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

A practical approach to diagnosis and therapy constitutes the focal point of the 
Manual. Our companion text. Renal and Electrolyte Disorders (3rd ed.), du<- or 
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 d^gnostic 
evaluation and treatment of the patient with renal stones, and Dr. L. Barth Beller 
discusses urinary tract infections. Dr. Michael J. Dunn deals with the Poetical 
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 
nephrologist in making important decisions about modes of treatment of end-stage 
renal disease. Diagnostic and therapeutic approaches to various electrolyte and 

’ acid-base problem? are presented in a systematic manner for (U the edematous 
patient (Dr. Mortimer Levy), (2) hypo- and hypernatremia Dr. Robert W. Schner), 
(3) hypo- and hyperkalemia (Dr. Richard L. Tannen), (4) elevation and depression • 
of serum bicarbonate (Dr. Jordan J. Cohen), and (5) hypo- ano hyperralcemia and 
hy^ and hyperphosphatemia (Drs. Zalman S. Agus, Stanley Goldfarb, and Alan 
Wasserstein).
What constitutes a practical approach to the evaluation of the patient with he
maturia and /or proteinuria is discussed by Drs. Antoine M. de Torre ifo and ^he 
J Anderson. For example, the question of which patients with hen iatuna should 
have cystoscopy, renal biopsy, or renal angiogram is examined. How the physician , 
should alter drug therapy in the patient with renal dn-ease is discusseu 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, com
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 hy tension 
The authors of these chapters were invited by the editor to contribute > the Manua
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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 an? 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.

I. 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:

Inflammation
Trauma (burns)
Venous obstruction (thrombophlebitis) 
Lymphatic obstruction (postsurgical or metastatic) 
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. Clinical causes. Important conditions associated with generalized edema are 

as follows:
a. Low-output cardiac failure x
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 
Idiopathic recurrent edema 
Consumption of certain drugs (e.g., estrogens and antihypertensive va
sodilators)
Toxemia of pregnancy
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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 hym^muc 
pressure, increased permeability, and obstruction to lymph flow, generalized ederJ1 
can occur only when there is a widespread increment in capillary hydrostat 
pressure and/or a marked decrement in plasma colloid osmotic pressure.

ill. Clinical signs and symptoms i<=
A ‘Pitting” versus ‘ nonpitting” edema. Because of postural influences, edema

' usually first detected by the physician in the subcutaneous space of the lower 
extremities (ankles), but fluid can collect in any organ or tissue, m 
is leaving the vascular space. The edema is said to be “pitting ifdigita p 
causes transient indentation of the skin and “nonpitting” if such indentation does

imfortable during the day.” \

S'i 
it! IF 
-h

weight (heaviest in the evenings).

Fig. 1-1. Starling forces governing

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.

II. Starling forces as determinants of edema formation
A Starling forces. Extracellular fluid (ECF) represents in normal circumstances 

’ about 20 percent 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 ibi1 
because capillary hydrostatic pressure exceeds plasma colloid osmotic pressure; 
fluid reenters the capillary at the venular end because plasma colloid osmotic 
oressure exceeds capillary hydrostatic pressure at that site. This balance of hy
drostatic and colloid osmotic pressures regulating the transcapillary movemen 
of fluid is termed the Starling forces. Interstitial fluid that is not resorbedinto 
capillaries is returned to the vascular compartment by lymphatic drainage, ihe 
events are summarized in Figure 1-1.

B Edema formation. Edema occurs when more fluid leaves the vascular compartmen 
than can be returned there by the lymphatics. Since fluid can leave the circulation 
onlv at the level of the capillary bed. it follows that edema can accumulate only 
when those factors that normally determine the transcapillary partitioning 
ECF become deranged. The more important of these factors are:

......... €
IB u.

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.)
Urinary composition (urinary sodium less than 20 mEq/L, urinary os
molality greater than 400 mOsm/kg H2O, 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.

d. 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.
f. Hyponatremia may be present even without excess water intake.
q 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 M , 
plasma volume. Generalized edema would be a self-limiting process were it

- ............................
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arrhythmias, hyperthyroidism, pulmonary embolic episodes, or chronic obstructive 
lung disease. Evidence for these underlying diseases is generally present.
Nephrotic syndroms. Nephrotic syndrome refers to a constellation of clinical 
findings, which includes, heavy proteinuria, hypoalbuminemia, hypercholester
olemia, and edema. This syndrome may occur secondary 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 (membranous, focal glomerulosclerotic, 
proliferative, or membranoproliferative). Renal lesions leading to nephrotic syn
drome may also appear with a variety of systemic diseases, 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 lias been low, patients may present 
with oliguria, d’izziness. and orthostatic hypotension. A renal biopsy may be re
quired to diagnose the cause of the heavy proteinuria, particularly if systemic 
causes have been excluded.
Acute glomerulonephritis. Edema may accompany any renal lesion which produces 
an acute glomerulopathy (i.e., acute glomerulonephritis). Acute glomerulonephritis 
may occur with malignant hypertension, poststreptococcal renal involvement, 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 (GFRi 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 complexes within the kidney 
(e.g., glomerulonephritis associated with streptococcal 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 and collagen vascular diseases). A renal biopsy may be required for di
agnostic purposes. x

D. Cirrhosis cf the liven In cirrhosis of the liver, edema is generally confined to the 
peritoneal space as ascites because of the portal venous hypertension, and to the 
lower extremities because of the combined effects of hypoalbuminemia and the 
increased 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 
is easily made by the history, physical examination, and results of liver function 
tests.

E. 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 marked diurnal variation (i.e., nonexistent in the morning and marked in the 
evenings). The diagnosis of this syndrome is one of exclusion. •

F. Drug ingestion. Edema caused by ingestion of drugs is generally a diagnosis oi 
exclusion which is made by obtaining a history of drug intake. The drugs usually 
involved are estrogens, oral contraceptives, and antihypertensive vasodilators, 
especially minoxidil.

r Toxemia of pregnancy. Edema caused by preeclampsia usually occurs m the last 
XeTter of pXancy in a primiparous patient. Hypertension and P^e= 
are alwavs present. The cause of the sodium retention is obscure, and P^jma 
volume is often reduced. Although ankle edema is most common, finger and per-
.oriomp mav also be present. It must be remembered, however, that as 

many as 75 percent of normal pregnancies may be associated with detectable

V Tre^enF^ema. Appropriate therapy for edema in clinical practice rests on 
V' three basic principles: (a) identification, and when possible, treatment of the un

deriving cause of urinary sodium retention; (b) manipulation of dietary’ intake o* 
salt and water; and (c) modification, when possible, of the renal excretion of salt c.nd 

r> maninulation of dietary sodium intake and modification of renal 
e^rXn^ — modes oftherapy for all the edematous states, let us

^"MardBulationTf dietary intake of sodium. Readjustment of salt intake in the diet 
A' ” oP;i?possible™ smaller amount of sodium than is excreted m the urine 

mav be quite helpful in treating edema. This is particularly useful in the sodium 
retention associated with chronic renal failure, because in this situation daily 
7riFarv sodium excretion proceeds at a fairly fixed rate provided urinary output

f jnal.ilonsVor’reatXg wdlum InUk.. EstlenW who‘
retain a fraction of the daily ingested sodium to replenish the efTecrive cir 
culating arterial volume. Measurement of the 24-hour urinary excret.on of 
sodiunAhus provides a measure of the renal ability to handle an oral sodmm 
load A proper “balance” study is not required, because by definition .uch 
edematous patients are in positive sodium balance, and the daily urinary outpm 
represents the best that the kidneys can do with the patient on a given diet 
Intact even a 24-hour urine collection is unnecessary to assess whether or 
not the patient is retaining sodium; low sodium
of urine (e g less than 10 to 15 mEq/L), especially when coupled with an 
eleS mine-plasma creatinine ratio (greater than 35), suggest very strongly 
that the patient is in positive sodium balance.

' Lit (NaCl) diet contains 17 mEq of Na -, whereas a 1-gm Na diet contmns 
about 43 mEq of Na’. Restricting sodium to less than 20 mEq per day k 
probably not worthwhile, because such diets are clult8.unPa^a?a^18’ ar^ 
patient compliance is low. The average sodium
is about 80 to 200 mEq per day. By restricting use,of the ^na^e 
mealtime this level of intake can be reduced to /0 to 125 ihEq pe. day, 
it can be additionally reduced to 50 to 70 mEq per day by the avoidance

b TOen a pItienU^aadietPo7^vere salt restriction, to avoid hyponatremia 
free-fluid intake should be restricted to about 1200 to 1500 ml per day. 
oarticularly if the patient is taking a diuretic agent as well. -

c For those patients who cannot tolerate a low salt diet, a variety of sait 
' 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 admimstered (e.g., spironolactone, amilonde, 
triamterene).

B Modification of salt excretion: diuretics
1. indications for using diuretics. Edematous patients who cannot 

successfully with dietary therapy alone should be placed on d-^ric ther pv 
So potent and effective are these drugs m producing renal salt
many patients mav be treated with just these agents while dietary management

B.
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3. Complications of diuretics. The complications most frequently encountered 

h diuretics are as follows: • .
Contraction of the vascular volume (from overzealous diuresis)

«C!
^9

jummarized in Table 1-1. In addition to the diuretics listed in 
■al drug combinations have become increasingly popular in the

aaue is a uiomic^-uj__________________ __ . \
hydrochlorothiazide-amiloride preparation. Although usefill, both triamterene
and amiloride carry their own complications (Table 1-1); if not used cautiously,

• /. ,1 _ _ i.mnnitn«»zl dsncrpmus hvnerkalemia may occur,
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or if the patient is insufficiently monitored, dangerous hyperkalemia may occur, 
particularly if the patient becomes acidotic.

5. Principles of diuretic management
a. Except in emergencies, such as acute pulmonary edema, it is rarely ne 

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 
than 0.5 to 1.0 kg of weight loss per day, to allow sufficient time for vascular 
replenishment from depots of edema in the interstitial space or serous cav-

b. When the desired effects have been achieved with diuresis (i.e., dry 
!weight.”), one should consider stopping the diuretic, reducing the dose, or
even administering it on an altemate-day schedule to reduce the risks ot 
volume contraction, hyponatremia, and hypokalemia.
In mast circumstances diuresis should be started with a thiazide rug, 
more potent loop-active agents (e.g., furosemide, ethacrymc acid) should
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or consideration of the underlying disease is ignored. Nevertheless, the use of 
diuretics should not replace an inteUigent and reasonable therapeutic program 
but should be looked on as an addendum to a program that already has taken 
into consideration treatment of the underlying lesion and dietary control of

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 
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 
peritubular capillary circulation, and thus less glomerular filtrate will be re
turned to the circulating plasma volume. As the plasma volume contracts, 
subtle changes in capillary hydrostatic pressure and plasma colloid osmotic 
pressure cause ISF (edema) to move into the vascular compartment 1 bus a 
“diuretic response” is translated into a “mobilization response, mediated by 
some degree of underfilling of the arterial circulation. When the degree of 
diuresis exceeds the replenishment of the vascular space volume contraction 
ensues, renal perfusion declines, and the diuresis usually terminates. If the 
volume contraction is of sufficient magnitude, orthostatic hypotension, diz
ziness, and prerenal failure may occur.

3. Complications of diuretics. The < 
with diuretics are as follows:

b. Orthostatic hypotension
c. Hypokalemia
d. Hyperkalemia (spironolactone,
e. Hyperuricemia
f. Hypercalcemia (thiazides)
g. Hypercholesterolemia
h. Hyponatremia ----
L Metabolic alkalosis
j. Skin rash
k. Gastrointestinal upset — -
I. Hyperglycemia

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 is 
the table, several drug combinations have become increasingly popumi in 
last several vears among family physicians, largely because they diminish the 
need to be concerned about body K+ stores and serum K cop<;e/1tratl°n- .Dy 
azide is a triamterene-hydrochlorothiazide preparation,^ and Modureticjsa
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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
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)

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 functioniimiting 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. Additional 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 abdSe 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

I

2 a'^AbsUnence from alcohol and sodium restriction. Treating thg underlying 
' cause of established alcoholic cirrhosis of the liver is extremely difficult 

Nevertheless, abstinence from alcohol and consumption of a nutritious diet 
may improve hepatic function and retard the rate of cirrhotic profession. 
Such improvement may allow the resolution of existent edema 
or at least permit other therapy tp become more efficacious. In Patlents 
with decompensated cirrhosis who actively retain urinary sodium, 
restriction of sodium is indicated according to the guidelines discussed

b. Useot 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 should be removed by par
acentesis There is rarely any urgency in removing ascrtes unless it is 
associated with marked pain and discomfort, malnutrition, or.circulatoiy 
or respiratory embarrassment. Conservative therapy always^6h .
tempted first. Sodium restriction (20 to 50 mEq per day), with only modest

e;
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cardiac output and left ventricular filling pressure 
• congestive heart failure

[2nd ed.|. Boston: Little, Brown, 1980.)
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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. 
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 9D£Lml 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 i 
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- 0 
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.
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.
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.
I One end of the tubing rides within the peritoneal space while the other 

is tunneled subcutatieously 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

3
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(a) Disseminated intravascular coagulation
(b) Continuous leak of ascites
(c) Thrombosis of jugular vein
(d) Infection of shunt and peritonitis
(e) Fever
(f) Variceal hemorrhage
(9) Pulmonary edema
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used in combination with a barbiturate. The decision to use this drug should 
not b« taken lightly, however, and the patient must be carefully 
Recent evidence suggests that dopamine agonists may be qmtf helpfu 

j • « a natriuretic effect in women with idiopathic recurrent edema, 
SSot yea cWr wheto^is drug is suitable for long-term therapy 
The majority of these patients are treated with dietary salt restnctiori and 
diuretics Although in many cases this therapeutic regimen may keep the 
patient edema-free, there are potential complications ^hthe 
JSe of diuretics in this syndrome. The patient may come to exhibit a mrk^ 
“deoendence” on these drugs and use them as cure-alls for many different 
tyXof complaints. Indeed, many women with recurrent edema are anxio^ 
a^d often irritable. Abuse of thiazide diuretics or furosemide may lead to 
chronic hypokalemia, which in itself may be a salt-retaining influence, ft 
has also teen postulated that in sensitive people volume contraction induced

(e.g., aceti“ol“1^ combinatiOT of furosemide and metolazone administered 
^hX^roZed askTeffective aiternatrve in furosemide-resistant

4 Attempt to improve renal perfusion by infusing preglomerular vasodilators
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E Patienis with CHF may be treated with a pharmacotherapeutic protocol that in- . 
eludes such vasodilators as nitroprusside or hydralazine in an attempt to reduce g 
the afierload, ameliorate ventricular pumping, and reduce venous pressure. This . 
approach may improve renal perfusion (despite a reduction in blood pressure), # 
and a more potent diuretic response may be obtained. Because peripheral re
sistance is in part angiotensin-dependent in CHF, captopnh a new, potent va- 
sodilator that inhibits angiotensin generation, has been particularly helpful in 
some patients with advanced CHF and refractory edema^It produces marked 
afterload reduction and assists in the mobilization of fluid. Because of its potency

T^and potentially hazardous complications, the physician should become thoroughly 
familiar with this agent before contemplating its use.

I
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Hyponatremia ____________ j

Hyponatremia, defined as a Plas^ ^mutodTaHenUt’has been suggested that j 
liter, is a frequent occurrence in the ^spI‘al^0P itais have a low plasma sodium , 
approximately 15 to 25 percent of pat ents ‘n^SPnatremla in the ambulatory out- 
paftaqVenTX-nce Ld is usually associated with a chrome

I. CUnlral Mttlngs. Many clinical f^dmg tottedTothediagnosis

hypothyroidism, or it may be a harbmger of etreimTmSy-also present as a 
SnrrorvoTume depletion become appare2^agent8, including vincristine and 
complication of other drug use \ - feature of oat cell carc.in.Qma of th^Jiing-
cyclophosphamide), or it may be an jXT tic patient the presence of hypo-

cause of the hyponatremia must be used.
II. Signs and Symptoms of hyponatremia. The level of hypo-

A. Age of patient and rate of deveiopm-nt yp h rate of deciine in
nftremia that may cause signs and^sympto the
the plasma^xiium concenwation‘ 
younger patient appears to tol P® hourg) development of hypona-
does the older patient. However, the ient may cause severe central
tremia in a previously asymptomatic yo g P gensorium, seizures,
nervous system (CNS) signs and ^Xation his reached a leveT^Ty

may present without signs or symptoms even wim a pias 
below 110 inEq per liter. ^*1-- Cactmintestinal symptoms, including

B. Gastrointestinal and CNS <,y8fun<^° hyponatremia; however, the more anorexia and nausea, may occt^ early with^hypwia^

severe later signs and tolerated within the rigid encasement h ;
that occurs with hyponatremia is leas to brain and . j
of the skull. Severe hyponatremia P Cheyne-Stokes respiration may be herniation and thus requires rapid Ch J expo3ure, uremia, and hypo- ■ j

8.
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associated with hyponatfemia include:
1. Abnormal sensorium
2. Depressed deep tendon reflexes
3. Cheyne-Stokes respiration
4. Hypothermia .
5. Pathologic reflexes
6. Pseudobulbar palsy 0
7. Seizures

l"- r «nt - — XI ss
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not be readily available, J the piasrna osmolality. All other hypona- 
of pseudohyponatiemia hvnnosmolalitv but with pseudohvponatremia
tremie states areP^ma lipid concentrations, the

Water sodium ““/“ed EOF Anl/c^ hyponatremia
B. Hyponatremia and Increased EuF o^ active particles in the ex.

mannitol administration or ' for each 100 mg deciliter rise in blood

E—
c.

sisssips:;
Xvinth^S^ Xxcess of Ual

' twlv sodium The volume-depleted patient with fiat neck veins, decreased skin 
bod> sodium. mprnhranes and orthostatic hypotension and tachycardia ks ‘Sf^asTaZ a deficit oftSal body srxfium. Lastly^
patiXwSrout eifherhma or evidence of ECF volume depletion is classified

as having hyPonatr^a

D'

XStX th di^Tadvanced'h readily evident on clinical ex- 

S£ls==sggsS 
' ====S=ES 3E 

(leTthln 10 mEo/L) sodium concentration, the kidney is functioning nonnahy 
(less than ,• ■ .PSDOnSe to ECF volume depletion. On the other hand,

“ BS»SSS£=^=ssss»
X of gas-romtestmal fluid losses, several other dmgnost.c possibilities 
must be considered. Substantial ECF losses may occur into the abdom?o 
ravitv with neritonitis or pancreatitis and into the bowel lumen with ileus.o 
membranous colitis. The surreptitious cathartic abuser may present with e.m 
membranous co. nQ hiftorJ, of gastromtestinal losses. A
due to Sa^s ma? be the presence of hypokalemic metabolic acidosis 
and phenolphthalein m the urine^ of haustra on b=— -d me- 
Seldt aTtaU : We "d hyponatremia secondary to substant.al

liter several different diagnostic possibilities must be considere •
a Diuretic use Foremost among these diagnoses is excessive use of d uretic.

In fact a fall in plasma sodium concentration in a patient receiving Sureties 
kL firqf due to the need to readjust the dosage of the diuretic.-Hh dmretic abuse' in whom EOF volume depletion

IS not readilv apparent from clinical examination. As important clue^., 
ever to the’diagnosis of diuretib-induced hyponatremia is tnat virtual y 
all of these patients have an associated hypokalemic alkalosis. Cess 
o use of the diuretic is the. best means of confirming the diagnosis of 
diuretic-induced hvponatremia. It must be remembered however, that } 
Oration of ECF volume and potassium balance are also necessary to

In summary, symptoms that may be associated with hyponatremia include:

1. Lethargy, apathy
2. Disorientation
3. Muscle cramps
4. Anorexia, nausea
5. Agitation
Signs that may be

Depressed deep tendon reflexes



18

with hypovolemic hyponatremuwith
____ havp moderately advance r _,rtD;Q chnnld

d.

I

■

i

$

- ----——

l|

s
E
u

» 
tn s x

Js _______ “o

li£

I
i

/

! Sa
1.2 I
i lit

\s
0 
is 

_____ a

|
/ Z

'
■

■ h '

< V

i-+
!

I

3 | u
> i

c 

i 
3. 
_x

_s 
o

O 
a

I
cQ &. < 
u

s 
o .

■§ 
g 
a ■

X
<u 

f-g
o 
ft 
ft 
C3
CJ

"efl 
o

W) 
.2

4

<h

E

® s o

C « § E 
g 2 2 
2 8 v

<1
Will 
^Q8S32a85

E 

l.J i 
_____® s 2 I g 5 E 

•E 2 g □ 8 a

S 
. S3

2 2

d 
lltjllt

>J E 
-0^3 J

■h-
G> S3 *" 
Q £ o

E
2
1 u
Ils
1Ef45 be-3

z i-2 5 
/sSli

L
•g^

/I g
<5

■ i

I i ; i 

!H|
1

\ Ifii
*{&

<ta

Ol

o o
S 5

-2

~ o h In
fill
s sir mil 

Wi diW fcj > ? o. is

-5S'O 
~ s fc 
2 2 g 
D 8 A

i h g 
-O P S o 

__ ? 2 1 C .2
S2 x c t 

lit or

'll
IIISt I

2: The Patient With Hyponatremiaor Hypern~a
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intake. The pivotal d'3^1'luXaia who is a diuretic abuser

20 mEq/L) urinary chloride con“"tr3 XUary cystic disease, chronic in- 
c. Salt-losing nephritis. Puente* £ephrOpathy. partial un-

terstitial nephritis, polycystic d sease^an Jjomerulonephritis may present 
na^ ^±“vieniia Secondary to salt-losing nephritis. These

Hive rnoderatel~^a^is should 
creatinine levels greater than 3 to 4 mg pe that ig not
virtually never be considered in pat ents w salt.losing ne-
associated with a rise in boride intake to avoid ECF volume
phritis may need supplemental p volume depletion in association
depletion or may be very susceptible to EC strointestinal) sodium
with either decreased intake ore*; may be pigmented, secondai? to
and water losses. Because these patien^m^ vQlume depletion, their

crease serum creatinine to >ev®\s ^3\.orrecl both the hyponatremia.and 

addition to a urinary sodium conce o gr liter may be
a urinary potassium concentra on ^s th re.
another clue to mineralocorticoid ’ not present with hypo-
stricted, the patient with Addison ^di. ,f ECF volume d
natremia, and hyPer^em,a“^i"aex of suspicion is necessary to make 
pletion is not severe. Thus, a These patients may present with

tract obstruction is a™ ^o“Tchronic mannitol infusion without 
cause ECF volume dePktlon JL similar situation.
electrolyte replacement ?an p^XCretion also can obligate renal water

(2) Bicarbonaturla. Xquently encountered example of
and electrolyte losses. The m[ , naturia. The bicarbonate anion
this is metabolic alkaiosisrb including sodium and potassium, 
in the urine is accompanied by ’ Bicarbonaturia may accompany 
which maintain electrical neutra\ *' ,, . ig with postoperative na- 
the early development of meta^oxi Jal renai tubular acidosis (e.g., 
sogastnc suction or vomiting, dition in which bicarbonaturia
Fanconi’s syndrome) is another f urinary tract infection
causes renal electrolyte loss. In the absence o &in.
with urease-producing organisms a.urinary■ pn 
dicates the presence of bicarbonate
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Evaluation of urinary sodium concentration. The urinary sodium
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(3) Ketonuria. Ketoacids are other anions that can obligate renal electrolyte 
losses in spite of ECF volume depletwn; this may contribute to urinary 

____ „ electrolyte losses in diabetic or alcsholie ketoacidosis and starvation.
f. Euvotemic hyponatremic patient There are 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- J
renal insufficiency associated with pitestary or hypothalamic disease.
(1) Hypothyroidism. The occurrence of hyponatremia with hypothyroidism 

generally suggests severe disease, including myxedema coma. In some .« 
..........

e, --- *Tr-5 ■

ondary adrenal insufficiency and secondary hypothyroidism may con- 
th'* k’rr'r'T'at,*OTT'ia aewmranvinfr nitnitarv insufficiencv.

Emotional stress, pain, and drugs. In the absence of endocrine dis-
OfCIXtVUJ CXAX-VU ——.■ WJ —- ■ - — — — — — —— — — —

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 |
(c) Tolbutamide a |

, (d) Clofibrate C' J Jk
(e) Cyclophosphamide i |
(f) Morphine • '

(g) Barbiturates '*r
(h) Vincristine
(1) Carbamazepine (Tegretol)
(j) Acetaminophen

(k) Indomethacin
(l) Isoproterenol

Thus, determining whether the patient is receiving such drugs is an 
important diagnostic step with the euvolemic hyponatremic patient.

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

(I) Lung
(II) Duodenum

(ill) Pancreas
(b) Pulmonary disorders

(I) Viral pneumonia
(li) Bacterial pneumonia

(ill) Pulmonary abscess

MW

(tv) Tuberculosis
(v) Aspergillosis

(c) Central nervous system disorders
(i) Encephalitis, viral or bacterial

(11) Meningitis, viral, bacterial, or tubercular
Acute psychosis 
Stroke (cerebral thrombosis or hemorrhage) 
Acute intermittent porphyria 
Brain tumor t 
Brain abscess
Subdural or subarachnoid hematoma or hemorrhage 
Guillain-Barr6 syndrome

(x) Head trauma 
Evaluation of urinary sodium concentration. The urinary sodium 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 m 
the patient with SIADH or another euvolemic cause of hyponatremia.

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

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 ^Ton^remia, 
Correction of ECF volume depletion, whether secondary to gastrointestinal or 
third space losses, diuretic abuse, Addison’s disease, or salt-losing. nePhnt^s’ 
may correct the hyponatremia. In an occasional patient with diuretic-induced 
hyponatremia, cessation of the drug and restoration of ECF volume made^iate 
tocorrect the hyponatremia if total body potassium stores are not repleted Treat
ment of the uncXtrolled diabetic patient with profound hj^erglyccmm ketonuna^ 
and glucosuria will also diminish renal losses of fluid and electrolytes, thereb. 
alleviating the precipitating cause of the hyponatremia.

B Restriction of water intake. If none of these specific treatments is possible, ad
equate restriction ofwater 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 msensible losses^ 
For example, if a hyponatremic patient has a daily urine output of oOO ml and 
estimated daily insensible losses of 500 ml, daily water restriction to 1000 ml 
shoSd be expected to prevent additional lowering of the plasma sodium concen
tration; more severe fluid restriction to less than 1000 ml per day is necessary 

C ^^doch^Xcyctne adSSon. In a patient with chronic SIADH who 
not wluntarilyrestrict water tntake to a degree sufficent to avoid 

tomatic hyponatremia, the administration of demeclochlortetracychne <600 to 120) 
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- 
natreX It must be remembered, however, that demeclochlortetracychne is me- 
tabolized largely by the liver, and patients with liver disease 
associated with high plasma drug concentrations and nephrotoxictty. This tetra

patients, particularly the elderly, the diagnosis may not be readily 
apparent. Thus, thyroid function must be assessed in the euvolemic 
hyponatremic patient.

(2) Glucocorticoid deficiency. An intact renin-angiotensin-aldosterone 
system avoids ECF volume depletiso with secondary adrenal insuffi
ciency, but it is clear that glucocorticoid deficiency alone can impair 
water excretion and cause hypona&emia. Although skull films and 
computed axial tomography (CT son) should always be obtained in 
the* euvolemic hyponatremic patient when the cause of the hypona
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 secondary hypothyroidism may con- 
tribute to the hyponatremia accompanying pituitary insufficiency.

mal stress, pain, and drugs. In the absence of endocrine dis- • 
drug effects and emotional or physical stress must be considered 

......................

J" 1-3

i -
I; ..

r
1



23
2: The Patient With Hyponatremia 

2: The Patient With Hyponatremia or Hypernatremia  22

ii-

be secondary

of Nephrogenic Diabetes Insipidus

x 42 L = 36.5 L

  
Hypernatremia 

/

Table 2-1. Acquired Causes

i
•, I

Vs. 

c

or Hypernatremia

Chronic renal disease 
Polvcystic disease 
Medullary cystic disease 
Pyelonephritis 
Ureteral obstruction 
Far-advanced renal failure 
Analgesic nephropathy

Electrolyte disorders 
Hypokalemia 
Hypercalcemia

Drugs
Lithium 
Demeclocycline 
Acetohexamide 
Tolazamide 
Glyburide 
Propoxyphene 
Amphotericin 
Methoxyflurane 
Vinblastine- 
Colchicine

Sickle cell disease 
Dietary abnormalities

Excessive water intake

T

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 spite of a hypo-osmolar stimulus to suppress thirst, thus perhaps explaining the 
frequency of hyponatremia. On the other hand, renal concentrating defects that cause 
renal vJater 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,

nausea, and vomiting) or to obtain water to.g^ with com-

^S’leZto^XSwate^mt^e with oniy a 1 to 2 percent rise ,n plasma 

osmolality, thus avoiding frank hypematretma.either t0 inadequate

’■ S5SSS io.p.a.a ...... “

thalamus, and neoplasms, either pn causes of central diabetes in-
SnaXnXSS, samoidosia, or eosinophihc granuloma may cause

B. Nephtogenic diabetes insipidus can
to a variety of conditions iTable 2-1).

x TBW • or

*

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 demeci o- 
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 associated 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,

Decreased sodium chloride intake
Decreased protein intake

Miscellaneous
Multiple myeloma-'7
Amyloidosis
Sjogren’s disease
Sarcoidosis — ___

tion, 1979.

Actual plasma concentration x , or f mEq/L
Desired plasma concentration 130 mEq/L

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.

£ 4}
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C Idiocenic osmoles with chronic hypernatremia. The more benign course of chronic

pematremia, although protective against brain dehydration and shrinkage, may 
nredispose to brain edema if the hypernatremia is corrected too irapid.y.

D CorrelSion of CNS dysfunction with degree of hyperosmo.ality. The earlies, 
manifestations of hypernatremia are restlessness, increased irritability, and 
lethargy These symptoms may be followed by muscular twitching, hyperflexia, 
Uemuhusness, and ataxia. The level of hyperosmolahty at which thesessignsan 
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 sign 
anZsymptoms may occur progressively with plasma osmo ahty in the range> 
325 to 375 mOsm per kilogram of water. At plasma osmolalities above this level 
tonic muscular spasticity, focal and grand mal seizures, and death may occm-. 
The elderly patient with dementia or severe cerebrovascular disease may dem
onstrate these life-threatening signs and symptoms at a lower level of plasma 

Becauseof^e 'potential severe consequences of hypernatremia, it is important 

to make a specific diagnosis of the cause and mstitutc> aPP™P^
Diagnosis. As with hyponatremia, a diagnostic approach (Fig. 2-2) that 
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 mteach category.
A. Hypovolemic hypernatremic patient. The hypernatremic patient n^veJ'-

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

r Strarenal losses. If the losses have been from an extrarenal site (e.g., aiar- 
rhea), then sodium and water conservation by the kidney shoul^ b^ 5®^ 
apparent. In such patients the urine sodium concentration is less than 10 mEq 
per liter and the urine is hypertonic.

2 Renal losses. In contrast, hypotonic electrolyte losses may occur rn the urine 
during an osmotic diuresis. In these patients evidence of renal sodium and 
wate/conservation is of course not present because the unne is the source of 
the losses. Thus, the urine is not hypertonic, and unne sodiutn concentratio 
is generally greater than 20 mEq per liter. In the hyperglycemic diabetic patient 
with good'rena! function and profound glucosuna. hypernatremia may te a 
presenting feature because hypotonic renal losses may obscure any effect o. 
hvnerelvcemia to shift water osmotically from cells to LCr.

Hvpen/otemic hypernatremic patient. Patients with hypernatremia ?h» 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 ofhypervolemic hypernatremia is rather

EuvXfc 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

1LC|iXinsible water losses. Ill patients who do not receive replacement of in- 
s“e losses will become hypernatremic. The acclimatized patient also has 
primarily water loss without electrolyte loss with prolonged sweating and may

e?-

c-
£>1

s
'*■ endlor'ganresponse to ADH and thus causes renal concentrating defect (Table ,

2 1) Excess water intake as well as dietary sodium and'or protein restriction 
also’has teen shown to impair urinary concentration. Other umque causes of x | 
nephrogenic diabetes insipidus include multiple myeloma, amyloidosis, Sjo- 
gren’s disease, and sarcoidosis.

C Insensible losses or osmotic diuresis. Excessive insensible losses without ad-
' equate intake will cause hypernatremia since these losses are always hypotonic O ■

in nature. Also, renal losses are generally hypotonic during an osmotic diuresis 
such as occurs with glucose, urea, or mannitol and thus may lead m nypernatrenua.
However, hypernatremia will occur secondarv to hypotonic losses only if (a) the 
thirst mechanism is impaired, (bl fluid is not available or (c) the patient is unab e 
to obtain and/or drink fluid. Thus, since hypotonic fluid loss^ are most frequent y 
associated with an intact thirst mechanism, availability of fluid, and ability to 
drink, hypernatremia is not a frequent occurrence. . . .
Administration of hyperionic salts. A rare cause of hypernatremia is the admin- 
istration of hypertonic salt substances. Thus, hypernatremia may occur aunng 
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 soduim 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 m some> peop> . <
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 m any of the above clinical 
settings, severe signs and symptoms may be associated.

Signs and symptoms. Polyuria and polydipsia may be prominent SJ™P 
patient who subsequently develops hypernatremia m association with inadequate 

A^CNSdysfunction. Neurologic abnormalities constitute the most prominent man- 
ifestations of hypernatremic states. These neurolog.c manifestations appear to 
be due primarily to cellular 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 teen 
described with hypernatremia. __

B Prognosis of acute versus chronic hypernatremia. The signs and symptoms ot 
' hypernatremia are more severe with acute than with chronic hypernatremia.

Indeed, 75 percent mortality has been reported in association with acute hvyer- 
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 m chi - 
dren with acute hypernatremia, and as many as two-thirds of the surviving chil
dren may have neurologic sequelae.

1 Secondary to renal diseases. Medullary or interstitial renal diseases are par- I
ticularly likely to be accompanied by vasopressin-resistant renal concentrating 4- 
defects- the most frequerit of these diseases are medullary cystic disease, chronic 
interstitial nephritis (e.g., analgesic nephropathy), polycystic disease, and 
partial bilateral urinarv 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., 
polvuria) is modest (2 to 4 L per day). ' ,

2 Secondary to hypercalcemia and hypokalemia. Hypercalcemia secondary to
any cause, including primary hyperparathyroidism, vitamin D intoxication, ■
milk alkali syndrome, hyperthyroidism, and tumor, may cause nephrogenic x
diabetes insipidus. Similarly, hypokalemia secondary to any cause, including j
primary aldosteronism, diarrhea, or chronic diuretic use, may cause nephro- j
genic diabetes insipidus. (

3. Drugs, dietary abnormalities, and other causes. Various drugs impair the _ |
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become hypernatremic. This is rare, however, since stimulation of thirst and 
water intake are generally adequate to avoid hypernatremia. With these ex- 
trarenaf water losses the urine becomes concentrated, and the urine sodium 
concentration reflects sodium intake.

2. Partial central diabetes Insipidus. Patients with partial central diabetes in
sipidus, particularly with hypothalamic lesions associated with hypodipsia, 
may present with hypernatremia and hypertonic urine.

3. Hypernatremia, hypodipsia, and hypertonic urine. Patients with virtual ab
sence of osmotic vasopressin release may maintain normal nonosmotic vaso
pressin release (e.g., secondary to volume depletion I and present with hyper
natremia, hypodipsia, and maximally concentrated urine. These patients 
generally have hypothalamic brain lesions. Their disorder has in the past been 
termed essential hypernatremia or a reset osmostat.
Complete central diabetes insipidus. In patients with complete central diabetes 
insipidus the urine is hypotonic in spite of plasma hyperosmolality, which 
normally stimulates vasopressin release and concentrates the urine.
Responses to fluid deprivation and exogenous ADH. In Table 2-2 are shown 
the responses to fluid deprivation (3 to 5 percent loss of body weight) followed 
by exogenous vasopressin administration in patients with partial and complete 
diabetes insipidus compared to normal subjects. Patients with compulsive water 
drinking may present with polyuria and a blunted response to the fluid dep
rivation test; on cessation of fluid intake, hypernatremia does not develop in 
these patients and their renal concentration defect is primarily due to a re
sistance of the kidney to vasopressin. However, since patients with central or 
nephrogenic diabetes insipidus may present with polyuria and polydipsia in 
the absence of hypernatremia, awareness of the diagnosis of compulsive (psy
chogenic) water drinking is quite important. Menopausal women with previous 
psychiatric problems are particularly prone to compulsive water drinking. 
Lastly, the patient with nephrogenic diabetes insipidus may occasionally have 
vasopressin-resistant hypotonic urine (e.g., hypercalcemic or hypokalemic 
nephropathy); thus, the temporary absence of fluid intake because of an in
tercurrent illness can be associated with hypernatremia. In all hypernatremic 
patients who have primarily water losses, the urine sodium concentration 
merely reflects sodium intake.

1  -wr - 1; on two important factors—ECF
volume status and rate of development of the hypernatremia.
A. Correction of ECF volume depletion. If the hypernatremia is associated with 

ECF volume depletion, the primary therapeutic goal is to administer isotonic 
saline until restoration of ECF volume is achieved, as assessed by normal neck 
veins and absence of orthostatic hypotension and tachycardia. Hypotonic (0.45 r) 
sodium chloride or 5% glucose can then be used to correct plasma osmolality.

B. Correction of ECF volume expansion. In contrast, if hypernatremia is associated
with ECF volume expansion, diuretics can be used to treat the hypernatremia. 
The loop diuretic furosemide appears to be particularly useful in the generation 
of hypotonic urine and thus is particularly effective in this setting. In the presence 
of renal failure the patient with hypernatremia and fluid overload may need to 
be dialyzed to treat the hypernatremia. ,

C. Water replacement—method of calculation. Lastly, the patient with euvolemic 
hypernatremia may be treated primarily with water replacement either orally 
or parenterally with 5‘< glucose in water. The method of calculation of the nec
essary water replacement for a 75-kg man with a plasma sodium of 154 mEq per 
liter is as follows:
Total body water (TBWi = body weight x 60% or TBW - 75 x 0.6 = 45 L

Then,
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eIs 

£ 28.5 ± 4.7548.6 ± 28.2437 ± 33.612

5 ± 2.2779.8 ± 73.1738.2 ± 52.97

£
3

3

‘b

5system of hypernatremic

Arieff, A. I. LlacK F., and Massry, S. G. Neurological -nifestation^

$

€

9
18

1067 ± 68.7
168 ± 13

Number 
of Cases

978 ± 79.4
445 ± 52

% Change 
(in Uosm)

-8.9 ± 3.0
180 ± 41.4

/ \

I ’

3
I 3
<a

- -1

I

Norma) subjects
“f Complete central

diabetes insipidus
Partial central

diabetes insipidus
Compulsive water

drinking  
Data from M. Miller, T. Dalakos, A. M. Moses, et at. Recognition of partial defects in 
antidiuretic hormone secretion. Ann. Intern. Med. 73:/21, 1970.
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Table 2-2. Responses to Fluid Deprivation and Exogenous Vaaryressin

Mean Uosm Uosm after
with Dehydration Vasopressin
 

H. . Cl .rf N "r
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Med. 294:507, 1976. UnKcm In R. W. Schrier (Ed.k
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Schner, R. W.
sopressin release. Am. J- . osmotic control of vasopressin
Schrier, R. W, and BicW, D. G jOsm^c an^ .n adrenalj thyroid
release and the Pathogeneswrf

(2nd ed.). Boston: Little, Brown, 1983.

water metabolism, Kidney Int. 10:117, 1976.
Berl T and Schrier. R. W. Water metabolism and the hypo-osmolar syndromes. In 
B M Brenner and J. H. Stein (Eds.), Sodium and Waler Homeostasis. Contemporary 
Issues in Nephrology. Vol. 1. New York: Churchill Livingstone, 1978.
Better, O. S, and Schrier, R. W. The disturbed volume homeostasis in patients with 
cirrhosis of the liver. Kidney Int. 23:303, 1983.
Bichet, D. G„ Van Putten, V. J., and Schrier, R. W. Potential role of the increased 
sympathetic activity in impaired sodium and water excretion in cirrhosis. N. hngl. 
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Covey, C. M.. and Arieff, A. I. Disorders of sodium and water metabolism and their 
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Therefore, 4.5 liters (49.5 L - 45.0 L) positive water balance would correct the 
plasma sodium concentration.

D. Rate of correction. The recommei-----------  . .
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 
iZgeJiTosmoks appear to accumulate in brain cells during periodsof chronic 

hypernatremia, a 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.

Suggested Reading
Anderson, B. Regulation of water intake. Physiol. Rev. 58:582, 1978. €-
Arieff, A. I., and Guisado, R. Effects on the central nervous system of hypernatremic | 

and hyponatremic states. Kidney Int. 10:104, 1976.
Arieff, A. I., Llach, F., and Massry, S. G. Nteurolo^calnmnifestetions and morbidity 
of hyponatremia: Correlation with brain water and electrolytes. Medicine (Baltimore) • 
55:121, 1976.
Berl. T., Anderson, R. J., McDonald, K. M„ and Schrier. R. W. Clinical disorders of
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The Patient With 
Hypokalemia or 
Hyperkalemia
Richard L. Tannen

in neuromuscular function and cardiac conduction. knHv
I Body potassium stores and factors affecting transcellular distribution. To y

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 fcAUaVCUUJai ----------------- x_„#- „
fluid (IGF), largely in muscle. The normal serum potassium concentration ranges 
from 3.8 to 5.0 mEq per liter, and intracellular potassium concentration is estimated 
In vlew^nhe mark^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. K 

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 0.1 unit change in pH results in a reciprocal 0.6 mEq per 
liter change in serum potassium with hyperchloremic acidosis, but the same 
change in pH causes an average 0.4 mEq per liter or less change in potassium 
with other acid-base disturbances.

B. Insulin.
independent of its action o----------- -
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 been 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 B2-agomst 
’ properties, promote cellular potassium uptake by a direct effect on the sodium

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

E. Total body potassium. It is apparent that alterations in one or several of t e 
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 m q p<-r 
liter decrement in serum potassium concentration corresponds to a loss ot 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

31
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Altered total body stores

1 Depletion—1 mEq/L decrease 
for each 200- 300 mr.q deficit

2. Retention—1 mEq/L increase 
reflects 200 mEq excess No 
data for larger increments

J
Altered transcellular distribution

1. Add-base
A. 1 Acidosis
B. I Alkalosis

2. Insulin
3. Aldosterone
4. Beta-adrenergic agents (B; agonists)

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

1

(QA-0.& mEq/L of K' 
\ 0.1 pH unit

or Hyperkalemia

Fin. 3-1. Normal potassium homeostasis for 
between potassium intake, output, an- -’.2-:

Stool
(T mEq)

cldIo fv/ a 70-kg person, showing the relationship 
ttd distribution in body compartments.

/ i

body potassium stores is re*^at^d in t*he unne, wlth the remainder lost in
or more of ingested Potassiurr f impaired. stool losses may account for a
stool. When renal function is substantia y P averages 34 percent m
greater proportion of crea’tinine clearance below 5 ml per minute),
patients with severe rena failure 1 n ’ f t qium is provided in the publication by 
A detailed review of renal regulation o p . f^red and 90 percent is then 
Wright and Giebisch. In ^enera? nephron. The potassium excreted in the
reabsorbed m the proximal portions of P ccnvol^ed tubuIe and collecting

Q' rii

JSSX ai•'h’Bher abtetercne level

B. Miner^c^lcoldsMineralocorticoids 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 lo^ potassium concentration is inhibitory. This results from a dir^ 
effect of potassium on the adrenal glands rather than an indirect, 1 enm-mediat^ 
mechanism, because a high potassium level suppresses and a low P<>tassiu™ ievel 
stimulates renin secretion. This interrelation between potassium and aldosterone 
appears to present an important feedback control mechanism for the regulation

C ^orTexcrSiom Excretion of poorly reabsorbable anions such as sulfate Promo^

’ kaliuresis. An increase in the negative transtubular voltage across the epithe mm 
of the distal nephron (by providing a more favorable electrochemical gradient lot 
Dotassium 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 promo.es 
net potassium secretion by this segment^ the nephron.

D' ^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).
There is evidence indicating that acute acidosis decreases potassium secretion 
via this mechanism, whereas alkalosis acts in the opposite [ashion. However, 
this effect is transitory and overridden by other factors when the acid-base 
abnormality is sustained. Chronic metabolic acidosis is usually a^Pan1^ 
bv mild potassium depletion; chronic respiratory acidosis and alka1^’ 
little change in total body potassium; and chronic metabolic alkalosis, by severe

2 Armenia meta^ism. A relation between potassium and renal ammonm me

tabolism has been elucidated. Potassium depletion stimulates renal ammonia 
production whereas a high potassium intake is inhibitory. Enhanced ammonia 
production and excretion in the urine d/creas^PoUss;um.eXC\ept^

influenced bv the daily potassium intake. The kidney possesses substamial flex

ssb; •■■rsATPase which promotes potassium entry into renal tubular celU. This a p 
kidney has an enhanced capacity to excrete potassium, and the' adaP^dPe^h 
has an increased ability to survive an otherwise lethal Potaaa^n; ^ad‘ 
ingestion of a low potassium diet, urinary potassium excretion diminishes to less 
thin 10 mEq per day within a week. The early potassium-conservmg response 
appears to dipend, at least in part, on a decrease in plasma aldos^r^ 

tration; after several days, however, the mechanism is 1
and involves an intrinsic adaptive response by the kjdneys. The precise ceUulai 
mechanism responsible for low K’ adaptation is undefine . ;+ h
Considering the multitude of factors influencing renal potassium excretion, xt 1.
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Hvperkalemia
Hypokalemia
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Table 3-1. Clinical manifestations of hypokalemia

P-R
R

4.

Itration rate, which is Can result in chronic
impairment of GFR and, infrequently, in

| 1
I di

iSerum K‘ 
(mEq/D 

— 5.0-65

I

or Hyperkalemia

Cardiac
Predisposition to digitalis intoxication
Abnormal ECG
Atrial and ventricular ectopic beats
Cardiac necrosis (rare) —

Hemodynamic
Decrease in blood pressure
Decreased pressor response to angiotensin II

Neuromuscular
GI: constipation, ileus
Striated muscle: weakness, paralysis
Life-threatening respiratory paralysis
Rhabdomyolysis

Kidney
Decrease in GFR and renal blood flow
Polyuria and polydipsia

Concentrating defect
Stimulates thirst

Increased renal NH3 production
Predisposition to hepatic coma

Sodium retention x
Hyponatremia (with concomitant diuretic therapy)
Chloride wasting
Metabolic alkalosis

Endocrine
Decrease in aldosterone
Increase in renin
Increase in prostaglandins (possible)
Decrease inf insulin

Carbohydrate intolerance '~—

not surprising that a variety of pathologic events can modify renal potassium 
handling. Furthermore, when potassium homeostasis is altered by extrarenal 

i phenomena, appropriate and effective modification of renal potassium excretion 
transpires.

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. Th^nmost 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; tKe 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.

II. 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.

Unpaid

3: The Patient With Hypokalemia

S

—--------------- , . ■ T wave is flattened and the

the^serum potassium values given, buti progr^ concentration less

6^Includes flattening of the P wave prolengation hyperkaiemia

b; s jseeftJssa* "
cardiac arrest is imminent.

A Cardiac. Altered cardiac conduction £ T waves and
in Figure 3-3, hypokalemia alters the , impression of a prolonged
development of prominent U waves, ventn4ular ectopic beats. Most critical,

asttrWKS 
<' *,JStiSSKKK— p-

tients receiving digitalis PrePar®‘;°“'can decrease blood pressure in both nor-
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5. Barium poisoning. Barium poisoning, caused by ingestion of acid-soluble bar
ium 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.

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 acquired renal tubular acidosis may 
also nlay a role. •* .

Altered transcellular distribution clearly can coexist with a change m 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

C. 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. . . • r?-
A flow diagram for the diagnostic approach to hypokalemia is shown in r igure 
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 
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 common. 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^jn 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 proximai 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-

the development of severe chronic renal failure. Myoglobinuria-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).

E, Endocrine. Th^ 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.

III. Differential diagnosis. By employing a systematic approach to the patient in whom 
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 (> 105/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.

B. 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:

Alkalosis. Alkalosis is identified by measurement of plasma pH (either arterial 
or venous) and determination of either total COa or PCO2. 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 metabolic alkalosis is usually as
sociated with a substantial potassium deficit.
Insulin excess. Insulin administration can decrease serum potassium con
centration. More commonly, an acute glucose load promotes insulin release 
and hypokalemia.
Beta-adrenergic agonists. Systemic administration of drugs with B2-agonist 
properties (e.g., epinephrine, salbutamol, terbutaline) can decrease the serum 
potassium concentration.
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 into cells.
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aldosteronism, urinary hyperexcretion of ,

' loop of Henle Not surprisingly, surreptitious diuretic ^™stran 
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for diuretics may be diagnostic m this \
Finally renal chloride wasting can occur secondary to severe po- 
tassium depletion. This is observed with a serun;‘ 
centration less than 2.0 mEq per liter and deficits that approach 
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Table 3-2. Relation Between Sodium Intake, 
Plasma Renin, and Aldosterone Concentration

Dietary 
Salt 
(grams)

2.0
9.0

Urine 
Sodium 
imEq-day)

50
150

Plasma 
(ng/100 ml)

> 20.0
< 20.0

Urine 
Q-ig/daj

1

> 20.0
< 20.0

PRA 
(ng/ml/hr)

1
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among these parameters in normal persons are given in Table 3- 
2, but since hypokalemia depresses aldosterone and stimulates 
renin, it distorts these relations to some degree. .

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

(tn Low renin-high aldosterone. The combination of a low renin 
and high aldosterone is diagnostic of primary’ hyperaldos
teronism. A low sodium diet or the response to acute mro- 
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,.

(iin High renin-high aldosterone. 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.... .

Civ) 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-p and 1 /- 
a-hydroxvlase, 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-

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-platmum 
can cause both renal potassium wasting and renal magnesium 
wasting. The mechanism of potassium depletion associated
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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.
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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 deficit. With the combination of metabolic acidosis 
and a potassium deficit, potassium with bicarbonate or metabolic 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
tassium 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. I.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 edema may be more prone to 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 matrix potassium chloride (slow-K) is a suitable substitute if the liquid form 
is notf 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 diuretics, 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

and patients receiving ^wel were reported frequently

. B3SSS35 '3'—. . «—■
with severe impa^ment of renal £ea
minute), and inadvisable t'o give them concurrently with potassium 

triamterene.

Hyperkalemia ___

I. Clinical setting. Hyperkalemia shoulcI be ““*dei^ 8 ^n^ 

S^^^^^^er predisposing factors are mmeral- 

ocorticoid deficiency, insulin deficien<^ \n,d8C'°c°al manifestation of hyperkalemia
U. Signs and symptoms. The most ‘^XXrfiTaS The seguePnce of ECG

paralysis, but cardiotoxicity and glucagon
A high plasma potassium “ncentretioncan elevate^manifestationsofthese 
levels and suppress plasma renin le . feedback defense mechanisms,
hormonal aberrations, but some may P pn*;fied it is important to differ- 
Differential diagnosis. When hy^kalej™ is "‘^XyZkalemia), a re- 
entiate between a spurious labora-ory body twtassiuniiFig. 3-6). Because

SS^h^nua X^Ke/K^atio, the latter two

molyzed specimen. With severe degr platelets during clotting or from
cytosis (> 105/ml), potassium released from the potassium
the white blood cells during storage in e normal. The potassium
determination. Under these arcums anc d th thrombocytosis and if
will be normal if a heparimzed specimen .s leukocytosis.
the plasma is promptly 9erum potassium concentration. The
Redistribution. Acidosis ten^^^ metabolic acidosis, a smaller rise 
largest increase change with organic acid-induced
with respiratory acidosis, and little, 1 , y’ ,• toward a high serum po- 
metabolic acidosis. Insulin deficiency a so P^XItVc patient from a glucose
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drochloride infusions. Succinylcholine, which can cause potassium exit from cells ss=&.•» SS
C’ ^Renal failure1 Oliguria of any cause predisposes toward potassium retention 

and hyperkalemia. Hyperkalemia is usually not seen with chronic renal failure 
“til Te glomerular filtration rate (GFR) is less than 5 ml per minute, at 

Fn^t^senoe^f1: Zg/lX-ul^ exogenous potassium load, hyper

kalemia occurs more quickly, is more severe, and can occur with less_se^ere 
impairment of renal function. Hemolysis, tissue necrosis of any type, and ge 
eralized catabolic states all lead to an increase in the endogenous potassium 
load predisposing toward hyperkalemia. Obviously, either oral or intravenous 
SZpatients have severe faihne. 

There are several other mechanisms that result m potassium retention
2. Mineralocorticoid deficiency. These patients often present with a hyper- 

chloremic acidosis as well as hyperkalemia. uoc,oi
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, w th in
creasing frequency in patients with chronic renal disease. It is usual y 
associated with low renin levels and is thought to result from a defect m 
renin secretion, hence the term hyporenmemic hypoaldosteronisrn. Th^ 
symptom complex has been found most frequently in patients with dia^c 
renaPl disease or interstitial nephritis, but it is not confined to these path
ologic entities. The diagnosis is suspected in the presence of low renin an 
aldosterone levels in relation to sodium intake, especially during ingestion 
of a low sodium diet. Care should be taken when placing these 
on a low sodium diet or when administering glucose in diabetic patienU 
because the hyperkalemia may worsen. Normalization of potassium by 
administration of the exogenous mineralocorticoid, 9a-fluorohydrocortisone 
(Florinef), is confirmatory. Hyperkalemia, because of its action in sup
pressing renal ammonia production, may account, in part, for the associated

- Bsssssmsks
?hi°X PRA levels are high. Hyperkalemia has infrequently been ascnbed 
to heparin, which can directly inhibit aldosterone biosynthesis by the ad-

Primarv'renaMubular dysfunction. Patients with renal transplants, lupus 
eXematosus amyloidosis, multiple myeloma, sickle cell d.sease, and ofr 
Active uropathy have been reported with hyperkalemia that appearsitobe 
secondary to an intrinsic renal tubular defect in potassmm secretion. These 
patienta have a normal renin-aldosterone axis, and the hyperkalemia is un- 
resnonsive to exogenous mineralocorticoid administration.
Infants with pseudohypoaldosteronism have high renin and aldosterone levels 
and present wdth hyperkalemia and salt wasting unresponsive to mineralo
corticoids In addition, older children and adults with hypertension, hXP^ 
kalemic acidosis, and low renin and aldosterone levels have been uescn^ed 
who are unresponsive to exogenous aldosterone. It has been speculated tha
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Table 3-3. Treatment of Acute Hyperkalemia

Onset of actionTreatmentMechanism

Few minutes c
Remove

.7

Pass.

<9

60 minutes
120 minutes

Antagonize membrane 
effects

Redistribute 15-30 minutes
15-30 minutes

Few minutes after start 
Few minutes after start

*5
I
I

II

as much as 25 to 30 mEq of po-

i

i I 
F
il

il

Calcium gluconate (10-30 ml of 
10% solution)

NaHCO:l (44-132 mEq)
Glucose (50 gm) + regular insulin 

(10 U)
Cation exchange resin: sodium 

polystyrene suflonate (Kayex- 
alate)

Enema (50-100 gm)
Oral (40 gm).

Dialysis
Hemodialysis
Peritoneal

1

^9

C 4

C 4

e ■ i 
T”

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.
IV. 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 
procedures 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. Dialysisns 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 

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.

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 bisacodyl (Dulcolax) tablets can also be used.

2 Mineralocorflcoids. 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 m hypo- 
’ renmemic patients. There is a suggestion that thiazides may be effective in

certain patients with renal tubular disorders, but this observation is not firmly 
established. .
Intake reduction. Reduction in dietary potassium intake is always appropriate.
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Disturbances of acid-base equilibrium are extremely common in clinical Ptactice^

The carbonic add-blS^ the keystone to the understanding

and classification of acid-base disturbances. The following equations are used to de
scribe the equilibrium state of this buffer system m blood:

PuCOg- Henderson equation
[HCOg-]

[HCO3-]
0.3 x PaCO2

These are equivalent mathematical expressions differing only in the unite chosen 
to express Hood acidity—nanoequivalente per liter of hydrogen ion m one and pH 
to tKer CTable 4-1). In each case, carbonic acid concentration is expressed as 
the plrt al pressure of carbon dioxide (PaCOj in mm Hg, and P^a tahonate 
cont^ntr^iori^is expressed directly in mEq per liter In normal people, artena1 carhon 
dioxide tension and plasma bicarbonate concentration average approximateiy 401 mm 
Hg and 24 mEq per liter, respectively. Consequently, normal arterial hydrogen*ion 
is approximately 40 nEq per liter, (pH 7.4) It \aPParent/^^ 
ofacXbat'XTur^ncL^

punctme Irefte' br^hi^ra^S ImoreTle^'vI-heXquent assessment 

of"baS"equilibrium is required, it may be preferable to place an inlymg arterial 
catheter rather than risk multiple arterial punctures. Venous blood *awn without 
stlsis and free-flowing capillary blood obtained by finger stick (especially in infants 

Bl^^TmpClesforPCO2y^ndUpH’measurements must be prevented from clotting 
HeZin ” far superior m any other anticoagulant for this
quantity required has a negligible effect Sb acid-base compostUon. Care nwst be 
taken to avoid even brief exposure of the blood sample to air, to avoid loss of carbon 
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 '“nsported 
to the laboratory. Even with this precaution, measurements should be made within 

Bo^hyXenTon rencentration (pH) and carbon dioxide tension can be measured 

directly by standard electrochemical techniques Bicarbonate concen^fild ' 
erally estimated from the total carbon dioxide (tCO2) released from an acidified se

49
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Table 4-2. Clinical Settings Commonly Associated with Acid-base Disturbances
4

RespiratoryMetabolic

e * Al kalosisAcidosisAlkalosisClinical Setting Acidosis

I'

Plasma [HCO3 ]
PaCO2
Plasma [H*l 
pH

24—26 mEq/L/ 
39-43 mm Hg 
39-42 nEq/L 
7.38-7.41

7.70
7.65
7.60
7.55
7.50
7.45
7.40
7.35
7.30
7.25
7.20
7.15
7.10 
7.05 
7.00 
6.95
6.90
6.85
6.80

20
22
25
28
32
35
40
45
50
56
63
71
79
89
100
112
126
141
158

e .

Table 4-1. Equivalent Values for pH and Hydrogen Ion Concentration

nEq/L

e

I

Sepsis
Renal failure
Cardiopulmonary arrest
Gastric-suction.'vomiting
Diarrhea
Small-bowel or biliary drainage
Diabetes mellitus with ketonuna
Airway obstruction
Chronic obstructive pulmonary 

disease
Hepatic insufficiency
Recent alcoholic binge
Drugs

Diuretics (overt, surreptitious)
Carbonic anhydrase inhibitors

(glaucoma)
Amphotericin B 
Ammonium chloride 
Salicylates (overdose) 
Sedatives (overdose)

Poisons
Methanol
Ethylene glycol
Paraldehyde

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 
disturbance.

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.

III. Recognition of acid-base disturbances
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).

B. 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.

: -

h

I

e

II. 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 either PaCO2 
or plasma bicarbonate concentration. When an increase or decrease in PaCCL 
initiates the disturbance, it is referred to as respiratory acidosis or respiratory 
alkalosis, respectively. When changes in bicarbonate concentration initiate the 
disturbance, it is called metabolic acidosis or metabolic alkalosis. Each initiating 
(primary) process, whether respiratory or metabolic, sets in motion secondary 
physiologic responses that alter the level of the opposing variable. The metabolic 
disturbances produce a ventilatory response that rapidly alters PaCO^ and ^nin' 
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 renal acid 
excretion and bicarbonate reabsorption occur that result in additional adjustments 
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

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 acfd-base variables is, of course, sufficient to permit 
calculation of the third. Normal acid-base values are as follows:
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Elevated Undetermined
Anion Concentration

_____ ___ ___________ _______ t

Overproduction of organic acids
Lactic acidosis
Diabetic ketoacidosis
Prolonged starvation

^Alcoholic ketoacidosis
Salicvlate inttmeafewm—

Ad^rgesti^Sf?/

22a-'

el

^v,lls„..KT3/?4

Loss of bicarbonate
Diarrhea
Small bowel losses
Ureterosigmoidostomy
Ileal loop bladder 1 too long or obstructed ’
Carbonic anhydrase inhibitors

Disproportionate failure of renal tubular 
function

Renal tubular acidosis
Tubulo-interstitial renal disease

Addition of hydrochloric acid
Ammonium chloride
Lysine—HC1
Arginine—HC1
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IV. Low plasma bicarbonate concentration. Some reduction i.. 
centration (total COj is a characteristic feature of both m6, 
piratory alkalosis (Table 4-3 These two possibilities can ofte. 4 Av 
reasonable certainty on the basis of the clinical setting (see 
fact that only metabolic acidosis can reduce plasma bicarbona. v 
(i e., less than 10 mEq per liter). As a general rule, however, it 
obtain measurements of pH and PaCO2 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 diao--------
abolic acidosis, whereas a low bicarbonate and alkalemia signify respiratory alkalosis. 
A. Metabolic acidosis (low [HCO3 ], 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 CO2) 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 irom renal insufficiency.
1. Normal anion gap (hyperchloremia)

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.

b. Renal tubular acidosis. Renal tubular acidosis 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 acidosis are recognized: distal (classic, type 1, 
gradient limitation) and proximal (type 2, bicarbonate wasting). •
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Distal renal tubular acidosis. In distal renal tubular acidosis, the ter- 
w minal segments of the nephron are unable to sustain a large trans

epi thelial hydrogen ion concentration gradient. As a consequence, 
urinary hydrogen ion concentration remains relatively low (pH greater 
than 5.5) even after acid loading. Both the acidosis and the frequently 
associated hypokalemia generally are corrected by daily alkali therapy. 
Growth retardation in youngsters can also be corrected by adequate 
alkali administration. Distal renal tubular acidosis may be primary 
(idiopathic) or secondary. Among the disorders frequently associated 
with secondary distal^renal tubular acidosis are hyperglobulinemic 
states, Sjogren’s syndrome, sickle cell disease, hypercalcemia, ampho
tericin toxicity, toluene toxicity (glue or paint sniffing), and lithium 
toxicity.

(2) Proximal renal tubular acidosis. In proximal renal tubular acidosis, 
the proximal tubule is unable to to sustain a normal rate of bicarbonate 
reabsorption. 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
istered 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 disease1 or as a consequence of heavy metal toxicity, 
outdated tetracycline, multiple myeloma, dysproteinemia, nephrotic 
syndrome, or transplant rejection. A mild form of proximal renal tubular 
acidosis may be seen in pr.mary or secondary hyperparathyroidism.

c. Tubulointerstitial renal diseases. Tubulo-interstitial renal diseases (pye
lonephritis, analgesic abuse nephropathy, acute or chronic transplant re
jection) are often accompanied by hyperchloremic metabolic acidosis because 
of the presence of tubular dysfunction out of proportion to glomerular in
sufficiency. A mild degree of hyperchloremic acidosis often accompanies 
hyporeninemic hypoaldosteronism associated with mild diabetic or inter
stitial renal disease.

d. Administration 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 
substances yield hydrochloric acid when metabolized.

2. Increased anion gap
a. Lactic acidosis. Lactic acidosis is a very frequent cause of life-threatening 

metabolic acidosis. The overproduction of lactic acid results most often 
from an interference with oxidative metabolism. Because hepatic use of 
lactate produced by peripheral tissues can regenerate the bicarbonate ion 
dissipated by this acid, the presence of hepatic dysfunction, which is fre
quent in patients with lactic acidosis, may contribute importantly to the 
severity of the acid-base disturbance. Lactic acidosis may occur in asso
ciation with severe tissue hypoxia (shock, low cardiac output states, very 
severe anemia) bowel infarction, alcoholism, diabetes mellitus (with or 
without ketoacidosis), and certain types of leukemia. Lactic acidosis may 
develop without a recognized cause (“spontaneous”), especially in chron
ically ill, debilitated patients. A firm diagnosis can be made only if the 
serum lactate level is found to be elevated. Even in the absence of a lactate 
determination, however, a strong presumptive diagnosis can be advanced 
if the undetermined anion concentration is clearly elevated and all of the 
other recognized causes of anion gap acidosis have been excluded.
The only satisfactory treatment for lactic acidosis is removal of the un
derlying cause. The efficacy of oxidizing agents (methylene blue) or potent 
vasodilators (sodium nitroprusside) as a means of improving the redox state 
of cells remains to be confirmed. Large quantities of sodium bicarbonate

1
T r”

are frequently required to offset the acid load and may lead to marked 
hvperosmolality and serious vascular congestion;
promote adequate sodium and water losses, dialysis may be required to 
prevent volume overload during alkali administration.
Diabetic ketoacidosis. Diabetic ketoacidosis rt a major cause of anion gap 
metabolic acidosis. The fatty acid metabolites, acetoacetic acid and beta- 
hydroxybutync acid, are the major acids produced in uncontrolled d^dwtes. 
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 ^-hydrox- 
ybutyrate. Low-dose insulin therapy has proved to be as reliable aslhigh- 

7.t dose therapy in correcting the acid-base disturbance of uncontrolled dm-

'■ betes j- Patients with diabetic ketoacidosis are occasionally found to have a co-
- - - existing element of lactic acidosis. When this occurs, a marked

may be noted between the increment in unmeasured anions (and decrement
t in bicarbonate, and the degree of positivity in serum nltroP7^de/^.CX 
’ • This discrepancy can arise not only from the presence of lactate^but. also 

from a preponderance of beta-hydroxybutyrate, because of the diminished
A pSt S ".dependent diabetes enters the hospiUl 

in shock following a myocardial infarction. The blood sugar is 5W) mg per 
deciliter; the serum sodium is 140, potassium 4.8, chloride 105,,and bi
carbonate 8 mEq per filer. The serum nitroprusside reaction is on.ly 1 + 
in a 1 ■ 2 dilution. These data strongly suggest that diabetic ketoaodosi. 
is not the only form of acidosis present; the anion gap is markedly elevated 
at 27 mEq per liter (140 -1105 + 81 mEq/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

- r— 

heavy alcohol abuse. A history of protracted vomiting is often obtained A 
preponderance of beta-hydroxybutync acid is typically xen. Because direct 
measurement of this acid is not readily available, the diagnosis is usually 

Overdosage! Ov "rdosage with several potential poisons may result iri a 
severe metabolic acidosis, caused by the overproduction of various (largely 
unidentified) endogenous acids. Such potentia (P«1S0"3“ 
(particularly in young children but also in adults), methanol, ethylene gly

f RenaHnsufflclency6 Renal insufficiency results in metabolic ac'do3's 
because of an overproduction of endogenous acldshbu‘^““^^^310 
ished capacity of the few remaining tubules to reabsorb filtered bicarbonate 
and to generate sufficient urinary ammonium The elevated unde^™'"® 
anion concentration characteristically seen is the consequence of a mducUon 

glomerular function, which leads to a retention of a large variety of

metabolic acidosis often occurs in complex 
common for it to be present in the company of other acid-base abnonnahties 
Such mixed acid-base disturbances can usually be detected by a careful
of the acid-base values and of the pattern of serum J1™pPXtion
of an independent primary respiratory disturbance tends to distort the r^aUo 
between PaCO2 and plasma [HCCV 1 ordinarily observed in simp e meta^o c 
acidosis The degree of secondary hypocapnia accompanying stable metabol 
acidosis is roughly proportional to the magnitude of the steady-state bicarbonate 
decrement; on the average, each mEq per reduction, m ^asma^mar n^

v x ^4. kiR

^ 7
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(plasma [HCO3 ] greater than 15 i
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mixed disturbance in which metabolic ^4 
________________ Junior mivrd disturbance g? 

^^^‘^uency in patients with gram-negative sepsis.
acidosis and metabolic alkalosis. The coexistence of metabolic - A

. . . n » V.^-. o fl*iO nflttHfn Cl I S£17Uim ;

I

he treated or is self-limitedb bicar^naU r^—

essary, because e ..or 'of acidoisis cannot be eliminated (e.g.,

S^sss???885 of approximately 40 percent of body weight is o^nbMwei 8

to institute peritoneal dialysis or he,ra?d,l’ys'b.. wjnIr.?s“o^r; ssKStxsxs - •—■ -
S who’dhraveUIIdost w;“fXsium because of their underlying condit.ons

“Skali; aTd'pemstent hyperventilation due to lingering acidosis 

within the central ne^s_s.yS|ow FH4’) Although a reduction in plasma 
B. Respiratory alkalosis (low [HCO3. L first indiLtion of the presence of respiratory 

bicarbonate concentration may .<• ig a manifestation of the secondary-

S”.' &5SSJWS S •'
;h'oiXb”.'£»“» “XS.»

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

pl

concentration is associated with a 1.0 to 1.3 mm Hg reduction in PaCO2._How- 
ever during the rapid onset of severe metabolic acidosis, the abrupt fall m 
plasma bicarbonate may outstrip the secondary decrement m PaCO,, giving 
rise to extreme elevations in plasma hydrogen ion concentration. Similarly 
during the rapid repair of severe metabolic aridosis a normal or near normal 
level of plasma bicarbonate may be restored before hyperventilation subsides. 
resulting in a marked reduction in plasma hydrogen ion concentration -i.e 
Xalemia). Excluding such transient circumstances, if respiratory adjiKtaents 
fall short of the anticipated level (i.e., if PaCO. is highe. than expected for a :
given decrement in plasma bicarbonate), an element of respiratory acidosis -
can be diagnosed; conversely, if respiratory adjustments appear excessive (i.e., A .■ .
if PaCO2 is lower than expected), an independent element of primary respiratory 13

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. Arterial blood studies reveal a PaCO2 
of 15 mm Hg. a pH of 7.35 ([H ’ 1,45 nEq per liter), and a plasma bicarbonate 
concentration of 8 mEq per liter. Plasma bicarbonate is 16 mEq per liter , 
below normal (24 - 8 niEq/D as a result of metabolic acidosis, presumably 
on the basis of lactic acid overproduction. Thus, one might exP^1 a reduction 
in PaCO2 of approximately 19 mm Hg just as the result of the physiologic 
response to this degree of metabolic acidosis 116 mEq/L x 1.2 mmHg per -
mFul =19 mm Hg). The actual reduction m PaCO2 is about 25 mm Hg , 
540 ‘15 mm Hg). This discrepancy between the observed and expected C-
degrees of hyperventilation signifies an independent process stimulating j 
ventilation and thus evidences a nuxed disturbance in -which metabolic 
acidosis and respiratory alkalosis coexist. This particu.ar mixed disturbance i, 
is encountered with some frequency in

b‘ ""‘n’d-n b; dtognosed by the pattern of serum

■ ;"^^.^“-=^"r:Elbi8b'' e than normal and, thus, that a metabolic alkalosis is also present.
Example A patient with chronic alcoholism is evaluated after several days 
of nroftise vomiting. Laboratory studies reveal serum sodium 13o potassium ■ 
3 0 chloride 80. and bicarbonate 12 mEq per liter. Arterial blood pH is I
7 27 ([h" 54 nEq per liter), and PaCO2 is 27 mm Hg. It is evident that |
a moderately severe metabolic acidosis is present and that its cause is in 
IhTm'creased anion gap category. Indeed, alcoholic ketoacidosis largely 
due to beta-hydroxybutyric acid was documented. Careful ana^s how- 
ever demonstrates that the anion gap is 43 mEq per liter < 135 180 +
121 mEa'L) which is at least 30 mEq per liter higher than normal. This 
is an elevation much greater than would be required to account for a re- 
ductio “carbonate from us normal level of 24 mEq per hter to its 
present value of 12 mEq per liter. Thus, bicarbonate must have been much 
higher than normal (i.e.. a metabolic alkalosis must have been Present 
at the onset of the metabolic acidosis. The patient s history suggests that £ 
this “hidden" alkalosis resulted from vomiting. Specifically, the serum bl- C* , 
ealbonate must have started at 42 mEq per ^r and then decrea^to^2 .
mEq per liter as the hydrogen ions accompanying the 30 mEq per liter

TheraTCUtic'prindp^ Treatment of metabolic acidosis centers around removal 
rf the undertying cause when possible and provision of

;ma uiciuiANictic »» <------
mEq/L). and if the cause of the acidosis can ’
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Vomiting
Gastric suction
Use of certain diuretics
Abrupt relief of chronic hypercapnia

tri

Table 4-5. Causes of Metabolic Alkalosis 

Sodium Chloride Responsive
Sodium Chloride Resistant

Hyperaldosteronism
Bartter’s syndrome
Cushings syndrome
Severe potassium depletion
Licorice ingestion

b. Pulmonary diseases
(1) Pulmonary emboli
(2) Mild pulmonary edema
(3) Pneumonia
(4) Ventilation-perfusion imbalance with hypoxia

c. Metabolic disorders
(1) Fever
(2) Salicylate intoxication
(3) Hepatic insufficiency
(4) Gram-negative septicemia
(5) Pregnancy

2. Acute versus chronic respiratory alkalosis. Many causes of respiratory al
kalosis are short-lived. In these instances the acid-base disturbance is man
ifested by the primary decrement in PaCO2 and a small, secondary decrement

' a 
longer accompanied by a normal complement i -

J 4 •-« «-»1 J ■ X « a — J — -     -1x1— _

i3.-1 -

Hg reduction

iuu uuiiuemrauon oi approximately U.75 nhq per liter. a
Less commonly, respiratory alkalosis lingers long enough (a few days or more) ” 
for secondary renal adjustments in bicarbonate concentration to occur. Such

4 *

chronic forms of respiratory alkalosis are especially likely to occur in patients 
with hepatic insufficiency, chrcnic salicylate intoxication, chronic hvpoxic 
states, and central nervous system neoplasms. When secondary renal adjust
ments are fully expressed and a new steady state is maintained, the average 
reduction in plasma bicarbonate concentration is approximate!v 0.5 mEq per 
liter for each mm Hg reduction in PaCO2.

3. Treatment of respiratory alkalosis. The only satisfactory treatment of this 
acid-base disturbance is removal of the underlying cause. m

Elevated plasma bicarbonate concentration. An elevated plasma bicarbonate con- 
centration is a characteristic feature of both metabolic alkalosis and respiratory aci
dosis (see Table 4-2). The clinical setting in which an elevated plasma bicarbonate 
is found often suffices to distinguish between these two possibilities. Patients with f > 
respiratory acidosis usually have evident pulmonary disease by history, physical 
examination, or chest x-ray. The magnitude of the bicarbonate increment may also Vu 
be helpful. X alues greater than 40 mEq per liter almost never occur in response to 
hypercapnia alone, even when renal adaptation is complete; such high levels, there
fore, signify the presence of metabolic alkalosis. Any doubt about which class of acid
base disturbance is responsible for an elevated bicarbonate can be resolved by meas- 
UHin^ anc^or PaCO2. A high bicarbonate in association with some decree of 
alkalemia is diagnostic of metabolic alkalosis; a high bicarbonate and acidemia signify 
respiratory acidosis.
A. Metabolic alkalosis (high [HCO3~], low [H+])

1. Causes of metabolic alkalosis. The causes of metabolic alkalosis can be divided 
into two i

n.basis of the pathogenetic mechanisms involved (Table 4-5).

responsible for sustained metabolic alkalosis is the loss of body chloride 
out of proportion to the loss of sodium. When this occurs, heightened renal > 
sodium conservation (due to a reduction in the effective extracellular fluid 

cause filtered sodium is

i 
t i *

I
» avexagc, w  ----- ||
■tabolic alkalosis who h

' PaCO higher than can be accounted for by this relation

II
i • -

B

short-lived. In these instances the acid-base disturbance is man-

in bicarbonate concentration that results from the titration of nonbicarbonate 
tissue buffers. A decrement in bicarbonate of 3 to 4 mEq per liter may be 
expected to occur within several minutes after PaCO2 is lowered to 20 to 25 
mm Hg. The resulting change in plasma hydrogen ion concentration is roughly 
proportional to the change in PCO2; on the average, each mm I’ 
in PaCO2 in acute respiratory alkalosis results in a fall in plasma hydrogen 
ion concentration of approximately 0.75 nEq per liter.

£
>f metabolic alkalosis. The causes of metabolic alkalosis can be divided 
major subgroups, sodium chloride responsive and sodium chloride 

1___________________________________ . i

»■   — ——w. XAAWtTWt \ 1 UUJU

Sodium chloride responsive. The most frequently encountered mechanism A!: 
reSDOnsible for Slistainprl motaRnlio i__ ______ -j. .

ofJ,roportion3° loss of sodium. When this occurs, heightened renal
---- — — — — MAAX. V.AAK.K.V* V VZ 1 VtACtl 11 It Ilk 

volume) accelerates the rate of renal sodium bicarbonate reabsorption, be-

I of chloride. This discrepancy between the renal avidity for sodium and the 
f availability of chloride explains the sustained alkalosis seen with gastric 

losses, with use of potent diuretics (furosemide, ethacrynic acid, thiazides, 
organic mercurials), and after abrupt relief of chronic hypercapnia. In each 
of these conditions, a diagnostic hallmark is the virtual absence of urinary

SdZthrkidne7anda .

AW****”— —---------------------- .

existence of primary respiratory

patient^ wdh’si^ple metallic alkalosis. In the
base disturbances ^fXTpSonal to the increment 
a change in PaCOa that is ro g y p py __ ^otaknlir alka
bicarbonate concentration. Specifically, in .
mEq per liter increment of bicarbonate appears, miLqpei nv ___ Pat.ipntsw
0.5 to 0.8 mm l.o----------
manifest levels of PaCO, higher than
are 
met

superimposed on the underlying metabolic alkalosis.

ii

chloride (unless, of course, diuretic actions.till

with Potassium and. if needed, so- -

b. SoZm Chloride reslsUnt. The secondbTcarbol^ 

sustained metabolic alkalosis is < twpen sodium chloride and sodium 
reabsorption. Whenever the baanc bet carbonate. the kidney sus- 
bicarbonate reabsorption is shitted m lavor decrease in plasma
tains an increase in b.carbonate■intakPe. This 
chloride concentration, irrespectrve of the da^y a) s
mechanism plays, an imP^r oarpnneorticisnr these states include pri- 
typically found in sta^°^* ndrome, and Cushing’s syndrome (espe- 
mary aldosteronism Bartt®r s H production). Occasionally, very severe

a similar picture. Because plasma a by the level of sa]t intake.
justasinthe norma state is g 1 *
S in"- H^>eS forJOf metabohc alkalosis are typ.cally 

associated with abundant ur‘^r^ , Y’ disturbances. The co-
Simple metabolic alkalosis ver^ dlaturbance.s and metabolic alkalosis

u ^“"‘‘V^^PaCoZ. Paiients with metabolic alkalosis who 
u ZipZol higher than can be accounted for by this relation

j likely to have■ PaSS^low the anticipated level manifest
■tabohc alkalosis whose PaCO, falls belo iratory alkalosis.
™ Zi” A nadeXX-advanced hepatic cirrhosis has been treated with
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centration, however, is 12 mEq above normal (37 - 25 mEq/Lk This discrep
ancy between the observed and anticipated levels of bicarbonate signifies an 
independent process augmenting plasma bicarbonate and, thus, supports 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.

Ha
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3. Therapeutic principles. The key to the correction of sodium chlond^-responsive q 

forms of metabolic alkalosis is the provision of adequate dietary or parenteral h.
chloride. Because potassium deficits are almost universally present, potassium 
supplements administered as the chloride salt are generally advisable in ad- I
diuon to sodium chloride to correct any volume depletion. Sodium chloride- 
resistant forms of metabolic alkalosis respond to treatment of the underlying

Respiratory acidosis (high [HCO,’], high [H+1). 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 
PaCO2 should be obUined 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 ol 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

c. Metabolic disease: myxedema, hypophosphatemia
2 Acute versus chronic respiratory acidosis. Many of the common causes oi 

respiratory acidosis result in abrupt, short-lived hypercapnia. The acid-base 
disturbance under these circumstances is characterized by the initiating in
crement in PaCO2 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 PaCO2 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 PaCO2 
in acute respiratory acidosis results in a 0.75 nEq per liter increment in plasma 
hydrogen ion concentration.
In chronic respiratory acidosis (most often the consequence of chronic obstruc
tive lung disease), secondary renal responses result 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 PaCO2. 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 hvpercapnia.
Example: A patient with long-standing lung disease has a PaCO2 of 55 mm 
Hg and a plasma bicarbonate concentration of 3/ mEq per liter. The increment 
above the normal PaCO2 is approximately 15 mm Hg (55 - 40 mm Hg). Thus, 
one might anticipate an increment in plasma bicarbonate concentration of 
approximately 6 mEq per liter just on the basis of chronic hypercapnia (15 
mm Hg x 0.4 mEq/L/mm Hg). The observed increment in bicarbonate con-
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and reTelsrorcalcTunCln myeloma and lymphoma and perhaps other tumors |
as well, the recently discovered osteoclast-activating factor may mediate such

Although ectopic secretion of PTH in malignancy has been

i!

Disorders of the Serum Calcium

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 

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 forrn is 
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 
the serum calcium level, because the serum ionized calcium may vary independently 
of the total calcium. Thus, hvpoalbuminemia is associated with a reduction in the 
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.
Regulation of Ionized serum calcium. 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 (FlH). 

'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.

III. Percale the autoanaiyzer and routine determination of serum

calcium levels, recognition of hypercalcemia has become more common. The causes 
of hypercalcemia can be subdivided into two basic categones-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 hyperparathyroidism. In the majority of instances (80 to 85 percent), 

hvperparathyroidism 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

Malignancies. Malignancy can be associated with hypercalcemia through sev
eral pathogenetic mechanisms. Metastases to bone can cause local dissolution

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

S3
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3Table 5-1. Causes of Hypercalcemia

cancer

/ V

3

| Renal tubular 

calcium reabsorption

| Gut 

calcium reabsorption

el

A

C

Hyperparathyroidism
Adenoma
Hyperplasia

Multiple endocrine neoplasia syndrome
Familial

Malignancy associated
Metastatic, resorption of bone
Secretion of PTH-like substance
Osteoclast activation factor
Prostaglandins
Hormonal therapy of breast

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 , . x
Recovery from acute renal failure (e.g., 2° rhabdomyo.ysis)

Postrenal transplant 

production in several types of solid tumors, but the relative incidence of this 
mechanism remains to be determined. ,. ,

3 Increased gastrointestinal absorption of calcium. Increased gastromtestmal 
’ absorption of calcium plays the predominant role in the genesis oithe 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£5 
dihydroxycholecalciferol, 1,25 (OH)2D, the active metabo hte of vitamin D The 
incidence of hypercalcemia in sarcoidosis is approximately 10 percent, but hy-

4 S'c^es.Sh^^^X-leenua (FHH) is charoctecirod 

by hypercalcemia (usually asymptomatic), hypocalciuna (fractional cakmm 
excretion less than 1 percent), and hypercalcemia m fanuly members. Although 
serum PTH levels may be mildly elevated, parathyroidectomy is of no value; 
thircondition should be excTGHed before parathyroid exploration, particularly 

^^id^lTmone a^dir^tly 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 abscjrptiom addi
tionally alkalosis stimulates the renal tubular reabsorption of filtered calcium, 
and this mechanism probably potentiates the devfloPment of hypercalcemia 
in this syndrome. The mechanism of the hypercalcemia that is occasional^ 
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 a* mediated

Other causes^f increased bone resorption that may cause hypercalciuria and, 
less freauently, hypercalcemia include Paget's disease and immobilization. 
Administration of thiazides can be associated wnthi the development of hy
percalcemia. In normal persons there is on.y a slight, tran^^e^^ 
serum calcium, which is due to concentration of serum prote n 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 hvper^rathy- 
roidism, immobilization, Paget’s disease, or vitamin D administrate^ t^jades 
^nTto potehtmtethe underlying bone dissolution and may be associated with

B Signsand'symptomsf is itself a manifestation ofan un-
derlying disease process, several signs and symptoms that may bera&ociated with 
hypocalcemia are manifestations of the primary process, whereas others reUte 

to the hypercalcemia per se. . .
1. Signs and symptoms associated with hypercalcemia include.

a. Anorexia
b. Nausea and vomiting
C. Constipation
d. Polyuria, nocturia, and polydipsia
e. Hypertension
f. Confusion, stupor, and coma
g. Acute and chronic renal insufficiency
h. Nephrolithiasis
I. Metastatic calcification
j. Peptic ulcer disease, pancreatitis
k. Electrocardiographic changes

3
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Hyperparathyroidism: anemia, myopathy, hyperchloremic acidosis, hy
pophosphatemia, bone disease, pseudogout
Sarcoidosis: disturbances on chest x-rays, rash, lymphadenopathy
Systemic manifestation of malignancy
Thyrotoxicosis

2. Signs and symptoms associated with underlying disease processes include: 
. ... . . 1 1 11 • • 1 • 1

'f:
= ;

b.
c.
d.
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. /Vserum 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 hyperpara th yroidism, 
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/When hyperparathyroidism is present, however, the alkalosis 
is usually overshadowed by the effect of PTH on the renal tubule to decreas^ 
bicarbonate reabsorption, resulting in a hyperchloremic acidosis. HyperparV 
athyroidism also produces the classic radiologic findings of osteitis fibrosa—"1 
subperiosteal resorption of phalanges, “ground-glass” appearance of the skullj 
and resorption of the distal clavicles.

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 evi% 
dence of subperiosteal reabsorption. The frequent association of hyoerpara- \ 
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.

2. 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 pypercalcemia, 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- 

however, and the role of the PTH determination is usually to confirm

hypercalcemia discovered madenUlly or g Qf uenU
© have primary ^^rathyjoidism^ diagn0id before the hy-

. with hypercalcemia of malignan y «ncnected nrimary hyperparathy-
percalcemia is detected. ln t^Pa^ the dh^nosis, and parathyroid ex- 
roidism, a frankly elevated PTH confirms tne ratio should
ploration may be undertaken. j iuric hypercalcemia, particularly if
be obtained to exclude familial tHeirormal range (“inap-
the patient is asymptomatic. If the diagnosis of primary hyper-
propriate-ToFtHTlevel of hypercalcemia), the^o

a™ more _ no.

■ s.. •ssss:sc
hyperparathyroidism solely on the presenc malignancy>

exploration may be rewarding P h hypercaicemia and malignancy

immunoassay. In patients with other caus P . hi h is usu.

calciuric hypercalcemia. Kypercalcemia of sa^“1 “ (i00 mg daily for

malignancy should be Although weight loss and anemia
protein electrophoresis, and stool occult K 6 malignancy, the
may occur in primary hyperparathyroidism as ^1'^^Xt^yperpara- 
presence of these features, and/or rep dditional diagnostic maneuvers 
thyroidism by immunoas^y, may necessiteite ce)1 carcinoma,
^XX^SStamo^phy (CT) scan to exclude occult lymphoma, 

and perhaps investigation ofin the management

0
to be effective in selected situations. removed frOm the blood and de-

anywhere in the body, including rpnal cortical necrosis, cardiac
venOus phosphate has been ^“^trecommended.
arrest, and sudden death, tor t with a reduced serum phos-
Oral phosphate therapy, particularly ‘n effective by reducing both
phate, is a much safer form oftherapy J- usuany given as 1.5 to 3.0 
calcium gut absorption and bone reso p doseg (phospho-soda 600 mg
^,s°ph"r^mfof XSor Lutra-Phos 250 mg phosphorus per cap-

£
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aggravation of hypercalcemia. Therefore.
1 to 2 liters over ' ’
a.
b.
c.

c-

4

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

T
6 ■ s

d. Replace urine volume with saline and added potassium chloride.
e. If hypercalcemia is prolonged, add magnesium (15 mg per hour).

Once diuretics are given, urinary losses of sodium and potassium must be 
measured and replaced. Sodium sulfate is theoretically more calciuric than 
saline because of the formation of calcium sulfate complexes that are not 
reabsorbed by the tubule. Sodium sulfate has not proved to be more effective 
than saline, however, and its use is often complicated by hypernatria, 
because it is most often prepared as an isotonic hypernatremic solution.

5. EDTA administration. EDTA’ also increases urinary calcium excretion. Its 
principal virtue, however, is that by complexing with calcium in the blc«i 
before excretion, it reduces the ionized calcium level immediately. EDTA, 15 
to 50 mg per kilogram oyer 4 hours, is probably the most effective immediate 
therapy for hypercalcemia. Unfortunately, there has been a significant iiKi- 
dence of nephrotoxicity associated with EDTA administration in high doses. 
For this reason, its use should be restricted to life-threatening situations in 
which immediate reduction of the ionized calcium level is critical.

E. Therapeutic approach
A. Acute hypercalcemia. Therapy of acute symptomatic hypercalcemia of any 
' grade of severity begins with volume expansion, which alone may be adequate

in mild-to-moderate hypercalcemia. After ECF volume expansion is achieved, 
the addition of furosemide at intervals commensurate with the severity of 
hypercalcemia additionally enhances calciuria. Additional therapy depends 
on the severity and urgency of the clinical picture. Severe hypercalcemia 
(greater than 15 mg per deciliter)-with acute neurologic, cardiovascular, or 
renal dysfunction constitutes hypercalcemic crisis and is a medical emergency. 
In most instances, the addition of mithramycin or calcitonin to saline-furo
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 uniformly effective than mithramycin. If after several hours of saline
furosemide diuresis and calcitonin infusion, hypercalcemia greater than 15 
mg per deciliter persists and the clinical condition remains unstable, additional 
therapy is required. In these rare instances, immediate reduction of the serum 
ionized calcium by infusion of sodium EDTA may be required. Rapid effects 
can also be obtained with hemodialysis; this is preferred in the patient with 

. oliguric renal failure.
,^2. Chronic hypercalcemia. Management of subacute or chronic mild hypercal

cemia is dependent to a certain extent on the cause of the hypercalcemia:
Steroids

Sarcoidosis
Multiple myeloma
Breast cancer (50 percent)* 
Vitamin D intoxication 
Immobilization

/b. Oral phosphate
, (1) Hyperparathyroidism (nonsurgical candidates)
, (2) Most malignancies
/ c. Mithramycin: If oral phosphate isineffective or serum phosphate is elevated. 

Thus, steroids are most effective in syndromes characterized by increased intestinal 
calcium absorption and in some malignancies,. In other malignancies and in non
surgical candidates with hyperparathyroidism, oral phosphate therapy is a rel
atively safe and effective treatment. If the serum phosphate is elevated, however, 
the use of phosphate is contraindicated, and chronic administration of mithramycin 
at 5- to 7-day intervals is a reasonable alternative. The use of indomethacin lias 
not been carefully evaluated yeT, buTitTs a potentially useful drug in the man
agement of hypercalcemia because it inhibits prostaglandin production in some 
malignancies.
Finally, it should be pointed out that parathyroid surgery is the treatment of 
choice for hyperparathyroidism; chronic medical therapy is indicated only in pa-

3

c i

markedly increased. . ^£2.
2 Mcitonin 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, often 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

Diphosphonates also inhibit bone resorption ano 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, ^rrently 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 m selected patients with 
hyperralcemia and malignancy, but at the present time there are not sufficient 
date to justify its widespread use. In fact, prostaglandin inhibition m the hy- 
nercalcemic state can lead to renal failure. J ... +i„

3 Glucocorticoids. Glucocorticoids decrease intestmS 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 
income malignancies (notably, multiple myeloma and breast 
bv tumoricidal effects or inhibition of bone resorption, bsual dosages arc 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

4 Salkie and"ffiroslmlde. Finally, urinary calcium excretion can be 
by inhibition of tubular sodium reabsorption at those sites at which sodiu 
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 ^absorption. However, the 
rapid expansion of the ECF volume may produce volume o™rioad ^rticulmdy 
in elderly patients or in those with underlying cardiovascular dwease. A useful 
adjunct to this type of therapy is the simultaneous use of a diuretic that acts 
in the loop of Hente. This serves to potentiate calciuria markedly by tehibiting 
calcium and sodium transport at a site downstream from the proximal tubute 
In addition, natriuresis prevents overload of the cardiovascular systerm L- 
of the diuretic before the induction of volume expansion may self-defeating, 
because resultant natriuresis will produce contraction of the ECF volume, in
creased proximal tubular reabsorption of sodium and calcium, and consequent

vortnn of hypercalcemia. Therefore, an initial priming saline infusion of
1 hour should be given. The approach is as follows: 

Begin with a priming dose of 1 to 2 liters saline IV oveF 1 hour. 
Give furosemide 40 to 80 mg IV, and repeat every 2 to 3 hours. 
Measure urine volume every hour and unne sodium-potessium concen- 
tration every 4 tn 6 hours.
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Table 5-2. Causes of Hypocalcemia
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Hypoalbuminemia ,
Disturbance in parathyroid systera

Hypoparathyroidism
Surgical
Infiltrative
Idiopathic

Pseudohypoparathyroidism
Hypomagnesemia
Disturbances in vitamin D system

Decreased intake—nutritional
Decreased absorption—malabsorption
Decreased production of 25(OH»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(OH)-_>D
Hereditary
Renal disease

Removal of calcium from serum
Hyperphosphatemia

Laxatives
I Phosphate enemas

Cytotoxic treatment of leukemias and lymphomas
Rhabdomyolysis ‘

Osteoblastic metastases
Acute pancreatitis

5: The Patient With Disorders of theSerum Calcium and Phosphate

!
:e |
»r

i- ;

tients in whom surgery has been repeatedly unsuccessful or is contraindicated. 
The management of the patient with asymptomatic mild hypercalcemia detected 
on routine screening remains controversial. Unless adequate follow-up can be 
ensured, surgery is usually indicated to avoid the potential complications of bone 
disease, kidney stones, and renal damage.

IV. Hypocalcemia
A. Causes. The causes of a reduced serum calcium level are listed in Table 5-2.

1. Hypoalbuminemia. Hypoalbuminemia lowers the total serum calcium level 
by reduction of the fraction that is bound to protein. The ionized fraction is 
unaffected by this reduction, a'hd the patient is, therefore, asymptomatic. A 
useful rule of thumb to estimate the contribution of hypoalbuminemia to hy
pocalcemia is that total serum calcium will fall by 0.8 mg per deciliter for 
every decrement in serum albumin of 1 gm per liter.
A reduction in the ionized calcium level usually reflects a disturbance in the 
proddction, metabolism, or response to parathyroid hormone or vitamin D, the 
two principal factors that regulate the ionized calcium level. Additionally, 
removal of calcium from the serum and deposition in extravascular sites can 
produce hypocalcemia.

2. Primary disturbances in the parathyroid system. Disturbances in the para
thyroid hormone system that can produce symptomatic hypocalcemia include 
decreased production (hypoparathyroidism) or inadequate response to normal 
circulating levels of parathyroid hormone (pseudohypoparathyroidism). Hy-

-
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poparathyroidism is most commonly . surgical

~ S^X^ido^, ;c

ir'id.otlthk6 adrenal insufficiency, diabetes mellitus,

skkj ssssS "Sri.™

KSZe the disease is known as

rare patients, however, there may be bone resistance
3 HyTom^nesS ^nXTteresting cause of hypocalcemiainvolving the 

paShvroid hormone system is hypomagnesemia; hypocakemia in this 
situation combines the features of both hypoparathyroidism and

Xvra^eThe^rdWnfea3tures’of this disorder are a serum ^esimn level 
hplow 0 8 mEa per liter or 1 mg per deciliter and a resistance to therapy until 
U Xpom^ne^ hir been corrected. The causes of h^-g“omc 
elude ^adequate intake, hyperalimentation, steatorrhea ^ea chrome 
alcoholism; and nephrotoxicity secondary to amino.glycoslde^t^11°^

OI tne vitauu f prpu on bone Abnormalities anywhere
ffichTinPo"cX^uce decreased levels of lOH.D and sub- 

sequenOiypoc^cemim N—1 is now the most
important ca^s^^ofvhamin^’i^ficiency. Partial gast^tomy chrome pam 

creatitis, small bowel disease, intestinal resection and bypassa “ 
steatorrhea are all associated with impaired aosorption of vltanun “

circulation and with loss into the urine in the nephrotic syndrome. Defective

* 5
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Fig. 5-2. Diagnostic evaluation of the patient with hypophosphatemia.
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1.
2.

Hypomagnesemia 
<0.8 mEq/L

Evaluate serum phosphate and 
draiv PTri level

Low PTH and high PO,

I
Hypoparathyroidism

Measure magnesium level r 
Magnesium level normal

Measure serum albumin level

Hypoalbummemia 
accounts for hypocalcemia

enzvme activity in the kidnev. either as a result of renal disease and a reduction A 
in functioning parenchyma or as a hereditary defect (vitamin dependent - 
rickets), produces low levels of 1,25(OH)2D and hypocalcemia. Deficiency of 
PTH mav also be associated with diminished IJ^StOHlsD. Recently, several 
cases have been described with the features of vitamin D deficiency but elevated

Hypoalbuminemia does not account 
for hypocalcemia

3.
4.
5.

tetions include stiffness, clumsiness, muscle spasms, cramps, and the characteristic 
carpopedal spasm. Latent tetanv may be detected by tapping over the facial nerve 
to prwluce a facial twitch (Chvostek’s sign), or by inflation of a blood pressure 
cu<T wer 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 m adults. Extrapy- 
ramidal movement disorders may occur with or without evidence of basal ganglia 
calcification Myopathy is due to secondary hyperparathyroidism, phosphate de- 
ptetion. or vitamin D deficiency, rather than to hypocalcemia per se. In_hypo- 
parathvroidism, dermatitis, eczema, and psoriasis may occur associated with 
coarse brittle hair and patchy alopecia. Cataracts occur with pro onged 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 

Hypotln^mav complicate acute hypocalcemia and hypocalcemia may occa
sionally contribute to the development of frank congestive heart failure due to 
decreased myocardial contractility. Electrocardiographic manifestations include 
a characteristic lengthening of the Q-T interval. Hypocalcemia may produce 
insensitivity to digitalis. Rarely, disordereo ventricular conduction with hypo-

e.
the laboratory indicates a reduction in ionized calcium levels. In the absence of

5 Hym^tosphatemia, osteoblastic metastases, and pancreatitis. Removal of 
’ calcium from the serum by deposition elsewhere can be produced by hyper- 

nhosnhatemia 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 Iys>s of cells, 
as in treatment of acute leukemia or lymphoma or with rhabdomyolysis. Os
teoblastic metastases rarely cause hypocalcemia by enhanced Done formation 
in carcinoma of the breast, prostate, and lung The hypocalcemia of pancreatiUs 

domTnaf the^ mechanism: and inadequate parathyroid response

plays an ancillary role.
B. Signs and symptoms. As with hypei

ran;

---

le^ls of 125(OH)D; these "patients apparently have target organ resistance J* 
to vitamin D metabolites.

in carcinoma of the breast, prostate, auu .a„B ...jr™----------- ■—‘T" _ |
probably also fits into this category: precipitation ot calcium soaps m the ab- 

, .. . .i____:_____________ onrl jnartfMinate naratnvroia resnonse

‘rcalcemia, the manifestations of hypocalcemia
^n7e Som the acute, dramatic, a£ life-threatening to the subtle and misleading 
that go undiagnosed for many years. The major manifestations of hjpocalcemia 
involve disturbances of the following areas:

Psychiatric
Neuromuscular
a. Tetany
b. Seizures

Intellectual impairment
d. Extrapyramidal disorders
e. Myopathy
Ectodermal
Ocular cataracts
Dental
Cdrdio\asCjUkr enhanced neuromuscular irritability, is the hallmark of

__ I___ __Mnfnr maniTPQ-

Elevated PTH
(—---------L—----------- 1

Low serum PO. Normal ot high PO4

Vitamin D deficiency Pseudohypoparathyroidism

Confirm with clinical picture, 
measurement of vitamin D metabolites.

and/or response to PTH infusion

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 decihterreduction 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(OH)2 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 pseudohypoparathyroidism 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 clinical clues^ this 
differentiation can be made by measuring the circulating levels of 25(Ori)D and 
1,25(OH)2D and-or by evaluating the urinary cyclic AMP response to PTH infusion. 
Most instances of vitamin D deficiency are due to malabsorption of vitamin 1); 
few are due to disturbances in the metabolism of 25(OH)D. 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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3.5 to 4.5 mg per deciliter, whereas total
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1,25(OH)2D is indicated. The hypocalcemia of renal failure is a special 
in thatboth deficiency of 1,25(OH)2D and hyperphosphatemia play a role. Renal 
failure is only rarely associated with symptomatic hypocalcemia, iand the 
therapeutic approach is designed to prevent or treat bone J.rS
step in therapy is reduction of hyperphosphatemia with 
antacids. If this is unsuccessful, therapy with oral calcium and then with vi
tamin D is often required. Dihydrotachysterol or l,25(OH)aD compounds that . 
bypass the requirement for renal 1-hydroxylation have special merit in this j 
situation. Also, the complication of hypercalcemia is more rapidly reversi 
with these compounds than with vitamin D.

sessment. Mild hypocalcemia usually remains asymptomatic in th«s«'lr™r"’ . 
stances, and the principal complication is the potential deve’opment of 
metabolic bone disease because of the associated vitamin e,imen _
primary disease responsible for malabsorption can be treated, thereus no need 
for prolonged therapy with vitamin D. In a patient with irreversi 
with expectation of a prolonged course or in a patient with symptomatic bone 
disease, treatment with vitamin D (approximately 1500 units) m clearly' in 
dicated. In the absence of obvious gastrointestinal disease a workup is indicated 
to evaluate the presence of occult steatorrhea or liver disease.

r* > e :
parable to those required in hypoparathyroidism. In patients with very large 
requirements, magnesium depletion should be considered. Measurement of V* 
25(OH)D levels may be useful in assessing adequacy of therapy, and 1,25(OH)2D .
and 25(OH)D (calcifediol) may be particularly useful in conditions in which 
hepatic 25-hvdroxvlase 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

D. Therapeutic approach
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 is-below 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 either as vitamin D2, 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 D2 per day required to treat j 
true vitamin D deficiency. In part, the resistance may be due to inadequate Vj , 
production of 1,25(OH)D2 from 25(OH)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(OH)>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-

Normal levels for serum phosphate are 3.5 to 4.5 mg per deciliter, Jwo 
intracellular phosphate concentration (inorganic and organic or^s Hmorilv ’ 
mg per deciliter. Because the source of cellular inorganic phosphite is pnmanly 

z—L
GI tract are not normally important influences on Phosphate^m^J^e^hos- 
phate is ubiquitous in foods and intake is usually far in excess of G!
is little regulation of gut phosphate absorption; most of dietary intake, m^sslX®

changes in renal phosphate transport may lead to major changes

disturbances in the serum phosphate level. wknanhate Nor
Il. Internal phosphate balance. There is also an internal balance for phosphate. Nor 

mally, inorganic phosphate exists in intracellular fluids at °” “ r 11

I 
influence this transcellular distribution.
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Table 5-3. Causes of Hypophosphatemia
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Gastrointestinal disturbances
Inadequate intake
Aluminum-containing antacids 
Chronic diarrhea

Secondary hyperparathyroidism
Malabsorptive states
Vitamin D deficiency

Primary renal losses
Primary hyperparathyroidism
Vitamin D-resistant rickets
Fanconi’s syndrome
Glycosuria
Diuretics
Extracellular fluid volume expansion

Redistribution
Insulin administration
Acute respiratory alkalosis
Catecholamine administration
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III. Hypophosphatemia
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 
found with profound hypophosphatemia (less than 1.0 mg per deciliter). Hypo
phosphatemia can result from either excess external losses (GI tract or kidneys) 
or redistribution of phosphate from extracellular to intracellular fluids (Table 5- g, 
3). Inadequate phosphate intake alone is rarely responsible for severe phosphate 
depletion, because compensator^’ mechanisms reduce both renal excretion and 
GF secretion. The renal response is quite rapid, but t he GI response may take 
several weeks. Inadequate diet may cause mild-to-moderate depletion but does 
not produce marked hypophosphatemia.
1. 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.
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.

2. Renal phosphate wasting—intrarenal fsctcrs. Rertal 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 iorms 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

origin, usually sclerosing hemangioma. This tumor may elaborate a substance 
that, although not structurally similar to parathyroid hormone, may have 
similar phosphaturic activity. 1.
Fanconi’s syndrome refers to a primary injury to the renal proximal tubule 
with reduced reabsorption of a number ot solutes normally reabsorbed in this 
setnnent 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).

3 Renal phosphate wasting—extrarenal factors. Renal phosphate wasting due 
to extrarenal factors primarily represents forms of hyperparathyroidism. In 
both primary and secondary hyperparathyroidism (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. Pei haps the 
most important of these is glycosuria. Glucose and phosphate 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 unstably 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.

4. Redistribution of phosphate. Hypophosphatemia may be produced by redis
tribution of phosphate from the extracellular to the intracellular fluid. This 
occurs with st imulation 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.

5. Hypophosphatemia of alcoholism. 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 
phosphate uptake. Respiratory alkalosis develops as withdrawal from alcohol 
and delirium tremens begin. The consequence of this sequence of events is 
severe hypophosphatemia, often most marked 12 to 24 hours after admission.

Signs and symptoms. Since inorganic cellular phosphate depends on extracellular 
fluid phosphate as its source, the consequences of hypophosphatemia may be the 
same whether phosphate is actually lost from the body fluids (urine or stool) or 
enters cells in an organic form. The primary disturbance is cellular ATP deficiency, 
due to both disordered adenine metabolism and reduced high-energy phosphate 
bond formation. In general, severe hypophosphatemia (less than 1.0 to 1.5 mg 
per deciliter) is required to produce acute clinical symptoms.
The organ systems most profoundly affected by hypophosphatemia are muscie 
'(skeletal and cardiac), hematopoietic, central nervous system (CNS), and bone.
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.
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Fig. 5-3. Diagnostic evaluation of the patient with hypophosphatemia.
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2. Hematopoietic. 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, 
seizures has also been noted in severe hypophosphatemia, particularly in pa
tients with multisystem disease or severe trauma.

4. Bone. Osteomalacia has been shown to occur with severe, prolonged hypo
phosphatemia. The deficiency of ATP induced by phosphate depletion may be 
a relative one. For example, resting muscle may not undergo rhabdomyolysis 
with 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.

C. Diagnosis. The differential diagnosis begins with assessment of urinary phosphate 
excretion (Fig. 5-3). The kidney removes phosphate from the urine rapidly when 
the filtered load of phosphate begins to fall. In normal people, phosphate is virtually 
eliminated from the urine below a phosphate level of 2.0 mg per deciliter. In a 
patient with marked hypophosphatemia, urinary excretion of greater than 100 
mg per day (corresponding to a urinary phosphate concentration of 5 to 10 mg 
per deciliter) 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 absence of other components of proximal tubular dysfunction, such as 
glycostiria, bicarbonaturia, and aminoaciduria.
If urinary phosphate excretion is appropriately' low, the differential diagnosis 
includes GI losses and redistribution of phosphate associated with respiratory 
alkalosis 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. 1 he 
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, un
toward reaction may occur whenever the solubility product of [Ca] x [

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 2010 
mg per 24 hours 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 
dosis reduces oxvgen delivery (Bohr effect), and superimposition of reduced 
2,3 diphosphoglycerate (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. —

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 t greater than 15 mg per deciliter) 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 rhabd-

i r i
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cSianism is a reduction in parathyroid hormone actmty ^P; ™- V

hyperphosphatemia i? a classic mani
festation PJf phosphate intake is excessive, serum phosphate may nse addi 
tionallv and exacerbate the hypocalcemia. Growth hormone and thyroid hor 
mone directly stimulate tubular phosphate reabsorption; thus, both acromegaly 
and thyrotoxicosis may be associated with ^lld-^m^e^^7 dTpPhos; 
temia. Disodium ethane-l-hydroxy-1, l-diphosphonate (EHDP), P

<1^

f i

nhonate recently approved for use in the therapy of Paget’s disease of bone, 
fs a potent stimulator of renal tubular phosphate reabsorption and is often 
associated with moderate hyperphosphatemia. Tumoral calcinosis is a disorder 
usually familial, characterized by hyperphosphatemia, n0r™0^!““^ 
deposition of large calcium phosphate masses around large joints. Recent Judies 
have sho- thlt this rare condition is due to a primary increase in renal

B Signs and symptoms. The principal effect of an elevation of serum phosphate is 
ftie formation of insoluble calcium phosphate complexes. The symptoms that cue 
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 hyperpho p 
temia as seen in renal failure, also depresses bone resorption a?^'n^stlna'^’' 
ciuni absorption and additionally aggravates hypocalcemia. Secondary hyper- 
parathyroidism ensues, and the resulting osteitis fibrosa and myopathy may be 
die presenting features. In the absence of parathyroid hormone, as m hypopar
athyroidism, hypocalcemia predominates in the symptomatology of chronic y-

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
in the absence of an appropriate history (and even m the presence of renal failure), 
increased serum phosphate of greater than 10 mg per deciliter implies the
of increased phosophate load. Surreptitious laxaUve and enema abuse areroften 
associated with hypocalcemia or volume contraction. Measurements of serum 
levels of CPK will reveal rhabdomyolysis.
Chronic mild-to-moderate hyperphosphatemia in the absent of an obvious source 
of phosphate implies a defect in renal excretion of phosphate due to either rena 
failure or increased tubular reabsorption. In the absence of rena 
differential diagnosis includes the various forms of hypopara Jiyro 1*?”^ 
toxicosis, acromegaly, and tumoral calcinosis. Most forms of hypoparathyroidts

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

GFR > 30 ml/min/nr

Table 5-4. Causes of Hyperphosphatemia

Massive phosphate infusion
Endogenous

Cytotoxic therapy
/ Rhabdomyolysis
Exogenous

Phosphate enemas
Laxative abuse

Decreased glomerular filtration rate
Increased tubular reabsorption

Hypoparathyroid disorders
Acromegaly
Thyrotoxicosis ' —
EHDP
Sickle cell anemia
Tumoral calcinosis____________________

EHDP = ethane-1-hydroxy-1, l-diphosphonate. j

mvolvsis secondary to a wide variety of disorders, including trauma, hyper
thermia and narcotic overdosage. In this setting, acute renal failure may also 
o“’iTresuh oimyoglobinuria, so that underexcretion of phosphate may 
be present as well. Several recent reports have shown that severe, hyper 
nhomdmtemia may occur following cytotoxic therapy of a variety of leukemias 
P T^XmeTlt has been suggested that pretreatment of these patients 
with a low*phosphate diet and aluminum hydroxide therapy would reduce the

Phncnhatpmia mav still occur. This approach, therefore, is not recommended. r
2 rgtomemlar filtration rate. Reduction of glomerular filtration rate

of hyperphosphatemia aci .
msrfnXncy ^f^lS^phate intake are associated(with more marked 

hyperphosphatemia. Even in severe ohgoanunc failure, a serum 1
grS than 10 mg per deciliter implies the presence of tissue breakdown „

3 m7^PtuX8^bX*on. 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 
reabsort) an increased fraction of the^filtered load. Increased

—w .___ hvoerohosphatemia i^ a classic mani-
festation.^If phosphate intake is excessive, serum

80
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are associated with hypocalcemia, whereas the clinical picture combined with 
growth hormone and thyroid hormone assays should differentiate growth hormone 
excess and hyperthyroidism. The diagnosis of tumoral calcinosis rests on the 
demonstration of hyperphosphatemia m the absence of a markedly increased 
phosphate load associated with normal levels of PTH and normal responsiveness 
to PTH.

D. Therapeutic approach
1. Acute hyperphosphatemia. Acute, severe hyperphosphatemia with symptom

atic hypocalcemia can be a life-threatening disorder. If renal function is intact, 
the hyperphosphatemia will usually resolve within 6 to 12 hours. The use of 
saline infusions may increase renal phosphate excretion but will dilute the 
already depressed serum calcium. Acetazolamide in doses of 15 mg per kilogram 
every 3 to 4 hours will increase phosphate excretion. If symptomatic hypo
calcemia is present, however, and particularly if renal function is compromised, 
hemodialysis is the only effective therapy available.

2. Chronic hyperphosphatemia. Chronic hyperphosphatemia due to defective 
renal excretion, as in renal failure or tumoral calcinosis, is treated primarily 
with a low phosphate diet and aluminum binding gels. In dosages of 5 to 6 
gm per day, these drugs produce a negative phosphate balance and prevent 
hyperphosphatemia. Hypophosphatemia should be avoided. In dialysis patients, 
predialysis values of 4 to 5 mg per deciliter are acceptable.
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amounts of insoluble materials >" thei t(_nd to form on the surfaces of the
more frequent than in normal people. occlude the ureteral orifice, and
renal papillae. Sometimes these stone2”lp the stones remain anchored to the pap- 
produce pain and hematuria. Infsome P P d sis Crystalluria is often intermittent 
diary tips, producing> fo™ macroscopic stones, but the two tend 
to go WetheTa^o ^^X^ase is eS5£ntialliftwoft^^
The approach toj.hff patient Wlth-X made to determine whether th^TC IS 0^

orders that are found, t,lrhances of the renal tubule lead to the elimination

forms crystals and stones. The tmcnng ot^|g 
cystinuria, for these stonganggauw^^ thejnnprv tracLbecomes
There ^~n1°n a special category of stone disease^^.—

j|;3 
...............

♦ r

LI

I. has.
of approximately 5 cases per 

stones, which are caused 
frequency~in~tReTwo sexes. Calcium stones a^
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Table 6-1. Types of'Renal Stones

Crystal TypeMajor Constituente 75Calcium

1.

e
2.

3.

Uric acid
Cystine
Struvite —carbonate 

Calcium oxalate
Hydroxyapatite (CaPO4)
Brushite
Uric acid
Cystine (amino acid)
MgNH4PO4 and CaCO3

Approximate 
Percent of 
All Stones

5
1

20e ■

a.
b.
c.
d.
e.
f.

S-
h.
i.
j-

The moSTTCmmon cause is idiopathic hypercalciuria, which appears to be in
herited

ijkcc-ffrvrn ,

el

c *

I

................................................................. ................... ......................
that has*moved down the ureter. Stones that lodge at the ureter-
Trequently present without renal colic, but rather with symptopis

c ■-

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 are “stone belts,” in which stone disease is particularly 
prevalent. These geographic clusterings, however, have been of less clinical and in- 
vestigative interest than was initially hoped, and the reasons for them have never 
been elucidated. Abnormal levels of calcium or other minerals in the water supplies, 
although 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 stones 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. , i n

II Signs and symptoms. As long as the stones remain attached to the renahpamllae, 
where they usually tend to form, they~pFoduce no syipptomsjxcepthematuria. Renal 
stones are one of the commonest causes of hematuria, along with urinary tract and 
renal neoplasia? renal cysteTand urinary tract and renal infections. Oncejree to 
move in the urinary stream, however, a stone can produce painfrom^acute obstruction 
of the renal collecting system anywhere from thgj^terop_elvicjuncti^to the ure- 
terovesicalju^SjrThe panv^hmh arises±ecauS£J^iKreasin&pressuwuind con
sequent dilatation of the kidney and urinary collecting system, is usually known as 
read. colirTFtehds In begm^deDlYrOveT^TperCToF approximately SOminutes 
ifreacKes a plateau of intensity and then remains constent and often of unbearable 
severity. In general, a pain that begins in the flank area and does not change its 
loStmA reflects an obstruction anywhere_alQnilliejirinary system, but a pmn that 
begin^~ln~tRe~flank area and then moYes downward, along the radiation path of the 
ureter, ^ncgTTg^ntjairv along the lateral and anterior 
indicates a-stone t..^.-  ----------- ------ -- - . ,
nvesicarnmctionTrequently present without renal colic, but rather with symptoms 
su^gestrnguriMry^lcU^i.e., dysuria, frequency, and urgency). The reason for 
these symptoms irnrttafmn of theblaJder trigone. Stones at this location may also 
cause pain that radiates into the testicle or vuj,ya qn^that^ids.- 
Frequently,~stoneTare~asymptomatic and are discovered on routine radiographic 
assessment for another condition. Apart from uric acid^nes1j^l_stones_are ra
diopaque—cvstine stones because of the sulfurjhey mtair^cakm^ 
of their calcium content, and t—------- - --------
In general?calcium stories tend to present as small, densely radiopaque objects; cystine
stones are t-o- - ., . .
form laminated, branching “staghorn” calculi. .

mnanon rareiy rcveaia nupui wmi .or vnose oi urmary
infection. The obstructed kidney tends to be tender and may be enlarged

Q I

•gfriwite stones because of their magnesium content.
---------——* r-rvioll MrtinnQHllO nhlPCtS" CVStinft 

slightly less radiopaque and have “soft” edges; struvite stones frequently i

Physical examination rarely reveals important findings except for those of urinary- 
obstruction Or iuAV.v,vawa.<> * —--------- - -
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.

III. Types of stone disease. Four main types of stones arg„en£puntered in clinical_practice 
(Table 6-1); calcium stones predominate^ and a majority of these are composed of or 
contain calcium’ oxalate. Whatever their composition, stones are organized masses 
of ci-sstalsThaTgr^ 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 mam causes are 
overexcretion of calcium, uric acid, or oxalate, or of cystine, respectively. Uric acid 
stones can be caused by overexcretion of uric acid, but an abnormally 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.

Intestinal disease (Crohn’s disease, malabsorption) ----------------
Ileal resection . j _L M f
J ej unoJIeaEbypass
Vitamin C excess
Dietary ovulate excess
Primary hyperoxaluria

Diseases of the ileum or ileal resection^qr bypass produces severe hyperoxaluria. 
Although this cause of calcium stone disease is becoming better recognized 
and perhaps even more common because of the increase in the number of pa
tients with jejuno-ileal by-pass during the past decade, intestinal oxaluric states 
are present in only a small percentage of all patients with renal stones. Fre- 
quently, mild hyperoxaluriaTromZdlfiLlrimbarb^tea) or excessive vitamin C 
intake may contribute to stone disease in pattents 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 urind; this is especially important in hereditary 
distal renal tubular acidosis.

AU Calcium stoned Hypercalciuric states, hyperuricosuria, and hyperoxaluria are 
the main remediable causes of calcium stones.

Hypercalciuria. Hypercalciuric states that cause calcium stones include:
Idiopathic hypercalciuria
Primary hyperparathyroidism *
Renal tubular acidosis (including acetazolamide use) i
Sarcoidosis I
Cushing’s syndrome —
Immobilization
Calcium-alkali excess (calcium phosphate stones)
Vitamin D excess —
Hyperthyroidism
Paget’s disease _______

as a mendelian dominant trait and is present in nearly one-half of 
patients with calcium stones. Primary hyperparathyroidism, in which hyper- 
calciunais due to hypercalcemia from parathyroid hormone excess, is present 
in about 5 percent of patients with renal stones. All other hypercalciuric slates 
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 upon which calcium oxalate can deposit.
Hyperoxaluria. Hyperoxaluric states that cause calcium stones include:
a. ~
b.
c.
d.
e.
f.
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a
a

no-

a
a

J

I

Table 6-2. Causes of Uric Acid Stones

Causes

■j

± = trait occurs only some of the time.

/ >

no
yes
no

Hyper- 
uricosuria

Low Urine 
pH

Low Urine 
Volume

no 
no 
yes 
yes 
yes
no/1 
yes

i
I )<

no
no

yes
no

yes
yes

yes 
yes 
^po)

a.
b.
c.
d.

Hyper
uricemia 

no 
no

VIi

* 

e

Gout v
Familial *
Climate >
Ileostomy •
Colostomy • (
Lesch-Nyhan ’syndrome
Low fluid intake (habitual) •

e.
f.

2. Symptomatic causes of stones
a. r__ /'
b. Renal tubular acidosis: bone pain, waddling gait
c. f

i1!l

cystinuria.
D. Struvite stones. Abnormal urinecpH is critical to the formation of these stones, 

because struvite (MgNHjPO^) contains PO43~, which is present only at a high 
pH^ above 8,0; another requirement is^Eh'aUurine [NH4‘) be high. The kidney 
itself cannot produce so alkaline a urine that also contains appreciable concen
trations of NH4 ’; this combination occurs only-when bacteria that possess urease 
colonizejhe~urinarv tract and generate ammonia from urea; the urea hydrolyzes 
tor NH4' and raises the pH to above 8.0. At that pH not only does struvite crystallize 
spontaneously, but calfTum carbonate crystals also form and intermingle with 
the struvite; thus these stones always contain both mi nerals ~

IV. Evaluation of the patient " .
A. Clinical assessment. The main goals of clinical assessment are to characterize 

the seriousness 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 
be effective, and it must be based on a complete understanding of the patient’s 
health status. Most of the time, however, little of direct therapeutic relevance

J E

31

* a - J- -

will be found in the examining room. Most stone formers, especially those with 
calcium stone disease, are otherwise well, and the cause of their stones is detectable 
only in the laboratory. The clinical assessment of the patient with nephrolithiasis 
includes:
1. Stone disease characteristics

Numbers of stones passed, removed, or visualized 
Current stone burden: radiograph of the kidneys, ureters, bladder 
Stone morbidity: hospitalization, cystoscopy, surgery', urinary infection 
Damage from stones: loss of kidney substance, permanent unna^dfainage 
abnormality, azotemia 
Family history of stones, especially stone type 
Types of stones formed by the patient: crystallographic analyses 
npiOlliciiiu uauoco vi .
Hyperparathyroidism: peptic ulcer, bone disease, pancreatitis 
AVdiat LUUVllUi y- —- v %-r

Sarcoidosis: hilar lymphadenopathy, hepatosplenomegaly, erythema

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. Hematuna 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 hematuna.

2. Leukocyturia. Leukocyturia usually reflects the presence of urinary tract or 
renal infection. Severe proteinuria is not produced by renal calculi per se, ut 
it can be produced by some causes of stones. For example, tubulo-interstitial 
renal disease from hvpercalcemia, as in primary hyperparathyroidism, or from 
severe hyperoxaluria can cause excessive excretion of low-molecular-weight 
proteins, such as p2 microglobulin or lysozyme, and very modest albuminuna— 
no more than 500 mg per 24 hours. Renal calculi and more severe albuminuna 
mav be associated with renal disease secondary to hypertension, hypercalcemia, 
or some underlying chronic renal disorder. Stone disease itself does not cause

3. Crystalluria. Crystalluria (Figs. 6-1 and 6-2 [color insert]) is diagnostically 
important only in certain specific situations. Cystine crystals, which are at 
hexagonal plates, occur only in heterozygous or homozygous cystinuna. Struvite 
crystals, rectangular prisms that resemble coffin lids, occur only when t e 
urine is infected with urea-splitting bacteria. The other crystals can occur in 
normal urine. Calcium oxalate monohydrate forms round discs that resemble 
red cells and may be connected in pairs, like dumbbells. Calcium oxalate di- 
hydrate forms in the shape of pyramids, (they look as though a pyramid is 
standing on a mirror). Calcium phosphate crystals, either apatite or octocalcium 
phosphate, usually look like nondescript fine dust, because the crystals are 
too small to be resolved by the light microscope. Brushite (CaHPO4), however 
produces flat rectangular crystals that look like thin boards or laths. Uric acid 
usually forms a fine dust that maybe red if it adsorbs uricine, ajaaLpigment 
normally present in urliU). UiitrSciddi hydrate is uncommon in urine, it toj-nis 
rhomboid crystals that are large and easily recognizable Although the finding 
of calcium bx Alate ^aTciumphroptrate; or urtr acid crystals should arouse sus
picions about the probable cause of stones in a patient, any of these crystals 
can be found in the urine of normal people.

C. Metabolic evaluation (Table 6-3) ... .
1. Timing of outpatient workup. Hypercalcemia', hypercalciuna, hyperoxaluria, 

hyperuricosuria, and abnormal urine pH are all detected by measurements 
made on serum and 24-hour urine collections. Three collections are recom
mended, despite the cost and time involved, because treatment of chronic dis
ease usually results from a positive diagnosis. The urine collections are a mirror

B. Uric acid stones. Uric acid is weakly acidic- with a dissociation constant (pKa) 
of 5.35. In a urine of that pH, 50 percent of the uric acid is dissociated into urate 
and ^jiotons. The undissociated acid is very insoluble comparedlo urate~andforms

M stones, whereas urate forms stones very rarely. Therefore, low urine pH7sa~critical 
factor YrTproducing unc~acid stonesrand such stones rarely form and persist in 
an alkaline urine. Patients with gout and members of families that are afflicted 
with an inherited tendency toward uric acid stones elaborate a very acid'urine 
(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 
with an ileostomy-Or colostomy, whose drainage is alkaline. Loss of colon function 
raises urine uric acid excretion, because aboutpne.-third of the daily production 
of uric~acid normally is degraded by colonic bacteria. Low urine volume, secondary 
to hot climate, intestinal disease, orTiabitual low fluid intake, also lowers urine 
pH, as protonated urine buffers are rendered more concentrated. Perhaps the 
only situation in which uric acid stones form despite a normal urine pH is in the 
Lggch-Nyhan syndrome, in which uric acid overproductionTs so extreme, and 
hyperuricosuria is so massive, that the concentration of undissociated uric acid 
exceeds the solubility firnTTat even a normal pH.

C. Cystine stones. 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 
until urine pH rises above 7.4. In cystinuria, throughout the physiologic pH range, 
urine is so saturated with cys’tine that stone formation isfrequent. The basis for 
cystinuria is a hereditary defect~of amino acid transport by the brush border

- . membranes of the reriarproximal tubules involving cystine, arginine, ornithine, 
■^Uand citrulline. Intestinal transport ofthese amino acids is also defective, but the 

—intestinal defect is clinically trivial. There is no cause for cystine stones except
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<^pble 6-3. Metabolic Assessment of the Patient With Nephrolithiasis

Test

■. .-r

SI ;

SWISS
■■ Wx

■'Sera drawn at the conclusion of each 24-hour collection; numbers represent number of 
.^ parate samples suggested.

| "Nitroprusside reaction; detects above 75 mg/L of cystine.
-

of life-style and should, therefore, be collected while the patient is leading his w 
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 bv friends and relatives or by a physician and embraced as treatmen 
of ston^ must be discarded in favor of the old one. The high fluid intake that 
most patients begin after recovery from a stone I 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 patm^U 
often regain their appetites only after a few months have elapsed. Il is often 
difficult to wait, because patients are anxious for treatment to stave off are. 
currence- however, stone disease is very chronic and a misleading study, done t 
in haste can do much harm. The very worst and most regrettable error is to

e J.
€ ■.

(40 X). E. Struvite (40x). (Figs. A-E courtesy of Jacob Lemann. Jr., M.D.) F. Uric
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fig. 6-2. Uric acid crystals in urine sediment (polarized light). (Courtesy of Jerome P.
L^.assirer, M.D.)
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Other Serum Values

NormalNormal

High

Calcium phosphate

hyperoxal

i

content (serum

mg/kg/24 hrFemaleMaterial

1504

0.73
60*

250
750

50

Serum
Calcium

300
800
. 50

\____
Male

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

mg/24 hr

_ Usual Stone Type

Calcium oxalate and/or 
calcium phosphate

Calcium oxalate and/or 
calcium phosphate

■

i’i
i

Hypophosphatemia, 
occasionally hyper
chloremic acidosis

Hyperchloremic 
acidosis

I

in diet is not indicated.
3.

'31 Cause

Idiopathic hypercal- 
v ciuria*

Primary hyper-
parathyroidism

2

Table 6-5. Differential Diagnosis of Hypercalciuna

sequential urines, collect well or at least consistently. I

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 muscle 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 if^j 
all three are high. It is useful to summarize metabolic data in clear diagnostic 
categories, such as hypercalcemia, hypercalciuria, hyperuricosuria. or hyperox-^J 
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- I • 
roidism is the most important when one is concerned with renal stone disease, 
are discussed elsewhere (see Chap. 5, sec. III).
1. Hypercalciuria. The differential diagnosis of hypercalciuria is presented

Table 6-5. Primary hyperparathyroidism, always a hypercalcemia state, <
discussed in Chapter 5, section III. Renal tubular acidosis is detected because I J 
of hyperchloremia (serum chloride above 108 mEq L) and low carbon dioxide^j^l 
content (serum carbon dioxide below 24 mM); urine pH values will all be above

e ZA

£ 
do the workup in the hospital, for convenience, insurance purposes, or any^gi_ 
other reason. No one can eat, drink, and get about normally in a hospital, so ^1 -J 
urine data are as artificial and divorced from real life as possible.

2. Collection techniques. There is some art in the actual techniques of collecting'll*- 
samples. First of all, the physician must be in charge and everything done ' j 
through his or her office. Four-liter plastic containers, with a molded handle,;^] 
as wide a mouth as possible, and a metal or plastic screw cap that does not 
leak, are most suitable. There should be a label for the collection times and 
name of the patient. A teaspoon of thymol crystals is used as a preservative;'C! 
it is worthwhile to have a brief list of written instructions for the collection. (j 
Patients find it difficult to>inderstand that the collection is begun by voiding 
into the toilet, not into the container; the intuitive action is to void into the 
container, thus producing an erroneous overcollection. It is human nature to 
be chagrined when the container is still nearly empty at the end of the day.^* 
and to drink extra water to fill it up. Patients should be warned that the bottle 
Is 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- Vj 
possible” problem of collecting at least two of the urine samples during regular I
weekdays at work and at least one on Sunday. Every executive and professional 
is sure such an indignity is not intended for him or her; people who work in ' 1 
a factory or on a construction site think the physician must not be serious 
after all, there just is not unlimited bathroom time, teachers assure the phy-Vj 
sician that the classroom is not the place for urine-collecting jugs; and so forth. 
However, everyone does manage to collect and. judging from the constancy of^J* 
sequential urines, collect well or at least consistently. |

D. Interpretation of metabolic data. Overexcretion is defined using upper limits

ight and for urine creatinine excretion, which tends to

SXS -SSE! •"
formation whatever other cause of stone9plul to dietary 
differential diagnosis of hyperuncosuna “ P^ foctfon usually need not be 
intake or to endogenous overprod^tiom Thrsd“ * rthist if purine inUke

^rZfop £‘iS ^“obvious surplus of dietary purine, a change 

Hy^oxaiuna. intestinal cau^s

by enhancing the formation of calcium “^"^Xh Xally combines 
leaving an abnormally high.fract'on rtabsor^tionMn addition, some 
with calcium to form insoluble salts, tree io Hmucosa t0 oxaiate. Bile 
fatty acids can enhance the perme ? reach the coion> where they 
salt malabsorption allows ex^l1'e R important to question patients about 
may increase mucosal of vitamin C, which en-
dietary oxalate excess (Table 6-6), as wen as childhood>

stones or 1 
treated as though two indepei reSult in continued wrmaiion ui. u»c . 
ment directed at only one will ofte . icogurja low daily urine volume. 
The interpretation of hyperuricemia, hyperuricosuna, low daily
and low urine pH is summarized 5-2 * a

screening test, however, reaih y detecte hete^-g* to produce
fT t^ m^a ^tes! calls for measurement of 24-hour cystine

Calcium
Uric acid
Oxalate
Cystine j

* Heterozygous cystinurics, who rarely produce cystine stones, excrete between 60 and t
mggm creatinine/24 hr; homozygous cystinurics excrete above 300 mg/gm creatimne/24^^ 
hr.

mg/gm creatinine/
24 hr

e

Renal tubular acidosis Normal



936: The Patient With Renal Stones
6: The Patient With Renal Stones92 £

Table 6-6. Common High Oxalate Foods

0.02% Oxalate by Weight0.1% Oxalate by Weigh* €

i 3

Fig. 6-3. Treatment of idiopathic hypercalciuria.

IV, and Chap. 5, sec. ill’

e

3.

I \

I
I

Blackberries 
Blueberries 
Concord grapes 
Red currants 
Gooseberries 
Oranges (and peel) 
Raspberries 
Strawberries
Beans (green and wax) 
Carrots 
Celery 
Roasted coffee 
Endive 
Okra 
Green onions 
Green peppers 
Sweet potatoes

Urine calcium 
excretion 
normal

Beets 
Beet tops 
Dried figs 
Lime peel 
Nuts 
Parsley 
Rhubarb 
Spinach 
Swiss chard 
Black tea 
Chocolate 
Cocoa

Restrict dietary 
sodium and 
recheck in 8 
weeks

Urine sodium 
< 100 mEq '24 hr

t

Urine calcium 
excretion still 
increased

I
Begin thiazide 
treatment, recheck 
calcium and sodium 
excretion in 8 
weeks

At least 
two stones

I,. M Begin tmazide 
treatment and 
recheck calcium and 
sodium excretion in 
8 weeks 
/ 

Urine calcium 
excretion still 
increased 

/ 

Urine sodium 
>100 mEq/24 hr

§ a 
h

One stone
I ♦Restrict dairy 

products and 
recheck urinary 
calcium excretion 
in 8 weeks 
/

Urine calcium 
excretion 
norma^ 

Leave on 
current diet 
and recheck 
urine calcium 
in 1 year

Increase thiazide 
dose by 50% and 
recheck’ in 8 
weeks

11 >

Renal calculus __ <
with increased urine calcium excretion

c Cellulose phosphate. A more extreme restriction of intestinal calcium ab- 
sorption can be accomplished with cellulose phosphate, an ion-exchange 
rerin Given orally, the resin binds calcium in the lumen of the bowel 
preventing its absorption, and the calcium and resin are eliminated in the 
stool This drug can cause chronic calcium depletion m patients with de
fective 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 comP^^ 
andopen to dispute. Furthermore, cellulose phosphate is not yet available 
as a standard drug and is still mainly of research interest.

2 Hyperuricosuria. Since diet is the main problem in most patients with hy- 
' nJrancosuria, a reduction of purine intake from meat fish, and poultry is

ideal treatment. Usually it is difficult for patients to change their habits, and 
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 
dX to p= protection during 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 fomed only one stone, however, diet is a proper first treatment. Naturally 
diet will not work when there is endogenous overproduction of uric aciu, and 
hyperuricosuria will persist despite ingestion of a diet that is not excessive m 

HyperoxalX D.etary 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 deal resection, ileal bypass,^or 
intrinsic ileal disease, can be treated initially with oral calcium supplemen
tation, because calcium absorption usually is subnormal and the surplus cal-

d.

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 earner 
state.

V' A^Cal'ciurn stones. The treatment of primary hyperparathyroidism and of renal 
tubular acidosis is discussed elsewhere (see Chap. 4, sec. IV, and Chap. 5, sec.
1 Idiopathic hypercalciuria (i-ig. 6-3)a Thiazide therapy. The best available treatment for idiopathic hypercalciuria 

and recurrent stones is a thiazide 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 repUcement is 
rarelv necessary. A high salt intake lessens the hypocalciunc 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 
urinp collections. It is best to reassess calcium excretion after 8 weeks o 
initial treatment and 8 weeks after any change m 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 cou d 
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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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 bowel 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 absorptive 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 caJcium 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. Idiopathic 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 in 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-Jiour 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.

2. 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 colostomy may nse, 
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. Naturally, 
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.

y 
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3

Given as 250 mg at bedtime, the drug will raise the overnight urine pH In 
patients whose first morning 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 almost 300 mg per liter in urine, the required urine, volume 
can be calculated if cystine excretion is quantified. As a rule, at least 3 liters oi 
urine are needed daily, and urine flow must be as high at night as during e 
dav. Alkali treatment of limited value because cystine solubility begins to increase 
only above pH 7.4, and so elevated a pH can be attained only by administering 
very large doses of base, above 2 to 4 mEq/kg/day D-penicillamine, which produces 
soluble complexes with cvsteine and thereby aids greatly in preventing cystine 
precipitation, is an ideal agent except for an extraordinary frequency (above 40 
percent) of hypersensitivity reactions, ranging from skin rash to nephrotic syn
drome. Because it is a potent antigen, the drug is best reserved for patients whose 
stone disease cannot be controlled with high fluid intake and aklali.

Surgical considerations. Struvite stones must be removed if tney produce 
persistent obstruction of the ureter or ureteropelvic junction, intractable 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 ns o 
nephrectomy. Renacidin infusion into the pelvis at the time of surgery- may 
prevent recurrence.
Medical treatment. Because the stones are infected foreign bodies, it is un
realistic to expect to eradicate urinary infections. The best course is to suppress 
infection by the chronic administration of methenamine mandelate t Mandel- 
amine) or the combination of sulfamethoxazole and trimethoprim (Bactrim or 
Septra). Acute exacerbations of infection are best treated with 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.

Suggested Reading
Brenner, B. M„ Stein, J. H . and Coe, F. L. (Eds.). Nephrolithiasis. Contemporary 
Issues in Nephrology, Vol. 5. New York: Churchill Livingstone, .1979.
Coe, F. L. Nephrolithiasis: Pathogenesis and Treatment. Chicago: Year Book, 1978.

Coe, F. L. (Ed.). Hypercalcitiric States. Orlando, Fla.: Grune & Stratton, 1984.
Coe, F. L., and Favus, M. Disorders of Renal Stone Formation In B. M. Brenner and 
F. C. Rector, Jr. (Eds.), The Kidney (2nd ed.). Philadelphia: Saunders, 1979.
Coe, F. L., and Favus, M. J. Nephrolithiasis. In R. G. Petersdorf et al (Eds.) Harrison's 
Principles of Internal Medicine (10th ed.). New York: McGraw-Hill, 1983.
David, D. S. (Ed.). Calcium Metabolism in Renal Failure and Nephrolithiasis. New 

York: Wiley. 1977.
Fleisch, H., Robertson, W. G., Smith, L. H., and Vahlensieck, W. (Eds.). Urolithiasis 
Research. New York: Plenum Press, 1976.
Nordin, B. E. C. Metabolic Bone and Stone Disease. Baltimore: Williams & Wilkins, 
1973. ’ /
Pak, C. Y. C. (Ed.). Symposium on nephrolithiasis. Kidney Int. 13:341, 1978.

^9

e £

ip

e 
eL
e



L. Barth Beller

s

e

e
c

The Patient With Urinary 
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Urinary tract infections are exceeded in frequency among ambulatory patients only 
bv 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.

I. 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 defimedas 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 105 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. Chronic 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 (cystitis), the urethra (urettyftis), 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 bactejiuria 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.

IL Clinical setting. To foster both prompt recognition and possible prevention, and un
derstanding of the epidemiology of urinary^tract 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 noncathetcrized, 
institutionalized elderly men the prevalence of bacteriuria exceeds 20 percent. 
The cumulative prevalence of asymptomatic bacteriuria in wTomen increases about 
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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Fig- 7-1. Frequency distribution of symptomatic urinary tract infections and 
prevalence of asymptomatic bacteriuria by age and sex. (Modified from the original 
concept of Jawetz. From C. M. Kunin. Detection, Prevention and Management of 
Urinary Tract Infections [3rd ed.]. Philadelphia: Lea & Febiger, 1979.) ^3
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absence of any symptoms, a systejnatic search for covert bacteriuria in other 
population groups has not proved to be worth the cost. Why more women acquire 
bacteriuria with increasing age is not known. Prostatic hypertrophy and an in
creased likelihood of instrumentation is thought to account for the bacteriuria 
of older men. Differences between men and women in the rates of bacteriuria 
have been attributed to the shorter female urethra and its proximity to the vaginal 
and rectal mucosae and their abundant microbial flora.

B. Symptomatic urinary tract infections. Symptomatic urinary tract infections occur 
in all age groups. Among newborns and infants, boys are affected more often than 
girls. When the urinary tract is the source of neonatal sepsis, serious underlying 
congenital anomalies are frequently present. During childhood persistent bac
teriuria, with or without repeated symptomatic episodes, occurs in a small group 
(less than 2 percent) of school girls. Such girls, and also school boys with bac
teriuria, should have a urologic evaluation to detect correctable structural ab
normalities when urinary tract infections are documented.
Sexually active women have a markedly increased risk for episodes of cystitis. 
In the absence of prostatitis, bacteriuria and symptomatic urinary tract infections 
are unusual in men. At any age, however, both sexes may develop symptomatic 
infections in the presence of the following risk factors:
1. Obstruction to urine flow

a. Congenital anomalies 
Renal calculi

c. l/reteral occlusion (partial or total)
2. Vesicoureteral reflux
3. Residual urine in bladder

a. Neurogenic bladder
b. Urethral stricture
C. Prostatic hypertrophy

1

Hl i 1
I' 1

i-ill
1

Instrumentation of urinary tract
a. Indwelling urinary catheter
b. Catheterization
c. Urethral dilatation

route.
III. Clinical features rflrrfinal symptoms of frequency and dysuria occur

A Acute urethral syndrome. The cardinal sy p urinary tract infections.* over 90 percent of ambulatoryf however, do not
One-third to one-half of all patien^have the acute urethral syndrome,
have significant bactenuna. T^rpnaHnfections. Vaginitis, urethritis, herpes 
which can mimic both bladder causes of the acute urethral syndrome,
infections, and prostatitis> are!camma^^differentiate these clinical entities 
Certain additional signs and diagnOsed with certainty only by
from urinary tract infections, which can oe a g
quantitative cultures of urine. United States have an episode
?. Vaginitis. About 20 percent of .“the^see^medical care. The presence 

. of dysuria each year, and one-ha vaginitis the likely cause of dys-
of vaginal discharge and/mtat^ntr"Tinfecti?n can be confirmed by culture, 
uria, unless a concomitant unnarytra^ vaginitis> can be dem-
Candida albicans, the commonest t ceUs in a Gram-stamed
onstrated readily by culture or by preparatiOn with potassium
smear of vaginal secretions or in documented with a saline prep-

ss “,tere
of urethritis or urinary tract infec^®nthe a£te urethral syndrome 
chomatis is now recognized as a co (NSU) in men. Unavailability of
in women as well as nonspecific ure On0f chlamydial urethritis has led

transmitted agent that can ca jiagnosis of herpes progenitalis can be
proximity to the urethral onflre- transformed cells in epidermal

"w '™
4. Prostetftls. Prostatitis is a commo“d^1‘g^na^^ungerrn'enthan ur.nary 

causes dysuria and frequency in f^tatitis Ire acute and chronic
tract infections d<y The majoif P tiUs is characterized by the 
bacterial and nonbactenal- Acute barte P and urgency, dysuria, per- 
sudden onset of chills and fever, symptoms. Rectal examination j jg
ineal and low back pain, and constitute ' ^P,^ pro3tate gland Enteric »
usually discloses an exquisitely tender, hot■ J u3ual pathogens [ J.

and prostatic secretions are sterile.

ih
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Microorganism ....

Escherichia coli
Klebsiella or Enterobacter
Proteus. Morganella, or Providenaa
Pseudomonas aeruginosa
Staphylococcus epidermidis (saprophytidus)
Enterococci
Candida albicans
Staphylococcus aureus_________ ________

cfu = colony-forming units.

■el
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Table 7-1. Microbial Pathogens of Kidney and Bladder -- ----------------
—---- ——-------- - ” Percentage of

Urine Cultures ■ 
(with ^1O5 cfu/mb

B Urinary tract infections. Fortunately, despite the mimicking syndromes, infections . J 
‘ of the urinary tract can be established objectively and economically with quan- Ji
titative cultures of urine obtained from patients with chararteristic, albeit non- T 
soecific signa and symptoms. Acute uncomplicated urinary tract infections occur 
Sly in women of childbearing age. The presenting features are only suggestive

- of the site of infection. Although patients may present with classic symptoms of ~ a 
■ cystitis (dvsuria, frequency, and suprapubic discomfort > or acute bacterial pye- "

lonephritis (flank pain and tenderness, chills and fever, and nausea and vomiting), J
acciuate localization requires laboratory studies nee sec, IV). Patients with acute 
Sion of the upper urinary tract commonly have lower tract symptoms; however, 
RlnVp^s'cHlfe^dXve^nd nausea and vomiting herald the onset or flare- 
up of kidney infections in patients with the risk factors outlined above (see sec. 
U B) Moreover those patients with obstruction to urine flow, vesicoureteral reflux, fergeraidual’urines m the bladder, or instrumentation of die urinary- tract are * 
prone to bacteremia as a complication of their symptomatic bactenuna. The mn- 
narv tract is the most common source of gram-negative bacteremia m hospitals 
inthe United States. Classic hallmarks of bacteria^ sepsis are shaking chills and 
fever often accompanied by circulatory collapse Confusion is an early mamfes, 
tation of septic shock. Initially there may be hyperventilation ancI 
respiratory alkalosis, but metabolic acidosis often ensues. Decreased arterial bW 
messure venous pooling, renal ischemia, and diminished urinary output addi
tionally complicate the clinical picture. Prompt diagnosis and therapy may be 
lifesaving.

IV. Laboratory diagnosis
A’ ^TndkSkins "The diagnosis of urinary tract infection, from S1jypl® c?’s^tlS 

complicated pyelonephritis with sepsis, can be established with certainty only 
by^uaSrive cultures of urine. The major indications for urine cultures 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. Screening for asymptomatic bacteriuna during pregnancy 
e Patients with obstructive uropathy and stasis, before

2 Methods Urine specimens must be cultured promptly, within 2 hours, or be 
’ preserved by refrigeration or a suitable chemical additive (e.g., boric acid 

sodium 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 aw ay)
b. Urine obtained by single catheterization or suprapubic needle aspiration
c Stonie leedle aspiration of urine from the tube of a dosed catheter drainage 

M “SXEX mm
titative counts are tips from indwelling urinary catheters and randomly o^amed 
urine without adequate preparation of the patient. The clean-voided, midstream 
technique of collection is preferred whenever possible to avoid the risk o ^intro- 
ducinginfection at the time of catheterization, a hazard that is greater in elder y 
patients confined to bed and in men with condom catheters. ^1°^ su- 
orapubic aspiration of the bladder is necessary to verify and
has been most helpful in obtaining specimens from possibly septic infants and 
from adults in whom repeated clean-voided specimens have yielded equivocal

B usual microbial pathogens isolated from patients woth
urtoare tract infections are listed in Table 7-1. Results of cultures are highly 
dependent however, on the clinical setting in which bactenuna occurs. For ex- 
am^le.Eseheriehut colt is found in the urine of 80 to 90 percent of patients w.th 
acute cystitis or asymptomatic bacteriuria and no underlying anatomic’abnor- 
malfties of the urin^y tract. Many patients with staghorn calculi of the kidneys

harbor urea-splitting Proteus organism pseudomonas aeruginosa and
infections are commonly acqu.r th P tjents with indwelling cBh- 
CundidauZbicans are rarely encounteed p,^ antibiotic therapy The
eters or relapsing infections afte t often is a due to concomitant
presence of Staphylococcus aureusrtnThem ur.derlying risk factor. Although
staphylococcaXbacteremia, Xl susrelrtibility patterns are sufficient to guide 
tKeUkely microor8anlsnlantmnHrated c^titis or acute bacterial pyelonephritis 
initial empiric therapy “^XtionTf Accusative bacterium and standardized

‘h- “■h" ”g

portant clinically, methods for cultur m-Uiliter of urine to be assessed. The 
forming units of a potentiai p % calPbraled bacteriologic loops that deliver a 
standard procedure involve® „uJace of agar plates. Proper plating techniques 
known volume of unne to the surface cJ accurately. A satisfactory al- 
achieve isolated colonies that can ne enui t infections is the dip-
ternative for the diagnosis for quantitative urine cultures in
slide method, which is Part’c^laF1>’(^e Nitration and colorimetry, biolumines- 
smaller clinics. Rapid methodsbeing used more widely to 
cence, growth kinetics, or b bacteria. Their sensitivities are in the
screen urine specimens for t e simplest is the paper strip test for detection
range of 10^0 fn^moUg urine specimens. These methods

Si'iTisiSio.
in properly col
7-2). . or tewer ciu symptomatic young

y imply poor collection or de'uy
’• y reduce transiently an otherwiigh ^*^ ^^

-------- ■ •: needle aspiration. Any ^^fc^uantitaWW f° 
needle aspiration may b\™POjXte^iq6Ss^^l00 c&Pe)’ni$’,te’ 
culturing aspirated unne perm.to of^arp%#roo>
Two or more colonies (equal to and uernirife star
ganism ensures the punty of Si^W^ria/ourfbe use
« .. , „,EreDtibAtyttMtmg. Exce]

r’colony counts. A basic guide^to the ^‘^Xthanio= cfo per milliliter

cap./.y collected ^XTw^cL^mfflAter from untreated patients 

-------------------
women with pyuria ai-----
flora, usually imply poor 
diuresis may

2. Suprapubic If rant. U; 
11AV>V» *—J r . J

ispirated urine permits det 
re colonies (equal to or les

tally With mixec

dardized antimicrobial susceptibility 
for patients who are receiving antm
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'able 7-2. Interpretation of Urine Cultures

1000 -»

Midstream specimen Prostatic secretions• 1st voided 10 ml
750 -

ProstateBladderUrethra!500 -

250 -
Non-infected infected

10710'

D.
Number of bacteria/ml urine

<5 7
-7

a

“1

10?
T
10

I 
10“

Prostatic 
massage

1st voided 10 ml 
after massage

.IQi'

3000

10' 
i 

100,000

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

Quantitation 
cfu/ml urine)

CIO,000 
.0,000 to 100,000 
>100,000

-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.)
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Probable infections 
but require confirmation

2
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95 200 ml 

later

I 
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Probability of True Infection
Clean-Voided . Catheterized
Specimen Specimen
(%) (%)

1 rl 
ii

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 secretions. In men the distinction between a urinary source and 
prostatic focus of infection must be rpade. Figure 7-3 diagrams the procedure 
for obtaining voided urine and expressed prostatic secretions in partitioned 
segments that enable proper interpretation. VBl is the first 10 ml of voided 
urine, and VB2 is the midstream specimen of urine obtained before prostatic 
massage. Subsequently, the expressed prostatic secretions (EPS) are collected 

. before the final voided urine specimen (VB3). When the bacterial colony counts 
in the urethral culture (VB!) exceed by tenfold or more those of the midstream 
(VH2) and prostatic cultures (EPS and VB3), the urethra is the source of the 
infection. The diagnosis is bacterial prostatitis if the quantitative counts of 
the prostatic specimens (EPS and VB3) exceed those of the urethral (VBi) and 
midstream (VB,) samples. A urinary tract infection with a prostatic origin,

X 1 ■ ' •’

Not delivered promptly 
or badly contaminated

A
\ I I

Fig. 7-3. Localization of infection with segmented cultures of the lower urinary tract 
in men. (From E. M. Meares and T. A. Stamey. Bacteriolo^c locahzation Patterns m 
bacterial prostatitis and-urethritis. Invest. Urol. 5:492, 1968. Copyright © 1 
Williams & Wilkins Co., Baltimore.)

or vice versa, is indicated by colony counts of 105 or more cfu per milliliter of 
the same microorganism in all four specimens.

Microscopic examination of urine. Procedures for the microscopic examination 
of urine are not yet standardized; nonetheless, visualization of bactena, leukocytes, 
and epithelial cells in urine can provide some useful information. The advantages 
of microscopic analysis are immediate availability and low cost. The disadvantages, 
depending on the method, are lack of sensitivity or specificity or both. Only prop
erly collected and processed specimens for quantitative urme riiltures can provide 
The microsco^c°examination can be done on either unspun urine or the centrifuged 
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. . ..j
1. Unspun urine. When fresh, unspun urine from patients with signiticant(.>iu

cfu/ml) bacteriuria is examined microscopically (x 1000), 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 centrifuged in a standard 15- ,
ml conical tube for 5 minutes at 2500 revolutions per mmute in a clinical 
centrifuge, three or four drops of the sediment are examined under a coverslip 
at high power (x 400> in diminished light. Patients with significant bactenuna 
almost always show bacilli in the urinary sediment, whereas only abou^ 
percent of patienU with less than 105 cfu per^milliliter show bactena. About 
60 to 85 percent of patients with significant bacteriuria have 10 or more W.Bus 
per high-powered field (HPF) in the sediment of midstream-voided urine; how
ever, about 25 percent of patients with negative urine cultures also have pyuria 
(10 or more WBCs cer HPF). Since only about 40 percent of patients with
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i /^Srities of the IVP are common with acute_Byd2D^ntls-delude 
htd^^TvesicfeS^Tefl^diminished pyelogram, loss of renal outhne. 
andrenal^en lavement. Acute pyelonephritis with an obstructed.ureter is a su. 
oical emergency. A perinephric abscess also requires surgica. drainage. T . 
gical emer^enc p a-A-t detected initially by ultrasound and oy computed 
^mP 1KTnhv resnectively To avoid radiocontrast-induced acute renal failure, ex- 

other Vdiocontrast studies should be avoided whenever 
f^kble in patients, especially elderly ones with a serum creatmme above 1.5 
ing per deciliter, diabetes mellitus, or dehydration.

IreXX.es «<«• ^asic Pnnciples for effective
’ manaeernent of urinary tract infections are outlined below. .

1 Asymptomatic patients should have colony counts greater than or_ equal 1
10g oer milliliter on at least two occasions before treatment is considered.

2. UnlSs symptoms are present, no attempt should be made to eradicate bac- 
teriuria until catheters, stones, or obstructions are removed.
Selected patients with chronic bacteriuria may benefit from suppressive ther-

A patient who develops bacteriuria as a result of catheterization should have
5. A^timkrobu” uled^o?treatment should be the safest‘east expensive

S.
The successordX of treatment depends on absence or correction of any ob- 
struction to urine flow and on removal of foreign bodies (stones and catheters) 

f to 2 weeks after completion of antimicrobial therapy to insure eradication of 
Jhe iS’ If symptoms are not resolving within 48 hours, unne cultures should 

be obtained to e’'haluat^• sus-
:eAli7S" d- tO « unearned abscess
fore X bodT intravenous or urinmy catheter), or obstruction to drainage, (b) 
Sveror (c> the wrong diagnosis. The most useful oral antimicrobials tor 
treatment of bacteriuria and the approximate costs of therapy are listed m Tab

E Treatment of asymptomatic bacteriuria. Asymptomatic bacteribria should be 
B. Treatment ot as)■ p pregnant women. Short-acting sulfonamides

raBmpicniin for W daXally su^tcS since almost all of these mfection^re

1 hereiore repea r for resistant microorganisms and create

prophylactic antimicrobial therapy.

pyuria have 105 or more bacteria per milliliter of urine by quantitative culture, 
the presence of pyuria in a midstream specimen has low predictive value for 
significant bacteriuria. In addition to urinary tract infection, any of the causes 
of acute urethral syndrome (see sec. I5LA) can result in pyuria. Genitourinary 
tuberculosis is another cause of pyuria with negative routine urine cultures, 
although mycobacterial cultures are positive in 90 percent of instances. An
algesic nephropathy, perinephric abscess, renal cortical abscess, disseminated 
fungal infection, and appendicitis may also result in pyuria.

E. Biochemical tests for becteriurla. Two metabolic capabilities shared by most 
bacterial pathogens of the urinary tract are utilization of glucose and reduction 
of nitrate to nitrite; these are properties of all Enterobacteriaceae. Since small 
amounts of the glucose and nitrate are normally present in urine, the presence 
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. 
Studies with nitrite indicator strips show that 85 percent of both women and 
children with culture-confirmed significant bacteriuria show positive results if 
three consecutive morning urine specimens are tested. The sensitivity of the glu
cose utilization test is about 90 to 95 percent in patients without diabetes mellitus. 
Both biochemical tests have fewer than 5 percent false-positive results. Therefore, 
these biochemical tests can be used by patients or parents after proper instruction 
to determine when quantitative cultures are needed in the management of re
current episodes of urinary tract infection.
Localization cf 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. II.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 
rarely is complicated and treatment can be short (single-dose) and usually is 
easy. . , .
Unfortunately there is no ready way to distinguish between upper and lower 
urinary tract infections by simple laboratory tests. The difficulty in making this 
distinction reliably on clinical grounds alone has been discussed (see sec. ili.B). 
Older indirect methods (e.g., serum antibodies, urine concentration test, and uri
nary beta-glucuronidase activity) are neither sensitive nor specific. The newer 
antibody-coated bacteria test has been useful in research studies. It has not 
become established in routine practice, however, because of Idck of standardized 
methods, expense, and difficulties in interpretation in children, catheterized pa
tients and men with prostatitis. Direct methods for localization (e.g., ureteral 
catheterization, renal biopsy, and the bladder washout technique) are hazardous 
or expensive or both. Fortunately, eradication of bacteriuria with single-dose 
therapy in symptomatic patients with uncomplicated disease is a practical method 
for presumptive localization of infection to the bladder or urethra.

G. Radiography and other diagnostic procedures. The principal role of radiographic 
and urologic studies in patients with urinary tract infections is to detect vesi
coureteral reflux, renal calculi, and potentially correctable lesions that obstruct 
urine flow and cause stasis. Uncomplicated reinfections (cystitis and urethritis) 
in females that respond to single-dose antimicrobial therapy are not an indication 
for radiographic and endoscopic investigation of the urinary tract. Infants, boys, 
and men with first episodes and girls and women with relapsing urinary tract 
infections should have an intravenous pyelogram (IVP) with postvoiding radi
ographs. For a detailed evaluation of the ureterovesical junction, bladder, and 
urethra, a voiding evstourethrogram and measurement of the residual urine after 
voiding may be necessary. If vesicoureteral reflux is present after Scute infection 
has been treated, a urologist should be consulted. Cystoscopy may be warranted. 
Renal calculi can usually be detected on a plain radiograph of the abdomen. In-

IreXX.es
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$ 8-19
$ 7-11
$ 2-14
$ 4-14
$25-55

a

3-7
7-8
6-14

Table 7-3. Most useful antimicrobials for treatment of urinary tract infections

Infections

e <3 
e
e

Approximate Cost 
(10-day course)*

0.5-1 gm every 6 hours 
100 mg every 12 hours
2 tablets ^80 mg/400 mg 

each) every 12 hours
500 mg every 6 hours
250 mg every 8 hours 
50-100 mg every 6 hours 
250-500 mg every 6 hours 
250-500 mg every 6 hours

1

a
£

E. Treatment of acute bacterial pyelonephritis. The occurrence of flank pam, chills 
and fever, and nausea and vomiting with or without dysuria suggests acute bac
terial pyelonephritis. 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. Outpatient 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- 
dav 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 unne 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 unne 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, both of which require surgical drainage.

F. Management 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.
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 j 
as for patients with acute bacterial pyelonephritis. Urine cultures are important 
to detect a possible change in antimicrobial susceptibility of the infecting mi
croorganism. Toxic patients should also have blood cultures.

3. Prolonged treatment Some patients with relapsing bacteriuria after 2 weeks 
of therapy will respond to 6 weeks of antimicrobial therapy; this is especially 
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.

Sulfisoxazole
Trimethoprim
Trimethoprim

sulfamethoxazole
Ampicillin 
Amoxicillin 
Nitrofurantoin 
Tetracycline 
Cephalexin or 

cephradine
Carbenicillin 382-764 mg every 6 hours

*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, foiy 
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.

D. 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.
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be used for long-term (6 to 12 months) suppressive therapy.

Recommendations for the care of urinary catheters. Urinary catheters are 
uable devices for enabling drainage of the bladder, but their use•

system is maintained (Fig. 7-4). The use of a neomycm-polymyxin imgant does 

Urinl^cat^^^ cause of nosocomial infections and
are responsible for more than 5000 deaths from gram-negative seps^ each year 
in the United States. Explicit recommendations tor the prevention of cathvter- 
associated urinary tract infections, formulated by the Center for Disease vontrol, 

are given below.

I

r . i ____ j «*. the creatinine clearance exceeds 10 ml per minute.
common cause of appreciable morbidity, urinary tract

R L Perkins. Urinary tract infection: Practical aspects of diagnosis and treatment. 
J.A.M.A. 225:1509, 1973. Copyright 1973. American Medical Association.)

1 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.
2. Catheters should be inserted only by adequately trained personnel; if pracacal 

a team of individuals should be given responsibility for catheter insertion

3. UdnTry ^theUrs should be aseptically inserted utilizing proper sterile tech
nique and the following sterile equipment: gloves a fenestrated drape, stenle 
sponges and an iodophor solution for periurethral cleansing, a fubncant jedy 
and an appropriate-sized urinary catheter, hollowing insertion, catheters 
should be properly secured to prevent movement and urethral,

4. Once- or twice-daily perineal care for cathetenzed patients should include 
cleansing of the meatal-catheter junction with an antiseptic soap, sub^e- 

SSlXSSnX"
catheter Sterile technique must be observed whenever the collecting system 
is opened and catheter irrigation is done; a large-volume stenle syringe.. and 
sterile irrigant fluid should be used and then discarded. It frequent imgaUon^ 
are necessary to ensure catheter patency, a triple-lumen catheter permitting 
continuous irrigation within a closed system is preferable.

6. 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

I

^35^'
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 ascorbic acid, 500 mg two to mur 
times dailv. Alternatively, the dosage of methenamine mande ate alone can 
be increased to 8 gm or even 12 gm per day. The dosage should be adjusted 
to the minimal amount required to keep the unne free of bacteria. To avoid 
metabolic acidosis the dosage of methenanunenMndelate must be reduced m

us'Zd at airunie^'the crektinine 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 chrome bac- 
tenal pvelonephritis almost always have an underlying structural defect. Most , A-. 
often the lesion is chronic atrophic pyelonephritis assocnaled with vesicouretend 
reflux that started in infancy. The role of surgical correction of vesicoureteral 
reflux is nit 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' rXut^b^teHaVprostatitls. Acute bacterial prostatitis is commonly accom- 
panied by acute cystitis, which enables recovery- of Us causal. ve Pathogen by 
culture of voided unne. Massage of an acutely inflamed prostate gland often >
results in bacteremia; therefore, this procedure should be avoided unless the a
patient is already receiving effective antibiotic therapy. The drug of choice is 
the combination of trimethoprim-sulfamethoxazole (co-tnmoxazo e) m the H 
dosage given in Table 7-3; treatment should be RIven for 30 days to prevent 
chronic bacterial prostatitis. If co-trimoxazole cannot be given Py^U-ral ,
gentamicin or tobramycin (see sec. V.E.) plus ampicillin should be used as _
outlined for acute bacterial pyelonephritis until results of cultures and s •
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, -t.

relapsing urinary tract infection. It is most refractory to treatment. Although 
erythromycin with alkalinization of the unne has been effective against sus
ceptible gram-positive pathogens, most instances of chronic bacterial P^tatitis i
are caused by gram-negative entenc bacilli . Co-tnmoxazole is the drug of choice. W ,
About 75 percent of patients improve and 33 percent are cured with 12 weeks 
of ro triXzole therapy (two tablets tw.ee daily). For patients who cannot 
tolerate co-trimoxazole, nitrofurantoin, 50 or 100 mg once or twice daily, can | 

val- j 
e is associated 
single (in and
tenuna occurs i

i

100

80 - Open drainage

40

Closed drainage

20
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Duration of indwelling catheter (days)
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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 
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.

9. In patients with urinary catheterization of less than 2 weeks duration, routine 
catheter change is not necessary except when obstruction, contamination, or

I other malfunction occurs. In "patients with chronic indwelling catheters, re- 
\ placement is necessary when concretions can be palpated in the catheter or 

when malfunction or obstruction occurs.
Catheterized patients should be separated from each other whenever possible 
and should not share the same room or adjacent beds if other arrangements 
ar^ 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 
therapy with oral 5-fluorocytosine or intravenous amphotericin B or both is re
quired.
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fections in women. Rev. Infect. Dis. 4:29, 1982.
Stamm, W. E. Guidelines for prevention of catheter-associated urinary tract infections. 
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rigation and catheter-associated urinary-tract infections. N. Eng • 
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The Patient With 
Proteinuria or an 
Abnormal Urinary 
Sediment i
Antoine M. de Torrente 
and Robert J. Anderson

Examination of the urine is one of the simplest and most rewarding laborator? meth-

andcertahr immune complex nephritrdes) that, if left unchecked can lead to chrome 
TfXr ! nmv be discovered. An early manifestation of a curable renal neoplasm

mav hemaTuria The urinary sediment and the 24-hour quantitative protein ex- 
may be hematuria, ai j function, to ascertain positive or
cretion can also be UrinX^s isTinvaluahle tool in screening for a
H^^varietv^fdi^ases affecting the urinary tract and in monitoring their course;

Since almost an sediment, an abnormal sediment can never be diagnostic.

 a setting that prevents rapid dissolution.of formed ele- 
A concentrated urine specimen is also more sensitive to test for

Male oatients To avoid unnecessary contamination of the urine specimen, the 
foreskin should be retracted in uncircumcised men, the meatus cleaned wit 
gauze pad moistened with water, and a “clean catch” midstream specimen voided 

Fema%C1padents“ men the labia should be spread apart the meatus dean«l 
as described above, and a “clean catch” midstream specimen obtained. Th s . ,
althourh^meWhkt"cumbersome, avoids heavy contamination by Epithelial cells 
and debris that may obscure meaningful findings. In general, urinary sed1^

• at inn nf little value during the menstrual period even after insertion ^Xmpons ^ceU or whFte cell casts, however, cannot be explained 

by contamination with menses.
,L uX is normally clear or amber. A listing of causes of abnormal

Urine sedirnent^h^urine specimen is shaken gently to mix its component^ 
Observation may reveal unusual color or abnormal foaming (proteinuria). Ten 
milliliters of urine are then poured into a conical centrifuge tube and spun for 
to 5 minutes at 3000 rpm. About 9 ml of the supernatant.care^^ 
and the sediment suspended in the remaining milhhter. Some nephrologists have 
recommended that all supernatant be discarded and the remaining ^0 be 
removed gently with a pipette and placed on the slide, this technique m y

113

results are usually obtained 
high osmolality and low pH, 
ments and casts. A 
proteinuria.  
A. ‘
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Table 8-1. Causes of Abnormal Urine Color e
k/A.

1J B.

C.
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Proteinuria
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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

e

F.
G.

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 [PyridiQm], ethoxazene [Serenium], rifampin)
Porphyria

Brown/black
Hemoglobin or myoglobin with alkaline pH (should always be benzidine [ + ])
Bilirubin (yellow foam)
Medications(L-dopa, methyldopa [Aldomet], phenol, phenacetin)
Melanin (tumor)
Homogentisic acid (alkaptonuria)
Porphyria

Blue/green
Medications (indigo-carmine dyes, methylene blue)
Pseudomonas infection

-

I

I
TP-
I

%

1r
) 

J

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 ( x 400). 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 follow’s: 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:
1. 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
5.- Casts: hyaline, occasional per HPF

e 1

persons contains less than 150 mg of protein per day. Any quantity above this amount 
should be investigated. Once proteinuria has been discovered by the dipstick or sul
fosalicyclic acid method on a urine sample, the minimal workup should be undertaken 
as follows:

Complete physical examination and history. A physical examination and history, 
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 of 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 on renal function. Information on renal function is 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 blood 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.

II. Degrees of proteinuria: clinical characteristics and course
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).

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 of 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 lowr-grade proteinuria and hematuria is a more serious matter 
and may indicate a progressive glomerular disease.
Functional proteinuria. 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 illness. 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 kidney 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. 8-9. 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.)

’s*‘

..-W

■ o M

“=’• ■,:-3

-i ,
e

’4

w’”- '-fe

<T -J

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 unequivocal hemoglobin-tint. 
Thus, this cast is both a red cell cast and a hemoglobin or blood cast. The hemoglobii 
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. P

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 
more 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 subacute. (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 waxy1 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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Table 8-2. False-positive (+) and False-negative (-) Reactions
With Dipstick or Sulfosalicylic Acid Test for Proteinuria
Clinical Setting" / BipstiS Sulfosalicylic Acid

X-ray contrast media
Tolbutamide
Penicillins
Sulfisoxazole (Gantrisin) 
p-Aminosalicylic acid 
Low molecular weight 

proteins, light chains
Dilute urine
Alkaline urine

Note: The absence of parenthesis indicates a correct finding.
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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 tendency 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, hypercalcemia, and hypokalemia may also 
present with mild proteinuria.

B Moderate proteinuria (1.0 to 3.5 gm per day). With severe, advanced disease 
many of the disorders discussed above in association with low-grade proteinuria 
(sec II A ) can lead to moderate proteinuria. By far the most common causes of 
moderate proteinuria are glomerular diseases, however, interstitial diseases may

C Heavy protelwrlMgreX"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 o gm per day is usually classified 

as in the nephrotic range, but the symptom complex may vaiy widely from 
one patient to another. In addition to heavy proteinuria and hpiduna (oval 
fat bodies), the nephrotic syndrome is characterized by edema, varying from 
minimal degrees to frank anasarca, hypoalbuminemiakhypercholesterolemia,

• and hvpertriglvceridemia)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 mav be misleading. In addition to the steps listed previously 
(see A.I.), the evaluation of a nephrotic patient includes the following:
8. Renal biopsy. 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 r g 
indicated for the proper differentia! diagnosis of the cause of nephrotic * g

b. Serologic tests. Serologic tests should include those for streptozyme, anti- ( 
nuclear antibodies (ANA), total complement VDRL, hepatitis B- 
associated antigen, and cryoglobulins. /
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physical exam-

l 1

Pregnancy with preeclampsia

Malignant or accelerated hypertension

Sickle cell disease
Mechanical factors

Severe congestive heart failure

Constrictive pericarditis

Evidence of heart failure on
ination

Distended neck veins that distend more 
on inspiration (Kussmaul s sign)

History of exposure
History of treatment of rheumatoid ar

thritis, seizures

History of exposure x
Skin rash, arthralgias, arthritis, pholosen- 

sitivity, hair loss

U ii "v 4) V
Table 8-4------- -----------------------

Diagnosis________________

Minimal change disease

Metabolic or systemic diseases
Diabetes mellitus
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CT*

Poisons, drugs, and allergens 
Mercury, bismuth, gold 
Penicillamine, trimethadione

Captopril, nonsteroidal antiinflammatory 
agents

Allergens: person ivy, insect bites

collagen vascular disease)____________
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- Critical Laboratory Findings

No hematuria, normal renal biopsy 
microscopy

Usually, decreased renal function, normal 
or large kidney size

’ Usually decreased renal function, large 
kidneys, renal biopsy specific on elec

-r"' iron microscopy
Usually minimal change disease but mem

branous nephropathy may also be 
present on biopsy

Increased serum uric acid, glomerular en
dothelial cell swelling on renal biopsy

Hematuria, decreiwed renal function

Abnormal hemoglobin SS or SC

Pulmonary congestion on chest x-ray

Evidence of pencardial effusion on ^chocar- 
diogram and cardiac catheterization., 
cardiac calcification on chest x-ray

Urinary determination of the metal 
Membranous nephropathy on renal biopsy

Hodgkin’s and non-Hodgkin’s »y^Ph°m^ 
other carcinomas (e g., renal cel , 
Ionic)

High blood pressure, third trimester

High blood pressure, target organ disease 
(cardiac, ophthalmologic)

Black race
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^irterTntial D.agnosis of the Nephrotic Synd^------ ------ ------
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Young age, no manifestation of systemic
disease, no hypertension 

History of diabetes, high blood pres
sure, retinopathy 

Mediterranean origin, multiple myeloma
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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 ere- _ j 
atinine determinations every 3 months. If the patient develops side effects from g* ■ 
steroids (moon facies, hypertension, weight gain) because of frequent attempts T 
at treating relapses, immunosuppressive agents, such as cyclophosphamide, should i 
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.
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.
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 in 
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 
thrombosis, the patient should be anticoagulated because pulmonary embolus is 
a feared complication. Chronic, asymptomatic renal vein thrombosis may also 
accompany proliferative or membranoproliterative glomerulonephritis. 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. c'

of the glomerular origin of the hematuria. Proteinuria, however, is a much more 
common indicator of the glomerular origin of the hematuria than is the presence of 
red blood cell casts. The combination of red blood .pells, red blood cell casts, and 
proteinuria is commonly called a nephritje sediment. Recent studies suggest that 
abnormal red blood cell morphology on urinalysis also points to a glomerular site of 
origin.

II. Hernaturia due to nongiomerular causes—group H. 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 trauma to the kidney 
has been described. Also, depending on the severity of the bleeding, actual blood 
clots may be seen with nonglomerular diseases; this never occurs with the glo- 
merulonephritides.

III. Approach to the patient with nephritic sediment—group I. 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:
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. hSS
Serologic tests. Serologic tests should include those for streptozyme, anti- 
nuclear antibody (ANA), total complement (CHsq), hepatitis B-associated an
tigen (HBAg), and VDRL.
Evaluation of renal function. This evaluation should include 24-hour protein 
excretion and 24-hour creatinine clearance.
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 renal 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 on 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 thorough histoiy, 
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.

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., all the glomerulonephritides) and group II—hematuria due to other 
causes. .

I. Hematuria due to glomerular inflammatlon—group I. The distinction between groups 
I and II can be difficult. In group I diseases, hematuria is frequently accompanied 
by severe proteinuria, although some glomerular diseases may present with hematuria 
and minimal proteinuria. The presence of red blood cell casts provides absolute proof
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§Table 8-5. Causes of Nephritic Sediment
Confirmatory Laboratory Tests and FindingsClinical CluesGlomerulonephritides

Syphilis

Malaria

Bacterial endocarditis

Visceral abscesses

Polyarteritis nodosa Systemic manifestations (lung, liver)

Essential cryoglobulinemia Purpura, arthralgia, hepatosplenomegaly

Good pasture’s syndrome Hemoptysis, abnormal chest x-ray

Familial nephropathy (Alport’s syndrome)

Idiopathic : None

i

7

Postinfect iTHis
Poststreptococcal

Progressive systemic sclerosis (PSS) 
Wegener’s granulomatosis

Mixed connective tissue disease 
Sjogren’s syndrome

Leucocytoclastic vasculitis (hypersen
sitivity angiitis)

Thrombotic thrombocytopenic purpura

History of sore throat, impetigo, or skin 
infection

History of syphilis with other physical
findings

History of exposure, fever, chills

Ascending neuropathy, sore throat, 
splenomegaly

Systemic manifestations with predominant 
neurologic symptoms

Abdominal pain, diarrhea, arthralgias

PositiviTstreptozyme, low serum comple
ment

Positive VDRL, low complement

Microangiopathic hemolytic anemia, low 
platelet count, gingival biopsy

Microangiopathic hemolytic anemia

Viral hepatitis

Some other viral diseases (e.g., Guillain- 
Barre, infectious mononucleosis)

Associated with multisystem diseases 
Systemic lupus erythematosus (SLE)

Deafness, cataract (anterior or posterior), 
lenticonus, family history

Arthralgias, skin rash, serositis, 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

Heart murmur, fever, skin manifestations, 
splenomegaly

Fever, abdominal findings, postabdominal 
surgery 1

Anorexia, jaundice, liver tenderness

( 

v j U $ v

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 RNPb
Positive SS-A or SS-B* in 60% of "sicca" 

cases, negative with associated RA
Skin biopsy, eosinophilia

Muscle 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

Positive antimalarial antibodies, charac
teristic blood smear

Positive blood cultures, low serum comple
ment

Low complement in one-third of patients

Positive HBAg, membranous nephropathy 
on renal biopsy

Albuminocytologic dissociation on spinal 
tap, positive “mono spot” test

“Scleroderma-1 (Scl-1): a soluble antigen present in rabbit thymus nuclei.
'•Antiribonucleoprotein (RNP): complex of RNA and protein.
cSjdgren’s syndrome A and B (SS-A, SS-B): extractable antigen from lymphoid cells.

Adult hemolytic uremic syndrome 
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Pyuria

Terminal Hematuria 
Glass
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0/+
0/+
+ + +
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Table 8-6. The Three-glass Maneuver 

Initial Hematuria Total Hematuna

1 + + +
2 + + + +

3 0/^
+ indicates the relative number of red blood cells.
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prostate enlargement or nodules, and of external genitalia (e.g., a right var
icocele may accompany a renal tumor on the right) should be made.

2. Assessment of the hematuria. This assessment should be madej by the three- 
glass maneuver, as described above.

3. Routine laboratory tests. Routine tests should include those for platelets, pro
thrombin time, partial thromboplastin time (PTT), sickle cell preparation, and 
skin test for tuberculosis (PPD).
Straining of urine. Straining of urine should be done for stone or tissue debris. 
Flat plate. Flat plate of the abdomen and excretory urogram with nephroto
mograms should be done in search of radiopaque stones and renal masses.

6. Cystoscopy. If a bladder origin of the hematuria cannot be excluded, cystoscopy 
should be performed.

7. Urine culture
B. Clinical characteristics. Causes of hematuria without proteinuria or red blood 

cell casts, along with some clinical clues and recommended diagnostic tests, are 
shown in Table 8-7. In 40 percent of patients with hematuria, a structural defect 
can be found, such as a bladder abnormality, a calculus, or a renal tumor. Another 
40 percent have a renal parenchymal disease, and in 10 to 15 percent a cause 
cannot be determined.
A particularly important and frequent problem is the diagnosis of the patient 
with hematuria in whom a solitary renal mass is discovered on excretory urog
raphy. The patient presenting with hematuria, flank pain, and a palpable mass, 
although uncommon, is classic for the diagnosis of renal cell carcinoma, especially 
if the patient has associated signs of weight loss, fever or night sweats, and anemia 
or polycythemia. The main differential-diagnosis is with a benign renal mass 
(e.g.. solitary cyst, hematoma). Modem indirect techniques can make this dif
ferential diagnosis with near certainty and with less morbidity and mortality 
than a direct surgical approach. A recommended investigative sequence of events 
is shown in Figure 8-17. This diagnostic approach, if performed at an experienced 
institution, is 100 percent as sensitive and 97 percent as specific as direct surgical 
exploration. The mortality is also ten times less and the cost 50 percent less than 
exploratory surgery. More recently, many radiologists are recommending ordy 
CT scanning (with and without contrast) of renal masses. Such scans provide 
information on the nature of the mass (solid versus cystic), the extent of the mass, 
and the presence of nodal, renal venous, and hepatic involvement. Overall, this 
approach may prove more cost-effective and sensitive then that shown in Figure 
8-17 (see Chap. 14).

C. Therapy. In most diseases in this category (neoplasms, impacted stones) the 
treatment is surgical. If acute interstitial nephritis is due to a drug hypersen
sitivity, withdrawal of the drag is essential. A short course of prednisone (1 mg 
kg for 10 to 14 days) may hasten the recovery of renal function as well as the 
completeness of recovery with acute interstitial nephritis.
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Pyuria may occur alone or associated with some degree of hematuria. Any acute or 
chronic inflammatory disease of the kidneys or urinary tract can result in pyuria.

1. Patient evaluation, the pyuria can be in the form of isolated pus cells, clumps, or, 
rarely, true white blood "cell casts, which indicate the renal parenchymal origin of 
the disease process.
The minimal workup of a patient who presents predominantly with pyuria includes 
the following:
A. History and physical examination. A careful history includes episodes of fever, 

recent sexual contacts, drug ingestion (analgesics, antibiotics), and previous uri
nary tract infection or symptoms (dysuria, frequency, urgency).

B. Determination of plasma uric acid, calcium, electrolytes, and lead, if history 
indicates (e.g., drinking moonshine).



Table 8-7..Gauses of Hematuria Without Proteinuria

Critical Tests and FindingsClinical CluesHematuria

Analgesic abuse h
Sickle cell (SS) anemia

XU, ultrasound, angiogram, CT

A ft ft ft ft
U' #

S'-

Dysuria, frequency, urgency *
/ 1

I
1

XU, cystoscopy

ny-Twri-^wi^——■ '
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Acute urethritis
Trauma and foreign body

Solitary cyst
Medullary cystic disease

Hematuria of renal origin, 
Neoplastic diseases 

Renal cell carcinoma

Stones
Trauma
Acute interstitial nephritis

Acute urinary tract obstruction
Cystic diseases

Polycystic kidney disease
Medullary sponge kidney

Vascular disorders
Renal embolus (including 

atheromatous emboli)

Renal mass, flank or abdominal pain, fever, 
weight loss, anemia

Flank or abdominal pain, history of SS 
crisis

History, usually male (prostate)

Pain
History of trauma

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

Associated pyuria, positive culture
XU, cystoscopy, CT
XU, cystoscopy

Renal scan, angiogram, stool guaiac, 
ultrasound for mural thrombus

XU, cystoscopy 
Cystoscopy

Cystoscopy
Cystoscopy

History of nocturia, frequency, urgency, and 
dysuria

Dysuria
History

>•

XU, ultrasound, CT 
XU

L

XU, regrograde pyelogram, CT 
XU
XU, retrograde, pyelogram, CT

Trauma
Cyclophosphamide

Hematuria related to the urethra or pros
tate

Benign prostatic hypertrophy

1
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w 
o

u

I 2

£

or Red Blood Cell Casts

/
Carcinoma of renal pelvis
Other tumors of the renal parenchyma

Papillary necrosis
Diabetes mellitus

Lk
XU, straining of urine
XU, angiogram
Peripheral eosinophilia, fever, rash, 

eosinophils in urine (possible pro
teinuria)

Excretory urogram iXU), ultrasound, an
giogram (tortuous "tumor” vessels, ar
teriovenous fistulae), CT

XU, retrograde pyelography, CT
XU, ultrasound, angiogram, CT

Hematuria of ureteral origin
Neoplasm
Stone
Trauma

Hematuria of bladder origin
Cystitis (viral or bacterial)
Neoplasm
Stone and foreign body
Runner's hernaturiu

Previous history of renal calculi
History of trauma, blood clots in urine 
History of drug intake (penicillins, al

lopurinol, cimetidine, furosemide, sul
fonamides)

Straining of urine fo/ 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

History
Sevcro physical cxcrciso, generally neconv 

panied by proteinuria
History of trauma, fractured pelvis
History of drug treatment, dysuria

History of analgesic a^buse
Renal mass

History, fever, bacteremia, flank or abdomi
nal pain

Middle-aged female, chronic pain, and 
several-kilogram analgesic ingestion

JU
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1 or red blood cell casts. (From 
R.Vctay^Tbr wiiu^;, »d E. E.’ Fraley. Current concepts in cancer The 
pursuit of the renal mass. N. Engl. J. Med. 300:72, 1979 )
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C. 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.

F. Excretory urography. If pyuria is chronic or intermittently acute, excretory 
urography should be performed.

Frequent causes of pyuria, with some
II Conical chm^cterlstlcs. 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 glomerular 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. Infection 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 history 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 m 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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Fig. 8-17. Diagnosis of hematuria without proteinuria

N. Engl. J. Med. 300:72, 1979
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I 
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 

wound culture grew Acinetohacter resistant to gentamicin, ampicillin, and cephal-

of colistin. On the ninth day of colistin therapy, nonoliguric acute renal failure ;
- ................................................ ■ I ■

variety of insults

£
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A variety of disorders in both hospitalized and nonhospitalized patients may lead to j 
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 
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 j 
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. I he > 
following example may serve to illustrate the often complex circumstances that sur- : 
round acute azotemia. |
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- 

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
Vy u VI LIU V 11 I Liu C Cll V Q- ---------- ” J --------I- ’ * •

othin, but sensitive to colistin and carbenicillin. The patient was begun on a 14-day ,

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 
capable of causing acute azotemia, including high-dose intravenous x-ray contrast, 
surgery, general anesthesia, gram-negative infection, and'three potentially neph
rotoxic antibiotics.

I. 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 losses

(1) Burns
(2) Traumatized tissue
(3) Peritonitis
(4) Pancreatitis
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cai-v.«  acute azotemia following exposure to multiple 
operations, Infections, and potentially nephrotoxic drug?.

3. Ureteral obstruction—bilateral
a. Intraureteral

(1) Stones
(2) Blood clots
(3) Pyogenic debris or sloughed papillae
(4) Edema following retrograde pyelography

b. Extraureteral
(1) Prostatic, bladder, or cervical cancer
(2) Retroperitoneal fibrosis
(3) Accidental ureteral ligation or trauma during pelvic surgery

The common denominator of acute azotemia in this set of disorders is obstruction 
to the flow of urine. The patient most at risk for acute postrenal azotemia is the 
elderly man in whom prostatic hypertrophy may lead to complete or partial ob
struction to urine flow. Young boys with congenital urethral valves may also 
have acute obstruction. In women, complete urinary tract obstruction is relatively 
uncommon in the absence of pelvic surgery or pelvic malignancy. However, tran
sient, unilateral, partial ureteral obstruction is not uncommon in the course of 
acute bacterial pyelonephritis (pyogenic debris) or fungal (fungal ball) urinary- 
tract infection.

C. Acute renal failure. In contrast to the two preceding categories, the disorders 
listed here and in the next two sections represent primary renal disturbances. 
The course of acute azotemia in these situations cannot be changed by manip
ulating factors outside the kidney (e.g., volume repletion, improving cardiac 
function, correcting hypotension, removing obstruction). The term acute tubular 
necrosis (ATN) is often used interchangeably with the term acute renal failure. 
However, proximal tubular necrosis,'although present in many of these cases, 
does not always occur in a patient who otherwise fits the description of acute 
renal failure.
1. Ischemic disorders. Ischemic disorders predisposing to the development of 

acute renal failure include:
a. Complications of surgery
b. Hemorrhage
C. Trauma
d. Rhabdomyolysis with myoglobinuria
e. Gram-negative sepsis
f. Postpartum hemorrhage
g. 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 kidney. 
It is seen most commonly following surgery and trauma. Rhabdomyolysis with 
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:

a. Antibiotics
(1) Aminoglycosides
(2) Cephalosporins
(3) Colistin

b. lodine-containing x-ray contrast
_ c. Heavy metals (arsenic,lead, ca&nium, mercury, bismuth, uranium)
^d. Organic solvents (carbon tetrachloride)
' e. Ethylene glycol (antifreeze)
— f. Anesthetics (methoxyflurane, enflurane)

g. Cyclosporin
In hospitalized patients nephrotoxins have become a major cause of acute renal 
failure. Antibiotics, particularly those of the aminoglycoside class, are the most 
important contributors. Even with careful dosing and measurement of blood levels, 
nephrotoxicity occurs in 15-25 percent of all patients treated with aminoglycosides. 
Intravenous x-ray contrast administration is also a major cause of acute renal 
failure, especially in patients with multiple myeloma and diabetes mellitus. The 
increased susceptibility of diabetic patients has been appreciated only during the

Congestive heart failure

Pericardial effusion with tamponade

Renal artery emboli, thrombosis, or stenosis
3. Peripheral vasodilatation

a. Gram-negative sepsis
b. Antihypertensive medications
Increased renal vascular resistance
a. Surgery ,
b. Anesthesia
d (aspirin, indo^thacin. ibuprofen) 

Many disturbances developing in, both h^ita^d andWon must

reverses the azotemia, then prerenal azotemia was present).
B. 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
C. Autonomic neuropathy or ganglionic blocking agents
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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- “ -'i ^5
teinuria. It is also likely that administration of unrelated nephrotoxins may have . > ' 
an additive nephrotoxic effect on the kidney. For example, in experimental an- J
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 nephritis: 
1. Antibiotics

a. Penicillins
b. Cephalosporins
C. Rifampin
d. ^Sulfonamides

Diuretics (furosemide, thiazides, chlorthalidone)
Allopurinol
Phenytoin
Phenindione
Phenylbutazone
Nonsteroidal antiinflammatory drugs

Although any member of the penicillin group of drugs may cause such a reaction, 
methicillin is the agent most frequently 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

’ ’macrophages, plasma cells, and polymorphonuclear leukocytes. Loss of renal 
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- 

<' complete.
E. Primary renal, systemic, and vascular diseases. Diseases in these categories

■ associated with acute azotemia include:
Acute poststreptococcal glomerulonephritis 
Rapidly progressive glomerulonephritis , 
Goodpasture’s syndrome 
Systemic lupus erythematosus 
Subacute bacterial endocarditis 
Necrotizing vasculitis 
Malignant hypertension 
Postpartum renal failure

When acute azotemia develops in association with these disorders, it often rep
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.

IL Differentia! diagnosis
A. Evaluation of the acutely azotemic patient. Whether the patient is seen for the 

first time 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-y'

sl

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.Tn 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 illness. 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 f 
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.
Obstructive uropathy. Male patients with acute azotemia should be 
screened carefully for symptoms of prostatism.
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 agents 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 interstitium, 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.

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 anesthesia. 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 i 
balance may supervene, leading to prerenal azotemia.
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. j
Nephrotoxic drugs and diagnostic agents represent a major and serious » 1
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cause of acute azotemia. Since the kidney is the primary organ of excretion X 
for manv antibiotics and x-ray contrast agents, the renal tubular epithelium ’ 
is exposed to very7 high concentrations and not infrequently sustains asm- 
age Nonoliguric acute renal failure (greater than 500 ml of urine per day 
despite a rising BUN and serum creatinine‘ is characteristic of azotemia 
that develops following aminoglycoside neurotoxicity. Frank azotemia 
secondarv to aminoglycosides may develop for the first time after the drug 
has been discontinued; conversely, recovery of renal function following 
discontinuation of the nephrotoxic aminoglycoside is often delayed and 
mav require weeks to months to be completei In contrast, acute renal failure 
following intravenous or intraarterial administration of x-ray contrast 
agents is characteristically abrupt in onset and usually oliguric^Recovery 
tends to begin within 2 to 3 days. However, patients with advanced renal 
failure, particularly diabetic patients, may r^ver r— ‘ ^'x’’nor 
x-ray contrast-induced acute renal failure and may require chronic he
modialysis therapy. . ne

Physical examination. Since prerenai azotemia is the most common cause ot 
acute azotemia, the adequacy of extracellular fluid volume must be carefully 

detAdequacy of effective blood volume. Physical findings useful in assessing 
the status of the extracellular fluid compartment include.
a. Body weight
b. Postural blood pressure and pulse changes
c. Skin turgor
d. Mucous membrane moisture
e. Intiaocular pressure
Reduced bodv weight, a fall in systolic blood assure of greater than 10 mm 
He or a rise in pulse of greater than 10 bpm when assuming the upright posture, 
“tentmg” of upper thorax skin when pinched with the fingers, dry- mucous 
membranes, and reduced fuilnes of the eyeballs on light palpation, all suggest 
a reduction in extracellular fluid volume. Prerenal azoterma may also develop 
in states in which extracellular fluid is expanded (e.g., cardiac failure cirrhosrs 
nephrotic syndrome). Although the ECF may be expanded as judged by beds de 
criteria (e.g.. elevated jugular venous pressure, pulmonary rales, ventricular 
gallop rhythm, ascites, peripheral edema), the effective blood 
portion within the arterial circulation, may be decreased, thus leading to pre- 

Ur?naXZtract obstruction. The physical examination is, also important in di
agnosing postrenal azotemia, especially in the unconscious patient or in the 
confused patient in whom otherwise unexplainable agitation may be the only 
clue to acute urinary retention. Careful abdominal examination may uncover 
a distended, tender bladder or bilaterally hydronephrotic kidneys. A digital 
examination of the prostate should lie performed routine y in any a™temic 
male patient, and pelvic masses should be sought in female Patl^nts through 
a bimanual pelvic examination. In any patient in/^!owe7ra^,0^ 
ia suspected as the cause of acute azotemia, a sterile in-and-out diagnostic 
postvoid bladder catheterization should be performed as a routine part of the 
physical examination. The urine volume shoula be recorded and the specimen 
saved for the studies described in section 1LD.1.a. .

3 Hypersensitivity reaction. Physical findings with acute drug-induced inter-
’ stitial nephritis may be lacking, although fever and a maculopapular or pe

techial skin eruption may occur with any of the agents, particularly the pen
icillin derivatives and allopurinol. Ordinarily, however, laboratory7 findings 
are more helpful in making this diagnosis. ,

4 Toxins or muscle damage. The physical abnormalities m tnese forms of a 
' renal failure may vary from none to many, depending on the circumstances

When the cause is unclear, particular attention shouia be directed towaid 
uncovering evidence of intoxication (e.g.. altered mental status, odors on vhe 
breath or clothing) and muscle tenderness or edema.

5. Systemic diseases. The ^markabirfor^he absence of

often demonstrate abnormalities. (

Z*- presence of Drerenal azotemia the specific gravity W

O? such a patient should be of “
atinine, and urea nitrogen, '^ip differentiate between pre-

or reverse acute renal faihrt •? Acut^renai failure occurring after x 
agnostic indices for up to 24 • binary sodium concentration - _
ray contrast may be associate exCePtion to these guidelines. When 
«10 mEq/L), and thus ^Pre^ 6Pcause of acute azotemia, or not

—“»■b™ “
atinine ratio isxP'e.ate'ut^i!,ent*' Examination of the urinary sediment

b Examination of urinary sedime . . may be seen m prerenal
b- may also be helpful. Hyal— i „1 g n-“bular cells are char- , 

azotemia, whereas granular casts, white

Table 9-1. Urinary Diagnostic Indices

140 9; The Patient With Acute Azotemia



9: The Patient With Acute Azotemia 9: The Patient With Acute Azotemia 143

1

‘1

a.b
I

b.

b.

c.

?
a

•e

i i

a
e:i

acteristic of acute renal failure. Red cells and red cell casts suggest acute 
« glomerulonephritis or vasculitis. Heavy oxalate (envelope-shaped) or hip- 
J purate (needle-shaped) crystalluria may be seen with ethyleqe glycol 

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 nephritis or glomerulonephritis. 
^Rhabdomyolysis should be suspected when acute azotemia is associated 
with frank muscle injury, a prolonged period of unconsciousness, alcohol 
or drug abuse, seizures, Parkinson’s disease, hypokalemia, hypophospha
temia, or heat stress.) Since the urinary dipstick does not distinguish be
tween hemoglobin and mybglobin, a strong presumptive diagnosis of rhab
domyolysis with myoglobinuria can be made by demonstrating heme
positive urine in the absence of red cells or on the supernatant of the urine, 
an elevated creatinine phosphokinase (CPK) and aldolase in the serum, 
and a normal color to the serum (i.e., absence of hemolysis).
fn instances of acute drug-induced interstitial nephritis (e.g., after meth
icillin), fgver^.maculopapular skip rash, 10 to 60 percent eosinophilia in 
peripheral blood, proteinuria, and urinary sediment abnormalities (gross 
or microscopic hematuria, pyuria, eosinophiluria, and casts) are common. 
A Wright’s stain preparation on a freshly voided and sedimented urine 
specimen may demonstrate that eosinophils account for 33 percent of the 
urinary white cells. The urinary sediment is air-dried on a slide and 
Wright s stain is applied for 1 minute, followed by Wright’s buffer for 2 
minutes. The specimen is then observed under the microscope using an 
oil immersion objective lens. Eosinophils in the urine appear as granulated 
binucleated cells. Because of varying urinary pH, the granules may or 
may not take up the eosin.
If with these laboratory tests the cause of acute azotemia is still in doubt, 
a blood screen for toxic chemicals and drugs may be warranted.

2. Radiographic studies
a.

a blood screen for toxic chemicals and drugs may be warranted.

Plain film of abdomen. Several radiographic procedures to assess acute 
azotemia are available, the simplest of which is the plain film of the ab
domen. Often this procedure can document the size of the kidneys, thus 
giving information regarding the duration of the azotemia (e.g., small kid
neys suggest chronic renal disease, and normal or large kidneys suggest 
an acute process).
Excretory urography. Excretory urography may give additional information 
regarding renal anatomy, chronicity of the disease, and presence of urinary 
tract obstruction. However, a combination of the noninvasive procedures 
described below often give equally valid information without the risk in
herent in contrast administration.
Renal angiography and renal scan. Patients with a history of hypertension, 
type IV hyperlipidemia, or atherosclerotic disease of the large vessels and/ 
or renal artery, because of cholesterol emboli, may experience chronic 
prerenal azotemia or acute oliguria and azotemia may develop, sometimes 
associated with flank pain and hematuria. Also, renal embolization of a 
mural thrombus following a myocardial infarction may lead to acute azo
temia; however, such an event may be overshadowed in importance by a 
concomitant, devastating central nervous system embolic stroke. When 
acute oliguria develops as a consequence of acute renal embolization, renal 
angiography is usually warranted, since acute surgical intervention in se
lected cases may restore renal function. In less critical situations a renal 
scan is often useful in determining whether renal blood flow to one or both 
kidneys is impaired.

3. Renal ultrasonography. This procedure may be useful in assessing kidney and 
bladder size. Also, a normal renal pelvis and calyceal system on ultrasonog
raphy virtually excludes important urinary tract obstruction. Thus, a com
bination of flat abdominal film, renal scanning, and renal ultrasonography in
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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.

4. Urologic studies. In instances of acute azotemia with a high suspicion of un- 
’ 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 wit 
superimposition of acute azotemia on a background of chronic stable azotemia.

5. Renal biopsy. In patients in whom the cause of acute azotemia is unknown 
and a systemic disease (e.g., vasculitis) or acute interstitial nephritis is sus
pected but not proved, percutaneous or open renal biopsy may be warranted. 
A renal biopsy in such circumstances may form the basis and justification for 
aggressive therapy (e.g., high-dose steroids, cytotoxic agents, plasmapheresis). 
In patients in whom the oliguric phase of acute renal failure extends beyond 
4 to 5 weeks, a renal biopsy may be warranted to determine whether another, 
less favorable diagnosis, such as cortical necrosis, should be entertained.

III. Treatment
. A. Prerenal azotemia1. Correction of underlying disorder , . . , x ,

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, bums', isotonic saline approximates extracellular fluid 
tonicity and will restore blood volume and blood pressure. Gastrointestinal 
fluid losses vary widely in electrolyte content and tonicity, and laboratory 
analysis for sodium, potassium, and chloride concentrations is the most 
precise way to determine the type of replacement fluid. Ordinari ly, gastric 
juices will require replacement liter for liter with one-quarter to one-half 
normal saline containing 10 to 20 mEq per liter of potassium chloride. 
Pancreatic, biliary, and small bowel losses will require replacement with 
isotonic saline. Diarrheal losses can be restored with 5% dextrose and water 
to which has been added one ampule of 7.5% sodium bicarbonate (45 mEq 
sodium bicarbonate) plus 20 to 30 mEq of potassium chloride.
Ineffective arterial blood volume with edema. Prerenal azotemia occurring 
in this setting usually represents a secondary problem overshadowed by 
a primary cardiac, hepatic, or renal disease. \ .

v(1) Cardiac failure. In cardiac failure, diuretic agents in combination with 
digitalis therapy may increase the cardiac output and improve renal 
perfusion, and thus lessen the azotemia. Vasodilator drugs, such as 
hydralazine, may also improve cardiac function. However, with ad
vanced heart failure refractory or only partially responsive to these 
agents, the physician may be forced to accept mild-to-moderate prerenal 
azotemia as a trade-off. Such azotemia rarely leads to acute renal failure

i or symptomatic uremia. j u
(2) Hepatic disease. Prerenal azotemia associated with advanced hepatic 

cirrhosis, with or without the hepatorenal syndrome, is ofteri refractory 
to attempts to improve intravascular volume. However, despite the 
presence of peripheral edema and ascites, some of these patients may 

' improve renal function and renal excretion in response to a saline 
challenge. Ordinarily, however, such patients are best treated with j : 
sodium-restricted diet (1 to 2 gm salt), modest water restriction (1500 »
to 2000 ml per day), and an aldostefone antagonist (spironolactone 50 ; f
mg four times daily), while the usually mild prerenal state is ignored. j j 
A potent diuretic agent such as furosemide (40 to 80 mg twice daily)
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is sometimes successful in causing a diuresis and improving renal 
function, but this therapy carries the risk of precipitating severe hy
pokalemia, hxreased ECF volume contraction, hepatic coma, or the
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_ _ effective only if given 
(e.g., immediately after a
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hepatorenal syndrome. Paracentesis and reinfusion of the ascitic fluid

B. Acute renal failure 
1. !
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Rationale for use
Convert oliguric to nonoligunc 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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into a peripheral vein may temporarily increase intravascular volume 
and improve urine flow, but these benefits are of such short duration 
that this cumbersome therapy is of little long-term practical value. 
Moreover, infection and disseminated intravascular coagulation are 
definite risks. For selected, compliant patients with intractable symp- K « 
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 intravascular coagulation, pulmonary 
edema, and variceal bleeding.

(3) Nephrotic syndrome. Prerenal azotemia often occurs with nephrotic 
syndrome from any cause, particularly when it is accompanied by severe 
hypoalbuminemia (serum albumin less than 2.5 gm/L) and heavy pro
teinuria (10 to 20 gm/day). As in the ether states of prerenal azotemia 
associated with an expanded ECF but reduced effective arterial blood 
volume, success in reversing the prerenal state depends on correcting 
the primary disease state. Idiopathic nephrotic syndrome, especially 
in children, usually responds to short-term, high-dose prednisone (1 to 
2 mg/kg/day), but steroid resistance or frequent relapse may require 
the addition of cyclophosphamide (1 to 3 mg/kg/day). When nephrotic 
syndrome occurs as a complication of a primary renal disease (e.g., 
membranous nephropathy) or as a complication of a systemic disease 
(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. 
However, a recent multicenter cooperative study shows that patients 
with 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.

2. Monitoring 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 total 
calculated deficit in the first 24 hours, especially in elderly patients or in pa
tients with a compromised cardiovascular system. The simplest 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 visible 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 
lungs should also be monitored regularly. The presence of basilar rales or a 
third heart sound implies too vigorous fluid replacement, with resultant car
diopulmonary congestion.
In patients in whom vigorous resuscitation efforts are required and there is 
doubt regarding cardiovascular tolerance to sudden fluid challenges, some form 
of indwelling monitoring system is desirable.
a. Central venous catheter. In most instances in which rapid fluid admin

istration is required and severe heart and or lung disease is absent, a cath
eter positioned in the central venous area of the right heart is a satisfactory 
guide to the speed of fluid administration. Long polyethylene catheters 
are placed in the antecubital vein and advanced into the central venous

Table 9-2. Diuretic Agents in Acute Renal Failure

with respiration suggests successful placement of the^ele!’ 
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 PReum- 
thorax The central venous pressure (CVP) normally ranges between 2 an- 
12 cm of water. In volume-depleted states, values of zero or-below can be 
expected Before vigorous volume repletion is begun, a fluid challenge o 
200 to 300 ml of normal saline should be attempied over a 10- to 20-mmute 
period. In an otherwise uncomplicated volume-depleted parent, this

saline will have little effect on the CVP reading A CVP nse greater 
than 5 cm of water suggests cardiac failure, and the infusion should be 
immediately discontinued. Venous thrombophlebitis, a major late^im
plication of central venous catheterization, can be avoided in large part 
by removing the central line after resuscitation is complete or after a max- 

fa 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 venousP^^ ^s nm give 
a reliable index of left ventricular performance. In this situation, a balloon- 
tipped catheter (Swan-Ganz) can be wedged in a pulmonary 
gives an indirect measurement of left ventricular end-diastolic pre.
and thus is a better guide to the-adequacy and speed of fluid ^P^re^t 
Because of the complications of infection, pulmonary infarction, and hem 
pneumothorax, this device should be inserted and placed only b> trainee 
professionals.

Diagnostic and therapeutic use of diuretic agents. Osmotic diuresis witt 
mannitol and, in more recent years, the potent loop dmret.es (furosemide am 
ethacrynic acid) has been used almost routinely to prevent or reduce the sevent. 
of acute renal failure (Table 9-2). However, no human studies clearly 
that this therapy is effective. Available evidence suggests that these aeent 
are effective only if given early in the initiation phase of acute renal failur 

~ mismatched blood transfusion or crush injury- wit 
rhabdomyolysis). There are no data to support their use in established acut

Innpatiente in whom volume deficits have been repaired with lso^onic^1Jn 
or its equivalent and oliguria persists, 50 ml of 2o>c H12
generally given and repeated after 30 minutes if a diuresis of 40 ml per hoi 
does not'ensue. If a diuresis does not occur, no more mannitol should be givei 
since the hypertonic mannitol will increase the plasma voli«me and may p < 
cipitate pulmonary congestion. If a diuresis occurs, it should be sustained wit 
repeated boluses of mannitol or an infusion of 5% mannitol until the patiei

dmret.es
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C.

D.

b.

Systemic lupus erythematosus
1

Postpartum ARF

!

Disease

Acute poststreptococcal glomerulonephritis
Rapidly progressive glomerulonephritis 

and Goodpasture’s syndrome

No specific therapy 
Cyclophosphamide 1-3 mg/kg/day 
Antihypertensives
Dialysis, if required________
No specific therapy

I

Therapy

No specific therapy
Pulse methylprednisolone 1 gm IV over 20 

minutes fot-3 days and/or prednisone 
1-2 mg/kg/day

Cyclophosphamide 1.-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

Table 9-3. Therapy of Acute Azotemia in Primary Renal, Systemic, and Vascular 
Diseases

Small vessel polyarteritis (leukocyto
clastic vasculitis, hypersensitivity vas
culitis)

Henoch-Schonlein purpura
Wegener's granulomatosis

Malignant hypertension

■« o

Subacute bacterial endocarditis
Necrotizing vasculitis

Large vessel polyarteritis 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

*

ep.

IK
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 below 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, f 
bums, 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 conservative measures 
described above.

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 arute obstruction secondary to prostatic hypertrophy and may be fol
lowed in several weeks by prostatic resection. With ureteral obstruction, cystoscopy 
and placement of ureteral drainage catheters may allow passage of obstructing 
stones, sludge, or pus, but if this fails operative intervention will be required. 
Acute Interstitial 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

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 dose 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 failui^j (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 lOQ 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. 
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 losf in other measurable bodily fluids.

3. 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 1-amino acids as the nitrogen source. When ARF occurs in the absence 
of the hypercatabolic state, parenteral hyperalimentation is not recommended.

4. Dialysis therapy. Indications for dialysis therapy are as follows:
(a) Absolute indications z

(1) Central nervous system dysfunction
(a) Asterixis
(b) Neuromuscular irritability
(c) Somnolence z
(d) Coma
(e) Seizures

(2) Gastrointestinal complications
(a) Nausea and vomiting
(b) Hemorrhage

(3) Pericarditis '
Relative indications x
(1) Cardiovascular complications

(a) Pulmonary edema
(b) Hypertension
(c) Arrhythmias

I (2) Metabolic complications
(a) Hyperkalemia
(b) Hyperuricemia
(c) Hyponatremia 125 mEq/L or symptomatic)
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Azotemia literally means an increase in the concentration of nitrogenous compounds 
in the blood. These include proteins, peptides, amino acids, creatinine, urea, unc 
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 uropath}.

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

1 Chronic renal failure. The common causes of chronic renal failure (rable 10-
1) in both children and adults are glomerulonephritis (including hereditary 
nephritis) polycvstic 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 hypopiasia. 
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 m 
severe renal dysfunction) may progress over a period of months to 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 i& 
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 m 
both children and adults (such as urinary stones, tumors, surgical misadven
ture, and retroperitoneal fibrosis or tumor), and the prognosis of these disorders 
is vanablc

3. Cardiac failure. Cardiac failure causes edema (which is of paramount impor
tance) and also azotemia (which is usually mild and thus relatively umm-

149
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Table 10-1. Relative Frequency of Causes of Chronic Renal Failure in Adults 
and Children £
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a catabolic drug such

portant. except that its cause must be distinguished from other causes of azo
temia). To the extent that edema is associated with a decrease in glomerular 
filtration rate, there is a proportionate rise in blood urea nitrogen (BUN) and 
serum creatinine. Salt and water retention in congestive heart failure may 
also be due to secondary aldosteronism and increased fractional proximal renal 
tubular reabsorption of salt and water, and these disturbances may account 
for sufficiently slow flow of filtraLe down the nephron that there is enhanced 
renal tubular reabsorption of urea as well. This presumably accounts for the 
disproportionate rise of BUN compared with serum creatinine in most patients 
with heart failure such that many patients with chronic congestive failure 
have a BUN in the range of 30 to 60 mg per deciliter but a serum creatinine 
concentration usually less than 2.5 mg per deciliter and not infrequently within 
the normal range.

4. Massive protein intake. Dietary protein is an uncommon cause of azotemia 
in an otherwise healthy person. When protein intake is massive there may 
be a rise in BUN without a proportionate rise in serum creatinine, but the 
rise in BUN is relatively mild. This phenomenon is seen in obese persons with 
extreme dietary restriction of carbohydrate and fat, but either no restriction 
or, more commonly, supplementation of protein intake. Occasionally the phe
nomenon is seen in persons who are not restricting calories, carbohydrate, and 
fat but are simply ingesting inordinate amounts of protein. More common than 
these voluntary causes of chronic azotemia are iatrogenic causes of acute azo
temia. One iatrogenic cause of azotemia is parenteral hyperalimentation (the 
intravenous infusion of amino acids as well as carbohydrate in a patient unable 
to assimilate them from the gastrointestinal tract), and this results m a dis
proportionate rise in BUN, particularly in patients who already have renal 
insufficiency. Another iatrogenic cause of azotemia (in which BUN may be 
disproportionately elevated to creatinine) is the use of high-protein tube feed
ings in a patient who is comatose .or otherwise unable to communicate thirst 
and who is given insufficient water and solute to offset the urea diuresis that 
occurs from administration of inordinate amounts of protein. These iatrogenic 
disorders-are usually of short duration and, except in very unusual circum
stances. do not rpfeftltjn chronic azotemia.

■ 5. Catabolic states. Catabolism (with increased endogenous protein breakdown) 
is a more freqberit'cause of azotemia than is increased protein intake. Most 
catabolic states, however, are not of sufficiently long duration to cause chronic 
azotemia, although in exceptional circumstances they may. The increased urea 
generation due to catabolism may result from an underlying illness or from

the administration of a catabolic drug sucn as tetracyline or adrenal corti-

e.
azotemia (Except when due to heart.failure) evaiuation and
nevertheless know of his or her c evaluatiOn or management. Other pa-
may present with a re^es^r.^ intercurrent illness or for routine periodic 
tients may present with unrelate discovered by chance, a circumstance
examination, and their azotemia m y b reening panels of laboratory tests, 
increasingly common because of the m . present because they have symp-

^g^rofou^dtX.a'^^ateveVIhe presenUbon, additional evaluaUonis >n 

order.

renal tumot, the patient may have lo J anemia If obstruction is
hematuria, or systemic symptoms s . personal history of stones or
due to stones, the patient may have a fa ly p fecti or manifestations 
renal colic, hematuria, complicating or idism gout, Or renal tubular
of other causative disorders such as hyperp YfibrosisAt may be occult, as 
acidosis. If obstruction is due to re r°Pe*headacbe and methysergide 
in idiopathic cases, or there may be a - lymphoma. If obstruction 
use, oAhere may be manifestationsi of * Or pelvic ir-

pain dnd/or a palpable masa. hi|fltprai obstruction. Complete bilateral
3. Features related to unilateral yers patient with a solitary kidney) of

obstruction (or unilateral in a patient with two kidneys,
course produces anuria. Umlatera obstruction is sufficient to produce

•"
is complicated by infection, w^h ^ofobstruction. Pain is much more

4. Features related to the rate and deg ^t°an when it siOwly; thus,
common when obstruction occurs obstruction. Complete obstruction
pain is not a usual manifesta ion . cause abnormalities of urinary
causes anuria, but partial obstructio ^al obstruction may result in

5- nim "“J'S?.”;
most common complication and ■ . ppmcythernia are less common
or therapeutic maniputat.on, S Sividual patients. Ure-

complete obstruction.

Glomerulonephritis
Polycystic kidney disease
Interstitial nephritis
Diabetes
Hypertension (nephrosclerosis)
Obstructive uropathy
Renal hypoplasia
Hereditary disorders*

*Excludes Alport’s syndrome (hereditary nephritis with nerve deafness), wHigFi 
is included in the glomerulonephritis category, and polycystic disease, both 
of which are listed above.

J
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Table 10-3. Specific Clinical Features that Suggest the Cause of Chronic Azotemia ——------ — r~
H Chronic glomerulonephritis: history of acute nephritis or nephrotic syndrome, syniptons

of systemic lupus erythematosus (SLE), deafness 1 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 \

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 sedunent
Diabetes: hyperglycemia
Polycystic disease: diagnostic intravenous pyelography (1VP)
Interstitial nephritis: diagnostic IVP if pyelonephritis
Obstruction: diagnostic IVP or ultrasound study
SLE: positive antinuclear antibody, nephritic or-nephrotic sediment

r

*
!!

vomiting, abnormal taste, hiccoughs

twitching, inability to con-

Symptoms
General: fatigue, weakness
Gastrointestinal: anorexia, nausea,

legs, numb feet, muscle cramps or
centrate, insomnia, irritability

Genitourinary: loss of libido or potency, noctuna
Cardiovascular: dyspnea, edema, pericardial pam

Signs
ecchymoses, excoriations

bkin. paiior, nypt p b__ rptinonathv. uriniferous breath

£E£2i™X^oW5n^“
Laboratory Findings

Azotemia
Acidosis, metabolic
Anemia, usually normochromic, normocytic
Leukopenia and occasionally thrombocytopenia

Hypophosphatemia, at times hypocalcemia and hyperphosphatasia.
Radiographic osteomalacia or osteitis fibrosa
Proteinuria
Cyl indruri a __________________________ ____

Table 10-2. Nonspecific Clinical Features of Patients 
with Chronic Azotemia (Uremic Manifestations.

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 information. 
For example, a strongly positive antinuclear antibody (ANA) test is diagnostic 
of systemic lupus erythematosus (SLE) and severe carbohydrate 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 to require insulin. Other clinical laboratory findings, 
such as a nephritic or nephrotic urinary sediment, are somewhat less spe<^c 
(e.g.. a nephritic sediment may occur in subacute bacterial endocarditis (IbBLj. 
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 aqemia, 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 aroterma 
are radiographic. Although there is a risko^e^4rhil ™
by intravenous urography (particularlyM^5i^mJvithrdM^^i 
myeloma), it may not be possible to/^^a^jmtic 
disease without radiographic study, o^eimSytoxclude
detect cysts with ultrasonography./flight thinjs. that renal bilvg’ 
be invariably definitive; although p may be in early stage^< ch^oRR 
parenchymal disease, it usually is not ih end-stage disease m which J 
tologic damage may be so severe that it is nonspecific.

rr~
’■ Th- Df

Sr
irom matfunc ion patient However, most patients have gastroin-

or oth^physicians or hospitals may be the only way to reconstruct the natural

cause of the patient's: disease■ (Table 10-3f .s re,
Laborattiry XTtorvTe and creatinine are often normal
S^the"^ of protmuna and cylindruria in patients whose azo-
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III.

4
e

i
Causes

Calculi

Stone formation

Multiple myeloma

Bilateral renal artery stenosis

I

Wegener’s granulomatosis

Gouty nephropathy

Potassium depletion

KUB. Kidney, ureter, and bladder x-ray.

i. '

Hypercalcemic nephropathy

Malignant nephrosclerosis 
Lupus nephritis

Obstruction
Bladder neck or prostate

I4

I

I.
IStones and/or nephrocalcinosis

t

Therapeutic misadventure 
Retroperitoneal fibrosis or tumorXi

.1 z

Only when there are reasonably certain answers to tnese questions 1
sician comfortably embark on therapy. Conservative management often suffices J 
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- j 
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).

B. 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 ot 
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 Urge, kldne^S^^ 
also be true with polycystic kidney disease, diabetic nephropathy, malignan 
nephrosclerosis, multiple myeloma, rapidly progressive glomerulonephritis and, 
occasionally, chronic glomerulonephritis. Particularly m patients who have nor

Nocturia, hesitancy, intermittency, de
creased caliber or force of urinary 
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 passage
KUB for radiopaque calcium or magne

sium stone in kidney or ureter
IVP for nonopaque uric acid stone
Renal tubular acidosis, hyperparathy

roidism *
Hyperparathyroidism, milk alkali syn

drome, other causes of high serum cal
cium \

Pyelonephritis with active infection IVP, urine sediment, culture 
or papillary necrosis

Interstitial nephritis History of analgesic abuse, other drugs or
toxins (lead, cadmium)

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) /
Upper and lower respiratory tract manifes

tations of Wegenefs, e g., sinusitis, pul
monary infiltrates

Elevated perum uric acid, history of 
podagra

Low serum potassium, history of diuretic 
or laxative use

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-

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 asiadult 
polycystic kidney disease or Alport’s syndrome is likely to have the same•disorde 
A history of prolonged nocturia, polyuna, itching, or neuropathy is suggesti

, 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 hypercakemia on p y - 
ical examination (e.g., pigmentation, neuropathy, retinopathy, and^“ 
topathy) are reasonably convincing evidence of chronicity So, too, is the presence 
ofPscvcre azotemia without uremic symptoms. Stability of azotemia is ^ggestive ?
of chronicity since the BUN and creatinine usually rise when the disorder is 
acute and progressive, but with chronicity the converse is of ^eva™* ^ 
of urea disproportionate to creatinine has been previously discussed Except n 
patients with acute disease who are capable ot, and forced to have, a water diur^is, 
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 asthose 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-

>7 i )
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calcemia is a somewhat more reliable indicator of chronic rena!n\n^r‘cireJlX 
hut it may occur in acute renal failure, particularly in association with rhab-

■ Of chronic but remediable causes of renal failure as well as i°r
features of these disorders. There are also some acute disorders thatJan ead 
permanent renal failure, including rapidly g “I"6™’""ndtome) and'
antiglomerular basement membrane nephritis or Goodpasture s 6yn(^^' and; 
raX antibiotic nephrotoxicity (particularly that caused by cephalotidme and 

amphotericin). ,

Table 10-4. Remediable Causes of Chronic Renal Failure __________ _________

Diagnostic Features and Tests

I
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 irre\ersible, 
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-
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It would be far better to prevent chronic renal insufficiency than to treat it, but 'St.- Tabl
------------------ *---------
Laboratory error or

- -'xj Heart failure: congestive, low-output, pericarditis with tamponade 

« ............................
4 nnlvrvstic kidnev disease, and many other inherited or idiopathic^SSXhntis due U d^nic pyelonephritis (particularly I 

when it occurs in a child with vesicoureteral reflux) may not be preventable, and 
certainly chronic pyelonephritis can progress long after bacteriuna is eradicated | 
N^rtheless, there are several common causes of chronic renalMurefliatriwuld L

CJ 1
Npvprthelesc there are several common causes of chronic rem 
be preventable. These include hypertensive nephrosclerosis, obstructive nephrop- 
athies of most types, and nephropathy due to analgesic abuse.
It should be evident that it is mandatory for a physician seeing a patient with 
chronic renal insufficiency to make a specific diagnosis if it is possible to d . (
without unreasonable risk to the patient. Many diagnostic features and approaches | 
are suggested in Table 10-4, but diagnostic approaches for disorders that are not 
ramediable^re not list«L Those for JxdycystK;

"■ tit ur0B; i raphy and percutaneous renal biopsy are the mainstays of differential diagnosis 
of parenchymal renal disease. Occasionally, immunologic, bactenolgic, or 4
chemistry determinations allow a specific diagnosis to be made. i
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 

zvLvmo-oH It iq loqq well known that there are several causes of chronic renal 
tenure that even if severe enough to require dialysis for a substantial period of 
toe (even many months), occasionally improve sufficiently that^dialysis is no 
reouired for a period of months (or even years). Such disorders include malignant 
nephrosclerosis!lupus nephritis, Wegeners granulomatosis, multiple myeloma,

‘ 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 P™01?^ 
is dangerous when applied to patients with chronic azotemia. Chronic renal failure 
not onN does not protect against other disorders, such as prostatism, but it makes 
the patient susceptible to a number of complications that may worsen the disease.

•’ a number of substances, par- |
tay interfere with various chemical methods, tor example, 
levated serum creatinine may result from hyperglycemia, J V 
■ ■ " ■ or ingestion of arginine, ascorbic acid, cetoxitin, | 

‘and"methyidOpa: Some drugs may increase “Tiththe" tubffiS
’ i rate but by interfering with the tuouiar |

Ck

■

Fi

Table 10-5. Remediable Contributors to Azotemia in Patients with Chronic Renal Failure 

chemical interference with laboratory determination j
’ * or constriction

Hypertension: severe, especially malignant; overtreatment of hypertension
Urinary obstruction:

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
Drugs1 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.
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. 
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.
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 m the patient

________ 3
:hes for polycystic kidney disease, diabetic j 
relatively self-evident. Details of the pa-

e;
i

sthe patient susceptible to

1. Erroneous laboratory data
_____________________________________ ■ ;. ’

therapeutic responses. The physician must i 
of erroneous data, but also must appreaate that 
ticularly drugs, m<.
ketoneTa^bumm ffiffision, ot mgesuon of arginine, ascorbic acid cc*xlt^’ 

levodopa, and methyldopa. Some drugs may increase serum creat1^ne- 
bv decreasing glomerular filtration rate but by interfering w th the tubular 
secretion of cJatmine. Examples are trimethoprim and cimetidine. An arti- 
factually elevated blood urea may result from infusion of dextran or ingestion 
of Icetohexamide, ammonium salts, aspire chloral hydrate, chloramphenicol,

2 Congestive heart faHu^ and pericardial disease. Heart failure may cause a 
2‘ decrease in creatinine clearance of approximately oO percent in a patient w ith 

chronic renal insufficiency, just as it may m patients tem-
tion Renal failure may cause pericarditis, which may be compl cated by tarn 
ponade, and tamponade may in turn additionally impair renal function and
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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 ur”1® 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 . 
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.

Symptoms. The symptoms of renal insufficiency depend not only on its seventy 
but 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, 
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.
Physical findings. The physical examination of patients with renal insufficiency 
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
derness or pathologic fractures in adults), the renal insufficiency is severe. 
Other stigmata, such as hypertension, hyperpigmentation, retinopathy, and 
even ecchymoses, do not necessarily correlate with the severity of the renal 
insufficiency and may correlate better with its duration.
Laboratory data. Aside from the history, physical examination, and observation 
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 (GER) 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' giv es 
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 
reliably), creatinine clearance is superior to measurement of serum creatinine 
alone. This is particularly true of malnourished and elderly patients whose 
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 
excretion has been obtained, creatinine clearance can ever after be calculated 
from that value together with serial serum creatinine determinations.
Creatinine clearance is not always necessary for clinical purposes if it is ap
preciated that a large, muscular, young man should have a significantly higher 
serum creatinine than a small, elderly woman. Furthermore, any change in 
serum creatinine concentration reasonably reflects a change in glomerular 
filtration rate, since renal tubular secretion of creatinine is a relatively stable

I and minor factor (except in advanced renal failure), and since the other de- 
‘ pendent variable is the production of creatinine, which varies less than 10 

percent unless there is a change in muscle mass. -- *
The BUN is a less accurate measure of GFR because the production ot urea j
is much more variable than the production of creatinine and because rena

tubular reabsorption of urea is more variable than is the secretion of creatinine.

E”™ U-ms- -M'"" 'iv"”’1';
alrered production of urea (decreased with inadequate protein intake or very 
severe liveXfunction, increased with catabolism or gastrointestinal bleeding) 

reabsorption of urea (with decreased fluid intake, hypovolemia,

4 studies. Although clinical labo-
critical quantitative information, additional studies

are often useful. Chest x-ray may reveal cardiomegaly, an
silhouette due to pericardial effusion, or uremic pneumonitis (which has never 
been convincinglv demonstrated to be more than a hilar pattern of Pulmonmy 
edema) Renal x-ray (with or without radiographic contrast), renal scintisca 
and ultrasound may all assess the severity of renal disease’ hy
size and may also detect obstruction. Bone x-ray, particularly -
fopt to look for subperiosteal resorption or vascular calcification, are the most 
nractical tests of renal osteodystrophy, although bone densitometry allows 
Quantification of osteodvstrophv and may be helpful, particularly when os- 
teopema is the major bony abnormality. Nerve conducUon“ ^“n; 
tifiable but somewhat vanable, and may add relatively little to clinical as 
sSment of peripheral neuropathy as an index of the severity of renal

F Va^ng^natural history of different causes of chronic renal failure. The rate of 
■

gXiSi is fulminant (^ might be true of rapidly pro^ssive glome^onephnLis. 
feteroderma or malignant nephrosclerosis), the physician will probably want to 
have the patient in the hospital not only to follow the progress o te rena

. ^bfnfbmatbn'regard expected rate of proton

Funbi onunX'ed^or

creatinine has been measured on several occasions, the rate ot progression can

G. Parameters to monitor In patients with chronic renal failu^
JXtioLwPth^ f°>»to^^lnsebltive
ease. Both clinical and chemical features should be used to guide c
mbH PVPntuallv radical management of renal msutticiency.Thle parameters are categorized m Table 10-0 by history, phystca^
laboratory tests, x-rav, and neurologic teste. Here we ™n8ld“ ^Xbem^te 

S’ Z dX"prZ restriction’must be
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Table 10-6. Parameters to Follow in Patients with Renal Failure
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Many medications must be used in decreased dosage, with jnonitoring 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 tfeat urinary infection.
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 salt substitutes (KC1) 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 ceils and dangerous hyperkalemia.
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).
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 cautioned 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. 9
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 dangerous<to 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

s

initiated and, after it has failed, when dialysis and'or transplantation should be 

aggravate hypertension and/or cardiac dysfunction. Laboratory parameters such 
afpotassium 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 when to modify the 
diet and to use medications such as phosphate binders and vitamin D analogues. 
Other tests, such as serial determination of body weight, urine sediment ano 
culture, and serum iron or ferritin, are important to detect complications such 
as salt depletion, urinary infection, and iron deficiency, to make therapeutic ma
neuvers to prevent rapid deterioration of function or to treat complicating illness.

IV. Treatment ot patients with chronic renal tailure
A" ^Mra^ures to prevent aggravating renal failure and complications

■ a Careful drug usage. As in all medicine, pnmum non nocere. Renal failure 
’ may be ag^avated or complicated, particularly oy the injudicious use of 

medications or inappropriate manipulation of the diet Many drugs depen 
on renal excretion and have excessive or toxic effects if employed m 
dosage in patients with renal disease. Other medications must be used 
cautiously because of the impaired homeostatic mechanisms >n 
with renal failure. Nonsteroidal antiinflammatory agents are prostagland n 
synthesis inhibitors that may cause senous renal insufficiency, presumably 
by decreasing renal blood flow. At times they may cause even more serious 
and less rapidly reversible renal insufficiency by causing interstitial ne
phritis, with or without nephrotic syndrome. Other drugs which may cause 
Interstitial nephritics include phenylhydantoin, cimetidine, captopr 1 
methicillin, allopurinol, and furosemide. Such agents may be more likely 
to cause interstitial nephritis in patients who already have some degree 
of renal insufficiency. A detailed discussion of drug use in renal failure is 
beyond the scope of this chapter, but tables for modifieatmn of drug dosage 
are readilv available in the current literature ana in Chapter 11. To sum 
marize briefly, a few medications are so toxic or dangerous that they should 
be avoided altogether; these include nitrofurantoin (which may cause pe
ripheral neuropathy); spironolactone, amilonde, and triamterene (which 
may cause lethal hyperkalemia); cephaloridine (which may cause «ivere 
renal failure); phenformin (which may cause severe lactic acidosis), and 
sulfonylureas (which may cause severe hypoglycemia),

3
e

History
Symptoms of uremia

^WeightSpine3^ standing blood pressure, retinopathy, skin turgor, cardiac size, pros

tate, edema, reflexes, sensation
“^nipn, matinine. potassium, HCOf, uric acid, phosphate, calcium albu

min hematocrit platelets, serum iron or ferritin, alkaline phosphatase, parathyroid 
hormone, urine sediment and culture; 24-hour unne volume, creatinine, protein, sodium

X-ray tests
Chest, bone, kidney size

Physical examination or nerve conduction velocity, electroencephalogram, psychomet 
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Table 10-7. Therapy to Alleviate Uremic Symptoms
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^Xict phosphorous and protein; treat with ultraviolet irradiation, diphenhydramine 

GlSrkt%trXin7rorrertSacidOSis; treat with frequent small meals, prochlorperazine 

N^TwictTrotei^’^t’with diazepam, sedatives, anticonvulsants

B7ratTXis; restrict and bind phosphate; treat with calcium supplementation, vitamin

D, or 1,25(OH)2D3
Neuropathy

Treat with vitamins

A“ with iron, anabolic steroids, and, if severe, with transfusions

High-quality protein when quantity of protein is restricted

A fcTtrict and bind phosphate; treat with allopurinol, phenylbutazo:

3' “^S^Xnal hmction fails and sympton.de.

A^^oSn^^tas'wh^n’it irnpai^ed, j

slow the progression of renal failure and even, perhaps, improve renal

Dmta^ protein restriction should not be severe (i.e, should not be less 
than 0 5 gm proteimkg body weight/day) until uremic symptoms develop 
since the beneficial effect in slowing progression of disease seem■'ess than 
the risk of malnutrition. Furthermore, reserving marked protein restart °n 
to the uremic stage of renal insufficiency generally allows the Phys^‘an 
to know that there is still time to prepare for end-stage renal diseas > man- 
avement without undue haste or alarm, since marked protein restriction 
usually allows one to several months of sufficient amelioration of symptoms 
before^dialysis or transplantation is required. To initiate marked protein 
restriction before the onset of symptoms, and thereby to delay their^ap
pearance until very late in renal failure, obliterates this important sign 
to the physician that referral for end-stage renal disease care is indicate , 
thereby exposing the patient to greater risk of life-threatening compli-

of medications is usually required to prevent or a"e«a‘a '’V"VnXi°ant 
uremia has supervened. Itching is a common and particularly unpIcasant 
problem that iinot always amenable to conservative therapy. Restriction 
of dietary protein and restriction or binding of dietary phosphate; ma,y s - 
fice. If dryness of the skin contributes, avoidance of frequent or P™’0"*- 
bathing, use of mild soaps, and application of 8^n crea“a !’“■
Ultraviolet irradiation has occasionally teen highly effective Other an 
tipruritic medication may be helpful in selected patients, but <i>Pb™hy- 
dramine is usually the drug of choice both because it often dec, ea-^ '‘fb 
and because it is sedative. Itching is particularly bothersome to the uremic 
patient at night when activities of the day no longer distract attention 
from what is often relatively mild pruritus.

there may be transient worsening of renal function, but this should not 
dissuade the physician from achieving control of the hypertension, even 
if the patient is on the borderline of uremia and might require temporary 
dialysis On the other hand, as previously mentioned, overtreatment of 
hypertension is to be avoided since it is as dangerous as inadequate treat
ment: syncopal episodes, aggravation of azotemia, and even modest re
duction of blood pressure with captopril may cause reversible renal in
sufficiency in patients with bilateral renal artery stenosis

b. Treat urinary tract infection. Treatment of urinary infection is less fre
quently effective in slowing the progression of renal insufficiency. Some 
patients with severe renal infection have substantial improvement in 
function with effective therapy, but treatment of patients whose infection 
is restricted to the lower tract is unlikely to have a beneficial effect on 

.renal function. Nevertheless, since there are other reasons to treat infection 
’and since there is no sure way to tell which patients have only lower tract 

infection, all patients should be treated unless the treatment is judged to 
be more dangerous than the infection. .
Limit dietary protein. Protein ingestion or amino acid infusion increases 
renal blood flow and GFR and may increase renal size. A substantial body 
of evidence—albeit much of it indirect or in experimental animals sug
gests that the rate of progression of renal insufficiency of any cause, even 
ageing, may be greater when protein intake is high. Conversely, protein 
restriction mav slow the progression of renal disease. Whether considerable 
slowing can be achieved by modest reduction of dietary protein remains 
to be seen, but presently it seems reasonable to limit dietary protein to 1 
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 
reduced by only approximately 30 percent); thus, to protect the skeleton 
and to prevent other potential hazards of hyperparathyroidism, use of 
phosphate-binding medication and avoidance of excessive phosphate intake 
(primarily, dairy products) are appropriate. It is also likely that hyper
phosphatemia mediates renal damage by enhancing calcium-phosphorous 
deposition and hastens the progression of renal insufficiency; it should be 
treated for this reason as well.

e. Treat severe hyperuricemia (> 10 mg/dl). Although not as well demon
strated a pathogenetic factor in progressive renal insufficiency as hyper
phosphatemia, hyperuricemia also causes renal parenchymal damage by 
interstitial inflammation and scarring. Thus, its treatment may also slow 
the progression of renal insufficiency even in patients who do not have 
gouty nephropathy. ,

1. Treat severe metabolic acidosis. Metabolic acidosis should be treated, at 
least when serum bicarbonate falls below 17 mEq per liter, not only to 
provide a buffer reserve against acidogenic insults, but also to protect the 
skeleton from demineralization. It seems possible that acidosis may impair 
renal function as well as cardiovascular function. If edema or aggravation kp,., ,
of hypertension results from sodium bicarbonate therapy, dietary sodium 
restriction or diuretics may be required to allow continued alkali therapy. —

g. Control blood sugar in diabetic patients. -Just as high protein intake may — • e_ 
cause glomerular hyperfiltration, so may hyperglycemia. Early in the course

] of diabetes mellitus creatinine clearance is often high, and renal size, large.
1 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. 
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. X
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. Indications for initiating chronic dialysis or transplantation for a patient 

with uremic 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)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
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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 e-valuation 
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 controlled by therapy.
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 precipitates 
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 prophytactically 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.
To consider, plan, and prepare for definitive ESRD therapy

Indications for initiating chronic dialysis or transplantation for a patient 
with otherwise suburemic severe renal failure include:

Circulatory overload, congestive heart failure or hypertension that fails 
to improve with medication
Severe, progressive peripheral neuropathy, especially motor neuropathy 
Pericarditis
Severe renal osteodystrophy
Progressive physical debility or malnutrition 
Progressive emotional discouragement or psychosis , 
Early, but progressive, diabetic retinopathy 
Severe diabetic neuropathy, gastroenteropathy, or vascular disease 
Creatinine clearance less than 4 ml per minute
Irresponsible or noncompliant patient and danger of death from hy
perkalemia or other complication 
Bleeding diathesis

c. Treatment of gastrolntesunalode aRorexia, a musty, metallic, or ,
almost universal m urermm They particularly in the mormng;
Otherwise abnormal “US^’arrbea. These symptoms are usually re- .
early satiety; and, even though the foods allowed may
Sieved by dietary customary diet. As renal failure ad- ,
be less appealing than the p measures may be indi-
vances, however, symptom abo!ish(.d by decreasing oral bacteria 
cated. The abnormal ta. \ ith haif.8trength hydrogen peroxide
(which convert urea to “mTn‘® ammon;a with small amounts of lemon 
mouthwash or by neutratotio ^ anorexia and early satiety by
jmce. Nutrition may,be sustai^n^ to tion of met-

or trimethobenzamioe. svm„toms. Neuromuscular symptoms are
d. Treatment of neuromusotiUr syimp Th inc!ude restless legs, par-

perhaps the next most commonJO svmptoms of peripheral neu-
esthepias and dysesthesias as fatigue (particularly later m
ropathymusclecrampsian X" 
the day), insomnia, and even,. protein and vitamins should be pro
ameliorated by restriction of d^P vitamin deficiency is
vided to the 7'%™m id and-when indicated-an- 
an infrequent cause of it thazepam, 
ticonvulsants may also be Renal osteodystrophy is frequently
Treatment of bone and joint disease. Ke ^ptQmatic, it should be

on radiographic survey, “tom"1 , dally) are appropriate, provided 
and 1,25 dihydroxy-vita mm D, < calcium 1S followed
that serum phosphorus “^uomalacia 1S demonstrated by an a ir
regularly. If alu?"nu“n"dv the renal osteodystrophy may respond to alu
minum stain on bone biopsy . Arthritis is fortunately infrequent in 
minum removal by “.art.cular hydroxyapatite dep,
uremia, but several forms ma .ented by dietary restriction and
osition and inflammation > respond to phenylbutazone,
binding ofPhosP-hal® Xnbrtart.callv with allopurinol and acutely with 
Goul may be treated ProP^lapaeudogout may also be treated with phen
colchicine or Ph™> !b.X". Jforms of arthritis should be treated initially 
vlbutazone or mdonietnacin.
With immobilization as wem5ufriciency is a particularly 

f. Treatment of anemia. The an erythropoietin
vexing problem. It is :a"d? 
deficiency. Unfortunate.y, eryth clinically. Patients should be
not available for treatme P\art«cutarly iron deficiency with serum
screened for other forms of a^^je form J anerma is found the only 
iron or ferritin, but if n . administration of anabolic steroids,
practical therapy is the pa CTeat Because of risk and short-lived
whose efficacy is, unfortunaavoided except in patients with 
benefit, transfusions shouldI ge cerebrovascuiar disease, or cardiac 
symptomatic wrona^_ar [ating to these cardiovascular diseases improve 
failure, whose symptoms relating
with transfusion. mnpss Finally it should be noted that the

g. Treatment of intercurrent Emulate many other d.sorders.
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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 
for vascular access for hemodialysis or for preparation of the patient for 
transplantation. If there are willing related donors, time for their evaluation 
and preparation is also necessary.

C. Definitive ESRD therapy (chronic dialysis and transplantation)
1. Indications to initiate chronic dialysis or transplantation. Indications that 

the time 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 
comment.
a. Neuropathy. Sensory neuropathy is common, frequently only mildly dis

tressing to the patient, and not a cause for undue alarm. However, even
early motor neuropathy is an indication that dialysis or transplantation 
should be initiated without delay, especially since dialysis rarely reverses 
peripheral neuropathy but may halt its progress. In fact, if motor neuro
pathy has progressed considerably, transplantation may be preferable to 
dialysis because it may allow regeneration of peripheral nerves.

b. Uremic pericarditis. Uremic pericarditis is often mild and as such does 
not cause tamponade. However, there are occasional patients in whom 
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 has 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 ok 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

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 
is mentally competent and well informed. Specifically, the patient should be 
given an opportunity to consider the pros and cons of prolongation of life by

ijjh*
dialysis or transplantation when neither depressed nor under 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 th 
quality of life that dialysis or transplantation would simply postpone death 

rrelatileren^Stion to dialysis and transplantation is disability or severe 
hanXp in an infant who, in the parents' and physician s opinions ^uld 
have severe difficulty adjusting even to a sheltered existence. Another reiati 
contraindication to initiating or continuing dialysis is existence’ ’
opment of serious illness that, in the opinion of the fam ly and phy sician, 
would cause severe and prolonged suffering of an incompetent patient.

3’ USeAOndna™ttierapy and technical aspects. Although the adequacy of dialysis ; 
is difficult to measure or even define, most patient\™‘:;iT"eD t d 
hemodialvsis three times weekly to sustain reasonable health. Dietary and fiuid^strictions are mandatory, and ancillary therapy is almost 
reouired For nearly all patients such therapy includes supplemental water- 
soluble vitamins (B and C), folic acid, and phosphate binders 
hydroxide or carbonate). For many patients therapy also includes 
hyperfensive medications, supplemental calcium andor active vitamin D 
iron, and periodic transfusion of blood. Occasional patients require subtotal 
mrathvroidectomv because of bone disease, and rare patients require 
nephrectomy for treatment of hypertension. Although there are fewer 
problems with arteriovenous fistulae than with external shunts, vascular ; 
access fails periodically in most patients. 'The forearm veins of many pa
tients are inadequate to create adequate fistulae, and interposition scg .. 
ments of bovine carotid artery, microporous Teflon (Impra or Goretexi, or

"e’child, a more natural setting. The disadvantages of home dialysis 
are the added psychological stress for the patient and ass^tant, the dis
ruption of family or marital life that the stresses may occasion the lack 
of expertise and equipment for cardiorespiratory resuscitation should be 
required bv illriei or technical misadventure, and the lesser frequency of 
evaluation of the patient by nurses and physician.

b Efficacy of chronic dialysis. Uremic manifestations and how they are con- 
taofied by dtalZ are listed in Table 10-8. The net effect of these variables 
is a patient whose life is clearly prolonged, whose health is vartaMy b 
usually reasonably restored, and who has to expend considerable t e and 
effort if not money, to achieve these ends. A minority of patients, P^aps 
10 percent, feel entirely well, and their lives are p-”-<-.ly diarnnted. bv 
thefime required for treatment and for medical evaluation and supervision. 
The vast majority of patients are well enough to enjoy reasonably norma 
lives, and half of them can continue full-time work, school, qr retiremen 

to reasonable health or to be rehabilitated. hpttpr
As might be anticipated, elderly and retired patients tend to adjust better 
to the demands of chronic hemodialysis than do younger Sur
prisingly, many elderly patients have fewer medical problems than their 
younger counterparts.
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Table 10-9. Complications of Hemodialysis __ -

Vascular access: hemorrhage, thrombosis, embolus, infection, aneurysm, arterial steal, 
venous congestion, high flow (strain on heart)

Technical misadventure: impure water, improper dialysate, air embolism, ruptured 
dialyzer, excessive anticoagulation, excessive ultraflitration

Hepatitis and carrier state
Removal of nutrients, medications, other solutes
Anemia and impaired oxygen delivery
Neutropenia and eosinophilia
Bleeding and clotting tendencies
Cardiovascular: cardiac stress, hypotension, hypertension, arrhythmias, endocarditis
Gastrointestinal: phosphate depletion, obstipation, ascites
Genitourinary; sexual dysfunction, oliguria, stones, papillary calcification, acquired cystic 

disease (often with tumor)
Neuromuscular: muscle cramps, seizures, disequilibrium, dementia, carpal tunnel syn

drome, intradialysis headaches, nausea, vomiting, hypotension, muscle cramps
Postdialysis hypotension or "washed out” feeling 

--------- -----------------------------------Cardiovascular disease 
Sodium, water, potassium

balance* omwtn
Hypertension’ Development
Circulatory overload* Maturation -

. Sexual interest and func-
AcldoslS tion
Hyperuncemia CTamps
Arthropathy Anephric anemia
Osteodystrophy
Anemia*
Neuropathy
Pericarditis
Hyperlipidemia
Carbohydrate intolerance
Pruritis
Amenorrhea
Strength and endurance ----- ----------
(ritoneal dialysis than by hem-fialysisTi

- r

168

| Neurologic symptoms
; Gastrointestinal symptoms

Bleeding
Ij
i
I '■

< h^mndla’vsis Complications of chronic hemodialysis ore 
c. Complications ol‘ h®1™* /V require additional comment.

listed in Table 10-9. O j a ceptjon ©f patients with large-caliber,
(1) Vascular access. With the & cep^

superficial forearm ccphah

often required on a temporb - additional co^li-
primary access on «Jong-tertn^ hemorrhagc-. infection, and
tooXsis thX eternal arteriovenous fistula make them a poor 

X?—-ere the «dya— —  ^ss. and — 

compounds were employed t p when diaiyzers (artificial
hemorrhagic compheat»ons Jarin, hemorrhage was often
kidneys) required lar^J ~B p^jents with gastrointestinal ul-
feared but rarely occurred ex<^P routine to employ regional
ceration. Under such circ^^n lhe heparin in blood returning anticoagulation-thatis,toneutml^^n p

„ th, ,.u™i «JhJX“

complications are now airau procedure. More patients are
Complications related to Fortunately, serious illness,
made ill by dialysis thanfs rare; however,

e!>

syndrome following dialysis, are common. Symptomatic hypotension 
is also common during dialysis,particularly now that high-performance 
dialyzers are commonly used to remove the accumulated solute waste 
in short periods of time (4 hours or even less). This necessitates the 
removal of fluid gained between dialyses m the same short period of 
time. Transfer of fluid from interstitial and cellular spaces to tne in
travascular compartment may not proceed at a rate sufficient to prevent

(3) Disequilibrium syndrome. The disequilibrium syndrome consists of 
headache, nausea, vomiting, and even convulsions with or W1thout 
increased intracranial nressure. It has been thought, although no 
demonstrated, that a b.ood-bram barrier to urea transfer results in 
greater removal of urea from blood than from cerebral tissues during 
dialysis and that the resulting osmotic gradient causes an influx of 
water to the brain (i.e., cerebral edema). Thus disequilibrium is more 
likely to occur when BUN is very high (e.g., when hemodialysis is 
initiated or when a patient has gastrointestinal bleeding or has missed 
dialyses). Symptoms of disequilibrium may be prevented by infusion 
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 m 
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-wavei 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 demenua 
occurs 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 desfernoxamine may be therapeutic 
and has been reported to be effective in some patients.
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Sepsis
Cardiac
Myocardial infarction
Cerebrovascular
Miscellaneous
Withdrawal or suicide
Dialysis-related

^Pericarditis
Gastrointestinal bleeding

*Thirty percent of deaths occurred in the first month of dialysis.

*1°

Table 10-10. Causes of Death of 557 Chronic Hemodialysis Patients

Percentage*

c *

C-|

c- a
^7 |

(c) Refusal of blood transfusion. This tenet of Jehovah’s Witnesses

makes hemodialysis 'access This may occur in a patient
(d) Inability to construct v“cula in all extremities, or there

who has had tailed vascuiar accesses asf vascular access,
may be a temporary to hemodialysis for infants

(e) Infants. Peritoneal d.a^sisprde^ circulatory instability
in whom problems of ' ascu raUo of peritoneal
complicate hem^alys^ f > ltoneal dialysis rela-

Fr“XtrXSiXdmbet.cs.
(f) Diabetes. Peritoneal dialysr5 ■ h;. Pbe les8. the risk of limb

X-1» ■-—
(2) con’lr.lndlowions. The mk ai XX keHion.al

from peritoneal dialysis ma■ 1 h cirrho5is and ascites may lose
pulmonary dysfunction^atmnU h peritoneally dialyzed. Patients 
unacceptably large amounts of pmtrltoneal adhesions may

to be carried out for an extended period of time s P eum can be 
mandatory. The entry of and located in
impeded by two Dacron , rp^g cuffs aHow ingrowth of tissue to
properitoneal subcutaneous tun . ritoneuin yhe patient must practice 
prevent a fistulous tract from R P6 connections between the peritoneal

osmosis and mixes it_with dialysate c"r for iq to 12 hours,
lowed dialysis to be for mtermittent, overnight dialysis
3 to 4 nights each w^k-,The. rnnrpntratp from a single 2-liter bottle with 
proportion 100 ml of dialy®ate^. f 20 exchanges and require connections 
1900 ml of purified water for each of 20 exchang^ &
and disconnections only at t e |(CAPD) is a promising technique
Continuous ambulatory P61^ * performed each day, continuously
in which 3 to 5jdialysis ex<^lg®® complicated by peritonitis because 
for 24 hours. Presently it is too onen P disconnections required 
of the greater number oHubing con d in Or 2-liter bags

n° aSS1Stant’and °nly 3 lralIUng

-

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 w^ere 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 IQ.percent annually thereafter. Only a minority ot 
deaths relates directly to renal failure or dialysis. This is especially true - i 
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 pentoneal dialysis (LAFD> ■ 
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 reMai 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 
development 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 herfiddialysis 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.

-4
e.
j
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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 cycling 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 to when almost all the connec
tions and disconnections are done at a single 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 earned 
conveniently on the body.
Complications of chronic peritoneal dialysis.

Infection. The most serious complication 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.
Inadequate peritoneal clearance and ultrafiltration. 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.
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 frequency 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.

(6) 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 ultrafiltration 
requirement is large, he or she must employ a high dialysate glucose 
concentration (2.5% or 4.25% glucose rather than the customary 1.5 * 
glucose dialysate). The absorbed glucose may provide excessive calories, 
and the unabsorbed glucose may remove so much water that hyper
natremia develops. If substantial, the hypernatremia may m turn re
quire the use of low-sodium dialysate or the provision of solute-free 
water, which attenuates the effectiveness of the intended ultrafiltration. 
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 .
Indications for transplantation. It has long been hoped tnat a scientifac 
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 , 
Unsplantation 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 trap
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 yet 
less toxic, if nommmunogenic human monoclonal antibody to selected 1- 
lymphocyte subsets (helper, suppressor, cytotoxic) were developed. 1 issue 
typing for the endothelial-monocyte antigen system as well as HLA antigens 
may prevent hyperacute rejection not prevented by present crossmatch

(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 healthv identical twin or an HLA-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 seriously considered
for the following: A u m
(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 biood 
transfusions from the prospective donor

icipient who does not have a relative to donate a kidney but

Prefers a cadaveric transplant to dialysis and is well informed, 
and/or
Has adapted poorly to dialysis, and/or
Is a child (because dialysis interferes with the active life of 
youngsters) and/or
Is an insulin-dependent diabetic.

,,xm e... -i .L ) one person, may not be to another, and
patient and physician may not always agree; nevertheless, a i^^^bL 

cision whether to transplant or dialyze the patient.

(iv)
What is an acceptable risk to reasonable pautm auu yujiou-icux iiimj -------- ■> .i >
and informed patient’s preference should be a major factor in the de-
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simply a matter of patient selection. Specifically, patients pre- 
jitizXi by blood transfusion were excluded from consideratio 

ition at the time a donor kidney became available 
of high levels of cytotoxic antibodies or because of * 
lies to the donor kidney with a positive r,

JXUlUliaViViM --------- rr . . t

positive effect, although the mechanism is 

—i

To oversimplify perhaps, the patient must decide whether he prefers 
dialysis, which offers a slightly greater chance of survival but a lesser 
chance of full restoration of health, or transplantation, which involves 
a slightly greater chance of death or of requiring prolonged hospital
ization but—if successful—a greater chance of excellent health.

b. Contraindications to transplantation. Contraindications to transplantation 
are listed below. For the most part they are either self-explanatory or suf
ficiently technical to require the nephrologist rather than the family phy
sician to explain them to the patient considering transplantation.
(1) Absolute contraindications

(a) ABO incompatibility
(b) Positive crossmatch, except B-cell or D-locus crossmatch (i.e., re

cipient serum is cytotoxic to donor T-lymphocytes)
(c) Previous cytotoxic antibody in recipient to an HLA antigen of donor
(d) Active infection: disseminated histoplasmosis or coccidioidomycosis, 

active tuberculosis, active urinary infection, recent hepatitis or re
cent development of HBsAg

(e) Active peptic ulcer disease
(f) Oxalosis
(g) Malignancy

(2) Relative contraindications
(a) HLA antigen in donor for subsequent transplant also present in 

donor of a previously rejected transplant
(b) Antiglomerular basement membrane antibody
(c) Malignancy in recipient within 2 years
(d) Debilitation and malnutrition
(e) Cytotoxic antibodies over 50 percent
(f) Unsuitable bladder and/or urethra
(g) Diverticulosis
(h) Recurrent peptic ulcer disease
(i) Antibody to cytomegalovirus (CMV) in donor if not present in 

cipient
c. Recipient evaluation amf preparation

(1) Evaluation. Recipient evaluation includes testing for the various ab
solute and relative contraindications to transplantation, particularly 
to exclude patients (at least temporarily) who have active infection, 
peptic ulcer, malignancy, debilitation, or an unsuitable lower urinary 
tract (although transplantation is technically possible with an ileal 
conduit or other diversion).

(2) Preparation. Preparation of the transplant recipient may require any 
of several additional surgical procedures before or at the time of trans
plantation. These procedures include:
(a) Bilateral nephrectomy, if malignancy is the primary renal disease 

and is bilateral, if malignant hypertension cannot be controlled, 
or if there is persistent infection with reflux or polycystic disease, 
or if the renal disease is tuberculosis

(b) Splenectomy if marked leukopenia or thrombocytopenia is present
(c) Urologic surgery (e.g., prostatectomy, ileal conduit)
(d) Vagotomy and pyloroplasty if previous peptic ulcer disease, or colon 

resection if there is severe diverticulitis
(e) Parathyroidectomy if calciphylaxis, or if hyperparathyroidism is

very severe, since it will not regress even after successful trans
plantation. 1ZZZ_

(f) Transfusion. A surprising finding verified in centers throughout 
the world is that blood transfusion with packed cells or whole blood 
improves the success of cadaveric transplantation. Since blood 
transfusion can presensitize a patient to transplant antigens and 
thereby cause rejection and failure of a transplant, at first it was 
thought that the improved graft survival of transfused patients

was f 
sensi

* for transplantation
either because <
Thisfs ^^XXSi^h’/wever. It appears that trans- 
inisisnci UltruiiK. r mwhanism IS

“ trar^plant.
Thus patients who do not have a living related donor are cur’'ent'y 
Drenared in most institutions for cadaveric transplantation by the 
transfusion of one to ten or even more units of nonfrozen nonsahne, 
washed red blood cells over weeks to months preceding transplan-

fa) Donor-soecific transfusions. Just as random, third-party trans- 
9 fusions hare improved the success rate of cadaveric transplantation, 

have dom^Zecific transfusions for living-related.donor' trans- 
olants If a parent, child, or sibling donor causes high mixed lym 
phocyte culSre <MLC) reactivity with the potential recipient, t 
QoU^H^ nrMncol is to give a total of three transfusions at two .

' weekly inteXals from the donor to the recipient. |
carried out a month later if crossmatch is negative, but if it s |

XSnXored ' 
^noTb^X'^lXopriLconcuvrent

d- KXS'Sfor an acceptable living related renal 

£) wSJ^donate to a close relative; psychological motivation 
‘ because of an 8 to 15 percent operative morbidity and

the risk of having only a single kidney arterv)
(b) Two kidnevs, both healthy (preferably with single renal artery ’
(c) No disease'that might be adversely affected (e.g., nephrolithiasis

or hypertension)
(d) No active urinary infection

' (e) ABO blood group compatibility
(q) HLA^vpi^to^entify double or single haplotype matches, then 
<9) MLC XVamong relatives who are single haplotype matches 
Manv centers have an additional criterion: the recipient s health must 
“ sufficiently enod to justify removal of a kidney from ai heaUhy donor, 
no matter how willing or anxious the relative is to donate.
There appears to be no greater success of renal transplantation from 
Pliving Stated donor than from a cadaver, and such transplants

(2) Cadaver^don^The mechanically ventilated cadaver with beat^ 
heart is thought to be the optimal cadaveric organ donor since good 
renal perfuskffi reduces the probability of acute renal failure in the , 
early jSrt-transplant period. Such cadavers are those with brain death j
(usi^HvdiStorehicular accidents or gunshot). Cntenafor brain death 
are in the absence of hypothermia or central nervous system depressant 
togs Z ^o^nse to external stimuli, (b) no spontaneous muscle : 
movement or respiration, (c) no elicitable br%n ’^^3 apart I Z
EEG. These observations must be^nade twice^ ^X^Xnt te^m’ 
by two physicians, neither of whom is a member of the transplant team. y 
Other criteria for cadaveric donors include:
(a) The deceased and/or next of kin has given permission for organ

donation
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(b) Age of 10 to 65 years, preferably
(C) No potentially transferable disease such as 

cept central nervous system), sepsis, hepatitis,

(d) Healthy kidneys: no previoua renal disease or severe hypertension 
no prolonged ischemia, blood urea nitrogen less than 30 mg per 
deciliter, oeatinine less than 2 nig per deciliter, unne volume more 
than 20 mi per hour, urinalysis near normal

(e) ABO blood-group compatibility
(5 HIA^yping with matching desirable (especially at B locus) but 

not neressmy; serologic DR typing, which allows rapid determi
nation of similar compatibility factors to those tested oy the much 
more time-consuming MLC technique for living-related donors, also

(h) Emertaental: pretreatment of donor with 5 gm of cyclophospha
mide and 4 gm of methylprednisolone, intravenously

The'se criteria are also self-explanatory, except for the pretreatment 
of donors with cyclophosphamide and methylprednisolone The theo
retical rationale for this experimental pretreatment is the destruction 
of passenger leukocytes (i.e., lymphocytes land perhaps other cells] m 
the donor organ that might mediate or augment sensitization to donor ,

recipient. Two agents have l^i

™-r day over 2 weeks, and thereafter to 15 mg per day or oO mg on alternate 
divs (occasionally to even lower dosages, particularly in HLA-identical 
sibling transplant recipients). Azathioprme is generally employed in a 
dosage of 2 to 3 mg/kg/day, which is usually continued unless there are 
complications. If hepatic toxicity develops, cyclophosphamide may be sub
stituted for azathioprme, usually in a dosage two-thirds that of azathioprme. 
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 Prol*ral‘on 
rapidly dividing cells such as immunologically competent cells). Cyclte 
serine inhibits interleuken II (T-cell growth factor), a med,at”r r?,qU1^ 
for differentiation and proliferation of cytotoxic and helper T cells (but 
spares suppressor T cells). Thus, cyclosporine suppresses both cellular and 
humoral .’antibody) immunity. This drug is best used without azathioprine. 
and although some use it without prednisone, probably it is w^e to use 
prednisone in reduced dosage. Although serum creatinine may be higher 
th^n'in patients treated with prednisone and azathioprine, the percentage 
of patients with adequate graft function is higher, and patient survival m 
superior with cyclosporine. There is also much less marrow suppression 
with cyclosporine, but there are a variety of adverse effects including 
nephrotexicftv and hepatotoxicity (both of which are dose-related), devel
opment of lymphomas (especially if azathioprine is given “n™rrem y . 
and infections, hypertension, hirsutism, gum hyperplasia, and tremor, Cy 
closponne (Sandimmune) may be given orally or intravenously, and the 
do^ane should be adjusted according to blood levels. .
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 unquestionably efficacious. 
Such theranies are listed in Table 10-11.
The mainstay of treatment of acute transplant rejection is an increase m 
adrenal corticosteroid dosage for 3 to 5 days, usually oral prednisone (KM 
mg day) or intravenous methylprednisolone (1 gm'day). An experimental 
therapy of acute steroid-resistant rejection is plasmapheresis (or lympho- 
plasmapheresis). The theoretical rationale is the removal of cytotoxic an-

<44

< i 3

< r 5

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 
detect excessive dosage of azathioprine—white blood count, platelets, and 
hematocrit. 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.

f. 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.

g. Complications of transplantation
(1) Technical complications. Early technical complications of renal trans

plantation include:
(a) Acute tubular necrosis x
(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 rejection 
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-

h 176

Prednisone 200 mg/24 hr tapered te 40 mg per day 
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 azathioprine
Cyclosporine

Experimental
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
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crosis and hyperacute or acute rejection, and thus appropriate man
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 .
(c) 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 
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 phosphate, 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 creatinine, 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 
relentless, irreversible, and unresponsive to therapy, but nephrectomy 
is rarely necesary.
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Cause
Surviving Patient’

Donor (if transplant)

d
90c

€
Causee4060

transplantation
60

3
w

6.

5 Years 
(%)

1 Year 
(%)

90
85
75

Rejection
Death of patient
Technical
Acute tubular necrosis
Recurrent disease

1 Year
(%)

T

80
80
70

98
98
95

85
85

60
60

Sepsis
Rejection and sepsis
Rejection
Immunosuppression
Technical
Other
Unrelated to transplant
Cardiovascular
Gastrointestinal hemorrhage
Cerebrovascular
Suicide
Pulmonary embolus
Neoplasm
Hepatitis
Pancreatitis

60
25
10
4
195

90
80

5 Years 
(%)

30
10
10
10
10
8
5
5
4
2
2
1
1
1
1

j

i

Table 10-14. Causes of Death After Renal Transplantation

Percentage of Cases

!
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.Ims include: 
without rejection;

or recurrent;

and Chronic Dialysis
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the percentage of renal grafts functioning at 1 year was 72 percent for living 
related donor transplants and 64 percent for cadaver transplants.
A newer study of the mortality of transplant and dialysis patients at a single 
institution revealed significantly better survival in patients transplanted with 
a graft from a living related donor (98% at 1 year, 75% at 5 years) than in 
those transplanted with a cadaveric graft (85% at 1 year, 63% at 5 years) or 
in those undergoing chronic hemodialysis (90% at 1 year, 55% at 5 years). The 
differences in survival between cadaveric transplant and chronic hemodialysis 
were not significant, and it was concluded that a patients decision between 
cadaveric transplantation and chronic hemodialysis should be based on pys- 
chosocial rather than medical grounds. The paper noted that differences in 
survival of home hemodialysis versus, center hemodialysis patients are not yet 
known.

7. A proposed schema for choice of therapy for ESRD. Figure 10-1 is the author’s 
proposed schema for choice of therapy for ESRD. To recapitulate briefly, the 
physician should urge renal transplantation for children and particularly for 
patients with a healthy identical twin or HLA-identical sibling who is a willing 
donor. The physician should also offer transplantation to patients who have 
a 1-haplotype-matched relative willing to donate, or to informed patients who 
prefer it to dialysis. Conversely, the physician should recommend dialysis for 
patients incapable of successful transplantation and for elderly patients. The 
majority of these patients do not have contraindications to hemodialysis or to

Table 10-13. Causes of Renal Transplant Graft Failure

Percentage of Cases

e
I

of hypophosphatemia are ant- >

1
1i1

Identical twin
HLA-identical sibling
1-Haplotype-identical 

relative6
Continuous peritoneal

dialysis
Chronic hemodialysis
Cadaver®________ —

-Data are not yet available. , to be substantially improved with
These results with azattaoprme and prednisone , pe 
cyclosporine and prednisone

Mi8cellaneous compUcatlons^ Additional complicato

w SSKK
(d) Situational depression, even suicide

renal transplant (classified in Table 10-12. These data
functioning grafts and who surv mo<;tlv in the United states. For

O? patients undergoing chronic pentoneal and

transplantation listed in Tab 1 chronic hemodialysis and trans- 
Comparlson of morhIdlty a" f ^lysis and transplantation is 
plantation. The overall morbtdity oI oi to spend in the hoSpltal
W quantify. However theQuantified. A study of a relatively 
is a definable form.of morb 64 cadaver donor transplants, 21 living
small population (92 dialy P ’ institution was reported several years 
related donor transplants) from a smg with overall morbidity, it
ago. To the extent that hospitaliza cadaver transplantation than
suggests considerably greater or diXis; however, means rather
from living related donor^nspUntatioi. orthat the lnoritv 
^pXuXZi-—ly long hosp.tauzat.on followmg transplantation 

asstution several years ago nf of patients with cadaver trans-

Pat,entS had died- thiS “1On

Table 10-12. Results of Transplantation

Functioning Graft
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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.

i
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drug, resulting in an untoward reaction. The goal of therapy m the patient with 
renal dysfunction is to tailor the dosage regimen to the individual patient s clinical 
situation to simulate normal therapeutic conditions.
Principles of prescribing to azotemic patients: stepwise approach

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 (BXJN) is an unsuitable parameter for this 
purpose, since it is influenced Wmctrarenal factors suchasdiet, steroid therapy, 
and gastrointestinal bleeding^THHead, measurement or approximation of glo- 

‘ merular flitration 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 m acutely ill 
patients. Since creatinine excretion is proportional to lean body mass and inversely 
proportional to age, formulas and nomograms have been develop to estimate 
creatinine clearance from the serum creatinine without the need for unne col
lection. One convenient formula is:

r* (140 - age)(body weight in kg)
creatinine clearance = ?2 x creatinine

I (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 clearance 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 creatinme clearance of less thanj^mlperminate 
will be considered advanced^or sev^rrenaTfailure,

B. ■Determining the heed 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 genera ly require major 
dosage adjustments in renal insufficiency. Thus, some know edge of a drugs 
pharmacology is essential to rational prescribing for these patients. This is es- 

f pecially true for drugs with a narrow toxic-therapeutic ratio, such as cardiac 
I glycosides, antiarrhythmics, and aminoglycoside antibiotics. The situation is more 

complex 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-
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No effect

100-300 mg/L

1-25 mg/LPenicillin G

100-300 mg/LTicarcillin

Sulfonamides Decreased binding in uremia

Active MetaboliteParent Drug

1

6-12 mg/LPrimidone

€
I

I

Salicylate
Theophylline

steady state concentration is reached.^The time required to reach ap-
00 rw»rcpnt. of this concentration is 3.3 times the half-life of drug ’

Table 11-1. Common Drugs with Active or Toxic Metabolites Dependent on Renal 
Excretion

Lidocaine 
Procainamide 
Propranolol 
Quinidine

Miscellaneous drugs 
Carbamazepine 
Ethosuximide 
Lithium 
Nortriptyline 
Phenobarbital 
Phenytoin

Penicillins
Carbenicillin

Disopyramide 
Furosemide

Serum levels not 
clinically useful

Serum levels not 
clinically useful

0 8-2 ng/ml 
10-25 ng/ml

200-300 mg/L
8-20 mg/L

No effect
No effect
No effect
No effect

Some decreased binding in 
uremia

Some decreased binding in 
uremia

Some decreased binding in 
uremia

No effect
No effect
No effect
No effect

V

i

15-30 ng/ml 
4-10 ng/ml 
4-io ng/ml 
•i-io ng'ml

2-7 mg/L 
Serum levels not 

clinically useful 
1.5-5 mg/L

4-8 mg/L 
20-50 ng/ml
2-6 mg/L

2-6 mg/L 
40-80 mg/L 
0.5-1.3 mEq/L 
50-150 pg/L 
15-30 mg/L 
10-20 mg/L

Therapeutic
Serum
ConcentrationsA Drug

Antibiotics 
Aminoglycosides 

Amikacin 
Gentamicin 
Netilmicin 
Tobramycin

Cephalosporins

Effect of Renal Disease 
on Protein Binding

Table 11-2. Serum Drug Levels and Changes Produced by Decreased Protein Binding 

in Renal Failure - _________ __________ ______________

Adri a my cm 
Allopurinol 
Azathioprine 
Cephalosporins 
Chlordiazepoxide 
Clofibrate 
Diazepam 
Meperidine 
Primidone* 
Procainamide 
Propranolol 
Propoxyphene 
Sulfonamides

No effect
Decreased binding in uremia 

and with heparin therapy 
during dialysis

No effect
Decreased binding in uremia

e
T c

Cardiovascular Drugs 
Digoxin 
Digitoxin

No effect
No effect .
No effect
No effect
Decreased binding in uremia 
Decreased binding in 

uremia; side effects can be 
seen at “therapeutic” 
levels

Decreased binding in uremia 
of major metabolite, 
phenobarbital

Decreased binding in uremia 
Increased toxicity with low 

serum albumin

Adriamycinol 
Oxypurinol 
6-mercaptopurine 
Desacetyleephalosporins 
Oxazepam
Chlorophenoxyisobutyrate 
Oxazepam 
Normeperidine 
Phenobarbital
N-acetylprocainamide 
4-hy droxy proprano lol 
Norpropoxyphene 
Acetylsulfonamides

mil.•. 3

■h

Si

£
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zures and coma despite normal hepatic biotransformation of the parent 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 drugs) 
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 of drugs—step 3. When patients receive multiple 
drug doses at uniform close intervals, the average plasma concentration rises 
until a steady state concentration is reached.(T 
proximately 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
fective 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 C! 
which efficacy is needed quickly. In practice, the usual initial dose can be given. J 
If there are adverse hemodynamic factors, such as extracellular fluid volume a | 
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. €7 
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
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only if the elapsed time from >. it is best to check a serum level 1 to DrugTest

Serum creatinine

Trimethoprim .

Acetylsalicylic acid

Cefoxitin

Cimetidine
► ?

3

Change in urine colorF.

i

■

§
Serum urea nitrogen 
Seram uric acid

Urinary protein deter
minations

Acetohexamide
Ascorbic acid 
Salicylates 
Aminophylline 
Methyldopa

Acetaminophen 
Levodopa 
Rifampin 
Sulfasalazine 
Phenothiazines 
Metronidazole 
Methyldopa 
Nitrofurantoin 
Amitriptyline 
Triamterene 
Aminosalicylic acid 
Acetylsalicylic acid 
Cephalosporins 
Contrast media 
Penicillins 
Sulfonamides 
Acetazolamide 
Tolbutamide 
Tolmetin

I
j------ ——---------

Elevates total chromogen
Elevates total chromogen
Reducing agents interfere with au

toanalyzer; increases when blood 
level > 2 mg/ml

Raises serum level by competition 
for tubular secretion

May raise serum level by secretory 
competition

Increases serum level by interfer
ence with Jaffe reaction

Increases serum level by secretory 
competition

Increases; mechanism unclear
Increases in nonenzymatic methods 
Increases in nonenzymatic methods 
Increases in nonenzymatic methods 
Increases with phosphotungstate 

method
Increases in nonenzymatic methods 
Interference in autoanalyzer
Red-brown
Red-brown
Red-brown
Darkens on standing
Darkens on standing 
Darkens on standing
Blue-green
Blue-green
False-positive reaction
False-positive reaction
False-positive reaction 
False-positive reaction 
False-positive reaction 
False-positive reaction 
False-positive reaction 
False-positive reaction 
Salicylic acid method only

Ascorbic acid
Para-aminohippurate 
Meth y Idopa/le vodopa

<3

t the last dose and the elimination half-life in that f i ; 
oiuv ii vx-v—;- ' ■ nr-wiice it is best to check a serum level 1 to
particular patient are sn • . . j after a parenteral dose to get :
2 hours after an " t^half-lives in r^nal failure, such as digoxin, the O

relamly l««. Wt™, md qmldta.. ■' »» — -S
a 3

warfarin is ordered in patients with renal

Table 11-3. Drug Interference With Laboratory Tests in Nephrology

Effect

rotating a therapeut.c
. g J L Changes induced by the procedure.

eigm oi unij 4.WW
binding. In addition to protein t rX

evidentthat abnormal vm to expense
patient may be obt^^- t The interference is most commonly due to a

Examples of the latter im le for transport sites of tubular secretion.

SSESSSSS.«
0 .’sriJW!.t. «». p.<»« -a

' renal failure is undoing diab™.the ilns! proc^ure.
plan is to riXoved bv clinical hemodialysis usually have molecular

tratr d-u^^eTdm^;^clearance decreases. Semisy-nthetic pent-

not dialyxable because of a high degree of protein I

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 cnaracteristics. In general, regUtarly 
scheduled drug doses should be given after dialysis to minimize removal. I’or 
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 solutes

$

.

blo^stream t^^ exte^ the drug
techniques for measuring serum , serum albumin, such as
centration. In clinical aftuaUons for plasm^Tp™ teins is diminished

effects. Imp°rtant shoald be kept in mind in interpreting serum levels

to review ai
^cUnicKhftnd ft

This is particularly important when v--------- - -
------ interaction with many compounds can
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Penicillins:

$

Miscellaneous drugs
3■

of

il.

DialysisDrug Digitalizing Dose

No change requiredDigitoxin Customary

Digoxin 75-90% of usual

Table 11-6. Cardiac Glycosides in Renal Failure

Maintenance Dose

Antiarrhythmic agents 
Procainamide* 
Quinidine

Antihypertensive agents 
Methyldopa

Neurologic agents 
Diphenylhydantoin 
Gallamine

Sedatives, hypnotics, tranquilizers
Lithium carbonate
Phenobarbital

Miscellaneous
Aminophylline*

Antibiotics
Aminoglycosides:
Cephalosporins:

Antifungal drugs 
Antituberculous drugs 
Miscellaneous 
antiinfective drugs 
Analgesics
Sedatives, hypnotics, 
and tranquilizers 
Cardiovascular drugs

Antiarrhythmics: 
Antihypertensives:

e

Creatinine clearance > 50 
ml min, 0.25-0.5 mg/ 
day; 10-50 ml/min, 
0.125-0.25 mg/day;
< 10 ml/min, 0.0625- 
0.125 mg/day

Table 11-4. Common Drugs Requiring Supplemental Dosage After Conventional

Hemodialysis _____________________ __

e-E ,

1

r-:
'r/-

Kr,

lacking, but indirect evidence strongly supports placing the drug in

Golper, Drugs and peritoneal dialysis. Dialysis and 7 rans-

to nonrenal losses^^ y clearancei pa.ients wlth end-stage v
very little digoxin in the urine and may be adequately treated 
rpp to five times per week. Dialysis does not affect digoxin or

jls- however, shifts in potassium or hydrogen ion during di- }
cardiac arrhythmias. It is recommended that dialysate po-

Antimicrobial Agents 
Amikacin 
Carbenicillin 
Cephalothin 
Cephradine 
Ethambutol 
Flucytosine 
Gentamicin 
Isoniazid 
Streptomycin* 
Sulfamethoxazole

trimethoprim* 
Sulfisoxazole 
Ticarcillin 
Tobramycin

Analgesics
Acetylsalicylic acid

*In vivo data are 
this category.
Source: Adapted from T. A. 
plantation. 8:41, 1979.

Keep dialysate K‘ at 3.0 
mEq/L; monitor serum 
level if heparin is used

Keep dialysate K+ at 3.0 
mEq/L; monitor serum 
level

r

■r

1 <

; regimens for use 
shown in Table 11-6.

Amikacin, gentamicin, netilmicin, streptomycin, tobramycin 
Cephalothin, cefamandole, cephazolin, third-generation

Amoxicillin, ampicillin, azlocillin, carbenicillin, mezlocillin, 
penicillin, piperacillin, ticarcillin 
5-flucytosine x
Ethambutol, isoniazid, cycloserine
Acyclovir, chloramphenicol, metronidazole, sulfisoxazole, 
trimethoprim-sulfamethoxazole
Acetylsalicyclic acid, aceteminophen
Phenobarbital, lithium

X ^oTlowing^ntrap^^ton^al^^dministration. For’the aminoglycoside^ e 

cephalosporins, and penicillins, the levels of .<^8 ™ ' that
following systemic administration are inconsistent. Table 11-5 lists drugs tna 
require supplemental doses during peritoneal dialysis.nssss- duced amounts at customary dosage intervals after adequate body stores arei p 
vided with the usual digitalizing dose. It is desirable for clinicians to become 
familiar with one or at most two digitalis preparations. half' lfe/L B
serum levels are not altered by the presence of renal failure which allows standard

rhvthmias Heparin may cause some decrease in digitoxin-plasma protein binding; 
therefore patients undergoing hemodialysis necessitating heparin use may r“lu 
aSy lower digitoxin blood level to avoid toxicity. Digoxin appears to be the 
^uggof choice for most patients. The half-life of digoxin is Lfi days in.pa ents C 
with normal renal function and 4.4 days in anuric patients. After a digitalizing 
dose that is approximately 75% of.normal,the n^ten^dosagew^ua

dea^ance, pat.ents with endstage
• renal disease lose very uvuic . , .

with 0 125 mg three to five times per week. Dialysis does not affect digox n 
digitoxin serum levels; however, shifts in potassium - mn durins
alysis may provoke <---------------- - _
tassium be 3.0 mEq per liter in digitalized patients.
of digitalis glycosides in renal failure are s---------------

B’ ^ProTaVnamkie. Procainamide is metabolized to a pharmacologically active 
metabolite W-acetylprocainamide, which has antia^hyth^
to the parent compound. The metabolite has a long life and s ehmmatedJrom 
the body almost entirely by renal excretion Conventional plasma leve de
terminations do not measure the metabolite. Doses of P^cainam‘d±S^U1^^ 
given every 8 to 12 hours in patients with end-stage rena disease. Pnxamam de 
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 

lidocaine" Lidocaine undergoes extensive hepatic metabolism similar to other 
antiarrhythmics. No increased central nervous system textclty ha^ ’ 
served in patients with renal disease. The drug is not dialyzable, and it can 
be used in the usual way for azotemic patients.

cently. the use of continuous ambulatory peritoneal dmijsis (CAPD^a^a - 
widesnread acceptance as a treatment for end-stage renal disease.
rlX comoHcarion of this procedure. In general, there is excellent.drug ab- 

Disopyramide, procainamide, quinidine
Atenolol, captopril, methyldopa, metoprolol, nadolol, sodium 
nitroprusside -i i
Azathioprine, cyclophosphamide, ethosuximide, 5-fluorouracu,
gallamine, methotrexate, primidone, theophylline

a Table 11-5. Drugs Cleared by Peritoneal Dialysis that Require 
Supplementary Doses During Clinical Therapy

4
e .
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ohalothin is given in the usual loading dose followed by maintenance doses 
every 8 to 12^ours for end-stage renal patients. For the orally active; agen^ > 
suchas cephalexin, adequate blood levels are achieved by a 1-gm load, followed 
by 500 mg every 12 hours, in patients with creatinine clearances less tha Z1
ToXerXe^the s^e^ass. An exception is -fope= 
nonrenal elimination and thus requires no dosage adj us ment in rena! disease.

4 Miscellaneous antibiotic, antifungal, and antituberculous drugs
' M Chloramphenicol. No alteration in dose is necessary for chloramphenicol, 

even in patients with severe renal insufficiency. Kowever dose^1:^' 
reversible, hematopoietic depression is more common in patients with im- g- 
paired renal, function. This may be related to accumulation of toxic me

metaboliXd primarily by nonrenal mechanisms are prescribed in usual 
therapeutic doses to patients with impaired renal faction.

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 rena disease 

e Sulfonamides. Most sulfonamides are ineffective in patients with rena 
failure because their elimination and urine concentration is dependent 
largely on glomerular filtration. The sulfamethoxazole-tnmethopnm 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 
Xavate 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

g. Vancomycin? Vancomycin may cause damage to ‘he eighth nerve^f the
9 serum levels are high (greater than 80 mg/ml). It is eliminated primardy 

by the kidneys, and dosage modification is needed in renal. <h»ease. Th 
drug has a long half-life, and dosage intervals should be extended to 3Ito 
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 r r 
infections. Serum concentrations should be obtained to ensure optimal

h Amphotericin. Amphotericin B, a nephrotoxic agent, is widely used for
’ treating systemic mycotic infections. Although decreases m‘

are commonly observed, serum drug concentrations do not rise 0°^ 
need not be altered except in severe renal failure. !n such patients, t __
dose may be decreased by one-fourth. Amphotericin B is high.y protein 
bound and is not removed by hemodialysis. bv

i Flucvtosinen Miconazole and Ketoconazoie. Flucytosine is exc e y 
the kidneys. Dosage intervals should be extended to 24 hours ln Pa‘ie"‘s 
with severe renal failure. Flucytosine is removed from plasma by hemo

dialysis. Single doses of 25 to 50 mg per kilogram body weight postdialysis 
produce nontoxic, therapeutic concentrations in patients undergoing he
modialysis every 48 to 72 hours. Frequent monitoring of serum concen
trations is recommended. Miconazole and ketoconazoie require no dosage 
adjustment in patients with renal failure.

j. 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 ml 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 
hours for severe renal failure. Supplemental doses should be given after 
dialysis.

5. Treatment of urinary tract Infections In patients with renal disease. In patients 
with renal dysfunction, effective treatment of unnary 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 cephalosporins, both of which undergo tu
bular secretion, seem to achieve adequate urinary levels despite severe re
ductions in creatinine clearance. Trimethoprim-sulfamethoxazole has also been 
reported 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, 
cephalexin, and trimethoprim-sulfamethoxazole should be used in full dosage 
for urinary tract infections in patients with concomitant, severe renal disease. 
Ami noglycoside 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.

6. 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 
infection 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 
staphylococcal infections, whereas an aminoglycoside is used for gram-negative 
involvement. Vancomycin, because of its long half-life and failure to be removed 
by dialysis, is particularly useful in a dose of 1 gm every 5 to 6 days admin
istered after a dialysis.

7. Treatment of peritonitis In patients undergoing peritoneal dialysis. Chronic 
peritoneal dialysis is fast becoming a popular alternative for a growing number 
of patients with end-stage kidney disease. Peritonitis remains a major limitmg 
complication. Once peritonitis is suspected on clinical grounds or after routine 
cultures, peritoneal fluid should be obtained for Gram stain, total and differ
ential white blood count, and culture with antimicrobial sensitivity testing. 
Peritoneal dialysis should then be begun^and antibiotics added on the basis 
of bacteriologic studies or Gram stain. Some typical regimens are outlined in / 
Table 11-8. If the patient has systemic signs and symptoms it may be prudent
to add appropriate parenteral antibiotics according to dosage guidelines de
scribed above.
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Usual Loading DosesAminoglycoside

e :/n:1.5 to 2.0 mg/kg 4 to 10

15 to 3C g/n5.0 to 7.5 mg/kg

e!i'

£ 3
Percentage of Loading Dose Required For Dosage Interval Selectede

.4 H«12 Hr8 Hr

e

?

3

Expecte ’ °ea 
Serum r /els

3.1
3.4
3.9
4.5
5.3
6.5
8.4
9.9

11.9
13.6
15.1
17.9
20.4
25.9
31.5
46.8
69.3

3 
e!

Half-life 
(hr)a

II 
i:

91%
88
84
79
72
63
57
50
46
42
37
34
28
23
16
11

t>2%

°1
.5
0

67
A
~6
47

1
IO
21

90
80
70
60
50
40
30
25
20
17
15
12
10h

7
5
2
0

84%
80
76
71
65
57
48
43
37
33
31
27
24
19
16
11

8

3
C

Creatinine 
Clearance 
(ml/min)

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, y

4. Propranolol. Propranolol has found widespread use not only as an antiar- 
rhythmic agent but also as symptomatic treatment for angina .pectoris and 
hypertension. The dosage need not be changed in patients with renal disease, 
because increased hepatic metabolism counterbalances reduced uptake of the 
drug by the liver. No significant amount of propranolol is removed by he
modialysis or peritoneal dialysis.

5. Other drugs. Disopyramide is excreted by the kidney and metabolized to a 
compound with antiarrhythmic activity. For this reason, the interval between 
doses should be extended to 12 to 24 hours in patients with end-stage renal 
failure. Calcium entry blocking drugs are metabolized by the liver and require 
no dosage adjustments for renal failure.

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 
additional'renal 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 
are known to enhance irreversible ototoxicity associated with aminoglycoside 
therapy of patients with renal disease. Serum levels are widely used to ensure 
antibacterial efficacy. It is not clear that maintaining serum levels in the 
therapeutic range prevents toxicity; however, a rising serum level drawn 1 
hour following a dose (peak) or just before the next dose (trough) indicates 
renal dysfunction, since aminoglycosides depend primarily on glomerular fil
tration for excretion. Because aminoglycosides are removed by hemodialysis, 
supplements of 0.5 to 1.0 mg per kilogram after dialysis are necessary to 
maintain therapeutic effects. The addition of 5 mg of gentamicin or tobramycin 
to each liter of peritoneal dialysate maintains adequate serum concentrations 
during concomitant parenteral therapy.'Suggested initial and maintenance 
regimens for aminoglycosides are given in Table 11-7.

2. Penicillins. The penicillins as a group are generally safe to administer to pa
tients with renal failure since little clinical toxicity is noted despite drug ac
cumulation. Isoxazoyl penicillins (cloxacillin, dicloxacillin, nafcillin) do not 
require dosage modification, nor are they significantly dialyzed. If penicillin 
G is prescribed for patients with creatinine clearance lesfe than 10 ml per min
ute, half the usual loading dose should be given every 8 to 12 hours after the 
usual initial dose. Ampicillin and amoxicillin maintenance dosing intervals 
should be extended to 12 to 16 hours when treating extrarenal infections in 
patients with creatinine clearances less than 10 ml per minute. In the treatment 
of urinary tract infections, usual doses are required to achieve adequate an
tibiotic concentrations in the urine and renal interstitium. The doses of car- 
benicillin and ticarcillin should be reduced when creatinine clearance decreases 
to 25 to 30 ml per minute. In patients with end-stage renal disease the car- 
benicillin dose is 2 gm every 8 to 12 hours. Toxic effects of penicillins in renal 
failure include neurotoxicity at high serum levels, extracellular fluid volume 
expansion (carbenicillin contains 5 mEq sodium/gm), and hyperkalemia (1 
million units of penicillin contain 1.7 mEq potassium). Hypokalemic metabolic 
alkalosis may also occur, since urinary excretion of large amounts of anion 
(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.

3. Cephalosporins. 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-

Ma

2. Select maintenance dosage (as percentage of chosen loading dose) to contini »ea 
serum levels indicated above according to desired dosing interval and the patient 
corrected creatinine clearance.

Table 11-7. Aminoglycoside Dosing Chart

1. Select loading dose in mg/kg (ideal weight) to provide peak serum levels ixj range iistec 
below for desired aminoglycoside.

*1

Hi 3 . 1:1

1 *
I
I 
L aAlternatively, one-half of the chosen loading ^ose may be given at an interval appro 

mately equal to the estimated half-life.
"Dosing for patients with Ccr < 10 ml/min should be assisted by measured serum 1Cvels 
Source" Adapted from F. A. Sarubbi and J. H. Hull, Amikacin serum concer tio 
Prediction of levels and dosage guidelines. Ann. Intern. Nied. 89:612, 19/8.
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Netilmicin ]
Tobramycin |
Gentamicin J
Amikacin |
Kanamycin I
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10-12

20-40

does not lead to adequate intraperitoneal levels.
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£• c* s 2 xj I §2- ST £

CarbcnlcilHn
Vancomycin" 
Tobramycin"

Serum Level Attained 
With Routine Parenteral 
Doses (ptg/ml)

10-30 
50-100 
16-72 
15 U/ml

3-18 
3-7 
4 
6-20

Hours to Attain 
Therapeutic 
Serum Levels

4-6 
8-20 
1-6 
6-12

36 hrb 
Stable 
Stable

8
2-4
10

200 
15-25 
10-12

110-170
23-40
3-14

10-20
240
24 -50

4-6
8-12
8-12 

(probably)
8-1224-48

40
1.5-3.5

Generic 
Name

Cephalothin
Ampicillin 
Methicillin 
Penicillin G

Safe Serum 
Level 
(/xg/ml)

50-100 
50 
100-200 
80 U/ml

g IV day 3, 20 mg IV day 4, then 

as well.

I 8

Gentamicin8
Amphotericin Bf
Clindamycin4

End-Stage Renal 
Disease, Half-life 
in Hours

Drug Stabil
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36 hr
12 hr 
8-24 hr 
Stable if

acid pH 
36 hr 
36 hr 
Stable

i >

3 
t»
o*
3
U
2 TO
C tz> Q

CO
>
o 
£ 
3
r>

r* 

s'

S 2 a

§
n 3 &
3 „ <t>

Table 1143. Antibiotics Used to Treat Peritonitis During Dialysis

Intraperitoneal 
Dose (mg/L or 
/xg/ml) 

20-50 
50 
100 
1000-50,000 U/L 

(1 MS " I-6 U) 
200 
15 
8

__

Tetracycline and erythromycin
"At least one parfc»»tv,.«l.
-Aminoglycoside half-life lessened by carbenicillin 
‘Low dose parenteral therapy i — ~......
25 mg IV for 5-20 days.
dRequires — — -
Source. Adapted from T. A. Golper, Drugs and pe:
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F.

2.

3
Bromide3

&

a Indicated for severe overdoses or if 
usual elimination routes un

Ethylene glycol, 
methanol if blood 
level >50 mg/dl

Ethyl alcohol if 
blood level > 90

Follow electrolytes closely, 
with early potassium 
suppiemen ta tion 

Contraindicated in liver 
and renal disease

Blood levels are only 
guides; clinical judg-

Drug Removal

Forced diuresis: Intravenous fluid 
(plus osmotic agents such as 
mannitol, 25-50 gm, every 2-4 
hr) to achieve urine flow of 3-0 
ml/kg'hr

Alkaline diuresis. Sodium bicar
bonate l-j-2 mEq/kg IV

Table 11-9. Drugs Removed by Forced Diuresis. Hemodialysis, and Hemoperfusion

□rUg Comment

\IV ethanol may be adjunc- 
. tive therapy

Acid diuresis. Add ascorbic acid, 
500 mg to 2 gm IV or am
monium phloride, 75 mg/kg/day, 
in four divided IV doses

Hemodialysis 
Immediate therapy indicated

Follow electrolytes; re
place fluid losses with 
0.45% NaCl to avoid 
hyperosmolarity

Isoniazid 
Phenobarbital 
Salicylates 
Amphetamines 
Phencyclidine 
Strychnine 
Quinine/quinidine

U! Management of forced diuresU, dfc.yals, and hemoperfusion.
Ac"™X to remove exogenous poison or drugs taken in overdoses are complex. 
Undoubtedly the major factor in patient survival is expert intensiveca^a 
To be useful in treating poisoning, toxic drug effects should be related to the Pla8I™J 

or the d^rTtion of the drug tn the body. The amount of.drug.removed 
by diuresis, dialysis, or hemoperfusion should represent a considerabb add tion 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 ^moper- 
fusion are absorbent procedures in which blood passes Erectly over ^cbent ma- . 
terials. Compounds poorly removed by conventional hemodialysis are often effectively 
eliminated. Exact indications are not yet established Drugs that may be 
from the body effectively by forced diuresis, hemodialysis, and hemoperfusion are i 
listed in Table 11-9.

C '3

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 
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.

Miscellaneous drugs often used in patients with renal failure
1 Anticonvulsants. Standard doses of phenytoin may be used in patients wit 

’ all degrees of renal impairment. Although uremia decreases phenytoin binding 
to plasma proteins, accelerated metabolism by the liver keeps the amount ot 
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. 
Phenvtoin is not removed significantly by hemodialysis, and supplemental 
doses* postdialysis are not necessary. No good data are available on the di- 
alvzability of other anticonvulsants. . , , j j
For the long-acting barbiturates, empiric decreases m 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 ot par
enteral diazepam may be administered.
Immunosuppressive and antineoplastlc 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, S-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 wlt h 
compromised renal function. Considerable dialyzability has been demonstrated 
for 5-fluorouracil and methotrexate, whereas bleomycin does not appear to be 
significantly dialyzable.

3. Other drugs .
a. Cloflbrate. Clofibrate is used as a hypolipidemic agent m 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.

C. Metoclopramide. Metoclopramide, a dopamine antagonist, has proved very 
useful for management of nausea and vomiting associated with uremia or 
diabetic gastrnparesis. 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.

Salicylate blood 
level >100 
mg/ml

available (i.e., liver or kidney 
disease)

Hemoperfusion: May be used in se- Long- and short- Most reports are anec-

Digoxin 25-30%; contraindi-
Ethchlorvynol cated in patients at risk s
Glutethimide of bleeding
Meprobamajte 
Methaqualone _________
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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.

I. 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
iologic 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 accompamed 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, whereaf 
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 bum (t ig 
12-1) These morphologic changes have considerable clinical relevance. Stasis n 
the dilated urinary tract may contribute to the propensity of pregnant womei 
with asymptomatic bacteriuria to develop frank pyelonephritis. The widens 
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 remau 
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 c 
recent origin
Acceptable norms of kidney size should be increased by 1 cm if estimated durin 
pregnancy or the immediate puerpenum, and reductions of renal length note 
several months postpartum need notbe attributed to renal disease. Also, sine 
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. n

B. Renal hemodynamics. Values considered normal in nongravid women may retie* 
. decreased renal function during pregnancy. For example, in gravid women coi 
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. j
1. Glomerular filtration rate (GFR) and renal plasma flow (RPF)- GFR and RP 

increase to levels 30 to 50 percent above nongravid values. Increments thj 
are already present during the days following conception become maximal t
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Table 12-1. Renal Changes in Normal Pregnancy

Clinical RelevanceManifestationAlteration e)Increased renal size

3

Renal water handling Osmoregulation altered

e

3 D.

2.

3.

e:

Dilatation of pelvic calyces 
and ureters

Increased renal hemody
namics

Renal length approxi
mately 1 cm greater on 
roentgenograms

Glomerular filtration rate 
and renal plasma flow in
crease 35-50%

Renal bicarbonate 
threshold decreases

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

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

Serum osmolality decreases 
10 mOsm/L (serum 
sodium I 5 mEq/L) dur
ing normal gestation

e

Resembles hydronephrosis 
on intravenous pyelog
raphy hnore marked on 
right)

-3

Changes in acid-base me
tabolism

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.
Other hemodynamic alterations. Several other changes that occur in gestation 
may be due to altered hemodynamics. Excretion of glucose, most amino acids, 
ahd several water-soluble vitamins increases. Increments in urinary nutrient 
content, for instanceT may be a factor in the enhanced susceptibility of gravidas 
to urinary tract infections. Urinary protein excretion also increases during 
gestation.

‘k
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€

sign). B. Relationship between the ureters and iliac arteries can be dem0^at^d in 
postmortem studies. Note the iliac sign at the pelvic brim on the right (From^P. 
Dure-Smith, Pregnancy dilatation of the urinary tract. Radiology 96.545, 1970.

mM per liter. This change most likely represents a compensatory renal response 
to hvpocapnia, because pregnant women hyperventilate and their PCO2 averages 
only 30 torr. The mild alkalosis (arterial pH averages M4) found in Pregnan y 
is in accord with this view. Since steady-state PCO2 and HCO3 levels are alre y 
diminished, pregnant women are in theory at a disadvantage when hrea ened 
by sudden metabolic acidosis (e.g., lactic acidosis in preeclampsia, diabetic ke
toacidosis, or acute renal failure). However, they respond wfih, apPropnat€i in
crements in urinary titratable acid and ammonia after an acid load, and proton 
regeneration is already evident at blood pH levels higher than those in similar y 

Water excretion3 After Conception there is a rapid decrease in plasma osmolality 
that levels off at 5 to 10 mOsm per kilogram below that of nongravid subjects. 
If this decrease occurred in a nonpregnant woman she would cease secre g 
antidiuretic hormone and enter a state of water diuresis.
maintain this new osmolality, diluting and concentrating their imne appropnately 
when subjected to water loading or dehydration. This suggests a getting of 
the osmoreceptor system, and indeed recent data demonstrate that the osmotic 
thresholds for both thirst and vasopressin release are decreased in pregnan

Thereare also reports that women with diabetes insipidus who become pregnant 
require increments in their vasopressin injection (Pitressin or 
amino, 8 D-arginine vasopressin) dosage. Whether this relates to increased renal 
hemodynamics and/or prostaglandin production or to a placental enzyme that
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detection of excessive protein excretion or microscopic hematuria during a routine 
Health^ nonpregnant women excrete considerably less than 100 mg of protein 

in the urine daily, but due to the relative imprecision and variability of testing 
methods used in hospital laboratories, proteinuria is not considered abnormal 
until it exceeds 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 still 
be normal. On 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 apparent only 
during pregnancy. In addition, postural proteinuria may increase near term, when 
gravidas tend to assume a more lordotic posture, which augments excretion^An
other cause of increased proteinuria in pregnancy may be compression 
renal veins by the enlarged uterus, especially when gravidas he supine. Thus, 
when the gravida is tested for postural proteinuria (see Chap. 8, sec. LD, under 
Proteinuria), she should be positioned in lateral recumbency.
There have been few attempts to quantitate urine sediments in pregnancy. The 
excretion of red blood cells may increase during normal gestation. Whether in
creased leukocyturia also occurs during pregnancy is not clear. Since microscopic 
examination of the urine sediment is an important and noninvasive technique, 
it is unfortunate that so little has been done to standardize this test for pregnant

B Renal function tests. The clearance of endogenous creatinine, the most satisfactory 
approximation of GFR in nongravid subjects, is equally useful for assessing renal 
function in gravidas. Gravidas as well aanonpregnant women show lithe variation 
(approximately 10 percent per day) in urinary creatinine excretion and presum
ably in creatinine production, which in a given woman is similar both during 
and after gestation. The lower limit of normal creatinine clearance during ges
tation should be 30 percent greater than that of nongravid women, which in most 
hospitals averages 110 to 115 mVmin/1.73 sqm. .... . ,
Acid excretion and urinary concentration and dilution are similar m gravid and 
nonpregnant women. Thus, tests such as ammonium loading (rarely indicated m 
gestation) give values similar to those in nongravid women. When examining 
urinary diluting ability, the clinician should be aware that supine posture can 
interfere with 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 measurement 
of most renal function parameters, this posture interferes with tests of concen
tration For example, a urine osmolality that was 800 mOsm per kilogram after 
overnight dehydration may decrease to 400 mOsm per kilogram within an hour 
when a lateral recumbent position is assumed. Such changes may be explained 
by fluid mobilization from the extremities during bed rest, resulting in either 
volume-induced inhibition of vasopressin secretion or a mild opmotic diuresis. 
Such observations demonstrate the importance of upright posture, such as quiet 
sitting, when maximum urinary concentration is measured in pregnancy 
Role of renal biopsy in pregnancy. Percutaneous renal biopsies were introduced 
in the 1950s, and subsequent investigations correlating light, electron, and im- 
munofluorescent microscopy with alterations in renal function have revolutionized 
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, mainlv because clinical circumstances rarely justify the slight risks 
of biopsy during gestation and the procedure is usually deferred to the postpartum 
period. Another reason may have been a report of excessive bleeding and other 
complications in gravid women that led some physicians to consider pregnancy 
a relative contraindication to renal biopsy. These views, however were based on 
the earlier practice of performing prepartum and intrapartum (i.e., during cesareari 
section) biopsies in women who were hypertensive, and at a time tuat predatea 
current understanding of the coagulation abnormalities occasionally seen in

destroys vasopressin been described; . S

e h 
vivo destruction or renal ,n approximately 12.5 kg during the |

As a result, many grav.das were seoldedmr eroes* * b fluid total 
or calories, or both were restrict^ ^cellular. Plasma volume ;
water increasing 6 to 8 liters, 4 to largest rate of increment occurring
increases 50 percent during ge. ‘ ernents in the interstitial space are greatest 
during midpregnancy, whereas inc cumulative retention of approxi- (
in the third trimester. There is also a g distributed between the product 
mately 900 mEq of sodium in Pre^ ? ‘ alterations in maternal
of conception and the maternal ^UCe a physiologic hypervolemia,
intravascular and interstitial changes as normal, and when salt
yet the gravida’s voluiM ePl0 physiologic expansion, maternal re
restriction or diuretic therapy InnlUS P js one m.
spouses resemble those than f decade ago,; whereby gravidas

The influence of humoral change dunng.norm The increment in
handling and volume regulat>«n ~ J sod,um must be reabsorbed by
GFR means that up to 10,000 additio .Yrabl eatcr than the expected 
the renal tubules ^^^^^jn^/aiorortLids (aldosterone, desoxycorticos- 

salt-retaining po y hirh increase m pregnancy,
terone, estrogen >, the blood level sure starts to decrease early m ge»-

F. Blood pressure regulation. Mean b'^7XraEin710 mm Hg less than meas- 
tation, diastolic levels ln T^^e^anCT blood pressure increases, gradually ap- 
urements postpartum. In later presnan^ quick!y m
proaching prepregnancyvMuesconstant thereafter, the decrease m 
the first trimester and rema raprt / peripheral vascular resistance The

The cause of the initial decrease 7^ may reiax smooth muscle are

stantially, but gravidas are extremely r^tant^ tn P
II. Catecholamine leve.s; blood pressure during normal gestation 
Lack of awareness of the fluctua-'0 le certain women with mild essential 
may lead to d-gnostic eroors.Jo^m^, oe^ in fe d
hypertension who m the firstinnreenancy They are then erroneously 
pressure display near normal levekjjr y frankly elevated pressures occur,
labeled P^13^ ‘n .^'^diTstolic-levels of 75 mm Hg in the second and 85 

mX^S
il. Clinical evaluation ^XdaH^ of proteinuria with eclampsia was first

E^iaTn"^ latent renal disease is first uncovered by the
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Table 12-3. Relation Between Asymptomatic Bacteriuria 
and Antenatal Symptomatic Urinary Tract Infection

Number Number
Followed Symptomatic

Untreated bactenuric 
Treated bacteriuric 
Nonbacteriuric

82.0
1.3

25.0
2.3

464
15

246

28.8
3.6
1.8

118.0
0.9 

16.0
8.7

106.0
1.1
8.0

Function

Creatinine clearance (ml/min)
Serum creatinine (mg'dl)
Serum urea nitrogen (mg/dl) 
Maximal urine flow, < ml/min)

* Adapted from J. Palomaki and M. D. Lindheimer, Sodium depletion simulating deterioration in a 
toxemic pregnancy. .V. Engl. J. Med. 282:88, 1970.

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 xvhose 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 postpartum evaluation. Asymptomaticyurinary 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.

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- J 
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. v

D. 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 w^eks 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 diastolic 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 
to 0.9 and 16 mg/100 ml, respectively. The gestation was 
until labor ensued spontaneously.*
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 relation 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.

III. 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
fection. 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 
asypiptomatic urinary tract infections is, however, quite different in pregnancy.

1609
421

13,742

Source: M. D. Lindheimer and A. I. Katz, Renal Function and Disease in Preg
nancy. New York: Lea & Febiger, 1977.

Table 12-2. Renal Function During Hospitalization

Day 16
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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 sulfamethoxazole is gaining in 
popularity, but we await more careful scrutiny of its effect on the fetus. Nat
urally, the drugs chosen should preferably be those that have stood the test 
of time for safety in pregnant women.

C. Acute renal failure
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 proportion 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.

2. Causes. Most gravidas with acute renal failure have acute tubular necrosis. 
Rarely, glomerular disease or obstructive nephropathy is also seen. Ih*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 dysfunction 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 li ver 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.

3. 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

Fig. 12-2 .Transverse ~Xircont^ning m^, which was first discovered and corresponded to an enlarged, fluid contami g left, the
subsequently became infected during A j R u Kidney Function and

g:XX^.‘X"L.D. W"- “ ■»

B. SW.O^
infection during gestation differs trom tnai 2 percent of all
1. Acute pyelonephritis. Py«brdis whx£ occ^ er% and 3

pregnancies >7^^ developed septic shock. Acute
percent of patients m a recently* pu rine retardation, pre-
pyelonephritis has?^ and fetal death. Thus, treatment of symp-
maturity, congenital &nd performed in a hospital setting,
tomatic infection should respond quickly (temperatures return to
Most patients with Pyelon^h?^8 g/avidas with asymptomatic

2. Perirenal and renal abscess. should be con'
or carbuncle, although fever (Fig. 12-2). The in-
sidered in the differential a^ r^h 1? to 2o percent during the first 
cidence of positive urine cult are3 thethird postpartum day.
days after delivery and decrease to 4 reflects the inability to prevent
This apparent LTdence of infection. Thus, when
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Table 12-4. Summary of Pregnancy in Women with Preexisting Renal Disease*

CommentsDisease
3

c-. Diabetic nephropathy

Nephrotic syndrome

*
Urolithiasis5

b.

I c.

' i
d.

XZ

I
S

/ \

Chronic infectious pyelonephritis

Chronic glomerulonephritis, noninfectious 
tubulointerstitial disease ‘e.g., polycystic 
kidneys)

Lupus nephropathy

Status postnephrectomy; solitary and pel
vic kidneys

Transplanted kidneys

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 
if proteinuria or abnormal urinary sediment is the sole manifestation of the 
disease, pregnancy will proceed normally. Gravidas with membranoprolifer- 
ative glomerulonephritis, especially those with dense intramembranous de
posits demonstrated ultrastructurally and women with IgA nephropathy, may 
be especially prone to hypertensive complications. Although C3 nephritic factor > 
may pass from mother to fetus, the neonate appears unaffected and maternal $ 
complement levels may actually rise in gestation.
Hereditary nephritis is an uncommon disorder that may first be manifested 
during pregnancy, when women with this disease develop frank nephrotic 
syndrome. A variety of hereditary nephritis accompanied by platelet abnor
malities has been described. Pregnancy in these women has been successful

UIIVOIO -ll

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.
Level of blood pressure. The blood pressure level at time of gestation is 
an important prognostic-index. 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.
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 
1.4 mg%, decrements during gestation are less common and the prognosis 

1 of such pregnancies is more guarded.
2. Glomerulonephritis. Absence of gravidas in large epidemiologic surveys 01 

poststreptococcal glomerulonephritis is remarkable and has led to speculations 
that pregnancy protects women from this disease. However, this form of im-

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 
birth weight. Diuretics should not be 
used

Bacteriuria diming 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

*Generalizations are for women with only mild renal dysfunction (serum creatinine 
level < 1.5 m^/dl). The natural course of renal disease in women with greater 
functional impairment remains to be determined.

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

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.
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lapse in the Pd®1?6™"”- nf maternal deaths were recoraed during 
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£■Good health and stable renal function for 2 years after transplantation 
Stature compatible with good obstetric outcome 
Absent or, at most, minimal proteinuria
No hypertension
No evidence of pelvicalyceal distention on an excretory urogram performed 
before attempting pregnancy

fe.
-2. Suggested criteria for pregnancy. The following criteria for transplant re

cipients wishing conception are suggested.
a.

c.
d.
e.

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, resulting 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 occurred 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 
creatinine and urea nitrogen were 0.9 and 17 mg per deciliter, respectively, and 
urinary protein excretion was 350 mg in 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 
of lupus 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

saliuretic therapy could conceivably compromise uteroplacental perfusion or 
aggravate the increased tendency to thrombotic episodes.

6. Tubolo-lnterstitial 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.
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 functionaljmpairment 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.

7. 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
1. 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.

art 4
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of gravidas develop hype;p_.;„,s with transient hypertension

B Pathophysiology and pathology of preeciampsia. The increment in blood pressure 
in 'preeciampsia is characterized by its lability, especially when compared to other 
hypertensive disorders. This probably reflects the intense sensitivity of these 
women’s vasculature to changing concentrations of their own endogenous pressor 
peptides and catecholamines. Whereas normal pregnant women are extremely 
resistant to the pressor effects of infused angiotensin, those destined to develop 
preeciampsia manifest increased pressor responsiveness to the infused peptide 
weeks before the appearance of abnormal blood pressure, weight gain, or signs 
of coagulopathy. . . . .
In the past much attention was given to edema occurring in preeciampsia. How
ever, preeciampsia can occur in the absence of fluid retention. Even when inter
stitial edema is present, plasma volume is decreased and hemoconcentration is 
present. . . 4 , .
The incidence of coagulation abnormalities in preeciampsia is debated; in our 
experience disordered coagulation occurs in only a minority of patients and usually 
in those with the most severe disease.

C. Kidney function and morphology in preeciampsia
1. GFR and RPF. Both GFR and RPF decrease in preeciampsia. The decrements 

approximate 25 percent in most instances, so the GFR of preeclamptic women 
often remains above pregravid values. However, in rare instances large de
creases in function may occur and, on occasion, lead to acute tubular or cortical 
necrosis.
Uric acid. There are changes in the renal handling of urate m preeciampsia. 
A decrease in the clearance of uric acid, accompanied by increments in blood 
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 preeclamptic 
renal lesion, as well as with fetal outcome.
Proteinuria. Increased proteinuria, which may be moderate or heavy, is a fea
ture of preeciampsia, and the diagnosis is suspect in its absence. The magnitude 
of proteinuria does not appear to affect maternal prognosis, but protein ex
cretion in the nephrotic range is associated with greater fetal loss. 
Glomerular capillary endotheliosis. Preeciampsia is accompanied by a char
acteristic lesion, glomerular capillary endotheliosis (Fig. 12-3). In women di
agnosed clinically as preeclamptic, this lesion is present in only about 75 percent 
of biopsies obtained from primiparas and in considerably fewer biopsies from 
multiparas; the remainder of patients have evidence of nephrosclerosis or an
other parenchymal disease. The usefulness of postpartum renal biopsy m 
preeclamptic patients is underscored by observations that renal vascular ab
normalities may have prognostic implications for future pregnancies. Women 
with glomerular endotheliosis alone tend to have uneventful subsequent ges
tations, but when alterations in the renal vessels are present, hypertension 
is more likely to recur in later pregnancies.

D. Management of preeciampsia
1. Hospitalization. Ambulatory treatment has no place in the management of 

preeciampsia. All suspected preeclamptic patients should be hospitalized. This 
approach diminishes the frequency of convulsions and other consequences 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 sug
gested. Termination of pregnancy should be considered when hyperreflexia 
develops or persists; blood pressure cannot be controlled; serum creatinine, 
urea nitrogen, or uric acid rise; laboratory evidence suggests disseminated 
intravascular coagulation or abnormal liver function (increased transaminases); 
or specific 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.
Treatment of hypertension. The approach to treatment of high blood pressure 
in gravidas is disputed. Results of morphologic examination of placentae dem-
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different than in normotensive 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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Fig. 12-3. (Left) Electron micrograph demonstrating complete capillary obliteration by 
a swollen endothelial cell. Note, however, that the basement is normal and the'foot 
processes are intact. (Right) Micrograph showing glomerulus from a preeclamptic’s 
kidney. Swollen endothelial and mesangial cells that display prominent vacuolization 
encroach upon the capillary lumina. (Courtesy of B. H. Spargo, M.D.)
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servations by investigators who use unanesthetized sheep or primate models, c; 3 
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 
with anesthetized rabbits note that autoregulation of uterine flow is rapid and 
complete, and they suggest an aggressive approach to human hypertension. 
Data in human pregnancy are limited, but they suggest that drops in maternal 
pressure may reduce placental perfusion. Assuming that autoregulation of ^77 
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. 
There are documented instances in which precipitous decreases of pressure in 
response to diazoxide (even to diastolic levels above 85 mm 
by immediate monitor signs of fetal distress. Thus, we 1 
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 

(small doses (30 mg at a time), because hypertensive gravidas are usually con- 
- trolled 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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Diagnostic imaging of the urinary tract is undergoing rapid expansion. This provides 
a 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.

I. 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.
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 urinoma.

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 free 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

(1) Medulla. Nephrocalcinosis (hypercalcemic states, medullary sponge 
kidney, papillary necrosis)

(2) Cortex. Chronic glomerulonephritis, acute cortical necrosis
b. Ureter. Calcified stones
c. Bladder. Tuberculosis, schistosomiasis, bladder stones

B. Renal tomograms without contrast media. Renal tomography 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 urography. Factors that influence 

the quality and, therefore, the diagnostic capabilities of the excretory urogram 
are:
a. Bowel preparation
b. Fluid restriction
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Fig. 14-1. Abnormal air outlines the bladder in a diabetic patient with 
emphysematous cystitis.
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d. Technical factors
e. Tomography
f. Abdominal compression 
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Fig. 14-2. Medullary calcification typical of renal tubular acidosis or 
hyperparathyroidism.
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has markedly declined. Although many institutions have almost completely 
eliminated the use of the retrograde pyelogram, it does have a place in urologic 
diagnosis. ;
Uses of retrograde pyelography are: I
1. Additional evaluation of possible filling defects not definite on excretory 

urography
2. Selective cytologic studies and cultures
3. Additional delineation of an obstructing lesion, especially the length of the 

obstruction and ureter distal to the obstruction
4. To rule out obstruction if all poninvasive studies are inconclusive
5. Cases of ureteral trauma (Fig. 14-5»

E. Retrograde cystography and voiding cystourethrography
1. Indications for retrograde cystography

a. Vesicoureteral reflux. Retrograde cystography, performed after filling the 
bladder with iodinated contrast media through a catheter, is used primarily 
for the evaluation of vesicoureteral reflux in children with recurrent urinary’ 
tract infections. The yield of demonstrating reflux in the adult with urinary’ 
tract infection is low, especially if there are no abnormalities of the kidneys 
demonstrated with excretory urography.

b. Anatomic delineation of bladder in patient with reduced renal function. 
The retrograde cystogram provides somewhat better anatomic delineation 
of the bladder in instances in which there is reduced or even absent renal 
function and the bladder cannot be demonstrated with excretory urography. 
An example of this is the evaluation of the bladder of a potential transplant 
recipient before surgery.
Other indications for retrograde cystography include:
(1) Pelvic trauma
(2) Possible vesicovaginal or vesicoentersc fistula©
(3) Postoperative evaluation
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Fig. 14-6. Normal voiding cystourethrogram.
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A. Renal mass lesions. Ultrasound is not a screening method, but once the mass 
has been identified it is the simplest modality for establishing whether the mass 
is cystie or solid (Fig. 14-7).

B. Patients for whom an IVP is appropriate
1. Renal failure. When an elevated serum creatinine is indicative of renal failure, 

intravenous contrast for an intravenous pyelogram (IVP) may be hazardous. 
Ultrasound can distinguish between obstruction and parenchymal disease as 
a cause of the failure. An absent or atrophic kidney can also be discovered.

2. Allergic patients. Patients who have a serious allergic history to iodinated 
contrast media can be studied with ultrasound, from which important 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-

77
^4

-

. .iSfi 1

2. Indications for voiding cystourethrography. Voiding cystourethrography can 
be performed as part of retrograde cystography or as part of excretory urography 
(Fig. 14-6). Indications for this procedure are:
a. Posterior urethral valves in male children
b. Strictures of either the posterior or anterior urethra in both children and 

adults
F. Retrograde urethrogram. Retrograde urethrography is a limited, but useful, ex

amination. Indications are:
1. Evaluation of strictures of the anterior urethra
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

uation of vesicoureteral reflux in infants and children. Technetium pertech
netate is instilled directly into the bladder via catheterization. Continuous imaging 
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
atomic evaluation of the bladder or urethra. Routine cystography with iodinated 
contrast media is usually performed as the initial study, with isotope examinations 
used for follow-up.

IL 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 
tract. Results, however, are dependent on operator expertise and experience. The 
following are clinical circumstances in which ultrasound may be of value.
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‘ ‘S- 14-7. Renal ultrasound demonstrates a solid lesion (black arrows). Internal 
echoes are present and the overall echogenicity is similar to the normal kidney. Open 
arrows = upper and lower pales of the kidney; P = posterior.)
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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.
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1. Staging of the bladder carcinoma
2. Evaluation of pelvic masses (tumor, abscess, hematoma)
3. Post-transplant evaluation
4. Confirmation of pelvic Itpomatosis

IV. Radionuclide evaluation of renal disease. Radionuclide imaging of the kidneys for 
both morphology and function is somewhat controversial. Its

i
■

Ftq. 14-9. A. Well-marginated, low-density cyst of the left kidney (black arrowy B. 
Large solid tumor with density similar to the kidney (black arrows). Sidney ik) is 
displaced laterally.
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both morphology and function is somewhat controversial. Its use vanes considerably, 
depending on the institubon and the experience and interest of the persons responsible 
for the studies. There are three basic areas in which isotope studies of the kidney 
can be helpful. These are <a renal function studies, (b) renal morphology, and (c) 
localization of inflammatory processes. ■>
A. Evaluation of renal function. Renal function has traditionally been evaluated 

using the Hippuran renogram, and curves characteristic for obstructive versus 
parenchymal disease have been described.. Unfortunately, in clinical practice these 
entities often overlap, and the renogram curves have only limited usefulness in 
making these diffprenr-.^tinns. At some institutions the Hippuran renogram study 
has been extended to include serial measurements of blood and urine activity. 
With these data more quantitative information, such as effective renal blood flow, 
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 
therapy in a number of disease states, such as congenital anomalies, vesicoureteral 
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 1311 Hippuran let assessing function. Although it does not provide as 
much functional information, the technetium study has the advantages of pro
ducing images of the k dney and of being somewhat easier to perform. It provides 
functional information similar to that obtained with excretory urography and is 
of particular use in patients in whom iodinated contrast is contraindicated.

B. Evaluation of renal morphology. Normal and abnormal renal anatomy can be 
evaluated with radion ack ies. There are currently a number of excellent imaging
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14-12. A. Selected right renal ateriography demonstrates post-traumatic 

extravasation of contrast in a branch of the renal artery (arrons.) B. Following 
injection of clotting material to embolize the renal artery, the bleeding has stopped.

obtained at 20 minutes following
"injection shows the calyceal structures (arrou9 and the ren . M 

images vary only in photographic density.
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studies indicate a renal 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-enhanced imaging allows visualization of arterial anatomy following 
intravenous administration of contrast. Thus, the study can be performed on an 
outpatient basis with less risk and discomfort for the patient. Renal arteriography 
and renal vein catheterization for renin samples, however, continue to be the 
definitive tests for evaluation of renal vascular hypertension (see Chap. 13, V.B.
1 .b.).  ,.

C. Renal transplantation evaluation. Renal arteriography is used for preoperaave 
evaluation of the donor kidney. It is also used in the evaluation of the recipient 
kidnev 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.

D. Traumatized kidney without function. Changes in therapeutic approach to a more 
conservative method of handling blunt renal trauma have reduced the need for 
renal arteriography. It is, however, indicated in the traumatized kidney that shows 
no function with urography. Arteriography will outline the specific renal .esions 
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.

E. Interventional angiography- Interventional uses of angiography are incn asing. 
This includes the use of special catheters and embolization techniques to contr ol 
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 before surgery and occasionally as the only therapy. 
Interventional angiographic techniques are now used in the management of re
novascular hypertension. Hypertension in transplant recipients caused by excess 
renin production from the patient’s native kidneys can be treated by renal ablation 
with intraarterial absolute ethanol. Intraluminal renal angioplasty has rapidly

♦

I

I
I Fig. 14-11. A normal glucoheptonate renal scan

-rr ir1 sSChnetium DTPA. With DTPA and

collecting structures can be evaua-c nlye renal"scan is of particular value

especially if they can be ocu .. y lfih. ..... stU(iies are not definitive, renal
PaX^S>y°”S^iUoS^ Arteriography is also used ifthe less invasive
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Renal artery angioplasty in a renal transplant patient. The patient was a 

; 15-year-old male with progressive hypertension 6 mopths following renal allograft 
transplant. A. Aortogram reveals 80 percent stenosis of transplant renal artery 

sgjl I 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 
gradient across stenosis is decreased to zero.
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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
pertension due to fibromuscular dysplasia exceeds 90 percent, and angioplasty 
is now considered the treatment of choice in the management of this condition. 
Angioplasty is also effective in most instances of renal artery stenosis due to 
atherosclerosis. Clinical improvement in the severity of the patient’s hypertension 
is seen in about 70 percent of cases; in unsuccessful cases surgical correction can 
then be undertaken.

F. Renal vein thrombosis. Both renal arteriography and renal venography can es
tablish the diagnosis of renal vein thrombosis.

VI. Rena! puncture techniques: cyst puncture, antegrade pyelography, and percuta
neous nephrostomy
A. Cyst puncture. Cyst puncture is used for the definitive diagnosis of a simple cyst. 

The combination of the radiographic images and the fluid samples is highly re
liable. Although it is used routinely in some institutions, in others it is used only 
in specific instances. The indications include:
1. Probable but not definite cyst after ultrasound and computerized tomography
2. Patients under 50 years of age
3. Patients whose clinical presentation suggests neoplasm
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used for both short- and long-term drainage, and either small or large catheters 
can be 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 ultrasound may be useful in the initial an
tegrade pyelogram to outline the calyceal system, especially if there is no uro
graphic visualization, we prefer to place the nephrostomy tube under fluoroscopic 
visualization..

D. Endo-urology. With percutaneous access to the kidney the intervt ntional ra
diologist now can provide a useful array of therapeutic procedures. A percutaneo us 
nephrostomy tract can be enlarged to accept a 26 French sheath. This sheath 
allows 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 placed by the
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B 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. 
It 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 
nveloeraphy (Fig. 14-14). In addition to diagnosing a site of obstruction, antegrade 
pyelography may be used in conjunction with pressure measureinents to help 
diffen-ntiate between true obstruction and persistent hydronephrosis without ob-

C Percutaneous nephrostomy. This procedure, which consists of nonoperative 
placement of a catheter into the renal pelvls under imaging control, is 
greater acceptance by both radiologists anf. urologisto It provides an a tier lative 
method to surgical nephrostomy for drainage of an obstructed kidney. . - . .

A ' C
Fiq 14-14. Ultrasound examination of a nonvisualired kidney at excretory urography 
shows marked dilatation of the collecting structures and renax Pe^'s °rr0^ ,
indicating significant hydronephrosis. (P = posterior; C = cephalad.) B. Antegrade 
pyelography performed with a direct puncture to the calyceal structures was used to 
demonstrate the kidney, ureter, and the exact point of obstruction (arrow). 
Retrograde pyelography was not technically possible in this patient.
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ANGIOGRAPHY
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Excretory urogram

Cystic or uncertain mass ? Mass vs normal
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L—-------------------------------------
Fig. 14-15. A suggested approach to the evaluation of a renal mass.

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 placement and percutaneous drainage.

VII 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)
ik gener^ttiVmeans 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 ^t foHow 
we have tried to balance these four factors. Although a number of studies may 
be listed 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.
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

C Evaluation ofgthe 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 1,6 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, wi 
the studies listed roughly in order of preference. .
1. Chronic renal failure without acute exacerbations. Obstruction is not a strong 

a1.nNephrotomography without contrast media. This procedure provides in
formation regarding kidney size and shape, and calcification.

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.

Acute renal failure, chronic renal failure with acute exacerbation, or unknown 
duration of renal failure

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.
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. 
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.
Radionuclkie studies. Radionuclide studies are not as specific but can 
be useful, especially in patients in whom excretory urography presents 
a high risk.

Serum creatinine greater than 4 ml/100 ml
(1 j Ultrasound. Ultrasonography allows the exclusion of obstruction and 

determines kidney size and shape. Fine detail of the calyceal structures 
and 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 obstruction. 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 
variable, depending on degree of visualization; the test is probably not 
worth performing if other imaging modalities are available.

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 
failure as well as in all other forms of renal disease. As a general statement, the 
problem usually faced with acute renal failure is to exclude obstruction, and the 
least invasive study that will accurately and reliably do this should be used.

Di Evaluation of urinary tract obstruction in the absence of renal failure. The fol
lowing sequence is suggested (Fig. 14-16):
1. Abdominal film. Possible stones or soft tissue masses causing obstruction with 

marked hydronephrosis can be demonstrated on the preliminary abdominal 
film.
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4. Retrograde Py^raphV-^^cause of obstruction, and urete 

point oVobstraclion. Computerized tomography is of most benefiOn
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a- Paf®un^?the kidneys

obstruction in the

b. Collecting systems with tumor, stones, leukoplakia, submucosal hemor
rhage, or papillary necrosis

2 Cystoscopy or renal biopsy. Cystoscopy allows evaluation of bladder esions; 
however, if clinical evidence suggests acute glomerular inflammatory lesions, 
such as those with associated proteinuria, renal biopsy may be of most value

3. 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 
u^ed to evaluate solid masses and their extent before surgery ffig. 14-18).

4 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. .

5. Selective renal angiography. Vascular lesions such as arteriovenous malto.- 
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

F. Evaluation of the^renai transplant. Evaluation of the renal transplant is^best 
performed by comparison with baseline examination obtained in the immediate 
postoperative period.
1. Baseline studies after renal transplantation . r, 4,

a Radionuclide studies. "‘"Technetium DTPA provides estimation of both
’ vascularity and function of the transplanted kidney. mI Hippuran reno- 

grams add additional functional information.

-

Flo. 14-17. Computerized tomographic examination of the kidneys without contrast

system (short black arrows) in a patient whose kidney 
excretory urography. The open arrow indicates the ner 
collecting system. (L = liver.)
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ssas^.» computerized tomography. (L - liter, b - spteen, zy 
arrow — calcified aorta.)

b Ultrasound. Ultrasonography has been used more in recent J^rs and is 
excenenX
as well as of renal size. Collecting system obstruction can also be vlsuah^

c Excretory urography.-Excretory urography allows evaluation of anatomy,
' position ^nd^e of the kidney, exclusion of obstruction and extra^t1^- C > 

^d evaluation of the bladder position. Because of toxicity of con
tract media, urography should not be used routinely. When urography -
oerformed it should be delaved 5 to 7 days post-transplantation. .

2 Evaluation of complication after renal transplantation. Although any
mav be best for a specific transplant complication, it is often clinically necessary 
to use a combination of studies to separate the multiple variables.
a Radionuclide studies. Changes in renal function such as those rela^ 

Secdon or acute tubular necrosis are best evaluated with renal rad 
nuclide studies Although not specific, these isotope studies may provide 
information that can help to differentiate between rejection and acute renal 
failure (i e renal perfusion is better preserved in the latter condition). A 
rough assessment of vascularity to the kidney, as well as a gross evaluatio

b Ulftasound. Ultr^onograpby is used to assess additionally any_ .
masses in the pelvis, such as lymphocele he^atama’ Section 'T
tion can also be detected with ultrasound and differentiated from rejection

c Ext^tory trography^Ex^etory urography provides.only gross evaluation 
of renal ftmcdon, but the presence of a functioning kidney excludes major k
frS! Urography is primarily used to -clu^
of an obstructive process or the presence of extravasation. Masses such as 
hematomas or lymphoceles may be detected but only if they are of sufficien

d. Renal angiography. If any of .the above studies
Suggest the presence of a major arterial lesion, digital venous subtraction 
angiography or renal arteriography may be necessary.

2. Chronic urinary tract Infection 
a. j

I

- 3 
e- 3 
e

e. Computerized tomography. Computerized tomography can provide ex
cellent information regarding the renal anatomy and surrounding struc- 
turt?s. 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 anuria 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, bindings 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.

c. 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.
v/l BOW M J Ml W

Abdominal film. The abdominal film will reveal the 90 percent of ne
phrolithiases that are radiopaque. Uric acid stones are radiolucent.
Excretory urography. The ability of this study to demonstrate both pa
renchymal scars and calyceal blunting makes it the most useful study 
diagnostically.
Retrograde cystogram. This procedure will exclude vesicorenal reftux and 
underlying causes of chronic urinary tract infection in children and is es
pecially important if upper tract changes are demonstrated.

3 abscess
a. Abdominal film. The plain abdominal film may revdal 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.
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.
67Gallium 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.

Perinephric abscess
a. Abdominal film. The abdominal film will demonstrate loss of renal and/ 

or psoas margins.
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•edVymany to be the procedure of choice in screening for renovascular 
■rtension. The procedure can be performed on an outpatient basis and
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I

Magilner, A., and Ostrum. B. Computed tomography in the diagnosis of renal masses. 
Radiology 126:715, 1978.
Resnick, M: I. (Ed.). Symposium on Advances in Laboratory and Intraoperative Di
agnostic Techniques. The Urologic Clinics of North America, Vol. 6. Philadelphia. 
Saunders, 1979.
Resnick, M. I., and Older, R. A. (Eds.). Diagnosis of Genitourinary Disease. New 
York: Thieme-Stratton, 1982.
Rosenfield, A., Glickman, M., and Hodson, J. Diagnostic Imaging in Renal Disease. 
New York: Appleton-Century-Crofts, 1979.
Smith, A. D. (Ed.). Symposium on Endourology. The Urologic Clinics of North America, 
Vol. 9, No. 1. Philadelphia: Saunders, 1982.
Stables, D. The scope of kidney radiology. Kidney 10:7, 1977.
Svllabus Genitourinary Tract Radiology. Oak Brook, Ill.: The Radiological Society 
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Tegtmeyer, C. J., et al. Percutaneous transluminal angioplasty: The treatment of 
choice for renovascular hypertension due to fibromuscular dysplasia. Radiology 
143:631, 1982.
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Suggested Reading *
Colaninto R. F. et al. Percutaneous transluminal dilatation of the renal artery: 
Follow-up studies on renovascular hypertension. AJR 139:727, 1982.
Ellenbogen, P., Scheible, F„ Talner, L, and Leopdd, G^Sensitoity, of gray ^ale 
ultrasound in detecting urinary tract obstruction. Am. J. Roentgenol. 130.731,19 8.

Gretk W., King, D., and Casarella, W. A reappraisal of sonolucent renal masses. 
RarfmZogy’121:163, 1976,
Korobkin, M. White, E„ Kressel. H„ Moss, A, and Montagne, J Computed^tom- 
ography in the diagnosis of adrenal disease. Am. J. Roentgenol. 132.231, 19/ .

c. Sudden onset or acute exacerbation of hypertension 
d Abdominal or flank bruit on examination.

2- TrSnXCcX|Sng test. Saralasin (l-sar-S-ala angiotensin II), an an- 
giotensin-blocking agent, has been used as a screening test for r®n°vas^J 
hypertension. AnVusion or bolus injection of saralasin followed by a b ood 
prepare decrease of greater than 10/8 mm Hg has been used for selection 
of patients for urography and arteriography. The results, however, ha e 
been variable, and the test has not become widely used .

b Excretory urography. The excretory urogram demonstrates anatomic dk‘ 
’ eases of the renal parenchyma or collecting system and may detect adrenal 

masses. Hypertensive patients are studied with the rap^-sequence^excref 
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

i following findings: *
(1) Disparity in renal length (>2 cm difference- 1/stliroc
(2) Difference in time of opacification of the collecting structures
(3) Delayed hyperconcentration of contrast media in the collecting sys- 

tern of the affected kidney
(4) Ureteral notching due to collateral arterial supply „c.-ria .

c Diqital subtraction angiography. Digital subtraction angiography, using
an9intravenous 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

d Ra^fonLcilde"^^^! M^nd scintiphotos obtained with either 
orthoiodohippurate (“I Hippuran) or ""Tc-DTPA are also used asprehm- 
inary studies to evaluate renal blood flow. These are currently used m-

e Rena^angiography.'selective renal arteriography provides the definitive 
diagnosis^ renal arterial lesions. Atherosclerosis that involves the mam 
renal artery at or near its origin is most common in the older population. 
Fibromuscular hypertrophy is the most common cause of renovascular hy
pertension in patients under 40 years of age and occurs more Peripherally 
Arteriography can also additionally define renal parenchymal disease, renal 
masses, renin-secreting tumors, and other forms of vascular disease^

f. Renal vein renin assay. Renal vein renin assay provides a 
of the causal relation of renovascular lesions and hypertension. Bo -
veins and the inferior vena cava below the renal veins are sampled beg- 
mental renal vein sampling is indicated if localized arterial or parenchymal 
abnormalities are present. Renal vein renin ratios of 1.5 : 1.0 are 
limits of normal; a ratio of 2 : 1 is diagnostic of severe renova^ular pa
thology. Suppression of renal vein renin in the contralateral kidney (i.e., 
a val^e comparable to the vena cava renin) is predictive of a good surgical 
outcome, as is an elevated peripheral plasma renin activity.
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plPl* n
distal, 54
hypokalemia in, 37 
proximal, 54

respiratory, 50, 60-61 
metabolic alkalosis with, 59 
treatment of, 61

Acromegaly, hyperphosphatemia in, 
80

Addison’s disease
hypercalcemia in, 65
hyperkalemia in, 19, 45
hyponatremia in, 19

Adrenal disorders, hypertension in, 
232-235

Adfenergic agonists
hypokalemia from, 36
and potassium uptake by cells, 31 

Adrenergic blockers
hyperkalemia from, 43
in hypertension, 239-242 

Adrenocorticotropic hormone (ACTH) 
production, ectopic, and 
hypokalemic alkalosis, 41
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Abdominal films, 247
in obstructive uropathy, 265 
in perinephric abscess, 269 
in pyelonephritis, acute, 269 
in renal abscess, 269 
in urinary tract infections, 269 

Abscess
renal and perinephric 

in pregnancy, 208 
radiology in, 269-271 

visceral, diagnosis of, 126 
Acetazolamide, 7

in hyperphosphatemia, 82 
in uric acid stones, 94-95 

Acid-base equilibrium
disorders of, 49—61 

clinical signs of, 51 
definitions and terminology of.

50-51
mixed, 51. 55-56 
recognition of, 51 

regulation in pregnancy, 203 
Acidemia, 50 
Acidosis

alcoholic ketoacidosis, 55 
diabetic ketoacidosis, 55 
hyperchloremic, 53-54 
hyperkalemia in, 43 
hypokalemia in, 33, 37-39 
lactic acid, 54—55 
metabolic, 50, 53-57

in bicarbonate loss, 53 
from ammonium chloride, 54 
increased anion gap in, 54—55 
metabolic alkalosis with. 56 
normal anion gap in, 53-54 
in overdosage of drugs, 55 
in renal insufficiency, 55, 162 
respiratory alkalosis with, 56 
in starvation, 55 
treatment of, 56-57’ 
in tubulo-interstitial renal

disease, 54
renal tubular, 53-54 

bicarbonaturia in, 19 
differential diagnosis of, 91

*3

Age
and blood pressure, 221
and hyponatremia development, 

15
Air, abdominal visualization of, 247
Albright’s hereditary osteodystrophy. 

71 >
Albumin depletion 

hypocalcemia with, 70 
in nephrotic syndrome in 

pregnancy, 213
Alcohol, abstinence from, in cirrhosis, 

9
Alcoholism

hypophosphatemia in, 77 
ketoacidosis in, 55

Aldosterone
hypoaldosteronism, hyperkalemia 

in, 45
and potassium excretion, 31, 33 
serum levels of

in hypokalemia, 36
in hypokalemic alkalosis, 41
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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, 57 
in hyperkalemia, 46 
in uric acid stones, 94

|

6- 

F-

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

e 9
*44

e :
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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, 9u, 
94

nephritic sediment

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, 63—70 
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

ill uiiu aviu owixeo vt - Candiduria, treatment of, 110
Bicarbonaturia, and hyponatremia, 19 Capillary endotheliosis,^glomerular,
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 
in pregnancy, 204

Blood transfusions, for renal
transplant recipients, 174-175

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

Alport’s svndrome, 
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, 
106Amphetamine, 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
Artemia 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, 20-21

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
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azotemia from, 150
in chronic renal failure, 161. 162, 

163
sodium in. See Sodiuih, 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 dialysis 
patients, 169

Disopyramide
in renal failure, 192
therapeutic serum levels of, 187 

Diuretics, 5-8, 240
action of, 6
in acute renal failure, 145-146 
in cirrhosis of liver, 9-10 
complications from, 6 
in hyperkalemia, 47 
in hypertension, 238-239 
hypokalemia from, 39 
hyponatremia from, 17-19 
hypophosphatemia from, 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 
nephrostomy in, 262-263 

Drug-induced conditions
acidosis, 55
in analgesic abuse

hematuria in, 130
pyuria in, 132, 133 

azotemia, 139—140, 157 
diabetes insipidus, nephrogenic,

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. 17I

4
■ n

Diabetes mellitus
chronic renal failure in, 149 

treatment of, 162
hematuria in, 130 
hypophosphatemia in, 7 < 
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 
hemodialysis, 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 
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, 197 
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 
and dialysis affecting nutrition, 

172-173
in nephrotic syndrome, 124 
and oxalate in foods, 92 
and parenteral hyperalimentation 

in acute renal failure, 146 
azotemia from, 150

potassium intake in, 33 
inadequate, 37 

protein in
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Ipregnancy, 212 
Colloid osmotic pressure, 
Color of urine 

abnormal, 114 
drugs affecting, 189 

Computerized tomography, 254-2o7 
in hematuria, 267 
in obstructive uropathy, 26b 
in perinephric abscess, 271 
in renal abscess, 269 
in renal failure, 265 
in transplant complications. 269 

Conn’s syndrome, hypertension , 
232-234 .

Connective tissue disease, mixed, 
diagnosis of, 126

Contrast media 
allergy to, 250

Cari»nic acid-bicarbonate buffer 
system, 49 /

Casts in urine, 114 na-HO
Catheters, urinary, care of, 10&-HU 
Ceiba lose phosphate therapy, 

calcium stones, 93

in renal failure, 192-194 
therapeutic serum levels of 18/ 
in urinary tract infections, 106

Cerebrovascular accidents tn 

aJSKsr«s&- Chloramphenicol, in renal failure,

194
Chlordiazepoxide, in renal failure, 

197
Cldepfetion of, and hypokalemia^ 39 

hyperchloremic acidosis, 53-M
Chlorothiazide, 240 .. 197
Chlorpromazine, m renal failu , 
Chlorthalidone, 7, 240
Chvostek’s sign m tetany, 7z- 
Cimetidine, in renal failure, 198 
Cirrhosis of liver 

edema in, 4
treatment of, 9-11

LeVeen shunt in, 10-IL I44 
portacaval shunts in, 10 
prerenal azotemia in, 143-144 

Cis-platinum, potassium depletion
/ from, 41
^^ritoniti3 during dialysis. 196 , 

in renal failure, 194
Clofibrate, in renal fa‘lu«-J9:q„ 
Clonazepam, in renal failu , 
Clonidine, in hypertension, 240-241 
Collagen vascular diseases in

plasma, 2

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 ior. IbU 
in hypertension, 230 
in pregnancy, 202 . .

Cryoglobulinemia, essential, nephritic 
sediment in, 127

Crvstalluria, 83, 87
in acute azotemia, 142 

Cultures of urine, 100-101 
Cushing’s syndrome

hypertension in, 234 
hvpokalemic alkalosis m. 41 

Cyclophosphamide, in renal failur , 
198 ozCvstic disease in kidney Sec also - 
Polycystic kidney disease 

hematuria in, 130 
proteinuria in, 115,120, 121 
puncture technique in diagnosis of, 

261
pyuria in, 133

Cystine 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,

Cystoscopy, in hematuria, 267 
Cystourethrography, voiding, 

252

Demeclochlortetraeycline, in 
hyponatremia with 
inappropriate antidiuretic 
hormone secretion, 21-zz 

Dementia, dialysis, 169 
Dextroamphetamine, m idiopathic 

edema, 12-13
Diabetes insipidus 

central, 23.
complete, 27 
partial. 27 

nephrogenic, 23-24 
in pregnancy, 203-204
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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

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, 122-124 

Glucose
hyperglycemia in dialysis patients, 

173
therapy with insulin, in 

hyperkalemia, 46
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

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

nonglomerular causes of, 125, 130- 
131

clinical features of, 129 
diagnosis g£ 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-Schonlein 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, 67—68 
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

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, 3—4

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

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, 
in heart failure, 3-4, 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

- «
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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
do^ge 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
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cerebrovascular accidents in, 227- 
228

clinical features of, 224-226 
coronary vascular disease in, 228 
in Cushing’s syndrome, 234 
diagnosis of, 228-235 
epidemiology of, 222-224 
guanethidine in, 241, 243 
heart failure in, 228 
hydralazine and minoxidil in, 242-

243
laboratory tests in, 228-230 
malignant

definition of, 243-244
diazoxide in, 244 
nitroprusside in, 244-245 
pathophysiology of, 244 
and prognosis after therapy,

235
treatment of, 147, 244-245 

and mortality, 22J., 223 
natural history of, 227 
in pheochromocytoma, 234-235 
physical examination in, 228 
plasma renin activity in, 230 
in pregnancy, 216-219

treatment of, 217-219
renal function in, 228
in renal parenchymal disease. 231 
renovascular, 231-232

angiography in, 231, 259, 272 
intravenous pyelography in,

231
radiology in, 271-272 
renal vein renin in, 231-232 
saralasin screening test in, 272 

secondary, 225-226
diagnosis ofi 230-235 
screening tests in, 230

sodium intake affecting, 223, 238 
symptoms of, 224
target organs in, 225 
thiazide diuretics in, 238-239 
treatment of, 235-245 

benefits of. 235-236 
recommendations for, 236-238 
stepped-care approach in, 238- 

243
Hyperthyroidism

hypercalcemia in, 65 
hyperphosphatemia in, 80

Hyperuricemia
in preeclampsia, 217 
treatment of, in renal insufficiency, 

162
Hyperuricosuria

and calcium stones, 85, 91 
treatment of, 93
and uric acid stones, 91, 94

Hyperkalemia, 43-47 
in Addison’s disease, 19, 45 
differential diagnosis,of, 43-46 
drug-induced, 43, 45, 46 
from potassium salts, 43 
in hypoaldosteronism, 45 
in mineralocorticoid deficiency, 45 
and periodic paralysis, 45

■ pseudohyperkalemia, 43 
in pseudohypoaldosteronism, 45-46 
in renal failure, 45 
symptoms of, 43 
treatment of, 46-47

Hypernatremia, 22-28 
in diabetes insipidus 

central, 23, 27 
nephrogenic, 23-24 

diagnosis of, 25-27 
in dialysis'patients, 173 
disorders with, 23—24 
euvolemic, 25-27 
hypertonic salts inducing, 24 
hypervolemic, 25 
hypodipsia and hypertonic urine 

with, 27 
hypovolemic, 25 
idiogenic osmoles in, 25, 28 
in osmotic diuresis, 24 
prognosis of, 24 
symptoms of, 24-25 
treatment of, 27-28 
water deprivation test in, 27 

Hyperoxaluria, 85, 91 
treatment of, 93-94 

Hyperparathyroidism 
differential diagnosis of, 91 
hypercalcemia in, 63 
hypercalciuria in, 85 
hypophosphatemia in, 77 

Hyperphosphatemia, 79-82 
acute, 82 
causes of, 79-81 
chronic, 82 
diagnosis of, 81—82 
hypocalcemia with, 72, 81 
symptoms of, 81 
treatment of, 82

in renal insufficiency, 162 
Hypertension, 221-245 

adrenal causes of, 232-235 
adrenergic blocking agents in, 239- 

242
in aldosteronism, 232-234 
and antihypertensive agents in 

renal failure, 197-198
and azotemia with chronic renal 

failure, 157
treatment of, 161-162 

captopril in, 241, 243

Hypoalbuminemia 
hypocalcemia with, 70 
in nephrotic syndrome in 

pregnancy, 213 
Hypocalcemia, 70-75 

acute, 74 
chronic, 74-75 
diagnosis of, 72—73 
in hyperphosphatemia, 72, 81 f 
in hypoalbuminemia, 70 
in hypomagnesemia, 71 
in osteoblastic metastases, 72 
in pancreatitis, 72 
in parathyroid disorders, 70-71 
in renal failure, 75 
symptoms of, 72 
treatment of, 74—75 
in vitamin D deficiency, 71-72

Hypocalciuric hypercalcemia, familial, 
65

Hypodipsia, and hypernatremia, 27 
Hypokalemia, 34-43 

in acidosis, 33, 37—39 
aldosterone levels in, 36 
in alkalosis, 33, 36, 39 
ammonia production in, 36 
in barium poisoning, 37 
cardiac effects of, 35 
and chloride depletion, 39 
chronic renal failure in, 155 
and diabetes insipidus, nephrogenic, 

24
differential diagnosis of, 36-42 
disorders with, 34 
diuretic-induced, 239 
extrarenal causes of, 37 
hemodynamics in, 35 
in hypertension, 230 
and hyponatremia, 36 
in insulin excess, 36 
insulin release in, 36 
in mineralocorticoid excess, 39-41 
neuromuscular disorders in, 35 
and periodic paralysis, 36 
and plasma renin activity, 36 
pseudohypokalemia, 36 
pyuria in, 133 
renal causes of, 37-42 
renal function in, 35—36 
symptoms of, 34-36 
in toluene intoxication, 37 
treatment of, 42-43

Hypomagnesemia 
hypocalcemia with, 71 
and hypokalemia, 41-42

Hyponatremia. 15—22 
in Addison’s disease, 19 
and azotemia with chronic renal 

failure, 157-158
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demeclochlortetracycline in, 21-22 
diagnosis of, 16-21 
disorders with, 15 j 
in diuretic abuse, 17-19 
drug-induced. 20 
edema in, 17
in emotional stress, 20 
euvolemic, 20-21 
extracellular fluid volume in, 16-17 
furosemide in, 22
in gastrointestinal fluid losses, 17 
in glucocorticoid deficiency, 20 
hypertonic saline in, 22 
in hypothyroidism, 20 
hypovolemic, 17—20
in inappropriate antidiuretic 

hormone secretion, 20—21
lithium in, 22
and osmolality of extracellular 

fluid, 16
osmotic diuresis in, 19-20 
and potassium depletion, 36 
pseudohyponatremia, 16 
in salt-losing nephritis, 19 
symptoms of, 15-16 
treatment of, 21-22
water intake restriction in, 21

Hypoparathyroidism 
hyperphosphatemia in, 80 
hypocalcemia in, 70-71

Hypophosphatemia, 76-79
in alcoholism, 77
diagnosis of, 78
in diuretic therapy, 77 
in Fanconi’s syndrome, 77.
in gastrointestinal disorders, 76
in glycosuria, 77
in hyperparathyroidism, 77 
symptoms of. 77-78 
treatment of, 79
in Vitamin D-resistant rickets, 76 

Hypothyroidism, hyponatremia in, 20 
f

Immunosuppressive agents, dosage in 
renal failure, 198

Indomethacin, hyperkalemia from, 45 
Infections

of dialysis vascular access sites, 19t 
peritonitis during dialysis, 172 

treatment of, 195-196
renal and perirenal, radiology in, 

269-271
of urinary tract, 97-110

and asymptomatic bacteriuria, 
97-98

and azotemia with chronic renai 
failure, 157

biochemical tests for bacteriuria 
in, 104

re

*
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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

Lincomycin, 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

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, 

104microscopic examination of urine 
in, 103-104 v

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, 
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

Kanamycin, 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

Milk-alkali syndrome, hypercalcemia 
in, 65

Mineralocorticoids
deficiency of, hyperkalemia in, 45 
excess of, hypokalemia in. 39-41 
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

treatment of, 11-12, 13
in glomerulonephritis, 122 
idiopathic, 144
in lupus erythematosus, 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

Laboratory data, artifacts in, 156, 
188, 189

Lactic acidosis, 54-55
Laxative abuse

hyperphosphatemia from, 79
and hypokalemia, 37
and hyponatremia, 17

Lead poisoning, pyuria in, 133

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 urine, in pregnancy, 205

Osmoles, idiogenic, in hypernatremia, 
25, 28

Osmostat, reset, 27
Osmotic diuresis

hypernatremia in, 24 
hyponatremia in, 19

Osmotic pressure, colloid, 2
Osteodystrophy

Albright’s hereditary, 71 
renal, treatment of, 164

Osteomalacia, in hypophosphatemia, 
78

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, 197

Pancreatitis, hypocalcemia in, 72

• < *

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
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Quinethazone, 240
Quinidine

in renal failure, 192
therapeutic serum levels of, 187i

1*

polycystic kidney disease in, 214 
preeclampsia in, 212, 216-219 
pyelonephritis in

acute, 208
chronic, 214

renal disease in, 206-216 
renal function in, 201-204 

evaluation of, 204-206 
in preeclampsia, 217 
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 nephrosclerosis, 115! 121
in nephrotic syndrome, 4

in pregnancy, 213
in obstructive uropathy, 120 
orthostatic, test for, 115
in polycystic kidney disease, 115, 

121

' Radiation nephritis, pyuria in, 133 
Radiology, 247-272

abdominal films in, 247 
angiography in, 258-261 
in azotemia

acute, 142
chronic, 153

choice of procedure in, 264
computerized tomographv in.

254-257
cyst puncture in, 261 
cystography in

J
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in pregnancy, 214 
proteinuria in, 115, 121 

Polythiazide, 240 
Portacaval shunt, in cirrhosis of liver,

10 1
Posture

and test for orthostatic proteinuria, 
115

and ureteral obstruction in 
pregnancy, 201 

Potassium
dietary, 33

inadequate, 37 
hyperkalemia, 43-47 
hypokalemia, 34-43 
renal regulation of, 32-34 
stores in body, 31 
therapy with

administration of, 42 
complications from, 43 
in diuretic therapy, 42 

transcellular distribution of, 31
alterations in, 36-37 
in hyperkalemia, 43-45 

Prazosin, in hypertension, 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 
creatinine 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

in preeclampsia. 217
in pregnancy, 204-205, 213

Pruritus in uremia, treatment of, 163
Pseudogout in uremia, treatment of, 

164
Pseudohyperkalemia, 43
Pseudohypoaldosteronism, 

hyperkalemia in, 45-46
Pseudohypokalemia, 36
Pseudohyponatremia, 16
Pseudohypoparathyroidism 

hyperphosphatemia in, 80 
hypocalcemia in, 70-71

Psychoactive drugs, in renal failure 
197

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

iI
bk
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Paralysis, periodic 
hyperkalemic, 45 
hypokalemic, 36 -

Parathyroid disorders. See 
Hyperparathyroidism; 
Hypoparathyroidism

Parathyroid hormone levels, 
measurement of, 66-67

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 during 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, 67-68 
Pindolol, in hypertension, 241 
Plasma flow, renal

in preeclampsia, 217
in pregnancy, 201-202 

Plasmapheresis
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
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use in, 160-161,
^3

e; 3

radiology in, 265
treatment of, 145—147

chronic, 149
acidosis in, 55
approach to drug

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, 160-182 
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

therapeutic serum levels of, 187 
in renal failure, 197

Saline infusions 
in hypercalcemia, 68-69 
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, 
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

Starling forces, and edema formation, 
2

Starvation, ketoacidosis 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-Ganz catheter, measurements 

wdth, 145
Syphilis, diagnosis of, 126

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 z

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

Radiology, cystography in—Continued 
nuclear, 252 
retrograde, 251 

endo-urology in, 263-264 
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. 267-260 
ultrasonography in, 252-254 
urethrography in, retrograde, 2o2 
in urinary tract infections, 

104-105
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, 146-147 
diuretics in, 145-146 
fluid therapy in, 146
hyperphosphatemia in, 80 
in ischemic disorders, 137 
in nephrotoxic disorders,

, 137-138, 139-140
nonoliguric, 146 
oliguric, 146^- 
postpartum, idiopathic, 209 
in pregnancy, 209-210
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’Ash
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. See also Proteinuria
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Volume regulation, in pregnancy,
204

1

J

1

y
vv

65 
as therapy in

i
Water •

compulsive drinking of, 27 . 
deprivation test, 27 
excretion in pregnancy, 203-204 
insensible losses of, and 

hypernatremia, 24, 25-27 
negative balance in hyponatremia.

22 \ replacement in hypernatremia, 27-
28

restriction in hyponatremia, 21 
Wegener’s granulomatosis 

chronic renal failure in, 155 
nephritic sediment in, 126 
treatment of, 128

Weight gain in pregnancy, 204

Transpl anUtion of kidney ^
Continued ' .

donor evaluation and preparatao, 
in,175-176

efficacy of, 177 f
evaluation and preparation ot

recipient in, 174-17 
indications for, 165-166, 17. 1 
morbidity and mortality from, ,8

and pregnancy in recipients, 214-215 
radiology in, 267-269 
rejection of, 178

prevention of, 176-111 
results of, 180 
ultrasonography ot, 264

Trauma \ 9l-q
angiography of kidney in, 259 
azotemia in, 139 
hematuria in, 131

Triamterene, 7, 240 
gastrointestinal side, effects of, 43 
hydrochlorothiazide with, I 
hyperkalemia from, 46

Tricyclic antidepressants, m ren 
failure, 197

Trimethoprim, in urinary' trac 
infections, 106

sulfamethoxazole with, 106
Trousseau’s sign in tetany, 72 
Tuberculosis, renal 

in pregnancy. 214
acute, 137

in pregnancy, 209
Tubulo-interstitial renal diseases 

hyperchloremic acidosis with, 54 
in pregnancy, 214

Tumoris)hypercalcemia with 6^65 
pheochromocytoma, 23£235 
renal, hematuria in, 129,

Tumoral calcinosis, 
hyperphosphatemia in, oi

Ulcers, gastrointestinal, from 
potassium salts, 4o

Ultrasonography,252;2?* q 
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, blood
in chronic renal failure, 15&-159Kb-

imia in renal

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, 59
Vancomycin

in peritonitis during dialysis, 196
in renal failure, 194

Vesicoureteral reflux, cystography in, 
251, 252

Vitamin D
deficiency of, hypocalcemia in, 71- 

72
intoxication from, hypercalcemia in,

cglcemi^'74-7 5

drugs affecting tests for. 189 
in pregnancy, 202 

Uremia, 152
dialysis in, 167-168 
treatment of, 163-164

Ureteral disorders, hematuria in, 
131

Urethral syndrome, acute, 99 
Urethritis, 97, 99 

hematuria in, 131 
pyuria in, 133

Urethrography, retrograde, 2u 
Uric acid

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 hyperuricei 
insufficiency, 162

U7nfS™sCrf, 97-110. See also 
Infections, of urinary tract 

in pregnancy, 201
Urine 

in azotemia, acute, 141 
blood in. See Hematuria 
collection of samples, 113 

for cultures, 100 

ass® 
101-102

techniques for, 90 
timing of, 87-90 

color of I 
abnormal, 114 
drugs affecting, 189 

cultures of, 100-101

eosinophils in, 142 
microscopic examination of, 1U3 

104in pregnancy, 204-205 
protein in, 114. S" " 
pyuria, 129-133 
in renal stones, 87 
sediment in, 113-114

in azotemia, acute, 141-14Z 
nephritic, 129

causes of, 126-127 
in pregnancy, 205

Urography, excretory. 247 25
in azotemia, acute, 14^ 
in hematuria, 266-267 
in obstructive uropathy, 266 
in perinephric abscess 271 
in pyelonephritis, acute, 269


