
D ETECTIO N  OF CHRONIC REN A L DISEASE 
Past, Present and Future
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. . .  to obtain a more accurate idea of the actual prevalance of the disease 
. . .  in the winter of 1828-9, I instituted a series of experiments, by taking 
the patients promiscously, as they lay in the wards, and trying the effects 
of heat upon the urine of each and at the same time employing occasionally 
other reagents. The whole number I took amounted to 130; out of which 
no less than eighteen proved to have urine decidely coagulable by heat: 
and in twelve more traces of albumen were found: giving, therefore, an 
average of at least one in six, if not one in four of the whole number. 
(Richard Bright,) Cases and Observations, Illustrative of Renal Disease 
Accompanied with the Secretion of Albuminous Urine, Guy’s Hospital
Reports, 1, 338, 1836.

The Pisse-Pot-Prophets of medieval Europe used uroscopy to diag­
nose disease. Four hundred years later, we laugh at them and, perhaps, 
four hundred years from now, our descendants will laugh at us for our 
puny efforts aimed at finding chronic renal disease before symptoms 
appear. One hundred and ten years after Richard Bright’s death, the 
method he developed for finding renal disease in surveys of populations 
is still the most useful simple test. He boiled the patients’ urine in a 
teaspoon to detect proteinuria. Now the dipstick is used to obtain 
semiquantitative levels of serum proteins in the urine.

A wide variety of factors causes chronic renal diseases, ranging from 
genetic to parasitic. Table 1 lists these and an example of each. Mem­
bers of this conference naturally feel that infections of the kidney with 
Escherichia coli and related organisms constitute the major source of
chronic renal disease, but the most common cause the world over is 
bilharzia (schistosome infestation of the kidney and urinary tract).
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TABLE I . COMMON TYPES OF CHRONIC RENAL DISEASES

Genetic (e.g., cystinuria)
Congenital (e.g., polycystic disease)
Nephritis (e.g., chronic diffuse membranous glomerulonephritis) 
Vascular (e.g., renal artery fibromuscular stenosis)
Interstitial nephritis (e.g., drug-induced)
Interstitial nephritis with infection (e.g., chronic pyelonephritis) 
Infiltrative (e.g., Amyloid)
Granulomatous (e.g., tuberculosis)
“Reactive” or “ collagen disease” (e.g., lupus nephritis) 
Obstructive uropathy (e.g., bladder neck obstruction)
Parasitic (e.g., bilharzia)

What is the use of finding cases of chronic renal diseases? The real 
value at the present time would be to provide cases for cooperative 
studies and therapeutic trials. This problem has been discussed else­
where1 and what was written then bears repeating here, especially as 
the cooperative study of the treatment of lipoid nephrosis in children41 
seems to be going so well. “Reports of the effects of new drugs on the 
renal pathology of patients need confirmation and these are sometimes 
hard to come by. For example, the studies by Poliak, et a l on the
effects of corticosteroids on the histology and the course of active lupus 
glomerulonephritis need to be repeated by others. A study was planned 
at Bethesda, but was not done. Hardwicke, et al., had difficulties in
assessing the effects of treatment with one drug in 198 patients with 
proliferative glomerular changes. What are we then to think of a report, 
fresh and titillating as it is, in which four patients with hypocomplemen- 
temic glomerulonephritis were treated with four different drugs? The 
reviewer agrees with Hardwicke and his colleagues that, to obtain 
meaningful data on prognosis and the effects of treatment in renal 
diseases, we need to set up cooperative studies in centers interested in 
renal disease wherever they are. Such studies, when properly designed 
and organized, provide protection for the patient and investigator, ade­
quate numbers of cases for mathematical analyses and clear-cut results 
which bear, one way or the other, on prognosis.”

Long ago in 1949-1950, physicians were disappointed that detecting 
proteinuria did not allow them to diagnose exactly what was going on 
in the kidney. They agreed with Addis, who, in 1948, wrote of the 
hopeless diagnostic problem that was the lot of the physician who found 
a patient with asymptomatic proteinuria:2 “Let us consider what hap­
pens in the doctor’s office, or the outpatient department, when it is



reported that the ‘routine’ examination shows that the urine has a ‘two 
plus albumin.’ In a large proportion of such cases the most searching 
history and the most exhaustive physical examination fails to reveal 
any abnormality we can link with the proteinuria. What are we to do, 
then? Even when we find hypertension, edema, anemia or arterioscle­
rosis, the relation between these signs and the renal lesion responsible 
for the appearance of the protein in the urine remains a matter of spec­
ulation. It is a question to be decided on grounds of statistical prob­
ability, on what pathologists tell us about the frequency of association 
of various diseases of the kidney, and those external symptoms we ob­
serve. It is not determined by anything we can see for ourselves and 
really know about the patient.”

The way out of this impasse was to study the renal histology during 
life by developing percutaneous renal biopsy.3 Obviously, renal biopsy 
is not a useful survey tool, but it is the most valuable laboratory tool 
available at the present for exact diagnosis of the different kinds of 
chronic renal disease4’ 5 excluding those like Fanconi’s disease, in which 
genetic disorders of amino acid transport are not associated with renal 
histologic abnormalities.

The value of renal biopsy is controversial in the diagnosis of chronic 
interstitial nephritis with infection (chronic pyelonephritis). Some in­
vestigators claim that because infection involves the kidney in a patchy 
manner, a biopsy will not be representative. That is true. However, the 
renal tissue removed from these patients, if analyzed properly, indicates 
the presence of histologic change and the diagnosis, but one cannot 
know very much about the extent of the involvement, its activity, the 
number of scars and so on. Experiences agree in general with that of 
J. D. Williams. He wrote that:6 “Renal biopsy may yield a pathogenic 
organism in cases of chronic pyelonephritis where repeated urine cul­
tures have proved negative. More frequently, bacteria appear in the 
urine after biopsy, presumably released into the urinary tract as a 
result of the trauma of biopsy which causes breakdown of fibrous tissue 
or inflammatory barriers. The frequency with which helpful bacterio­
logical information has been obtained as a consequence of renal biopsy 
has been a striking feature of those patients studied at Guy’s. In a 
number of instances pathogenic organisms have been recovered from 
the first or second urine sample passed after biopsy, and in a few, 
organisms have been grown from the biopsy material. O f 16 patients 
whose urine contained both protein and pus cells, in only three had 
pathogenic organisms been isolated from the urine prior to biopsy. In
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one of these three patients a positive culture was obtained only after 
repeated samples had been examined. Similar organisms were obtained 
from the biopsy material itself. In seven of this group of 16 patients, 
histological evidence of chronic pyelonephritis was found.”

Simple Methods of Diagnosing Chronic Renal Disease
Now and in the Future

No single simple method now exists, and probably never will, with 
which one can diagnose all cases of chronic renal diseases. The kidney 
is unique in possessing nephrons, but it is also made up of blood vessels, 
ground substance and connective tissue, nerve fibers, cells and fat and is 
heir to all the diseases of these tissue elements. To thoroughly survey 
all renal diseases in the population would require a flexible multi­
directional search for evidence, as perhaps has been done by the Inter­
departmental Committee for Nutrition in National Defence when con­
ducting nutrition surveys7 all over the world. A critical look at the 
present methods that might be of value in a multidirectional search for 
undiagnosed chronic renal disease is in order as is an attempt to extra­
polate into the future. The traditional approach to the patient whose 
kidneys are diseased is the clinical one and its component parts are 
listed in Table 2.

TABLE 2 . M ETHODS OF DETECTING CHRONIC RENAL DISEASE

A. History (e.g., family history of diabetes)
B. Physical Examination (e.g., finding hypertension)
C. Urine examination

1. Fixed and reproducible proteinuria
2. Increase or decrease in casts
3. Fixed and reproducible bacteriuria
4. Enzymuria
5. Urinary met apathy
6. Urinary parasites

D. Blood examination
1. Immunologic responsiveness
2. Circulating enzyme abnormality
3. Metapathy

E. Radiology: magnification contrast radiology
F. Isotopic examination: gamma camera flow distortion
G. Ultrasound examination: pattern distortion
H. Tests of function

1. Test excretions
2. Radioisotopes

I. Vital statistics
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History. As most of the patients one would like to detect are asympto­
matic, history taking is of little value unless directed to specific ends. 
One such would be genetic, for example, detecting deafness in an in- 
bred population (e.g., in Utah) with familial nephritis (Albright’s 
disease).

Physical examination. In many cases of chronic renal disease the 
kidney may be smaller than usual, but one cannot feel this. Physical 
examination is not of value for early case-finding except for special 
situations, for example in measuring blood pressure in populations, or 
listening for abdominal bruits in young women suspected of having 
fibromuscular disease of the renal arteries, or in looking for readily 
recognized abnormalities of a congenital nature that might be clues to 
specific renal diseases.

Examination of the urine. As history taking and physical examina­
tion are not fruitful methods for rapidly finding chronic renal disease 
in a population, the laboratory must be used to seek old and new fruit­
ful ways of case-finding. Examining the urine will be most useful for 
this effort in the future as in the present. The detection of bacteriuria 
will not be discussed except to say that very shortly, as a result of Kass’ 
ideas, physicians will demand that some accurate quantitative methods 
of measuring bacteriuria be done by clinical laboratories each time a 
standard urinalysis is done. Eventually, this will be done by a dip-stick, 
either microbiologic or chemical. In fact, Kass will demonstrate at this 
meeting the Swedish model of his “ dip-slide” for quantitative urine 
cultures.8 This is now available from the manufacturers.42

Proteinuria. Richard Bright’s test for proteinuria can be applied to 
random or to timed urine samples. Presently, clinicians seek quantitative 
results of total urine protein excreted per unit time, expressed in grams 
or milligrams per 24 hours, or in milligrams per minute. Indeed, quan­
titative results per unit time is the scientific way of expressing excretion 
of all urinary dejecta measured, including cells and casts, and should 
soon replace the semiquantitative units so widely employed.

Urinary proteins are derived from the serum and from the muco- 
proteins secreted by the kidneys and urinary tract. Renal mucoproteins 
are the Tamm-Horsfall mucoproteins, which are the matrix of all casts.9 
The amount of urinary proteins excreted in health is about 30 mg/24 
hours,10 but insurance firms accept 100 m g /100 ml of a random sample 
as “normal” and most physicians use an arbitrary upper limit of 150 
or even 250 mg/24 hours as “normal.” This is probably too high, but 
reliable ranges for normal by sex and age for any large population are
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FIGURE I .  B R IG H T  F IE L D  V IE W  O F H Y A L IN E  C A S T S  ( A R R O W S ) . V A G IN A L  
EPITH ELIA L C E L L S ARE A L O N G  U P P E R  R IG H T  A N D  T O P  BO R D E R S OF F IE L D . 
NOTE T H R E E  S M A L L  R E N A L  E P IT H E L IA L  C E L L S IN  L O W E R  L E F T  C O R N E R
(x400).

S o u rce: Brody, L., W ebster, M. C. and Kark, R. M ., Identification of Elements of Urinary Sediment with Phase-Contrast M icroscopy, Journal of the American M edical As­sociation, 206, 1777-1781, Novem ber 18, 1968.
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FIG U R E  2 .  P H A S E  C O N T R A S T  V IE W  O F FIE L D  IN  F IG U R E  I .  H Y A LIN E  
C A S T S , V A G IN A L A N D  R E N A L  E P IT H E L IA L  C E L L S  AR E C L E A R L Y  VISIBLE. 
A L S O  N O T E  T H R E E  RED BLO OD C E L L S , N O W  V IS IB L E , TO  T H E  R IG H T  OF 
H Y A L IN E  C A S T S .
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FIG URE 3 . B R IG H T  F IE L D  V IE W  O F BAC TERIA (A R R O W S ) A N D  E P IT H E L IA L
CELLS (x400).

Source: Same as Figure 1.
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FIG U R E  4 . P H A S E  C O N T R A S T  V IE W S  OF S A M E  S E D IM E N T , D IFFER EN T  
FIE L D  FRO M  FIG U R E  3 . H E R E  BAC TERIA (A R R O W S ) ARE B L A C K  A N D  EASY  
TO D IS T IN G U IS H  FR O M  O T H E R  D E JE C T A  IN  S E D IM E N T  (x400) .

S o u r c e :  Same as Figure 1.
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few, by modern quantitative methods. Transient proteinuria has many 
causes, from exercise to fever, and in renal disease one finds fixed and 
reproducible proteinuria.

Gravity affects proteinuria. When healthy individuals or the sick lie 
flat in bed, their protein excretion per minute is decreased. Thus, ortho­
static proteinuria is not a disease entity, but a physiologic reaction. The 
14 per cent of adolescents and young adults diagnosed as having “be­
nign orthostatic albuminuria” 11 probably have a “ touch of lipoid neph­
rosis,” 12 which nearly always recovers spontaneously and completely. 
On the other hand, in the older age group, complete and spontaneous 
recovery from fixed and reproducible “ orthostatic” or “ asymptomatic” 
proteinuria is less common. It has been found that only ten to 15 
per cent of patients over age 40 have spontaneous remissions of 
asymptomatic proteinuria,13 and in these older patients, as in the young, 
the most common abnormality responsible for these remissions is lipoid 
nephrosis. On the other hand, the vast majority of middle-aged patients 
and older patients with asymptomatic proteinuria have one form or 
another of potentially serious chronic renal disease.

Proteinuria is usually detected by one of three methods: (a) by boil­
ing the urine; (b) by measuring the precipitate produced when it is 
treated with sulfosalicylic acid and (c) by use of dip-stick. Rennie and 
Keene have shown dip-sticks to be reliable in detecting greater than 
10 mg protein/100 ml urine and of distinguishing accurately by color 
depth among various concentrations of protein in urine.

In chronic renal disease, the urinary proteins14 may be measured or 
studied after manipulation or separation by electrophoresis, immuno- 
electrophoresis, immunodiffusion, paper and column chromatography, 
thin layer chromatography and ultracentrifugation. These techniques 
may also be useful in the diagnosis of myelomatosis or renal tubular 
diseases, such as cadmium poisoning. Prior to study, the urine proteins 
may have to be concentrated by dialysis or by pressure.

Protein clearances15,16 allow one to plot “ slopes of selectivity” based 
on the molecular size of the serum protein and the varying sizes of the 
“molecular sieves” or “pores” in the glomerular capillary walls or in 
tubular cell walls, through which the serum proteins are lost from the 
blood into the urine. Steep slopes are typical of highly selective renal 
membranes that allow passage only of serum proteins of small molecular 
weight. Steep slopes of selectivity are stated to be diagnostic of lipoid 
nephrosis.17 Another method of finding out the nature of the renal 
membrane pore size and of separating normal from abnormal renal
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membranes, is to inject intravenously mixtures of radioactive polyvinyl­
pyrrolidone (PVP) of known molecular weight and then to recover 
and analyze what comes out in the urine. The PVP test might be a 
very sensitive method for detecting early chronic renal disease. The 
PVP test and the protein clearance method require refinement—tech­
nically and statistically—before they can be of use.

As yet, no serum proteins in the urine are known to be specific for 
acute or chronic renal infection and no patterns of protein excretion 
suggestive of infection. In 1958, when “ asymptomatic”  proteinuria was 
found in adults and biopsies were done,13 cases of “ chronic pyelone­
phritis” with and without positive cultures were found.18 But since then 
it has been found that the histologic criteria for chronic pyelonephritis 
are not unique for infection. For example, what pathologists diagnosed 
in 1958 as “ chronic pyelonephritis”  they might diagnose in 1969 as “mi- 
crocystic disease,”  “ interstitial nephritis associated with potassium de­
ficiency” and “ interstitial nephritis, the result of drug reaction.” In 
other words, when one talks about “ chronic pyelonephritis” he is think­
ing about a syndrome. It has been called “ the chronic renal medullary 
syndrome” and it includes cases of— among others— chronic interstitial 
nephritis with infection (which is the new name for chronic pyelone­
phritis) and other forms of chronic interstitial nephritis such as ische­
mia, diabetes mellitus, microcystic disease, potassium deficiency, gout, 
sickle-cell disease, lead poisoning, analgesic “ abuse” and drug-induced 
nephropathy. Simple ways will eventually be found to separate the 
causes of infective and noninfective chronic renal medullary syndromes. 
Studying serum proteins or protein clearances may be one way.

Urinary Sediment
Red cells and white cells in the urine. Red cells and white cells come 

from anywhere in the urinary tract or contaminate the urine from the 
vagina. Some claim that “ Stemheimer-positive” or “glitter” cells arise 
within the kidney and indicate renal infection.19 The evidence presented 
thus far does not substantiate the claims. Excess of white cells or white 
cell clumps in the urine indicates inflammation somewhere in the urinary 
tract, and methods more precise than examining the voided or bladder 
urine are needed to pinpoint the origin of white cells. The same may be 
said for red cells in the voided or bladder urine.

Increase or decrease in casts. All casts in the urine come from the kid­
neys. Each day epithelial cell casts, granular casts and hyaline casts are
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shed by the healthy kidney. Any decrease or increase in their excretion 
rate is abnormal. However, the presence of white cell casts or red cell 
casts is always to be considered abnormal. The replacement of conven­
tional bright-light microscopy with phase microscopy20 for examining 
casts is a real forward step in rapid and accurate detection of renal 
disease (see Figures 1 and 2).

Detection of patients with chronic renal medullary syndrome by 
quantitative renal exfoliative cytology. Patients with chronic disease of 
the medulla may well constitute the largest group with asymptomatic 
and undetected chronic renal disease. Many go through life without 
knowledge of their renal pathology, which may be found, incidentally, 
during postmortem examination. Over the years, it has been observed 
that these patients tend to secrete a singular urine that is pale, in some 
patients is of a somewhat low specific gravity (± 1.016), contains vari­
able numbers of white blood cells, but shows a decrease in the numbers 
of small epithelial cells and casts. Moreover, very few hyaline or granu­
lar casts and usually no red cell or white cell casts are found in casual 
examination. In looking further for evidence of renal inflammation, 
one might have to carefully scan the sediment from 20 or so fresh, early 
morning urine samples before finding a white cell cast. This clinches the 
diagnosis of chronic inflammation of the kidney. This sort of search 
for casts is tedious and time-consuming diagnostic work. What is needed 
is a rapid screening device to find patients with interstitial nephritis 
long before they are unexpectedly overwhelmed by renal failure. A 
method is being investigated to collect and display all casts secreted 
into urine per unit time. This is done on a specially designed Millipore 
membrane that allows most of the cells, crystals and debris to pass 
through it. The retained casts are stained with Brodie-Prescott stain21 
and Ponceau red stain. Thereafter, one can rapidly scan under a dis­
secting microscope and count and calculate the different kinds of casts 
excreted per minute. White cell casts stain black, hyaline casts are pink, 
mixed cell casts are black and red, and so forth. This method is much 
more discriminating, and more accurate than an Addis count and, in 
addition, one has a permanent slide for reference.43

Phase microscopy for bacteriuria. Kunin has shown that examination 
of fresh or properly preserved urine for bacteria is useful diagnostically, 
but notes that crystals and fragments of tissue make recognition of bac­
teria difficult at times.22 Phase microscopy20 makes recognition easy in 
all urines (Figures 3 and 4 ).



Parasites, eosinophils, monocytes and other cells in the urine. Various
histocytes, monocytes, eosinophils and cells containing viral inclusion 
bodies are present in some urines. They may have diagnostic meaning 
in the future. Parasites such as Giardia lamblia and eggs of schistosomes
may be seen in the urine.

Abnormalities in the blood in chronic renal disease. The late Arnold
P. Meiklejohn coined the word “metapathy”  to encompass and describe 
biochemical and metabolic pathologic lesions as opposed to structural 
pathologic lesions. For example, ketonemia is a metapathic lesion that 
indicates diabetes mellitus or other metabolic derangement. As yet no 
metapathic findings are central to chronic renal failure, abnormal
levels of blood urea nitrogen (BUN) and creatinine, which are appli­
cable for surveys. A dip-stick is available for measuring BUN levels 
that is useful for surveys.

Both the blood urea nitrogen and the creatinine levels are raised in 
chronic renal disease and their measurement has become a routine pro­
cedure in all hospital admissions and in most office examinations. Un­
fortunately, when abnormal, they are found to be insensitive tests of 
renal failure and, if abnormal, usually reflect severe histologic or func­
tional derangements.27

Other metapathic lesions in the blood, such as high levels of renal 
enzymes, may pinpoint early chronic renal disease, but no such tests or 
battery of tests are available yet.

Immunologic detection of chronic infectious renal disease. When 
type-specific sera become generally available for the 14 or so E. coli 
types that are clearly pathogenic and for other common gram-negative 
bacteria, another step forward will have been made. Eventually, one 
will be able to measure changing titers of these and other renal patho­
gens like B. proteus in the blood when cultural evidence of their presence 
cannot be found in urine or blood.24,25 A few immunologic tests are of 
value in the diagnosis of lupus nephritis and other collagen diseases in­
volving the kidney.

Radiology. For the nephrologist radiology takes the place of physical
examination in the diagnosis of renal disease. The scout film, the ex­
cretory urogram, the renal tomogram, the timed nephrogram, cine- 
vesicoureteroscopy and selective renal arteriography are of immense 
value to the clinician, but too cumbersome for routine surveys, save in 
special circumstances when one is searching for congenital lesions or 
renal artery stenosis in a population group. Radiologists are beginning
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to use magnification radiology and this may have great promise for 
future diagnostic studies of the kidney. These will be able to pick up 
readily scars, infarcts and patterns of vascular distortion not easily 
found today.

Isotope studies and ultrasound disturbances. Methods for detecting
disturbances of renal blood flow by using radioactive noble gases and 
radioactive mercury scans are under study, but are not yet clinically 
useful. Scans by the gamma camera may become more useful than these 
two methods for finding distortion in kidneys and in their blood flow, 
but equipment is expensive and methods are not yet refined enough for 
general use.

The characteristics of the upstroke of the radioactive Hippuran reno­
gram are useful in the diagnosis of renal artery stenosis. Analysis of both 
upstroke and excretory phase of the curve is under study with com­
puters in a number of centers. Refinement of instruments, techniques 
and methods of analysis may make this test of great value in screening 
patients for renal disease, but cost will probably be prohibitive.

Pattern distortion of ultrasound waves is useful in detecting structural 
changes and excess fluid in solid organs. The instruments and methods 
are not yet sufficiently refined to apply routinely to the kidney.

Tests of renal function. The well-known inulin and para-amino hip- 
purate clearance tests and their clinical counterparts, the creatinine 
clearance and the phenolsulfonphthalein excretion tests are not sensitive 
enough to detect and discriminate between early cases of chronic renal 
failure.26 When one grades by blind systematic review of sections of 
renal tissue taken by biopsy in a semiquantitative manner from 0 to 4 
plus units,27 it has been shown that tests of renal function, including 
concentration tests, do not show up as abnormal until considerable 
damage (3+ to 4+) has developed in the kidneys.23 Unfortunately, no 
physiologic “ function tests55 at this time look even remotely useful for 
routine detection of early chronic renal failure. O f course, specific tests 
like the ammonium chloride test for diagnosis of renal tubular acidosis 
can be used in surveys, but do not have a general application.

Vital statistics. Knowing that certain renal diseases have a high in­
cidence in certain populations (e.g., microcystic lesions in Finland; lead 
nephropathy in Queensland, Australia) can be of value in organizing 
detection programs. But until recently, few approved criteria for diag­
nosis of renal disease were available to the clinician. International com­
mittees have been working for a short time and their development of a
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TABLE 3. RENAL TISSUE AND TISSUE BREAKDOW N SUBSTANCES IN 
URINE TH A T PROVIDE CLUES TO DIAGNOSIS OF CHRONIC RENAL DISEASE

1. Enzymes (e.g., cathepsin E, glucosyl transferase and medullary L.D.H.
isoenzymes)

2. Renal proteins (e.g., basement membrane, metallothionine)
3. Histuria (e.g., Renal, medullary and cortical)
4. Substances adsorbed to casts (e.g., IgA)
5. Reaction products (e.g., Kinins)

uniform nomenclature and criteria for diagnosis of renal disease will 
speed planning of detection programs.

Renal tissue and renal tissue breakdown or reaction products in the 
urine. As the urine flows out of the damaged kidney it must contain, 
besides epithelial cells and serum proteins, a variety of substances, the 
result of renal parenchymal damage. These substances include bacteria, 
their antigens and toxins, and products of the reaction between bacteria 
and renal tissue. In addition, it contains minute fragments of renal 
tissue, specific renal proteins, renal enzymes, renal hormones and ki- 
ninogens released by immunologic or chemical damage. During passage 
down the urinary conduit, all these clues to renal damage are diluted 
by cells, secretions and other dejecta shed by ureter, bladder and 
urethra. Looking in the voided urinary specimen for these renal clues 
to parenchymal damage is like “ looking for a diamond in a sewer.”44 
Turck, et al., collected renal urine for study from the renal pelves of 
patients with chronic bacteriuria, by passage of ureteric catheters into 
the renal pelvis following bladder washout.28 Obviously this method is 
not suitable for routine detection of chronic renal disease. However, 
their studies of uncontaminated renal metapathic products in renal 
urine will provide a background experience from which methods can be 
developed to detect and quantitate the same contaminated renal tissue 
products in voided or bladder urine. Some of the substances under 
study in different laboratories are recorded in Table 3.

Enzymes. Schwartz and Mattenheimer and their colleagues have been 
studying the renal arteriovenous differences and urinary excretion of 
enzymes liberated into the circulation from heart, liver, kidney and 
other organs.29 They found that the clearance of circulating organ en­
zymes across the kidney depends on the molecular size of the enzyme. 
Small enzymes, such as amylase from salivary glands or pancreas, can 
pass across normal renal membranes into the urine, but large enzymes 
(greater than 110,000 molecular weight) are held back. If large en­

58



zymes, such as lactic dehydrogenase (L .D .H .), appear in the urine then 
they must arise from the kidneys and not from other organs, unless 
the renal glomerular membrane has been damaged, which will allow 
large molecular weight serum proteins into the urine. Some renal en­
zymes like glucosyl transferase, which takes part in the synthesis of 
glomerular basement membrane,30 and renal medullary L.D.H. isoen­
zymes31,32 may eventually pinpoint the locus of damage in the nephron 
or kidney. At present, interference by inhibitors and release of enzymes 
from the lower urinary tract interferes with interpretation and all that 
one can say when large molecular enzymes are in the urine in excess 
is that they indicate abnormalities in the kidney. Moreover, their pres­
ence in urine does not allow one to predict whether the renal disease 
is trivial or serious.

Cochrane has reported measuring cathepsin E in the urine of rabbits 
following induction of experimental nephritis.33 Cathepsin E appears as 
a result of interaction between leukocytes and complement in the dam­
aged renal environment. Its source is perhaps the leukocytic lysosomes. 
Lysosomal enzymes, such as acid phosphatase and beta-glucuronidase, 
are found in voided urine. But if present in excess the cells from which 
they came cannot be identified, and until one can pinpoint their origin 
results of studies will be nonspecific.

Renal proteins. Tamm-Horsfall mucoprotein, glomerular basement
membrane and metallothionine appear to be unique renal proteins. 
Tamm-Horsfall protein is a normal constituent of the urine, but thus 
far no quantitative studies are available that give data for levels of 
urinary excretion in health and disease.

Recently, McPhaul reported finding glomerular basement membrane 
in urine and serum from healthy subjects and in those with nephritis.34 
Large amounts of urine have to be extracted for study. More sensitive 
methods are needed to make the technique useful for general applica­
tion. If this is done and if McPhaul’s observations are confirmed, a 
most useful and sensitive index may be appearing on the scene for de­
tecting those forms of chronic renal disease that involve the glomerular 
basement membrane. Metallothionine35 is an unusual renal protein in 
that it contains relatively abundant amounts of zinc and cadmium and 
these elements constitute markers for future detection in urine. It may 
have functional activity in relation to transport of sodium in the tubule 
and a possible relation to hypertension.

Histuria. Antoine and Neven have tackled the problem of renal
“macromolecules” in urine by raising antibodies to kidneys and using



antihuman kidney sera in immunoanalysis of renal tissue antigens in 
urine.36 They looked for and found evidence of “histuria”  (i.e., presence 
of renal tissue macromolecules) in a variety of renal disorders. This is 
a powerful diagnostic tool presently under study. Antibodies raised 
from cortex, separately from medulla, hopefully would allow one to 
extend the potential diagnostic usefulness of the method.

Substances adsorbed to casts. Various proteins are adsorbed to casts 
in their passage down the tubules. Berger has demonstrated IgA in 
renal casts in renal biopsies from patients with Henoch-Schonlein pur­
pura. Studies on IgA in casts in voided urine are underway at Presby- 
terian-St. Luke’s Hospital in Chicago.

Reaction products in urine. Reaction products between endotoxin 
and kidney tissue, and among antibodies, glomerular basement mem­
brane and complement need to be recognized and described. One group 
of reaction products appearing in the urine are kinins. Rocha e Silva 
has described the finding of what he calls kinin hormones in the urine 
in relation to renal hypertension, the result presumably of renal release 
of angiotensin.38 Other polypeptides39 are apparently released from 
renal tissues in experimental hypertension, and these may perhaps be 
detected in urine. Certainly fragments of fibrinogens, as well as fibrino­
gen, appear to stimulate crescent formation in damaged glomeruli 
developing during the course of experimental glomerulonephritis. Some 
of these circulating fibrinogen breakdown products might also appear 
in urine and be detected there if they are small enough to pass into 
Bowman’s space.

CONCLUSION

The kidneys are highly integrated organs with tremendous reserve 
powers. In animals four-fifths or more of healthy kidneys have been 
removed without development of symptoms of uremia. Everyone is 
aware of patients fully employed in work and thoroughly involved in 
pleasure despite contracted diseased kidneys and astronomic levels of 
blood urea nitrogen or serum creatinine. Small wonder, then, that 
usual tests of renal function do not accurately reflect minor degrees of 
renal tissue damage. It is imperative that new simple methods be found 
to detect early renal damage. Regarding new methods, however, a most 
pertinent statement was made by William Bosworth Casde about new 
investigations and their effect on health. What he wrote in 1939 is true 
not only for early detection of renal disease but also is valid for detec­
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tion of bacteriuria, hypertension and chronic pulmonary disease now 
and in the future. He said: “ No matter how important are new dis­
coveries and methods, they cannot be considered to have reached ful­
fillment until generally applied to the sick.” 40

REFERENCES

1 Kark, R. M., Renal Biopsy and Prognosis, Annual Review of Medicine, 18,
269-298, 1967.

2 Addis, T., G lom eru lar  N e p h r it is , D iagnosis  a n d  T r e a t m e n t , New
York, The Macmillan Company, 1948.

3 Kark, R. M. and Muehrcke, R. C., Percutaneous Renal Biopsy in the Prone 
Position, Lancet, 2, 1047, 1954.

4 Kark, R. M,. Renal Biopsy, Journal of the American Medical Association, 
205, 80, 1968.

5 Kincaid-Smith, P., The Clinical Value of Renal Biopsy, in Heptinstall,
R. H. (Editor), Proceedings of the Third International Congress of Nephrology, 
1967, volume 2, pp. 178-197.

6 Williams, J. D., Some Observations on Renal Biopsy with Reference to 
Bright’s Disease, Guy’s Hospital Report, 107, 373-389, 1958.

7 Kark, R. M., Food and Hunger in a World of Turmoil, World Review of
Nutrition and Dietetics, 6, 1—18, 1966.

8 Cohen, S. and Kass, E. H., A Simple Method for Quantitative Urine Cul­
ture, New England Journal of Medicine, 277, 176, 1967.

9 McQueen, E. G. and Sidney, M. G., Composition of Urinary Casts, Lancet,
1, 397, 1966.

10 Rowe, D. S. and Soothill, J. F., Serum Proteins in Normal Urine, Clinical
Science, 21, 75-85 and 87-91, 1961.

11 Moxon, W., On Chronic Intermittent Albuminuria, Guy’s Hospital Re­
port, 23, 233, 1878.

12 Herdman, R. C., Michael, A. F. and Good, R. A., Postural Proteinuria: 
Response to Corticosteroid Therapy, Annals of Internal Medicine, 65, 286, 1966.

13 Poliak, V. E., Pirani, C. L., Muehrcke, R. C. and Kark, R. M., Asympto­
matic Persistent Proteinuria: Studies by Renal Biopsy, Guy’s Hospital Report,
107, 353-372, 1958.

14 Kark, R. M., et al.y A Prim er  of U r in a l y s is , second edition, New York,
Harper & Row, Publishers, 1963.

15 Soothill, J. F., Estimation of Eight Serum Proteins by a Gel Diffusion 
Precipition Technique, Journal of Laboratory and Clinical Medicine, 59, 859,
1962.

16 Hardwicke, J. and Soothill, J. F., Glomerular Damage in Terms of “ Pore- 
Size,” in Wolstenholme, G. E. W. and Cameron, M. P. (Editors), R enal
Biopsy, London, J. & A. Churchill, Ltd., 1961, pp. 32-42.



17 Cameron, J. S. and Blanford, G., The Simple Assessment of Selectivity in 
Heavy Proteinuria, Lancet, 2, 242, 1966.

18 Kark, R. M., Muehrcke, R. C., Pirani, C. L. and Poliak, V. E., The 
Clinical Value of Renal Biopsy, Annals of Internal Medicine, 43, 809, 1955.

19 Sternheimer, R. and Malbin, B., The Clinical Recognition of Pyelone­
phritis with a New Stain for Urinary Sediments, American Journal of Medicine,
11, 312, 1951.

20 Brody, L., Webster, M. C. and Kark, R. M., Identification of Elements of 
Urinary Sediment with Phase-Contrast Microscopy, Journal of the American 
Medical Association, 206, 1777, 1968.

21 Prescott, L. F. and Brodie, D. E., A Simple Differential Stain for Urinary 
Sediment, Lancet, 2, 940, 1964.

22 Kunin, C. M., The Quantitative Significance of Bacteria Visualized in 
the Unstained Urinary Sediment, New England Journal of Medicine, 265, 589, 
1961.

23 Kark, R. M., et al., Simple Tests of Renal Function in Health and Disease:
1. A Reappraisal of its Value in the Light of Serial Renal Biopsies, Archives of 
Internal Medicine, 99, 176, 1957.

24 Brumfitt, W. and Percival, A., Serum Antibody Response as an Indication 
of Renal Involvement in Patients with Significant Bacteriuria, in Kass, E. H. 
(Editor), Progress in Py e l o n e p h r it is , Philadelphia, F. A. Davis Co., 1965.

25 Percival, A., Brumfitt, W. and de Louvois, J., Serum Antibody Levels as 
Indications of Clinically Unapparent Pyelonephritis, Lancet, 2, 1027-1033,
1964.

26 Brodwall, E. K., Renal Extraction of PAH in Renal Disease, Scandinavian 
Journal of Clinical and Laboratory Investigation, 16, 12, 1964.

27 Pirani, C. L., Poliak, V. E. and Schwartz, F. D., The Reproducibility of 
Semiquantitative Analysis of Renal Histology, Nephron, 1, 230, 1964.

28 Turck, M., Ronald, A. R. and Petersdorf, R. C., Relapse and Reinfection 
in Chronic Bacteriuria: II. The Correlation Between Site of Infection and Pat­
tern of Recurrence in Chronic Bacteriuria, New England Journal of Medicine,
278, 422-427, 1968.

29 Dubach, V. C., E n z y m e s  in  U rine and  K idney , Berne, Hans Huber, 
1969.

30 Spiro, R., Chemical Studies on Glomerular Basement Membranes, Trans­
plantation Proceedings, in press.

31 Thiele, K. G. and Mattenheimer, H., Die Isoenzyme der Ladaldehydroye- 
nase in der Rattenniere, Zeitschrift fur Klinische Chemie and Klinische Bio- 
chemie, 4, 232, 1966.

32 -------- , LDH-Isoenzymes in the Nephron of the Human Kidney, Zeit­
schrift fur Klinische Chemie and Klinische Biochemie, 6, 132, 1968.

33 Cochrane, C., The Mediation of Immunologic Glomerulonephritis, Trans­
plantation Proceedingss, in press.

34 McPhaul, J., Basement-Membrane Antigens in Urine and Serum, Trans­
plantation Proceedings, in press.

62



35 Kagi, R. T. and Vallee, J. F., Methallothionine: A Cadmium- and Zinc- 
Containing Protein from Equine Renal Cortex, Journal of Biological Chemistry,
236, 2435, 196L

36 Antoine, B. and Neven, T., Pathological Urine Excretion of Tissue Macro­
molecules (Histuria), Journal of Laboratory and Clinical Medicine, 71, 101,
1968.

37 Berger, J., IgA Glomerular Containing Deposits, Transplantation Proceed­
ings, in press.

38 Rocha e Silva, M., Angiotensin and Bradykinin: A Study in Contrasts, 
Canadian Medical Association Journal, 90, 307—310, 1966.

39 Croxatto, H., Vern, R., Roblero, J. and Belmar, J., Polypeptides Formed by 
Acidification of Blood Serum of Normal and Hypertensive Rats, Canadian
Medical Association Journal, 90, 313-320, 1964.

40 Castle, W. B., Lectures on the Anaemias and Vitamin Deficiencies, Mel­
bourne, Melbourne Permanent Postgraduate Committee, 1939.

41 Barnet, H., personal communication.
42 “Inculator” dip-slide culture unit, available from Royal A. Elfast, Jr., 

M.S., P.H., Turkosgaten 16, Vastra Frolunda, Sweden.
43 Brodie, L., Salladay, J. and Kark, R. M., unpublished data.
44 Mattenheimer, personal communication.

ACKNOWLEDGMENTS

This study was supported in part by grants from the John A. Hart­
ford Foundation, Inc., the National Institutes of Health, United
States Public Health Service {HE 02253 and Training Grant T O l
AMO 5505-04) and a contract with the Office of the Surgeon Gen­
eral, United States Army {Contract DADA17-68-C-8019) .




