nitrogen averaged 9.8, 9.2, and 9.2 mg per deciliter in
each trimester and rose to 12.1 mg per deciliter 6 weeks postpartum.

3. Other hemnodynamic alterations. Several other changes that occur in gestation
may be due to altered hemodynamics. Excretion of glucose, most amino acids,
and several water-soluble vitamins increases. Increments in urinary nutrient
content, for instance, may be a factor in the enhanced susceptibility of gravidas

to urinary tract infections. Urinary protein excretion also increases during
gestation.
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Fig. 12-1. Intravenous pyelogram. A. Ureteral dilqtation of pregnanc‘y. The:* (rzlf{;htliac
ureter is sharply cut off at the pelvic brim wher'e‘ it crosses the 111ac§rter) ! -A(;,cd -
sign). B. Relationship between the ureters and iliac arteries can be }fm(OFI‘h raP
postmortem studies. Note the iliac sign at Lbe pelvic brim on the rxg. t4‘15 rlc;r:\o ;
“Dure-Smith, Pregnancy dilatation of the urinary tract. Radiology 96:545, 1970.

C. Acid-base regulation in pregnancy. Renal regulation of acid-base 1s‘alteret_‘l dum;lz
gestation. The bicarbonate threshold decreases, and early morning ulrmes abi-
often more alkaline than those in the noggravxd state. In adfiluon,'p asma 5
carbonate concentrations decrease approximately 4 mM per liter, av elragmgnse
mM per liter. This change most likely represents a.compensatox_-y }x;%ncz; resp: e
to hvpoéapnia, because pregnant women hyperventllateﬁand thelrd CO, aver rglc
onl): 30 torr. The mild alkalosis (arterial pH averages 7.44) foun l1n preg]na' dy
is in accord with this view. Since steady-state PCO_«Z and H\CO;, levels ax}rle a xt'eaez'i
diminished, pregnant women are in the_ory gt a'd1§advam.age w&endg ;ez:. er;{e-
by sudden metabolic acidosis (e.g., lactic acidosis in preeclarppsxa, iabe 1tc i
toacidosis, or acute renal failure). However, thgy respond W}th ap(fr'oplc;m e tmn
crements in urinary titratable acid and ammonia after an acid loi‘,_an_ p.rlc;ﬁ
regeneration is already evident at blood pH levels higher than those in similarly

ant women. ) :

D. msatgi :ggféﬁg:. After conception there is a rapid decrease in plasma gsmc‘))lvahg
that levels off at 5 to 10 mOsm per kilogram below that of nongravid su Jet<_: 7
If this decrease occurred in a nonpregnant woman,_she _would cease secret ;ng
antidiuretic hormone and enter a state of water d}uresxs_. quever, gravi ?s
maintain this new osmolality, diluting and congentratlpg their urine ‘?pprop.natf yf
when subjected to water loading or dehydration. This suggests a re}slettmg tg
the osmoéreceptor system, and indeed recent data demonstrate that the osmo ut:
thresholds for both thirst and vasopressin release are decreased in pregnan
'i‘lg:'zn‘;re also reports that women with diabetes in_sigidus ~who becom% ;;)re%n;nt

require increments in their vasopressin injection (P}tressnn) or fiDA <(i esi

amino, 8 D-arginine vasopressin) dosage. Whgther this relates to increase r:tr:at
hemodynamics and/or prostaglandin production or to a placental enzyme tha

i
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~ destroys vasopressin (vasopressinase) remains to be elucidated. In addition two

rare syndromes of transiént diabetes insipidus in pregnancy have been described;
one is responsive to exogenous vasopressin of dDAVP, and the other is due to in
vivo destruction or renal resistance to vasopressin.

_ Volume regulation. Most healthy women gain approximately 12.5 Rg during the

first pregnancy, and 1 kg less during subsequent pregnancies. Generations of
physicians have considered these averages as upper limits of permissible weight
-gains, forgetting that there is a plus and a minus to deviations about a mean.
As a resulf, many gravidas were scolded for excessive weight gain, and their salt
or calories, or both, were restricted. Most of the increment is fluid, total bedy
water increasing 6 to 8 liters, 4 to 6 of which are extracellular. Plasma volume
increases 50 percent during gestation, the largest rate of increment cccurring
during midpregnancy, whereas increments in the interstitial space are greatest
in the third trimester. There is alsc 8 gradual cumulative retention of approxi-
mately 900 mEq of sodium in pregnancy that is distributed between the product
of conception and the maternal extracellular space. These alterations in maternal
intravascular and interstitial compartments produce a physiologic hypervolemia,
yet the gravida’s volume receptors sense these ¢hanges as normal, and when salt
restriction or'diuretic therapy limits this physiologic expansion, maternal re-
sponses resemble those in salt-depleted nonpregnant women. This is one com-
pelling reascn that a policy common less than a decade ago, whereby gravidas

were sodium restricted and often given diuretics, is now condemned. Pregnant

women are now advised to salt their food to taste, and some researchers believe

that a liberal sodium intake is beneficial during gestation.

The influence of humoral changes during normal pregnancy on renal sodium
handling and volume regulation is incompletely understood. The increment in
GFR means that up to 10,000 additional mEq of sodium must be reabsorbed by
the renal tubules each day, a quantity considerably greater than the expected
salt-retaining potency of several mineralocorticoids (aldosterone, desoxycorticos-
terone, estrogen), the blood levels of which increase in pregnancy.

. Blcod pressure regulation. Mean blood pressure starts to decrease early in ges-

tation, diastolic levels in midpregnancy averaging 10 mm Hg less than meas-
urements postpartum. In later pregnancy blood pressure increases, gradually ap-
proaching prepregnancy values near term. Since cardiac output rises quickly in
the first trimester and remains relatively constant thereafter, the decrease in
pressure is due to a marked decrement in peripheral vascular resistance. The
clow rise toward nonpregnant levels following a midtrimester nadir is interesting,
since it demoenstrates that increasing vasoconstrictor tone is a feature of late
gestation in normal women as well as in those in whom preeclampsia is developing.
The cause of the initial decrease in peripheral resistance during pregnancy is
obscure. Levels of estrogen and progesterone that may relax smooth muscle are
elevated, and increments in vasodilating prostaglandins (of either the E or the
1 series) may also occur during gestation. On the other hand, concentrations of
renin, its activity, and its substrate, as well as angiotensin levels, increase sub-
stantially, but gravidas are extremely resistant to the pressor effects of angiotensin
1I. Catecholamine levels appear to be unaltered in gestation.

Lack of awareness of the fluctuation in blood pressure during normal gestation
may lead to diagnostic errors. For example, certain women with mild essential
hypertension who in the first trimester experience the normal decrease in blood
pressure display near normal levels early in pregnancy. They are then erroneously
labeled preeclamptic in the last trimester, when frankly elevated pressures occur.
Such errors can be avoided if diastolic ievels of 75 mm Hg in the second and 85

mm Hg in the third trimester are considered as upper limits of normal.

il. Clinical evaluation of rena! function In pregnancy

A. Examination of the urine. The association of proteinuria with eclampsia was first

noted in the 1840s, and the science of prenatal care advanced dramatically when
physicians began to examine systematically the urine of gravidas, primarily for
albuminuria. In certain instances, latent renal disease is first uncovered by the
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detection of excessive protein excreti i i puri i tni
Igenatal e p on or microscopic hematuria during a routine
I ealthy nonpregnant women excrete comiden;k;l iess than 1 i
in t‘x_xe, urine da}ly, but due to the relative impreci};ion and vari(;(l))iﬁxg' %f;_x;g:ﬁl\n
met.no'ds used in hospital laboratories, proteinuria is not considered abrxormagl
until it exqeeds 150 mg per day. During pregnancy protein excretion increases
-and excretion up to 300 mg per day (some authors accept 0.5 gm/day) may stili
be normal. O'n occasion, a healthy gravida can excrete more than that amount
The problem is compounded by the fact that about 5 percent of healthy adolescents.
and. young adults have postural proteinuria, which may become ai)parent only
during pregnancy. In addition, postural proteinuria méy increase near term when
gravidas tend to assume a more lordotic posture, which augments excretio’n An-
other cause of increased proteinuria in pregnancy may be compression o;' the
renal veins by‘t.he’enlarged uterus, especially when gravidas lie su;;ine ’f‘hus
whenlthe _grav1da is tested for postural proteinuria (see Chap. 8, sec. | D, und ‘
g;otexr;;ana)t.):he ?hould be positioned in lateral recumbency. il ¥ -
ere have been few attempts to quantitate urine sediments in pr

excretion of red blc_;od cells may increase during normal gestei?ic?r;.e %Vn'}?:xt?érTi}vlﬁ
crease_:d le_ukecytt‘lna a;so occurs during pregnancy is not clear. Since mi;roscoéic
examination of the urine sediment is an important and noninvasive technique

it is unfortunate that 1 : :
ey so little has been done to standardize this test for pregnant

. Renal function tests. The clearance of endogenous creatinine, the most satisfactory

apprgxin}ation of GFR in nongravid subjects, is equally useful for assessing renal
function in gravidas. Gravidas as well as nonpregnant women show little variation
(apprqxxmately 10 percent per day) in urinary creatinine excretion and, presum-
ably, in creatinine production, which in a given woman is similar bo£h durin

and after gestation. The lower limit of normal creatinine clearance durin, es
tation should be 30 percent greater than that of nongravid women, which ing : t
hogplt-a]S averages 110 to 115 ml/min/1.73 sq m. ; e

Acid excretion and urinary concentration and dilution are similar in gravid and
nonpregnant women. Thus, tests such as ammonium loading (rarely indicated in
ge_statlon). give values similar to those in nongravid women. When examinin

urinary dxlgting ability, the clinician should be aware that supine posture cag
interfere wf'xt.h this test. Therefore, studies to detect minimal urinary osmolal
concentrations should be performed with the patient lying on her side. However

although lateral recumbency is the required position for prenatal me;asuremem:
of most renal function parameters, this posture interferes with tests of concen-
tration. For example, a urine osmolality that was 800 mOsm per kilogram avﬁ,er
overnight dehydration may decrease to 400 mOsm per kilogram within an hour
when a latergl recumbent position is assumed. Such changes may be ;xplained
by ﬂuxd'mobnliza.tion from the extremities during bed rest, resulting in either
volume-mduegd inhibition of vasopressin secretion or a mild osmotic diuresis

S}lc_h observations demonstrate the importance of upright posture such as quieé
sitting, when maximum urinary concentration is measured in prégnancy. :

. Role of renal blopsy in pregnancy. Percutaneous renal biopsies were introduced

in the 1950s, and gubsequent investigations correlating light, electron, and im-
munofluorescent microscopy with alterations in renal function have revol‘utjonized
our understanding of the pathology and natural history of kidney disease in non-
pregnant populations. Few such studies have been reported on renal disease in
pregnancy, n_‘xamly because clinical circumstances rarely justify the slight risks
of b_lopsy during gestation and the procedure is usually deferred to the postpartum
perlogi.. Ar}other reason may have been a report of excessive bleeding and other
complications in gravid women that led some physicians to consider pregnan

a reiatxye contra_xindication to renal biopsy. These views, however, were based ;yz
the garher_ practice of performing prepartum and intrapartum (i.e. c,luririg cesarean
section) biopsies in women who were hypertensive, and at a t.ir;'.e that pred"teé
current understanding of the coagulation abnormalities occasionally see; in
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preeclampsia. It is now evident that if the biopsy is performed in the immediate
puerperium in a woman with well-controlled blood pressure and normal coagu-
lation indices, morbidity is similar to that in nongravid patients.

There are relatively few indications for antepartum renal biopsy, one being ne-
phrotic syndrome of unknown cause first diagnosed in midpregnancy or early in
the third trimester. Diagnosis of preeclampsia may influence decisions concerning
termination of pregnancy, whereas demonstration of other pathology by biopsy
helps in the determination of appropriate therapy. Renal biopsies should not be
performed after gestational week 32 since at this stage the fetus will probably
be delivered in any case, and the decision usually has to be made quickly and
independent of biopsy results. 2o

. Clinical application. Some of the normal morphologic and physiologic adjustments

that affect the kidney during pregnancy and the application of such information
to detecting disease are illustrated in the following case report.
Example: A 25-year-old multipara with known hypertension was hospitalized at
31 wheks of gestation with a blood pressure of 200/140 mm Hg. Treatment included
a single 20-mg dose of hydralazine, 2 mg trichlormethiazide daily for 3 days, bed
rest in the position of lateral recumbency, and restriction of dietary sodium. After
2 weeks, weight decreased 4.6 kg and drastolic blood pressure now averaged 90
to 100 mm Hg. Unfortunately, urine volumes declined, and the creatinine clear-
ance decreased from 106 ml per minute on the sixth to 82 ml per minute on the
sixteenth hospital day (Table 12-2). Simultaneously, blood urea nitrogen increased
from 8 to 25 mg per deciliter. Interruption of gestation was considered, since
deteriorating renal function was regarded as a sign of superimposed and pro-
gressing preeclampsia. However, a diagnosis of salt depletion was also entertained.
A trial period in which sodium intake was increased to 206 mEq per day followed.
After sodium intake was liberalized, weight increased 1.5 kg, but diastolic blood
pressures remained between 90 and 100 mm Hg and the creatinine clearance
increased to 118 ml per minute. Serum creatinine and urea nitrogen decreased
to 0.9 and 16 mg/100 ml, respectively. The gestation was allowed to continue
until labor ensued spontansously.*
This report demonstrates the advantage of estimating GFR from serum creatinine
rather than plasma urea levels. Alterations in serum creatinine mirrored changes
in its clearance, whereas this Felation was less clear in the case of urea nitrogen.
The GFR was low for pregnancy, illustrated by the serum creatinine values of
0.9 to 1.3 mg per deciliter, which are acceptable in nonpregnant women but ab-
normal during gestation. On the other hand, there was a normal plasma urea
nitrogen on admission, perhaps reflecting poor nutrition. It is also interesting
how easily this patient became dehydrated (a fact not appreciated by many who
manage pregnant women). With dehydration and oliguria the concentration of
urea increased threefold while the serum creatinine clearance decreased only 23
percent. However, when GFR increased to values greater than those measured
on admission, urea nitrogen was still 16 mg per deciliter, probably reflecting a
good hospital diet.

Ill. Renal disease in pregnancy

A. Asymptomatic bacteriuria. Urinary tract infection is the most common renal

problem occurring in pregnancy. The urine of gravidas supports bacterial growth
better than that of nonpregnant women, due to its increased nutrient content.
This, as well as ureteral dilatation, stasis, and occasional obstruction, would be
expected to increase the susceptibility of pregnant women to urinary tract in-
foction. Surprisingly, this is not the case, and, with the exception of certain high-
risk groups (diabetics and gravidas with sickle cell trait), prevalence of asymp-
tomatic bacteriuria during gestation varies between 4 and 7 percent, a value
- similar to that of sexually active nonpregnant women. The natural history of
- asymptomatic urinary tract infections is, however, quite different in pregnancy.
1

* Adapted from J. Palomaki and M. D. Lindheimer, Sodium depletion simulating deterioration in a
toxemic pregnancy. N. Engl. J. Med. 282:88, 1970. :
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Table 12-2. Renal Function During Hospitalization

Function Day 6 Day 16 Day 26
Creatinine clearance (ml/min) 106.0 82.0 118.0
Serum creatinine (mg/dl) 191 1.3 0.9
Serum urea nitrogen (mg/dl) 8.0 25.0 16.0
Maximal urine flow,(ml/min) 23 8.7

Although in the nonpregnant state the situation is quite benign, progression to

overt cystitis or pyelonephritis occurs in up to 40 percent of affected gravidas

(Table 12-3). Therefore, it is important to screen all pregnant women for the

presence of asymptomatic bacteriuria and to treat those with positive urine cul-

tures.

1. Method of urine collection. Pregnant women contaminate midstream urine
specimens more frequently than do nonpregnant persons. The incidence can
be reduced by the use of multiple vulval washings combined with carefully
supervised collection procedures. There are some women in whom suprapubic

aspiration is required to differentiate contamination from true infection. There
is no contraindication to this procedure in pregnancy.

If the urine is sterile at the beginning of pregnancy, it usually remains so
until term. Still, a small number (1 to 2 percent) of gravidas whose original
urine cultures are negative subsequently have bacteriuria. Abnormal urinalysis
and the presence of dysuria do not differentiate between contamination and
true infection. For example, dysuria occurs in 30 percent of gravidas whose
urines are sterile, and the urine may be infected and still contain fewer than
two leukocytes per high power field.

2. Method of treatment. There is some controversy about the optimum treatment
of asymptomatic bacteriuria in gestation. Some authors, believing that gravidas
have a high relapse rate, recommend prolonged antibiotic treatment. However,
approximately 50 percent of patients have bladder involvement only, and most
infections appear to respond to a simple 8- to 12-day course of therapy. Thus,
we recommend a 2-week course, preferring the initial use of short-acting sulfa
drugs or a nitrofurantoin derivative and reserving the more potent agents
(ampicillin, cephalosporins, or carbenicillin) for treatment failures and for
symptomatic infection. Of course, the choice of antibiotic agent in both situ-
ations should always be based on the sensitivity of the isolated organism.

3. Importance of pcstpartum evaluation. Asymptomatic urinary tract infection

- has been linked to premature labor, hypertension, and anemia during gestation,
but these assertions have not been proved. On the other hand, there is an
increased incidence of occult urinary tract pathology in these gravidas. There-
fore, women with bacteriuria during pregnancy may benefit from evaluation
of their urinary tract postpartum by excretory urography.

Table 12-3. Relation Between Asymptomatic Bacteriuria
and Antenatal Symptomatic Urinary Tract Infection

Number Number
Patient Status Followed Symptomatic = Percentage
Untreated bacteriuric 1609 464 28.8
Treated bacteriuric 421 15 36
Nonbacteriurie 13,742 f 246 1.8

Source: M. D. Lindheimer and A. L. Katz, Renal Function and Disease in Preg- i

nancy. New York: Lea & Febiger, 1977.
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Fig. 12-2. Transverse sonogram. The large echo-free mass (M) on the right

o o i The uterus is on the left, the
2 C infected during pregnancy. ine ) h
;‘{:s:r(;tie I(II-S’Elvlge pv;r:eiit)r. (From M. D. Lindheimer, A. 1. Katz, Kidney Function and

Disease in Pregnancy. N
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fluid containing mass, which was first discovered and

ew York: Lea & Febiger, 1977. Courtesy of J. D. Bowie, M.D.)

. ; L

8. Symptomatic pacteriuria. The clinical ;ppr;)ach to syﬂggzxgt:;xgggy trac

] i i estation differs from that lor asymplon b
‘llnfekcé:)t‘; (i:uyr;?cfniphrﬂls. Pyelonephritis, which occurs in 1 to 2 percent of

i . ternal death in the preantibigtlc era, and 3
pl‘egna:\ c;'es;it?ear'stsai;a; :chfxtr;;a reported series developed septic shoc}{. Acute.
s 5 p'tis h‘as been implicated in intrauterine growth ret,ardatxcf:_n, pre
p)'elonipnzlon enital anomalies, and fetal death. Thus, treatment O st)gnp-
Itﬁi::{ilcyi‘nfecgon should be aggressive and peffoz:med in a h;)spltallﬁest?x n;ntg(;
Most patients with pyelonephritis _respond quickly (Fgmpﬂ"?h‘-::sesrnpmmatic

1 within 48 to 72 hours), but, in contrast to gravidas wi . dy‘Th o
ncrma.“ ia. they are very likely to relapse or become reinfected. The : lé
gaﬁcetfrxlr;;,;l therapy (often with parenteral ampicillin) such women shou

receive appropriate antibiotics for 3 to 4 weeks, after which their urine should

i i f their pregnancies. Some authers
uently during the rem.amder o i : i :
geisifieeigzendmﬁ::d continuous antibiotic prophylaxis to term in such patients

2. Perirenal and renal abscess. Perirenal abscess and renal abscess formation

i icati f gestation, should be con-

1though infrequent complications o r : o
gd:regui?xclt%eadiﬁe‘:gntial diagnosis of pm;p?;t;xmzée;:;c g‘ltgd‘}i ri); t'{x:eﬁ lx:t

1 iti i ltures may reach 0 en
ol %oslit:: . ltar:;edcezrease to 4 percent after the ghxr.d pqs}pax’mm dayi
da}_'s aRerrere;t sporryxtaneous resoluticn probably reflects the mal_nhty to prevgn
Th'm appatamination rather than a true high incidence of ipfection. Thus, w glr:
;;rzif: ?s evaluated during the first 72 hours of thg puerperium, suprapu
irati ine is preferable to midstream specimens. :

3 isl}\)tlllt':lgag lolgxil:;r‘:gﬁiancy. Tetracyclines should not be used in pregnancy.

Suifonamides are inadvisable near term as they may precipitate kernicterus
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in the newborn. Ampicillin, the cephalosporins, and carbenicillin are the agents
most commonly used in the treatment of symptomatic infections during preg-
nancy. The combination of trimethoprim and sulfamethoxazqle is gaining in
popularity, but we await more careful scrutiny of its effect on the fetus. Nat-
uraily, the drugs chosen should preferably be those that have stood the test
of time for safety in pregnant women.

C. Acute renai faliure
1. Incidence. Two decades ago the incidence of acute renal failure in pregnancy

was estimated at between 1 in 2000 and 1 in 5000 gestations and represented
a considerable proporticn of cases reported in large series. More recently the
number of patients with acute renal failure from obstetric causes has declined
markedly and the incidence is now estimated to be less than 1 in 10,000 preg-
nancies. This trend, attributed to liberalization of abortion laws and improve-
ment of prenatal care, has not been shared by the poorer and less industrialized
nations, in which such patients comprise up to 25 percent of referrals to dialysis
centers and in which renal failure in pregnancy continues to be an important
cause of maternal and fetal mortality.

The frequency distribution of acute renal failure during gestation is bimodal,
with one peak early in pregnancy (12—-18 weeks) comprising most of the cases
associated with septic abortion, and a second peak between gestational week
35 and the puerperium, primarily due to preeclampsia and bleeding compli-
cations, especially placental abruption.

. Causes. Most gravidas with acute renal failure have acute tubular necrosis.

Rarely, glomerular disease or obstructive nephropathy is also seen. In con-
tradistinction to the etiologic breakdown in nonpregnant populations, there
is a greater incidence of acute cortical necrosis during pregnancy. The latter
entity is most likely to occur late in gestation, as it is frequently associated
with abruptio placentae. Although the necrosis may involve the whole renal
cortex and cause irreversible anuria, the “patchy” variety occurs more often
in pregnancy. This patchy necrosis has a distinctive course, with an initial
episode of severe oliguria followed by a variable return of function, characterized
by a stable period of moderate renal insufficiency. However, after several years
{and for obscure reasons) renal function again declines, often leading to terminal
kidney failure.

There are two rare forms of acute renal failure specific to pregnancy. One is
associated with acute fatty liver of pregnancy and is characterized by jaundice
and severe hepatic dysfuncticn in late gestation or the immediate puerperium.
Renal failure in this condition may be due to hemodynamic factors (analogous
to the hepatorenal syndrome), and some cases have been associated with in-
travascular coagulation and hepatic fibrin deposition. The mortality rate is
high and is due primarily to liver failure, but a substantial number of these

patients recover following rapid termination of the pregnancy.

The second disease, known by a variety of names, is best labeled idiopathic
postpartum renal failure. Such patients have uncomplicated pregnancies and

deliveries, but present 3 to 6 weeks in the puerperium with uremia, severe

hypertension, and often, evidence of microangiopathic hemolytic anemia. The

cause of the condition is unknown, although viral agents, ergot compounds,

oral contraceptives, and retained placental fragments have all been suggested.

Most of the affected women succumb, or if they survive do so with severe-

ly reduced renal function, but recoveries have been recorded. Since there

are claims that the disease has been contained and/or reversed with anticoagu-

lant therapy, this therapeutic approach combined with dilatation and curet-

tage of the uterus may be tried. Poststreptococcal glomerulonephritis sec-

ondary to endometritis may cause acute renal failure postpartum and there

is also an increased incidence of thrombotic thrombocytopenic purpura post-
partum.

. Management. The management of acute renal failure occurring in gestation

or immediately postpartum is similar to that in nongravid subjects (see Chap.
9), but several points peculiar to pregnancy deserve emphasis. Since uterine
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hemorrhage near term may be concealed and blood loss underestimated, any
overt blood loss should be replaced early. Gravidas should be slightly over-
transfused to forestall the development of acute tubular or cortical necrosis.
Both peritoneal dialysis and hemodialysis have been successfully used in pa-
tients with obstetric acute renal failure. Neither pelvic peritonitis nor the
enlarged uterus is a contraindication to the former method. However, when
circumstances dictate the use of peritoneal dialysis rather than hemodialysis,
the catheter should be inserted high in the abdomen, preferably under direct
vision. Finally, since urea, creatinine, and other metabolites that accumulate
in uremia traverse the placenta, dialysis should be undertaken early, with
the aim of maintaining the blood urea nitrogen at approximately 30 mg per
deciliter. The advantages of early dialysis in nongravid patients are even more
important in pregnancy, making arguments for prophylactic dialysis quite
compelling. :

D. Pregnancy in women with preexisting renal disease. The current approach to
pregnancy in women with chronic renal disease is primarily based on retrospective
studies, and more definitive views must await prospective data from large series
in which clinical, pathologic, and functional observations are correlated. Never-
theless, several generalizations can be made and guidelines presented regarding
gestation in women with chronic kidney dysfunction (Table 12-4).

1. Prognosis

a. Degree of renal impairment. The ability to sustain a viable pregnancy
decreases as renal function declines, and when serum creatinine and urea
nitrogen exceed 3 and 30 mg per deciliter, respectively, before conception,
normal gestation is rare. Contraception or early termination of pregnancy
is generally recommended in women whose serum creatinine exceeds 2
mg per deciliter, but it should be noted that women with moderately severe
disease manifesting azotemia greater than that described above have borne
viable infants. There are even rare instances in which women undergoing
maintenance hemodialysis have conceived and the gestation has ended
successfully.

b. Level of blood pressure. The blood pressure level at time of gestation is
an important prognosticindex. In the absence of hypertension, the natural
history of most established renal parenchymal diseases is unaffected by
gestation (although preeclampsia may occur more readily). In contrast,
when renal disease and hypertension coexist the gestation is more likely
to be complicated, either by severe increments in blood pressure or by ad-
ditional reductions in renal function. Such women should be counseled to
avoid conception and if they do become pregnant to terminate the preg-
nancy. If they wish to continue the pregnancy and to take the risks ex-
plained to them, these gravidas must be seen weekly and should understand
that their gestation must be terminated if renal function deteriorates or
if their blood pressure becomes difficult to control.

¢. Proteinuria. Urinary protein excretion, which increases in normal preg-
nancy, may increase markedly in pregnant women with underlying pa-
renchymal renal disease. In one large series one-third of the patients de-
veloped nephrotic-range proteinuria during gestation. In most instances,
however, these increments do not reflect worsening of the underlying kidney
disease.. ;

d. Renal hemodynamics. Gravidas with kidney disorders who have only
minimal renal dysfunction usually experience increments in GFR during
gestation, even though levels do not reach those seen in normal pregnant
women. Thus a decrement in serum creatinine level early in pregnancy is
a good prognostic sign. If serum creatinine levels before conception exceed

f 1.4 mg%, decrements during gestation are less common and the prognosis
of such pregnancies is more guarded. :

. Glomerulonephritis. Absence of gravidas in large epidemiologic surveys of

poststreptococcal glomerulonephritis is remarkable and has led to speculations

that pregnancy protects women from this disease. However, this form of im-
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Table 12-4. Summary of Pregnancy in Women with Preexisting Renal Disease*

Disease .

Comments

Chronic glomerulonephritis, noninfectious
tubulointerstitial disease (e.g., polycystic
kidneys)

Lupus nephropathy

Diabetic nephropathy

Nephrotic syndrome

Usually no adverse effect in the absence of
hypertension; urinary tract infections
may occur more frequently

Controversial; prognosis favorable if
disease in remission at conception;
monitor complement levels during
gestation and increase treatment when
values decrease; steroid dosage should
be increased in the puerperium

Probably no adverse effect on the renal le-
sion, although frequency of leg edema,
preeclampsia, and perhaps urinary tract
infection is higher

Tolerated well; infants may have low
g;redt}x weight. Diuretics should not be

Chronic infectious pyelonephritis Bacteriuria during pregnancy leads to
more frequent exacerbation

Infection may be more frequent; otherwise,
ureteral dilatation and stasis do not
seem to affect the natural history

Pregnancy usually well tolerated; dystocia
has been attributed to pelvic kidneys

Most pregnancies succeed, but hyperten-
sive and infectious problems are more
frequent than in normal gravidas;
immunosuppressive therapy may cause
fetal adrenal failure and congenital
anomalies

Urolithiasis

Status postnephrectomy; solitary and pel-
vic kidneys
Transplanted kidneys

*Generalizations are for women with only mild renal dysfunction (serum creatinine
level < 1.5 mg/dl). The natural course of renal disease in women with greater

functional impairment remains to be determined. ~
« b

\\
= / \

mune complex nephritis does occur rarely in gestation, in which it may mimic
preeclampsia. Its prognosis-is favorable, since in those instances in which the
occurrence of acute poststreptococcal glomerulonephritis during gestation was
properly documented, renal function recovered rapidly and the pregnancy
usually had a successful outcome.

The prognosis of chronic glomerulonephritis during pregnancy is difficult to
evaluate because most reported cases are poorly documented, especially the
prepregnancy level of renal function and blood pressure. Still it appears that
1f' proteinuria or abnormal urinary sediment is the sole manifestation of the
d1§ease, pregnancy will proceed normally. Gravidas with membranoprolifer-
ative glomerulonephritis, especially those with dense intramerabranous de-
posits demonstrated ultrastructurally and women with IgA nephropathy, may

~be especially prone to hypertensive complications. Although C; nephritic factor— :

may pass from mether to fetus, the neonate appears unaffected and maternal
complement levels may actually rise in ge tation.

Her'edxtary nephritis is an uncommon disjrder that may first be manifested
during pregnancy. when women with this disease develop frank nephrotic
Sym‘.lr.ome. A variety of hereditary nephritis accompanied by platelet abnor-
malities has been described. Pregnancy in these women has been successful
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- from a renal standpoint, but their gestations have been complicated by bleeding e \ g
i problems. 7 - = ‘ ﬁﬁ e
$ 3. Collagen vascular diseases ; e £33 =3 - :
— —a. Lupus nephritls. Pregnancy has variable effects on lupus nephropathy, a > 3 = 5 § |
} with either transient improvement, no change in the natural history of oy 288 53 '
3 the disease, or & tendency toward relapse. It appears that the longer the &% | o~ =1 £ R
: disease has been in remission before conception, the greater the likelihood % ~«—§3 2 g %
g of a symptom-free gestation. The serum complement should be closely - | 5 =
monitored throughout pregnancy, znd treatment begun or increased when  ‘mp '3 -
values decrease. 3 7
Some believe that patients with lupus nephropathy are more prone tore- £ ¢ 8

lapse in the puerperium. Since these exacerbations can be quite severe (in -

the past a significant number of maternal deaths were recorded during \

this period), one should be alert to this possibility and initiate steroids er @‘~
increase the stercid dosage in the immediate puerperium.

b. Perlarteritis nodosa and scleroderma. Pregnancy in patients with per- &}
jargeritis nodosa and scleroderma with renal involvement appears to be = b

disastrous, possibly due to the associated hypertension, which frequently - i

ture. Not only is fetal prognosis dismal, but most o 3

becomes malignant in na S

reported cases end in maternal death. Although such a poor prognosis 1

reflects the selectivity of a handful of case reports, prudence dictates &b &
g

that the pregnancies of gravidas with these diseases be terminated at v

an early stage until more is known about their natural history during_- a ;
pregnancy. :

4. Diabetes mellitus. Diabetes is among the more common medical disorders en- - ,s
countered in the prenatal clinic. Many of the patients are juvenile diabetics, QA
who probably harbor early microscopic changes in their kidneys. Nevertheless, S —

most gestations in diabetic patients with normal renal function succeed, es- ;
pecially if blood glucose levels are maintained close to the normal range during

the prenatal period. These diabetic women have an increased prevalence of b

which does not cross the placenta

mode of therapy
Treatment is rarely required in pregnancy and most

atients with decreasing renal function seco

marked oligemia and for t

hypotension

oligemia and compromise uteroplacental perfusion.

Screen frequently for asymptomatic bacteruria
lipid-lowering agents have not been tested in

infusion of salt-poor albumin is recommen
gravidas

cally, but if anticoagulation is required

Prescribe high protein diet (3 gm/kg body weight). The
p

Avoid diuretics, which may increase the intravascular
We do not anticoagulate these patients prophylacti-

Management

\

bacteriuria and an increased susceptibility to symptomatic infection during
pregnancy. With these exceptions, such women rarely have renal complications,
although they seem to have a higher incidence of preeclampsia. =
The effects of gestation in diabetics with overt nephropathy are similar to é‘*‘
3 those in women with other forms of renal parenchymal disease. Those with B
the mildest functional impairment have little trouble (elthough on occasion :iﬁ
proteinuria may be massive}, whereas the presence of hypertension imparts g%
a poorer prognosis. Older reports of frequent deterioration reflect experience E
from centers in which the gravidas were managed with stringent salt restriction &
diuretics. Without such restrictions, women with biopsy- £

as well as prophylactic ; .
proven diabetic nephropathy actually display increases in GFR during ges- P i

tation.
Nephrotic syndrome. The most common cause of nephrotic-range proteinuria
(greater than 3.5 gm per day) in late pregnancy 18 preeclampsia, a diagnosis
that may not be considered when diastelic pressures are between 85 and 95
mm Hg. The fetal prognosis in preeclampsia with heavy proteinuria is poorer
than it is in other preeclamptic states, but maternal prognosis is similar. Most
of the usual causes of nephrotic syndrome, including membranous nephropathy,
proliferative or membranoproliferative glomerulonephritis, lipoid nephrosis,
diabetic nephropathy, amyloidosis, and secondary syphilis, have been described i
in gravidas. Many of these conditions do not respond to corticosteroids, and é
some may be aggravated by them, underscoring the importance of establishing =
a tissue diagnosis before starting therapy. If renal function is adequate and c
hypertension absent, several of the phystologic alterations of nermal pregnancy

may simulate aggravation of the nephrotic syndrome (Table 12-5). Increments gg
in renal hemodynamics or renal vein pressure may enhance protein excretion, ;-
Levels of serum albumin normally decrease during gestation, and this may ?
increase the tendency toward fluid retention. Despite edema, diuretics are to é

&

creases in renn! vein pressure may enhance protein
excretion and simulate aggravation of disease. Pro-
tein loss may also lead to intrauterine fetal growth
retardation

Levels of serum albumin usually decrease 0.5-1 gm/
decredse in nephrotic patients may enhance the
throm_bntic episodes in pregnant patients with ne- |
phrotic syndrome

Cholesterol and free fatty acids normally increase dur-

tendency toward fluid retention

Usually increases during pregnancy
claimed that there are more frequent episodes of

100 m! in normal pregnancy. The additional

tions in nephrotic gravidas
Pregnancy is a hypercoagulable state and some have

There may be a high incidence of infectious complica-
ing gestation

Increments in renal hemodynamics as well as in-

Effect of Pregnancy

Table 12-5. Manifestations and Management of Nephrotic Syndrome in Pregnancy

Manifestation

Source: M. D. Lindheimer and A. I. Katz, Renal Function and Disease in Pregnancy. New York: Lea & Febiger, 1977

Proteinuria
Hypoalbuminemia
Infectious complications
Thrombotic episodes -
Hyperlipidemia

Edema

be avoided because these women have decreased intravascular volumes, and
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saliuretic therapy could conceivably compromise uteroplacental perfusion or
aggravate the increased tendency to thrombotic episodes.
Tubolo-interstitial disease
a. Chronic pyelonephritis. Dilatation and stasis in the urinary tract make
chronic pyelonephritis in gravidas more prone to exacerbation. These
women should have a high fluid intake prescribed and should be told to
rest frequently on their sides. Prognosis of pregnant women with nonin-
fectious interstitial nephritis seems similar to that of pregnant women
with glomerular disease. Renal functional deterioration may occur rapidly
in this group of patients\when they are inadvertently salt restricted during
gestation.
b. Polycystic disease. Polycystic kidney disease may remain undetected in
gestation. Careful questioning of gravidas for a family history of renal
problems and judicious use of ultrasonography may lead to its earlier de-
tection. Patients with minimal functional impairment have few compli-
cations, but a greater propensity toward preeclampsia exists. Hypertension
usually accompanies the onset of increased functional deterioration, and
pregnancy in such gravidas is more hazardous. Of interest is a report of
pregnancy in a woman with the infantile variety of polycystic disease who,
although hypertensive before conception, had a successful gestation.
¢. Renal tuberculosis and solitary and pelvic kidneys. Renal tuberculosis
does not seem affected by pregnancy. Women with solitary kidneys appear
to tolerate gestation well. However, if the nephrectomy was performed for
nephrolithiasis or chronic pyelonephritis, the remaining kidney is often
infected. Patients with these conditions must be carefully scrutinized by
frequent examination and culture of the urine throughout pregnancy and
in the puerperium.
Pelvic kidneys are apparently associated with decreased fetal survival,
often due to the presence of other malformations of the urogenital tract of
the mother. In addition, dystocia may occur when the kidney is in the true
pelvis. =
Urolithiasis. Prevalence of stone disease in gestation varies between 0.03 per-
cent and 0.35 percent in the Western hemisphere. The older literature stressed
the dramatic complications that occur in pregnancy when calculi cause ob-
structive uropathy and infection supervenes. However, a recent survey of non-
selected stone formers indicates that the course of the disease is unaffected
by pregnancy, although urinary tract infections may be more common. Still,
renal calculi are the most common cause of nonuterine-related abdominal pain
severe enough to require hospitalization during pregnancy. Clinicians should
not be deterred from pyelographic x-ray examinations because the patient is
pregnant when complications suggest the need for surgical intervention.

E. Renal transplantation

i

Fetal and maternal complications. Pregnancy in women who have received

renal allografts is becoming more common. As expected, prognosis is better

when the transplanted kidney comes from a living donor. Most gestations suc-

ceed, but both maternal and fetal complications, due in part to the immuno-

suppressive therapy, can be anticipated; these include steroid-induced hyper-

glycemia, severe hypertension, septicemia, ectopic pregnancy, and uterine

rupture. Fetal problems such as intrauterine growth retardation, congenital

anomalies, prematurity, hypoadrenalism, hepatic insufficiency, thrombocy-

topenia, and serious infection in the neonate have been reported.

Suggested criteria for pregnancy. The following criteria for transplant re-

cipients wishing conception are suggested.

a. Good health and stable renal function for 2 years after transplantation

p. Stature compatible with good obstetric outcome

:c. Absent or, at most, minimal proteinuria

d. No hypertension

e. No evidence of pelvicalyceal distention on an excretory urogram performed
before attempting pregnancy
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f. Serum creatinine of 2 mg per deciliter or less and preferably < 1.5 mg/dl

g. Drug therapy: prednisone 15 mg per day or less; azathioprine 2 mg/kg/day
er less

Although stringent, these criteria constitute appropriate prudence until more

information on pregnancy in transplant recipients becomes available.

F. Case history. The following example of two successful gestations in a woman

with diffuse lupus glomerulonephritis demonstrates certain principles in the
management of gravidas with chronic renal disease.

Example: A 24-year-old white gravida 3 para 1 abortus 1 was electively admitted
for induction of labor. Five years previously, she developed fever, arthritis, pleuritic
chest pains, and a malar skin rash 2 weeks after a miscarriage. Systemic lupus
erythematosus was diagnosed, based on a positive LE test and presence in her
serum of antinuclear and DNA antibodies. Her blood pressure was 115/75 mm
Hg. Laboratory examination revealed anemia and leukopenia. Serum creatinine
and urea nitrogen were 1.0 and 15 mg per deciliter, respectively. Protein excretion
(qualitative) was negative, and the creatinine clearance was 110 ml per minute.
A renal biopsy demonstrated diffuse glomerulonephritis. She was treated initially
with prednisone 100 mg per day, which was slowly tapered to 30 mg per day.
Therapy was complicated by development of a gastric ulcer.

The patient became pregnant one year later while in remission and after her
predinsone dosage had been additionally tapered to 15 mg per day. Her prenatal
course was uneventful. During gestation her serum creatinine and urea nitrogen
decreased to 0.8 and 11 mg/100 ml, respectively. Her diastolic blood pressures
ranged between 70 and 80 mm Hg. Prednisone was discontinued during her fifth
gestational month, at a time when all clinical and serologic parameters were
normal.

Labor was induced at 40 weeks gestation, resuiting in the delivery of a healthy
3420-gm baby. The patient received hydrocortisone 100 mg during labor and 50
to 75 mg every 6 to 8 hours for the next 2 days. During the third postpartum day
she developed transient hypotension, which apparently responded to hydration
and 150 mg of additional hydrocortisone. Oral prednisone was then restarted and
maintained at 20 mg per day. ;

One year after delivery she was operated on for acute appendicitis. Serum cre-
atinine was 0.9 mg per deciliter and the blood pressure 136/70 mm Hg. The pa-
tient’s third pregnancy cccurred in 1977, 4 years after the initial diagnosis of
systemic lupus erythematosus. At that time she was in clinical remission and
her prednisone dosage was increased to 15 mg daily. During gestation the blood
pressure was in the 125/80 mm Hg range, and serum creatinine, urea nitrogen,
and uric acid were 0.8, 7, and 4.6 mg per deciliter, respectively. Urine protein
excretion (qualitative) ranged between negative and ‘trace. Inulin and p-
aminohippurate clearances during her seventh gestational month were 157 ml
per minute and 678 ml per minute.

The prenatal course continued uneventfully until gestational week 37, when dec-
rements in her hemolytic complement and a rise in her antinuclear factor titer
led the patient’s physicians to increase the prednisone dosage to 30 mg per day.
The complement activity then increased to low normal values.

Delivery was induced at 39 weeks, resulting in a 3675-gm healthy baby. Again,
she received intravenous hydrocortisone during labor and in the immediate puer-
perium, after which oral prednisone was restarted.

Three months postpartum, the patient’s blood pressure was 100/65 mm Hg. Serum
crgatinine and urea nitrogen were 0.9 and 17 mg per deciliter, respectively, and
urinary protein excretion was 350 mgin a 24-hour collection. Repeat inulin and
p-aminohippurate clearances were 93.5 ml per minute and 405 ml per minute.
Her steroid therapy had been tapered to 5 mg per day.

The following points are illustrated in this case. The patient’s initial manifestations
Oflugus erythematosus appeared to be related to gestation, and her renal biopsy
contained a lesion that has a guarded prognosis. Nevertheless, because functional
Parameters and blood pressure were normal, she was allowed to conceive again

- twice, and both gestations succeeded. During the first pregnancy steroid therapy
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was tapered but was wisely restarted in the puerperium. During the second ges-

tation, scrutiny of her - serclogic factors suggestad the possibility of exacerbation

near term. Again, steroid therapy was judiciously increased. Finally, it is note-

worthy that despite biopsy evidence of a diffuse glomerular lesion, the patient

experienced the physiologic increments in renal hemodynamics during gestation.

V. Hypertensive disorders of pregnancy. Hypertension during gestation remains a
major cause of morbidity and death in both mother and child.

B. Pathophysiology and pathology of preeciampsia. The increment in bl 5
in preeclampsmxs characterized by its lability, especially when comp:rosgi%eiﬁs
hypertensive disorders. This probably reflects the intense sensitivity of these
wom_en’s vasculature to changing concentrations of their own endogenous pressor
peptides and catecholamines. Whereas normal pregnant women are exiremely

resistant to the pressor effects of infused angiotensin, those destined to develop
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A. Classification. Of the many classifications propesed for hypertension complicating

pregnancy, that of the Committee on Terminelogy of the American College of

Obstetricians and Gynecologists is the most simple and useful. They classify the

hypertensive disorders of pregnancy into four categories:

Preeciampsia-eclampsia (hypertension peculiar to pregnancy)

Chronic hypertension (of whatever cause)

Chronic hypertension with superimposed preaciampsia

Late or transient hypertensicn

A fifth grouping, unclassified hypertensive disorder, has also been suggested, but

we do not use or recommend it.

1. Preeclampsia. Preeclampsia, characterized by hypertension, proteinuria,
edema, and, at times, coagulation abnormalities, occurs in late pregnancy,
primarily in nulliparas. Third-trimester hypertension is defined as a blood
pressure of 140/85 mm Hg or greater sustained for 4 to 6 hours. Also, increments
over earlier systolic and diastolic pressures exceeding 30 and 15 mm Hg, re-
spectively, are considered abnormal. : 4

Attempts have been made to categorize this disease as severe (e.g., diastolic”

and systolic pressures of 110 and 160 mm Hg or greater, heavy proteinuria,
oliguria, and neurologic symptoms) and mild. Since a seemingly mild pree-
clamptic patient (e.g., a teenage gravida with a systolic blood pressure of 140/
85 mm Hg and trace proteinuria) may suddenly convulse, terms such as mild
and severe may be misleading. Hypertension during late pregnancy in a nul-
lipara, whether or not other signs are present, is sufficient reason to proceed
with hospitalization and treatment as if the patient were a potential pree-
clamptic. -

2. Chronic hypertension. Most women in this second category have essential
hypertension, but in some the elevated blood pressure is secondary to such
conditions as renzl artery stenosis, coarctation of the aorta, renal disease, pri-
mary aldosteronism, or pheochromocytoma. Evidence of arteriolar disease, as
well as knowledge that hypertension was present before conception or early
in gestation, is helpful in establishing a diagnosis. Hypertensive patients are
more prone than normal gravidas to develop superimposed preeclampsia, but,
with the exception of patients with pheochromocytoma (in whom maternal
mortality is high), their course and prognesis resemble that of nongravid hy-
pertensive women. Since pheochromocytoma has such a catastrophic outcome
during pregnancy, measurement of urinary catecholamines or vanillylmandelic
acid excretion is recommended in all hypertensive gravidas.

3. Chronic hypertension with superimposed preeclampsia. A group of women
with chronic hypertension develop an accelerated phase of their disease in late
pregnancy. This exacerbaticn may be accompanied by oliguria or evidence of
disseminated intravascular coagulation. 1t represents a rapidly developing
medical emergency. Should the patient conceive again, there is a strong prob-
ability that this life-threatening syndrome will recur.

4. Late or transient hypertension. The last eategory includes a number of patients
otherwise difficult to classify. Some women develop hypertension only in the
last trimester or the immediate puerpertum, but blood pressure normalizes
by the tenth postpartum day. Among nutlliparas some patients may be pree-
clampties who have not meanifested other signs of the disease. (It is prudent
to manage all such primigravidas as if they were preeclamptics.) Another group
of gravidas develop hypertension in twe or more pregnancies and become
normotensive following delivery. Patients with transient hypertensicn
probably represent women destined to have essential hypertension develop
later in life. -
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preelfla;ngsia ﬁanifest increased pressor responsiveness to the infused peptide
weeks before the appearance of abnormal blood pressure, weight gai i

of coagulopathy. x : it
In the past much. attention was given to edema occurring in preeclampsia. How-
ever, preeclampsia can occur in the absence of fluid retention. Even when inter-
stitial fdema is present, plasma volume is decreased and hemoconcentration is
present.

The 1}'1c1den§e of coagulation ‘abnormalities in preeclampsia is debated; in our
experience _dlsordered coagulation occurs in only a minority of patients and usually
in those with the most severe disease.

. Kidney function and morphology in preeclampsia

1. GFR ar?d RPF. Both GFR and RPF decrease in preeclampsia. The decrements
approximate 25 percent in most instances, so the GFR of preeclamptic women
often remains z}beve pregravid values. However, in rare instances large de-
creases in function may occur and, on occasion, lead to acute tubular or cortical
necrosis. /

2. Uric acid. There are changes in the renal handling of urate in preeclampsia
A decrease in the clearance of uric acid, accompanied by increments in blooci
levels of this solute, may occur weeks before any clinical signs of the disease
appear. In pregnancy, serum urate levels above 4.5 mg/100 ml are suspect
The level of hyperuricemia also correlates with the severity of the preeclamptié
renal lesion, as well as with fetal outcome.

3. Proteinuria. Increased proteinuria, which may be moderate or heavy, is a fea-
ture of p_reec%ampsia, and the diagnosis is suspect in its absence. The m'agnitude
of preteinuria does not appear to affect maternal prognosis, but protein ex-
cretion in the nephrotic range is associated with greater fetal loss.

4, Glomerplar capillary endotheliosis. Preeclampsia is accompanied by a char-
acteristic 1esion, glomerular capillary endotheliosis (Fig. 12-3). In women di-
agn(_)sed.clmically as preeclamptic, this lesion is present in only about 75 ix:rcent
of bxqpsxes obtained from primiparas and in considerably fewer biopsiés from
multiparas; the remainder of patients have evidence of nephrosclerosis or an-
other parepchymal disease. The usefulness of postpartum renal biopsy in
preecla;n.pt.:c patients is urderscored by observations that renal vascular ab-
nqrmahtles may have prognostic implications for future pregnancies. Women
with glomerular endotheliosis alone tend to have uneventful subseqﬁent ges-
t.:atxons, but when alterations in the renal vessels are present hypertension
is more likely to recur in later pregnancies. "

D. Management of preeciampsia

1. Hospitalization. Ambulatery treatment has no place in the management of
preeclampsia. All suspected preeclamptic patients should be hospitalized. This
approach diminishes the frequency of convulsions and other consequen;:es of
diagnostic error. In general, fetal maturity is evaluated; if the gestation is
near term, induction is the therapy of choice, whereas attempts to temporize
are made if the pregnancy is at an earlier stage. Rest is an extremely important
part of the therapeutic regimen, which must be prescribed rather than sulg-
gested. Termination of pregnancy should be considered when hyperreflexia
develogs or persists; blood pressure cannot be controlled; serum creatinine
urea nitrogen, or uric acid rise; laboratory evidence suggests disseminateé
mtrava_scular coagulation or abnormal liver function (increased transaminases);
or §pecxﬁc obstetric tests suggest fetal jeopardy. When signs of impending con:
vulsions {eclampsia) are present, parenteral magnesium sulfate is the drug of
choice in most obstetric centers.

2. Treatment of hypertension. The approach to treatment of high bloed pressure

in gravidas is disputed. Results of morphologic examination of placentae dem-
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different than in nermotensive gravidas. Current practice is to withhold therapy
until diastolic levels reach 95 mm Hg in the second trimester and 100 mm
Hg in the third trimester. Some authorities suggest even slightly higher values.
Methyldopa, which can be combined with hydralazine, is the agent most fre- ‘
quently used in gravidas with chronic hypertension. Data from trials testing
a variety of beta-blocking drugs appear promising, and such agents can also
be used when those listed above are not sufficient. Finally, since diuretic ther-
apy limits the physiologic increment in plasma volume, these agents are not
usually prescribed to hypertensive gravidas. However, there are some instances
in which vasodilating agents alone fail and, faced with the choice of terminating
a gestation, diuretics may be prescribed as a last alternative.
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onstrating trophoblastic invasion of the uterine spiral arteries, as well as ob-
servations by investigators who use unanesthetized sheep or primate models,
suggest that uterine arteries behave like rigid conduits or are normally max-
imally dilated. These authors believe that reduction in maternal blood pressure
decreases uteroplacental perfusion (i.e., poor autoregulation of uterine blood
flow) and caution against large decrements in the mother’s mean pressure,
especially in acute emergencies. They are especially cautious in preeclampsia,
since placental flow is already compromised. In contrast, investigators working
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with anesthetized rabbits note that autoregulation of uterine flow is rapid and = Hill, 1983. el
complete, and they suggest an aggressive approach to human hypertension. i 6 Lindheimer, M. D., Katz, A. I, Ganeval, D., and Grunfeld, J. P. Acute Renal Failure
: Data in human pregnancy are limited, but they suggest that drops in maternal : in Pregnancy. In B. M. Brenner and J. M. Lazarus (Eds.), Acute Renal Failure. Phil-
pressure may reduce placental perfusion. Assuming that autoregulation of {r; : adelphia: Saunders, 1983.
=+ uterine blood flow exists, a critical but unanswered question is how quickly ;
= it takes place, since fetuses may be damaged by short periods of ischemia., &= = McFayden, J. R., Eyken, S.J., Gardner, N. H. N, Vanier, T. M,, Bennet, A. E., Mayo,
There are documented instances in which precipitous decreases of pressure in o M. E,, and Lloyd-Davies, R. W. Bacteriuria in pregnancy. J. Obstet. Gynecol. Br.

Comm. 80:385, 1973.

Redman, C. W. G. The management of hypertension in pregnancy. Semin. Nephrol.
3:270, 1984.

response to diazoxide (even to diastolic levels above 85 mm Hg) were followed
by immediate monitor signs of fetal distress. Thus, we prescribe the careful
use of parenteral hydralazine when acute hypertension exceeds diastolic levels
of 105 mm Hg, along with close maternal scrutiny and fetal monitoring. This
approach is successful in most gravidas, and diazoxide is restricted to the oc-
casional case resistant to this therapy. Diazoxide should be administered in
jsmall doses (30 mg at a time), because hypertensive gravidas are usually con-
itrolled with a total dosage one-third that required in nongravid women. Dia-
zoxide causes uterine atony, which is easily reversed with the judicious use
of oxytocin. -

There is debate as to whether or not women with mild essential hypertension
should be treated during gestation since fetal outcome in this group seems no
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Use of Rad{cwiégic
Techniques in the Patient
~ With Renal Problems

> i
Robert A. Older,

& Daniel E. Wertman, Jr.,
§ Larry M. Crane, and
Hector J. Hidalgo

Diagnostic imaging of the urinary tract is undergoing rapid expansion. This provides
2 wider choice of examinations for any individual problem, but it also necessitates
an understanding of each study and a knowledge of its indications. In the first part
of this chapter we discuss each of the imaging studies currently available and their
general indications. The second part of the chapter is problem oriented; here we
present a rational approach to using the various imaging techniques when faced
with a particular diagnostic problem.

. Urographic procedures providing information about the urinary tract

A. Abdominal film. The routine abdominal film provides considerable information
about disease processes involving the urinary tract. These can be considered in
four main categories.

1. Bone. Changes of renal osteodystrophy and either lytic or blastic metastatic
lesions can be demonstrated. S

2. Soft tissue changes. Obliteration of the psoas outline, the renal outline, or
both of these gives a clue to the presence of pathologic processes such as in-
flammation, hemorrhage, tumor, or urincma.

3. Abnormalities of “air.” Dilated small or large bowel will be evident in cases

of ileus or obstruction. Areas in which there is decreased abdominal air may
indicate displacement by a mass.
Air outside of the normal intestinal tract indicates considerable pathology.
Intraperitoneal air is best visualized just under the diaphragm on an upright
chest film. Intraperitoneal frez air is usually related to bowel perforation,
trauma, recent abdominal surgery, or a severe infectious process such as ab-
scess. Retroperitoneal air outside of the intestinal tract also occurs; this can
be visualized in several areas, including in and around the kidneys, in and
around the bladder, and along the lateral abdominal walls. Air within the
kidneys or bladder may be due to severe infections, particularly in diabetic
patients. Trauma to the retroperitoneal portions of the intestines can also pro-
duce free retroperitoneal air, as can the postoperative setting.

4. Calcifications
a. Renal. Collecting structures—nephrolithiasis 3

(1) Medulla. Nephrocalcinosis (hypercalcemic states, medullary sponge
kidney, papillary necrosis) ;
{2) Cortex. Chronic glomerulonephritis, acute cortical necrosis
b. Ureter. Calcified stones
c. Bladder. Tuberculosis, schistosdmiasis, bladder stones

B. Renal tomograms without contrast media. Renal Lomography provides an es-

timation of renal size and may also reveal renal calcification not observed on the
plain abdominal film.

C. Excretory urography. Excretory urography is the primary study for evaluation

of the urinary tract. The diagnostic information obtained is directly related to
the quality of study performed. ==
1. Factors determining quality of excretory urcgraphy. Factors that influence
the quality and, therefore, the diagnostic capabilities of the excretory urogram
are:
a. Bowel preparation
b. Fluid restriction

247
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Fig. 14-1. Abnormal air outlines the bladder in a diabetic patient with
emphysematous cystitis.

Fig. 14-2. Medullary calcificati
hyperparathyroidism.

on typical of renal tubular acidosis or
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c. Amount of contrast use

Fig. 14-3. Tomogram- obtained immediately after the bolus injection of contrast media.
E’. The entire renal parenchyma and outlines are well visualized. The intensity of the
- 3 nephrogram allows detection of a small hypovascular mass (arrows).
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d—50 to 100 ml of 50 to 60% contrast media for

. Abdominal compression
. Radiographs “tailored” for each patient
Excretory urography is an a
formed and individualized for

~of the collecting structures,
is used to produce greater

. Technical factors such as proper co_ning and tﬁé:use of low kV technique

/ \
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ccurate diagnostic procedure when properly per-
each patient. The use of tomography immediately
after the injection of a bolus of contrast produces maximal visualization of the
renal parenchyma, both normal and abnormal (Fig. 14-3). Films obtained at
5 and 10 minutes following the injection of contrast are used for evaluation
ureters, and bladder. Abdominal compression
distention of the calyceal system and to allow
entire ureter after the compression-is released

~Excretory urography performed without the use of tomography 1s & Timited
~ examination, highly dependent on the patient’s bowel preparation. Lesionsof
all types, including considerable numbers of mass lesions, will not be detected.
~ The referring physician must be aware of
tomography is best used on patients wi
Excretory urography provides the most information relative to the anatomy
~ (both normal and abnormal) of the urinary tract as well as a very gross eval-

ese limitations. Urography without
a low suspicion of pathology. —f
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Flg. 14-4. Normal collecting system using compression.

. uation of function. 1t serves as the primary screening modality for most forms

of renal pathology. Certain relative contraindications should be mentioned.
2, Relative contraindications for excretory urography .

a. Previous allergic reaction to contrast media, Although this is only a rel-
ative contraindication, the need for urography chould be carefully consid-
ered. Patients with a history of a previous severe reaction can benefit from
premedication with steroids and antihistamines.

p. Contrast toxicity. Several groups of patients are at higher rizk to develop
renal toxicity from contrast media. These include patients with (a) preex-
isting renal insufficiency, even mild (see Chap. 9), (b) diabetic nephropathy,

(c) multiple myeloma, and {d) volume depletion. These patients should be
studied in @ well-hy

drated state, but even this may not prevent renal dam-
age from contrast media.
and cardiac irritability

¢. Cardiac disease. Patients with known arrhythmias
are at higher risk to develop such arrhythmias during urography. The
relatively large osmotic load can also be a problem for patients in borderline
congestive heart failure.

d. Pregnancy. Because of the radiation hazards, urography should not be
performed during pregnancy unless absolutely necessary When it is nec-
essary, high-speed rare earth screens can be used to reduce the radiation
dose. 4 = ;

D. Retrograde pyelography. Retrograde pyelography is parformed under cystoscopic : S s
control with the p‘:acement of an acorn bulb catheter in the areteral orifice or Fia i
through passage of a catheter up the ureter. Contrast media injected through the = g. 14-5. Right retrograde pyelogr:
catheter demonstrates the ureter, renal pelvis, and calyces but not the parenchyma. arrows) from a partially PYRIIEY = demonst
the degros of extravasats transected right uretg
extravasation are apparent.

Since the advent of high-dose excretory urography, the use of retrograde studies
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2. indications for voiding cystourethrography. Voiding cystourethrography can & %= Ronat mass losion == ; - i
- g s. Ultrasound is not a screening method, but once the mass
be performed as part of retrograde cystography or as part of excretory urography e’ g has been identified it is the simplest modality for establishing whether the mass :
(Fig. 14-6). Indications for this procedure are: g is cystie or solid (Fig. 14-7). §
. a. Posterior urethral valves in male children s ;3 B. Patient - -
= : X g ~ : s for whom an IVP is appropriate i @ )
b. fézf::'es of either the posterior or anterior urethra in both children and —- 1. Renal failure. When an elevated serum creatinine is indicative of renal failure, |
F. Retrograde urethrogram. Retrograde urethrography is a limited, but useful, ex- cf\3 I&t g; Ziir&(:x‘:isc?:gi?:ngizﬁ &2?:::2‘;;%3?5; aa’:; (; I;;I:; :C‘g rrtizlh;izsi; ig“:s‘

amination. Indications are: a cause of the failure. An absent or atrophic kidney can also be discovered.

1. Evaluation of strictures of the anterior urethra ﬁ‘\*"s 2. Allergic patients. Patients who have a serious allergic history to iodinated
contrast media can be studied with ultrasound, from which impartant infor-
mation regarding renal size and contour, parenchyma, and collecting system
may be obtained. -

C. Peripheral space. The perirenal and pararenal spaces can be well evaluated with

ultrasound, specifically for the presence of abnormal fluid, as in urinoma, he-

2. Pelvic trauma. This is an important study in patients with severe pelvic trauma :
and should be performed before attempted catheterization of the bladder. =
G. Nuclear cystography. This technique provides an alternative method for eval- em ';9
uation of vesicoureteral reflux in infants and ¢hildren. ¥ Technetium pertech- l
netate is instilled directly into the bladder via catheterization. Continuous imaging tﬁ v 3
allows detection of reflux. A major advantage of this technique is a considerable =
reduction in radiation dose to the child, a factor that is of particular concern when ;
multiple follow-up studies are necessary. It does not, however, provide clear an- &“ g
atomic evaluation of the bladder or urethra. Routine cystography with iodinated
contrast media is usually performed as the initial study. with isotope examinations &QA‘.S
used for follow-up. ==
II. Ultrasound in evaluation of renal disease. Because of its simplicity, noninvasiveness, ==
low risk, and relatively low cost, ultrasound has found considerable use in the urinary g..:vt‘ {’
tract. Results, however, are dependent on operator expertise and experience. The
following are clinical circumstances in which ultrasound may be of value. N 3

; BulbopsUse
Pem!p Ure?hm = 2

Normcﬂ VOid‘ng U(e?hfogrqm; ;

ﬁ Fllgl. 14-7. Renal ultragouﬁld demonstrates a solid lesion (black arrows). Internal
‘ - - g €choes are present and the overall echogemclty is similar to the normal kidney. Open
Fig. 14-6. Normal voiding cystourethrogram. % arrows = upper and lower poles of the kidney; P = posterior.)
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E.

_matoma, Or abscess. Uitraseund aiso can be used to guide aspiration of these

perinephric processes for Goth diagnosis and therapy.

. Transplent evatuation. The acute enlargement associated with rejection can be
" getected, as can the presence of hydmnephrosis if the transplanted ki’dney- is ob-

siructed. Perirenal collections about the transplanted kidney, such as lymphoceles,
yrinomas, and possibly, hematomas, can be detected and followed with ultrasound.
parenchymal disease. Cortical thickness can he monitored in patients with chronic
pérenchymal disease or chronic obstruction. Both the localized abscess and more
general changes of inflammatory swelling also can be detected by ultrasound.

Computerized tomography for evaluation of renal disease. Computerized tomog-
raphy (CT) of the body is in its early stages and is undergoing continual changes in
the technology, quality, and indications. It is 2 system in which multiple radiographic
images are reconstructed with the use of 8 computer 10 produce 2 cross-sectional
image. Currently used scanners produce 2 high quality image, especially if the image
can be obtained in 5 seconds or jess (Fig. 14-8). CT is both competitive with and
complementary 10 diagnostic altrasound. Because it is less operator-dependent, it
can produce diagnostic images more consistently. However, it does involve patient
radiation, is more expensive, and may require intravenous contrast. 1t also may not
be as generally available as ultrasound. The following are clinical circurnstances in
which CT may be helpful.

A.

Renal mass. The major renal use of CT isin the evaluation of renal masses that
are not definitely diagnosed after excretory urography and ultrasound. CT is gen-

erally accurate In separating cysts from tumors, and in some instances cbviates -

the need for more invasive procedures such as cyst puncture or arteriography
(Fig. 14-9). It is particularly helpful in small lesions observed by excretory urog-
raphy that are difficult to evaluate with ultrasound. In many instances CT has
replaced angiography in the diagnosis of renal fumors and determination of their

extent.

. Obstruction with renal failure. CT scanning is also helpful in the obstructed pa-

tient, especially when there is reduced or absent renal function on the invelved
side. The principal use of CT in obstructed patients is to evaluate for a possible
obstructive mass. In some instances CT-guided biopsies can be performed. Infor-
mation regarding size, shape, and the presence O absence of obstruction can be
obtained even without use of contrast media. The ability to obtain information

without the use of contrast makes CT scanning an alternative method in a patient

with known severe allergy to contrast media Or one considered at high risk for
contrast toxicity. \ ¥ J i

perirenal space. Evaluation of the perirenal space, pararénal space, and Gerota’s
fascia can be performed’easily with CT because of the cross-sectional images ob-

. tained. This can be of help in inflammatory processes, extension of tumors, and
. evaluation of trauma such as subcapsular hematoma.

| Evaluation of retropeﬂtoneum—adrena\ area. Computerized tomography has es-
| tablished itself as the most efficacious imaging modality in the retroperitoneum,

including the adrenal gland (Fig. 14-10). The retroperitoneum has been very dif-
ficult to study with conventi onal radiography, and, before the advent of com-
‘puberized tomography, evaluation of the adrenal gland often required expensive
and invasive arteriographic and venographic studies. The normal adrenal gland
can now be imaged routinely, and even Very small lesions such as aldosteronomas
can be visualized. Retropeﬁmneal processes such as adenopathy, tumor, hema-
toma, and urinoma that have in the past been Qifficult to evaluate are now being
routinely studied with good results. -

Probably one of the most important uses of computerized tomography relative 10
the retroperitoneum is 0 sstablish that no disease process is present. Computerized
tomography has been particularly helpful in excluding the presence of disease
when somewhat anusual positions of the kidney or changes in the renal axis have

suggested retroperitoneal masses.

. ilses within the petvis. Uses for cpmpuberized tomography within the pelvis in-

cluder = = :

—-visualized (arrows). (L = liver; S =

B

Fig. 14-8. A. Normal computerized tomographic

and upper kidney. Even without the scan through the level of the adrenals

use of contrast media the adrenals are well
spleen). B. Computerized tomographic scan

~ through the level ;
. : of th i
: eTinforior e cava,)e midkidneys (black arrows). (Arrow 1 = the aorta; arrow 2 =
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Fig. 14-10. Computerized tomographic scan of the abdomen shows an obvious mass
‘$ (arrow) in the region of the right adrenal gland. This lesion measures 3.5 cm in
% diameter. The normal kidney (white arrow) is seen posterior to the lesion.

i 1. Staging of the bladder carcinoma
&— ’3 2. Evaluation of pelvic masses (tumor, abscess, hematoma)
x 3. Post-transplant evaiuation 5
4. Confirmation of pelvic lipomatosis ST
\? IV. Radionuclide evaluation of renal disease. Radionuclide imaging of the kidneys for
both morphélogy and function is somewhat controversial. Its use varies considerably,
- " depending on the institution and the experience and interest of the persons responsible
S for the studies. There are three basic areas in which isotope studies of the kidney
can be helpful. These are (2) renal function studies, (b} reQal morphology, and (c)
a localization of inflammatery processes. \

A. Evaluation of renal function. Renal function has traditiohally been evaluated
ﬁ'—“; using the Hippuran renogram, and curves characteristic for obstructive versus
: = parenchymal disease have beén described, Unfortunately, in clinical practice these
; entities often overlap, and the renogram curves have only limited usefulness in
ﬁ, ‘a making these differentiations. At some institutions the Hippuran renogram study
i has been extended to include serial measurements of blood and urine activity.
s With these data more guantitative information, such as effective renal blood flow,
5\‘ = can be evaluated. Relative function of each kidney as well as function of parts
of the kidney can also be evaluated. This information can be helpful in determining
ﬁ'—'rg therapy in a number of disease states, such as congenital anomalies, vesicoureteral
i reflux, stone disease, and neurogenic bladder. The use of this more extensive
" study, however, is limited. In a number of institutions *"technetium DTPA has-
replaced *'1 Hippuran for assessing function. Although it does not provide as

= ,:4 much functional information, the technetium study has the advantages of pro-
) a ducing images of the kidney and of being somewhat easier to perform. It provides
= functional informatiom similar to that obtained with excretory urography and is
= of particular use in patients in whom iodinated contrast is contraindicated.
: 24 B. Evaluation of renal morphology. Normal and abnormal renal anatomy can be
Fig. 14-9. A. Well-marginated, low-density cyst of the left kidney (black arrow). B. evaluated with radionuclides. There are currently a number of excellent imaging
~ Large solid tumor with density similar to the kidney (black arrows). Kidney (k) is -

displaced laterally.
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Fig. 14-11. A normal glucoheptonate re
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nal scan obtained at 20 minutes following

injection shows the calyceal structures ( arrow) and the renal parenchyma. The three
images vary only in photographic density.

isotopes, including miachnetium dimercapt&succinate (DMSA) and *™technetium
glucoheptonate (GHA). Images of somewhat lesser quality can be obtained with

%mepchnetium DTPA. With DTPA and glucoheptonate both the parenchyma and -

collecting structures can be evaluated (Fig. 14-11). DMSA is used primarily for
visualizing renal parenchyma. The radionuclide renal scan is of particular value
in distinguishing between true tumors and pseudotumors df the kidney when the

- excretory urogram is equivocal. In addition, these studies can produce satisfactory

images of the kidney in patients. in whom iodinated contrast material is con-
traindicated.

. Localization ef inflammatory processes. SiGallium citrate is used in the detection

tof inflammatory processes, including renal and perinephric disease, pyelonephritis,
\and subphrenic abscess. The usefulness of gallium relates to its accumulation in
areas of inflammation, in which it produces an area of increased radioactivity.
Although there has been considerable success in the localization of both renal
and perirenal abscesses using this technique, it must be noted that localization
by gallium is not totally specific for inflammatory lesions. In fact, gallium was
originally used for localization of abdeminal meoplasms. ‘However, in a patient
with a suspected inflammatory process that has not been localized the use of
gallium may indicate the pathologic area. e

V. Renai angiography for evaluation of renal vascutar and parenchymal disease. The
use of diagnostic renal angiography has diminished in the past few years with the
greater use of ultrasound and computerized tomography. There are, however, several
areas in which angiography plays & major role.

A.

Evalustion of renal masses. Most renal masses no longer require arteri ography,
especially if they can be documented to be 2 cyst with either ultrasound, cyst

puncture, or computerized tomography. If these studies are not definitive, renal

arteriography is used for diagnosis. Arteriography is also used if the less invasive

o
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Fig. 14-12. A. Selected right renal ateriography demonstrates post-traumatic £ %

s B

t_ax.t.ra\"asation of contrast in @ branch of the renal artery (arrows.) B. Following
injection of clotting material to embolize th& Tenal artery, the bleeding has stopped.

studies indicate a rena} tumor. Here arteriography is used to confirm the nature
of the mass, to determine extension into the vascular structures, and to provide
a vascular road map for the surgeons.

¥

]

. Evaluation of renal vascular hypertension. When available the procedure of choice

in screening for renovascular hypertension is now digital subtraction angiography.

Computer-enhange§ imaging allows visualization of arterial anatomy following
intravenous ac_imu'ns:ration of contrast. Thus, the study can be performed on an
outpatient basis with less risk and discomfort for the patient. Renal arteriography

and gepal vein catheterization for renin samples, however, continue to be the
;ieé'mltxve tests for evaluation of renal vascular hypertension (see Chap. 13 V.B

. Renal transplantatibn evaluation. Renal arteriography is used for preoperative

ev.'aluation of the donor kidney. It is also used in the evaluation of the recipient
k}dney if the clinical course suggests arterial occlusion. Digital subtraction an-
giography is a less invasive alternative to arterial injection in evaluating the
renal vasculature in the transplant patient. # =

Traumatized kidney without function. Changes in therapeutic approach to a more
conservative method of handling biunt renal trauma have reduced the need for
renal art:er-iography. 1t is, however, indicated in the traumatized kidoey that shows
no function with urography. Arteriogaphy will outline the specific renal lesions
more clearly and may be of particular help if the less invasive studies, such as
urography, are indefinite or if the patient’s clinical course is unstable.’

. Interventional angiography. Interventional uses of angiography are increasing.

This includes the use of special catheters and embolization techniques to control
hemorrhage (Fig. 14-12) or to occlude entities such as arteriovenous fistulae, which
can be either congenital or traumatic. Embolization techniques are also used to
infarct renal cell carcinomas hefore surgery and occasionally as the only therapy.
Interventional angiographic technigues are now used in the management of re-
nov_ascular hypertension. Hypertension in transplant recipients caused by‘ excess
renin production from the patient’s native kidneys can be treated by renal ablation
with intragrberia] absolute ethanol. Intraluminal renal angioplasty has rapidly

e
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e _’ - gained acceptance as an alternative to surgery in the management of renovascular
= - hypertension (Fig. 14-13A, B, and C). Success in treatment of renovascular hy-
= S pertensron due to fibromuscular dysplasia exceeds 90 percent, and angioplasty
e, S is now considered the treatment of choice in the management of this condition.
3 ~ “Angioplasty is also effective in most instances of renal artery stenosis due to
AN F atherosclerosis. Clinical improvement in the severity of the patient’s hypertension
’\Q is seen in about 70 percent of cases; in unsuccessful cases surgical correction can
e T - then be undertaken.
v—.\’, ~ F. Renal vein thrombosis. Both renal arterlography and renal venography can es-
: ~ tablish the diagnosis of renal vein thrombosis.
a g VI Renal puncture technigues: cyst puncture, antegrade pyelography, and percuta-
""’\»’- - ; neous nephrostomy
2 ~A. Cystpuncture. Cyst puncture is used for the definitive diagnosis of a simple cyst.
l_;;" = The combination of the radxographxc images and the fluid samples is highly re-
= ~ liable. Although it is used routinely in some institutions, in others it is used only
c;,_ " - in specific instances. The indications include:
o i 1. Probable but not definite cyst after ultrasound and computerized tomography

2. Patients under 50 years of age
6; "f’ +=- 3. Patients :uhose clinical presentation suggests neoplasm

B 1 Y £

15-year-old male with progressive hypertension 6 mopths following renal allograﬁ

== ~_ transplant. A. Aortogram reveals 80 percent stenosis of transplant renal artery

. - (arrow). Pressure gradient was 30 mm Hg. B. Angioplasty balloon inflated in region
: of stenosis. C. Postdilation arteriogram with improved blood flow to kidney. Pressure
#__‘a gradlent across stenosis is decreased to zero.

ar Flg 14-13 Renal art.ery angloplasty in a renal transplant patient. The patlent wasa
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A

shows

indicating significant hydronephrosis. (P = posterior; C = céphalad.) B. Antegrade
pyelography performed with a direct puncture to the calyceal structures was used to
demonstrate the kidney, uréter, and the exact point of obstruction (arrow).
Retrograde pyelography was not technically possible in this patient.

A fe=e .
Fig. 14-14. Ultrasound examination of a nonvisualized kidney at excretory urography

marked dilatation of the collecting structures and renal pelvis (arrow)

N

Antegrade pyelography. This study is performed with placement of a thin needle
into the renal collecting structures and subsequent opacification with iodinated
contrast media. It can be performed under ultrasonic guidance or with fluoroscopy.

1t is indicated when evaluation of the anatomy of the upper urinary tract is nec-

essary and when this cannot be done with excretory urography or retrograde
pyelography (Fig. 14-14). In addition to diagnosing a site of obstruction, antegrade
pyelography may be used in conjunction with pressure measurements o help
differentiate between true obstruction and persistent hydronephrosis without ob-
struction. -

Percutancous nephrostomy. This procedure, which consists of monoperatives

_ placement of a catheter into the renal pelvis under imaging control, is gaining

greater acceptance by both radiologists and urologists. It provides an alterpative

method to surgical nephrostomy for drainage of an obstructed kidney. It can be

used for both short- and long-term drainage, and either small or large catheters
can b'e used, depending on the consistency of the material to be drained. Material

for diagnostic culture can be obtained and antibiotics can be directly instilled

into the infected kidney. Although ultrascund may be useful in the initial an-

tegrad'e pyelogram to outline the calyceal system, especially if there is no uro-

g?aphl'c visuglization, we prefer to place the nephrostomy tube under fluoroscopic

visualization:

E_ndo-_urology. With percutaneous access to the kidney the interventional ra-

diologist now cah provide a useful array of therapeutic procedures. A percutanecus -
nephrostomy tract can be enlarged to accept a 26 French sheath. This sheath

allowg percutaneous access to the collecting system by the urologist. Using this

technique, small stones can be removed directly and larger ones fragmented by

an ultrasonic lithotriptor and removed in pieces. Stents can be pl;ced by the
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radiologist to bypass and palliate obstructions due to tumors or stricture. Benign

strictures can be dilated effectively with a balloon catheter. Ureteral leaks and

fistulae can be treated with stent piacement and percutaneous drainage.

“ Vil Problem-oriented approach to radiologic evaluation of urinary tract

A. Factors determining choice of procedure. The use of diagnostic imaging studies
in any given situation depends to a large extent on the following four factors:
1. Need for information to determine patient management
2. Accuracy and reliability of a given study
3. Invasiveness of the study (i.e., risks)

4. Cost of the study &

In general, this means the simple noninvasive studies are performed first, but if
the diagnostic yield from these simpler studies is sufficiently low, then more ex-
pensive and invasive procedures may be warranted. In the schemes that follow
we have tried to balance these four factors. Although a number of studies may
be ljsted for a given problem this does not necessarily imply that any imaging
studies are required. This must be a clinical decision.

B. Evaluation of the renal mass. Evaluation of renal masses involves more than a
scheme of imaging modalities, such as that given in Fig. 14-15. In each case the
overall clinical condition of the patient must be considered. The outline below
acts only as a guide to the use of imaging modalities. These studies fall essentially
into two groups: screening procedures (excretory urography, radionuclide renal
scanning) and diagnostic procedures (ultrasound, computerized tomography, cyst

. puncture, angiography).

C. Evaluation of the patient with renal failure. In patients with renal failure, imaging
techniques are used primarily to define the size and shape of the kidney and to
exclude obstruction as the cause of renal failure. Defining the renal size will in
most cases allow differentiation of the acute processes, which may be associated
with normal or large kidneys, from the chronic states, which produce bilaterally
small kidneys. This differentiation and the exclusion of obstruction can provide
the basic information necessary to determine additional management. The outline
below presents an imaging approach to certain categories of renal failure, with
the studies listed roughly in order of preference.

1. Chronic renal failure without acute exacerbations. Obstruction is not a strong
clinical consideration. '
a. Nephrotomography without contrast media. This procedure provides in-
formation regarding kidney size and shape, and calcification.

Excretory urogram

Solid mass Cystic or uncertain mass ? Mass vs normal

Cystic \Indeterminant Normal

l |

Fig. 14-15. A suggested approach to the evaluation of a renal mass.
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b. Ultrasound. This procedure allows evaluation of kidney size and shape as
well as providing evidence of hydronephrosis.

¢. Computerized tomography. Size, shape, and evidence regarding obstruction
can be obtained. This procedure is reserved for cases in which this infor-
mation cannot be obtained with the simpler and less expensive studies.

2. Acute renal failure, chronic renal failure with acute exacerbation, or unknown

duration of renal failure i

a. Serum creatinine 4 mg/100 ml or below

(1) Ultrasound. If urography is considered high risk or felt to provide in-
adequate visualization of the calyceal structures, ultrasound can be
used to exclude the presence of obstruction. Accuracy will depend on
the expertise of the operator. >

(2) Computerized tomography. Computerized tomography may exclude
obstruction without use of contrast, but accuracy in this situation is
not established. :

(3) Excretory urography. Excretory urography with a high dose of radi-
ocontrast media (100 ml of 50 to 60% solution) and tomography will
generally provide information regarding size, shape, and status of the.
collecting structures, ureters, and bladder. Patients must be well hy-
drated before urography and the information to be gained must be
balanced against the increased risk of renal toxicity from iodinated
contrast. Urography will, however, provide the most information and
should be used if this information is necessary for patient management.

(4) Retrograde pyelography. Retrograde pyelography provides definitive
evaluation of the collecting systems and ureters, but generally is not
necessary unless the above procedures are equivocal or unavailable,
or if confidence levels in these studies are not optimal due to lack of
operator experience.

(5) Radionuclide studies. Radionuclide studies are not as specific but can
be useful, especially in patients in whom excretory urography presents
a high risk.

b. Serum creatinine greater than 4 ml/100 ml

(1) Uitrasound. Ultrasonography allows the exclusion of obstruction and

determines kidney size and shape. Fine detail of the calyceal structures
: a_nd parenchyma is not provided but generally is not necessary in this
| situation.

(2) Computerized tomography. Computerized tomography provides the
same information as ultrasound without the use of contrast. It should
be used if the more simple ultrasound examination is not definitive.

(3) Retrograde pyelography. The use of retrograde'pyelography will de-
pend on the confidence level of ultrasound in excluding obstruetion. It
also may demonstrate the presence of papillary necrosis and calyceal
abnormalities not evident on ultrasound or computerized tomography.
Both retrograde pyelography and computerized tomography may dem-
onstrate retroperitoneal fibrosis as the cause of renal failure.

(4) Excretory urography. The information from excretory urography is

RADIO :
ANGIOGRAPHY ULTRASOUND <«— Mass _m%%pg = variable, depending on degree of visualization; the test is probably not
CRCTSCAN - l . E 3 : - worth performing if other imaging modalities are available.
G"‘"\v r.a This outline, as with all outlines, cannot include all possible exceptions. All of

the studies vary in their quality from one institution to another, and the reliability.
and expertise with which any given study is performed in an institution must

_be strongly considered when making the choice of imaging modalities in renal

E%NS%I(‘)"II’RE CT SCAN STOP failure as well as in all other forms of renal disease. As a general statement, the
i =3 T probl(?m uspally faced with acute renal failure is to exclude obstruction, and the
5 - or ’ = lEeas:, ua/asxv: stnudy that will accurately and r?liably do this should be used.
~ : o . Evaluation of urinary tract obstruction in the absence of renal failure. The fol-
ANGIOGRAPHY |7 g% lowing sequence is suggested (Fig. 14-16):

1. Abdominal film. Possible stones or soft tissue masses causing obstruction with
fxlearked hydronephrosis can be demonstrated on the preliminary abdominal
1im.
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ABDOMINAL FiLM
EXCRETORY UROGRAPHY
Obstruction j No obstruction indeterminant
Stop
ULTRASOUND
—r T Obstruction Indeterminant Normal - 5
RETROGRADE OR ULTRASOUND e o s £ 6
—————ml \NT 4 Antegrade
___.———————-E Pyelography, £ 3
PYELOGRAM - B 2
Computeri
Further definition Baseline for L L g
of the anatomy ’ follow-up . . |
related to the | o 3
obstruction : ‘ k
(if necessary) ‘ ” ;;Fs
Temnporary drainage -

Fm. ‘4"6. Su; eswd appx Oach to k,he eValuatlon ()f urinary %3 act Obsu uction in the

absence of renal failure.

7 i i 1 t cases

the primary study in mos :

. Excretory urography is the _ _ _ cases g
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excretory urography.
collecting system. (L = liver.)

2. Cystoscopy or renal biopsy. Cystoscepy a

F. Evaluation of the renal transp

. Selective renal angiography.
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17. Computerized tomographic examination of the kidneys without contrast
hows dilatation of the right renal pelvis (long black arrow) and the calyceal

rrows) in a patient whose kidney was only poorly visualized with
The open arrow indicates the normal appearance of the left

b. Collecting systems with tumor, stones, leukoplakia, submucosal hemor-
rhage, or papillary necrosis

Nows evaluation of bladder lesions;
however, if clinical evidence suggests acute glomerular inflammatory lesions,
such as those with associated proteinuria, renal biopsy may be of most value
after excretory urography.
Computerized tomography. With persistent hematuria and the above studies
negative, it is reasonable to perform computerized tomography specifically for
relatively hypovascular and small tumors. Computerized tomography is also
used to evaluate solid masses and their extent before surgery §Fig. 14-18).

. Bilateral retrograde studies with cytologic study. This procedure provides

information regarding small lesions with abnormal cytologic results that may
not vet be visible and can also provide another evaluation of the collecting
structures in case any small lesions were not seen at urography. If the above

studies fail to delineate the cause of hematuria, the yield with additional studies
will be very low.

Vascular lesions such as arteriovenous malfor-

mations and small renal cell carcinomas can produce hematuria and not be

visible on any of the above studies. In these cases the lesions may be observed
by renal angiography.

iant. Evaluation of the renal transplant is best

performed by comparison with baseline examination obtained in the immediate
postoperative period.

1

Bascline studies after renal transplantation
a. Radionuclide studies. ®"Technetium DTPA provides estimation of both

vascularity and function of the transplanted kidney. **'I Hippuran reno-
grams add additional functional information.
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Fig. 14-18. Noncontrast computerized tomography shows a mass (black arrow) arising
from the posterior aspect of the left kidney. This was an avascular mass not gletected g ‘ 3
with arteriography. The presence of hematuria leads to further eyaluat_xon with

computerized tomography. (L = liver; S = spleen; K = normal right kidney; open
arrow = calcified aorta.)

b. Ultrasound. Ultrasonography has been used more in recent years gnd is il 3
excellent for evaluation of abnormal fluid collections around the kx}iney ; %
as well as of renal size. Collecting system obstruction can also be visualized. ﬂ

¢. Excretory urography: Excretory urography allows eyaluation of anatomy, E
position, and size of the kidney, exclusion of obstruction gnd extravasation, c e a
and evaluation of the bladder position. Because of potential toxicity of con- |3
trast media, urography should not be used routinely. When \_1rograph_v is ’G_..,s
performed it should be delayed 5 to 7 days post-transplantation. r"‘s

2. Evaluation of complication after renal transplantation. Althou_g}} any one study

may be best for a specific transplant complication, it is often ch_mcally necessary WM ,\)

to use a combination of studies to separate the multiple variables.

a. Radionuclide studies. Changes in renal function such as }:hose related_to g -
rejection or acute tubular necrosis are best evaluated with renal radio- & A\)
nuclide studies. Although not specific, these isotope studies may provide g
information that can help to differentiate between rejection and acute renal 6
failure (i.e., renal perfusion is better preserved in the latter condition). A an
rough assessment of vascularity to the kidney, as well as a gross evaluation i
of anatomy, is also obtained. el

b. Ultrasound. Ultrasonography is used to assess additionally any suspected - T
masses in the pelvis, such as lymphocele, hematoma, or urinoma. Obstrue- & 3

tion can also be detected with ultrasound and differentiated from rejection i -
and acute tubular necrosis. ; - ;:g,
¢. Excretory urography. Excretory urography provides only gross evaluation g

of renal function, but the presence of a functioning kidney excludes major £

! arterial lesions. Urography is primarily used to exclude the development m
4 of an obstructive process or the presence of extravasation. Masses such as e

hematomas or lymphoceles may be detected but only if they are of sufficient ._“3 —

size. @’ F

e

suggest the presence of a major arterial lesion, digital venous subtraction
angiography or renal arteriography may be necessary.
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Renal angiography. If any of the above studies or strong clinical suspicions : i*

e. Computerized tomography. Computerized tomography can provide ex-
cellent information regarding the renal anatomy and surrounding struc-
tures. Additional data are needed to determine whether it will replace any
of the other modalities or add new information.

f. Scheme for evaluation of oliguria and anurla In the transplant patient
(Fig. 14-19)

G. Evaluation of renal and perirenal infection. In many instances it is impossible

clinically to separate the various forms of renal infection. Without renal imaging
it may only be possible to suspect that an inflammatory process is occurring. The
separation into specific entities, therefore, is somewhat artificial, yet helpful in
understanding the usefulness of the various imaging techniques.

1. Acute pyelonephritis. Imaging studies are not always indicated.

a. Abdominal film. The abdominal film will exclude radiopaque urinary tract
calculi as the underlying cause and allow evaluation of the retroperitoneal
soft tissues for evidence of inflammatory change, such as loss of renal out-
lines and/or psoas margins.

b. Excretory urography. Excretory urography is the primary imaging mo-

- dality even though radiographic changes may be minimal or nonexistent
in the majority of patients with acute pyelonephritis. Findings may include
increased renal size due to swelling, decreased concentration of contrast,
asymmetry of function, spidery calyces, mucosal striations, and an irregular
nephrogram. The procedure is not generally indicated acutely unless a
complicating factor, such as urinary tract obstruction, is suspected.

¢. Ultrasound. Ultrasonography can detect focal and generalized areas of
swelling, but it is of more use in the evaluation of a well-defined renal
abscess or perinephric inflammation.

d. Retrograde cystogram. The retrograde cystogram is primarily used in
children with recurrent bouts of pyelonephritis. It is not usually performed
during the episode of acute pyelonephritis.

2. Chronic urinary tract infection

a. Abdominal film. The abdominal film will reveal the 90 percent of ne-
phrolithiases that are radiopaque. Uric acid stones are radiolucent.

b. Excretory urography. The ability of this study to demonstrate both pa-
renchymal scars and calyceal blunting makes it the most useful study
diagnostically. !

c. Retrograde cystogram. This procedure will exclude vesicorenal reflux and
underlying causes of chronic urinary tract infection in children and is es-
pecially important if upper tract changes are demonstrated.

3. Renal abscess N

a. Abdominal film.The plain abdominal film may revéal loss of soft tissue
outlines, thus suggesting inflammation.

b. Excretory urography. Excretory urography may demonstrate a mass lesion,
possibly associated with loss of renal outline if there has been extension
of the inflammation.

c. Computerized tomography. This study can define a mass as solid but can-
not always separate an inflammatory from a neoplastic lesion. CT is ex-
cellent for guiding percutaneous aspiration to make this distinction.

d. Ultrasound. Ultrasonography allows additional assessment of the renal
mass detected with urography. The clinical characteristics of the mass as
well as perirenal extension can be evaluated. Diagnostic puncture and
drainage can be performed with ultrasonography.

e. “Gallium scanning. This procedure may be helpful in localization of renal
and perirenal inflammatory lesions when these are not defined with other
studies.

f. Arteriography. Renal arteriographic patterns suggesting an inflammatory
lesion as opposed to a neoplastic lesion have been described, but the spec-
ificity and accuracy of this differentiation is very variable.

4. Perinephric abscess

a. Abdominal film. The abdominal film will demonstrate loss of renal and/
or psoas margins.

e .
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b. Excretory urography. Excretory urography is less specific for processes
occurring primarily in the perirenal space. It is performed primarily to
exclude intrarenal disease. Loss of renal outline, displacenient of kidney,
and decreased mobility of the kidney suggest a perinephric process.

¢. Computerized tomography. Computerized tomography is excellent for
evaluation of the perirenal spaces and can be used for guidance of diagnostic

aspiration. It is, hewever, more expensive than ultrasonography. The ra-
diation exposure is also a consideration.

d. Ultrasound. This study provides better mcm_cmﬂc,s of the perirenal spaces
for determination of abnormal fluid collections and the characteristics of

™

oo D0
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Lo
e alliiianalis 4

@D

these collections (Fig. 14-20).

e. “Gallium scanning. This study is used primarily for generalized localization
of an inflammatory process. It can be of particular help when other studies
fail to localize a suspected source of inflammation. It does however take
considerable time and, with the availability of computerized tomography,
is rarely used.

H. Evaluation of renal hypertensicon
1.

‘

Criteria for patient selection. Renal hypertension is defined as an anatomic
renal abnormality that causes hypertension. The abnormality
artery sienosis, renal parenchymal disease

™

N

may be renal

, renal masses, renin-secreting tu-
mors, or other vascular abnormalities. The most important of these are lesions
of the main renal artery (renovascular hypertension). Development of effective
antihypertensive medication has made mass screening of all hypertensive pa-

tients for renovascular lesions no longer necessary. Patient selection for eval-
uation is made using the following criteria:

a. Acceptable surgical risk
b. Age less than 55 years

®

D s,
&

g

e

o

Fig. 14-20. Transverse ultrasound examination performed in the prone position shows
a large fluid collection (arrow 1) with internal echoes adjacent to the left kidney
(arrow 2). T

: his represented a left perinephric abscess confirmed surgically. The right.
kidney (arrow 3) was normal. =

£ 275
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c. Sudden onset or acute exacerbation of hypertension
d. Abdominal or flank bruit on examination.
2. Screening procedures

a. Saralasin screening test. Saralasin (1-sar-8-ala angiotensin II), an an-
giotensin-blocking agent, has been used as a screening test for renovascular
hypertension. An infusion or bolus injection of saralasin followed by a blood
pressure decrease of greater than 10/8 mm Hg has been used for selection
of patients for urography 4nd arteriography. The results, however, have
been variable, and the test has not become widely used.

b. Excretory urography. The excretory urogram demonstrates anatomic dis-
eases of the renal parenchyma or collecting system and may detect adrenal
masses. Hypertensive patients are studied with the rapid-sequence excre-
tory urogram with films at 1, 2, 3, and 5 minutes after injection of contrast
media. Ischemia secondary to renal artery stenosis is suggested by the

¢ following findings: =
(1) Disparity in renal length (>2 cm difference)

(2) Difference in time of opacification of the collecting structures

(3) Delayed hyperconcentration of contrast media in the collecting sys-
tem of the affected kidney » i

(4) Ureteral notching due to collateral arterial supply

c. Digital subtraction angiography. Digital subtraction angiography, using

” an intravenous contrast bolus for imaging of arterial structures, is con-
sidered by many to be the procedure of choice in screening for renovascular
hypertension. The procedure can be performed on an outpatient basis and
is usually followed with a conventional excretory urogram to evaluate for
structural abnormalities and tumors.

d. Radionuclide studies. Renograms and scintiphotos obtained with either
orthoiodohippurate (**'I Hippuran) or 99T DTPA are also used as prelim-
inary studies to evaluate renal blood flow. These are currently used in-
frequently at our institution.

e. Renal angiography. Selective renal arteriography provides the definitive
diagnosis of renal arterial lesions. Atherosclerosis that involves the main
renal artery at or near its origin is most common in the older population. =
Fibromuscular hypertrophy is the most common cause of renovascular hy- c - ,,.@
pertension in patients under 40 years of age and occurs more peripherally.
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Arteriography can also additionally define renal parenchymal disease, renal o~ &
masses, renin-secreting tumors, and other forms of vascular disease. L ?s
f. Renal vein renin assay. Renal vein renin assay provides a measurement i {
of the causal relation of renovascular lesions and hypertension. Both renal @& \‘
veins and the inferior vena cava below the renal veins are sampled. Seg- ;
mental renal vein sampling is indicated if localized arterial or parenchymal m— \
abnormalities are present. Renal vein renin ratios of 1.5 : 1.0 are the upper @) “

limits of normal; a ratio of 2 : 1 is diagnostic of severe renovascular pa-
thology. Suppression of renal vein renin in the contralateral kidney (e, @ ‘
a value comparable to the vena cava renin) is predictive of a good surgical

outcome, as is an elevated peripheral plasma renin activity. a |
v \ »rr— ‘{9
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f in pregnancy, 208 Addison’s disease
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g Acid-base equilibrium Adrenergic agonists
disorders of, 49-61 hypokalemia from, 36
clinical signs of, 51 and potassium uptake by cells, 31
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\ recognition of, 51 Adrenocorticotropic hormone (ACTH) |
regulation in pregnancy, 203 production, ectopic, and
Acidemia, 50 hypokalemic alkalosis, 41
Acidosis Age
4 alcoholic ketoacidosis, 55 and blood pressure, 221
diabetic ketoacidosis, 55 and hyponatremia development,
hyperchloremic, 53-54 15
hyperkalemia in, 43 Air, abdominal visualization of, 247
hypokalemia in, 33, 37-39 Albright’s hereditary osteodystrophy,
lactic acid, 54-55 1 2
metabolic, 50, 53-57 Albumin depletion
in bicarbonate loss, 53 hypocalcemia with, 70
from ammonium chloride, 54 in nephrotic syndrome in
increased anion gap in, 54-55 pregnancy, 213
metabolic alkalosis with, 56 ~. Alcohol, abstinence from, in cirrhosis,
normal anion gap in, 53-54 9
in overdosage of drugs, 55 Alcoholism
= in renal insufficiency, 55, 162 hypophosphatemia in, 77
s respiratory alkalosis with, 56 ketoacidosis in, 55
in starvation, 55 Aldosterone
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= disease, 54 and potassium excretion, 31, 33
renal tubular, 53-54 serum levels of
bgcarbonaturia in, 19 in hypokalemia, 36
differential diagnosis of, 91 in hypokalemic alkalosis, 41
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Aldosteronism, hypertension in,
232-234
Alkalemia, 50
Alkali therapy. See Bicarbonate,
replacement therapy
Alkalosis
hypokalemia in, 33, 36, 39
metabolic, 50, 58-60
bicarbonaturia in, 19
metabolic acidosis with, 56
respiratory acidosis with, 59
respiratory alkalosis with, 59
sodium chloride-resistant, 59
spdium chloride-responsive,
58-59
treatment of, 60
respiratory, 50, 57-58
hypophosphatemia in, 77
metabolic acidosis with, 56
metabolic alkalosis with, 59
treatment of, 58
Allopurinol, in hyperuricosuria, 93,
94
Alport’s syndrome, nephritic sediment
in, 127
Amikacin -
in renal failure, 192, 193
therapeutic serum levels of, 187
Amiloride, 7, 240
hyperkalemia from, 46~
Aminoglycosides
in renal failure, 192
therapeutic serum levels of, 187
Ammonia
and potassium metabolism, 33
production in hypokalemia, 36
Ammonium chloride, hyperchloremic
acidosis from, 54
Amoxillin, in urinary tract infections,
106
Amphetamine, in idiopathic edema,
12-13
Amphotericin
in peritonitis during dialysis, 196
in renal failure, 194
Ampicillin
in peritonitis during dialysis, 196
in urinary tract infections, 106 ¢«
Analgesics
abuse of
hematuria in, 130
pyuria in, 132, 133
in renal failure, 197
Amnemia in renal insufficiency,
treatment of, 164
Angiography, renal, 258-261
in azotemia, acute, 142
in hematuria, 267
interventional uses of, 259-261

in renal abscess, 269
in renovascular hypertension, 231,
259, 272
in transplant complications, 268
Anion excretion, and potassium
excretion, 33
Anion gap
increased, and metabolic acidosis,
54-55
normal and metabolic acidosis,
53-54
Antibiotics
interstitial nephritis from, 138
nephrotoxic effects of, 137
in peritonitis during dialysis, 196
in pregnancy, 208-209
in renal failure, 192-196
therapeutic serum levels of, 187
in urinary tract infections, 106, 195
Antibody-coated bacteria test, 104
Anticholinergic agents, in renal
failure, 198
Anticonvulsants
in renal failure, 198
therapeutic serum levels of, 187
Antidepressants, tricyclic, in renal
failure, 197 ,
Antidiuretic hormone, inappropriate
secretion of, 2021
Arthritis in uremia, treatment of, 164
Artifacts in laboratory data, 156, 188,
189
Ascites in cirrhosis, 4
diuretics in, 9-10
LeVeen shunt in, 10-11, 144
Atenolol, in hypertension, 241
Azathioprine, in renal failure, 198
Azotemia
acute, 135-148
in acute renal faiure, 137-138,
145-147
biopsy in, 143
developed inside of hospital,
139-140
developed outside of hospital, 139
differential diagnosis of, 138-143
diseases with, 138, 148
drug-induced, 139-140
evaluation of patient in, 138
in interstitial nephritis, 138
physical examination in, 140-141
radiography in, 142
testing procedures in, 141-143
treatment of, 143-148 -
ultrasonography in, 142-143
urinary studies in, 141-142
chronic, 149-182
in catabolic states, 150-151
in cardiac failure, 149-150

in chronic renal failure, 149
clinical features of, 151-153
from.massive protein intake, 150
laboratory tests in, 152-153
in obstructive uropathy, 149
physical examination in, 152
remediable contributors to,
156-158
uremic manifestations of, 152
drug usage in, 160-161, 185-200
postrenal, 136-137
treatment of, 147
prerenal, 135-136
in cardiac failure, 143
central venous pressure in,
144-145
drug-induced, 139
in hepatic disease, 143-144
in nephrotic syndrome, 144
Swan-Ganz catheter use in, 145
treatment of, 143-145

Bacteriuria, 97
asymptomatic, 97-98
in pregnancy, 206-207
treatment of, 105
biochemical tests for, 104
symptomatic, 98-99
in pregnancy, 208-209
Barium poisoning, hypokalemia in,
37
Bartter's syndrome, hypokalemia in,
39
Bendroflumethiazide, 240
Bicarbonate
plasma levels of, 49
elevated, 58-61
reduced, 53-58
replacement therapy, 57
complications of, §7
in hyperkalemia, 46
in uric acid stones, 94 .
Bicarbonaturia, and hyponatremia, 19
Biopsy of kidney
in azotemia, acute, 143
in hematuria, 125, 267
in nephrotic syndrome, 120
in pregnancy, 205-206
Bladder
disorders of, hematuria in, 131
radiology of, 251-252
Blood, buffer system in, 49
Blood pressure
elevated. See Hypertension
in hypokalemia, 35
normal, 221
1N pregnancy, 204
Blood transfusions, for renal
transplant recipients, 174-175
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Brain, idiogenic osmoles in, in
hypernatremia, 25, 28
Bronchodilator drugs, in renal failure,
199
Buffer system in blood, 49
Bumetanide, 240
in renal failure, 197

Calcinosis, tumoral,
hyperphosphatemia in, 81
Calcitonin, in hypercalcemia, 68
Calcium
forms in plasma, 63
hypercalcemia, 6370
hypercalciuria, 85, 90-91
idiopathic, treatment of, 92-93
hypocalcemia, 70-75
regulation of plasma levels, 63
replacement therapy, 74
stones of, 83, 85
idiopathic, 94
treatment of, 92—-94
Calcium gluconate therapy, in
hyperkalemia, 46
Calculi, renal, 83-95
calcium, 83, 85
idiopathic, 92-94
chronic renal failure in, 155
clinical assessment of, 86-87
cystine, 83, 85, 86, 95
hematuria in, 131
metabolic evaluation in, 87-90
interpretation of data in, 90-92
in pregnancy, 214
radiology in, 247
struvite, 83, 85, 86, 95
symptoms of, 84
treatment of, 92-95
types of, 84-86
uric acid, 83, 85, 86, 91, 94-95
urinalysis in, 87
Candiduria, treatment of, 110

* Capillary endotheliosis, glomerular,

in preeclampsia, 217
Captopril
in heart failure with edema, 14
hyperkalemia from, 45
in hypertension, 241, 243
Carbamazepine, therapeutic serum
levels of, 187
Carbenicillin !
in peritonitis during dialysis, 196
potassium depletion from, 41
therapeutic serum levels of, 187
in urinary tract infections, 106
Carbon dioxide
hypercapnia and respiratory
acidosis, 60
partial pressure of, 49
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Carbonic acid-bicarbonate buffer
system, 49 7
Casts in urine, 114 : -
Catheters, urinary, care of, 10_8—110
Cellulose phosphate therapy, in
y calcium stones, 93
Cephalosporins i
= '& peri{’:nitis during dialysis, 196
in renal failure, 192-194 :*
therapeutic serum levels of, 187
in urinary tract infections, 106
Cerebrovascular accidents, in
hypertension, 227-228
Chemotherapy, in renal failure, 198
Chloramphenicol, in renal failure,
194
Chlordiazepoxide, in renal failure,
109 -

Chloride ~ - :
depletion of, and hypokalem:?, 39
hyperchloremic acidosis, 53-54

Chlorothiazide, 240 i

Chlorpromazine, in renal failure, 197

Chlorthalidone, 7, 240

Chvostek’s sign in tetany, 72

Cimetidine, in renal failure, 198

Cirrhosis of liver
edema in, 4

treatment of, 9-11
LeVeen shunt in, 10-11, 144
portacaval shunts in, 10
prerenal azotemia in, 143-144
Cis-platinum, potassium depletion
/ from, 41 i
Clindamycin : -
in peritonitis during dialysis, 196
in renal failure, 194 {
Clofibrate, in renal failure, 198
Clonazepam, in renal failure, 197
Clonidine, in hypertension, '240—241
Collagen vascular diseases in
pregnancy, 212
Colloid osmotic pressure, plasma, 2
Color of urine
abnormal, 114
drugs affecting, 189 .
Computerized tomography, 254-257
in hematuria, 267
in obstructive uropathy, 266
in perinephric abscess, 271
in renal abscess, 269
in renal failure, 265
in transplant complications, 269
Conn’s syndrome, hypertension in,
232-234 E
Connective tissue disease, mixed,
diagnosis of, 126
Contrast media
allergy to, 250

hazards of, 105, 137-138, 140, 161,
250 =
Coronary vascular disease, in
hypertension, 228
Corticosteroids. See Glucocorticoids
Creatinine .
clearance of
" in chronic renal failure, 158
in pregnancy, 205
serum levels of
drugs affecting tests for, 189
in hypertension, 230
in pregnancy, 202 %
Cryoglobulinemia, essential, nephritic
sediment in, 127
Crvstalluria, 83, 87
in acute azotemia, 142
Cuitures of urine, 100-101
Cushing’s syndrome
hypertension in, 234
hypokalemic alkalosis in, 41
Cy<lophosphamide, in renal failure,
198 i :

Cystic disease in kidney. See also "~

Polycystic kidney disease
hematuria in, 130
prot,einuria in, 115, 120, 121 :

- puncture technique in diagnosis of,
261
pyuria in, 133
Cyvstine stones, 83, 85, 86
treatment of, 95
Cystitis, 97
hematuria in, 131
pyuria in, 133
treatment of, 106
Cystography
nuclear, 252
retrograde, 251 .
in acute pyelonephritis, 269
in urinary tract infections,
269
Cystoscopy, in hematuria, 267
Cystourethrography, voiding,
252

Demeclochlm'tetracycline, in
hyponatremia with )
inappropriate antidiuretic
hormone secretion, 21-22

Dementia, dialysis. 169

Dextroamphetamine, in idiopathic
edema, 12-13

Diabetes insipidus

central, 23.
complete, 27
partial, 27
nephrogenic, 23-24
in pregnancy, 203-204

Diabetes mellitus

chronic renal failure in, 149
treatment of, 162

hemataria in, 130

hypophosphatemia in, 77

ketoacidosis in, 55

nephrotic syndrome in, 122

in pregnancy, 212

and renal failure from radiographic

contrast media, 137-138, 140
Dialysis therapy, 165-173

in acute renal failure, 146-147

contraindications to, 166-167

dementia from, 169

disequilibrium syndrome from, 169

drug dosage in, 188-190, 191

in drug overdosage, 199

hemedialysis, 167-170
complications of, 168-169
efficacy of, 167-168
morbidity and mortality from,

170, 180-181

vascular access for, 168

in hyperkalemia, 46

in hyperphosphatemia, 82

indications for, 165-166 a2

infections of, 195

peritoneal, 170-173
complications of, 172-173
continuous ambulatory, 171
continuous cycling, 172
contraindications to, 171
at home, 170
indications for, 170-171
intermittent, 171
peritonitis in, 172

treatment of, 195-196

technical aspects of, 171-172

temporary, 165

Diazepam, in renal failure, 187
Diazoxide

in malignant hypertension, 244

in pregnancy with hypertension,
218 -

in renal failure, 197

Diet

and azotemia from massive protein
intake, 150

in calcium stones, 92, 93 o

and dialysis affecting nutrition,

-172-173

in nephrotic syndrome, 124

and oxalate in foods, 92

an'd parenteral hyperalimentation
in acute renal failure, 146
azotemia from, 150

potassium intake in, 33
inadequate, 37

protein in

Index 27

azotemia from, 150
in chronic renal failure, 161, 162
163 - i -]
‘sodium in. See Sodiuth, intake of
Digitalis preparations
in heart failure, 8
hyperkalemia from, 45
and potassium balance, 35
in renal failure, 190, 191
therapeutic serum levels of, 187
Diphosphonates
in hypercalcemia, 68
.hyperphosphatemia from, 81
Disequilibrium syndrome, in dialvsis
patients, 169 |
Disopyramide
in renal failure, 192
therapeutic serum levels of, 187
Diuretics, 5-8, 240
action of, 6
in acute renal failure, 145-148
in cirrhosis of liver, 9-10
complications from, 6
in hyperkalemia, 47
in hypertension, 238-239
hypokalemia from, 39
hyponatremia from, 17-19
,A]A:xypophosphatemia frem, 77
in idiopathic edema, 13
indications for, 5-6
in nephrotic syndrome, 122
potassium replacement with, 42
potassium-sparing, 43
in renal failure, 197
thiazide. See Thiazide diuretics

Drainage of kidney, percutaneous

nephrestomy in, 262-263

Drug-induced conditions

acidosis, 55
in analgesic abuse
hematuria in, 130
pvuria in, 132, 133
azotemia, 139-140, 157
diabites insipidus, Hephrogenic,
24
edema, 4
hypercalcemia from thiazides,
65
hyperkalemia, 43, 45, 46
hypocalcemia, 71
hypokalemia, 36, 37, 39, 41
hyponatremia, 17-19, 20
hypophosphatemia, 77
interstitial nephritis, acute, 138
laboratory errors, 156, 188, 189
in laxative abuse
hyperphosphatemia in, 79
hypokalemia in, 37
hyponatremia in, 17
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Drug-induced conditions—Continued
nephrotic syndrome, 122
nephrotoxic disorders, 137-138,
139-140
Drug usage in azotemic patients,

160-161, 185-200

affecting laboratory data, 156, 188,
189

antiarrhythmic agents, 191-192

antihypertensive agents, 197-198

and assessment of renal function,
185

in dialysis patients, 188-190, 191

digitalis glycosides, 190

diuretics, 197

doshge adjustment in, 185-186

interactions of drugs in, 188

miscellaneous agents in, 194-195

overdose in, 199

and prescribing for pain and
sedation or sleep, 197

and serum drug levels as
therapeutic guides, 186-188

Dysuria, 99

Edema, 1-14
in chronic renal failure, treatment
of, 161
in cirrhosis of liver, 4, 9-11
clinical features of, 2-3
disorders with, 3-5
diuretics in, 5-8, 13
drug-induced, 4
formation of, 2
generalized, 1-2
in glomerulonephritis, acute, 4, 12
in heart failure, 34, 8-9, 14
in hyponatremia, 17
idiopathic, recurrent, 4, 12-13
incipient, 3
localized, 1
in nephrotic syndrome, 4, 11-12, 13
in pregnancy, 213
pitting or nonpitting, 2-3
'refractory, 13-14
bed rest in, 13
compression stockings in, 13
diuretics in, 13
sodium intake in, 5
in toxemia of pregnancy, 5, 13
treatment of, 5-13
Electrocardiography
in hypercalcemia, 66
- in hyperkalemia, 43
in ,hypocalcemia, 72
in/hypokalemia, 35
Embolism, renal, hematuria in, 130
Emotional stress, hyponatremia in,
20

Endocarditis, bacterial
diagnosis of, 126
treatment of, 147
Endotheliosis, glomerular, in
. preeclampsia, 217
Endo-urology, 263-264
Eosinophils in urine, 142
Ephedrine, in renal failure, 199
Erythromycin, in renal failure, 194
Ethacrynic acid, 7, 240
in renal failure, 197
Ethambutol, in renal failure, 195
Ethosuximide, therapeutic serum
levels of, 187
Ethylenediaminetetraacetic acid
(EDTA), in hypercalcemia, 69
Extracellular fluid volume
depletion of
and azotemia, 135-136, 140
treatment of, 143-144
in hypernatremia, 25
in hyponatremia, 16—17

Fanconi syndrome

bicarbonaturia in, 19

hypophosphatemia in, 77
Flucytosine, in renal failure, 194-195
Fluid therapy

in acute renal failure, 146

in prerenal azotemia, 143—-144
Flurazepam, in renal failure, 197
Furosemide, 7, 240

in acute renal failure, 146

in hypercalcemia, 68

in hypernatremia, 27

in hyponatremia, 22
" in renal failure, 197

therapeutic serum levels of, 187

Gastrointestinal disorders
hypophosphatemia in, 76
in uremia, treatment of, 164
Gastrointestinal fluid losses
and hypokalemia, 37
and hyponatremia, 17
Gentamicin
in peritonitis during dialysis, 196
in renal failure, 192, 193
therapeutic serum levels of, 187
Glomerular capillary endotheliosis, in
preeclampsia, 217
Glomerular filtration rate
in chronic renal failure, 158
in preeclampsia, 217
in pregnancy, 201-202
Glomerulonephritis
acute, edema in, 4
treatment of, 12
azotemia in, 138
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treatment of, 147
chronic renal failure in, 149
diagnosis of, 126
hematuria in, 124-125
hypertension in, 231
nephritic sediment in, 126
nephrotic syndrome in, 12, 122
in pregnancy, 210-211
proteinuria in, 121
treatment of, 147
Glucocorticoids
deficiency of, hyponatremia in, 20
as therapy
in hypercalcemia, 68
in lupus nephritis, 124, 128
in nephrotic syndrome, 122124
Glucose
hyperglycemia in dialysis patients,
173
therapy with insulin, in
hyperkalemia, 46 i
utilization test in bacteriuria, 104
Glucosuria
and hypernatremia, 24
and hyponatremia, 19
and hypophosphatemia, 77
Glycosides, cardiac, 8. See also
Digitalis preparations
Glycyrrhizic acid, hypokalemic
acidosis from, 41
Goodpasture’s syndrome
azotemia in, 138
treatment of, 147
nephritis sediment in, 127
treatment of, 128
Gout
nephropathy with, chronic renal
failure in, 155
in uremia, treatment of, 164
Guanabenz, in hypertension, 239
Guanethidine, in hypertension, 241,
243 =

Gynecomastia, from spironolactone, 43

Haloperidol, in renal failure, 197
Heart, conduction disorders of
in hyperkalemia, 43
in hypokalemia, 35
Heart failure
chronic azotemia in, 149-150, 156—
157
edema in, 34
treatment of, 8-9, 14
in hypertension, 228
prerenal azotemia in, 143
Hematuria, 124-129
in glomerular disease, 124-125
biopsy in, 125
treatment of, 125, 128

nonglomerular causes of, 125, 130—
131
clinical features of, 129
diagnosis of, 132
" evaluation of patient in, 128-129
treatment of, 129
radiology in, 266-267
in renal stones, 87
three-glass maneuver in, 128
Hemodialysis, 167-170. See also
Dialysis therapy
Hemolytic uremic syndrome, nephritic
sediment in, 126
Henderson-Hasselbalch equation,

49
Henoch-Schénlein purpura, treatment
of, 147
Heparin, hyperkalemia from, 45
Hepatitis, viral, diagnosis of, 126
Herpes infections, dysuria in, 99
Hydralazine, in hypertension, 241,
242-243
Hydrochlorothiazide, 7, 240
triamterene with, 7
Hydrostatic pressure, capillary, 2
Hyperalimentation, parenteral
in acute renal failure, 146
azotemia from, 150
Hypercalcemia, 63-70
acute, 69
in Addison’s disease, 65
calcitonin in, 68
chronic, 69-70
chronic renal failure in, 155
diagnosis of, 66—67
diphosphonates in, 68
EDTA in,-69
familial hypocalciuric, 65
glucocorticoids in, 68
in hyperparathyroidism, 63
in malignancies, 63—65
in milk-alkali syndrome, 65
mithramycin in, 68
and nephrogenic diabetes insipidus,
24
in Paget’s disease, 65
phosphate therapy in, 6768
saline and furosemide in, 68—69
in sarcoidosis, 65
symptoms of, 65-66
treatment of, 67-70
in vitamin D intoxication, 65
Hypercalciuria, 85, 90-91
idiopathic, 85, 91
treatment of, 92-93
Hypercapnia, and respiratory acidosis,
60

Hyperglycemia, in dialysis patients,
173




282 Index Index 283
Hyperkalemia, 43—47 cerebrovascular accidents in, 227— : : > demeclochlortetracycline in, 21-22
in Addison’s disease, 19, 45 228 O A 70 diagnosis of, 16-21
differential diagnosisof, 43—46 elinical features of, 224-226 b &hc tics ndr(’)me o disorders with, 15 g : :
drug-induced, 43, 45, 46 coronary vascular disease in, 228 tReD r; Bncy 213 in diuretic abuse, 17-19 |
from potassium salts, 43 in Cushing’s syndrome, 234 plr SEL < %_75 drug-induced, 20 e l
in hypoaldosteronism, 45 diagnosis of, 228235 Hypoenuarts. S o ‘
in mineralocorticoid deficiency, 45 epidemiology of, 222-224 a;:‘;x e 7475 : in emotional stress, 20
and periodic paralysis, 45 guanethidine in, 241, 243 3 omc,is of 7273 euvolemic, 20-21 :
_< pseudohyperkalemia, 43 heart failure in, 228 ~1a§n 0: ho'Sphatemia 72, 81 extracellular fluid volume in, 16-17
in pseudohypoaldosteronism, 4546 hydralazine and minoxidil in, 242— - hypogl)buminemia 70 2 furosemide in, 22
in renal failure, 45 243 3 hypoma nesemia ’71 in gastr‘ointestinal fluid losses, 17
symptoms of, 43 Iaboratory tests in, 228-230 D blatic 1natnstasen, 72 in glucocorticoid deficiency, 20
treatment of, 4647 - malignant 3105 ncreatitis, 72 hypertonic saline in, 22
Hypernatremia, 22-28 definition of, 243-244 e ttorroid Aisorders, T0-71 in hypothyroidism, 20
in diabetes insipidus diazoxide in, 244 s 1 failure, 75 : hypovolemic, 17-20
central, 23, 27 ; e nitroprusside in, 244-245 in rer:ﬁms = 7é in inappropriate antidiuretic
nephrogenic, 23—24 pathophysiology of, 244 iry:; {’ment of 7475 hormone secretion, 20—-21
" diagnosis of, 25-27 : and prognosis after therapy, in vitamin D deficiency, 71-72 lithium in, 22
in dialysis'patients, 173 235 H lciuric hypercalcemia, familial, and osmolality of extracellular
disorders with, 23-24 - treatment of, 147, 244-245 i fluid, 16
euvolemic, 25-27 and mortality, 221, 223 - ia. 27 osmotic diuresis in, 19-20
hypertonic salts inducing, 24 natural history of, 227 gym§1QS§,i:ng Lygernatrgmxa, Z and potassium depletion, 36
hypervolemic, 25 in pheochromocytoma, 234235 ypo a‘i]eosis "33 37-39 pseudohyponatremia, 16
hypodipsia and hypertonic urine physical examination in, 228 s “11 damt,eron’e l;e\’rels in. 36 in salt-losing nephritis, 19
with, 27 plasma renin activity in, 230 - olskalosis 33 36.2’39 ~—  symptoms of, 15-16
hypovolemic, 25 i in pregnancy, 216-219 = onia production in: 36 treatment of, 2122
idiogenic osmoles in, 25, 28 treatment of, 217-219 aml;n iump isoning 37’ water intake restriction in, 21
in osmotic diuresis, 24 renal function in, 228 A da'l;c eﬁgcots of 35 Hypoparathyroidism
prognosis of, 24 in renal parenchymal disease, 231 card lchloride depietion 39 hyperphosphatemia in, 80
symptoms of, 24-25 renovascular, 231-232 alf:ronic ronal failure . 155 hypocalcemia in, 70-71
treatment of, 27-28 angiography in, 231, 259, 272 < 1 diabetes insipidus, nephrogenic, ~Hypophosphatemia, 76-79
water deprivation test in, 27 intravenous pyelography in, s 24 ! in alcoholism, 77
Hyperoxaluria, 85, 91 231 - a1 di is of. 36-42 diagnosis of, 78
treatment of, 93-94 radiology in, 271-272 ?dlifs‘f::;g;tg;]ag&osxs i in diuretic therapy, 77
Hyperparathyroidism renal vein renin in, 231-232 diuretic-inducéd 239 in Fanconi’s syndrome; 77,
differential diagnosis of, 91 saralasin screening test in, 272 adirnsonil chusesiof 37 . in gastrointestinal disorders, 76
hypercalcemia in, 63 secondary, 225-226 hemodynamics in 3’5 in glycosuria, 77 !
hypercalciuria in, 85 diagnosis of, 230-235 in hypertension 230 in hyperparathyroidism, 77
hypophosphatemia in, 77 screening tests in, 230 ! and );lp ponatrerr’lia 36 symptoms of, 77-78
Hyperphosphatemia, 7982 sodium intake affecting, 223, 23 - ins{llin S CORS éG treatment of, 79 A 2 o
acute, 82 symptoms of, 224 } insulin release in. 36 in Vitamin D-resistant rickets, 76
catiaeh of 73 51 target organs in, 225 in mineralocortic(’)id excess, 3941 Hypothyroidism, hyponatremia in, 20
chronic, 82 thiazide diuretics in, 238-239 neuromuscular disorders in, 35 ? .
diagnosis of, 81-82 . treatment of, 235-245 and periodic paralysis, 36 Immunosuppressive agents, dosage in
hypocalcemia with, 72, 81 benefits of, 235-236 and plasma renin activity, 36 renal failure, 198
L it i recommendations for, 236-238 pseudohypokalemia, 36 Indomethacin, hyperkalemia from, 45
treatment of, 82 stepped-care approach in, 238- uria‘in 133 Infections :
18 penal dnsifficiency, 162 =43 lx?gnal cau’ses of, 3742 N of dialysis vascular access sites, 192
Hypertension, 221-245 Hyperthyroidism renal function ’in, 35-36 peritonitis during dialysis, 172
adrenal causes of, 232-235 hypercalcemia in, 65 symptoms of, 34-36 y treatment of, 195-196 )
adrenergic blocking agents in, 239- hyperphosphatemia in, 80 e doluens in'toxication, 37 ’ renal and perirenal, radiology in,
242 Hyperuricemia treatment of, 42-43 269-271
in aldostercnism, 232-234 in preeclampsia, 217 Hypomagneser;xia : of urinary tract, 97‘—110 ==
and antihypertensive agents in treatment of, in renal insufficiency, hypocalcemia with, 71 and asymptomatic bacteriuria,
renal failure, 197-—198 162 ST v and hypokalemia 41_42 9,7—98 <
and azotemia with chronic renal Hyperuricosuria Hyponatremia 15_’22 and azotemia with chronic renal
failure, 157 and calcium stones, 85, 91 in:Addison’s disease, 19 failure, 157 =
treatment of, 161-162 treatment of, 93 and azotemia with chronic renal biochemical tests for bacteriuria
captopril in, 241, 243 and uric acid stones, 91, 94

failure, 157-158 in, 104
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Infections, of urinary tract—
Continued
and care of urinary catheters,
108-110
clinical features of, 99-100
laboratory diagnosis of, 100-104
localization of infection site in,

104
microscopic examination of urine
in, 103-104 ~

microorganisms in, 100-101
in pregnancy, 206-209
prostatic secretions in, 102-103
pyuria in, 103-104, 132
radiology in, 104-105, 269
reinfection in, 97
relapse in, 97
symptomatic, 98-99
treatment of, 105-110
in renal insufficiency, 162
urine cultures in, 100-103
Insulin
deficiency of, hyperkalemia in, 43
excess of, hypokalemia in, 36
hypophosphatemia from, 77
and potassium entry into cells, 31
release in hypokalemia, 36
Interstitial nephritis
chronic renal failure in, 149, 155
drug-induced, 138
diagnosis of, 142
treatment of, 147-148
Ischemia, acute renal failure in,-137
Isoniazid, in renal failure, 195

Kanamyein, in renal failure, 192, 193
Kayexalate, in hyperkalemia, 46, 47
Ketoacidosis
alcoholic, 55
diabetic, 55
in starvation, 55
Ketonuria, and hyponatremia, 20
Kidney
' diseases of. See specific disorders
failure of. See Renal failure
in hypertension, 228
in hypokalemia, 35-36
in pregnancy, 201-204
stone formation in. See Calculi,
renal

Laboratory data, artifacts in, 156,
188,189 .

Lactic acidosis, 54-55

Laxiative abuse ;
hyperphosphatemia-from, 79
and hypokalemia, 37
and hyponatremia, 17

Lead poisoning, pyuria in, 133

Lesch-Nyhan syndrome, 86
Leukocytoclastic vasculitis
nephritic sediment in, 126
treatment of, 128, 147
Leukocyturia, in renal stones, 87
LeVeen shunt, in ascites with
cirrhosis, 10-11, 144
Licorice ingestion, hypokalemic
acidosis from, 41
Liddle’s syndrome, aldosterone levels
in, 41
Lidocaine
in renal failure, 191
therapeutic serum levels of, 187
Lincomyein, in renal failure, 194
Lipid levels, in nephrotic syndrome in
pregnancy, 213
Lithiasis. See Calculi, renal
Lithium
in hyponatremia with inappropriate
antidiuretic hormone secretion,
22
therapeutic serum levels of, 187
Liver, cirrhosis of
edema in, 4
treatment of, 9-11
prerenal azotemia in, 143-144
Lupus erythematosus
azotemia in, 138
treatment of, 147
chronic renal failure in, 155
and corticosteroids in nephritis,
124, 128
nephritic sediment in, 126
nephrotic syndrome in, 12, 124
. pregnancy in, 212, 215-216

Magnesium depletion
hypocalcemia with, 71
and hypokalemia, 41-42
Malaria, diagnosis of, 126
Mannitol diuresis
in acute renal failure, 145
hypernatremia in, 24
and hyponatremia, 19
Medullary cystic disease, renal
hematuria in, 130
proteinuria in, 120, 121
pyuria in, 133
Methenamine mandelate, in urinary
tract infections, 108
Methicillin, in peritonitis during
dialysis, 196
Methyldopa, in hypertension, 240, 241
Metoclopramide, in renal failure, 198
Metolazone, 7, 240
in renal failure, 197
Metoprolol, in hypertension, 240,
241 -
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Milk-alkali syndrome, hypercalcemia
in, 65
Mineraldcorticoids
deficiency of, hyperkalemia in, 45
excess of, hypokalemia in, 3941
and potassium excretion, 33
as therapy in hyperkalemia, 47
Minoxidil, in hypertension, 241, 242—
243
Mithramycin, in hypercalcemia, 68
Mononucleosis, diagnosis of, 126
Morphine, in renal failure, 197
Myeloma, multiple, chronic renal
failure in, 155 -
Myoglobinuria with rhabdomyolysis
acute renal failure in, 137
diagnosis of, 142

Nadolol, in hypertension, 241
Narcotics, in\renal failure, 197
Necrosis, acute tubular, 137 |
in pregnancy, 209
Nephritic urinary sediment, 125
causes of, 126-127
Nephritis
hereditary, in pregnancy, 211-212
interstitial. See Interstitial
nephritis
salt-losing, 19
Nephrocalcinosis, 83
chronic renal failure in, 155
pyuria in, 133
radiology in, 247
Nephrolithiasis. See Calculi, renal
Nephrosclerosis
chronic renal failure in, 149, 155
proteinuria in, 115, 121
pyuria in, 133
Nephrostomy, percutaneous, 262-263
Nephrotic syndrome, 120-122
differential diagnosis of, 123
edema in, 4 gl
treatment of, 11-12, 13
in glomerulonephritis, 122
idiopathic, 144
‘%n lupus erythemateosus, 12
in membranous glomerulopathy, 12
nil or minimal-change disease, 11—
12, 122
in pregnancy, 212-214
prerenal azotemia in, 144
treatment of, 122-124
Nephrotoxic disorders, acute renal
failure in, 137-138, 139-140
Netilmicin
in renal failure, 192, 193
therapeutic serum levels of, 187
Neurologic disorders
in hypernatremia, 24

, Osmotic pressure, colloid, 2

in hyponatremia, 15
in hypophosphatemia, 78
Neuromuscular disorders
in hyperkalemia, 43
in hypocalcemia, 72
in hypokalemia, 35
in hypophosphatemia, 77
in uremia, treatment of, 164
Nitrite indicator strips, in bacteriuria,
104
Nitrofurantoin
in renal failure, 194
in urinary tract infections, 106
Nitroprusside
in malignant hypertension, 244—
245
in renal failure, 197-198
Nortriptyline, therapeutic serum
levels of, 187
Nutrition. See Diet

Obstructive uropathy
azotemia in, 137, 139,140, 149, 157
chronic renal failure in, 149, 155,
157
clinical features of, 151
computerized tomography in, 254
hematuria in, 130
radiology in, 265-266
treatment of, 147
Osmolality
of extracellular fluid, and
hyponatremia, 16
of plasma, in hypernatremia, 25
of ufine, in pregnancy, 205
Osmoles, idiogenic, in hypernatremia,
25, 28
Osmostat, reset, 27
Osmotic diuresis
hypernatremia in, 24-
hyponatremia in, 19

Osteodystrophy

Albright’s hereditary, 71

renal, treatment of, 164
Osteomalacia, in hypophosphatemia,

78 2

Oxalate

in foods, 92

hyperoxaluria, 85, 91

treatment of, 93-94
stones of, 83

Paget's disease, hypercalcemia in,
; 65
Pain =
hyponatremia in, 20
relief of, in azotemic patients, 187
Pancreatitis, hypocalcemia in, 72
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Paralysis, periodic
hyperkalemic, 45
hypokalemic, 36 ¢

Parathyroid disorders. See

Hyperparathyroidism;
Hypoparathyroidism

Parathyroid hormone levels;

: measurement of, 6667
D-Penicillamine, in cystine stones, 95
Penicillin

in peritonitis during dialysis, 196
potassium depletion from, 41
in renal failure, 192
therapeutic serum levels of, 187
Periarteritis. See Polyarteritis nodosa
Pericarditis, and chronic renal failure,
156-157
Peritoneal dialysis, chronic, 170-173.
See also Dialysis therapy
Peritonitis durmg peritoneal dialysis,
172
treatment of, 195-196

pH .

normal values for, 49-50

and potassium balance, 33
and potassium distribution,
transcellular, 31
Phenobarbital, therapeutic serum
levels of, 187
Phenothiazines, usage in renal
failure, 197
Phenytoin
in renal failure, 198
therapeutic serum levels of, 187
,Pheochromocytoma, hypertension in,
234-235

Phosphate
external balance of, 75
hyperphosphatemia, 79-82
hypophosphatemia, 76-79
internal balance of, 75
normal levels of, 75
replacement therapy, 79

in hypercalcemia, 6768

Pindolol, in hypertension, 241

Plasma flow, renal
in preeclampsia, 217
in pregnancy, 201-202

Plasmaphere«ib
in Goodpasture’s syndrome, 128
in lupus nephritis, 128

Polyarteritis nodosa

_ nephritic sediment in, 127
pregnancy in, 212
treatment of, 128, 147

Polycystic kidney disease
chronic renal failure in, 159
hematuria in, 130
hypertension in, 231

in pregnancy, 214
proteinuria in, 115, 121
Poilvthiazide, 240
Portacaval shunt, ln cirrhosis of liver,
- 10
Pasture
and test for orthostatic proteinuria,

¥3 115 -

and ureteral cbstruction in
pregnancy, 201
Potassium
dietary, 33
inadequate, 37
hyperkalemia, 43—47
hypokalemia, 3443
renal regulation of, 32-34
stores in bedy, 31
_therapy with
administration of, 42
complications from, 43
in diuretic therapy, 42
transcellular distribution of, 31

alterations in, 36-37 i

in hyperkalemia 43-45 -
Prazosin, in hypertenblon 239, 241,
242
Preeclampsia, 212, 216-219
management of, 217-219
pathology of, 217
renal function in, 217
Pregnancy, 201-219
abscess of kidney in, 208
acid-base regulation in, 203
acute renal failure in, 209-210
idiopathic postpartum, 209
antibiotic use in, 208-209
bacteriuria in
asymptpmatic, 206-207
symptomatic, 208-209
biopsy of kidney in, 205-206
blood pressure regulation in, 204
blood urea nitrogen in, 202
calculi in, 214
in chronic renal disease, 210-214
risks in, 161
in collagen vascular diseases, 212
ereatinine levels in, 202
diabetes insipidus in, 203-204
diabetes mellitus in, 212
glomerular filtration rate in,
201-202
glomerulonephritis in, 210-211
hereditary nephritis in, 211-212
hypertensive disorders in, 216-219
treatment of, 217-219 .
in lupus nephritis, 212, 215-216
nephrotic syndrome in, 212-214
pelvic kidney in, 214
in polyarteritis nodosa, 212

polycystic kidney disease in, 214
preeclampsia in, 212, 216-219
pyelonepkritis in
acute, 268
chronic, 214
renal disease in, 206-216
renal function in, 201-204
evaluation of, 204-206
in preeclampsia, 217 i
in renal transplant recipients,
214-215
in scleroderma, 212
solitary kidney in, 214
toxemia of, edema in, 5
treatment of, 13
tuberculosis of kidney in, 214
tubulo-interstitial disease in, 214
urinary tract in, 201
urine examination in, 204—205
volume regulation in, 204
water excretion in, 203-204
Primidone, therapeutic serum levels
of, 187
Procainamide
in renal failure, 191
therapeutic serum levels of, 187
Propoxyphene, in renal failure, 197
Propranolol
in hypertension, 240, 241-242
in renal failure, 192
therapeutic serum levels of, 187
Prostate
collection of secretions, 102-103
hypertrophy of, hematuria in, 131
Prostatitis, 97, 99
treatment of, 108
Protein, dietary
azotemia from, 150
in chronic renal failure, 161, 162,
163
Proteinuria, 114-124
in chronic interstitial nephritis,
120, 121
drugs affecting tests for, 189
evaluation of patient in, 114-115
functional, 115, 121
heavy, 120--122
idiopathic, 115, 121
low-grade, 115--120, 121
in medullary cystic disease, 120,
121
moderate, 120
in nephroscierosis, 115, 121
in nephrotic syndrome, 4
in pregnancy, 213
in obstructive uropathy, 120
orthostatic, test for, 115
in polycystic kidney disease, 115,
121
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in preeclampsia, 217
in Ppregnancy, 204-205, 213
Pruritus in uremia, treatment of, 163
Pseudolgé)ut in uremia, treatment of,
4
Pseudohyperkalemia, 43
Pseudohypoaldosteronism,
hyperkalemia in, 45-46
Pseudohypokalemia, 36
Pseudohyponatremia, 16
Pseudohypoparathyroidism
hyperphosphatemia i in, 80
hypocalcemia in, 70-71
P%ycholactlve drugs, in renal failure,
97
Pyelography
antegrade 262
in obstructive uropathy, 266
intravenous, 104-105. See also
Urography, excretory
in hypertension, 231
retrograde, 250-251
In obstructive uropathy, 266
in renal failure, 265
" Pyelonephritis, 97
acute, 97
__in pregnancy, 208
radiology in, 269
treatment of, 107
chronic, 97
in pregnancy, 214
treatment of, 107—-108
chronic renal failure in, 155
hypertension in, 231
pyuria in, 133
Pyuria, 129-133
causes of, 133
clinical features of, 132
in infections of urinary tract,
103-104, 132
treatment of, 132

Quinethazone, 240 2
Quinidine
in renal failure, 192
therapeutic serum levels of, 187

“Radiation nephritis, pyuria in, 133
Radiology, 247-272
abdominal films in, 247 i
f'mgiography in, 258-261 i
1n azotemia !
acute, 142
chronic, 153
choice of procedure in, 264
computerized tomography in,
254-257
cyst puncture in, 261
cystography in



Radiology, cystography in—Continued
nuclear, 252
retrograde, 251
endo-urology in, 263264
excretory urography in, 247-250
and hazards from contrast media,
105, 137-138, 140, 161, 250
in hematuria, 266—267
in infections, 269-271
in obstruction of urinary tract,
265—266
percutaneous nephrostomy in,
262-263
pyelography in
*antegrade, 262
intravenous, 104—105
retrograde, 250—251
radionuclide imaging in. 257-258
in renal failure
acute, 265
chronic, 159, 265-266
in renal masses, 264
in renovascular hypertension,
271-272
tomograms in, 247
in transplant evaluation, 267-269
ultrasonography in, 252-254
urethrography in, retrograde, 252
in urinary tract infections,
104-105 s
voiding cystourethrography in, 252
Radionuclide imaging, 257-258
in cystography, 252 —
in perinephric abscess, 271
in renal abscess, 269
in renal failure, 265
in renovascular hypertension, 272
in transplant complications, 268
in transplant evaluation, 267
Reflux, vesicoureteral, cystography in,
251, 252
Renal artery stenosis
chronic renal failure in, 166
hypertension in, 231-232
Renal failure
acute
acute azotemia in, 137-138
dialysis in, 146147
diuretics in, 145-146
fluid therapy in, 146
hyperphosphatemia in, 80
in ischemic disorders, 137
in nephrotexic disorders,
] 137-138, 139-140 -
t nonoliguric, 146
oliguric, 146 —
postpartum, idiopathic, 209
in pregnancy, 209-210

~u

radiology in, 265
treatment of, 145-147
chronic, 149
acidosis in, 55
approach to drug use in, 160-161,
185-200
conservative management of,
160-164
in diabetes, treatment of, 162
diagnostic approach in, 154-160
dialysis in, 165-173
edema in, treatment of, 161
electrolyte balance in, 161
hypertension in, treatment of,
161-162
laboratory data in, 158-159
nephrologic consultation in,
165-166
parameters for monitoring in,
159-160
physical examination in, 158
pregnancy in, 210-214
as risk, 161
prevention of complications in,
160-161
protein intake in, 161, 162, 163
radiology in, 265-266
rate of progression of, 159
remediable causes of, 155-156
severity of, assessment of,
158-159
symptoms of, 158
therapy of end-stage disease in,
165-182
transplantation of kidney in,
173-182
treatment of, 160182 =
uremic symptoms in
dialysis in, 167-168
treatment of, 163—-164
Renal vein thrombosis
angiography in, 261
in nephrotic syndrome, 124
Renin
activity in plasma
in hypertension, 230
in hypokalemia, 36
in hypokalemic alkalosis, 41
renal vein, in renovascular :
hypertension, 231-232, 272
Renovascular hypertension, 231-232
Reserpine, in hypertension, 239, 241, 242
Rhabdomyolysis with myoglobinuria
acute renal failure in, 137
diagnosis of, 142
Rickets, vitamin D-resistant,
hypophosphatemia in, 76
Rifampin, in renal failure, 195
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Salicylates
therapeutic serum levels of, 187
in renal failure, 197
Saline infusions
in hypercalcemia, 6869
in hypernatremia, 27
hypernatremia from, 24
in hyponatremia, 22
Saralasin screening test, in
renovascular hypertension, 272
Sarcoidosis, hypercalcemia in, 65
Scleroderma
nephritic sediment in, 126
pregnancy in, 212
Sediment in urine, 113-114
in azotemia, acute, 141-142
nephritic, 125
causes of, 126-127
in pregnancy, 205
Sickle cell anemia, hematuria in, 130
Sjogren’s syndrome, nephritic
sediment in, 126
Sodium
hypernatremia, 22-28
hyponatremia, 15-22
intake of
in cirrhosis of liver, 9
in edema, 5, 13
hypertension related to, 223, 238
in hypokalemia, 42
in pregnancy, 204
and potassium excretion, 32-33
Spironolactone, 7, 240
in cirrhosis of liver, 10
gynecomastia from, 43
hyperkalemia from, 46
in hypokalemia, 42
Starlin2g forces, and edema formation,
Starvation, ketoacidesis in, 55
Stone formation. See Calculi, renal
~Streptococcal infections,
glomerulonephritis from. See
Glomerulonephritis
Struvite stones, 83, 85, 86
treatment of, 95
Succinylcholine, effects in
hyperkalemia, 45
Sulfate excretion, and potassium
excretion, 33
Sulfisoxazole, in urinary tract
infections, 106
Sulfonamides, in renal failure, 194
Sulfosalicylic acid test for proteinuria,
: 114, 120
Swan-G:_mz catheter, measurements
S with, 145
vphilis, diagnosis of, 126 -
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Terbutaline, in renal failure, 199
Tetany, in hypocalcemia, 72
Tetracycline
in renal failure, 194
in urinary tract infections, 106
Theophylline
in renal failure, 199
therapeutic serum levels of, 187
Thiazide diuretics, 7, 240
hypercalcemia from, 65
in hypercalciuria, idiopathic, 92
in hypertension, 238-239
in renal failure, 197
Thiocyanate toxicity, in nitroprusside
therapy, 197-198
Thirst
and hypernatremia, 24, 27
and hypokalemia, 36
Thoridiazine, in renal failure, 197
Three-glass maneuver in hematuria,
128
Thrombocytopenic purpura,
thrombotic, nephritic sediment
in, 126 /
Thrombosis
in nephrotic syndrome in
pregnancy, 213
renal vein
angiography in, 261
in nephrotic syndrome, 124
Thyroid disorders
hyperthyroidism. See Thyrotoxicosis
hypothyroidism, hyponatremia in,
20

Thyrotoxicosis
hypercalcemia in, 65
hyperphosphatemia in, 80
Ticarcillin, therapeutic serum levels
of, 187
Timolol, in hypertension, 241
Tobramycin
in peritonitis during dialysis, 196
in renal failure, 192, 193
therapeutic serum levels of, 187
Toluene intoxication, hypokalemia in,
37
Tomography, renal, 247
in chronic renal failure, 264
computerized, 254-257
Toxemia of pregnancy, edema in, 5
treatment of, 13
Transfusions, for renal transplant '
recipients, 174-175
Transplantation of kidney, 173-182
and angiography of donor kidney,
259
complications of, 177-180
contraindications to, 166-167, 174
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Transplantation of kidney—
Continued /
donor evaluation and preparation
in, 175-176
efficacy of, 177
evaluation and preparation of
= recipient in, 174-175,
“indications for, 165-166, 173-174
morbidity and ‘mortality from, 180—
- 181
and pregnancy in recipients, 214-215
radiology in, 267-269
rejection of, 178
prevention of, 176177
results of, 180
ultrasonography of, 254
Trauma \
angiography of kidney in, 259
azotemia in, 139
hematuria in, 131
Triamterene, 7, 240
gastrointestinal side effects of, 43
hydrochlorothiazide with, 7
hyperkalemia from, 46
Tricyclic antidepressants, in renal
failure, 197
Trimethoprim, in urinary tract
infections, 106
sulfamethoxazole with, 106
Trousseau’s sign in tetany, 72
Tuberculosis, renal
in pregnancy, 214
pyuria in, 133
Tubular necrosis, acute, 137
in pregnancy, 209
Tubulo—int,erstilial renal diseases
hyperchloremic acidosis with, 54
in pregnancy, 214
Tumor(s)
hypercalcemia with, 63-65
pheochromocwoma, 234-235
renal, hematuria in, 129, 130
Tumoral calcinosis,
hyperphosphatemia in, 81

Ulcers, gastmintestinal, from
potassium salts, 43

Ultrasonography, 252-254

in azotemia, acute, 142-143

in obstructive uropathy, 266

in perinephric abscess, 271

in pyelonephritis. acute, 269

in renal abscess, 269

in renal failure, 265

in renal transplantation, 268
Urea diuresis

and hypernatremia, 24

and hyponatremia, 19
Urea nitrogen, bl :

in chronic renal failure, 158-159

Uremia, 152

Ureteral disorders, hematuria in,
Urethral syndrome, acute, 99
Urethritis, 97, 99

Urethrography, retrograde, 252
Uric acid

drugs affecting tests for, 189
in pregnancy, 202

dialysis in, 167-168
treatment of, 163-164

131

hematuria in, 131
pyuria in, 133

hyperuricosuria. See
Hyperuricosuria
“serum levels of
drugs affecting tests for, 189
in preeclampsia, 217
stones of, 83, 85, 86, 91
treatment of, 94-95
treatment of hyperuricemia in renal
insufficiency, 162
Urinary tract i
infections of, 97-1 10. See also
Infections, of urinary tract
in pregnancy, 201
Urine -
in azotemia, acute, 141
biood in. See Hematuria
collection of samples, 113
for cultures, 100
in pregnancy, 207
by suprapubic needle aspiration,
101-102
techniques for, 90
timing of, 87-90
color of }
abnormal, 114
drugs affecting, 189
cultures of, 100-101
colony counts in, 101
interpretation of, 101-103
eosinophils in, 142
microscopic examination of, 103—
104 2
in pregnancy, 204-205
protein in, 114. See also Proteinuria
pyuria, 129-133
in renal stones, 87
sediment in, 113-114
in azotemia, acute, 141-142
nephritic, 129
causes of, 126-127
in pregnancy, 205
Urography, excretory, 247-250
in azotemia, acute, 142
in hematuria, 266-267
in obstructive uropathy, 266
in perinephric abscess, 271
in pyelonephritis, acute, 269

in renal abscess, 269

in renal failure, 265

in renovascular hypertension, 272
in transplant complications, 268
in transplant evaluation, 268

in urinary tract infections, 269

Vaginitis, dysuria in, 99
Vgncomycin

in peritonitis during dialysis, 196
. in renal failure, 194

esicoureteral reflux, cystogra hy i

251, 252 Sy

Vitamin D

deficiency of, hypocalcemia in, 71—

intoxication from, hypercalcemia in
:

65
as therapy in

Volume regulaticn, in :
, in pregnan
: —3
Water {
comgulsive drinking of, 27 .
depnvgtion test, 27 8
_excretx.on in pregnancy, 203-204
insensible losses of, and
hypematremia, 24, 25-27
negazt.lve balance in hyponatremia
2 Y ¢
replaggament in hypernatremia, 27—
restriction in hyponatremia, 21
Wegene}"s granulomatosis
chrom_c renal failure in, 155
nephritic sediment in, 126
treatment of, 128

Weight gain in pregnancy, 204




