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Preface 

The most common and most important clinical problem in the field of nephrology is the diagnosis and 
treatment of renal failure. In many cases, the cause of the patient's illness is obvious and its management is 
straightforward. However, sometimes either the diagnosis or the treatment is difficult, and demands all the 
physician's knowledge and judgment. Renal Failure, Diagnosis and Treatment is a guide to the care of such 
challenging patients. 

The intended readers are clinicians who wish to improve their competence in this area. They might include 
medical house officers, internists, renal fellows and nephrologists. Although Renal Failure, Diagnosis and 
Treatment contains much practical information about the various diseases that impair renal function, and 
can serve as a reference source, it is not intended to be used in that way. The first section on the diagnostic 
process (Parts I-IV) should ideally be read from beginning to end, while the second section on treatment can 
be consulted when necessary for the problem at hand. 

This book focuses on potentially reversible causes of acute and subacute renal failure in which serum 
creatinine concentration rises over days to weeks, but more chronic diseases will be mentioned when 
appropriate. 

The first step in the diagnostic process is addressed in Part II of the book, The Evaluation. It involves 
gathering basic information about the case through a history, physical examination, and initial laboratory 
studies (Chapters 3-6). The second diagnostic step is syndrome recognition. Here the physician looks at the 
clinical picture and attempts to recognize the patient's disease. This calls for a substantial fund of knowledge 
about the clinical manifestations of the disorders that cause renal failure. The signs and symptoms of these 
disorders are described in Part III, The Various Causes of Renal Failure and Their Diagnosis (Chapters 7-
13). The third diagnostic step, also covered in Part III, is the confirmation of the diagnosis through specific 
testing or through a period of judicious observation. 

While these three steps usually are successful, a rare patient may still be undiagnosed at this point and 
additional investigation is necessary. This fourth step of broad scale but selective testing for difficult cases is 
discussed in Part IV of the book (Chapter 15, The Undiagnosed Patient). 

Since the reader is encouraged to read the diagnostic s~ction of the book completely, detailed information 
that is not absolutely necessary for the understanding of the subject has been set in small print. It is available 
for interested individuals, but need not be read by everyone. 

Part V describes the general management of patients with renal failure (Chapters 16 and 17), and the 
specific treatment of the individual diseases (Chapter 18). 

Finally, to illustrate the application of the diagnostic principles described, in Part VI twenty cases are 
presented for analysis by the reader. They are followed by the diagnoses and discussions of the cases. 

ix 
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PART ONE 

Introduction and causes 



1. Introduction 

J. GARY ABUELO 

INCIDENCE OF RENAL FAILURE 

Renal failure is a familiar diagnostic problem to 
practicing physicians. Acute renal failure has an in
cidence in the general population of 5 to 14 cases 
per 100,000 per year [1-3], and in general hospitals 
occurs in about one of 20 patients [4]. In certain 
situations almost one of four individuals may be af
fected. This includes patients in intensive care units 
[5, 6], those with community-acquired bacteremia 
[7] and individuals after elective surgery [8]. In 
severe burn cases three out of four patients develop 
azotemia [5]. In addition, 17 new cases of chronic 
renal failure per 100,000 general population reach 
end stage each year [9], and often need to be dis
tinguished from cases of acute renal failure. 

IMPORTANCE OF MAKING A DIAGNOSIS 

Renal failure is usually discovered fortuitously 
in an asymptomatic phase. Consequently, there 
may be a tendency to put off investigations into its 
cause, especially if a patient has other serious prob
lems that require attention. However, even slight 
degrees of azotemia are worthy of evaluation. First, 
only small changes in serum creatinine concen
tration (Scr) may result from significant falls in 
glomerular filtration rate (GFR) due to the 
mathematical relationship: GFR is proportional to 
l/Scr (Figure 1.1). For example, a rise in Scr from 
0.8 to only 1.6 mg/dl (71 to 141 /-tmollL) reflects the 
loss of half of total renal function, which is 
equivalent to that of one entire kidney! Second, if a 
treatable cause is identified, appropriate therapy 
may prevent further damage or even reverse renal 
impairment. Finally, the search for an etiology of 
the renal disease may uncover an unsuspected con-

J.G. Abuelo (ed.), Renal Failure, 3-5. 
© 1995 Kluwer Academic Publishers. 
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Fig. 1.1. Relation between GFR and steady state Scr in a hy
pothetical individual during gradual loss of renal function. 

dition, such as multiple myeloma, vasculitis or 
other multisystem disease, whose extrarenal 
manifestations had been eluding diagnosis. 

OBVIOUS VERSUS OBSCURE DIAGNOSES 

Fortunately in most cases of renal failure, 
diagnosis is not difficult. Patients usually either 
have evidence of a chronic irreversible process or 
have acute renal failure with an obvious cause. In 
one study, almost 80% of hospital acquired renal 
failure could be attributed to four easily recognized 
conditions: reduced renal perfusion, postoperative 
renal insufficiency, contrast medium-induced renal 
failure, and aminoglycoside nephrotoxicity [4]. In 
some cases there were multiple causes [4]. How
ever, in other situations the diagnosis is not so ap
parent. Primary renal diseases such as idiopathic 
crescentic glomerulonephritis often present with 
azotemia, an abnormal urinalysis, and no clues to 
a specific etiology. Even with renal dysfunction 
secondary to urinary obstruction or poor renal 
perfusion the patient may have few or none of the 
usual clinical manifestations. Finally, the physi-
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cian may be unfamiliar with the responsible con
dition, if it is a rare disease such as essential mixed 
cryoglobulinemia or is a common disease with renal 
failure as a rare complication such as infectious 
mononucleosis with interstitial nephritis [10, 11]. 

DEFINITIONS 

It is worthwhile at the outset to define renal failure 
and some common qualifying terms like severe, 
chronic or oliguric. 

Renal Failure. This is a loss of renal function lead
ing to a fall ofGFR to below 80 ml/min1 and to an 
accumulation of creatinine, urea and other 
nitrogenous wastes. 

Severity. The degree of renal failure may be roughly divided 
into mild, moderate and severe. In mild renal failure, the 
GFR is 50 to 79 ml/min. Enough renal function remains to 
minimize the accumulation of waste products so that the pa
tient has no symptoms and Scr levels ofT at 2.5 mg/dl or less 
«221 JLmoVL). In moderate renal failure, the GFR is 20 to 
49 mVmin and Scr between 2.6 and 6 mgldl (230 and 530 
JLmoVL). Loss of concentrating ability may produce noc
turia, and with time reduced erythropoietin production and 
red cell survival may cause anemia. In severe renal failure, 
the GFR is less than 20 ml/min and Scr more than 6.0 mgldl 
(530 JLmoI/L). The high levels of nitrogenous wastes usually 
produce uremic symptoms and the low GFR may lead to 
retention of salt and water as manifested by hypertension, 
pulmonary congestion and peripheral edema. Hyperka
lemia, hyponatremia and metabolic acidosis may occur. 
With time anemia worsens and renal bone disease. amenor
rhea and other endocrine abnormalities can develop. 

Terms like acute, chronic or rapidly progressive are 
used to describe the tempo of the disease process: 

Acute Renal Failure. Here a rapid loss of renal 
function reduces waste excretion rate well below 
production rate so that a daily rise in Scr and blood 
urea nitrogen level (BUN) results. The process may 
be relatively benign and cause only a transient and 
asymptomatic fall in GFR. In other cases complete 
loss of renal function leads to life threatening 
uremia in less than a week. Of the many possible 
causes, reduced renal perfusion and nephrotoxic 
agents are the most common. In most cases of acute 
renal failure, the damage is reversible if the under
lying cause resolves. 

J. Gary Abuelo 

Chronic Renal Failure. The loss of renal function is 
slow and progressive in chronic renal failure. The 
rise in Scr is not apparent from one week to the 
next, but becomes evident over months to years. In
deed, patients with very slow progression may ap
pear to have stable renal impairment for a year or 
more. The disease process is insidious and usually 
continues unnoticed for months or years. Ulti
mately, most patients develop uremic symptoms 
unless they die of another cause. In most cases of 
chronic renal failure, the damage is irreversible. 

Subacute or Rapidly Progressive Renal Failure. 
These terms indicate renal failure with a loss of 
renal function that is occurring at a tempo in
termediate between that of acute and chronic renal 
failure. The rise in Scr is apparent from one week to 
another. 

Acute-on-Chronic Renal Failure. An intercurrent 
process such as volume depletion may produce a 
rapid worsening of renal failure with a daily rise in 
BUN and Scr in individuals with chronic renal 
failure. This acute deterioration is often reversible 
if the underlying cause resolves. 

The following definitions may also be helpful: 

Oliguric Renal Failure. This is renal failure ac
companied by a fall in urine output to less than 500 
mllday. 

Adults usually have urine outputs of I to 2liters/day, but, if 
water is scarce, normal individuals concentrate their urine 
and reduce urine output to as low as 500 ml/day. Since the 
kidneys need 500 ml/day to excrete the daily load of salts and 
metabolic wastes, a urine volume less than this indicates 
renal failure. 

Anuric Renal Failure. This is renal failure ac
companied by a fall in urine output to less than 50 
mllday. 

Nonoliguric Renal Failure. This is renal failure 
with a urine output greater than 500 mllday. Most 
patients with renal failure maintain a urine volume 
in the nonoliguric range (one half to two liters/day) 
[12]. 

Azotemia ("nitrogen in the blood"). This is the ac
cumulation of nitrogenous wastes in the blood, 
when the renal excretion of these products of pro-
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tein and nucleic acid metabolism is impaired. It is 
reflected by an increase in BUN and Scr. 

Uremia ("urine in the blood"). This is the complex 
of symptoms produced by severe renal failure. 

The GFR is usually less than 20% of normal when uremic 
manifestations start, but the onset of symptoms does not cor
relate well with level ofGFR, Scr or BUN. Uremia is a result 
of the excretory, regulatory and hormonal failure of the 
kidney. Excretory failure leads to the buildup of organic 
degradation products, enzymes, hormones and peptides in 
the body. Although urea and creatinine are measured as an in
dex of this waste accumulation, these substances are not toxic 
at the levels they attain. The identity of the uremic toxins is 
still under investigation. Regulatory failure is the inability of 
the kidney to maintain the pH, ion concentrations and fluid 
volume of the body due to retention of water, sodium, 
hydrogen, potassium, phosphate and other electrolytes. Hor
monal failure includes the inadequate renal production of 
erythropoietin and activated vitamin D which, along with 
other factors, lead to anemia and renal osteodystrophy. 

Renal Insufficiency. Some authorities use renal in
sufficiency to describe any reduction in GFR and 
reserve the term renal failure for severe azotemia. In 
this book these terms are used interchangeably and 
refer to a fall in GFR below 80 mllminll. 73m2 and 
accumulation of nitrogenous wastes. 

NOTES 

1. The lower limit of normal GFR is more properly given cor
rected for standard adult body surface area: 80 
mllmin/1.73m3• While clinicians should consider the pa
tient/ s size in looking at GFR, a formal correction for body 
surface area is rarely necessary. 
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2. Causes of renal failure 

J. GARY ABUELO 

This chapter outlines the traditional etiologic 
categories of renal failure and their prevalence in 
azotemic patients. 

MAIN CATEGORIES 

Renal failure may be caused by: (1) any general cir
culatory disturbance that reduces renal perfusion, 
such as volume depletion, or cardiogenic shock, (2) 
any impediment to the excretion of urine formed by 
the kidney, such as urinary tract obstruction, or 
neurogenic or ruptured bladder and (3) any disease 
of the renal blood vessels or parenchyma. Tra
ditionally these pathophysiologic categories come 
under the rubrics of prerenal, postrenal and intrinsic 
or parenchymal renal failure. The intrinsic renal 
diseases may be further c1assified anatomically as 
primarily vascular, glomerular, tubular or in
terstitial in nature. In addition, a category of false 
renal failure should be added to this overall schema 
to cover patients with falsely elevated Scr. 

FACTORS AFFECTING THE OCCURRENCE 
OF DIFFERENT CAUSES 

The incidence of the different causes of renal failure 
varies with geographic, ethnic and socio-economic 
factors [1]. 

In certain countries, a disease that is uncommon elsewhere 
may be responsible for many cases of renal failure. Such is 
true of septic abortion in Ghana [2), Southeast Asia [3), In
dia [I) and South Africa [4), intravascular hemolysis in India 
and Ghana [I, 2), leptospirosis in Singapore, Thailand and 
the Philippines [5-7), nephrotoxic herbal remedies in South 
Africa [4, 8), snake bites and malaria in Thailand [5). and 
severe gastroenteritis in India [I, 9), Indonesia [10), and 
South Africa [4]. 

J.G. Abuelo (ed.), Renal Failure, 7-9. 
© 1995 Kluwer Academic Publishers. 
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Patient age is also a factor. Myeloma kidney, 
renal artery stenosis and atheromatous renal em
boli are causes of renal failure limited to older 
adults. Also, acute tubular necrosis is far less com
mon III children after infancy than in adults 
[11-16]. 

INCIDENCE OF DIFFERENT CAUSES IN 
DEVELOPED NATIONS 

Adults. In the United States and other in
dustrialized countries pre renal conditions account 
for about 15% of cases of acute renal failure, 
postrenal conditions account for about 5% of 
cases, and intrinsic renal disease for the rest (Table 
2.1). There are no data on false renal failure, which 
is rare. Of the intrinsic renal diseases (Table 2.2), 
acute tubular necrosis (A TN) is the most common 
(about 75% of patients) with three cases of ATN 
due to ischemia for every case due to nephrotoxins 
[17, 22, 23]. Glomerulonephritis and vascular 
disorders each account for roughly 10% and in
terstitial nephritis for about 5% of cases of intrinsic 
forms of renal failure (Figure 2.1). 

Table 2.1. Pathophysiologic categories of acute renal failure 
and prevalence in various studies (17-21) 

Category 

False renal failure 
Prerenal renal failure 
Postrenal renal failure 
Intrinsic renal disease 

Approximate % of cases (range) 

< I (?) 
IS (4-32) 
5 (4-11) 
80 (59-87) 
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Table 2.2. Intrinsic renal causes of acute renal failure and 
prevalence in various studies (17-18, 22-24) 

Category 

Vascular 
Glomerular 
Tubular 

Interstitial 

Example Approximate % 
of cases (range) 

ACE inhibitors 10 (3-19) 
Glomerulonephritis 10 (0-22) 
Acute tubular 
necrosis 75 (61-82) 
Allergic interstitial 
nephritis 5 (0-8) 

RENAL FAILURE INCIDENCE 
PER 106 POPULATION 

300 CASESJYEAR 

Fig. 2.1. The incidence and causes of renal failure. 

•• 

Infants and Children. ATN comprises only 50% of 
cases of intrinsic renal disease, while hemolytic 
uremic syndrome, a thrombotic condition of the 
renal arteries and arterioles that is rare in adults, 
accounts for about 25% of cases [11-16, 25]. 
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PART TWO 

The evaluation 

The first step in the diagnosis of renal failure is the gathering of basic information about the case. The 
physician must take a medical history, perform a physical examination and obtain laboratory studies with 
a view to understand the cause of renal failure. The special concerns to be addressed in evaluating the 
azotemic patient are covered in this part of the book. 



3. History 
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In most cases of renal failure the diagnosis will be 
made or at least suspected from the patient's his
tory and his medical record. Certain information is 
particularly important. 

CHIEF COMPLAINT 

The presenting symptoms of individuals with renal 
failure vary greatly. 

No Symptoms. In early or mild renal disease the 
patient often feels well and the renal failure is ac
cidentally discovered during a routine medical 
check-up or evaluation of an unrelated illness. 

Symptoms of a Primary Illness. Non-renal con
ditions, such as sepsis or systemic lupus erythe
matosis, commonly cause renal failure, and symp
toms of these diseases bring patients to medical 
attention. Scr may be elevated initially or may rise 
later in the illness. 

Uremic Symptoms. Many patients with renal 
failure first feel sick when advanced renal failure 
produces frank uremia (see next section, History of 
Present Illness). 

Other Renal or Urological Symptoms. Edema, 
gross hematuria, or another complaint originating 
in the urinary tract may be the heralding symptom 
in patients with renal failure (see next section). 

J.G. Abuelo (ed.). Renal Failure. 13-19. 
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HISTORY OF PRESENT ILLNESS 

Onset and Duration of Illness 

First, it is paramount to date the beginning of the 
renal disease. If the renal failure is new, this allows 
the physician to focus on the onset of the patient's 
illness and to identify potential renal insults. If the 
renal failure is longstanding, a different diagnostic 
approach is indicated as discussed in Chapter 7, 
Chronic Renal Failure. 

Uremic Symptoms. In patients with chronic renal 
failure, the long duration of azotemia may be 
suggested by a protracted history of uremic 
manifestations. In contrast, uremia of recent onset 
does not help establish the duration of disease, 
since it comes after an asymptomatic stage that can 
vary from days to years. 

Uremic patients may have one or many of the following 
complaints: easy fatigability, anorexia, nausea, sporadic 
vomiting, weight loss, insomnia, hiccoughs, impotence, 
amenorrhea, loss of libido, muscle cramps, bad breath, 
dysgeusia, 1 pruritus, anemia, neuropathy, somnolence, 
decreased attention span, irritability and symptoms of vol
ume overload, including hypertension, pulmonary or 
peripheral edema. Such hypervolemia can manifest as con
gestive heart failure, but is usually caused by renal fluid 
retention rather than by primary heart disease. Defects in 
urinary concentration may produce nocturia or rarely 
polyuria and polydipsia, especially if chronic renal disease is 
due to partial urinary obstruction or interstitial renal 
diseases. 

Uremic patients often minimize or do not admit to symp
toms because of denial or uremic encephalopathy. Cor
roboration of the history by a close relative or friend can be 
helpful. 
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Other Renal or Urologic Symptoms. These com
plaints may also indicate the onset of the illness as 
well as suggest the diagnosis. The nephrotic syn
drome may produce edema or occasionally afall in 
urine output. The patient may note gross hematuria, 
which can accompany an acute (glomerulo-) 
nephritic process, obstructive uropathy, or less 
often atheroembolic renal disease, acute interstitial 
nephritis, malignant hypertension, thrombotic 
thrombocytopenic purpura, or renal infarction. 
The sudden onset of pain over the back, flank, 
abdomen or even the chest can be seen with renal 
failure caused by acute pyelonephritis, renal 
embolism, renal vein thrombosis, or acute ureteral 
obstruction by a stone or sloughed papilla. The 
pain of ureteral obstruction may also be felt in the 
inguinal or genital region. 

Various glomerulonephritides [1-6], atheroembolic renal 
disease [7] malacoplakia,2 xanthogranulomatous pyelone
phritis,2 and acute interstitial nephritis [8], especially fol
lowing rifampin [9], can produce lumbar pain. Gradual 
ureteral obstruction by retroperitoneal fibrosis or tumor and 
replacement of a single kidney by a tumor can give rise to an 
ill-defined chronic aching pain of the flank or back. 

Failure to empty the bladder completely either 
due to neurogenic impairment or bladder outlet 
obstruction can produce a weak or intermittent 
urinary stream, hesitancy in starting urination, 
straining, frequent voiding, nocturia, terminal 
dribbling, urgency, incontinence, the sensation of 
incomplete emptying or even acute urinary 
retention. 

Azotemia or fall in urine output 
The physician may not always be sure of the tem
poral relation between the uremic and other symp
toms just discussed and the loss of renal function. 
Therefore, to identify the onset of renal failure ac
curately one must search the medical record for the 
first rise in Scr or fall in urine output. In chronic 
renal failure, the gradual progression of the renal 
disease will be appreciated from the steadily rising 
BUN or Scr over time. 

Clinical Example. A 59-year-old woman is admitted 
to the hospital with congestive heart failure, new 
atrial fibrillation and a Ser of 5.0 mg/dl (442 
pmol/L). The patient had been healthy exceptfor oc
casional palpitations and for a left nephrectomy for 
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renal cell carcinoma ten years ago. One week ago she 
went to an emergency room for epigastric pain and 
nausea. Vital signs, abdominal examination, electro
cardiogram, complete blood count, serum bilirubin, 
amylase and aminotransferase levels, and right upper 
quadrant and right renal sonogram were normal. The 
patient vomited once, reported relief of the pain and 
was sent home with a diagnosis of gastroenteritis. 

The physician should be suspicious that this epi
sode of abdominal pain is related to the renal failure. 
An examination of the emergency room record shows 
a normal Scr, indicating that the azotemia developed 
over the past week. It also shows an unexplained elev
ation in lactic dehydrogenase level (602 UlL) and 
low grade hematuria (8 to 12 red blood cells per high 
power field). With this added information, the 
clinical picture suggests that the patient has intermit
tent atrial fibrillation and one week ago had a right 
renal artery embolism and infarction of a solitary 
kidney. This produced abdominal pain, nausea, 
hematuria, high lactic dehydrogenase concentration 
and renal failure. A computed tomography of the 
abdomen with contrast media will confirm this 
diagnosis. 

Causes of Renal Failure 

Poor renal perfusion 

Fall in Blood Pressure. Cardiac disease, volume 
depletion and vasodilation3 all may reduce arterial 
pressure and, as a result, renal perfusion. Since, 
about half of cases of renal failure are caused by 
prerenal azotemia or acute tubular necrosis due to 
decreased renal perfusion, one should note any 
conditions that may reduce blood pressure and ex
amine the records of patients' blood pressures for 
hypotension of even brief duration. 

Occasionally a fall in pressure within the normal 
range (or from above into the normal range) will be 
sufficient to produce renal ischemia and a fall in 
GFR. This occurs most commonly in the elderly or in 
patients with chronic renal insufficiency [10-13] or 
severe hypertension [14-16], especially reno
vascular hypertension [17]. 

Fluid Losses. Volume depletion is the leading 
cause of poor renal perfusion and, when due to 
hemorrhage or gastrointestinal fluid losses, is 
usually easily recognized. However, when volume 
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depletion is due to urinary salt loss as seen with 
diuretics, Addison's disease, or "salt-losing 
nephropathy" [12, 18, 19], the renal losses may go 
unnoticed. Also, the physician may not appreciate 
fluid losses in patients with weight-losing behavior 
who hide self-induced vomiting, and abuse of 
diuretics and laxatives [20]. 

Evidence of such occult salt and water losses can 
appear as negative daily fluid balances on the intake 
and output sheets or an unexplained weight loss re
corded in the hospital or detected by the difference 
between the weight at home and the weight in the 
hospital. 

Finally, the patient may report symptoms of salt 
depletion, including weakness or lightheadedness 
on standing, constant thirst, muscle cramps, mus
cle weakness, apathy, fatigue, salt craving, 
anorexia, and nausea [21]. 

Nephrotoxins 

Drugs Used Therapeutically. Twenty to 30% of 
acute renal failure due to intrinsic renal disease is 
caused by radiographic contrast media, 
aminoglycosides or other drugs [22-25]. Medica
tions may also lead to chronic renal failure. Drug
induced renal damage comes about through a var
iety of mechanisms (Table 3.1). The appendix lists 
the nephrotoxic drugs by their pathogenic action. 

Unfortunately, the causal role of drugs in renal 
failure may be overlooked. For example, com
monly used medications, such as cimetidine [26, 27] 
or cephalosporins [28, 29] may be nephrotoxic only 
in rare cases. Furthermore, drugs taken for long 
periods of time may be erroneously assumed not to 
cause renal failure. In fact, while renal function 
may fall almost immediately following agents like 
rifampin [30, 31] or contrast media [32], with other 
drugs nephrotoxicity may only be noted weeks 
(aminoglycosides [33, 34], (3-lactams [29]), months 
(diuretics [35-37], cisplatin [38], mitomycin [39]), 
years (nitrosoureas [40-43]) or decades (analgesics 
[44, 44a, 44b, 44c]) after starting therapy. More
over, renal insufficiency may even begin after the 
causative agent has been stopped (nitrosourea, 
mitomycin). Still another way nephrotoxic drugs 
can be missed is that the physician may not be 
aware that a patient has received the causative 
agent. This can happen with contrast media given 
during computerized tomography [32, 45] or with 

Table 3.1. Nephrotoxic mechanisms of drugs 

Mechanism 

Acute tubule necrosis 
Nephrotoxic 
Hemoglobinuric 
Myoglobinuric 

Allergic interstitial nephritis 
Chronic interstitial nephritis 
Renal vasomotor reaction 
Glomerulonephritis 
Tubular obstruction 
Retroperitoneal fibrosis 
Hemolytic uremic syndrome 
Vasculitis 

Illustrative drug 

Aminoglycoside 
Chloroquine 
Lovastatin 
(3-lactams 
Nitrosoureas 
NSAIDS 
Penicillamine 
Sulfonamides 
Methysergide 
Mitomycin C 
Sulfonarnides 
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medications recorded not on the medication re
cord, but on the intake and output sheet or on 
special forms used in the operating suite, 
emergency room or intensive care unit. Also, pa
tients may not reveal their longstanding excessive 
use of medications, such as diuretics or laxatives 
taken for weight loss, and analgesics. Patients may 
obtain excess diuretics by seeing multiple physi
cians or by pilfering from their workplace in a 
pharmacy or hospital. Chronic headaches, 
backache or arthralgias can be a clue to analgesic 
abuse. 

Thus, a complete listing of the patient's past and 
present medications must be assembled and the 
nephrotoxic potential of each agent must be con
sidered. For newer drugs, this may require con
sulting with a nephrologist, searching the litera
ture, or contacting the drug company. 

One must never assume that a medication is not 
nephrotoxic without looking it up. An extensive list 
of nephrotoxic drugs is provided in Table A in the 
Appendix. 

Drugs Used Improperly and Other Toxins. Nephro
toxic renal damage may sometimes occur by means 
other than the therapeutic use of drugs. 

These other nephrotoxins may be divided into 
four general categories: 

(1) Overdose oflegitimate drugs or abuse of illicit drugs. 
These cases usually involve patients who attempt 
suicide with an overdose of medication or take mood 
altering "street" drugs. 

(2) Ingestion of nephrotoxic chemicals, foods or plants. 
Renal failure from the ingestion of chemicals is usually 
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observed after suicide attempts. The substances in
volved are mainly agricultural and industrial 
chemicals. Nephrotoxic chemicals such as rat poison 
can also be found around the house. 

Renal failure from foods is rare and usually is seen 
in mentally ill patients who ingest such extraordinary 
amounts of a food, e.g. rhubarb, or drink that one 
component reaches nephrotoxic levels. 

Poisonous plants, like toxic mushrooms, are 
usually ingested because they are mistaken for edible 
plants. 

(3) Inhalation or cutaneous absorption of toxic chemicals. 
Nephrotoxicity usually occurs after excessive exposure 
at work due to carelessness, accident or ignorance of 
the toxicity of the substance. 

(4) Envenomization by poisonous stings or bites. Renal 
failure following snakebites is not unusual in rural 
areas of tropical countries. Nephrotoxicity is a rare 
complication of spider bites or bee and wasp stings. 

The physician, therefore, should query the patient 
about the illicit use of drugs, exposure to dust, 
fumes or chemicals at work or elsewhere, and in ap
propriate circumstances about suicide attempts by 
ingestion of drugs or chemicals. Table B in the Ap
pendix is an extensive list of nephrotoxins other 
than properly used drugs. 

Extrarenal or systemic diseases 
Acute renal failure usually is a sequela of some 
other illness, and rarely occurs "out of the blue" in 
an otherwise healthy individual. It is a common 
postoperative complication; it may be associated 
with cardiovascular (renal emboli), pulmonary 
(Goodpasture's syndrome), hepatic (hepato-renal 
syndrome), rheumatologic (lupus nephritis), on
cologic (ureteral obstruction), hematologic (throm
botic thrombocytopenic purpura), endocrine (Ad
dison's disease), or infectious disease (post
infectious glomerulonephritis). Therefore, the 
diagnosis of the renal insufficiency will often de
pend on eliciting a history of predisposing dis
orders. In particular, one should ask about fever, 
rash, arthralgias, sinusitis and other manifestations 
of systemic diseases that can affect the kidneys. 

On rare occasion the precipitating illness or condition will 
have resolved before the onset of renal insufficiency. Some 
examples of this are postpartum renal failure weeks or 
months after delivery [46], embolization of mural thrombi 
one to several weeks after myocardial infarction, hemolytic 
uremic syndrome one to ten days after a bout of vomiting or 
diarrhea [47], and various forms of glomerulonephritides 
days or weeks after an upper respiratory infection [48-50]. 
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SOCIAL HISTORY 

Abuse of Drugs. As noted above, many illegal 
drugs can produce acute or chronic renal failure. 
Also, parenteral drug abuse with shared needles 
transmits human immunodeficiency virus (HIV) 
infection, which can cause or even present with 
renal disease [51]. As drug use occurs in every 
socioeconomic group, virtually all patients should 
be asked about drug use. 

Occupational Exposure. A rare cause of acute or 
chronic renal failure is occupational exposure to 
hydrocarbons, heavy metals or other substances. 
Such exposure usually involves inadvertent inges
tion or absorption through the skin or lungs, and 
occurs due to carelessness, accident or ignorance of 
the danger of the chemical involved [52]. Similar ex
posures may rarely occur during pursuit of a hobby 
or in tasks like cleaning or painting at home. The 
history should include questions about exposure to 
dust, fumes or chemicals at work and elsewhere. 

Sexual Lifestyle. Sexual contact with many part
ners or with someone who has had many partners is 
a risk factor for HIV infection. Prostitutes and pro
miscuous homosexual men appear most vulnerable 
to become infected in this way, but heterosexual 
spread is becoming more important. 

FAMILY HISTORY 

Two hereditary diseases, adult polycystic kidney 
disease and hereditary nephritis (Alport's syn
drome), are common causes of chronic renal 
failure. Chronic renal failure can also be the prin
cipal manifestation or a component of several rare 
familial disorders. Therefore, one needs to ask if 
any relatives have kidney disease. The medical re
cords of the affected relatives should be obtained, 
and any renal biopsy or autopsy material reviewed. 

One should also ask about other illnesses that run in the fam
ily. This may reveal a hereditary disease like tuberous 
sclerosis that presents with renal failure in the patient being 
evaluated, even though other affected family members may 
not have renal involvement [53, 54]. 
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Table 3.2. Examples of hereditary disorders that can cause 
chronic renal failure 

Cystic diseases 
Autosomal dominant polycystic kidney disease (mainly adults)' 
Autosomal recessive polycystic kidney disease (pediatric age 
group) 
Juvenile nephronophthisis 
Medullary cystic disease 
Tuberous sclerosis 

Metabolic diseases 
Type II diabetes mellitus' 
Hereditary hyperoxaluria 
Angiokeratoma corporis diffusum universale (Fabry's disease) 
Cystinosis 

Glomerular diseases 
Hereditary nephritis (Alport's syndrome)' 
Hereditary osteo-onychodysplasia (Nail-Patella syndrome) 
Laurence-Moon-Biedl syndrome 
Congenital nephrotic syndrome 
Familial Mediterranean fever (Causes amyloidosis) 
Familial form of IgA nephropathy 
Sickle cell disease 

Vascular diseases 
Familial hemolytic-uremic syndrome 
Fibromuscular dysplasia 

• Common cause of chronic renal failure. 

Table 3.2 lists some more common hereditary 
disorders that may affect the kidney. Other less 
common conditions may be found in published lists 
[55-57] and texts [58]. 

NOTES 

1. Dysgeusia - perversion of the sense of taste, bitter, metallic 
or disagreeable taste in the mouth, abnormal or reduced taste 
of food. 

2. These chronic infectious processes are discussed in Chapter 
13, Interstitial Causes of Renal Failure. 

3. Sepsis is the most common cause of hypotension due to 
vasodilation. 
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4. Physical examination 
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A careful examination should include particular at
tention to certain physical findings. 

VOLUME STATUS 

Of foremost importance in both diagnosis and 
treatment is the clinical determination of volume 
status, since volume regulation is often disturbed in 
renal insufficiency. 

Hypervolemia 
Intravascular volume overload is usually caused by 
inadequate excretion of salt and water by kidneys 
with severely reduced GFR or, in some patients 
with acute glomerulonephritis, by kidneys with 
only mildly reduced GFR [1,2]. In either situation, 
one finds some or all of the typical signs of con
gestive heart failure: tachycardia, inability to lie 
flat, neck vein distention, rales, laterally displaced 
cardiac apical impulse, a third heart sound, 
hepatomegaly and edema. Blood pressure is higher 
than normal for the patient or is clearly 
hypertensive. 

Intravascular volume overload may also be pre
sent in patients with primary heart failure and 
secondary prerenal azotemia; blood pressure may 
be low due to low cardiac output, high due to 
adrenergic vasoconstriction or normal. 

Hypovolemia 
Volume depletion due to either renal or extrarenal 
fluid losses is a common cause of renal ischemia. The 
physical findings may include tachycardia, failure of 
neck veins to distend on lying flat, tenting of the skin, 
and dry mucous membranes and axillae. The ex
tremities may be cool and pale or even cyanotic due 
to vasoconstriction. The blood pressure will be lower 
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than its usual level or clearly hypotensive. If possible, 
euvolemic or questionably hypovolemic patients 
should be placed in the sitting position with their 
lower extremities dangling over the side of the bed or, 
even better, in the standing position to look for or
thostatic changes in pulse and blood pressure. An in
crease in pulse by more than 15 beats per minute or 
a fall in systolic blood pressure by more than 15 
mmHg is suggestive of volume depletion. However, 
orthostatic falls in blood pressure are seen in up to 
24% of euvolemic elderly individuals. Risk factors in
clude medical problems, medications and an elevated 
supine systolic blood pressure [3-9}. 

In euvolemic patients with serum albumin con
centration less than 2.5 to 3.0 Gldl, edema will 
usually be present. Absence of edema in such a pa
tient is suggestive of volume depletion, i.e. there is 
probably a sufficient degree of volume depletion 
present to counteract the edema producing effect of 
low intracapillary oncotic pressure. 

Importance of Weight. A valuable physical finding 
often overlooked in the estimation of volume is the 
patient's weight. A weight gain or loss may confirm 
subtle physical signs of volume overload or deple
tion, or may even be the only evidence of a change 
in volume status. The patient's current weight 
should be compared with previous weights in the 
hospital or at home. Abrupt weight loss over a few 
days usually reflects fluid depletion, and is unlikely 
to be caused by malnutrition alone if the loss ex
ceeds 0.5 to 1.0 kg per day. Chronic weight loss may 
be due to a wasting illness or uremia itself. 

Clinical Example. A 71-year-old woman is admitted 
to the hospital because of nausea, anorexia, and 
fatigue for the past three days. She has had hyperten
sion for thirty years controlled with hydrochloro-
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thiazide. Scr was 1.4 mg/dl (124Ilmol/L) one month 
ago. Physical examination is unremarkable; the 
blood pressure is 120/60 mmHg and the pulse 82 per 
minute. BUN is 73 mg/dl (26 mmol/L), Scr 3.8 mg/dl 
(336 fLmol/L) and urinalysis: specific gravity 1.012, 
protein and sediment negative. 

The blood pressure is somewhat low for a patient 
with hypertension and suggests the possibility of vol
ume depletion. Further history reveals that the pa
tient weighs herself frequently. The weight has been 
stable at 110 lb (50 kg), but three days ago she 
weighed 107 lb (48.6 kg). A weight is checked and is 
97lb ( 44 kg). The more than 1 kg weight loss per day 
over three days is evidence of fluid loss. The blood 
pressure and pulse are measured in the standing pos
ition and orthostatic changes are noted. Further his
tory is then taken and reveals that after reading a 
public health pamphlet the patient started a low salt 
diet ten days ago while continuing the diuretic. This 
produced volume depletion as evidenced by resolution 
of the patient's azotemia with intravenous volume 
repletion over three days. 

SPECIFIC FINDINGS 

General appearance 
The overall appearance and behavior of the patient 
do not usually point to a diagnosis, but can indicate 
the toll of disease on his or her health. With mild 
and moderate renal failure, patients usually look 
and act well. With advanced renal failure, the pa
tient may show uremic manifestations like fatigue 
after little effort, continual scratching, hiccoughs, 
wandering attention, drowsiness, tremulousness or 
uremic breath. Puffiness of the face, extremities 
and torso due to anasarca or wasting due to chronic 
uremia or other illness may be noted at first glance. 
Discomfort from pain or dyspnea will also be ap
parent. Inappropriate behavior or affect might 
raise suspicion of nephrotoxicity from illegal drugs 
or from drugs ingested in a suicide attempt. 

Vital signs 

Pulse. As noted above, both hyper- and hypovole
mia may produce tachycardia. An irregular pulse 
suggests atrial fibrillation and the possibility of 
renal emboli from left atrial thrombi. 

J. Gary Abuelo 

Blood Pressure. Low blood pressure suggests that 
poor renal perfusion, producing either prerenal 
azotemia or acute tubular necrosis (A TN) , is re
sponsible for the renal failure. Volume depletion, 
cardiogenic shock and low peripheral resistance 
states like sepsis all will have to be considered in the 
diagnosis of the hypotension. In advanced renal 
failure, pericardial tamponade can lower blood 
pressure, so the physician must look for a para
doxical pulse, Kussmaul's sign and pericardial rub. 

Normal blood pressure is not helpful in making 
a diagnosis; however, the blood pressure should be 
checked with the patient in the upright position to 
look for orthostatic changes. The blood pressures 
should also be compared to previous blood 
pressures to exclude a significant fall within the 
normal range. 

High blood pressure is common in patients with 
renal failure. When it rises gradually and is mild to 
moderate, it usually reflects hypervolemia. Sudden 
rise in blood pressure may be seen with atrial 
thrombi or cholesterol crystals embolizing to the 
kidneys. Severe hypertension with diastolic BP of 
140 mmHg or more raises the question of renal 
failure due to malignant hypertension. Isolated 
systolic hypertension is a sign of loss of arterial 
distensibility due to atherosclerosis. It raises the 
possibility of renal failure from cholesterol emboli 
or bilateral renovascular disease. 

Temperature. Fever is usually due to infection 
which commonly produces renal failure due to 
ischemic A TN. Less often, infection produces renal 
failure through an immune complex type of 
glomerulonephritis, as in bacterial endocarditis, or 
through an interstitial nephritis as in leptospirosis. 
Rhabdomyolysis and myoglobinuric ATN may oc
cur with extreme hyperpyrexia or with the viral 
myositis of influenza. Several non-infectious il
lnesses produce fever and renal failure including 
thrombotic thrombocytopenic purpura, collagen 
vascular diseases or drug-induced allergic in
terstitial nephritis. 

Low body temperature is an early sign of sepsis, 
although fever is usually present by the time ATN 
appears. Extreme hypothermia due to exposure to 
the cold often in association with acute alcoholism 
may damage skeletal muscle and precipitate 
myoglobinuric ATN. 



Physical examination 

Skin 
The combination of pallor from anemia and yellow 
discoloration from deposition of urochromes gives 
uremic patients a characteristic sallow appearance 
suggestive of chronic renal failure. Excoriations 
from pruritus and petechiae from platelet dysfunc
tion can also be seen at this stage. 

Other skin changes have diagnostic significance. 
I have mentioned the tenting, and dry axillae of vol
ume depletion and the cool, cyanotic vasocon
stricted extremities in individuals in shock. Ec
chymoses or petechiae may reflect low platelet 
counts seen in hemolytic uremic syndrome or 
thrombotic thrombocytopenic purpura. Signs of 
liver failure such as jaundice, spider angiomata, 
palmar erythema suggest hepatorenal syndrome. 
The presence of ischemic changes of the feet and 
toes such as livedo reticularis or even frank areas of 
gangrene is suggestive of cholesterol emboli to the 
kidney. A dermatologist may be helpful in diagnos
ing cutaneous vasculitis and other skin findings, 
such as impetigo, scleroderma, and the drug rashes 
seen with allergic interstitial nephritis. 

Eye findings 
On funduscopic examination severe hypertensive 
changes such as flame-shaped hemorrhages, ex
udates, papilledema, retinal edema or localized 
serous detachments usually indicate malignant 
nephrosclerosis [10], while even mild diabetic 
changes suggest diabetic glomerulosclerosis. 

Retinal vasculitis and a variety of other inflammatory 
changes in ocular tissues can be seen in connective tissue 
diseases [11-13]. Scleritis and anterior uveitis can be found 
in patients with glomerulonephritis [14] and idiopathic in
terstitial nephritis [15], respectively. Hollenhorst plaques 
(atheromatous emboli) in the retina should raise the ques
tion of cholesterol emboli to the kidney and Roth's spots in 
the retina may be found in bacterial endocarditis. Yellow 
retinal nodules are a specific finding in membrano
proliferative glomerulonephritis [16-18]. An ophthal
mologist can be of assistance in confirming these findings or 
in performing fluorescein retinography to find early diabetic 
changes. He or she may also help identify eye abnormalities 
found in hereditary diseases such as whorl-like corneal 
deposits in Fabry's disease, and the retinal white dots and 
lens malformations in Alport's syndrome [19-21]. 

Heart and lungs 
The typical findings of volume overload will be 
noted. A pericardial rub can be heard in some 
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uremic patients. New heart murmurs in a febrile 
patient raise the question of bacterial endocarditis. 

Abdomen 
On abdominal examination, enlarged kidneys may 
be found in patients with hydronephrosis or 
polycystic kidneys. Hepatomegaly, ascites and a 
caput medusae or collateral venous pattern suggest 
hepatorenal syndrome. Abdominal bruits might 
lead to a consideration of renal ischemia due to 
renal artery stenosis. Bladder outlet obstruction 
often will be associated with a palpable tender 
bladder. 

Rectovaginal examination 
A rectal examination in men and pelvic examin
ation in women can detect prostatic enlargement or 
pelvic masses. 

Peripheral pulses 
Bruits or the absence of pulses in the lower ex
tremities usually indicate advanced atherosclerosis 
which may also involve the renal arteries. 

Joints 
Acute arthritis is uncommon but, when present, 
suggests renal failure associated with bacterial 
endocarditis, collagen vascular disease, drug 
hypersensitivity or septic arthritis. 

Neurological examination 
Altered mental status is seen in advanced uremia, 
but alternatively can be a clue to the etiology of the 
renal failure, as changes in sensorium may occur in 
shock, hypercalcemia, thrombotic thrombocytope
nic purpura, malignant hypertension, hepatorenal 
syndrome, vasculitis and certain nephrotoxins. 
Asterixis is usually due to hepatic or renal failure. 
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In ordering preliminary tests, the physician should 
investigate any extrarenal findings that might 
reveal diseases also affecting the kidneys. For 
example, back pain may be due to multiple 
myeloma which is producing myeloma kidney. The 
basic renal studies, Scr, BUN, serum electrolyte 
concentrations, and urinalysis are usually available 
at the outset. Ifnot, these tests should be performed 
first and repeated as appropriate during the course 
of the disease. 

SERUM CREATININE CON CENTRA TION 
(SCR) 

Best test of renal failure 
Sudden partial loss of renal function increases Scr 
from the normal level to a new steady state concen
tration in a few days. Such a day-to-day rise in Scr 
is the most reliable indicator of acute renal failure 
used in clinical medicine. GFR can be accurately 
determined by the clearance of an infused marker, 
such as inulin, but the test is too impractical for 
clinical use. Endogenous creatinine clearance, 
while a less cumbersome measure of GFR, is often 
inaccurate in the setting of renal failure, because of 
increased tubular secretion of creatinine [1], diffi
culties in obtaining complete urine collections, and 
varying Scr [2, 3]. Although the blood concentra
tions of other substances such as urea and 
phosphate also increase in acute renal failure, these 
concentrations are affected by diet, volume status, 
drugs and other extrarenal factors to a far greater 
degree than Scr. 

Creatinine is produced and released by muscle at 
a rate that varies little (10-15% from the mean 
value) from day-to-day. It is eliminated from the 
body largely by glomerular filtration, except at 
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higher Scr when excretion and metabolism by the 
gut [4] and secretion by the renal tubules [1, 5] be
come important. Consequently, with few excep
tions rises and falls in Scr reflect deterioration and 
improvement in renal function. In severe acute 
renal failure, the Scr will rise an average of 1.7 
mgldl (150 /Lmol/L) per day [6], although with 
milder renal impairment increments less than 1 
mgldl (88 /LmollL) per day are seen. The highest 
rates of rise of Scr, sometimes exceeding 5 mg/dl 
(442 /LmollL) per day [7], occur with release of 
creatinine from damaged muscle in some patients 
with rhabdomyolysis [7, 8]. 

A measure of GFR 

Normal Scr. Scr is also used to estimate the GFR 
in patients with stable renal function (stable Scr). 
Scr within the normal range usually indicates nor
mal GFR. The exact upper limits of normal vary 
slightly from one laboratory to another depending 
on the method used for the determination. Because 
of increasing creatinine production, the normal 
range increases over the first two decades of life 
from 0.3 to 0.5 mg/dl (27 to 44 p.mollL) at age one 
year [9] to 0.6 to 1.0 mgldl (53 to 88 /Lmol/L) in 
young adult females and 0.8 to 1.3 mg/dl (71 to 115 
p.mollL) in adult males. The upper limit of normal 
range then increases very little throughout life 
[10-13]. Muscular men and women may have even 
higher normal values, reaching 1.5 mgldl (133 
p.mol/L), due to higher rates of creatinine pro
duction. 

Low Ser. An above normal GFR may lead to low 
Scr. Pregnancy increases GFR, and decreases Scr 
to 0.4 to 0.8 mgldl (35 to 71 p.mollL) by the third 
trimester [14, 15]. A similar increase in GFR occurs 
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in newly diagnosed Type I Guvenile onset) diabetics 
and may lead to Scr as low as 0.2 to 0.6 mg/dl (18 to 
53 p.mollL) [16]. Low Scr in this range may also be 
seen with low creatinine production in individuals 
with muscle wasting due to cachexia, myopathies 
or total immobilization [16]. 

High Scr. Scr above the normal range indicates a 
reduced GFR. In fact, since Scr is inversely propor
tional to GFR, one may calculate a creatinine 
clearance in adults from the Scr (without the need 
of collecting a timed urine sample) by using the pa
tient's age, weight and sex to estimate creatinine 
production, which is roughly equal to renal excre
tion. There are several empirically derived for
mulae for this [17, 18]. The most commonly used 
one is that of Cockcroft and Gault [10]: 

creatinine clearance (mllmin) = 
[140-age (yrs)]xweight(kg) x 0.85* x 88.4t 

72 x Scr (mg/dl) 
* mUltiply by factor of 0.85 if patient is female 
t multiply by factor of 88.4 if Scr is in p.mollL. 

This formula overestimates creatinine clearance in 
pregnant women [19], and patients with muscle 
wasting, ascites or severe obesity [10, 20-22]. 

A formula to estimate creatinine clearance from 
Scr and length has also been proposed for children, 
adolescents and full-term infants [23]: 

creatinine clearance (mllminll.73M2) = 
k* x length (cm) x 88.4t 

Scr (mg/dl) 
* = 0.45 in infants up to 1 year of age 
= 0.55 in children and adolescent girls 
= 0.7 in boys between 13 and 21 years of age 

t = multiply by 88.4 if Scr is in p.mollL. 

Low GFR's with Normal SeTS. Occasionally, pa
tients have a low creatinine clearance, but due to 
decreased creatinine production have a normal Scr. 
A 10% incidence of such false negatives occurs 
when using Scr to judge normal GFR [4]. Loss of 
muscle mass from muscle wasting [22] or surgical 
amputation of limbs [24] may reduce creatinine 
production and Scr, so that decreases in GFR for 
whatever reason may not raise Scr above normal. 
The physician must be mindful that a change in Scr, 
say from 0.6 to 1.2 mg/dl (53 to 106 p.mollL), in such 
patients although seemingly small and within the 
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normal range, indicates loss of half the patient's 
renal function! Thus, a normal or high normal Scr 
should prompt a comparison to previous Scr's. The 
same concern holds in other individuals with low 
baseline Scr, like young children, pregnant women 
and juvenile onset diabetics. (In pregnancy and 
diabetes mellitus, low Scr is caused by high GFR 
rather than reduced creatinine production.) 

Some patients with low GFR and normal Scr 
may not have renal disease. This is commonly seen 
in old age where a reduced creatinine clearance, 
presumably due to "normal" senescent changes in 
the kidneys [25, 26], is accompanied by a propor
tional reduction in creatinine production, due to 
reduced muscle mass. Consequently, the Scr re
mains in the normal range, despite the fact that half 
of the normal creatinine clearance is lost between 
the third and eight decades of life [10, 12, 26]. 
Therefore, in the elderly patient a normal Scr, es
pecially one that has not risen over many years of 
observation, probably indicates normal aging 
kidneys. 

In some situations low GFR's with a normal Scr 
may represent physiologic down-regulation of 
renal function in response to a reduced load of 
metabolic waste or animal protein in the diet [27]. 
This is seen in vegetarians [28] or malnourished in
dividuals [29], where a low protein diet induces a 
functional reduction in creatinine clearance to 
levels well below normal. Since there is a propor
tional fall in creatinine production, Scr remains in 
the normal range. This phenomenon may also ex
plain the reports of cirrhotic patients who exhibit 
severely reduced GFR, to less than 20 mllmin in 
some cases [30], creatinine production well below 
predicted amounts [17], and normal Scr. Much of 
this reduction in GFR may be due to low protein 
intakes, since so many alcoholic patients with cir
rhosis have protein malnutrition [31]. Cirrhotics 
also may have an increased tubular secretion of 
creatinine. The resulting reduction in Scr further 
diminishes its usefulness in gauging GFR in this 
popUlation [30]. 

Misleading Elevations in Scr. The physician will 
occasionally encounter false renal failure, which is 
a rise in Scr not caused by a fall in GFR. Most often 
such elevated Scr's are seen in normal but very 
muscular individuals due to high production of 
creatinine by muscle tissue. Transient elevations in 
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Scr reaching 2 mgJdl (177 /LmollL), may also occur 
for three to eight hours after a meal containing a 
large amount (200-300G) of well-cooked meat [32], 
due to ingestion of creatinine formed from creatine 
during cooking [33]. False renal failure also may 
come about through the impairment of tubular 
secretion of creatinine by salicylate [34], cimetidine 
[35-38] or trimethoprim [39-42]. The rise in Scr will 
usually be less than 0.5 mgJdl (22 /LmollL) in nor
mals, but can be more than 2 mg/dl (177 /LmollL) in 
chronically azotemic individuals whose tubular 
secretion of creatinine may account for up to half 
of creatinine clearance [1, 5, 38, 42]. 

Certain drugs such as acetohexamide [43, 44], 
cefoxitin [45, 46] and methyldopa [47] give a false 
positive test for creatinine in the commonly used 
Jaffe method for measuring creatinine, and false 
elevations of 0.7 mgJdl (62 /LmollL) or more are 
possible. 5-Flucytosine may cause a false elevation 
of up to 5 mgJd1 (442 /LmollL) with the creatinine 
imidohydralase method (Ektachem, Eastman 
Kodak Company, Rochester, NY) [48, 49]. In some 
disease states, endogenous substances may appear 
in the serum that also interfere with the Jaffe reac
tion. Acetoacetate may produce a false rise in the 
Scr of about 0.7 mgJdl (62 /Lmol/L) during fasting 
and of 2 to 3 mgJdl (177 to 265 /Lmol/L) in severe 
alcoholic or diabetic ketoacidosis [50-55]. In con
trast, in jaundiced patients negative interference by 
bilirubin and other substances may falsely lower 
Scr by as much as 1.8 mg/dl (159 /LmollL) when 
kinetic Jaffe creatinine methods are used [56]. 

UREA 

In many laboratories the BUN is still used as a 
screening test for renal insufficiency despite the 
superiority ofScr. Although BUN is rarely affected 
by false elevations due to drugs [57], it is influenced 
by several factors othf.;r than GFR. 

BUN to Creatinine Ratio. In renal failure the BUN 
(mgJd1) is generally between 10 and 20 times the 
Scr, when both are expressed in mg/dl (between 
0.40 and 0.80 times the Scr, when BUN is in 
mmol/L and Scr in /LmollL) [58]. However, a BUN 
to creatinine ratio above this range may be seen in 
certain circumstances due to either a fall in urea 
clearance out of proportion to the fall in GFR or to 
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augmented urea production. Such excessive rises in 
BUN in relation to the fall in GFR have led to the 
abandonment of BUN as a single test to estimate 
renal function. However, when exaggerated rises in 
BUN are considered together with the clinical pic
ture, they can suggest unsuspected conditions that 
merit investigation. Therefore, one should order a 
BUN along with the Scr and look at the BUN to 
Scr ratio. 

High Ratios (B UN : Scr of 20 : 1 or Greater) 1. 

These are most commonly seen in pre renal 
azotemia [58]. Here, the decreased renal perfusion 
and secondary renal hemodynamic changes, not 
only reduce GFR, but also disproportionately in
crease BUN due to increased tubular reabsorption oj 
urea [59]. The excessive rise in BUN in prerenal 
azotemia due to diuretic-induced sodium depletion 
or to heart failure may be further exaggerated by an 
increased production of urea [60, 61]. 

An increased BUN to Scr ratio may occur in patients with 
acute urinary tract obstruction because of high tubular urea 
reabsorption [62], or in patients with surgical diversion of 
the urine into the colon or a segment of the ileum because of 
intestinal reabsorption of urea [63, 64]. 

Increased urea production can induce an exag
gerated rise in BUN in some patients with renal 
failure not caused by prerenal azotemia. This oc
curs with stimulation of protein catabolism by 
glucocorticoids, inhibition of protein synthesis by 
tetracyclines, and increased absorption of protein 
from the intestine due to a high protein diet or 
bleeding into the gut [65, 66]. Patients with acute 
myocardial infarctions may also have augmented 
urea production [67]. 

Finally, some individuals with acute tubular 
necrosis may have an increased BUN to creatinine 
ratio [58]. The mechanism for this has not been 
elucidated, but these patients have renal ischemia 
and may well have the same pathophysiologic 
changes that increase tubular reabsorption of urea 
in prerenal azotemia. 

Low Ratios (BUN: Ser of 10: 1 or Less).2 Renal insuffi
ciency with a decreased BUN to Scr ratio may be due to re
duced urea production in patients on a low protein diet [68], 
to increased elimination of urea in voluminous vomitus or 
diarrheal stools [63], to spurious elevations of Scr (see 
Misleading Elevations in Scr above), or to increased 
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creatinine production in patients with rhabdomyolysis [7]. 
This latter occurrence may be rare, since Gabow et al. failed 
to find low BUN:Scr ratios in patients with rhabdomyolysis 
[8]. The high urine flow rate in untreated central diabetes in
sipidus increases urea clearance and may cause dehydration 
[69]. Theoretically, this could also lead to prerenal azotemia 
with low BUN to Scr ratios. 

URINALYSIS 

The urinalysis is a combination of several urine 
tests and can provide a variety of diagnostic clues 
to the cause of renal failure. 

Appearance 
Bloody urine with a brown or reddish-brown color, 
resembling Coca-Cola or tea, is typical of an acute 
glomerulonephritis, while pink or bright red 
bloody urine is usually seen with post-glomerular 
processes such as polycystic kidneys, renal infarc
tion and urinary tract obstruction. Gross 
hematuria may also occur in occasional patients 
with malignant hypertension, thrombotic throm
bocytopenic purpura and allergic interstitial 
nephritis due to beta-Iactam antibiotics [70, 71]. In 
hemoglobinuric and myoglobinuric acute tubular 
necrosis, hemoglobin or myoglobin may give a 
reddish-brown color to the urine [72]. 

Concentration 
A urine specific gravity of 1.015-1.020 or above is 
suggestive of prerenal azotemia and hepato-renal 
syndrome, since reduced arterial blood pressure or 
flow stimulates vasopressin secretion and other 
mechanisms that increase urine concentration. 
Some elderly patients [73] or individuals with 
underlying chronic renal disease are unable to con
centrate their urine and may develop pre renal 
azotemia without a high urine specific gravity. 
Poorly nourished subjects may have concentrated 
urine (high urine osmolality) without a high specific 
gravity due to reduced urea production and excre
tion in the urine [74]. 

Qualitative protein test 
This is typically negative or trace in conditions with 
little or no glomerular or tubular damage such as 
prerenal azotemia, postrenal azotemia and renal 
failure caused by drugs that alter renal 
hemodynamics (angiotensin converting enzyme in-
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hibitors [75] or non-steroidal anti-inflammatory 
drugs [76]). The qualitative protein test is negative 
to 2+ (100 mg/dl) in conditions with predominantly 
tubular or interstitial changes such as acute tubular 
necrosis [77-79] or acute interstitial nephritis [80, 
81]. Presumably, this is tubular proteinuria, i.e. the 
poorly functioning tubules fail to reabsorb the low 
molecular weight proteins that are normally 
filtered by the glomeruli. Qualitative protein values 
of 3+ to 4+ (300 to 1000 mg/dl) are seen with 
primary or secondary glomerulopathies, and are 
almost always due to increased glomerular 
permeability to proteins. Small vessel diseases like 
malignant hypertension can also produce heavy 
proteinuria presumably through secondary 
glomerular involvement (see Chapter 10). 

Application of these general rules can be helpful, 
but many exceptions must be kept in mind. Patients 
with volume depletion or dehydration often make 
small quantities of concentrated urine (S.G. -
1.030) in which normal amounts of protein may be 
concentrated enough to give a 1 + (30 mg/dl) 
qualitative test. Transient proteinuria may be seen 
with burns [82, 83], pancreatitis [84], fever, con
gestive heart failure, seizures and extreme physical 
exercise [85, 86]. This or proteinuria from underly
ing chronic renal disease may confuse the diagnosis 
in prerenal, postrenal or vasomotor types of renal 
failure. Also a false positive urine dipstick test for 
protein may be caused by phenazopyridine, urinary 
infection with urea splitting organisms, and con
tamination of the urine with antiseptic [85]. On the 
other hand, occasional patients with severe 
glomerulonephritis for unknown reasons have little 
(1 +) or no proteinuria [87, 88]. Also falsely low or 
negative dipstick tests for protein may occur when 
high urine volumes (suggested by urine specific 
gravity below 1.010) dilute urine protein concen
tration. 

Multiple myeloma causes renal failure in older 
subjects in whom the monoclonal immunoglobulin 
light chains (Bence-Jones proteins) in the urine 
seem to be "nephrotoxic" and lead to myeloma 
kidney (cast nephropathy) [89]. Since the dipstick 
protein method is insensitive to light chains [90], 
patients over 50 years of age with renal failure and 
no proteinuria detected by dipstick should have 
their urine retested for protein with an alternate 
method, such as the sulfosalicylic acid test or the 
urine protein to creatinine ratio. 
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Sediment 

Red Blood Cells. The microscopic examination of 
the urine sediment may detect various degrees of 
hematuria which is defined as 5 or more red cells per 
high power field. The finding of more than 50 to 100 
red cells per high power field suggests the presence 
of the same conditions as seen with gross 
hematuria, while the absence of hematuria (less 
than 5 red cells per hpi) excludes an acute 
glomerulonephritic process. An intermediate num
ber of red cells may be seen with any intrinsic renal 
disease, but is evidence against functional disorders 
such as prerenal azotemia or vasomotor distur
bances (e.g. due to NSAIDs - see Chapter 10). The 
absence of red cells in the presence of a positive 
dipstick for "blood" suggests hemoglobinuric or 
myoglobinuric tubular necrosis. 

In patients with microscopic hematuria due to glomerular 
disease, many red cells are dysmorphic, i.e. irregular in 
outline, collapsed or devoid of hemoglobin. These 
"glomerular" red cells may be appreciated on routine 
microscopy of the urine sediment, but are more easily seen 
on a Wright stain of the urinary sediment [91) or with phase 
contrast microscopy of a freshly spun urine [92, 93). 
Dysmorphic red cells may also be detected by their smaller 
size in an electronic particle-size analyzer [94). In contrast to 
the diagnostic usefulness of dysmorphic red cells claimed in 
early reports, recent studies found their presence or absence 
in the urine to be unreliable in determining the cause of 
hematuria [95-98). Also for some reason when patients with 
glomerulonephritis have gross hematuria [91, 99) or diuresis 
due to furosemide or water [100), only a small percentage of 
the red cells have a "glomerular" appearance. 

White Blood Cells. The presence of increased num
bers of white cells in the spun urine (more than 3 to 
5 per high power field) suggests an interstitial 
nephritis such as acute pyelonephritis. A Wright 
stain of the urine sediment showing that more than 
33% of these white cells are eosinophils is evidence 
for an allergic interstitial nephritis, although 
eosinophils are not always seen in this condition 
[80, 101]. One report claims that Hansel's stain for 
eosinophils in the urine sediment is more sensitive 
than Wright's stain. This stain showed 5 to 50% 
eosinophils in four and 1 to 5% in six of eleven pa
tients with allergic nephritis. However, the 
presence of eosinophil uri a in cases with prostatitis 
or glomerulonephritis showed the lack of 
specificity of urinary eosinophils regardless of the 

29 

stain used [102]. 
Urinary white blood cells may also be somewhat 

increased in glomerulonephritis and acute tubular 
necrosis, where an interstitial infiltrate frequently 
accompanies the glomerular or tubular lesions, re
spectively [103]. 

Casts, Epithelial Cells and Crystals. The presence 
of red cell casts is time honored evidence that 
hematuria is due to glomerulonephritis (Figure 
5.lA). 

Exceptions include the rare finding of red cell casts in con
ditions such as atheroembolic renal disease [104), renal 
thromboembolism, diabetes mellitus [105, 106), strenuous 
exercise [107), malignant hypertension [108], hemolytic 
uremic syndrome [109, 110), thrombotic thrombocytopenic 
purpura [111], allergic interstitial nephritis [112) or acute 
cortical necrosis [113). 

Tubular epithelial cells and muddy brown coarse 
granular casts (Figure 5.1B) are characteristic of 
the sediment in acute tubular necrosis, but may not 
be present in almost a quarter of cases [79, 114, 
115]. Uric acid crystalluria is common in tumor 
lysis syndrome (Figure 5.1C) [116], and massive ox
alate crystalluria can be seen in ethylene glycol in
toxication (Figure 5.lD) [117]. Crystals within 
leukocytes occur in acyclovir induced renal failure 
[118]. 

Bland Urinary Sediment [115 J. A normal urine 
sediment without proteinuria is typical of pre renal 
and vasomotor types of renal failure in which there 
is no intrinsic renal disease. A normal urinalysis is 
also common in postrenal renal failure and 
ischemic renal disease caused by renal artery 
stenosis. Small vessel diseases (e.g. atheroembolic 
disease), tubular diseases (e.g. acute tubular 
necrosis) and interstitial nephritis may occasionally 
cause renal failure with a bland urinary sediment. 

SERUM ELECTROLYTES 

Hyperkalemia, hyponatremia and low serum bicar
bonate concentration due to metabolic acidosis are 
non-specific manifestations of advanced renal 
failure. Hyperkalemia with less severe renal failure 
(Scr less than 6 mg/dl) is unusual, but can be seen in 
obstructive uropathy [119] and in several low 
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Fig.5.IA-D. Certain findings in the urinary sediments have diagnostic importance. (A) red cell cast in GN; (B) muddy brown granular 
casts in acute tubular necrosis; (C) rhomboid shaped uric acid crystals in tumor lysis syndrome; and (D) calcium oxalate crystals in 
ethylene glycol toxicity. The envelope form is a calcium oxalate dihydrate crystal; the ovoid and dumbbell forms are calcium oxalate 
monohydrate crystals. (Courtesy of Frances Andrus, B.A.) 
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aldosterone states: prerenal azotemia due to 
adrenal insufficiency, vasomotor type renal failure 
due to angiotensin converting enzyme inhibitors 
[120] or nonsteroidal anti-inflammatory drugs 
[121], and hyporeninemic hypoaldosteronism due 
to diabetic nephropathy or interstitial nephritis 
[122]. Hyperkalemia can also be due to potassium 
supplements or potassium sparing diuretics. 
Hypokalemia is unusual in patients with azotemia 
and may be a clue to the cause of renal failure. Most 
common would be prerenal renal failure or 
ischemic acute tubular necrosis resulting from diar
rhea, vomiting or excess diuretics. The less com
mon causes of renal failure with hypokalemia are 
shown on Table 5.1. Hypernatremia reflects 
dehydration (water deficit) and suggests pre renal 
azotemia, since many dehydrated patients have 
hypovolemia as well. An elevated serum bicar
bonate concentration often indicates metabolic 
alkalosis and raises the question of pre renal 
azotemia due to vomiting or diuretics, or possibly 
hypercalcemia due to milk-alkali syndrome (see 
Chapter 10) [123]. 

Table 5.1. Causes of renal failure with hypokalemia 

Diarrhea 
Vomiting 
Diuretics 
Nephrotoxins 

Aminoglycosides 
Amphotericin 
Cisplatin 
Ifosfamide 

High renin state 
Malignant hypertension 
Renal artery stenosis 

Cystinosis 
Medullary and other cystic disease 

NOTES 

I. 0.80 or greater in SI units. 
2. 0040 or less in SI units. 

REFERENCES 

I. Bauer JH, Brooks CS and Burch RN. Clinical appraisal of 
creatinine clearance as a measure of glomerular filtration 
rate. Am J Kidney Dis 1982; 2:337-46. 

31 

2. Payne RB. Creatinine clearance: a redundant clinical in
vestigation. Ann Clin Biochem 1986; 23:243-250. 

3. Wharton WW III, Sondeen JL, McBiles M, Gradwohl SE. 
Wade CE, Ciceri DP et al. Measurement of glomerular 
filtration rate in ICU patients using 99mTc_DTPA and in
ulin. Kidney Int 1992; 42:174-8. 

4. Duarte CG, Elveback LR and Liedtke RR. Creatinine in 
renal function tests. In: Duarte CG, editor. Clinical 
laboratory procedures and diagnosis. Little, Brown and 
Company, Boston, 1980;1-28. 

5. Shemesh 0, Golbetz H, Kriss JP and Myers BD. Limitations 
of creatinine as a filtration marker in glomerulopathic pa
tients. Kidney Int 1985; 28:830-8. 

6. Lordon RE and Burton JR. Post-traumatic renal failure in 
military personnel in Southeast Asia. Am J Med 1972; 
53:137-47. 

7. Grossman RA, Hamilton RW, Morse BM, Penn AS and 
Goldberg M. Nontraumatic rhabdomyolysis and acute renal 
failure. N Engl J Med 1974; 291:807-11. 

8. Gabow PA, Kaehny WD and Kelleher SP. The spectrum of 
rhabdomyolysis. Medicine 1982; 61:141-52. 

9. Schwartz GJ, Haycock GB, Edelman CM and Spitzer AA. A 
simple estimate of glomerular filtration rate in children 
derived from body length and plasma creatinine. Pediatrics 
1976; 58:259-63. 

10. Cockcroft DW and Gault MH. Prediction of creatinine 
clearance from serum creatinine. Nephron 1976; 16:31-41. 

II. Rowe JW, Andres R, Tobin JD, Norris AH and Shock NW. 
The effect of age on creatinine clearance in men: A cross sec
tional and longitudinal study. J Gerontology 1976; 
31:155-63. 

12. Kampmann J, Siersback-Nielsen K, Kristensen M and 
Hansen JM. Rapid evaluation of creatinine clearance. Acta 
Med Scand 1974; 196:517-20. 

13. Tietz NW, Shuey DF, Wekstein DR. Laboratory values in 
fit aging individuals - Sexagenarians through centenarians. 
Clin Chern 1992; 38:1167-85. 

14. Moniz CF, Nicolaides KH, Bamforth FJ and Rodeck CH. 
Normal reference ranges for biochemical substances relating 
to renal, hepatic, and bone function in fetal and maternal 
plasma throughout pregnancy. J Clin Pathol 1985; 
38:468-72. 

15. Ezimokhai M, Davison JM, Philips PR and W Dunlop. 
Non-postural serial changes in renal function during the 
third trimester of normal human pregnancy. Br J Obstet 
Gynaecol1981; 88:465-71. 

16. Hagemann P and Kahn SN. Significance oflow concentra
tions of creatinine in serum from hospital patients. Clin 
Chern 1988;34:2311-2. 

17. Cocchetto DM, Tschanz C and Bjornsson TD. Decreased 
rate of creatinine production in patients with hepatic 
disease: Implications for estimation of creatinine clearance. 
Ther Drug Monit 1983; 5:161-8. 

18. Gates GF. Creatinine clearance estimation from serum 
creatinine values: an analysis of three mathematical models 
of glomerular function. Am J Kidney Dis 1985; 5:199-205. 

19. Parker RA, Bennett WM and Porter GA. Clinical estimate 
of creatinine clearance without urine collection. Dialysis and 
Transplantation 1980; 9:251-2. 



32 

20. Mohler JL, Barton SD, Blouin RA, Cowen DL and 
Flanigan RC. The evaluation of creatinine clearance in 
spinal cord injury patients. J Urol 1986; 136:366-9. 

21. Salazar DE and Corcoran GB. Predicting creatinine 
clearance and renal drug clearance in obese patients from 
estimated fat-free body mass. Am J Med 1988; 84:1053-60. 

22. Boers M, Dijkmans BAC, Breedveld FC and Mattie H. Er
rors in the prediction of creatinine clearance in patients with 
rheumatoid arthritis. Brit J Rheumatol. 1988; 27:233-5. 

23. Schwartz GJ, Brion LP and Spitzer A. The use of plasma 
creatinine concentration for estimating glomerular filtration 
rate in infants, children, and adolescents. Pediat Clin N 
Amer. 1987; 34:571-90.89 

24. Charlson ME, MacKenzie CR, Gold JP and Shires T. 
Postoperative changes in serum creatinine. Ann Surg 1989; 
209:328-33. 

25. McLachlan MSF. The aging kidney. Lancet 1978; 2:143-6. 
26. Abrass CK. Glomerulonephritis in the elderly. Am J 

Nephrol 1985; 5:409-18. 
27. Kontessis P, Jones S, Dodds R, Trevisan R, Nosadini R, 

Fioretto P et al. Renal, metabolic and hormonal responses 
to ingestion of animal and vegetable proteins. Kidney Int 
1990; 38:136-44. 

28. Bosch JP, Saccaggi A, Lauer A, Ronco C, Belledonne M and 
Glabman S. Renal functional reserve in humans. Effect of 
protein intake on glomerular filtration rate. Am J Med 1983; 
75:943-50. 

29. KlahrS and Alleyne GAO. Nutrition and the kidney. In: Suki 
WN and Eknoyan G, editors. The kidney in systemic disease. 
John Wiley Publishers, New York, 1981: 2nd ed, 307-46. 

30. Caregaro L, Menon F, Angeli P, Amodio P, Merkel C, Bor
toluzzi A et al. Limitations of serum creatinine level and 
creatinine clearance as filtration markers in cirrhosis. Arch 
Intern Med 1994; 154:201-5. 

31. Mendenhall CL, Anderson S, Weesner RE, Goldberg SJ and 
Crolic KA. Protein-calorie malnutrition associated with 
alcoholic hepatitis. Veterans Administration Cooperative 
Study Group on Alcoholic Hepatitis. Am J Med 1984; 
76:211-22. 

32. Mayersohn M, Conrad KA and Achari R. The influence of 
a cooked meat meal on creatinine plasma concentration and 
creatinine clearance. B J Clin Pharmac 1983; 15:227-30. 

33. Jacobsen FK, Christensen CK, Mogensen CE and Heilskov 
NSC. Evaluation of kidney function after meals. Lancet 
1980; 1:319. 

34. Burry HC and Dieppe PA. Apparent reduction of en
dogenous creatinine clearance by salicylate treatment. BMJ 
1976; 2:16-17. 

35. Larsson R, Bodemar G, Kagedal B and Walen A. The effects 
of cimetidine (Tagamet) on renal function in patients with 
renal failure. Acta Med Scand 1980; 208:27-31. 

36. Burgess E, Blair A and Krichman. Inhibition of renal 
creatinine secretion by cimetidine in humans. Renal Physiol 
(Basel) 1982; 5:27-30. 

37. Pachon J, Lorber MI and Bia MJ. Effects ofH2-receptor an
tagonists on renal function in cyclosporine-treated renal 
transplant patients. Transplantation 1989; 47:254-9. 

38. Artz MA, Hilbrands LB, Wetzels JFM and Koene RAP. 
Reliability of creatinine as a marker of glomerular filtration 

J. Gary Abuelo 

after oral ingestion of cimetidine. Kidney Int 1991; 
39:1051-6. 

39. Shouval D, Ligumsky M and Ben-Ishay D. Effect of co
trimoxazole on normal creatinine clearance. Lancet 1978; 
1:244-5. 

40. Berglund F, Killander J and Pompeius R. Effect of 
trimethoprim-sulfamethoxazole on the renal excretion of 
creatinine in man. J Uro11975; 114:802-8. 

41. Brautigam M, Froese P, Baethke R and Kessel M. Zur 
Kreatininausscheidung beim Menschen nach Gabe von Co
Trimoxazol. Klin Wochenschrift 1979; 57:95-6. 

42. Myre SA, McCann J, First MR and Cluxton RJ Jf. Effect of 
trimethoprim on serum creatinine in healthy and chronic 
renal failure volunteers. Ther Drug Monitor 1987; 9:161-5. 

43. Roach NA, Kroll MH and Elin RJ. Interference by 
sulfonylurea drugs with the Jaffe method for creatinine. Clin 
Chern Acta 1985; 151:301-5. 

44. Baba S, Baba T and Iwanaga T. Effect of acetohexamide (a 
sulfonylurea hypoglycemic agent) in blood plasma on 
creatinine assay in clinical laboratory tests. Chern Pharm 
Bull 1979; 27:139-43. 

45. Saah AJ, Koch TR and Drusano GL. Cefoxitin falsely elev
ates creatinine levels. JAMA 1982; 247:205-6. 

46. Durham SR, Bignell AHC and Wise R. Interference of 
cefoxitin in the creatinine estimation and its clinical rel
evance. J Clin Path 1979; 32:1148-51. 

47. Maddocks J, Hann S, Hopkins M and Coles GA. Effect of 
methyldopa on creatinine estimation. Lancet 1973; 157:157. 

48. Herrington D, Drusano GL, Smalls U and Standiford HC. 
False elevation in serum creatinine levels. JAMA 1984; 
252:2962. 

49. Mitchell RT, Marshall LH, Lefkowitz LB and Stratton CWo 
Falsely elevated serum creatinine levels secondary to the 
presence of 5-fluorocytosine. Am J Clin Pathol 1985; 
84:251-3. 

50. Gerard SK and Khayam-Bashi H. Characterization of 
creatinine error in ketotic patients. Amer J Clin Patho11985; 
84:659-64. 

51. Mascioli SR, Bantle JP, Freier EF and Hoogweaf BJ. Ar
tifactual elevation of serum creatinine due to fasting. Arch 
Intern Med 1984; 144:1575-6. 

52. Lebel RR, Gutmann FD, Mazumdar DC and Grzys M. 
Creatinine determination in ketosis. N Engl J Med 1974; 
310:1671. 

53. Molitch ME, Rodman E, Hirsch CA and Dubinsky E. Spu
rious serum creatinine elevations in ketoacidosis. Ann In
tern Med 1980; 93:280-1. 

54. Assadi FK, John EG, Fornell L and Rosenthal 1M. Falsely 
elevated serum creatinine concentration in ketoacidosis. J 
Pediatr 1985; 107:562-4. 

55. Glick MR, Moorehead WR, Oei TO and Moore GR. 
Acetoacetate and "ketone" interference in kinetic and 
continuous-flow methods for creatinine. Clin Chern 1980; 
26:1626. 

56. Bowers LD and Wong ET. Kinetic serum creatinine assays. 
II. A critical evaluation and review. Clin Chern 1980; 
26:555-61. 

57. Sher PP. Drug interferences with clinical laboratory tests. 
Drugs 1982; 24:24-63. 



Initial laboratory studies 

58. Morgan DB, Carver ME and Payne RB. Plasma creatinine 
and urea: creatinine ratio in patients with raised plasma 
urea. BMJ 1977; 2:929-32. 

59. Baum N, Dichoso CC and Carlton CEo Blood urea nitrogen 
and serum creatinine. Physiology and interpretations. 
Urology 1975; 5:583-8. 

60. Kamm DE, Wu Land Kuchmy BL. Contribution of the urea 
appearance rate to diuretic-induced azotemia in the rat. 
Kidney Int 1987; 32:47-56. 

61. Thomas RD, Newill A and Morgan DB. The cause of the 
raised plasma urea of acute heart failure. Postgrad Med J 
1975; 55:10-4. 

62. Marshall S. Urea-creatinine ratio in obstructive uropathy 
and renal hypertension. JAMA 1964; 190:719-20. 

63. Dosseter JB. Creatininemia versus uremia. The relative sig
nificance of blood urea nitrogen and serum creatinine con
centrations in azotemia. Ann Intern Med 1966; 65:1287-99. 

64. Gensten HG and Skjoldborg H. Changes in the composition 
of the urine after ileal loop urinary diversion. Scand J Urol 
Nephrol 1971; 5:37-40. 

65. Cohn TD, Lane M, Zuckerman S, Messinger N and Griffith 
A. Induced azotemia in humans following massive protein 
and blood ingestion and the mechanism of azotemia in 
gastrointestinal hemorrhage. Am J Med Sci 1956; 
231: 394-40 1. 

66. Shils ME. Renal disease and the metabolic effects of 
tetracycline. Ann Intern Med 1963; 58:389-408. 

67. Moseley MJ, Sawminathan R and Morgan B. Raised plasma 
urea levels after myocardial infarction. Arch Intern Med 
1981; 141:438-40. 

68. Kopple JD and Coburn JW. Evaluation of chronic uremia. 
Importance of serum urea nitrogen, serum creatinine and 
their ratio. JAMA 1974; 227:41-4. 

69. Comtois R, Bertrand S, Beauregard Hand Vinay P. Low 
serum urea level in dehydrated patients with central diabetes 
insipidus. CMAJ 1988; 139:965-9. 

70. Appel GB, Neu HC. Acute interstitial nephritis induced by 
beta-Iactarn antibiotics. In: Fillastre J-P, editor. Nephrotox
icity. INSERM, France, 1981;195-212. 

71. Nemati C and Abuelo JG. Cephalosporin induced hypersen
sitivity nephritis: report of a case caused by cefazolin. RI 
Med J 1981; 64:91-4. 

72. Grossman RA, Hamilton RW, Morse BM, Penn AS and 
Goldberg M. Nontraumatic rhabdomyolysis and acute renal 
failure. N Engl J Med 1974; 291:807-11. 

73. Sporn N, Lancestremere RG and Papper S. Differential 
diagnosis of oliguria in aged patients. N Engl J Med 1962; 
267:130-2. 

74. Joekes S, Mowbray JF and Dormandy K. Oliguria with 
urine of "fixed" specific gravity. Lancet 1957; 2:864-7. 

75. Dzau VJ, Hricik DE, Browning PJ, Kopelman RI, Goorno 
WE, and Madias NE. Captopril-induced functional renal in
sufficiency in patients with bilateral renal-artery stenoses or 
renal-artery stenosis in a "solitary" kidney. Amer Soc 
Nephro11982: abstract; 28A. 

76. Blackshear JL, Davidman M and Stillman T. Identification 
of risk for renal insufficiency from nonsteroid anti
inflammatory drugs. Arch Intern Med 1983; 143:1130-4. 

77. MacLean PR and Robson JS. Un selective proteinuria in 

33 

acute ischaemic renal failure. Clin Sci 1966; 30:91-102. 
78. Revillard JP, Manuel Y, Francois R and Traeger J. Renal 

diseases associated with tubular proteinuria. In: Manuel Y, 
Revillard JP and Betuel H, editors. Proteins in normal and 
pathological urine. Karger, BasellNew York, 1970;209-19. 

79. Graber M, Lane B, Lamia Rand Pastoriza-Munoz E. Bub
ble cells: renal tubular cells in the urinary sediment with 
characteristics of viability. J Am Soc Nephrol 1991; 
1:999-1004. 

80. Linton AL, Clark WF, Driedger AA, Turnbull I and Lind
say RM. Acute interstitial nephritis due to drugs. Review of 
the literature with a report of nine cases. Ann Intern Med 
1980; 93:735-41. 

81. Kida H, Abe T, Tomosugi N, Koshino Y, Yokoyama Hand 
Hattori N. Prediction of the long-term outcome in acute in
terstitial nephritis. Clin Nephrol 1984; 22:55-60. 

82. Yu H, Cooper EH, Settle JA and Meadows T. Urinary pro
tein profiles after burn injury. Burns, Including Thermal In
jury 1983; 9:339-49. 

83. Lindquist J, Drueck C, Simon NM, Elson B, Hurwich D and 
Roxe D. Proximal renal tubular dysfunction in severe burns. 
Am J Kid Dis 1984; 4:44-7. 

84. Meier PB and Levitt MD. Urine protein excretion in acute 
pancreatitis. J Lab Clin Med 1986; 108:628-34. 

85. Abuelo JG. Proteinuria: diagnostic principles and pro
cedures. Ann Intern Med 1983; 98:186-91. 

86. Houser MT, Jahn MF, Kobayashi A and Walburn J. Assess
ment of urinary protein excretion in the adolescent: effect of 
body position and exercise. J Pediatr 1986; 109:556-61. 

87. Beirne GJ, Wagnild JP, Zimmerman SW, Macken PD and 
Burkholder PM. Idiopathic crescentic glomerulonephritis. 
Medicine 1977; 56:349-81. 

88. Neild GH, Cameron JS, Ogg CS, Turner DR, Williams DG, 
Brown CB et al. Rapidly progressive glomerulonephritis 
with extensive glomerular crescent formation. Quart J Med 
1983; 52:395-416. 

89. Hill GS, Morel-Maroger L, Mery J-P, Brouel JC and 
Mignon F. Renal lesions in multiple myeloma: their re
lationship to associated plasma associations. Am J Kidney 
Dis 1983; 2:423-38. 

90. Clough G and Reah TG. A "protein error". Lancet 1964; 
1:1248. 

91. Chang BS. Red cell morphology as a diagnostic aid in 
hematuria. JAMA 1984; 252:1747-9. 

92. Fairley KF and Birch DF. Hematuria: A simple method for 
identifying glomerular bleeding. Kidney Int 1982; 21: 105-8. 

93. DeSanto NG, Nuzzi F, Capodicasa G, Lama G, Caputo G, 
Rosati P et al. Phase contrast microscopy of the urine sedi
ment for the diagnosis of glomerular and nonglomerular 
bleeding-data in children and adults with normal creatinine 
clearance. Nephron 1987; 45:3-9. 

94. Pollock C, Pei-Ling L, Gyory AZ, Grigg R, Gallery EDM, 
Caterson R et al. Dysmorphism of urinary red blood cells
Value in diagnosis. Kidney Int 1989; 36:1045-9. 

95. Piccoli G, Rotunno M, Quarello F and Piccoli GB. Urinary 
sediment analysis: A useful tool? Contrib Nephrol 1989; 
70:157-62. 

96. Raman GV, Pead L, Lee HA and Maskell R. A blind con
trolled trial of phase-contrast microscopy by two observers 



34 

for evaluating the source of hematuria. Nephron 1986; 
44:304-8. 

97. Kohler H, Wandel E and Brunck B. Acanthocyturia - a 
characteristic marker for glomerular bleeding. Kidney Int 
1991; 40:115-20. 

98. Gibbs DD and Lynn KL. Red cell volume distribution 
curves in the diagnosis of glomerular and non-glomerular 
hematuria. Clin Nephrol1990; 33:143-7. 

99. Van Iseghem P, Hauglustaine D, Bollens Wand 
Michielsen P. Urinary erythrocyte morphology in acute 
glomerulonephritis. BMJ 1983; 287:1183. 

100. Schuetz E, Schaefer RM, Heidbreder E and Heidland A. 
Effect of diuresis on urinary erythrocyte morphology in . 
glomerulonephritis. Klin Wochenschr 1985; 63:575-577. 

101. Galpin JE, Shinaberger JH and Stanley TM. Acute in
terstitial nephritis due to methicillin. Am 1 Med 1978; 
65:756-65. 

102. Nolan CR, Anger MS and Kelleher SP. Eosinophiluria - a 
new method of detection and definition of the clinical spec
trum. N Engl J Med 1986; 315:1516-9. 

103. Segasothy M, Fairley KF, Birch DF and Kincaid-Smith P. 
Sterile pyuria. Clin Nephrol1991; 35: 87-8. 

104. Ludmerer KM and Kissane JM. Progressive renal failure 
with hematuria in a 62 year old man. Am 1 Med 1981; 
71:468-74. 

105. O'Neill WM, Wallin JD and Walker PD. Hematuria and 
red cell casts in typical diabetic nephropathy. Am J Med 
1983; 74:389-95. 

106. Lopes De Faria lB, Moura LAR, Lopes De Faria SR, 
Ramos OL and Pereira AB. Glomerular hematuria in 
diabetics. Clin Nephrol 1988; 30: 117 -21. 

107. Fassett RG, Owen JE, Fairley J, Birch DF and Fairley KF. 
Urinary red-cell morphology during exercise. BMJ 1982; 
285:1455-7. 

108. Mattern WD, Sommers SC and Kassirer JP. Oliguric acute 
renal failure in malignant hypertension. Am J Med 1972; 
52:187-97. 

109. Clarkson AR, Lawrence JR, Meadows R and Seymour 
AE. The haemolytic uraemic syndrome in adults. Quart 1 
Med 1970; 39:227-44. 

110. Dolislager D and Tune B. The hemolytic-uremic syn
drome. Am J Dis Child 1978; 132:55-58. 

J. Gary Abuelo 

111. Eknoyan G and Riggs SA. Renal involvement in patients 
with thrombotic thrombocytopenic purpura. Am J 
Nephrol1986; 6:117-31. 

112. Sigala JF, Biava CG and Hulter HN. Red blood cell casts 
in acute interstitial nephritis. Arch Intern Med 1978; 
138:1419-21. 

113. Goergen TG, Lindstrom RR, Tan H and Lilley JJ. CT ap
pearance of acute renal cortical necrosis. AJR 1981; 
137:167-7. 

114. Gay C, Cochat P, Pellet H, Floret D and Buenerd A. Le 
sediment urinaire dans l'insuffisance renale aigue de I'en
fant. Pediatrie 1987; 42:723-7. 

115. Bouffet E, Laville M, Zanettini MC, Pellet H, Buenerd A 
and Traeger J. Le sediment urinaire dans l'insuffisance 
renale aigue. Valeur diagnostique et prognostique de l'ex
aman en microscopie a contraste de phase. La Presse 
Medicale 1984; 13:2307-10. 

116. List AF, Kummet TD, Adams JD and Chun HG. Tumor 
lysis syndrome complicating treatment of chronic lym
phocytic leukemia with fludarabine phosphate. Am J Med 
1990; 89:388-90. 

117. Jacobsen D, Hewlett TP, Webb R, Brown ST, Ordinario 
AT and McMartin KE. Ethylene glycol intoxication: 
Evaluation of kinetics and crystalluria. Am J Med 1988; 
84:145-52. 

118. MH Sawyer, DE Webb, JE Balow and Straus SE. 
Acyclovir-induced renal failure. Am J Med 1988; 
84:1067-71. 

119. Battle DC, Arruda JAL and Kurtzman NA. Hyperkalemic 
distal renal tubular acidosis associated with obstructive 
uropathy. N Engl J Med 1981; 304:373-80. 

120. Grossman A, Eckland D, Price P and Edwards CRW. 
Captopril: reversible renal failure with severe 
hyperkalemia. Lancet 1980; 1:712. 

121. Clive DM and Stoff JS. Renal syndromes associated with 
non-steroidal anti-inflammatory drugs. N Engl J Med 
1984; 310:563-72. 

122. DeFronzo RA. Hyperkalemia and hyporeninemia 
hypoaldosteronism. Kidney Int 1980; 17:118-34. 

123. Abreo K, Adlakha A, Kilpatrick S, Flanagan R, Webb R 
and Shakamuri S. The milk-alkali syndrome. Arch Intern 
Med 1993; 153:1005-10. 



6. Additionallaboratory investigation 

J. GARY ABUELO 

The initial laboratory evaluation that I have just 
outlined will suffice to diagnose individuals with an 
obvious etiology, who make up about half of cases 
with renal insufficiency. Many patients with 
prerenal azotemia, ischemic acute tubular necrosis, 
contrast media reactions or acute urinary retention 
have such easy diagnoses. Patients without a 
diagnosis after the initial laboratory tests require 
additional extrarenal and renal studies. 

EXTRARENAL TESTS 

General screening 
Routine tests for systemic conditions with secon
dary renal involvement include a complete blood 
count, chest X-ray, stool guaiac, liver function 
tests, serum glucose, calcium, phosphorus and uric 
acid levels, and in patients over 50 years of age 
without proteinuria a non-dipstick urine test for 
protein to detect immunoglobulin light chains (see 
Qualitative Protein Test, Chapter 5). 

Low platelets and red cell fragmentation on the 
peripheral smear suggest a small vessel disease like 
thrombotic thrombocytopenic purpura and should 
not be overlooked (see Chapter 10). Eosinophilia 
may be a clue to atheroembolic renal disease or 
allergic interstitial nephritis. 

Indications for Specific Tests 

Streptococcal Infections. Individuals with im
petigo or a recent sore throat should have serum 
complement levels (CH50, C3 and C4), skin or 
throat cultures, and serum titers for antibodies 
against several streptococcal enzymes (e.g. an
tistreptolysin 0 titer). 
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Respiratory Symptoms. Cough, hemoptysis or 
lung infiltrates are indications for antiglomerular 
basement membrane antibodies to diagnose Good
pasture's syndrome, and antineutrophil cytoplasmic 
antibodies (ANCA) to look for Wegener's 
granulomatosis. Also, sinusitis, otitis media or 
other upper respiratory findings are compatible 
with the latter disease, and may be evaluated with 
sinus X-rays and otolaryngological consultation. 

Vasculitis-Like Picture. Constitutional symptoms, 
multiorgan involvement, hematuria and pro
teinuria suggests a collagen vascular disease. 

Systemic lupus erythematosus presents typically 
as fever, arthralgias and rash in a young woman, 
but in other patients it may have a highly varied 
onset and course, involving any of several organ 
systems and affecting any age and either sex. Thus, 
an antinuclear antibody test and serum complement 
levels must be done in patients with both classic and 
atypical presentations of systemic lupus erythe
matosus. In addition, patients with a picture 
suggesting collagen vascular disease should have a 
sedimentation rate, ANCA, rheumatoid factor, 
cryoglobulins and complement studies ordered, and 
may be candidates for arteriography [1] or for biop
sies of affected extra-renal tissues (see Secondary 
Glomerulonephritis, Chapter 11). Because of the 
characteristic immunopathologic appearance of 
skin lesions in Henoch-Schonlein purpura [2], 
systemic lupus erythematosus, essential cryoglo
bulinemia [3], and hypocomplementemic vasculitis 
urticaria syndrome [4], any skin biopsies should be 
submitted for immunofluorescent studies as well as 
light microscopy [5, 6] and, if possible, should be 
examined by a dermatopathologist. 



36 

Note on Anti-Neutrophil Cytoplasmic Antibody (ANCA). 
ANCA is usually detected by indirect immunofluorescence 
on fixed neutrophils, and is present in most cases of active 
Wegener's granulomatosis, polyarteritis nodosa and 
idiopathic crescentic glomerulonephritis (7). ANCA also oc
curs in many other autoimmune diseases (Table 6.1). These 
antibodies are directed against neutrophil cytoplasmic en
zymes such as proteinase 3 and myeloperoxidase. Im
munoassays for antibodies specific for these major antigens 
have shown disease associations, such as that between an
tiproteinase 3 and Wegener's granulomatosis. However, 
these associations are not close enough for such assays to im
prove the disease sensitivity or specificity of ANCA testing 
to any practical extent (8-10). 

Antiproteinase 3 antibodies produce a "cytoplasmic" 
pattern on immunofluorescence, which can be distinguished 
from the perinuclear pattern of antimyeloperoxidase an
tibodies. As with the immunoassays for specific antibodies, 
these patterns have not proved to be clinically useful. 

Proteinuria. Older patients with proteinuria may 
have renal failure associated with multiple 
myeloma even in the absence of symptoms like 
bone pain. If proteinuria is found in a patient over 
50 years of age, it is important to order serum and 
urine protein and immuno- (or even better) im
munofixation electrophoreses. This will diagnose 
multiple myeloma, and will also detect most 
dysproteinemias that produce renal amyloidosis or 
light chain deposition disease [11]. These latter 
dysproteinemias may have serum and urine con
centrations of monoclonal proteins below the level 
of detection of protein electrophoresis, so that im
munoelectrophoresis or the more sensitive im
munofixation electrophoresis should be done [12, 
13]. The heat test for urinary Bence-Jones proteins 
is relatively insensitive and is not recommended 
[14]. 

Table 6.1. Diseases associated with ANCA [7] 

Pauciimmune crescentic GN common 
Wegener's granulomatosis 
Polyarteritis nodosa 
Idiopathic crescentic GN 

Pauciimmune crescentic GN uncommon 
Systemic lupus erythematosus 
Rheumatoid and other arthritis 
Inflammatory bowel disease 
Autoimmune liver disease 
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Hematuria and Proteinuria. These urinary abnor
malities suggest an acute (glomerulo-) nephritic 
process and are indications for an ANCA test and 
complement studies. A positive ANCA points 
towards idiopathic crescentic glomerulonephritis, 
or a systemic vasculitis. Depressed complement 
levels are commonly found in several 
glomerulonephritides and, on occasion, in other 
disorders (Table 6.2). 

ADDITIONAL RENAL TESTS 

In order to obtain further information about the 
nature of the renal lesion, the physician should 
quantitate protein losses in patients with pro
teinuria, assess renal salt avidity, order a renal 
ultrasound, and possibly other radiologic studies 
and, if indicated, obtain a renal biopsy. 

Quantitation of Protein Excretion 

Timed Urine Collection. A 24 hour urine sample 
for protein is performed to quantitate proteinuria. 
Timed collections over shorter periods may also be 
used. 

In individuals with a stable Scr, the sample 
should also be tested for creatinine in order to 
assure the adequacy of the collection using the fol
lowing rough guideline. In men a complete 24 hour 
urine contains 1.0 to 2.0 g (8.85 to 17.70 mmol) of 
creatinine depending on size and in women 0.7-1.4 
g (6.20 to 12.40 mmol) of creatinine; however, be
tween ages 45 and 80 years, creatinine excretion 
declines by about half in both men and women [16]. 

Table 6.2. Causes of low serum complement levels [15] 

Glomerulonephritis 

Membranoproliferative GN 
Post infectious GN 
Lupus nephritis 
Mixed essential 
cryoglobulinemia 
Hypocomplementemic 
vasculitis 
Inherited C' deficiencies 

Other conditions 

Atheroembolic renal disease 
Severe sepsis 
Hemolytic uremic syndrome 
Severe malnutrition 

Hepatic failure 

Acute pancreatitis 
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A modification of the formula of Cockcroft and 
Gault [17] may also be used to calculate the amount 
of creatinine that one should have in an adequate 
24 hour urine collection: 

creatinine excretion (mg/24 hours) = 
[140-age (years)] x weight (kg) x 0.85* 

5xl13t 
• mUltiply by factor of 0.85 if patient is female 
t divide by factor of 113 if result desired in mmol 
creatinine/24 h. 

Once the physician confirms that the urine sam
ple has been properly collected, he may use the rate 
of protein excretion to draw conclusions about the 
nature of the renal disease. Normal urine protein 
excretion in adults is up to 150 mg per day [18]. Pa
tients with less than 1 g protein per 24 hours usually 
have a non-glomerular disease, patients with 
greater than 2.5 g protein per 24 hours usually have 
a glomerular disease, and patients with in
termediate values may have either. Several cases of 
non-glomerular disease with protein excretion 
greater than 2.5 g per day have been described, in
cluding malignant hypertension [19], thrombotic 
thrombocytopenic purpura [20], hemolytic uremic 
syndrome [21, 22], renovascular hypertension [23, 
24], allergic interstitial nephritis due to methicillin 
[25], cholesterol emboli to the kidney [26, 27], and 
most importantly myeloma kidney with heavy ex
cretion of Bence-Jones proteins. Patients with renal 
artery embolism may also have heavy proteinuria 
based on the 3 to 4+ qualitative proteinuria 
reported by Lessman et al. [28]. 

Protein to Creatinine Ratio. In some patients, it 
may be difficult to obtain an accurately collected 24 
hour urine for quantitation of proteinuria because 
of incontinence, poor cooperation or logistical 
reasons. An indwelling urethral catheter should 
never be placed just to collect such a specimen. In
stead, a random urine sample should be sent to the 
laboratory to determine the ratio of protein to 
creatinine concentrations. The value of this ratio 
expressed in mg protein/mg creatinine corresponds 
closely to the g protein excreted per 24 hours, par
ticularly if the random sample is obtained after the 
first voided urine in the morning and before 6 PM. 
In fact, many feel that this ratio may replace the 24 
hour urine for quantitation of protein [29-34]. A 
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ratio less than 0.2 mg/mg (0.023 glmmol) is normal 
and greater than 3.0 mg/mg (0.34 glmmol) cor
responds to nephrotic range proteinuria [29]. 

Salt avidity 
There has been interest in using urinary sodium 
and chloride content to assess renal salt avidity 
(tubular reabsorption of salt) in the evaluation of 
patients with renal failure. Sodium and chloride 
content is usually estimated by measuring sodium 
and chloride concentration or fractional excretion 
of sodium or chloride in a random ("spot") urine 
sample (see below). These tests should be ordered 
to diagnose hepatorenal syndrome, to help dis
tinguish prerenal azotemia from A TN and to detect 
subclinical hypovolemia, especially in patients with 
acute-on-chronic renal failure. 

Inappropriately Low Urinary Salt Content. A good 
example of the role of these tests is in hepato-renal 
syndrome, where increased tubular reabsorption of 
salt is an almost constant finding and leads to the 
production of urine poor in sodium and chloride, 
despite the absence of the obvious stimuli to renal 
salt reabsorption such as hypotension, volume 
depletion, low salt intake or low cardiac output [35, 
36]. If one suspects this diagnosis in a patient with 
advanced liver disease, low amounts of sodium or 
chloride in the urine would support hepato-renal 
syndrome, while large amounts should cast doubt 
on the diagnosis. 

Urine inappropriately low in sodium and 
chloride in the absence of the normal stimuli to salt 
reabsorption may also be seen in certain other 
causes of renal failure (Table 6.3). Unfortunately, 
urine sodium and chloride concentrations have 
been studied in only a few of these cases, so that ab
sence of salt poor urine does not exclude these con
ditions. For the most part, the reason for the low 
urinary salt content in these different situations is 
not completely understood [49]. 

Inappropriately High Urine Salt Content. Assess
ment of renal salt avidity is commonly employed to 
distinguish ischemic acute tubular necrosis from 
prerenal azotemia in patients with hypotension and 
acute renal failure. In these cases, the appropriate 
renal response to reduced blood pressure would be 
increased tubular reabsorption of salt as seen in 
prerenal azotemia. In contrast, in acute tubular 
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Table 6.3. Causes of renal failure with inappropriately low 
urine salt content 

Early urinary obstruction [37] 
Vasomotor reactions 

Captopril [38] 
NSAIDs [39] 
Cyc1osporin A [40, 41] 
Contrast media [42] 

Atheroembolic renal disease [43] 
Bilateral renal artery stenosis [44] 
Acute glomerulonephritis [45, 46] 
Acute interstitial nephritis [47] 
Transplant rejection [48] 

necrosis the damaged tubules are usually unable to 
reabsorb sodium and chloride normally and urine 
salt content is high. Therefore, a determination of 
renal salt avidity helps distinguish these two con
ditions [45, 46]. 

Unfortunately, the result has little influence on 
patient management, since in either condition the 
cornerstone of therapy is the prompt restoration of 
normal hemodynamics. Moreover, regardless of 
renal avidity for salt, the diagnosis of prerenal 
azotemia will depend on whether one obtains 
recovery of renal function in the hours to one day 
that follow correction of hypotension. The role of 
urine tests of renal salt avidity in this situation is 
further limited by the finding of low urinary salt 
content in some patients with acute tubular 
necrosis [50-56], and high content in some patients 
with pre renal azotemia. In these latter cases, the 
kidneys' ability to conserve sodium and chloride 
may be impaired by adrenal insufficiency, diuretics 
or renal parenchymal disease [55]. In fact, urinary 
salt loss may have contributed to the volume 
depleted state [57]. 

Subclinical Hypovolemia. Another circumstance 
where tests of tubular reabsorption of salt may be 
employed is in the occasional patient with prerenal 
azotemia associated with subtle volume depletion; 
the patient may have little or nothing in the history 
or physical examination to alert the physician to 
the reduced state of renal perfusion. These in
dividuals typically have chronic renal insufficiency 
and have an acute worsening of azotemia due to an 
unrecognized acute insult such as unreported 
copious diarrhea. Laboratory studies showing in
creased renal sodium avidity may be the only clue 
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to the diagnosis [57-59]. Therefore, patients with 
acute-on-chronic renal insufficiency should have 
studies done of urine sodium and chloride content. 
The failure to find urine poor in salt does not ex
clude prerenal azotemia, however, since in many 
cases of chronic renal disease the tubules may be 
unable to reabsorb salt efficiently [55, 57]. 

FENa. The traditional criterion for increased renal 
salt avidity is a urinary sodium concentration 
below 20 mEq/L, while the absence of avidity is in
dicated by concentrations above 40 mEq/L; values 
from 20 to 40 mEq/L are indeterminate [45, 46]. 
Unfortunately, the urine sodium concentration 
depends not only on the efficiency of tubular reab
sorption of sodium, but also on the extent of water 
reabsorption (urine concentration) in the distal 
nephron. In attempt to eliminate this confounding 
effect and to look at tubular salt reabsorption by 
itself, the renal failure index or even more com
monly the fractional excretion of sodium (FENa) is 
determined by measuring creatinine and sodium 
concentrations in the serum and in a simul
taneously collected urine sample: 

FENa(%) = 
urine sodium (mEq/L) x Scr (mg/dl)* x 100 

serum sodium (mEq/L) x urine creatinine (mgldl)* 

• serum and urine creatinine may also be 
measured in /Lmol/L. 

The presence of sodium avidity is indicated by a 
FENa below 1% and the lack of avidity by values 
above 1 % [45, 46]. 

Urine Chloride Content. The physician should be 
aware of two situations where the salt avid patient 
may factitiously or transiently excrete high 
amounts of urinary sodium. First, one may have a 
natriuresis caused by hyperglycemia, mannitol 
therapy or diuretics.! Second, augmented sodium 
excretion may accompany high urinary anion con
tent (1) in patients given contrast medium or high 
doses of penicillin analogs; (2) in uncontrolled 
diabetics with large amounts of ketoacids in the 
urine; or (3) in individuals excreting large amounts 
of bicarbonate, e.g. because of vomiting or resolv
ing metabolic alkalosis [60]. When an increase in 
urinary sodium is caused by high anion excretion, a 
urinary chloride content less than 20 mEq/L or a 
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fractional excretion of chloride (FECI) less than 1 % 
is an equally specific and a more sensitive indicator 
of pre renal azotemia than is urine sodium concen
tration [55]. It is, therefore, recommended that 
urine chloride concentration or FECI always be 
measured, in addition to sodium concentrations, 
when looking for evidence of renal salt avidity [55, 
60]. 

Renal sonogram 
Ultrasonography is the preferred imaging tech
nique in most cases where one wants to screen for 
gross abnormalities in renal size and structure. It is 
safe, accurate and if necessary, can be done at the 
bedside. 
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Obstruction. When urinary tract obstruction is 
suggested by the patient's initial evaluation, renal 
ultrasonography should be ordered for confirma
tion. This method will detect hydronephrosis in 90-
100% of proven cases of obstruction (Figure 6.1) 
[61-63]. 

An even more important role of ultrasono
graphy is to exclude obstruction, which may occur 
and impair renal function in occasional patients 
without any tell-tale signs or symptoms. The high 
sensitivity and freedom from morbidity of this 
method more than compensate for the high in
cidence (8-26%) of false positive results (usually 
grade I hydronephrosis) [61-63]. These may be 
caused by failure to empty the bladder, high urine 
flow, large normal calyces, post obstructive dilata-

Fig. 6.1. (A) Normal sonogram. (8) Sonogram of a hydronephritic kidney showing dilated calyces. 
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tion, papillary necrosis, high grade vesicoureteral 
reflux, calyceal diverticula, peripelvic and other 
cysts, renal tuberculosis with cavity formation, an 
extra-renal pelvis or blood vessels [64]. If dilatation 
is due to the first two causes, a second sonogram 
may be negative, showing their transient nature. 
Blood vessels that mimic obstruction may now be 
detected by Doppler color flow ultrasonography 
[65]. Recognition of other false positives may re
quire intravenous or retrograde urography. 

Other situations where ultrasonography may be 
inadequate are when one or both kidneys are not 
clearly visualized, or collecting system dilatation is 
obscured by cysts or staghorn calculi [61]. In either 
case, intravenous or retrograde pyelography will be 
necessary to diagnose urinary tract obstruction. 

Atrophy, Cysts and Tumors. The renal length can 
also be determined from the sonogram. If renal 
length is less than 8 cm on the right side and 8.8 cm 
on the left, it indicates shrunken kidneys due to 
chronic renal disease [66]. 

Alternatively, one may multiply the height of the second lum
bar vertebrae seen on X-ray by 2.8 to get a lower limit of nor
mal of the renallength by ultrasound [67]. Criteria for normal 
renal length in children have also been published [68]. 

In some patients with chronic atrophy of renal 
parenchyma, a proliferation of renal sinus fat 
replaces the lost renal bulk and conserves the 
overall kidney size. This renal sinus lipomatosis can 
be seen on ultrasound as an expanded central renal 
sinus complex with high intensity echoes associated 
with thinning of the renal parenchymal [69-71]. 
Other information important in the diagnosis of 
renal failure may be obtained from the sonogram 
including cystic disease, massive tumor replace
ment of renal tissue, enlarged kidneys, or the ab
sence or atrophy of a kidney [72]. The finding of a 
single kidney raises suspicion of renal failure 
caused by a unilateral process like obstruction, 
renal artery stenosis or renal embolism. Kidneys 
may be enlarged due to inflammation in 
glomerulonephritis or interstitial nephritis, or due 
to infiltration by amyloid, lymphoma or leukemia. 

Intravenous pyelogram (IVP) 
The IVP was formerly used in the evaluation of 
most patients with renal failure to show if two 
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kidneys were present, if they were of normal size, if 
they had any function, and if they were obstructed 
(Figure 6.2). The last 20 years has seen the recog
nition of contrast medium-induced renal failure 
caused by IVPs and the introduction of 
sonography, which needs no preparation of the pa
tient, and can safely provide the information 
needed about the anatomy of the kidneys. Conse
quently, the IVP is now used in only special situ
ations (see below), when it entails little added risk 
and provides more information than ultrasono
graphy. 

Nephrotoxic Reaction to Contrast Agents. The risk 
of a nephrotoxic reaction to contrast media used in 
IVP's increases with the severity of underlying 
renal impairment and with the presence of diabetes 
mellitus, such that with baseline Scr between 1.5 to 
2.0 mg/dl (133 to 177 p.mollL) the incidence of an 
acute worsening of azotemia is 3% in non-diabetics 
and 50-58% in diabetics. With baseline Scr greater 
than 4.5 mg/dl (398 p.mollL), the incidence is 31% 
and over 90%, respectively. These figures compare 
to an incidence of 6% or less in both groups with 
baseline Scr of 1.4 mg/dl (124 p.mollL) or less 
[73-76]. The risk of nephrotoxicity from the new 
non-ionic low osmolarity contrast agents such as 
iohexol or iopamidol is probably less than with the 
older ionic agents [77, 78]. 

The severity of the nephrotoxic reaction may 
also increase with the degree of underlying renal 
impairment [79], and several authors have de
scribed permanent renal failure following IVP's, 
when the baseline Scr was 4.5 mg/dl (398 p.mol/L) 
or greater, especially in diabetics [73, 74, 80, 81]. 

Looking at the other side of the coin, IVP's are 
relatively safe in non-diabetic individuals with 
baseline Scr of 4.5 mgldl (398 p.moIIL) or less. In 
this population nephrotoxic reactions may have an 
occurrence as low as 3% [73 j, are transient, lasting 
less than two weeks in most cases, and rarely are 
severe enough to require dialysis [73,75,79,81,82]. 
Furthermore, youth may provide added safety in that 
reactions are rarely, if ever, seen in non-diabetic in
dividuals younger than 30 years [73, 79,81, 82]. 

Poor Visualization. An additional problem of the 
IVP is inadequate visualization due to poor excre
tion of the contrast medium by the impaired 
kidneys. When the baseline Scr is 8 mg/dl (708 
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Fig. 6.2. (Al Normal IVP. (8) IVP showing hydronephrosis and hydroureter. 

p.mollL) or more, only 19% of studies are satisfac
tory. On the other hand with Scr less than 3.9 mgldl 
(343 p.moIlL), 91% of IVP's are adequate [83]. If 
opacification of the renal structures is not satisfac-

tory with the routine technique, nephrotomograms 
should be done. 

Indications. The IVP has certain advantages over 
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renal ultrasonography in that it may demonstrate 
poor function of one kidney as compared to the 
other kidney, shows the location of any obstruc
tion, produces a clearer image of the pelvocalyceal 
structures, rarely gives false positive readings for 
urinary obstruction, and may visualize kidneys in
adequately seen by ultrasonography [61]. 

When an azotemic patient has a low risk for a 
nephrotoxic reaction to contrast medium and has 
unilateral renal colic or pain suspected to be of renal 
origin, an IVP is the imaging modality of choice. 
The renal sonogram often fails to show dilatation 
during the first day or two of obstruction by a stone 
[84], while an IVP will diagnose and identify the 
level of urinary obstruction. The IVP will also 
recognize papillary necrosis in patients with 
obstruction due to a sloughed papilla. If the renal 
pain is caused by acute pyelonephritis, renal vein 
thrombosis or an embolism to the kidney, 
unilateral poor function will be seen. 

If ultrasonography inadequately visualizes the 
kidneys, an IVP may be indicated. The possibility 
of analgesic nephropathy comes up when patients 
have chronic renal failure and analgesic abuse. The 
tell-tale papillary necrosis is rarely seen by ultra
sound, and usually requires an IVP for visua
lization. In patients with obstruction detected by 
ultrasound and with a low risk for contrast nephro
toxicity, one may order an IVP to confirm and 
localize the obstruction. 

Pyelography Performed with Other Contrast 
Studies. Patients who are having angiography or a 
computed tomography with contrast enhancement 
for evaluation of an extrarenal problem will usually 
excrete enough contrast agent to get an adequate 
view of the kidneys and collecting system. There
fore, X-ray films of the urinary tract taken at the end 
of the contrast study while the contrast media is still 
present will provide the needed anatomical infor
mation and make ultrasonography unnecessary. 

Renal Radionuclide Imaging 

Technetium-99m Scan. The physician may wish to 
document unilateral loss of renal function in pa
tients with azotemia caused by unilateral processes 
such as renal artery stenosis, renal embolism, or 
acute pyelonephritis. The radioagent of choice is 99 
mTc mercaptoacetyltriglycine (MAG3). Ra-
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dionuclide scanning is preferable to the IVP for this 
purpose because it has no risk of hypersensitivity or 
nephrotoxic contrast medium reactions. In a pa
tient suspected of having renal artery embolism, a 
technetium-99m glucoheptonate or dimercap
to succinate iron ascorbate (DMSA) scan showing 
unilateral poor or absent function can be particu
larly useful in supporting the diagnosis [85]. 

Gallium Citrate Scan. This is used to detect inflam
matory or neoplastic tissue. It was noted by Linton 
et al. that the kidneys of patients with acute in
terstitial nephritis due to a variety of medications 
have intense uptake of gallium [86]. Although these 
authors considered a positive gallium scan to be 
evidence for this diagnosis, experience with the 
study is limited. In one report the sensitivity was 
only 58% [87], and others have noted moderate to 
marked uptake in cases with pyelonephritis, 
crescentic glomerulonephritis, minimal change 
disease and other conditions [86, 88-92]. 

Arteriography or Venography 

Polyarteritis Nodosa. Abdominal aortography and 
selective renal, celiac and mesenteric angiography, 
can be instrumental in the diagnosis of vasculitis 
[1]. Typically in polyarteritis nodosa multiple small 
aneurysms, occlusions and stenoses of medium
sized arteries are seen in one or more of the ab
dominal viscera, and the nephrogram phase of the 
study often demonstrates renal infarcts. Although 
these and similar changes may occur in other 
vasculitides and in some instances of disseminated 
lupus erythematosus, the specific diagnosis is 
usually apparent when the overall clinical picture is 
considered. Negative arteriograms are sometimes 
seen in polyarteritis nodosa and do not, therefore, 
exclude the diagnosis [1]. 

Renal Artery Stenosis and Embolism. Renal 
arteriography is used to demonstrate renal artery 
stenosis, which if bilateral and severe enough, can 
lead to renal functional impairment. In patients 
with renal embolism the clinical findings and the 
results of radio nuclide scanning may be convincing 
enough to satisfy the physician as to the diagnosis. 
In other cases, however, one may wish to demon
strate occlusion of the renal artery or its branches 
with renal angiography. 
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Renal Vein Thrombosis. The thrombosis is usually 
incomplete and unilateral, and causes renal failure 
only occasionally in infants and rarely in adults. 
Although the IVP may support the diagnosis by 
showing ureteral notching caused by enlarged col
lateral veins, renal and vena cava venography are 
usually necessary to confirm the diagnosis. 

Computed tomography and magnetic resonance 
imaging 
These imaging techniques are rarely useful in the 
diagnosis of renal failure. However, acute renal 
cortical necrosis [93] or renal infarction [94] can be 
detected by computed tomography. Spiral CT 
angiography [95, 96] and magnetic resonance 
angiography [97] are being evaluated as methods to 
diagnose renal artery stenosis. 

Renal biopsy 
A renal biopsy usually reveals the etiology of the 
renal failure in undiagnosed cases with intrinsic 
renal disease [98, 99]. When the etiology is already 
known, a biopsy may give the histologic stage of 
the disease and thereby indicate if the lesion is 
amenable to treatment. 

Percutaneous renal biopsies are performed 
under local anesthesia usually with sonography or 
computed tomography to locate the lower pole of 
the kidney. Bleeding is the main complication and 
causes gross hematuria, perirenal hematoma, and 
blood loss requiring transfusion in a few percent of 
patients. Nephrectomy or selective embolization to 
stop hemorrhage is necessary in about 0.1 % and 
deaths from bleeding occur in less than 0.1 % of 
cases [100]. Hypertension and renal failure seem to 
increase the risk of complications [100]. The risks 
are a little less with open (surgical) renal biopsies 
[101]. Due to the seriousness of these complica
tions, renal biopsies are only to be performed when 
the result may alter the therapy and when there are 
no contraindications. Before doing a renal biopsy, 
one must screen for bleeding dyscrasias and correct 
any abnormality that is found. 

CONCLUSIONS 

Patients with undiagnosed azotemia after the initial 
laboratory evaluation require additional investiga
tion. This chapter discusses the most commonly 
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used tests and their interpretation. These tests are 
listed on Table 6.4 with their indications. 

NOTES 

I. Obviously, urine samples for assessment of renal avidity 
ideally should be collected before or well after the use of a 
diuretic. However, if the patient is refractory to diuretics, 
determination of salt avidity after diuretic administration 
may have value. A test showing low urine salt content would 
be reliable, while a test showing high salt content would have 
to be repeated after the diuretic wears off. 

Table 6.4. Summary of additional laboratory tests 

Extrarenal test 
CBC, chest Xray, stool 
guaiac, liver function tests, 
serum glucose, calcium. 
phosphorus and uric acid 

Urine protein: creatinine, 
sulfosalicylic acid test 

Skin/throat culture, C, ASLO 
titer, etc. 

Anti-GBM antibodies, ANCA 
Sinus X-rays, ENT evaluation 
ANA, C, ESR, ANCA, 
rheumatoid factor, 
cryoglobulin, arteriography, 
biopsy of affected tissue 

Protein & immunofixation 
electrophoresis 

ANCA, C studies (C3, C4, 
CH50) 

Renal tests 
24 hour urine protein, 
urine protein: creatinine 

Urine Na, Cl, FENa, FECI 

Renal sonogram 
Intravenous pyelography 

Technetium scan 

Gallium citrate scan 
Renal arteriogram 

Renal venography 
Renal biopsy 

Indication 
All undiagnosed patients 

No proteinuria, over age 50 

Impetigo. sore throat 

Lower respiratory symptoms 
Upper respiratory symptoms 
Constitutionallmultiorgan 
symptoms, hematuria and 
proteinuria 

Proteinuria, over age 50 

Hematuria & proteinuria 

Indication 
Proteinuria 

? Hepatorenal syndrome, 
prerenal azotemia, ATN, 
hypovolemia 

All undiagnosed patients 
Renal colic, address? raised 
by sonogram 

? Unilateral function, 
? embolism 

? Acute interstitial nephritis 
? Polyarteritis nodosa, ? renal 
artery occlusion 

? Renal vein thrombosis 
Undiagnosed parenchymal 
disease 
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PART THREE 

The various causes of renal failure and their diagnoses 

Part II of this book was a discussion of the first diagnostic step, gathering basic information about the patient. 
In the second diagnostic step, syndrome recognition, the physician looks at the clinical picture and recognizes 
the condition responsible for the renal failure. This requires an adequate fund of information about the 
disorders that produce renal failure. These are now described in Part III. 

False renal failure and chronic renal failure are discussed first (Chapter 7), since they are easy to identify, 
and require little further investigation. Failure to recognize these conditions can lead to invasive, costly and 
useless tests. 

Next, we turn to the causes of acute and subacute renal failure. Prerenal and postrenal conditions 
(Chapters 8 and 9) should be distinguished from parenchymal diseases early on. Prerenal conditions (low 
perfusion states) and postrenal conditions (states that impede urine outflow) are common, readily 
recognized, and are often easy to treat. 

Finally, in Chapters 10 to 13, we discuss parenchymal renal disorders: vascular, glomerular, tubular and 
interstitial diseases. Confirmation of the diagnosis, the third diagnostic step, is also described here in Part III 
for each of the various conditions discussed. 



7. False renal failure and chronic renal failure 

J. GARY ABUELO 

FALSE RENAL FAILURE 

False renal failure is an increase in Scr without a 
fall in GFR due to one of the etiologies listed in 
Table 7.1. (See the section, Misleading Elevation in 
Scr, in Chapter 5.) The physician needs to consider 
this diagnosis when the Scr increases without a 
change in BUN or when he recognizes one of the 
conditions on Table 7.1. For confirmation, one 
should stop the suspected drug or in the case of 
chemical interference, measure Scr with another 
method. With muscular individuals, a creatinine 
clearance should be performed. 

CHRONIC RENAL FAILURE 

Definition 
Chronic renal failure is persistent azotemia caused 
either by gradual renal parenchymal damage or by 
tissue loss from a short-lived process, such as a 
poststreptococcal glomerulonephritis. One usually 
sees a slow progressive loss of GFR over years, 
eventuating in uremia. This is due to continued ac
tivity of the underlying disease, and to a poorly un
derstood sclerosing process that occurs even if the 
original disease runs its course and leaves enough 
nephrons to sustain life [1, 2]. Chronic renal failure 
is generally irreversible, although exceptions occur, 
as discussed below. 

Causes 
Table 7 .2 lists the etiologies of chronic renal failure 
[3-5]. In general, diabetic nephropathy, 
nephrosclerosis due to hypertension, and chronic 
glomerulonephritis each account for 20-30% of 
cases, while the next most common causes, 
polycystic kidney disease and obstructive 

J.G. Abuelo (ed.), Renal Failure, 49-53. 
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Table 7.1. Causes of false renal failure* 

Increased creatinine load 
Large meal well cooked meat 
Greatly increased muscle mass 

Impaired tubular secretion of creatinine 
Salicylate 
Cimetidine 
Trimethoprim 

Positive interference with creatinine measurement 
Jaffe reaction 

Drugs 
Cefoxitin 
Acetohexamide 
Methyldopa 

Acetone and acetoacetic acid 
Diabetic, alcoholic or starvation ketosis 
Ingestion of isopropyl alcohol 
Inhalation of acetylene 

Creatinine imidohydrolase method t (5-flucytosine) 

* For references see Chapter 5 - Misleading Elevation in Scr. 
t Ektachem method (Eastman Kodak Company, Rochester, 

NY). 

nephropathy, each are found in less than 5% of 
cases. 

Most patients with chronic glomerulonephritis have not had 
a renal biopsy to define the pathologic lesion; among those 
who have had a biopsy, IgA nephropathy, focal segmental 
glomerulosclerosis and crescentic glomerulonephritis are the 
most common forms of chronic glomerulonephritis [4, 5]. 

Sometimes the cause of chronic renal failure may 
be evident from a previous renal biopsy or might be 
surmised from a history of an underlying disease 
like severe longstanding hypertension or diabetes 
mellitus. In many cases an etiology is never deter
mined, since renal biopsies are rarely performed be-
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Table 7.2. Causes of chronic renal failure 

Glomerular diseases 
Primary· 

Chronic glomerulonephritis (indeterminate type) 
IgA nephropathy 
Focal segmental glomerulosclerosis 
Idiopathic crescentic glomerulonephritis 
Membranous glomerulonephritis 
Membranoproliferative glomerulonephritis 

Secondary 
Diabetic nephropathy· 
Amyloidosis 
Lupus nephritis 
Hereditary nephritis 
Heroin nephropathy 
HIV -associated nephropathy 
Goodpasture's syndrome 
Light chain deposition disease 
Vasculitides 

Polyarteritis nodosa 
Wegener's granulomatosis 
Henoch-Schonlein purpura 
Essential mixed cryoglobulinemia 

* 20-30% of patients. 

cause of the low likelihood of finding a reversible 
lesion. 

Clinical picture 
Chronic renal failure is usually asymptomatic in
itially and is recognized by a slowly rising Scr re
corded over many years. Uremic symptoms like it
ching or anorexia and manifestations of volume 
overload like hypertension, pulmonary or 
peripheral edema usually appear as renal failure ap
proaches end-stage. Proteinuria varies from none to 
massive amounts, and depends on the underlying 
etiology with glomerular diseases generally causing 
the most protein excretion. The degree of hematuria 
also varies widely. 

An elevated Scr is often the first sign that some
thing is wrong with the kidneys. Indeed, an evalua
tion for an apparently minor complaint of tiredness 
or poor appetite may show a Scr over 10 or even 20 
mg/dl(l770I-tmollL)! In some cases, the chronicity of 
the process is supported by the presence of long
standing nocturia (loss of concentrating ability), 
anemia, edema, uremic symptoms, or by short 
stature in children and young adults. On the other 
hand, a normal hemoglobin concentration is un
common in severe chronic renal failure (Scr greater 

Vascular diseases 
Hypertensive vascular disease· 

Benign arteriolar nephrosclerosis 
Malignant arteriolar nephrosclerosis 

Atheroembolic disease 
Bilateral renal artery stenosis 
Hemolytic uremic syndrome 
Acute cortical necrosis 

Tubulointerstitial diseases 
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Polycystic kidney disease/other cystic diseases 
Myeloma kidney 
Obstructive uropathy 
Reflux nephropathy (chronic pyelonephritis) 
Chronic calcium nephropathy 
Oxalate nephropathy 
Lead nephropathy 
Balkan nephropathy 
Drug induced interstitial nephritis 

Analgesic nephropathy 
Cis-platinum nephropathy 
Nitrosourea nephropathy 
Lithium nephropathy (1) 

than 6 mg/dl or 530 I-tmollL) and would suggest acute 
renal failure. 

Diagnosis 
In evaluating patients with azotemia the first step is to 
decide whether it is acute (often reversible) or chronic 
(usually irreversible). The most reliable means is to 
review old values of Scr. Although an acute process 
may be suspected initially, a stable Scr over several 
weeks would suggest that the renal insufficiency is 
chronic. However, a stable or slowly rising Ser for at 
least three months is necessary to exclude acute or 
subacute disease and diagnose chronic renal failure. Ij 
previous Scr levels are not available, finding atrophic 
kidneys by ultrasonography or by X-ray also confirms 
chronic renal failure, as does renal osteodystrophy 
detected by roentgenologic bone survey. However, the 
absence of small kidneys and osteodystrophy does not 
exclude chronic renal failure. Therefore, patients with 
normal kidney size and a recently discovered stable el
evation in Scr can present a difficult decision about 
how extensive an evaluation for acute renalfailure to 
perform. For example, if the patient is otherwise 
healthy and has nothing to suggest chronic renal 
failure other than the stable elevated Scr, the patient is 
assumed to have acute renal failure and an aggressive 
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investigation as outlined in subsequent chapters is ap
propriate. On the other hand, if the patient with nor
mal kidney size and a stable elevation ofScr is elderly, 
severely debilitated, and has longstanding hyperten
sion, one tends to limit the evaluation of azotemia, and 
to assume that it is due to chronic renal failure caused 
by (benign arteriolar) nephrosclerosis. One should 
just measure Scr periodically and only investigate 
further if a rapid rise is noted. 

In deciding how much of an evaluation to carry out, 
the physician must consider the likelihood of a 
treatable etiology, the risk, pain and expense of the 
tests involved, the quality of life and the desires of the 
patient. 

Renal Sonogram. Ultrasonography of the kidneys 
should be carried out in all patients with suspected or 
confirmed chronic renal failure. If one cannot dis
tinguish acute from chronic azotemia, the finding of 
small kidneys or normal size kidneys with paren
chymal atrophy supplanted by replacement 
lipomatosis [6-8 1 confirms the chronic nature of the 
renal disease. The ultrasound may also indicate the 
cause of chronic renal failure by detecting polycystic 
kidneys, signs of analgesic nephropathy, an atrophic 
kidney due to renovascular disease, or a dilated collec
ting system due to obstruction. 

Roentgenologic Bone Survey. Perhaps 10-30% of 
patients with end stage renal disease show X-ray 
changes of renal osteodystrophy, typically erosion of 
the terminal phalanges on plain films of the hands [4, 
9]. These cases almost always have an increased 
serum alkaline phosphatase concentration. Although 
uncommon, thefinding of osteodystrophy will confirm 
that the renalfailure is longstanding. Therefore, if the 
serum alkaline phosphatase level is high and chronic 
renal failure is suspected, X-rays of the hands should 
be obtained. 

Treatable Causes. A diagnosis of chronic renalfailure 
usually means that a progressive loss of GFR is 
unavoidable. Further diagnostic studies should be 
limited and a renal biopsy is rarely indicated. Never
theless, there are several causes of chronic renal 
failure that should be carefully excluded, since their 
treatment may stabilize or reverse the loss ofGFR. 

Severe hypertension may be a clue to the cause of 
chronic renalfailure. Renal artery stenosis can lead to 
gradually declining renal function, which may be im-
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proved by relief of the renal artery stenosis with 
surgery or angioplasty, even in the face of total renal 
arterial occlusion [10 1 (see Chapter 10, Vascular 
Causes of Renal Failure). One should suspect renal 
artery stenosis in older hypertensive patients with 
generalized atherosclerosis, worsening hypertension, 
and asymmetric renal size [11 l, and should consider 
performing arteriography. 

Many reversible etiologies produce interstitial or 
tubular damage. Chronic urinary tract 0 bstruction is 
one such disorder;fortunately, it is easily recognized 
on ultrasonography, and renal failure may improve 
with relief of obstruction, if parenchymal atrophy has 
not occurred (see Chapter 9, Postrenal Renal 
Failure). Analgesic nephropathy is a combination oj 
chronic interstitial nephritis and papillary necrosis 
formerly observed in individuals abusing phenacetin 
over many years. Now that phenacetin has been re
moved from most markets, a similar condition oc
casionally without papillary necrosis is being observed 
with prolonged use of acetaminophen and nonsteroidal 
anti-inflammatory drugs [12-16]. It should be 
suspected in patients with chronic backache, arthritic 
pain or headaches. Analgesic nephropathy is usually 
diagnosed by showing papillary necrosis on in
travenous or retrograde pyelography. However, renal 
tomography alone is a sensitive screening test [16 l, 
and should be ordered in patient's with longstanding 
analgesic use. Renal function may improve or stabilize 
with discontinuation of the analgesic abuse. Chronic 
hypercalcemia of many causes produces nephrocal
cinosis and interstitial nephritis. A serum calcium con
centration should be measured, since improvement oj 
renal insufficiency due to hypercalcemia may be 
observed after normalization of the serum calcium 
[17-19 1 (see Chapter 10, section on Vasomotor 
Disturbances) . 

Patients older than 40 years with normal kidney 
size and proteinuria should be tested for multiple 
myeloma or light chain deposition disease with urine 
and serum protein and immunofixation elec
trophoresis, since monoclonal gammopathies may 
present with chronic renal insufficiency, and 
chemotherapy may occasionally lead to partial 
recovery of renal function [20-22 1 (see Chapter 11, 
section on Nephrotic Diseases, and Chapter 12, sec
tion on Tubular Obstruction). 

Acute Fall in Renal Function. Patients with pre-existing 
chronic renal failure are at higher risk for acute renal insuffi-
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ciency than are patients with normal renal function [23, 24), 
especially in the post-operative setting [25, 26). In fact, at some 
time up to a quarter of patients with chronic renal impairment 
experience "acute-on-chronic" renal failure, usually due to 
volume depletion, aggressive treatment of hypertension, 
urinary obstruction or infection [27,28,29). 

It is important to detect "acute-on-chronic" renal failure 
since the acute component is usually reversible with appropri
ate treatment. Typically, the Scr rises more rapidly than ex
pected for simple progression of chronic disease. To get an 
idea of the expected rise in Scr, one may plot the reciprocal of 
the previous Scr values (IIScr) versus time on graph paper and 
draw the best fitting straight line through the points. This line 
will show the predicted Scr with which one may compare the 
current values (30) (Figure 7.1). Another clue to acute-on
chronic renal failure is a BUN to Scr ratio greater than 20 : I 
(0.08 in SI units), since such ratios are rare in uncomplicated 
chronic renal failure [4, 31). 

If one detects or suspects an unusually rapid fall in GFR, 
one must look for a treatable cause, especially one of the 
etiologies mentioned above. In patients with pyuria (more 
than 3-5 white blood cells per high power field) a urine culture 
should be done and any infection should be treated (29). 

CONCLUSION 

Chronic renal failure as a cause of azotemia is 
diagnosed by anyone of the following: 
(1) a progressive increase in Scr; 
(2) an elevated Scr that is stable for three months or 

more; 
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Fig. 7.1. A patient with chronic renal failure has had a Scr in the 
area of2.0 mgldl for the past year. A Scr of2.8 mgldl is obtained 
at a routine visit. Does this indicate acute-on-chronic renal 
failure? The plot of IIScr shows that the 2.8 mgldl measurement is 
not very different from the predicted value - about 2.5 mgldl, and 
suggests that no acute process has occurred. 
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(3) atrophic renal parenchyma by X-ray or 
sonography; 

(4) renal osteodystrophy on skeletal survey. 
Hypercalcemia and obstruction need to be ex

cluded with a serum calcium determination and 
renal sonography, respectively. Clinical clues to 
other treatable causes are indicated on Table 7.3. 
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8. Prerenal renal failure 
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Definition and causes 
Prerenal renal failure or azotemia results when a 
disturbance in systemic hemodynamics reduces 
renal perfusion. The most common causes of 
prerenal renal failure are congestive heart failure, 
sepsis, and volume depletion. Specific etiologies are 
listed on Table 8.1. 

Table 8.1. Causes of pre renal renal failure 

Cardiovascular causes (primary pump failure) 
Myocardial disease 

Infarction 
Cardiomyopathy 

Pericardial disease 
Tamponade 
Constrictive pericarditis 

Pulmonary vascular obstruction 
Embolism 
Pulmonary hypertension 

Arrhythmias 
Valvular disease 
Myxoma 
Hypocalcemia 

Volume depletion (secondary pump failure) 
Fluid loss to the third space 

Tissue damage 
Pancreatitis 
Peritonitis 
Rhabdomyolysis 
Burns 

Hypoalbuminemia 
Malnutrition 
Nephrosis 
Liver failure 
Enteropathy 

Small or large bowel obstruction 
Capillary leak 2° to ovarian stimulation [1] 

J.G. Abuelo (ed.), Renal Failure, 55-57. 
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Clinical picture 
The typical patient with pre renal renal failure has 
had a recent cardiac insult or obvious volume loss 
and has recumbent or orthostatic hypotension. He 
may complain of weakness or lightheadedness 
when standing relieved by sitting or lying. The 
urine flow is usually in the oliguric range (less than 

Blood loss 
Fluid loss to the outside 

Gastrointestinal 
Vomiting 
Diarrhea 
Fistula 
Drainage tubes 

Renal 
Diuretics 
Primary adrenal insufficiency 
Osmotic diuresis 
Hypercalcemia 
Pituitary and nephrogenic diabetes insipidus 
Salt wasting nephropathies 

Dermal 
Burns 
Sweat 

Dehydration 2° to H intake 
Water not available 
Thirst mechanism not operative 

Reduced vascular resistance 
Sepsis 
Antihypertensive medications 
Overdose of barbiturates, etc. 
Carcinoid syndrome [2] 
Interleukin-2 therapy [3-8] 
Arteriovenous fistula 
Coronary vasodilators 

Nitrates 
Calcium channel blockers 
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500 mllday) due to low GFR and avid tubular reab
sorption of salt and water. The BUN to Scr ratio is 
near 20 or greater (0.08 in SI units), the urine 
specific gravity is 1.015-1.020 or greater, the 
dipstick for urine protein is trace or negative, the 
urine sediment is normal, and urinary sodium and 
chloride concentrations are low. A high hematocrit 
may be seen in patients with fluid loss. Renal func
tion returns promptly to normal if effective circula
tion is restored. 

Occasional patients have nonoliguric prerenal renal failure 
with urine flows as high as 3 Llday [9, 10]. In some cases the 
tubules are unable to concentrate appropriately for various 
reasons [9], while in other cases a catabolic state or excess 
tube feeding increases urea production, which in turn causes 
an osmotic diuresis [10]. 

Diagnosis 
The physician usually can recognize the clinical pic
ture of prerenal azotemia and may consider the 
diagnosis confirmed if Scr returns to normal with 
correction of the volume deficit and blood pressure. 
Unfortunately, cardiogenic and septic shock may not 
respond to therapy and the high B UN to Scr ratio 
and renal salt avidity themselves must serve as 
presumptive evidence. 

Pitfalls. The diagnosis can be missed when the patient's 
blood pressure is decreased, but still in the normal range. In 
such cases, a circulatory disturbance, while not great enough 
to cause frank hypotension, can still produce prerenal renal 
failure, because underlying factors reduce the kidneys' 
autoregulatory capacity and increase susceptibility of GFR 
to a small fall in perfusion pressure. These factors include 
hypertension, renal artery stenosis, chronic renal insuffi
ciency, diabetic arteriolosclerosis and treatment with drugs 
that interfere with renal autoregulation (angiotensin conver
ting enzyme inhibitors, non-steroidal anti-inflammatory 
drugs) [11]. 

Although hypovolemia is responsible for many cases of 
prerenal azotemia, hypervolemia occurs in prerenal azotemia 
due to cardiogenic shock, and euvolemia is common in septic 
shock. (The three situations have arterial underfilling in 
common.) When assessing a patient's hemodynamic status, 
the physician should remember that all of these volume vari
ations are possible. 

Also, the recognition of intravascular hypovolemia is not 
always straightforward in cases of prerenal azotemia. In 
critically ill patients with hypoalbuminemia, the presence of 
edema should not be used to exclude intravascular volume 
depletion. Alternatively, the physician may not appreciate 
occult volume loss such as that due to a simple reduction in 
salt intake in the presence of obligatory renal salt losing. Salt 
losing kidneys can be caused by cisplatin [12] or by many 
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chronic renal diseases particularly tubuJointerstitial, cystic 
and obstructive processes [13-16]. Also, renal salt loss may 
be due to diuretics, hypercalcemia, primary adrenal insuffi
ciency or osmotic diuresis from hyperglycemia, mannitol or 
enteric tube feeding [17]. Urine tests in these cases show 
renal salt loss and not salt avidity. 

One may encounter other misleading laboratory findings 
in prerenal azotemia. A rise in BUN to Scr ratio may be 
blunted by low dietary protein, voluminous diarrheal stools 
and other factors (see Urea. Low Ratios in Chapter 5). The 
expected high urine specific gravity, normal protein excre
tion, and normal urine sediment may be masked by underly
ing renal disease or other factors. 

As detailed in the Pitfalls section above, prerenal 
renal failure sometimes occurs without frank 
hypotension or without typical historical and 
laboratory features. This means that one must 
always consider this diagnosis in patients with unex
plained renal failure. Orthostatic changes in blood 
pressure and pulse should be sought. Hypertension 
and signs of volume overload rule out volume deple
tion, but normal blood pressure and apparent 
euvolemia do not. 

Fluid "Challenge". A trial of volume expansion in 
normotensive apparently euvolemic patients can dia
gnose hypovolemic prerenal azotemia. One should 
administer normal saline intravenously or give salt 
orally (NaCl tablets, bouillon, highly-salted foods) 
to look for improvement in BUN and Scr. An ad
equate salt load increases the weight by three to four 
kilograms over about three days, brings the blood 
pressure to 140190 mmHg or produces mild volume 
overload. Also when a patient's hemodynamic status 
is uncertain, hypovolemia, low vascular resistance, 
and primary pump failure may be diagnosed by plac
ing a Swan-Ganz catheter and measuring pulmonary 
capillary wedge pressure, peripheral resistance and 
cardiac output. 

Furosemide "Challenge". Some physicians give a furosemide 
"challenge" to oliguric patients, since a diuretic response is 
thought to indicate prerenal azotemia. The diagnostic value 
of this maneuver is doubtful as urine flow may rise regardless 
of the diagnosis. Also, the creation of a brisk diuresis in a 
volume depleted individual is hazardous. 

Conclusion 
Classic prerenal renal failure with its constellation 
of hypotension, high BUN:Scr ratio and high urine 
specific gravity is easily diagnosed and often re
sponds quickly to treatment. The challenge to the 
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Table 8.2. Clinical clues to prerenal renal failure 

Recent volume loss 
Recent cardiac insult 
Fever or other signs of sepsis 
Orthostatic symptoms 

Blood pressure < usual level 
BUN/Scr > 20: 1 «0.08 SI) 
Urine specific gravity> 1.020 
Albumin <3 g/dL without 
edema 

physician is to recognize this condition when 
hypotension or other hallmarks are absent. Clinical 
clues to prerenal renal failure are listed on Table 
8.2. 
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Definition 
Postrenal renal failure results from a disturbance at 
any point in the normal passage of urine from the 
kidneys to the outside. Most cases involve mechan
ical blockage, but a neurogenic bladder or a rup
tured bladder with intraperitoneal extravasation 
also disrupts urine outflow. Acutely, obstruction 
causes dilatation of the renal pelvis and calyces and 
a reversible fall in GFR; chronically progressive 
dilatation of the collecting system and paren
chymal atrophy lead to massive hydronephrosis 
and irreversible renal failure. 

Pathophysiology 
Complete obstruction of the bladder outlet, both 
ureters or the ureter from a single functioning 
kidney produces total cessation of function with 
anuria. Partial obstruction often reduces GFR and 
urine flow, but can also reduce GFR and increase 
urine flow due to interference with urine concen
tration. Complete obstruction of one of two func
tioning kidneys should acutely halve the GFR and 
double the Scr, e.g. from 1 to 2 mgldl (88 to 176 
/LmoI/L). With underlying chronic renal failure the 
rise in Scr with unilateral obstruction may be more 
significant, e.g. doubling after the obstruction from 
4 to 8 mgldl (354 to 708 /LmollL). In the first 
example, compensatory hypertrophy of the 
unobstructed normal kidney will return GFR and 
Scr close to normal. With chronic renal failure, 
however, compensatory hypertrophy is minimal. 

Causes 
The causes of postrenal renal failure are many and 
appear in Table 9.1. Obstruction in women occurs 
most often in the middle years of life, and is due to 
stones and pelvic malignancies. Stones are respon
sible for most cases in men before age 60; after-
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wards prostatic cancer and hypertrophy are the 
leading causes. Congenital ureteropelvic junction 
obstruction is the most common cause of 
hydronephrosis in young children and is also seen 
in adults. 

Clinical picture 
In typical cases of postrenal renal failure the initial 
evaluation gives a clue to the diagnosis. 

On history the patient may have active 
manifestations of urologic disease like bladder 
symptoms, gross hematuria, signs of urinary infec
tion or pain from the urinary tract (see Other Renal 
or Urologic Symptoms in Chapter 3). As mentioned 
above, urine output may be increased, reduced or 
absent. The setting may suggest a higher risk of 
urologic disease or obstruction. The risk is in
creased by old age in men, a solitary kidney, anti
cholinergic drugs, diabetes mellitus, previous 
urologic disease, and surgery, malignancy or other 
disorder of the peri urinary structures. 

The physical examination may show a palpable 
hydronephrotic kidney, distended bladder or a 
pelvic or prostatic mass. However, when benign 
prostatic hypertrophy of the subcervicallobe pro
duces postrenal renal failure, the prostate may be of 
normal size and consistency on rectal examination. 

The urinalysis reveals an isotonic specific 
gravity (-1.010), negative to trace protein, oc
casionally increased red cells, and if infection is 
present, pyuria and bacteria. 

Renal salt avidity and high BUN to Scr ratio are occasion
ally present [36-39], but renal salt losing with volume deple
tion may also be seen [40]. Defects in distal tubular 
potassium and acid secretion may produce hyperkalemia or 
metabolic acidosis out of proportion to the severity of renal 
failure [41]. 
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Table 9.1. Causes of post renal renal failure 

Ureteropelvic junction 
Stricture [1] 
Fibrous band 
Aberrant vessel 

Ureter [2} 
Trauma 

Edema after retrograde catheter [3] 
Surgical ligation or other injury [4] 
Stricture after instrumentation 

Congenital 
Ureterocele 
Severe vesicoureteral reflux 
Ectopic location of ureter 
Ectopic kidney 
Bladder diverticula 
Stricture 

Intraluminal objects 
Stone' 
Sloughed papilla 

Sickle cell anemia and trait 
Diabetes mellitus 
Nonsteroidal anti-inflammatory drugs 
Pyelonephritis 

Blood clots 
Bleeding diathesis [5] 
Aminocaproic acid [6] 

Fungus balls [7, 8] 
Inflammatory process 

Retroperitoneal fibrosis 
Idiopathic 
Bromocriptine [9] 
Methysergide [10] 
Dihydroergotamine [11] 
Aortic aneurysm with perianeurysmal fibrosis [12] 
Post aortoiliac [13] or other surgery 
Crohn's disease, diverticulitis, appendicitis or other 

contiguous inflammatory processes [I4] 
Retroperitoneal or pelvic abscess 
Retroperitoneal bleeding [I5] 
Urinoma (post trauma) 
Tuberculosis [I6] 
Vasculitis [17-19] 
Schistosomiasis [20] 
Sarcoidosis and other granulomatous disease 

Uterine process 
Pregnancy [21-23] 
Prolapse [24] 
Endometriosis [25, 26] 

* Most common causes. 
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Tumors 
Urinary neoplasms 

Carcinoma of ureter, bladder or prostate 
Polyps 
Sarcoma and other rare tumors 

Extraurinary neoplasms 
Carcinoma of cervix or ovary' 
Retroperitoneal lymphoma 
Breast or other retroperitoneal metastatic malignancy 

Amyloidosis [27, 28] 
Iliac artery aneurysm 
Idiopathic post-ileal conduit [29] 
Submucosal bleeding (warfarin) [30] 

Bladder 
Neurogenic bladder 

Meningomyelocele and other congenital defects 
Diabetes mellitus [31] 
Spinal cord lesions 

Trauma 
Tumor 
Abscess 
Tabes dorsalis 

Herpes and other viral infections [32, 33] 
Narcotics 
Drugs with anticholinergic activity 

Antihistamines 
Phenothiazines 
Disopyramide phosphate 

Multiple sclerosis 
Rupture due to trauma [34] 
Chronic (lupus) interstitial cystitis [35] 

Urethra 
Benign prostatic hypertrophy' 
Neoplasms 

Prostate' 
Bladder 
Other tumors 

Intraluminal object 
Stone 
Foreign body 
Obstructed indwelling catheter 

Congenital 
Posterior urethral valves 
Anomalous location 
Urethral diverticula 

Post infectious or traumatic stricture 
Meatal stenosis 
Phimosis 
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Diagnosis 
Urethral Catheter. A urethral catheter should be in
serted in patients with acute urinary retention or 
other urinary symptoms, as well as in elderly men 
with undiagnosed renal failure. If possible the patient 
should void just before catheterization. A postvoid 
residual urine volume of up to 100 to 150 ml excludes 
impaired bladder outflow as a cause of renal failure, 
and the catheter should be removed. If the postvoid 
residual urine volume is 150 to 400 ml, the catheter 
should be left infor 24 to 48 hours to look for an im
provement of Scr; however, impairment of bladder 
outflow severe enough to produce renal failure 
usually leads to residual urine volumes of 400 ml or 
more. Drainage of a large amount of urine from the 
bladder followed by a fall in Scr confirms the 
postrenal azotemia. Relief of obstruction may also 
lead to a continuous diuresis of 3 L/day or more, but 
in chronic obstruction, recovery of renal function 
may occur without such a diuresis [42]. A large blad
der volume without a subsequent fall in Scr indicates 
that permanent damage from bladder outlet obstruc
tion has occurred and improvement, if any, will be 
slow and incomplete. It may also reflect concurrent 
ureteral obstruction. 

Imaging of the Urinary Tract. Patients suspected of 
postrenal azotemia should have a renal sonogram. It 
will show hydronephrosis in virtually all patients with 
urinary obstruction, although dilatation may only be 
minimal (Grade I hydronephrosis) [43, 44]. Alter
natively, in patients with acute renal colic, if not con
traindicated (see section on Intravenous 
Pyelogram, Chapter 6), an IVP should be ordered to 
look for obstruction behind a stone or sloughed 
papilla. If the diagnosis remains in doubt or further 
definition of the lesion is needed, cystoscopy with 
retrograde pyelography or in sicker patients, per
cutaneous nephrostomy with antegrade pyelography 
is indicated [45]. A urologist should be consulted at 
this point for guidance in further diagnosis and man
agement of obstructed patients. 

Since a renal sonogram ought to be done in all un
diagnosed cases of renal failure, postrenal renal 
failure should be detected even in patients with no 
clinical indications of an obstruction [46]. 

A renal sonogram or IVP is not always adequate 
to diagnose urinary obstruction. With minimal 
hydronephrosis, residual hydronephrosis and 
hydronephrosis of pregnancy, one may be unsure of 
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the clinical significance of urinary tract dilatation. 
Moreover, rare obstructed patients have no 
hydronephrosis at all! 

Minimal or no Hydronephrosis. Rarely obstruction causing 
renal failure produces little or no dilatation. This can occur 
early after obstruction before much distention takes place 
[44,47,48] or when retroperitoneal fibrosis or tumor encases 
the ureter and renal pelvis [4S]. The diagnosis of postrenal 
renal failure may be missed in these patients, because no 
hydronephrosis has developed or the slight dilatation is er
roneously thought to be inadequate to explain the degree of 
renal failure [43, 4S]. Within the first 24 hours of acute 
obstruction by calculi a third of patients have no 
hydronephrosis detected on ultrasound, but mild ureteral 
dilatation and the point of obstruction will be seen on IVP 
[47]. Therefore, the IVP is a better test than sonography in 
most patients with acute renal colic. 

Residual Hydronephrosis of Questionable Significance. Relief 
ofiongstanding urinary obstruction may improve GFR, but 
bring about little or no improvement in chronic dilatation of 
the urinary tract. If a new obstructing lesion causes a rise in 
Scr, the residual hydronephrosis can interfere with detection 
of the new obstruction. While a clear increase in dilatation 
points to urinary tract blockage, a significant obstruction 
may produce no change in dilatation. 

Hydronephrosis of Pregnancy. Postrenal renal failure may be 
produced by the gravid uterus, especially one overdistended 
by polyhydramnios or multiple gestations [21,23,49]. It can 
be difficult to recognize in pregnant women who normally 
develop up to Grade II hydronephrosis without loss of renal 
function [50-52}. The mechanism of this physiologic dilata
tion is not known. lethe initial evaluation suggests postrenal 
azotemia or if the dilatation on ultrasound is more than that 
anticipated for the stage of pregnancy [SO-S2], the diagnosis 
of a pathologic blockage may be confirmed by a fall in Scr 
following relief of the obstruction. Delivery or placement of 
a ureteral catheter or percutaneous nephrostomy tube 
should be carried out [21-23]. Alternatively, in women with 
polyhydramnios, amniotomy may decompress the ureters 
[23]. 

Several procedures may be useful in assessing the sig
nificance of dilatation in these three situations. 
Diuretic renography may be carried out by combin
ing a technetium scan with furosemide. The half time 
or time for half the tracer to exit the collecting 
system is normally less than 15 min, and is over 20 
min in clear-cut obstruction. Unfortunately, many 
patients fall in the indeterminate range of 15 to 20 
min [53]. Alternatively, one may do a functional 
study, the Whitaker test, in which fluid is infused into 
the renal pelvis through a percutaneous needle at high 
flow and the hydrostatic pressure response is 
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monitored [54]. High pressure indicates obstruction. 
Inaccurate results occur with both these tests, lead
ing some to question their value [55-57]. If urinary 
obstruction cannot be ruled out, retrograde or 
antegrade pyelography and a trial of urinary 
drainage should be considered. Obviously, a 
urologist should be involved in the evaluation of these 
difficult cases. 

Conclusion 
Most patients with postrenal renal failure give a 
history suggestive of an obstructive process in the 
urinary tract. The most common clues to problems 
of urine outflow are given on Table 9.2. The 
diagnosis of impaired bladder emptying is con
firmed by urethral catheterization, while upper 
tract lesions are easily documented by renal 
sonography. Even cases with asymptomatic 
obstruction should not be missed, since the evalua
tion of undiagnosed renal failure includes renal 
sonography. 

Table 9.2. Clinical clues to postrenal renal failure 

Bladder symptoms 
Old age in men 

Solitary kidney 
Urinary tract pain 

Anticholinergic drugs 
History of pelvic or urologic 
malignancy 
Prostatic hypertrophy 
Gross hematuria 
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10. Vascular causes of renal failure 

J. GARY ABUELO 

DEFINITION AND CAUSES 

Vascular causes of renal failure are listed on Table 
10.1 and break down into three categories: 
Vasomotor disturbances refer to changes in 
glomerular arteriolar tone that reduce glomerular 
capillary pressure and as a result decrease 
glomerular filtration. These are functional rather 
than structural disorders, since the fall in renal per
fusion that usually occurs is not enough to cause 
ischemic injury to renal tissue. Small vessel involve
ment consists of the blockage of small arteries and 
arterioles by cholesterol crystals, thrombi or 
pathological processes in the vessel wall. Large 
vessel involvement comprises the occlusion of the 
renal arteries and their main branches by a variety 
of conditions. Main renal artery lesions are in
cluded here although they do not involve intrinsic 
renal structures. 

Table 10.1. Vascular causes of renal failure 

Vasomotor disturbances 
Hepatorenal syndrome 
Hypercalcemia 
Sepsis 
Drugs and contrast media 

Small vessel involvement 
Atheroembolic disease 
Scleroderma 
Malignant hypertension 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Acute cortical necrosis 
Benign arteriolar nephrosclerosis 
Radiation nephritis 

Large vessel involvement 
Renal artery stenosis 
Renal infarction 

J.G. Abuelo (ed. J. Renal Failure. 65-91. 
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INCIDENCE 

Adults 
Vascular disorders are responsible for about 5% of 
renal failure due to intrinsic renal disease (Chapter 
2, Table 2.2). Vasomotor disturbances caused, for 
example, by angiotensin-converting-enzyme 
(ACE) inhibitors, are the most common type of 
vascular renal failure [1]. Of the conditions affec
ting small vessels, (benign arteriolar) nephro
sclerosis from chronic hypertension and atheroem
bolic renal disease occur most frequently. Despite 
widespread atherosclerosis in the elderly, renal 
failure due to large vessel involvement is rarely 
observed. Both renal arteries are generally not 
completely blocked, and segmental, unilateral or 
partial occlusion usually allows enough perfusion 
to prevent azotemia. Also, few patients with severe 
enough bilateral renal artery stenosis to produce 
azotemia undergo the arteriography needed for 
diagnosis because of their frail state of health or of 
failure to consider the diagnosis. Thus, few of the 
cases that do occur are diagnosed. 

Pediatric age group 
With the exception of transient azotemia in infants 
treated with indomethacin for patent ductus 
arteriosus, renal failure due to vasomotor disturb
ance is rare in children and adolescents. In con
trast, hemolytic uremic syndrome, which affects 
small vessels, is responsible for 25% or more of 
cases of acute renal failure [2-5], and renal vein 
thrombosis is a common cause of renal failure in in
fants [2, 3, 6, 7]. 
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VASOMOTOR DISTURBANCES 

Causes 
Table 10.2 lists the vasomotor etiologies of renal 
failure, the most common of which are drugs and 
contrast media. 

Definition and pathophysiology 
Vasomotor disturbances impair GFR by reducing 
glomerular capillary pressure either through con
striction of the afferent glomerular arterioles or 
through dilation of the efferent glomerular 
arterioles. The fall in renal perfusion produced by 
afferent arteriolar constriction is not enough to 
cause anoxic cell damage. Thus, renal failure of 
vasomotor origin is rapidly reversible if the cause is 
removed. 

Afferent Glomerular Arteriolar Constriction. Hepatorenal 
syndrome, hypercalcemia, sepsis and drugs such as 
cyclosporine A increase afferent arteriolar resistance and, 
thus, can interfere with the transmission of arterial pressure 
to the glomerular capillaries . In states of low cardiac output 
or low blood pressure, this may also occur with nonsteroidal 
anti-inflammatory drugs (NSAIDs). Ordinarily, in these low 
perfusion states, prostaglandins maintain glomerular 
capillary pressure and blood flow by dilating the afferent 
arterioles (Figure 1O.IB). NSAIDs interfere with this 
homeostatic mechanism by decreasing prostaglandin pro
duction; as a result , afferent arterioles do not dilate and 
glomerular capillary pressure is inadequate to sustain nor
mal GFR (Figure 1O.1C). 

Efferent Glomerular Arterio/a." Dilation. Low perfusion 
states also stimulate the renin-angiotensin system. Angioten
sin II constricts the efferent arteriole and, thereby, works 
together with prostaglandins to support glomerular 
capillary pressure (Figure 10.1 B). ACE inhibitors block 

Table 10.2. Vasomotor disturbances that cause renal failure 

Hepatorenal syndrome [8 J 
Hypercalcemia [9 J 
Sepsis [10-12J 
Drugs and contrast media 

Nonsteroidal anti-inflammatory drugs 
ACE inhibitors [13, 14] 
Nifedipine (rare) [15-17] 
Cyclosporine A [18-20] 
Contrast media [21-27] 

Diatrizoate (IVP, CT scan, angiography) 
Iothalamate (IVP, CT scan, angiography) 
Iopanoic acid (oral cholecystography) 
Low osmolarity agents (angiography) 
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Fig. 10.1. Simplified diagram of intrarenal mechanisms for 
GFR autoregulation under reduced perfusion pressure, and 
GFR reduction by drugs. + = vasoconstriction, - = vasodilata
tion. (A) Normal conditions. (B) Perfusion pressure reduced 
within autoregulatory range. Normal glomerular capillary 
pressure is maintained by afferent vasodilation and efferent 
vasoconstriction. (C) Reduced perfusion + NSAID. Loss of 
vasodilatory prostaglandins increases afferent resistance. This 
causes glomerular capillary pressure to drop below normal and 
GFR to fall . (D) Reduced perfusion + angiotensin converting 
enzyme inhibitor (CEI). Loss of angiotensin II reduces efferent 
resistance. This causes glomerular capillary pressure to drop 
below normal and GFR to fall. 
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angiotensin II production, and the resulting fall in efferent 
arteriolar resistance reduces glomerular filtration pressure 
to subnormal levels (Figure 10.10). 

The mechanism of impairment of GFR with nifedipine 
and the various contrast agents is suspected to be 
vasomotor, but is not known with certainty. 

Contributory Jactors (Figure 10.2). In most cases 
vasomotor disturbances reduce renal perfusion in concert 
with other factors that also tend to compromise circulation 
to the kidney. For example, NSAIDs [28-31], ACE in
hibitors [13, 32, 33], contrast media [34], and hepatorenal 
syndrome [35-37] often produce azotemia in conjunction 
with renal hypoperfusion due to volume depletion or heart 
failure. Also, the hepatorenal syndrome, sepsis and hyper
calcemia themselves usually reduce arterial blood pressure 
or cardiac output. Patients within hepatorenal syndrome [8, 
36, 38] and sepsis [39] have a low systemic vascular 
resistance, while hypercalcemia induces renal salt wasting 
and, thereby, volume depletion. As another example of this 
synergy, ACE inhibitors sometimes precipitate renal failure 
in patients with renal artery stenosis of a solitary kidney or 
of both kidneys [14]. 

If a patient already has chronic renal insufficiency, 
NSAIDs [40], ACE inhibitors [33, 41, 42], contrast media 
and nifedipine [15, 17] are more likely to cause a reversible 
deterioration of renal function. 

Finally, two simultaneous vasomotor disturbances in the 
same patient can increase the risk of renal failure. This is 
observed when cyclosporine A is used in conjunction with an 
ACE inhibitor [43] or with NSAIDs [44-46] or when patients 
with liver failure are septic [35, 37] or treated with NSAIDs 
[47]. 

Clinical Picture 

History. Renal failure from a vasomotor disturb
ance occurs in various settings: severe hepatic 
failure, hypercalcemia, sepsis, or use of one of the 
agents listed in Table 10.2. The Scr usually rises 
within a day or so of exposure to contrast media or a 
vasoactive drug. Vasomotor disturbances may 
sometimes operate alone to cause renal failure. 
However, as detailed above, an acute fal! in GFR is 
usually seen in the presence of chronic renal failure 
or of factors that additionally reduce renal blood 
flow. Such factors may be a second vasomotor dis
turbance or something that decreases perfusion 
pressure or cardiac output, such as diuretics or heart 
failure. Probably the best known example of this is 
therenalfailurecaused by a combination of ACE in
hibitors with sodium depletion [32], congestive heart 
failure [13, 33] or renal artery stenosis, either 
bilateral or in a solitary kidney [48]. This and other 
reported combinations are illustrated in Figure 10.2. 

CHRO CREHAL 
FAILURE 

67 

~ 
V 
~ 
V 

Fig. 10.2. Contributory factors and synergism in the produc
tion of renal failure by vasomotor disturbances. Schematic 
shows how the contributory factors like decreased blood 
pressure interact with the vasomotor disturbances and how cer
tain vasomotor disturbances interact with each other. HR -
hepatorenal. 

Urine Tests ( Figure 10.3). Vasomotor distur
bances often produce renal salt avidity and urine 
with low sodium and chloride content (urine con
centrations < 20 mEq/L; fractional excretions 
< 1%) [20, 31, 49-52]. In fact, it is rare to see 
hepatorenal syndrome in the absence of low urine 
salt content. Hypercalcemia is an exception be
cause it results in renal salt-wasting [9, 53]. Also, 
patients with sepsis or hepatorenal syndrome tend 
to have a concentrated urine with a specific gravity 
greater than 1.015 in response to reduced effective 
blood volume [54-56]. However, after several days 
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of sepsis or hepatorenal syndrome [54] renal 
ischemia may induce acute tubular necrosis, which 
blunts renal concentrating ability and salt avidity. 
Vasomotor disturbances do not usually cause 
hematuria or proteinuria, since they do not pro
duce tissue damage and the glomerular capillary 
wall remains intact. 

Diagnosis 
General Comments. The physician should suspect a 
vasomotor disturbance from the history of one or 
more causative factors and the characteristic urine 
concentration and salt content (Figure 10.3). The 
etiology is usually confirmed if the kidneys recover 
within a few days after eliminating the presumed 
underlying cause. 

Clinical Example. A 53-year-old woman with 
diabetes mellitus, gout and compensated con
gestive heart failure is taking digoxin, furosemide, 
glyburide and colchicine. A physician starts in
domethacin 25 mg four times daily for acute gout. 
Two weeks later, while still on indomethacin, she is 
admitted to the hospital with oliguria and an ex
acerbation of congestive heart failure. Scr has risen 
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Fig. 10.3. Typical urine salt content and specific gravity seen in 
the vasomotor disturbances that cause renal failure. i Ca++ -
hypercalcemia. 
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from a baseline of 1.3 to 3.1 mgldl (115 to 274 
p.mollL), and the BUN from 21 to 50 mg/dl (7.5 to 
17.6 p.mollL). Urine shows specific gravity 1.016, 
trace protein, negative sediment and UNa 16 
mEq/L. Suspecting that the NSAID produced 
vasomotor-type renal failure in the setting of poor 
cardiac function, the physician stops the in
domethacin. Within a day there is a fall in Scr to 2.5 
mgldL (239 p.mol/L) and a dramatic diuresis. Six 
days later, Scr and BUN return to baseline. 

Some Specific Conditions-Hepatorenal Syndrome. 
Severe liver disease impairs renal function in this 
syndrome through poorly understood humoral and 
neural mechanisms, which vasodilate the systemic 
circulation and vasoconstrict the renal circulation. 
Despite a compensatory rise in cardiac output, 
blood pressure tends to fall, which contributes to 
poor renal perfusion [35, 37, 38]. 

The liver disease is generally alcoholic cirrhosis, 
but may involve other types of chronic liver disease 
[54, 58]. Severe acute hepatitis or other causes of 
fulminant acute liver failure can also produce 
hepatorenal syndrome [35, 54, 58]. Blood pressure 
is low normal and urine output is 500 to 1000 cc/day 
or less [37, 56, 57, 59]. Volume loss in the hospital 
due to therapeutic paracentesis, laxatives, bleeding 
or aggressive diuretic therapy often precedes the 
rise in Scr [37, 56, 57]. Renal function gradually 
worsens over several days to many weeks. 

The diagnosis of this syndrome is based on low 
urine sodium or chloride content and the presence oj 
a typical picture of chronic liver failure, portal 
hypertension, tense ascites, cachexia, jaundice and 
usually encephalopathy [37, 57, 58]. If the clinical 
picture suggests prerenal azotemia as an alternative 
or additional diagnosis, placement of a Swan-Ganz 
catheter (Figure 10.4) or a trial of fluid repletion is 
indicated. Prerenal azotemia would be suggested by 
typical hemodynamic readings of volume depletion 
and by prompt resolution with fluid repletion. In con
trast, hepatorenal syndrome shows reduced systemic 
vascular resistance and increased cardiac output. 
Volume expansion produces either no effect or a 
slight transient improvement in urine output or renal 
function [36, 60]. 

Pitfalls. Such a seemingly favorable response in hepatorenal 
syndrome often kindles false hope that the patient has 
prerenal azotemia. Thus, patients may receive five to ten 
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Fig. 10.4. Hemodynamic measurements in pre renal azotemia 
and hepatorenal syndrome. SVR - systemic vascular resistance, 
PCWP - pulmonary capillary wedge pressure. CO - cardiac 
output, BP - blood pressure. 

liters of fluid and develop anasarca before it is clear that 
GFR has not improved significantly. 

To be distinguished from hepatorenal syndrome are con
ditions, such as acetaminophen overdose [61], which damage 
both liver and kidney [35] and cases of cirrhosis complicated 
by urinary obstruction, acute tubular necrosis or rarely 
glomerulonephritis [62]. The urine findings or clinical pic
ture usually differentiate these states from hepatorenal syn
drome. Renal sonography will identify hydronephrosis. 

Some Specific Conditions-Contrast Media (See 
Section on Intravenous Pyelogram, Chapter 6). The 
typical patient with a nephrotoxic reaction to con
trast media has underlying renal insufficiency, is 
older than 40 years, receives a contrast agent dur
ing an IVP, angiography or computed tomography 
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and manifests acute renal insufficiency with or 
without oliguria within 24 hours of the procedure 
[22,63-68]. Diabetes mellitus [65, 66, 69-71] and 
low cardiac output [34] increase the risk. Conven
tional high osmolality contrast media are likely 
more nephrotoxic than newer low osmolality con
trast media [27, 72]. Oliguria, if present, usually 
lasts two to five days [22, 63, 66, 67] (Figure 10.5). 
Urine salt content is often, but not always low [51]. 

The diagnosis is based on the presence of risk fac
tors, particularly chronic renal failure, and on a Scr 
rising within a day of the procedure and peaking 
within three to five days, followed by return to 
baseline by two to three ~veeks [22, 64-67]. In 
atypical cases, the patient may be young or have a 
normal baseline Scr [22, 63-69] or the renal failure 
may only start to improve after five to ten days or be 
irreversible [22, 66]. 
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Fig. 10.5. Rise and fall in serum creatinine levels after use of 
contrast media in seven cases of contrast mediated renal failure 
(Alexander RD et aI., Arch Intern Med 1978; 138:381-4). 
Oliguria phase of each patient's course is represented by dashed 
line. D indicates initiation of peritoneal dialysis. Only second 
episode of renal failure in patient 1 is represented. 
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SMALL VESSEL DISEASE 

Causes 
Table 10.3 lists the small arterial and arteriolar 
diseases that impair renal function. The most com
mon of these, benign arteriolar nephrosclerosis, is a 
result of essential hypertension and produces 
chronic renal failure. The rarest of the conditions, 
radiation nephritis, produces acute or chronic renal 
failure. Fortunately, it has become uncommon 
thanks to modern radiotherapeutic methods. 

Atheroembolic Renal Disease 

Definition 
This condition involves embolization of cholesterol 
crystals from eroded atherosclerotic plaques to 
small renal arteries (Figure 10.6). 

Clinical picture 
The typical patient is a white hypertensive male 
smoker over 60 years of age with underlying 
cerebral, coronary, aortic or peripheral vascular 
disease [73-75]. The emboli may be spontaneous, 
but usually follow one day to three weeks after 
arterial manipulation such as angiography or aor
tic surgery [74-78]. Anticoagulant or thrombolytic 
therapy probably increases the risk [79-80]. 
Systemic cholesterol crystal embolization may 
cause transient cerebral ischemic attacks, retinal 
ischemia, pancreatitis, ischemic colitis, poly
neuritis, claudication, and muscle pain of the legs. 
However, the most common symptom is painful 
ischemic changes in the feet , e.g. livedo reticularis 
and purple, blue or gangrenous toes (Figure 10.7) 

Table 10.3. Small vessel diseases that cause renal failure 

A theroembolic renal disease 
Scleroderma 
Malignant hypertension 
Hemolytic uremic syndrome 

Childhood (classic) type 
Postpartum period 
Mitomycin C 
Other types 

Thrombotic thrombocytopenic purpura 
Acute cortical necrosis 
Benign arteriolar nephrosclerosis 
radiation nephritis 

J. Gary Abuelo 

Fig. 10.6. Light micrograph of a renal biopsy from a patient 
with atheroembolic renal disease. A small artery is occluded by 
intitnal thickening and fibrosis around cholesterol clefts. These 
are elongated spaces remaining after cholesterol crystals were 
dissolved during preparation of the specimen. (Courtesy of Dr. 
Alfredo Exparza.) 

[74, 75, 77, 79, 81-84]. Despite these findings, the 
distal arterial pulses are often preserved [74]. The 
morbidity tends to be high, since the typical patient 
has diffuse atherosclerosis that may result in 
strokes, myocardial infarctions, amputations, and 
general debility [74, 75]. 

Flank or back pain may herald renal involve
ment [75] . Renal cholesterol emboli typically pro
duce episodic or sustained hypertension [74, 75, 85, 
86]. The Scr rises over weeks to months probably 
due to continuing embolization of crystals. 
Azotemia usually proceeds to end stage renal 
disease, but partial recovery can also be seen [77, 
81 , 85, 87]. The urine can be normal or can show 
microhematuria, gross hematuria [75], red cell casts 
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Fig. 10.7. Foot of patient with atheroembolic renal disease 
showing black tip of big toe and other ischemic skin changes. 

[86], proteinuria below or within the nephrotic 
range [87-89], white cells with scant [90] to 
predominant eosinophils [91] , or salt avidity [91]. 
Elevated erythrocyte sedimentation rate and 
eosinophilia with or without leukocytosis are com
mon [75, 78, 85, 92]. 

Rare patients may have fever, malaise, weight loss and other 
constitutional symptoms [74]. Infarction of the bowel, 
spleen, adrenals or spinal cord are rare complications of 
atheroemboli [75]. Moderate reduction in platelet count. C3 
and C4 occurs occasionally [86, 92]. Very high plasma renin 
levels have been observed [77]. High serum amylase levels 
due to pancreatitis, high creatine phosphokinase and 
aminotransferase values due to muscle and liver involve
ment, and frank or occult blood in the stool due to 
gastrointestinal embolization can be seen [74, 75, 93]. 

Diagnosis 
A kidney biopsy showing intraarterial cholesterol 
crystal clefts confirms the diagnosis, but skin, muscle 
or bone marrow biopsies with intravascular clefts are 
also satisfactory for demonstrating cholesterol em
boli and are less invasive [83]. In typical cases of 
atheroembolic renal disease with diffuse athero
sclerotic vascular disease, eosinophilia and ischemic 
changes of the feet , a clinical diagnosis is acceptable 
without histologic confirmation. 
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Pitfalls. Atheroembolic renal disease in hypertensive pa
tients without eosinophilia or ischemic changes of the feet 
may be misdiagnosed as benign arteriolar nephrosclerosis (if 
the rise in Scr is slow), as a primary glomerulopathy (if there 
is hematuria and proteinuria), or even as malignant 
hypertension (if the hypertension is severe). Physicians may 
also be misled by constitutional symptoms, multisystem in
volvement (kidney, skin, bowel and brain), high sedimenta
tion rate, eosinophilia and low complement level and may 
erroneously diagnose vasculitis [9 I, 84]. In these situations, 
a renal biopsy will show the atheroemboli. Finally, collagen 
vascular and other diseases sometimes produce ischemic 
changes in the feet indistinguishable from those of 
atheroemboli [94]. 

Renal Scleroderma 

Definition 
Scleroderma or systemic sclerosis is an uncommon 
connective tissue disease characterized by 
Raynaud 's phenomenon, and fibrosis and small 
vessel narrowing of the gastrointestinal tract, 
lungs, heart and especially the skin [95]. Most pa
tients with scleroderma have characteristic lesions 
of small renal vessels (Figure 10.8) [96]. While this 
usually remains clinically inapparent, it can lead to 
acute renal failure in some patients. 

Clinical picture 
This complication, known as scleroderma renal 
crisis, is much more common in diffuse scleroderma 
than in limited scleroderma. It can affect either sex 
and be seen any time after early childhood; how
ever, it typically occurs in women between the ages 
of 30 and 60 years one to seven years after the onset 
of scleroderma [97-99]. Renal involvement pro
gresses rapidly to oliguric renal failure and is 
usually accompanied by abrupt onset or worsening 
of hypertension, grade 3 or 4 hypertensive 
retinopathy, high plasma renin activity, and 
microangiopathic anemia [97, 98, 100]. Hyperten
sive encephalopathy and heart failure are common 
[101]. The urine sediment is often benign [97, 101 , 
102], and proteinuria, if any, is moderate [97, 98]. 
Thrombocytopenia is common [103]. 

These patients also have typical laboratory fin
dings of scleroderma. Antinuclear antibodies are 
almost always present and give a speckled or 
nucleolar pattern with immunofluorescent staining 
[104,105]. Anticentromere, anti nucleolar and anti
ScI-70 antibodies are each found in about 25% of 
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Fig. 10.B. Light micrograph of a renal biopsy from a patient with scleroderma renal crisis. An arteriole shows marked narrowing of 
the lumen due to subendothelial mucoid intimal proliferation. (Courtesy of Dr. Alfredo Esparza.) 

patients with systemic sclerosis. These antibodies 
are relatively specific [105, 106] and are of 
diagnostic value if present. Nailfold capillaro
scopy, using an ophthalmoscope at the bedside to 
look for capillary loss and enlargement, is both sen
sitive and specific in identifying patients with 
scleroderma [106]. 

Diagnosis 
Scleroderma renal crisis is usually assumed to be the 
cause of renal failure in patients with scleroderma 
who develop sudden, severe hypertension and a rise in 
Scr. High renin activity and microangiopathic 
anemia support the diagnosis. The clinical picture is 
usually so typical that verification of the etiology 
with a renal biopsy is not indicated. 

Pitfalls. The diagnosis may be missed or in question in those 
unusual cases with mild or no hypertension [98, 107] or with 
scleroderma "sine scleroderma", in which patients have all 

the features of scleroderma including the renal crisis without 
manifesting skin changes [108-110]. A renal biopsy is necess
ary for diagnosing such atypical cases. Consultation by a 
rheumatologist is often helpful in confirming the presence of 
scleroderma. 

Thrombocytopenia and microangiopathic hemolytic 
anemia may suggest hemolytic uremic syndrome or throm
botic thrombocytopenic purpura (see below). However, the 
presence of Raynaud 's phenomenon and typical skin 
changes of scleroderma should lead one to suspect the cor
rect diagnosis. 

Malignant Hypertension 

Definition 
Very high blood pressure produces fibrinoid 
necrosis and intimal thickening of small arteries 
and arterioles throughout the body, although the 
kidney, retina and brain are clinically the most im
portant target organs. The renal lesion is known as 
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malignant arteriolar nephrosclerosis. In about a 
third of cases, the marked rise in arterial pressure is 
an exacerbation of essential hypertension; in other 
patients it is a complication of one of the many 
forms of secondary hypertension, principally 
glomerulonephritis, other renal diseases, or 
renovascular hypertension (Table 10.4) [111-113]. 

Clinical picture 
The typical patient with renal failure due to malig
nant hypertension has diastolic blood pressure 
higher than 130 mmHg and a history of hyperten
sion [111, 113, 114], although some patients have 
had normal blood pressures documented days or 
weeks before [115, 116]. Throbbing headaches and 
blurred vision associated with retinal hemorrhages, 
exudates or papilledema are initial complaints in 
most patients [111, 113, 117]. Other common fea
tures are congestive heart failure, generalized 

Table 10.4. Etiologic classification in 66 patients with secon
dary malignant hypertension [112] 

Diagnosis 

Renal diseases 
Primary glomerular lesions 

Membranous GN 
Mesangial proliferative GN 
Membranoproliferative GN 
Focal segmental GN 
IgAGN 
Chronic GN 

Secondary glomerular lesions 
Scleroderma 
Systemic lupus erythematosus 
Polyarteritis 
Goodpasture's syndrome 
Wegener's granulomatosis 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Diabetic nephropathy 

Interstitial disease 
Analgesic nephropathy 
Reflux nephropathy 
Obstructive uropathy 
Polycystic kidney disease 
Familial interstitial nephropathy 

Renovascular disease 

Primary aldosteronism 

Number 

54 (82%) 
25 

16 

13 

11(17%) 

I( 1%) 
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weakness, nausea, vomltmg, recent weight loss, 
oliguria and encephalopathy [111, 113, 114, 116, 
117]. The latter includes dizziness, disturbances of 
consciousness, seizures, paresthesias, and focal 
deficits due to transient ischemic attacks and 
cerebrovascular accidents [111, 118]. Pancreatitis, 
gastrointestinal bleeding and an acute abdomen 
due to bowel ischemia have also been reported 
[119]. The urinalysis usually shows mild to moder
ate proteinuria, and about one-third of cases have 
microscopic or gross hematuria [111]. Red cell casts 
and nephrotic range proteinuria may be seen [111, 
115, 119]. Microangiopathic anemia is common and 
mild thrombocytopenia can occur [115, 116, 119, 
120]. A high renin state may produce a hypokalemic 
metabolic alkalosis [119, 121]. With effective blood 
pressure control renal function often worsens for a 
week or two and then may partly or completely 
recover even in patients who initially require 
dialysis (Figure 10.9) [116, 117, 122]. Proteinuria 
and hematuria may disappear [111]. 
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Fig. 10.9. Time course of serum creatinine in 24 patients with 
malignant hypertension in whom serum creatinine peaked and 
improved on antihypertensive therapy [117]. Patients with 
serum creatinine at discharge ---- equal to or less than admission 
serum creatinine, - worse than admission serum creatinine, 
o peak serum creatinine. 
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Diagnosis 
The diagnosis of renal failure due to malignant 
hypertension is usually based on the presence of a typi
cal clinical picture and a rise and subsequentfall in Scr 
with antihypertensive treatment. [frenalfunction does 
not recover with lowering of the blood pressure or if 
certainfeatures of the case do notfit with the diagnosis, 
a renal biopsy should be considered to identify a 
treatable renal lesion [ I I 2]. Renal arteriography or a 
screening test to detect renal artery stenosis (see 
below) , and biochemical studies for primary 
aldosteronism andpheochromocytoma may also be in
dicated. Black patients generally have essential malig
nant hypertension, and evaluations for secondary 
hypertension may not be indicated as often [ 114,123]. 

Pitfalls. The diagnosis of malignant hypertension may be 
missed in patients without grade 3 or 4 hypertensive retinal 
changes [124-126] or without diastolic blood pressure above 
130 mmHg. Renal failure may rarely be associated with 
diastolic blood pressure as low as 100 to 110 mmHg [112]. 

Hemolytic Uremic Syndrome 

Definition 
This syndrome consists clinically of microangio
pathic hemolytic anemia, thrombocytopenia and 
acute renal failure, and histologically of glomerular 
and arterial thrombotic micro angiopathy (Figure 
10.10) [127-130]. 

Multiple causes 
The variety of conditions that give rise to the 
hemolytic-uremic syndrome suggest that it is the 
common final pathway of several disease processes 
[128, 129]. The syndrome classically occurs in in
fants and preschool children usually after two days 
to two weeks of gastroenteritis often with ab
dominal pain and bloody stools [127, 128, 
130-135]. Shiga-like toxin producing E. coli, es
pecially serotype 0157 : H7 , Shigella dysenteriae or 
other enteric pathogens may be found [131 , 
135-139]. Alternatively, the child may have a pro
dromal upper respiratory infection [127, 128]. 

The hemolytic uremic syndrome in adults is rare 
and is more heterogeneous than in children. It is 
seen most commonly one day [140] to six months 
[141-143] postpartum, and in malignancy treated 
with mitomycin C or other agents [144-147] or 
rarely untreated [148-150] . 

J. Gary Abuelo 

Fig. 10.10. Light micrograph of a renal biopsy from a patient 
with hemolytic uremic syndrome. The arteriole and the 
glomerular capillaries are narrowed by subendothelial deposi
tion of fibrin. The arteriole and some glomerular capillaries also 
are occluded by fibrin thrombi. (Courtesy of Dr. Alfredo 
Esparza.) 

Adult hemolytic-uremic syndrome also occurs with oral con
traceptives [lSI], conjugated estrogens [1S2], bacterial 
gastroenteritis [136, 139, IS3-ISS], snakebite [1S6], 
glomerular disease [IS7], quinine [IS8, IS9], cyc1osporine A 
[160, 161], bone marrow, kidney, liver and lung transplanta
tion [161-166], human immunodeficiency virus infection 
[167, 168] or in the absence of associated illness [169]. 
Familial , genetic and recurrent variants of hemolytic uremic 
syndrome have been described [128, 170-173]. 

Clinical picture 
The typical patient has one of the predisposing fac
tors or illnesses, and can present with a variety of 
manifestations. These include weakness, pallor, 
and jaundice due to hemolytic anemia, bleeding 
manifestations due to thrombocytopenia, gross 
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hematuria, oligo anuria and edema due to renal in
volvement, or fever [127, 128, 134, 169, 174]. 
Hypertension is common and can be malignant, es
peciallyin adults [134, 169, 175, 176]. Involvement 
of other organs can be part of the picture. Ir
ritability, lethargy, confusion, convulsions or coma 
may occur unexplained by the severity of azotemia, 
and may be due to cerebral thrombotic 
micro angiopathy [130, 134, 174, 177-179]. Non
cardiogenic pulmonary edema is described in the 
cancer chemotherapy variant [180]. Pulmonary in
sufficiency, myocardial involvement, and perfora
tion, gangrene, ulceration and strictures of the 
colon are rare complications in children [127, 179]. 
Stool culture may reveal E. coli 0157 : H7 in chil
dren or adults with prodromal diarrhea. 
Hematuria and proteinuria [134], and red cell casts 
[133, 181] may be seen on urinalysis, and the 
nephrotic syndrome [175, 182] is present in some 
cases. In children, serum uric acid concentration 
may be surprisingly high for the level of azotemia 
[183]. Leukocytosis is common [134, 181] and low 
serum C3 and CH50 can occur [143, 184]. 

Diagnosis 
The possibility of hemolytic uremic syndrome in an 
azotemic patient should be suggested by certain set
tings, (e.g. postpartum period or mitomycin C treat
ment), by a prodrome with diarrhea, and especially 
by the hallmarks of the syndrome. thrombocytopenia 
and hemolytic anemia with schistocytes on smear. 
Usually this microangiopathic picture together with 
other typical features allow the physician to make a 
presumptive diagnosis without having to perform a 
renal biopsy. 

Pitfalls. The diagnosis of hemolytic uremic syndrome may 
be missed if predisposing factors are absent or are not ap
preciated, if anemia, bleeding tendency or changes in con
sciousness are mistakenly ascribed to uremia, and, particu
larly, if thrombocytopenia or red cell fragments on the 
peripheral blood smear are overlooked. Rarely, throm
bocytopenia and red cell fragments are absent and the 
diagnosis must be made by renal biopsy [185, 186]. 

Preeclamptic women sometimes develop the HELLP 
syndrome, which is characterized by nausea, upper ab
dominal pain, Hemolysis, Elevated Liver enzymes, and Low 
Platelet count. Renal failure can also occur and, together 
with the hematologic abnormalities, mimics hemolytic 
uremic syndrome [187-191). The renal failure in HELLP 
syndrome often develops as late as one to five days post
partum, which overlaps the usual onset of postpartum 
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hemolytic uremic syndrome, which may start as soon as one 
or two days after delivery. The diagnosis of HELLP syn
drome will usually be clear when Scr falls within one to three 
weeks after delivery [187). 

Thrombotic Thrombocytopenic Purpura 

Definition 
This disorder is a rare syndrome of unknown 
etiology characterized by a pentad of throm
bocytopenia, microangiopathic anemia, neurologic 
dysfunction, renal abnormalities and fever. 
Hyaline microthrombi, containing fibrin and 
platelet aggregates, can be found in capillaries and 
arterioles of most visceral organs. The degree of in
volvement varies, but the brain and kidneys are 
among the organs most severely affected [192]. 

Clinical picture (Table 10.5) 
The disease affects individuals of any age and either 
sex, but is most common in women between 20 and 
50 years of age [192-195]. Drugs, pregnancy, col
lagen vascular diseases and infections (e.g. E. coli 
0157 : H2 [139], HIV [195, 196]) are reported as 
precipitating causes in rare cases [192]. The typical 
patient with thrombotic thrombocytopenic pur
pura has severe thrombocytopenia with purpura 
and other bleeding symptoms, marked hemolytic 
anemia with pallor, weakness and fatigue, and 
variable neurologic manifestations [192, 193, 
197-201]. These manifestations may be diffuse with 
headache, dizziness, confusion, and seizures or 
focal with dysarthria, aphasia, paresis, and 
paresthesias. Neurologic abnormalities are initially 
transient, but as the illness progresses, they often 

Table 10.5. Clinical and laboratory features m thrombotic 
thrombocytopenia purpura [192) 

Feature Frequency (';0) 

Thrombocytopenia 100 
Fragmented red cells 98 
Anemia 98 
CNS abnormalities 85 
Hematuria 76 
Fever 59 
Azotemia 45 
Triad (anemia + bleeding + eNS abnor-
malities) 74 
Pentad (triad + renal abnormalities + fever) 40 
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proceed to coma and death [192, 198]. Most pa
tients have fever [192, 193, 197-201]. 

Some cases may have visual problems, nausea, vomiting, ab
dominal pain, jaundice, hepatic or splenic enlargement, car
diac conductive disturbances, myalgias, arthralgias and pan
creatitis [192, 198,202,203]. Hypertension is unusual [197]. 

About 80% of patients have urinary abnormalities 
with gross or microscopic hematuria and with pro
teinuria varying from trace to the nephrotic range 
[192, 193, 197, 204]. Red cell casts can be seen in 
some individuals [197]. Scr is elevated in about half 
of cases [192, 197, 199-201], but severe renal failure 
is unusual. The BUN concentration may be 
disproportionately increased by volume depletion 
or protein breakdown giving a high BUN to 
creatinine ratio [197, 200]. Leukocytosis is common 
[192,198]. Finally, one sees the expected laboratory 
findings ofmicroangiopathic hemolytic anemia, in
cluding fragmented and nucleated red cells on 
peripheral blood smear, decreased haptoglobin 
concentration, elevated reticulocytes, and high lac
tic dehydrogenase and unconjugated bilirubin 
levels. Coagulation studies are usually normal or 
slightly altered; however, clearly raised fibrin-split 
products are found in 25% of patients [192]. 

Diagnosis 
The recognition of thrombotic thrombocytopenia 
purpura in a patient with renal failure rests on the 
unexplained neurologic abnormalities and the 
hematologic findings of red cell fragments and low 
platelet count. Tissue confirmation is usually not 
necessary, but may be desired in atypical cases. 
Biopsy of a petechial skin lesion, the bone marrow, 
gingiva or the kidney, if not contraindicated by 
thrombocytopenia, may reveal the typical hyaline 
microthrombi [192, 193, 198,200,201]. 

Pitfalls. In some patients, thrombotic thrombocytopenic 
purpura cannot be distinguished from hemolytic uremic syn
drome, since the two conditions overlap clinically [192, 197]. 
In fact, recent case reports describe thrombotic throm
bocytopenic purpura in patients with hemorrhagic colitis 
due to E. coli [139, 205]. Severe neurologic involvement and 
minimal to no hypertension or renal insufficiency are 
characteristic of thrombotic thrombocytopenic purpura, 
while mild to absent neurological findings and moderate to 
severe hypertension and renal failure favor the hemolytic 
uremic syndrome. Also onset in the postpartum period, after 
mitomycin C, or in early childhood after a diarrheal pro-
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drome suggests hemolytic uremic syndrome, in contrast to 
thrombotic thrombocytopenic purpura, in which prodromal 
conditions are rare. Some authorities believe that both 
disorders are varied presentations of one disease referred to 
as "thrombotic microangiopathy" [206]. 

The diagnosis of thrombotic thrombocytopenic purpura 
may be missed at initial presentation, when cardinal 
manifestations are mild or have not yet appeared. 
Hematologic studies may need to be repeated, since 
schistocytes, anemia and marked thrombocytopenia may 
take several days to appear [206]. Early on, weakness, 
headache, myalgias, leukocytosis and fever can suggest an 
infectious illness. Even later the physician may not consider 
the real diagnosis. Uremia or cerebrovascular disease may be 
thought responsible for the neurological changes, the renal 
findings can easily be mistaken for glomerulonephritis, and 
the anemia may be ascribed to uremia or active bleeding. 
The failure to order a differential count with examination of 
the peripheral blood smear and a platelet count or the failure 
of an inexperienced technician to recognize red cell fragmen
tation on the blood smear may further delay the diagnosis. 

If fibrin-split products are elevated, the low platelet 
count, anemia and schistocytes may be erroneously ascribed 
to disseminated intravascular coagulation. The finding of a 
normal fibrinogen level and other normal coagulation 
studies will rule out this diagnosis. Also, the throm
bocytopenia and hemolytic anemia may be misdiagnosed as 
autoantibody mediated due to systemic lupus erythematosus 
or Evans syndrome. A negative Coomb's test will exclude 
these conditions. 

Acute (Bilateral or Renal) Cortical Necrosis 

Definition 
This rare cause of renal failure results from throm
bosis of the interlobular arteries, afferent arterioles 
and glomerular capillaries [207-209] and may in
volve total or patchy cortical necrosis. The arcuate 
and capsular arteries are unaffected, sparing the 
medullary, juxtamedullary and subcapsular 
regions of the kidney. The pathogenesis is obscure, 
but predisposing factors are blood loss, infection, 
shock, hemolysis and intravascular coagulation 
[207,209]. 

Cause 
In the past the most common setting was pregnancy 
complicated in different cases by induced septic 
abortion, puerperal sepsis, prolonged intrauterine 
fetal death, toxemia, and abruptio placenta or 
other peripartum hemorrhage [207, 208, 210, 211]. 
Presently, improved obstetric care prevents most of 
these cases. Other settings for acute cortical 
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necrosis are severe gastroenteritis, sepsis, snake 
bites, nonsteroidal anti-inflammatory drugs, 
poisons and hemolytic uremic syndrome [207-209, 
212-214]. 

Clinical picture 
The classic patient is a mUltiparous woman with 
abruptio placenta or concealed hemorrhage, who 
develops prolonged oliguria or total anuria 
[207-209]. In some countries, induced septic abor
tion is still a common setting [208]. Many patients 
have abdominal or flank pain [215], and either 
hypotension from sepsis or hemorrhage or hyperten
sion from fluid overload [208, 209, 216]. Gross 
hematuria may be noted [215, 217]. The urinalysis 
usually shows microscopic hematuria, granular 
casts and up to 4+ protein [209, 214], but may be 
normal [218] or show red blood cell casts [217, 219]. 

Diagnosis 
The physician should consider acute cortical necrosis 
when oligoanuria occurs in a patient with a complica
tion of pregnancy or with other predisposing factors. 
Previously, the diagnosis might have been confirmed 
by renal biopsy or by selective renal angiography that 
showed reduced blood flow to the cortical vessels, 
mottled or absent cortical nephrogram and prom i
nentfilling of the capsular arteries [207,216]. How
ever, contrast enhanced computed tomography is 
now the preferred study since it can diagnose acute 
cortical necrosis with less risk to the patient than 
biopsy or arteriography [217,220-222]. Since scat
tered or linear radiopaque cortical calcification may 
occasionally occur after four weeks, the diagnosis 
may also be confirmed with an abdominal Xray and 
tomography of the kidneys in some patients with pro
longed renal failure [208, 216, 219]. 

Pitfalls. The diagnosis may be missed in patients with 
hypotension or sepsis who are mistakenly assumed to have 
acute tubular necrosis. The failure to recover after two to 
four weeks should raise the possibility of cortical necrosis. 
Also, the hematuria and proteinuria may suggest an acute 
glomerulonephritic picture, but a renal biopsy should pro
vide the correct diagnosis. 
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LARGE VESSEL INVOLVEMENT 

Definition 

Total or near total occlusion of the main renal 
arteries causes renal failure, most often in older pa
tients [223], and can be chronic or acute in nature. 
The chronic process, renal artery stenosis, is more 
common. It produces slowly progressive renal 
ischemia, which first manifests as hypertension and 
then months or years later as renal insufficiency. 
Atherosclerotic narrowing of the renal arteries or 
their ostia is the usual cause of the stenosis. 

The acute process is abrupt renal artery occlu
sion. This produces sudden renal infarction, which 
often manifests as abdominal or flank pain and 
acute renal failure. Embolism of thrombi from the 
heart to the kidneys is the most common cause of 
acute occlusion. 

Both renal artery stenosis and abrupt renal 
artery occlusion with infarction are usually 
unilateral processes, in which Scr remains below 
2.0 to 2.5 mg/dl thanks to the remaining healthy 
kidney [224, 225]. In fact, with compensatory 
hypertrophy of the contralateral kidney Scr may 
rise only slightly and stay within the normal range. 
In the occasional patient, in whom the con
tralateral kidney is absent or functions poorly due 
to an unrelated condition, unilateral renal artery 
stenosis or infarction is able to produce severe renal 
failure [224, 226-228]. In other patients, bilateral 
renal artery stenosis or infarction seriously impair 
GFR [224, 229, 230]. 

Renal Artery Stenosis 

Causes 
Renal artery stenosis usually occurs as part of 
generalized atherosclerosis (Table 10.6). Renal 
blood flow may be compromised either by aortic 
plaques encroaching on the ostia of the renal 
arteries or by atherosclerosis of the renal artery 
itself. Stenosis due to a rare possibly hereditary 
disorder, fibromuscular hyperplasia [236], can also 
impair renal function [227, 231-233]. Both 
etiologies of renal artery stenosis usually begin 
unilaterally, but can progress to involve both sides 
[232,237]. 
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Table 10.6. Conditions that cause renal failure through renal 
artery stenosis 

Atherosclerosis 
Fibromuscular hyperplasia [227, 231-233] 
Takayasu's arteritis· [234] 
Cyclosporine-induced macroangiopathy· [235] 

• Isolated case reports only. 

Pathophysiology. Renal artery stenosis reduces perfusion 
pressure to the kidney, which initially maintains renal blood 
flow by dilating afferent glomerular arterioles and by raising 
systemic blood pressure through the release of renin. With 
progression of the stenosis renal blood flow slows, and 
glomerular filtration and urine output from that kidney fall 
and may eventually stop [238-240]. One usually sees worsen
ing hypertension, but little or no azotemia, thanks to com
pensatory hypertrophy of the unaffected contralateral 
kidney. 

With time tubules in the affected kidney atrophy, the in
terstitium fibroses, arterioles thicken and the kidney gets 
smaller. However, if blood flow is sufficient, glomeruli may 
survive even at this stage and restoration of perfusion may 
lead to recovery of function and increase in renal size [238, 
241,242]. Thus, the affected kidney initially receives enough 
blood to remain viable although nonfunctional. Collateral 
arterial supply may occasionally maintain this state even 
with total renal artery occlusion. Usually, however, as the 
stenosis gets progressively tighter, it causes an irreversibly 
atrophic kidney with obliterated glomeruli, focal infarcts 
[241] and sometimes with multiple cysts [243]. Atheromatous 
emboli to the renal parenchyma may further impair renal 
function [86]. 

Clinical picture 
The typical patient with renal failure caused by 
renal artery stenosis is a hypertensive white male 
smoker over 50 years of age [223, 224, 229, 244]. 
One third of cases are women [224, 244-246]; few 
are black [229, 245, 247, 248]. Many patients have 
had cerebral, coronary, aortic or lower extremity 
vascular disease [223-225, 228, 240]. Presentation 
with severe hypertension or acceleration of 
hypertension after a period of good control is a 
hallmark of renal artery stenosis [225, 249]. In the 
past, this severe hypertension was often refractory 
to treatment, but now drugs, such as minoxidil, cal
cium channel blockers and ACE inhibitors, often 
permit control of blood pressure [224, 229]. Recur
rent acute pulmonary edema can be another 
characteristic manifestation [250, 251]. 

Typically, slowly worsening azotemia evolves 
with progression of the vascular disease months or 
years after onset of renovascular hypertension. 
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However, if the hypertension has gone undetected, 
the Scr may be elevated at presentation. If a solitary 
kidney is involved, severe stenosis or thrombosis of 
a narrowed main renal artery may result in oliguria 
[228, 239]. The urinalysis typically shows negative 
to 1 + protein and no hematuria [86, 228, 238]. 
However, in rare cases proteinuria may be heavy 
[86, 238, 242, 252]. Urine sodium concentration is 
sometimes low in bilateral renal artery stenosis 
[238]. When renal artery stenosis causes renal 
failure, the peripheral vein renin activity is usually 
high and levels over 10 ng angiotensin-I/mllh are 
seen in half of the reported cases [225, 227, 238, 
253-256]. High renin activity raises aldosterone 
secretion, which may cause hypokalemia. Patients 
often have either a decreased size of one kidney 
relative to the other or (rarely) two small kidneys 
[224, 254]. The IVP [229, 238] or renogram [257] 
may show a differential in renal function even if 
renal size is equal. Occasionally a functional dif
ference between kidneys is seen only after ad
ministration of an ACE inhibitor [258]. 

Diagnosis 
Whom to evaluate. Renal failure due to renal artery 
stenosis should be suspected in every hypertensive pa
tient who has any manifestation of atherosclerosis, 
especially an abdominal bruit (Table 10.7). Simi
larly, one might also consider renal artery stenosis in 
hypertensive patients with risk factors for 
atherosclerosis such as age over 50 years, cigarette 
smoking, diabetes mellitus, hyperlipidemia, etc. In 
addition, the possibility of renal artery stenosis is in
creased by hypokalemia, atrophy of one kidney or 
discrepancy in renal size on ultrasound or IVP,l and 
certain unusual aspects of the hypertension [248, 
259, 260]. These include onset of hypertension after 
the age of 50 years, recent acceleration of longstan
ding controlled hypertension, severe hypertension, 
grade 3 or 4 hypertensive retinopathy, and a rise in 
Scr during treatment with antihypertensive drugs 
( especially an A CE inhibitor) [254]. 

Absence of hypertension excludes renal artery 
stenosis as a cause of renal failure. 

Angiography. When the physician feels that the 
evidence points to renal artery stenosis, confirmation 
requires angiography showing tight (more than 
70-75%) stenosis [237,249 P Definitive confirma
tion also requires evidence that the stenosis is causing 
the renal failure. If angiography is performed, vena 
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Table 10.7. Clinical features suggestive of renal failure caused 
by renal artery stenosis 

Hypertension - a sine qua non 
Atherosclerosis of extrarenal vessels 

Especially, abdominal bruit 
Atherosclerotic risk factors 
"Unusual" hypertension 

Onset after age 50 
Escape from previous medical control 
Severe hypertension 
Refractory hypertension 
Grade 3 or 4 hypertensive retinopathy 
i Scr after hypertension therapy 

Hypokalemia 
Solitary kidney or discrepancy in size of kidneys 

cava and bilateral renal vein blood samples should be 
sent for renin levels. A ratio of renal vein renin to in
ferior vena cava renin greater than 2 : 1, and col
lateral circulation to the involved kidney seen on 
angiography suggest a reversible ischemic mecha
nism for the renal failure; however, the only real 
proof is recovery of renal function with correction of 
the lesion by angioplasty or surgery. 

Angiography should only be done if the patient 
and the physician are willing to proceed to 
angioplasty or vascular surgery to correct any lesion 
that is found. While the possibility that angiography 
will reveal a treatable form of renal failure is attract
ive' one must take into consideration the fact that 
arteriography carries the risks of bleeding, contrast 
media nephrotoxicity and atheroembolic disease 
(rare), and that corrective treatment has additional 
risk. Percutaneous transluminal renal angioplasty 
has a complication rate of 5 to 10% and a mortality 
of4% (Table 18.5) [237]. Surgery has a mortality 
rate of over 10% in some series (Table 18.5) [237]. 
Thus, one tends to consider arteriography in the 
youngest and healthiest of individuals and in patients 
whose blood pressure is poorly controlled by drugs or 
whose renal failure is severe or worsening. Con
versely, one tends to avoid an aggressive approach in 
older, sicker individuals, and in patients whose 
hypertension is easily controlled and whose renal 
failure is mild and stable. 

Whom to correct. Once angiography reveals 
renal artery stenosis of greater than 70 to 75%, one 
needs to differentiate ischemic kidneys, whose func
tion can improve after correction of the stenosis, 
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from irreversibly atrophic kidneys. High renal vein 
renin level compared to the level in the vena cava, 
viable glomeruli on biopsy, function on radionuclide 
renal scan, and collateral circulation and a 
nephrogram on arteriography suggest reversibility oj 
the renal impairment [238, 261, 262]. To have a 
good chance of success, vascular correction should be 
reserved for kidneys longer than 9 cm according to 
some [224 j, but good results are also reported with 
kidneys of7 and 8 cm in length [250,263]. 

If the renal failure seems curable by these 
guidelines, and if the benefits of correction outweigh 
the risks mentioned above, one should proceed with 
balloon angioplasty or vascular surgery (see Chapter 
18, section on treatment of vascular causes of renal 
failure). 

At times the physician will be only slightly 
suspicious of renal artery stenosis, and would like to 
have further evidence before undertaking 
arteriography. 

Clinical Example. An asymptomatic 48-year-old 
white male smoker with a l5-year history of 
hypertension has a recent rise in Scr to 1.9 mg/dL. 
His father and a brother died of myocardial infarc
tions. Hypertension is well controlled with cap
topril and the kidneys are equal and normal in size. 
Although the patient has no evidence of vascular 
disease, the risk factors for atherosclerosis raise a 
concern about renal artery stenosis. 

Two studies sometimes used in the evaluation oj 
renovascular hypertension may be of some benefit in 
such situations, although they have not been 
evaluated in the diagnosis of renal failure from renal 
artery stenosis: 

Renin. A peripheral vein renin determination should be or
dered. A normal or low value tends to exclude the diagnosis. 
A high value is consistent with renal artery stenosis, but can 
also be seen in malignant hypertension, atheroembolic 
disease and scleroderma renal crisis. 

Captopril (Renography) Radionuclide Scan. Captopril and 
other ACE inhibitors can acutely reduce GFR in kidneys 
with renal artery stenosis. Captopril renography uses ra
dionuclide scanning to detect reduced GFR after a test dose. 
This test has been performed by different workers with 
various radionuclides, various criteria and various degrees 
of success [258, 264-267]. Its sensitivity in detecting 
hypertension caused by renal artery stenosis ranges from 71 
to 96% and specificity ranges from 72 to 95%. However, its 
ability to detect renal failure caused by renal artery stenosis 
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has not been studied. Nevertheless, if a physician is having 
difficulty deciding whether or not to perform an angiogram 
on a particular patient, a clearly positive or clearly negative 
captopril renogram might help in the decision. 

New Tests Under Evaluation. Duplex sonography [267-270] 
magnetic resonance angiography [271-272] and spiral CT 
angiography [273-274] appear promising for detection of 
renal artery stenosis in some hands. Given the sparcity of 
reported experience with these new methods, they cannot be 
relied upon for a definitive diagnosis of renal artery stenosis, 
but might be used along with other information to decide on 
proceeding to angiography in certain patients. 

Pitfalls. Severe renal failure may occur with tight renal 
stenosis on one side and a normal size kidney with a patent 
renal artery on the other side, i.e. with apparent unilateral 
disease [224, 261]. In these cases, the normal-looking kidney 
may have poor function due to malignant hypertension or 
cholesterol emboli. 

In some cases the usual clues to renal artery stenosis are 
absent, and there is little or nothing to suggest the correct 
diagnosis. For example: The patient may not have difficult 
hypertension or extrarenal atherosclerotic manifestations 
[275]. Men with early atherosclerosis may be less than 50 
years old and young women of any age can have 
fibromuscular hyperplasia. The kidneys may be of equal size 
[224,239,242] and function [228, 239]. Therefore, the physi
cian needs a high index of suspicion for the clues listed in 
Table 10.7. Unfortunately, patients without any suggestive 
features may not be diagnosed unless clinical clues appear 
later. 

Renal Infarction 

Causes 
Renal infarction is usually caused by large renal 
emboli from an intracardiac thrombus that is 
formed in the setting of atrial fibrillation or recent 
myocardial infarction. 

Renal infarction due to the other etiologies is 
rare (Table 10.8). Extreme narrowing of 
atherosclerotic renal arteries, although not uncom
mon in the elderly, produces ischemic atrophy 
rather than infarction. Even when an acute throm
bosis totally occludes a narrowed renal artery in 
this population, collaterals formed during the in
itial slow phase of stenosis can protect the kidney 
from frank infarction [300, 301]. In polyarteritis 
nodosa, occlusion of intrarenal arteries commonly 
produces multifocal ischemia and infarction [284, 
302, 303], but the extent of infarction is sufficient to 
cause renal failure only in rare cases [283, 284]. In
stead, renal failure in polyarteritis nodosa usually 
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Table 10.8. Conditions that cause renal failure through renal in
farction 

Renal artery embolism [230, 276, 277} 
Atrial fibrillation 
Post myocardial infarction 
Myxoma [278] 
Paradoxical embolism [279] 

Dissecting aortic or renal aneurysm [280-282} 
Renal artery vasculitis 

Polyarteritis nodosa [283, 284] 
Giant cell arteritis [285] 

Renal artery thrombosis 
Atherosclerosis [286] 
Trauma [287] 
Vascular neurofibromatosis [288] 
Hypercoagulability [289, 290] 
Vascular surgery [291, 292] 
Catheterization or angioplasty [293-296] 
Renal artery aneurysm [297] 

Renal vein thrombosis [298, 299} 

results from the associated glomerulitis. Even renal 
vein thrombosis is an uncommon cause of infarc
tion, except in neonates [2, 3, 6, 7,298,299]. 

Renal Vein Thrombosis in the Nephrotic Syndrome. This 
complication is often seen in the nephrotic syndrome due to 
hypercoagulability, but almost never leads to infarction 
[304,305]. Apparently the thrombus in the renal veins is not 
large enough to stop venous outflow from the kidney or 
stimulates adequate venous collateral circulation. Even in 
those cases where renal vein thrombosis reduces GFR, it 
produces mild or no renal failure thanks to the normal or 
hypertrophied contralateral kidney [304-307]. Thus, in 
nephrotic patients, severe renal failure due to renal vein 
thrombosis of a solitary or both kidneys is very unusual 
[308-310]. 

Pathophysiology. Emboli to the main renal arteries can 
seriously impair GFR by infarcting large portions of the 
renal parenchyma. In contrast, small emboli to segmental 
renal arteries as occur in bacterial endocarditis do not cause 
renal failure. Unilateral main renal artery embolism usually 
leads to mild renal insufficiency, when the other kidney is 
normal. However, some patients with unilateral embolism 
transiently have more severe azotemia than expected [277], 
perhaps due to reflex vasospasm or contrast media 
nephrotoxicity, which impairs contralateral renal function. 

Clinical picture [276,277,311,312] 
The patient with renal infarction is usually of ad
vanced age, reflecting the importance of cardiac 
disease as a source of the thrombus. While painless 
infarction can occur, most patients experience pain 
in the flank, abdomen, chest or low back. Nausea, 
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vomiting and gross hematuria are other common 
presenting symptoms. Past history may show 
strokes or other embolic events [276]. In those rare 
cases of infarction not caused by renal artery em
bolism, the clinical setting may suggest another 
cause, e.g. recent renal angioplasty (which may 
trigger renal artery thrombosis). Similarly, 
pulmonary emboli or deep vein thrombosis in a pa
tient with nephrotic syndrome should alert one to 
the possibility of renal vein thrombosis [305, 306]. 

On examination, one usually finds fever and ab
dominal or flank tenderness. The blood pressure 
may be higher than usual. 

Most patients have leukocytosis and a urinalysis 
showing hematuria, mild pyuria and proteinuria as 
high as 4+. Serum lactic dehydrogenase levels are 
high in almost all cases, while serum aspartate 
aminotransferase, alanine aminotransferase and 
alkaline phosphatase rise less reliably. A ra
dionuclide scan can show perfusion defects, poor 
perfusion or most often absent perfusion. Simi
larly, the IVP shows poor or absent function in the 
involved kidney. Arteriography shows occlusion of 
the main renal artery or of multiple segmental renal 
arteries. 

Diagnosis 
The diagnosis of renal infarction should be suggested 
in the setting of atrial fibrillation, recent myocardial 
infarction or renal artery manipulation. Presentation 
with flank or abdominal pain, unexplained nausea 
and vomiting, leukocytosis and gross hematuria also 
raise suspicion of this diagnosis. A serum lactic 
dehydrogenase should be ordered. If it is elevated, it 
supports the diagnosis; if it is normal in the acute 
phase of the illness, it virtually excludes the 
diagnosis. A renal sonogram should be obtained to 
rule out urinary obstruction. It will usually appear 
normal, but in the case of severe renal failure from 
unilateral embolism it could show an atrophic con
tralateral kidney destroyed by some previous 
process. 

An IVP is not recommended because of the risk of 
contrast nephrotoxicity, but may have already been 
carried out to look for a renal stone. It will show poor 
function in the involved kidneys. An abdominal com
puted tomography with contrast enhancement is not 
recommended to diagnose renal infarction. However, 
if it has been obtained to investigate abdominal pain 
andfever or for some other reason, it will show the in-
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farcted regions of the kidneys [313]. 
In most cases a renal arteriogram should be per

formed since it provides a definite diagnosis by show
ing the infarction and its cause. However, 
arteriography carries a certain risk and may be inap
propriate in patients in whom the results will not af
fect management. This includes seriously ill patients 
in whom treatment with surgery, anticoagulation or 
thrombolytic therapy is contraindicated. It might 
also include a patient with atrial fibrillation and mild 
renal failure whose clinical picture leaves little doubt 
about the diagnosis and whose treatment already in
cludes anticoagulation. A radionuclide scan can be 
ordered to show poor renal perfusion in such cases. 
Also, echocardiography is indicated to show the 
source of the embolus in the heart. 

A vena cavagram and selective renal venogram 
should be carried out in patients suspected of having 
a renal vein thrombosis. If arterial or venous occlu
sions are suspected, a renal arteriogram with ad
ditional views of the venous phase will visualize both 
arteries and veins. 

Pitfalls. The diagnosis of renal infarction may be missed in 
patients who present without the usual predisposing cardiac 
history or without abdominal or flank pain. The hematuria 
and proteinuria could be misinterpreted as a form of 
glomerulonephritis, and the diagnosis may be discovered on 
renal biopsy. 

CONCLUSION 

The conditions considered in this chapter can fre
quently be suspected by their characteristic clinical 
and laboratory manifestations, e.g. they might oc
cur in certain settings such as the postpartum 
period for hemolytic uremic syndrome. Often the 
overall picture is typical enough to make a 
presumptive diagnosis; in other cases, additional 
tests will be needed. Table 10.9 summarizes the 
clinical features that sh~uld suggest a vascular 
cause of renal failure. 

NOTES 

1. One should not order an IVP to determine renal size, but an 
old IVP may be available. 

2. Intravenous digital subtraction angiography does not 
reliably provide adequate visualization. Instead, standard 
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Table 10.9. Clinical clues to vascular causes of renal failure 

Condition Clues 

Vasomotor disturbance Severe liver disease, t Ca, sepsis, contrast media 
Drugs: NSAID's, nifedipine, ACE inhibitors, cyclosporine A 

Small vessel disease 
Atheroembolic disease Atherosclerosis, recent angiography, ischemic toes, livedo reticularis, eosinophilia 

Renal scleroderma Raynaud's phenomenon, scleroderma, t hypertension 

Malignant hypertension Diastolic BP > 130 mmHg, ~ vision, grade 3 or 4 retinopathy, headaches or CNS 
changes, ~ K 

Hemolytic uremic syndrome Postpartum period, mitomycin C, diarrhea, hemolytic anemia, RBC fragments, 
t LDH, ~ platelets 

Thrombotic thrombocytopenic purpura Fever, CNS changes, hemolytic anemia, RBC fragments, t LDH, ~ platelets 

Acute cortical necrosis Complications of pregnancy, shock, DIC, failure to recover from ATN 

Large vessel disease 
Renal artery stenosis Atherosclerosis, abdominal bruits, "unusual" hypertension, hypertensive Rx --+ t Scr, 

small kidney, ~ K+ 

Renal infarction Recent MI, atrial fibrillation, abdominal or flank pain, gross hematuria, i LDH 

ACE - angiotensin-converting enzyme, ATN - acute tubular necrosis, CNS - central nervous sytem, DIC - disseminated intravascular 
coagulation, LDH - lactic dehydrogenase. 

angiography or, preferably, intra-arterial digital subtraction 
angiography should be used to reveal the stenosis. 
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11. Glomerular causes of renal failure 

J. GARY ABUELO 

INTRODUCTION 

Glomerulopathies cause about 10% of cases of 
acute renal failure due to intrinsic renal diseases 
(Table 2.2), and are the most common etiology of 
chronic renal failure [1, 2]. 

Classification 

Glomerular causes of renal failure fall into two 
categories: 
(1) Acute nephritic diseases, like poststreptococcal 

glomerulonephritis (GN), are characterized by 
hematuria, proteinuria and acute or subacute 
renal failure. 

(2) Nephrotic diseases are characterized by heavy 
proteinuria, and usually present with normal or 
near normal Scr. Worsening renal function 
may be observed when the underlying disease 
pursues a rapidly destructive course, as with 
HIV nephropathy, or when a sequela of the 
nephrotic pathophysiology itself, such as renal 
vein thrombosis, impairs GFR. 

The glomerular diseases are subclassified as to 
whether they are primary renal diseases, i.e. only 
the kidneys are involved, or are secondary diseases, 
i.e. a component of a multisystem disorder like 
polyarteritis nodosa. Most primary glomerular 
diseases are idiopathic, and probably immune
mediated. The diseases may be further 
characterized by etiology and histology. Examples 
of glomerular causes of renal failure are shown on 
Table 11.1. 

J.G. Abuelo (ed.), Renal Failure, 93-1/6. 
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Table 11.1. Examples of glomerular causes of renal failure 

Disease Etiology Histology 1°/2° 

Acute nephritic disease 
Idiopathic crescentic Idiopathic NCGN 1° 
GN 
GN of endocarditis Bacterial FPGN 2° 

infection 
Nephrotic diseases 
Rapid progression of Idiopathic Advanced 1° 
FSGS FSGS 
Renal vein thrombosis Diabetes Diabetic 2° 
complicating diabetic mellitus nephropathy 
nephropathy 

FPGN - focal proliferative GN, FSGS - focal segmental 
glomerulosclerosis, NCGN - necrotizing and crescentic GN, 
1°12° - primary or secondary glomerulopathy. 

ACUTE NEPHRITIC DISEASES 

Definition 
The acute nephritic syndrome refers to the clinical 
picture of hematuria, proteinuria and variable 
hypervolemia and renal impairment typically seen 
in acute glomerulonephritis. 

The acute nephritic syndrome should not be confused with 
the nephrotic syndrome, which is heavy proteinuria (greater 
than 3g/day) that leads to hypoalbuminemia (less than 3 g/dl) 
and edema. Hematuria mayor may not be present in the 
nephrotic syndrome, and acute renal failure is rare, but it 
does occur as discussed later in this chapter. 

The pathophysiologic processes in the acute nephritic 
and the nephrotic syndromes are different. In the acute 
nephritic syndrome arteriolar vasoconstriction reduces 
blood flow, while glomerular damage reduces glomerular 
capillary permeability and filtering surface area, thereby 
decreasing GFR. The damaged glomerular capillaries prob
ably also develop holes that are the source of the hematuria. 
In contrast, in the nephrotic syndrome glomerular capillary 
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damage may cause little or no hematuria, but diffusely in
creases permeability to macromolecules, and allows massive 
loss of albumin and other plasma proteins into the urine. 
GFR is usually preserved initially, although it may pro
gressively decline in chronic nephrotic diseases. 

The specific conditions that produce the acute nephritic 
and nephrotic syndromes are also different as can be seen by 
comparing Tables 11.2 and 11.12. However, when severe, all 
the nephritic diseases may cause the nephrotic syndrome; 
membranoproliferative GN and lupus nephritis are particu
larly likely to produce both syndromes simultaneously. 

Causes 
The various types of acute nephritic diseases are 
shown in detail on Table 11.2. The most common 
primary acute nephritic disease is idiopathic 
crescentic glomerulonephritis, while the leading 
secondary nephritic diseases are lupus nephritis, 
polyarteritis nodosa and Wegener's granuloma
tosis [41a-41c]. 

Primary Glomerular Diseases 

Pathology 
The primary acute nephritic diseases have some dif
ferences in clinical presentation, but are mainly dis
tinguished by their histologic appearance. 

Idiopathic Crescentic GN. This is characterized by the 
presence of crescent shaped masses of cells in Bowman's 
space in more than 30-50% of the glomeruli. These 
"crescents" initially contain monocytes and glomerular 
epithelial cells, but with time become less cellular and more 
fibrous (Figure 11.1). The glomerular tufts themselves may 
appear normal or may have cellular proliferation or 
necrosis, for which the term necrotizing and crescentic GN 
may be used. By immunofluorescent staining for IgG and 
C3, cases of crescentic GN are subcategorized as having a 
linear capillary pattern associated with anti-glomerular 
basement membrane (GBM) antibodies (type I), a granular 
pattern as~ociated with circulating immune complexes (type 
II) or minimal or negative staining, so-called pauci-immune 
GN, associated with anti-neutrophil cytoplasmic antibodies 
(ANCA) (type III). 

IgA Nephropathy or Berger's Disease. This is characterized 
by mesangial immune complex deposits with IgA as the pre
dominant immunoglobulin. Mesangial cellularity and 
matrix are variably increased. Crescents may occur in more 
damaged glomeruli. 

Membranoproliferative GN. This is also known as 
mesangiocapillary GN. It is characterized by mesangial 
hypercellularity, thickening of the capillary wall by suben
dothelial infiltration of mesangial matrix and cells, and by 
deposition ofC3 and sometimes immunoglobulins along the 
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capillary wall and in the mesangium. The circumferential 
deposition of mesangial matrix produces an apparent 
duplication of the capillary wall, known as a double con
tour, tram track or splitting. The type I variant has suben
dothelial electron dense (immune complex) deposits, while 
the type II variant, dense deposit disease, has sausage-shaped 
or fusiform deposits within the basement membrane of the 
glomerular capillaries, tubules and Bowman's capsule. 

Clinical Picture 

Renal Manifestations. The clinical picture of 
primary GN is mainly that of the acute nephritic 
syndrome, In contrast, patients with secondary GN 
also have signs and symptoms of their underlying 
disorder, such as fever and murmur in bacterial en
docarditis. 

The acute nephritic syndrome classically 
presents with gross hematuria, oliguria, anuria, 
flank pain [42-45], or hypervolemia, which may be 
severe enough to produce acute pulmonary edema 
or malignant hypertension. Less often patients 
come to the physician when uremic symptoms de
velop (e.g. fatigability and anorexia) or when an 
unrelated medical problem leads to the discovery of 
microscopic hematuria or an increased Scr. The 
physical examination is normal in some patients, 
and in others shows hypertension and peripheral 
edema. Hypervolemia is more common in 
poststreptococcal GN (85% of cases) [42] and less 
common in idiopathic crescentic GN (0-33% of 
cases) [46-48]. Patients who also have nephrotic 
syndrome may have marked edema. Scr can rise 
rapidly from one day to the next or gradually from 
one week or month to the next. Urine output may 
be normal initially, but can decrease or stop over 
several days. Hematuria, either microscopic or 
gross, is present in all cases, although rarely it is in
termittent [49]. Gross hematuria does not neces
sarily signify severe damage; IgA nephropathy is 
noted for episodes of gross hematuria despite nor
mal GFR. Red cell casts are a common, but not a 
universal finding. Proteinuria is usually moderate 
(1 to 2+; 30 to 100 mg/dL; I to 3 g/day), but may be 
in the nephrotic range (3 to 4+; 300 to 1000 mg/dL; 
greater than 3 g/day) or in rare cases may be absent. 
Slight pyuria is not unusual. 

Extrarenal Manifestations. These often occur in 
primary GN, but tend to be non-specific. The 
underlying immunologic mechanism is triggered by 
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Table 11.2. Glomerular causes of an acute nephritic picture 

Disease 

Primary glomerular disease 
Idiopathic crescentic GN 
IgA Nephropathy (Berger's Disease) 
Membranoproliferative GN 

Secondary glomerular disease 
GN Associated with infection 

Streptococcal pharyngitis or 
pyoderma [3] 
Bacterial endocarditis [4] 
Visceral abscesses [5] 
Ventriculo-atrial shunts [6] 
Other infections (rare) 

GN associated with collagen or 
autoimmune disease 

Systemic lupus erythematosus 
Polyarteritis nodosa 

Wegener's granulomatosis 
Henoch-Schonlein purpura [16] 
Essential mixed cryoglobulinemia [17] 
Goodpasture's syndrome 

Mixed connective tissue disease 
[21,22] 
Churg-Strauss syndrome [23] 
Hypocomplementemic vasculitis 
[24,25] 
Temporal arteritis [26-28] 
Takayasu's arteritis [29] 
Behcet's disease [30] 
Sarcoidosis [31, 32] 

GN associated with malignancy 
Lymphoma [33, 34] 
Angioimmunoblastic 

lymphadenopathy [35, 36] 
Monoclonal gammopathy [37, 38] 
Cancer [37, 39] 

Cirrhosis [40, 41] 

Etiology 

Idiopathic 
Idiopathic 
Idiopathic 

Group A streptococcus 

S aureus, S viridans, and others 
Saureus, P. aeruginosa, and others 
S albus and others 
Variety of bacteria, viruses, fungi and 
parasites [6] 

Idiopathic 
Usually idiopathic, rare: allergic hyposen
sitization [7], hepatitis B [8], otitis media 
[9], streptococcus [10], silicosis [II], sulfa 
[12, 13), penicillin [14], neoplasm [15] 
Idiopathic 
Idiopathic 
Hepatitis C virus 
Usually idiopathic; rare: influenza A [18], 
hydrocarbons [19, 20] 
Idiopathic 

Idiopathic 
Idiopathic 

Idiopathic 
Idiopathic 
Idiopathic 
Idiopathic 

Idopathic 
idiopathic 

Idiopathic 
Idiopathic 

Alcohol 

Histology' 

NCGN 
DPGN + IgA mesangial deposits 
MPGN 

DPGN 

FPGN or DPGN 
FPGN or MPGN + crescents 
DPGN or MPGN 
various lesions 

FPGN,DPGN 
NCGN 

NCGN 
NCGN + IgA mesangial deposits 
DPGN or MPGN 
NCGN, linear IgG by IF 

Various lesions 

Various lesions 
Various lesions 

Various lesions 
Various lesions 
Various lesions 
Various lesions 

NCGN 
MPGN 

DPGN or NCGN 
NCGN 

MPGN + IgA mesangial deposits 
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* DPGN - diffuse proliferative GN, FPGN - focal proliferative GN, MPGN - membranoproliferative GN, NCGN - necrotizing and 
crescentic GN. 
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Fig. 11.1. Renal biopsy from a patient with idiopathic crescentic GN. Note the large cellular crescent and collapsed glomerular tuft. 
There is a red blood cell cast in the tubule at the lower right hand corner. (Courtesy of Dr. Alfredo Esparza.) 

a viral infection in some patients, who report pro
dromal sore throats and other viral symptoms. 
Also, this immunologic mechanism may produce 
vasculitis-like symptoms such as malaise, fever, 
rash and arthralgias. Investigation of extrarenal 
symptoms is of little help in diagnosis. 

Idiopathic Crescentic GN. This can occur at any age, but is 
most common between ages 30 and 60 [50], and exhibits a 
slight male predominance [51-55] . Exposure to hydrocar
bons or penicillamine administration plays a causative role 
in some patients [51-57]. A rash or constitutional or joint 
symptoms may suggest an underlying collagen vascular 
disease, but subsequent development of a specific disorder is 
rare [52, 53, 55, 58, 59]. 

Patients often have viral-like or "flu-like " prodrome con
sisting of fever. myalgias, malaise, sore throat and upper 
respiratory symptoms [51-55, 58, 60, 61]. Anemia [52, 60, 62] 
and an elevated erythrocyte sedimentation rate [60] are com
mon; C3 or CH50 serum complement levels are occasionally 
depressed [52, 55, 60, 63]. Most patients have ami-neutrophil 
cytoplasmic amibodies ( ANCA ) present [64, 65]. 

IgA Nephropathy (Berger's Disease) . This is the most com
mon type of GN; it usually presents as either asymptomatic 
microscopic hematuria with proteinuria or episodes of gross 
hematuria that are often triggered by upper respiratory in
fections and last several hours to days [66]. Renal failure is 

not observed in most patients with IgA nephropathy, but 
can occur: chronic renal failure in 20% or more of cases [66], 
subacute renal failure in about 5% of cases and transient 
acute renal failure in about 10% of cases [67-74]. 

Patients with a subacute nephritic picture range in age 
from 7 to 60 years and are predominantly male. A long his
tory of asymptomatic urinary abnormalities may precede the 
renal failure, and fever and upper respiratory infections may 
trigger the nephritic episode. Hypertension and the 
nephrotic syndrome are common. There is usually no re
sponse to therapy and progression to end-stage renal disease 
occurs over a few months to years [74, 75]. 

Patients with transiem acute renal failure , are predomi
nantly male [70, 73 , 75a] and range in age from 6 to 71 years 
[70, 72]. Typically Scr rises during an episode of gross 
hematuria, peaks after 3 to 10 days [75a] and decreases over 
a few weeks to several months [70, 72, 75a]. A prodrome of 
pharyngitis is usually observed [68, 75a] and flank pain may 
be a prominent complaint [43] . Dialysis is occasionally 
necessary [43, 70] . Recurrent episodes of gross hematuria 
and acute renal failure have been reported in some patients 
[70, 75a]. Recent studies suggest that the renal failure results 
from tubular damage and obstruction by red cell casts [75a, 
75b] . 

Membranoproliferative (or Mesangiocapillary ) GN. This 
disease occurs equally in both sexes and affects individuals 
of all ages with a peak prevalence in adolescence [44, 76-83]. 
Patients most commonly come to medical attention with 
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nephrotic syndrome, but the disease may also present with 
recurrent gross hematuria or asymptomatic proteinuria and 
hematuria. About one third of patients have an upper 
respiratory infection or sore throat either before or at the 
time of presentation [76, 82-84]; some of these cases have 
evidence of a streptococcal infection [82, 84]. Other infec
tions, non-specific febrile illness, rash and flank pain are oc
casionally present [44, 45, 76, 82, 84]. Some cases have 
hepatitis C virus infection with or without mildly elevated 
aminotransferase levels [85, 86]. The type II or dense deposit 
disease form may be associated with partial lipodystrophy , a 
rare condition characterized by loss of fat from the face. 
arms and trunk [76, 81, 83, 87]. 

Profound anemia has been reported in some cases [84. 
88]. The serum C3 concentration is commonly decreased, 
while C4 concentrations are low in rare cases [77, 78, 81, 84, 
88,89]. 

About a third of patients have an increased Scr at initial 
presentation [77-81]. This usually reflects a chronic process 
that goes on to severe renal failure, but sometimes an acute 
nephritic picture is responsible for the azotemia [76-79. 81]. 
This acute renal failure may be transient or progressive [44, 
45,84]. 

Diagnosis 
The investigation for an acute nephritic cause of 
renal failure starts when the urinalysis shows pro
teinuria and hematuria. Acute nephritis should also 
be considered in the patient who presents with anuria 
and has no urine for analysis. A primary GN is 
suggested by non-specific or no extrarenal 
manifestations, and can only be diagnosed by renal 
biopsy. The physician should quantitate the protein 
excretion with a 24-hour urine for protein or a ran
dom urine protein to creatinine ratio, and should ob
tain serum complement levels (CH50, C3 and C4), 
and antineutrophil cytoplasmic antibodies (ANCA). 
Antinuclear antibodies ( ANA), antiglomerular 
basement membrane (GBM) antibodies, and an
tistreptococcal antibodies are not economical in the 
absence of specific clinical clues. They may be ob
tained later if indicated by renal biopsy findings. A 
renal sonogram should be ordered to exclude urinary 
obstruction and confirm normal renal anatomy. If 
two normal size kidneys are present, and if screening 
for a bleeding diathesis is negative, a percutaneous 
renal biopsy should be performed to determine the 
type of GN and the severity of acute and chronic 
changes. 

Pitfalls. Renal failure associated with hematuria and pro
teinuria can result from renal diseases other than GN. Most 
cases of small vessel diseases, renal infarction, acute tubular 
necrosis and acute interstitial nephritis should be suspected 
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from the clinical picture, and may be confirmed as outlined 
in Chapters 11, 12 and 13. Red cell casts, proteinuria over 
2.5 g/d and gross hematuria or greater than 100 red cells per 
high power field typify glomerulopathies. These "nephritic" 
urinary findings are evidence against tubular or interstitial 
disease, but can also be seen in renal infarction and most of 
the small vessel diseases. 

The rare absence of proteinuria or intermittence of 
hematuria in cases of acute nephritic diseases must be kept in 
mind. In patients without proteinuria other clues, such as 
hematuria with red cell casts, usually point to the diagnosis. 

Secondary Glomerular Diseases 

The extrarenal manifestations of these secondary 
conditions are often specific enough to permit the 
physician to make a diagnosis on clinical grounds 
alone. Thus, a renal biopsy may not be necessary to 
identify the type ofGN, although it may help by in
dicating its severity or reversibility. 

Poststreptococcal GN 
This disease is the result of glomerular deposition 
of streptococcal antigens, antibodies and com
plement. 

Pathology. Poststreptococcal GN is characterized histolo
gically by diffuse proliferation of me sa ngia I and endothelial 
cells. An exudative stage with variable infiltration by 
polymorphonuclear and mononuclear leukocytes occurs in 
the first two to three weeks of disease. Immune complexes 
containing IgG and complement deposit along the capillary 
wall and in the mesangium. They take on the characteristic 
appearance of a hump when located subepithelially. 

Clinical Picture. Although post streptococcal GN 
is mainly seen in children between 2 and 10 years of 
age, cases occur up to the ninth decade of life [90, 
91]. Poststreptococcal GN typically follows a 
pharyngitis caused by certain nephritogenic strains 
of group A streptococcus [90, 92]. It may also com
plicate streptococcal pyoderma (impetigo), which 
occurs more often in the summer and early fall, and 
in the tropics [90, 93-97].' 

Occasional patients with poststreptococcal GN have an 
asymptomatic infection only evidenced by a serological re
sponse [96, 98]. Rarely, GN may complicate streptococcal 
infections that involve other organs (e.g. otitis, pneumonia) 
or that involve other streptococcal groups (C or G) [93, 98, 
99, 100]. Most cases of GN are sporadic, but epidemics of 
poststreptococcal GN may occur in communities with poor 
hygiene [93, 10 I]. The risk of GN after a streptococcal infec
tion with a nephritogenic strain is 5 to 25% [90, 94], and is 
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probably not reduced by antibiotic treatment of the infec
tion [102, 103]. The occurrence of azotemia in poststrep
tococcal GN is about 60% [96, 104, 105]. 

A latent period of one to three weeks usually passes 
between the streptococcal infection and the onset 
ofGN; by this time most patients no longer have an 
active infection and cultures are often negative 
[95-97]. However, 95% of patients have antibodies 
to at least one of five streptococcal enzymes [90, 95] 
(Table 11.3). Antistreptolysin 0 titers increase in . 
two-thirds of throat infections, but less often after 
skin infections [90, 93, 94, 96, 105]. 

Serum total hemolytic complement (CH50) and 
C3 levels are low for two weeks after the onset of 
GN in over 90% of cases, but they return to normal 
over several weeks [90, 93, 95, 96, 98]. Concentra
tions of C4 and other early components are usually 
normal [93]. The erythrocyte sedimentation rate 
(ESR) is typically increased and may be greater 
than 100 mm1h [90]. Cryoglobulins may be present 
[42, 106, 107]. 

Diagnosis 
For poststreptococcal GN the key clinical clues are 
the recent pharyngitis or impetigo, and the 1 to 3 
week latent period. One should obtain serum comple
ment levels, cultures of the throat or skin lesions, and 
order a combined antibody assay, the streptozyme 
test, or antibody titers against as many steptococcal 
enzymes as possible. The diagnosis is made by a com
patible clinical picture, serologic or culture evidence 
of a streptococcal infection, low complement levels, 
and renal function that begins to improve in a few 
days and returns to normal by 2 weeks. If any of these 
elements is atypical, a renal biopsy is indicated. 

Table 11.3. Serologic response in poststreptococcal GN [90] 

Antibody to: Pharyngitis Pyoderma 

Streptolysin 0 + +/-
DNAase B + + 
NADase + +/-
Hyaluronidase + + 
Streptokinase +/- +/-
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GN due to bacterial endocarditis 

Clinical Picture. This condition is a result of 
glomerular deposition of bacterial antigen, an
tibody and complement. Urinary abnormalities oc
cur in half of endocarditis cases and some develop 
renal failure [108, 109]. 

Initially, the manifestations of the infected heart 
valves predominate over the renal manifestations. 
The hallmarks of bacterial endocarditis are fever 
and cardiac murmurs, although in rare cases the 
fever is absent or the murmur develops late. Pa
tients typically have a history of valve disease, valve 
replacement or intravenous drug abuse. Ruptured 
cordae tendineae or perforated valves may produce 
congestive heart failure, and pericarditis is some
times observed. 

Acute bacterial endocarditis is caused by S. aureus or other 
invasive organisms. It frequently occurs in intravenous drug 
addicts, typically involves normal heart valves, and is 
characterized by new or changing murmurs. It presents with 
chills, high fever, myalgias and often back pain, and runs a 
fulminant course. Focal abscesses may occur in the lungs, 
brain and other sites. 

Subacute bacterial endocarditis is caused by S. viridans and 
other less virulent organisms. It affects abnormal valves, be
gins with insidious symptoms and runs a long course. Ex
tracardiac manifestations predominate initially with 
malaise, fatigue, anorexia, night sweats and intermittent 
fever going on for weeks or months. Myalgias, arthralgias 
and arthritis are often present and may mimic a 
rheumatologic disorder. Emboli may produce a stroke, 
myocardial or pulmonary infarction or sudden pain from 
embolization to an abdominal organ. Mycotic aneurysms 
sometimes rupture and cause hemorrhage in the brain or 
elsewhere. Rare cases present with gross hematuria or 
uremic symptoms [110]. 

Physical examination will reveal fever and one or more 
murmurs. Congestive heart failure, splenomegaly, splinter 
hemorrhages under the distal third of the nails and 
mucocutaneous petechiae of the mouth, conjunctivae or up
per chest are frequent physical findings. Less often the pa
tient has a purpuric rash, Roth's spots (retinae), Osler's 
nodes (painful nodules on pulp of fingers), Janeway's lesions 
(palms and soles) or clubbing [Ill]. 

Typical laboratory findings include anemia, 
leukocytosis, raised ESR and the sine qua non, 
positive blood cultures. 

Blood cultures usually reveal S. aureus or a relatively 
a virulent streptococcus. In occasional cases other bacteria 
may be responsible [109]. Antibiotic therapy or fastidious 
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organisms may cause negative or delayed growth in blood 
cultures. 

Most patients with GN associated with bacterial 
endocarditis have cryoglobulinemia and low CH50 
or C3. Rheumatoid factor is present in half of pa
tients, as is depression of C1q and C4 [108, 111]. 
Thrombocytopenia has been described [111]. 

Diagnosis 
The main clues to GN due to bacterial endocarditis 
are fever and a heart murmur. The diagnosis of 
bacterial endocarditis depends on a positive blood 
culture. Three cultures of 10 to 20 ml of blood should 
be drawn on the first day. If there is no growth after 
24 hours, three further cultures should be ordered. If 
the patient is taking an antibiotic, it should be stop
ped and additional blood cultures sent during the next 
several days. The cultures need to be incubated for at 
least three weeks. The detection of vegetations on 
echocardiography supports the diagnosis. 

Blood specimens should be sent for ESR, 
rheumatoidfactor and complement levels. The physi
cian may attribute azotemia to a secondary GN in 
patients with bacterial endocarditis, if the urinalysis 
reflects an acute nephritic picture and if the comple
ment levels are depressed. A fall in Scr with response 
of the infection to antibiotic treatment supports the 
diagnosis. A worsening of Scr despite resolution of 
the infection or any atypical features should make 
the physician consider other diagnoses and a renal 
biopsy. 

Pitfalls. Causes of renal failure other than GN may be seen 
in the setting of bacterial endocarditis. Nephrotoxic acute 
tubular necrosis, especially from aminoglycosides, allergic 
interstitial nephritis from other antibiotics, ischemic acute 
tubular necrosis from sepsis, and pre-renal azotemia from 
cardiogenic shock are examples. 

GN due to visceral abscesses [6, 112J 

This rare immune complex GN is a complication of pyogenic 
infections in the thorax, abdomen or other locations caused 
by S. aureus or one of the gram-negative bacteria. The dur
ation of the infection at the onset of GN ranges from one 
week to over a year. Patients typically are febrile and appear 
critically ill. Blood cultures mayor may not be positive. 
Most patients have cryoglobulins; some have depressed 
CH50 and C3. 
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GN due to infected ventriculoatrial shunts 

On rare occasion an immune complex GN with renal failure 
can complicate infections of these shunts, which were used in 
the past to treat hydrocephalus [113, 114]. Infections of the 
ventriculoperitoneal shunts now employed may cause a mild 
GN, but not azotemia [113, 115]. Since some patients still 
have ventriculoatrial shunts and since infections com
plicated by secondary GN may occur years after shunt place
ment, this cause of renal failure is still observed [116]. A var
iety of bacteria may be responsible, but S. epidermitis is 
found in over 70% of cases on blood or spinal fluid culture. 
The typical patient is a child or young adult with fever, 
anemia and hepatosplenomegaly. Malaise, lethargy, 
anorexia, nausea and vomiting are common and purpura, 
skin rash and arthralgia may occur. In addition to 
manifestations of the nephritic syndrome and a positive 
culture of the organism, laboratory studies usually show 
cryoglobulins, depressed C3 and C4, and an elevated ESR 
[114]. 

Lupus nephritis 
Renal disease is one of the common complications 
of systemic lupus erythema to sis (SLE) and is a 
major cause of morbidity and mortality [117]. 

Pathology. Lupus nephritis is an immune complex disease, 
which always manifests electron dense deposits on electron 
microscopy, and IgG, C3 and usually other immunoglobulin 
and complement components on immunofluorescent 
microscopy. It may have several pathologic appearances. In 
mesangial GN there are mesangial immune complex deposits 
and sometimes mesangial hypercellularity, but azotemia is 
rare (Table 11.4). 

Membranous GN has uniform thickening of the capillary 
walls due to subepithelial immune deposits. Slight mesangial 
hypercellularity may be seen. In focal proliferative GN, 50 
percent or less of the glomeruli have subendothelial immune 
complex deposits, hypercellularity and often segmental 
necrosis. These two forms occasionally produce azotemia. 

The most common form of lupus nephritis in patients 
with azotemia is diffuse proliferative GN. Over 50 percent of 
glomeruli have hypercellularity, segmental necrosis, and 
capillary wall thickening by large subendothelial immune 
complex deposits. Crescentic formation may occur. 

Some degree of interstitial nephritis with peri tubular im
mune complex deposits often accompanies the glomerular 
lesions of lupus nephritis, but in rare cases it may occur in 
the absence of glomerular lesions and produce azotemia (see 
Interstitial Causes of Renal Failure, Chapter 13). 

There are several typical pathologic features of lupus 
nephritis. Hematoxylin bodies are ill-defined, lilac-stained 
nuclear remnants derived from leukocytes. They are 
pathognomonic of lupus nephritis, but are seen only in a 
minority of cases. Suggestive, but not diagnostic of lupus 
nephritis, are a fingerprint-like pattern in the grain of elec
tron dense deposits, tubuloreticular inclusions in endothelial 
cells (so-called virus-like particles), and massive suben-



100 

Table 11.4. Renal manifestations of lupus nephritis: percent in
cidence by histologic class [118,119] 

Total patients 34 27 53 34 

No abnormality (%) 41 7 0 3 
Proteinuria (%) 50 81 98 97 
Hematuria (%) 24 56 89 41 
Nephrotic syndrome (%) 3 19 87 74 
Azotemia (%) 9 19 72 21 

t. MSON - mesangial ON, FPON - focal proliferative ON, 
DPON - diffuse proliferative ON, MON - membranous ON. 

dothelial immune deposits in the form of either "wire loop" 

capillary wall thickening or intracapillary "hyaline thrombi". 

Clinical Picture. 
Lupus nephritis affects about 35% of individuals 
with SLE and, if not a presenting feature oflupus in 
these patients, usually appears during the first three 
years of disease [117-122]. Ninety percent of pa
tients with lupus nephritis are female. The average 
age of disease onset is about 28 years with many 
cases in adolescents and only rare cases before 10 
years of age or after 60 [119-125]. Patients develop 
lupus nephritis during periods of lupus activity, 
and typically exhibit various extrarenal manifesta
tions of SLE, such as fever, malar rash, arthralgias 
and arthritis (Table 11.5) [119, 124, 126, 127]. 
Laboratory studies also reflect active disease with 
leukopenia, anemia, thrombocytopenia and an el
evated ESR [119, 120, 128]. A positive antinuclear 
antibody test (ANA) is a sine qua non for active 
SLE, and most patients also have anti-double
stranded DNA antibodies and depressed comple
ment levels (CH50, C3 and C4) [119-121, 127, 
129-131]. Serum cryoglobulins are often positive 
[129]. 

The clinical manifestations of lupus nephritis differ with the 
histologic class (Table 11.4), and, therefore, the course of the 
disease depends on the evolution of the pathologic lesions. 
With progression to a more severe class, azotemia may ap
pear de novo in patients who initially have asymptomatic 
urinary abnormalities or nephrotic syndrome (118, 119). 
While azotemia early in the course of lupus nephritis is as
sociated with active disease and extrarenal manifestations of 
SLE, its onset after years of quiescent lupus nephritis may 
occur despite the absence of lupus activity [132-134]. 
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Table 11.5. Clinical features of SLE in 49 patients with mem
branous or diffuse proliferative lupus nephritis t[126] 

Finding Percentage of patients 

Arthritis 69 
Facial erythema 57 
Alopecia 22 
Pericarditis 18 
Pleuritis 18 
Vasculitis 18 
Lymph nodes 16 
Raynaud's phenomenon 12 
Myocarditis 8 
Photosensitivity 8 
Oral or nasal ulceration 6 

t No significant difference between the two groups. 

Diagnosis 
Lupus nephritis should be suspected when an individ
ual with an acute nephritic picture has extrarenal 
manifestations compatible with SLE, especially 
fever, rash and arthralgias. Blood samples should be 
obtained for an ESR, rheumatoid factor, ANA, 
ANCA, cryoglobulins and complement studies 
(CH50, C3, C4). If the AN A is positive, an anti
double-stranded DNA antibody test should be or
dered. Blood cultures are indicated in febrile pa
tients. Patients with typical multisystem findings, 
low complement levels, an acute nephritic picture, 
and a positive ANA and anti-double-stranded DNA 
antibody can be assumed to have lupus nephritis. De
spite the near certainty of this diagnosis, many pa
tients need a renal biopsy to guide therapy by deter
mining the histologic form of lupus nephritis and by 
estimating its reversibility. 

Pitfalls. In some patients with lupus nephritis, the extrarenal 
manifestations ofSLE are absent [135] or so atypical that the 
physician either does not perform an ANA initially or is not 
sure how to interpret a positive test. Such confusing cases re
quire a renal biopsy for diagnosis. 

Patients with lupus nephritis may occasionally have a 
positive ANCA [136, 137]. The renal biopsy will dispel any 
doubt created about the diagnosis. 

A positive ANA, usually in low titer (less than I : 320), 
are found in 10 percent of the normal population after age 50 
and in 20 percent after age 70. A positive ANA also may be 
induced by procainamide, hydralazine or other drugs. Some 
cases with drug-induced seropositivity develop a reversible 
lupus syndrome, but renal involvement is rare [138]. If a pa
tient appears to have drug-induced lupus nephritis with 
azotemia, one should consider other possibilities, if Scr does 
not fall after stopping the drug. 
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RENAL VASCULITIS - A CAPSULE 
DESCRIPTION. 
The next four conditions, polyarteritis nodosa, 
Wegener's granulomatosis, Henoch-Schonlein 
purpura and essential mixed cryoglobulinemia, 
are rare systemic vasculitides. They are similar 
in that, in addition to an acute nephritic picture, 
they produce fever and other constitutional 
symptoms, and tend to involve multiple organs. 
Upper or lower respiratory tract lesions are the 
hallmark of Wegener's granulomatosis, and a 
purpuric rash the hallmark of Henoch-Schonlein 
purpura. The diagnosis of these diseases is 
suspected from the clinical picture, and is mainly 
confirmed through biopsy of the kidney or other 
involved organs. 

Polyarteritis nodosa 
This rare cause of renal failure usually impairs GFR 
through its accompanying GN. Renal infarcts from 
vasculitis of medium-sized arteries [139, 140], and 
urinary obstruction from retroperitoneal vasculitis 
[141] produce renal failure in very rare cases. 

Pathologists split this disease into microscopic 
polyarteritis nodosa, which affects small vessels 
(small arteries and arterioles) and the less common, 
classic polyarteritis nodosa, which affects medium
sized arteries (and often small vessels as well). The 
classic variety can produce tissue infarcts and often 
manifests typical arterial aneurysms on 
arteriography. The distinction between the two 
variants has little clinical relevance. First, both 
produce renal failure as a result of GN, usually a 
pauci-immune necrotizing and crescentic GN. Fur
thermore, the clinical pictures are similar, and 
treatment is the same. Some authors maintain that 
idiopathic crescentic GN of the pauci-immune type 
(see above) is a renal-limited form of microscopic 
polyarteritis nodosa [47, 142], but other workers 
believe that this conclusion is as yet unproven or in
correct [48, 143]. 

Clinical Picture. Polyarteritis nodosa may occur at 
any age, but is mainly a disease of the middle years. 
It is somewhat more common in males and less 
common in blacks [47,142-146]. The disease typi
cally presents with constitutional symptoms, such 
as fever, malaise, fatigue, anorexia and weight loss, 
or a flu-like illness with sore throat, myalgias or ar
thralgias. Usually one also sees involvement of the 
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skin, musculoskeletal, gastrointestinal, respiratory 
or other organ systems (Table 10.6) [47, 143-147]. 
Renal manifestations may be part of the initial 
clinical picture, but more often begin weeks to 
months later [47, 143, 145, 146]. Occasionally the 
disease presents with an acute nephritic picture in 
the absence of systemic symptoms [47, 143]. 

Anemia, high white blood cell count (with 
granulocytosis), hypoalbuminemia, a markedly el
evated ESR, and a positive ANCA occur in many 
patients. Some cases have a positive rheumatoid 
factor, hepatitis B surface antigen, or eosinophilia, 
while low complement levels are rare, and 
cryoglobulins, antistreptolysin 0 titers and ANA 
are usually negative [142-144, 146-150]. 

Diagnosis 
Polyarteritis nodosa is suggested by constitutional 
symptoms and multisystem findings in an individual 
with an acute nephritic picture. The physician should 
order an ESR, rheumatoid factor, ANA, ANCA, 
cryoglobulin, and complement studies. Blood 
cultures may be needed to evaluate fever. One should 
biopsy the kidney or other involved tissue, such as a 
tender muscle, a necrotic skin nodule or an affected 
sural nerve, since this is the usual means of diagnosis 
(Table 11.7) [47, 143-145]. Any recent surgical 
specimen, e.g. gallbladder, ought to be reexamined 
for affected vessels. Unfortunately, the kidney biopsy 
is often not diagnostic, and usually shows a pauci
immune GN without vasculitis [142, 143]. 

If no tissue specimens reveal vasculitis, renal and 
celiac arteriography should be considered, although 
the risk of contrast-mediated renal failure needs to be 
considered in azotemic patients. Arteriographic 
diagnoses have been reported in patients with renal 
failure [48, 145 j, and in classic polyarteritis nodosa 
more than half of cases have multiple aneurysms on 
celiac or renal arteriography [150-152]. However, 
in patients with renal polyarteritis nodosa, the yield 
of arteriography is probably lower [143 j, since few 
have the classic type. Alternatively, one may biopsy 
asymptomatic muscle, which has a yield as high as 
29% [152]. 

Pitfalls. Frequently, patients with suspected vasculitis have 
no involved extrarenal organ available for biopsy or none of 
the biopsies have been diagnostic. Consequently, suspected 
vasculitis cannot be confirmed or is only demonstrated at 
autopsy (Table 11.8) [143]. 
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Table 11.6. Extrarenal manifestations of polyarteritis nodosa affecting the kidney [143] 

System Percent of cases 

Constitutional symptoms 78 
Fever 75 
Musculoskeletal 72 

Myalgias 
Arthralgia 
Arthritis 

Gastrointestinal 58 
Abnormal liver function tests 
GJ. bleeding 
Abdominal pain 
Pancreatitis 

Skin 58 
Purpura 
Erythematous rash 
Ulcers 
Hemorrhagic vesicles 
Splinter hemorrhage 
Erythema nodosum 

Pulmonary 56 
Infiltrates 
Hemoptysis 
Pleurisy 
Effusions 
Asthma 

Table 11.7. Vasculitis on biopsy in 71 cases with polyarteritis 
nodosa affecting the kidney [47, 143-145]' 

Tissue Number of cases 

Kidney 43 
Skin 13 
Muscle 7 
Lung 2 
Nose 2 
Liver 

* Several diagnoses made at autopsy. 

System Percent of cases 

Neurologic 36 
Mononeuritis multiplex 
CVA 
Convulsions 
Headache 
Change in sensorium 
Ataxia 
Vertigo 

Ear, nose and throat 36 
Epistaxis 
Sore throat 
Sinusitis 
Otitis media 
Ear chondritis 

Cardiovascular 30 
Hypertension 
Pericarditis 
ECG changes 

Eye 28 
Conjunctivitis 
Retinopathy 
Uveitis 
Episcleritis 
Proptosis 

Table 11.8. Vasculitis at autopsy in IS cases with polyarteritis 
nodosa affecting the kidney [143] 

Tissue 

Kidney 
Spleen 
Lung 
Muscle 
Adrenal 
Pancreas 
Heart 
Gastrointestinal 
Pericardium 
Central nervous system 
Bone marrow 
Testis 
Uterus 

Number of cases 

14 
5 
4 
3 
3 
2 
2 
I 
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Wegener's granulomatosis 
This rare idiopathic disease is characterized 
pathologically by a triad of vasculitis, parenchymal 
necrosis and granulomatous inflammation, and 
clinically by a triad of GN, upper and lower 
respiratory tract lesions. 

Clinical Picture. The mean age of onset is 40 to 50 
years (range: 9 to 83 years) [153,154]. Patients typi
cally present with constitutional symptoms (fever, 
malaise, anorexia, weight loss and fatigue), upper 
or lower respiratory complaints, and musculo
skeletal manifestations (Table 11.9). Symptoms 
from disease in other organs occur with no consis
tent pattern. Some patients give a long history of 
chronic upper or lower respiratory infection, in
cluding sinusitis, otitis, bronchiectasis or tuber
culosis [155]. In one study 77% of cases developed 
GN, some initially, but most during the first two 
years of disease [153]. Common laboratory abnor
malities include leukocytosis, thrombocytosis, 
raised alkaline phosphatase, markedly elevated 
ESR and, in more than 90% of cases with active 
disease, a positive ANCA [153-155]. 

Some individuals with renal involvement have 
eosinophilia or a positive rheumatoid factor, while 
hypocomplementemia, HBs Ag, positive ANA and 
raised antistreptolysin 0 titer are normally not seen 
[147, 155-157]. 

Diagnosis 
Wegener's granulomatosis is suggested by the onset 
of a nephritic picture in a patient with upper or lower 
respiratory symptoms. The physician should order 
chest and sinus X-rays, appropriate cultures, ESR, 
ANA, ANCA, complement studies and, in cases with 
pulmonary symptoms, anti-glomerular basement 
membrane (GBM) antibodies. In patients with upper 
respiratory disease, an otolaryngologist should be 
consulted and biopsies obtained from the affected 
area. Patients with suggestive lungfindings should be 
seen by a pulmonary specialist, and a lung biopsy ob
tained. Although transbronchial biopsy specimens 
can be diagnostic, the yield is so low that open lung 
biopsies are recommended [153, 158]. A diagnosis is 
made from the clinical picture, the exclusion of infec
tion through cultures and special stains, and from 
characteristic histology on biopsy of the lung, nose or 
paranasal sinuses. In rare cases, tissue from other af 
fected organs (e.g. parotid gland, breast) may be 
diagnostic [153,154,156]. 
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Pitfalls. Unfortunately, biopsies with inconclusive results 
are common (Table 11.10). Kidney biopsies are usually not 
specific for Wegener's granulomatosis, since they typically 
show a pauci-immune necrotizing and crescentic 
glomerulonephritis, and only rarely have characteristic 
granulomas and vasculitis [47,147,153-156,159]. A positive 
ANCA test with a "cytoplasmic pattern" (or antiproteinase 
3 positivity) has a sensitivity for active Wegener's 
granulomatosis of greater than 80% and a specificity of 90% 
[148, 160]. However, it is not considered reliable for 
diagnosis in the absence of tissue confirmation, because of 
occasional positive results in certain infections and other 
diseases. 

Henoch-Schonlein purpura 
This is an IgA-immune complex-mediated vascu
litis that by definition affects the skin, and usually 
involves the joints, gastrointestinal tract and 
kidney. 

Pathology. In the kidney one sees an IgA mesangial deposit 
disease indistinguishable on biopsy from IgA nephropathy 
(see above). 

Clinical Picture. While Henoch-Schonlein pur
pura can develop at any age, well over 90% of cases 
occur in children [161-164]. A pharyngitis, other 
infection, or variety of drugs may precede the 
disease, which usually begins with a purpuric rash 
over the buttocks, and extensor surfaces of the 
arms and legs (Figure 11.2) [161, 162, 164]. The 
rash can involve other areas, and initially may be 
urticarial or erythematous [161]. Most patients 
have arthralgias or arthritis, mainly of the ankles 
and knees, and abdominal pain, occasionally with 
gastrointestinal bleeding [161-165]. Disease in 
other organs, although rare, is reported [161]. Some 
renal involvement occurs in about half of patients, 
but among adults only one third of these cases have 
renal impairment [161-165]. 

Diagnosis 
Henoch-Schonlein purpura is usually suggested by 
the constellation of organs affected. The physician 
should obtain an ESR, rheumatoid factor, 
cryoglobulins, ANA, ANCA, complement levels, and 
a dermatologic consultation. If a fresh skin lesion is 
available, a biopsy for histology and im
munofluorescence is recommended. A renal biopsy 
should be performed in azotemic patients, unless 
renal failure is mild and transient. The diagnosis is 
confirmed on immunofluorescence by demonstrating 
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Table 11.9. Extrarenal disease in 158 patients with Wegener's granulomatosis [153] 

Organ system Total % of cases 

Upper airway 
Sinusitis 
Epistaxis 
Rhinorrhea 
Mucosal ulcerations 
Nasal deformity 
Perforated septum 
Otitis media 
Hearing loss 
Earache 
Subglottic stenosis 
Oral lesions 
Pharyngitis 

Lower airway 
Infiltrate 
Nodules 
Cavitation 
Cough 
Sputum production 
Hemoptysis 
Dyspnea 
Pleuritis 

Musculoskeletal 
Arthralgias 
Myalgias 
Polyarteritis 

92 

85 

67 

Table 11.10. Histologic confirmation of Wegener's granuloma
tosis in 109 patients [154] 

Tissue Number of biopsies 

Total Diagnostic 

Upper airway 
Nasal 68 38 
Oral 7 I 
Glottis 6 I 
Ear 3 0 

Lung 37 29 
Renal 40 6 
Skin 16 2 
Liver 5 I 
Other 8 2 

IgA deposition in skin lesions or in mesangial 
deposits [161, 164, 166]. 

Essential mixed cryoglobulinemia 
Cryoglobulins are abnormal circulating im
munoglobulins that precipitate in the cold. 

Organ system 

Ocular 
Conjunctivitis 
Dacrocystitis 
Scleritis 
Proptosis/diplopia 
Eye pain 
Visual loss 
Retinopathy 

Cutaneous 
Palpable purpura 
Erythematous rash 
Ulcers/vesicles 
Papules 
Subcutaneous nodules 

Neurological 
Mononeuritis multiplex 
Stroke 
Cranial neuropathy 

Cardiac 
Pericarditis/myocarditis 
Coronary vasculitis 

Parotid Gland 
Breast 
Urethra 
Cervix 
Vagina 

Total % of cases 

52 

46 

15 

6 

<I 
<1 
<I 
<I 
<I 

Clinically, they can produce GN and diffuse 
vasculitis. When associated with lymphoprolife
rative disorders, such as macroglobulinemia, 
cryoglobulins are monoclonal immunoglobulins 
that either cryoprecipitate alone (type I) or only 
with another immunoglobulin (type II). These lat
ter, mixed cryoglobulins commonly have a 
monoclonal IgM x, acting as an antibody with anti
IgG (rheumatoid factor) activity, and polyclonal 
IgG, acting as the antigen. Type II cryoglobulins 
can also be associated with autoimmune or infec
tious disease or with no specific disorder, which is 
known as essential mixed cryoglobulinemia (Table 
11.11) [167, 168, 170]. Type III cryoglobulins are 
also mixed cryoglobulins with an IgM anti-IgG, 
but the IgM is polyclonal. Type III cryoglobulins 
also are usually associated with autoimmune or in
fectious disease or are idiopathic (essential). Up to 
58% of cases of type II essential mixed 
cryoglobulinemia have GN, and a third or more of 
these develop azotemia [167-169, 171, 172]. Type 
III cryoglobulins cause GN less often [167-169, 
173, 174]. 
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Fig. 11.2. Purpuric papules coalescing into plaques on the dorsum of the foot of a child with Henoch-Schonlein purpura. (Courtesy 
of Dr. Andrew Brem.) 

Table 1 l.lI . Differences between types I, II and III cryoglobulinemia 

Usual composition 
Associated diseases: 

Lymphoproliferative 
Autoimmune 
Infectious 
None (essential) 

Incidence of GN* 

Type I 
monoclonal CG 

M IgM or M IgG 

+ 

<25% 

Type II 
mixed CG with monoclonal 
component 

M IgM )( (RF) + P IgG 

+ 
+ 
+ 
+ 
>50% 

Type III 
mixed polyclonal CG 

P IgM (RF) + P IgG 

+ 
+ 
+ 
<25% 

CG - cryoglobulin, M - monoclonal, P - polyclonal, RF - rheumatoid factor. 
* Estimate from [167-169). 

Pathology. The GN may appear either as a diffuse pro
liferative or membranoproliferative type. A characteristic 
feature superimposed in one-third of cases is eosinophilic 
masses in the glomerular capillaries. These masses may be 
large enough to occlude the capillary lumen, and appear to 
be mainly cryoglobulin. Like purified cryoprecipitate, they 
stain on immunofluorescence for IgM, IgG, )( chain, and 
sometimes complement components, and by electron 
microscopy they often have a crystalloid structure in the 
form of cylinders. The same immune components and 
crystalloid structure seen in these masses occur in suben
dothelial deposits in most cases [171 , 173, 174). 

Clinical Picture. Essential mixed cryoglobulinemia 
usually presents with systemic manifestations, and 
any nephritic picture appears months or years later 
[168,171,174]. The typical extrarenal features are 
palpable purpura over the lower extremities, ar
thralgias, and hepatomegaly or elevated liver en
zymes [168, 171 , 172]. Less common are weakness, 
fever, splenomegaly, leg ulcers, Raynaud's pheno
menon, abdominal pain, peripheral neuropathy, 
lymphadenopathy and pulmonary involvement 
[168,169,171]. Laboratory findings usually include 
a positive rheumatoid factor , depressed comple
ment levels (C4 and CH50, often, and C3, some-
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times), raised ESR, anemia and, the sine qua non, 
cryoglobulins [168, 169, 174, 175]. Hepatitis C 
studies are positive in over 80% of cases, implying 
a viral etiology [172, 176]. 

Diagnosis 
Essential mixed cryoglobulinemia is suggested by the 
constellation of lower extremity purpura, multi
system complaints, acute nephritic syndrome and 
signs of liver disease. The physician should order 
cryoglobulins (collected with equipment warmed to 
37 °C), ESR, rheumatoid factor, ANA, ANCA, 
complement studies, liver function tests and hepatitis 
C studies (viral RNA may be more sensitive than 
serology [172, 176 j ). If a cryoglobulin is present, 
serum protein immunofixation at 37 °C will detect 
any monoclonal component. Dermatologic consulta
tion is recommended. The constellation of purpura, 
arthralgias, a nephritic urine, positive rheumatoid 
factor and cryoglobulins is considered diagnostic of 
this condition. A renal biopsy should be carried out, 
if therapy for the GN is planned or if doubt exists 
about the diagnosis. A skin biopsy with im
munofluorescent studies [167, 168, 171 j, and im
munochemical analysis of the cryoprecipitate may 
also prove confirmatory [170]. 

Goodpasture's syndrome 
This condition is the association of GN and diffuse 
pulmonary hemorrhage, both mediated by anti
GBM antibodies. 

Pathology. Goodpasture's syndrome manifests necrotizing 
and crescentic GN or occasionally other non-specific lesions 
by light microscopy, but on immunofluorescent microscopy 
displays its hallmark: linear staining for IgG. 

Clinical Picture. Patients' ages range from early 
adolescence to over 80 years, but the prevalence 
peaks between 17 and 25 years; men predominate 
by 2.5 : 1 [177-181]. An antecedent upper 
respiratory infection is sometimes reported [180, 
181]. Most cases present with hemoptysis, cough or 
dyspnea, which may be recurrent for weeks or 
rarely for years before diagnosis [180-183]. The 
nephritic picture is seen initially or first appears 
months after the pulmonary symptoms. In rare 
cases, the nephritic manifestations precede the lung 
hemorrhage. Examination typically reveals in
spiratory crackles and pallor, reflecting severe 
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anemia [180, 181]. Chest X-ray shows a bilateral 
central alveolar filling pattern followed after 2 or 3 
days by a reticulo-nodular interstitial infiltrate and 
after 1 to 2 weeks by a return to normal, if bleeding 
ceases. Lung hemorrhage occasionally is 
manifested not by hemoptysis or pulmonary in
filtrates, but by a drop in the hemoglobin concen
tration or severe iron deficiency anemia. It may be 
demonstrated by increased alveolar uptake of car
bon monoxide or hemosiderin-laden macrophages 
in cytology of sputum or bronchoalveolar lavage 
fluid [180, 182, 184, 185]. 

Diagnosis 
Goodpasture' syndrome is suggested by an acute 
nephritic syndrome and pulmonary hemorrhage, 
known as the pulmonary renal syndrome. To dem
onstrate covert pulmonary hemorrhage in cases with 
unexplained pulmonary manifestations or iron defi
ciency anemia, sputum cytology and lung uptake oj 
carbon monoxide should be ordered. The investiga
tion of pulmonary hemorrhage requires a consider
ation of pulmonary emboli, malignancies, infections, 
heart failure, and collagen vascular diseases. A 
pulmonary consultation is recommended to assist in 
this investigation. Blood should be drawn for ANCA, 
ANA, cryoglobulins, complement levels and anti
GBM antibody. A renal biopsy should be carried out. 
The sine qua nonfor the diagnosis is anti-GBM an
tibodies. Since the results of anti-GBM antibody 
assays are usually delayed up to a week, these an
tibodies are most quickly demonstrated by a renal 
biopsy showing IgG in a linear pattern along the 
glomerular capillaries. The antibodies may also be 
seen on transbronchial lung biopsies, showing a 
linear IgG pattern along the alveolar capillary wall, 
but only a minority of biopsies are positive [182, 
184]. 

Pitfalls. Goodpasture's syndrome is responsible for less than 
half of cases of pulmonary renal syndrome; other causes in
clude bacterial endocarditis, SLE, Wegener's and other 
vasculitides [185-187]. A renal biopsy helps distinguish these 
conditions. 

Some patients with Goodpasture's syndrome have fever and 
a skin rash or other multisystem complaints [179-181]. 
Many of these cases have features of a complicating 
vasculitis as evidenced by positive ANCA (in addition to the 
anti-GBM antibodies), and by granulomas and vasculitis on 
renal biopsy [177, 178, 188]. 
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DIAGNOSING SECONDARY 
GLOMERULONEPHRITIDES -
A RECAPITULATION. 
While these conditions often have typical pres
entations which usually lead the physician to 
carry out the right confirmatory studies, the 
clinical picture may be incomplete or unusual. 
In many of these disorders the patient can have 
a non-specific "vasculitis-like" picture, compris
ing fever, other constitutional symptoms, rash, 
arthralgias, multiorgan symptoms and an acute 
nephritic syndrome. A general diagnostic ap
proach is to obtain an ESR, rheumatoid factor, 
ANA, ANCA, cryoglobulins and complement 
studies (CH50, C3, C4). In addition, blood 
cultures are usually indicated for fever, anti
GBM antibodies for pulmonary symptoms, and 
dermatologic consultation and skin biopsy with 
immunofluorescent studies for rash. Often pa
tients need a renal biopsy either for diagnosis or 
as a prerequisite for therapy, but there are many 
exceptions. For example, the diagnosis may be 
made from the clinical picture as in postinfec
tious or lupus GN or from a biopsy of other 
tissue, like lung, as in Wegener's 
granulomatosis. Even in situations where a renal 
biopsy is usually desirable to guide therapy such 
as lupus nephritis, this may not be necessary if 
the patient will get immunosuppressive therapy 
for extrarenal disease. Thus, in all of these 
examples, a renal biopsy might be needed only if 
the Scr does not fall with the treatment. 

NEPHROTIC DISEASES 

The nephrotic syndrome is characterized by 
massive loss of plasma albumin into the urine and 
edema. Nephrotic patients typically manifest little 
or no azotemia at presentation, although they may 
later progress to chronic renal failure. For some pa
tients, however, renal failure is an early feature, 
and a rise in Scr may occur from one month to the 
next or faster. 

Causes (Table 11.12) 

Rapid Progression of Underlying Disease. For un
known reasons some nephrotic patients may have 
an unusually aggressive disease process, whereby 
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Table 11.12. Complications of nephrotic diseases that cause 
renal failure 

Rapid progression of underlying disease 
Primary diseases 

Membranous GN [189-191] 
Membranoproliferative GN [84, 192] 
Focal segmental glomerulosclerosis [193, 194] 
Fibrillary! Immunotactoid GN [195-197] 

Secondary diseases 
Diabetic nephropathy [198, 199,200] 
Amyloidosis [201, 202] 
Light chain deposition disease [203-206] 
Heroin nephropathy [207-208] 
HIV nephropathy [209-213] 

Sequela of the nephrotic pathophysiology 
Tubulointerstitial nephritis in lipoid nephrosis [214] 
Hypovolemia from severe hypoalbuminemia [215] 
Renal vein thrombosis [216, 217] 

they develop renal failure early and progress to end 
stage over several months to a few years. 

Sequela of the Nephrotic Pathophysiology. Three 
conditions are included here. First, a transient 
tubulointerstitial nephritis with renal failure can oc
cur in severe cases of lipoid nephrosis! [214]. The 
mechanism is unknown. Second, severe hypo
albuminemia has been postulated to reduce blood 
volume in some patients, and cause renal failure 
through hypotension and decreased renal perfusion 
[215]. However, a fall in blood pressure low enough 
to raise Scr occurs rarely, if ever, in nephrotic pa
tients, unless it is due to sepsis or diuretics. Finally, 
the nephrotic syndrome produces hypercoagula
bility, which may lead to renal vein thrombosis. This 
can impair renal function in rare cases [216, 217]. 

Clinical picture 

Rapid Progression of Underlying Disease. These 
patients generally present with edema, and the Scr, 
ifnot elevated initially, begins to climb within a few 
months. Laboratory studies show proteinuria 
greater than 3 g per day, a serum albumin level less 
than 3 gldL, and in many cases microscopic 
hematuria. Alternatively, patients may come to 
medical attention because of proteinuria or 
azotemia accidentally detected during evaluation 
of another complaint. Such patients may have pro
teinuria less than 3 g per day, a serum albumin level 
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over 3 gldL, and no edema. One half of patients 
with membranoproliferative GN have a reduced 
C3 or CH50 [77, 78, 81, 84, 88, 89]. 

With regard to secondary glomerulopathies, 
diabetes mellitus and heroin addiction have usually 
been recognized by the time that secondary renal 
disease develops. In contrast, amyloidosis, light 
chain deposition disease, and HIV infection [212] 
mayor may not have been diagnosed from ex
trarenal findings at the time that renal manifesta
tions appear. 

Light chain amyloidosis and light chain deposition disease 
result from deposition of monoclonal light chains produced 
by multiple myeloma or by an otherwise asymptomatic 
monoclonal gammopathy. In amyloidosis, the light chains 
deposit in the form of fine fibrils that stain with Congo red; 
in light chain deposition disease, the deposits are granular 
and do not stain with Congo red. Light chain amyloidosis is 
usually caused by lambda chains, while light chain deposi
tion disease mostly involves kappa chains. 

Secondary amyloid results from deposition of an AA 
protein probably derived from serum amyloid A protein; 
this AA/orm of amyloidosis is seen in chronic inflammatory 
diseases. 

Affected patients are usually greater than 50 years 
of age in light chain amyloidosis and greater than 
40 years of age in light chain deposition disease, 
and they may already have a diagnosis or symp
toms of multiple myeloma. Patients with secondary 
or the AA form of amyloidosis have an underlying 
chronic infection, such as tuberculosis, or a chronic 
inflammatory condition, such as ankylosing spon
dylitis [202]; such patients may be younger than 
those with light chain amyloidosis. Light chain 
deposition disease and both forms of amyloidosis 
may involve the heart, liver and other organs as 
well as the kidneys [206]. 

Sequela of the Nephrotic Pathophysiology. When 
azotemia due to tubulointerstitial nephritis com
plicates lipoid nephrosis, it occurs one to four 
weeks or more after the onset of nephrotic syn
drome. While the age range is adolescence to old 
age and either sex is affected, the typical patient is 
a mildly hypertensive man in his fifties or sixties, 
with severe nephrotic syndrome (average urine pro
tein 12 gl24 hours; average serum albumin 1.9 g/dL) 
[214]. 

Prerenal azotemia or acute tubular necrosis due 
to severe hypoalbuminemia with hypovolemia is 
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rare, if it occurs at all. One should see severe 
nephrotic syndrome with a serum albumin level 
below 1.0 to 1.5 gldL and hypotension. 

Renal vein thrombosis is a common sequela of 
the hypercoagulable state seen in the nephrotic syn
drome. Although it affects a significant minority of 
nephrotic patients, it usually produces partial 
venous obstruction and is clinically silent [217]. 
Rare cases, however, can develop pulmonary em
boli or sufficient venous obstruction to impair 
GFR. The latter patients often manifest back, flank 
or abdominal pain at the time the Scr rises [216, 
217]. 

Diagnosis 
Renal failure due to a nephrotic disease is suggested 
by azotemia in the setting of heavy proteinuria (> 3+ 
or 300 mg/dL by dipstick, >3.0 mg/mg (0.34 
g/mmol) protein to creatinine ratio or >3 g per 24 
hour) and with or without hematuria. Serum 
albumin, cholesterol and complement levels, and 
renal sonography should be ordered. An ANCA is in
dicated in patients with hematuria. Funduscopy is 
important in diabetics, since retinopathy is almost a 
sine qua non for diabetic nephropathy. Ij 
retinopathy is present in a diabetic patient and the 
Scr is rising slowly, no more quickly than from month 
to month, the physician may limit his investigation to 
excluding non-diabetic causes of renal failure, if any 
are suggested by the initial evaluation. If the Scr is 
rising more rapidly, diabetic nephropathy is not as 
likely and a renal biopsy might be indicated. Patients 
over 50 years of age should have a needle biopsy oj 
the abdominal fat pad with staining for amyloid. Ij 
the diagnosis of amyloidosis is made, a renal biopsy 
is not needed [202]. Chronic inflammatory diseases 
also raise the question of amyloidosis, and are indi
cations for fat pad biopsies with amyloid staining. 
Bone marrow biopsies may also be used to diagnose 
secondary amyloidosis [219]. HIV risk factors 
should be sought and testing performed, if appropri
ate. Renal venography should be considered in 
nephrotic patients with back, flank or abdominal 
pain, keeping in mind the rarity of renal vein throm
bosis as a cause of renal failure. With the exception 
of cases diagnosed as diabetic nephropathy with the 
aid of funduscopy, amyloidosis by fat pad biopsy, and 
renal vein thrombosis by venography, other nephrotic 
patients with rapidly progressive renal failure require 
a renal biopsy. 
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Pitfalls. Nonsteroidal anti-inflammatory drugs can produce 
nephrotic syndrome with acute renal failure, which mimics 
the renal failure caused by complications of nephrotic 
diseases. Renal biopsy shows lipoid nephrosis together with 
acute interstitial nephritis (see Chapter 13). 

CHRONIC GLOMERULAR DISEASES 

Definition 
Most glomerular diseases can produce chronic 
renal failure, even in cases where the initial GFR 
was normal. Patients may present with asymp
tomatic hematuria and proteinuria as in IgA 
nephropathy, a full-blown nephritic picture as in 
diffuse proliferative lupus nephritis or with 
nephrotic syndrome as in membranous GN. With 
continued activity the disease enters a chronic pro
gressive phase characterized by proteinuria, and 
azotemia that is stable or worsening so slowly that 
a change in Scr is observed only over several 
months. Many patients also have hematuria. The 
progression of renal failure can be a result of 
"smoldering" activity of the primary disease or of a 
poorly understood sclerosing process that is in
dependent of the primary disease. This sclerosing 
process is usually triggered by renal damage with 
loss of renal function, and is thought to be 
mediated by glomerular capillary hypertension 
[220,221]. 

Causes 
Glomerular etiologies of chronic renal failure are 
listed on Table 7.2, and encompass all the acute 
nephritic diseases covered at the beginning of this 
chapter and all the diseases that commonly pro
duce the nephrotic syndrome, with the exception of 
lipoid nephrosis. In some cases nephrotic con
ditions, such as membranous GN and diabetic 
nephropathy, produce chronic renal failure, de
spite less-than-nephrotic range proteinuria. 

Diagnosis 
Chronic renal failure accompanied by proteinuria 
and, occasionally, hematuria suggests chronic 
glomerulonephritis. The evaluation of such cases is 
the same as that described for other types of chronic 
renal failure in Chapter 7. 
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CONCLUSION 

The large number of conditions described in this 
chapter constitute a confusing array for the non
specialist. A simplified overview is, therefore, of
fered to help the physician approach the evaluation 
of these patients. 

One first should sort cases into nephritic patients 
with hematuria, proteinuria and a rise in Scr from 
one month to the next or faster, nephrotic patients 
with proteinuria near or in the nephrotic range and 
a rise in Scr from one month to the next or faster, 
and chronic GN patients with proteinuria and a rise 
in Scr only over several months or slower. Anyex
trarenal manifestations should be investigated with 
an eye to identifying multisystem disease. Common 
clues to these conditions are listed on Table 11.13. 
Consultations with rheumatologists and other 
sub specialists may be appropriate in different cases. 
Nephritic and nephrotic patients who cannot be 
diagnosed from their extrarenal manifestations re
quire a renal biopsy. Patients with chronic GN gen
erally do not need a tissue diagnosis, given the lack 
of effective treatment for the conditions involved. 

NOTES 

1. This also occurs in focal segmental glomerulosclerosis and 
IgM nephropathy, two conditions that are related to lipoid 
nephrosis. 
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12. Tubular causes of renal failure 

DOUGLAS SHEMIN 

INTRODUCTION 

Tubular causes of acute renal failure may be 
broadly divided into two pathophysiologic 
categories: syndromes of acute tubular cell necrosis 
( A TN) , and syndromes of tubular obstruction with 
secondary tubular cell damage (Table 12.1). The 
first category encompasses a wide variety of pro
cesses, including tubular cell necrosis due to 
ischemia, exogenous toxins or the endogenous pro
teins, myoglobin and hemoglobin. In the second 
category, intra tubular obstruction may be caused 
by immunoglobulin light chains, uric acid, or by a 
variety of exogenous toxins, such as ethylene glycol 
metabolites, rifampin, methotrexate, and sulfo
namide antibiotics. 

ACUTE TUBULAR NECROSIS 

General Features 

While there are many causes of ATN, certain gen
eral diagnostic principles apply. All patients have a 
distinct rise in BUN and Scr. Hyperkalemia and a 
normal anion gap metabolic acidosis, reflecting 
decreased renal tubular secretion of potassium and 
hydrogen, are common. Typically, urine output is 
in the nonoliguric range; oliguria is not unusual, 
but anuria is rare. The urinalysis may show renal 
tubular celis, granular casts, and tubular cell casts, 
but nephrotic or nephritic findings, such as heavy 
proteinuria, significant hematuria (> 100 RBc/ 
hpi), or red blood cell casts, are rare. Patients with 
tubular renal failure usually have urine sodium 
concentrations above 20 mEq/L, reflecting im
paired tubular reabsorptive capacity. Typically, 
administration of isotonic fluid does not improve 
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Table 12.1. Tubular causes of renal failure 

Acute tubular necrosis 

Ischemia 
Exogenous toxins 

Aminoglycosides 
Other drugs and chemicals 

Pigments 
Myoglobin 
Hemoglobin 

Tubular obstruction 
Myeloma kidney 

Ig light chains 
Tumor lysis syndrome 

U ric acid/phosphate 
Miscellaneous etiologies 

Oxalic acid 
Other substances 

renal function or urine output; in fact, when given 
fluid, patients may develop volume overload. 
Histologic study on renal biopsy shows necrosis oj 
tubular cells, obstruction of the tubular lumen by 
cellular debris, and normal glomeruli and blood 
vessels. 

Pathophysiology. Although the disease processes causing 
ATN do not directly affect glomerular function, they may 
decrease GFR by three mechanisms. First, necrosed and 
sloughed tubular cells may obstruct the tubular lumen and 
oppose glomerular filtration (Figure 12.1). Second, tubular 
fluid may reenter capillaries after filtration via damaged and 
permeable tubular cells. Third, in a process termed 
tubuloglomerular feedback, impaired proximal tubular 
reabsorption of sodium leads to increased distal delivery, 
triggering glomerular hypoperfusion. 

Acute Tubular Necrosis Due to Ischemia 

Definition 
Renal hypoperfusion accounts for about half of all 
cases of acute renal failure in hospitalized patients 
[1-3]. A reduction in renal perfusion may cause a 
continuum of renal functional abnormalities: if the 
reduction is mild or of short duration, prerenal 
azotemia results, and renal function generally nor
malizes with correction of volume depletion or 
renal blood flow. If the ischemic insult is severe or 
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Fig. 12.1. Renal biopsy from a patient with ischemic ATN. It 
shows tubules with exfoliation of necrotic cells and debris in the 
form of large pigmented granular casts. (Courtesy of Dr. 
Alfredo Esparza.) 

long lasting, A TN occurs and restoration of renal 
perfusion will not immediately reverse the renal 
failure. 

Causes 
Ischemic A TN occurs in three clinical circum
stances (Table 12.2): hypotension resulting from 
renal or gastrointestinal fluid loss, hemorrhage, ex
tensive burns, severe myocardial dysfunction or 
septic shock, surgical interruption of aortic blood 
flow , or acute renal vasoconstriction, which may oc
cur in sepsis and endotoxemia [4] or liver failure [5]. 

Clinical picture 
Patients with ischemic A TN have varying presen
tations depending upon the etiology. With a deficit 
in intravascular volume, there is a history of hemor
rhage, vomiting or diarrhea, or excess diuresis, and 
physical examination shows orthostatic hypoten
sion, tachycardia, flat neck veins, dry mucous 
membranes, and decreased skin turgor. Car
diogenic shock may be caused by acute myocardial 
infarction, acute valvular dysfunction due to a rup
tured papillary muscle or endocarditis, or a viral or 
ischemic cardiomyopathy. Patients will have 
clinical evidence of left ventricular dysfunction, with 

Table 12.2. Causes of ischemic ATN 

Hypotensive states 
Hypovolemia 
Cardiogenic shock 
Septic shock 

Surgical interruption of perfusion 
Renal vasoconstriction 

Sepsis 
Liver failure 
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hypotension, jugular venous distension, 
pulmonary edema, and an S3 gallop. The risks of 
renal failure are greatest with systolic blood 
pressures below 80 mmHg [6]. A surgical interrup
tion of aortic blood flow occurs with cardiac, aor
tic, or renal vascular surgery, and the risk of renal 
failure varies directly with ischemia time. Acute 
renal failure is likely if suprarenal aortic cross
clamping time exceeds 50 minutes [7] or if car
diopulmonary bypass time exceeds 160 minutes [8]. 
With renal vasoconstriction due to sepsis, patients 
have fever, hypotension, tachycardia, leukocytosis, 
and bacteremia, especially with gram negative 
organisms. However, in some septic individuals, the 
blood pressure, temperature, and white cell count 
may be normal [9]. Both oliguric and nonoliguric 
states have been reported [2, 3]. ATN in various 
types of cirrhosis and liver failure may occur as a 
consequence of the hepatorenal syndrome, with 
superimposed effective volume depletion and 
decreased renal perfusion [10]. 

Patients with ischemic ATN manifest common 
laboratory findings. The urine sediment usually 
shows granular casts and other elements typical of 
tubular necrosis (see above). Urine tests reflect im
paired tubular water and sodium reabsorption, 
with the urine specific gravity about 1.010, the 
urine sodium concentration above 20 mEq/L and 
the urinary fractional excretion of sodium greater 
than 1.0 percent [11]. The BUN/Scr ratio is gener
ally not greater than IS or 20 (0.60 or 0.80 in SI 
units), since the urea and creatinine clearances 
decline at proportionate rates. 

Pathology. Renal biopsies show patchy tubular epithelial cell 
necrosis, with distal tubular segments primarily involved; 
this tends to differentiate ischemic from toxic tubular injury, 
which is characterized by a more diffuse pattern, involving 
proximal segments [12]. 
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Diagnosis 
The diagnosis of ischemic acute tubular necrosis is 
one of exclusion. Reversible prerenal and postrenal 
causes should be ruled out by history, physical exam
ination, and in selected cases by bladder catheteriza
tion and renal ultrasound. Tubular nephrotoxins 
should be identified. If none of these factors is pre
sent, and there is evidence of volume depletion, 
hypotension, or bacterial sepsis, then ischemic ATN 
is a likely diagnosis. Typical urine tests and urine 
sediment are supportive evidence. Many patients 
with renal hypoperfusion are critically ill and receive 
multiple nephrotoxic agents; frequently, decreased 
renal perfusion is only one of a number off actors 
contributing to acute renal failure. 

Pitfalls. The blood pressure may fall, precipitate ischemic 
tubular necrosis and then return to normal by the time 
azotemia is noted. The physician may not learn of this tran
sient ischemia, unless he examines the previous blood 
pressure records. Patients with ATN due to sepsis or liver 
failure may not have hypotension (systolic blood pressure 
less than 100 to 110 mmHg). Urine sodium content may be 
misleading. A TN with a FENa less than 1 % can occur. es
pecially with cardiac surgery, liver failure, myoglobinuria, 
burns, and sepsis [13]. 

Acute Tubular Renal Failure Due to Exogenous 
Toxins 

Definition 
A TN may occur as a result of exposure to a variety 
of drugs and toxins. Because several nephrotoxic 
drugs are often administered simultaneously or in 
the setting of multiorgan involvement, hemo
dynamic instability, and infection, all causes of 
tubular ischemia, it may be difficult to attribute 
acute renal failure to one tubular insult. 

Causes (Table 12.3) 
The aminoglycoside antibiotics, gentamlcm, 
tobramycin, netilmicin, streptomycin, kanamycin, 
and amikacin cause tubular toxicity, with specific 
proximal tubular effects. They lead to renal failure 
in five to ten percent of all patients treated [14], and 
are implicated as one of the four leading causes of 
acute renal failure in hospitalized patients [I, IS]. 

Other antibiotics cause ATN in rare cases. The 
first generation cephalosporins cephaloridine and 
cephalothin, no longer in current use, were noted to 
induce ATN in early reports. The antifungal agent, 

Table 12.3. Exogenous tubular toxins 

Aminoglycosides 
Amphotericin B 
Pentamidine 
Foscarnet 
Cisplatin 
Heavy metals 
Other drugs and chemicals (see Appendix) 

119 

amphotericin B, produces tubular toxicity in a ma
jority of patients treated [16,17]. The antiprotozoal 
agent, pentamidine, used to treat pneumocystis in
fections in human immunodeficiency virus disease, 
and the antiviral agent, foscarnet, are also 
nephrotoxic [18, 19]. 

Among antineoplastic chemotherapeutic 
agents, cisplatin is the most common tubular toxin, 
leading to renal failure in about 20 % of cases [20]; 
its analogue carboplatin is less nephrotoxic, but 
tubular damage and azotemia have been reported 
[21]. Besides platinum, other heavy metals, in
cluding mercury, cadmium, and arsenic, have been 
infrequently associated with tubular toxicity. Other 
drugs and chemicals induce ATN in rare cases (see 
appendix). 

Clinical picture 

Aminoglycosides. Nephrotoxicity will not gener
ally develop until seven to ten days after initiation 
of therapy. High urine sodium concentrations and 
a nonoliguric state, reflecting decreased tubular 
reabsorption of sodium and water, are character
istic. Renal losses may cause hypokalemia and 
hypomagnesemia [14, 22]. Risk factors for nephro
toxicity include liver disease with hyperbilirubi
nemia [23, 24], septic shock [24], and an elevated 
trough level of the drug (greater than 2.0 mg/L (4.2 
~mollL) in the case of gentamicin and tobramycin), 
although renal failure may occur with therapeutic 
levels [24]. 

Amphotericin B. Nephrotoxicity may develop after 
one or two days of therapy [17, 25], and can occur 
after doses as low as 20 mg. However, renal failure 
usually occurs after one week of treatment [26], and 
its incidence rises markedly with a daily dose 
greater than 0.5 mg/kg [25]. Patients are nonoliguric 
and frequently hypokalemic and hypomagnesemic 
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due to urinary losses. Although not usually necess
ary for a diagnosis, renal biopsies show tubular 
necrosis with interstitial and intratubular calcifica
tions [17, 27]. 

Pentamidine. Renal failure occurs after seven to 
ten days of therapy. It is typically associated with 
severe hyperkalemia and type IV renal tubular 
acidosis, with low levels of renin and aldosterone 
[18]. Life threatening hyperkalemia may be present 
with only modest levels of azotemia [28]. 

Foscarnet. Nephrotoxicity may develop within five 
days of initiation of therapy, but mostly occurs 
after 14 days of therapy [19, 29]. The urine sediment 
is inactive; low grade proteinuria is sometimes a 
feature [19, 29]. Renal biopsy shows proximal 
tubular necrosis with a normal interstitium [19]. 

Cisplatin. This drug accumulates in renal tissue 
within one hour of intravenous administration [30] 
and clinical nephrotoxicity develops immediately 
after an initial dose. Patients are typically 
nonoliguric; indeed, impairment of proximal 
tubular sodium reabsorption tends to cause 
polyuria and orthostatic hypotension [31]. Renal 
magnesium and potassium wasting, causing 
hypokalemia, hypomagnesemia, and hypocalcemia, 
is common [30, 31]. As in other causes of 
nephrotoxic ATN, a renal biopsy is generally not 
mandatory for a diagnosis, but light microscopy 
shows tubular cell degeneration and interstitial 
edema, electron microscopy shows degeneration of 
intracellular mitochondria and brush border 
microvilli, and glomeruli are normal [32]. 

Chronic nephrotoxicity may also occur. With multiple 
courses of therapy GFR may slowly worsen for up to two 
years and produce irreversible renal failure [33, 34]. 

Diagnosis 
The diagnosis of nephrotoxic ATN should be made in 
patients who develop acute azotemia immediately 
after exposure in the cases of cisplatin, or after seven 
to ten days of exposure to pentamidine, am
photericin, or aminoglycosides. A nonoliguric state, 
a normal extracellular volume, a urine sodium con
tent and sediment compatible with A TN, and lack of 
evidence for other causes of renal failure, support the 
diagnosis. 
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Acute Tubular Necrosis Due to Myoglobin and 
Hemoglobin Pigments 

Definition 
Renal failure due to a high intratubular concen
tration of the endogenous pigments, myoglobin or 
hemoglobin, is another common cause of ATN. 
Myoglobin and hemoglobin are structurally simi
lar. Myoglobin is present in skeletal, cardiac, and 
smooth muscle tissue and hemoglobin is present in 
erythrocytes. Muscle injury, or rhabdomyolysis, 
releases myoglobin into the plasma. When the 
amount of myoglobin overwhelms the ability of 
plasma proteins to bind it, the free myoglobin level 
increases, myoglobin is readily filtered, and 
myoglobinuria results. The higher molecular weight 
of hemoglobin, and its binding to haptoglobin nor
mally prevent its glomerular filtration, so that 
nephrotoxic levels of hemoglobinuria only occur 
with massive intravascular hemolysis and extremely 
elevated free hemoglobin levels [35]. 

Pathophysiology. The mechanism of injury in myoglobinuria 
or hemoglobinuria is probably not via a direct toxic or 
obstructive effect on the tubule. Infusions of myoglobin or 
hemoglobin do not reliably cause renal failure. Concomitant 
renal ischemia, decreased renal tubular flow from volume 
depletion, and aciduria with production of nephrotoxic 
metabolites of myoglobin and hemoglobin at a low urine pH 
are exacerbating factors [36]. 

Causes 

Myoglobinuric ATN. Rhabdomyolysis and myo
globinuria occur in conditions associated with 
skeletal muscle damage (Table 12.4). Wartime 
crush injuries led to the first reported cases [37]. 
The most common causes now are prolonged 
seizures, and muscle compression during alcohol 
and narcotic induced stupor, especially in the set
tings of hypophosphatemia and hypokalemia [38]. 
The illicit drugs, cocaine and "crack", can cause the 
syndrome even in the absence of immobility and 
muscle compression [39]. Exhaustive exercise, 
especially in heat [40], pheochromocytoma [41], 
hyperosmolar coma [42], the hypolipidemic drug, 
lovastatin, especially with the concomitant use of 
cyclosporine A [43] or gemfibrozil [44], and over
doses of the sympathetic agonists, theophylline and 
terbutaline [45, 46] have all been implicated. 
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Table 12.4. Causes of myoglobin uric ATN 

Non trauma tic injury 
Heat stroke/exhaustion 
iJ-Agonist Excess 

iJ-agonist overdose 
Amphetamines 
Pheochromocytoma 

Infectious agents 
Viral influenza 
Coxsackie virus 

Electrolyte abnormalities 
Hypokalemia 
Hypophosphatemia 
Hyperosmolar state 

Drugs and toxins 
"Crack"/cocaine 
Alcohol 
Heroin/methadone 
Lovastatin 
Gemfibrozil 

Muscle injury 
Muscle compression 
Exhaustive exercise 
Prolonged seizures 
High voltage electric shock 

Traumatic injury 
Crush injury 

Hemoglobinuric ATN. Hemoglobinuria occurred 
much more commonly in the past, usually after 
hemolytic blood transfusion reactions [36]. Cur
rently, hemoglobinuric ATN is rare. Causes in
clude inadvertent intravenous or intravesical ad
ministration of hypotonic fluids, such as water, 
glycerol, and glycine, [47] and exposure to a num
ber of chemicals or gases [48]. Cases reported from 
outside the United States have included poisonous 
snakebite [49], P. falciparum malaria [50], and the 
hemoglobinopathy, glucose-6-phosphate dehydro
genase deficiency, in the setting of favism or other 
ingestions [51]. 

Clinical picture 

Myoglobinuric ATN. Myoglobinuric renal failure 
occurs predominately in males [38, 52, 53]; it is 
unclear whether this is due to a greater incidence of 
alcohol and narcotic use in men or whether in
creased muscle mass produces higher levels of 
myoglobinuria after rhabdomyolysis. Patients with 
rhabdomyolysis and myoglobin uric A TN always 
manifest acute muscle injury. Muscles in the ex
tremities, thorax and abdomen may be edematous 
and tender, and signs of compartment syndrome, 
with compression of nerves and vessels in an 
edematous extremity, may be present [52]. The 
muscle enzymes creatine phosphokinase (CP K) and 
aldolase are always elevated. The CPK ranges from 
500 lUlL to greater than 100,000 lUlL, but is most 
commonly> 16,000 lUlL [40, 53], and the degree 
of CPK elevation roughly correlates with the risk 
of and the severity of renal failure [53]. Serum levels 
of other intracellular substances (lactate 
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dehydrogenase, aminotransferases, potassium, uric 
acid, phosphorus) are generally elevated. Because 
creatine and creatinine are released from muscle 
cells, the Scr may be disproportionately elevated 
compared to the BUN [54], and the serum 
creatinine usually rises more rapidly than in other 
etiologies of acute renal failure; elevations by in
crements of >2.5 mgidL/day are usual. The frac
tional excretion of sodium may be lower than 1% 
[55]. The urine myoglobin level is transiently el
evated. 

Myoglobin reacts with the orthotoluidine test strip on a 
urinalysis dipstick, and a positive urine dipstick for blood is 
a more sensitive test for urine myoglobin than the spec
trophotometric urine assay performed in most laboratories 
[35]. A patient with rhabdomyolysis and myoglobinuria will 
typically have a positive urine dipstick for blood, but no 
erythrocytes on examination of the sediment. Simul
taneously, the spectrophotometric urine assay for 
myoglobin is often negative. Very high levels of myoglobin 
impart a reddish-brown tinge to the urine. 

Urine pH tends to be maximally acidic (pH <5.5), 
which enhances the risk of renal failure [53]. 
Hypocalcemia is common, and is a result of 
decreased renal hydroxylation of vitamin D, in
creased calcium uptake into injured muscle cells, 
and release of phosphate from muscle leading to 
calcium-phosphate deposition [56]. 

Hemoglobinuric A TN. This results from massive 
hemolysis, and patients invariably demonstrate 
anemia with spherocytes, red cell fragments, and el
evated lactate dehydrogenase especially, fractions I 
and 2. The reticulocyte count and the total and in
direct bilirubin are increased, and haptoglobin is 
decreased. The urine is red or reddish-brown, and 
as in myoglobinuria, intact red blood cells are not 
seen in the urine sediment examination, but the 
dipstick orthotoluidine test is positive for blood. 
Patients with hemoglobinuric ATN have pink 
serum, reflecting the free hemoglobin. In contrast, 
in myoglo binuric A TN, the serum is clear because 
the kidneys filter myoglobin from serum unless 
oligo anuria is present [35]. 

Diagnosis 
The diagnosis of myoglobinuric ATN should be 
suspected in patients with acute muscle injury when 
the urine dipstick orthotoluidine reaction is positive 
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and there are no red cells in the urine sediment. CP K 
and aldolase levels should be ordered; a CPK of 
greater than 16,000 lUlL strongly suggests the 
diagnosis, but any CP Kover 500 lUlL is compatible. 
A urine myoglobin assay should be ordered. A 
positive test supports the diagnosis, but a negative 
result is not helpful. The clinical findings associated 
with rhabdomyolysis are unique enough that a 
diagnosis can generally be made by a history, 
physical examination, and laboratory studies; a renal 
biopsy is typically not necessary. 

The rarer diagnosis of hemoglobinuric ATN 
should be made in patients with evidence of massive 
hemolysis, especially when the urine dipstick is 
positive for blood, and there are no red cells in the 
urine sediment. Haptoglobin, lactic dehydrogenase, 
total and indirect bilirubin, reticulocyte count, and a 
serum free hemoglobin should be ordered. The hap
toglobin will be low and the other tests will always be 
high. In most cases, the diagnosis can be made on 
clinical grounds, without a renal biopsy. 

Pitfalls. The urine dipstick test for heme pigments may be 
negative in occasional cases of myoglobinuric A TN due to 
the transiency of myoglobin release [38]. In other cases, be
cause of a concomitant urologic cause, the urine sediment 
may contain erythrocytes. rendering the positive dipstick 
test for heme less useful. 

TUBULAR OBSTRUCTION 

Intratubular precipitation of a variety of en
dogenous and exogenous substances may cause 
obstruction and renal failure. 

Tubular Obstruction Due to Light Chains 
(Myeloma Kidney) 

Definition 
Immunoglobulin light chains often cause acute 
renal failure by tubular obstruction in multiple 
myeloma. (Chapter 11 discusses the glomerular le
sions seen in myeloma: amyloidosis and light chain 
deposition disease; this section considers tubular 
involvement.) Immunoglobulin light chains, also 
called Bence-Jones proteins, are synthesized by 
plasma cells and have either a kappa or lambda 
structural configuration. Normally, these light 
chains are freely filtered by the glomerulus, then 
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reabsorbed and catabolized by proximal tubular 
cells [57]. When, in myeloproliferative disorders, 
production of light chains exceeds the resorptive 
capacity of the proximal tubules, light chains are 
excreted in the urine and acute renal failure occurs 
by two mechanisms. High intratubular concentra
tions of light chains form inspissated casts, either 
alone or in conjunction with Tamm-Horsfall pro
tein, which is synthesized in the distal nephron [58; 
59]; these casts then block urine flow. Light chains 
may also have an acute tubular toxic effect [60]. 
This entity is called myeloma kidney or cast 
nephropathy. 

Pathology. The renal biopsy typically shows intratubular 
proteinaceous casts surrounded by giant cells; the tubular 
epithelium is frequently degenerated or necrotic (Figure 
12.2). Extratubular abnormalities, such as an increase in 
glomerular mesangial matrix, glomerular amyloid, and 
nephrocalcinosis, may also be seen [58]. 

Causes 
While the usual cause of renal failure due to tubular 
obstruction by light chains is multiple myeloma [57, 
59], rare cases have been reported with lymphoma 
and Walden strom macroglobulinemia. About a 
third of patients with Waldenstrom macroglobu
linemia have light chains in the urine but they 
rarely cause tubular obstruction [57]. 

Pathogenesis. Not all light chains are nephrotoxic. In one 
study, injection of equal amounts of light chains from dif
ferent myeloma patients into mice caused renal failure in 
some animals [61], but the nephrotoxic characteristics of 
light chains have not been identified. The quantitative 
amount of light chains in the urine [58] or their isoelectric 
point [60] does not correlate with renal failure, and kappa 
and lambda light chains occur in myeloma kidney patients in 
roughly equal proportion [58, 62, 63]. 

Other mechanisms may contribute to renal failure 
in multiple myeloma, including volume depletion, 
sepsis, hypercalcemia, amyloidosis, the use of 
nephrotoxic drugs, and urinary obstruction [57-60, 
62, 63], but tubular obstruction by Bence-Jones 
proteins is the leading one. 

Clinical picture 
Patients with acute renal failure due to myeloma 
kidney have typical features of multiple myeloma. 
Patients are generally middle-aged or elderly, and 
few are under 50 years old. Physical examination 
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Fig. 12.2. Renal biopsy from a patient with multiple myeloma and cast nephropathy. It shows a large homogeneous cast surrounded 
by a multinucleated giant cell histiocyte. The epithelial cells lining the tubule show mild degenerative changes. (Courtesy of Dr. Alfredo 
Esparza.) 

may show pallor and local bone or back tenderness. 
Anemia with rouleaux formation is common. 
Hypercalcemia, and a low or negative anion gap, due 
to high concentrations of cationic paraproteins are 
typical laboratory abnormalities. Light chains pro
duce proximal tubular damage and one may 
observe the Fanconi syndrome, with glycosuria, 
phosphaturia, aminoaciduria, hypokalemia, and 
renal tubular acidosis. Osteopenia and lytic bone le
sions can be seen on radiographs [59, 64]. Occasion
ally, the patient may be otherwise asymptomatic 
from myeloma, and renal failure will be the presen
ting complaint. A monoclonal paraprotein in the 
serum or urine and infiltration of the bone marrow 
by plasma cells are pathognomonic of multiple 
myeloma. Some myelomas produce only light 
chains; these are cleared from the blood by the 
kidneys and can only be detected in the urine, 
unless renal failure develops. Although heavy 
chains do not cause renal failure , IgD myeloma and 
IgA myeloma feature renal failure more commonly 
(60% and 33% respectively) than IgG myeloma, 
which has a renal failure risk of 14% [59] . The urine 
dipstick protein test, which is relatively specific for 
albumin, may be negative, but light chains in the 
urine will react strongly in the sulfosalicylic acid 

test for protein or the toluene-sulfonic acid test for 
Bence-Jones protein. A urine protein to creatinine 
ratio will also detect light chains in the urine. In one 
study, a majority of myeloma patients with renal 
failure had visible myeloma casts, with giant cells, 
on urine cytology [65] . 

Diagnosis 
The diagnosis of renal failure due to myeloma kidney 
should be suspected in patients with signs suggestive oj 
multiple myeloma: infection, bone pain, and anemia 
with rouleaux formation . Given the high incidence oj 
the disease in the elderly, it is reasonable to consider it 
in patients over the age of60 with unexplained renal 
failure , even in the absence of symptoms. 

A urine sulfosalicylic acid or other non-dipstick 
protein test, urine protein electrophoresis, and serum 
protein electrophoresis can be used. Immunofixation 
electrophoresis can be used to characterize any 
monoclonal proteinfound on protein electrophoresis. 
A bone marrow biopsy, typically showing plasma
cytosis, is the definitive diagnostic test for myeloma, 
and it is indicated if a monoclonal protein is detected. 
Serum viscosity, uric acid, and calcium should be 
ordered to investigate potential contributing nephro
toxic effects. 
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A renal biopsy is not necessary to make the 
diagnosis of myeloma kidney or to dictate treatment. 
It may be helpful if the clinical findings are atypical 
or if the bone marrow biopsy or electrophoretic 
studies are inconclusive or conflicting. If significant 
urinary albumin excretion is noted, for example, the 
renal biopsy could diagnose amyloidosis associated 
with myeloma. Renal histologic findings are also 
helpful in predicting outcome [58, 66]. 

Tubular Obstruction Due to Tumor Lysis Syndrome 

Definition 
Tumor lysis syndrome occurs as a result of therapy 
for neoplastic disorders, especially when neoplasms 
are rapidly proliferating and the therapy causes 
massive tumor cell destruction. The lysis of tumor 
releases intracellular nucleic acids, uric acid, 
phosphate, and potassium into the extracellular 
space, leading to hyperuricemia, hyper
phosphatemia, and hyperkalemia, and in turn to 
hyperuricosuria and hyperphosphaturia. Uric acid, 
particularly in the presence of low urine flow and 
pH, precipitates and obstructs renal tubules [67]. In 
some cases, increased intratubular xanthine, a uric 
acid precursor [68] or phosphate [69-71] can also 
produce tubular obstruction. 

Causes 
The prototypic diseases associated with tumor lysis 
syndrome are non-Hodgkin's lymphomas of high or 
intermediate grade histology. In particular, the 
syndrome has been reported in Burkitt lymphoma, 
which is a rapidly growing bulky abdominal tumor, 
invariably fatal without treatment, and very 
responsive to induction chemotherapy [67]. The 
syndrome may also occur with treatment of dif
ferent types ofleukemia, and, less commonly, solid 
tumors (Table 12.5). 

Tumor lysis syndrome may follow a wide variety 
of cytotoxic chemotherapeutic agents [67, 70, 71, 
73-77,79-82]; it has also been reported after radia
tion therapy [78], interferon [83], tamoxifen [84], 
and high dose glucocorticoids [85]. The syndrome 
tends to occur with induction, rather than 
maintenance, chemotherapy and with the use of 
multiple, rather than single chemotherapeutic 
agents [67, 71]. In rare cases, hematopoietic tumors 
may proliferate so rapidly that they produce tumor 
lysis syndrome even without treatment [86, 87]. 
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Table 12.5. Neoplasms that cause tumor lysis syndrome 

Leukemias Solid tumors 
Acute lymphoblastic [72) Breast carcinoma [76) 
Chronic lymphocytic [73) Merkel cell cancer [77) 
Acute myelomonocytic [74) Medulloblastoma [78) 
Chronic myelogenous [75) Bronchogenic carcinoma [79) 

Clinical picture 

Lymphomas (67, 80) 
Burkitt's 
Other Non-Hodgkin's 
Lymphosarcoma (68) 

Tumor lysis syndrome typically occurs in patients 
with lymphoproliferative malignancies. Physical 
examination and imaging studies generally reveal 
bulky tumor masses, adenopathy, and hepatosple
nomegaly. Hyperuricemia and azotemia preceding 
administration of chemotherapy increases the risk 
for acute renal failure [67,71], as does a markedly 
elevated pre-therapy lactate dehydrogenase level 
[71, 80]. 

Tumor lysis syndrome typically occurs 24 to 48 
hours after chemotherapy with a clinically evident 
decrease in tumor size and adenopathy, and pro
gressive azotemia and oliguria. Laboratory studies 
show hyperuricemia, often with levels above 20 
mg/dL (1200 p.mollL) [78, 83, 85], and hyper
phosphatemia, with levels above 10 mgldL (3.23 
mmollL) [67, 71]. Hyperkalemia may be out of pro
portion to the degree of renal failure, reflecting ef
flux of potassium from cells. Levels of greater than 
9.0 mEq/L, with ventricular tachycardia and 
cardiac arrest, have been reported [81, 82]. 
Hypocalcemia can be severe, although tetany and 
cardiac toxicity are rare [67, 71, 80]. Hypocalcemia 
is primarily due to hyperphosphatemia with 
precipitation of calcium phosphate salts; decreased 
renal calcitriol synthesis may also playa role [88]. 
Urine phosphate excretion is markedly increased 
[71], with phosphate crystals visible on examin
ation of the sediment; sheets of uric acid crystals 
may also be seen (Figure 5.1C) [83, 89]. 

Although laboratory abnormalities associated 
with tumor lysis (hyperphosphatemia, hyper
kalemia, hyperuricemia, hypocalcemia) are com
mon, azotemia occurs in less than ten percent of 
patients at risk [80], probably due to preventive 
therapy with intravenous fluids and xanthine ox
idase inhibitors (see Chapter 16). 
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Diagnosis 
The diagnosis of the tumor lysis syndrome should be 
suspected when a lymphoproliferative or other 
neoplastic process responds dramatically to chemo
therapy with shrinkage of tumor mass and a rise in 
serum levels of uric acid, phosphate, and potassium. 
Suspicion is increased by finding phosphate or uric 
acid crystals in the urine sediment. 

In the differential diagnosis are leukemic or lym
phomatous infiltration of the kidneys [90 }, and acute 
urinary obstruction by retroperitoneal tumor or 
adenopathy. These entities tend to produce renal 
failure before, rather than after, chemotherapy, but 
an ultrasound should be ordered to exclude them. 

In most cases, the diagnosis can be made by his
tory, physical examination, and serum and urine 
studies, and a diagnostic renal biopsy is not 
necessary. 

Intratubular Obstruction Due to Miscellaneous 
Etiologies 

Definition 
A number of other substances, primarily drugs and 
toxins, can also cause acute renal failure by block
ing flow of filtrate within the tubular lumen. 

Causes (see Table 12.6) 
The kidneys normally excrete small amounts of ox
alic acid derived from the diet and from the 
metabolism of ascorbic and amino acids. Excess 
urinary oxalic acid leads to tubular obstruction in a 
variety of contexts. Very high doses of ascorbic 
acid may cause intra tubular oxalate crystals and 
renal failure [91]. Oxalic acid is a byproduct of 
ethylene glycol, the active ingredient in commercial 
antifreeze, and acute renal failure due to in
tratubular oxalate crystals is a common conse
quence of ethylene glycol ingestion [92]. Patients 
with jejunoileal bypass operations for obesity [93] 
or malabsorption and steatorrhea [94] exhibit in
creased gastrointestinal oxalate absorption and in
creased urinary oxalate concentrations. They may 
have tubular precipitation of oxalate with acute 
renal failure. Primary oxaluric syndromes are 
autosomal recessive enzyme defects characterized 
by excess synthesis of oxalate, systemic oxalate 
deposition, and hyperoxaluria with intra tubular 
and interstitial precipitation; renal failure is pro
gressive and occurs before adulthood [95]. 
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Table 12.6. Miscellaneous causes of renal failure due to tubular 
obstruction 

Oxalic acid 
Ascorbic acid overdose 
Ethylene glycol 
Intestinal bypass surgery 
Malabsorption 
Primary oxaluria 

Sulfonamides 
Acyclovir 
Triamterene 
Rifampin 
Acetazolamide 
Methotrexate 

In rare cases sulfonamide antibiotics [96, 97], 
acyclovir [98], methotrexate [99], triamterene [100], 
rifampin [101], and acetazolamide [102] have been 
shown to cause renal failure by intra tubular 
obstruction. 

Clinical picture 
The clinical presentation of acute renal failure due 
to intratubular obstruction by oxalate varies ac
cording to the cause. Patients take ethylene glycol 
for an inebriating effect or in suicide attempts. In
itially, they are lethargic or intoxicated, and may 
develop cardiopulmonary failure. A high anion gap 
metabolic acidosis, with a high serum osmolality 
and a high osmolal gap (see below), are character
istic, and ethylene glycol will be present in serum 
sent for toxicological analysis. Oliguria and 
azotemia do not usually occur until 24 hours after 
ingestion. Urinalysis often shows calcium oxalate 
crystals (Figure 5.1D). Renal biopsies are seldom 
indicated, but if done, calcium oxalate crystals are 
seen obstructing renal tubules and inside proximal 
tubular cells (Figure 12.3) [91, 103, 104]. 

Patients with hyperoxaluric renal failure due to 
malabsorption have chronic diarrhea and steator
rhea. Flank pain and calcium oxalate nephrolithiasis 
are often features, and renal ultrasonography may 
show parenchymal calcification. Renal biopsy also 
shows intra tubular and intracellular calcium oxalate 
crystals [94]. Hyperoxaluric renal failure following 
jejunoileal bypass surgery demonstrates similar fin
dings [93]. Now that alternative treatments for mor
bid obesity are preferred, this entity rarely occurs. 

Sulfonamide induced acute renal failure has been described 
with sulfamethoxazole [96] and sulfadiazine [97]; oliguria, 
hematuria, and urinary crystals, with a "shocks of wheat" 
configuration have been reported [96, 97]. Although 
sulfonamide use in the acquired immunodeficiency syn
drome may be increasing the incidence of this entity [97], it 
remains rare. 
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Fig. 12.3. Isolated calcium oxalate crystal in a loop of Henle, showing central radiating stria. Inset: the crystal is birefringent under 
polarized light. (Courtesy of Dr. Alfredo Esparza.) 

Methotrexate is known to cause acute renal failure with 
tubular necrosis and intratubular methotrexate deposits on 
biopsy [99). In one early study, methotrexate-induced renal 
failure was reported in 38% of patients [105). A later, larger 
series reported renal failure only in 3% and only in patients 
who received concomitant nephrotoxins such as 
nonsteroidal anti-inflammatory agents or radiocontrast dye 
[106]. Volume depletion and acidosis are also contributing 
factors [98]. Patients have toxic methotrexate levels (above I 
micromole/L) [106), along with bone marrow suppression, 
mucositis, and dermatitis. 

Acyclovir, especially at high doses with volume deple
tion, may precipitate inside tubules and cause azotemia [98]. 

Rifampin causes renal failure in rare cases. This typically 
occurs during long term therapy for tuberculosis. Patients 
have polyclonal light chains in the urine, without a serum 
monoclonal protein spike or any other evidence of mUltiple 
myeloma. Renal biopsy shows tubular proteinaceous casts 
with histologic staining for kappa and lambda chains [101]. 
Rifampin may also produce azotemia by triggering an acute 
interstitial nephritis (see Chapter 13). 

Acetazolamide rarely causes renal failure, but one 
reported case had anuria, hypertension, no ultrasono
graphic evidence of urinary obstruction, and a renal biopsy 
which showed intratubular obstruction by Tamm-Horsfall 
protein without tubular atrophy or interstitial disease [102]. 

Triamterene crystal deposition has been reported as a 
cause of renal failure in one case [100). 

DiagnosiS 
The diagnosis of acute renal failure due to ethylene 
glycol and intra tubular oxalate deposition should be 
suspected in lethargic or obtunded patients with 
histories of depression or substance abuse, especially 
if a high anion gap metabolic acidosis and urinary ox
alate crystals are present. The detection of ethylene 
glycol in the serum confirms the diagnosis, but this 
assay may not be universally or immediately avail
able. Other diagnostic tests can support the diagnosis 
and may justify initiation of therapy while awaiting 
the ethylene glycol level. The serum osmolality 
should be ordered; it is almost always elevated. The 
osmolal gap (the measured serum osmolarity minus 
the combined osmolarity of serum sodium, glucose, 
and urea nitrogen) should be calculated (see for
mulas). A gap of greater than 10 mmollkg supports 
the diagnosis. If the diagnosis is still in doubt, the pa
tient's urine should be exposed to a Wood's lamp. 
Fluorescein is added to some commercial ethylene 
glycol preparations, and if those preparations have 
been ingested, the urine will fluoresce [107 j. Clinical 
and laboratory findings in ethylene glycol associated 
renal failure are sufficiently unique that a renal 
biopsy is not necessary for a diagnosis. 
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osmolal gap = measured plasma osmolarity [(Na X 2) + BUN(mgldL) + glucose(mg/dL)]. 

2.8 18 
In SI units: 
osmolal gap = measured plasma osmolarity [(Na X 2)+ BUN(mmollL)+glucose(mmollL)] 

Table 12.7. Clinical clues to tubular causes of renal failure 

Condition Clues 

Ischemic A TN 
Nephrotoxic ATN 
Myoglobinuric A TN 

Hypotension, volume depletion, sepsis, cardiogenic shock, aortic or cardiac surgery 
Use of aminoglycosides, cisplatin or amphotericin B 
Muscle injury, i CPK, exercise, heat exhaustion, substance abuse, dipstick hematuria 
without RBC's in urine 

Hemoglobinuric ATN 
Myeloma kidney 

Hemolysis, dipstick hematuria without RBC's in urine 
Bone pain, severe anemia, i Ca, old age 

Tumor lysis syndrome 
Intratubular obstruction 

Rx of Iymphoproliferative disorder, i serum uric acid or phosphate 

Oxalate 
Drugs 

i Osmolal & anion gaps, Ca oxalate crystals in urine, malabsorption 
Sulfonamides, acyclovir, etc. 

CPK - creatine phosphokinase, Rx - therapy. 

The diagnosis of renal failure due to an acquired hyperox
aluric syndrome should be suspected in patients with 
gastrointestinal disease or a jejunoileal bypass, especially if 
malabsorption and steatorrhea are present, and the 
urinalysis shows oxalate crystals. A renal ultrasound should 
be ordered; it may show parenchymal calcification or 
hydronephrosis from calculi. 24 hour urinary excretion of 
oxalate should be ordered; a value of greater than 100 mg/24 
hours supports the diagnosis. 

The diagnosis of acute renal failure due to sulfonamides, 
methotrexate, acyclovir, rifampin, triamterene, or 
acetazolamide should be considered in patients receiving 
one of these drugs who have no other potential causes for 
renal failure. Given the rarity of these entities and the fact 
that many patients have multisystem illness, a renal biopsy 
may be necessary for diagnosis if cessation of the drug is not 
followed by improvement in renal function. 

CONCLUSION 

The tubular causes of renal failure discussed in this 
chapter have characteristic historical features, 
physical signs, urinalyses and laboratory findings. 
Table 12.7 summarizes the clinical clues that 
should prompt an evaluation for one of the tubular 
renal diseases. 
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13. Interstitial causes of renal failure 

AARON SPITAL 

There are three major interstitial disorders causing 
renal failure: acute interstitial nephritis, chronic in
terstitial nephritis and neoplastic infiltration of the 
interstitium (Table 13.1). This chapter will discuss 
these disorders except for noninfectious causes of 
chronic interstitial nephritis, which are covered in 
Chapter 7. 

ACUTE INTERSTITIAL NEPHRITIS 

General Comments 

Definition 
Acute interstitial nephritis may be defined as an 
acute inflammatory process of the renal tubules 
and interstitium [1-5]. Although this histological 
pattern may accompany glomerulonephritis [2, 6], 
the following discussion will be limited to cases in 
which interstitial inflammation is the primary le
sion. This process is usually caused by drugs, less 
commonly by certain infections or systemic 
diseases, and rarely by an idiopathic process. The 
pathogenesis is often uncertain, but in most cases 
immunological mechanisms appear to be involved 
[7]. Clinically, this disorder often presents as unex
plained acute renal failure, though milder cases 
may manifest only asymptomatic urinary abnor
malities [4]. 

The importance of being familiar with acute in
terstitial nephritis is that when it is recognized and 
properly treated it is frequently reversible; on the 
other hand, if not recognized and not treated, it 
may progress to end stage renal disease [8]. There
fore, when evaluating unexplained renal failure, 
this diagnostic possibility must always be kept in 
mind. 

J.G. Abuelo (ed.), Renal Failure, 131-141. 
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Table 13.1. Interstitial causes of renal failure 

Acute interstitial nephritis 
Drugs 
Infections 
Systemic diseases 
Idiopathic 

Chronic interstitial nephritis 
Infections 
Analgesics and other drugs 
Multiple myeloma 
Calcium nephropathy 
Lead nephropathy 
Oxalate nephropathy 
Obstructive uropathy 
Reflux nephropathy (chronic pyelonephritis) 

Neoplastic interstitial infiltration 
Lymphoma 
Leukemia 
Solid tumor 

Frequency 
The incidence of acute interstitial nephritis is not 
known, but it is not rare. Acute interstitial nephritis 
has been estimated to account for as many as 
8-14% of cases of acute renal failure investigated 
by renal biopsy and 1-8% of all cases of acute renal 
failure in general [2, 9, 10]. These figures probably 
underestimate the true incidence of the disease, 
since many mild cases may never be diagnosed. 

Clinical manifestations 
Since there are no pathognomonic clinical findings 
or laboratory tests, a definitive diagnosis can be 
made only by histological evaluation of renal tissue 
[11]. Nonetheless, there may be important clues in 
the clinical presentation which suggest the 
diagnosis. Some of these are characteristic of a 
specific cause; for example, a hypersensitivity reac-
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tion is seen frequently in drug-induced disease, but 
less commonly with other etiologies. (These rela
tively specific clues will be discussed more fully 
below under the individual causes.) Other clues are 
more general and may be seen with acute interstitial 
nephritis of any cause. 

The general manifestations are fairly predictable 
when one considers the inflammatory nature of the 
process and the functions of the primary target of 
attack: the tubulo-interstitium of the kidney. As a 
result of inflammation and swelling, renal size is 
normal or large, and a few patients experience 
flank discomfort [1, 2, 10]. Since the glomeruli are 
usually spared, proteinuria is generally mild and 
tubular in origin [4, 5]. In the urinary sediment one 
may see red blood cells, white blood cells and renal 
tubular epithelial cells as well as white blood cell, 
tubular cell and granular casts. Red blood cell casts 
are rare and suggest glomerulonephritis [7]. Since 
the proximal tubule is the major site for reabsorp
tion of glucose, uric acid, phosphorus, bicarbonate, 
and amino acids, severe injury to this segment can 
lead to inappropriate renal losses of all of these 
substances; this is known as the Fanconi syndrome 
[1,4,5]. Normoglycemic glycosuria, easily detected 
with a dipstick on routine urinalysis, is an import
ant (and sometimes the only) clue to the presence of 
proximal tubular dysfunction. When such dysfunc
tion is severe, relatively or frankly low serum levels 
of uric acid and phosphorus may be seen. Injury to 
the distal tubules may result in sodium wasting, im
paired concentrating ability and metabolic acidosis 
and hyperkalemia out of proportion to the degree 
of renal failure [4, 5]. 

Table 13.2. Major drugs causing acute interstitial nephritis [2, 6] 

Antibiotics 
Beta-lactams 

Penicillins 
Cephalosporins 

Rifampin 
Sulfonamides 
Ciprofloxacin 
Erythromycin 
Vancomycin 

Diuretics 
Chlorthalidone 
Furosemide 
Thiazides 
Triamterene 

Aaron Spital 

Drug-Induced Acute Interstitial Nephritis 

Causes 
Nearly 100 drugs have been reported to cause acute 
interstitial nephritis (Table 13.2) [2]. However, 
most cases are due to agents belonging to two 
major classes: the beta-lactam antibiotics (which 
include penicillins and cephalosporins) and the 
nonsteroidal anti-inflammatory drugs (NSAIDs) 
[2, 3]. Because the clinical presentation of in
terstitial nephritis can vary with the class of the of
fending agent, the most important ones will be 
discussed separately. 

Beta-lactam antibiotics 

Clinical Picture. Virtually any penicillin and many 
of the cephalosporins can cause acute interstitial 
nephritis. Patients of all ages and both sexes can be 
affected, though there is a male predominance [6]. 
In one large series, the mean duration of drug 
therapy prior to the onset of clinical renal disease 
was 11 days (range 6-29 days) [12]. However, SOllle 
patients have developed renal involvement within 
two to three days of beginning therapy. Although 
the development of nephritis is said not to be dose 
dependent, most patients have been on large doses 
of these antibiotics for at least several days [1]. 

Many cases are accompanied by a hypersen
sitivity reaction which classically includes the triad 
of fever (which is especially significant when it de
velops after fever caused by infection subsides), a 
maculopapular skin rash and eosinophilia [1-7, 
9-12]. (It is this reaction which led to the designa-

NSAIDS 
Almost all NSAIDs have been implicated 

Anticonvulsants 
Carbamazepine 
Phenytoin 
Valproic acid 

Other drugs 
Allopurinol 
Alpha-interferon 
CaptopriJ 
Cimetidine 
Interleukin-2 
Omeprazole 
Sulfinpyrazone 
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tion "allergic" interstitial nephritis, though the 
immunopathogenesis remains uncertain.) Occasio
nal patients may also experience arthralgias or 
flank pain. Severe cases manifest sudden deteriora
tion in renal function, which may be oliguric or 
nonoliguric. Some patients require dialysis. Blood 
pressure is frequently normal and edema is often 
absent [10, 11]. The urinalysis usually reveals 
minimal proteinuria, sterile pyuria and hematuria. 
Gross hematuria, white cell and granular casts may 
be seen as well. The kidneys will be normal in size 
or enlarged. 

Diagnosis 
Beta-lactam induced interstitial nephritis should be 
considered in any patient who develops unexplained 
renal failure while taking any drug in this class. Sus
picion should be greatly increased by the simul
taneous appearance of any of the components of a 
hypersensitivity reaction. The presence of hematuria, 
pyuria and mild proteinuria further supports the 
diagnosis. Serum IgE levels may be elevated, but 
only in about half of reported cases [2, 9]. Most pa
tients will demonstrate eosinophiluria in a stained 
urinary sediment and the predictive value of this flnd
ing likely increases as the degree of eosinophiluria in
creases [1,2,4,12,13]. Hansel's stain may be more 
sensitive for detecting urinary eosinophils than is 
Wright's stain [13]. Gallium scanning frequently 
demonstrates intense renal uptake in acute in
terstitial nephritis [9, 14 j, but unfortunately is 
nonspecific [1, 2, 4, 9]. Nevertheless, gallium scans 
may be useful to support the diagnosis when biopsy is 
contraindicated and to separate patients with acute 
interstitial nephritis from those with acute tubular 
necrosis [9]. While occasional patients may have a 
low fractional excretion of sodium [9 j, urinary in
dices are generally not helpful as they usually re
semble those found in acute tubular necrosis [2, 9, 
15]. Ultimately, a definitive diagnosis requires renal 
biopsy. However, biopsy may not be necessary in 
typical cases which respond rapidly to withdrawal of 
the suspected causative agent with improvement in 
renal function. 

Pitfalls. (I) Although this condition usually is seen after sev
eral days of high dose antibiotic therapy, it can also present 
after a few doses of antibiotic prophylaxis [I]. (2) Not all pa
tients develop signs of a hypersensitivity reaction and fewer 
than one third manifest the full classic triad [I]. Therefore. 
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the absence of such a reaction does not exclude the 
diagnosis. (3) Similarly. eosinophiluria, though common, is 
neither universal nor specific [1-3, 5, 7, 9]. (4) Although 
usually indicative of glomerulonephritis, red blood cell casts 
may be seen rarely in isolated interstitial nephritis [16]. 

NSAIDs 

Causes. Fenoprofen is the most common cause of 
this syndrome, but it has been seen with virtually all 
NSAIDs [2, 17-20]. 

Clinical Picture. The presentation of acute in
terstitial nephritis secondary to NSAIDs differs in 
several respects from the classical picture seen with 
beta-Iactam antibiotics (Table 13.3) [1, 2, 17-20]. 
First, most affected patients are elderly females. 
Second, the duration of exposure prior to the devel
opment of nephritis is notably longer in cases of 
NSAID-induced disease, the mean being several 
months. Third, evidence of a systemic hypersen
sItivIty reaction, such as fever, skin rash, 
eosinophilia and eosinophiluria, is usually absent, 
occurring in fewer than 20% of cases. Fourth, in 
contrast to almost all other causes of acute in
terstitial nephritis, nephrotic range proteinuria is 
seen frequently, perhaps in as many as 75% of 
cases; diffuse fusion of foot processes appears to be 
responsible. While this unusual pattern of in
terstitial nephritis and minimal change disease can 
be seen rarely with other drugs [20-23], NSAIDs, 
are by far the most common cause. Finally, in con
trast to nephritis induced by antibiotics, in cases 
caused by NSAIDs, edema is the most common 
presenting symptom and the fractional excretion of 
sodium is often low, probably because of the as
sociated heavy proteinuria [17]. 

As with other causes of acute interstitial 
nephritis, most patients will also have variable 
degrees of renal insufficiency. The urinalysis will be 
typical of acute interstitial nephritis, except for the 
presence of heavy proteinuria. 

Diagnosis 
Acute interstitial nephritis must be considered in all 
patients taking NSAIDs who develop unexplained 
renal insufficiency, especially in association with 
heavy proteinuria. Unfortunately, no risk factors 
have been identified which help pinpoint susceptible 
individuals. Though most patients have been elderly, 
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Table 13.3. Contrasting clinical features of Beta-lactam and 
NSAID-induced acute interstitial nephritis 

Beta-lactams NSAIDs 

Age Any Older 

Sex Male Female 
predominance predominance 

Duration of 
exposure Days to weeks Months 

Hypersensitivity 
reaction Common Unusual 

Nephrotic 
syndrome Rare Frequent 

Presentation Renal failure Edema 

FENa >1% <1% 

this may simply reflect a population with a high rate 
of NSAID consumption [1]. Similarly, there are no 
confirmatory tests. Indeed, in contrast to beta
lactam associated disease, eosinophiluria and 
eosinophilia are frequently absent in cases caused by 
NSAIDs [2,17,19,20]. However, thefractional ex
cretion of sodium is often less than 1%, and this may 
be a clue to the diagnosis [17]. As with all types of 
acute interstitial nephritis, a definitive diagnosis re
quires renal biopsy. However, biopsy is not necessary 
if renal function improves rapidly after cessation of 
the drug [17 ]. 

Pitfalls. The absence of a systemic hypersensitivity reaction 
is to be expected and should not be used to exclude the 
diagnosis. Furthermore, while most cases manifest heavy 
proteinuria, several patients have been described with 
isolated interstitial nephritis and only mild proteinuria [17, 
19,20]. 

Rifampin 
Rifampin-induced acute interstitial nephritis often 
presents in a unique way [1, 2, 24, 24a]. Most cases 
have appeared after intermittent or discontinuous 
therapy. Within hours of reintroducing the drug 
after a drug-free interval, patients may develop 
systemic symptoms, including fever, chills, 
myalgias, arthralgias, nausea and vomiting. Many 
will complain of flank pain and experience the 
abrupt onset of oliguric renal failure. Thrombo-
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cytopenia, hemolysis, or hepatitis may be seen. 
Rash, eosinophilia and eosinophiluria are unusual. 
The urinalysis frequently reveals hematuria. Many 
of these patients have high levels of circulating anti
rifampin antibodies, which may be of pathogenic 
significance [1, 2, 24]. 

Rarely, rifampin-induced acute interstitial 
nephritis may develop during continuous drug 
therapy [22, 25]. In contrast to those receiving 
discontinuous therapy, these patients do not have 
an explosive presentation. Rather, they present 
with the insidious onset of nonoliguric renal 
failure, often associated with a variety of renal 
tubular functional defects. Heavy proteinuria has 
also been described [22]. 

Diuretics 
On rare occasion, diuretics can cause acute in
terstitial nephritis. These cases are often associated 
with typical signs of hypersensitivity such as fever, 
skin rash and eosinophilia [1,2,26-28]. Thiazides, 
triamterene or furosemide have been implicated in 
most cases and many patients have underlying 
glomerular disease. 

Allopurinol 
Allopurinol is another drug that can cause acute in
terstitial nephritis [1, 2, 29, 30]. There is often 
systemic involvement which may include fever, ex
foliative dermatitis, cutaneous vasculitis, and 
hepatitis. Although this syndrome has been 
reported in a patient with previously normal renal 
function, renal insufficiency appears to be a risk 
factor, perhaps because of reduced clearance of 
drug metabolites [1]. 

Other drugs 
A number of other commonly used drugs have been 
incriminated as potential causes of acute interstitial 
nephritis (Table 13.2). These include [1, 2, 9, 31-34, 
34a, 34b, 34c]: many nonbeta-Iactam antibiotics, 
such as sulfonamides, ciprofloxacin, erythromycin 
and rarely vancomycin; anticonvulsants; cimeti
dine; ranitidine; captopril; omeprazole; and inter
leukin-2. On the other hand, some classes of drugs 
have yet to be incriminated, such as beta-blockers 
and calcium channel blockers. Nevertheless, the list 
of possible causative agents continues to grow. 
Therefore the clinician should always consider the 
possibility of drug-induced interstitial nephritis in 
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all medicated patients with unexplained acute renal 
failure, regardless of the therapeutic agents em
ployed. 

Acute Interstitial Nephritis Associated with In
fections 

Definition 
Acute interstitial nephritis occasionally occurs dur
ing the course of a variety of bacterial, viral, and 
parasitic infections, in the absence of another 
identifiable cause [1-4, 6]. In some infections, such 
as acute pyelonephritis, direct microbial tissue in
vasion is responsible. In other cases there may be 
no evidence of the intact pathogen in the kidney [4]. 
These latter cases are probably mediated by im
munological mechanisms. While clinically signifi
cant interstitial nephritis due to infection is uncom
mon, asymptomatic renal involvement occurs more 
frequently [35, 36]. 

Causes 
Streptococcal infections have long been known to 
be associated with acute interstitial nephritis. A re
cent report confirmed that such infections are still 
an important cause of this condition, at least in 
children [37]. Other infectious diseases which have 
been implicated as causing acute interstitial 
nephritis include leptospirosis, legionnaires' 
disease, infectious mononucleosis, toxoplasmosis 
and mycoplasma pneumonia [2, 6, 35-41] (Table 
13.4). In Asia and Europe, infections with the Han
tavirus group is another important cause [42]. 
Finally, although renal function is usually well pre
served in acute pyelonephritis, on rare occasion 
acute renal failure due to interstitial nephritis may 
occur; interestingly, almost all of these cases are 
caused by E. coli [43-45]. 

Table 13.4. Infectious causes of acute interstitial nephritis [2,6] 

Bacteria 
Diphtheria 
Streptococci 
Legionella 
Leptospira 
Brucella 
E. Coli (Pyelonephritis) 
Yersinia 

Viruses 
Epstein-Barr virus 
Cytomegalovirus 
Hantaan virus 
Measles 

Other 
Toxoplasma 
Mycoplasma 
Rickettsii 

135 

Clinical Picture. This entity should be suspected in 
all infected patients who present with unexplained 
renal failure, especially in the absence of hypoten
sion and nephrotoxic drugs. The urinalysis will be 
typical of that seen with other causes of acute 
interstitial nephritis and, when present, normo
glycemic glycosuria provides an important clue 
[37]. However, the clinical picture will likely be 
dominated by signs and symptoms of the under
lying infectious disease. 

Diagnosis 
There are no specific laboratory finding which can 
confirm the diagnosis. Even when renal dysfunction 
appears during the course of acute pyelonephritis, 
other causes of renal failure, such as acute tubular 
necrosis secondary to sepsis, must be considered. 
Ultimately, the diagnosis of interstitial nephritis can 
only be established by renal biopsy. However, as the 
histological appearance is etiologically nonspecific, 
even this does not prove that the associated infection 
is responsible. Therefore, one must be careful not to 
overlook other potentially treatable causes of in
terstitial nephritis, especially drug-induced disease. 

Pitfalls. (I) On occasion, the presentation of the underlying 
infectious process may be atypical. For example, several pa
tients with acute renal failure secondary to acute 
pyelonephritis have presented without flank pain or high 
fever [44, 45]. (2) When renal disease complicates the course 
of streptococcal pharyngeal or skin infections, one must 
consider acute interstitial nephritis in addition to classic 
post-streptococcal glomerulonephritis [37]. The presence of 
red blood cell casts and depressed complement levels points 
toward the latter diagnosis, since they are usually absent in 
the former. 

Acute Interstitial Nephritis Caused by Systemic 
Disease 

Certain idiopathic immunologic disorders may oc
casionally cause acute interstitial nephritis (Table 
13.5). 

Sarcoidosis 
While renal granulomas are not uncommon in 
autopsy series of patients with sarcoidosis, these le
sions rarely cause renal failure [46-49]. Diminished 
renal function in patients with sarcoidosis is 
usually due to disordered calcium metabolism, 
which may cause hypercalcemia, nephrocalcinosis, 



136 

Table 13.5. Systemic diseases that cause interstitial nephritis 

Sarcoidosis 
Sjogren's syndrome 
Systemic lupus erythematosus 
Primary biliary cirrhosis 

nephrolithiasis and volume depletion (see Chapter 
10) [47, 49-51]. However, a few patients have devel
oped renal failure secondary to noncaseating 
granulomatous interstitial nephritis [46-51]. 

Clinical Picture. These patients present with unex
plained renal failure, which can be rapidly pro
gressive and severe [48]. While other manifestations 
of sarcoidosis are usually apparent, isolated renal 
failure has sometimes led to the diagnosis of the 
underlying disease [48, 50]. Despite the tendency 
for renal failure to reduce serum calcium levels, in 
this condition the serum calcium is usually normal 
or slightly increased [48]. As expected for an in
terstitial proc;ess, the urinalysis may show minimal 
proteinuria, mild hematuria and pyuria. Evidence 
of tubular dysfunction, such as normoglycemic 
glycosuria has been described [48, 51]. 

Diagnosis 
Interstitial nephritis should be suspected in all pa
tients with sarcoidosis and unexplained renal failure, 
particularly in the absence of hypercalcemia and 
nephrolithiasis. The diagnosis is supported by typical 
urinary findings and if present, evidence of tubular 
dysfunction. Determination of angiotensin
converting enzyme activity is of little or no value in 
establishing the diagnosis [48]. Ultimately, defini
tive diagnosis rests upon the demonstration of 
granulomatous interstitial nephritis on renal biopsy. 
However, it should be noted that even this histologic 
appearance is not specific and may develop in re
sponse to drugs, tuberculosis, vasculitis, cancer and 
can even be seen as an idiopathic process [49, 52]. 

Sjogren's Syndrome 
Lymphocytic infiltration of the renal interstitium 
appears to be common in this condition, and is 
similar in appearance to what is seen in the salivary 
and lacrimal glands [46, 53-55]. Perhaps as a result 
of this infiltrative process, renal tubular function is 
commonly abnormal. Patients may demonstrate 
nephrogenic diabetes insipidUS, distal renal tubular 
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acidosis and, less commonly, proximal tubular 
dysfunction [46, 53-55]. These tubular defects are 
usually not clinically significant. Rarely, interstitial 
involvement can be severe, resulting in an active in
flammatory process and renal failure [53, 54]. 

Diagnosis 
This process should be considered in all patients with 
Sjogren's syndrome and unexplained renal failure, 
especially when proteinuria is mild and tubular 
dysfunction is prominent. A renal biopsy is needed to 
confirm the diagnosis. 

Systemic Lupus Erythematosus. Glomerular involvement in 
lupus nephritis is often accompanied by an active interstitial 
nephritis, associated with deposition of immunoglobulins 
and complement along the tubular basement membranes 
and small blood vessels [6, 46]. In fact, rare patients have 
been described with acute renal failure attributed primarily 
to acute interstitial nephritis, rather than to glomerular 
disease [2, 6, 46, 56]. Presumably, in these cases the im
munological attack is primarily directed at the interstitium. 
Of interest, one report suggested that isolated interstitial 
nephritis in SLE might actually be a manifestation of con
current Sjogren's syndrome [57]. 

Diagnosis. This rare disorder should be considered in patients 
with systemic lupus and renal failure when proteinuria is mild. 
However, a definitive diagnosis can be made only with a renal 
biopsy. 

Primary Biliary Cirrhosis. Several recent reports have 
suggested that renal failure due to interstitial nephritis may 
also be seen during the course of primary biliary cirrhosis 
[58, 59]. This is not surprising in view of the known associ
ation between this disease and renal tubular acidosis. 

Idiopathic Acute Interstitial Nephritis 

Definition 
This unusual disorder may be defined as acute in
terstitial nephritis which develops in the absence of 
an identifiable underlying cause [60-62]. While the 
pathogenesis of this condition is unknown, cell
mediated immune mechanisms are thought to play 
a role in most cases [61-63]. 

Clinical Picture. Although both sexes and all ages 
may be affected, females predominate [2, 62, 63]. 
Most patients present with a prodrome of 
nonspecific constitutional symptoms and a few ex
perience flank or abdominal pain [62]. Unlike the 
classic drug-induced allergic interstitial nephritis, 



Interstitial causes of renal failure 

signs of hypersensitivity, such as fever, skin rash 
and eosinophilia, are usually absent. Renal func
tion is variable, but severe renal failure is frequent. 
Nonetheless, most patients are nonoliguric and 
blood pressure is often normal [62]. The urinalysis 
is typical of interstitial nephritis and usually shows 
mild proteinuria and occasional white blood cells, 
red blood cells and granular casts. As with secon
dary forms of the disease, evidence of tubular 
dysfunction, particularly normoglycemic 
glycosuria, is an important clue to the diagnosis 
[61, 62, 64]. 

Idiopathic acute interstitial nephritis is fre
quently associated with unilateral or bilateral 
anterior uveitis, which may develop before, during 
or after the appearance of renal disease [62-66]. In
deed, when renal function is not markedly abnor
mal, uveitis may be an important clue to an 
underlying acute interstitial nephritis. Rarely, bone 
marrow and lymph node granulomas may also be 
seen [67]. 

Diagnosis 
Idiopathic acute interstitial nephritis should be con
sidered in any patient who presents with unexplained 
acute renal failure, constitutional symptoms and a 
urinalysis typical of interstitial disease in the absence 
of drug exposure or an underlying systemic or infec
tious disease. The presence of uveitis should increase 
the index of suspicion, though it is important to re
member that uveitis and interstitial nephritis can be 
seen in several systemic diseases, including sar
coidosis [5]. As in other types of acute interstitial 
nephritis, renal gallium scanning may be positive but 
is nonspecific [63]. Therefore gallium scans are only 
recommended for patients with a compatible clinical 
presentation, but in whom renal biopsy is contrain
dicated. Although renal biopsy can confirm the 
presence of active interstitial inflammation, one still 
needs to carefully exclude known causes including 
unsuspected drugs, infection and systemic disease. 

CHRONIC INTERSTITIAL NEPHRITIS 
ASSOCIATED WITH INFECTION 

Xanthogranulomatous pyelonephritis and renal 
malacoplakia 
Xanthogranulomatous pyelonephritis and renal 
malacoplakia are two rare inflammatory con-
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ditions of the kidney related to chronic urinary 
tract infection [68-75]. Both are believed to result 
from an unusual inflammatory response to in
complete intracellular bacterial killing. These con
ditions are seen most often in middle-aged to 
elderly women. Both can present with constitu
tional symptoms, fever, flank pain and pyuria. 

Xanthogranulomatous pyelonephritis is seen primarily in pa
tients with a history of urological disease [68-70]. It is almost 
always unilateral and imaging studies usually reveal an 
enlarged nonfunctioning kidney. Renal calculi are frequent 
and are often of the staghorn type [68-71]. Most cases ap
pear to be associated with E. coli or P. mirabilis infection, 
though other pathogens may be found [68-70]. Since this 
disorder is unilateral, renal failure is unusual [69, 70]. 

Diagnosis. This disorder shollid be suspected in older women 
with a history of previous urinary tract infections or renal 
stone disease who present with nonspecific constitutional 
symptoms, fever, flank pain, pyuria and a positive urine 
culture. Although radiological investigations are helpful, a de
finitive diagnosis requires histological demonstration of large 
foamy lipid-laden macrophages (xanthoma cells) in the 
kidney [68, 70j. 

Renal Malacoplakia is typically associated with E. coli 
urinary infections in immunocompromised hosts. It is often 
bilateral and can cause acute renal failure [68, 72-77]. The 
kidneys are frequently enlarged. Malacoplakia also has a 
unique histological marker, the Michaelis-Gutmann body, 
which is seen in the cytoplasm of foamy histocytes known as 
von Hansemann cells. 

Diagnosis. This disorder should be suspected in older im
munocompromised women who present with fever, flank pain, 
pyuria, a positive urine culture, bilaterally enlarged kidneys 
and renal failure. A renal biopsy is necessary for diagnosis 
[73j. 

Tuberculosis. On rare occasion, tuberculosis may cause a dif
fuse granulomatous interstitial nephritis, which can progress 
to end stage renal disease [78]. This process differs from the 
more typical pattern of renal tuberculosis, i.e., obstructive 
uropathy or massive caseous destruction of the renal paren
chyma. These patients often have accompanying extrarenal 
disease. 

Diagnosis. This rare complication should be suspected in pa
tients with tuberculosis and unexplained renal failure. In
terestingly, a search for acid fast bacilli in the urine may be 
negative, and the demonstration of tubercle bacilli on renal 
biopsy may be required to make the diagnosis [78}. 
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NEOPLASTIC INTERSTITIAL 
INFILTRATION 

Definition 
This unusual syndrome is caused by massive in
filtration of the kidneys by tumor cells, most com
monly in patients with hematological malignancies 
[2, 79-83].11 is worth emphasizing that in these set
tings renal infiltration by malignant cells is actually 
quite common, but renal failure is rare. When renal 
failure does occur, the pathogenesis is unclear, but 
may involve tubular compression and intrarena1 
obstruction [80]. 

Causes 
Most cases are caused by diffuse histiocytic lym
phoma, although this process may also be seen with 
other types of lymphoma and leukemia (Table 
13.6) [79-82]. Rarely, a similar syndrome may oc
cur secondary to renal metastases from a 
nonhemato10gica1 malignancy [84]. 

Clinical Picture. The typical patient presents with 
systemic signs and symptoms of the underlying 
malignancy and unexplained renal failure. Most 
patients have aggressive and extensive disease [79]. 
However, in several cases the malignant process 
had not been previously diagnosed. In fact, on oc
casion this syndrome of renal failure secondary to 
neoplastic infiltration will be the presenting feature 
oflymphoma [83]. Renal failure is often severe and 
sometimes oliguric [80]. Urinalysis findings are 
nonspecific and proteinuria is almost always mild 
[83]. 

Table 13.6. Malignancies that may cause renal failure by in
terstitial infiltration 

Lymphoma 
Non-Hodgkin's lymphoma 

Histiocytic 
Lymphocytic 
Lymphoblastic 
Burkitt's 
Reticulum cell sarcoma 

Hodgkin's lymphoma 

Leukemia 
Acute lymphoblastic 
Chronic granulocytic 

Solid tumor 
Adenocarcinoma of lung 

Aaron Spital 

Diagnosis 
An important clue to the diagnosis is the combination 
of renal failure and bilaterally enlarged, nonob
structed kidneys (evaluated by ultrasonography or 
CT scanning) [79, 80, 83 j. A renal biopsy showing 
diffuse infiltration of tumor cells will support the 
diagnosis and is important in planning therapy. How
ever, because infiltration is common, while renal 
failure is not, even histological proof of infiltration 
does not prove that it is responsible for the renal 
disease. Therefore, it is important to exclude other 
causes of acute renal failure, particularly those that 
occur with increased frequency in such patients. 
These include: prerenal azotemia secondary to 
nausea and vO,¥itjng, urinary tract obstruction, 
paraproteinemia and "myeloma kidney", uric acid 
nephropathy, hypercalcemia, and renal toxicity 
secondary to chemotherapy [83 j. Only after ex
cluding these possibilities and observing an improve
ment in renal function following appropriate cancer 
therapy, can the diagnosis of acute renal failure 
secondary to neoplastic infiltration be assured. 

CONCLUSION 

Many of the conditions discussed in this chapter 
have characteristic clinical features. When present, 
these clues should point the physician toward the 
correct diagnosis and indicate the need for appro
priate confirmatory studies. The most useful 
clinical clues are reviewed on Table 13.7. 
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14. Review of diagnostic practices 

1. GARY ABUELO 

The diagnosis of renal failure begins with the initial 
data collection, which is a medical history, physical 
examination, Scr, BUN, serum electrolyte concen
trations, urinalysis, and investigation of any ex
trarenal diseases or symptoms. With just this infor
mation, the cause of the renal failure will be 
suspected or obvious in perhaps half of patients, 
although some physicians with more experience in 
this area will be better at diagnosing unusual con
ditions. 

THE OBVIOUS DIAGNOSIS 

The physician makes the obvious diagnosis by 
recognizing the typical features of the condition, 
and if needed by doing a test or two to confirm the 
diagnosis or to exclude clinically similar etiologies. 
The confirmatory test is often the response of renal 
failure to treatment. Even if urinary obstruction is 
not suspected it should be excluded with a renal 
sonogram, unless one expects a rapid fall in Scr 
with treatment or is certain of the cause, as in typi
cal ischemic ATN. The most common obvious 
etiologies are recapitulated on Table 14.1. 

The history, physical examination and 
laboratory testing make up the clinical picture that 
the physician must recognize. Of all these elements, 
the urinalysis is perhaps the most useful and most 
undervalued as a diagnostic tool. Although already 
covered in Chapter 5, Initial Laboratory Studies, 
the various urinary findings are listed on Table 14.2 
with their associated renal diagnoses. 
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ADDITIONAL LABORATORY 
INVESTIGATION 

If the physician does not suspect or have a 
diagnosis based on the initial information, further 
laboratory investigation, as outlined in Chapter 6, 
is in order (Table 6.1). It should include a renal 
sonogram, general screening tests like a chest X-ray 
and complete blood count, and tests to further 
evaluate any abnormal initial findings, such as pro
tein electrophoresis in an elderly patient with pro
teinuria (Table 6.2). In certain cases, this new infor
mation will point towards a diagnosis not 
previously suspected. 

Certain extrarenal problems like fever, 
malignancy, or severe anemia are common in 
azotemic patients. They may suggest causes for the 
renal failure, and lead the physician to carry out 
key diagnostic tests. These extrarenal problems are 
listed on Table 14.3 with the renal disorders that 
may be associated with them. 

CONCLUSION 

The diagnosis of renal failure is based on infor
mation gathering, syndrome recognition, and con
firmatory testing. Although some conditions re
quire a high level of sophIstication to be correctly 
identified, this process succeeds in the majority of 
azotemic patients. 
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Table 14.1. Obvious causes of renal failure 

Cause Characteristics Similar conditions Confirmation 

False renal failure i Scr, normal BUN, None DIC cimetidine, cefoxitin, 
UA normal trimethoprim -+ ~ Scr, 

Rx ketosis -+ ~ Scr 

Chronic renal failure Slow t Scr Obstruction, i Ca, US, calcium level. protein 
myeloma/L.C.D.D., analgesic studies normal 
nephropathy 

Prerenal renal failure ~ BP, BUN:Scr ~ I : 20, ATN UNa, UC! <20 mEq/L, 
UA: S.G. > LOIS t BP -+ ~ Scr 

Postrenal renal failure Urinary tract pain, difficult Renal embolism Urethral catheter or US, 
voiding urinary drainage -+ ~ Scr 

Hepatorenal syndrome Severe liver disease, Prerenal azotemia, ATN UNa, UC! <20 mEq/L, 
low normal BP RIO hypovolemia, US 

Vasomotor disturbance Contrast media, drugs Atheroembolic disease Peak Scr day 3-5 after contrast, 
DIC ACE inhibitor or NSAID 
-+ ~ Scr 

Atheroembolic disease Atherosclerosis, arterial Nephrosclerosis, GN, renal Eosinophilia, US normal 
manipulation, ischemic toes artery stenosis, malignant 

hypertension 

Malignant hypertension Diastolic BP > 130 mmHg, GN ~ BP -+ ~ Scr , US normal 
headaches, severe retinopathy 

Ischemic A TN Hypotension, UA: S.G. - Prerenal azotemia UNa, UCI > 20 mEqlL, 
1.010, muddy granular casts i BP -+ ~ Scr 1-4 weeks 

Tumor lysis syndrome Rx -+ tumor lysis Obstruction, nephrotoxic i t uric acid, P04 
chemotherapy 

Allergic interstitial nephritis /3-lactam antibiotic, fever, rash, ATN due to sepsis, GN due DIC drug -+ ~ Scr, 
eosinophilia to infection, collagen disease US normal 

Abbreviations: BP - blood pressure, DIC - discontinue, L.C.D.D. - light chain deposition disease, RIO - rule out, Rx - treatment, 
US - renal sonogram. 
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Table 14.2. Causes of renal failure associated with certain urinalysis findings 

Specific gravity> 1.015 
Prerenal renal failure 
Hepatorenal syndrome 
Vasomotor disturbance 2° sepsis 

Protein: (-) to trace «200 mg/day) 
Prerenal renal failure 
Postrenal renal failure 
Vasomotor disturbances 
Renal scleroderma crisis 
Renal artery stenosis 

Protein: ( - ) to 2+ « I glday) 
ATN 
Acute interstitial nephritis 
Neoplastic interstitial infiltration 
Prerenal azotemia with transient proteinuria 

Congestive heart failure 
Sepsis 
Pancreatitis 
Burns 

Protein: 3+ to 4+ (>2.5 glday) 
GN 
Nephrotic diseases 
Some cases of: 

Atheroembolic disease 
Malignant hypertension 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Acute cortical necrosis 
Renal artery stenosis 
Renal infarction 
Myeloma kidney 

Red cells < 5/high power field 
Prerenal renal failure 
Vasomotor disturbances 
Excludes GN 

Red cells> 50-100/high power field 
GN 
Postrenal renal failure 
Atheroembolic disease 
Malignant hypertension 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Acute cortical necrosis 
Renal infarction 
Acute interstitial nephritis 
Polycystic kidney disease 

Red cell casts 
GN 
Rarely in: 

Atheroembolic disease 
Malignant hypertension 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Acute cortical necrosis 
Renal infarction 
Diabetic nephropathy 
Allergic interstitial nephritis 

White cells> 5/high power field 
Acute pyelonephritis 
Acute interstitial nephritis 
Postrenal renal failure 
Atheroembolic disease 
Renal infarction 
GN 

147 



148 

Table 14.3. Causes of renal failure associated with common extrarenal problems 

Liver disease 
Prerenal azotemia & C.P.c. 2° to C.H.F. 
Hepatorenal syndrome 
Biliary infections/sepsis (see below) 
A TN 2° to shock 
ATN & jaundice 2° to hemolysis (see anemia) 
Hornet stings 
GN 2° to: 

Collagen vascular disease 
Hepatic abscess 
Cirrhosis 
Essential mixed cryoglobulinemia 
Polyarteritis nodosa (HB+) 

Nephrotoxic ATN' 
Acetaminophen overdose 
Toxic mushrooms 
Copper, thallium, phosphorous 
Carbon tetrachloride, chlorinated solvents 

Interstitial nephritis 
Leptospirosis 
Sarcoidosis 
Biliary cirrhosis 
Azathioprine and other drugs 

Polycystic disease of the liver and kidney 

Injection/sepsis 
Vasomotor disturbance 
Acute cortical necrosis 
GN 
Ischemic A TN 
Myoglobinuric ATN 
Antibiotic nephrotoxicity' 
Acute interstitial nephritis 
Xanthogranulomatous pyelonephritis 
Renal malacoplakia 
Renal tuberculosis 

Malignancy 
Obstructive uropathy 
Hypercalcemia 
Hemolytic uremic syndrome 
Glomerulonephritis 
Amyloidosis 
Light chain deposition disease 
Myeloma kidney 
Tumor lysis syndrome 
Neoplastic infiltration 
Radiation nephritis 
Nephrotoxic drugs' 

Cisplatin 
Carboplatin 
Ifosfamide 
In terleukin -2 
Methotrexate 
Mitomycin-C 
Nitrosoureas 
Plicamycin 
Streptozocin 

*. See Appendix. 

Lung disease 
Infection/sepsis (see below) 
Malignancy (see below) 
P.E. 2° to renal vein thrombosis 
ATN 2° to diquatlparaquat herbicides' 
Interstitial nephritis 2° to sarcoidosis 
Scleroderma 
GN 2° to: 

Collagen vascular disease 
Goodpasture's syndrome 
Right-sided endocarditis 

Fever 
Infection/Sepsis (see below) 
Malignancy (see below) 
Renal infarction 
GN 2° to collagen vascular disease 
Drug-induced acute interstitial nephritis 
Atheroembolic renal disease (rare) 

Central nervous system disease 
False renal failure 2° to isopropyl alcohol 
Malignancy (see below) 
Hypercalcemia 
Hepatorenal syndrome (hepatic coma) 
Thrombotic thrombocytopenic purpura 
Malignant hypertension 
GN 2° to collagen vascular disease 
Eclampsia 
Tubular obstruction 2° ethylene glycol 
Nephrotoxic ATN' 

Toluene and other solvents 
Lead 
Water hemlock 

Myoglobinuria ATN' 
Alcohol 
Other mood-altering drugs 

Severe anemia 
Prerenal azotemia 2° to blood loss 
Ischemic A TN 2° to blood loss 
Microangiopathic hemolytic anemia 

Scleroderma 
Malignant hypertension 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 
Sepsis with intravascular coagulation 

GN 
Collagen vascular disease 
Goodpasture's syndrome 

Hemoglobinuric ATN 
Transfusion reaction 
Hypotonic fluids 
Arthropod stings & snake bites' 
Chemicals' 

Multiple myeloma 
Amyloidosis 
Light chain deposition disease 
Myeloma kidney 

J. Gary Abuelo 

Abbreviations: C.H.F. - congestive heart failure, c.P.c. - chronic passive congestion, P.E. - pulmonary embolus. 



15. The undiagnosed patient 

J. GARY ABUELO 

Only the occasional azotemic individual cannot be 
diagnosed by syndrome recognition. These chal
lenging patients usually present without many of 
the characteristic features of their diseases. The Pit
falls sections in Part III of this book describe many 
such atypical situations. In extreme cases renal 
failure occurs "out of the blue" without prior symp
toms, physical findings, significant urinary abnor
malities or specific changes on renal sonography. 
Since the physician has no indication in which 
direction to proceed in the evaluation of these 
cases, broad scale but selective testing must be car
ried out. This involves conducting definitive 
diagnostic tests for all possible etiologies, even 
though the usual hallmarks are absent and the tests 
may be invasive. If any evidence, however slim, 
points to a cause, the physician should first look for 
that condition. 

CHRONIC RENAL FAILURE 

The difficulty in recognizing this condition occurs 
in the patient who comes to medical attention with 
a stable elevation in Scr. While the diagnosis may 
be confirmed by repeating the Scr periodically over 
the ensuing months, this approach may allow 
potentially treatable conditions like acute in
terstitial nephritis to progress to a fibrotic and ir
reversible stage. Therefore, a renal biopsy is needed, 
more to identify reversible diseases than to diag
nose chronic renal failure. 

PRERENAL RENAL FAILURE 

Prerenal azotemia may occur without many of its 
typical features, i.e. without a suggestive history, 
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hypotension, a high BUN to Scr ratio, or a concen
trated salt-poor urine. In rare cases, none of these 
hallmarks are present. The diagnosis is made by 
observing a fall in Scr after intravenous or oral vol
ume expansion. Such a trial of volume expansion 
should be carried out unless the patient is hyperten
sive in the recumbent and upright position or ex
hibits clear-cut hypervolemia on physical exam
ination. 

POSTRENAL RENAL FAILURE 

Rarely obstructed patients do not have 
hydronephrosis. Also, occasionally hydrone
phrosis detected by ultrasound is of unclear func
tional significance. Grade I hydronephrosis, 
residual hydronephrosis and hydronephrosis in 
pregnancy were three examples of this given in 
Chapter 9. A urologist should be consulted to help 
evaluate these undiagnosed patients. Possible in
vestigative techniques include diuretic renography, 
visualization of the urinary tract with pyelography, 
and a trial of urinary drainage. 

LARGE VESSEL DISEASES 

Patients with renal artery stenosis, renal infarction 
and renal vein thrombosis may offer few clues to 
the underlying process. These conditions will all be 
diagnosed by renal arteriography with additional 
studies of the venous phase of the injection. Thus, 
angiography should be considered in the un
diagnosed patient. 



150 

SMALL VESSEL, GLOMERULAR, TUBULAR 
& INTERSTITIAL CAUSES 

From time to time patients with these disorders 
have such nonspecific manifestations that no par
ticular etiology stands out, and a renal biopsy is 
needed for diagnosis. A good example is the patient 
with idiopathic crescentic nephritis and anuria as 
the only symptom. 

CONCLUSION 

The evaluation of the undiagnosed patient requires 
investigation for hypovolemia with a fluid "chal
lenge", arterial and venous patency with 
angiography, parenchymal disease with a renal 
biopsy, and urinary obstruction with urologic 
evaluation or a trial of urinary drainage. Figure 
15.1 is a schematic representation of the diagnostic 
approach just described. 

AZOTEMIC 
PATIENTS 

J. Gary Abuelo 
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Fig. 15. Algorithm for diagnosing patients with renal failure. 
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Management of Renal Failure 



16. General management of the patient with acute renal failure 

REX L. MAHNENSMITH 

Acute renal failure is broadly defined as a rapid 
deterioration in renal function sufficient to cause 
accumulation of nitrogenous wastes in the body 
fluids. Uremia and attendant complications such as 
pericarditis, encephalopathy, convulsions, and 
bleeding are the principal threats. With acute renal 
failure, however, other renally excreted substances 
accumulate as well. These include potassium, 
sodium, acids, water, and phosphorus. The build
up of these substances contributes importantly to 
the morbidity of this clinical event and must be
come a focus of management along with uremic 
complications. 

INITIAL MANAGEMENT 

Role of Accurate Etiologic Diagnosis 

Accurate etiologic diagnosis is the first clinical 
challenge, for one's initial therapeutic interven
tions should intend to halt or ameliorate the injur
ing process and prevent further progression of 
renal insufficiency. Any delay may leave the patient 
with prolonged or even permanent renal injury. In
itial evaluation of a patient exhibiting rising BUN 
and Scr should include a search for prerenal, in
trarenal, and postrenal processes. The search 
should be systematic, for more than one condition 
may be affecting kidney function. Yet, even upon 
first recognition of kidney failure, untoward conse
quences of acute renal failure can be present, such 
as hyperkalemia, fluid overload, or metabolic 
acidosis, and therapeutic interventions aimed at 
these eventualities may require immediate atten
tion. In the long run, however, elucidation of the 
initiating factors for acute renal insufficiency is 
crucial, as etiologically focused therapeutic in-
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terventions may be the most effective means to 
treat the emergent complications of renal failure 
(Table 16.1). 

MANAGEMENT OF THE CONSEQUENCES 
OF ACUTE RENAL FAILURE 

The consequences of acute renal failure arise 
simply from the failure of the kidney to excrete and 
regulate. Knowing that the kidney is responsible 
for maintaining fluid and electrolyte balance 
through regulated excretion of water, sodium, 
potassium, various acids, calcium, phosphorus, 
magnesium, and nitrogenous wastes allows one to 
anticipate excess retention and the ensuing conse
quences (Table 16.2). During the established phase 
of acute renal failure, accumulation of these 
substances has additional consequences (Table 
16.3). Management requires surveillance, antici
pation, prevention, and specific interventions to 
preempt or counteract untoward eventualities 
(Table 16.1). 

Maintaining Fluid and Electrolyte Balance 

Water 
Water balance is normally defended by the kidneys 
as a function of effective plasma osmolality 
through hypothalamic production and release of 
vasopressin. Because sodium and its attendant 
anions constitute the bulk of osmotically active 
solute in the extracellular fluid, overall water bal
ance is governed in relation to the plasma sodium 
concentration. Thus, properly ordered water 
homeostasis will be reflected as a normal plasma 
sodium concentration, whereas disturbed water 
homeostasis will be reflected as an abnormal serum 
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Table 16.1. Management priorities in acute renal failure 

Initiation phase 
Search for and correct prerenal and postrenal factors 
Search for and treat acute complications of renal failure, e.g. 

Hyperkalemia 
Hyponatremia 
Acidosis 
Pulmonary edema 

Optimize cardiac output and renal blood flow 
Discontinue nephrotoxic medications and agents which may 
hemodynamically decrease GFR, e.g. 

ACE inhibitors 
NSAIDs 

Establish diagnosis and initiate specific treatment 

Table 16.2. Biochemical problems in acute renal failure 

Retention of: 

Nitrogen wastes 
Acid 
Potassium 
Sodium 
Water 
Phosphorus 

Consequence 

Azotemia, uremia 
Acidosis 
Hyperkalemia 
Volume overload 
Hyponatremia 
Hypocalcemia 

Table 16.3. Consequences of acute renal failure 

Clinical problem 

Hypertension 
Encephalopathy 
Convulsions 

Cardiac failure 

Cardiac arrhythmias 

Pericarditis 
Bleeding 

Infection 

Malnutrition 

Etiology 

Na & H20 overload 
Uremia, hyponatremia 
Uremia, hypocalcemia, 
hyponatremia 
Na & H20 overload, acidosis, 
uremia 
Hyperkalemia, hypocalcemia, 
acidosis 
Uremic serositis 
Uremic platelet dysfunction, 
acidosis 
Uremic leukocyte dysfunction, 
acidosis 
Uremic catabolic state, uremic 
anorexia 

sodium concentration. A water surplus will 
manifest as hyponatremia, and a relative water 
deficit in the plasma will manifest as hypernatremia 
[1 ]. 

Failure to excrete water in the face of ongoing 
water intake is the usual water problem associated 
with acute renal failure. Hyponatremia is the con-
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Maintenance phase 
Monitor blood chemistries, fluid intake and output, daily weight 
Match fluid intake to output plus insensible losses 
Limit potassium, sodium, and phosphorus intakes, as guided by 
laboratory 
Correct acidosis 
Provide phosphorus binders for phosphorus> 6 mgldl (1.9 
mmol/L) 
Initiate nutritional support early 
Initiate dialysis before uremic complications emerge 
Dose drugs appropriate for their clearance 

sequence. This complication derives etiologically 
from impaired glomerular filtration of blood, since 
adequate filtration is the first requisite toward 
renal water excretion. The quantity of water intake 
in excess of renal capacity for water excretion 
determines the degree of hyponatremia. Sources of 
sodium-free water include hypotonic intravenous 
fluids, most oral beverages and enteral nutrition 
formulas, and release of water from catabolic 
breakdown of muscle and adipose tissue. 

Acute evolution of hyponatremia (fall in serum 
sodium concentration of more than 20 mEq/L over 
48 hours) is more hazardous than a slow evolution 
of hyponatremia. The morbid consequence of 
acute hyponatremia is cell swelling as retained 
water distributes in both extracellular and in
tracellular compartments [2,3]. Cell edema is most 
problematic in the brain, where expansion of tissue 
is constrained by the rigid skull. Evolution of brain 
edema thus results in heightened intracranial 
pressure, which compromises whole brain blood 
flow and leads to ischemia. Pressure herniation 
through the foramen magnum is a late and fatal 
outcome. If serum sodium concentration falls 
rapidly below 120 mEq/L, brain edema will be criti
cal and changes in sensorium will be seen. Convul
sions and death are usually imminent [4, 5]. 

Acutely evolving hyponatremia must be cor
rected quickly. Dialysis is the only maneuver that 
can correct hyponatremia in the oliguric patient 
with acute renal failure, although the two or three 
hours that it may take to mobilize a dialysis team 
may be too long. Thus, intravenous administration 
of hypertonic NaCI may be a lifesaving inter
vention, although this carries the hazard in the 
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oliguric patient of precipitating a volume overload 
problem, such as pulmonary edema or severe 
hypertension. Hypertonic saline will reduce 
cerebral edema by raising effective plasma 
osmolality which will draw water out of cells, but 
since hyponatemia in the setting of acute renal 
failure results from total water overload, the truly 
effective therapy is to remove the excess water with 
dialysis. Accordingly, in the context of acutely 
evolving hyponatremia to levels less than 120 
mEq/L with CNS changes, both hypertonic saline 
and emergent dialysis should be ordered. Hyper
tonic saline will mitigate cerebral edema while 
dialysis arrangements are underway. The goal with 
hypertonic saline is to raise the serum sodium con
centration above 120 mEq/L over 2-4 hours. The 
quantity of 3% saline required to achieve this 
depends upon the present serum sodium concen
tration and the patient's body weight [1, 2]. This 
may be calculated from the following formula: 

Na deficit = (Desired Plasma [Na] - Measured 
Plasma [Na]) x Vol of Distribution of Na. 

The volume of distribution of Na is actually Total 
Body Water or about 60% of weight (kg), which is 
contrary to physiologic predictions [6]. Therefore, 
the formula becomes: 

Na deficit = (Desired Plasma [Na] -
Measured Plasma [Na]) x Total Body Water. 

Thus, if a patient's plasma [Na] is 110 mEq/L and 
Desired Plasma [Na] is 120 mEq/L, and if that pa
tient weighs 70 kg, 

the Na deficit = (120 - 110) x 42 L = 10 x 42 
= 420 mEq. 

Since one liter of 3% saline contains 513 mEq of 
Na, this person would require 800 ml, assuming 
there were no ongoing losses ofNa or water. In the 
context of acutely symptomatic hyponatremia and 
acute renal failure, administration of 3% saline is 
not a substitute for emergent hemodialysis. Once 
hemodialysis is commenced, infusion of 3% saline 
may be discontinued. 

When hyponatremia evolves slowly, brain cells 
are able to discharge electrolytes and organic 
osmolytes from the cell interior and reduce overall 
cell tonicity [2]. This adaptation mitigates water in
flux into brain cells and minimizes cell edema. 
Thus, brain edema and threats of ischemia and 
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pressure herniation are not the principal threats of 
chronic hyponatremia. Brain electrolyte depletion 
is. If hyponatremia evolves slowly, major changes 
in mental status may not be seen even with serum 
sodium concentrations below 110 mEq/L, yet if 
such a profound hyponatremia evolved acutely, 
brain edema would be severe and the patient would 
be threatened with brain death [3]. Brain electrolyte 
depletion can alter neural cell functions. Lethargy, 
disorientation, memory impairments, and incoor
dination are common symptoms and signs of 
chronic hyponatremia. 

A major hazard exists with iatrogenic attempts 
to correct chronic hyponatremia. Since electrolyte 
content of brain cells is adaptively reduced to main
tain neural cell volume near-normal, rapid in
crements in effective extracellular osmolality (such 
as might occur from rapid infusion of normal or 
hypertonic saline) will likely result in proportional 
water movement out of brain cells, causing abrupt 
shrinkage. Abrupt changes of this nature have been 
associated with myelinolysis and permanent brain 
damage, even death [2, 3]. Thus, correction of 
chronic hyponatremia should be undertaken 
slowly simply by reducing sodium-free water in
take. One's goal is to raise serum sodium concen
tration no faster than 10 to 12 mEq/L per 24 hours. 

Ultimately, the best strategy for water manage
ment in the patient with acute renal failure is 
prevention of water overload. Evolution of 
hyponatremia must be anticipated in the oliguric 
patient who is able to drink or is receiving 
parenteral nutrition or frequent intravenous 
medication. In a first consideration, fluid intake 
should match losses in volume. Secondly, ad
ministered fluid should contain some sodium. In
travenous fluids and parenteral nutrition formulas 
should contain at least 35 mEq/L, more (up to 154 
mEq/L) if serum sodium concentrations persist 
below 130 mEq/L. Thirdly, regular surveillance of 
serum sodium concentration is essential. If serum 
sodium concentration is falling, assessment and re
vision of fluid orders is indicated. If declines persist 
despite proper limitation of sodium-free fluid, 
dialysis will be necessary. 

Sodium and volume 
Intravascular volume overload is a second major 
concern for the patient with acute renal failure. 
Continued intake of sodium and water or the 
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necessary administration of blood products in the 
face of reduced renal excretory capacity inevitably 
leads to edema, congestive heart failure, and 
hypertension. Daily monitoring of body weights 
and fluid balance coupled to appropriate ordering 
of fluid inputs to match fluid losses can preclude 
volume overload states. Volume overload in the 
oliguric patient can be treated successfully only 
with some form of dialysis. In the non-oliguric pa
tient with acute renal failure, the kidneys may re
tain some degree of diuretic responsiveness, so loop 
diuretics can be employed to achieve additional 
fluid removal [7]. 

Since daily fluid intake necessary to provide ad
equate nutrition often exceeds urine output and in
sensible losses, dialytic or diuretic support of fluid 
balance becomes strategically important to allow 
nutritional support to proceed. This is quite accept
able. Fluid restriction should not be ordered at the 
expense of necessary amino acid and calorie inputs. 

A common pitfall in fluid management of the 
patient with acute renal failure is to use 5% Dex
trose in water to give medications and keep in
travenous lines open in an attempt to preclude 
sodium overload and its attendant complications. 
This prescription, however, runs the high risk of 
water intoxication with hyponatremia. Some 
sodium is essential for the patient with acute renal 
failure. Its input should be tailored to match ongo
ing losses. If fluid input cannot be reduced below 
output despite high-dose loop diuretic therapy, 
then dialysis will be necessary to manage sodium 
and water overload problems. 

Potassium 
Of all the electrolyte abnormalities associated with 
acute renal failure, hyperkalemia probably presents 
the most immediate threat. Whereas the body may 
tolerate deviations in serum sodium concentration 
of 10 to 12 mEq/L with little consequence, devia
tions of2 or 2.5 mEq/L in serum potassium concen
tration can have mortal consequences. The ultimate 
threat of hyperkalemia is cardiac failure and arrest, 
which can occur when the serum potassium concen
tration reaches 6.5 mEq/L or higher. Less severe 
elevations in serum potassium concentration may 
cause reduced cardiac contractility or heart block. 
Severity of hyperkalemia can be judged by electro
cardiographic (EKG) changes, which include 
peaked T -waves, prolongation of the P-R interval, 
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loss ofP-waves, and widening of the QRS complex 
[8]. Loss ofP waves and widening of the QRS com
plex indicate imminent cardiac standstill. When 
such EKG changes are present, emergent therapy is 
indicated. 

Initial therapy for severe hyperkalemia associ
ated with EKG changes is calcium gluconate 2 
grams intravenously (Table 16.4). Intravenous cal
cium will stabilize cardiac membranes and tem
porarily counteract the depolarizing effects of 
hyperkalemia. While immediate in onset, which 
can be judged by a rapid change toward normal of 
the altered EKG, the salutory effects of calcium in 
this context are short-lived, and other therapies 
which lower the serum potassium concentration 
must follow. 

Glucose plus insulin lowers serum potassium 
concentration by moving potassium from the ex
tracellular to the intracellular compartment rather 
than removing it from the body. Therapy may be 
initiated with a 50 ml bolus of 50% glucose plus 5 or 
10 units of regular insulin intravenously, followed 
by a drip infusion of 10% glucose with 20 units reg
ular insulin per liter at a rate of 50 ml per hour 
(which will deliver 5 grams glucose plus 1 unit in
sulin per hour). Such therapy can be maintained for 
several hours while other means to remove 
potassium from the body, such as dialysis, are be
ing mobilized. Intravenous sodium bicarbonate 
therapy also can lower serum potassium levels if an 
acidemia exists. As acidemia corrects, potassium 
will move intracellularly. The degree of potassium 
movement is not substantial with sodium bicar
bonate therapy and depends upon the nature of the 
acidosis. Potassium shifts from cell to extracellular 
fluid with organic acidoses are minimal, whereas 
potassium movement with hyperchloremic 
acidoses are more substantial [9]. Therefore, 
sodium bicarbonate therapy in the context of a 
hyperchloremic acidosis will have a larger impact 
on hyperkalemia than with organic acidoses. Beta 
agonist agents are also effective against hyper
kalemia. These drugs promote tissue uptake of 
potessium. Nebulized inhalation of 10 mg alb utero I 
can lower plasma potassium concentrations by 
0.5-1.0 mEq/L. 

Ultimately, enteral administration of a cation
exchange resin such as sodium polystyrene sulfonate 
( Kayexalate) or dialytic therapy must be used to 
remove potassium from the body. Hemodialysis is 
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Table 16.4. Specific therapies for treatment of hyperkalemia 

Urgency Treatment Dose Time for effect 

Emergent Calcium 20 mllO% Ca gluconate i.v. 
over 5 min, repeat q 15-20 min 
as needed 

5 minutes 

Urgent Insulin & glucose 50 ml 50% dextrose plus 5 to 10 
units regular insulin i.v., then 

15 minutes 

10% dextrose plus 20 units regular 
insuliniL at 50 to 100 mlIhour 

Urgent Bicarbonate 50 to 100 mEq NaHC03 i.v. 15 minutes 
over 5 min 

Urgent Albuterol 10 mg by nebulized inhalation over 
15 minutes 

15-30 minutes 

Urgent 
Less urgent 

Hemodialysis 
Exchange resins 

o or 1 mEq/L K dialysate 30 minutes 
2 hours Sodium polystyrene sulfonate 

30 gm orally in 100 ml 20% 
sorbitol or 60 gm rectally in 200 ml 
water 

Less urgent 
Less urgent 

Peritoneal dialysis 
Loop diuretic 

o mEq/L K dialysate 4 hours 
i. v. furosemide Scr mg/dl (mmol/L) 
20-40 mg < 1.2 ( < 106) 
60-120 mg 1.2-2.5 (106-221) 
Up to 400 mg 2.5-5.0 (221-442) 
Not effective >5.0 (>442) 

more efficient, but the resin is more quickly avail
able. It is usually appropriate to administer 60 g of 
resin in water rectally as arrangements for dialysis 
are being made. The resin may be repeated in four 
hours. The resin acts by exchanging sodium for 
potassium across the colonic mucosa. In general, 
one gram of resin will remove one mEq of 
potassium, providing the resin has had sufficient 
contact with the colonic mucosa. As a general rule 
of thumb, 50 g resin will lower the serum potassium 
concentration by 0.5 mEq/L. This resin may be ad
ministered orally as well in doses of 25 to 50 g every 
four hours as necessary. However, onset of action 
is slower with this route, and the resin must be 
combined with sorbitol as a purgative to assure its 
complete passage through the bowel. 

After the immediate threat of hyperkalemia has 
passed, it is important that measures be taken to 
prevent hyperkalemia from re-emerging as a 
serious threat. These include an appropriate 
dietary restriction, avoidance of intravenous 
potassium, an appropriate dialysis program, and if 
the patient has only partial renal insufficiency or is 
in the early diuretic phase of recovery, avoidance of 
medications that interfere with renal excretion of 

potassium, stich as potassium-sparing diuretics, 
angiotensin converting enzyme inhibitors, and 
non-steroidal anti-inflammatory drugs. A loop 
diuretic may increase renal potassium excretion. It 
is important for the clinician to realize that 
catabolic breakdown of tissue or ongoing 
hemolysis can cause significant potassium release. 
If hyperkalemia persists despite effective measures 
to prevent or treat it, including dialysis, then tissue 
release of potassium should be suspected and 
managed. 

Acid-base balance 
Due to the loss of renal excretory capacity in the 
face of ongoing production of nonvolatile acids 
from metabolism, metabolic acidosis is a near
universal occurrence in acute renal failure. In the 
hypercatabolic patient, endogenous acid produc
tion is markedly increased and substantial anion
gap acidoses will be encountered. A normal anion
gap acidosis may also co-exist due to failure of the 
injured kidney to manufacture ammonia and syn
thesize adequate amounts of new bicarbonate. 
Harmful effects of acidosis include nausea and 
anorexia, cerebral dysfunction, cardiac depression 
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and propensity to arrhythmias, impaired in
termediary metabolism, impaired platelet and 
leukocyte function, and impaired tissue repair [10]. 
Acidosis can also contribute to the occurrence of 
hyperkalemia. 

Metabolic acidosis in acute renal failure should 
be treated with either oral sodium bicarbonate or 
citrate, intravenous bicarbonate, or dialysis. The 
administration of sodium bicarbonate in normal 
saline tends to produce hypernatremia. Two or 
three ampules of sodium bicarbonate added to 5 
percent dextrose in water (100 or 150 mEq 
NaHC03/L) is the preferred intravenous bicar
bonate solution. If the patient is receiving total 
parenteral nutrition, then alkali is provided by 
acetate in the formula. In the average resting adult, 
daily acid production is approximately 1 mEq per 
kg per day, so this amount of alkali per day would 
ordinarily suffice to maintain acid-base balance. 
However, most patients with acute renal failure are 
catabolic, so daily acid production is often two- to 
three-fold this amount, which must be matched by 
daily alkali administration. In many cases, hyper
volemia is a contraindication to the use of sodium 
bicarbonate. Acidosis which cannot be managed 
with daily administration of alkali is an indication 
for dialysis, which is typically initiated for serum 
bicarbonate levels less than 10 to 12 mEq/L or 
arterial pH less than 7.10. 

Mixed acid-base disturbances are not uncom
mon in the setting of acute renal failure, and their 
occurrence will depend on the patient's co-morbid 
problems. Examples include respiratory acidosis 
from chronic obstructive airways disease or acute 
respiratory embarrassment, metabolic alkalosis 
from continuous nasogastric suction, or a 
respiratory alkalosis from sepsis or head trauma. 
Acid-base disturbances should be assessed com
prehensively with a careful history and physical 
examination, arterial blood gas measurements, and 
plasma bicarbonate assays. If mixed disturbances 
are recognized, therapy should be directed con
comitantly at each process. 

Calcium and phosphorus 
Since phosphorus is retained by the kidney when 
GFR falls below 25 to 30 cc per minute, hyper
phosphatemia is expected in acute renal failure. Re
tained phosphorus combines with calcium and 
precipitates out of solution when the plasma cal-
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cium X phosphorus product exceeds 70 (5.7 in SI 
units). Hypocalcemia thus evolves as hyper
phosphatemia emerges. Low levels of 
1,25-dihydroxycholecalciferol and blunted action 
of parathyroid hormone also contribute. Thus, the 
hazards of hyperphosphatemia are hypocalcemia 
and tissue calcification. Dangers of hypocalcemia 
in the acute setting include myoclonus, tetany, con
vulsions, and cardiac dysfunction. 

Phosphorus-free nutrition and magnesium-free 
phosphate-binding antacids (e.g. aluminum hy
droxide, calcium carbonate, or calcium acetate) 
should be prescribed to preclude elevations in 
serum phosphorus above 6 mgldl (1.9 mmollL). 
Aluminum hydroxide is the preferred phosphate
binder if phosphate levels are already severely elev
ated and the calcium x phosphate product is near 
or exceeds 70 (5.7 in SI units), because administra
tion of exogenous calcium in these settings will con
tribute to soft tissue calcification. Aluminum 
hydroxide is usually administered as a liquid start
ing with a dose of 30 ml three or four times per day. 
Dosage should be titrated to reduce the serum 
phosphorus concentration to values less than 6 
mgldl. Once the serum phosphorus level falls below 
6 mg/dl, then calcium carbonate or calcium acetate 
may be used. Calcium carbonate is formulated as 
either a tablet or liquid, while calcium acetate is 
presently formulated only as a tablet. In tablet 
form, most patients will require at least 1000 mg of 
elemental calcium three or four times per day to 
maintain effective phosphorus control. As a liquid, 
the usual dose is 30 ml three or four times per day. 
Once again, one must titrate the dose to maintain 
serum phosphorus concentrations below 6 mg/dl 
(1.9 mmollL) and calcium concentrations between 
9.5 to 10.0 mg/dl (2.4 to 2.5 mmollL) (corrected for 
serum albumin concentration). If the person is able 
to eat, then the phosphate-binder should be ad
ministered with the food. However, even in the ab
sence of oral or intravenous phosphorus intake, 
serum phosphorus levels often rise owing to cell 
release from catabolism and acidosis. Phosphate
binding antacids are still beneficial in this context, 
as they will bind biliary-excreted intestinal 
phosphorus. Correction of acidosis can also lower 
serum phosphorus concentrations. 

Administration of calcium is indicated for 
hypocalcemia-associated tetany or cardiac 
dysfunction, but should be withheld if the patient is 
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asymptomatic and hyperphosphatemia is signifi
cant. When serum phosphorus is lowered below 6 
mgldl (1.9 mmollL), then oral calcium can be com
menced, as described above. If phosphorus is not 
lowered, administration of calcium will result in 
further soft tissue crystallization with calcium
phosphate salts. 

Use of Drugs in Acute Renal Failure 

Many but not all drugs require dosage modifica
tions in the setting of acute renal failure. The major 
factor in this decision is whether the drug is elim
inated by the liver or kidney. For those medications 
for which the kidney serves as the chief route of 
elimination, the dose interval must be extended or 
the milligram dosage reduced to avoid major drug 
toxicity. Precise guidelines for dosage modifica
tions in renal failure exist for each class of drug and 
must be consulted [11, 12]. The physician also must 
know whether a given drug is removed by dialysis 
and to what extent. This information is usually in
cluded in the same resource that the physician con
sults regarding route of elimination and dose
modification recommendations. 

Commonly used drugs which must have dosage 
modifications include digoxin, allopurinol, amino
glycoside antibiotics, certain penicillin and cephalo
sporin antibiotics, vancomycin, sulfonamides, pro
cainamide, ACE inhibitors, H-2 blockers, oral 
hypoglycemics, and certain chemotherapeutic 
agents. 

Insulin metabolism and clearance is also kidney 
function-dependent. As renal function declines, ex
ogenous insulin lingers longer, so insulin doses re
quire downward adjustment according to the reg
ular monitoring of serum glucoses. 

Extreme care must be taken with narcotic 
analgesics. Most analgesics are metabolized and ex
creted hepatically, so the concern is not drug ac
cumulation but exaggerated actions. Thus, nar
cotic analgesics can magnify or compound 
uremia-associated mental changes. Meperidine is a 
special concern [12]. This drug is metabolized to 
normeperidine, which has less analgesic but more 
convulsant propensity than its parent compound, 
meperidine. It accumulates rapidly with multiple 
doses in renal failure and can cause myoclonus and 
convulsions. For this reason, meperidine should be 
avoided. Other concerns include constipation, 
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reduction in appetite, and slowing of respiration. 
Plasma protein binding of many drugs is reduced in 
uremia [12, 13]. This increases their availability and 
may necessitate an alteration in dosage. Phenytoin 
is one drug whose protein-binding is reduced, mak
ing unbound drug levels higher than expected. 
However, the rate of hydroxylation of phenytoin to 
an inactive metabolite is increased in renal failure, 
so this offsets the plasma protein binding issue and 
makes dosage alterations generally unnecessary. 
Plasma protein binding of theophylline compounds 
and sodium valproate is similarly altered. Dosage 
modifications are usually not required for these 
compounds, but one should aim for plasma levels 
in the lower therapeutic ranges to avoid toxicity 
[12]. 

Drugs with nephrotoxic potential should be 
avoided if at all possible in the setting of acute renal 
failure. These include aminoglycosides, am
photericin B, nonsteroidal anti-inflammatory 
drugs, ACE inhibitors, and radiocontrast agents. 
At times, circumstances or clinical threats mandate 
employment of one of these agents, and in such 
cases, risk versus benefit must be thoughtfully con
sidered. 

Diet and Nutrition 

Acute uremia is a catabolic condition, regardless of 
its cause [14]. Associated co-morbid conditions 
compound the catabolic state of the patient in the 
grip of acute renal failure. Tissue catabolism 
releases potassium, phosphorus, water, and acids 
into the extracellular fluid and heightens gener
ation of nitrogenous waste. Hypercatabolism also 
delays wound healing, impairs response to infec
tion, and weakens mucosal-epithelial barriers, such 
as gastric mucosa. 

This catabolic state may be mitigated by the pro
vision of adequate calories and protein. The op
timal ratio of calories to protein and the overall re
quirement has not yet been precisely defined, but 
general guidelines exist [13, 14]. First of all, nutri
tion should be implemented in the earliest days of 
acute renal failure. One should not wait for nutri
tional complications to arise. Secondly, the calorie
to-nitrogen ratio should probably exceed 300 
Kcal-to-lg N. Insufficient calories in relation to 
protein leads to excess nitrogenous waste gener
ation which will aggravate uremia [13]. The Harris-
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Benedict equations can be used to calculate energy 
requirements. It is generally held that calorie re
quirements for patients with acute renal failure are 
approximately 35 to 40 kcallkg/day, and at least 30 
or 35% of this should be as lipid. Extremely hyper
catabolic patients, such as those with burns, sepsis, 
or multiple trauma, require more [14]. Care should 
be exercised not to supply excess calories, as these 
will generate excess carbon dioxide, which may tax 
the respiratory system, and may also promote de
velopment of a fatty liver, which may impair its 
function. 

Protein requirements are approximately 0.8 to 
1.2 gmlkglday [14]. Burn patients and patients on 
rapid exchange peritoneal dialysis may require 
more. One must be aware that excess protein may 
fuel ureagenesis and aggravate the uremic state. 
The best gauge of protein requirement in an 
oliguric patient is the urea nitrogen appearance 
rate after dialysis. If this is more than 30 to 40 mgldl 
(11 to 14 mmollL) per day, then protein feeding is 
excessive for the patient's anabolic capability [14]. 

It is now recognized that enteral feeding is 
superior to parenteral feeding [15, 16]. Parenteral 
nutrition lacks a number of semi-essential amino 
acids, notably cysteine and glutamine, and has been 
shown to be associated with broad-spectrum im
mune suppression. On the other hand, enteral 
nutrition stimulates splanchnic blood flow and 
hormone secretion, and these hormones plus in
testinal luminal nutrients are directly trophic to 
stomach and intestinal mucosa, thus supporting 
mucosal integrity. Thus, to the extent possible, pa
tients should receive enteral nutrition, even if it is 
inadequate in amount. Should enteral nutrition be 
insufficient to meet caloric needs, or impossible to 
give, then parenteral nutrition must be supplied. 

Finally, trace elements and vitamins should be 
administered daily, particularly water soluble 
vitamins which are lost with all forms of dialysis 
[14]. Minerals such as potassium, calcium, 
magnesium, and phosphorus should be ad
ministered according to serum levels to avoid either 
surfeits or deficits. 

Uremic Manifestations 

Uremic complications arise in proportion to the 
abruptness and severity of renal failure and the 
degree of catabolism. Anorexia, nausea, and 
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vomiting are often the earliest manifestations of 
uremia, and signal a need to commence dialytic 
therapy. Symptomatic therapy with pro
chlorperazine or metoclopramide is helpful, but 
mitigation of azotemia is the appropriate inter
vention. Pruritis is another annoying but non
threatening manifestation of uremia. In the acute 
setting, pruritis is not as frequent an issue as it is in 
the chronic setting, but symptomatic relief with an
tihistamines can be comforting. 

Pericarditis 
Pericarditis is a feared and threatening uremic com
plication of renal failure. This problem is manifest 
either as chest pain or a pericardial rub, but asymp
tomatic pericardial effusions are often discovered, 
indicating that insidious serosal inflammation fre
quently complicates uremia. The primary hazard of 
pericarditis is pericardial tamponade, which is a 
medical emergency. Pericardial tamponade should 
be expected when pulsus paradoxus greater than 10 
mmHg is noted or when hypotension supervenes 
during dialysis despite fluid overload. 

When pericarditis is diagnosed by physical 
exam, an echocardiogram should be done to assess 
for pericardial effusion. The size of any docu
mented effusion should be monitored every three 
or four days by repeat echo cardiography or when 
hypotension or pulsus paradoxus emerges, which 
would suggest tamponade [17, 18]. 

The emergence of pericarditis is an indication 
for repeated vigorous dialysis [17-19]. Daily 
hemodialysis or rapid exchange peritoneal dialysis 
is usually necessary to attenuate uremia sufficiently 
to lessen pericardial inflammation and the associ
ated effusion. Care should be taken to limit heparin 
use, since the pericardium has a propensity to bleed 
in this setting. Bleeding into the pericardial sac can 
transform a relatively innocuous pericardial effu
sion into a threatening tamponade. Indomethacin 
can limit pain associated with pericarditis, but does 
not alter the natural course of uremic pericarditis 
[18,20] In fact, in the setting of ARF, nonsteroidal 
anti-inflammatory drugs are relatively contrain
dicated due to their propensity to cause gastric ir
ritation, platelet dysfunction, and intra-renal 
vasoconstriction. 

If the pericardial effusion grows or remains 
moderate to large in size despite intensive dialysis 
for 10 to 14 days, or if cardiac tamponade is dem-
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onstrated, guided pericardiocentesis is necessary, 
followed either by 2-3 days of soft-catheter 
drainage or a subxiphoid pericardiotomy [17, 18, 
21,22]. Instillation of a corticosteroid preparation 
into the pericardial sac is advocated by some 
authors, but there are no controlled studies to 
firmly recommend this course [22-25]. Some clini
cians advocate immediate sub-xiphoid pericar
diotomy rather than pericardiocentesis as the safest 
and surest means to treat a moderate-to-large sized 
refractory effusion or tamponade [17, 21, 26-28]. 
Pericardiectomy is probably unnecessarily exten
sive in the setting of renal failure and carries more 
morbidity than pericardiotomy. 

Bleeding 
Bleeding problems are frequent in the setting of 
acute renal failure and represent another direct 
complication of uremia. Platelets from uremic pa
tients are dysfunctional, so clot formation is im
paired [29]. Gastrointestinal bleeding is the most 
frequent site of bleeding and may account for up to 
20% of deaths in the setting of acute renal failure 
[30]. The common need for nasogastric tubes and 
the compromised integrity of gastrointestinal 
mucosa certainly contribute to this problem. Co
morbid conditions such as sepsis, liver injury, 
trauma or surgical procedures also predispose to 
bleeding. 

Management of bleeding must be comprehen
sive. Invasive punctures should be minimized. 
Nasogastric tubes should not be left in un
necessarily, as they promote erosions. Prophylactic 
antacids and use of sulcralfate and H-2 blockers 
may help. Limitation of heparin is indicated, and 
the physician should monitor coagulation func
tions since vitamin K-dependent factors may be
come depleted if broad spectrum antibiotics are in 
use. Commencement of dialysis, or increasing the 
frequency or adequacy of dialysis can improve 
platelet dysfunction from uremia. If bleeding is 
overt or if an invasive procedure is pending, the 
administration of deamino-arginine vasopressin 
(DDA VP) intravenously (0.3 micrograms/kg) can 
improve platelet-endothelial interactions and en
hance clot formation [31]. DDAVP unfortunately 
can be administered only 2 or 3 times before 
tachyphylaxis develops. Similarly, conjugated 
estrogens (e.g. 50 mg conjugated estrogen per day 
orally or 0.6 mg/kg per day intravenously) or 
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estrogen-progesterone compounds can also im
prove uremic platelet dysfunction, but their onset 
of action is a matter of days, not hours like with 
DDA VP [32]. Cryoprecipitate and hypertransfu
sion are older yet still effective management op
tions to improve uremic bleeding, but run the risk 
of transfusion-associated complications. 

Anemia 
Anemia evolves in acute renal failure for many 
reasons. Blood-letting for tests is frequent. Blood 
loss from occult GI bleeding or with dialysis can be 
substantial over time. Additionally, red blood cell 
survival is reduced in uremia, while red blood pro
duction is concurrently compromised. Erythro
poietin production falls within two weeks of acute 
renal injury and remains low until renal recovery is 
near-complete. The erythron's response to 
erythropoietin is also blunted owing to catabolism, 
inflammation, nutritional inadequacy, and concur
rent infections. Administration of erythropoietin 
has become routine to patients with chronic renal 
failure, but its use in the setting of acute renal 
failure has not been well studied. It is clear that 
even supraphysiologic levels of erythropoietin do 
not always result in an adequate erythropoietic 
response in patients who are acutely ill [33]. Trans
fusion support is often necessary and should be 
undertaken as needed to maintain adequate 
delivery of oxygen to tissues. Erythropoietin may 
be useful in the stable patient with prolonged acute 
renal failure. 

Hypertension and heart failure 
Finally, hypertension and cardiac failure are fre
quent consequences of acute renal failure and 
derive largely from sodium and water overload. 
Accordingly, high blood pressure in this context is 
best managed with volume reduction by limitation 
of sodium and fluid input and either dialysis or ag
gressive diuretic therapy, -if the kidneys still retain 
some diuretic responsiveness. Dietary sodium 
should be limited to 88 mEq per day (no added salt 
diet). It should be noted that the thiazide-class 
diuretics have little natriuretic effect when the GFR 
is less than 30-40 mllmin; only loop diuretics such 
as furosemide or bumetanide or the thiazide-like 
compound metolazone can exert a natriuretic effect 
in low GFR contexts [7]. Even the loop diuretics 
must be given at relatively high doses to achieve 
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natriuresis in acute renal failure. Furosemide 100 
mg intravenously is a standard beginning dose. If 
insufficient diuresis is achieved within 2 hours, then 
the dose should be increased to 200 mg in
travenously. The maximum recommended single 
dose of furosemide is 500 mg, but accumulative 
dosing should not exceed 1000 mg per 24 hours. 
Continuous intravenous infusion of furosemide 
(from 10 to 60 mg per hour) may be more effective 
than bolus administration. For refractory cases, 
metolazone 5-10 mg orally may be combined with 
high dose intravenous furosemide to achieve and 
sustain a diuresis. Metolazone may be repeated 
every 12 hours. The addition of dopamine 1-3 
mg/kg/min to high dose furosemide can also 
achieve diuresis in patients refractory to furose
mide alone [34]. 

The employment of diuretics alone or in combi
nation with dopamine should be cautious and 
guided by therapeutic objectives. Achieving a non
oliguric state with acute renal failure may aid man
agement of hypertension and problems associated 
with congestive heart failure, but excessive diuresis 
may also reduce cardiac output and systemic blood 
pressure, resulting in reduced organ blood flows 
and a new insult to the kidneys. Hence, one must 
have clear intentions and goals when employing 
diuretics in the context of acute renal failure and be 
aware of the pitfalls and hazards of overdiuresis. 

Dialysis 
Indications for dialysis in a patient with acute renal 
failure are listed in Table 16.5. While the evolution 
of any of these in a patient with acute renal failure 
may compel dialytic intervention, it seems prudent 
to anticipate these complications and institute a 
mode of dialysis before morbid complications de
velop and a crisis supervenes [13, 35, 36]. For 
example, if the clinician notes that fluid balance is 
persistently positive in an oliguric patient, is unable 
to control serum potassium or acid-base balance 
with conservative measures, or notes early uremic 
signs such as nausea, anorexia, pruritis or lethargy, 
then dialysis should be commenced. On some oc
casions, the tempo of rise of the BUN or serum 
creatinine may be used as an indication for dialysis, 
the intention being to preempt uremic or metabolic 
problems in a patient who from experience will 
likely evolve metabolic or uremic problems without 
early dialytic intervention. Prospective controlled 

Table 16.5. Indications for dialysis 

Fluid overload 
Hyperkalemia 
Acidosis 
Profound hyponatremia 
Overt uremic complications, e.g. 

Pericarditis 
Encephalopathy 
Convulsions 
Bleeding 

To provide for hyperalimentation 
To remove toxins 
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studies have indicated that patients with acute 
renal failure who receive early and regular dialysis 
so as to keep pre-dialytic BUN levels below 80 to 
100 mg/dl (29 to 36 mmollL) have lower mortality 
and fewer episodes of bleeding or sepsis than those 
who receive only periodic dialysis that allows pre
dialytic BUN to climb above 120 mg/dl (43 
mmollL) [35, 36]. However, more aggressive 
dialysis with conventional techniques does not 
appear to render any additional benefit [37]. 

The goals of dialysis in the setting of acute renal 
failure are comprehensive. Some goals are immedi
ate, such as lowering an elevated serum potassium 
concentration or removing excess fluid, while 
others have a larger perspective, such as controlling 
fluid to permit effective hyperalimentation, or con
trolling uremia to preclude pericarditis or improve 
platelet dysfunction. No single goal is less import
ant than another, altho'lgh control of some prob
lems such as severe catabolism, recurrent 
hyperkalemia, ongoing acidosis, pericarditis, vol
ume overload from vigorous hyperalimentation, 
and seizures may require daily dialysis [38]. In fact, 
data show that current dialytic techniques are quite 
effective in controlling electrolyte and fluid im
balances and preventing overt uremic complica
tions such as convulsions and pericarditis, yet mor
bidity and mortality remain high from problems 
such as sepsis, bleeding, malnutrition, and other 
concurrent organ failures [30, 39]. While age, cause 
of the renal failure, and co-morbid conditions ac
count for some of these complications, the uremic 
state contributes substantially and truly effective 
dialysis is central to their management. Commenc
ing dialysis early, assuring that clearance goals are 
being met, restoring and maintaining fluid and 
electrolyte balances, and exercising care that 
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dialysis is not causing harm or physiologic com
promise are cardinal principles for dialytic inter
vention [13, 38]. 

Advances in dialytic techniques and introduc
tion of new modalities for dialysis allow in
dividualization of therapy toward specific needs or 
constraints of a given patient. Conventional 
hemodialysis and peritoneal dialysis remain the 
mainstays of dialytic intervention for most pa
tients, but passive continuous arteriovenous 
hemofiltration/diafiltration (CA VH/CA VHD) or 
pump-driven continuous venovenous hemofiltra
tion/diafiltration (CVVH/CVVHD) have certain 
advantages and applications that may be particu
larly suitable for a given patient [40, 41]. One par
ticular advantage to CA VHD or CVVHD is the 
usual avoidance of hypotensive episodes, which 
complicate up to 50% of hemodialysis sessions in 
the intensive care setting [40, 42]. There is a sugges
tion that hypotensive episodes associated with con
ventional hemodialysis may initiate fresh ischemic 
injury to already injured kidneys and hence delay 
their recovery [37, 42]. Hypotensive episodes also 
predispose to cardiac problems and other organ 
ischemia. 

There is evidence to suggest that CA VHD and 
CVVHD may be associated with reduced mor
bidity and mortality over conventional therapies in 
acute renal failure [40]. One explanation for these 
observations may be their continuous nature with 
less cardiovascular and renal stress from ischemia 
or blood pressure fluctuations. Another may relate 
to the observation that the dialyzers employed with 
CVVH and CA VH purify the blood more broadly, 
removing for example circulating mediators of 
ongoing inflammation, such as tumor necrosis fac
tor, interleukins, thromboxanes, leukotrienes, and 
prostaglandins [40]. Removing such factors ap
pears to impact favorably on the toxic problems 
engendered by sepsis and endotoxemia. Con
tinuous diafiltration may manage the patient with 
pulmonary capillary leak syndrome more effec
tively as well [43]. 

On the other hand, conventional hemodialysis 
and peritoneal dialysis techniques have evolved 
since their initial application. Biocompatible 
dialyzer membranes with greater tensile strength 
and porosity, sodium modeling during 
hemodialysis, bicarbonate-based dialysate, and 
precise ultrafiltration controls on the dialysis 
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machines offer greater efficiency and less stress or 
hazard to the patient. Accordingly, a dialytic 
strategy should incorporate not only the specific 
urgency and immediate indications for dialysis, but 
address other factors as well, such as hemodynamic 
stability and cardiac performance, bleeding tend
encies, presence of sepsis, respiratory issues, nutri
tional needs, cost, personnel requirements, and 
local expertise [13, 38]. 

Conventional hemodialysis 
Hemodialysis remains the most frequently
employed modality for dialytic treatment of pa
tients with acute uremia. Hemodialysis requires se
cure vascular access, a safe dialysis machine, a com
mercial dialysis cartridge (dialyzer), a filtered water 
source, a water treatment apparatus such as a 
reverse osmosis unit which guarantees chemical 
and bacteria-free source-water, commercial 
dialysis concentrate which is mixed with the water 
emerging from the reverse osmosis unit, and a 
nurse experienced with the operation of dialysis 
and with problems that may arise during a given 
dialysis treatment. Vascular access is typically pro
vided through a central venous catheter specially 
designed to withdraw blood from the patient and 
return just-dialyzed blood through a separate but 
juxtaposed lumen. Most often blood is heparinized 
to prevent clotting during its extracorporeal cir
culation through the dialyzer, a trip which takes 
about 1 minute. At anyone time, approximately 
160-200 ml of whole blood are circulating outside 
the body through the blood lines and dialyzer car
tridge. 

With hemodialysis, preferential solute and water 
removal from the blood occurs as blood courses 
through the dialyzer and comes in "contact" with 
dialysate across a closed network of semipermeable 
membranes housed in the dialyzer, which allows 
diffusive movement of nonprotein-bound solutes 
according to their molecular size and chemical gra
dients between the dialysate and blood. Diffusion 
down electrochemical gradients accounts for the 
removal of urea, creatinine, potassium, phosphate, 
uric acid, and other unmeasured substances that 
are accumulating because of renal failure. Water 
and sodium removal depends upon a hydrostatic 
transmembrane pressure gradient between the 
dialysate and blood that is set up by the head of 
pressure of blood moving into the dialyzer, 
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resistance to blood return to the patient, and 
negative pressure in the dialysate compartment 
created by placing the dialysate pump on the 
outflow side of the dialyzer. Rate and extent of 
fluid removal is totally controllable with modern 
dialysis equipment that allows the nurse to pre
cisely determine the amount of fluid removed dur
ing the treatment. 

Despite the remarkable efficiency and control 
which modern hemodialysis affords, there are 
potential problems with its application. First of all, 
while vascular access is relatively easy to secure, the 
commonly-employed central venous catheters rep
resent a source of sepsis, bleeding, and thrombus 
formation, and create a likelihood of scarring and 
stenosis of the vein in which the catheter resides if 
left in place for more than one or two weeks [44]. 
Secondly, the need for heparin compounds the 
bleeding risk which already exists from uremia 
itself. Hemodialysis without heparin is possible, 
but risk of dialyzer clotting is high [13]. Hemo
dialysis following very low-dose heparin protocols 
reduces incidence of clotting without increasing 
risk of bleeding in high-risk patients, provided clot
ting times are monitored closely during the hemo
dialysis procedure. Hypotension is probably the 
most serious concern with hemodialysis in the 
already-sick patient, for blood pressure reductions, 
whether abrupt or indolent, reduce cerebral, 
myocardial, splanchnic, and renal blood flows, 
sometimes with serious consequences. Reductions 
in renal blood flows with hemodialysis is specu
lated to retard or limit renal recovery from acute 
renal failure [42]. Hemodialysis also may lower 
arterial oxygen saturation, precipitate dys
eqUilibrium syndromes, induce a transient leu
kopenia and cause degranulation of leukocytes, 
and increase tissue oxygen consumption in some 
patients [13, 40]. Use of bicarbonate-based 
dialysate and biocompatible dialyzes membranes 
obviates some of these problems. Although 
hemodialysis is efficient and generally well
tolerated, these issues may prompt clinicians to 
choose other modalities for renal replacement 
therapy in the acute setting. 

Conventional hemodialysis equipment can also 
be used to perform isolated hemofiltration. This 
process removes an isotonic filtrate of plasma and 
accomplishes no diffusive dialysis. Accordingly, 
osmolality of the extracellular fluid does not 
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decline during the procedure, which is one of the 
mechanisms for hypotension during conventional 
hemodialysis. Isolated hemofiltration therefore 
allows rapid removal of relatively large volumes of 
fluid from the patient with greater hemodynamic 
stability than with conventional hemodialysis. It 
may be employed sequential to a conventional 
hemodialysis treatment or as an isolated pro
cedure. 

Peritoneal dialysis 
Peritoneal dialysis accomplishes removal of waste 
and fluid and correction of electrolyte disturbances 
at approximately one-fifth the efficiency of 
hemodialysis [45]. Yet, it is precisely for these 
reasons that peritoneal dialysis may be preferable 
for certain patients. 

Peritoneal dialysis requires only the placement 
of a peritoneal dialysis catheter, air-tight connec
ting tubing, and peritoneal dialysate, which can 
either be commercially purchased or created from 
common intravenous fluid solutions. Peritoneal 
dialysis is performed either by a staff nurse or tech
nician, and requires less technical knowledge than 
other modalities for dialysis. 

The principle behind peritoneal dialysis is 
simple diffusion. Through the indwelling dialysis 
catheter, dialysate is instilled into the abdominal 
peritoneal cavity, allowed to dwell, and then 
drained out into a closed bag. While dialysate is 
dwelling, molecules and water diffuse down 
chemical and osmotic gradients, such that waste 
and excess solute is eliminated from the blood, 
chemical balance restored to the plasma, and bulk 
fluid removed. Rate and extent of solute and water 
removal can be adjusted by altering the chemical or 
osmotic content of the dialysate, volume of the 
dialysate, and dwell time of each instillation. By 
creating a larger osmotic gradient between the 
dialysate and blood, higher glucose concentrations 
in the dialysate remove more fluid and solute per 
unit time. Efficiency of dialysis is also proportional 
to volume of the dialysate and its dwell time in the 
abdomen: a larger volume and a shorter dwell time 
increase the efficiency of the dialysis. An average 
prescription for acute peritoneal dialysis would 
commence with 1.5-2 liter volumes dwelling for 30 
to 90 minutes. Dialysate with 2.5% glucose content 
would ultrafiltrate approximately 200 ml per ex
change. 



The patient with acute renal failure 

The chief advantage of peritoneal dialysis is its 
relative ease and low-cost. As well, it does not in
vade the vascular system, does not require systemic 
heparin, is less stressful on the heart, reduces the 
likelihood of dialysis dysequilibrium syndrome, 
and lessens the risk of dialysis-associated hypoten
sion or organ hypoperfusion injury [45]. Peritoneal 
dialysis remains the preferred modality for the 
uremic patient in whom heparin is contraindicated. 

However, potential and real shortcomings exist. 
Catheter-associated peritonitis is frequent, particu
larly with temporary peritoneal catheters that have 
no fibrous cuff and are inserted without sub
cutaneous tunneling. Fresh dialysate, which is 
hypertonic owing to large amounts of glucose and 
relatively acidic, impairs leukocytic and 
macrophage function in the peritoneum [46]. Cells 
appear to recover their functions as dialysate 
dwells for 90-120 minutes, however, which allows 
dissipation of the hypertonicity and an increase in 
fluid pH. Fresh abdominal wounds and ostomies 
usually prohibit peritoneal dialysis, and existing 
internal adhesions from prior surgeries may 
preclude effective fluid exchanges. Respiratory 
compromise may occur with large volumes of in
traperitoneal fluid due to limitations on diaphragm 
mobility and creation of atelectasis, and frank 
hydrothorax may appear from pleural-peritoneal 
leaks. Hyperglycemia owing to absorption of 
glucose from the dialysate is another potential con
cern, as is loss of amino acids and proteins through 
the dialysate. These latter problems tend to occur 
more often in the patient requiring frequent ex
changes per day but can usually be managed 
through provision of insulin and adjustments of 
nutritional inputs. Perhaps most important for the 
critically ill hypercatabolic patient is the fact that 
peritoneal dialysis may not provide molecule 
clearances sufficient to ensure adequate control of 
uremia and its attendant problems [45]. In these pa
tients, conventional hemodialysis or a continuous 
diafiltration modality is necessary. 

Hemofiltration and hemodiafiltration 
The hemodynamic instability that may accompany 
conventional hemodialysis and the inefficiency or 
anatomic constraints that sometimes prohibit use 
of peritoneal dialysis have led to the development 
of alternative forms of "hemodialysis." First to be 
introduced was a technique called "slow con-
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tinuous ultrafiltration," which employed a small 
but highly permeable dialyzer that did not connect 
to a dialysis machine nor receive pump-driven 
blood flow [47]. Rather, a free-standing cartridge 
dialyzer would receive slow input of arterial blood 
driven by that patient's own blood pressure, and no 
dialysate would circulate against the semiper
meable membranes. As heparinized blood flows 
through the dialyzer, large volumes of plasma 
water are simply sieved away into a collection con
tainer. Removed along with plasma water by sol
vent drag are any nonprotein-bound solutes that 
are dissolved therein, including electrolytes, 
wastes, and drugs. Since dialysate does not flow 
through this system, there are no solute or osmotic 
concentration gradients, so diffusive removal of 
solutes does not occur. 

The principal advantage of this modality is that 
effective plasma osmolality does not rapidly fall as 
treatment is commenced. Accordingly, hemo
dynamic stability is greater because maintenance of 
effective plasma osmolality precludes movement of 
extracellular water to the intracellular compart
ment. Fluid removal can thus be accomplished 
steadily with a fairly brisk rate, often 500 ml per 
hour. Some solutes are lost from extracellular fluid 
with this technique, but only in proportion to their 
free concentration in plasma. Yet, if filtration rates 
are high enough (500-800 ml per hour), sufficient 
solute may be removed to attenuate a mild uremic 
condition and to prevent electrolyte accumulations 
[41]. 

Continuous ultrafiltration can be accomplished 
two different ways: (1) with arterial and venous 
cannulations, such that arterial blood flows under 
its own pressure through the hemofiltration car
tridge and then back to the patient through a 
venous catheter so-called "continuous 
arteriovenous hemofiltration" (CA VH), or (2) with 
two separate venous cannulations, such that blood 
from one vein passes through the hemofiltration 
cartridge and then returns through a separate vein 
- so-called "continuous venovenous hemofiltra
tion" (CVVH) [41]. CVVH requires a blood pump, 
whereas CA VH does not. Yet, CVVH avoids 
arterial cannulation, which for CA VH must be ac
complished with a large-bore catheter. For this 
reason, CVVH appears to have less morbidity than 
CA VH [48]. With either modality, heparin must be 
infused. 
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Either modality may be undertaken with or 
without a "replacement solution." If a replacement 
solution is not supplied, then the process simply 
achieves slow continuous ultrafiltration of plasma 
and volume control. However, if ultrafiltration 
rates exceed 200 or 300 ml per hour for several 
hours in a row, then sufficient solute removal oc
curs by convection to create a need for specific 
solute replacement. Most important is bicarbonate, 
calcium, potassium, and magnesium [41]. Replace
ment solutions are therefore constituted as isotonic 
crystalloids with ionic concentrations of sodium, 
chloride, potassium, bicarbonate, magnesium, and 
calcium close to that of normal plasma. This sol
ution is typically administered at a rate selected to 
be less than the rate of ultrafiltration loss so that 
net fluid removal is achieved. Rate of net fluid loss 
can be modulated by providing less or more of the 
replacement solution per hour. 

Enteral and parenteral nutrition solutions 
should be incorporated into the fluid and elec
trolyte management regime, and to the extent that 
these are provided per hour, the crystalloid replace
ment infusion should be decreased. In fact, one of 
the chief advantages of CA VH or CVVH is con
tinuous fluid removal of sufficient volume to per
mit high-volume feeding without concern for cyclic 
fluid overloads which often occur with intermittent 
conventional hemodialysis [40, 41]. 

Finally, these hemofilter cartridges can possess 
dialysate ports so that a countercurrent flow of 
dialysate against the semipermeable membranes 
may be accomplished. This is referred to as 
"hemodiafiltration." [41] This addition to the 
modality provides diffusive removal of solutes 
(dialysis) which enhances individual solute 
clearance. Bulk fluid removal by ultrafiltration 
may also decline with the presence of dialysate in 
the cartridge, as dialysate will create an opposing 
force to fluid ultrafiltration. 

The advantages of hemodiafiltration by 
CAVHD or CVVHD are multiple [40, 41, 49]. 
Fluid removal is gentle, continuous, and able to be 
modulated. Urea removal is usually sufficient to 
control uremia in even the very catabolic patient, 
yet the presence of dialysate in the cartridge allows 
control of potassium, bicarbonate, magnesium, 
and calcium removal so as to preclude untoward 
surfeits or deficits in their balance. Protein-rich 
nutrition can be continuously administered with-
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out inducing fluid overload or interdialytic urea 
buildup, and because fluid control is continuous, 
volume stress on the heart and lungs is minimized. 
In essence, high clearance dialysis is continuously 
achieved with a remarkable degree of hemo
dynamic stability and little stress to the heart or 
kidneys. 

Intriguing are the suggestions that continuous 
hemodiafiltration may improve outcomes in criti
cally ill patients with multi-organ failure by offer
ing better blood purification than conventional 
modalities [40, 49]. Indeed, to the extent that con
tinuous hemodiafiltration avoids hypotensive epi
sodes, precludes pulmonary edema, offioads vol
ume and pressure burdens on the heart, and allows 
aggressive nutritional support with continuous 
control of uremia, these modalities would appear 
to offer unique advantage to the unstable, 
critically-ill patient with acute renal failure. Ad
ditionally, the filtration characteristics of these car
tridges allow removal of prostaglandins, leuko
trienes, thromboxanes, complement components, 
interleukins, and tumor necrosis factor [40]. 
Removal of these substances may have a favorable 
impact on the clinical course of sepsis and 
pulmonary capillary leak syndromes which often 
accompany acute renal failure in an intensive care 
unit [50, 51]. 

Adequacy of dialysis in the setting of acute renal 
failure should be judged with daily or pre-dialysis 
measurement of urea and electrolyte concentra
tions coupled to a bedside assessment of fluid vol
ume status and signs or symptoms of uremia. A 
single quantitative parameter with which to judge 
adequacy of dialysis does not exist for the acutely 
uremic patient. However, in general, physicians 
will prescribe dialysis to maintain the urea nitrogen 
level below 80 to 100 mg/dl (29 to 36 mmol/L), up
per limits generally accepted as precluding uremic 
complications in the setting of acute renal failure. 
The dialytic technique should also control acidosis, 
hyperphosphatemia, hyperkalemia, fluid overload 
and hypertension, minimize anticoagulation, 
hypotension, and cardiac stress, yet allow early and 
sufficient provision of nutrition. Which modality 
will serve which patient the best can only partially 
be predicted at outset, so the physician must remain 
critically observant and willing to switch modalities 
if one proves harmful or inadequate. 
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17. General management of the patient with chronic renal failure 

REX L. MAHNENSMITH and DOUGLAS SHEMIN 

Chronic renal failure denotes an irreversible reduc
tion in GFR characterized by persistent elevations 
in BUN and Scr. While there are a number of 
disease processes which can result in chronic renal 
injury, two common features eventually emerge 
histologically: glomerulosclerosis and tubulointer
stitial fibrosis. The physiologic consequences of 
these two processes are impairment in glomerular 
filtration and tubular functions. The former is 
characterized by azotemia, while the latter confers 
difficulty with sodium and water balance, 
potassium and acid excretion, and erythropoietin 
and 1,25 dihydroxycholecalciferol (activated 
vitamin D) synthesis. 

CONSEQUENCES OF CHRONIC RENAL 
FAILURE 

Adaptation to loss of nephrons 
A common feature of progressive renal insuffi
ciency is hypertrophy of undamaged nephrons [1]. 
Single nephron GFR (SNGFR) increases above 
normal and tubular transport processes augment. 
The increase in SNGFR evolves from sustained 
vasodilation of preglomerular arterioles and hyper
trophy of remnant glomeruli. Augmentation of 
tubular transport processes derives from an in
crease in transporter number per cell and alteration 
of kinetic performance of existing transporters. Ac
cordingly, solute and water transport by individual 
nephrons is adjusted proportionately to the GFR 
of that nephron, becoming either increased in 
hypertrophied nephrons or reduced in atrophied 
nephrons. Adaptive hypertrophy is minimal when 
renal insufficiency is mild: solute balance is easily 
maintained unless tubular injury is prominent, and 
waste excretion per nephron is only mildly 

J.G. Abuelo (ed.), Renal Failure, 169-186. 
@ 1995 Kluwer Academic Publishers. 

169 

augmented. But, as renal insufficiency progresses 
and the number of functional nephron units 
declines, remnant nephron functions hypertrophy 
more or less in proportion to the degree of renal in
sufficiency. Filtered load of waste and solute per 
nephron rises substantially. Total solute reabsorp
tion per nephron also increases, but as a percentage 
of filtered load, solute reabsorption actually 
declines so that individual electrolyte homeostasis 
is remarkably maintained. For potassium which is 
excreted by secretion in the distal nephron, quan
tity secreted per nephron is augmented in propor
tion to degree of renal insufficiency. When renal in
sufficiency becomes advanced, however, filtration 
and tubular hypertrophy becomes inadequate and 
electrolyte imbalances emerge. 

Mild renal insufficiency 
Renal insufficiency causes few clinical problems 
while the GFR remains above 50 mllmin. Mild 
hypertension may develop and medication 
clearances will be altered, but the reduction in 
waste clearance which accompanies such a mild 
decline in GFR bears little consequence to the pa
tient. Electrolyte balances are generally maintained 
by hypertrophy of remnant nephron functions. 

The principal consequence of mild renal insuffi
ciency is the loss of renal clearance reserve (i.e. the 
ability to increase GFR in response to dietary pro
tein loads and other stimuli), which leaves the pa
tient with increased vulnerability to clinically im
portant renal failure from relatively minor 
pre-renal, intra-renal, or post-renal insults [2]. A 
decline in efficiency of autoregulation also occurs 
with mild renal insufficiency. This is the ability to 
maintain a stable renal blood flow and GFR in the 
face of moderate rises or falls in blood pressure 
[1, 2]. 
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Moderate renal insufficiency 
When GFR declines below 50 mllmin, clinically im
portant consequences of renal insufficiency begin 
to emerge. Hypertension is more prevalent and 
derives from sodium and water retention and 
angiotensin-mediated vasoconstriction. Systemic 
blood pressures tend to be "salt sensitive" in this 
context, and rise abruptly or are relatively refrac
tory to therapy if salt intake is high. A physiologic 
paradox of chronic renal insufficiency, however, is 
an impairment in sodium conservation when fluid 
depletion threatens, such as with vomiting or diar
rhea. This paradox is due to the fact that tubular 
sodium reabsorption per nephron is already near
maximum in the steady state. When intravascular 
fluid depletion supervenes, further increase in 
tubular sodium reabsorption from the filtrate is 
either inadequate or not possible. An associated 
loss of urinary concentrating ability magnifies the 
vulnerability to fluid depletion. Annoying nocturia 
and polyuria may be the only manifestation of this, 
but substantial fluid depletion may emerge if oral 
intake declines in the face of non-renal fluid losses. 

Measurable phosphate retention appears as GFR 
declines below 30 mllmin. Associated increases in 
parathyroid hormone secretion mitigate hyper
phosphatemia by reducing tubular reabsorption of 
filtered phosphate as the GFR declines, but extract 
a biologic price by increasing bone turnover and in
ducing early osteodystrophy. Hypocalcemia typi
cally accompanies hyperphosphatemia and is due 
to a reduction in renal synthesis of 1,25 
dihydrocholecalciferol, which is essential for the 
absorption of calcium from the small intestine. 
Acid and potassium homeostasis are generally ade
quately maintained by hypertrophied remnant 
tubules unless tubulointerstitial involvement is a 
prominent feature of the renal disease. Then, 
hyperkalemia and a hyperchloremic metabolic 
acidosis appear even when GFR remains above 20 
to 30 ml/min. Anemia is another expected ac
companiment of progressive renal insufficiency 
due to declining erythropoietin production, but its 
appearance is variable. Some patients such as those 
with polycystic kidney disease retain erythropoietic 
capacity even as GFR declines below 10 mllmin, 
while others such as those with diabetic 
nephropathy evolve anemia much earlier in the 
course of their renal insufficiency. 
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Severe renal insufficiency 
When glomerular filtration rates decline below 20 
mllmin, electrolyte disturbances are more common 
and uremia is imminent. Nephron adaptations may 
still effectively mitigate imbalances such as 
hyperkalemia and hyponatremia, but a water load 
may result in severe hyponatremia or a potassium 
load may result in abrupt hyperkalemia. Uremia 
seems to impact nearly every tissue and organ 
system (Table 17.1). 

Inexorable loss of renal function 
A final aspect of renal insufficiency IS Its pro
gressive nature [1, 3-5]. Progression may occur 
through activity of the primary disease process, as 
with diabetes mellitus, poorly controlled hyperten
sion, polycystic kidney disease, or systemic lupus 
erythematosis, for example. If this is the case, ac
curate etiologic diagnosis and therapeutic inter
vention to interrupt the active pathogenetic 
mechanisms are cornerstones of management. 
However, even when the primary etiologic process 
is rendered inactive, eventual progression towards 
end stage renal failure seems inevitable in most pa
tients. Several factors affect this progression and its 
rate: (l) extent of the original parenchymal injury; 
(2) presence and degree of systemic arterial 
hypertension; (3) nephron hypertrophy and associ
ated intraglomerular hypertension; (4) intercurrent 
appearance of secondary problems such as obstruc
tion, urinary tract infection, or injury from 
nephrotoxic medications or radio contrast agents; 
an~o-existence of metabolic problems such as 
hyperlipidemia, diabetes mellitus, or hyper
phosphatemia [4, 5]. 

Systemic and intraglomerular hypertension may 
be the dominant factors determining progression of 
renal insufficiency. Owing to the preglomerular 
vasodilation which adaptively evolves to augment 
single nephron GFR, remaining glomeruli of an 
already-diseased kidney become particularly 
vulnerable to the hemodynamic stresses of systemic 
hypertension and tend to undergo progressive 
sclerosis [1, 5, 6]. This has been conclusively 
demonstrated in diabetic nephropathy, where 
tempo of deterioration of renal function is clearly 
related to degree of systemic arterial pressure 
elevation, but animal and human data also suggest 
that systemic hypertension accelerates deterior
ation of renal function in nondiabetic contexts, 
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Table 17.1. Features of the uremic syndrome 

Neurologic abnormalities 
Central 

Cognitive change 
Lethargy 
Stupor 
Coma 

Peripheral 
Motor neuropathy 
Sensory neuropathy 
Myoclonus 
Fasciculations 

Cardiovascular abnormalities 
Hypertension 
Pericarditis 
Accelerated atherosclerosis 
Vascular calcifications 

Hematologic abnormalities 
Anemia 
Leukocyte & lymphocyte dysfunction 
Platelet defect 

Gastrointestinal abnormalities 
Anorexia, nausea, vomiting 
Gastroparesis 
Hypomotility of bowel 
Mucosal bleeding 

Bone abnormalities 
Osteomalacia (impaired mineralization) 
Osteitis fibrosa (bone resorption) 
Osteosclerosis 
Aluminum associated osteomalacia 

Rheumatologic abnormalities 
Myopathy 
Calcific bursitis 
Avascular necrosis 
Carpal tunnel syndrome (amyloid deposition) 
Articular amyloid deposition 

Metabolic abnormalities 
Glucose intolerance 
Impaired protein synthesis 
Hyperlipidemia 

Dermatologic abnormalities 
Pruritis 
Calcium-phosphate deposition 

Pleural-pulmonary abnormalities 
Pleuritis and effusion 
Parenchymal calcification 
Edema 
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as well [5-10]. In experimental models of chronic 
renal failure induced by renal ablation or un
controlled diabetes, intraglomerular hypertension 
exists even when systemic blood pressures are 
normal or just mildly elevated. Reduction of 
systemic hypertension with diuretic-adrenergic
blocker-vasodilator combinations in these models 
is not as effective in preserving renal function and 
lowering intraglomerular pressures as angiotensin 
converting enzyme (ACE) inhibitors, which 
uniquely lower glomerular capillary pressures by 
vasorelaxing postglomerular arterioles [5-10]. This 
latter finding strongly suggests that intra
glomerular hypertension is an expected eventuality 
of chronic renal insufficiency, regardless of 
systemic blood pressure, and mitigation of intra
glomerular hypertension attenuates progression of 
renal insufficiency. 

GAUGING THE PROGRESSION OF RENAL 
INSUFFICIENCY 

Sequential measurement of GFR through en
dogenous creatinine clearance is probably the most 
accurate and available way to assess changes in 
renal function over time. However, the clinician 
should realize that creatinine clearance overes
timates true GFR because a small amount of 
creatinine can enter the urine via tubular secretion. 
The proportion of urinary creatinine deriving from 
tubular secretion and consequently the degree of 
overestimation ofGFR rises as true GFR falls [11]. 
Alternative methods of assessing GFR include in
fusion inulin clearance, which is impractical and 
cumbersome, and radioactive iothalamate clear
ance, which is expensive and generally reserved for 
use in experimental protocols. Thus, sequential 
measurement of creatinine clearance remains the 
preferable clinical gauge for estimating changes in 
GFR in individual patients over time. 

Longitudinal assessment of the Scr may be a 
suitable alternative for following progressive loss 
of renal function. The relationship between Scr and 
creatinine clearance is hyperbolic, such that the Scr 
changes little as the GFR falls from 100 mllmin to 
50 ml/min, then rises in a brisk curvilinear fashion 
as GFR falls from 50 mllmin toward 0, so one can
not assume that a given change in Scr reflects a pro
portional change in GFR (Figure l7.1A). However, 
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Fig. 17.1. (A) Graph depicting relationship between creatinine clearance and plasma creatinine concentration. This relationship is 
hyperbolic, such that creatinine clearance may decline from 100 mVmin to 50 mVmin with little change in the plasma creatinine concen
tration. However, when creatinine clearance is low, small changes in creatinine clearance will cause substantial increments in plasma 
creatinine concentrations. (B) Graphical plot of the reciprocal of plasma creatinine concentration (IIScr) versus time in years. This re
lationship is typically linear (line A) unless forces intervene which either slow (line B) or accelerate (line C) the deterioration in renal 
function. 

a plot of the reciprocal of serum creatinine (lIScr) 
against time in an individual patient usually yields 
a linear relationship, which permits meaningful 
tracking of a given patient's clinical course and 
allows one to extrapolate clearance [12]. Thus, it 
has become a customary practice for physicians to 
follow individual patients with sequential Scr 
measurements and plot lIScr against time (in 
months or years) as a reliable gauge to their disease 
progression. A departure from the declining 
linearity in this relationship suggests either success
ful intervention on the part of the physician (if the 
relationship becomes more horizontal) or superim
position of aggressive factors accelerating loss of 
GFR (if the plot becomes more vertical). (Figure 
17.1B) 

PREVENTING LOSS OF RENAL FUNCTION 

Limiting acute-on-chronic renal failure 
Acute deterioration in GFR is a particular 
vulnerability in a person with established renal in
sufficiency, because of limitations of reserve func
tion and impaired autoregulation of GFR. As 
discussed, sclerotic kidneys possess a reduced 
nephron population that is already maximally 

adapted with preglomerular vasodilation and 
single nephron hyperfiltration. Thus, a hypotensive 
event or emergence of hypovolemia cannot be com
pensated by any further preglomerular vasodila
tion, such as would occur in a normal kidney, and 
GFR will fall. 

The reduced nephron population is also rela
tively more vulnerable to toxic insults. For 
example, the leading risk factor for radiocontrast 
nephrotoxicity is chronic renal insufficiency [13]. 
This is due to the loss of renal reserve which ac
companies chronic renal insufficiency and to the 
fact that the administered toxin is handled by fewer 
nephrons, implying that the toxic burden per 
nephron is greater than in a patient with normal 
kidney function. 

It bears emphasis that a given toxic insult can 
precipitate a decline in renal function that is critical 
for a patient with renal insufficiency, whereas the 
same damage in a patient with normal renal func
tion may be clinically unimportant. For example, 
radio contrast and gentamicin administration to a 
patient with GFR 100 mllmin may precipitously 
cause a decline in GFR from 100 mllmin to 65 
ml/min. This would not be clinically important. 
Yet, if that patient had a pre-existing GFR of 55 
mllmin and experienced a loss of GFR to 20 
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ml/min, clinically significant complications would 
likely evolve. 

A rise in Scr in a patient with otherwise stable 
renal insufficiency should provoke a comprehen
sive search for pre-renal, post-renal, and intra
renal factors that may be responsible. The ap
proach should be identical to that followed in any 
patient with de novo acute renal failure. In patients 
with pre-existing renal insufficiency, hemodynamic 
or drug-related insults are the most common 
reasons for an acute loss of GFR. Hypovolemia 
from diarrhea, vomiting, or overdiuresis are com
mon occurrences and easily discernible. A reduc
tion in renal blood flow from evolving congestive 
heart failure is more subtle and will result in a 
decline in GFR if autoregulation of GFR is signifi
cantly impaired, as so often it is. Excessive decline 
in intravascular volume due to diuretics may com
pound the problem. This occurrence is diagnosed 
by careful history and physical examination and 
review of the patient's medication record. 
Nephrotoxic injury can be diagnosed from the his
tory and by excluding other factors. 

The most cogent management principle is to pre
vent such problems from arising. This translates 
into maintaining optimal cardiac output in any pa
tient with impaired cardiac function, using 
diuretics judiciously to guard against hypovolemia, 
maintaining mean arterial pressure within the mid 
to high-normal range which will not subtend renal 
autoregulation, avoiding or minimizing potentially 
nephrotoxic medications and those which may 
further impair autoregulation, such as NSAIDs, 
and adjusting doses of drugs for the degree of their 
renal clearance. 

Urinary tract obstruction is another mechanism 
for acute deterioration in function of chronically 
diseased kidneys. Obstruction of the urinary 
drainage system anywhere from the calyces to the 
urethral meatus can cause renal insufficiency. In a 
normal person, obstruction above the bladder must 
be bilateral to produce elevations in Scr and BUN, 
since GFR can decline nearly 50% without much 
effect on BUN and Scr concentrations. However, 
when a patient with stable renal insufficiency from 
bilateral parenchymal disease acutely obstructs one 
ureter, Scr and BUN will abruptly double their 
concentrations. 

Urinary obstruction may be partial or complete. 
In either circumstance, intratubular hydrostatic 
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pressures increase and oppose filtration, and renal 
blood flows decline, decreasing glomerular 
capillary pressures and forward filtration forces. 
Both result in worsening of renal insufficiency. 
Only the tempo of functional decline differs. Pro
longed obstruction, whether partial or complete, 
can result in indolent tubular necrosis eventuating 
in additional permanent damage. If the urine is in
fected, then damage may be worsened by inflam
matory mediators. These facts lend urgency to ac
curate diagnosis and treatment of obstructive 
processes and infection in any person with chronic 
renal insufficiency. 

Slowing the progression of renal insufficiency 
The progression of renal insufficiency and its 
prevention have been major focuses ofnephrologic 
investigation [3, 4]. As discussed earlier, systemic 
and intraglomerular hypertension are acknowl
edged as leading factors in the progressive 
glomerulosclerosis and inevitable deterioration of 
GFR that occurs in most patients who have lost 
more than 75% of kidney function from processes 
as diverse as polycystic kidney disease, diabetes 
mellitus, chronic glomerulonephritis, and nephro
sclerosis associated with poorly-controlled hyper
tension [1,3,4, 11, 13, 14]. 

Sustained reduction in systemic arterial blood 
pressure can limit this secondary glomerulo
sclerosis [5, 6,15,16]. Yet, even with normalization 
of systemic arterial pressures, intraglomerular 
hypertension can persist owing to preglomerular 
vasodilation and some degree of postglomerular 
vasoconstriction in chronically-scarred kidneys 
[4-6]. Further reduction in glomerular hyperten
sion can be achieved with either low protein diets or 
angiotensin converting enzyme (ACE) inhibitors 
[4, 5, 10, 15]. Low protein diets constrict dilated 
preglomerular arterioles; ACE inhibitors relax 
postglomerular arterioles. Both actions reduce in
traglomerular pressure and capillary wall tension, 
and both interventions appear to be effective 
towards retarding progression of renal insuffi
ciency [4, 10, 15]. 

Whether the benefits of dietary protein restric
tion are additive to those of ACE inhibitors over a 
long period of time is unclear. Additive benefit in 
reducing proteinuria was documented in a three 
week crossover trial involving just 17 patients with 
nondiabetic nephrotic syndrome, but these fin-
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dings require confirmation and extension to a 
longer term of trial observation [17]. Also, whether 
reduced proteinuria reflects reduced chronic injury 
or just some functional change needs more study. 

Evidence exists that a protein-restricted diet 
probably confers renal-sparing benefit beyond 
systemic blood pressure control [18-21]. Yet, con
trolled human data suggest that this benefit may be 
small or countervailed by other forces, particularly 
when renal insufficiency is advanced [19-22]. For 
example, protein restriction will have little or no 
benefit if blood pressure is not controlled or if 
hyperglycemia persists in a diabetic patient. 

Nevertheless, towards the goal of retarding pro
gression of renal insufficiency, sufficient data now 
exist to support the following approach for patients 
with renal insufficiency: (1) reduce the systemic 
arterial blood pressures to values :5140/85 mmHg 
with medications that are well-tolerated and do not 
aggravate existing clinical problems (e.g. avoid 
overdiuresis, and avoid beta blockers in patients 
with glucose intolerance or a congestive car
diomyopathy) [16]; (2) restrict protein in the diet to 
0.6 to 0.8 gmlkglday, but make certain calories re
main approximately 30 to 35 kcal/kglday; dietary 
protein restriction mandates isocaloric substitution 
with complex carbohydrates and polyunsaturated 
fats [18]; more restrictive diets with less than 0.6 
gmlkglday entail the risk of negative nitrogen bal
ance and important nutritional compromise; 
dietary protein restriction may be of greatest 
benefit when renal insufficiency is mild and may 
lead to protein malnutrition when renal insuffi
ciency is advanced; (3) for hypertensive individuals 
employ ACE inhibitors to the fullest dose 
tolerated, e.g. 75 mg captopril per day unless 
hyperkalemia, acute renal failure, or hypotension 
supervene (see below under Hypertension for 
further recommendations). Although short-term 
data suggest that normotensive diabetic individuals 
with albuminuria will experience a reduction in 
albuminuria excretion rates and stabilization of 
GFR over time with ACE inhibitor therapy, there 
is no proof that this correlates with histologic 
benefit [10]; longer-term and more comprehensive 
study is needed before such intervention can be rec
ommended in this patient population. 

Diabetic Nephropathy. Diabetic nephropathy is 
not only the most common chronic renal disease 
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that progresses to end-stage renal failure, it is the 
most studied with regards to factors that determine 
its progression and the value of specific therapeutic 
interventions. As already discussed, uncontrolled 
hypertension accelerates and blood pressure con
trol slows its progression to end-stage failure, no 
matter what medication program one chooses [8, 
9]. Additionally, several prospective controlled 
studies have concluded that diabetic patients in 
particular can expect benefit beyond systemic 
blood pressure control from A CE inhibitor therapy, 
benefit attributed to the unique action of ACE in
hibitors to lower intraglomerular pressures [10, 23, 
24]. It appears that relatively high doses of ACE 
inhibitors are required to achieve slowing of renal 
deterioration in diabetic patients. Where benefit 
has been shown, captopril dosage has been 75 or 
100 mg per day and enalapril dosage has been 20 
mg per day. Care must be taken that hyperkalemia 
or acute renal insufficiency not evolve from the 
ACE inhibitor. Low protein diets may provide ad
ditional benefit although human data are scanty in 
this regard [8, 15, 18, 19]. On the other hand, the 
renal benefits of tight glycemic control are now 
beyond refute. Three studies demonstrate con
clusively that consistent glycemic control judged by 
glycosylated hemoglobin levels less than 8% results 
in at least retarded progression of diabetic 
nephropathy and perhaps its regression [25-27]. 
Superior glycemic control is achieved either by con
tinuous infusion of insulin by portable pump or by 
three or more injections of insulin per day with 
mUltiple capillary blood glucose assessments by 
finger stick per day. It is important to point out that 
benefit was seen only after years of tight control 
and was most demonstrable in those who had little 
end-organ disease at the start of the study. Imposi
tion of tight glycemic control with multiple doses of 
insulin when renal disease is advanced probably 
imputes little benefit to the kidney and may be 
harmful to the patient, since insulin is cleared by 
the kidneys and the danger of hypoglycemia is 
therefore high when GFR is low. 

Pregnancy. A common practical question is 
whether pregnancy impacts negatively on the natu
ral history of antecedent renal insufficiency. First 
of all, term pregnancies are unusual in the context 
of renal insufficiency, particularly if the BUN and 
Scr concentrations exceed 30 and 3 mg/dl respect-
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ively (urea: 10.7 mmollL and Scr: 265 J.'mollL) [28]. 
Conception is difficult due to irregular ovulation. 
Fertilized ova have difficulty establishing growth in 
the endometrium, and miscarriage is frequent. How
ever, erythropoietin usage and near-normalization 
of hematocrits have altered this grim picture, im
proving both male and female fertility, intrauterine 
survival, and outcome of term pregnancies. If renal 
function is near-normal at conception, it is likely 
that the pregnancy will reach term. 

Pregnancy has variable effects on function of 
already-diseased kidneys. The nature of the 
underlying kidney disease, the extent of renal insuf
ficiency, and the blood pressure at conception ap
pear to determine the impact of pregnancy on 
native kidney function [28]. For example, 
pregnancy appears to have little adverse effect on 
chronic latent glomerulonephritis and non
infectious tubulointerstitial disease unless 
hypertension and renal insufficiency (with GFR 
<80 mllmin) co-exist. Hypertension in association 
with renal insufficiency presents an increased risk 
of accelerated hypertension, preeclampsia, and 
worsening of the renal insufficiency that is perma
nent in up to one-third of cases. If proteinuria is a 
major component of a patient's renal disease, then 
pregnancy is likely to worsen it. This of itself is 
usually of no consequence unless nephrotic syn
drome supervenes with its own set of complica
tions, such as a hypercoagulable state, progressive 
edema, and intravascular fluid depletion. Fetal loss 
is high when there is heavy proteinuria associated 
with primary renal disease. 

Pregnancy creates definite but limited risks in 
women with diabetic nephropathy. Preeclampsia 
and upper tract urinary infections occur more often 
than in nondiabetics, but renal insufficiency does 
not progress in the vast majority of gravid 
diabetics. Exacerbation of proteinuria in an 
already-protein uric diabetic is common with 
pregnancy, as is a rise in systemic blood pressure, 
but these problems usually abate postpartum. 

The impact of pregnancy on the kidney in pa
tients with lupus nephritis is controversial. Ag
gravation of renal disease, no change in renal 
disease, and even transient improvement have been 
described in various series [28]. Iflupus activity is in 
remission at the time of conception, gestation is 
usually uncomplicated. Hypertension and 
preeclampsia may be more frequent if some degree 
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of chronic renal insufficiency exists, regardless of 
activity of lupus in the kidney. In all cases, close 
monitoring of renal function is warranted, since ex
acerbations oflupus can occur with pregnancy, es
pecially in the puerperium [28]. 

Some general recommendations regarding 
pregnancy and renal disease are in order: (l) given 
the good maternal and fetal outcome with Scr < 1.5 
mgldL, women with mild chronic renal disease 
should be advised to complete childbearing earlier 
rather than later; (2) women with Scr > 1.5 mg/dL 
should be informed of risks of pregnancy 
(preeclampsia, progression of chronic renal failure, 
and hypertension), and should be supported in 
their decision to avoid or proceed with conception; 
(3) pregnant women with underlying chronic renal 
failure who exhibit accelerated renal failure during 
pregnancy should be evaluated for reversible 
causes, such as infection or obstruction. If none is 
found, elective delivery should be performed if the 
fetus is viable, or hospitalization with intensive 
monitoring offered until the fetus is viable; how
ever, many physicians recommend termination of 
pregnancy before this eventuality, since the loss of 
renal function may be recoverable with this action. 
Even if renal failure goes to end stage and the fetus 
is ultimately lost, renal transplantation may offer 
another chance for childbearing. On the other 
hand, the current pregnancy may be the last and 
many couples will choose to carry the baby to term 
or near-term in the hopes of a successful delivery. 
Women and their spouses should be thoughtfully 
and fully counseled regarding the risks and alterna
tives in this context. 

In all cases, management of the pregnant 
azotemic woman requires a team of physicians that 
includes a high-risk pregnancy specialist and a 
neonatologist, frequent monitoring of blood 
pressure, blood chemistries, urine protein and 
urine cultures, and regular assessments of fetal 
well-being with nonstiress monitoring and 
ultrasonographic measurements of growth and 
fetal activity [29]. 

NONDIALYTIC TREATMENT OF UREMIC 
COMPLICATIONS 

Although renal replacement therapy with 
hemodialysis, peritoneal dialysis, or renal 
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transplantation is the definitive treatment for pa
tients with advanced renal disease, a number of ad
junctive treatments may be used by the physician to 
treat uremic symptoms and complications and even 
to delay the necessity for dialysis. 

Hypertension 
Most patients with chronic renal insufficiency have 
systemic arterial hypertension either as a conse
quence of their renal disease or as a primary 
disorder responsible for their renal insufficiency. 
Persistent hypertension in the context of renal in
sufficiency promotes progression of the renal insuf
ficiency, regardless of its etiology, and contributes 
to evolution of left ventricular hypertrophy, 
systolic and diastolic ventricular dysfunction, 
atherosclerosis, coronary insufficiency, and stroke 
[30]. Control of hypertension is central to car
diovascular well-being and longevity of the patient 
with renal insufficiency. 

Hypertension in chronic renal insufficiency 
arises from sodium retention and two processes 
that heighten peripheral vascular resistance. First, 
renal parenchymal disease may be associated with 
inappropriate renin output in the face of in
travascular volume overload and, second, 
hypertension persisting over months and years will 
lead to structural vascular narrowing. Hence, it is 
common that control of hypertension in patients 
with chronic renal insufficiency requires more than 
one pharmacological agent. 

All antihypertensive regimens in the setting of 
chronic renal failure should contain dietary sodium 
restriction and a loop diuretic. Care must be taken to 
avoid overdiuresis, but relatively low doses of 
furosemide often are sufficient to sustain 
natriuresis and lower blood pressure. Once the 
retention of sodium has been managed, A CE in
hibitors are the logical next choice antihypertensive 
agent. ACE inhibitors will lower intraglomerular 
pressures, reduce peripheral vascular resistance, 
and ameliorate left ventricular hypertrophy and 
congestive heart failure. ACE inhibitors may re
duce GFR and promote hyperkalemia, however, so 
Scr and potassium concentrations must be 
monitored. Additionally, the combination of loop 
diuretics and an ACE inhibitor are particularly 
prone to precipitate ARF. Calcium antagonists, 
beta adrenergic antagonists, and alpha adrenergic 
antagonists are logical next choices. The peripheral 
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va so dilating effects of calcium antagonists are par
ticularly effective toward lowering blood pressure 
in the context of renal insufficiency and have few 
side-effects. Calcium antagonists also ameliorate 
left ventricular hypertrophy. Beta adrenergic an
tagonists may aid blood pressure control in combi
nation with other drugs, but may cause 
hyperkalemia, particularly in patients with 
diabetes mellitus and advanced renal insufficiency 
[30]. 

Hyperlipidemia 
Lipid abnormalities often coexist or arise with 
chronic renal insufficiency [31]. Lipid surveillance 
should be part of one's semiannual assessment of 
patients with chronic renal disease. Hyperlipidemia 
probably exacerbates vascular disease and may 
contribute to the progression of renal insufficiency 
through a direct glomerular effect. Conventional 
parameters and means for intervention should be 
employed by the physician, starting with dietary 
restrictions and then pharmacological agents. 

Renal osteodystrophy 

Pathogenesis. Bone disease is a universal conse
quence of renal insufficiency but has a complex 
pathogenesis (Figure 17.2). Two central factors are 
responsible: 1,25 dihydroxycholecalciferol defi
ciency and hyperparathyroidism [32:-35]. Phos
phorus retention may be central to both. 
Phosphorus retention is apparent as GFR declines 
below 40 ml/min. Concomitant with phosphorus 
retention is a decline in 1,25 dihydroxycholecal
ciferol production by decreased or diseased renal 
tissue, which is exacerbated by a phosphate
induced reduction in the renal enzyme activity re
sponsible for the production of 1,25 dihydrox
ycholecalciferol from 25 hydroxycholecalciferol. 
Deficiency of 1,25 dihydroxycholecalciferol leads 
to reduced intestinal absorption of dietary calcium 
and an impaired calcemic response of bone to 
parathyroid hormone (PTH). Hypocalcemia 
results from this as well as from hyperphosphate
mia-induced calcium-phosphate precipitation. Re
duced serum ionized calcium stimulates higher out
put of PTH. 1,25 dihydroxycholecalciferol 
deficiency also augments PTH output [32, 34]. PTH 
promotes resorption of formed bone. 

Two kinds of bone lesions are seen in chronic 
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Fig. 17.2. Pathophysiology of renal osteodystrophy. Hyperphosphatemia, deficiency of 1,25 dihydroxycholecalciferol, and hyper
parathyroidism are principal pathogenetic factors. 

renal insufficiency: osteitis fibrosa cystica, which 
derives from excess cortical bone resorption owing 
to excess PTH, and osteomalacia, which results 
from prolonged deficiency of 1,25 dihydrox
ycholecalciferol [31]. Other features of osteitis 
fibrosa cystica include progressive fibrosis of mar
row space and appearance of disorganized osteoid, 
which does not display normal mineralization. 
Osteomalacia evolves principally as a mineraliza
tion defect, which is manifested by unmineralized 
collagen seams and a reduction in calcified cortical 
bone. Bone from a given patient may exhibit a 
preponderance of either osteitis fibrosa cystica or 
osteomalacia or may exhibit both processes. 

Metabolic acidosis results in loss of calcium car
bonate from bone, which probably contributes to 
the skeletal demineralization of renal insufficiency. 
Chronic interstitial diseases associated with renal 
tubular acidosis predispose to this mechanism 
more than others [32]. 

Therapy. Treatment of renal osteodystrophy must 

be commenced early [32-34]. Prevention is the 
primary goal. Interventions should aim at 
pathogenetic forces. Dietary phosphorus restriction 
to less than 800 mg per day is central. Phosphorus 
binders are also essential and should be taken dur
ing meals to maintain serum phosphate levels 
below 5.5 mg/dl (1.8 mmol/L) [33, 35]. Calcium 
acetate and calcium carbonate are preferred over 
aluminum carbonate or aluminum hydroxide for 
this purpose because aluminum absorption can 
contribute to osteomalacia and absorption of cal
cium may aid in maintaining serum calcium levels 
in the normal range. Calcium acetate 667-1334 mg 
or calcium carbonate 500-1000 mg per meal are 
usual starting doses. One titrates the dose to serum 
calcium and phosphate levels, aiming to achieve 
serum calcium between 9.1 and 10.0 mg/dl (2.3 and 
2.5 mmollL) and the calcium x phosphate product 
less than 55 (4.4 in SI units). 

Therapy with 1,25 dihydroxycholecalciferol 
should commence early, also [33, 34]. The usual 
starting dose is 0.25 to 0.5 p.g per day. It is marketed 
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by prescription as calcitriol. This agent is titrated 
principally against the serum PTH level. The 
therapeutic goal is to lower serum PTH levels to ap
proximately 1.5 to 2 times normal. Further lower
ing may lead to an adynamic bone lesion. Use of 
calcitriol must be monitored closely. It can raise 
serum calcium levels above the normal range, caus
ing lethargy, constipation, and mental status 
changes. It can also raise serum phosphate levels by 
promoting phosphate absorption from the diet. 
Hence, calcitriol must be administered in harmony 
with calcium salts, dietary phosphate restriction, 
and if need be, small amounts of aluminum hydrox
ide or aluminum carbonate. Since chronic acidosis 
slowly demineralizes bone, metabolic acidosis 
should be ameliorated as well [32, 34]. This is best 
done with sodium citrate or bicarbonate com
pounds. (See section on Metabolic Acidosis later in 
this chapter.) 

If bone disease is advanced, then bone pain and 
pathologic fractures may occur and more ag
gressive intervention will be necessary. Accurate 
diagnosis of the type of bone disease is essential [32, 
33]. This can be diagnosed indirectly by assessment 
of bone X-rays, serum PTH, calcium, and 
phosphorus levels, and concentration of serum 
alkaline phosphatase. Osteitis fibrosa cystica will 
usually be associated with very high PTH levels, 
bony erosions on X-ray, and high alkaline 
phosphatase. Osteomalacia exhibits a less erosive 
change on bone X-rays and lower PTH levels, yet 
hypercalcemia easily emerges with calcium and 
calcitriol therapy in the context of osteomalacia be
cause the bone cannot utilize available calcium. 
However, clinical features or clues such as these do 
not accurately predict type of bone lesion, and a 
bone biopsy is really necessary to discriminate be
tween the two types. Bone biopsy is also critical 
when aluminum-associated bone disease is enter
tained. Aluminum will deposit along the 
mineralization front of cortical bone and prevent 
effective mineralization, and a form of 
osteomalacia is the result. This must be treated with 
chelation therapy and can be particularly problem
atic if left undiagnosed. 

Treatment options for advanced bone disease 
include high-dose daily calcitriol, intermittent pulse 
calcitriol therapy (e.g. every other day with 
hemodialysis, or twice a week with peritoneal 
dialysis), parathyroidectomy, and deferoxamine 
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chelation therapy, if aluminum-associated bone 
disease is diagnosed [32-35]. Indications for high
dose calcitriol include refractory hyper
parathyroidism and advancing osteodystrophy. 
Parathyroidectomy should be undertaken only 
when conservative measures fail and bone disease is 
advancing or there is a large burden of soft-tissue 
calcification [32-35]. 

Volume overload 
Most patients with advancing renal insufficiency 
will develop an expansion of their intravascular 
volume as a result of decreased urinary excretion of 
sodium and water. Symptoms and signs of volume 
overload may include weight gain, pulmonary con
gestion, an S3 gallop, and peripheral edema, or 
may be limited to systolic and diastolic hyperten
sion. This problem should be initially managed 
with dietary sodium restriction; an 88 mEq/day 
sodium diet (corresponding to a 2 gram/day 
sodium diet) is much lower than the average 
American intake of 200 mEq/day and is palatable 
enough to satisfy most patients and ensure an ad
equate caloric intake. 

In those patients who do not respond to dietary 
intervention alone, diuretics are necessary for 
natriuresis and normalization of intravascular vol
ume. Loop diuretics, such as furosemide and 
bumetanide, are generally the agents of choice; 
thiazides lose efficacy when the GFR drops below 
30 mllminute. Furosemide is usually begun at a 
dose of 40 mg daily, in t'vo divided doses. The dur
ation of action of furosemide is about six hours and 
once-daily dosing is commonly inadequate, as 
tubular reabsorption of sodium may rebound fol
lowing a furosemide-induced diuresis. Although 
some authorities advocate up to four grams daily, 
the general consensus is that doses above 400 mg do 
not yield added benefit [36]. Because furosemide is 
protein-bound and exerts its effect from inside the 
nephron lumen, proteinuria interferes with its ef
ficacy, and a higher initial dose is usually necessary 
in azotemic patients with nephrotic syndrome [37]. 
Metolazone, a thiazide-like agent with a primary ef
fect in the distal tubule, may be added to 
furosemide for synergistic effect; the dose ranges 
from 2.5 to 10 mg daily. 

Since loop diuretics and metolazone enhance 
urinary potassium excretion, hypokalemia is a 
potential risk of therapy. This development is less 
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common in patients with renal failure and decreased 
renal potassium excretion, so that treatment with 
potassium chloride should be reserved for patients 
with potassium levels consistently below 3.0 mEq/L, 
on digoxin, or with cardiac arrhythmias. Excessive 
diuresis is a potential hazard of diuretic therapy, and 
may lead to volume depletion, prerenal azotemia, 
and worsening of renal insufficiency. Body weight, 
BUN and Scr levels should be followed regularly to 
screen for this complication. 

Hyperkalemia 
Many patients with chronic renal failure have 
hyperkalemia, as defined by a serum potassium 
level above 5.0 mEq/L. Azotemic patients with 
primary tubulointerstitial disease, such as obstruc
tive or reflux nephropathy, analgesic nephropathy, 
or sickle cell nephropathy with papillary injury, are 
at particularly high risk, as they will tend to have 
decreased tubular secretion of potassium as well as 
decreased GFR. Hyperkalemia is also more com
mon in patients with diabetic nephropathy and 
hyporeninemic hypoaldosteronism; a hyper
chloremic metabolic acidosis is also often present. 
In addition, many patients with renal failure are 
treated with pharmacologic agents that tend to in
crease the potassium level, including ACE in
hibitors, beta blockers, and NSAIDs. 

If the potassium level is consistently above 6.0 
mEq/L, dietary restriction of potassium to less than 
50 mEq/day is indicated, and medications which 
can induce hyperkalemia should be discontinued or 
decreased in dose. Volume depletion, metabolic 
acidosis, and hyperglycemia all potentially contrib
ute to hyperkalemia, and should be investigated 
and corrected. In patients with hypertension or vol
ume expansion who remain hyperkalemic despite 
dietary potassium restriction, diuretics may be em
ployed to augment renal potassium excretion. The 
mineralocorticoid agonist fludrocortisone acetate 
also increases renal tubular secretion of potassium 
at doses of 0.1 to 0.2 mg daily, but it promotes 
sodium retention and is relatively contraindicated 
in renal insufficiency associated with volume ex
pansion.1t may be combined with diuretics to con
trol hyperkalemia and maintain a neutral sodium 
balance. As a final measure, the cation exchange 
resin sodium polystyrene sulfonate may be used 
chronically to increase gastrointestinal potassium 
excretion; it is generally given as a 15 to 60 
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gram/day dose in a solution of sorbitol for a cathar
tic effect. It can also be given intrarectally as a dose 
of 30 to 60 grams if a patient is unable to tolerate 
oral feedings; sorbitol should not be used intrarec
tally because of the risk of colonic necrosis [38]. Ca
tion exchange resins have variable and unpredic
table effects on the serum potassium level, and 
chronic daily use requires frequent checks of 
potassium levels. Their effect depends on intestinal 
absorption of sodium in exchange for potassium, 
and their use is therefore problematic in patients 
with volume overload. The cost may be prohibitive 
for most patients. 

Chronic renal failure increases the risk of acute 
rises in the serum potassium concentrations to criti
calor life-threatening levels (above 6.5 mEq/L). 
Management of such emergencies is discussed in 
Chapter 16. 

Metabolic acidosis 
Metabolic acidosis with an elevated anion gap is a 
feature of progressive renal failure because of 
decreased glomerular filtration of dietary and en
dogenous acids. This is generally mild with serum 
bicarbonate levels ranging from 18 to 20 mEq/L. 
Patients with renal failure due to primary 
tubulointerstitial or obstructive disease tend to 
have even lower bicarbonate values because of 
decreased tubular secretion of hydrogen ion and 
decreased renal tubular bicarbonate production. 

The catastrophic consequences of acidemia, 
such as decreased myocardial contractility and car
diac arrhythmias, are rare at these levels of 
acidosis. However, in chronic metabolic acidosis 
the bony skeleton acts as a buffer, resulting in in
creased bone resorption and impaired bone 
growth. Sodium bicarbonate or sodium citrate 
therapy improves acidosis and decreases bone 
turnover. A reasonable approach would be to treat 
all acidemic patients who have bicarbonate levels 
below 15 mEq/L with sodium citrate or bicar
bonate, starting with a dose of 0.5 mEq/kg/day in 
two or three divided doses and aiming for a bicar
bonate level above 18 mEq/L. The target level 
should ideally be higher (above 21 mEq/L) in chil
dren and adolescents in order to maximize growth. 
Since sodium bicarbonate and sodium citrate in
crease intravascular volume and blood pre&sure, 
some patients may require initiation of or an in
creased dose of a diuretic. 
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Anemia 
A normochromic, normocytic anemia is present in 
most patients with chronic renal failure. This is due 
to a number of factors, including decreased renal 
synthesis of erythropoietin, which normally 
stimulates the production of erythrocytes in the 
bone marrow, inhibition of the erythropoietin ef
fect on erythrocyte precursors by uremia, a 
shortened erythrocyte life span, and occult 
bleeding due to uremic platelet defects [39]. 

In the 1980s, the human erythropoietin gene was 
identified and then introduced into mammalian 
cells, allowing erythropoietin to be produced com
mercially in large quantities. Erythropoietin has 
proven effective in patients with end-stage renal 
disease treated with dialysis as well as in patients 
with azotemia not yet on dialysis [40]; this suggests 
that higher levels of erythropoietin can overwhelm 
any uremic inhibitors of erythropoietic action. 
Concomitant with or because of a rise in the 
hematocrit, erythropoietin administration leads to 
a host of other beneficial effects, including im
provement in appetite, sexual function, and exer
cise tolerance [41]. 

Erythropoietin must be given parenterally. When 
administered subcutaneously, the peak level is 
lower than with intravenous administration, but 
the duration of action and efficacy is greater. The 
subcutaneous route is the most practical one in pa
tients not treated with hemodialysis. There are 
many approaches to dosing; most authorities 
suggest an initial dose of 100 to 200 units/kg/week 
in one or two divided doses, with initiation of treat
ment when the hematocrit is below 30%. It typically 
takes two to six weeks for erythropoietin to have a 
measurable effect on the hematocrit; an increase in 
the reticulocyte count precedes a rise in the 
hematocrit and should be noted within the first two 
weeks of therapy. The goal should be a hematocrit 
of about 35%; the dose of erythropoietin should be 
gradually increased after the initial six week period 
if that goal is not achieved. 

Iron deficiency is the principal cause of failure to 
respond to erythropoietin; it will also develop in 
most patients during therapy. Plasma ferritin and 
percent transferrin saturation should be measured 
prior to initiation of therapy and periodically 
thereafter; iron deficiency, characterized by a 
plasma ferritin of less than 100 ng/mL and a 
transferrin saturation less than 20%, mandates 
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treatment with iron [42]. A reasonable starting dose 
is 50 to 100 mg of elemental iron by mouth two to 
three times daily. Gastrointestinal side effects may 
occur with this dose, and it may be necessary to try 
several different iron preparations. If patients are 
unable to tolerate oral iron, it may be given in
travenously as iron dextran in 100 mg doses for a 
total dose of 500 to 1000 mg. Administration of 
parenteral iron dextran involves some risk of 
anaphylaxis, and patients should be pretreated 
with a test dose of 25 mg with emergency equip
ment available in the event of a reaction. 

The major side effect of erythropoietin therapy 
is hypertension, which is probably due to an in
crease in peripheral vascular resistance. This has 
been reported in up to a third of hemodialysis pa
tients treated with erythropoietin, but may be less 
common in pre-dialysis patients [40]. Seizures were 
initially reported in patients receiving 500 to 1000 
units/kg/week in association with rising blood 
pressure; seizures are probably less common at 
lower doses and with controlled blood pressures. 

Bleeding 
Patients with progressive azotemia typically exhibit 
a bleeding tendency characterized by easy 
bruisability, ecchymoses, and bleeding from 
mucous membranes, especially in the 
gastrointestinal tract. This is probably due to a 
number of uremic-induced abnormalities of 
platelet aggregation and platelet adhesion to vessel 
walls. Patients have normal prothrombin and par
tial thromboplastin times and normal platelet 
counts, but the bleeding time is abnormally pro
longed [43]. 

Severe bleeding due to platelet dysfunction in an 
azotemic patient is an indication for dialysis, but 
there are a number of therapies that may be em
ployed in nondialyzed individuals to control minor 
bleeding or prevent hemorrhage. Improvement of 
anemia with either red blood cell transfusions or 
erythropoietin (see above) to a hematocrit above 
30% will improve the bleeding time. Intravenous 
desmopressin acetate, a derivative of vasopressin, at 
a dose of 0.3 p.g/kg also improves the bleeding time 
and decreases clinical bleeding; the mechanism re
lates to release of von Wille brand factor multimers 
from storage pools [44]. Desmopressin acetate loses 
therapeutic efficacy eight hours after administra
tion and with multiple doses and is thus unsuitable 
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for long-term administration. Estrogens are also ef
fective in improving uremic bleeding, although the 
mechanism is unclear; the onset of action is two to 
five days. Estrogen may be given intravenously, as 
a dose of 0.6 mg/kg/day for five days [45] or orally, 
as a dose of 50 mg conjugated estrogens daily for 
five to ten days [46]. Low doses of estrogen in the 
form of oral contraceptives have been shown to 
control chronic gastrointestinal bleeding in pa
tients with renal failure and angiodysplastic lesions 
[47]. 

Pruritus 
Pruritus is a frequent symptom in patients with 
chronic renal failure. Potential causes are deposi
tion of uremic solutes in the skin, an elevated 
calcium-phosphorus product with intradermal 
microcalcifications, and secondary hyper
parathyroidism [48]. As an approach to this prob
lem, potentially reversible causes of pruritus, in
cluding xerosis, fungal skin infections, scabies, and 
allergic reactions, should be addressed first. Hyper
phosphatemia should be vigorously treated with 
dietary phosphorus restriction, (less than 800 mg of 
phosphorus daily), and oral phosphate binders. 
Calcitriol should be prescribed if the parathyroid 
hormone level is elevated, but as calcitriol increases 
gastrointestinal absorption of calcium and 
phosphorus, it should be withheld until the serum 
phosphorus level is below 6 mg/dl 0.9 mmollL) and 
the dose decreased once the calcium level is above 
11 mg/dl (2.75 mmollL). Oral antihistamines, in
cluding diphenhydramine, hydroxyzine, or 
trimeprazine, may provide short term relief. Unfor
tunately, these measures do not always improve 
uremic itching, which if severe enough is an indi
cation for dialysis. Ultraviolet phototherapy, 
topical capsaicin, and erythropoietin have been 
reported to be effective antipruritic modalities in 
patients treated with hemodialysis. 

Nausea and vomiting 
Gastrointestinal side effects become more common 
as renal failure progresses and may be quite disabl
ing. Dysgeusia, nausea, anorexia, and vomiting 
lead to volume depletion and malnutrition. Poten
tially reversible etiologies, including peptic ulcer 
disease, gastric outlet obstruction, diabetic 
gastroparesis, and constipation, should be in
vestigated and treated. If symptoms are severe or 
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accompanied by other manifestations of uremia, 
dialysis should be initiated. However, dietary pro
tein restriction, to less than 0.6 g/kg/day, may elim
inate gastrointestinal uremic symptoms for a short 
term, a two to three week period pending the 
maturation of an arteriovenous fistula, for 
example. Antiemetics, such as prochlorperazine, 
promethazine, or metoclopramide, may be 
beneficial for short periods. 

Restless legs and leg cramps 
A variety of symptoms involving the 
musculoskeletal and neurologic systems ac
company progressive azotemia. Spontaneous mus
cle cramps, involuntary myoclonic jerks, and 
"restless legs" are most common. "Restless legs" is 
a neurologic symptom described as an aching, jit
tery sensation felt deep within the muscles of the 
legs; patients describe an irresistible urge to move 
their legs, and symptoms are relieved by movement 
and massage. The mechanisms for all of these 
symptoms are poorly defined and probably relate 
to uremic toxic effects on muscle and peripheral 
nerve. They improve with dialysis. Prior to initia
tion of dialysis, muscle cramps may be treated with 
restoration of any volume deficit and quinine 
sulfate, at a dose of 325 mg every eight hours. 
Myoclonic jerks may respond to low doses of ben
zodiazepines; narcotic analgesics have an exacer
bating effect and should be discontinued. 

DIALYSIS AND RENAL 
TRANSPLANTATION 

When irreversible manifestations of uremia and 
volume overload complicate renal failure, either 
chronic dialysis therapy or renal transplantation is 
necessary to improve symptoms and maintain life. 
The two forms of chronic dialysis therapy em
ployed in end stage renal disease care are 
hemodialysis and peritoneal dialysis. 

Chronic hemodialysis 
The hemodialysis process was described in Chapter 
16. Three hemodialysis treatments weekly, each 
lasting three to four hours, control most manifesta
tions of uremia and volume overload in outpatients 
with chronic renal failure. 
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Vascular Access. Since subcutaneous blood vessels 
are insufficiently capacious to provide the high 
blood flows required for effective treatment, a 
fistula between a superficial artery and vein in an 
extremity or a synthetic graft between an artery and 
vein must be surgically created as a permanent 
vascular access. Fistulae constructed from en
dogenous blood vessels are superior to synthetic 
grafts, but may require eight weeks or longer to ma
ture for hemodialysis use; they should be created 
far in advance of their anticipated use. 
Arteriovenous grafts usually may be used two to 
three weeks after their construction. Temporary 
vascular access with a dual lumen catheter inserted 
into a femoral, internal jugular, or subclavian vein 
may be necessary if dialysis must be started prior to 
maturation of the vascular access. Vascular access 
may be difficult to create in patients with arterial or 
venous insufficiency. Access thrombosis, infection, 
aneurysm, and ischemia of the extremity distal to 
the arteriovenous anastamosis are other potential 
complications; the incidence of infection may be 
decreased with meticulous attention to aseptic 
technique during needle placement [49]. 

Complications. Besides access problems, a wide 
variety of complications may be associated with 
hemodialysis treatments; these range from minor 
problems such as headaches or itching to rare fatal 
events such as anaphylaxis. Hypotension, from 
rapid ultrafiltration of fluid and rapid decreases in 
serum osmolality, is the most common [50]. 

Prognosis. Morbidity and mortality in patients 
treated with maintenance hemodialysis is high; 
there is an annual mortality rate of over 20% 
among patients in the United States. Clinical out
comes on dialysis are influenced by a host of fac
tors, including age, comorbid medical conditions, 
the presence or absence of diabetes mellitus, nutri
tional status, psychosocial issues, and the adequacy 
of the dialysis prescription. The relationship be
tween the amount of dialysis prescribed and patient 
outcome has, to date, been incompletely explored. 
Three weekly treatments of more than three and a 
half hours each, with a drop in the BUN level of at 
least 65% over the course of each treatment, may 
correlate with a decreased mortality and morbidity 
[51,52]. 
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Chronic peritoneal dialysis 
Peritoneal dialysis is performed with a silicone rub
ber or polyurethane catheter permanently im
planted in the peritoneal cavity through the 
anterior abdominal wall. The distal end of the 
catheter has multiple side holes and rests in the in
traperitoneal space, allowing instilled fluid to enter 
and then drain from the peritoneal cavity. In 
chronic ambulatory peritoneal dialysis (CAP D), pa
tients instill one to three liters of peritoneal 
dialysate through the catheter into the in
traperitoneal space. The fluid is allowed to dwell 
intraperitoneally for three to eight hours, and then 
drain out (see Figure 17.3). This cycle is serially re
peated, for a total of three to six cycles daily. 
Uremic toxins diffuse across peritoneal capillary 
basement membranes and gradually accumulate in 
the peritoneal cavity, reaching equilibration over a 
two or four hour period before they are drained 
out. The dialysate contains high concentrations of 
dextrose, from 1.5 to 4.25 gldl (83 to 264 mmoVL). 
This acts as an osmotic agent and promotes the 
movement of water and sodium into the peritoneal 
space, ultrafiltering excess fluid from the patient. 
Peritoneal dialysate solution typically contains 
concentrations of sodium and chloride that are 
similar to those in plasma, low concentrations of 
potassium and magnesium, and high concentra
tions of calcium and lactate, which is converted to 
bicarbonate by the liver. 

There are a number of variations on this 
method. In chronic cycled peritoneal dialysis 
(CCPD) , a machine delivers a set volume of 
dialysate and regulates the inflow, dwell, and drain 
phases; this process is usually performed at night 
during sleep, and a variable amount of fluid is left 
dwelling during the day. In intermittent peritoneal 
dialysis (IP D), the peritoneal exchanges are done 
rapidly, over a 20 to 40 hour period twice weekly; 
during the remainder of the week, no dialysis 
occurs. 

Although prescribed in fewer patients than 
hemodialysis, peritoneal dialysis has a number of 
attractive features. There is no need for a vascular 
access in patients with severe arterial or venous in
sufficiency. Since dialysis and ultrafiltration are 
gradual and continuous during the course of the 
day, compartmental fluid shifts, fluid removal, and 
changes in osmolality occur more slowly than in 
hemodialysis. Thus, hypotension, or dise-
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Fig. 17.3. Peritoneal dialysis. Dialysate is insti11ed into the 
peritoneal cavity, dwells for a defined period of time, and then 
drains out by gravity. 

quilibrium from a sudden decrease in extracellular 
osmolality occurs much less often than in 
hemodialysis. Patients on CAPD may have less 
uremic symptoms than patients treated with 
hemodialysis. This may be explained by the notion 
that larger molecular weight solutes are responsible 
for the uremic syndrome and peritoneal mem
branes allow more diffusion of those solutes than 
hemodialysis membranes. This is controversial, but 
it seems clear that there is less anemia, probably 
due to decreased blood loss, and greater 
maintenance of residual renal function in patients 
treated with CAPD [53]. 

The principal risk of CAPD is peritonitis, which 
occurs about once everyone to two years in treated 
patients. The cause is Staphylococcus au reus or 
Staphylococcus epidermitis in about 75% of pa
tients, and gram negative bacilli in most of the re
mainder. Fungi and mycobacteria have been 
reported in immunosuppressed patients. Most in
fections can be treated in an outpatient setting with 
intraperitoneal antibiotics, but some gram negative 
infections and virtually all fungal infections require 
removal of the peritoneal catheter and temporary 
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discontinuation of peritoneal dialysis. CAPD may 
also be complicated by hypoalbuminemia because 
of albumin loss in dialysate and hyper
triglyceridemia because of excessive glucose ab
sorption; these abnormalities can usually be 
handled with dietary therapy [54]. 

Mode of dialysis therapy 
There is no evidence to date that one form of 
dialysis is significantly superior to another in im
proving morbidity from renal failure or long term 
survival in adults [55]. The choice of hemodialysis 
or peritoneal dialysis in a patient with chronic renal 
failure is one the physician and the patient should 
make in concert after analysis of the drawbacks 
and benefits of each form of treatment in the con
text of the patient's clinical status. Lifestyle and 
personality issues are also relevant; hemodialysis is 
completely performed by nursing and technical 
staff and peritoneal dialysis requires extensive in
volvement in the procedure by the patient. 
Peritoneal dialysis seems to permit a greater degree 
of growth in children and allows for a less restricted 
dietary intake; most sources believe it is the best 
dialysis modality for children and adolescents [56]. 

Renal transplantation 
Renal transplantation is the treatment of choice 
over hemodialysis and peritoneal dialysis for the 
majority of patients with end-stage renal failure. 
The mortality rate is much lower in transplant reci
pients than in patients treated with chronic dialysis. 
Patients with chronic renal failure who are less than 
70 years of age and free of infection and active 
malignancy should be considered possible renal 
transplant recipients. Renal allografts are either 
donated to a patient with renal failure from a liv
ing, healthy family member with normal renal 
function, or are harvested from brain dead in
dividuals with a compatible blood type and pre
viously normal renal function. Living related 
kidney transplants have a higher chance of success 
than cadaveric transplants, but the one year graft 
survival is greater than 80% in both groups [57]. 
More than three quarters of the renal transplants 
performed in the United States involve cadaver 
donors; because of the shortage of available 
cadaver kidneys, most patients with renal failure 
wait two or more years on dialysis before receiving 
a cadaveric transplant. 
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Immunosuppression. Donors, whether living re
lated or cadaveric, must be matched with recipients 
to decrease the risk of transplant rejection. Donors 
and recipients must have compatible ABO blood 
types. Additionally, the major histocompatibility 
antigens on donor and recipient leukocytes are 
identified; these are three loci on the sixth 
chromosome coding for six cell surface antigens 
which govern immunologic rejection. With greater 
similarity of donor and recipient major histocom
patibility antigens, there is a decreasing risk of 
transplant rejection. To prevent rejection, all 
transplant recipients are routinely treated with 
lifetime immunosuppressive therapy. The specifics 
of this therapy vary, but generally involve 
azathioprine, prednisone, and cyclosporine. 
Azathioprine inhibits purine nucleotide synthesis 
and has a general myelosuppressive effect. Pred
nisone has a variety of immunosuppressive and 
anti-inflammatory effects, including inhibition of 
both lymphocyte and monocyte migration. 
Cyclosporine interferes with production of in
terleukin by T-cells and, thereby, blocks the pro
liferation of activated T -cells. In addition, many 
transplant centers prescribe polyclonal or 
monoclonal antibodies against T-cells, either at the 
time of transplantation, or during episodes of acute 
rejection [58]. 

Complications. Besides acute or chronic pro
gressive rejection, complications of renal 
transplantation are generally due to the effects of 
immunosuppressive therapy. The side effects of 
long term prednisone therapy are well known to 
most physicians and include predisposition to in
fection, osteopenia, glucose intolerance, impaired 
wound healing, cataracts, and cosmetic effects. The 
adverse effects of azathioprine are primarily due to 
bone marrow depression. The most important 
complication of cyclosporine use is renal arteriolar 
disease, which may acutely or chronically decrease 
renal perfusion and the GFR and cause hyperten
sion. Cyclosporine may also cause hepatotoxicity, 
hirsutism, gingival hyperplasia, and peripheral 
neuropathy. The dose should be titrated according 
to blood levels; nephrotoxicity and hypertension 
are linked to high levels [59]. 

Renal transplant recipients are at higher risk for 
infection, particularly with opportunistic orga
nisms, cytomegalovirus, and hepatitis C. There is 
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also a higher incidence of malignancies, especially 
skin cancers; patients who have received 
monoclonal antibodies are at particularly high risk 
for lymphoma [60]. 

Long-Term Results. Nevertheless, with careful and 
compulsive medical attention and faithful com
pliance with immunosuppression, many transplant 
recipients have a good prognosis and maintain ex
cellent allograft function over years of therapy. 
Five year graft survival rate is about 70% with 
cadaveric allografts, and is over 80% with living re
lated donors. 
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18. Treatment of specific causes of renal failure 

J. GARY ABUELO, AUGUST ZABBO, DOUGLAS SHEMIN and AARON SPITAL 

The general management of patients with renal 
failure was addressed in the last two chapters. The 
therapy of the individual conditions that produce 
renal failure will now be discussed. 

PRERENAL CAUSES 

J. GARY ABUELO 

A certain number of cases of pre renal azotemia are 
iatrogenic, and can be prevented by increased 
awareness of the riskfactors for this condition. One 
set of risk factors are obviously those that reduce 
blood pressure and renal perfusion - hypovolemia, 
fall in systemic vascular resistance and fall in car
diac output due to heart disease. The other set of 
risk factors are those that impair the kidneys' ability 
to auto regulate GFR in the face of moderate reduc
tions in perfusion - chronic renal failure, renal 
artery stenosis, NSAID's and converting enzyme 
inhibitors (see Chapter 8). Thus, physicians should 
avoid therapies that increase the risk of pre renal 
azotemia in susceptible patients. For example, 
NSAID's ought not be given to hypovolemic pa
tients. Alternatively, if benefits of such therapies 
outweigh their risk, they may be employed, but Scr 
should be monitored during their use. Converting 
enzyme inhibitors are often used in this way in the 
management of congestive heart failure. In such 
cases a limited rise in Scr may be acceptable. In the 
above example, the Scr might rise from 1.0 mg/dL to 
1.7 mg/dL (88 /LmollL to 150 /LmollL) as the patient's 
heart failure comes under control. The benefit from 
improvement of cardiac function outweighs the 
detriment of a slight loss of renal function. 

One avoidable cause of prerenal azotemia is seen 
in individuals taking long-term diuretics, usually 
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for hypertension or congestive heart failure. If such 
patients abruptly reduce their salt intake, the con
tinued use of diuretics can lead to hypovolemia and 
pre renal azotemia. Common examples of this 
might be individuals who begin a low sodium diet 
after seeing a public health announcement or in
dividuals who develop anorexia during intercur
rent illnesses. On prescribing diuretics, physicians 
need to educate their patients about the need to 
maintain a constant daily salt intake. Patients un
able to eat normally should contact their physician 
for instructions about their diuretic dose. 

The treatment of prerenal renal failure centers 
on correcting the patient's hemodynamic status. 
This is usually straightforward, and typically in
volves intravenous volume repletion. Four situations 
require comment. 

In sicker patients with multiple problems, the true 
cause of hypotension may be obscure. For 
example, the physician may initiate fluid resuscita
tion in a hypotensive patient with minor fluid loss, 
when the fall in blood pressure is really due to a 
painless myocardial infarction or early sepsis. It is 
necessary in such cases to recognize the possibility 
of alternative causes for the hypotension, and to in
sert a central vein catheter. One then may deter
mine cardiac output, systemic vascular resistance 
and pulmonary capillary wedge pressure, and make 
an accurate hemodynamic diagnosis. 

In patients without frank hypotension, volume 
repletion may take place over several days and use 
the oral rather than intravenous route. An example 
might be a patient with acute-on-chronic renal 
failure associated with a fall in blood pressure from 
140/85 to 115/60 mmHg due to transient 
gastrointestinal fluid loss. The methods to raise in
travascular volume are discontinuation or dose 
reduction of diuretics, discontinuation of salt-
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restricted diets, and addition of foods with high salt 
content. These include commercial soups, salted 
snack foods, and ham, anchovies and other salted 
meats and fish. One gram salt tablets (17 mEq) may 
also be used to replete volume. Three tablets three 
times a day provide the equivalent of a liter of nor
mal saline, the water portion coming from fluids 
consumed in response to salt-induced thirst. The 
rate of volume replenishment is best monitored 
with daily weights. A weight gain of two pounds 
per day is a reasonable goal in most patients. 

In patients who do not recover renal function with 
repletion of volume, the continued administration 
of fluid may produce pulmonary edema. The 
diagnosis of prerenal azotemia is usually wrong in 
such patients who actually have acute tubular 
necrosis or another process unresponsive to fluids. 
Individuals with congestive heart failure are simi
larly at risk of pulmonary edema, if fluid replace
ment exceeds the volume deficit. Unfortunately, 
some physicians address the risk of volume 
overload by administering fluids too slowly or by 
using hypotonic solutions such as 0.45% saline. 
Often the result is inadequate fluid replenishment 
or hyponatremia, or both. Instead, volume reple
tion should employ normal saline given at max
imum intravenous flow rates until the patient no 
longer has hypotension or orthostatic changes in 
pulse and blood pressure. To avoid excessive fluid 
administration, the patient should be checked fre
quently for signs of volume overload - orthopnea, 
edema, distended neck veins, third heart sound and 
basilar rales. It is helpful to know the patient's 
usual blood pressure range since 110/60 mmHg 
might be normal for one individual and 140/85 
mmHg for another. When fluid administration 
produces hypervolemia in a patient with continued 
oliguria, it usually indicates a cause of renal failure 
other than prerenal azotemia. The physician 
should stop fluid administration immediately, and 
should institute diuretics and fluid restriction in or
der to restore euvolemia. 

In patients with prerenal azotemia due to severe 
congestive heart failure, a trial of angiotensin con
verting enzyme inhibitors may be considered. While 
the drug's renal vasomotor action may compromise 
GFR in some cases, in others the converting en
zyme inhibitor produces such an increase in cardiac 
function and renal perfusion that GFR rises despite 
the adverse vasomotor effect [1, 2]. 
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POSTRENAL CAUSES 

AUGUST ZABBO 

Postrenal azotemia results from disruption of the 
normal egress of urine from the kidneys out of the 
body. This can occur at any point along the urinary 
collecting and delivery system and therapy is dic
tated by the level at which the disruption of urinary 
flow occurs. Initial treatment always involves 
drainage of urine proximal to the point of disrup
tion, allowing for stabilization of renal function, 
and then definitive treatment of the etiology of the 
obstruction to urinary flow. The causes of 
postrenal renal failure are listed in Table 9.1. 

Postobstructive Diuresis 

Upon relief of urinary obstruction, there is nor
mally a brisk diuresis as the kidneys mobilize re
tained fluid and solutes. Ordinarily when these 
solutes have reached normal levels, the urine out
put returns to normal. This is a normal physiologic 
diuresis. 

However in some patients there is a pathologic 
postobstructive diuresis [1]. The proposed 
mechanisms for this are: 
(1) Impaired urinary concentrating ability. 
(2) Impaired tubular sodium reabsorption. 
(3) Osmotic diuresis due to retained urea. 

In these situations, urine output may be extreme 
with rates reported up to 69 ml per minute [2]. Un
treated the patient could develop major fluid and 
electrolyte depletion and vascular collapse due to 
hypovolemia. These patients should be managed 
with careful monitoring of the daily weight and 
blood pressure, and orthostatic signs should be 
taken. If the urine volume exceeds 200 ml per hour 
and signs of hypovolemia develop, the physician 
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should be notified and intravenous replacement 
therapy instituted usually with 0.45% sodium 
chloride. In the awake and alert patient, the thirst 
mechanism will allow for much of the fluid replace
ment. Monitoring of the urine electrolytes will 
guide replacement therapy. This pathologic 
postobstructive diuresis generally resolves over a 
few days but can last for several weeks. 

Bladder Outlet Obstruction 

Bladder outlet obstruction is diagnosed when the 
bladder is distended with urine in the face of some 
obstructive process involving the urethra anywhere 
along its course from the prostate to the urethral 
meatus. 

Initial treatment 
Initial therapy is to drain the bladder usually by 
placement of a urethral Foley catheter, but if the 
process obstructing the urethra is impassable, the 
bladder can be drained by placing a suprapubic tube 
percutaneously. This is safe only when there has not 
been previous lower abdominal surgery. In the face 
of previous lower abdominal surgery, there is 
potential entry into adherent bowel so open surgical 
suprapubic tube placement may be necessary. 

Palliative treatment 
In the palliative situation where the patient is un
able to undergo corrective surgery for whatever 
process is causing the urethral obstruction, a 
chronic indwelling tube may be necessary. In males 
a suprapubic tube is preferable for this purpose, as a 
chronic indwelling urethral catheter can result in 
epididymoorchitis and urethral erosion. In females 
urethral catheters may produce urethral erosion 
with a vesicovaginal fistula. Since this is more likely 
to occur when the patient has lost sensation in the 
perineum, such cases should also be considered for 
a suprapubic tube. It should be noted that with any 
chronic indwelling urinary tract tube sterility of the 
urine cannot be maintained. There will always be 
colonizing bacteriuria and likely candid uri a; gener
ally treatment of urinary tract infections in this set
ting is only undertaken when there are signs of 
systemic infection. 

When the bladder outlet obstruction is easily 
passable by a catheter, another option for treat
ment is chronic intermittent catheterization [3]. 
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Either the patient or an attendant catheterizes the 
patient and drains the bladder four to five times a 
day, or more often depending on the patient's 
urinary volume and bladder capacity. 

Definitive treatment 

Benign Prostatic Hypertrophy. Definitive treat
ment of bladder outlet obstruction is directed at the 
underlying etiology. For benign prostatic hyper
trophy, transurethral or suprapubic prostatectomy 
is usually successful in relieving the obstruction. 
However, if the obstruction has been very long
standing and the bladder has been chronically 
dilated, it may have lost much of its normal ca
pacity to contract and therefore may still be unable 
to expel urine and thus require intermittent 
catheterization or a chronic indwelling tube. Newer 
methods of treating benign prostatic hypertrophy 
such as prostatic hyperthermia, laser therapy to the 
prostate and indwelling prostatic urethral stents 
may offer additional options for treatment of this 
condition. Recently finasteride, a five alpha
reductase inhibitor, has become available for the 
treatment of benign prostatic hypertrophy [4]. Ad
ministration of the drug results in reduction of the 
size of the prostatic adenoma. Since this may take 
several months, it is not appropriate for the treat
ment of acute urinary retention with postrenal 
renal failure where more immediate relief of the 
obstruction is desirable. 

Prostatic Carcinoma. Prostatic carcinoma can also 
cause bladder outlet obstruction generally when 
the disease has advanced to a stage beyond surgical 
cure. In these patients a so called "channel" trans
urethral prostatectomy can be undertaken, but as 
the prostatic carcinoma can also infiltrate under 
the bladder neck and obstruct the distal ureters, 
this may not be entirely successful in relieving the 
obstruction to urinary flow. This usually would be 
noted by failure of the Scr to return to normal with 
urethral Foley catheter drainage. In these cases 
treatment for ureteral obstruction (see below) 
could be employed until therapy of the prostatic 
carcinoma has become effective. Generally, hor
monal therapy to lower the patient's serum 
testosterone level is undertaken in the hopes of 
causing regression of the tumor. 
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Other causes of urethral obstruction such as 
stricture and urethral valves and urethral car
cinoma are rare causes of postrenal renal failure, 
but would be treated in a similar manner of drain
ing the bladder first and then doing surgical repair 
on an elective basis. 

Neurogenic Bladder 

The discussion of the treatment of neurogenic blad
der is an extensive subject but can be briefly sum
marized by dividing patients into two types [5]. The 
first includes patients with chronic retention of 
urine secondary to the loss of motor or sensory 
function of the bladder. The bladder is "flaccid" or 
chronically dilated and the dilation and elevated 
pressure is transmitted back to the ureters and 
kidneys resulting in hydronephrosis. The second 
type of patient has a "spastic" neurogenic bladder, 
in which there has been disruption of the normal in
hibitory nerves that allow the normal bladder to ac
commodate the filling of urine. Thus, despite small 
volumes of urine the bladder spastically contracts 
and causes high pressure within the bladder. This 
high pressure is transmitted back to the ureters and 
kidneys. 

Flaccid neurogenic bladder 
The "flaccid" neurogenic bladder is often seen with 
lower spinal cord lesions, but chronic urinary 
retention on this basis can also be caused by an
ticholinergic drugs or multiple sclerosis. Some pa
tients with diabetes mellitus and tabes dorsalis lose 
sensation of bladder filling and this results in 
chronic overfilling of the bladder and a picture 
similar to the flaccid bladder. 

Treatment of these patients is with initial bladder 
drainage and then most patients are best managed 
with chronic intermittent catheterization. 

Spastic neurogenic bladder 
The "spastic" neurogenic bladder results mostly 
from upper spinal cord trauma. It may be associ
ated with autonomic dysfunction, in which disten
tion of the bladder and a lack of normal inhibitory 
reflexes lead to a sympathetic neuron discharge. 
This results in extreme hypertension, sweating, and 
nausea, and is relieved by drainage of the bladder. 
In these patients, the bladder capacity is very 
limited because of the spasticity of the bladder. 
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Treatment of this condition can be by chronic in
dwelling bladder drainage. More often in males the 
urethral sphincter is purposefully cut and then the 
patient is placed on condom catheter drainage. In 
those patients that have the capacity to do it, 
chronic intermittent catheterization coupled with 
reduction of spasm of the bladder with an
ticholinergic medications may be an effective ap
proach. Some patients require expansion of their 
bladder capacity by augmentation with a segment 
of small bowel. In the past, urinary diversion to an 
ileal conduit or other cutaneous diversion was com
mon and still may be done in selected patients. 

Ureteral Obstruction 

Ureteral obstruction causes postrenal renal failure 
only if it blocks both ureters or the ureter of a 
solitary kidney. 

Initial treatment 
The initial therapy of ureteral obstruction is to 
drain the kidney; this is most often done with a per
cutaneous nephrostomy [6]. The alternative is an in
dwelling ureteral stent which is passed retrograde 
from the bladder to the kidney. The former pro
cedure is better tolerated by the critically ill individ
ual; the latter procedure is more convenient for pa
tients, since the stent drains urine into the bladder 
and a urine collection bag is not needed. The de
cision between the two therapies is situational and 
is up to the urologist or other treating physician. 

Definitive treatment 
The renal function is allowed to stabilize and then 
definitive treatment of the cause of ureteral 
obstruction is carried out. Thus, one must define 
the etiology and prognosis of the obstructing 
disease process. In those patients who have a 
retroperitoneal malignancy, it is important to con
sider the overall outlook before embarking on 
"palliative" treatment. One should discuss with the 
patient and the family the prognosis and whether 
or not they desire continued invasive attempts at 
palliative treatment. It may also be important in 
these cases to salvage as much renal function as 
possible before potentially nephrotoxic 
chemotherapy. For example, in those patients who 
will receive cisplatin, bilateral nephrostomy tubes 
may be placed to preserve maximal renal paren-
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chyma. Conversely, in a patient who will not 
undergo any nephrotoxic chemotherapy, there is 
probably no need to do percutaneous nephrostomy 
of both sides as relief of obstruction on one side will 
relieve the azotemia. 

Specific treatment is based on the etiology of the 
obstruction. In patients with inoperable malignan
cies, one may try to bypass the ureteral obstruction 
in an antegrade fashion passing a tube from the 
kidney to the bladder. A chronic indwelling stent, 
the so-called nephroureteral tube, can be used. This 
allows the patient to clamp the nephroureteral tube 
and void through the bladder normally. Chronic in
dwelling tubes of any sort would need to be changed 
every four to twelve weeks depending on the nature 
of the tube, the patient's condition, and his urinary 
output. Failure to change the tubes periodically 
results in encrustation and obstruction of the tubes. 

If the ureter is obstructed by a benign process, 
such as retroperitoneal fibrosis, then releasing the 
ureter from its entrapment is often successful in a 
procedure known as ureterolysis. In this procedure, 
the ureter is moved into the intraperitoneal space 
or laterally into the retroperitoneal fat away from 
the area of obstruction. In those patients with a 
distal ureteral obstruction, generally the ureter is 
transected above the level of obstruction and 
reanastomosed into the bladder. 

In patients with obstruction due to stones, man
agement is directed at removal of the stones. Some 
stones such as uric acid are amenable to 
chemodissolution [7], whereas others will require 
urologic procedures such as shock wave lithotripsy, 
percutaneous or ureteroscopic extraction, or poss
ibly open stone surgery. 

Recovery of Renal Function after Relief of 
Obstruction 

Recovery of kidney function after relief of obstruc
tion varies with the time and degree of obstruction 
as well as with other factors such as infection within 
the kidney, and anatomic configuration of the 
kidney (intrarenal or extrarenal pelvis). In the dog, 
studies have shown approximately 50% recovery of 
function after relief of two weeks of total obstruc
tion. After six weeks of total obstruction in the dog, 
function is not recoverable [8]. 

No reliable data are available for recoverablility 
of renal function in humans after relief of obstruc-
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tion. Predicting recovery then is problematic and in 
doubtful cases the obstruction should be relieved 
with a maneuver such as a percutaneous 
nephrostomy and the clinical effect monitored to 
see if kidney function returns. Ifthere is not signifi
cant return of renal function within two to three 
months, it can be assumed that the kidney will not 
recover. Renal scans using various agents together 
with mathematical analysis of cortical zones of 
interest have been proposed to predict 
recoverability of function [9]. Certainly if a renal 
scan shows no cortical perfusion, then there is not 
likely to be any recoverable renal function. 
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VASCULAR CAUSES 

J. GARY ABUELO 

Vasomotor Disturbances 

Hepatorenal syndrome 
Prevention of hepatorenal syndrome would be de
sirable, but is probably not possible in most pa-
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tients, in whom the cause is advanced and irrever
sibly worsening liver disease. In contrast, in cases 
with stable hepatic failure avoidance of situations 
that reduce renal perfusion may protect against 
kidney insufficiency. Thus, NSAIDs should be 
avoided, infections should be evaluated and treated 
early, and any gastrointestinal blood and fluid 
losses should be replaced promptly. Also, treat
ment of ascites with diuretics and paracentesis is 
more likely to produce renal failure in the absence 
of edema [1], and should be approached with 
caution. 

Hepatorenal syndrome is theoretically curable if 
liver failure resolves. Thus, those patients with 
hepatorenal syndrome fortunate enough to receive 
a liver transplant experience improvement in renal 
function [2, 3]. Other specific measures to reverse 
hepatorenal syndrome are limited. As discussed in 
Chapter 10 under Vasomotor Disturbances, the 
clinical picture may suggest pre renal azotemia; this 
should be excluded by a trial of volume expansion 
or by hemodynamic measurements through a 
Swan-Ganz catheter (Figure 10.3). The physician is 
cautioned against "overinterpretation" of the re
sponse to intravenous fluid. Patients with 
hepatorenal syndrome frequently have a transient 
and limited increase in urine output and GFR after 
a trial of volume expansion, but continued fluid ad
ministration worsens ascites and peripheral edema 
and may cause variceal bleeding without signifi
cantly improving azotemia [1, 4-6]. 

Peritoneovenous shunts, such as the LeVeen shunt, have 
been used to relieve ascites and improve renal function in the 
hepatorenal syndrome. While a fall in Scr may follow shunt 
placement in some cases, the procedure often causes con
sumption coagulopathy, sepsis or other serious complica
tions and does not prolong average survival [7]. Thus, while 
they are possibly effective in mobilizing ascites and improv
ing GFR, peritoneovenous shunts are not recommended in 
the management of hepatorenal syndrome. A variety of 
vasoactive agents that induce peripheral vasoconstriction or 
renal vasodilation have been used without success to treat 
hepatorenal syndrome [5, 8]. 

Individuals with hepatorenal syndrome often die of 
another complication of liver disease, before their 
renal failure reaches the point of requiring dialysis 
[8,9]. Occasionally, however, loss of GFR leads to 
uremic symptoms or other indications for dialysis. 
In the typical case of end stage alcoholic cirrhosis 
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with no reversible exacerbating factors dialysis 
does not reduce morbidity or significantly prolong 
survival, and in general should not be performed. 
On the other hand, if reason exists to believe that 
the liver failure may be reversible, dialysis should 
be used to tide the patient over. Thus with dialytic 
support, hepatorenal syndrome can improve in pa
tients who recover from acute fulminant liver 
disease [10] or who receive a liver transplant [1, 2]. 
Hemodialysis is usually tolerated, but hypotension 
during the treatment may be a contraindication in 
some cases. Peritoneal dialysis or continuous 
arteriovenous hemofiltration may be used in such 
patients [10]. 

Prognosis in hepatorenal syndrome has been 
grim with death due to complications of liver 
disease occurring in most patients within several 
weeks [8, 9, 11]. Even with dialytic support, pa
tients with fulminant hepatic failure who survive 
are unusual [10, 11]. The rare patients with cir
rhosis who recover with conservative treatment 
tend to have milder degrees of liver disease and 
presumably have healing of alcoholic hepatitis or 
another reversible component [8, 9, 12]. The situ
ation is more favorable for individuals with liver 
disease who undergo liver transplantation. Some 
70% of patients survive and experience recovery of 
renal failure [2, 3]. However, alcoholics with cir
rhosis are not considered candidates for transplan
tation at most centers for moralistic and 
socioeconomic reasons. 

Hypercalcemia 
Renal failure may have several mechanisms. In
itially, the most important factor is a reversible fall 
in glomerular capillary pressure caused by 
arteriolar vasoconstriction and hypovolemia 
secondary to renal salt wasting. After weeks or 
months, nephrocalcinosis and interstitial fibrosis 
add irreversible structural elements to the picture. 

Reduction of serum calcium levels involves 
specific treatment of the etiology of hypercalcemia 
(e.g. surgery for hyperparathyroidism) and 
nonspecific treatment [13-15]. Intravenous saline 
administration is the most important nonspecific 
measure, since it will repair the hypovolemia that 
occurs with renal salt wasting. In addition, volume 
repletion increases urinary calcium excretion and 
improves hypercalcemia. Normal saline should be 
administered intravenously at 3 to 4 liters per day. 
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Patients need to be observed for fluid overload, 
which should be treated with a loop diuretic and 
not a thiazide. 

Once hypovolemia has been corrected, furosemide may be 
given 80 to 100 mg every I to 2 hours to further increase 
urinary calcium excretion. However, one must measure 
serum electrolyte and magnesium concentrations every six 
hours and sodium, potassium, and magnesium concentra
tions in four-hour urines so that urine losses may be replaced 
with intravenous fluids [16]. The additional efficacy of 
furosemide compared with that of volume expansion alone is 
modest, and fluid and electrolyte management is so com
plicated that few patients should receive this therapy. 

Another means of removing calcium from the body 
is peritoneal or hemodialysis using a low-calcium 
dialysate. It is used in patients with severe renal 
failure and is very effective. 

One may also reduce bone resorption of cal
cium. Calcitonin given intramuscularly, 4 to 8 units 
per kg every 6 to 12 hours, is safe and may lower 
calcium concentrations within a few hours. How
ever, its effect may be weak and tachyphylaxis is 
common. Therefore, it is mainly useful in the first 
day or so of treatment until slower acting measures 
become effective. Bisphosphonates reduce high 
serum calcium levels by inhibiting osteoclastic 
bone resorption. Pamidronate is preferred over 
etidronate and clodronate, which may be 
nephrotoxic [14]. The excretion and dosage of 
pamidronate in renal failure has not been well 
studied. Amounts of 15 to 90 mg given in
travenously over 24 hours have been used safely in 
a few patients with renal failure. The hypocalcemic 
effect begins within two days, is maximal at four to 
seven days, and may last from one to several weeks 
[14, 17-19]. Correction of hypophosphatemia, if it 
is present, may reduce bone resorption of calcium. 
Initially 500 mg of phosphorus 3 or 4 times a day 
may be given orally. Hyperphosphatemia may oc
cur rapidly in patients with renal failure, so that 
serum phosphate levels must be followed daily. In
travenous phosphate replacement may produce 
metastatic calcification and should be reserved for 
severe hypophosphatemia. Plicamycin (mithra
mycin) may also be used intravenously to inhibit 
bone resorption at a dose of 16 p.glkg when GFR is 
10 to 50mllminute and 12.5 p.glkg when GFR is less 
than 10 mllminute. The dose may be repeated the 
following day if the response is inadequate. The 

193 

hypocalcemic effect lasts several days. Renal 
failure and thrombocytopenia are rare complica
tions, and one must obtain daily platelet counts 
[13]. Gallium nitrate is an effective drug, but is con
traindicated by renal failure [20]. 

Glucocorticoids reduce excess vitamin D
mediated calcium absorption from the gut, which is 
the mechanism of hypercalcemia in patients with 
vitamin D overdose, sarcoid and other 
granulomatous diseases. These patients may be 
given intravenous hydrocortisone, 200 to 300 mg 
per day, or oral prednisone, 60 mg per day, in 
divided doses. Oral nonabsorbable cellulose sodium 
phosphate can reduce calcium absorption from the 
gut by binding calcium [21]. Hydroxychloroquine or 
ketoconazole may be employed in sarcoidosis to in
hibit activation of vitamin D [21]. 

Sepsis 
The most important measure in treating sepsis
induced vasomotor renal failure is the proper 
diagnosis and treatment of the infection with an
tibiotics, surgical drainage or both. In addition, the 
hypotension commonly seen in septic individuals 
must be evaluated and aggressively treated. For 
many cases this is best carried out in an intensive 
care unit, where measurements of pulmonary 
capillary wedge pressure, cardiac output, and 
peripheral vascular resistance may be made with a 
Swan-Ganz catheter, and monitoring may be con
tinued as treatment progresses. A common error in 
septic patients is to assume that the hypotension is 
just due to volume depletion. Sepsis may produce 
hypovolemia through capillary leakage and venous 
dilatation and some septic patients may have 
undetected fluid loss. However, more often the 
main mechanism for low blood pressure is reduced 
vascular resistance complicated in some cases by an 
abnormal ventricular function [22]. Thus, in many 
cases volume expansion does not raise the blood 
pressure and may be harmful. Instead, the therapy 
of hypotension should include vasopressors to in
crease vascular resistance, and inotropic drugs to in
crease ventricular performance [23]. The sorting 
out of the various mechanisms of hypotension 
usually requires central line measurements. 

Research into the cause of the hypotension and renal failure 
observed with bacterial sepsis suggests a pathogenic role of 
bacterial endotoxins and the cascade of inflammatory 
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mediators that endotoxins trigger [24, 25]. Intravenous ad
ministration of anti-endotoxin antibodies [26] or human im
munoglobulin G [27] may block some of these mechanisms. 
Preliminary evaluations of these agents in septic patients 
suggest a beneficial effect on survival, but further studies are 
needed. 

The prognosis for patients with vasomotor renal 
failure due to sepsis is not good. In many patients 
renal ischemia goes on to produce acute tubular 
necrosis. Moreover, septic patients are critically ill, 
often with multiple organ failure, and even with 
availability of dialysis mortality is about 50% 
[28-30]. 

Drugs and contrast media 
Prevention of renal failure with these agents in
volves recognizing the predisposing factors (Table 
18.1), and either avoiding the agent in question or 
using it with frequent monitoring of Scr. Sulindac 
may have a somewhat less adverse renal vasomotor 
action than other NSAID's [32]. 

Contrast Media. Various methods have been pro
posed to prevent contrast-mediated nephrotoxicity 
in patients at risk. These include avoidance of vol
ume depletion, intravenous administration of nor
mal saline during the procedure [33], mannitol [34, 
35], furosemide [35], or nitrendipine [36]. Unfortu
nately, nephrotoxicity can occur despite these 
measures, and the studies that support the various 
recommendations either did not have adequate 
controls or did not study an adequate number of 
patients at risk. In fact, one group found that man
nitol or furosemide increased contrast nephrotox
icity [37]! However, this adverse effect may be 
limited to diabetics [38]. Given the mild and self
limited nature of most episodes of contrast media
induced renal failure, it is probably best to await fu
ture definitive studies before accepting any of these 
prophylactic protocols. It is prudent, however, to 
replete the fluid deficit in hypovolemic patients 
before carrying out the procedure. Also, nonionic 
low-osmolarity contrast media have less 
nephrotoxicity than conventional media, and, de
spite their high cost, should be used in patients at 
particularly high risk (Scr > 4.0 mgldL or 354 
ILmo1JL) [39-41]. 
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Table 1B.1. (See Chapter 10) Factors predisposing to produc
tion of vasomotor renal failure by drugs and contrast media 

NSAID 
I Effective volume 
Hepatorenal 

syndrome 
Cyclosporine A 
Chronic renal failure 

ACE inhibitor 
I Effective volume 
Renal artery stenosis 
Cyclosporine A 
Chronic renal failure 

Nifedipine (rare) 
Chronic renal failure 

Cyciosporine A 
NSAID 

ACE inhibitor 
Contrast media [31] 

Chronic renal failure 
Diabetes mellitus 
Less certain 

Dehydration 
Large contrast loads 
Low cardiac output 
Repeated contrast exposure 
Old age 
Prior contrast nephrotoxicity 

Discontinuation of the responsible medication is 
the usual treatment of vasomotor-type renal 
failure. However, patients with severe heart failure 
may have a worsening of cardiac function after 
stopping an ACE inhibitor. Therefore, it may be 
preferable in such cases to try to improve GFR 
through measures which increase ventricular 
filling: oral or intravenous administration of 
sodium chloride and dosage reduction or tem
porary discontinuation of diuretics [41a]. 

The prognosis for recovery of renal function in 
patients with vasomotor renal failure caused by 
drugs or contrast media is good. A fall in Scr begins 
within a day or two of stopping the drug and is 
usually complete in a week or two. With contrast 
media-induced nephrotoxicity, the Scr usually 
peaks 2 to 5 days after the procedure, and recovery 
is complete by two weeks (see Chapter 10). Con
trast media-induced renal impairment severe 
enough to require dialysis is uncommon, and is 
seen mainly in patients with advanced underlying 
chronic renal failure. While recovery is the rule, 
chronic dialysis may be necessary in some }fl

dividuals with low GFR to begin with [31]. 

Small Vessel Involvement 

A theroembolic disease 
Prevention of renal failure caused by cholesterol 
emboli is theoretically possible by avoiding arterial 
manipulation in susceptible patients. Unfortu
nately, the individuals most at risk for atheroem
boli are usually those most in need of cardiac 
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catheterization, arteriography or vascular surgery. 
Therefore, the benefits of the procedure being con
sidered usually outweigh the risk of precipitating 
this form of renal failure. 

There is little specific therapy available for pa
tients with atheroembolic disease. Any an
ticoagulation should be stopped, if possible, and 
one should discourage efforts of other physicians 
to use anticoagulation to prevent further emboliza
tion [42]. The embolized cholesterol crystals may 
stimulate an inflammatory cascade. Therefore, one 
group has used colchicine to reduce pain in the 
ischemic feet and toes, and other workers have 
given corticosteroids to patients, a few of whom 
had a beneficial response of extrarenal manifesta
tions [43-46]. However, it is premature to rec
ommend using these anti-inflammatory agents, 
given the paucity of published information. One 
group mentions axillobifemoral bypass with iliac 
ligation in order to stop recurrent painful 
atheroemboli to the feet [46]. Other authors 
discourage unnecessary vascular surgical pro
cedures in these patients [44]. 

The prognosis in atheroembolic disease is poor. 
The mortality over the ensuing months is 70 to 80% 
with death resulting from a variety of causes, in
cluding myocardial infarction, other atheros
clerotic complications and infections [44, 47]. 
Renal failure usually progresses in stepwise pro
gression and patients often become dialysis depen
dent, if they live long enough [44, 48, 49]. Neverthe
less, some patients may experience substantial 
recovery of renal function even after months on 
dialysis [48-50]. 

Scleroderma 
The treatment of scleroderma renal crisis is A CE in
hibitors. Captopril has been used most commonly, 
but enalapril has also been effective [51]. Daily 
doses of captopril as high as 150 mg may be used to 
control hypertension. Other antihypertensive 
agents, such as nifedipine or minoxidil, may be 
added, if needed, for control of blood pressure. 

A further rise in Scr following a dose increase of 
the ACE inhibitor would suggest an adverse effect 
on renal hemodynamics. If this happens, one 
should go back to the lower dose and add another 
blood pressure medication. 
ACE inhibitors improved renal function in 56% of 
cases with scleroderma renal crisis in one recent 
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study; even among those patients needing dialysis, 
after treatment with ACE inhibitors 35% of in
dividuals were able to come off dialysis [51]. On the 
other hand, 22% of patients died and 16% devel
oped end stage renal disease. Hemodialysis, 
chronic peritoneal dialysis and renal transplanta
tion all have been used in this situation, but mor
bidity and mortality are generally high because of 
complications of scleroderma [52]. 

Malignant hypertension [53, 54J 
Hospitalization and prompt reduction of blood 
pressure is the treatment of malignant hyperten
sion. However, abrupt lowering of blood pressure 
into the normal range with antihypertensive drugs 
may produce a stroke, myocardial ischemia or a 
marked fall in GPR. Therefore, blood pressure 
should only be lowered to about 150/100-110 
mmHg, and mean blood pressure should not fall by 
more than 25%. 

Cases with acute target organ damage limited to 
the kidneys and retina are hypertensive urgencies. 
They can usually be managed with oral administra
tion of drugs, such as nifedipine, clonidine or minox
idil (Table 18.2). Captopril is indicated in hyperten
sive crises associated with scleroderma, but because 
of possible adverse renal vasomotor actions should 
probably be avoided in other patients with malig
nant hypertension and azotemia. A ,6-blocker may 
be needed to prevent the tachycardia often seen 
with minoxidil. Addition of a loop diuretic may help 
optimize blood pressure control. 

Also, renal failure and certain antihypertensive drugs, es
pecially minoxidil, both tend to cause accumulation of salt 
and water. Since this may impede blood pressure control, 
daily weights should be obtained and any fluid retention 
should be treated with diuretics. 

Cases with malignant hypertension complicated by 
hypertensive encephalopathy, pulmonary edema, 
acute aortic dissection, unstable angina, eclampsia 
or severe adrenergic crises are hypertensive 
emergencies. They should be managed with 
parenteral administration of drugs. Although other 
agents have some advantages in special circum
stances, sodium nitroprusside is the drug of choice in 
most cases (Table 18.3). Because of its short time of 
onset and duration, it must be given with an infu
sion pump, and blood pressure must be followed 
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Table 18.2. Drugs for oral treatment of hypertensive urgencies 

Initial Usual daily Maximum 

Drug Dose (mg) Frequency Dose (mg) Frequency Dose (mglday) 

Nifedipine 10 Repeat in 112 h 30-60 3-4 160 
Minoxidil' 2.5 to 10 Every 4 to 6 h 10-40 1-2 100 
Clonidine 
hydrochloride 0.2 0.1 mg per hr 0.2-0.8 2 2.4 

(0.8 mg total) 
Captopril 6.25-25 Repeat every 112 h 25-150 2-3 450 

, Usually given with a loop diuretic and a {3-blocker. 

Table 18.3. Drugs for parenteral treatment of hypertensive emergencies 

Drug Indication IV dose 

Sodium nitroprusside 

Nitroglycerine 

Hypertensive encephalopathy, pulmonary 
edema, cerebrovascular accident 
Unstable angina', myocardial infarction', 
post coronary bypass' 

0.3-10 /Lglkglmin 

5-100 /Lglmin 

Hydralazine hydrochloride Eclampsia 5-20 mg (or 10-40 mg 1M), give as needed 
every 20 min 

Trimethaphan camsylate 
Phentolamine mesylate 

Dissecting aneurysm' 
Pheochromocytoma', clonidine 
withdrawal', cocaine use' 

0.5-5 mglmint 

0.5-5 mglmin 

, Nitroprusside + beta blocker can also be used. 
t Target systolic blood pressure is 100-120 mmHg. 

with a continually reinflated sphygmomanometer 
or preferably, an intra-arterial line. 

Frank overdosage of nitroprusside may produce cyanide 
toxicity, manifested by hypotension, metabolic acidosis, 
changes in mental status, bright red venous blood and pink 
skin color. If this occurs, a cyanide level should be obtained. 
Without awaiting the results the nitroprusside should be 
discontinued, sodium nitrite 4 to 6 mglkg should be injected 
over 2 to 4 minutes to be followed by sodium thiosulfate, 
150-200 mglkg (typically 12.5 Gm) over 15 to 20 minutes. 

High dosage of nitroprusside for over 48 hours in pa
tients with renal failure may produce thiocyanate toxicity, 
which is manifested by nausea, vomiting, headache and 
changes in mental status. Plasma thiocyanate levels should 
be obtained periodically in patients receiving high doses of 
nitroprusside, especially if GFR is reduced. If toxicity de
velops, the nitroprusside infusion should be stopped; thio
cyanate may be removed with dialysis. 

If pulmonary edema is present, a loop diuretic 
should be used. To reduce the duration of 
parenteral antihypertensives, oral therapy should 
be started as soon as practicable. As the blood 

pressure responds to increasing doses of oral 
medications, the parenteral therapy may be tapered 
and stopped. The addition of oral minoxidil, may 
facilitate control of blood pressure in those rare pa
tients refractory to parenteral drugs. 

Most patients with malignant hypertension re
spond to antihypertensive treatment with a fall in 
blood pressure, healing of fibrinoid necrosis, and a 
resolution of neurologic and cardiac symptoms. 
Nevertheless, 10 to 20% of patients die during the 
first year of strokes, myocardial infarctions, 
hypertensive encephalopathy, and conditions 
unrelated to the hypertension such as infections or 
cancer [55-58]. After the blood pressure is con
trolled, a small number of patients (-10%) will ex
perience a prompt improvement in renal failure. A 
greater number of patients (- 30%) will have a pro
gressive worsening in renal function; while a ma
jority of patients (- 60%) will experience a tran
sient deterioration lasting a week or two and then 
an improvement in renal function (Figure 18.1) 
55-57, 59]. However, with the passage of weeks 
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Fig. 1B.1. Schematic representation of time course of renal 
function in different patients with malignant hypertension. 

and months some patients whose GFR was im
proving will have permanent loss of renal function, 
and other patients on chronic hemodialysis will 
regain enough renal function to discontinue 
dialysis [55, 60, 61]. 

Hemolytic uremic syndrome 
Classical childhood post-diarrheal hemolytic 
uremic syndrome is usually caused by toxin
producing enteric bacteria. It may occur in 
epidemics, spread either by consumption of con
taminated undercooked ground beef or by person
to-person contact in institutions like day care 
centers and in families [62-64]. Many of these cases 
could be prevented by adequate cooking of beef 
products and by handwashing and other infection 
control measures. In contrast, the treatment of 
bacterial colitis with antibiotics or antidiarrheal 
medication may increase the risk of hemolytic
uremic syndrome without improving the colitis [62, 
63]. 

The treatment of patients with hemolytic uremic 
syndrome often involves nonspecific measures to 
manage the various complications of the disease 
(Table 18.4). 

Antiplatelet agents, plasma exchange, in
travenous IgG and a number of other specific 
measures have been used to reverse the disease pro
cess in hemolytic uremic syndrome. However, in 
classical childhood post-diarrheal hemolytic 
uremic syndrome, these therapies are of no proven 
benefit and are not recommended [65]. On the other 
hand, plasma exchange is now the treatment of 
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Table 1B.4. Complications of hemolytic uremic syndrome and 
nonspecific treatment measures 

Complication 

Bleeding due to 
thrombocytopenia 

Anemia due to hemolysis 
& bleeding 

Seizures due to neurologic 
involvement 

Ischemic bowel lesions 
GI fluid losses 
Malnutrition due to coma or 

GI disease 
Hypertension 
Renal failure 

• May exacerbate disease. 

Treatment 

Platelet transfusion* 

Red cell transfusion 

Anticonvulsants 

Abdominal surgery 
Fluid and electrolyte therapy 
Enteral or parenteral nutrition 

Antihypertensive drugs 
Dietary restrictions & dialysis 

choice for adult and non-classic childhood 
hemolytic uremic syndrome. While protocols vary, 
a typical plasma exchange involves the removal and 
replacement of 1 to 1.5 volumes of plasma (50 to 75 
ml/kg of body weight) with fresh frozen plasma. 
Continuous-flow centrifuge machines are most 
commonly used, but intermittent-flow centrifuge 
machines and membrane plasma separation have 
also been used successfully. Initially, plasma ex
changes are performed daily, but exchanges are 
performed less often and are discontinued as the 
disease process abates, as judged by correction of 
platelet counts and serum lactic dehydrogenase 
levels. If a relapse occurs after plasma exchanges 
are stopped, treatments should be reinstituted. The 
number of exchanges to treat a patient averages 
about 10, but may range from 2 to over 30 [66-69]. 
In addition to plasma exchange, most patients 
receive dipyridamole (- 300 mg/day), aspirin (325 
mg/day), and prednisone (60-200 mg/day) [66, 67, 
69]. Some patients also receive plasma infusions 
(-15 mllkg body weight) on days that they do not 
have plasma exchanges. Patients unresponsive to 
this treatment may become responsive to plasma 
exchange following vincristine (1-2 mg once or 
twice a week) or splenectomy [66, 69, 70]. Protein A 
immunoadsorption of plasma has been described as 
a treatment of mitomycin-C-associated disease 
[71 ]. 

Partial or complete recovery is the rule in chil
dren with typical hemolytic uremic syndrome; less 
than 10% develop end stage renal disease or die of 
complications [65, 71 a, 72]. Most adult patients, in-
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eluding some that require dialysis, respond to 
plasma exchange with partial or complete recovery 
of renal function [66, 67, 69]. However, only about 
30% of cases of mitomycin-C-associated disease 
appear to resolve with plasma exchange [73, 74]. In 
this mitomycin-C variant, 45% response rate was 
described with protein A immunoadsorption, but 
renal failure stabilized rather than improved [71]. 
Spontaneous recovery may be observed in adults 
with diarrhea-associated illness [75], but rarely with 
other types [75a-77]. A certain number of adults 
develop end stage renal disease, and a few succumb 
to complications of the disease (e.g. hemorrhage) 
or of the treatment (e.g. sepsis due to cor
ticosteroids) [66]. Some patients (13-73%) with end 
stage renal disease caused by hemolytic uremic syn
drome have been observed to experience recurrent 
hemolytic uremic syndrome in a renal transplant 
[78-80]. 

Thrombotic thrombocytopenic purpura 
The standard treatment of thrombotic throm
bocytopenic purpura is the same as that outlined 
above for hemolytic uremic syndrome. Plasma ex
change therapy is almost always accompanied by 
adjunctive corticosteroids and/or dipyridamole and 
aspirin. Plasma infusions are sometimes given in 
between plasma exchanges. Vincristine or splenec
tomy should be considered in the occasional cases 
resistant to this combined therapy; they may pro
duce remission or make patients responsive to 
plasma exchange [66, 69, 81, 82]. Intravenous im
munoglobulin G (1 g/kg infused over 4 hours) has 
been reported to be effective in refractory patients 
[83, 84]. Favorable responses have also been seen 
with cyelosporine in one case [85], and high dose in
travenous methylprednisolone in two cases [86]. 
These therapies are unproven and should only be 
tried in patients who fail standard treatment. Pa
tients with thrombotic thrombocytopenic purpura 
are best managed in conjunction with a 
hematologist. 

The prognosis with this regimen has improved 
mortality from the 95% rate before 1970 and the 
50% rate between 1970 and 1980 [87,88]. Currently, 
response rate and overall survival are about 80% 
[66,81,82,87]. Anywhere from 2 to over 30 plasma 
exchanges (average about 12) may be required to 
obtain a remission [66, 81, 82, 89], and anywhere 
from one to thirteen days of treatment (average 5 
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days) may be needed to see an increase in platelet 
count. Neurological improvement often begins 
after two days, and a 50% decrease in lactic 
dehydrogenase after three days of treatment [66]. 
Recovery of renal function usually is obtained in 
one to five weeks after initiating treatment [66, 89, 
90]. Permanent neurological deficits or seizure 
disorders may occur despite hematologic resolution 
[66]. Death usually is caused by cerebral involve
ment and is preceded by seizures and coma [91]. 

About 30% of patients have anywhere from one 
to six relapses, which can usually be managed suc
cessfully with plasma exchange; splenectomy may 
induce a long remission in frequently relapsing pa
tients [81]. 

Acute cortical necrosis 
Acute cortical necrosis has become an unusual 
cause of renal failure in the developed world and 
obstetric cases are now quite rare [92]. The major 
factors responsible for prevention of this condition 
are undoubtedly more prompt and effective reple
tion of blood and fluid losses, better management 
of infections, increased proportion of hospital 
births, better prenatal care and the marked 
decrease in illegal abortions [92, 93]. 

There is no specific treatment for acute cortical 
necrosis. Patients with acute cortical necrosis are 
often critically ill and many die early on of sepsis 
and other complications. Of those cases surviving, 
about 25% require chronic hemodialysis. Other pa
tients experience partial improvement of renal 
function for up to a year; some patients requiring 
dialysis may be able to come off even after months 
of oliguria [93-95]. 

Large Vessel Involvement 

Renal artery stenosis 
The treatment of renal artery stenosis is correction 
by percutaneous transluminal angioplasty or 
surgery. However, before deciding that a given pa
tient should undergo one of these procedures, one 
must consider the factors that increase the risk of 
complications and those that militate against a 
subsequent improvement in GFR. 

The risk of angioplasty or surgery rises with the 
overall debility of the patient from a nutritional, 
cardiac or other standpoint. Cholesterol emboli 
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and other complications are more common when 
angioplasty is carried out via aortas with wide
spread endophytic atheromatosis or with large 
aneurysms [96]. Surgical mortality is greater in op
erations on badly diseased aortas [97], in combined 
repairs of renal arteries and the aorta [98-100], and 
in patients with left ventricular hypertrophy and 
extrarenal atherosclerotic disease [10 1]. 

Certain circumstances reduce the chance that 
correction of the stenosis will improve renal func
tion. An initial Scr of greater than 3 mg/dl (265 
p.mollL) or the need for dialysis forecasts a lower 
success rate of both surgery and angioplasty; only 
30% or less of such patients have a fall in Scr [96, 
98, 102, 103]. An improvement of Scr is even less 
likely in such patients, if they have a stenotic renal 
artery on one side and a normal renal artery on the 
other [96, 101, 104]. In these cases the marked 
azotemia indicates that neither the ischemic kidney 
nor the well perfused kidney are functioning well, 
and that probably both sides have nephrosclerosis 
or some other irreversible intrinsic process. With 
angioplasty a higher technical failure rate is seen 
with total renal artery occlusions or with osteal 
lesions' [105], although some workers have had 
good success in these situations [96, 103]. Another 
drawback in the use of angioplasty is that 
restenosis occurs in up to 50% of patients within 
one year of the procedure [106,107]. This compares 
to a less than 15% occurrence of restenosis or 
thrombosis following vascular surgery [97, 100]. 

The proportion of cases experiencing a fall in 
Scr is about 40% after angioplasty, and somewhat 
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higher (37 to 77%) following surgery (Table 18.5). 
Presumably, favorable outcomes are precluded in 
many cases by nephrosclerosis, ischemic atrophy, 
cholesterol emboli, or other parenchymal disease. 
In addition, inability to dilate the stenosis and 
traumatic renal artery occlusions are responsible 
for some of the failures with angioplasty [96, 102, 
103], while thrombosed grafts and anastomoses 
adversely affect the results with vascular surgery 
[98, 100, 109]. 

The lower success rate of angioplasty (compared 
to surgery) is probably balanced by a lower mor
bidity and mortality. Surprisingly, recent series 
show that serious complications after angioplasty 
(e.g. renal artery perforation, cholesterol emboli) 
occur almost as often as they do after surgery 
(Table 18.5). This is possibly due to the selection of 
lower risk cases for vascular surgery than for 
angioplasty. 

With the modest rate of success in improving Scr 
and the significant level of risk, the decision to rec
ommend angioplasty or vascular surgery for renal 
failure caused by renal artery stenosis is often not a 
simple one. Given the number of factors affecting 
outlook, each case must be considered individually. 

Patients who are at the highest risk for complica
tions are best not subjected to a corrective pro
cedure, even if they will need dialysis. In cases with 
advanced azotemia (Scr greater than 3.5 mg/dl or 
309 p.mollL), the frequent lack of success in improv
ing Scr militates against doing angioplasty or 
surgical reconstruction in all but the lowest risk 
candidates. Individuals with mild and stable 

Table 18.5. Correction of renal artery stenosis: benefits and risks of surgery and angioplasty in recent series 

Percent of patients with 

Total patients Improved Scr Major complications Fatal outcome Reference 

Surgery 46 58 15 0 108 
17 76 24 12 109 
43 37 12 7 98 
17 77 29 0 110 

Combined results 123 56 18 4 

Angioplasty 19 16 25 8 108 
79 43 8 I 96 
17 41 12 6 103 
60 40 IS 0 102 

Combined results 175 40 13 4 
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azotemia (Scr less than 2 to 2.5 mg/dl or 177 to 221 
",mollL) and controlled hypertension can be cor
rected right away or, alternatively, may be 
observed under medical management. Several of 
these individuals will die early on of extrarenal 
atherosclerotic disease, since the mortality rate is 
about 10% per year in this population [100, 107]. At 
the same time many, perhaps the majority, will not 
experience a rise in Scr for several years [111]. The 
best candidates for a corrective procedure are those 
with low risk and a Scr between 2.0 and 3.5 mg/dl 
(177 and 309 ",mollL). Angioplasty is the preferred 
procedure unless the patient has a severely diseased 
aorta, in which case a surgical approach that avoids 
the aorta might be considered. With an osteal le
sion or a complete renal artery occlusion, surgery 
may be performed either initially or in the case that 
angioplasty fails. It has been recommended that 
surgical candidates have screening for and correc
tion of coronary or cerebrovascular disease before 
undergoing renovascular repair [97]. In addition, 
aortorenal bypass should be avoided when the aor
tic wall is markedly irregular; other revasculariza
tion techniques such as splenorenal bypass may be 
used [97]. 

Renal infarction 
The most important measure we have to prevent 
renal infarction is the prevention of emboli in pa
tients with atrial fibrillation using prophylactic 
heparin or warfarin. In addition, even in the ab
sence of atrial fibrillation, patients with renal or 
other emboli from the heart, occurring for example 
after a myocardial infarction, should also be an
ticoagulated to prevent further emboli. 

Surgical embolectomy, systemic or intra-arterial throm
bolytic agents, and percutaneous transcatheter aspiration of 
the clot may reestablish blood flow after renal embolization. 
However, these modalities do not prevent renal infarction. 
Irreversible renal infarction occurs within a few hours of 
complete arterial obstruction and is afait accompli when the 
patient first presents. Consequently, the affected kidney fails 
to function and atrophies despite return of renal blood flow 
[112, 113]. Moreover, surgical embolectomy increases mor
tality compared to more conservative approaches [112, 114]. 

The few reports of successful prevention of infarction 
after complete arterial occlusion by procedures that 
promptly reestablish renal blood flow do not stand up to 
scrutiny. In some cases the "rescued" kidney recovered some 
function on intravenous pyelography or radionuclide scan, 
but a reduced GFR or renal size revealed serious permanent 
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damage [115-117]. In other cases the embolus did not com
pletely occlude the renal artery, which together with col
lateral vessels provided enough flow to prevent infarction 
and to keep the kidney tissue viable [112]. In contrast to 
renal artery emboli, preservation of critical blood flow often 
does occur with renal artery thrombosis, because there has 
been progressive renal artery stenosis with development of 
collateral blood supply over months or years before the ac
tual thrombosis occurs [113, 118]. 

Arteriography should be performed in cases 
suspected of renal infarction, ifnot contraindicated 
by the patient's condition. Ideally, arteriography 
will confirm the renal artery occlusion, show any 
preservation of blood flow from partial obstruction 
or collaterals, and will indicate the etiology (em
bolism, thrombosis, dissection). Patients with com
plete arterial obstruction due to an embolus should 
be anticoagulated; tissue infarction in the affected 
kidney has already occurred and function will not 
recover. There appears to be no reason to use 
surgery, intraarterial thrombolytics or translu
minal clot aspiration in this situation [113]. Patients 
with partially obstructing emboli should also be an
ticoagulated; the emboli will be reabsorbed [114] 
and renal function will probably be preserved [112]. 
Intraarterial thrombolytics have produced similar 
results in these cases. However, they cannot be rec
ommended because of the absence of data on their 
risks and benefits compared with those of an
ticoagulation. Patients with an acute thrombosis 
complicating renal artery stenosis and with evi
dence for collateral blood supply should be man
aged as if they have renal artery stenosis as outlined 
in the previous section [118]. 

Renal Vein Thrombosis. Prophylactic oral anti
coagulation can probably prevent renal vein throm
bosis in nephrotic patients. However, it is not clear 
that the benefits of this therapy are greater than the 
risks from iatrogenic bleeding. A recent decision 
analysis concluded that the benefits do outweigh 
the risks [119], but, in the absence of a controlled 
study of such prophylactic anticoagulation, it is not 
generally recommended unless the patient has 
already had a vascular thrombosis or pulmonary 
embolism [120, 121]. 

In an adult, an acute renal vein thrombosis is 
more likely to cause renal failure by reducing blood 
flow rather than by frank infarction, and should be 
treated with thrombolytic therapy. If successful, a 
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rapid fall in Scr will be seen, and anticoagulation 
should be maintained with heparin and then war
farin for six months. The warfarin may be stopped 
before this, if the proteinuria improves and the 
serum albumin concentration rises above 3 gldl (30 
giL). Such an improvement in serum albumin will 
end the hypercoagulable state. 

Thrombolysis may be achieved in different 
ways. Several of the cases described in the literature 
were treated systemically with intravenous strep
tokinase (250,000 IU bolus followed by 100,000 IU 
per hour for 72 hours) [122-124]. Another case re
sponded successfully to intravenous urokinase 
(300,000 IU over 20 minutes. followed by 150,000 
IU per hour for 12 hours) [125]. Still another pa
tient who was anuric recovered a normal Scr with 
intraarterial urokinase at 120,000 IU per hour for 
17 hours, reduced to 50,000 IU per hour for 24 
hours when bleeding occurred [126]. Tissue 
plasminogen activator would probably also be ef
fective, but has not been reported. Each of these 
techniques has theoretical advantages and disad
vantages. A comparative study has not been done. 
These thrombolytic agents are contraindicated by 
active bleeding, recent surgery or trauma, in
tracraniallesions and history of a cerebrovascular 
accident. The risk of bleeding with thrombolytic 
therapy may also be increased in patients with renal 
vein thrombosis. In one study, three of seven such 
patients so treated died of bleeding complications 
[127]. 

NOTES 

These are caused by aortic plaques rather than by renal 
artery atherosclerosis. 
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GLOMERULAR CAUSES 
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Acute Nephritic Disease 

Primary glomerular disease 

Idiopathic ( Necrotizing and) Crescentic G N. 
Treatment is most likely to improve GFR early in 
the course of crescentic GN when fewer glomeruli 
are affected, and glomerular healing is possible be
cause crescents are still small and cellular. Within a 
few weeks of onset of rapidly progressive disease, 
crescents may become fibrotic and completely cir
cumferential, glomeruli obsolescent and renal 
failure irreversible. Thus, the diagnosis by renal 
biopsy and the initiation of treatment should be 
carried out with some urgency. When crescentic 
GN is suspected, some physicians will start im
munosuppressive treatment or even plasma
pheresis before having a histologic diagnosis, es
pecially if unavoidable circumstances, like high risk 
of bleeding, delay the renal biopsy. This practice of 
treatment before diagnosis should be used infre
quently, since the biopsy might reveal a disease, for 
which the treatment is not helpful, such as chronic 
GN, or a lesion for which immunosuppressives 
might be harmful, such as A TN due to sepsis. 

The treatment of crescentic GN varies with the 
immunofluorescent pattern (see Chapter 11). Man
agement of patients with a linear pattern of IgG 
deposition due to anti-GBM antibodies is 
discussed below in the section on Goodpasture's 
syndrome. 

Patients with pauci-immune or immune complex 
patterns are both treated with I g methylpred
nisolone, given intravenously over 30 minutes each 
day for three successive days. Such pulse therapy 
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may cause slight rises in blood pressure, temporary 
glucose intolerance, facial flushing, headache and 
bitter taste [1]. The pulse is followed by oral pred
nisone, 60 mg per day, for a month, although some 
authorities recommend an alternate day dosing of2 
mg/kg as a way of reducing adverse effects [2]. The 
prednisone is then tapered and discontinued, 
gradually over three or more months if there has 
been a clinical response, and more rapidly if there 
has been no response. Initially, patients started on 
corticosteroids must be monitored at least weekly 
for hyperglycemia, hypertension, volume overload, 
hypokalemia, and change in Scr. Patients should be 
warned about changes in facial appearance, mood 
and appetite, and should be instructed to promptly 
report symptoms of infection or peptic ulcer. 
Dietary counseling may be necessary in order to 
avoid weight gain. Cataracts, acne vulgaris, aseptic 
necrosis and osteoporosis with fractures are other 
possible complications of long-term cortico
steroids. In order to prevent osteoporosis due to 
long-term corticosteroids, weight bearing exercise 
should be encouraged, and estrogen replacement 
should be given in women with ovarian failure or 
menopause [3]. Calcium deficits can be prevented 
by ensuring adequate vitamin D intake, and giving 
calcium supplements to achieve an intake of 1200 
to 1500 mg per day. Ifa diuretic is needed, thiazides 
are preferred over furosemide. 

Plasmapheresis does not generally improve the results of 
treatment when added to a regimen of corticosteroids and 
cytotoxic drugs [4, 5]. Nevertheless, as an alternative to 
discontinuing treatment in patients without a response to 
corticosteroids, some authorities recommend adding 
cyclophosphamide and plasmapheresis [5, 6]. Typically, the 
cyclophosphamide is given orally, 1-2 mg per day, for three 
weeks or until the Scr falls, if sooner. Plasmapheresis con
sists of replacement of one plasma volume, about 5% of 
body weight, with the same volume of albumin and saline. It 
is performed three times per week for three weeks or until the 
Scr falls, if sooner. In support of adding plasmapheresis with 
a cytotoxic drug is a report that adding plasmapheresis im
proved renal function in three out of five cases who had not 
responded to the initial therapy of azathioprine, 
cyclophosphamide and corticosteroids [7]. However, the im
provement in renal function seen in dialysis-dependent pa
tients treated with plasmapheresis (77% of cases) [5] was 
about the same as in a similar group treated with pulse 
methylprednisolone and oral prednisone (70% of cases) [2]. 
Furthermore, plasmapheresis is only thought to be effective 
when used with cytotoxic drugs, and these drugs are associ
ated with a 19% incidence of infection, almost half of cases 
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being fatal [7-10]. In comparison, in one report pulse 
methylprednisolone and oral prednisone had only a 7% in
cidence of infection [2]. Thus, it would seem prudent to 
avoid plasmapheresis and cytotoxic drugs in idiopathic 
crescentic GN, given the questionable advantage and greater 
toxicity of this therapy. 

The response of azotemia caused by crescentic GN 
to treatment is similar in the pauci-immune and im
mune complex types [2, 8-10]. A worse prognosis is 
observed with oliguria, high initial Scr, high 
percentage of crescents (>80%), particularly if 
they are fibrocellular, and a high percentage of ob
solescent glomeruli (>33%) [2, 4, 9], but some 
studies found no predictive value of oliguria or a 
high percent of crescents, especially if patients re
ceived pulse methylprednisolone [2, 8, 10]. With 
pulse methylprednisolone 79% of cases of crescen
tic GN had an improvement in Scr, including 70% 
of those requiring hemodialysis [2]. A fall in Scr is 
usually noted within a week of the pulse. Following 
a response to treatment a variable number of pa
tients lose renal function again, and progress to end 
stage renal disease [2, 8, 9] or have a relapse that re
sponds once more to therapy [8]. There is a sugges
tion that the late deterioration of renal function 
may be prevented with long-term immunosuppres
sion [8, 9], but it is not clear if the benefit of the pro
longed medication outweighs the added risk. Thus, 
while relapses should be retreated, long-term im
munosuppression is not recommended. 

IgA Nephropathy. This condition produces an 
acute nephritic picture with azotemia in less than 
12% of patients [11-14]. Most of these cases are 
males and are characterized by prodromal 
pharyngitis, gross hematuria and spontaneous 
recovery over 2 to 20 weeks. In addition to the 
underlying IgA nephropathy, the renal biopsy typi
cally shows red cells in the tubules, acute tubular 
necrosis and few (0-30%) crescents [15, 16]. After 
identifying such a case, the physician should man
age the renal failure with the usual measures (see 
Chapter 16) in anticipation of a spontaneous 
recovery of function. On the other hand, a smaller 
group of nephritic patients is characterized by a 
crescentic IgA nephropathy (30 to over 90% 
crescents) on renal biopsy and progressive renal 
failure. Many patients already have irreversible 
changes (25 to 50% sclerotic glomeruli) when they 
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are biopsied, and usually do not respond to cor
ticosteroid or cytotoxic therapy [17, 18]. Neverthe
less, since treatment sometimes produces partial 
recovery of renal function [19-21], if extensive ir
reversible lesions are not present on renal biopsy, 
the physician should consider a trial of pulse 
methylprednisolone followed by oral prednisone 
(see above - Idiopathic Crescentic GN). 

Membranoproliferative GN. This entity sometimes 
causes an acute nephritic syndrome with azotemia. 
For the most part, there is no treatment available 
for these patients, who may either improve spon
taneously or progress to end stage renal disease (see 
Chapter 11). Nevertheless, an occasional case will 
have a crescentic GN complicating the underlying 
membranoproliferative GN [22]. Such patients 
may respond to pulse methylprednisolone followed 
by oral prednisone (see above - Idiopathic Crescen
tic GN) [23]. For management of membrano
proliferative GN associated with hepatitis C virus 
infection, see Essential Mixed Cryoglobulinemia 
below. 

Secondary glomerular disease 

Poststreptococcal and Other GN Associated with 
Infection. The treatment of these conditions 
primarily involves the prompt diagnosis and 
eradication of the causative infection. This may en
tail surgical interventions such as drainage of 
abscesses, replacement of a heart valve, or removal 
of a ventriculo-atrial shunt [24, 25], in addition to 
medical therapy with specific antibiotic regimens. 
Control of infection stops the production of 
microbial antigens and the glomerular deposition 
of antigen-antibody complexes, and permits 
glomerular healing to occur. Because of the im
munologic and inflammatory nature of the 
glomerular lesions, it has been suggested that im
munosuppressive or anticoagulant therapy may 
have an ancillary role, particularly, if there are 
crescents involving more than half the glomeruli 
[24, 26-29a). No study has been done to evaluate 
such treatment in post-infectious GN, but it is more 
generally believed that the renal prognosis is so 
good with effective eradication of the infection that 
not enough additional benefit accrues from im
munosuppressive or anticoagulant therapy to 
justify the added risk [30, 31]. Infections are also 
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more difficult to control when immunosup
pressives are used. However, if the renal biopsy 
shows cellular crescents and recovery of renal func
tion does not occur after successful treatment of an 
infection, a trial of pulse methylprednisolone fol
lowed by oral prednisone might be considered (see 
above - Idiopathic Crescentic GN). 

The prognosis of post streptococcal GN with 
azotemia is quite good with over 75% of patients 
having a normal Scr after two to three months 
[32-34]. Patients with diffuse crescent formation 
tend not to recover renal function and to progress 
to end stage renal failure [33-35], although many 
patients with predominantly small, cellular 
crescents are able to recover renal function [36]. 
With modern drug and dialytic therapy, deaths due 
to uremia, acute pulmonary edema and hyperten
sive crisis are now rare. 

Bacterial endocarditis is thought to be prevented 
by giving prophylactic antibiotics to susceptible in
dividuals during procedures known to cause 
bacteremia, such as dental extraction. Although 
the effectiveness of this is not known, it sems pru
dent to follow recommendations for prophylaxis as 
outlined in standard textbooks or recent articles 
[37, 38]. 

The prognosis of GN caused by bacterial en
docarditis is marked by greater than 30% mortality 
rate due to unremitting infection and other com
plications [39]. In surviving patients, Scr usually 
peaks during the first two weeks, if not during the 
first few days of antibiotic treatment, and partial or 
complete recovery usually ensues [39]. However, 
some individuals develop significant chronic renal 
failure or require dialysis; they usually have an in
itial Scr greater than 3 mg/dL (265 ILmollL) and on 
renal biopsy have crescents involving more than 
half the glomeruli [39]. 

GN associated with visceral abscesses has a similar 
prognosis to that of GN in bacterial endocarditis. 
A certain number of patients succumb to persistent 
infection. Most other individuals show varying 
degrees of recovery, except those with delayed con
trol of infection or marked crescent formation who 
go on to chronic renal failure [24]. 

Shunt nephritis is largely prevented nowadays by 
the use of ventriculoperitoneal shunts. 

When shunt nephritis occurs in an individual 
with a ventriculoatrial shunt, therapy involves 
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complete shunt replacement, systemic and in
traventricular antibiotics [25]. 

Azotemia completely resolves in most cases 
when the infection is controlled. Less than 10 per
cent of patients are left with chronic renal failure, 
due in large part to a delay in diagnosis and the ex
tensive scarring that has occurred by the time that 
treatment is instituted [40, 41]. 

Lupus Nephritis. Prevention of exacerbations of 
lupus may reduce the occurrence oflupus nephritis. 
This can be accomplished in some cases by reduc
ing exposure to sunlight with sunscreen, appropri
ate dress and moderation of outdoor activity, and 
by avoiding or minimizing pharmacologic doses of 
estrogens, as in oral contraceptives. 

Individuals with azotemia due to lupus nephritis 
present three therapeutic problems. The first is 
treatment of extrarenal symptoms. Fatigue is man
aged with increased rest. Skin involvement may re
spond to oral hydroxychloroquine, 200 to 600 mg 
per day. Arthritis, serositis and fever can often be 
controlled with nonsteroidal anti-inflammatory 
drugs, which, however, may cause a vasomotor 
type of renal insufficiency, and must be used with 
caution [42, 43]. If nonsteroidals do not improve 
the symptoms oflupus, oral prednisone, 20 to 30 mg 
per day, is usually effective. After extrarenal 
manifestations are controlled, the dose should be 
gradually tapered to an alternate-day schedule if 
symptoms permit. Consultation with a rheuma
tologist is often helpful in treating manifestations 
of lupus, and is essential in the management of 
major extrarenal organ involvement, such as lupus 
cerebritis. 

The second therapeutic problem is induction of 
a remission of the acute nephritic syndrome. This 
picture is most often associated with the diffuse 
proliferative form oflupus nephritis, and less often 
with the focal proliferative and membranous forms 
[44, 45]. The goal of the'fapy is improvement in 
renal function through a decrease in cellular pro
liferation and other histologic activity. The classic 
treatment is oral prednisone, 60 mg per day [46]; 
large individuals may take 1 mg/kg per day. Scr 
may continue to rise for one to two weeks before 
responding to therapy, and take several weeks to 
return to baseline. At this point, the prednisone is 
slowly tapered over two to four months. A low dose 
(0.2 to 0.4 mg/kg/day) may be continued long-term 
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to control extrarenal symptoms. During steroid 
withdrawal lupus flares are common, and should 
be managed by returning to the previous dose of 
prednisone for up to several weeks. These flares 
must be distinguished from manifestations of 
steroid withdrawal, which last one to three days, 
and may include fever, hypotension, malaise and 
joint symptoms. (For adverse effects of cor
ticosteroids and recommended precautions see 
above - Idiopathic Crescentic GN). 

If Scr is still rising after one to two weeks of oral 
prednisone therapy, pulse methylprednisolone treat
ment should be considered. This was described 
above in the section on idiopathic crescentic G N. 
Oral prednisone is stopped during the pulse and 
then continued at 60 mg per day afterwards. Pulse 
methylprednisolone is relatively safe, and is be
lieved to return deteriorating renal function to 
baseline more quickly than oral prednisone alone 
[47]. Although a fall in Scr may be seen in a day or 
two, this may not occur for several weeks, and max
imum improvement in GFR often takes months 
[48-50]. Chronic azotemia is usually due to irrever
sible glomerular scarring and tubular atrophy, and 
is unlikely to respond [48]. Proteinuria improves 
over months and eventually resolves in about half 
of cases [49]. 

One study that compared pulse methylprednisolone fol
lowed by oral prednisone to oral prednisone alone showed 
that the pulse treatment returned the GFR to baseline in 17 
± 11 weeks compared with 29 ± 17 weeks for oral prednisone 
alone; final GFR's were not different between the groups 
[50]. Another study showed better overall control of lupus 
activity two weeks after pulse treatment than two weeks after 
starting oral prednisone alone; however, four weeks after 
starting therapy, lupus activity was equally well controlled in 
the two groups [51]. 

Most patients will experience a fall in Scr with oral 
or intravenous steroids [48, 52]. The proper man
agement of patients whose renal function does not 
improve after three or four weeks of corticosteroids 
is uncertain. Intravenous or oral cyclophospha
mide is often used together with prednisone in such 
individuals, who may subsequently have a fall in 
Scr. It is not known, however, if the improvement 
is due to the cyclophosphamide or merely to a 
delayed effect and additional duration of oral pred
nisone. Remarkably, the only controlled study that 
looked at the remission of azotemia in lupus 
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nephritis showed no advantage of adding oral 
cyclophosphamide to steroids [52]. Meanwhile the 
adverse effects of cyclophosphamide are well
known, and include nausea, vomiting, alopecia, in
fection, ovarian failure, malignancy and hemor
rhagic cystitis [53-56]. Thus, the benefit, if any, of 
cyclophosphamide may not outweigh its risk. Until 
further information becomes available, the physi
cian may with clear conscience choose any of the 
following regimens to attempt to improve refrac
tory azotemia: continue oral prednisone alone in 
the hopes of a late response, give a second course of 
pulse methylprednisolone, or start monthly doses 
of intravenous cyclophosphamide [53, 57]. Oral 
prednisone is continued in the latter two protocols. 
Intravenous cyclophosphamide is given as 0.5-1.0 
glm2 over 60 minutes, one dose monthly for six 
months. The 0.5 glm2 dose is used initially if the 
GFR is less than 33 mllmin. The dose is raised to 1 
glm2, as long as white blood cell counts do not 
drop below 2500/mm3 on days 7 tol4 after treat
ment; the dose is lowered if white counts do drop 
below 2500/mm3• The infusion of cyclophos
phamide is followed by 2 Llm2 of 0.45% saline over 
24 hours. Antiemetics, such as ondansetron 
hydrochloride, should be employed as necessary. 
After six monthly doses, some recommend a dose 
every three months to prevent exacerbations [57]. 

In 1989 Lin et al. reported nine children with lupus nephritis 
and azotemia refractory to oral prednisone, pulse 
methylprednisolone anj eight weeks of oral 
cyclophosphamide [58]. A five day course of intravenous 
human r-globulin, 400 mglkglday, was administered. Scr feU 
within one to two weeks in all cases. The mean Scr was 3.6 
± 1.7 mgldL before r-globulin and 1.2 ± .7 mgldL after
wards; minimal toxicity was noted. Although, ideally one 
should await confirmatory studies, given the impressive 
results and minimum toxicity reported here, one might con
sider this treatment in some cases of refractory lupus 
nephritis with azotemia. 

The third therapeutic problem in individuals with 
azotemia due to lupus nephritis is the long-term 
prevention of end stage renal failure. Most patients 
who progress to end stage fit into two groups 
[59-61]. One group has little extrarenal lupus ac
tivity, chronic inactive renal histology and slowly 
progressive renal failure. The second group has ac
tive extrarenal disease, active lupus nephritis, and 
rapidly progressive renal failure. Some of this latter 
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group require long-term dialysis, while others 
recover renal function. This recovery of GFR may 
be observed with either an increase [59] or decrease 
[60] in immunosuppressive therapy. 

Controlled studies from the National Institutes 
of Health (N.I.H.) suggested that combining oral 
prednisone with cyclophosphamide in
travenously, orally or together with azathioprine -
preserves renal function over the long term better 
than does oral prednisone alone [62]. Complica
tions occurred in all groups, but were most com
mon with oral cyclophosphamide [55,57,62]. The 
authors concluded that the benefit of the cytotoxic 
drugs outweigh their risk. These findings have been 
accepted by most practicing nephrologists and 
rheumatologists, who commonly incorporate 
cytotoxic drugs into the management of lupus 
nephritis. Nevertheless, due to flaws in the studies, 
reservations exist as to whether the data from the 
N.I.H. justify the authors' conclusions [54, 63, 64]. 

Inadequacies in the studies are: (1) The groups are not 
histologically homogeneous; 27% of cases either do not have 
a renal biopsy or do not have a proliferative class of lupus 
nephritis and should have been excluded. (2) There are only 
12 patients with diffuse- or membrano-proliferative 
histology in the prednisone control group; if one or two of 
these patients had had better outcomes, the study might have 
had a different conclusion. (3) The initial mean Scr in all the 
groups was normal, which reduces the value of the study in 
drawing conclusions about the drug treatment of azotemic 
patients. (4) The intravenous cyclophosphamide protocol in
itially described in 1982 [65] was later made more aggressive 
[62], and sti11later more aggressive again [57]; only time will 
fully reveal the long-term toxicity and overall benefit of this 
recent protocol. (5) It is possible that patients who respond 
promptly to oral prednisone are generally not referred to the 
N.I.H. for study, which would obscure the fact that many in
dividuals with lupus nephritis do well with prednisone alone. 
(6) The authors do not seem to fully weigh the toxicity of the 
cytotoxic agents in drawing their conclusions about their 
overall benefits. (7) There are not enough cases to perform 
subgroup analysis in order to adjust the results for charac
teristics that affect the prognosis of lupus nephritis, such as 
hypertension and race. 

Also, in disagreement with the N.I.H. results is a 
study from the Mayo Clinic, which showed no 
reduction in end stage renal disease with the ad
dition of oral cyclophosphamide to oral prednisone 
[54]. Finally, although the N.I.H. study found no 
benefit of adding azathioprine to prednisone [62], 
an analysis of pooled data from several studies 
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showed that azathioprine preserved renal function 
when combined with oral prednisone [66]. 

In summary, the N.I.H. results suggest that long
term cyclophosphamide reduces the occurrence of 
chronic renal failure in lupus nephritis. However, 
due to weaknesses in the studies, the risks of 
cyclophosphamide and lack of confirmation by the 
Mayo Clinic group one cannot justify the 
automatic use of cyclophosphamide to obtain or 
maintain a remission oflupus nephritis. If one is to 
employ cytotoxic drugs, it seems prudent to reserve 
them for those cases not easily controlled with cor
ticosteroids. Many patients respond to oral pred
nisone and then may be managed with nonsteroidal 
anti-inflammatory drugs or low dose oral pred
nisone for flares of extrarenal lupus activity. Acute 
relapses oflupus nephritis with azotemia should be 
retreated with oral prednisone, 60 mg per day. If 
this second episode does not respond easily to cor
ticosteroids or if the patient has a third episode, one 
may consider adding oral azathioprine, I mg/kg per 
day, or intravenous cyclophosphamide, given as 
described above [57]. Before agreeing to cytotoxic 
treatment, the patient should be informed about 
the toxicity of these drugs, and the lack of clear evi
dence of their efficacy. Azathioprine's main danger 
is bone marrow suppression and increased risk of 
infection; it appears safer than cyclophosphamide, 
which has these plus several additional adverse ef
fects (see above). Patients who have slowly pro
gressive renal insufficiency in the absence of 
clinical lupus activity should not receive im
munosuppressive treatment, since the histologic 
picture is unlikely to show acute treatable lesions. 
In questionable cases repeat renal biopsy may be 
performed to distinguish patients with extensive 
glomerular scarring and tubular atrophy from 
those with reversible changes, such as glomerular 
hypercellularity, immune complex deposition or 
active interstitial nephritis. It is thought that some 
non-immunologic mechanisms responsible for pro
gression of chronic renal failure may be 
ameliorated by control of hypertension, use of con
verting enzyme inhibitors and other means; these 
modalities should be used as appropriate (see 
Chapter 17). 

The probability of patients with lupus nephritis 
progressing to end stage renal disease is increased 
by male sex, young age, hypertension, overall 
clinical activity of lupus, elevated Scr at presen-
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tation, severity of serologic and renal histologic ab
normalities, and perhaps by black race, although 
not all studies show this [67]. The diffuse pro
liferative and membranous histologic classes have a 
worse prognosis, and progress to end stage in about 
20% of patients (Table 18.6). 

Regarding the prognosis oflupus nephritis com
plicated by renal failure, about 80% of patients re
spond initially to treatment with an improvement 
in GFR, and a lack of response predicts pro
gression to end stage [52, 69]. About half of respon
sive patients have a prompt fall in Scr, while the 
other half have a fall in Scr only after a month or 
more, even with pulse methyprednisolone [69]. Life 
table analysis shows that after five years of disease 
40-72% of patients initially having azotemia pro
gress to end stage renal disease [54, 70, 71]. 

Polyarteritis Nodosa. Ideally, the physician should 
manage patients with this condition together with a 
rheumatologist. Polyarteritis nodosa is treated 
with corticosteroids. With more severe renal 
disease, (Scr higher than 3 mg/dL or crescents in
volving more than 30% of glomeruli) pulse 
methylprednisolone followed by oral prednisone 
should be used [2], and oral prednisone alone can 
be used in less severe cases (for administration and 
adverse effects of methylprednisolone and pred
nisone see above - Idiopathic Crescentic G N) [2, 
72-74]. 

The literature concerning if or when to use additional treat
ment is conflicting. On the one hand, there are some 
reports of patients that have not responded to cor
ticosteroids alone who improve following addition of 
cyclophosphamide or other immunosuppressives [75-79]. 
On the other hand, most studies comparing corticosteroids 
as initial treatment to corticosteroids plus an adjunctive 
modality show little advantage of adding cyclophosphamide 

Table 18.6. Influence of histologic class on progression to 
ESRD after a mean of 8 to 12 years of observation [67, 68] 

Total Patients with 
patients ESRD (%) 

Mesangial 26 4 
Focal proliferative 24 0 
Diffuse proliferative 128 19 
Membranous 26 23 

ESRD - end stage renal disease. 
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[72, 80-85] or plasmapheresis [7, 80, 84, 85]. One of these 
studies found that adding cyclophosphamide reduced the 
chance of relapses, but without improving survival [81], and 
another study found that plasmapheresis together with oral 
immunosuppression led to an improvement in Scr in more 
dialysis-dependent patients than did oral immunosuppres
sion alone [84]. However, compared with plasmapheresis, 
pulse methylprednisolone followed by oral prednisone may 
be equally or more effective in dialysis-dependent patients 
[2]. 

In patients with unrelenting vasculitis or acute 
nephritic syndrome after several weeks of cor
ticosteroid therapy, one should consider adding 
cyclophosphamide. Cyclophosphamide is given 
orally starting with 2 mglkg per day, and the dose is 
adjusted to avoid thrombocytopenia and white 
blood cell counts below 4,000/mm2. When disease 
actlVlty has stopped, the prednisone and 
cyclophosphamide should be tapered over several 
months and discontinued, although low doses of 
one drug may be needed to maintain the remission 
in some cases. Some physicians may wish to add 
plasmapheresis to cyclophosphamide in dialysis
dependent patients. This typically consists of an ex
change of one plasma volume for an equivolumic 
amount of albumin and saline, three times a week 
for three weeks. However, the risk and high cost of 
plasmapheresis probably outweigh its benefit, since 
an advantage over pulse methylprednisolone has 
not been shown. In patients in whom the principal 
threat of the vasculitis is end stage renal failure, 
dialytic management m~y be more prudent than 
aggressive measures to suppress the immune 
system. This is especially so if the renal biopsy 
shows extensive irreversible glomerular scarring 
and tubular atrophy. In such cases, one should give 
only enough immunosuppressives to control ex
trarenal manifestations. 

When polyarteritis nodosa is associated with 
hepatitis B viral infections, antiviral therapy with 
ribavirin or interferon alfa should be considered 
[86]. 

The prognosis of the microscopic and classic 
forms of polyarteritis nodosa taken together is for 
about 75 to 80% of treated patients to undergo a 
remission within the first three to six months [78, 
87]. Unfortunately about a quarter of these in
dividuals experience a relapse, which may involve 
worsening renal function, between 5 and 68 months 
after diagnosis [78, 87]. Relapses occur when im-
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munosuppressive drugs have been reduced in dose 
or stopped. They are managed by intensifying or 
reintroducing treatment - with good results in a 
majority of cases [78, 87]. After a few years of 
follow-up, the mortality rate in polyarteritis 
nodosa is between 20 and 40%. Many deaths are 
from lung hemorrhage and infarction of tissues, 
such as myocardium and bowel, and about a third 
of deaths are caused by infectious complications of 
therapy [78, 84, 87-89]. Renal failure usually im
proves with treatment, but a minority of in
dividuals have irreversible renal failure and require 
chronic hemodialysis [78, 84, 87, 89]. 

Wegener's Granulomatosis. Physicians who over
see the management of this condition often coor
dinate the care of the patient with a rheumatolo
gist, nephrologist, or pulmonologist, depending on 
which organ systems are involved. Wegener's 
granulomatosis should be treated with oral pred
nisone, 60 mg per day (or I mglkg per day in larger 
individuals), and oral cyclophosphamide, 2 mglkg 
per day, with the dose adjusted to avoid throm
bocytopenia and white blood cell counts below 
4,000/mm3. Pulse methylprednisolone should be 
added if the Scr is higher than 3 mg/dL or crescents 
involve more than 30% of non-sclerosed glomeruli 
on biopsy (for administration and adverse effects of 
pulse methylprednisolone and prednisone - see 
above Idiopathic Crescentic GN). In patients with 
fulminant disease an increase in the cyclophospha
mide dose to 3 to 5 mglkg per day might be con
sidered [90], but if worsening renal failure is the 
major problem, it should be managed with dialysis 
rather than escalation of immunosuppression given 
the risks of cyclophosphamide (see below). After 
four to eight weeks at 60 mg per day the dose of oral 
prednisone is gradually tapered and discontinued 
over three or more months, if the disease is quies
cent. Once a remission is achieved, the cyclophos
phamide is continued for one year as maintenance 
therapy, and then tapered by 25 mg decrements 
every two months until it is stopped or the disease 
recurs. 

Cyclophosphamide may produce nausea, 
malaise and other complications (Table 18.7). If 
any of these side effects becomes a problem or fear 
of them is an issue, the physician may wish to con
sider an alternative to long-term cyclophospha
mide therapy. Azathioprine is not effective in pro-

211 

ducing remissions, but in some cases can maintain 
the remission once it is achieved [91, 92]. Therefore, 
once disease activity disappears cyclophosphamide 
may be stopped, and azathioprine, 1 to 2 mglkg per 
day, may be started. It is continued for one year 
and then gradually tapered in 25 mg decrements 
and discontinued. 

Relapses of Wegener's granulomatosis are 
managed by intensifying or reintroducing pred
nisone and cyclophosphamide. 

An initial response to treatment of Wegener's 
granulomatosis may be seen in 5 to 10 days, and up 
to 90% of patients experience a partial or more 
often, a complete remission within one to two years 
of therapy [87, 90, 91, 93]. The majority of patients 
with renal failure have improvement of azotemia 
with treatment. While the Scr falls to normal in 
many cases, recovery of function is often in
complete in patients with severe renal failure [84, 
89,91,93,94]. Relapses of disease, often with renal 
deterioration, occur in about half of patients 
anytime from 3 months to 16 years after diagnosis 
[87,90]. Between fulminant nephritis unresponsive 
to therapy and gradual loss of GFR over several 
years, 10 to 20% of patients develop end stage renal 
failure [87, 89; 90, 93]. Deaths may be associated 
with initial treatment failure and continue to occur 
due to relapsing or smoldering disease, so that by 
eight years after the diagnosis, mortality reaches 
between 20 and 50% of patients [87, 90, 95]. 

Table lB. 7. Complications of cyclophosphamide reported in 
patients with Wegener's granulomatosis [90] 

Complication Incidence (%) 

Ovarian failure 57 
Serious infection' 46 
Cystitis 43 
Alopecia 17 
Pulmonary insufficiency 17 
Bladder cancer 3 
Lymphoma/myelodysplasia 2 

* Infection requiring hospitalization - glucocorticoids are also 
contributory. 
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Henoch-SchOnlein Purpura. Nonsteroidal anti
inflammatory drugs are recommended for joint 
symptoms but, because of their potential adverse 
renal vasomotor effect, ought not be used in the 
presence of azotemia. Oral prednisone, 40 mg per 
day, may dramatically improve arthralgias and ab
dominal pain, and bloody diarrhea and hematuria 
may also subside [96]. Rarely gastrointestinal 
hemorrhage or perforation will require surgery. 
Therapy of the renal lesions is not recommended in 
most cases, because of the low probability of pro
gression to end stage renal disease, and because of 
the adverse effects and lack of demonstrated 
benefit of the various treatments. Nevertheless, 
azotemic patients with extensive glomerular 
necrosis and crescents are at higher risk to go on to 
chronic renal failure [97], and based on anecdotal 
evidence may respond to pulse methylprednisolone 
therapy [96, 98]. Therefore, unless the Scr is im
proving, azotemia should be evaluated with a renal 
biopsy. In patients with more than 25% glomeruli 
involved by segmental necrosis or crescents, pulse 
methylprednisolone followed by oral prednisone is 
recommended (for administration of methylpred
nisolone and prednisone see above - Idiopathic 
Crescentic GN). 

Non-renal manifestations of Henoch-Schonlein 
purpura typically fluctuate for one to six weeks 
before disappearing, but occasionally recurrences 
of the rash and other symptoms can be seen over 
several months or years [97, 99]. At follow-up 
evaluation, half of patients presenting with azo
temia improve to normal renal function, although 
continued urinary abnormalities are common [96, 
100-102]. Patients initially exhibiting more than 
50% crescents on renal biopsy have a 35% chance of 
end stage renal disease [97]. Chronic renal failure 
mainly occurs in individuals who initially present 
with azotemia, but initially non-azotemic patients 
may be affected [101, 102]. End stage renal disease 
may develop during the acute phase of the disease 
or anytime over the ensuing years [97, 102]. 

Essential Mixed Cryoglobulinemia. Palpable pur
pura requires no therapy. Arthralgias may be 
treated with high-dose aspirin or nonsteroidal anti
inflammatory drugs; these agents should, however, 
be avoided in azotemia. Patients with neurologic 
involvement, extensive purpura, cutaneous 
necrosis or an acute nephritic syndrome require ag-
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gressive measures. Since the natural history of the 
disease is characterized by flares and spontaneous 
remissions, the adverse effects of therapy should be 
minimized by treating only at times of severe renal 
or extrarenal disease activity [103]. Pulse methyl
prednisolone followed by oral prednisone is gener
ally recommended [104] (for administration and 
adverse effects of methylprednisolone and pred
nisone see above - Idiopathic Crescentic GN). A 
dramatic improvement in purpura and other ex
trarenal symptoms usually occurs within the first 
week of therapy, and Scr can fall significantly over 
a few weeks [104, 105]. Recurrence ofrenal failure 
may be treated with a second course of pulse and 
oral corticosteroids. For patients with failure to re
spond to or with a contraindication to cor
ticosteroids, a trial of plasmapheresis may be under
taken. This consists of an exchange of one plasma 
volume for an equal volume of albumin and saline, 
three times a week for three weeks [106, 107]. To re
duce the chance of recurrence, some physicians 
would also add oral cyclophosphamide, 2 mg/kg per 
day, for 1 to 6 months with dose reduction for 
thrombocytopenia or white blood cell counts 
below 4,000/mm3• 

For patients with essential mixed cryoglobulinemia associ
ated with chronic hepatitis C virus infection a trial of in
terferon alfa should be considered. This treatment is based 
on reports of 23 patients with essential mixed 
cryoglobulinemia and renal involvement; another patient 
had membranoproliferative GN and a positive test for 
hepatitis C viral RNA, but cryoglobulin was undetectable 
[108, 109]. The usual dose of interferon alfa was 3 X 106 

units subcutaneously three times weekly for 6 to 12 months. 
Most of these individuals became hepatitis C viral RNA 
negative, and showed improvement in skin lesions and renal 
function after interferon alfa treatment. Unfortunately, 
viremia and clinical disease recurred within a year after 
treatment in almost all cases. Retreatment was again effec
tive in three of four cases [109]. Since new studies on the use 
of interferon alfa continue to be published, the physician 
should learn the current recommendations. 

Azotemic patients with essential mixed cryoglobu
linemia typically respond to therapy with a fall in 
Scr, but may subsequently experience one or more 
renal exacerbations [110]. Later in the disease, 
some degree of chronic renal failure is not unusual, 
but fewer than 10% of cases go on to end stage renal 
disease [110]. After ten years of disease a mortality 
rate of 30% has been reported [110]. However, 
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many of the causes of death, such as uncontrolled 
hypertension, and fatal renal failure and infection 
[110], should occur infrequently nowadays with the 
availability of dialysis, modern anti-hypertensive 
drugs, and restraint in the use of immunosup
pressive drugs. 

Goodpasture's Syndrome and Anti-GBM-Mediated 
Crescentic GN. The goal of therapy in both these 
conditions is to arrest pulmonary hemorrhage, if 
present, and prevent further glomerular damage. 
Since tobacco smoking is a cofactor in lung hemor
rhage, cessation of smoking may reduce or prevent 
this complication [111, 112]. The major therapeutic 
measure, however, is to reduce the plasma levels of 
anti-GBM antibodies to zero through immunosup
pression and plasmapheresis. Thus, anti-GBM an
tibody levels should be measured weekly to gauge 
the effectiveness of therapy. Pulmonary hemor
rhage should be followed with chest X-rays and 
hemoglobin levels. 

Treatment varies with the severity of renal 
disease. Patients with no pulmonary hemorrhage 
and milder renal disease (slowly rising Scr less than 
3 mg/dL (265 p.mollL) and crescent formation less 
than 30% of non-sclerosed glomeruli) should 
receive oral prednisone, 60 mg per day or 1 mg/kg 
per day in larger individuals, and oral cyclo
phosphamide, 2 mg/kg per day, with the latter drug 
dose adjusted downward to avoid white blood cell 
counts less than 4,000/mm3 and platelet counts less 
than 100,000/mm3• Treatment is continued for 
eight weeks or until the anti-GBM antibody dis
appears. Then the cyclophosphamide is stopped 
and the prednisone dose is gradually changed to an 
alternate-day schedule and reduced to zero over 
several weeks (for adverse effects of corticosteroids 
and recommended precautions see above -
Idiopathic Crescentic GN). 

The addition of plasmapheresis to immunosuppression 
speeds the fall in anti-GBM antibody levels [113,114]. How
ever, two small controlled studies did not show a clinical ad
vantage of adding plasmapheresis to immunosuppression in 
patients with milder disease [115]. Given the additional risk 
associated with the procedure [10], plasmapheresis should 
probably only be used if Scr is rising rapidly or if it goes 
above 3 mg/dL. 

Patients with more severe renal disease (Scr 3.0 to 
7.0 mg/dL (265 to 620 p.mollL) and 30% crescents or 
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more), should additionally receive plasmapheresis 
(with albumin and saline replacement) until anti
GBM antibodies are twice the background level. 
Schedules used have varied from daily [113] to 
every third day [114]. Three daily plasmaphereses 
of one plasma volume each followed by three 
plasmaphereses per week is a resonable protocol. 

Patients with the most severe renal failure (Scr 
greater than 7 mg/dL (620 p.moI/L) or dialysis
dependence) are very unlikely to recover renal 
function with therapy [2, 111, 113, 116]. Since there 
is a risk of infection, in some cases fatal, associated 
with immunosuppression [8, 113, 114, 117], it is 
prudent to treat these patients [113] in only two 
situations. First, even when renal failure is irrever
sible, pulmonary hemorrhage responds in most 
cases to intravenous methylprednisolone, 1 g per day 
for three days, or plasmapheresis, oral prednisone 
and cyclophosphamide (described above). In pa
tients with pulmonary hemorrhage, 300 to 400 ml 
of fresh frozen plasma should be included in the 
volume of replacement fluid. Second, plasma
pheresis plus immunosuppression has been 
reported to partially reverse renal failure in a few 
patients on dialysis [114, 117-119], and should be 
considered in cases without extensive irreversible 
lesions on renal biopsy. Typically, such individuals 
have preserved urine output, rapidly progressive 
renal failure, and biopsies showing some preserved 
glomerular capillaries. Also, crescents involve less 
than 85% of glomeruli, and are small and cellular 
rather than circumferential and fibrotic [111, 114, 
117,119]. 

With plasmapheresis and immunosuppressive 
treatment anti-GBM antibodies usually disappear 
from the blood by ten weeks and remain undetec
table [113, 114]; recurrences of the disease are un
usual. The prognosis of anti-GBM antibody
mediated disease (Goodpasture's syndrome and 
crescentic GN) is indicated by the combined results 
of seven recent reports representing 202 cases with 
azotemia: 27% of patients improved or stabilized 
without dialysis, 57% had end stage renal disease 
and 16% died; early deaths were mostly caused by 
pulmonary hemorrhage and late deaths by infec
tion associated with the treatment [2, 9, 111, 113, 
114, 116, 117]. 
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Complications of Nephrotic Diseases 

Rapid progression of underlying disease 
The various diseases in this category (Table 11.12) 
do not have specific therapy and should be man
aged with general measures for chronic renal 
failure as discussed in Chapter 17. Two exceptions 
are diabetic nephropathy and light chain deposi
tion disease. 

Diabetic Nephropathy. In order to slow the pro
gression of renal disease, patients with this con
dition should be treated with captopril, 25 mg three 
times a day, regardless of whether they have 
hypertension [120]. Once a day angiotensin conver
ting enzyme (ACE) inhibitors are also likely to be 
effective, but they have not been studied. For con
trol of hypertension one may use higher captopril 
doses, or add diuretics or calcium channel blockers. 
Hyperkalemia may be a complication of either 
diabetic nephropathy or ACE inhibitors, and 
should be managed with a low potassium diet. Note 
that serum potassium levels over 5.5 mEq/L are a 
contraindication to ACE inhibitor therapy. 

Light Chain Deposition Disease. Patients with this 
condition have either an asymptomatic mono
clonal gammopathy or multiple myeloma. The lat
ter cases should be treated for myeloma by a 
specialist in hematology or oncology. Individuals 
without mUltiple myeloma but with Scr less than 4 
mg/dl should also be treated as if they had myeloma 
with melphalan and prednisone in a cyclic fashion. 
Treatment can be stopped if the monoclonal light 
chain disappears from the urine, if the renal failure 
progresses to end stage, or at the end of two years 
there is no improvement. 

Individuals with Scr less than 4 mg/dl at presen
tation often stabilize or even improve their renal 
function, compared with untreated patients who 
usually require dialysis within one to two years 
[121, 122]. Patients with Scr higher than 4 mg/dl at 
presentation typically progress to end stage renal 
failure despite treatment [122]. Patients with mul
tiple myeloma often die of its complications, while 
other patients may succumb to light chain deposi
tion of the heart or other organs [121-123]. 
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Sequela of the nephrotic pathophysiology 

Tubulointerstitial Nephritis in Lipoid Nephrosis. 
This complication also occurs in focal segmental 
glomerulosclerosis and IgM nephropathy. Edema 
may be managed with diuretics and a diet restricted 
to 2g (88 mEq) of sodium per day. A high dosage of 
furosemide or combination with a thiazide is often 
necessary, since both nephrotic syndrome and low 
GFR produce resistance to diuretics. Because of 
malabsorption caused by bowel edema, in
travenous furosemide may be necessary in patients 
with anasarca. The underlying glomerular disease 
should be treated with oral prednisone, 60 mg per 
day (for administration and adverse effects of oral 
prednisone see above - Idiopathic Crescentic GN). 
When the proteinuria disappears, the drug should 
be gradually switched to an alternate-day schedule, 
tapered and discontinued over about two months. 
If there is a partial remission of the proteinuria, the 
physician may also gradually stop the prednisone 
after eight weeks of treatment at the full dosage. 
F or patients with continued nephrotic syndrome at 
the end of eight weeks, prednisone may be con
tinued at full dosage for a total offour months fol
lowed by gradual discontinuation over two months 
[124-127]. Treatment beyond six months may pro
duce a remission in rare cases [126, 127], but is 
probably not justified given the adverse effects of 
corticosteroids. Patients with intolerable adverse 
effects or lack of response to corticosteroids, may 
be given a trial of chlorambucil [128] or 
cyclophosphamide [125, 129, 130]. 

About 80% of patients will experience a remis
sion of the nephrotic syndrome and acute renal 
failure over one to five weeks [131, 132]. Most of 
the remaining individuals have irreversible renal 
failure and will require renal replacement therapy. 

Hypovolemia from Severe Hypoalbuminemia. 
Hypotension in this situation is likely to be 
multifactorial with hypoalbuminemia, excess 
diuretics, gastrointestinal fluid loss, sepsis or other 
mechanisms contributing in various cases. Man
agement must be tailored to the specific causes in 
each patient. Volume repletion with normal saline is 
appropriate, especially when fluid losses have elim
inated most or all the nephrotic edema. On the 
other hand, the need for volume repletion is not 
clear in the hypotensive nephrotic patient with 
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massive edema. Albumin infusions, in one or re
peated 25g doses, may be used in such patients as a 
way to draw in interstitial fluid and refill the 
vascular tree. This is a temporary measure, since 
the administered albumin will be lost in the urine 
over a day or so. In cases with poorly understood 
hypotension, consideration should be given to 
placing a Swan-Ganz catheter, and making a 
hemodynamic diagnosis of the low blood pressure. 

Renal Vein Thrombosis. (See above at end of the 
Vascular Causes part of this chapter.) 
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TUBULAR CAUSES 

DOUGLAS SHEMIN 

Tubular Cell Necrosis 

Acute tubular necrosis due to ischemia 
Ischemic ATN occurs in severely ill patients and is 
a result of sepsis, volume depletion, hypotension, 
or left ventricular dysfunction. It is generally im
possible to prevent, except in the setting of 
suprarenal aortic reconstructive surgery or cor
onary artery surgery, when renal ischemia is ex
pected. Minimization of aortic cross-clamping time 
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to less than 50 minutes and of cardiopulmonary 
bypass time to less than 160 minutes lowers the risk 
of renal failure [1, 2]; intraoperative perfusion of 
the kidneys with hypothermic irrigant has also been 
shown to be protective in these settings [3]. Pro
phylactic therapy with mannitol [4], atrial 
natriuretic factor [5], and calcium antagonists [6] 
have been demonstrated to be helpful in averting 
ischemic renal failure in experimental models, but 
the benefit of these agents has not been shown to be 
clinically effective. From a practical standpoint, 
maintenance of intravascular volume, with in
travenous saline if necessary, should precede aortic 
or renal vascular surgery, or any major surgery, for 
that matter, and potential nephrotoxins should be 
avoided. 

Treatment of ischemic acute tubular necrosis is 
supportive, involving the management of acute 
renal failure (Chapter 16) and the treatment of any 
underlying and contributory infection, volume 
depletion, anemia, hypotension, and left ven
tricular dysfunction. When renal failure is ac
companied by oligoanuria, the volume status 
should be assessed, and hypovolemia should be cor
rected with intravenous saline. Once any 
hypovolemia has been corrected, there is some 
clinical evidence that high doses of intravenous loop 
diuretics (400 to 1000 mg/day of furosemide, as a 
continuous infusion or in divided doses) and low 
doses of constant infusion dopamine (1-3 
mcg/kg/min), either singly or in combination, may 
convert patients to a nonoliguric state, with a urine 
flow of more than 1500 cc/day [7-10]. If the output 
rises, furosemide should be continued for 48 to 72 
hours. Dopamine only seems to have an effect and 
should only be initiated within the first 24 hours oj 
oliguria; if after 24 hours of therapy there is no 
clinical response it should be withdrawn. 
Dopamine and diuretics appear only to increase 
renal sodium and water excretion and do not im
prove GFR. However, patients with a high urine 
output are less likely to become fluid overloaded 
when given intravenous medications, and enteral 
or parenteral nutrition; there is also a lower risk of 
hyperkalemia. 

Now that dialysis is readily available, patients 
with acute tubular necrosis no longer die of renal 
failure, but of the precipitating illness and its com
plications. Therefore, prognosis, both for renal im
provement and for survival, is dependent upon 
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underlying clinical conditions. Mortality in renal 
failure attributed to renal hypoperfusion ranges 
from 25 to 75 percent [11-14], with prognosis 
poorest in cardiogenic shock and sepsis. In patients 
who survive, chronic renal failure requiring 
maintenance dialysis is uncommon, occurring in 
less than 5% of patients [14]. Even in severe 
ischemic injury when dialytic support for up to two 
months is necessary, most patients recover enough 
renal function to eventually discontinue dialysis, 
although residual renal insufficiency is common 
[15]. 

Acute tubular necrosis due to exogenous toxins 

Aminoglycosides. Nephrotoxicity is to some ex
tent, of course, preventible with judicious use of 
these agents; they should be discontinued if 
bacterial cultures and sensitivity testing do not 
justify their use. Prolonged therapy should be 
discouraged if possible; almost half of all patients 
treated for more than two weeks develop renal 
failure [16]. 

Two studies support the notion that gentamicin 
or tobramycin trough levels of above 2.0 mg/L 
predict nephrotoxicity [17, 18], and one study 
associates high peak levels with renal failure [19]; 
but as aminoglycosides are handled, like inulin, 
principally via glomerular filtration, it is possible 
that high levels are a result rather than a cause of 
renal failure [20]. A recent large study showed no 
correlation between nephrotoxicity and either peak 
or trough levels [16]. 

A number of formulae have been devised to 
calculate aminoglycoside dose alterations in renal 
insufficiency, using the serum creatinine as a 
measure of renal function. These formulae are inac
curate ifthe Scr is unstable or ifit overestimates the 
GFR, as in advanced age or decreased muscle 
mass. In those circumstances, frequent measure
ments of aminoglycoside levels and dose ad
justments are necessary. In some studies, single 
daily doses have been shown to have less 
nephrotoxicity than thrice daily dosing, and to 
have equal clinical efficacy [21, 22]. 

It is generally accepted that in order to prevent 
aminoglycoside induced renal failure, volume 
depletion should be corrected and the use of other 
nephrotoxins avoided. 
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There is experimental evidence that prevention of potassium 
and magnesium depletion and administration of polyamino 
acids, particularly polyaspartic acid, decrease the risk of 
nephrotoxicity [23-25]. This has not been studied in human 
subjects. 

Treatment of amino glycoside-induced acute 
tubular necrosis is supportive. If aminoglycoside 
concentrations are in the toxic range, the drugs 
should be held until the levels fall. Then, the dose 
interval should be prolonged. In most patients who 
develop renal failure, aminoglycosides are discon
tinued, although there is experimental evidence 
that renal function will spontaneously improve 
even with continued administration of the drug 
[26]. The overall renal prognosis in aminoglycoside 
nephrotoxicity is quite good, probably because of 
the regenerative capacity of the renal tubular cell. 
[25] In a large study, only one of fifty patients with 
acute aminoglycoside-induced renal failure did not 
recover renal function [16]. 

Amphotericin B. Nephrotoxicity can be prevented 
by a number of measures. First, since toxicity is 
dose related, the minimal effective dose should be 
used. Early studies suggested that a total dose of 
more than 4000 mg led to renal failure in most pa
tients [27]. In a later study, a daily dose of greater 
than 0.6 mglkglday markedly increased the risk of 
renal failure [28]. Concomitant volume depletion 
and use of diuretics also increased the risk [28]. 
Both one to two liters of intravenous saline prior to 
each amphotericin dose, or a high sodium diet 
(150-300 mEq/day) during therapy have been 
shown to be effective in preventing renal failure [29, 
30]. 

There is some evidence that amphotericin B, when ad
ministered incorporated in phospholipid vesicles, may be 
less nephrotoxic, but this formulation is currently not com
mercially available [31). 

Treatment of amphotericin-induced renal failure is 
primarily supportive. Renal prognosis is dose
dependent, with irreversible renal failure tending to 
occur with total doses of 5000 mg or greater [27]. In 
one study of fifty patients receiving less than a total 
dose of 4000 mg amphotericin, renal function was 
not significantly impaired two months after treat
ment [32]. There is evidence that renal failure is re-
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versible if amphotericin is discontinued [33] and 
volume deficits are restored [29]. 

Cisplatin. Nephrotoxicity is dose dependent, and 
the incidence increases in patients receiving doses 
above 2 mg/kg or 75 mg/m2 [34]. To help prevent 
nephrotoxicity, high urine flows should be induced 
with intravenous saline at a dose of 200 cc/hour for 
the 12 hours prior to treatment and the 24 hours 
afterwards. The drug itself should be diluted in a 
two liter solution of 0.45% saline, with 18 grams 
mannitoliL [34]. 

Concurrent administration of probenecid, at a dose of one 
gram every six hours for a 48 hour period surrounding the 
cisplatin dose, has been shown to decrease the risk of 
platinum nephrotoxicity; the mechanism is due to inhibition 
of tubular secretion of platinum [35]. Thiosulfate, at a dose 
of 3.3 glm2 prior to cisplatin and 6.6 glm2 afterwards, has 
also been shown to decrease nephrotoxicity in a clinical set
ting [34]. Neither of these agents have gained acceptance to 
date. Atrial natriuretic factor analogs [36] and adenosine an
tagonists [37] have prevented cisplatin nephrotoxicity ex
perimentally. 

Treatment is supportive, and most patients recover 
renal function, especially when concomitant vol
ume expansion is prescribed. 

The long term prognosis is to a great extent 
dependent upon dose. In one group of patients 
treated with a mean dose of 450 mg/m2, GFR 
dropped in 17 of 22 patients and dropped by a 
mean of 17% overall; these decreases were sus
tained one year after treatment [38]. In a review of 
a number of series of patients receiving lower 
cumulative doses, the incidence of persistent renal 
failure ranged from 10 to 20% [39]. 

Acute tubular necrosis due to myoglobin 
Most patients with myoglobinuric renal failure pre
sent to medical attention after rhabdom yo lysis has 
occurred. Nevertheless, there is evidence that some 
prophylactic measures may prevent the develop
ment of renal failure in the setting of severe muscle 
injury. Early infusions of hypertonic mannitol will 
shift fluid from cells to the intravascular volume, 
and may decrease intracompartmental pressure 
and prevent muscle damage [40]. Because 
myoglobin is less soluble and dissociates to 
nephrotoxic metabolites at a maximally acidic 
urine pH, and because low urine flow rates will in-
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crease the risks of myoglobin-induced tubular 
damage, early treatment with an intravenous 
isotonic saline-bicarbonate solution may prevent 
renal failure. Systemic alkalinization will also pro
tect against hyperkalemia. In a study of patients 
trapped in collapsed buildings with severe crush in
juries, immediate administration of intravenous 
saline even before extrication from the collapsed 
buildings, followed by a saline/bicarbonate infu
sion containing mannitol, prevented myoglobi
nuric renal failure even in patients with severe 
rhabdomyolysis [41]. Experience indicates that 
about twelve liters of intravenous saline
bicarbonate solution per day is optimal; this is 
ideally administered as 0.45% saline with a 50 mEq 
ampule ofNaHC03 added to each liter, at a rate of 
500 cc/hour for a 72 hour period. Mannitol, at a 
dose of ten gms/L, has been suggested if diuresis is 
less than 300 cc/hour; this requires caution and 
close monitoring, as there is an obvious risk of ad
ministering high doses of intravenous fluid or man
nitol in oliguria. If volume overload develops, 
alkalinizing fluids and mannitol should be discon
tinued and intravenous loop diuretics should be 
given. 

Ifmyoglobinuric renal failure does occur despite 
attempts at prevention, treatment is primarily sup
portive. In nonoliguric states, intravenous saline 
and bicarbonate should be administered as above, 
with close attention to fluid balance. In oliguria, 
diuretics may be administered in an attempt to con
vert to a nonoliguric state, but hemodialysis and 
ultrafiltration should be immediately available in 
case of refractory volume overload. Similarly, ca
tion exchange resins (Kayexalate) may be used to 
treat hyperkalemia, but dialysis is the second line of 
therapy. Beta agonists and insulin, which shift 
potassium intracellularly, may be less effective with 
the diffuse loss of muscle cell membrane integrity 
that occurs with rhabdomyolysis [42]; beta agonists 
in excess dosage have actually been implicated as a 
cause of rhabdomyolysis and myoglobinuria [43]. 

Hypocalcemia in the syndrome is due to hyper
phosphatemia and influx of calcium into damaged 
muscle cells, and does not reflect total body cal
cium depletion. Hypocalcemia should not be 
treated with calcium unless tetany, cardiac ar
rhythmias, or QT prolongation is present. Ex
ogenously infused calcium may enter muscle cells, 
worsening rhabdomyolysis [40, 42]. Oral phos-
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phate binders (aluminum hydroxide, with an initial 
dose of 30 cc three times daily) should be used for 
severe hyperphosphatemia [42]. 

The prognosis of myoglobinuric acute renal 
failure is fairly good. Permanent renal failure or 
death occurs in less than ten percent of patients in 
some series [44-46]. The prognosis worsens in the 
setting of multiple comorbid conditions, however. 
Mortality reached 40% in a series of patients in 
which myoglobinuric renal failure was complicated 
by multiple factors such as burns, sepsis, and 
systemic hypotension [47]. 

Tubular Obstruction 

Tubular obstruction due to light chains (myeloma 
kidney) 
It is generally not possible to prevent the develop
ment of intratubular obstruction and acute renal 
failure in multiple myeloma, since a majority of pa
tients will present with renal failure as an initial 
symptom of myeloma kidney [48, 49]. Volume 
depletion, hypercalcemia, and infection have been 
shown to exacerbate azotemia [50], and as part of a 
general attempt to improve renal function, volume 
deficits should be intravenously replaced, infection 
diagnosed and treated, and hyperuricemia and 
hypercalcemia identified and corrected. The use of 
intravenous bicarbonate to alkalinize the urine is of 
uncertain efficacy and is not recommended [51]. 
Radiocontrast agents have been linked to renal 
failure in myeloma kidney, and an attempt should 
be made to minimize exposure to contrast media in 
patients with myeloma. 

The pharmacologic treatment of multiple 
myeloma is beyond the scope of this chapter, but 
melphalan, corticosteroids, vincristine, and cyclo
phosphamide in various combinations have been 
shown to improve renal function in some patients 
with renal failure due to myeloma [52-54]. 
Plasmapheresis was found to be helpful in one con
trolled trial and did not improve on standard 
therapy in another [54, 55]; it is probably best used 
in patients with large urine light chain concentra
tions who do not respond to chemotherapy. Col
chicine has been shown to prevent light chain cast 
formation in an experimental model but it has not 
been tested in a clinical setting [56]. 

The prognosis for untreated myeloma renal 
failure is poor; most patients die within one month 
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[57]. While early data demonstrated only a slightly 
better course in treated patients, two recent studies 
have been more optimistic. Renal failure actually 
resolved in about half of myeloma patients treated 
with chemotherapy, although renal recovery might 
have been due in part to the reversal of hyper
calcemia and volume depletion [58, 59]. The one 
year survival rate in treated patients ranges from 25 
to 70% [52-55, 58, 60]. 

Tubular obstruction due to tumor lysis syndrome 
The risk of tumor lysis syndrome can be minimized 
by surgical removal of tumor bulk prior to induc
tion chemotherapy [61]. However, this exposes the 
patient to the risks of general anesthesia and a 
surgical procedure unnecessary for tumor eradica
tion given the success of chemotherapy in suscepti
ble non-Hodgkin lymphomas. A more rational 
treatment involves decreasing uric acid production 
with the xanthine oxidase inhibitor allopurinol, at 
doses of 600-900 mg. daily for two to three days 
prior to induction of chemotherapy, followed by a 
dose of 300 mg daily for a week after induction [62]. 
Additionally, patients should receive three to four 
liters of intravenous saline daily for one to two days 
prior to and during chemotherapy to increase 
urinary tubular flow and prevent intratubular 
deposition of urate and phosphate. Alkalinization 
of the urine with intravenous sodium bicarbonate 
will prevent intratubular urate deposits, but pro
mote in tra tubular phosphate deposits; its use is con
troversial, but indications include the presence of 
uric acid crystals on urinalysis, metabolic acidosis, 
hyperkalemia, and serum levels of uric acid above 
20 mgldL [62, 63]. 

Treatment, apart from ongoing allopurinol and 
intravenous fluids, is principally directed at correc
tion of metabolic abnormalities. The serum 
potassium level may rise more rapidly than in other 
forms of renal failure due to cell breakdown. It 
should be checked frequently and sodium 
polystyrene sulfate (Kayexalate), at a dose of 30 to 
60 gms orally or rectally, should be administered if 
the level rises above 6.0 mEq/L, especially in the 
case of oliguria. This dose can be given repeatedly. 
Intravenous calcium, sodium bicarbonate, and in
sulin are used if the hyperkalemia is associated with 
cardiotoxicity (see Chapter 16), but emergency 
hemodialysis may be necessary as well. Hyper
phosphatemia should be treated with aluminum or 
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calcium containing phosphate binders. This gener
ally increases the low serum calcium concentration 
as well, but patients with tetany, cardiac ar
rhythmias, or conduction abnormalities due to 
hypocalcemia should be given intravenous cal
cium. Patients with renal failure will also have 
decreased renal synthesis of calcitriol as an ad
ditional cause for hypocalcemia and may require 
treatment with oral or parenteral calcitriol if 
hypocalcemia is sustained [64]. 

The prognosis in acute renal failure due to the 
tumor lysis syndrome is quite good, especially in 
the context of non-Hodgkin lymphoma; there was 
universal renal recovery in a recent series [62]. Mor
tality, whether due to acute renal failure, the 
underlying neoplastic process, or infectious or 
hematological complications of chemotherapy, 
tends to be much greater in tumor lysis syndrome 
associated with leukemias and solid tumors 
[65-70]. 

Intratubular obstruction due to miscellaneous 
etiologies 

Oxalic Acid. It may be possible to prevent acute 
renal failure due to intratubular oxalate formation 
in the setting of ethylene glycol overdose, even 
though patients present after ingestion has occur
red. Gastric lavage, followed by activated charcoal 
and sorbitol to decrease gastrointestinal absorption 
of ethylene glycol should be initiated if the patient 
presents soon after ingestion. The enzymatic break
down of ethylene glycol to oxalic acid and other 
toxic metabolites by alcohol dehydrogenase can be 
prevented by administration of ethanol, which has a 
greater affinity for the enzyme than ethylene glycol. 
A 0.8 to 1.0 gmlkg loading dose is given, followed 
by a 80-130 mg/kg/hour continuous intravenous 
infusion [71, 72]. Target blood ethanol levels 
should be between 100 and 200 mg/dL. The alcohol 
dehydrogenase inhibitor 4-methylpyrazole has been 
used successfully to prevent acute renal failure in 
this setting, but it is not yet commercially available 
in the United States [73]. 

Metabolic acidosis should be treated with in
travenous sodium bicarbonate. If ethylene glycol 
levels rise above 50 mg/dL, metabolic acidosis 
worsens, or renal failure occurs, hemodialysis is 
necessary. Hemodialysis is quite effective at clear
ing ethylene glycol and its metabolites, which are 

223 

water soluble and have low molecular weights. 
Ethanol should be added to dialysate at a concen
tration of 100 mg/dL and should be continued in
travenously during and after dialysis [72]. Glucose 
levels should be checked frequently during ethanol 
infusion. 

While fatalities do occur in ethylene glycol over
doses, early aggressive treatment can be expected to 
lead to a favorable outcome and recovery of renal 
function, even with massive ingestions [72]. Perma
nent renal failure can rarely occur [71]. 

Enteric hyperoxaluria due to fat malabsorption or ileal resec
tion. There is evidence that oxalate absorption and renal ox
alate excretion may be partially prevented with the use of a 
low fat, low oxalate diet and oral calcium supplements, at an 
initial dose of 650 mg three times daily. Induction of high 
urine volumes with three to four liters of oral fluids daily is 
recommended [74]. Reversal ofjejunoileal bypass, in patients 
treated for morbid obesity, will also reverse hyperoxaluria 
and has been reported to improve renal failure [75]. 

Methotrexate Nephrotoxicity. This is generally 
thought to be prevented by administration of 
leucovorin (48 mg every six hours for ten days fol
lowing the dose), maintenance of high urine vol
umes, and urinary alkalinization, with three to four 
liters daily of 0.45% saline with 50 mEq NaHC03/L 
[76]. Nonsteroidal antiinflammatory agents poten
tiate methotrexate nephrotoxicity [76-78] and 
should be avoided. 

Treatment is primarily supportive. Methotrex
ate is cleared more efficiently by hemodialysis than 
peritoneal dialysis or plasma exchange [79, 80], but 
neither method clears the drug well, and dialysis is 
not recommended for methotrexate toxicity. 

As acute renal failure due to intratubular 
obstruction by sulfonamides, triamterene, and 
rifampin occurs rarely, prevention, treatment, and 
prognosis of these entities has not been extensively 
described. 

REFERENCES 

I. Myers BD, Miller DC, Mehigan IT et al. Nature of the renal 
injury following total renal ischemia in man. J Clin Invest 
1984; 73:329-41. 

2. Hilberman M, Myers BD, Carrie BJ et al. Acute renal failure 
following cardiac surgery. J Thor Cardiovasc Surg 1979; 
77:880-8. 



224 

3. Svensson LG, Crawford ES, Hess KR et al. Thoracoab
dominal aortic aneurysms associated with celiac, superior 
mesenteric, and renal artery occlusive disease: methods and 
analysis of results in 271 patients. J Vase Surg 1992; 
16:378-90. 

4. Hanley MJ and Davidson K. Prior mannitol and furosemide 
infusion in a model of ischemic acute renal failure. Am J 
Physiol1981; 241:F556-F564. 

5. Lieberthal W, Sheridan AM and Valeri CR. Protective effect 
of atrial natriuretic factor and mannitol following renal 
ischemia. Am J Physiol1990; 258:FI266-FI272. 

6. Epstein M. Calcium antagonists and renal protection. Arch 
Intern Med 1992; 152:1573-84. 

7. Lindner A. Synergism of dopamine and furosemide in 
diuretic-resistant, oliguric acute renal failure. Nephron 
1983; 33: 121-6. 

8. Davis RF, Lappas DG, Kirklin JK et al. Acute oliguria after 
cardiopulmonary bypass: renal functional improvement with 
low-dose dopamine infusion. Crit Care Med 1982; 10:852-6. 

9. Brown CB, Ogg CS and Cameron JS. High dose frusemide in 
acute renal failure: a controlled trial. Clin Neph 1981; 
15:90-6. 

10. Graziani G, Cantaluppi A, Casati S et al. Dopamine and 
frusemide in oliguric acute renal failure. Nephron 1984; 
37:39-42. 

11. Hou SH, Bushinsky DA, Wish JB et al. Hospital-acquired 
renal insufficiency: a prospective study. Am J Med 1983; 
74:243-48. 

12. McMurry SD, Luft FC, Maxwell DR et al. Prevailing pat
terns and predictor variables in patients with acute tubular 
necrosis. Arch Intern Med 1978; 138:950-5. 

13. Kaufman J, Dhakal M, Patel B et al. Community-acquired 
acute renal failure. Am J Kidney Dis 1991; 17:191-8. 

14. Corwin HL and Bonventre JV. Factors influencing survival 
in acute renal failure. Sem Dialysis 1989; 2:220-5. 

15. Spurney RF, Fulkerson WJ and Schwab SJ. Acute renal 
failure in critically ill patients: prognosis for recovery of 
kidney function after prolonged dialysis support. Crit Care 
Med 1991; 19:8-11. 

16. Leehey DJ, Braun BI, Thall DA et al. Can pharmacokinetic 
dosing decrease nephrotoxicity associated with 
aminoglycoside therapy? J Am Soc Nephrol1993; 4:81-90. 

17. Jaresko GS, Boucher BA, Dole EJ et al. Risk of renal 
dysfunction in critically ill trauma patients receiving 
aminoglycosides. Clin Pharm 1989; 8:43-8. 

18. Boucher BA, Coffey BC, Kuhl DA et al. Algorithm for 
assessing renal dysfunction risk in critically ill trauma pa
tients receiving aminoglycosides. Am J Surg 1990; 
160:473-80. 

19. Moore RD, Smith CR, Lipsky JJ et al. Risk factors for 
nephrotoxicity in patients treated with aminoglycosides. 
Ann Intern Med 1984; 100:352-7. 

20. Cronin RE. Aminoglycoside nephrotoxicity: pathogenesis 
and prevention. Clin Neph 1979; 11:251-6. 

21. Prins JM, Buller HR, Kuijper EJ et al. Once versus thrice 
daily gentamicin in patients with serious infections. Lancet 
1993; 341:335-9. 

22. Gilbert DN. Once-daily aminoglycoside therapy. An
timicrob Agents Chemother 1991; 35:399-405. 

J. Gary Abuelo et al. 

23. Williams RD, Hottendorf GH and Bennett DB. Inhibition 
of renal membrane binding and nephrotoxicity of 
aminoglycosides. J Pharm Exp Ther 1986; 237:919-25. 

24. Ramsammy LS, Josepovitz C, Lane BP et al. Polyaspartic 
acid protects against gentamicin toxicity in the rat. J Phar
macol Exp Ther 1989; 250:149-53. 

25. Humes HD. Aminoglycoside nephrotoxicity. Kidney Int 
1988; 33:900-11. 

26. Bennett WM. Aminoglycoside nephrotoxicity. Nephron 
1983; 35:73-7. 

27. Butler WT, Bennett JE, Alling DW et al. Nephrotoxicity of 
amphotericin B. Ann Intern Med 1964; 61:175-87. 

28. Fisher MA, Talbot GH, Maislin G et al. Risk factors for am
photericin B-associated nephrotoxicity. Am J Med 1989; 
87:547-52. 

29. Heidemann HT, Gerkens JF, Spickard WA et al. Am
photericin B nephrotoxicity in humans decreased by salt 
depletion. Am J Med 1983; 75:476-81. 

30. Llanos A, CiezaJ, Bernardo J et al. Effect of salt supplemen
tation on amphotericin nephrotoxicity. Kidney Int 1991; 
40:302-8. 

31. Lopez-Berestein G, Bodey GP, Fainstein V et al. Treatment 
of systemic fungal infections with liposomal amphotericin B. 
Arch Intern Med 1989; 149:2533-6. 

32. Miller RP and Bates JH. Amphotericin B toxicity. Ann 
Intern Med 1969; 71:1089-95. 

33. Sacks P and Fellner S. Recurrent reversible acute renal 
failure from amphotericin. Arch Intern Med 1987; 
147:593-5. 

34. Erlanger H and Cutler RE. Cisplatin nephrotoxicity. Dial 
Transplant 1992; 21:559-66. 

35. Jacobs C, Kaubisch S, Halsey J et al. The use ofprobenicid 
as a chemoprotector against cisplatinum nephrotoxicity. 
Cancer 1991; 67:1518-24. 

36. Pollock DM, Holst M and Opgenorth TJ. Effect of the ANF 
analog A68828 in cisplatin-induced acute renal failure. J 
Pharm Exp Ther 1991; 257:1179-83. 

37. Knight RJ, Collis MG, Yates MS et al. Amelioration of 
cisplatinum-induced acute renal failure with 
8-cydopentyl-I,3-dipropylxanthine. Br J Pharmacol 1991; 
104:1062-8. 

38. Fjeldborg P, Sorenson J and Helkjaer PE. The long-term ef
fect of cisplatin on renal function. Cancer 1986; 58 :2214-7. 

39. Madias NE and Harrington JT. Platinum nephrotoxicity. 
Am J Med 1978; 65:307-14. 

40. Better OS and Stein JH. Early management of shock and 
prophylaxis of acute renal failure in traumatic rhab
domyolysis. N Engl J Med 1990; 322:825-9. 

41. Ron D, Taitelman U, Michaelson M et al. Prevention of 
acute renal failure in traumatic rhabdomyolysis. Arch Intern 
Med 1984; 144:277-80. 

42. Honda N. Acute renal failure and rhabdomyolysis. Kidney 
Int 1983; 23:888-98. 

43. Blake PG and Ryan F. Rhabdomyolysis and acute renal 
failure after terbutaline overdose. Nephron 1989; 53:76-7. 

44. Koffler A, Freidler RM and Massry SG. Acute renal failure 
due to nontraumatic rhabdomyolysis. Ann Intern Med 1976; 
85:23-8. 

45. Grossman RA, Hamilton RW, Morse BM et al. Non-



Treatment of specific causes 

traumatic rhabdomyolysis and acute renal failure. N Engl J 
Med 1974; 291:807-11. 

46. Gabow P A, Kaehny WD and Kelleher SP. The spectrum of 
rhabdomyolysis. Medicine 1982; 61:141-50. 

47. Ward MM. Factors predictive of acute renal failure in rhab
domyolysis. Arch Intern Med 1988; 1553-7. 

48. Kyle RA. Multiple myeloma: review of 869 cases. Mayo Clin 
Proc 1975; 50:29-39. 

49. Heilman RL, Velosa JA, Holley KE et al. Long-term follow
up and response to chemotherapy in patients with light
chain deposition disease. Am J Kidney Dis 1992; 20:34-41. 

50. Cohen DJ, Sherman WH, Osserman EF et al. Acute renal 
failure in patients with multiple myeloma. Am J Med 1984; 
76:247-56. 

51. Smolens P. The kidney in dysproteinemic states. AKF 
Nephrology Letter 1987; 4:27-42. 

52. Misiani R, Tiraboschi G, Mingardi Get al. Management of 
myeloma kidney: an anti-light chain approach. Am J Kidney 
Dis 1987; 10:28-33. 

53. Rota S, Mougenot B, Baudouin B et al. Multiple myeloma 
and severe renal failure: a clinicopathologic study of out
come and prognosis in 34 patients. Medicine 1987; 
66:126-37. 

54. Johnson WJ, Kyle RA, Pineda AA et al. Treatment of renal 
failure associated with multiple myeloma. Arch Intern Med 
1990; 150:863-9. 

55. Zucchelli P, Pasquali S, Cagnoli Let al. Controlled plasma 
exchange trial in acute renal failure due to multiple 
myeloma. Kidney Int 1988; 33:1175-80. 

56. Sanders PW. Myeloma kidney. The Kidney 1993; 4:1-7. 
57. Wahlin A, Lofvenberg E and Holm J. Improved survival in 

multiple myeloma with renal failure. Acta Med Scand 1987; 
221:205-9. 

58. Pozzi C, Pasquali Sand Donini U. Prognostic factors and ef
fectiveness of treatment in acute renal failure due to multiple 
myeloma: a review of 50 cases. Clin Nephrol 1987; 28:1-9. 

59. Alexanian R, Barlogie B and Dixon D. Renal failure in mul
tiple myeloma: pathogenesis and prognostic implications. 
Arch Intern Med 1990; 150:1693-5. 

60. Pasquali S, Casanova S, Zucchelli A et al. Long-term sur
vival patients with acute and severe renal failure due to mul
tiple myeloma. Clin Neph 1990; 34:247-54. 

61. Tsokos GC, Balow JE, Spiegel RJ et al. Renal and metabolic 
complications of undifferentiated and lymphoblastic lym
phomas. Medicine 1981; 60:218-29. 

62. Hande KR and Garrow Gc. Acute tumor lysis syndrome in 
patients with high-grade non-Hodgkin lymphoma. Am J 
Med 1993; 94:133-9. 

63. Cohen LF, Balow JE, Magrath IT et al. Acute tumor lysis 
syndrome: a review of 37 patients with Burkitt's lymphoma. 
Am J Med 1980; 68:486-91. 

64. Dunlay RW, Camp MA, Allon M et al. Calcitriol in pro
longed hypocalcemia in the tumor lysis syndrome. Ann In
tern Med 1989; 110:162-4. 

65. Stark ME, Dyer MC and Coonley CJ. Fatal acute tumor 
lysis syndrome with metastatic breast carcinoma. Cancer 
1987; 60:762-4. 

66. Dirix L Y, Prove A, Becquart D et al. Tumor lysis syndrome 
in a patient with metastatic Merkel cell carcinoma. Cancer 

225 

1991; 67:2207-10. 
67. Vogelzang NJ, Nelimark RA and Kath KA. Tumor lysis 

syndrome after induction chemotherapy of small-cell bron
chogenic carcinoma. JAMA 1983; 249:513-4. 

68. Vogler WR, Morris JG and Winton EF. Acute tumor lysis in 
T-cell leukemia induced by amsacrine. Arch Intern Med 
1983; 143:165-6. 

69. Thomas MR, Robinson WA, Mughal TI et al. Tumor lysis 
syndrome following VP-16-213 in chronic myeloid leukemia 
in blast crisis. Am J Hematol1984; 16:185-8. 

70. Fer MF, Bottino GC, Sherwin SA et al. Atypical tumor lysis 
syndrome in a patient with T cell lymphoma treated with 
recombinant leukocyte interferon. AmJ Med 1984; 77:953-6. 

71. Verrilli MR, Deyling CL, Pippenger CE et al. Fatal ethylene 
glycol intoxication: report of a case and review of the litera
ture. Cleve Clin J Med 1987; 54:289-95. 

72. Curtin L, Kraner J, Wine H et al. Complete recovery after 
massive ethylene glycol ingestion. Arch Intern Med 1992; 
152:1311-3. 

73. Baud FJ, Galliot M, Astier A et al. Treatment of ethylene 
glycol poisoning with intravenous 4-methylpyrazole. N Engl 
J Med 1988; 319:97-100. 

74. Williams HE. Oxalic acid and the hyperoxaluric syndromes. 
Kidney Int 1978; 13:410-7. 

75. Ehlers SM, Posalaky Z, Strate RG et al. Acute reversible 
renal failure following jejuno-ileal bypass for morbid 
obesity: a clinical and pathological (EM) study of a case. 
Surgery 1977; 82:629-34. 

76. Maiche AG, Lappalainen K and Teerenhovi L. Renal insuf
ficiency in patients treated with high dose methotrexate. 
Acta Oncol 1988; 27:73-4. 

77. Maiche AG. Acute renal failure due to concomitant action 
of methotrexate and indomethacin. Lancet 1986; 1: 1390. 

78. Singh RR, Malavita AN, Pandey IN et al. Fatal interaction 
between methotrexate and naproxen. Lancet 1986; 1:1390. 

79. Ahmad S, Shen F and Bleyer WA. Methotrexate-induced 
renal failure and ineffectiveness of peritoneal dialysis. Arch 
Intern Med 1978; 138:1146-7. 

80. Thierry FX, Vernier I, Dueymes JM et al. Acute renal failure 
after high-dose methotrexate therapy. Nephron 1989; 
51:416-7. 

INTERSTITIAL CAUSES 

AARON SPITAL 

Acute Interstitial Nephritis 

The most important step in the management of 
acute interstitial nephritis is early recognition and, 
if possible, removal of the underlying cause [1-3]. 
When this can be achieved, the prognosis for 
recovery of renal function is good. On the other 
hand, when diagnosis and treatment are delayed, 
permanent renal dysfunction may ensue [4-6]. 
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While improvement may occur even after a pro
longed course [4], the chances for complete 
recovery diminish as the duration of disease in
creases [1, 2]. Therefore, it is imperative that this 
frequently reversible condition be considered early 
in all patients with unexplained acute renal failure. 

Drug-induced acute interstitial nephritis 
Prevention of drug-induced acute interstitial 
nephritis is difficult, since there are few known risk 
factors. Exceptions include: (1) patients who have 
had a previous episode of drug-induced interstitial 
nephritis are at risk for recurrence when 
rechallenged with an agent of the same class [7-9]; 
(2) patients receiving discontinuous therapy with 
rifampin [10]; (3) patients with renal insufficiency 
receiving allopurinol [7, 11]; and (4) possibly 
elderly people receiving NSAIDs [12]. If possible, 
these high risk situations should be avoided; when 
they are unavoidable, the Scr and urinalysis should 
be followed serially. 

When drug-induced acute interstitial nephritis does 
occur, the most important therapeutic measure is 
to stop the offending agent [1, 2, 6-9]. Often this is 
all that is necessary to restore normal renal func
tion. However, in some cases renal dysfunction 
may persist even after the responsible drug has 
been discontinued. For these refractory patients, a 
short course of steroids is recommended [1, 2, 6, 13, 
14]. 

Although there are no well-done controlled studies which 
prove that steroids are beneficial in the management of drug
induced interstitial nephritis, the anecdotal evidence sup
porting their efficacy is strong [1, 2, 6, l3, 14]. There are sev
eral reports of patients with persistent renal failure despite 
discontinuing the suspected responsible medication, who 
improved dramatically when given a course of steroid 
therapy. Uncontrolled data suggest that steroids may also 
hasten the rate of recovery [I5]. Presumably these agents act 
by inhibiting the underlying immunological mechanisms of 
disease. 

Steroids should be considered for biopsy-proven 
cases of acute interstitial nephritis in the following 
situations [1, 2, 9, 13]: (1) when renal function does 
not improve spontaneously within 7 to 10 days of 
stopping the offending drug; and (2) in severe cases 
presenting with acute oliguric renal failure. 

The optimal dose, route of administration and 
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duration of therapy have yet to be established. 
Short courses of oral prednisone and brief pulses of 
intravenous methylprednisolone [13, 14] have been 
used successfully, though most experience has been 
with the oral approach. One commonly rec
ommended regimen is to treat with prednisone at a 
dose of 1.0 mg/kg/day for up to several weeks, fol
lowed by rapid tapering regardless of the outcome 
[1,2]. This regimen is generally well tolerated. Im
provement usually begins quickly, often within 1 to 
2 days. If after two weeks there is no sign of 
recovery and there is little fibrosis and nephron loss 
on renal biopsy, cyclophosphamide may be con
sidered [1, 2]. However, such therapy may be com
plicated by alopecia, leukopenia, infection, hemor
rhagic cystitis, gonadal toxicity and neoplasia and 
its use is based solely on limited anecdotal experi
ence. Therefore, when considering cyclophos
phamide a careful assessment of the potential risks 
and benefits should be made. 

In general, with appropriate early therapy, the 
prognosis for recovery from drug-induced in
terstitial nephritis is quite good, with most patients 
returning to their previous level of renal function 
within weeks [6-9, 13, 16]. However, a few patients 
will be left with residual renal dysfunction despite 
early diagnosis and treatment. 

Acute interstitial nephritis associated with infections 

Systemic Infection. There is no way to predict the 
few patients who will dt;:velop interstitial nephritis 
during the course of a systemic infection and 
prevention is not possible. Therefore, renal func
tion should be monitored in all systemically in
fected patients as this will facilitate early recog
nition of renal involvement. 

The most important step in the management of 
interstitial nephritis due to infection is to treat the 
underlying disease [1, 13, 17, 18]. In general, if the 
infectious process resolves, renal function will im
prove spontaneously and recovery is usually com
plete. However, on occasion renal dysfunction may 
persist despite seeming resolution of the causal in
fection. In a few of these cases, steroids have been 
used successfully [13, 19], though there is much less 
experience with this approach than in drug-induced 
disease. In the absence of definitive data and con
traindications, it seems reasonable to use the same 
indications and protocol for steroid therapy for in-
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terstitial nephritis secondary to systemic infections 
as is recommended for drug-induced disease [13]. 

Acute Pyelonephritis. There is no way to identify 
those few patients with acute pyelonephritis who, 
in the absence of sepsis, will develop acute renal 
failure. Therefore, renal function should be 
monitored in all cases. The concomitant use of 
NSAIDs may be a risk factor and should be 
avoided [20]. When renal failure does occur, 
therapy is directed primarily at eradicating the 
bacterial infection with appropriate antimicrobial 
agents. Steroids have no role in this condition. 
With appropriate treatment renal function im
proves in most patients, although recovery is often 
slow and incomplete [20-22]. This has led some to 
suggest that antibiotk therapy should be prolonged 
[21]. 

Acute interstitial nephritis caused by systemic 
disease 

Sarcoidosis. Steroids appear to be quite effective in 
the treatment of granulomatous interstitial 
nephritis secondary to sarcoidosis. Most patients 
have been treated with prednisone (or its 
equivalent) beginning at a dose of 1.0 mg/kg/day 
[23-25]. The response is often dramatic, with renal 
function improving within the first several weeks. 
However, few patients recover completely and the 
majority are left with residual renal impairment 
[23, 24, 26]. Prolonged therapy with tapering over 
several months is recommended to avoid relapses, 
which are not uncommon; when relapses do occur 
they often respond to repeat courses of steroids [23, 
24]. 

Other Systemic Diseases. Experience in treating in
terstitial nephritis secondary to SLE, Sjogren's syn
drome and primary biliary cirrhosis is very limited 
and anecdotal. Nonetheless, steroids have been 
used with success in each of these conditions and 
are recommended [27-30]. The optimal regimen is 
unknown, but 1.0 mg/kg/day of prednisone is a fre
quently used dose. In patients who respond, it may 
be necessary to continue therapy for several 
months to maintain optimal renal function. 
Careful long term follow-up is indicated to detect 
recurrences early. 
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Idiopathic acute interstitial nephritis 
Although some patients with idiopathic acute in
terstitial nephritis recover spontaneously, steroids 
appear to be very effective in this condition and are 
recommended at an initial dose of 1.0 mg/kg/day 
for patients with and without uveitis [31-35]. Dra
matic responses with improved renal function are 
often seen within the first few weeks following 
short courses of high dose oral prednisone. In pa
tients presenting with proximal tubular dysfunc
tion, markers such as glycosuria should be 
monitored during and after therapy, in addition to 
the Scr and urinalysis. Persistence of such abnor
malities signals the need for close observation and 
perhaps continued therapy, even if the Scr has re
turned to normal [32]. 

When treated early the prognosis for most 
patients is good and many, though not all, recover 
completely. Even when therapy is delayed, im
proved renal function may still occur. One patient 
with initially unrecognized acute interstitial 
nephritis had a dramatic response to steroids with 
marked improvement in renal function after 
several months of dialysis [4]. Occasional patients 
have relapsed when steroids were withdrawn, yet 
responded to another course of therapy [31, 32]. 

Chronic Interstitial Nephritis 

Xanthogranulomatous pyelonephritis 
In diffuse xanthogranulomatous pyelonephritis, 
antibiotics followed by nephrectomy of the diseased 
kidney is the treatment of choice and is usually 
curative [36, 37]. In those few cases where the pro
cess is focal, a more conservative approach may be 
taken with limited resection combined with an
timicrobial therapy [37, 38]. 

Renal malacoplakia 
Unilateral renal malacoplakia is also treated by 
nephrectomy [39,40]. However, this process is often 
bilateral and when it is, there is no satisfactory 
treatment. There are occasional reports of im
provement following prolonged antibiotic therapy, 
with or without limited renal resection [39, 41-43]. 
Bethanechol, a cholinergic agonist which increases 
monocytic cyclic-GMP levels and bactericidal ac
tivity, has also been used with some success [38, 42, 
44]. Nevertheless, in most of these severely affected 
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patients the prognosis is quite poor and the mor
tality rate is high [39, 40]. 

Neoplastic Interstitial Infiltration 

When acute renal failure develops as a consequence 
of neoplastic infiltration of the interstitium, renal 
radiation or appropriate systemic chemotherapy 
often results in a reduction in renal size and a dra
matic improvement in renal function, sometimes to 
normal, within 1 to 4 weeks [45-47]. Nevertheless, 
because of the usually aggressive nature of the 
underlying disease, the ultimate prognosis of these 
patients is poor and most die within several months 
[45, 47]. 
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PART SIX 

Problem cases 

Twenty cases of renal failure are presented for the reader to diagnose. Discussions of the possible etiologies 
and the subsequent clinical courses are given after the cases. 



Problem cases 

Case 1 

A 74-year-old woman has had night sweats, fever, 
fatigue, mild cough and a 30 lb. (13.6 kg) weight 
loss over five months. A myocardial infarction oc
curred at age 68, and a coronary artery bypass was 
performed at age 71. Scr was 0.9 mgldl (80 p.mollL) 
seven months ago. 

Physical examination shows a blood pressure of 
110/60 mmHg, a pulse of 84 per minute, respira
tions 20 per minute, and a temperature of 37.5 dc. 
There is a soft systolic murmur at the apex of the 
heart. The chest is clear. 

Initial laboratory studies show Scr 2.6 mgldl (230 
p.mollL), BUN 22 mg/dl (7.9 p.mollL), serum 
sodium 137 mEq/L, potassium 3.9 mEq/L, chloride 
100 mEq/L, bicarbonate 22 mEq/L and urinalysis: 
clear, specific gravity 1.018, pH 6.0, protein 300 
mg/dl, glucose and ketones negative, 45 to 50 red 
blood cells per hpf and 10 to 15 white blood cells 
per hpf. Extrarenal tests show hemoglobin 10 g/dl, 
hematocrit 29%, white blood cell count 
15,100/mm3, 85 polymorphonuclear neutrophils, 
15 lymphocytes, serum albumin concentration 2.7 
gldl and positive ANCA (l : 40). The patient has 
negative ANA and anti-GBM antibody, normal 
chest X-ray, serum and urine protein and im
munofixation electrophoreses, liver function tests 
and normal serum concentrations of glucose, cal
cium, phosphorus, uric acid, C3, C4 and CH50. Ad
ditional renal tests: Renal sonography shows 
kidneys 10.3 cm bilaterally with no 
hydronephrosis. The 24 hour urine protein is 1.6 g. 

Case 2 

A 64-year-old man is admitted to the hospital with 
cough, weakness, nausea, anorexia and increased 
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thirst, which began during an upper respiratory in
fection two weeks ago. The patient has had 
hypertension treated with a thiazide diuretic and 
potassium chloride for thirty years. He has some 
residual weakness in the left arm from a 
cerebrovascular accident one year ago. He takes 
digoxin for atrial fibrillation. One year ago the Scr 
was 0.7 mg/dl (62 p.moI/L). 

Physical examination shows a blood pressure of 
115/60 mmHg, pulse 80 per minute and irregular, 
respirations 18 per minute, and temperature 37°C. 
The heart rhythm is irregularly irregular, and the 
lungs have occasional rhonchi. 

Initial laboratory studies show Scr 2.8 mgldl (248 
p.mollL), BUN 54 mg/dl (19 mmoI/L), serum 
sodium 135 mEq/L, potassium 3.4 mEq/L, chloride 
97 mEq/L, bicarbonate 22 mEq/L, and urinalysis: 
clear, specific gravity 1.019, pH 6.0, protein, 
glucose, ketone and sediment negative. 

Case 3 

A 73-year-old diabetic man was admitted to the 
hospital with fever, a right foot ulcer and acute ar
thritis of the right shoulder. On admission, in
travenous gentamicin and ticarcillinlclavulanate 
were given. Cultures of the ulcer, blood and right 
shoulder grew S. aureus on hospital day 2, and the 
antibiotics were changed to gentamicin and naf
cillin. The gentamicin was stopped on day 9, but 
the nafcillin was continued, during which time the 
infection clinically resolved. On day 19 during an 
upper gastrointestinal hemorrhage caused by 
gastritis, the blood pressure dropped to 85/40 
mmHg for several hours. On day 24, the Scr rose to 
1.8 mgldl (159 p.mollL) from 1.3 mgldl (115 p.mollL) 
the day before. Urine output fell to 600 ml per day. 

The patIent has rheumatoid arthritis. The cur-
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rent medications are nafcillin (day 24 of treatment), 
glyburide, subcutaneous heparin and cimetidine. 

The physical examination shows a blood 
pressure of 102/62 mmHg, pulse 84 per minute and 
temperature 36.8 0c. The left lung field has in
spiratory crackles at the base. Both hands and feet 
show changes of rheumatoid arthritis, and there is 
moderate edema of the torso and lower extremities. 
A macular rash is present over the chest and 
abdomen. 

Current laboratory studies (hospital day 26) 
show Scr 4.0 mg/dl (354 p.mol/L), BUN 37 mg/dl (13 
mmollL), serum sodium 134 mEq/L, potassium 5.1 
mEq/L, chloride 100 mEq/L, bicarbonate 26 
mEq/L, and urinalysis: clear, yellow, specific 
gravity 1.015, pH 5.0, protein 30 mg/dl, glucose 
moderate and ketones and sediment negative. Ex
trarenal tests show serum albumin concentration 
1.6 mg/dl, calcium 6.9 mg/dl (1.7 mmol/L), 
hemoglobin 9.8 g/dl, hematocrit 28%, white blood 
cell count 10,100/mm3 with 73 polymorphonuclear 
leukocytes, 20 lymphocytes and 7 eosinophils, 
platelet count 206,000/mm3, and normal chest x
ray and serum concentrations of glucose, 
phosphorus, uric acid, bilirubin and liver enzymes. 
Additional renal studies. A renal sonogram shows 
normal size kidneys (9.9 cm on right, 10.2 cm on 
left) with Grade I hydronephrosis on the right. The 
urine protein to creatinine ratio is 0.2 (upper limit 
of normal). 

Case 4 

A 47 year-old woman is admitted to the hospital 
with severe hypertension and newly discovered 
azotemia. The blood pressure was 115170 mmHg 
five years ago, and 150/95 mmHg one year ago in a 
dentist's office. The patient did not see a physician, 
as advised. Since then, she has had intermittent 
headaches, relieved by aspirin. One week ago the 
blood pressure was 2401120 mmHg in the dentist's 
office. On the day before admission, the patient 
saw a physician who found normal fundi and 
started enalapril. She admitted the patient to the 
hospital when the Scr was reported to be 3.4 mg/dl 
(300 p.mollL). 

On physical examination in the hospital the 
blood pressure is 1901120 mmHg, pulse 82 per 
minute and temperature 36.8 0c. The funduscopic 
and cardiac examination are normal. 

Problem cases 

Initial laboratory studies show Scr 3.7 mg/dl (327 
p.mol/L), BUN 74 mg/dl (26 mmol/L), serum 
sodium 147 mEq/L, potassium 4.8 mEq/L, chloride 
113 mEq/L, bicarbonate 25 mEq/L and urinalysis: 
clear, yellow, specific gravity 1.010, pH 5.0, protein 
30 mg/dl and glucose, ketones and sediment 
negative. Extrarenal tests show serum albumin 
concentration of 3.3 g/dl, hemoglobin 11.0 g/dl, 
hematocrit 34%, white blood cell count 6,100/mm3 

and platelet count 191,000/mm3. A peripheral 
renin concentration is 0.2 ng/mllhour (low normal). 
The red cell morphology, chest X-ray, electrocar
diogram, serum protein electrophoresis, computed 
tomography of the head and serum concentrations 
of glucose, calcium, phosphorus, uric acid, 
bilirubin, liver enzymes, iron and iron binding ca
pacity are normal. The 24-hour urinary 
catecholamines are normal. Additional renal tests. 
The 24-hour urine protein is 300 mg. Urine protein 
and immunofixation electrophoresis show mostly 
albumin and no abnormal proteins. Urine sodium 
concentration is 47 mEq/L and chloride 59 mEq/L. 
Creatinine clearance is 23 mllminute. A renal 
sonogram shows two small kidneys (7.8 cm on the 
right, 8.1 cm on the left) without hydronephrosis. 
The Scr remains stable over one week. 

Case 5 

The patient is a 57-year-old woman admitted to the 
hospital with nausea and epigastric pain for two 
days. The patient has congestive heart failure, aor
tic stenosis, and tricuspid regurgitation due to 
rheumatic heart disease. She has an artificial mitral 
valve. Several recent episodes of gastrointestinal 
bleeding were caused by gastritis and an
ticoagulants. Two weeks before admission, the pa
tient had a cardiac catheterization which showed a 
dilated hypo kinetic left ventricle with an ejection 
fraction of 40%. She was started on captopril 12.5 
mg ti.d. One week before the present admission the 
blood pressure was 125170 mmHg, the hemoglobin 
13.2 g/dl, the BUN 29 mg/dl (10 mmol/L), and the 
Scr 1.2 mg/dl (106 p.mol/L). The dose of captopril 
was raised to 25 mg ti.d. Other medications are 
digoxin, warfarin, furosemide, spironolactone, and 
potassium chloride. 

The physical examination on admission shows a 
blood pressure of 118/62 mmHg and pulse 92 per 
minute without orthostatic changes. The neck veins 
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are not distended. The lungs are clear to ausculta
tion. The heart shows a prosthetic valve click, and 
a Grade IIINI systolic murmur at the aortic area. 
The abdomen is normal. There is no peripheral 
edema. 

Initial laboratory studies show Scr 3.6 mgldl (318 
JLmollL), BUN 195 mgldl (70 mmollL), serum 
sodium 119 mEq/L, potassium 7.9 mEq/L, chloride 
86 mEq/L, bicarbonate 16 mEq/L; urinalysis: clear, 
straw-colored, specific gravity 1.003, protein, 
glucose and ketone negative, 3 to 5 red blood cells 
per hpf, 11 to 20 white blood cells per hpf. Ex
trarenal tests show hemoglobin 11.4 gldl, 
hematocrit 34%, white blood cell count 8,100/mm3, 

polymorphonuclear leukocytes 87, lymphocytes 
11, monocytes 2. The chest X-ray shows marked 
cardiomegaly with atrial enlargement. The lung 
fields are clear and the vasculature is not congested. 
An electrocardiogram reveals an old left bundle 
branch block. Stool is brown; guaiac test is 
positive. The digoxin level is in the therapeutic 
range. Serum uric acid concentration is 10.1 mgldl 
(601 JLmollL). Serum concentrations of albumin, 
calcium, phosphorus, bilirubin, AST and alkaline 
phosphatase are normal. Additional renal tests 
show urine sodium 14 mEq/L, urine chloride 8 
mEq/L. 

Case 6 

The patient is a 73-year-old man who is 
hospitalized with left flank and abdominal pain of 
sudden onset a few hours before admission. He is 
anuric during the first 8 hours in the hospital, de
spite placement of a Foley catheter. One year ago, 
he passed a uric acid stone. 

Physical examination shows blood pressure 
150170 mmHg, pulse 92 per minute and 
temperature 36.1 dc. Abdominal examination is 
normal. There is no abdominal or costovertebral 
tenderness or mass. 

Initial laboratory studies show Scr 6.2 mgldl (548 
JLmol/L), BUN 46 mg/dl (16 mmollL), serum 
sodium 135 mEq/L, potassium 5.4 mEq/L, chloride 
99 mEq/L and bicarbonate 22 mEq/L. 

Case 7 

The patient is a 68-year-old man with two previous 
myocardial infarctions who had a cardiac 
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catheterization for worsening dyspnea on exertion, 
and then was directly admitted to the hospital. The 
catheterization showed severe coronary artery 
disease and increased left ventricular filling 
pressure. 

The patient has had diabetes mellitus for five 
years, and has passed several uric acid stones dur
ing his adult life. He has hypertension, hyper
cholesterolemia, gout, and chronic renal failure 
with Scr 2.2 mg/dl (194 JLmollL) and BUN 51 mg/dl 
(18 mmol/L) one week before admission. For the 
past several months the patient has had decreased 
force of urinary stream and a feeling of incomplete 
emptying of the bladder. 

Medications on admission were chlor
propamide, isosorbide dinitrate, gemfibrozil, 
allopurinol, furosemide, sublingual nitroglycerin, 
enalapril, atenolol and colchicine. They were con
tinued unchanged in the hospital. 

Physical examination shows a blood pressure of 
150/80 mmHg and pulse 96 per minute. The patient 
appears comfortable sitting in a chair, and has no 
abnormal physical findings. 

Initial laboratory studies performed three days 
after admission show Scr 3.7 mg/dl (327 JLmol/L), 
BUN 70 mg/dl (25 mmollL), serum sodium 133 
mEq/L, potassium 5.2 mEq/L, chloride 98 mEq/L, 
bicarbonate 20 mEq/L and urinalysis: clear, yellow, 
specific gravity 1.017, pH 5.5, protein 30 mgldl, red 
blood cells 3 to 5 per hpf, white blood cells 1 to 3 
per hpf. The next day Scr is 3.6 mgldl (318 JLmollL) 
and BUN 64 mgldl (23 mmollL). The 24-hour urine 
outputs during the first three hospital days are 825 
cc, 790 cc and 1,800 cc. 

Case 8 

The patient is a 75-year-old woman with ischemic 
heart disease and a previous coronary artery 
bypass who was admitted with crescendo angina. 
The patient complained of an acute bronchitis with 
blood-tinged sputum for 3 days. She has chronic 
renal failure with a recent Scr of 2.8 mgldl (248 
JLmollL). A new iron deficiency anemia was also 
present on admission; hemoglobin was 7.7 gldl, 
serum iron concentration 7 mgldl (1.3 JLmollL) and 
total iron binding capacity 282 mgldl (50.5 
JLmollL). The stool test for occult blood was 
negative. Cimetidine, ampicillin/sulbactam, 
heparin and iron sulfate were started, and a blood 
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transfusion brought the hemoglobin to lOJ gld!. 
Low dose aspirin, metoprolol, isordil and subl
ingual nitroglycerin, as needed, were continued. A 
myocardial infarction was excluded, the angina 
and bronchitis subsided, and no gastrointestinal 
source of bleeding was found on upper endoscopy 
or colonoscopy. However, by the fifth hospital day 
a new rise in Scr had appeared. 

Physical examination shows blood pressure 
98/62 mmHg, pulse 56, temperature 37.0 DC, and 
some pallor of the skin. 

Current laboratory studies show a Scr of 3.6 
mgldl (318 /LmollL) and BUN 58 mgldl (21 
mmollL), up from 2.7 (239 /Lmol/L) and 57 mgldl 
(20 mmollL) on admission. The serum sodium is 
138 mEq/L, potassium 4.3 mEq/L, chloride 105 
mEq/L, bicarbonate 19 mEq/L and urinalysis clear, 
yellow, specific gravity 1.010, protein 30 mg/dl and 
glucose, ketones and sediment negative. 

Case 9 

A 22-year-old male clerk was locked up and 
stabbed in the abdomen during a robbery of a con
venience store. Several hours later he is found in
coherent and brought to the hospital, where the 
systolic blood pressure is 40 mmHg. In the 
operating room a lacerated liver and portal vein are 
repaired. Fluid replacement includes lactated 
Ringer's solution, frozen plasma and thirty-six 
units of packed red cells. The blood pressure is 
115/60 mmHg following surgery, but several hours 
later drops below 80 mmHg systolic. The patient 
goes back to surgery, where a second laceration of 
the portal vein is located and repaired, and another 
nineteen units of packed cells are given. The post
operative blood pressure is 110170 mmHg. The 
urine output is 10 m1 per hour. 

Physical examination after the second operation 
reveals an unconscious white man on a ventilator 
with an endotracheal tube in place. The blood 
pressure is 108/64 mmHg, pulse 112 per minute and 
temperature 36.0 DC. The patient has a midline ab
dominal incision and two drains in place. The 
pulmonary capillary wedge pressure is 5 mmHg. 

Initial laboratory studies following the second 
operation show Scr 1.7 mgldl (150 /Lmol/L), BUN 
21 mgldl (7 mmol/L), serum sodium 142 mEq/L, 
potassium 3.6 mEq/L, chloride 108 mEq/L, bicar
bonate 19 and urinalysis: clear, yellow, specific 
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gravity 1.011, pH 5.5, protein trace, glucose and 
ketones negative and urine sediment: several 
muddy granular casts per Ipf, 1 to 3 red blood cells 
and 1 to 4 renal tubular cells per hpf. 

Case 10 

A 70-year-old woman is evaluated because of new 
azotemia. One year ago the Scr was 0.9 mg/dl (80 
/LmollL) at a routine physical examination. She pre
sented four months ago with fatigue, anemia, 
anorexia and a twelve pound weight loss. The 
hemoglobin was 10.1 g/dl, Scr 1.2 mg/dl and iron 
studies, bone marrow examination, chest X-ray, 
computed tomography of the abdomen, tuberculin 
skin test, anti-nuclear antibody, and serum protein 
electrophoresis were negative. 

Physical examination is unremarkable except 
for pallor of the skin and a further weight loss of 
five pounds. The blood pressure is 122176 mmHg, 
pulse 68 per minute and temperature 37.2 DC. 

Initial laboratory studies show Scr 2.5 mgldl (221 
/LmollL), BUN 49 mg/dl (17 mmollL), serum 
sodium 139 mEq/L, potassium 3.9 mEq/L, chloride 
107 mEq/L, bicarbonate 18 mEq/L and urinalysis: 
clear, yellow, specific gravity 1.012, protein 30 
mgldl, sediment 2 to 5 red blood cells per hpf, oc
casional hyaline and granular casts. Extrarenal 
tests show hemoglobin 9.1 gldl, hematocrit 27.4%, 
rouleaux formation on the blood smear, serum 
concentrations of calcium 10.2 mg/dl (2.6 mmol/L), 
phosphorus 4.2 mg/dl (1.4 mmol/L), uric acid 6.2 
mgldl (369 /LmollL), total protein 7.1 gldl and 
albumin 2.9 gld!. Normal studies included chest X
ray, platelet count and serum concentrations of 
glucose, bilirubin and liver enzymes. Additional 
renal tests. Renal sonogram shows normal size 
kidneys (10.3 cm on right, 10.6 cm on left) and no 
hydronephrosis. The 24-hour urine protein is 6.2 g. 

Case 11 

A 61-year-old white male with mild chronic renal 
failure has a new rise in Scr. He has a 40-year his
tory of proteinuria, a 15-year history of hyperten
sion and hypercholesterolemia, and an expanding 
abdominal aortic aneurysm (5 cm diameter). The 
Scr had been stable at about 2.1 mgldl (186/LmollL) 
one year before (see Table). The urine protein has 
been 300 to 1,000 mgldl by dipstick for at least a 
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decade. The patient smoked two packs of cigarettes 
a day until 15 years ago. The medications are gem
fibrozil, enalapril, diltiazem and diazepam, and 
have been unchanged for five years. 

Physical examination shows a blood pressure of 
180/80 mmHg and pulse 64. The patient has a low 
grade systolic murmur at the lower left sternal 
border, and an abdominal bruit below the um
bilicus. Peripheral pulses are normal. 

Initial laboratory studies show Scr 2.8 mgldl (248 
p.mol/L), BUN 36 mgldl (13 mmol/L), serum 
sodium 141 mEq/L, potassium 5.7 mEq/L, chloride 
104 mEq/L, bicarbonate 25 mEq/L and urinalysis: 
clear, amber, specific gravity 1.025, protein 1,000 
mgldl, 0 to 2 red cells per hpf and occasional 
granular, waxy and hyaline casts. 

Table. Previous Scr concentrations 

Time Scr 

(months elapsed) (mg/dl) J.lmol!L 

108 1.2 106 
96 1.0 88 
72 1.6 141 
42 1.6 141 
19 2.2 194 
6 2.1 186 

Case 12 

A 56-year-old man is noted to have severe 
hypertension and azotemia on a routine examin
ation. He has been feeling well and had a normal 
blood pressure one year before. He has been smok
ing one pack of cigarettes a day for 40 years, but he 
denies wheezing, cough or shortness of breath on 
effort. 

A physical examination shows a blood pressure 
of 210/120 mmHg, a pulse of 72 per minute, and 
slight edema of the ankles. The fundi are normal 
and peripheral pulses are of normal amplitude. 

Initial laboratory studies show Scr 2.2 mgldl (194 
p.mol/L), BUN 26 mgldl (9 mmollL), serum sodium 
137 mEq/L, potassium 3.2 mEq/L, chloride 90 
mEq/L, bicarbonate 29 mEq/L and urinalysis: 
clear, specific gravity 1.009, pH 5.5, protein 300 
mgldl, glucose, ketone and urine sediment 
negative. Extrarenal tests show serum albumin 
concentration 2.9 gldl and normal chest X-ray, 
complete blood count, serum protein and im-
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munofixation electrophoreses and normal serum 
concentrations of glucose, calcium, phosphorus, 
uric acid, total bilirubin, aspartate amino
transferase (AST), alkaline phosphatase, C3, C4 
and CH50 complement. The urine immuno- and 
protein electrophoreses reveal the urine protein to 
be mainly albumin with no abnormal proteins. Ad
ditional renal tests: Renal sonography shows a 12.0 
cm kidney on the right and a 10.2 cm kidney on the 
left without obstruction. The urine sodium concen
tration is 63 mEq/L and the chloride concentration 
72 mEq/L. The 24 hour urine protein is 4.8 g. 

Case 133 

A 68-year-old white male with a previous myocar
dial infarction is admitted for an elevated Scr found 
during pre-admission testing. 

The patient felt well until three weeks prior to 
admission when he started experiencing intermit
tent chest pains. A thallium stress test was positive 
for myocardial ischemia, and admission for cardiac 
catheterization was planned. The patient began to 
experience episodes of tea-colored urine ten days 
prior to admission. Two days prior to admission, 
the patient slipped on ice in a "spread eagle" pos
ition and noted pain and tenderness in his left thigh 
and the neck. He had no history of renal disease. 
His medications on admission consisted of the fol
lowing: diltiazem 30 mg po t.i.d., lovastatin 40 mg 
po bj.d., nadolol 80 mg po q.d., alprazolam 0.25 
mg po b.i.d., niacin 1 gpo q.d., lisinopril20 mg po 
q.d., hydrochlorothiazide 50 mg po b.i.d., 
nitroglycerin 0.4 mg p.r.n. 

Physical examination shows diffuse muscle 
tenderness, edema, and absence of any abrasions or 
ecchymoses. The blood pressure is 1501100 mmHg, 
pulse 96 per minute, temperature 99 OF. 

Initial laboratory studies show Scr 9.2 mgldl (813 
p.mollL), BUN 113 mgldl (40 mmollL) , Na 134 
mEq/L, K 4.6 mEq/L, Cl88 mEq/L, bicarbonate 21 
mEq/L, and urinalysis: cloudy brown, specific 
gravity 1.016, pH 6.0, 300 mgldl protein, heme 3+, 
white blood cells 15 to 18 per hpf. Extrarenal tests 
show white blood cell count l5,200/mm3, polymor
phonuclear leukocytes 81, lymphocytes 18, 
monocytes 1, serum concentration of calcium 8.3 
mgldl (2.1 mmollL), phosphorus 6.1 mgldl (2.0 
mmollL), uric acid 13.1 mgldl (779 p.mollL), aspar
tate aminotransferase 2614 IU and alanine 
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aminotransferase 903 IV. The chest X-ray, 
hemoglobin, hematocrit, platelet count, glucose, 
total bilirubin and alkaline phosphatase are 
normal. 

Case 14 

A 20-year-old woman is admitted to the hospital 
with abdominal cramps, nausea and vomiting for 
four days and jaundice for one day. She has had no 
previous illnesses. Her only medication is an oral 
contraceptive containing norethindrone and 
mestranol for two years. 

Physical examination shows a blood pressure of 
170/90 mmHg, pulse 100 per minute, temperature 
37°C and respirations 20 per minute. The sclerae 
are icteric. Extremities show a few ecchymoses. 

Initial laboratory studies show Scr 8.3 mgldl (734 
p.moIlL), BUN 79 mg/dl (28 mmol/L), serum 
sodium 137 mEq/L, potassium 4.1 mEq/L, chloride 
103 mEq/L, bicarbonate 13 mEq/L and urinalysis: 
clear, yellow, pH 5.0, specific gravity 1.009, protein 
100 mgldl, glucose and ketones negative, oc
casional red blood cells and white blood cell per 
hpf. Extrarenal tests show hemoglobin 11.9 gldl, 
hematocrit 32.0%, white blood cell count 
13,800/mm3, 75 polymorphonuclear leukocytes, 11 
lymphocytes, 2 monocyte, platelet count 
26,000/mm3, blood smear-moderate helmet cells 
and schistocytes, and serum concentrations of total 
bilirubin 9.0 mgldl (154 p.moIlL) (direct 3.1 mgldl), 
AST 627 IU/L, calcium 9.2 mgldl (2.3 mmol/L), 
phosphorus 6.2 mg/dl (2.0 mmoIlL), and uric acid 
15.0 mg/dl (892 p.moIlL). The chest X-ray, serum 
concentrations of glucose, albumin, fibrinogen and 
fibrin split products were normal. Additional renal 
tests show a 24-hour-urine protein of 1.9 g, urine 
concentration of sodium 57 mEq/L and chloride 97 
mEq/L. On renal sonogram the kidneys are 10.6 cm 
in length and show Grade I hydronephrosis on the 
right. 

Case 15 

A 57-year-old man seeing a physician for a routine 
examination has a Scr of 2.9 mgldl (256 p.moIlL) 
compared to 1.4 mgldl (124 p.mol/L) one year 
earlier. He has taken atenolol and hydrochloro
thiazide for hypertension for over ten years. The 
patient stopped cigarette smoking ten years ago. 

Problem cases 

Physical examination shows a blood pressure of 
160/95 mmHg and pulse 64 per minute. Except for 
moderate obesity, the examination is unre
markable. 

Initial laboratory studies show Scr 2.9 mgldl (256 
p.moIlL), BUN 34 mg/dl (12 mmol/L), serum 
sodium 137 mEq/L, potassium 3.9 mEq/L, chloride 
96 mEq/L, bicarbonate 27 mEq/L and urinalysis: 
clear, yellow, pH 6.0, specific gravity 1.018, pro
tein, glucose, ketones and sediment negative. Ex
trarenal tests show normal chest X-ray, complete 
blood count, and serum concentrations of glucose, 
calcium, phosphorus, uric acid, bilirubin, liver en
zymes, total protein and albumin. Additional renal 
tests show a urine protein to creatinine ratio of 0.1 
(normal) and a normal renal sonogram with a 10.8 
cm right kidney and 10.5 cm left kidney. A left renal 
biopsy shows normal glomeruli, mild sclerosis of 
the arterioles, and some focal tubular atrophy and 
interstitial fibrosis. The changes are considered too 
mild to explain the azotemia. 

Case 16 

A 69-year-old man was admitted to the hospital 
with back and right knee pain. The patient has 
adult onset diabetes mellitus and chronic lym
phocytic leukemia, and had a splenectomy follow
ing trauma 30 years ago. Mild hypertension had 
been treated in the past, but recent blood pressures 
were about 135/85 mmHg without therapy. S. 
aureus was cultured from the blood, the right knee 
and a right psoas abscess. The infection responded 
well to nafcillin, but the patient became tachypneic 
and confused on the ninth hospital day. The 
temperature was 36°C, blood pressure 115/62 
mmHg, pulse 106 per minute, and respirations 26 
per minute. A urine culture grew 100,000 col
onies/ml of E. coli. Gentamicin and ampicillin were 
started and the patient improved clinically by the 
next day. On the twelfth hospital day, the Scr is 
noted to be 3.1 mgldl (274 p.moIlL) compared with 
its previous value of 1.1 mg/dl (97 p.moIlL) from the 
ninth hospital day. The patient feels well. 

The medications are prednisone, nafcillin, gen
tamicin, ampicillin, insulin, carafate and docusate. 

Physical examination shows a blood pressure of 
140/85 mmHg, pulse 72 per minute and tempera
ture 37°C. The patient is alert and oriented. The in
guinallymph nodes are slightly enlarged and firm. 
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Current laboratory studies show Scr 3.1 mg/dl 
(274 /LmollL), BUN 47 mg/dl (17 mmollL), serum 
sodium 135 mEq/L, potassium 4.2 mEq/L, chloride 
95 mEq/L, bicarbonate 27 mEq/L and urinalysis: 
clear, yellow, specific gravity 1.009, pH 5.5, protein 
100 mg/dl, glucose and ketones negative, red blood 
cells 6 to 10 per hpf, white blood cells 7 to 12 per 
hpf and occasional tubular cells. 

Case 17 

The patient is a 70-year-old diabetic man who is ad
mitted to the hospital with a five-day history of 
watery diarrhea, abdominal cramps and a rash on 
the upper extremities. Two days ago transient gross 
hematuria was noted. He had hematemesis and 
passed blood per rectum on the day of admission. 
The patient has chronic atrial fibrillation, and a 
tracheostomy performed for laryngeal cancer five 
years ago. He takes digoxin and glipizide. 

Physical examination shows a blood pressure of 
150/80 mmHg, pulse irregularly irregular at 80 per 
minute and temperature 37.1 dc. The patient has a 
tracheostomy, diffuse tenderness of the abdomen 
and nonpalpable petechiae on both palms and 
elbows. 

Initial laboratory studies show Scr 5.1 mg/dl (451 
/LmollL), BUN 56 mg/dl (20 mmollL), serum 
sodium 130 mEq/L, potassium 4.0, chloride 99, 
bicarbonate 13 mEq/L, and urinalysis: cloudy, 
amber, specific gravity 1.015, pH 5.0, protein 100 
mg/dl, glucose and ketones negative, II to 20 red 
blood cells per hpf, 6 to 10 white blood cells per 
hpf, few squamous epithelial cells. Extrarenal tests 
show white blood cell count 12,SOO/mm3, 

hemoglobin 10.6 g/dl, hematocrit 32.2%, platelet 
count 409,000/mm3, 76 polymorphonuclear 
leukocytes, 7 lymphocytes, 11 monocytes and 6 
eosinophils, sedimentation rate 26 mm/hour, serum 
concentration of calcium 6.1 mg/dl (1.5 mmoIlL), 
phosphorus 5.0 mg/dl (1.6 mmoIlL), uric acid 9.2 
mg/dl (547 /Lmol/L), total protein 3.5 g/dl and 
albumin I.S g/dl. Urine protein electrophoresis 
shows albumin and no abnormal proteins. ANA, 
ANCA, cryoglobulins and rheumatoid factor are 
negative. The chest X-ray, bilirubin, lactic 
dehydrogenase, liver enzymes, C3, C4 and CH50 
are normal. Upper endoscopy shows duodenal 
ulcers and duodenitis. Additional renal tests show 
24-hour urine protein 320 mg, and normal size 
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kidneys without hydronephrosis on renal 
sonogram (10.3 cm length on the right, 10.5 cm on 
the left). 

Case 18 

A 70-year-old man is admitted to the hospital with 
anuria for the past two days. He had recent weight 
loss of about 8lbs. A Scr was 0.9 mg/dl (80 /LmollL) 
two years ago. 

Physical examination shows a blood pressure of 
140/85 mmHg, pulse 88 per minute and 
temperature 36.8 dc. The patient is a somewhat 
wasted elderly man with I + edema of the ankles 
and feet. He is anuric despite placement of an in
dwelling urethral catheter. 

Initial laboratory studies show Scr S.1 mg/dl (716 
/LmoIlL), BUN 68 mg/dl (24 mmoIlL), serum 
sodium 143 mEq/L, potassium 4.9 mEq/L, chloride 
113 mEq/L, bicarbonate IS mEq/L. Extrarenal 
tests show serum concentration of calcium 8.0 
mg/dl (2.0 mmoIlL), phosphorus 6.9 mg/dl (2.2 
mmoIlL), uric acid 7.0 mg/dl (416 /LmoIlL) and 
albumin 3.3 g/dl. The chest X-ray, complete blood 
count, and liver enzymes are normal. Additional 
renal tests. Renal sonography shows Grade I 
hydronephrosis on the right. The right kidney is 
10.3 cm in length, the left is 10.5 cm. A left renal 
biopsy shows mild interstitial edema and normal 
glomeruli. 

Case 19 

The patient is a 46-year-old Hispanic gardener ad
mitted to the hospital with fatigue, anorexia, 20 lb. 
weight loss and anemia of six months duration. He 
vomited once on the day of admission. An evalua
tion of anemia (hemoglobin 11.1 g/dl) two months 
ago did not reveal a cause; serum and urine protein 
electrophoreses, bone marrow aspirate, and folate, 
vitamin B12 and iron studies were normal. 

Physical examination shows a thin middle-aged 
man with a blood pressure of 114/58 mmHg, pulse 
82 per minute and temperature 37°C. 

Initial laboratory studies show Scr 2.2 mg/dl (194 
/Lmol/L), BUN 30 mg/dl (11 mmollL), serum 
sodium 133 mEq/L, potassium 5.6 mEq/L, chloride 
101, bicarbonate 19 mEq/L and urinalysis: clear, 
yellow, specific gravity 1.012, pH 5.0, ketones 1 +, 
protein, glucose and sediment negative. Extrarenal 
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tests show hemoglobin 10.6 gldl, hematocrit 32%, 
uric acid 8.1 mgldl (482 p.moIlL), and normal chest 
X-ray, white blood cell count, platelet count, and 
serum concentrations of calcium, phosphorus, 
total protein, albumin, bilirubin and liver enzymes, 
Additional renal tests show urine concentrations of 
sodium 41 mEq/L, potassium 30 mEq/L, chloride 
72 mEq/L and creatinine 48 mgldl. Renal ultra
sound shows normal size kidneys without 
hydronephrosis. 

Case 20 

A 24-year-old white man is admitted to the hospital 
with a 3-day history of uremic symptoms and a one
day history of scant output of dark brown "Coca
Cola" colored urine. 

Six weeks before admission, the patient had an 
upper respiratory tract infection with bronchitis. It 
was treated for a week with oral amoxicillin and re
solved over three days. The patient then felt well 
until three days before admission when he devel
oped fatigue, hiccoughs and nausea. He had scant 
output of dark urine for one day before admission. 

The physical examination on admission shows a 
blood pressure of 145/95 mmHg, pulse 82 per 
minute, and bilateral costovertebral angle 
tenderness. 

Problem cases 

Initial laboratory studies shows Scr 10.6 mg/dl 
(937 p.mol/L), BUN 72 mgldl (26 mmoIlL), serum 
sodium 134 mEq/L, potassium 4.5 mEq/L, chloride 
97 mEq/L, bicarbonate 29 mEq/L, and urinalysis: 
hazy yellow, specific gravity 1.015, pH 5.5, protein 
300 mgldl, heme large amount, glucose and ketones 
negative, sediment 0 to 2 red cells per hpf, 0 to 5 
white cells per hpf, and many pigmented granular 
casts. Extrarenal tests show platelets 59,000 per 
mm3, white count 11,500 per mm3 with 75 
polymorphonuclear leukocytes, 18 lymphocytes 
and 2 eosinophils, serum concentration of uric acid 
9.9 mgldl (589 p.moIlL), phosphorus 6.2 mgldl (2.0 
mmo1/L), and albumin 3.3 gmldl. The chest X-ray, 
hemoglobin, hematocrit, red cell morphology, and 
the serum concentrations of calcium, bilirubin, 
creatine phosphokinase and liver enzymes are nor
mal. Additional renal tests: renal sonogram shows 
the kidneys to have increased density bilaterally 
with normal size and no hydronephrosis. A spot 
urine protein/creatinine ratio is 2.8 (equivalent to 
2.8 g per 24 hours). 

Urine output is less than 200 cc per day. The Scr 
rises more than 1 mgldl (88 p.moIlL) each day to 20 
mgldl (1768 p.moIlL) and uremic symptoms worsen. 
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Case 1 

Diagnosis - idiopathic crescentic G N 
The rise in Scr of 1.7 mgldl over seven months or 
less, almost a tripling, excludes chronic renal 
failure. While the low normal blood pressure and 
concentrated urine (S.G. 1.018) raise the question 
of pre renal renal failure, the absence of a 
precipitating cause and of a high BUN to Scr ratio, 
and the presence of proteinuria and hematuria 
make this unlikely. The normal sonogram excludes 
urinary obstruction. Thus, this patient most likely 
has an intrinsic renal disease. 

In making a diagnosis, the physician should try 
to explain the hematuria, proteinuria, constitu
tional symptoms and positive ANCA test. 

The hematuria and proteinuria suggest an acute 
nephritic picture. In addition, they are sometimes 
seen in diseases of the small renal vessels, such as 
atheroembolic renal disease and malignant 
hypertension. An idiopathic interstitial nephritis 
could also be associated with this moderate level of 
hematuria and proteinuria, as well as with the 
pyuria. 

The constitutional symptoms are nonspecific. 
They can be seen in primary GN such as idiopathic 
crescentic GN, and secondary GN caused by infec
tions and collagen vascular diseases. They also 
sometimes occur in atheroembolic or other diseases 
of the small renal vessels, and in idiopathic acute 
interstitial nephritis. 

A positive ANCA test is the most specific feature 
in this case, and is mainly found in idiopathic 
crescentic GN, polyarteritis nodosa and Wegener's 
granulomatosis. The absence of clear-cut ex
trarenal organ involvement makes the latter two 
conditions less likely, although such multisystem 
involvement can develop late in these vasculitides. 

J.G. Abuelo (ed.), Renal Failure, 241-253. 
© 1995 Kluwer Academic Publishers. 
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In summary, idiopathic crescentic GN is the best 
clinical diagnosis, but other parenchymal diseases 
need to be ruled out. Since the treatment depends 
on the specific diagnosis, a renal biopsy should be 
performed. 

Follow-up 

The renal biopsy showed a pauci-immune crescen
tic GN with 50% of glomeruli involved by 
crescents. The patient was treated by pulse 
methylprednisolone and then a course of oral pred
nisone. This was complicated by severe hyperten
sion, but the constitutional symptoms disappeared 
and the Scr fell to 1.4 mgldl (124 JtmollL). 

Hematuria, proteinuria, constitutional 
symptoms and a positive ANCA suggest 
an idiopathic crescentic GN. 

Case 2 

Diagnosis - prerenal renal failure 
The clues to diagnosing this case are the relatively 
low blood pressure, the high BUN to Scr ratio and 
the negative urinary protein and sediment. 

The rise in Scr to 2.8 mgldl (248 JtmollL) may 
have been associated with the recent two-week ill
ness and is probably new, suggesting an acute pro
cess. The blood pressure of 115/60 mmHg rep
resents relative hypotension in a hypertensive 
individual, and should lead the physician to 
wonder whether the combination of reduced salt 
intake due to anorexia, and obligatory urine salt 
loss due to a thiazide diuretic resulted in volume 
depletion, and prerenal renal failure. Once this 
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possibility is considered, one realizes that the thirst 
may be a sign of volume depletion, and the moder
ately high urine specific gravity (1.019) and BUN to 
Scr ratio are evidence for a prerenal cause. (If it 
were not for the effect of low protein intake on the 
BUN, the BUN to Scr ratio might have been 
higher). Confirmation of this diagnosis might in
clude demonstration of orthostatic "signs", im
provement of renal function with volume repletion, 
and verification of a recent drop in weight caused 
by fluid loss. (A stable weight would be evidence 
against hypovolemia.) 

Follow-up 

On questioning the patient about his weakness, he 
said that weakness and lightheadedness occurred 
when he was upright and it was relieved on sitting 
or lying. On standing, the patient's blood pressure 
fell from 120 mmHg systolic to 85 mmHg, and the 
pulse rate rose from 84 to 96 per minute. He was 
weighed; the weight of 159lb was 10 lb (4.5 kg) less 
than his normal weight. A chest X-ray and white 
blood cell count were normal. 

The diuretic was stopped and 4 liters of normal 
saline were given over two days. The patient 
recovered his appetite and feeling of well being. 
The blood pressure rose to 140/85 mmHg and the 
orthostatic change disappeared. The Scr fell to 0.9 
mgldl (80 ",mollL). 

Low normal blood pressure in a patient 
with chronic hypertension, high BUN to 
Scr ratio, urine specific gravity> 1.015 
and negative urine sediment suggest 
prerenal azotemia. 

Case 3 

Diagnosis - acute (allergic) interstitial nephritis 
The initial disseminated staphylococcal infection 
may have produced acute tubular necrosis due to 
sepsis or an acute immune complex mediated GN. 
The onset of azotemia well after resolution of the 
infection excludes the former possibility, and the 
lack of hematuria rules out an acute nephritic 
process. 

The hypotensive episode, which resolved four or 
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five days before the rise in Scr, was not concurrent 
with the onset of azotemia, and could not have 
caused the renal failure. 

The clues to the diagnosis of this patient are the 
,6-lactam exposure (nafcillin), rash, eosinophilia 
and normoglycemic glycosuria. They are strongly 
suggestive of a ,6-lactam-induced allergic in
terstitial nephritis. In many patients with this con
dition, a fall in Scr occurs within ten days after 
discontinuation of the drug, and may be considered 
confirmatory of the diagnosis. In others azotemia 
persists longer, and a renal biopsy may be needed 
to demonstrate the acute interstitial nephritis. 

Follow-up 

Vancomycin was substituted for nafcillin. A 
diuresis ensued two days later and the Scr peaked at 
5.1 mgldl (451 ",mol/L). The azotemia resolved over 
two weeks. 

Although the Grade I hydronephrosis on one 
side raises the question of postrenal renal failure, 
this is probably not the cause of the azotemia. 
Hydronephrosis would have to be bilateral to raise 
the Scr from 1.3 to 4.0 mg/dl. Also a large portion 
of Grade I hydronephroses (up to 50% of cases) is 
not due to obstruction.! Causes of these false 
positives include vascular structures, a full bladder, 
high urine flow, renal cysts and dilated calyces. 
Before pursuing further investigation of urinary 
obstruction with intravenous pyelography or 
urologic consultation, the sonogram should be re
peated and other diagnostic possibilities evaluated. 

{3-lactam exposure, rash, eosinophilia 
and renal glycosuria suggest allergic in
terstitial nephritis. 

Case 4 

Diagnosis - chronic renal failure of unknown 
etiology 
In making a diagnosis, the physician should take 
into account the severity of the hypertension, the 
high BUN to Scr ratio and the small kidney size. 

The possibility of malignant hypertension is 
suggested by the headaches, azotemia and the 
height of the blood pressure (240/120 mmHg). 
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However, the normal fundi, low normal renin con
centration, small kidney size and peak diastolic 
blood pressure below 130 mmHg tend to exclude 
this condition. 

The most likely diagnosis is chronic renal 
failure, with the small kidneys on sonography being 
prima facie evidence for atrophic and irreversibly 
damaged kidneys. The cause is unknown. The dur
ation of hypertension of a few years at most make 
hypertensive nephrosclerosis unlikely, and the low 
protein excretion militates against chronic 
glomerular disease. Reversible causes of pro
gressive renal failure, such as chronic hyper
calcemia, obstructive uropathy, and multiple 
myeloma are excluded by the evaluation. 

The azotemia, small kidneys and new onset of 
hypertension raise the question of bilateral renal 
artery stenosis with renal atrophy and renal failure 
caused by ischemia. Since the patient has no evi
dence of atherosclerosis, one would need to 
postulate that the patient has fibromuscular 
hyperplasia, a rare cause of renal artery stenosis 
and rarer cause of renal failure. The low renin con
centration makes renal artery stenosis even less 
likely. Moreover, there is little benefit in pursuing 
this diagnosis, since the likelihood of 8 em kidneys 
recovering function after revascularization is poor. 
The hypertension is probably secondary to the 
chronic kidney disease, and is partly or mainly be
ing mediated by hypervolemia. 

Follow-up 

The blood pressure was well controlled with 
nifedipine, furosemide and an 88 mEq sodium diet. 
Despite the hope that malignant hypertension was 
causing an acute reversible component of the 
azotemia, the Scr did not improve over the next 
several months. 

An azotemic patient with small kidneys 
has chronic renal failure. 

Case 5 

Diagnosis - vasomotor type of renal failure caused 
by captopril 
The physician must consider several clues in solv-
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ing this case: recent cardiac catheterization with 
use of radio contrast media, recent increase in cap
topril dose, high BUN to Scr ratio, pyuria and salt 
poor urine. 

The low urinary salt content suggests prerenal 
azotemia, but also may be seen in vasomotor types oj 
renal failure, due for example to contrast media or 
converting enzyme inhibitors, and in ischemic or pig
ment types of acute tubular necrosis. The congestive 
heart failure, the fall in blood pressure, the high 
BUN to Scr ratio and the low urine sodium concen
tration initially raise the question of prerenal renal 
failure due to diuretics, gastrointestinal blood loss 
or worsening cardiac function. But, the slight 
degree of blood pressure drop over the week before 
admission, and the lack of signs of heart failure cast 
doubt on this explanation. Gastrointestinal 
bleeding may have contributed to the high BUN to 
creatinine ratio. 

The occurrence of renal failure with a low urine 
sodium concentration following cardiac 
catheterization raises the question of a vasomotor 
reaction to contrast media. In contrast media reac
tions B UN and Ser usually begin to rise by one day 
and peak three to five days after the procedure. The 
Scr of 1.2 mg/dl (106 /Lmol/L) one week after 
catheterization excludes this cause of renal failure. 

The occurrence of azotemia two weeks after car
diac catheterization is consistent with atheroembolic 
renal disease. However, the absence of eosinophilia 
and ischemic skin changes in the feet make this less 
likely. 

The renal failure is most likely caused by cap
topril. Captopril, an angiotensin converting en
zyme inhibitor, reduces conversion of angiotensin I 
to angiotensin II. It may impair renal function in 
the setting of poor renal perfusion where 
maintenance of glomerular filtration depends on 
high angiotensin II levels. The patient's underlying 
low cardiac output places her kidneys in such an 
angiotensin II dependent state. The development of 
renal failure coincides with the increase in captopril 
dose to 25 mg t.i.d. The low urine sodium further 
supports this diagnosis. The first diagnostic step 
should be the discontinuation of captopril in antici
pation that the BUN and Scr will fall over two to 
three days. If improvement is not observed, a renal 
ultrasound should be obtained to exclude obstruc
tion. One might also consider an allergic interstitial 
nephritis produced by captopril or furosemide, 
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prerenal renal failure due to worsening of the heart 
disease, and atheroembolic renal disease 
precipitated by the cardiac catheterization. 

The hyperkalemia was caused by captopril, 
spironolactone, potassium supplements and 
worsening of renal function. 

Follow-up 

On admission, the patient was treated with 
sucralfate, ranitidine and sodium polystyrene 
sulfonate exchange resin (Kayexalate). The cap
topril, spironolactone, furosemide and potassium 
supplements were stopped. The potassium level 
rapidly fell to 5.2 mEq/L. Endoscopy showed nor
mal esophagus and stomach. The blood pressure 
rose to 130170 mmHg. The patient voided 4 liters 
during the first 24 hours in the hospital. The BUN 
and Scr fell over 4 days to 25 (9 mmol/L) and 1.3 
mg/dl (115 p.mol/L). The serum sodium corrected to 
135 mEq/L and the potassium to 3.7 mEq/dl. The 
pyuria was caused by an asymptomatic urinary in
fection. 

Congestive heart failure, increase in 
ACE inhibitor dose, salt poor urine and 
absence of hematuria and proteinuria 
suggest a vasomotor type of renal 
failure. 

Case 6 

Diagnosis - bilateral ureteral obstruction caused 
by uric acid crystals 
The sudden left flank and abdominal pain, history 
of urolithiasis and anuria despite a urethral 
catheter, are the keys to the diagnosis. 

Flank pain in patients with renal failure raises a 
number of diagnostic possibilities: acute 
pyelonephritis, renal artery embolism, renal vein 
thrombosis, malacoplakia, xanthogranulomatous 
pyelonephritis, acute GN and acute interstitial 
nephritis. However, the most common cause is acute 
ureteral obstruction by a stone. This is the obvious 
clinical diagnosis in this case, given the history of 
passage of a stone one year before. A Scr over 2.5 
mgldl (221 p.mol/L) indicates involvement of a 
solitary kidney or both kidneys. The confirmatory 
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test is usually a renal sonogram showing 
hydronephrosis, but there are many false negative 
results within the first day or two of an acute 
ureteral obstruction. One should obtain an in
travenous pyelogram in such patients if the 
sonogram is normal. 

Follow-up 

A renal sonogram showed Grade II 
hydronephrosis on the right side and Grade I 
hydronephrosis on the left side. The right kidney 
was 12.2 cm in length and the left 13.0 cm. 
Cystoscopy revealed a large amount of yellow
orange debris in the bladder, consistent with uric 
acid crystals. It was thought that this material was 
probably obstructing both ureters. A stent was 
placed in the right ureter. Passage of a left ureteral 
catheter required bypassing a probable calcareous 
obstruction. A retrograde pyelogram showed a 
normal left collecting system, and the ureter was 
not stented. 

There was a post-obstructive diuresis of 3 to 4 
liters a day for three days. The BUN and Scr fell to 
14 (5 mmol/L) and 2.3 mgldl (203 p.mol/L) over ten 
days. The uric acid was 11.4 mgldl (678 p.mol/L) on 
admission and went down to 2.3 mg/dl (137 
p.mol/L) by discharge. 

At the time of cystoscopy the cause of the uric 
acid precipitation was not known. The patient de
veloped delirium tremens in the hospital and then 
admitted to heavy ethanol use. Also mild anemia 
was present and after discharge was shown to be 
caused by myelofibrosis. Since both excess alcohol 
use and myelofibrosis stimulate uric acid produc
tion, greatly increased urine excretion was prob
ably responsible for the massive uric acid precipita
tion observed. 

Sudden flank pain, anuria and a history 
of urolithiasis suggest ureteral obstruc
tion by a stone. 

Case 7 

Diagnosis - contrast media nephrotoxicity 
The patient developed acute-on-chronic renal 
failure during the hospital stay. In diagnosing this 
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case, the physician must consider many causes. The 
worsening heart failure suggests the possibility of 
prerenal azotemia. The cardiac catheterization 
may have produced radiocontrast nephrotoxicity 
or atheroembolic renal disease. The history of 
urolithiasis and the symptoms of prostatism raise 
the question of obstructive uropathy. In addition, 
many of the medications occasionally produce 
renal failure: gemfibrozil (myoglobinuric ATN), 
furosemide (prerenal renal failure), furosemide and 
allopurinol (allergic interstitial nephritis), enalapril 
(vasomotor effect), and excessive dose of colchicine 
(nephrotoxic A TN). 

The investigation of all these possibilities might 
include urinary electrolytes, renal sonogram, renal 
biopsy and discontinuation of medications. How
ever, when acute renal failure seems typical of 
radiocontrast nephrotoxicity, it is often best to hold 
off on other studies in order to see if the Scr peaks 
within three to five days of the procedure and then 
improves. Observing the typical abbreviated course 
of contrast nephrotoxicity confirms the diagnosis, 
and avoids unnecessary studies. 

Patients with radiocontrast nephrotoxicity 
almost always have underlying chronic renal 
failure and are over 40 years of age (most are 
elderly). Diabetes mellitus is another common risk 
factor. The rise in Scr begins within 24 hours of the 
procedure, and oliguria may also be noted within 
the first day or two. 

This patient has the three risk factors for con
trast nephrotoxicity, and experienced a rise in Scr 
and probably a fall in urine output following the 
catheterization. In addition, four days after the 
procedure the urine output has increased, and Scr 
has plateaued. It is appropriate to observe the renal 
function for another day or two before carrying out 
further studies. 

Follow-up 

Over the next three days, the Scr fell to 2.1 mg/dl 
(186 ",mollL) and BUN to 49 mg/dl (17 mmol/L). 
The dyspnea on exertion improved with an in
creased dose of furosemide. 
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Underlying renal failure, old age, and a 
rise in Scr within one day of exposure to 
contrast medium suggest a vasomotor 
reaction to contrast media. 

Case 8 

Diagnosis - false renal failure due to cimetidine 
This patient developed acute-on-chronic renal 
failure as crescendo angina, anemia and acute 
bronchitis improved. The cause of renal failure is 
not immediately obvious. The patient's 
atherosclerosis raises the question of renal failure 
caused by renal artery stenosis or by atheroembolic 
renal disease. However, the absence of hyperten
sion or recent aortic manipulation make both 
possibilities unlikely. The recent administration of 
a ,8-lactam antibiotic and cimetidine are more wor
thy of the physician's attention. Both cause allergic 
interstitial nephritis. Although no rash or fever are 
present, one should check the differential count for 
eosinophilia, and, if elevated, one should consider 
discontinuation or substitution of these medica
tions (in fact, the white count is 3,500 with 5% 
eosinophils). Cimetidine blocks tubular secretion 
of creatinine and produces a rise in Scr without a 
fall in GPR. The renal handling of urea is not ef
fected and BUN does not change. Since this patient 
had a rise in Scr with little change in BUN, the 
cimetidine should be substituted by another 
H2-blocker or discontinued, and the Scr should be 
observed for two or three days. 

Follow-up 

The cimetidine was stopped. In three days the Scr 
fell from 3.6 (318 ",mollL) back to the baseline of 
2.7 mgldl (239 ",mollL) and the BUN rose from 58 
to 61 mg/dl (21 to 22 mmol/L). 

Administration of cimetidine followed 
by a rise in Scr without a rise in BUN 
suggests false renal failure. 



246 

Case 9 

Diagnosis - ischemic acute tubular necrosis ( A TN) 
The clinical picture of severe hypotension followed 
by oliguria with numerous muddy brown granular 
casts and renal tubular cells in the urine sediment is 
a classic one for ischemic acute tubular necrosis. 
An isotonic urine specific gravity (1.011) shows 
that the tubules are unable to concentrate the urine 
in response to the stimulus of hypovolemia. 

One can also see prerenal renal failure in the set
ting of hemorrhage shock, but the urine sediment 
should be negative or contain a few hyaline or fine 
granular casts and the urine should be concen
trated (specific gravity> 1.015). Similarly, the 
tubules in prerenal azotemia respond to salt retain
ing stimuli to produce urine with a low sodium and 
chloride content, whereas in ATN, the tubules 
usually fail to respond to these stimuli and the urine 
has a high salt content. 

There is a continuum between ischemic ATN 
and prerenal azotemia, and patients may have 
some features of both conditions. The practical test 
that distinguishes these two ends of the spectrum is 
the renal response to volume repletion and to 
restoration of normal hemodynamics. Recovery of 
normal renal function occurs promptly in prerenal 
azotemia, but takes several days to a few weeks in 
ATN. 

Follow-up 

The urine showed sodium 53 mEq/L, chloride 64 
mEq/L, FeNa 3.1% and FeCI 4.9%. With further 
volume repletion the systolic blood pressure 
stabilized at 115 to 120 mmHg, but the urine output 
remained about 200 ml per day. The Scr rose to 
13.1 mg/dl (1158 p.mol/L) over four days, and 
hemodialysis was begun. The patient recovered 
from his surgery without further complication. The 
urine output increased to over a liter per day after 
ten hospital days, and two days later the Scr began 
to fall. Hemodialysis was stopped. The Scr came 
down to 1.5 mgldl (133 p.mollL) over two weeks. 

Hypotension, failure to concentrate the 
urine, and tubular cells and muddy 
granular casts in the urine sediment 
suggest ischemic A TN. 
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Case 10 

Diagnosis - myeloma kidney 
The diagnosis in this patient may not be immedi
ately obvious. The clues to be considered in this 
case are the patient's advanced age, weight loss, the 
high BUN to Scr ratio, heavy proteinuria, uremia 
and rouleaux formation. 

Proteinuria greater than 2.5 g per day is usually 
presumptive evidence of a glomerular disease, but in 
patients over 50 years of age must be confirmed by 
urine protein electrophoresis. In older individuals, 
such heavy proteinuria may consist mainly of 
monoclonal light chains produced by a multiple 
myeloma rather than of albumin. If albumin is the 
major urinary protein, one would focus on the 
nephrotic glomerular diseases, since the absence oj 
hematuria excludes an acute nephritic process. 

In older patients with undiagnosed renal failure, 
atherosclerotic causes and multiple myeloma must be 
considered. This patient has no known risks for 
atherosclerosis and no findings suggestive of renal 
artery stenosis or atheroembolic renal disease. The 
normal serum protein electrophoresis, bone mar
row examination, serum calcium concentration 
and absence of bone pain tend to exclude multiple 
myeloma. However, other information points 
towards multiple myeloma: the anemia unexplained 
by renal failure, the rouleaux formation, a slightly 
high serum calcium concentration when correctedfor 
hypoalbuminemia and the discrepancy between the 
slight amount of protein detected by urine dipstick 
and the massive proteinuria in a 24-hour urine. The 
low reading on the dipstick is due to its insensitivity 
to urine proteins other than albumin. Lysozyme in 
the urine of patients with monocytic leukemia is 
one such protein. However, urinary monoclonal 
light chains produced by myeloma cells are the 
most common explanation for this discrepancy. A 
urine protein electrophoresis should be ordered to 
discriminate urinary albumin from immuno
globulin light chains. 

The serum protein electrophoresis may not detect light chain 
multiple myeloma. Some 20% of multiple myelomas produce 
only light chains, which are cleared from the plasma by the 
kidneys. Thus, the light chains are typically seen on protein 
electrophoresis of the urine, and not on electrophoresis of 
the serum, unless the clearance of these proteins is impaired 
by renal failure. Thus, both a urine and serum protein elec
trophoresis are needed to rule out multiple myeloma. 
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Follow-up 

The urine protein electrophoresis revealed scant 
albumin and an M protein in the beta region, which 
was a lambda light chain on immunofixation elec
trophoresis. The hypoalbuminemia may have been 
caused by poor nutrition. A bone marrow biopsy 
showed a marked increase in plasma cells. The pa
tient was treated with melphalan, prednisone and 
normal saline. The Scr fell to 1.5 mgldl (133 
/LmoI/L) over one month. The high BUN to Scr 
ratio decreased; it may have reflected mildly 
hypovolemia caused by decreased salt intake and 
increased urinary salt excretion due to the hyper
calcemia. 

Anemia, fatigue, weight loss, old age 
and failure of the urine dipstick to detect 
heavy proteinuria suggest renal failure 
caused by multiple myeloma. 

Case 11 

Diagnosis - chronic renal failure 
The factors to be considered in diagnosing the 
worsening azotemia in this patient are the 
atherosclerosis, the heavy proteinuria, the 
angiotensin converting enzyme inhibitor and the 
rate of progression of the chronic renal failure. 

The setting of atherosclerosis raises the possi
bility of renal failure from renal artery stenosis or 
atheroembolic disease. The longstanding pro
teinuria is evidence of a chronic glomerulopathy. 
An acceleration of renal failure in the absence of 
hematuria suggests a possible renal vein throm
bosis complicating the nephrotic syndrome or 
rapid progression of the underlying glomerular 
disease. The stable dose of enalapril for five years 
makes it an unlikely cause of the rise in Scr. 

More important than the above considerations 
is the question of whether the most recent rise in Scr 
is due to an acute-on-chronic process or is just the 
change caused by the underlying rate of loss of 
GFR. The present Scr may be predicted by plotting 
lIScr versus time and drawing the best fitting line 
through the points as shown in Fig. 1. One sees that 
the current Scr (2.8 mgldl) is close to the line. If 
further values of Scr approximate the line, no 
search for an acute process is needed. 
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Fig. 1. Plot of 1/Scr (dllmg) versus time showing that the most 
recent Scr (_] may well be in keeping with the chronic pro
gressive loss of function. 

Follow-up 

A repeat Scr one month later was 2.7 mgldl (239 
/LmoIlL) which further diffused concern about an 
acute-on-chronic renal failure. An elective repair of 
the aortic aneurysm was planned. In an added ef
fort to rule out a renal artery stenosis, a magnetic 
resonance aortography was carried out. Although 
the renal vessels appeared patent, the image quality 
was inadequate to completely exclude a renal artery 
stenosis. The aneurysm repair was successful and 
had no adverse affect on the Scr, which continued 
to increase as anticipated. 

A graph of l/Scr versus time predicts the 
rise in Scr expected from progression of 
the chronic renal disease. 

Case 12 

Diagnosis - renal artery stenosis 
Prerenal renal failure is excluded by the hyperten
sion and the urine electrolytes, and postrenal renal 
failure is excluded by the ultrasound. In the ab
sence of prior Scr values one cannot tell initially if 
this renal impairment is acute or chronic. In mak
ing a diagnosis the physician needs to take into con
sideration the new onset of severe hypertension in 
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someone over 50 years of age, the nephrotic range 
proteinuria, the discrepancy in renal size, and the 
electrolyte abnormalities: hypokalemia and (in the 
absence of respiratory manifestations) probably 
metabolic alkalosis. 

The heavy proteinuria suggests that a glomerular 
lesion is responsible for the renal failure. If he has 
rapidly progressive renal failure without manifesta
tions of a systemic disease, then a primary acute 
nephritic disease like IgA nephropathy or crescen
tic glomerulonephritis must be considered. 

The absence of hematuria excludes an acute 
nephritic process. However, progression of a 
chronic glomerulopathy that normally presents 
with nephrotic syndrome (like membranous or 
focal sclerosing glomerulonephritis) is still a possi
bility, since some of these patients do not have 
hematuria. 

Rarely nephrotic range proteinuria is caused by 
allergic interstitial nephritis or a disease involving 
the small or large renal vessel diseases. The fact that 
the patient took no drugs virtually excludes allergic 
interstitial nephritis. With regard to vascular 
diseases, atheroembolic disease would be atypical 
in the absence of aortic manipulation, eosinophilia 
and ischemic skin changes in the feet. Malignant 
hypertension is a possibility, but a distant one, 
since the diastolic blood pressure is less than 130 
mmHg and eye grounds are normal. It would, how
ever, explain the hypokalemic metabolic alkalosis. 
In malignant hypertension ischemic glomeruli 
release renin, which stimulates aldosterone produc
tion, which increases renal losses of potassium and 
hydrogen ions. 

Heavy proteinuria has been observed in cases of 
renal artery stenosis and is probably related to ex
tremely high peripheral renin levels (15 to > 300 
nglmllhour) in these patients.2 Renal artery 
stenosis is the most likely diagnosis for a number of 
reasons. First, atherosclerotic causes of renal failure 
are more likely in older patients, especially those who 
smoke. Second, hypertension that starts or escapes 
from medical control after age 50 is an important 
clue to renal artery stenosis. Third, a discrepancy in 
kidney size is another finding suggestive of 
renovascular disease. A left renal artery stenosis 
would account for the small left kidney. Otherwise, 
one might have to postulate a congenitally 
hypoplastic kidney or chronic pyelonephritis to ex
plain the discrepancy in size. Fourth, renal artery 
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stenosis can raise the renin level which produces 
hypokalemic metabolic alkalosis. Finally, with mild 
renal failure, the involvement may be unilateral. 
Loss of function on the left side and a doubling of 
Scr could easily explain the Scr of 2.2 mgldl (194 
p.mollL). Therefore, the physician should look for a 
left renal artery stenosis with an arteriogram. The 
risk of precipitating a reversible nephrotoxic reac
tion with the contrast media is probably 
outweighed by the anticipated benefit of finding 
and correcting a stenotic renal artery. The release 
of cholesterol emboli due to the procedure is of 
concern, but this is clinically significant in only a 
small proportion of cases. 

Follow-up 

In this patient, a peripheral plasma renin activity 
(interesting, but unnecessary test) was very high at 
28 ng/mllhr, and an abdominal aortogram showed 
diffuse atherosclerosis of the aorta. An aortic pla
que completely occluded the left renal artery 
orifice, but collateral vessels supplied the left 
kidney. Bypass surgery reestablished circulation to 
the left kidney. The serum electrolytes normalized, 
the urine protein slowly came down to 0.5 g/day 
and Scr dropped to 1.4 mg/dl (124 p.mollL). 

A history of smoking, discrepancy in 
kidney size, onset of severe hypertension 
after age 50 and hypokalemic metabolic 
alkalosis suggest renal artery stenosis. 

Case 13 

Diagnosis - myoglobinuric acute tubular necrosis 
The history of dark urine and the results of the 
urinalysis are the key to making the correct 
diagnosis. The intermittent excretion of a tea
colored urine can be seen in several clinical settings, 
such as hemoglobinuria, myoglobinuria, biliru
binuria, drug ingestion, beeturia, and porphyria. 
However, the finding of a urine that is heme positive 
despite the absence of red blood cells in the urine 
sediment is suggestive of hemoglobinuria or myo
globinuria. In addition, the elevated transaminases 
may reflect muscle and not liver injury, since the 
alkaline phosphatase and bilirubin were normal. 
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Although there are numerous causes of rhab
domyolysis, trauma is the most common. However, 
considering the paucity of physical signs of trauma 
(i.e. no ecchymoses, hematoma) and the fact that 
significant rhabdomyolysis is mainly seen in mode
rate to severe injuries, it is unlikely that the fall was 
cause of the patient's rhabdomyolysis. Second, the 
patient was intermittently excreting tea-colored 
urine several days prior to his trauma. The history 
revealed that he was taking lovastatin (Mevacor), a 
drug which is known to cause rhabdomyolysis with 
myoglobinuric acute tubular necrosis. 

The mechanism for the acute renal failure secon
dary to rhabdom yo lysis is probably multifactorial 
and includes renal vasoconstriction secondary to 
the antagonism of myoglobin to the vasodilating 
effect of nitric oxide, intratubular obstruction with 
myoglobin casts, and possibly a direct proximal 
tubular injury by myoglobin itself. Treatment op
tions include hydration with isotonic saline which 
enhances renal perfusion and urine flow rate, and a 
forced alkaline diuresis which decreases the pro
duction of toxic breakdown products of myoglobin 
in the tubule. Early intervention may enhance the 
success of this maneuver. 

Follow-up 

Due to the concomitant chest pain that the patient 
developed during admission, he was transferred to 
the Coronary Care Unit for further management. 
High myoglobin levels (l,250 ng/ml) were 
measured in the urine. A serum creatine 
phosphokinase was 207,600 lUlL. During the next 
48 hours, aggressive intravenous hydration with 
isotonic sodium bicarbonate was given, but the pa
tient's renal failure worsened and he was then 
hemodialyzed. The creatine phosphokinase (MM 
band) rose to a peak of 413,200 lUlL. On the 4th 
hospital day, the patient developed an acute 
myocardial infarction and expired. At post
mortem examination of the renal histology showed 
numerous pigmented granular casts within the 
distal collecting tubules. In addition, the proximal 
tubules were dilated and contained regenerative 
tubular epithelium. These findings were consistent 
with resolving A TN. Finally, histopathology of the 
muscle tissue showed extensive myofibril degenera
tion with some evidence of regeneration which 
again is suggestive of rhabdom yo lysis. 
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Muscle tenderness, lovastatin use, ele
vated aminotransferase levels and 
positive urine heme test in the absence of 
red blood cells suggest myoglobinuric 
ATN. 

Case 14 

Diagnosis - hemolytic uremic syndrome 
The clues to the diagnosis in this young woman are 
the thrombocytopenia and the microangiopathic 
hemolytic anemia as evidenced by fragmented red 
blood cells on peripheral blood smear. These fin
dings may occur in scleroderma renal crisis, malig
nant hypertension and disseminated intravascular 
coagulation; however, there is no evidence for these 
entities in the patient's clinical picture. The presen
tation is more consistent with thrombotic throm
bocytopenia purpura or the hemolytic uremic syn
drome. These conditions may be the two ends of a 
continuum. However, this case fits best with 
hemolytic uremic syndrome because of the associ
ation with an oral contraceptive and because of the 
hypertension, moderately severe renal failure, less 
severe thrombocytopenia and absence of fever and 
central nervous systemic manifestations. The 
clinical picture is characteristic enough to be 
diagnostic and confirmation by renal biopsy is not 
needed. The unilateral low-grade hydronephrosis is 
probably not significant. Appropriate treatment 
should be initiated. 

Follow-up 

Hemolytic anemia was further documented with a 
reticulocyte count of 2.9%, a lactic dehydrogenase 
concentration> 10,000 lUlL, and a haptoglobin of 
<5 gldl (normal 12-160 gldl). The prothrombin 
time and partial thromboplastic time were normal. 

The patient became anuric. The renal failure was 
managed with hemodialysis. The patient was given 
aspirin, persantine, high dose prednisone, and 
plasma exchanges three days in a row. The platelet 
count then rose rapidly to normal. The LDH 
gradually fell to under 1,000 lUlL one week after 
the last plasma exchange. After the last plasma ex
change tht:: patient began to make urine and 
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hemodialysis was stopped one week later. The Scr 
eventually stabilized at 1.8 mgldl (159 JLmollL). 

Oral contraceptive 
cytopenia, and 
hemolytic anemia 
uremic syndrome. 

Case 15 

use, thrombo
microangiopa thic 

suggest hemolytic 

Diagnosis - left renal artery stenosis 
There are few, if any, clues to the diagnosis in this 
patient. With an age over 50, the question of 
myeloma kidney comes up, but the lack of pro
teinuria by urine protein to creatinine ratio excludes 
significant amount of urinary light chains. Although 
his age and smoking history raise the issue of renal 
complications of atherosclerosis, no other clinical 
evidence supports this (i.e. no ischemic toes, 
eosinophilia, atherosclerotic manifestations or 
worsening hypertension). 

Given the unexplained renal failure a renal 
biopsy was carried out to look for an intrinsic renal 
cause, but the non-specific changes seen were insuf
ficient to explain the renal failure. 

With parenchymal disease excluded, one must 
look carefully at the perfusion to the kidneys and 
the patency of urine outflow. The absence of any 
dilatation of the collecting system on the renal 
sonogram is almost infallible in excluding urinary 
obstruction. Since the patient's age and smoking 
history raise the question of atherosclerosis of the 
renal arteries, a renal arteriogram should be carried 
out. 

Follow-up 

An aortogram and bilateral renal arteriogram 
showed an insignificant (....., 25%) stenosis of the 
right renal artery and a tight stenosis (>90%) of the 
left renal artery with collateral flow to the segmen
tal arteries. Delayed imaging showed no contrast 
excretion on the left. The stenosis was dilated suc
cessfully by percutaneous transluminal angio
plasty. Over the next week, the Scr fell to 1.5 mg/dl 
(133 JLmollL) and the blood pressure to 135/85 
mmHg. Apparently, the underperfused left kidney 
had minimal function, but sufficient blood supply 
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via collaterals to remain viable. Correction of the 
stenosis restored function to the kidney. 

Renal failure "out of the blue" may be 
caused by volume depletion, intrinsic 
renal disease, and by vascular or urinary 
obstruction. Because of the athero
sclerotic risk factors, renal artery 
stenosis ought to be investigated first 
with an angiogram. 

Case 16 

Diagnosis - acute tubular necrosis caused by sepsis 
The physician must consider a variety of possible 
causes of renal failure: immune complex GN due to 
a staphylococcal infection, acute interstitial 
nephritis due to ~-lactam antibiotics or to acute 
pyelonephritis, and postrenal renal failure due to 
enlarged retroperitoneal lymph nodes or to two 
complications of diabetes mellitus: neurogenic 
bladder and ureteral impaction by a necrotic renal 
papilla. The use of gentamicin for only three days 
makes aminoglycoside nephrotoxicity unlikely. 

The most significant clinical event, however, 
from the renal standpoint occurred on the ninth 
hospital day. The low body temperature, 
tachypnea, low normal blood pressure, mental con
fusion and urinary infection are evidence of a septic 
episode. Also the Scr probably began to rise right 
after this episode, although intervening Scr values 
were not measured. The occurrence of sepsis with a 
fall in blood pressure at the time when the Scr starts 
to rise or when the urine output falls is strong evi
dence for A TN due to sepsis. The systolic blood 
pressure need not fall below 110 mmHg. The 
diagnosis will be confirmed by a spontaneous 
recovery in renal function in the next week or two. 
While waiting for a fall in Scr, the physician might 
investigate the other possible diagnoses by measur
ing a post void residual urine, and ordering a renal 
sonogram, serum complement levels and a urine 
and blood for eosinophils. 

Follow-up 

Over the next three hospital days, the Scr stabilized 
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at 3.1 mgldl (274 p.mollL) and began to fall. One 
week later the Scr was 1.1 mg/dl (97 p.mollL). 

An episode of sepsis with a fall in blood 
pressure within the normal range at the 
time of rise in Scr suggests ischemic 
ATN. 

Case 17 

Diagnosis - Henoch-Schonlein purpura 
In diagnosing this case, only a few possibilities need 
to be considered. The abdominal pain, atrial 
fibrillation, hematuria and proteinuria raise the 
question of a renal embolism. However, the lactic 
dehydrogenase is not elevated and there is another 
likely cause of the abdominal pain (see below). The 
history of malignancy suggests a possible urinary 
obstruction from retroperitoneal metastases, but 
the sonogram shows no hydronephrosis. The key 
clue is the vasculitis-like picture with a rash, an 
acute nephritic picture and probable involvement 
of the gut. Serologic studies were negative. Essen
tial mixed cryoglobulinemia is excluded by the ab
sence of cryoglobulins. Wegener's granulomatosis 
is unlikely without a positive ANCA test or 
respiratory involvement. With gastrointestinal in
volvement, Henoch-Schonlein purpura would be a 
likely diagnosis, although it is rare in adults, and 
the rash in this disease is usually on the lower ex
tremities. This diagnosis can often be confirmed on 
skin biopsy by finding a leukocytoclastic vasculitis 
with IgA deposition. The physician should obtain 
this study. 

Follow-up 

A skin biopsy showed an IgA-mediated 
leukocytoclastic vasculitis. The Scr rose to 7.1 
mgldl (628 p.mol/L) and hemodialysis was initiated. 
Since treatment of possible glomerular crescent 
formation should be a consideration in this con
dition, a renal biopsy was performed. It showed 
mild mesangial proliferative GN with mesangial 
deposition of IgA and C3, consistent with IgA 
nephropathy or Henoch-Schonlein purpura. There 
were no crescents. After two dialysis treatments, 
the Scr fell spontaneously and decreased to 2.1 
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mgldl (186 p.mollL) over several weeks. Petechial le
sions appeared over the lower extremities and were 
still appearing after six weeks of illness. 

Hematuria, proteinuria, skin rash, GI 
bleeding and other GI symptoms 
suggest Henoch-Schonlein purpura. 

Case 18 

Diagnosis - bilateral ureteral obstruction 
This patient presents no clues to the etiology of the 
renal failure. As a result, his physician performed a 
renal biopsy to look for parenchymal disease. The 
biopsy was virtually normal. The next step is to 
consider the possibility of inadequate renal perfu
sion or inadequate drainage of urine through the 
ureters, despite little or no dilatation of the kidneys 
by sonogram. Grade I hydronephrosis is usually 
not caused by urinary obstruction and any obstruc
tion would have to be bilateral to produce such 
severe renal failure. Nevertheless, the low grade 
dilatation suggests that cystoscopy with retrograde 
pyelograms should be the next diagnostic step. 

Follow-up 

Cystoscopy was carried out and urine flow was 
reestablished after inserting a left ureteral catheter, 
which was left in place. Retrograde pyelograms 
showed minimal hydronephrosis bilaterally. The 
Scr came down to 2.6 mgldl (230 p.moI/L) over four 
days. Unfortunately, the patient developed sepsis 
and hypotension, and died two days later. An 
autopsy showed a carcinoma of the prostate with 
metastatic invasion of the ureters. 

Renal failure "out of the blue" may be 
caused by volume depletion, intrinsic 
renal disease, and by vascular or urinary 
obstruction. Because of the mild 
unilateral hydronephrosis ureteral 
obstruction should be investigated first 
with a retrograde pyelogram. 
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Case 19 

Diagnosis - prerenal renal failure caused by 
Addison's disease 
The clinical clues that must be considered here are 
the six-month history of anemia and wasting, the 
slightly elevated serum potassium concentration 
and the low normal blood pressure. 

The serum potassium level should not be elevated 
in mild renal failure unless there is an additional 
problem with potassium handling. For example, 
aldosterone levels may be low, as in primary adrenal 
insufficiency, or the renal tubules may be unrespon
sive to aldosterone as in obstructive uropathy. 
Obstruction was excluded by the normal renal 
sonogram. Plasma renin and aldosterone concen
trations might be ordered to evaluate this. 

The low normal blood pressure raises the question 
of prerenal azotemia, but the lack of renal salt 
avidity, a concentrated urine, and of previous fluid 
loss militate against this. Nevertheless, the physi
cian's concern about pre renal azotemia should not 
be allayed. If volume depletion has occurred 
through renal salt losing, no obvious fluid losses 
will be apparent and the urine will not have a low 
salt content. The physician should look for or
thostatic changes in pulse and blood pressure. 

Follow-up 

The patient's blood pressure fell to 80/40 mmHg on 
standing and the pulse rose by 20 per minute. It was 
speculated that poor salt intake and renal salt 
wasting had caused volume depletion. Intravenous 
saline was given at two liters per day. The blood 
pressure rose to 135/80 mmHg and the Scr fell to 
0.9 mgldl (80 ",mollL) after three days. 

Given the unexplained anorexia, wasting, 
fatigue and anemia, it was postulated that the 
hyperkalemia and renal salt losing were caused by 
low aldosterone secretion due to Addison's disease. 
Primary adrenal insufficiency was diagnosed with a 
low morning plasma cortisol concentration, a high 
plasma ACTH level and an abnormal ACTH 
stimulation test. Cortisol and fludrocortisone were 
given as hormone replacement. The anemia, 
anorexia and fatigue gradually improved. 
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Renal failure "out of the blue" may be 
caused by volume depletion, intrinsic 
renal disease, and by vascular or urinary 
obstruction. Because of the low normal 
blood pressure, volume depletion 
should be investigated first with a trial 
of volume expansion. 

Case 20 

Diagnosis - acute interstitial nephritis 
In making a diagnosis, the physician should con
sider the dark urine, the bilateral tenderness over 
the kidneys, the heavy proteinuria, the granular 
casts and the thrombocytopenia. 

The rapid rise of Scr in the hospital demonstrates 
that the renal failure is acute, although a chronic 
component cannot be excluded. Since the history 
and high blood pressure exclude prerenal renal 
failure, and the ultrasound rules out obstruction, 
the patient has an intrinsic renal disease. The 
granular casts also reflect a parenchymal etiology. 

The history of a respiratory infection, the 
"Coca-Cola" colored urine, and the heavy pro
teinuria (more than 300 mgldl on dipstick, more 
than 2.5 urine protein to creatinine ratio) at first 
suggest an acute glomerulonephritis. But, the ab
sence of hematuria excludes an acute nephritic 
process. 

The history of dark urine and large amount oj 
heme in the urine with scant red blood cells suggest 
hemoglobinuric or myoglobinuric tubular necrosis. 
However, the normal hemoglobin, hematocrit and 
creatine phosphokinase exclude significant 
hemolysis or rhabdomyolysis. 

The low platelet count and proteinuria raise the 
question of a small vessel disease. However, we can 
exclude malignant hypertension based on the blood 
pressure, scleroderma based on the normal skin, 
and thrombotic thrombocytopenic purpura and 
hemolytic uremic syndrome based on the absence 
of hemolytic anemia. 

Penicillin analogues like amoxicillin can cause 
acute allergic nephritis, sometimes with heavy pro
teinuria. This diagnosis is unlikely since such pa
tients generally present while they are still taking 
the drug and not weeks later. Finally, there is no 
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hypotension or nephrotoxin exposure to suggest 
acute tubular necrosis. 

In summary, a careful consideration of the fin
dings in this case do not permit us to make a 
diagnosis or even suggest one. Except for the 
thrombocytopenia, this is renal failure "out of the 
blue", which is to say that the evaluation discloses 
no problem other than the kidney disease. In cases 
of renal failure due to undiagnosed intrinsic disease, 
a renal biopsy should be performed, because it will 
usually be diagnostic, and treatment is often possible. 

Follow-up 

This patient was treated with hemodialysis and 
underwent a renal biopsy that showed an acute in
terstitial nephritis. There was patchy tubular 
destruction, and interstitial edema and infiltration 
mostly of lymphocytes and histiocytes. Regenera
tion of tubular epithelium suggested a resolving 
phase. In fact, urine output rose after the renal 
biopsy and Scr fell to 3.8 mg/dl (336 p.mol/L) over 
the next five days, at which point the patient was 
discharged. The low platelet count and heme 
positive urine resolved and were never explained. 
Thus, this patient either had an idiopathic acute in
terstitial nephritis or a delayed allergic interstitial 
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nephritis caused by amoxicillin. Of interest is the 
costovertebral angle tenderness, which can be seen 
with acute interstitial nephritis. 

Renal failure "out of the blue" may be 
caused by volume depletion, intrinsic 
renal disease, and by vascular or urinary 
obstruction. Because of the proteinuria 
and granular casts, intrinsic renal 
disease should be investigated first with 
a renal biopsy. 

NOTES 

1. Scola FH, Cronan JJ and Schepps B. Grade I 
hydronephrosis: pulsed Doppler US evaluation. Radiology 
1989; 171:519-20. Ellenbogen PH, Scheible FW, Talner LB 
and Leopold GR. Sensitivity of gray scale ultrasound in 
detecting urinary tract obstruction. Am J Roentgenol1978; 
130:731-3. 

2. Sato H, Saito T, Kasai Y, Abe K and Yoshinaga K. Massive 
proteinuria due to renal artery stenosis. Nephron 1989; 
51:136-7. Kumar A and Shapiro AP. Proteinuria and 
nephrotic syndrome induced by renin in patients with renal 
artery stenosis. Arch Intern Med 1980; 140:1631-4. 

3. Case and discussion were contributed by Dr. Fred Tan. 



APPENDIX A. MEDICATIONS THAT CAUSE RENAL FAILURE WITH PROPER USEl 

False renal failure (see Chapter 7) 
Impaired tubular secretion of creatinine 

Salicylate 
Cimetidine 
Trimethoprim 

Positive interference with creatinine measurement 
Cefoxitin 
Acetohexamide 
Methyldopa 
5-Flucytosine (Ektachem method) 

Chronic renal failure 
Retroperitoneal fibrosis (see Postrenal renal failure 
below) 
Hemolytic uremic syndrome (see Vascular causes 
below) 
Nephrotoxic tubular damage (see Tubular causes 
below) 
Chronic Interstitial Nephritis (see Interstitial 
causes below) 

Prerenal renal failure 
Volume depletion 

Laxatives 
Diuretics 
Renal salt wasting-Cisplatin [1] 
Capillary leak 

Gonadotropins [2] 
All-trans retinoic acid [3] 

Reduced vascular resistance 
Antihypertensive 
Coronary vasodilators 

Nitrates 
Calcium channel blockers 

Interleukin-2 [4-6] 

Postrenal renal failure 
Retroperitoneal fibrosis 

Methylsergide [7] 
Bromocriptine [8] 
Dihydroergotamine [9] 

Sloughed papilla2 

Nonsteroidal anti-inflammatory drugs [10] 
Aspirin [11] 

J.G. Abuelo (ed.), Renal Failure, 255-267. 
@ 1995 Kluwer Academic Publishers. 
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Ureteral obstruction by clots - E - Aminocaproic 
acid [12] 
Ureteral obstruction by stones - Sulfadiazine [13] 
Neurogenic bladder3 

Narcotics 
Drugs with anticholinergic activity 

Atropine and related alkaloids 
Antihistamines 
Phenothiazines 
Disopyramide phosphate [14] 

Vascular causes of renal failure (see Chapter 10) 
Vasomotor disturbance 

Nonsteroidal anti-inflammatory drugs 
Angiotensin converting enzyme inhibitors 
Nifedipine 
Cyclosporin A 
Contrast media 
Interleukin 2/a-interferon [15] 
Demeclocycline [16] 
Flosequinan [17] 
Mannitol [18] 

Atheroembolic disease 
Anticoagulation 
Thrombolytic therapy 

Tissue plasminogen activator 
Streptokinase 

Hemolytic uremic syndrome 
Mitomycin C 
Oral contraceptives 
Bleomycin 
Conjugated estrogens 
Quinine 

Vasculitis - Carbamazepine [19] 

Glomerular causes of renal failure 
Crescentic glomerulonephritis 

D-Penicillamine [20] 
Hydralazine [21] 
Interleukin-2 [22] 

Goodpasture's syndrome - D-penicillamine [23] 
Vasculitis 

Hyposensitization treatment [24] 
Penicillin [25] 
Sulfa [26, 27] 
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Tubular causes of renal failure [28 } 
Acute tubular necrosis 

Antibiotics 
Aminoglycosides 
Demeclocycline 
Amphotericin B 
Capreomycin [29] 
Pentamidine 
Foscarnet [30] 

Anesthetics 
Methoxyflurane 
Enflurane 
Halothane 

Cancer chemotherapy [31, 32] 
Cisplatin 
Interferon Alfa-2a, Alfa-2b 
Streptozocin 
Pentostatin 
5-azacytidine 
Ifosfamide [33, 34] 
Plicamycin 
Carboplatin [35] 
Asparaginase 
Fludarabine 
Dacarbazine 
Amsacrine 
Mitoxantrone 

Intravascular hemolysis [36] 
Thiopental [37] 
Chloramphenicol 
Chloroquine 
Dapsone 
Aspirin 
Quinine sulfate [38] 

Rhabdomyolysis 
Lipid lowering drugs [39, 40] 
Hypertonic sodium chloride - Therapeutic 
abortion [41] 
Cyclosporine A [42] 

Miscellaneous 
Dextran [43] 
Lithium [46] 
Deferoxamine [44] 
Fumaric acid [47] 
EDTA [45] 
Intravenous immunoglobulin [48] 

Chronic tubular atrophy 
Methyl CCNU 
BCNU 
Cyclosporin A 

Lithium 
Intratubular Obstruction 

Methotrexate 
Acetazolamide 
Sulfonamides 
Acyclovir 
Tumor lysis syndrome 
Naftidrofuryl oxalate [49] 
Triamterene 

Interstitial causes of renal failure [50} 
Antibiotics 

Methicillin 
Sulfonamides 
Penicillin G 
Cotrimoxazole 
Ampicillin 
Rifampin 
Amoxicillin 
Ciprofloxacin [53-54] 
Nafcillin 
Norfloxacin [55] 
Carbenicillin 
Polymyxin 
Oxacillin 
Kanamycin 
Pi peracillin [51] 
Gentamicin 
Cephalothin 
Colistin 
Cephalexin 
Ethambutol 
Cephalexin 
Ethambutol 
Cefazolin [52] 
Chloramphenicol 
Tetracyclines 
Erythromycin 
Vancomycin 
Acyclovir [56] 

Nonsteroidal anti-inflammatory drugs 
Naproxen 
Ibuprofen 
Fenoprofen 
Zomepirac 
Mefenamate 
Phenylbutazone 
Tolmetin 
Indomethacin 
Diflunisal 

Appendix 
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Dic10fenac 
Piroxicam 
Ketoprofen 

Diuretics 
Furosemide 
Chlorthalidone 
Thiazides 
Triamterene 

Miscellaneous 
Diphenylhydantoin 
Phenobarbital 
Glafenin 
Alpha-methyldopa 
Phenidione 
Gold and bismuth salts 
Allopurinol 
Diazepam 
Cimetidine 
D-penicillamine 
Sulfinpyrazone 
Alpha-interferon 
Aspirin 
Phenacetin 
Carbamazepine 
Phenazone 
Clofibrate 
Antipyrine 
Azathioprine 
Carbamazepine 
Sulfasalazine [57] 
Carboplatin [59] 
5-Aminosalicylic acid [58] 
Intravesical BCG [60] 

NOTES 

1. Many drugs are listed based on one or few reported cases. 
Nephrotoxic reactions to such medications may be very rare 
or may not occur at all, if the reported cases were 
misdiagnosed. 

2. These drugs cause papillary necrosis, but renal failure due to 
obstruction by a sloughed papilla has not been reported. 

3. Renal failure is occasionally observed in clinical practice, but 
I am not aware of case reports in the literature. 
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APPENDIX B. NEPHROTOXINS OTHER THAN PROPERLY USED LEGITIMATE DRUGS 

Overdose of legitimate drugs or abuse of illicit drugs 

Renal lesion 

Acute interstitial nephritis 
Chronic glomerulonephritis (Heroin 
nephropathy) 
Chronic interstitial nephritis (Analgesic 
nephropathy) 
Hemoglobinuric ATN 
Hypercalcemia 

Hyperoncotic state 
Myoglobinuric ATN 

Necrotizing vasculitis 
Nephrotoxic ATN 

Obstruction (stones) 
Osmotic nephrosis 
Oxalosis 
Tubular obstruction 
Vasomotor reaction 

Drug 

Chlorprothixene [I] 
Heroin [2] 
Pentazocine [3, 4] 
Acetaminophen [5] 
Nonsteroidal anti-inflammatory drugs [6] 
Methyl-tert-butyl ether [7] 
Vitamin A [8] 
Vitamin D 

Albumin [ll] 
Amoxapine [12, 13] 
Amphetamines [14] 
Barbiturates [15] 
Cocaine [16, 16a] 
Diazepam [15] 
Doxepinlnitrazepam [17] 
"Ecstasy" [18] 
Ethanol [14, 15] 
Glutethemide [14] 
Heroin [14] 
Methadone [14] 
Phencyclidine [14] 
Phenylpropanolamine [19] 
Strychnine [20] 
Terbutaline [21] 
Methamphetamine [22] 
Acetaminophen [23-25] 
Aspirin [26] 
Boric acid [27] 
Bismuth salts [28] 
Colchicine [29, 30] 
Colloidal bismuth [31] 
Lead [32] 
Nomifensine [33] 
Pennyroyal oil [34] 
Paraldehyde [35] 
Triamterene [36] 
Uranium [37] 
Magnesium antacid [38] 
Mannitol [39-41] 
i.v. vitamin C [42-44] 
Ciprofloxacin [45] 
Ibuprofen [46] 

Circumstance of administration 

Suicide 
Narcotic addiction 
Narcotic addiction 
Analgesic abuse 
Analgesic abuse 
Dissolution of gallstones 
Acne treatment 
Hypoparathyroidism [9], metabolic bone 
disease [10] 
Refractory ascites 
Suicide 
Drug overdose 
Drug overdose 
Drug overdose 
Drug overdose 
Suicide 
Drug abuse 
Alcoholism 
Drug overdose 
Drug overdose 
Drug overdose 
Drug overdose 
Weight loss, drug overdose 
Mistaken for cocaine 
Suicide 
Drug overdose 
Suicide 
Suicide 
Diaper rash 
Taken for warts 
Suicide 
Drug overdose 
Inadvertently self injected with opium 
Suicide 
Attempted abortion 
Drug overdose 
Suicide 
Clinical investigation 
Antacid abuse 
Excessive dose 
Excessive dose 
Drug overdose 
Drug overdose 



Appendix 

Ingestion of nephrotoxic chemicals 

Probable renal lesion 

Acute interstitial nephritis 
Chronic tubulointerstitial nephritis 
Hemoglobinuric ATN 

Myoglobinuric ATN 

Nephrotoxic ATN 

Oxalosis 

Pseudoazotemia 

Ingestion of nephrotoxic foods 

Probable renal lesion 

Chronic interstitial nephritis 

Hypercalcemia (milk-alkali syndrome) 
Hemoglobinuric ATN 
Myoglobinuric ATN 

Nephrotoxic ATN 

Oxalosis 

Ingestion of nephrotoxic plants 

Plant 

Autumn crocus [30] 
Castor bean [110] 
Chinese herbs for slimming [1l1] 
Daphne [112] 

Chemical 

Endosulfan [47] 
Cadmium [48], fluoride [49] 
Aniline [52] 
Bromate salts [53, 54] 
Chlorate compounds [55] 
Copper sulfate [56] 
Cresol [57, 58] 
Copper sulfate [60] 
Lindane [61] 
Mercuric chloride [60] 
Arsenic salts [62] 
Barium chloride [63] 
Carbon tetrachloride [64] 
Chlordane [65] 
Chloroform [66] 
(2,4 di- and methyl-)chlorophenoxyacetic 
acid [67] 
Chromium compounds [68-71] 
Diquat [72] 
Ethylene dichloride [66] 
Ethylene dibromide [73, 74] 
Germanium compounds [75-77] 
Diethylene glycol [90] 
Ethylene glycol [91, 92] 
Isopropanol [96, 97] 

Food 

Vichy water [49] 
Worcestershire sauce [98] 
Milk [99, 100] 
Fava or broad beans (Viciafaba L.) [101] 
Licorice [102] 
Wild birds (chaffinch [103], quail [104, 105], 
European robin [103]) 
Djenkol beans (Pithecolabium lobatum) 
[106] 
Carp bile (Ctenopharyngodon idellus and 
other species) [107, 108] 
Rhubarb (Rheum rhaponticum) [109] 

Scientific name 

Colchicum autumnale 
Ricinus communis 
Exact plants unknown 
Daphne mezereum 

Lead [50, 51] 
Ethylene glycol dinitrate [59] 
Lysol (British) [83] 
Naphthalene [59a] 
Paraphenylene diamine [59b, 59c] 
Propylene glycol [59] 
Methanol [91] 
Paraphenylene diamine [61a] 
Zinc phosphide [60] 
Hydrocarbons [78] 
Mercury salts [79, 80] 
Methylene chloride [81] 
Paraquat [82] 
Tartaric acid [83] 
Tetrachloroethylene [59] 
Thallium [84] 
Tetralin [85] 
Trichloroethylene [86] 
Triphenyltin acetate [87] 
Turpentine [88] 
Yellow phosphorus [89] 
Ethylene glycol butyl ether [93] 
Oxalic acid [94, 95] 

Toxin 

Fluoride 
Unknown 
Calcium 
Divicine and isouramil 
Glycyrrhizic acid (hypokalemia) 

? cicutoxin 

? Djenkolic acid 

? cyprinol 
Oxalic acid 

Toxic compounds 

Colchicine 
Ricin and recinine 
Unknown 
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Daphnin, vesicant resin and mezerenic acid 
anhydride 



262 

(Continued) 

Plant 

Herbal remedies 

Impila [106] 
Marking-nut tree [106] 
Poison mushrooms [114] 

Rosary pea [112] 
Vascular plant [118] 
Water hemlock [119] 

Scientific name 

Securidaca longipedunculata [106} and 
unknown plants [1I3} 
Callilepsis laureola 
Semecarpus anacardium 
Amanitaphalloides [1I5}, Cortinarius 
species [116, 1I7} and Gyromitra species 
[1I4} 
Abrus precatorius 
Taxus celebica 
Cicuta maculata 

Inhalation or cutaneous absorption of toxic chemicals 

Probable renal lesion 

Chronic interstitial nephritis 
Glomerulonephritis 
Hemoglobinuric ATN 
Myoglobinuric ATN 
Nephrotoxic ATN 

Pseudoazotemia 

Envenomation by poisonous stings or bites 

Common name 

Arthropods-Arachnids 
Scorpion [147] 
Brown recluse spider [148] 
South American house spider [149] 
Arthropods-hymenoptera 
Bees: 

Africanized bee [ISO, lSI] 
Wax bee [149] 
Honey bee [152] 

Wasps: 
Indian hornet [153] 
Oriental hornet [154] 
Yellow jacket (European wasp) [ISS, 156] 

Coelenterates 
Portuguese man-of-war [157] 
Snakes 
Australian brown snake [158] 

Chemical 

Mineral spirits [120] 
Hydrocarbons [120-125] 
Arsine gas [127] 
Carbon monoxide [128, 129] 
Boric acid [27] 
Cadmium [130] 
Carbon tetrachloride [59, 131] 
Chromium [132] 
Diethylene glycol [133] 
1, 2-dichloropropane [134] 
Diesel fuel [135] 
Dioxane [83] 
Dynamite [136] 
Ethylene dibromide [73] 
Gasoline [137] 
Acetone (contaminating acetylene) [146] 

Scientific name 

Buthus sauloci 
Loxosceles reclusa 
Loxosceles lacta 

Apis melli/era scutellata 
Apis mellificus 
Apis melli/era 

Vespa afjinis 
Vespa orientalis 
Vespula germanica 

Pysalia physalis 

Pseudonaja textilis textilis 
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Toxic compounds 

Methyl salicylate, saponius, tanins and 
gaultherin 
Atractyloside 
Phenolic constituents 
Amatoxin cyclopeptides, orellanin, 
gyromitrin & homologues 

Abrin and abric acid 
Sciadopitysin 
Cicutoxin 

Silicon [126] 

Lysol (British) [83] 

Methylchloride or bromide gas [83] 
Methylene chloride [138] 
Mycotoxins [139] 
Phenol [83, 140] 
Polyethylene glycol [141] 
Povidone-iodine [142] 
Tetrachloroethylene [59] 
Toluene [143, 144] 
Trichloroethylene [145] 

Location 

Iran 
Western hemisphere 
Western hemisphere 

Africa and western hemisphere 
Worldwide 
Worldwide 

Asia 
Asia 
Europe 

North Carolina 

Australia 
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( Continued) 

Common name Scientific name Location 

Black mamba [159] 
Booms1ang [160] 
Small-eyed black snake [161] 
Dugite [162] 
Gwardar [162] 
Palestinian viper [163] 

Dendroaspis polylepis 
Dispholidus typus 
Cryptophis nigrescens 
Demansia nuchalis affinis 
Demansia nuchalis nuchalis 
Vipera palestinae 

Southern Africa 
Southern Africa 
Australia 
Australia 
Australia 
Israel 

Pit vipers: 
Copperhead [149] 
Jararaca [164] 
Mamushi [165] 
Rattlesnake [149, 166] 

Agkistrodon contortrix 
Bothrops jararaca 
Agkistrodon halys 

Western hemisphere 
South America 
Japan 

Water moccasin (cotton mouth) [149] 
Pit viper [167] 

Crotalus terrificus and others 
Agkistrodon piscivorus 
Agkistrodon hypnale 

Western hemisphere 
Western hemisphere 
Sri Lanka 

Puff adder [168] Bitis arietans Africa 
Tropidechis carinatus Australia 
Vipera russelli Asia 

Rough scaled snake [169] 
Russel's viper [170, 171] 
Saw-scaled sand viper [172, 173] 
Seasnake [174] 
Small African snake [149] 
Tiger snake [175] 

Echis carinatus & coloratus 
Enhydrina schistosa 
Atracepaspis microlapidata 
Notechis scutatus 

Africa, India, Mid-east 
Asian waters 
Africa 
Australia 
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ANCA (anti-neutrophil cytoplasmic antibody), 35, 36 
in Goodpasture's syndrome, 106 
in idiopathic crescentic GN, 96 
in lupus nephritis, 100 
in polyarteritis nodosa, 101-2 
in Wegener's granulomatosis, 103, 104 

accelerated hypertension (see malignant hypertension) 
acetaminophen as a cause of chronic renal failure, 51 
acetazolamide as a cause of tubular obstruction, 126 
acetohexamide as cause of false renal failure, 27 
acidosis, management of, 157-8, 179 
acute cortical necrosis, 76-7 
acute glomerulonephritis (see acute nephritic diseases) 
acute interstitial nephritis, 131-7 

drug-induced, 132-5 
prevention, 226 
prognosis, 227 
treatment, 226-7 

idiopathic, 136-7 
treatment, 227 
prognosis, 228 

in systemic diseases, 135-6 
treatment, 227 

infection-induced, 135 
prognosis, 227 
treatment, 227 

acute nephritic diseases, 93-107 
causes, 94-5 
clinical picture, 94, 96-7 
definition, 93 
diagnosis, 97 
pathophysiology, 93-4 
primary glomerular diseases, 94-7 
secondary glomerular diseases, 97-107 
urinalysis, 94 

acute pyelonephritis, 135 
acute renal failure 

complications, 153-4 
dialysis and hemofiltration in management, 162-6 
treatment, 153-68 
nutrition, 159-60 

acute tubular necrosis, 117-122 
causes, 117-121 
clinical picture, 118-21 
diagnosis, 119, 121, 123-4 
due to hepatorenal syndrome, 67-68 
due to nephrotic syndrome, 107 
general features, 117 
hemoglobinuric, 120-2 
ischemic, 117-9 
myoglobinuric, 120-2 

prevention, 221 
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prognosis, 222 
treatment, 222 

nephrotoxic, 119-20 
prevention, 220-1 
prognosis, 220-1 
treatment, 220-1 

pathology, 118 
pathophysiology, 117, 120 
treatment, 219-22 
urinalysis, 117 
urine sodium, 37, 117 

acute-on-chronic renal failure 
definition, 4 
diagnosis, 51-2 
prevention, 172-3 

acyclovir as a cause of tubular obstruction, 126 
age factor 

in causation of renal failure, 7-8 
in progressive reduction of GFR, 26 

alcoholic ketoacidosis as a cause of false renal failure, 26-7 
alkalosis, metabolic, 31 
"allergic" interstitial nephritis (see drug-induced acute inter

stitial nephritis) 
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prevention, 220 
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treatment, 220 

amyloidosis, 108 
amphotericin B as a cause of acute tubular necrosis, 119-20 

prevention, 221 
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treatment, 220 

analgesic nephropathy, 51 
anemia of renal failure, management of, 161, 180 
aneurysm, renal artery or dissecting aortic, 80 
angiotensin converting enzyme inhibitor 

as a cause of hyperkalemia, 179 
as a cause of vasomotor disturbance, 66-8 
use in hypertension of chronic renal failure, 176 
use in limiting progression of renal failure, 173-4 

antifreeze (see ethylene glycol) 
anti-glomerular basement membrane antibodies 

in Goodpasture's syndrome, 106 
in idiopathic crescentic GN, 94, 96 

antihistamines in management of pruritis, 160, 181 
anuric renal failure, definition, 4 
arteriography (angiography), 42-3 

in malignant hypertension, 74 
in polyarteritis nodosa, 101 
in renal artery stenosis, 78-9 
in renal infarction, 80-1 
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in undiagnosed patients, 149-50 
atheroembolic renal disease, 70-1 

prevention, 194-5 
prognosis, 195 
treatment, 194 

azotemia, definition, 4 

BUN to Scr ratio, 27-8 
in ischemic acute tubular necrosis, 118 
in myoglobinuric acute tubular necrosis, 121 
in postrenal renal failure, 59 
in prerenal azotemia, 56 
in thrombotic thrombocytopenia purpura, 76 

bacterial endocarditis, GN due to, 98-99 
prevention, 207 
prognosis, 207 

Bence-Jones protein (see immunoglobulin light chains) 
beta-blockers as a cause of hyperkalemia, 179 
beta-Iactam antibiotics as a cause of acute interstitial nephritis, 

132-3 
bilateral cortical necrosis (see acute cortical necrosis) 
biliary cirrhosis as a cause of acute interstitial nephritis, 136 
biopsy, renal, 43 

in undiagnosed patients, 149-50 
bladder outlet obstruction, management of, 189-90 
bleeding (see platelet dysfunction) 
blood pressure (see hypertension or hypotension) 
blood urea nitrogen or BUN (see urea) 
bone survey, roentgenologic, in chronic renal failure. 51 
bumetanide in management of hypervolemia, 161 

CA VHlCAVHD/CVVH/CVVHD (see dialysis and hemofil-
tration) 

calcitriol in management of renal osteodystrophy. 177-8 
calcium gluconate in management of hyperkalemia, 156 
captopril (renography) radionuclide scan 

in renal artery stenosis, 79-80 
cefoxitin as a cause of false renal failure, 26-7 
chemical nephrotoxins, 15-6. appendix B 

as a cause of nephrotoxic ATN, 119-20 
cholesterol emboli (see atheroembolic renal disease) 
chronic glomerular diseases, 109 
chronic hemodialysis, 181-2 

complications, 182 
prognosis, 182 
vascular access, 182 

chronic interstitial nephritis associated with infection, 137 
treatment, 228 

chronic peritoneal dialysis, 182-3 
chronic renal failure, 49-53 

chronic hemodialysis in management of, 181-2 
consequences, 169-70 
in pregnant women, 174-5 
management of anemia, 180 
management of bleeding, 180-1 
management of hyperkalemia, 179 
management of hyperlipidemia, 176 
management of hypertension, 176 
management of hypervolemia. 178-9 

management of metabolic acidosis, 179 
management of nausea and vomiting, 181 
management of neuromuscular symptoms, 181 
management of pruritis, 181 
management of renal osteodystrophy, 177-8 
progression 

factors in, 170-1 
slowing rate of, 173-5 

renal transplantation, 183-4 
complications, 184 
prognosis, 184 

cimetidine as a cause of false renal failure, 26-7 
cirrhosis 

as a cause of glomerulonephritis, 95 
as a cause of hepatorenal syndrome, 67-9 

cisplatin as a cause of acute tubular necrosis, 120 
prevention, 221 
prognosis, 221 
treatment, 220 

colic, renal, use of intravenous pyelogram, 42, 61 
complement, serum, 36 

in bacterial endocarditis, GN due to, 99 
in atheroembolic renal disease, 70-1 
in essential mixed cryoglobulinemia, 104-6 
in hemolytic uremic syndrome, 74-5 
in lupus nephritis, 100 
in membranoproliferative GN, 97 
in polyarteritis nodosa, 10 I 
in poststreptococcal GN, 98 
in ventriculoatrial shunts, GN due to, 99 
in visceral abscesses, GN due to, 99 
in Wegener's granulomatosis, 103,104 

computed tomography, 43 
in acute cortical necrosis, 76-7 
in renal infarction, 80-1 

contrast media nephrotoxicity, 66, 67, 69 
prevention, 194 

creatinine, serum concentration, 25-7 
low values, 25-6, 27 
misleading elevation, 26-7 
reciprocal serum creatinine (l/Scr), 51-2, 171-2 

crescentic GN (see idiopathic crescentic GN) 
cryoglobulin 

definition, 104-5 
in essential mixed cryoglobulinemia, 104-6 
in bacterial endocarditis, GN due to, 99 
in lupus nephritis, 100 
in polyarteritis nodosa, 101 
in poststreptococcal GN, 98 
in ventriculoatrial shunts, GN due to, j9 

in visceral abscesses, GN due to, 99 
cyclophosphamide 

intravenous in lupus nephritis, 208 
oral in Goodpasture's syndrome, 213 
oral in idiopathic crescentic GN, 205 
oral in lupus nephritis, 208-9 
oral in polyarteritis nodosa, 210 

Index 

oral in tubulointerstitial nephritis due to lipoid nephrosis, 
214-5 
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oral in Wegener's granulomatosis, 211 
cyclosporine A as a cause of vasomotor disturbance, 66-68 

DDAVP/deamino-D-arginine vasopressin (see desmopressin 
acetate) 

definitions 
categories of renal failure, 7 
terms qualifying renal failure, 4-5 

dense deposit disease, 94, 96 
desmopressin acetate in management of platelet dysfunction, 

161, 180-1 
diabetes mellitus 

diabetic ketoacidosis as a cause of false renal failure, 26-7 
diabetic nephropathy, 49, 108 

effect of pregnancy, 175 
slowing progression of, 174,214 

dialysis and hemofiltration, 162-6 
indications in acute renal failure, 162 
hemodialysis 

acute, 163-4 
chronic, 181-2 

hemofiltrationlhemodiafiltration, 165-6 
peritoneal dialysis 

acute, 164-5 
chronic, 182-3 

diuretics 
as a cause of acute interstitial nephritis, 134 
for hyperkalemia, 179 
for hypertension in chronic renal failure, 176 
for hypervolemia in acute renal failure, 161 
for hypervolemia in chronic renal failure, 178 

dopamine in management of hypervolemia, 161 
Doppler (duplex) sonography in renal artery stenosis, 80 
drug dosage modification in renal failure, 159 

E. coli 
0157:H7 as a cause of hemolytic uremic syndrome, 74 
0157:H7 as a cause of thrombotic thrombocytopenia pur-

pura,75 
as a cause of acute pyelonephritis, 135 
as a cause of malacoplakia, 137 
as a cause of xanthogranulomatous pyelonephritis, 137 

electrolytes, serum, 29, 31 
electrophoresis, serum and urine, 36 
embolism (see renal infarction) 
end-stage renal disease (see chronic renal failure) 
eosinophilialeosinophiluria 

in atheroembolic renal disease, 70-1 
in drug-induced acute interstitial nephritis, 132-5 
urine sediment, 29 

erythropoietin in management of anemia, 161, 180 
essential mixed cryoglobulinemia, 104-6 

prognosis, 213 
treatment, 212-3 

estrogen in management of platelet dysfunction, 161, 181 
ethylene glycol ingestion as a cause of tubular obstruction, 

125-7 
prevention, 223 
prognosis, 223 
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treatment, 223 
Evan's syndrome (see thrombotic thrombocytopenia purpura) 
extrarenal or systemic conditions as causes of renal failure, 16, 

95,148 
eye findings, 23 

FENa (see urine sodium) 
false renal failure, 26-7, 49 
fat pad biopsy in diagnosis of amyloidosis, 108 
fibromuscular hyperplasia (see renal artery stenosis) 
flank or back pain 

history, 14 
in acute cortical necrosis, 77 
in acute interstitial nephritis, 132 
in acute nephritic diseases, 94 
in atheroembolic renal disease, 70 
in idiopathic acute interstitial nephritis, 136 
in malacoplakia, 137 
in rifampin-induced interstitial nephritis, 134 
in xanthogranulomatous pyelonephritis, 137 

fludrocortisone acetate for hyperkalemia, 179 
fluid "challenge" 

in prerenal azotemia, 56 
in undiagnosed patients, 149-50 

fluid loss (see hypovolemia) 
5-flucytosine as a cause offalse renal failure, 26-7 
focal segmental glomerulosclerosis, 

as a cause of chronic renal failure, 49, 107 
as a cause of tubulointerstitial nephritis, 107-8 

treatment, 214-5 
as a rapidly progressive nephrotic disease, 107-8 

foscarnet as a cause of acute tubular necrosis, 120 
furosemide 

"challenge" in prerenal azotemia, 56 
in management of hypervolemia, 161, 178 

gallium scan, 42 
in diagnosis of acute interstitial nephritis, 131-7 

glomerular causes of renal failure, classification, 93 
glomerular filtration rate (GFR) 

estimate using serum creatinine concentration, 26-4 
high glomerular filtration rate, 25-6 

glomerular hypertension causing progression of renal failure, 
170-1 

Goodpasture's syndrome, 106 
prognosis, 214 
treatment, 213-4 

HELLP syndrome mimicking hemolytic uremic syndrome, 74 
HIV (see human immune deficiency virus) 
Hantavirus as a cause of acute interstitial nephritis, 135 
hematuria, gross 

history, 14 
in acute interstitial nephritis due to beta-lactarn antibiotics, 

133 
in acute nephritic diseases, 94, 96 
in atheroembolic renal disease, 70 
in hemolytic uremic syndrome, 74-5 
in malignant hypertension, 73 
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in postrenal renal failure, 59 
in renal infarction, 80-1 
in thrombotic thrombocytopenia purpura, 76 
urinalysis, 28 

hematuria, microscopic, 29, 147 
hemoglobinuria (see acute tubular necrosis, hemoglobinuric) 
hemolytic uremic syndrome, 74-5 

as a cause of acute cortical necrosis, 76-7 
prevention, 197 
prognosis, 197-8 
treatment, 197 

Henoch-Schonlein purpura 
as a cause of glomerulonephritis, 103-4 
as a cause of postrenal renal failure, 60 
prognosis, 212 
treatment, 212 

hepatitis B as a cause of polyarteritis nodosa, 101-2 
hepatitis C 

as a cause of essential mixed cryoglobulinemia, 104-6 
as a cause of membra no proliferative GN, 97 
treatment, 212-3 

hepatorenalsyndrome, 67, 68-9 
prevention, 191-2 
prognosis, 192 
treatment, 192 
urine sodium in diagnosis of, 37-8 

hereditary diseases, history, 16 
history, 13-9 

family, 16 
occupational, 16 
social, 16 

human immune deficiency virus (HIV) 
as a cause of HI V nephropathy, 107 
as a cause of hemolytic uremic syndrome, 74 
as a cause of thrombotic thrombocytopenia purpura, 75 
history, 16 

hydronephrosis (see postrenal renal failure) 
hypercalcemia 

as a cause of chronic renal failure, 51 
as a cause of vasomotor disturbances, 66-9 
associated with myeloma kidney, 123 
associated with sarcoidosis, 135-6 
treatment, 192-3 

hyperkalemia 
miscellaneous causes, 29, 31 
due to acute interstitial nephritis, 132 
due to pentamidine-induced acute tubular necrosis, 120 
due to postrenal renal failure, 59 
due to tumor lysis syndrome, 124 
treatment, 156-7, 79 

hyperlipidemia in chronic renal failure, 176 
hyperphosphatemia 

in acute or chronic renal failure, management of, 158, 177-8 
in tumor lysis syndrome, 124-5 

hypertension 
in acute nephritic syndrome, 94 
in atheroembolic renal disease, 70-1 
in chronic renal failure, management of, 176 
in malignant hypertension, 72-4 

treatment, 195-6 
in renal artery stenosis, 78 
in renal embolism, 81 
in scleroderma, 71-2 
physical examination, 22 

hypervolemia, 21 
in acute nephritic diseases, 94 
in acute renal failure, management of, 161-2 
in chronic renal failure, management of, 178-9 
in prerenal azotemia, 55-6 

hypocalcemia 
in acute renal failure, 158 

treatment, 158-9 
in myoglobinuric acute tubular necrosis, 121 
in tumor lysis syndrome, 124 

treatment, 222 
hypokalemia 

Index 

as a cause of myoglobinuric acute tubular necrosis, 120 
due to aminoglycosides, 119 
due to amphotericin B, 119 
due to cisplatin, 120 
due to malignant hypertension, 73 
due to miscellaneous causes, 31 
due to multiple myeloma, 123 
due to renal artery stenosis, 78 

hyponatremia in acute renal failure, 153-5 
trea tmen t, 154-5 

hypotension 
as a cause of ischemic acute tubular necrosis, 118 
as a cause of prerenal azotemia, 56 
history, 14 
minimal, 14, 56 
physical examination, 22 

hypovolemia, 14-5,21-2 
as a cause of ischemic acute tubular necrosis, 118 
as a cause of prerenal azotemia, 55-6 
treatment, 187-8 

idiopathic crescentic GN, 94, 96 
as a cause of chronic renal failure, 49 
prognosis, 206 
treatment, 205-6 

IgA nephropathy, 94, 96 
as a cause of chronic renal failure, 49 
treatment, 206 

immunoglobulin light chains 
as a cause of amyloidosis and light chain deposition disease, 

108 
as a cause of myeloma kidney, 122 
testing serum and urine for, 36 

incidence of renal failure 

due to different causes, 7-8 
factors influencing, 7 
overall, 3, 8 

infectious mononucleosis as a cause of interstitial nephritis, 135 
insulin, use in renal failure, 159 
interstitial nephritis (see acute or chronic interstitial nephritis) 
intravenous cyclophosphamide (see cyclophosphamide) 
intravenous pyelogram, 40-2 
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in postrenal renal failure, 41-2, 61 

Kayexalate (see sodium polystyrene sulfonate) 

large vessel diseases, 77-81 
leg cramps/restless legs, 181 
leptospirosis as a cause of interstitial nephritis, 135 
leukemia 

as a cause of neoplastic interstitial infiltration, 138 
treatment, 228 

as a cause of tumor lysis syndrome, 124-5 
treatment, 223 

light chain deposition disease, 108 
trea tmen t, 214 

lipoid nephrosis as a cause oftubulointerstitial nephritis, 107-8 
treatment, 214-5 

lipomatosis, renal sinus, 40 
low protein diet 

use in limiting progression of renal failure, 173-4 
use in managing nausea and vomiting, 181 

lupus (see systemic lupus erythematosis) 
lymphoma 

as a cause of glomerulonephritis, 95 
as a cause of myeloma kidney, 122 
as a cause of neoplastic interstitial infiltration, 138 

treatment, 228 
as a cause of tumor lysis syndrome, 124-5 

magnetic resonance angiography in renal artery stenosis, 89 
malacoplakia, 137 

treatment, 228 
malabsorption as a cause of hyperoxaluria, 125 
malignancy (see neoplasm) 
malignant hypertension, 72-4 

due to acute nephritic diseases, 94 
due to renal artery stenosis, 78 
due to scleroderma, 71-2 
prognosis, 196-7 
treatment, 195-6 

meperidine hydrochloride, use in renal failure, 159 
methyldopa as a cause of false renal failure, 27 
methylprednisolone (see pulse methylprednisolone) 
methotrexate as a cause of tubular obstruction, 126 

prevention, 224 
treatment, 224 

metoclopramide for nausea and vomiting, 160, 181 
metolazone, use in hypervolemia, 161-2, 178-9 
microangiopathic hemolytic anemia 

in hemolytic uremic syndrome, 74-5 
in malignant hypertension, 72-4 
in scleroderma, 71-2 
in thrombotic thrombocytopenia purpura, 75-6 

microscopic polyarteritis nodosa (see polyarteritis nodosa) 
minimal change disease (see lipoid nephrosis) 
mitomycin C (see hemolytic uremic syndrome) 
muscle cramps, management of, 181 
mycoplasma pneumonia as a cause of interstitial nephritis, 135 
myeloma kidney, 122-4 

as a cause of chronic renal failure, 51 
causes, 122 

clinical picture, 122-3 
definition, 122 
diagnosis, 123-4 
pathogenesis, 123 
prevention, 222 
prognosis, 222 
treatment, 222 

myoclonic jerks, management of, 181 
myoglobinuria (see acute tubular necrosis, myoglobinuric) 
narcotic analgesics, use in renal failure, 159 
nausea and vomiting, management of, 160, 181 
neoplasm 

as a cause of glomerulonephritis, 95 
as a cause of hypercalcemia, 66-9 
as a cause of interstitial infiltration, 138 

treatment, 228 
as a cause of postrenal renal failure, 59-60 
renal failure due to chemotherapy, 119, appendix A 

nephrosclerosis, hypertensive (benign arteriolar), 49, 65 
nephrotic diseases, 107-9 

as a cause ofrenal vein thrombosis, 80-1, 107, 108 
as a cause of tubulointerstitial nephritis, 107 

treatment, 214-5 
causes, 107 

nephrotic proteinuria/syndrome 
as a cause of renal vein thrombosis, 80-1,107,108 
as a cause of tubulointerstitial nephritis, 107 
due to acute nephritic syndrome, 94 
due to amyloidosis, 108 
due to diabetic nephropathy, 108 
due to hemolytic uremic syndrome, 75 
due to light chain deposition disease, 108 
due to malignant hypertension, 73 
due to nephrotic diseases, 107-9 
due to nonsteroidal anti-inflammatory drugs, 133-4 
due to renal artery stenosis, 78 
due to thrombotic thrombocytopenia purpura, 76 

nephrotoxins 
acute tubular necrosis, 119-20 
appendices A and B 
history, 15-6 

neurogenic bladder, 59-60 
trea tmen t, 190 

nonsteroidal anti-inflammatory drugs 
as a cause of acute cortical necrosis, 76-7 
as a cause of chronic renal failure, 51 
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as a cause of drug-induced acute interstitial nephritis, 132-5 
as a cause of hyperkalemia, 179 
as a cause of vasomotor disturbances, 66-9 

nutrition in acute renal failure, 159-60 

obstruction/obstructive uropathy (see postrenal renal failure) 
oliguric renal failure 

acute tubular necrosis, 117 
definition, 4 

osmolal gap in ethylene glycol ingestion, 125-7 
osteodystrophy, renal, 176-7 
oxalic acid/oxaluria as a cause of tubular obstruction, 125-7 

treatment, 223-4 
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parathyroidectomy in management of renal osteodystrophy, 
177-8 

pelvic malignancy causing postrenal renal failure, 59, 60 
pentamidine isethionate as a cause of acute tubular necrosis, 120 
phenytoin, use in renal failure, 159 
plasmapheresis 

in essential mixed cryoglobulinemia, 212 
in Goodpasture's syndrome, 213 
in idiopathic crescentic GN, 205-6 
in myeloma kidney, 222 
in polyarteritis nodosa, 210 

platelet dysfunction, management of, 161, 180-1 
polyarteritis nodosa 

as a cause of glomerulonephritis, 101-2 
as a cause of postrenal renal failure, 60 
as a cause of renal infarction, 80-1 
prognosis, 211 
treatment, 210-1 

postpartum renal failure (see hemolytic uremic syndrome) 
postrenal renal failure, 59-63 

as a cause of chronic renal failure, 5 
BUN to Scr ratio, 27, 59 
physiological hydronephrosis of pregnancy, 61 
postobstructive diuresis, 188-9 
prognosis, 191 
treatment, 188-91 
with minimal or no hydronephrosis, 61 

poststreptococcal GN, 97-8 
prognosis, 207 
treatment, 206-7 

potassium (see hyperkalemia or hypokalemia) 
pregnancy 

gravid uterus causing postrenal renal failure, 61 
impact on diabetic nephropathy, 175 
impact on lupus nephritis, 175 
impact on progression ofrenal failure, 174-5 
physiological hydronephrosis, 61 
prognosis in women with chronic renal failure, 174-5 

prerenal azotemia, 55-7 
as distinguished from hepatorenal syndrome, 68-9 
prevention, 187 
treatment, 187-8 
urine sodium, 37-8 

prochlorperazine for nausea and vomiting, 160, 181 
prostate cancer or hypertrophy 

as a cause of postrenal renal failure, 59, 60 
treatment, 189-90 

protein, 24-hour urine, 36-7 
protein restricted diet (see low protein diet) 
protein to creatinine ratio, urine, 37 
proteinuria 

diagnoses suggested, 147 
heavy (see nephrotic proteinuria/syndrome) 
in acute interstitial nephritis, 132, 133-6 
in acute nephritic syndrome, 94 
in chronic renal failure, 50 
in hemolytic uremic syndrome, 74-5 
in interstitial nephritis due to beta-lactam antibiotics, 133 
in interstitial nephritis due to NSAID's, 133-4 

in interstitial nephritis due to rifampin, 134 
in interstitial nephritis due to sarcoidosis, 136 

Index 

in interstitial nephritis due to Sjogren's syndrome, 136 
in malignant hypertension, 72-4 
in myeloma kidney, 122-4 
in nephrotic diseases, 107-9 
in postrenal renal failure, 59 
in prerenal azotemia, 56 
in renal artery stenosis, 78 
in renal infarction, 80-1 
in scleroderma, 71-2 
in thrombotic thrombocytopenia purpura, 76 
in vasomotor disturbances, 68 
interpretation, 28, 37 
quantitation, 36-7 
urinalysis, 28 

pruritus, management of, 160, 181 
pulse methylprednisolone/oral prednisone 

in acute interstitial nephritis, 226 
in essential mixed cryoglobulinemia, 212 
in Goodpasture's syndrome, 214 
in Henoch-Schonlein purpura, 212 
in idiopathic crescentic GN, 205 
in lupus nephritis, 208 
in membranoproliferative GN, 206 
in polyarteritis nodosa, 210 
in poststreptococcal and other postinfectious GN, 205-7 
in Wegener's granulomatosis, 211 

pyuria, 29 

quinine sulfate in management of muscle cramps, 181 

radiation nephritis, 65 
radionuclide scan, 42 

captopril radionuclide scan in renal artery stenosis, 79-80 
diuretic renography in postrenal renal failure, 61 
in renal infarction, 81 

red cell casts, 29 
renal artery thrombosis (see renal infarction) 
renal artery stenosis, 77-80 

arteriography, 78-9 
as a cause of malignant hypertension, 73-4 
causes, 78 
pathophysiology, 78 
prognosis, 199 
treatment, 198-200 

renal artery embolism (see renal infarction) 
renal cortical necrosis (see acute cortical necrosis) 
renal infarction, 80-1 

prevention, 200 
treatment, 200 

renal osteodystrophy, 176-7 
renal vein thrombosis, 80-1 

prevention, 200 
treatment, 200-1 

renin, elevation in peripheral vein 
malignant hypertension, 72-4 
renal artery stenosis, 77-9 
scleroderma, 71-2 
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restless legs, 181 
rifampin 

as a cause of acute interstitial nephritis, 134 
as a cause of tubular obstruction, 126 

ruptured bladder as a cause of postrenal renal failure, 59-60 

salicylate as a cause of false renal failure, 26-7 
salt losing kidneys 

as a cause of prerenal azotemia, 56 
history, 14-5 

sarcoidosis 
as a cause of acute interstitial nephritis, 135-6 

treatment, 227 
as a cause of glomerulonephritis, 95 

scleroderma, renal, 71-2 
prognosis, 195 
treatment, 195 

sepsis 
as a cause of acute tubular necrosis, 118 
as a cause of vasomotor disturbances, 66-8 
treatment, 193-4 

shunt nephritis (see ventriculoatrial shunts) 
Sjogren's syndrome as a cause of acute interstitial nephritis, 136 

treatment, 277 
skin biopsy, 35 

in essential mixed cryoglobulinemia, 104-6 
in Henoch-Schonlein purpura, 103-4 
in polyarteritis nodosa, 101-2 
in Wegener's granulomatosis, 103, 104 

small vessel disease, 70-7 
sodium bicarbonate for hyperkalemia, 156-7 
sodium bicarbonate or citrate for metabolic acidosis, 158, 179 
sodium polystyrene sulfonate for hyperkalemia, 156-7, 179 
sonogram, renal, 39-40 

in chronic renal failure, 51 
in obstruction, 39-40, 61 
in renal atrophy, 40 

spiral CT angiography in renal artery stenosis, 80 
stones 

as a cause of post renal renal failure, 59-61 
as a cause of obstruction with false negative renal sonogram, 

42,61 
use of intravenous pyelogram, 42, 61 

sulfonamides 
as a cause of acute interstitial nephritis, 134 
as a cause of tubular obstruction, 125 

systemic diseases, history, 16 
systemic lupus erythematosis 

as a cause of acute interstitial nephritis, 136 
as a cause of lupus nephritis, 99-100 

effect of pregnancy, 175 
prognosis, 210 
treatment, 207-10 

systemic sclerosis (see scleroderma) 

Takayasu's arteritis (see renal artery stenosis) 
theophylline, use in renal failure, 159 
thrombotic microangiopathy 

in hemolytic uremic syndrome, 74-5 

in malignant hypertension, 73 
in scleroderma, 71 
in thrombotic thrombocytopenia purpura, 75-6 

thrombotic thrombocytopenia purpura, 75-6 
prognosis, 198 
treatment, 198 
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triamterene as a cause of tubular obstruction, 126 
trimethoprim as a cause of false renal failure, 26-7 
toxoplasmosis as a cause of acute interstitial nephritis, 135 
tuberculosis as a calise of chronic interstitial nephritis, 137 
tubular obstruction, 122-7 

due to acetazolamide, 126 
due to acyclovir, 126 
due to ethylene glycol, 125-7 
due to methotrexate, 126 
due to myeloma kidney, 122-4 
due to oxalic acid, 125-7 
due to rifampin, 126 
due to sulfonamide, 125 
due to triamterene, 126 
due to tumor lysis syndrome, 124-5 
treatment, 222-4 

tubulointerstitial nephritis due to nephrotic syndrome, 107 
treatment, 214-5 

tumor lysis syndrome, 124-5 
prevention, 222-3 
prognosis, 223 
treatment, 223 

ultrasound (see sonogram, renal) 
undiagnosed patient, evaluation of, 149-50 
ureteral obstruction, management of, 190-1 
uremia 

definition, 5 
management of anemia, 180 
management of bleeding, 180-1 
management of nausea and vomiting, 160, 181 
management of neuromuscular symptoms, 181 
management of pericarditis/tamponade, 160-1 
management of pruritis, 181 
management of renal osteodystrophy, 177-8 
symptoms, 13, 170, 171 

urethral catheter in diagnosis of postrenal renal failure, 61 
urinalysis, 28-31, 147 
urine chloride, 38-9 

prerenal azotemia, 56 
urine sediment, 29-30, 147 

prerenal azotemia, 56 
urine sodium, 37-8 

in acute tubular necrosis, 117-118 
in contrast media nephrotoxicity, 67, 69 
in hepatorenal syndrome, 67, 68-9 
in hypercalcemia, 67 
in acute interstitial nephritis due to NSAID's, 133-4 
in postrenal renal failure, 59 
in prerenal azotemia, 56 
in renal artery stenosis, 78 
in vasomotor disturbances, 67, 68, 69 
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valproate, use in renal failure, 159 
vascular causes of renal failure, 65-82 

causes, 65 
incidence, 65 

vasculitis, renal, 10 1-6 
capsule description, 10 I 

vasomotor disturbances, 66-9 
causes, 66 
due to angiotensin converting enzyme inhibitor, 66-8 
due to contrast media nephrotoxicity, 66, 67, 69 
due to cyclosporine A, 66-68 
due to hepatorenal syndrome, 67, 68-9 
due to nonsteroidal anti-inflammatory drugs, 66-8 
pathophysiology, 66 

venography, renal, in renal vein thrombosis, 108 
ventriculoatrial shunts, GN due to, 99 

prognosis, 207 
treatment, 207 

visceral abscesses, GN due to, 99 
treatment, 206-7 
prognosis, 207 

volume status (see hypervolemia or hypovolemia) 

Wegener's granulomatosis 
as a cause of glomerulonephritis, 103-4 
as a cause of postrenal renal failure, 60 
prognosis, 211 
treatment, 211-2 

Whitaker test for postrenal renal failure, 61 

xanthogranulomatous pyelonephritis, 137 
treatment, 228 
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