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Microdissection of a lobule from a normal, adult kidney. About the periphery of the

fobule Lie the glomeruls, each surrounded by the periglomerular mass of its proximal

lutien and distal i From thes cluster two tubules pass to

and from the central medullary ray, the terminal portion of the proximal convolution

entenng, the ascending imb of Henle's loop departing. In the sheaf of straight

tubules that compose the ray, the juncuon of the tubules can be 11
seen (x 15)
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Dedicated to the patients, lab y workers,

medical students, and doctors who have worked in the

Nephatis Clinic of the Out-patient Department of Stean-

ford University Medical School in San Francisco. Here

they will find a record of thesr observations and of the

conversations and controversies in which they have taken
part over many years.
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INTRODUCTION

This book is written because we have come to the conclusion that
the present-day treatment of patients with renal disease 1s mnadequate and
sometimes dangerous, There is no universally accepted plan of treatment,
but none of the current proposals takes of the therag
efficacy of rest. In the past the giving of rest to the diseased hidney was
explicitly recognized as the theoretical justification for various dietary
prohibitions and as the reason for the administration of drugs that in-
duced sweating and purging. But in those days we did not know how
the kidney worked, and so we did not know how to give it rest. Today,
though we know something about the work of the kidney, we find the
principle of rest imphertly, if not expliaitly, dented. Recognizing the
errors in the dietetic treatment of the past, and influenced by accumu-
lating evidence as to the deletertous effects of protemn undernutrition,
the leaders of investigation 1n this field treat patients with renal disease,
particularly those with edema, in such a way as to tmpose an unnecessary
amount of work on the kidneys. On theoretical, experimental, and
clmical grounds we have slowly reached the conclusion that this is a
dangerous error. This whole book may be taken as a reasoned exposition
of that view.

In general, then, our subject 15 the theory of the application of this
principle of rest in the case of any patient in whom any disease has Ied to
a substantial reduction 1n the number of functioning nephrons. But
whenever we try to apply the theory in practice we find we cannot use
it effectively for any individual patient until we know him and his situa-
tion and have learned from direct, clinical observation of his blood and
urine as much as we can about the nature and the extent of his renal
lesion. This information modifies and controls the endeavor to contrive
those d [ with adeq nutritton, under which the
mmnuum amount of renal osmotic work will be imposed. Without this
Anowledge the application of the principle is only formal and schematic
and, in detail, very hikely illadvised. So the general theory can be con-
verted from an abstraction into a reality only wnsofar as it is fitted in
detail to the specific conditions that exist in particnlar diseases and in
particular pattents suffcring from these diseases. This task we cannot
undertake. There is only onc disease of the kidneys wn which we have
had an experi y ive, detailed, and prolonged to

il
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This disease is glomerular nephritis, The title of the book is, therefore,
Glomerular Nephritis: Diagnosis and Treatment,

The methods we use in our clinical work can be used in any doctor’s
office. We believe this, because, like most dactors who are not specialists,
we have to make our own clinical observations. We have no chemists
working for us, and, in any case, most of our patients are not able to pay
for repeated determinations of urea, creatinine, and protein in their
blood serum or for frequent estimates of the rate of protein excretion in
their urine. When we came to see that rational treatment required the
reiteration of these and other measurements over long periods of time,
we were thus confronted with the necessity of doing the work ourselves.
But we had no time to take histories, make physical examinations, and
treat our patients, and also to determine the quantity of these materials
by means of the standard laboratory methods, We were forced to con-
trive a series of extremely rapid methods, so simple and mechanical in
their operation that the possibility of large error is excluded, and so
direct that the results are presented as pictures whose significance can be
read at a glance,

It may seem that methods of admittedly only approximate accuracy
are to be justified, if at all, as merely makeshift contrivances, to be used
when no laboratory facilities are available or when the economic status
of the patient makes it impossible to obtain the services of those who can
give us more precise results This perfectly natural view is based, how-
ever, on 2 misapprehension as to the purpose of these methods. These
are clinical, not laboratory, methods. They are designed to make the
examination of the blood and urine a part of the physical examination
of the patient. The results they give sometimes rafse questions that
can be answered only by the use of laboratory methods for which the
doctor has no time. But they cannot be replaced by any laboratery
method, no matter how precise and elaborate. They give us, while we
are still working with the patient, infurmation.xhat is useful for any
patient and indispensable for those wilh' renal disease. .

We are well aware that this entk for I ory s
quick and simple that they merge with inspection, p’.ﬂpauon, percussion,
and anscultation will amuse many of our most experienced readers. This
is what they have always wanted, often tried for, and :lh.mys failed to get.
Their skepticism is founded on hope rcpe:n'cdly <?cmed. ‘They Lr}qw
very well that a good doctor will not Teave his patient for any Vphysxcnl

or chemical manipulation, no matter how easy it may be. We know
that too, and we are not supposing that the doctor will ever measure and

hods so
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centrifuge blood and urine. All that is required is that he will give them
a glance after they have been manipulated, and see them as part of the
patient—as much a part of him as his build and manner, the appearance
of his retina, or the size and shape of the shadow of his heart. Even so,
there will still be doubt because someone has to do the work. If the
doctor cannot do it, who will> The problem has not been solved; it has
only been transformed into a problem of organtzation that may be
:qually insoluble.

‘Our experience, however, shows that in this new form there is no
longer any material difficulty. Since nto nurses are assigned to our clinic,
we asked for help from patients and friends. They were neither bio-
chemists nor dietitians, but ordinary people who liked to work in a group
of ordinary people to help other ordinary people. By contributing their
wdeas as well as their work they have helped us all to develop the
laboratory and dietetic methods we describe to their present level of
simplicity and reliability. It 1s true, of course, that the conditions in
our out-patient climc are in some respects quite different from those
that exist in most doctors’ offices, and that in some places it may be
difficult to get such help as we received. But nowadays the fact that a
doctor needs assistance if he 15 to work with efficiency and celerity is
recognized in practice, so that almost every doctor has an office nurse who
works with him in all sorts of ways What we propose is that the office
nurse be asked to undertake this most important and interesting work
which already goes far beyond patients with renal disease and, in prin-
ciple, can be ded to cover the ination of every patient, This
would be the simplest possible clinical team—the patient, the doctor and
the office nurse. This book may be ded as an it dt
for just such a group.

A reader familiar with the world literature on nephritis may be dis-
appointed to find that no attempt has been made to connect our observa-
tions with those made by clinical investigators elsewhere. We can only
ask him to remember that we are not trying to harvest all that is of value
in this field. We are trying to say something new about out-patient and
office practice. Thus is an enterprise so difficult and dangerous that we
cannot afford to go far beyond what we ourselves have seen and know,
Thus we make no references to any clinical facts that cannot readily be
demonstrated in any doctor’s office. This is a severe limitation, for
though office work is admirably adapted for obtaining 2 broad survey of
the development of disease over long periods of time, we cannot hope,
with our simple methods, to explore deeply the status of any one patient
at any one time or expect to be able to analyze in detail the interplay of

the factors responsible for his i di: ymp That is the task of
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x INTRODUCTION

Ehe clinical investigator working with the patient when he is in bed and
ina hospital.  Office work has a quality that may be described as exten’
sive. It can never hope to be intensive. So two books should be written
about the treatment of glomerular nephritis—one embodying the ex-
perience of the practical doctor, the other the 'experience of the hospital
physician.  Both have their place and their use, but neither alone can
encompass all that should be said on this subject; neither can present the
problem as it really exists, in depth as well as in breadth. 1In spite of this
limitation in our experience it may be hoped that some of the deeper
understanding that is coming to us through investigations on patients in
the hospital does pervade the text as an unacknowledged background
for much that is said  And msofar as there is anything novel in what
we say, a good deal of the confidence with which our views are presented
derives from the feeling that they are only an inevitable development
of what has already been said by others. We hope that it will thus be-
come apparent to the scholarly reader that at every step we have been
guided and supported by the work of our colleagues.

This, however, is not a textbook, It contains no compilation of
methods used in the past in the treatment of glomerular nephritis, nor
any detailed cnticism of these methods beyond the implicit criticism
that runs through the whole argument. We address ourselves to those
who feel that in this matter we have not reached the textbook stage and
that more investigation is what is needed now. The work done by our
out-patient group is necessartly quite inadequate and calls for critical
revaluation, both clinical and experimental. It is because it is so
provisional and incomplete that we have had to present it in detail. Only

. thus could we hope that it might be extended and corrected.

‘We have asked to be heard because we have been subjected to condi-
tions that are like those existing for the practicing physician. 1t may
not seem quite reasonable if we make the same request again on the
ground that some of us have spent more time in experimental work on
rats than in clinical work with patients. It is true that we were obliged
to go far back mto general brology and that the relation between our
experimentai and clinical endeavor was not zlways obvious. Neverthe-
less, it was invariably the patients who raised the questions we tried to
answer, and 1t was through combintng clinical observations with experi-
mental results that our opinions have been formed, and that the method
of treatment we describe gradually attained some clarity of definition.

We include many experiments that have not been published, Or-
dinarily these would have been described 1n a series of papers and would
have been sent to the technical journals with the names of those who

. executed the work, but all of us felt that there was some advantage in
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CHAPTER 1

SPECIAL CLINICAL LABORATORY METHODS FOR THE
PHYSICAL EXAMINATION OF PATIENTS
WITH RENAL DISEASE

Hisrory oF Crinicar MeTHODOLOGY

Whenever we try to say anything about the diagnosis of Bright’s
disease, it will be found that whatever has a strictly clinical, as opposed to
a sctentific or historical, interest revolves round the methods that should
be used in the physical examination of the patient. This is because we
are more or less aware that our present methods are inadequate, and
we recognize that we cannot solve more complex problerms untl we have
overcome this primary clinical difficulty. Let us consider what happens
in the doctor’s office, or the out-patient department, when it is reported
that the “routine” examination shows that the wrne has a “two plus
albumm.” In a large proportion of such cases the most searching history
and the most exhaustive physical examination fail to reveal any ab-
normality we can link with the protemurza, What are we to do, then?
Even when we find hypertension, edema, anemia, or arteriosclerosis, the
relation between these signs and the renal lesion responsible for the ap-
Ppearance of the protemn in the urine remains a matter of speculation. It
is a question to be decided on grounds of statisucal probability, on what
pathologists tell us about the frequency of association of various diseases
of the kidney, and these extrarenal symptoms we observe. It is not
determined by anything we can see for ourselves and really know about
the patient.

There is a way out of this seeming impasse. When we see abnormal
amounts of protein in the urine we suppose there is something wrong
with the hidney. The next question is, “What is the nature of this
renal lesion?” We can reasonably expect to find at least the beginning
of an answer in the urine. The kidney consists of many nephrons whose
glomeruli are filtering fluid from the blood-plasma. As this fluid flows
down the tubule there float in its stream any red cells that may have
found their way through damaged glomerular capillaries, and any de-
generated cells that may have been desquamated from the wall of the
damaged tubule. As the fltrate caries on down the long, winding

1



2 GLOMERULAR NEPHRITIS

tubule, it is being rapidly concentrated by the reabsorption of water, and
there comes a time when the dissolved protein in the fluid may clot or
clump into casts, or the cells may be embalmed within the t

gels that suddenly form within the Jumen of the lower reaches of the
tubule. When the urine finally reaches us, it is full of evidence of the
sort of disease that involves still-functioning nephrons. This is our prin-
cipal source material in the development of a renal lesion’s history.
When the patient dies the kidneys may go to the pathologist, but while
he lives the urine is ours. It can provide us day by day, month by month,
and year by year, with a serial story of the major events going on within
the kidney. The examination of the urine is the most essential part of
the physical examination of any patient with Bright's disease.

Nevertheless, it would seem that we have not made much progress in
comprehending the nature of the renal lesion of our patients during their
lifetime. It is often said, and with some justification, that we have
made no real advance in this field since the time of Richard Bright.
This relative stalemate on the clinical front is all the more remarkable
in view of the great contributions recently made to our understanding of
renal physiology and the sure foundation of structural knowledge given
to us by the patient work of anatomists and pathologists. What is Te-
spousible?  We find what it is if we look at the methods we have used in |
studying renal disease since Bright’s time.

Bright used very simple methods. He boiled the urine in a pewter
spoon over a tallow candle and, on adding a drop or two of vinegar, he
observed that a coagulum appeared. This was not a new observation,
but he made 2 climcal use of it for he followed these patients having
albuminuria to the end, and found at postmortem that they had gross
evidence of disease of both kidneys. This was the beginning, and has
become in a sense the end, of the clinical study of Bright's disease. We
still follow Bright's method. The fact that we use a test-tube instead of
a spoon and acetic acid nstead of vinegar is immaterial. So it is interest-
ing to note that it was Richard Bright himself who made an end of what
should have been only a beginning, He knew that the urine contained
the answer to his clinical questions but, influenced perhaps by a feeling
that the study of the urine was not proper for a physician, or perhaps by
a sense that such a matter lay beyond hus training and capacity, he turned
over all further investigation of the urine to a chemist, “his learned
friend, Dr. Bostock.” Dr. Bostock sent him a “learned” report, and
there the matter ended, as it always will when clinicians try to get other
people to answer questions they ought to answer dlfmsclvc:. Pr. Bostock
doubtless had his own questions. He was not interested in those of

Dr. Bright.
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Toéay it is still true, as it was then, that any clinician who really wants
to find something out about a patient with Bright's dtsease, must himself
loak at the urine. If he is content to derive his information from labora-
tory teports he is in the same position as a specialist on diseases of the
chest who hires someone to give him a report on auscultation and per-
cussion, or a cardiologist who asks someone to give him an account of the
heart sounds of a patient. What the clinician Jearns when he himself
Joaks is something other and more than that given to him in the finality
of any expert's report. However inadequatc and even mistaken his
observations may be, they are at least his own. They are the beginning
of a continuing attempt to answer questions that will be answered only
by clinicians using cbinical methods. This is the way out of the clinical
impasse. We have to develop our own hods for urine ination
and do our own work.

If we grant that the lack of adequate methods may be one of the main
reasons for the lag in the growth of clinical comprehension in Bright's
disease, it will be worth while to note the nature of the methods that have
come into use in other fields where progress has been made. We find a
variety of tools, eg., the ophthalmoscope, the microscope, the eardio-
graph, the x-ray tube. These were made by scientists for scientific pur-
poses. But they have been taken over by clinicians and converted into
clinical tools. For the scientists, they are means of measurement, and the
clinical screntist still uses them in this way insofar as he 1s 2 scientist, but
the clinician, insofar as he is a pure clinician, finds them useful in quite
another way. They are for him the means whereby he can see what he
could not otherwise see; they are mstruments for making visible a part of
his patient that would otherwise be mnvistble. Whenever the doctor can
use an instrument that allows hum to see or feel or hear better, he has
the means for clinical advance. It is this help he needs in Bright's disease.
He must find some way to see the kidney and observe what sort of Jesion
there is and how extensive it is. But even though the urine no doubt
contains evidence as to the sort of disease in the kidney, and even though
we ourselves look at it, an inspection of the urinary sediment makes no
constant picture even in the same patient. The ordmary clinical methods
may reveal that something is wrong, but what and how much is left
obscure,

Faced with this sitnation the modern clinician, like Dr. Bright, turns
to the chemist for help, and the records of his patients are embellished
with the results of determinations of the quantittes of various materials
in the urine and blood. Howeser, these figures have nat become a part
of the clinician's armamentarium. They do not give him what he wants,
The doctor has no use for anything but a picture, He has a different
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putpose than does the scientist. Figures are the material of the scientist
because the abstraction of number 15 in consonance with his purpose to
exclude what is individual and variable in order to reach toward what is
general and constant, But it is just that which is singular about his
patient that the doctor wants to see. He strives always toward what is
qualitative and particular. He wants to see the stuff itself, not a figure.
You may tell a doctor that his patient has a red cell count of 2,500,000 red
cells per cu mm, but you tell hum much less than he will get by a glance
at a centrifuged specimen of his patient’s blood, for then he has a vivid,
colored picture in which he sees not only about half the usual volume of
red cells, but he observes these cells in relation to the layer of leukocytes
and platelets, and he sees the plasma above it and notes its color and
transparency. He comprehends all this not in the form of numbers but
as a part of the picture he is making m his mind as to the disease and
the effect of the disease on this particular patient, The blood then be-
comes an element in everything else he has heard and seen and felt, and it
is while all this takes shape and falls together in his mind as a unique.
self-consistent composition that the diagnosis is reached and the treatment
determined, He recognizes disease just as he recognizes an old friend.
He is hard put to it when you ask him how he knows his friend. He may
give you reasons, but he cannot give you in words a convincing account
of all of his real reason, which is nothing else than that a glance at this
man reproduces for him in the flesh the picture of his friend that lay
implicit in his mind.

Now the doctor has to be completely absorbed in this endeaver to
recognize in his patient some face that he has seen beforel He cannot
leave the patient in order to undertake the completely diverse discipline
of complicated chemical and physical procedures. The doctor is a “seer”;
that is, he looks and sees and knows, and all his diagnostic methods should
cost him no more effort than a glance. But how shall that be done? How
can the multiple component parts of the urine and blood be separated
and made visible in their proper relations to one another and to the
patient, so that the doctor can look and see and know?

It is because it is hard to do all this that we are left in the dark and are

2 One is duven to the use of metaphor when trying to descnibe anything as complicated
Yet, whenever we have sclected one parable to illustrate some specral aspect
mes at once apparent that 1€ succeeds only by wrtue of an unuarranted

Thus, we are accustomed tp speak of “disease
griized

as duagnosis
of the whole, 1t beco
neglect of other elements 1n the complex.
entines” as though they had an independent, mdividual existence and could be reco
as friends—or better, perhaps, as enemues. This 15 obuiously one of those abstractions that
do vicleace to the reality of the conerete siuation, for these 1s no disease apart from the
patient.  The disease 13 the change produced in the patient by a pathological process
Diagnosts involves the observatton of the patent as he 15, and also a reconstruction l:
imagination of the patient as he was, before he was afflicted. The disease is (he differenc

berween these two pictures But this, also, is an abstraction.
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of dilute urine he passed in the office was a 2-hr urine representing a rate
of excretion of 200 cc per hour. Thereafter, he took nothing more to
drink, and the 200 cc of concentrated urine he brought next morning was
formed between 10 p.at. when he went to bed and 8 A, when he got up.
It was a 10-hr, urine representing a rate of excretion of 20 cc per hour.
Gan the contradiction between the two urinary pictures presented to us
have arisen because the afternoon urine was dilute and the morning urine
was concentrated?

Such a hypothesis can be tested Al we have to do is to take 20 cc
of the morning urine, which is a 1-hr urine, and run water into it until it
has the 200-cc volume that a I-hr part of the afternoon urine had. Both
urines, secreted during equal periods of time, will thus be diluted to
equal volumes, and the only difference will be that in one case the water
was run in from the gastrointestinal tract and in the other from the tap.
When we test the now diluted morning urine we will find the heavy cloud
of protein 1s transformed into a famnt haze. If we look at the centrifuged
sediment quickly, we may see the red cells swelling and disappearing and
may watch the hyaline casts dissolve until we have again only the
epithelial cells we saw yesterday afternoon.  When the times and volumes
are equalized, we find that the proteinuria and the sediment are the
same.

This sort of observation, which can be made almost any day in any
doctor’s office, is enough to show that there is something wrong with the
methods that we and the climcal laboratories use. We are acting as
though we could employ for the urine the same technique that we find
useful in dealing with blood. With blood, the measurement of concentra-
tions suffices because the total blood volume remains about the same from
day to day. But when we look at the concentrations of the materials dis-
solved or suspended in urine we get onily confusing and apparently con-
tradictory results because the urine volume is not constant but extremely
variable. It is always changing in order that the blood volume may T¢-
main constant. The first step toward a reasonable method of urine ex-
amination requires the recognition of this obvious physiological fact.
The concentration of any substance we separate from the unine, i.c, the
quantity per cubic centimeter, per 100 cc, or per 1,000 cc will change with
every vaniation in urine volume. But its rate of excretion, i e., the quan-
tity found per minute, per hour, or per 24 hr will remain relatively con-
stant. Thus, we find that we can get a filtyfold change in the concentra-
tion of protein by getting patients to reduce their urine volume by
abstaining from flnids, or to increase it by water drinking, and yet through
all these changes, the rate of protein excretion remains substantially the

same. '
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How PatienTs CaN Give Us Timep CorLEcTioNs OF UrINE

If we are to measure rates of excretion instead of concentrations, we
shall have to ask our patients to give us the total urine formed over
a known period of time. To many it will seem that we are asking too
much. Especially will this seem a Utopian idea to those who Anow how
hard it is to get exactly timed urine collections from patients in a hospital
ward, even with the help of many willing nurses. However, the difficulty
in that sitnation arises because our nurses are “trained.” They have
been taught to chart the temperatures and pulse-rates of twenty to thirty
patients as having been taken at exactly 8 o'clock, whereas, in fact, they
were measured any time between 7:30 and 8 30. It is only natural that
any conscience they may originally have had with respect to timing should
have been drilled out of them.

Our patients, however, have not been tramed. Furthermore, they
have a personal interest in maling sure that no mustake is made. In
their case there is no educationat difficulty. All we have to do is to pro-
vide them with the material means required for carrying the urine, and
we will get precisely umed urine collections. The means consists of a
cheap, glass, quart bottle. It has a wide nech and it is securely stoppered
by a No. 9 rubber stopper, if it can be obtained. If not, a screw-topped
bottle will suffice. The bottle has been thoroughly rinsed with distilled
water in order to remove the fauna and flora of the city tap water. Itis
placed upside down on a wire rack, and after all the water has drained
out, a few drops of 40¢; formaldehyde—just enough to wet the inside of
the bottle——are added to prevent the growth of organisms that may be
present in the urine.  After the rubber stopper has been jammed in and
the bottle wrapped in paper, 1t can be put aside for an indefinite time
until the patient needs it.

When we centrifuge out hyahne casts and red blood-cells from a con-
centrated urine, remove the supernatant urine, add water, and centrifuge
again, we find that the hyaline casts have disappeared and that only a
few faint shadows of lysed red cells remain. When we ask a patient,
in whase urine we have just found hyaline casts and red blood<ells, to
drink a lot of water, we find that the dilute urine he presently gives us
no longer contans hyaline casts and has only a few faded red cells left.
Hyaline casts, with the inclusions they trap as they form in the lumen
of the tubules, and the red cells that come alf the way from the glomeruli,
arc useful to us in our attempt to construct from the urinary sediment a
picture of the yenal lesion. But we cannot always get from all our
patients a urine so concentrated that hyaline casts and red cells will
remain undissolved. By the time advancing disease has destroyed half of
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of dilute urine he passed in the office was a 2-hr urine representing a xate
of excretion of 200 cc per hour. Therealter, he took nothing more to
drink, and the 200 cc of concentrated urine he brought next morning was
formed between 10 r.r. when he went to bed and 8 a.n. when he got up
It was a 10-hr. urine representing a rate of excretion of 20 cc per hour.
Can the contradiction between the two urinary pictures presented to us
have arisen because the afternoon urine was dilute and the morning urine
was concentrated?

Such a hypothesis can be tested. All we have to do is to take 20 cc
of the morming urine, which is a I-hr urine, and run water into it until it
has the 200-cc volume that a 1-hr part of the afternoon urine had. Both
urines, secreted during equal periods of time, will thus be diluted to
equal volumes, and the only difference will be that in one case the water
was run n from the gastrointestinal tract and in the other from the tap.
When we test the now diluted morning urine we will find the heavy cloud
of protein is transformed into a faint haze. If we look at the centrifuged
sediment quickly, we may see the red cells swelling and disappearing and
may watch the hyaline casts dissolve until we have again only the
epithelial cells we saw yesterday afterncon. When the times and volumes
are equalized, we find that the proteinuria and the sediment are the
same.

‘Thus sort of observation, which can be made almost any day in any
doctor’s office, is enough to show that there is something wrong with the
methods that we and the clinical laboratories use. We are acting as
though we could employ for the urine the same technique that we find
useful in dealing with blood. With blood, the measurement of concentra-
tions suffices because the total blood volume remains about the same from
day to day. But when we look at the concentrations of the materials dis-
solved or suspended in unne we get ohly confusing and apparently con-
tradictory results because the urine volume is not constant but extremely
varjable. It is always changing in order that the blood volume may re-
main constant, The first step toward a reasonable method of urine ex
amination requires the recognition of this obvious physiological fact.
The concentration of any substance we separate from the urine, ie., the
quantity per cubic centimeter, per 100 cc, or per 1,000 cc will change with
every variation in urine volume. But its rate of excretion, i e,, the quan-
tity found per minute, per hour, or per 24 hr will remain relatively con:
stant, ‘Thus, we find that we can get a fiftyfold change in the concentra-
tion of protein by getting patients to reduce their urine volume by
abstaining from fluids, or to increase it by water drinking, and yet through
all these changes, the rate of protein excretion remains substantially the
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How PaTiENTs CAN GIVE Us TimED CoLLECTIONS OF URINE

If we are to measure rates of excretion instead of concentrations, we
shall have to ask our patients to give us the total urme formed over
a known pertod of time. To many 1t will seem that we are asking too
much. Especially will this seem a Utopian idea to those who know how
hard it is to get exactly timed urine collections from patients in a hospital
ward, even with the help of many willing nurses, However, the difficulty
n that situation arises because our nurses are “trained.” They have
been taught to chart the temperatures and pulse-rates of twenty to thirty
patients as having been taken at exactly 8 o'clock, whereas, in fact, they
were measured any time between 7.30 and 8:30. It 15 only natural that
any conscience they may originally have had with respect to timing should
have been drilled out of them.

Our patients, however, have not been trained. Furthermore, they
have 2 personal interest in making suve that no mistake is made, In
their case there 15 no educational difficulty. All we have to do is to pro-
vide them with the material means required for carrying the urine, and
we will get precisely timed urine collections. The means consists of a
cheap, glass, quart bottle. It has a wide neck and 1t 1s securely stoppered
by a No. 9 rubber stopper, 1f 1t can be obrained  If not, a screw-topped
bottle wall suffice. The bottle has been thoroughly rinsed with distilled
water in order to remove the fauna and flora of the aity tap water. It is
placed upside down on a wire rack, and after all the water has drained
out, a few drops of 40% formaldehyde—just enough to wet the inside of
the bottle—are added to prevent the growth of organisms that may be
present in the urme. After the rubber stopper has been jammed m and
the bottle wrapped in paper, 1t can be put aside for an indefinite time
until the pauent needs 1t.

‘When we centrifuge out hyaline casts and red blood-cells from a con-
centrated urine, remove the supernatant urine, add water, and centrifuge
again, we find that the hyaline casts have disappeared and that only a
few faint shadows of lysed red cells remain, When we ask a patient,
m whose urine we have Just found hyaline casts and red blood-cells, to
drink a lot of water, we find that the dilute urine he presently gives us
1o longer contains hyaline casts and has only a few faded red cells left.
Hyaline casts, with the inclusions they trap as they form in the lumen
of the tubules, and the red cells that come all the way from the glomerul,
are useful to us in our attempt to construct from the urnmary sediment 2
picture of the renal lesion But we cannot always get from all our
patients a urine so concentrated that hyaline casts and red cells will
remain undissolved. By the time advancing disease has destroyed half of
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the total number of nephrons, there begins an unmistakable drift toward
a dilute urine, even when no fluids have been taken for some time. When
two-thirds or more of the nephrons are gone, the urine is dilute even
when the patient begins to be dehydrated. In such patients it is not
only useless but positively detrimental to their welfare to ask them to try
to get a concentrated urine by abstaining from fluids. They all have
blood urea and creatinine concentrations well above the normal levels;
this condition and their dilute urine may be the only indications of the
extent of their renal lesion. So, when a new patient comes, we deter-
mine his serum creatimine concentration before we ask him to con-
centrate.

It saves time to give the patient a mimeographed copy of the in-
structions below for the collection of 2 concentrated urine, ‘The blank
spaces are left for insertion of the day on which we want the patient to do
without fluids and for the time that may be convenient for him,

DIRECTIONS

1. After breakfast on take no fluids of any sort until next morning.

This means no coffee, tea, soup, milk, etc., as well as no water. In all other
respects follow your usual habuts as regards food,

2. That evening, before going to bed, void urine and throw it away. Do not

pass any urme for some hours before going to bed so that you may have

o difficulty in emptymng the bladder completely. Write the time of void-

ing on the label on the bottle,
Next morning. when you get up, collect all the urine directly in the bottle.

Write the time on the label,

This degree of abstention from fluids does not lead to any discomfort
if the patient is warned not to take much salt on that day. It should be
remembered, however, that this plan is designed for the cool weather of
San Francisco, and that in places where it gets hot it would be too severe
a restriction. In that case we ask the patient to take no more fluid than
is required to prevent great thirst. .

There are two ways of a urinary X
traditional way, which we may call qualitative. And there is the way by
which we can make all urinary sediment pictures directly comparable
with one another, which may be called quantitative because we can derive
from it the rates of excretion of the formed elements. These methods

supplement one another and should be used together.

L

di; There is the

 QUALITATIVE EXAMINATION OF URINARY SEDIMENT
5 When urine stands in a bottle, the casts and cells at once begil} to
fall to the bottom; therefore, just before taking a sample for examination,
the urine should be mixed by inverting the bottle after ramming in the
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rubber stopper. A centrifuge tube is filled to the 15-cc mark with mixed
urmme. This is centrifuged until all the formed elements are packed at
the tip. The major portion of the supernatant urine 1s removed with a
I5<c pipette provided with 2 rubber suction bulb, and the last cubic
centimeter or so is taken off with a capillary pipette. The sediment thus
concentrated in a drop at the extreme tip of the tube is then taken up in
the pipette and transferred to one side of a blood counting chamber. If,
after centrifuging, it is seen that the sediment is contained in a compact
mass of mucus, the supernatant urine can be decanted. In that case the
tube must be maintained 1n the inverted position and the sediment at the
tip removed by a capillary pipette mtroduced from below, for if the tube
is brought back to the perpendicular position the urine on the sides of
the tube will run down and dilute the sediment.

It is obvious, however, that judgment 1s required in preparing the
qualitative sediment. There are alkahne urmes with amorphous phos-
phate deposits. The urine must then be acidified before it 1s centrifuged.
There ate acid urines m which urates have separated. The urates must
be dissolved by heating the tube in hot water before the urine 1s centri-
fuged. There are urmes with so much pus and blood that no detail
can be distinguished under the microscope until the sediment has been
diluted with salt solution. On the other hand, there are instances in
which there is so litle sediment that essential qualitative facts will be
mssed unless steps are taken to attamn a still greater concentration than
the above method provides. This is particularly true in patients with
latent glomerular nephrits, 1n whom no certamty as to diagnosis can be
obtained unless the very few blood-casts they form are found, or in
patients in whom the time of complete healing of 2 glomerular nephritis
requires the demonstration that their urine contains no red blood-cells.
In such cases the total urine collection is allowed to stand for 1 hr or
more until the formed elements have fallen to the bottom of the bottle.
A 15-cc pipette is then introduced and moved over the bottom of the
bottle to remove the lowest part of the urine. Four such samples are
centrifuged and examined either in the blood counting chamber or on
ordinary slides, depending on the physical characters of the sediment thus
obuined. In this manner 1t is possible to be sure that nearly all the
formed elements m any given collection of urine have been seen. There
are also cases in which the best method is to examme 2 freshly voided
urine because, if it is centrifuged whale it 15 sull warm and before any
mucus has separated out, the formed elements pack at the extreme tip
of the tube and can thus be obtained in the most concentrated form,

It wall be obvious, also, that an ad qualitative ination of

q
the urine sediment may require the intelligent co-operation of the
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patient. There are instances of pyuria in which some indication of the
site of origin of the pus cells is obtained by getting the patient to empty
his bladder into two bottles; there are cases of bacteriuria in which the
collection of short-time specimens under induced diuresis may give in-
formation; there are circumstances under which it is essential to obtain a
catheterized specimen of urine; and there are many conditions that re-
quire from the patient the collection of precisely timed collections of
urine under known conditions of fluid consumption, of changing position
of the body, and of alternations of rest and activity. ~

QUANTITATIVE EXAMINATION OF URINARY SEDIMENT

The time over which the urine is formed is taken as the basis of com-
parison, and it is convenient to take % of 1 hr urine. The patient has
noted on the bottle Iabel the time at which the collection was started and
the time at which it was completed. The difference between these times
is the time over which the urine was secreted. This, and the volume of
urine, are the only requirements for the derivation of % of 1 hr urine.
The volume is measured so as to avoid foaming, but if foam prevents a
precise reading, a drop of caprylic acid may be added, A strip of cellu-
Ioid is placed on the abscissa of the appended chart, so that the celluloid
is vertical to the line ndicating the time during which the urine was
collected.

Another strip of celluloid is then placed at the point indicating the
volume, which has just been read. The diagonal line that runs through
the point of interception of the vertical and horizontal lines is followed
out to the right-hand margin of the chart. There will be found the
volume of urine that represents % of 1 hr urine in cubic centimeters.
This number ascertained, the urine is returned to the bottle, the stopper
reinserted, and the urine is mixed by inversion just before the required
amount is transferred to a 15-cc graduated centrifuge tube. A slide rule
is a little more precise and just as quick for those who are accustomed
to its use, but in any event the mportant point is to avoid atithmetical
work that takes time and is so often fraught swith error. When the urine
volume is large, % of 1 hr urine may be more than 15 cc. In that case
both the time and the volume are reduced to one-half, but the same
picture is obtained by reducing the volume in which the sediment 1§
mixed to 0.25 cc instead of 0 5 cc. .

Centrifuging for 5 min at 1,750 tpm or for 3 min at 3,500 rpm Js
sufficient to bring all the formed elements into the tip of the tube. Halt

" of the supernatant fluid (o of 1 hr of urinej is then transferred by 2

capillary pipette to another graduated tube and put aside for the protfin
determination. The remaining urine above the sediment is taken off with



LABORATORY METHODS 11

a capillary pipette until the volume is reduced to 0.5 cc. The sediment at
the 1ip of the tube is then thoroughly mixed in this 14 ce by repeatedly
drawing it into the pipette and expelling it into the tube, and, without
giving any of the formed elements time to settle out, a drop is transferred
to the other side of the blood counting chamber from that in which the
qualitative sediment has been placed. The blood connter is put on the
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movable stage of the microscope, and after the ruled area has been
facused under the low power the sediment is ready for inspection by
the doctor,

What is seen under the microscope on the quantitative side is the
rate of excretion of the formed elements in the urine. 'This rate is not
influenced by the volume of the urine; that variable was removed at the
begiuning because we took a proportionally farger volume from a dilute
than from a conceptrated urine. Furthermore, what is seen in the sedi-
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ment of one patient is directly comparable with what is seen in the urine
fr.om any other patient. It is because the method enables us to make
dxre.ct. comparisons between one patient and another that we can call it
a clinical me'lhod"b’ In this respect it is on a level with our other methods,
with x-ray pictures, electrocardiograms, or what we see when we use an
ophthalmoscope. It is like them, too, in that the most essential informa-
tion can l{e obtained at a glance. It is not necessary for the doctor to
take the time to determine the precise number of casts and cells, but
he must look at the sediment and form his own ideas as to the nature
and intex_)sity of the renal lesion. If he begins to depend solely on the
ﬁg.ures given to him by the laboratory worker the unity of the group
v'ulI be lost, and that corroding disease of modern medicine, the separa-
tion between the doctor and the laboratory worker, will at once begin
to diminish the therapeutic effictency of the group.

It is not that the enumeration of the number of formed elements is
unimportant. But, in general, quality belongs to the doctor, quantity
to the laboratory worker. So it will often happen that the doctor will
spend more time loohing at the qualitative than at the quantitative
sediment. Indications as to the nature of the disease are sometimes found
there that do not appear at all on the quantitative side. This is because
the dilution is so great that elements present in relatively small numbers
will probably not be represented at all in the quantitative picture. Itis
this fact that makes it unnecessary to have any standard for normal rates
of excretion of casts and cells. It is true that people with no renal lesion
excrete, on the average, 2,000 hyaline casts, 130,000 red blood-cells,
650,000 epithelial and white blood-cells, and 10 mgm of protein every
24 hr. ‘These figures have a theoretical significance as showing that the
signs we are accustomed to take as evidence of disease are present in
some degree in “healthy” individuals and that there is thus no absolute
separation between health and disease, but they have no practical mean-
ing since, under the conditions we have chosen, the “normal” approaches
zero, We shall see nothing or next to nothing in the volume inspected
on the quantitative side unless enal disease, and disease of a certain
intensity, is present. Now and then it might happen that we come across
a red cell, or even, conceivably, a hyaline cast in a normal urine, but
that accident would only make it necessary that we go further and look
at scveral unit volumes, If we want to use it in that way, the method is
capable of giving us any degree of precision that our special purpose
requires or that our patience will tolerate.

2The prinaple of presenting the urinary sediment of the patient as a picture directly

comparable with that ‘of any other pattent was first put into practice in 193¢ by Henry
Gibbons 111, (1) although the application was In another form than the on€ we here describe.
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In every case, whether there is much or little or nothing to be seen

1 the quantitative sediment, we must look at the qualitative side to be
ure we afe not missing anything. Even a short inspection as the field
s changed by the movable stage is sometimes rewarded by the appearance
£ some element that has a more or less pathognomonic significance—a
enal failure cast, an “oval fat body," or a blood-cast; and when casts are
ot numetous on the quantitative side, it is in the qualitative sediment
1t a differential count of the various sotts of casts can easily be made.

It would be wrong, however, to give the impression that the counting

fa urinary sediment is such a complicated and laborious process that
2¢ doctor will never have time for it. Actually, a count takes no more
han a minute, The ac panying diag prod the rulings on a
food counting chamber, and the two shaded areas are the unit areas
1 counting—the larger one far casts counted under the low power, and
e smaller for cells counted under the high dry power. No calculation
i necessary, because the casts seen in the volume over 1 unit area, multi-
Plied by 100,000, comprise the number of casts excreted in 24 hr, and
the red cells or epithelial cells that might be tubule cells seen over the
swaller unit area, multiplied by 1,000,000, give their 24-hr rates of
excretion,

This gives the impression that the method is one of extreme simplicity
and ease of operation. This is true, after certain small technical duffi-
culties have been overcome. Hyaline casts are transparent, and their
ltfra.ctivc index is so close to that of glass that they are invisible unless
thelight is dim, therefore the Abbe condenser must be racked down to the
lowest point possible and the iris nearly closed, Once the proper lighting
has been obtained, an approximate cast count can be made in a few
seconds,

When the casts have been counted the high dry lens is turned on.
The field will then be quite dark. The Abbe condenser must be raised
and the iris opened a little, but the Tight should still be subdued or we
shall logk through the red cell shadows and be unable to see the details
of the structures embedded within the casts.

Color now becomes important, If antificial light is used, it should
P25y through a thick, daylight filter because the usual electric lamps
&ve a light that is top yellow. The blood counting chamber must be
made of ordinary glass, not of the amber-olored glass that makes it hard
1o see hemoglobin in cells and casts,

In counting the epithelial cells, it goes without saying that we pay
70 attention to the large, squamous cells from the surface of the urinary
lmgx or any other cell that could not possibly be a renal cell; but we are
obliged 10 enumerate pus cells and doubtless also some cells from the
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THE TOTAL RULED AREA
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deeper layers of the mucous membrane of the tract because, for all we
can tell, they might have come from the kidneys. It is true, of course,
that pus cells are, in general, smaller than tubule cells, but the range
of size of tubule cells is considerable, Sometimes they are as small as
pus cells, but when they are swollen with fat they may have a diameter
many times greater than a pus cell, so we are obliged to include 2ll the
cells that range from, say, 8 to 30 microns in diameter. It is dangerous to
be specific, for a cell that in one sediment should certainly be excluded
because it is toa large will properly be included in the count made on
another.

‘When the doctor looks at the quantitative sediment, he has to see it
always under the precise conditions we have described because, if any-
other dilution is used, the prcture will be distorted. There is no such
limitation imposed on the liboratory worker. It is quite important
that he should freely adapt the method to his quantitative purposes
Take, for mstance, the case of a pauent with glomerular nephritis At
the very beginning, if the d given are followed, the sedi
will appear as an almost solid mass of red cells, tubule cells, and casts.
This 1s in itself wnstructive, but no count can be made until the 0.5-cc
volume is diluted with normal salt solution to 5, 10 or 15 ce. Further-
more, the degree of dilution requrred for the casts will be less than that
needed for the cells, and the laboratory worker will have to pick the one
he finds most convenient. A year later, in the same patient, there may
be a question as to whether the lesion has wholly hesled When the
doctor looks at the sediment from 1 of 1 hr urine diluted in 05 cc, he
will see no cells or casts 1n the few fields at which he looks. This tells
him that any lesion that is left 15, at most, minimal, but he will not con-
clude that complete healing has occurred  He will wait to hear from
the laboratory worker. The method will then be modified again.
Another 3% of 1 hr sample will be centnifuged, but this tme the volume
in which it is mixed will be 0.1 cc 1nstead of 0.5 cc and the number of

unit areas that are counted will be multiplied until the laboratory
worker is satisfied.

‘When people begin to look at urinary sediments, they naturally want
first of all to make sure they will recogmize a cast or a red cell or a
possible tubule cell when they come across one. They will point to some
particular structure and ask, for instance, whether that is a red cell.
They are apt to be surprised, and perhaps become discouraged or skepti-
cal if the answer given by those who have experience is, “It may be a
Ted celf, but one can’t be sure ™ Yer that is the only possible answer that
can be given from the most careful study of that isolated cell. The
answer lies not there but elsewhere—beyond that cell, in the rest of the
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sediment. If, on moving the counter, we see other cells that are like it
but are more clearly red cells, the question mark attached to that particu-
lar structure begins to fade. If, next, a blood-cast comes into view, the
question will for practical purposes disappear. We will then call it a
red cell, not on account of anything we find in the cell itself, but because
it is seen in the “right company.”

To the logical positivist, and to all who can be satisfied only with yes
or no answers, this general attitude will appear shockingly casual—
perhaps scarcely honest. But the doctor is not a positivist and he cares
nothing for red cells or for the whole urine as such. They are only
means to his end, which is action, not knowledge. He expects no abso-
lute assurance at any one pomt. He accepts uncertainties and is content
1f possibilities begin to support one another and grow into probabilities.
It is true that, for certain purposes that are on the border line between
medicine and science, he counts casts and red cells and epithelial cells
separately, as though they were distinct entities. In the sediment, how-
ever, they are together, and together they form for him a picture whose
significance depends on their interrelationship. The considerable assur-
ance he may in the end acquire about the nature of the renal lesion does
not derive from certainties about any detail; it rests on his recognition
that all these fragmentary observations are falling together into a pattern
he recogmzes—one that fits mnto a still larger composition that includes
all he has heard and seen and felt about his patient.

DETERMINATION OF RATE OF PROTEIN EXCRETION 1N URINE

The first step is to find whether there is any measurable amount of
protein in the urnne, and, if there is, to get a rough idea as to its con-
centration, There are pitfalls in every qualitative test, but perhaps the
most reliable is also the simplest. Add about 3 drops of 209 sulphosali-
eylic acid to every cubic centimeter of urine used. If possible zhe'z sample
used should be clear. It 1s convenient to use the supernatant urine over
the qualitative sediment because anything that can be centrifuged has
been spun out. If it is cloudy with bacteria, 2 control ‘lube to which
water instead of sulphosalicylic acid has been at?ﬂea should be prepared
for comparison. When the protein precipitate is heavy, we can be sure
that there is enough to allow us to use a 15<c graduate'd cenmh.ng: tube
in determining the rate, and when there is only a slight turbidity we
know that we shall have to use special, finely graduated tubes to get 2
measurable reading. No more precise judgment is possible without
taking the volume of urine into account.

Here we shall consider only the method in which we start with the
14, of 1 hr urine that has already been transferred from the supernatant
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urine over the quantitative urinary sediment, This volume is diluted
to the 7-cc mark with water and Tsuchiya’s solution (phosphotungstic
acid m acid alcohol) is run in to the 14-cc mark. The tube, stoppered
with the thumb, is then inverted three times, each time allowing all the
fluid to Tun out of the tip of the tube, so that before centrifuging there
shall be complete mixang  The tube, balanced with another containing
water, is placed in the holder of a Fisher “Safety” centrifuge. After the
clock in the crrcuit has been set at 5 min, the run is started. The motor
of this centrifuge operates only at 1,750 rpm, and this gives the constant
speed that, with constant time, is required if the volume of precipitated
protein is to be translated into terms of grams of protcin excreted per
24 hr. Temperature also must be a constant, for protein preclpuates
e\p:md on cooling and contract on . but this requi is
met in the appended conversion tables wh)ch provide a temperature
correction derived from a reading of the room temperature at the end of
the run, Since the centrifuge is angled, the surface of the precipitate is
also angled, and for ease of reading the tube should be placed in the
holder so that the mid-point of the slope busects the hine of graduation
marks,

The tube, with its compactly precipitated protemn, is then shown to
the doctor, All he has to do 1s to glance at it. He 1s looking always at
the protein from %o of 1 hr urine  If he imagines thts volume multiphed
240 tumes, he can visualize the volume of protein lost by the patient in
24 hr, He does not need to read the graduation and translate 1t mto
grams of protein per 24 hr. He sees about how much there is and, for
the moment, that is enough. The measurement can be left to the labora.
tory worker. If 1t is any considerable amount, the doctor will hear the
exact quantity when the group gets together with the patient to discuss
how much food protein he should take.

‘When the uninary sediment and the rate of protem excretion have
been both seen and d, the essential mi in the i
tion of the urine is done More can be done, and much more can be
learned, but that can safely be left to the initiauve of the laboratory
worker and to the specific problems that will come up in the course of
the examination of different patients. There is one other point that
should be emphasized. "This 15 a co-operative enterprise and is the work
not of an individual but of a2 group. There cannot be any physncal
separation between the members of the group without a loss in unity
of action. The place in which the patient is examined has t0 be both a
doctor’s office and a Iaboratory, ‘This does not mean, of course, that 1t is
necessary that everyone in the group should hear all of the history or be
conversant with every detail of the physical examunation, ‘There may be
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sediment. If, on moving the counter, we see other cells that are like jt
but are more clearly red cells, the question mark attached to that particu-
lar structure begins to fade. If, next, a blood-cast comes into view, the
question will for practical purposes disappear. We will then call it 2
red cell, not on account of anything we find in the cell itself, but because
it is seen in the “right company.”

Ta the logical positivist, and to all who can be satisfied only with yes
or no answers, this general artitude will appear shockingly casual—
perhaps scarcely honest. But the doctor is not a positivist and he cares
nothing for red cells or for the whole urine as such. They are only
means to his end, which is action, not knowledge. He expects no abso-
lute assurance at any one point. He accepts uncertainties and is content
if possibilities begin to support one another and grow into probabilities.
It is true that, for certain purposes that are on the border line between
medicine and science, he counts casts and red cells and epithelial cells
separately, as though they were distinct entities. In the sediment, how-
ever, they are together, and together they form for him a picture whose
sigmificance depends on their interrelationship. The considerable assur-
ance he may in the end acquire about the nature of the renal lesion does
not derive from certainties about any detail, it rests on his recognition
that all these fragmentary observations are falling together into a pattern
he recognizes—one that fits nto a still larger composition that includes
all he has heard and seen and felt about his patient.

DETERMINATION OF RATE oF PROTEIN EXGRETION IN URINE

The first step is to find whether there is any measurable amount of
protein in the urine, and, if there is, to get a rough idea as to its con-
centration There are pitfalls 1n every quahtative test, but perhaps th.c
most reliable is also the simplest, Add about 3 drops of 20% sulphosali-
cylic acid to every cubic centimeter of urine used. If possible the’: sample
used should be clear. It is convenient to use the supernatant urine over
the qualitative sediment because anything that can be centrifuged hns
been spun out. If it is cloudy with bacteria, a control tube to which
water instead of sulphosalicylic acid has been added should be preparcd
for comparison. When the protemn precipitate is heavy, we can be sure
that there is enough to allow us to use a 15cc g‘raduale.d cenznﬁ'ng: tube
in determinung the rate, and when there is only a slight turbidity we
know that we shall have to use special, finely graduated tlfbcs to get 2
measurable reading. No more precise judgment is possible without
taking the volume of urine into account. .

Here we shall consider only the method in which we start with the
o of 1 hr urine that has already been transferred from the supernatant
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blood to fill another Wintrobe tube if we want to measure the sedimenta-
tion rate, The rest of the blood in the syringe is transferred to a 15-cc
centrifuge tube and placed at once in a water bath Lept at 37° C. The
coagulation time and the clot reaction can, if they are wanted, be mea-
sured, but the principal reason for keeping the blood at body temperature
is to induce the maximum rate of coagulation so that, without delay, we
can separate the clot from the glass, spin the blood for a few minutes,
and thus obtain the serum we need for the clinical creatinine determina-
tion and the measurement of the total serum protein concentration.
The relation between the volume of red cells after centrifuging for
5 min at 1,750 rpm and the volume of red cells at “complete packing”
obtained by centnifuging for 30 min at 3,000 rpm (Wintrobe method) is
given in Figure 3. '
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“This relation was established by noting the volumes obtained with
this 5-min climical method on 492 of our patients with varying degre'es of
anemia, and then centrifuging the same ‘Wintrobe tubes for 30 min at
3,000 rpm and noting the volume at complete !zacking. The clinical
5-min red cell volume is equal to 1.3 times the Wintrobe red c.ell _volume
less 1.35 units of the Wintrobe scale. The correlation ratio is 0.97.
The lines drawn parallel to the line of relation are two standard errors

clock will be burlt. The error of the determ:nations would
be increased  Such a centnfuge would have a wide ficld of
a visual quantitative presentation of many ather substanced
ed the primciple of constant speed and constant tume.

centnfuge into which 2 5-min.
be lessened 3t the speed could
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fuge tube, taking care to avoid parallax errors, A diluted alkaline picrate
is then prepared in a graduated centrifuge tube by adding 1 cc of 10%
NaOH to 5 cc of a solution of purified picric acid, which contains 1.75
gm of picric acid per 100 cc, and adding water to the 12-cc mark, After
mixing, this picrate solution is added with a capillary pipette to the
serum until the 1.5cc mark is reached. The mixture is then poured into
a small test-tube 5 and an interval timer is set to ring 6 un later, Ina
few minutes the matching of the color against potassium dichromate
solutions can be begun, but the color is constantly deepening and the
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Teliable and prec.ise. for safety and yet not so timc{onsuming and labor-
fous as to make it impractical for patients who, for the most part, feel
quite well and are at work.

Before the method is discussed we have to decide what we mean by
an adequate but not much more than adequate protein consumption.
For adults on diets that contain sufficient calories to cover their energy
needs we start by assumng that it is about 0.5 gm of protein per kilo-
gram of body weight per day; that is, 30 gm for a 60k man, 35 gm fora
70-k man, and 40 gm for an 80-k man. We take this figure from Sherman’s
compilation of the results of many experiments that were designed to
find the least amount of protein on which nitrogen equilibrium could be
obtained (5). This rule of 0.5 gm per kilogram of body weight is useful
as giving the order of magmitude of what can be considered an adequate
but no more than adequate protein consumption, but it would be a mis-
take to suppose it can give us more than a general orientation, This
figure is an average. There were experiments in which nitrogen equilib-
rium was obtained with as little as 0.4 gm per kilogram, and others in
which as much as 0.6 gm per kilogram was needed. Furthermore, it
might, with good reason, be objected that 1t is quite unlikely that the
minimum protein requirements vary directly as the body weight vares,
and that this mode of expression probably will lead to an overestimate
of the needs of big men and an underestimate of those of litile men.
There is reason also to suppose that this average of 0.5 gm of protein per
kilogram of body weight is too high because many of the older experi-
ments were carried out before we knew about vitamins, and the condi-
tions may not have been favorable for the attainment of nitrogen equilib-
rium. Nevertheless, for adults, this is as good as estimate as we can
get at present, and we can use it at least as a point of departure.

Children may have a higher rate of protein metaboltsm than adults,
and some additional protein is needed for the formation of new body
protein, though, in theory at least, the quantity needed for growth is very
small. Here there is even less precise knowledge than in the case of
adults. We have scen growth in children in the second decade on as little
as 0.5 gm of protein per kilogram, but we are accustomed to assume that
the minimum may be about 0.6 gm and, during the first 2 yr of life, about
0.75 gm of protein per kilogram per day. These are only guesses. In
each patient the question as to whether he is getting an adequate amount
has to be determined on the basis of clinical observation.

1This supposition has Just been validated by a group working in the Department of
Nutrition of Harvard Umsersity, In a careful study on twenty-nie normal individuals they
find an merage protein minimum for mantenance of & lutle Jess than 04 gm. of protein

per Lilograms of bady weight (6)-
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VITAMIN SUPPLEMENTS

Our objective is to reduce the protein content to a safe minimum,
leaving all the other constituents as much above the minimum require-
ments as the patient desires. But whenever we interfere with one element
the others are hable to be altered too, which is the reason why dietetics
15 an all-or-nothing affair and why we cannot rest content with changing
only the amount of protein in the diet. The B-complex vitamins are
found in nature wherever there is life and growth, and life and growth
go along with protein. So a diet that contains no more than the mini-
mum amount of protein may be one in which there 15 an inadequate
supply of B complex, even though the diet contains more than an ade-
quate supply of calories. Thus is probably meore true today than in the
past because there are now so many highly purified carbohydrates and
fats that are widely used as foods. There are probably not many clmical
situations in which pure vitamun supplements are necessary, but we think
this may be one of them, so we never ask a patient to reduce his protein
consumption without adding B complex in some form or other,? and, in
cluldren, we always add A and moderate doses of D.

MINERAL SUPPLEMENTS

A diet with less than the usual amount of protein is apt to have less
than the usual amount of minerals This whole question of mineral
Tequirements is only beginning to open up. It has been shown that there
is a grave danger of an 1nadequate calcium intake and so all children
and many adults are ashed to take calcium just before they go to bed,
that time being the one at which the calcium is least likely to find itself
in the presence of phosphate from digested food, which, in the alkaline
duodenum, would precif it as the Ie triphosph This is
to prevent a possible phosphorus deficiency. Sedium, on the other hand,
has a positive as well as negative value 1n the dietetic treatment of renal
disease, for sodium consumption determines water consumption. Qur
Purpose is to decrease the osmotic work of the kidney. One of the factors
in the work of the Midney is the ratio between the concentrations of
urinary constituents in the urine and the plasma (page 225). We shall
later give reasons for the belief that urea is the urnary constituent that
ordinanly requires most work from the kidney, and, for urea, the greater
the volume of urine the less work the kidney has to do in preducing the
urine, For this as well as other reasons, we think that many of our

3 Yeast is the cheapest source of B complex, but it contains so much nudec aad that
W€ are afraid to wse 1t, Wheat germ 1s better, but 1t contdins 357, of prorein and probably
e punnes, We therefore mse one or another of the pharmaceuticl preparations.
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patients should excrete every 24 hr, more than 3,000 cc of urine. We are
not at all sure that jt is safe to get this urine volume by “forcing flurds.”
We prefer to encourage the patient to take plenty of salt, and to leave
the water drinking to Ins natural inclinations, for if he takes 15 gm of salt
a day he will ordmanly take enough fuid to provide a 3,000 cc urine
volume in 24 hr. When our patients with glomerular nephritis become
edematous, and in some patients with hypertension who still have a
lot of efficient nephrons, we may, for a time, do just the opposite and re-
duce sodium consumption to a mumumum. In the edematous patient we
actually have no choice, for any salt that is given is held in the tissue
spaces and its only effect is to make the patient more waterlogged.3 As
soon as his weight becomes stationary we add small amounts of salt, and
increase these amounts if the salt is excreted, In these edematous paticnts
we have to remember that there is no reason to restrict minerals other
than the salts of sodium. If we do not take pains to add these other
minerals there will be a double danger of deficiency: one is a conse-
quence of the low protemn intake and the other arises from the fact that
a low sodium diet 1s apt to be low 1 all minerals,

Later on in the course of glomerular nephritis, and indeed in all
patients who become uremic, the mineral problem becomes even more
complicated. Now we find the phosphate and sulphate concentration
1n the plasma rising, while at the same time there is an excessive loss of
sodwm in the urine, due, we suppose, to a defective reabsorption of
sodum ions from the glomerular filtrate by the remaining tubule cells.
‘We know about the sodium loss, but this may be only one of many losses.
If that is so we cannot expect to make good the deficiency simply by giv-
ing the patient mote sodium chloride. Perhaps under these conditions
there may be losses not only of sodium, potassium, calcium, and mag-
nesium, but also of other elements, as for instance, manganese, that are
present in very low concentrations in the body but are nonetheless essen-
tial. On all such ponts we are wholly 1gnorant, but that need not stop
us from downg something to prevent deficiencies that may not even exist.
So, quite blindly, we give these patients 2 mixture of all the fons that
exist in the plasma, with the exception of the phosphate and.sulpfmtc
jons. They take 1t as a powder dissolved in frnit juices, I_l is mainly
salts of aitric acid, which will be converted into carbon dioxide a.nd
water, leaving the bases available for use in the proportions in which
they occur in the plasma.
s Whether an :demmt::xsl pa:ie:tl :: :nzv‘:‘v:r::dx‘;xym c;:;]ax;; :‘:‘::;ﬂdo ﬂ;';n: xlr::co:;t;; ‘t’};;f;
Bt o tur beon made by them, but they tndicte that 3 dowblng of their sl uid

dy weight and no proportionate increase 1n urine volume.

intake induces some 1ncrease i body r
“These observations refer only to the effect of water
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CumicaL MeTHoDs For DETECTION OF DIETARY DEFICIENCIES

In all this enterprise we are thus surrounded by a great cloud of
known and unknown dangers. We cannot, m out-patient or office work,
get experts in vitamin and mineral metabolism to show us our errors.
‘They have more important work to do. We are therefore obliged to get
all we can from the sumple clinical observations and measurements we
ourselves can make. One means that we have—though 1t gives us only
vague intimations of a posstble deficiency—is to listen attenuvely to the
patent’s account of any general sense of physical lack, any feeling of
weakness or discomfort that 15 not readily explained m terms of recogniz-
able physical abnormality. All we get from this listening is a question,
but it has its value if it leads to a review of dietary details. 'The other
means we have 1s objective and very simple. The patient’s body weight
is recorded at each visit. If his caloric intake is adequate and yet he
loses weight, we always think first of a dietary deficiency. This we
learned from observing our rats We believe it 1s as true for our patients
as for our rats that an inadequate protein consumption will atways lead
to loss of weight, and since this 15 the danger that we most fear we
Tever fail to question body weight changes not due to inadequate cal-
ories or fluctuations 1n edema.

IxiiaL DieTary SuRVEY

In ths sort of dietetic work we are, as a Tule, undertaking to change
the patient’s customary pattern of food selection, both qualitatively and
quantuatively, not over any short or limited time, but sometimes for
all his hfe. For the patient this is a very sertous matter, and s0 we have
to begin by Listening to him At the beginning this 15 quite obviously
necessary, though all the way and to the very end we shall have to pay
attention to hus feelings and desires. It is necessary because, unless we
Listen, we are likely to tell lum to do something he cannot or will not
do, and then, of course, we cannot even start. So we begin by asking
hin questions about the sort and quantity of foods he takes. His
answers are wrntten down as a list of foods, with their approximate
amounts, and their protein, calory, and vitamin content. In certain
patients the sodium and other mineral constituents are added. The
compilation of this diet survey begins the education of the patient.
He is given the bist of food values. If he says that for breakfast he
usually takes half a grapefruit, an egg, # slice of toast, and a cup of
coffee, he is asked to look at the list and find the grams of p‘ro!ein, the
number of calortes, and sometimes the amount of sodmm in these food
quantities, He is then asked how much sugar and cream he takes in his
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coffee and how much butter he puts on his toast. The dietitian has be-
fore her, as the patient answers, a list of the vitamin content of various
foods, and as the patient answers she can add these values.t When the
foods taken during an average day are all set down, the total protein,
calory, and other values are added and the survey is complete.

‘This initial survey is one of the indispensable foundations of dietetic
treatment, but it is not the only one. The final decision must be a
group decision in which the patient, the laboratory worker, and the
doctor as well as the dietitian must be heard, since each has something
essential to contribute. The doctor has reached at least a provisional
diagnosis based on the history and physical examination and on his
inferences as to the nature and extent of the renal lesion, and he, like
the others, has a general idea as to the diet he would like the patient
to take. But what has to be done is nothing general. For instance, the
doctor may want to give 2 diet contaiming 40 gm of protein; but he has
been shown a centrifuge tube that contains a good deal of urinary pro-
tein, The laboratory worker knows how much this is in grams of
protein lost per 24 hr, Whatever this quantity is, it represents a loss
that has to be made good by adding it to the 40 gm that represents the
possibly ideal requirement for this patient. The dietitian has her own
firsthand knowledge of the patient’s food habits. Her survey is an ac-
count of the panent’s food preferences; it reflects his national peculiari-
ties and is 2 measure of hiy economic limitations. All these factors have
to be taken into consideration in devising a diet that the patient can
and will take. The diet will be only a quantitative modification of the
food the patient spontaneously takes, and the more closely it can be
made to conform with what the patient wants, the better.

This sort of work cannot be done if the dietitian is in one room, the
doctor and the patient in another, and the laboratory worher is segre-
gated in a special Jaboratory. Physical separation ends in mental separa-
tion. Everyone should be working together in one Toom so that the
laboratory worker can talk to the patient and the doctor has only to
look up to see the patient’s collection of urine and take in its volu.mt
and color, and the dietitian can glance at the hematocrit and the ufx.nC
protein tube. This physical contiguity is an indispensable prefet!msﬂc
for the growth of a group that works as a unit, not simply 2 unit in the
sense that the work of each member is related and is derived from the
work of each other member, but a unit in the sense that all members
are working simultaneously and together on the same problem, so that
25 soon as a result is obtained by one worker it at once becomes visible

4 A convenient list 19 Bowes, A. de P, and Church, C. F, Food Values of Puy}t:’l;: ;‘;15”('0.

imenly Used, 5th ed. Phuladelphia, The Phuladelphia Chuld Health Society, 1944,
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CHAPTER 8

INFERENCES AS TO THE NATURE OF THE RENAL LESION

The methods given in Chapter 2 are practical tools designed to help
us to answer two main questions: first, what is the nature of the renal
lesion; and second, what is its extent? But the answers we get from
the use of such methods are always indirect. They do not show us the
diseased kidney itself. They reveal only certain effects produced by the
disease on the urine and blood that flow through the kidney, What
we actually see is material from which inferences as to the nature and
extent of the lesion may possibly be derived. Any process of inference
will inevitably be associated with error, and so it is proper that we should
consider which results warrant some degree of assurance and which
provide us with information of such an ambiguous nature that we should
use it as a basis for framing a hypothesis rather than as a datum for
drawing a conclusion. ‘The error and doubt refer, of coutse, to the use
of the results of the methods in answering the two main questions with
which we are concerned. In actual work the final answers to these ques:
tions are not reached immediately from what we observe but only
through a process of posing and solving many preliminary and sub-
sidiary questions, and by taking into consideration many other facts.
All observations answer some question with clarity and decision, but
some bring us a long way toward our goal and others advance us only
2 little. In this section we shall consider what inferences may be drawn
from the results of the methods designed to bring us to a decision as to
the nature of the renal lesion. )

Casts

In the case of casts, as is true of all that we see in the urine, ouf
capacity to draw valid inferences depends a great deal on our ability to r¢-
construct the history of what we see. The degree to which casts bc'nr
the imprint of the disease in the idney is determined by the mam:xal
from which they are made, by the place within the tubule at which
they are formed, and by the changes they have undergone as they move
from the hidney to the counting chamber on the stage of the micro-
scope. Bat, first of all, we can be sure that casts come from the kidney.

36
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Their cylindrical structure shows they have formed within the tubule
and have been molded to the shape of its lumen. This means that
we can tell from the breadth of 2 cast whether it has been made in the
nephron or in the lower reaches of the collecting tubule system, the
forest of trees whose trunks are the tubules of Bellni in the papillz, and
whose terminal twigs Teach to the surface of the kidney. The internal
diameter of thus system, unlike that of the tubules of the nephron sys-
tem, which remains approximately constant all the way, progressively
widens as its termination 1s approached. Thus, when we see casts five
or six times broader than usual we can be sure they come from well
down 1 the collecung tubules, For the same reason, when we see
hyaline casts several times narrower than usual we can suppose they come
from nephrons whose lumen has been almost obliterated by a swelling of
ats cells.

There are physiological reasons that make it seem improbable that
casts, at least such as are washed out of the tubules by the urine, are often
formed near the glomerular end of the nephron. The rate of flow from
the normal glomerulus into the upper end of the nephron is 100 times
greater than the tate of flow into the collecting mbule at the other end.
‘This means that the matenal from which the cast is formed is present in
very dilute concentration in the upper part of the tubule. It does not
seem probable that a solid cast will form unul its constituent molecules
have come closer together through the concentration of the filtrate by
the tubule cells. This physiological presumption is strengthened by the
observation of pathologists that casts begin to be seen in the distal tubule
and in the collecting tubules but are not usually found in the proximal
tubule of the nephron.

There are only two sorts of casts, if we classify them by their physical
and chemical properties, but if we think of their mode of onigin, there
are three sorts—hyaline, epithelial, and blood casts. Hyaline casts and
therr derivatives dissolve 1n water. Epithehal casts and their derivatives
and blood-casts do not.

1f we take a urine that contains considerable numbers of hyaline casts
and, after allowing it to stand for an hour or so, pipette out 60 cc from
the bottom of the bottle and put 1t into four 15-cc centrifuge tubes, we
have collected all the casts present in that specimen. After centrifuging
for a few minutes and pipetting off the supernatant fluids, we can trans-
fer all the casts to one tube. When we Took at this material under the
microscope, we see a rich network of transparent hyaline casts, but they
are not pure hyaline casts because between them lie all the cells of the
unine and very often epithelial, granular, fatty, and waxy casts. If, now, all
this sediment is dispersed in a little water, 2 drop or twa of dilute ammonia
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§olu}ion added, and the sediment again centrifuged out and inspected,
it will be found tha't the hyaline casts have dissolved; only the other casts
and the cell_s remain. If we pipette off the supernatant fluid we shall
have a solution of hyaline casts free from the cells and casts that are in-
soluble, If the dissolved material of which the hyaline casts were com-
posed is sufficiently concentrated, and we add salt to make the concen-
tration 0.59% or more and acetic acid until the pH is 5 or less, we shall
find that what happened in the tubules when the hyaline casts were
formed will happen again in the centrifuge tube, As the reaction changes
from alkaline to acid there is a sudden gelling of the fluid, and the tube
is now full of a transparent mold that is a cast of its lumen. Tlus is the
pure hyaline cast without visible structure or content. But it is obvious
that if, before putting in the acid, we had added red blood-cells, epithelial
cells, cell granules, or fat droplets to the solution, they would have been
canght as they floated in the fluid when the gel formed and we should
have found them embedded within the cast. Thus there are as many
variations of hyaline casts as there are differences in the content of the
fluid in the tubule at the moment the casts were formed.!

From the inspection of hyaline casts we may derive direct inferences
as to the nature of the renal lesion. If we find red cells embedded within
these casts we know with certainty that we have to do with some sort of
disease that is associated with the passage of red cells into the glomerular
filirate.  The fact that these ted cells come to us embalmed within this
gel is convincing evidence that at least these particular red cells cannot
be derived from the mucous membrane of the urinary tract. So also with
the tubule cells or cell granules and the fat droplets. These cells, of
cellular derivatives, come certainly from the tubules and are direct evi-
dence of tubule cell death and degeneration.

Epithelial casts and their derivatives also have their history, though
we cannot reproduce it. The pure epithelial cast is formed by the con-
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glomeration of desquamated- tubule cells. Sometimes these casts are
clearly dvided longitudmally and are composed of two layers of cells
sticking together; then it is probable that there has been a mass cell
death in a certain section of a tubule, and we are looking at two semi-
carcles of tubule cells gummed together. Usually, however, epithelial
casts have 1o structure remimiscent of a tube and are presumably formed
from cells, desq d at many diff levels of the nephron, that
have come to adhere together as the filtrate concentrates, Very often
these cells are beginning to melt together so that the origmal cell out-
lines are only here and there distingwishable, and most of the cells
have broken up into cell granules. Thus, by insensible gradation, we
reach the pure granular cast. But this 1s not the end There are granu-
lar casts in which part of the granule structure has given place to a

purely I refractile sut and so agam, through many
steps, until we reach the typlcnl waxy cast.
This prog: from epithehal to granular to waxy is doubtless a

process that requires ime. The waxy Casl 15 the one that has rematned
within the tubule for the longest time. It is the cast that usually pre-
dominates in the first urtne obtained from patients with tubule degenera-
tion after a period of anuria, because in such cases all the casts have
been delayed in their passage down the tubules. The anuria or pro-
nounced ohguria, however, need not be general; 1t may be localized
m certain nephrons or groups of nephrons. In that case we may find
in the same unne all three varieties of epithelial casts.

The change from epxthelml to g 10 waxy is a of
the autolysis of tubule cells in thc fluid withm the tubule and in the
urine in the bladder. This occurs after the cells are dead and have
been loosened from the tubule basement membrane. It does not repre-
sent a degenerative process in the still living cells of the nephron. We
therefore must not suppose that granular tubule cells or casts indicate
a granular degeneration of the kidney, still less may we suppose that
waxy casts come from waxy kidneys. But there 1s one abnormality we
see in the casts and cells of the urine that is an indrcation that the same
degeneration or mﬁ?uauon must exist within the kidney. Fat droplets
in a tubule cell are not the result of any autolysis of the cell, and they
are not produced by the action of digestive ferments in the urine. These
fat droplets existed in the cell before it died and before it floated off
from the basement membrane into the stream flowing down the tubule.
Even if the walls of the cells have disappeared and we are left with a
tast composed, apparently, solely of fat droplets, we may take such casts
as direct evidence of a renal lesion characterized by a process of fatty
accumulation within the tubule cells,
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_Renal failure casts (8) are epithelial casts and they may thus be either
epithelial, granular, or waxy. They are from two to six times broader
than ordinary epithelial casts. 'We suppose they are formed in the col-
lecting tubule system, not only because their diameter is greater than
that of the tubules, but because after death the pathologist can some-
times show them to us as they are in process of formation within the
lower reaches of the collecting tubule system. They are epithelial and
not hyaline because the urine of the patients in whose sediments they
are found Is so watery that hyaline casts could not remain undissolved
unless the urine were extremely acid. The clinical importance of renal
failure casts lies in the fact that, when we see 2 sediment in which all
the casts are broad, we know with relative certainty that the patient is
uremic. We may sometimes even venture an opinion as to the degree
of uremis, for, as we watch patients in whom the blood urez concentra-
tion is rising, we find that the casts tend to become broader and broader.
We interpret this to mean that a gradually decreasing stream of urine
due ta loss of more and more nephrons permits the casts to form within
the larger and larger branches that run into the trunks of the trees of
which the collecting tubule system is composed.

On the other hand, just because renal failure casts are formed
within the collecting tubnles, we cannot derive from them any direct in-
formation about disease in the nephrons. No doubt they contain cells
from still-functioning nephrons that drain into the tubules where they
form, but we cannot distinguish them from the desquamated cells of the
collecting tubules themselves. Certainly the finding of renal failure
casts does not tell us what sort of lesion is present. They are seen
most frequently in the termunal stage of glomerular nephritis, but they
are to be found also in the urine of patients with renal arteriosclerosts
who are uremic, or even in a lesion as completely diverse from glomeruh.\r
nephrits as that found in the last stage of the deve]opment.of polycystic
kidneys. They do not even necessarily indicate any definite strucuixraI
disease, for they can be seen in the first urine excreted after a transient
anuria due to stone. The one necessary requirement appears to be that
the flow of urme from the mephrons be greatly reduced. However,
this reduction need not affect all the nephrons. If, through some local
disease, the flow from one section of the kidneys were curtailed, we
should have the possibility of the formation of renal failure casts. '11
seems likely that this occurs, for it is not unsual to see _sedxmems in
which only a small proportion of the casts are broad. It is only when
almost all of the casts are more or less broad that renal (zulur.e casts are
associated with uremia. It is also true that in many uremic patients
no broad casts, no casts of any sort, are to be found. We may sup-
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pose that in such cases the renal lesion is likely to be diffuse so that
there are no particular sections of the collecting tubule system that get
much less urine than others. An important accessory factor is the amount
of fluids the patients are given. The sediments richest in the broadest
casts are usually seen in uremic patients who have become dehydrated
through vomiting, and so there is a sense in which this type of sediment
has therapeutic as well as diagnostic significance.

Blood-casts are clots of blood. They are found in the urine of patients
in whom there is an inflammatory lesion in the glomerulus. Appar-
ently it is only when there is an inflammation involving the tuft that any
appreciable number of fibrinogen molecules pass through the endo-
thelial lining of the glomerular capillaries and through the basement
membrane, and, entering Bowman’s capsule, flow with the filtrate into
the tubule. Within the tubule, fibrinogen is turned to fibrin. In the
fluid within the tubule there is kinase derived from disintegrating cells
and there is ionized calcium that has been filtered from the plasma. As
the fibrils of fibrin form they entangle within their meshes whatever cells
exist in the fluid. These are predominantly red blood-cells becanse when
there is glomerulitis there is bleeding. But before the cast is excreted
the red cells are usually no longer recogniuzable as such, for they have
melted into conglomerations. The blood cast most commonly seen is,
therefore, a cylindrical structure composed of ill-defined lumps whose
unique characteristic 1s their yellow to orange color.

Rep Broop-ceris

A night urine of 500 cc that contains 1,000,000,000 red cells will look
brown if it is acid, and 1t will have the color of blood if it is neutral
or alkaline. We are apt to suppose when we look at 1t that the patient is
losing a lot of blood. This 1s not the case. There is only a drop or
two of blood; to be precise, 02 cc. When the quantty is of the order of
tens of millions of red cells lost per 24 hr there is no perceptible effect on
the color of the urine. This is an amount so minute that even though
such a hematuria were to continue for decades, as it often does, it could
scarcely be constdered a factor in the development of anemia.

Red cells in the urinary sediment may come from any part of the
urinary tract as well as from the ladney. But the red cells that started
on their voyage to the outside world from the capillaries of the glom-
erular tuft have come a long way, have been exposed to many en-
vironmental changes, and bear the marks of therr journey. In Bowman's
capsule they floated in a flurd that is the plasma freed from most of its
protein, and there they were still more or less at home. As they passed

into the proximal tubule their envi became prog y more
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d.iscl'epanty might be plausibly explained as being a consequence of the
size and shape of albumin, globulin, and fibrinogen molecules and the
physical characteristics of the glomerular membsane. If we think of this
meml?rane as containing pores whose*diameters are a little greater than
the diameters of serum proteins and believe that in the fowing plasma
all the protein molecules are chaotically arranged, we could understand
that there would be little chance of the long, fibrinogen molecules hit-
ting end on and passing through the membrane, and a much better
chance of the relatively short albumin molecules getting through into
the glomerular filtrate, and thus into the urine.

There is good expernmental and factual evidence for each one of
these statements we have made about proteinuria, Taken together, they
can be made into some sort of a theory of prote:nuria—one that is
consistent with iself and does not contradict any well-established physio-
logical or anatomical facts. Nevertheless, the moment we try to use
it in our work we run head on into a clinical contradiction,

‘When e see protein in 2 patient’s urine we know it comes from the
glomerulus. We will then go on to think of the glomerular membrane
and suppose that the greater the damage to the membrane the greater
will be the proteinuria. This will remind us of our clinical observa-
tions as to the situations in which we find evidence in the urine of
damage to the glomerulus, In the initial stage of glomerular nephritis
we see the many red hlood-cells that we say have come from the glomeru-
lus, and the blood-casts that we suppose are blood clots and that we take
as evidence of the passage of fibrinogen molecules into the urine, Thes¢
must surely be regarded as rather direct evidence of a breaking down of
the membrane that separates the blood from the glomerular filtrate, 1
we are skeptical about our clinjcal inferences we still cannot forget that
the pathologists can show us the red cells, the fibrin, and the coagulated
proten in Bowman's capsule. It is at this stage in this disease, when
the damage to the glomerular membrane is maximal, that the tl.\c'or‘i
Teads us to expect the highest rates of protein excretion. But the clinical
fact is that under these conditions the protein excretion rate is not highs
that it does not, on the average, exceed 2 gm a day. . X

‘The patients in whose urine the highest rates of protein exc'reuon are
found are precisely those in whom the pathologists often find it hard to

Aemansteate more than minimal glomerular lesions, whereas both dx;lb
ot ot-e<toepbyles
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The contradiction is resolved when we recognize that the protein in
the urine is only a part of all the protein that has passed the glomerular
filter; that part, to be precise, that has escaped reabsorption on its way
down the nephron. In this way clinical experience is validated; the
immediate Teason for massive proteinuria is a decrease of protein reab-
sorption associated with damage to the tubule cells. The experimental
evidence for the glomerular origin of all urine protein still stands; there
i3 no reason to donbt the nferences drawn from the facts we have sum-
marized. The theory of proteinuria must be extended, however, to in-
clude the equally valid experimental facts that reveal the process of
protein reabsorption by the cells of the proximal tubule.

‘When A. N. Richards and his group at last succeeded in drawing
fluid through a minute cannula from Bowman’s space, they broke
through what for a century had been an entrenched line of academic
warfare, They won through into an open field where decisions were
reached by the outcome of an increasing and universally accredited array
of experimentally determined facts. The first, and, for that tume, the
allimportant result, was that what had hitherto been only the hypothesis
of glomerular filtration became a theory supported by direct observa-
tion—a securely held key point for the future advance of knowledge.

However, the amount of fluid that can be obtained from the glom-
erular space in a frog is, of course, extremely small, and it was only after
ingenious micromethods had been devised that it was proved that this
fluid contaned the concentrations of urea, uric acid, inorganic phos-
phate, creattmine, chloride, and dextrose observed in a filtrate of frog's
plasma, Since tests for protein in the glomerular fluid gave negative
results, it was quite properly described as’a protein-free filtrate of the
plasma. This 1s the origin of the beltef, still quite generally held, that
the glomerular filtrate contains no proten at all unless the glomerular
membrane has been damaged. Nevertheless, as we shall see, this is to-
day an unwarranted belref.

The method used for revealing the presence of protein in glomerular
fluid could not consistently show the existence of any protein unless the
concentration was more than 30 mgm of protein per 100 cc. In four
undiluted fluids from frogs, two showed the presence of low protein con-
centrations, and in the other two, negative results were obtained (10).
In 1941, when glomerular filtrate from six guinea pigs was obtained, two
were negative, i.e., certainly contained less than 30 mgm per 100 cc, two
contained between 150 and 200 mgm, and two contained amounts esti-
mated at 800 mgm per 100 cc. These higher concentrations may well
have been due to What is d d clearly is that glomer-
ular filtrate contains, at most, very low protein concentrations (11) and




CHAPTER 4

INFERENCES AS TO THE EXTENT OF THE RENAL LESION

Wc_ kno.w what we mean when we speak of the extenit of the pulmon-
ary lesion in tuberculosis. It implies that we have seen a picture of
the organ as 2 whole and have been able to distinguish the part that
has been destroyed by disease from the part that is still functionally
effective. We should like to be able to do this for the kidney. There
are occasions when it seems that we are able to do just that, as, for
instance, when we look at the films taken after diodrast has been
given, and find only one rather large kidney with normal calyces and
ureter, In most of our patients, however, disease is bilateral and
diffuse, and not all of the nephrons involved are wholly destroyed,
as they are by tuberculosis and cancer, In all such cases we have to
use an indirect method. We have to estimate, by finding what the
Lidney can do, what is the amount of renal tissue still effectively func-
tioning. ‘This is far more difficult with the Lidney than with the
lung. The lung has one function; the kidney has many, Which func-
tion shall we take?

‘We can say we shall select the function that has the most constant
relation to the total amount of effectively working renal tissue. But
we shall have to remember that the structure of the kidney is just as
complicated as its function. The nephron is not one but many struc-
tures. There is the structure of the filtering glomerulus and, in the
tubule, there are reabsorbing structures, secreting structures, and struc-
tures concerned with the synthesis of chemucal compounds. The more
we learn, the more extraordinarily multiple do the structures as well
as the functions of the tubule appear to be. So the structural quantity
on which we want to base our estumate of the extent of a renal lesion,
this “total amount of effectively functioning renal tissue,” is nothing
simple or easy to define,

We can, of course, take some measure of the whole Lidney—its
weight, or its protein content—and call this complexity, this mixture of
glomeruli, tubules, vessels, nerves, and fibrous tissue, the eﬂecu\:ely
functioming tenal tissue, since all these various structures are working
together as one unit. Then we can cut off a quarter, 2 half, or three-
quarters of this total renal mass and observe what effect that has on

4
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different measures of renal function. The functional measure that
decreases in most direct correspondence with the loss of renal tissue will
be the best for us. ‘This is the plan we have followed. We are well
aware that it is nave and crude, and that the results will not interest
etther anatomists or physiologists. But we can hope they may be of
use to clinicians who, for therapeutic purposes, must have some index
of the total amount of effective renal tissue their patients possess.

Tue GeNERAL NATURE AND NECEssARY LIMITATIONS OF
CrinicAL METHODS FOR ESTIMATING THE EXTENT OF A RENAL LESIon

At the beginning of this century, when clinical investigators were
measuring the rates of excretion of various substances in the urne,
they were animated by the hope that they could use the results as
means for the separation of pauents whose renal disease was primanly
glomerular 1n location from those in whom it was predomunantly tubular.
That hope was frustrated, and this whole era of endeavor was summed up
by Schlayer when, in 1914, he said, waxchcn der Schadigung der Niere
und shrer Arb ise kein unbed. hang besteht (17.)

Today, and with incomparably fmer (ools, this quesuon can be raised

again, for Homer W. Smith and his collaborators have developed meth-
ods for the measurement of both the rate of glomerular filtration and
the total mass of tubules. These are great advances for physiology, but
we may still be skeptical and hesitant about using them to distinguish
between glomerular and tubular disease, and not alone on account of
our past failures. We have a better reason for doubt based on our grow-
1ng knowledge of what Ekehorn calls the “integration” of renal function
(18), indicating by that term the highly co-ordinated reciprocal rela-
tions between glomerular and tubular function. The still more complex
relations that arise when the structure of the glomeruli and especially
of the tubules are grossly distorted by disease have been demonstrated
by Jean Olwver (19). So, for the time being at least, it would seem to be 2
reasonable tactic for clinicians to lower therr sights and be content to use
functional methods, not for a differentsal analysis of renal structure, but
in order to reach a conclusion as to the over-all quantity of Tenal tissue
through which function is effected, That is 2 less difficult and ambitious
program and 1s the only one we shall attempt.

This means that we shall not deal with a great many functional tests
that reveal what Schlayer called the Arbeitsweise of the Lidney; not even
with such modem equivalents as Mosenthal's test or Volhard's dilution
and concentration tests. Interest in these tests lies in their demonstration
of the capacity of the kidney to alter the rates of excretion of various
urinary consti when its en is changed, Variability is




50 GLOMERULAR NEPHRITIS

W‘.lat is measured, and the sign of disease is a decrease in variability, But
this is a purely functional manifestation and such tests came to be de-
veloped because, at that time, there was no longer hope of finding a direct
relation between function and structure. Attention thercfore turned to
function alone, under the motto, common in the German literature of
thirty years ago, that it was more important for clinicians to find what
the kidney could do than to know what it looked like. ’

There is some truth in that statement, but it is not the truth we hap-
pen to be interested in at this moment, The variability of Function on
which these tests concentrate is what we want to avoid. We seek a
constant—a measure that will remain the same as long as the total work-
ing structure of the Mdney remains the same and that will increase or
decrease only with the growth or atrophy of that structure.

More than twenty years ago this group succeeded in developing a
clinical method which was shown, expenimentally, to measure the total
amount of effectively functioning tissue in intact normal kidneys {20).
We still use this method, but as a tool in clinical investigation, not as a
day-to-day procedure. It needs a precision of measurement that costs a
good deal in time and effort, both from the patient and from us. The re-
quired conditions are such as to preclude its use in patients who are
edematous or whase diastolic pressure is high. 1t is an example of a rela-
tively successful empirical solution of the problem of the relation be
tween function and structure which nevertheless remains 2 clinical
farlure, becanse the work involved is too difficult and trying. The theo-
retically far-better-founded modern methods from which the total amount
of renal tissue may be derived, inulin and diodrast clearances and dio-
drast clearances at high plasma diodrast concentrations, fall also, from a
clinical point of view and for the time being, within this category, and
will not be discussed in detail.

"This dismissal of an extremely interesting subject in a few lines B
imposed on us by the practical hmitations of actual clinical work.. 'h
requires no apology that we thus by-pass so much that will be‘d'ccmvc
for the future because the reader has available to him the exciting ac
counts by Professor Homer W. Smith of these discoveries of the past
decade in the field of renal physiology (21). . .

A small and, it is to be hoped, a very temporary job remains. We
have to build some sort of bridge between the new ph'ysl'olngy and ou;
present practice. Measurements of glomemlaf .ﬁltrnfmn, ?cn;.ﬂ blotz) 3
flow, and tubular mass are instruments of clinical investigation, nd

The physiologists have gone far ahea

ractical tools in clinical work. £
gf us and it is not yet evident how we are to come abreast with them.

But it will be done, and done by a process of changing their methods
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into forms suited to our special purpose. It will be then that we shall
fully comprehend what they have accomplished. In the meantime we
have our immediate clinical problem. e have to find a method, one
that we know must have an extreme simplicity of operation, by means
of which, within known limits of error, we can predict the extent of a
renal lesion.

Recent history shows that it would be hard to overemphasize the need
of simplicity and rapidity of operation. Folin's methods for the deter-
mination of various substances 1n the blood and urine were designed for
the use of doctors. They were easy methods but not simple and quick
enough for us. They have proved extraordinarily fruitful in clinical in-
vestigauion, but no doctor uses them. But the clearest index as to how
simple a method must be before 1t will be used by a doctor is derived
from noting what renal function methods he actually employs in his
office work.

‘The great majority of doctors use only two methods: one, 2 measure-
ment of the rate of urine excretion, and the other, an observation of the
speaific gravity of the urine. Now it is safe to say that the doctor
docs not use these measures because he has any illusion as to their in-
tnnsic value. No measurements give less precise or more ambiguous
tesults than the two he has selected. The urine volume excreted over
any gwen time is a 1 of ¢ 1 d and contradic-
tory processes, though the vanaton obscr\cd 1 ambulatory patients 15
probably mainly due to variation 1n the proportion of water reabsorbed
by the tubules ‘The urnne volume certanly has no relation to the
Tate of glomerular filtration, except 1n some sort of clinical disaster when
it approaches the zero pomt. It thus becomes of cnitical importance i
medictne only when there is no urine, or almost none, to measure, but
through all 1ts customary wide range of variation it is hard to think of
any measurement that has less meanung  Nevertheless, from this most
unpromusing measure we have learned much and are sull learmng.  Vol-
umes have been written by clinicians about “nocturia,” “hyposthenuria,”
and “obligatory” and “facultauve” diuresis, all empirical, all without
benefit from the high priests of science, but all of clinical value, because,
1n this case, doctors themseles made the measurements and related them
to their other chinical obsenvations.

So also with measurements of the speafic gravity of the urine. No
one who started by remembering that the word “specific* mcans that
each of the many substances dissolved in the urine has its own individual
cffect on the weight of a given volume of urine would ever have talen
the trouble to measure the specific gravity of such an mdeterminate mix-
ture as unine (22). Yet, in spite of the physical chemists we still meas-
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ure the specific gravity of the urine. And we are right. We have gradu-
ally developed what might be called a “feeling” for specific gravities
because we have measured them ourselves, or at least have often watched
as such measurements were bemng made, and we have connected them
with other clinical observations. All goes well until we try to think
about it, for the determination of the specific gravity of the urine is an
artistic rather than a scientific procedure, though not on that account
to be despised. In any case, it has the prime virtue of being our
own, like urine volume measurements. They have come to be our meas-
urements because they take only a few seconds of our time,

All other “tests of renal function,” even such simple ones as the
phenolsulfonphthalein test, are usually turned over to the “laboratory.”
That is why, though immensely more informative than urine volume or
specific-gravity measurements, they have yielded so little of clinical value.
‘This is true not only because the laboratory workers often work in a
slipshod manner, as is not unnatural since they never see the patient and
are practically never consulted about the clinical problem; it is true also
because they often know better than the doctor how vain it would be
to spend technical care on material collected and timed by those to
whom the doctor delegates this sort of work.

Anyone, for instance, who has had the curiosity to watch the in-
tramuscular administration of 1 cc of phenolsulfonphthalein to almost
any patient in almost any hospital will be in a position to comprehend
that the reasons for the high varablity in the results of this test depend
on causes sumpler than the admittedly very complex series of mechanisms
through which phenolsulfonphthalemn is excreted. He will see a nurse
takmg a l-cc syringe from boiling water while it still contains from
0.1 to 0.25 cc of water. He will see her pulling in the dye from the
ampoule until the l-cc mark is reached, and will observe her then inject
this variously diluted mixture into the patient—into muscle if he is thin,
into adipose tissue 1f he is fat. How can we expect the laboratory worker
to take a pride in the precision of his measurement when he knows that
the injection has probably been given in some such manner as we have
described and that the urme collections have been timed in the way
nurses notoriously time urine collecttons? In this way, dorszless, we
get “results.” If we take care to evade any knowledge of (:le.lml.-\\'e n::l;'
pride ourselves on our businesslike efficiency. But medicine is nol ;
business and this mode of work disintegrates our morale and the morale
of those whom we exploit. It would be better to have no measurements
at all than to run the tisk of being misled by Sl.lch res'u]ts. ‘i

The poison, of course, begets its own antidote in the fon.n o ﬂu
instinctive disinclination to use the results of such renal-function tes!
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in the formation of a diagnosis, unless they happen to support ideas
already derived from our own direct observations. But even if the exror
is thus neutralized by neglect, time and effort have been wasted. Nor
is it a satisfactory solution to renounce all aftempt at measurement
and relapse into the archaic simplicities of the past. That, of course,
is easy, but it 1s a backward step.

The real cure is not easy. It involves organizing the nurse, the labor-
atory worker, and the doctor into a team in which each member has his
special part but in which each also understands the significance of the
enterprise as an organic whole and prehends how all the diff
parts are related to one another. As far as the doctor is concerned it
can never be a matter of simply coming in, ordering that a certain pro-
cedure be carried out, and walking out. Like the others, he must be in
it all and see it all, not standing idly by, not criucally watching evesy
step, but getung on with his own proper job while his fellow workers
get on with theirs. Thus, each worker takes in and understands what the
others are doing, and all finally come to an agreement as to the meaning
of what they have done together. At first this is complicated and difficult,
even when the procedures are very simple and quick, But the simplicity
and rapidity of the methods is not in 1tself an end; it is only a necessity
until we get organized. We can go on from that first step; it is only a
beginning.

There is 2 special limitation laid on clinical tests of renal function
that arises because we want a method we can use at once on all our
patients, If we are not willing to wait until they have complied with
Testrictians that exclude variable factars nherent in ordimary life, if we
cannot ask them to follow instructions designed to produce extreme and
unusual conduions, if we are to take them just as they are when they
come to us, then we shall have to recogmize that we are closing the door
on many possibilities and are willing to accept less unequivocal results
for the sake of general apphicahlity—a choice no scientist would make.
But 1t is not for us to select our subjects, we have to do the best we
can for all who come—young and old, strong and weak, those who can
follow complicated instructions and those who cannot.

Sull another limtation is a consequence of our being obliged to
have 2 method that will be so foolproof that each and every determina-
tion will be entirely trustworthy. In scientific work this is not necessary,
and the dependability of the individual observatson is sacrificed for high
average precision. All sorts of complicated gadgets are devised by scien-
tists for the purpose of getting the highest possible degree of average
precision, even though, not infrequently, something goes wrong with the
machinery and a large error is made, That possibility is accepted with
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after birth that number is reached. Thereafter, nephrons may be I
but no new ones will ever take their place.  Thus, when we take o
three quarters of all the renal tissue, we can be sure that the numk
of nephrons lef¢ will be no more than 25% of the original number. Or
the pumber remains steady. The size of the remaining nephrong at on
begins ta change, and it is the size as well as the number of nephro!
that determines the amount of effectively functioning renal tissue,

As a first step, therefore, we must know as accurately as possible wh
is the normal amount of renal tissue. But what is “normal™? In its ge
eral meaning it is certainly nothing fixed or absolute but only what
usual under certain circumstances. As applied to the kidney we migt
say it was the average quantity found in healthy animals of a cersai
standard size. Let us provisionally accept this definition so that we ma
be able to see in terms of kidney weight what it means. In Table 5 w
give the weight of both kidneys of rats whose body weight was 150 gr
and in whom 1o process of a pathological nature, either general or rena
was detected,

TABLE §
Kroney Weronr v Rats oF 150 oM Booy Wrtenr
KIDNEY WEIGHT NO. OF RATS sex ¥oop
mgm
90 q Pratein fres
3% 2 ] No Io%‘;l for 7 days
222 et .
1 ;;% 90 3 Stock - 50% casein
1,322 30 d High casan
1,666 11 g High gelatae

Long ago, when we first made such observations, we were surprised,
for like most people we had thought that the size of the k.xdney would
bear some fairly constant relation to the size of the body, in much the
same way that 2 man’s arms and legs are, in general, p.ropomoned t0 hts
body size. We were also somewhat dismayed because it was at Once evi-
dent that we should have to do much more work than we had anticpated.
If what we customarily regard as normal can vary from 956 mgm to
1,666 mgm, that is, by over 749, we have no sufficiently fived total quat-
tity of kidney from which certain proportions can be rer{ch:}. No cott-
stane relation between structure and function can be derived if structute
is such a fluctuating quantity. .

1t was thus necessary to undertake a systemal
dietary factors that change the kidney. It is eviden
there was something in the variousdfoods w; 'g:";:c

ifferences in the weight of the kidney, and i .
:ihe:: f(:;ds wen}: eEec(?vc because they changed the urine, It was pos-

tic jnvestigation of the
t from Table 5 that
that led to warbed
med prabable that
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sible, of course, that some ingredient present in certain foods might lead
to an enlargement of the kidney even though the quaniity of this ma-
terial excreted in the urine was small, but it scemed more likely that the
cffect was due to some urinary constituent whose rate of excretion was
Targe.

Urine consists mainly of three substances—water, sodium chloride,
and urea. It 1s easy to produce very great differences in the volume of
urine and yet keep all other factors constant. When rats are given noth-
g but dilute dextrose solutions as food, they try to get enough caloties
and have to drink such enormous amounts thar the weight of urine for
21 hr often exceeds their body weight. Given nothing but concentrated
solutions of dextrose they drink very little and the urine volume may be
only 2 or 3% of the quantity excreted when the sugar is dilute. Yet,
in spite of these huge vanations in water excretion, no significant differ-
ence in the weight of the kidneys is produced. Under these conditions
water excretion changes are therefore not a factor. Sodium chloride can
also be excluded. We have many experiments in which the rate of
excretion of sodium chloride was varied over a wide range, and yet no
change i the size of the Jadney was produced which could be anributed
directly to the salt excretion. On the other hand, when ures, as such, is
added to the diet there is an increase in kidney weight which varies in
degree with the amount of urea consumed? We believe that the changes
in kidney weight shown in Table 5 are principally due to differences in
the rate of urea excretion. Food differences are effective mainly, though
not entirely, insofar as they induce differences in urea excretion. This
is so because any excess of protein in the food over the amount needed
for maintenance and growth is followed by an increase in vrea excretion
by the kidney. Yet this is not the whole stary, for when urea is given
the Lidney weight increase is definitely less than when a proten lile
casein is given in quantities that have the same N, content as the urea
(21). Some of the casein cffect is evidently due to ather protein deriva-
tives than urea, Tut the greater part of the ellect of the dicts enumerated
in Table § is the consequence of the differences in the rates of urea ex-
csetion induced by their varying protein contents.

We wan now return to a more complete definition of the normal
amounc of hidney. It is that quantity we find in healthy rats of the same
body weight that hate consumed the same amount of the same sort of

THis §s ot neceawrily true undet all artumstances, Thus when urea I taken oser 2
major portion af the total hife span of a rat there may be no enlargement of the hidneyt.
10 1921 2 few such long term experments showed no gross change in Yidney weight hut
the poor condition of both control 2 expenmental ammals prevented us from drawing
any definue eontlusions, Hopper, however, hat tecently made the 1ame abwersations under

what appear 1o be more fatorable tonditions nal ‘commn
1omedinely appatent. fons (personal urication). The veason fy wot
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t:a:h will give only plus or only minus errors. For example, differences
i e temperature of the room will cha 0
r nge food consumpti

change kidney weight. When th 2 oo s e

. e temperature falls more food i

€ X s eatern;

“;hte}rlx it rises, less. The temperature of our rat-colony room is controlled

so that it never falls below 18° C, but we have no way of preventing the
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rature from rising. We also have the impression tha
in faod consumption, though we
m. There appeared to be days on
and did not eat as much as usual

tempe
what we may call “social variations”’

have never been able to understand the!
which the whole colony was disturbed
fol' reasons that are not apparem to us.
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For these and many other reasons we feel that prediction tables can
never take the place of separate, synchronous controls for each experi-
ment. The value of the tables is that they give us a general yardstick
by which we can suspect that some special variable has been at work
whenever we find deviauons from the general rule greater than those
that are customaty.?

ExpFRIMENTAL REDUGTION OF EFFrCTIVELY FUNCTIONING
RENAL T1SSUE AND MEASUREMENT OF REMAINDER

I we want to Temove 25% of all the kidney tissue, the rat is weighed
and the expected Kidney weight is read from the table. If the rat is
139 gm in weight and is female, the predicted kidney weight is 1,000
mgm. A quarter of this is 250 mgm, and this 15 the amount to be cut out.
Under ether anesthesia one kidney is exposed by a flank incision, small
bull-dog rubber-padded forceps are placed on the renal pedicle, and
about one eighth of the mass is snipped off from one pole with scissors.
Thus tissue is immediately weighed 6n a tarsion balance to within 1 mgm.
The forceps are taken off in from 10 to 15 sec after their application,
There is then an oozing of blood from the wound, which clots almost
at once. 'The inasion is closed and the same procedure is carried
through on the other hidney and enough is cut off to total 250 mgm. It

the objective requites, We give the coefidents of vanistion of kidney weight 2y determined
from the Individual varlatlons from the predicted weights in groups of from twa to erghty
rats, These were controls we had used in previos experiments. They were all male Tats
from 90 to 110 days old that had been reared on our 175 stock dict.

RATE OF INCREASE IN THE RELIABILITY OF AVERAGE PREDICTIONS OF KIDNEY WEIGHT FROM BODY
WRIGHT A% THZ NUMDER OF ANIMALS PROM WIFICH THE AVERAGE IS DERIVED

T INCKEASED
no of no. total range of average coefficient
Tatsin of no coefficients of of vananon for
each group groups of ras vanatians, % a1 groups, %
2 20 40 100w11
5 10 50 481520
10 5 50 28122
20 3 60 231017
40 2 20 1412
€0 2 160 10t010

This table shows that, for this measure, mavimum errors a3 high as thoe indicated by
a cocfficient of vatiation of = 10%, M3y be mcusted when only two 1ats are taken, and that
the maumum error falls rapadly at first untd with ten rats it is less than =:37% and
therealter decreaswes only slowly s0 (hat with twenty ft 13 about %2, with 40, = 1.8 and
wuth £0, =10, These facts serm 10 Indicate that we have sometimes wagted time and
cffort by waking an unnecessanly large number of rats 1n out control and experumental
groups,
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trophy of the Lidney,” and thus to avoid what we take to be the faults
?f that expression. The word “compensatory” has unfortunate teleolog-
ical implications and, in addition, suggests that an adequate cxplan;\[w;
?f the phenomenon has been achieved, whereas the word “hypertrophy”
is too narrow, since the process is one that includes hyperplasia as well as
hypertrophy. All we really know is that when we take out part of the
kidney the remaining part grows larger. No one will maintain that we
know anything definite about “why,” nor even very much about “how.”
It is the more necessary, then, to be careful about the choice of words
because the process, whatever we choose tg call it, is of great climcal
importance. This is nature’s way of maLing good a loss and though we,
as children of nature, may sometimes do hetter than our parent, that
ability comes only through a comprehension of her mechanisms. In
this endeavor nothing is more likely to still curiosity and initiative than a
nomenclature that implies knowledge where only ignorance exists. So
here we prefer a purely descriptive termx‘nofggy,

‘When one kidney is removed from a rat the remaining kidney at once
begins to grow larger. This growth is very rapid at first so that 2 days
after the operation about half of all the new growth that will occur has
been accomplished. Thereafter, growth goes on, but more and more
slowly the longer the period of time that has elapsed since the nephrec-
tomy, until, when 40 days have gone by, growth ceases. The form of the
curve of growth is given in Figure 6 and the data from which it was de-

rived in Table 8.

TABLE 8
RaTe oF ResTORATION OF Kioney WEIGHT AFTER UNILATERAL NEPHRECTOMY
KIDNEY WEIGHT POUND
TIME RO. OF RAT 9 OF CONTROL KIDNEY WEIGHT
Before operation 276 1000
‘At operation 500
2 days after operation 274 630
5 days after operation 486 668
10 days after operation 428 708
20 days after operation g?; ;zg

40 days after operation

When one kidney and half of the other Lidney are removed, the re
maining quarter of a kidney grows very rapidly at first, so that 5 days
after the operation the protein it contains has almost doubled. Th.crc-
after, the rate of growth decreases, but 40 days later it is still growing,
st 80 days. In this case, for the reason
d not by weight buc in terms of total
th is given in Figure 7 and the data

and growth continues for at Jea
already given, growth was measure
protein content. The curve of grow

in Table 9.
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6. Rate of restoration of kidney weight after unulateral nephrectomny. Equal

stock diet before and after the operation. They were ¢ither 30 or 70 days old on the

day of operavion. The absolute kidney weights are given {along with other data) in 2

paper by Addis, T. and Lew, W. m the Journal of Experimental Medicine, 71:325,

1910. ‘The extension of the kine from 40 to 80 days is not based on observations made

dunng thrs expeniment but js jusufied by other expenuments in which, after correc-

tion for body weight varsation, no significant difference was found in the weight of
the kudney 40, 60, and 120 days alter unilateral nephrectomy.

TABLE 9
RATE OF Restorarion or Kioney Prorery AFres 75%5 Removar

KIDVEY PROTEIN  PROTENN  PROTEDY
A3 S or

no LEFT AT rousn PROTEIN

OF  ORIGIVAL TOTAL ~OPERATION  ATKOL  RESTORED
e NATS  xNEY PROTEN Mo o o
Defore operation 276 1000 1516 1616 oo

At operation 276 250 404

5 days after operation 43 %5 w04 751 347
40 day after operation 72 583 04 942 518
0 daya after operation 9% 658 w04 107.9 615
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Fig. 8. Relation hetween the amount of kidney protein removed at operation and
the amount of Mdney protein finally restored. These determinations were made 40
days ater op Ths 15 an snsuff ume for full after 759 of the
total protein 1s removed, and the open circles which represent the quantities 40 days
after 75, removal fall below the line, whereas the only observation (filledin arcle)
made 80 days later obeys the rule that about half of the quantty removed is restored:

‘When we reduce the kidney to 255% of its original size we reduce the
number of nephrons to a quarter, that is, from 61,600 to 15,400, From
that time on there will be no more than 15,400, since new nephrons are
never formed. We can think of it even more simply and suppose there
were originally four large nephrons. After the operation there is only
one. So when we find that a quarter of the whole kidney contains 394
mgm of protein and that after 80 days 1t has grown until it contains 99.7
mgm of protein, we can imagine that single nephron growing until it is
21 tumes bigger than it was before, This, of course, is only approvt-
mately true, because the total protein content we measure includes the
protein of the connective tissue, vessels, nerves, and the collecting tubule
system as well as the protein of the nephron. It is, nevertheless, substan-



THE EXTENT OF THE LESION 69

tially correct, since the great bulk of the kidney protein is nephron
protein. .
Now the question arises as to whether the enlarged nephron is just
1tke an ordinary nephson, except that it is bigger, or is it, pethaps, asym-
metrical—a distorted nephron in which some parts are magnified out of
proportion to other parts? The answer is given in a functional am.i struc-
tural study of the nephron of the rabbit before and after unilateral
nephrectomy we carried out in collaboration with Jean Oliver in 1924
‘The increase is asymmetrical. Dr. Oliver found that the proximal con-

in relation to function; 1t has clinical significance since in his recent book
The Architecture of the Kidney in Chronic Bright's Disease, Oliver has
beautifully and precisely demonstrated this most revealing structural
change in the remaming nephrons of patients whose total nephron num-
ber had been greatly reduced in the course of glomerular nephritis; and
it is a fact we must keep in mind when we try to interpret the results of
the expermments we are now describing. In this last relation it means
that the kidneys whose protein content we finally measure at varying in-
tervals of time after cutting out part of the renal tissue are new kid-
neys, quahitatively different, and tk not drrectly parable with
the kidney we had to deal with before the operation. By the laborious
device of measuring protein content we escape certain errors mvolved in
trusting to hidney weight, only to find that we have on our hands a series
of structurally altered ladneys, each of which contains an increasing
proportion of specifically working tissue the more we have reduced the
size. Ths is an example of 2 special difficulty in biological, as opposed to
physical, measurement. At least on the average, atoms and molecules are
steady, dependable structures, but 2 kidney changes its constitution even
while we are looking at it. There are no biological constants; there is no
possibility of isolating one part from the everchanging relationships be-
tween the parts that make one whole.

In Figure 9 we give an sllustratton of this lack of proportion in the
growth of the various parts of the nephron when the number of nephrons

*In addution ta this predominant lengthening and thickening of the proximal tubule,
there 13 2 very definite enlargement of the glomerulus. We shall later give the evidence
for the view that the 1ncrease In proximal tubule size 1 an example of *wark hypertrophy.”
But the glomerulus, as far a3 we know, docs no work. The energy for Bltration 1s pro-
vided by the heart  Glomerular enlargement must, therefore, be snduced by some other
mechanim. Since Roy Cohn has given expenmental proof that the mncrease in tisue in
she semaining lung alter unilateral poeumoncctomy 18 initiated by the streching of the
tissue (30), 1t Is reasonable to suppose that this glomerular increase In size fs associated
wudhy the strerching of the tisues of the capiliarics and of Bowman's capsule that follows

the increased flow of blood and the Increased filtration assodated weth the great increase
Ia size of the prosimal tubule,
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is reduced or when the protein content of the diet is increased. We ar
indebted to Jean Oliver for the drawings of the three pairs of nephron
he dissected out from the kidneys of three rats, all of them 110 days of
age, which we sent to him after they had been subjected to such change of
conditions as have been dealt with in this chapter,

The nephrons shown in part 4 had a proximal tubule volume of
0.022 cu mm. Their glomeruli are attached to a twig of the arterial tree
on which a few glomeruli detached from their tubules still hang. ‘'The
periglomerular convolutions of the proximal tubule and its descending
portion are black, and the ascending limb of Henle's loop and the sec-
ond convoluted tubule are left in outline, These represent nephrons
from rats on our stock diet.

The next drawing (B) shows the increase in nephron size that occurred
20 days after an operation in which the total number of nephrons had
been reduced to a quarter of their original number, but all other condi-
tions were kept constant. ‘There 1s an enlargement of the whole nephron,
but it can be shown that the degree of increase is greater for the proximal
tubule than for any other part. In the last drawing (C), another factor
making for renal hypertrophy was added by giving a diet adequate in
vitamins and minerals that contained 86% of lactalbumin. The enlarge-
ment of every part of the nephron can be seen at a glance. In one ?f
these nephrons the second convoluted tubule can be seen entering a twig
of the collection tubule system, and in this instance we can be sure that
the whole nephron is seen. But the fact that is important for us is lh‘c
excessive increase in the prosimal tubule, the part that all evidence indi-
cates 1s primatily concerned with the osmotic work of the kidney.

UREA MEASUREMENTS AND THE AMOUNT OF
ErrEcTivELY Funcrioning RENAL TISSUE

Urea is the quantitatively predominant urinary constituent. It is the
substance whose excretion requires much the greatest part of the toral
osmotic work of the kidney. It can be determined with 2 reasona.blt
degree of precision. We therefore decided to find what effect 2 reduction
of the amount of functioning renal tissue would have on the rate of ex-
cretion and concentration of urea in the urine and on the concemr:xtfon
of urea in the serum. These measurements were made on Tats living
under the ordmary condittons of their life in our rat colony. We usuav]lé’
worked with groups of ten rats at a time, and they were l.oge'zher allm\e'
the freedom of a large cage, were subjected to no limitations rflatn;
to their total food and water consumption, and in general experience
no alteratton in their usual routine up to the moment'wh:n th}:y :::x:c
anesthetized with ether and killed in order that we might obtain thetr
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bl?od. This plan was followed for the reasons given in the discussion in
this chapter of the need, in any clinical method for the estimation of the
extent of the renal lesion, of being able to make our observations under
all ordinary conditions. ‘

METHODS

The urine was collected on large sheets of blotting paper placed
nearly perpendicularly beneath a wire cage. With this arrangement the
urine was adsorbed on the paper while the stools were deflected from the
steeply sloping surface and fell into a receptacle below. The possibility
of a bacterial decomposition of urea on the blotting paper was precluded
by impregnating the paper with 19, phosphoric acid and drying it before
use. Known quantities of urea in solution sprinkled on this paper were
entirely recovered 24 hr later. When the period of urine collection was
completed the paper was disintegrated in a known volume of water, the
pulp centrifuged off, and the determinations made on the supernatant
flmnd. "This device made it possible for us to measure the rate of urea
excretion while the rats were eating. This was a considerable technical
advance for us. Previously we had been unable to collect urine from
rats given sohd food without the urine’s becoming contaminated with
particles of scattered food, unless we nsed mechanisms that interfered
with free feeding. In addition, this method enabled us to weigh the food
consumed, since scattered food could be recovered. The food troughs
were hung outside the cage and could not be entered by the rats, and we
are confident that, with adequate washing of the wire floor, we got all the
urea excreted,

When a rat is picked up and a beaker containing cotton wet with a
few drops of ether is put over hus nose, the bladder contracts and the
urine it contains can be directly collected. When this is done at the
beginning and end of a period of time we get precisely timed collections.
Our rats are accustomed to being handled and this procedure does not
seem to disturb them appreciably, but in this case we were anxious to
avod even the slightest deviation from ordinary conditions and in mak-
ing our 24-hr collections we transferred the animals into and out of
the collecting cage without emptying their bladders. At the end of the
24-hr period the urine in the bladder was collected in the manner de-
scribed. The volume was often very small. It was determined by weight
or, more frequently, by collection in tubes graduated at ir{lervals of
0.01 cc. A separate determination of the urea content of this dnretflly
collected urine combined with its volume gave us the urea concentration

in the urine. . N
It will be noted that under these circumstances the timing of the
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24hr urine collections had only an average exactitude. Since large
numbers of animals were used in these experiments we may assume that
the quantity of urine in the bladder when the rats were put into the
collecting cage would, on the average, be equal to the quantity in the
bladder 24-hr later when the urine was collected for the determination
of the concentration of urea in the unne, so that the urine adsorbed on
the blowting paper could be taken as representing the urine of a 24-hr
period.

As soon as the bladder urine had been collected the rat was dropped
into 2 mason jar with a screw top packed with cotton wet with ether.
In less than 30 sec the animal was asleep. The abdomen was then widely
opened, the gastrointestinal tract displaced to the left, the abdommnal
aorta snipped with scrissors, and the blood collected in 2 centrifuge tube.
After it had coagulated, the clot was detached from the glass and the tube
was centrifuged for a few minutes to separate the serum we used for the
determination of the serum urea concentration, In collecting the bloed
care must be taken not to sever the ureters, for the concentration of urea
in a rat's urine may exceed 10,000 mgm per 100 cc, whereas the concen-
tration in the serum is usually no more than 20 to 40 mgm per 100 cc.

Urea, in both urine and serum, was determmed by a urease aeration
titration method that has been described in detail elsewhere (31). After
collecting urine and serum urea concentrations from individual rats in
sufficzent number to permit the calcnlation of var;
were made on the pooled urines and serums of groups of rats, there being
usually ten animals in each group. The bladder urine from all the group
was collected in one tube. For the serum pool, 1 cc of serum was taken
from the blood of each rat.

Although we took the rats just as they were without any interference
with their ordinary life, there were two aspects of these experiments in
which pains were taken to obtamn a quite unnatural umiformity. First,
the control and experimental rats were, as far as we could contrive, iden-
tical. They were all young female rats selected so that the average body
weight and distribution of weights were closely similar. As far as pos-
sible the controls were littermates of the experimental tats. In many
experiments the anmmals were selected so that at the time they were
killed the average body weight of the controls was the same as that of
the expermmental groups. This was done in order that we might avoid
the necessity of having to male 2 correction for differences 1n body
weight before comparing our results, Corrections based on body weight

must alnays introduce some error, even when the correction is based
on such an cxtensive series of observations as we have described earlier
in this chapter.  For many of the final averages we give here, this com-

bl
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plete equalitly was not possible, and the correction of kidney weight was
made in accordance with\the power equations given elsewhere (26)
Since there 'was no great divergence in body weight, these corrections
were always small, hence, we feel that no appreciable error was intro-
duced. Second, a controlled but variable factor was introduced with
the food. Urea measurements, in particular, are of course directly
affected by the quantity of protein consumed, so these experiments
were carried out with dets that contained different concentrations and
dufferent varieties of protein. In each case the controls and experimentals
were given the same food in unlimited amounts, with all the water that
was desired. All the dicts were capable of supplying much more than
adequate quantities of minerals and vitamins and were designed to pro-
vide variation in the consumption of various proteins.

The control groups to which we have referred were those in which the
kidneys were left intact. ‘We tried to make them in every other respect
the same by subjecting them to an operation in which both kidneys were
exposed and handled. From the experimental groups, 25%, 50%, and
75% of the total renal tissue was removed. At the end of the period of
observation the kidneys of the control groups and the remnants of renal
tissue found in the experimental groups were weighed and their protein
content determined in the manner already described.

The principal results are given in graphic form by plotting the vari-
ous measures of function against kidney protein. In order to facilitate
comparisons between the various functional measurements they are given
as petcentages of the quantittes found in the control ras with intact
kidneys, the control values being taken a5 1009 and the values found
the experimental groups with various degrees of reduction in senal
tissue heing expressed as plus or minus percentages of the control, These
percentages are plotted against the quantities of protein found in the
kidney, expressed as minus percentages of the amount in the cont{ol Tats
taken as 100%. The continuous diagonal line in the graphs is that
which would have been followed if the functional measurements had
varied directly as the quantity of kidney protem. The circles are the
observations, the broken lmne connecting them shows the relation be-
tween the measurements of function and of structure.

It is proper that here we should confine ourselv.es narrowly to ‘rﬁi
consideration of the main problem at issue, .., what is thq most hopeful
' direction in which to look for a clinical method for the estimation of'lht
extent of a renal lesion. For that purpose this method of‘pxescmaurm.
for the most part, suffices, but we are well aware that zher_e is much xgom
in these data than we indicate and that other interpretations than those

i i i i om ours and who
we give are possible. Those whose views may differ fr
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teint in'the form of lactalbumin but in all other Tespects was adequate,
This graph shows that the rates remain about the same both when the
kidney is intact and when it has lost more than 60% of its total mass,
The conclusion must be that nothing was learned about the extent of
the renal lesion from measuring the rate of urea excretion,

But perhaps that is only true for these particular conditions (observa-
tions made ] week after the operation in rats on a 5% lactalbumin diet).
What would be the result if everything else were kept the same but the
concentration of lactalbumin were increased from 5% to 86%? The
answer is given in Figure 10 B. The results show that the smaller the
Lidney the smaller is the rate of urea excretion, and that a Esitly good
correlation exists, though the rate does not decrease quite as much as
does the kidney. The principal difference between the experiments
shown in parts 4 and B is that in the latter the kidneys were called on to
excrete much more urea. In the controls the average 24-hr rate was
78 mgm on 5% lactalbumin, whereas on 86% lactalbumin the rate had
risen to 1,084 mgm per 24-hr. Is it true that even a little kidney can
excrete 2 little urea, but that when a large quantity of urea has to be
excreted the smaller the kidney the more incapable it becomes? This
hypothesis gives a plausible explanation of the difference between parts
4 and B, but there is another explanation that is simpler and more direct.

The serum urea concentrations observed at the end of the 24hr
period over which the excretion of urea was measured were very different
in the two experiments. The size of the kidney was reduced from 100%
to approximately 87%, 70%, and 389, in both cases, but on the 5%
lactalbumin diet the respective serum urea concentrations were 20
mgm%%, 26 mgme,, 32 mgm% and 28 mgm%, whereas on the 86%
lactabumin diet the concentrations were 70 mgm%, 91 mgm%, I15¢
mgma%, and 185 mgm%. With the food of high protein concentration
there was thus a steadily rising degree of uremia as the quantity of renal
tissue dimimshed, Uremia is a state usually associated with loss of
appetite. Could it be that the rates in B fell because the rats ate less 23
they became more and mote uremic? This is an idea that can be tested,
for in each instance the quantity of food consumed was measured. ‘On
the 5% lactalbumin diet the amounts eaten were not very dmxm:lar:

but on the 86% diet the 100% kidney rats ate 7.9 gm per rat per days
on 879 of kidney 7.17 gm; on 68%, 6 0 gm; and on 38%, 6.4 gm. The
relation is not very direct and there were doubtless a mul.ufude of other
factors involved, but there is every reason to regard a declining food con-
sumption as a mzjor cause of the declining rates of urea excretion.
This general position is supported by the results _OE Pbscrvatu{m ox;
rats which were divided into four groups of diminishing quantity o



THE EXTENT OF THE LESION 7

tenal tissue (Figure 10 C). The conditions are dissimilar because the
observations were made not 1 week but 40 days after operation, and the
vesults are 2 summation of observations on three diets, one with moderate
and the other two with high concentrations of different proteins. Part G
contains something of both parts 4 and B. It agrees with A in denying
any direct relation between urea excretion and size of hidney. With a
24% reduction in the amount of kidney, the rate is even a little higher
than in the controls. It agrees with B in that with the most marked
reduction in Lidney size there is a 14% reduction in the rate of urea
excretion, In tlus latter case, however, the food consumption was re-
duced so we need look no further than that for the main reason for the
fall in rate.

Perhaps the time relations are important? We have given the rates at
1 week and at 40 days after the kidney has been reduced in size. What
would happen if we cut out three-quarters of the kidney and observed
the rates every day from the time of operation? In this experiment we
avoided the uncertainties that arise from fluctuations in urea excretion,
due to varjation in the quantity of protein consumed, by giving the rats
no protein at all after the operation They were fed a 5% solution of
dextrose 1nt salt solution of which they all drank large volumes, The
results are given 1n Table 11.

TABLE 11

Ervect or Resovar or Truzz-quartzrs or Tz Kiwey o Tie Dany RaTe or Usea Ex-
cRzmioN 43 CouraRso wirit CONTROL RATS SuBfecTED 10 A SHAV OFERATIONS

AVERAGE RATES OF URZA EXCRETION

dayafier  75%kidney removed 0% kudney removed
‘mgm per 24 he mgm

operanon per 24 br
n 155 s
2nd 153 77
3d 126 84
4th 74
Sth 111 72
6th 98 62
Tth 85 6

Both groups fed on 5% dextruse in 0475 sodim chlonde from the time of operation.

The figures in Table 11 show that the Jadney reduced to a quarter
of the original size excretes more urea than the undiminished Lidney,
and this under conditions that allow us to be sure that the exira urea
came from the protein of the rat and not from any protein in its food.
We suppose that the removal of renal tissue was associated with an in-
crease of what used to be called “endogenous™ protein catabolism. This
means that more amino acids derived from the proteins of the rats’ tis-
sues were deaminized so that more urea was formed in the experimental
thzn an the control group.
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tein in* the form of lactalbumin but in all other Tespects was adequate,
This graph shows that the rates remain about the same both when the
kidney is intact and when it has lost more than 609 of its total mass,
The conclusion must be that nothing was learned about the extent of
the renal lesion from measuring the rate of urea excretion.

But perhaps that is only true for these particular conditions (observa-
tions made 1 week after the operation in rats on a 5% lactalbumin diet).
What would be the result if everything else were kept the same but the
concentration of lactalbumin were increased from 59 to 86%? The
answer is given in Figure 10 B. The results show that the smaller the
Lidney the smaller is the rate of urea excretion, and that a fairly good
correlation exsts, though the rate does not decrease quite as much as
does the kidney. The principal difference between the experiments
shown in parts 4 and B is that in the latter the kidneys were called on to
excrete much more urea. In the controls the average 24-hr rate was
78 mgm on 5% lactalbumin, whereas on 86% lactalbumin the rate had
risen to 1,084 mgm per 24-hr. Is it true that even a little Kidney can
excrete a little urea, but that when a large quantity of urea has to be
excreted the smaller the Lidney the more incapable it becomes? Ths
hypothesis gives a plausible explanation of the difference between patts
A and B, but there 1s another explanation that is simpler and more direct.

The serum urea concentrations observed at the end of the 24hr
period over which the excretion of urea was measured were very drfferent
in the two experuments. The size of the kidney was reduced from 100%
to approximately 87%, 70%, and 38% in both cases, but on the 5%
Iactalbumin diet the respective serum urea concentrations were 20
mgmeg, 26 mgm%, 32 mgm% and 28 mgmg%, whereas on the 86%
lactabumin diet the concentrations were 70 mgm%, 91 mgm%, !34
mgm%, and 183 mgm%. With the food of high protein concentration
there was thus a steadily rising degree of uremia as the quanuty of renal
tissue diminished. Uremia is a state usually associated with loss of
appetite. Could it be that the rates in B fell because the rats ate Tess a3
they became more and more uremic? This is an idea that can be“tesred.
for in each the q of food c d was red On
the 5% lactalbumin diet the amounts eaten were not very dxsslmxl:r:
but on the 86% diet the 100% kidney rats ate 7.9 gm per Tat per _l;_alz’;
on 87% of kidney 7.17 gm; on 685, 6.0 gm; and on 58%,.6.4 gm. o
relation is not very direct and there were doubtless a mullugude of othe
factors involved, but there is every reason to regard a declining .food con*
sumption as a major cause of the declining rates of urea excretion. ;

This general position is supported by the results .of .ubservauo.ns 0[
rats which were divided into four groups of diminishing quantity o




THE EXTENT OF THE LESION 7

renal tissue (Figure 16 C). The conditions are dissimilar because the
observations were made not 1 week but 40 days after operation, and the
results are a summation of observations on three diets, one with moderate
and the other two with high concentrations of different proteins, Part G
contains something of both parts 4 and B. It agrees with 4 in denying
any direct relation between urea excretion and size of kidney. With a
249% reduction in the amount of kidney, the rate is even a little higher
than in the controls. It agrees with B in that with the most marked
reduction in Lidney size there is a 145% reduction in the rate of urea
excretion. In thus latter case, however, the food consumption was re-
duced so we need look no further than that for the main reason for the
fall in rate.

Perhaps the time relations are importan?  'We have given the rates at
1 week and at 40 days after the kidney has been reduced in size. What
would happen if we cut out threequarters of the kidney and observed
the rates every day from the time of operation? In this experiment we
avoided the uncertainties that anse from fluctuations in urea excretion,
due to variation in the quantity of protein consumed, by giving the rats
no protein at all after the operatton. They were fed a 5% solution of
dextrose 1n salt solution of which they all drank large volumes. The
results are given in Table 11.

TABLE 11

Errect or Resovat. or Trrez-quartess o Tz Kiney o e Darty RaTe or Usea Exe
CRETION As CouPARED WITH CONTROL RATy SURJECTED TO A SHAM OPERATION®

AVERAGE RATES OF URFA EXCRETION

day after 75% kidney removed 0% kudaey removed
operation ‘Togm per 26 be gm per 24 br

1t 155 146

2nd 153 7

3rd 126 B4

ah 7

5th 1t 72

éth 98 62

7th 85 3

4Both groups fed on 56 dextrose m 04% sodum chlonde from the time of operation.

The figures in Table 11 show that the kidney reduced to a quarter
of the original size excretes more urea than the undiminished Kidney,
and this under conditions that allow us to be sure that the extra urea
came from the protein of the rat and not from any protein in its food.
We suppose that the removal of renal tissue was associated with an in-
crease of what used to be called “endogenous™ protemn catabolism. This
means that more amino acids derived from the proteins of the rats' tis-
sues were deaminized so that more urea was formed in the experimental
than in the control group.
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outcome on the 5% lactalbumin experiment can thus be in;erpreted as
predominantly a result of hemodynamic changes.s

‘When an 86% lactalbumin diet was given, the hemodynamic effects
had already approached their maximum throughout the whole range of
variation in kidney size. As we shall show, the effect of an increasing
protein consumption on glomerular filtration becomes less and less as the
quantity of protein consumed increases, so that any further increase when
the level of consumption is very high would presumably have a negligible
effect. Relative to the size of the kidney the protein consumption in the
869 lactalbumin experiment with 75% of the kidney removed was far
higher than any we can reach even if a diet of 100% protein were taken
by a rat with intact kidneys. If 4 gm of protein were taken by rats
whose kidneys weighed 1,000 mgm, the same consumption in mts with
only 250 mgm of renal tissue would be not 4 but 16 gm of protein per
gram of kidney. The form of the curve in Figure 16 on page 91 that
relates the urea clearance and urea excretion (or protein consumption)
suggests that long before such very high levels of relative protein con-
sumption were reached the curve would have become asymptotic because
the maximum possibilities of increased glomerular filtration through
increase in rate of blood flow and intraglomerular pressure would have
been approached. In that case the reduction in the extent of the filtra-
tion surface induced by the removal of glomeruli would become the pre-
dominant factor, and the progressive increase in serum urea concentra-
tion which was found would follow. In a mechanically pure experiment
after time had been given for the accumulation of urea in the body we
should have again found a constant rate of urea excretion with all sizes
of kidney. But here a general somatic effect intervened so that, with
increasing uremia, we got decreasing protein consumption and, as a con~
sequence, that pscudo relation between size of kidney and rate of ured

excretion which is shown in Figure 10 B. .
The general conclusion must be that from the rate of urea excretion

we can learn nothing about the extent of a renal lesion.

URINE UREA CONCENTRATION
In Figure 11 we give the relative changes in urine urea concentration

and hidney size.
“There js a curious contradiction between parts 4 and B. On the 5%

Jactalbumin diet a reduction in kidney size is associated with a rise 12

concentration (4), whereas with 86% lactalbumin the concentration falls

5 We do not take 11¢0 considerztion the powbibty (hat under ordinary conditions on:'{

omeruls are filtermg while the rematnder are quicsceat, because the recert
e wiew that glomerular intermittence 13 Testricted fo the amphi!

some of the gl
glomeruls are always fltenng.

eudence supports th
kxdney, and that 1o sramaals all the



THE EXTINT OF THE LESION 81

LACTALBUNIN 6% LACTALBUMIN
+20 * - +20
+0b +10t
okt [
-0} ~-10F
§ -20¢ -
& -3} 1 F-30
~a0f 4 -40
wsole g —50
-8 E -60
- ~60 70
~30 40 ~50 =60 ~70 @ 10 -20 -30 40 =50
Per Cent Of Kidaey Protemn Per Cent Of Kidney Protein
B
A

AVERAGE OF THREL DIETS

PR DU T S VO T Y
0 =10 =20 =30 -40 =50 ~60 -70
Per Cent Of Kidney Protein

€

~70

Fig 11 Unne urea concentration.

in proportion to the reduction in Lidney size (B). In the experiments
with moderate- and bigh-protein diets there is also a progressive decrease
n concentration, though the correspondence with the q ity of renal
tissue is not so close as in C.

‘The contradiction comes about because the concentration of any
substance in the urine is determined by two variable quanuties, which
sometimes change in opposite directions. One is the mte of excretion of
the substance; the other is the rate of excretion of water, On the 5¢%
Iactalbumin dict the rate of urea excretion remained constant as the kid-
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Fig 12 Serum urez concentration.

TABLE 12

Seru Urea ConcenTrATIONS v NoruaL Rats on Diers THAT Inpucep VARIATioN v PrOTERC
CoNsumpTION A5 MEASURED BY INCREASE IN Tee Rave or Urea Excrerion

SERUM UREA CONCENTRATION

bEY RATE OF UREA EXCRETION
mgm per 24 br mgm per 100 ¢
l(l)?% dextrose in 0 4% NaCl 26 42
5% lactalbumin 78 198
Stock diet 347 349
Liver stock diet 578 444
Casein stock diet 1,070 67.1
86% lactalburmn 1,084 701
Teis

Y This figure is an average taken from a series of expeniments not discussed here. |
introduced 1n order to show the wide varianon mn the seyum uvrea concentration of nom2
rats ‘The average control figures from the stock, liver stock, and casein atock duets are

those whose averages are plotted in the graphs as “Average of Thier Diets”
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In 1917 this protein consumption factor was isolated as one of the
reasons for the high varnability of blood urea concentrations in normal
human individuals (32), but recently we have defined its effect more
precisely. Ten healthy men took 05, 1.5 and 2 5 gm of protein per kilo-
gram of body weight during successive periods, and their plasma urea
concentrations were determined twice on the fourth and fifth days of
these three levels of protein ption. The conc found
in five normal students on the sixth day of a very low protein diet (5
gm per day) is also given (Table 13).

TABLE 13
Errecy or Crrance 1 ProTra ConsumrTion o THE BLooo Urea CoNCENTRATION
‘o NorMaL Men
PROTEIN CONSUMPTION AVERAGE r waxnaui
gmperk mgm per 100 c¢ mgm per 100 oo mgm per 100 ce
006 127 101 162
05 232 199 281
15 357 265 46.3
25 347 53.0
0
“
8
g
ix
E
E
s
i
£
8
]
10 4
° 1 1 L :

e o5 10 15 20 25¢gm
Protain Consumption per Kilogram Body Walght

Fig. 13, Blood urea concentrauon of normal men on varying protein intakes,

The average concentrations rise from 13 mgm per 100 cc on 006
gm, to 23 mgm;, on 05 gm, to 36 mgm¢}, on 1.5 gm, ta 43 mgmY, on
2.5 gm protein per kilogram. There is still a variability arising from
other factors, but these observations leave no doubt that a knowledge of
the proxcm comumpuon of our paucms is necessary if we are to interpret
the i ¢ of i of blood urea concentration.
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Fig 14. Concentration ratio.

pression that combines both of these measurements. This ratio gives the
number of times by which the concentration of urea in the urine ex-
ceeds the concentration in the blood. This number has a concrete
significance. It is one of the main factors that determine the osmotic
work done by the kidney in separating urine with a high urea concen-
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tration from blood-plasma in which the urea concentration is always
much lower.

“The relation of this quantity to the 2mount of renal tissue is given in
Figure 14.

It can be scen at a glance that there is no direct or constant relation
between the urea concentration ratio and the amount of renal tissue.
When the concentrations are low, as in the 5% lactalbumin experiment,
there is not even consistency with respect to the direction of change,
and with higher concentrations the ratio values decrease out of propor-
tion to the decrease in renal tissue.

UREA CLEARANCE

Directly, by weighing the kidneys in healthy rabbits (34), dogs (35).
and rats (36), and indrrectly, by the constancy of the values obtained
in normal men after correction for body size (87), we know that the urea
clearance can give us an approximate measure of the amount of function-
ing renal tissue. This is true, however, only when certain rather extreme
conditions are fulfilled, These are not complied with in the experi-
ments we are discussing. Here, as in the case of the other measurements
we have dealt with, we are not tesung the precision of any method, we
are only observing how these measures change with change in kidney
size under conditions almost wholly uncontrolled. Furthermore, even
though some control of conditions adequate to meet the general require-
ments of clinical work were to be contrived, we know that there are sull
technrcal reasons why the urea clearance cannot as yet become a clinical
method., Neuertheless, there is something of interest in these clearances
1 relation to the general question as to how we are to predict the extent
of a renal lesion.

In Figure 15 it is shown how the ratios between the 24-hr urine urea
excretion and the serum urea concentrations behave when the Kidney is
reduced in size Except with the most extreme reduction on a low
protein diet, there is a faily direct correspondence.

‘What is really instructive is the manner in which the absolute values
of the urea clearance change when the protein concentration of the diet
is altered, independently of any decrease in the amount of functioning
renal tissue. This is shown in Table 11 in which the clearances of the
control rats with whole hidneys, with the corresponding rates of excre-

$See foomote on p 104 refatne to 24 hr creatinine dearanee demed from divding 2
2t rate by 1 single scrum creatinine conentrauon. The fame conuderstions apply to
2 hr urca clearances, though with urea the errors anvalved are greater than for creatnine
and are of such a natute that they exaggerate the degree of wncrease in dearance with
nang protein conuatpuian (dcuswed latet). Uoweser, (or purposes of genesal onentanon,
these 20 hr clearances have their use, a3 long 3 we are fally aware of their unrelabihty.
2 quantitative measurements,
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obtained by noting its effect on the rate of urea excretion. The rela-
tion between the clearance values and the rate of urea excretion is shown
in Figure 16.

"The relation shown in Figure 16 is remarkable when we consider that
everyone who has investigated the connection between the rate of urea
excretion and the clearance has found that under constant physiological
conditions the clearance remains constant no matter how much the rate
of excretion or the serum urea concentration is varied. Here we find the
opposite.  And this is not something peculiar ta the rat. This hap-
pens also in man when the observations are made under sumilar condr-
tions, these “conditions” amounting to no more than the subject being
left to his own devices except that he lives on foods that provide increas-
ing amounts of protein, The results given in Table 15 were obtained
from sixty measurements on ten interns and residents engaged in their
usual clmical duties who, during three successive weeks, consumed 0.5,
1.5, and 2.5 gm of food protein per kilogram body weight, the results arc
plotted in Figure 17.

TABLE 15
Urea Crzarsnce v MEN witH INcReasiNg Protey CoNstupIron
PROTEIN CONSUMPTION (N GM PER K}

05gmperk 1.5gmperk 2.5 gmperk

Clearance (1 per 24 br) 481 731 931
Rate of excredon (mgm per 24 hr) 11,193 mgm 25,909 mgm 39,763 mgz
Plasma concentration (mgm per 100 cc) 232 mgm 9%~ 357 mgm % 430mpml

Here also, in man, the species in whom the constancy of the clearance
through all variattons in rate and concentration is best documented, we
find that every increase 1n rate and concentration induced by an increas-
ing protein consumption is associated with an increase in the magﬂit‘u.dc
of the clearance® The volume of plasma cleared of urea in 24-hr in-

®1In spite of the dl.defined conditions under which they were measured, the data guen
in Table 15 follow quite closely the order expressed 1n the following equation:
rate of urea execretion
s Cl EX

(seruma urea?j)? -
Nowadavs shere is fio danger that snyone witl be rzken in by 3 formula of this (07
N i . P LS wanncent

. . ader highly

. . tculasly of

. . - sus becase

. ind snple.

.« nved from

. rat Taw—3

. .o - empinical

! . - lation

ind devoid of physiclogical signibicance 3 tuay ue, wwts o rchuan

bewween the rate of urea excreuon and the serum urea excretion under the w’ugmm
conditions that usually exist in “ordwmary hfe This was a dimdan’s first 3ppro’

1t is Ambard's “first law of urea excreuon” (38).
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creases from 48 to 73 to 93 liters as the quantity of protein consumed
increases. But this 93 liters is not the maximum. We found that, for a
time, the clearance bccame constant at 120 liters per 24-hr when diuresis
was induced by nrea and water (37). Even this figure may be exceeded,
for we observed clearances in man that approximated 170 liters of blood
cleared in 24-hr when glutamic acid was ingested and a pronounced
djuresis was established by the drinking of water (39).

100} -
=80l -
<
E
Eeol- E
14
£
&
&40 -
2
£
S 20 -
0 1 1 ] 1 1

o 05 1.0 15 20 25 30
Protein Grams per Kilogram B. W,

Fig. 17 Food protein and urea clearance 'The increase in the Z4-hr urea clearance
m normal men given daets that provided 05, 15, and 25 gm of protein per kilogram
body weight.

‘This relation between the clearance and the level of protein consump-
tion is too progressive and orderly to be written off as a mere conse-
quence of the action of uncontrolled variables; there is clearly a factor
at work here that breaks through all the chance fluctuations of daily life.
It is much more important for clinicians than for physiologists that this
protein consumption factor should be appreciated and comprehended.
They can eliminate it. 'We cannot, Our patients come to us with wide
divergences 1 the quanuties of protein they customarily take, and the
mode of excretion of urea—the most important constituent in the
urine—will fluctuate widely in accordance with these habits

Nevertheless, it is the physiologists we have to thank for such under-
standing as we command. It is they who have shown that the rate of
glomerular filtration is constant as long as the rate of blood flow (and
presumably the relative tonus of the afferent and efferent glomerular
arterioles determining the pressure within the capillaries of the tuft)
remains constant. The constancy of the vrea ratio when large quantities
of water and urea are given to men who have not eaten for 15 to 17 hr
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Obtaineq by noting je effect op the rae of urey CXCretion, The rely.
tion between the clr:amnce Values ang the rage Of urgq eXeretion shour
in Figure 16,
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creases from 48 to 73 to 93 liters as the quantity of protein consumed
increases. But this 93 liters is not the maximum. We found that, for a
tune, the clearance became constant at 120 liters per 24-hr when diuresis
was induced by urea and water (37). Even this figure may be exceeded,
for we observed clearances in man that approximated 170 liters of blood
cleared in 24-hr when glutamic acid was ingested and a pronounced
diuresis was established by the drinking of water (39).
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Fig. I7. Food protem and urea clearance The increase in the 24-hr urea clearance
m pormal men given diets that provided 0.5, 15, and 25 gm of protein per kilogram

body weight.

This relation between the clearance and the level of protein consump-
tion is too progressive and orderly to be written off as a mere conse-
quence of the action of uncontrolled vanables, there is clearly a factor
at work here that breaks through all the chance fluctuations of daily life.
It is much more important for cliniczans than for phystologists that this
protein consumption factor should be appreciated and comp ded.
They can eliminate it. We cannot.  Qur patients come to us with wide
divergences in the quantities of protein they customarily tike, and the
mode of excretion of urea—the most important constituent in the
urine—will fluctuate widely in accordance with these habits.

Nevertheless, it is the physiologists we have to thank for such under-
standing as we command It is they who have shown that the rate of
glomerular filtration is constant as long as the rate of blood flow (and
presumably the relative tonus of the afferent and efferent glomerular
arterioles determining the pressure within the capillaries of the tuft)
remains constant. The constancy of the urea ratio when large quantities
of water and urea are given to men who have not eaten for 15 to 17 br




92 GLOMERULAR NEPHRITIS

obtained by noting its effect on the rate of urea excretion. The rels
tion between the clearance values and the rate of urea excretion is shown
in Figure 16.

‘The relation shown in Figure 16 is remarkable when we consider that
everyone who has investigated the connection between the rate of urex
excretion and the clearance has found that under constant physiological
conditions the clearance remains constant no matter how much the rate
of excretion or the serum urea concentration is varied. Here we find the
opposite. And this is not something peculiar to the rat. This hap-
pens also in man when the observations are made under similar condr
tions, these “conditions” amounting to no more than the subject being
left to his own devices except that he lives on foods that provide increas
ing amounts of protein, The results given in Table 15 were obuincfi
from sixty measurements on ten interns and residents engaged in their
usual clinical duties who, during three successive weeks, consumed 05
1.5, and 2.5 gm of food protemn per kilogram body weight, the Tesults are
plotted in Figure 17.

TABLE 15
UREA CLEARANCE 1N MEN Wit INCREASING PROTEIN CONSUMPTION
PROTEIN CONSUMPTION (iN GM PER B}
0.5 gm per k 15gmperk  25gmpet
Clearance (@ per 24 he) 731 39,795;@

431
Rate of excretion (mgm per 24 hr) 11,193 mgm 25,909 mgm &
Plasma concentration (mgm per 100 cc) 23 2 mgm % 35.7 mgm % 430 mgmi

Here also, in man, the species in whom the constancy of the clcmﬂf‘
through all variations in rate and concentration is best documenfcd. we
find that every increase in rate and concentration induced by an mf“(“;
ing protein consumption is associated with an increase in !h(.? magniti !
of the clearance.? The volume of plasma cleared of urea in 24hr

®In spite of the ill-defined conditions under which they were ljnezsurtd. ua.e data
1n Table 15 follow quite closely the order expressed in the following equatioal
) Tate of urea evecretion
@ KX —erum ureaz)? 1o of his 91t
Nowadays there is no danger that anyone will be faken in by a formuls 005,
unless 1t 18 some really “pure” scienust, that 1s, someone who has grown ulmu"der ahly
completies of real life through long absorption in the study of Tus mal:!: :mcuhdY of
isolated and artifical conditions The experience of ordinary people, and par beca
phaties—pretentions DeEh
cal meckanism, and WP
e of sesults denved [

gven

ordimary doctors, renders them immune to such pretentious sim)
they give the impression that they describe a constant physiofogt
n the worse sense of that word, because they present = seql;lenc o
a hodgepodge of conflicting factors n the form and under the gul o apinicd
pmcedgull')e ug;:« m general :’: simply wrong  Nevertheless, thus equation, ho;::m cap!
and devoid of physological sgmficance 1t may be, does descrbe the BeREL o of
between the rate of urea excretion and the serum urea excrenon I!nder la o
condutions that usually exst 1 “ordinary hife* This was 2 clmcian's frst 2pp!

1t 15 Ambard’s “first Jaw of urea excretion” (38).
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weights—two rates for each level of protein consumption and for each
subject.

If it is true that the quantity of creatinine daily produced and ex-
creted in the urine depends on the mass of muscle tissue, it should be
possible to correct these rates by some function of the body weights of
the individuals from which they were derived, since, in general and apart
from obvious instances of abesity, the heavier a man the more muscle he
is likely to possess. Now the average relation between change in body
weight and muscle weight is not known, but we can make various assump-
tions, correct the data accordingly, and judge that one to be best which
gives us the smallest coefficient of variability. The simplest and most
used correction is to suppose that as body weight increases there is 2
directly equivalent increase in muscle weight. With this correction the
coefficient of variability of all the rates is -+ 14.0895. If we take height
as well as weight into consideration and use the DuBois formula for the
calculation of body surface, the variability is reduced to 4+ 12.7%.
There may be some justification for relating heat production and body
surface, but there is no obvious reason why the amount of muscular
tissue should vary with the extent of the body’s surface area, and it may
well be that this reduction in variability has nothing to do with surface
but arises because surface formulas approximate the 0.7th power of the
body weight. If that were so, the relation between muscle weight and
body weight would be of the same type as we know exists for many other
parts of the body and would follow the general formula, y = ax". When
we give b, which is a power of the body weight, the successive vaIucf QG,
0.7, 0.75, and 0.8, the respective coefficients of variation of the creatinine
rates are found to be 4. 12.3%, 4. 12.2%, = 13.1%, and 13.4%-
Therefore, in trying to eliminate the effect of the variation in the bOd.)'
weight of our subjects, we shall get the most uniform results if we multi-
and thus

L 7007
ply the observed rates given in Table 16 by the factor BT
obtain the rates of creatinine excretion to be expected if all the subjects
had weighed 70 kilograms.t® These corrected rates are given in Tablf: 17

In this table we have tried to eliminate errors in urine collections.
There were five collections out of the sixty in which unusually lo¥

201In s book Bioenergetics and Growth (Remnhold Publishing Corporation, 1915), szdr
shows that i mature antmals of vatious species the rate of excretion of creainine 0t m"ﬂle 5

i dy weight (C N.=127 BW.080), Ths is trux
T excottion, l:aey for { made on a creatinme free dict

This relation contrasts with the behavior ol'f!al';:
mittogen excretion which, under the same conditions, varies a3 the D72m:n;l>o“er,ﬁoﬂn“

. body weight (N—=14.6 BW,072), We mention this to show that no gen: s ngr:mm7m
“tan be attached to the fact that in our few observations made under other co

~.son varies as the 07th power of the body weight.

low in protein but adequate 1n calones.
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TABLE 17

Corxreren Ratry or ChEatmms Excrerion on Tuses Livets o
Paotery Consuneriont

BATEY OF CREATININE EXCRETION (£¥ MGM PER 24 #R)

bt bodyweight 05 gmpruteinperk 15 gm proteinperk 25 g protein per &
k athday Sthday  dthday Sthday  4thday Sthday

L 79 1,591 1,790 1,721 1,869 2008 1,569
? 951 1316 1750 830 2,026 192 1,749
D 889 1366 1,40 1,546) 1,546 1708 1,706
5 B3 1,494 1475 1,598} (1,558) 1819 1,593
H 03 1,577 3,566 934 1,681 02 1,981
To 0 17 L6 1,935 3,803 (1,936) 1,935
R 760 1469 1,489 L7485 LT 910 1,868
Sh 734 1,879 1,797 1,985 1,872 2,039 216
X £5.5 1376 B 4858 1967 2457 g
1,608 1,527 1,55¢ 1778 1,921 {1,921}
Averages 1,638 1,766 1,503

ki

Fyar The Bgures I paren-
theses are not derived from the actual observations because, jn these cases, there was
evdence of ancomplete colleccron and they were replaced by the sesults obtuned under
similar condsuons when Do such errors were made.

1 Corsected to a body wesght of 70 & by the factor

creatinine rates were associated with unusually low rates of urea, sodium
chloride, and water excretion. These suspected errors were replaced by
the duplicate measurements made on the same level of protein consump-
tion, Even so, we da not reach any high degree of constancy. Thus, if
we eliminate the effect of sncreasing food creatinine consumption and
consider only the rates obtatned when 0.5 gm of protein per kilogram was
taken, we find the corrected values vary from a minimum of 1,366 to a
maximum of 1,900 mgm per 24 hr. Tlus does nog mean that the well-
supported hypothesis of a direct relation between muscle mass and erea-
tinine excretion is demed, for the variation may be a result of the obvious
Iact that no function of body werght can be expected to predict with any
precision the amount of muscle tissue.  The minimum in this instance
was obtained from a tall, asthenic individual and the maximum from a
short, muscular subject. Nor does it mean that we can afford to do
without any correction. We cannot reasonably compare the creatinine
excretion of a 100-kilogram with that of a 50-kilogram man. We have
10 use the best correction we can get, and we can be sure that, though
far from perfect, it is much better than none at all,

In Table 17, the corrected averages rise from 1,638 to 1,766 1o 1,903
mgm of creatinine per 24 hr as the protem consumption increases from
05 to 1.5 to 2.5 gm per kilogram. But this does not mean thae protein,
as such, has any effect on creatinine excretion, for the increase may be
explained as 2 consequente of the fact that increasing quantities of pre-
formed creatinine were taken as more and more cooked meat was con-
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of creatinine and urea. The creatinine concentrations are given in Table
18, and in Figure 19 the percentage deviations from the general average
of all observations are contrasted.

‘TABLE 18

Serus Creatoive ConceNtrATIONs Taxen Berore Lunci on Tarez Levers oF
Protemv Consumpmion

SERUM CREATININE CONGENTRATIONS (IN MGM PER 100 €¢)

05 gm proteis per k 15 gm protein per k 25 gm protein perk

subject dthday Sthday 4thday 5th day Mhday Sthday

L 124 136 1.30 132 12t 12
P 120 130 137 132 24 1
D 1.05 158 116 112 110 o»
s 105 120 115 113 105
H 104 10 105 115 9

Po 120 120 1.20 120 12 1w
R 102 5 108 106 o 097
sh 112 112 115 115 105 113
K 112 1.23 116 128 I R
w 1.05 099 1ts 105 105
Averages 115 118 1.10

The average serum creatinine concentrations are more constant than
the average creatinine rates of excretion. This is due in the main to
two factors. First, we are dealing with a concentration, so that variation
in body weight makes no difference, and we are thus delivered from the
errors necessarily involved in any body weight correction system; and
second, the effect of variation in the amount of preformed creatinme
in the food was avoided because we took the blood samples after break-
fast but before lunch. Breakiast is a substantially ereatininefree meal
in the United States. Even if bacon is taken it is heated for such. n.shOft
time that it is unlikely that any appreciable amount of creatinine 1
formed. The creatinine taken at dinner on the day preceding the collee-
tion of blood would have been already excreted, and the condztions thus
approached those that would have been reached if th‘e fiiet had been _BOI:‘-
tirely creatinine free. This constancy of serum creatinine concentrabior
in normal individuals supports the idea that the source of creatinine Is
the relatively constant store of creatine in the muscle fibers, o

We have dealt with creatinine measurements made in narm-zl indi-
viduals, under the variable but usual condiions of ordinary life, and
have found them much less inconstant-than the same urea measurerfmms
It remains to be found whether, under ordinary conditions, there is an)l'
relatively constant relation between any creatinine function and the totd
amount of effectively functioning renal tissue.
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CREATININE MFASUREMENTS AND THE AMOUNT OF
EFFECTIVELY FUNCTIONING RENAL "Ti5SUE

For the purpose of general clinical orientation, we had resource to the
same method we used for urea, that is, we observed the effect of the re-
moval of varying proportions of the total renal mass. Before discussing
these results 1t 1s proper to consider the reliability of the determinations
of serum creatinine concentration in these experiments and in those we
have just described. From the chemical point of view all of these figures
lack the precision we can claim for our blaod urea concentrations. This
15 due not only to the technical difficulues, in themselves not inconsider-
able, involved in the estimation of minute creatinine concentrations, but
anses mamnly because the color that is measured may be due not to
creatinine but to some unknown chromogen that gives the Jaffé reaction
with alkaline picrate, a fact first revealed by Miller and DuBos (43).
At low levels of creatinine concentrations in man, they found that cre-
atinine accounted for almost all of the color, but we have no assurance
that this is true for rat serum. The figures we give were obtained by
measuring the color developed in the manner recommended by Folin
and Wu m a photoelectric colorimeter (Evelyn). We were thus able
to get a greater precision of color measurement than was possible for
low concentrations with ordinary colorimeters, but we subsequently
found that a still greater accuracy could be obtained by adding tempera-
ture constancy, exact timing, and known picric acid concentrations in-
stead of the saturated picric acid solutions we used at first. But none
of these refinements overcome the fundamental doubt as to what we are
measurtmng—a doubt that would certanly stop a chemist but that leaves
us free to carry on since our end 1s wholly empirical and clinical. As
far as we know, these reservations refer only to the serum creatinine
concentation measurements. There is no reason to suppose that the
creatinme rates were not highly accurate.

The results we now report were made on the same animals on which
the urea measurements were made, and our urea and creatinine results
are thus strictly comparable.

Creatimne rates of excretion, like urea rates, do not decrease when
the amount of renat ussue is reduced, but, unlike urez rates, they are not
to any appreciable degree influenced by the amount of protein that is
consumed. Both of these points are demonstrated in Table 19 where
we give creatinine rates with varying degrees of reduction in the amount
of renal tissue 1 weel after operation on two levels of lactalbumin con-
sumption, 5% and 86%. The rates given have been corrected for body
weight differences on the assumption that both quantities vary as the
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CREATININE MEASUREMENTS IN MAN '

In man we cannot cut off part of the kidney, nor can we derive any
direct measure of its anatomical size that is independent of function.
Nevertheless, we can make an indirect, statistical prediction of the Lidney
weight based on the supposition that in man, as in other mammahan
species, the kidney weight will vary as some power of the body weight.
Here also we may anticipate that variation in protein consumption will
be a major cause of error in predictions based on body weight. But if
we take a group of healthy young men—those who acted as subjects for
the observations in which the behavior of urea and creatinine rates and
concentrations were contrasted (page 95)—we may expect to find that
the quantity of effectively functioning renal tissue per unit of body
weight will approximate a constant and will provide that anatomicat
yardstick without which our functional measurements cannot be com-
pared or telated to anything beyond themselves. For our purpose we will
judge that functional measurement to be the best, which, in addition
to other attributes, will uself possess the relative constancy we assume
for renal mass where protein consumption is relatively constant.

At this point we can use our experiments on rats in order that we
may not waste tume in the investigation of certain measurements ﬂ}at
cannot fulfill our clinical requirements. We have shown that the size
of the kidney may be markedly reduced without any reduction m excre-
tion (Table 19), and so the rate of creatinine excretion is eliminated:
‘The concentration of creatintne in the urine may also be neglected be-
cause it mever approaches that maximum concentration at which we
might anticipate a direct relation to kidney size (page 82). The meas
urement that all experience suggests is the one most likely to give us
what we want is the creatinine clearance, and so we shall first consider
the clearances in the residents and interns. We ate assuming that they
all had kidney weights that would be about the same when expressed n(s
grams per 0.7th power of their body weight in Mlograms so that, ¥
creatinine clearances varied as the weight of their kidneys, we should ex-
pect them to show 2 like degree of uniformity.

The clearances obtained by dividing the correcte
creatinine excretion by the serum creatinine concentrations msaslfrcd \W
fore lunch on the three levels of protein consumption are given in

Table 2012

12 This procedure involves the assumption that 2 me:
values obtatned by dniding creaunne Fates measured over & 34 br penod by a &
creatimne concentrauon measured at 9 A It 1s not likely that anyone ;‘vl‘ b

in the of c will be wiling to suppose tht o
obtained 10 this way are likely to have any very precise quantitamie significance.

d 24.hr rates of

fing can be attached to clearae
ra i angle serum
h practical
ranees
“Sige
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“TABLE 20
243 CreaToane CLearances® on Timee Levare or Proremy CoNsumeTiOn
CREATININE CLEARANCES {IN L PER 24 1%)

05 gm protem per k 1.5 gm protein per k 25 g protein per k
subject 4thday Sthday athday  5thday 4thday 5thday
L 128 132 132 127 166 130
? 151 135 137 153 155 151
D 130 3] 108 138 155 173
s 102 138 115 126 161 152
H 152 142 184 140 205 182
Po 148 135 161 150 157 181
R 144 182 162 161 182 193
Sh 168 161 173 163 194 196
K 168 155 160 154 196 174
w 153 155 135 169 183 149

Averages 143 147 m

*® Corrected 24-hr creatimine rates of excretion divided by the serum ereatinine concentration
observed at 9 A x

The average clearances for the three levels of protein consumption
given in Table 20 are 143, 147, and 171 liters per 24 hr, and so it is clear
that there was some factor associated with the 2.5-gm protein consump-
tion per halogram that increased the clearance value. One very probable
reason for the constderable mncrease of clearance value on the 2.5-gm
level was that this level of intake was reached by the consumption of
considerable quantities of cooked meat at lunch and dinner. The creat-
inine in this meat augmented the 24-hr creatimne excretion rates (Table
17) but did not increase the creatinine concentration of the blood serum
taken before lunch (Table 18). But there 1s more than this factor in-
volved, for 1n other experiments (reported elsewhere) we find clear evi-
dence of a rise in creatinine clearance values with mcreasing pratein con-
sumption that cannot be thus explained With better reason than can
be assigned to our interpretation of the increase in urea clearances when
the Lidney size remains constant and only protemn intake is changed
{page 92), we believe that part of this observed increase in creatinine
clearance must be assigned to increase in rate of blood flow and pressure
changes in the glomeruti.

In clinical work it is not hard to exclude such unusual diets as are
Tepresented by this 2.5 gm per hilogram of body weight protein consump-
tion, It is done in every office and clinic in which the dietary habits of
Rew patients are surveyed. So it is quite practical and reasonable for us
oificance,” however, is a relative term dependent on the sort of question the measurement
b d.isx.gr:nll o anmer Ve are at present imestigatmg the extent_of the crror imoled

auu gnt.
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posite of the lemon color of sodium picrate and a minute amount of
deep-orange-colored creatinine picrate, and we have to keep the sodtum
picrate constant if we are to measure the creatinine.
In most patients the colors will be the same before the diluting fuid
. has brought the volume to the 15-cc mark in the urine tube, Whatever
the reading may be, the clearance is obtained by dividing that reading
in cubic centimeters by 1.5. If the réading is 15 the clearance is 10; if
M cc it is 9.3, and s on. Occasionally the 15-cc marh may be reached
and the color is still deeper than in the serum tube. In such a case
1.5 cc of the thoroughly mixed fluid is transferred to another tube and
the dilution cautiously continued until the colors match. If this 1<«
quantity, which is ¥, of the total, has to be diluted to 3 cc, then the
number of times by which the urine exceeds the serum creatimne is

3cc
10x 15 cc

min may be weaher than the color in the serum tube, In that case the
diluted alkaline picrate is added to the serum tube. If the original 1.5¢c
volume had to be diluted to 3 cc, the ratio is obtained by multipljing

, or 20 times. In uremic patients the urine color after 10

unity by%, and the result would be 0.5, These ratios of 20, 10, or 05

can be conceived in a less abstract manner if they are regarded as volumes
of 20 cc, 10 cc, and 0.5 cc of plasma “cleared” of creatinine by the kidney
in 171,000 of 1 hr, which is 3.6 sec. The units of measurement we u_!td
were chosen because they were convenient in mechanical manipulation
and are better translated either into the unuts used by physiologists, which
are cubic centimeters of plasma cleared in 1 min, or into clinical terms
which are liters of plasma cleared in 24 hr. These are 2ll dirccllyf pro-
portional to one another and can be obtained by multiplying the c),m;al
measurement by 5.5 to get the physiological and by 8000 to get f°
clinical expression (Table 21). R

TABLE 21
v
c oF CLINICAL D 13 oF Ci C wro
CrmicaL Umims OF Measupesens
CLINICAL, MEASUREMENT PHYSIOLOGICAL UNITS CLINICAL UNITS
03 cc plasma in 3 6 sec plasma in 1 min, cc plasma in 24 b, hters
4
5 28
100 555 2
200 110.0
ind cted
Before this translation the clinical measurement shoulfi lbc.co:rxr; e
3] ient’s it 1n
by multiplying by a factor opposite the patient’s body weig hat

given in Table 22. ‘This is a correction based on the supposition
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the rate of creatinine excretion, and therefore the clearance, varies as the
0.7th power of the body weight, and it has the effect of giving the clear-
ance in terms of the one that would have been given if the patient had
weighed 70 kilograms. In actual clinical work we have found it con-
venient to by-pass all specific units and to express the results in terms
of the percentage of the average normal creatinine clearance of 146 1 per
24 hr taken as 1009, and this mode of expression is simply obtained by
reading it from a table.
TABLE 22
Facrors ror Co or Cre. C: rrou PatmEwts oF

arvivG Bopy WEIGHT TO THE CLEARANCE 70 ¥t EXPEGTED FOR A
us[zoT OF 70 KiLoorams Bopy WEIGHT

EODY WEIGHT  PACTOR BODY WEIGHT  FACTOR DODY WEIGHT _ FACTOR
Yilograms Kilograms . lograms
10 91 7 33 8 88
1 7% 8 31 8 88
2 9 29 & &1
3 0 7 8 86
$ 1 3 85
5 2 4 85
5 3 3 84
7 4 1 8:
8 5 0 8
9 5 6 19 8
0 4 7 .16 8
1 3 3 115 8
2 9 3 8
2 0 1 8
4 1 o 7
5 2 9 7
3 3 8 7
7 4 7 ks
4] . 5 6 77
9 8 § 5 77
0 8 7 4 4 76
1 7 3 2 7%
2 7 £ 1 7
3 7 7 0 75
4 n 9 74
S 72 8 7
6 73 7 7
7 74 7 7
3 S 6 7
39 X s 5 1 7.
40 4 7 9% e 7
41 4 8 93 1 7
42 4 9 92 1 7
43 4 0 91 1 .7
44 40 1 .91 18 7
45 38 2 90 13 7
46 35 3 89 20 06

This is a quick and simple method applicable under almost all out-
Ppatient conditions. But perhaps in sparing time and effort we have
lost 50 much in precision that the results no longer have any clinical
value? In some degree this very proper doubt will be met by an in-
spection of Figure 22, Here we have plotted the first clinical results we
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experience, are better equipped than they to understand the wisdom of
George Mereduth’s couplet:

Ah, what a dusty answer gets the soul
When hot for certainties in this our life] *

Certainty is what forever eludes us, and we are eager to get our handson
any truth, no matter how incomplete and mixed with error.

DIREGT CLINICAL METHOD FOR ESTIMATING
SERUM CREATININE CONCENTRATION

‘We have described in detail how to measure creatinine clearances in
this clinical manner because they are useful when no color standards .and
no apparatus beyond what everyone possesses are available, This is 2
quick and simple method. Yet, on days when more than the usual nurm-
ber of new patients appeared, we found that it was not quick enough for
us, and so we began 1o cast around for some procedure even more ex:
peditious, One day, in connection with some other problem, the ques
tion arose as to whether alkaline sodium picrate could be added to serum
without precipitating the proteins. When some alkaline sodium picrate
we had been using for creatinine clearances was added to serum, the mi<-
ture was found to remain quute clear, and as the tube was being w'ﬂld}Cd
it was observed that the orange color of creatinine picrate was beginning
to appear. The tube was laid aside, and when it was picke_d up agut
an hour or so later it was seen that, though it was still quite clears it
had taken onr a very deep orange color, far deeper than that which
could have been derived from the creatinine content of the serum We
were using. It was obvious that there was something else in !.he serum
besides creatinine that was giving the Jaffé reaction, We might have
given up the dawning hope of getting direct creatinine readings wl!.h?::
removing the serum proteins if it had not occurred to us that creatit :
and this unknown chromogen might have entirely different rates of reac
tion. To test this hypothesis, alkaline sodium picrate was added :;
serum, and the rate of development of light absorption at a wave lcnrgtd
of 520 A, the peak of the absorption band of creazifﬁne, was measul
in a spectrophotometer. The results are shown in Flg{xre 23. hale

It will be noted that when athahine sodium picrate is added 10 W ol
serum, the rate of development of creatinine picrate is extren'fely ;‘JI;' the
even more rapid than in protein free filtrates—so that 6 min 2 tcdop
addition the curve is already asymptotic. However, lhe.calor ch"ch
ment does not stop but slowly and steadily increases until, after s¢

;. i atinine
hours have passed, it is far deeper than that given by any cré: N
J Jes Ser
* Poetical Works of George Meredsth, “Modern Love,” p. 155, New York Char
ner's Sons, 1928,
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Fig. 23. Rare of color production at wave length 520 after adding 10 cc of diluted
sodium picrate to 5 cc of serum.

concentration that ever occurs in man. With such a wide difference in
the rates of reaction of the creatinine and the chromogen, it seemed as
though we ought to be able to measure the creatinine alone if we read
the Color exactly 6 min after the addition of the picrate to the serum,
This was shown to be possible when spectrophotometric readings were
made in sera to which known amounts of creatinine had been added.

It has probably occurred to our readers that if it is true that the rate
of creatinine excretion remains the same, no matter how much we reduce
the size of the Lidney, it must follow that the correspondence between the
value of the creatinine clearance and kidney size is entirely due to
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TABLE 24
Maxna Errors sy e Dimecr CLivicat. Meriop
CrEATININE T, no,
oF

FHOTOELRCTRIC MINUS ERRORY
METHOD ik PLUS ERROS
TIENTS
Normal 09—2mgm% 63 064 mgm % instead of 2 10 mgae % fus
o 1,15 mem % 108 mgm %
ight toModer- 2.1-—~5mgm % 15 296 mgm % instead of 2.9 mgus G aae

ate Retention 328 mgm % 2.28 mgm
Marked Reten 5.4—8mgm% 9 710mgm % instead of  8.63,mgm % 1
n .90 mgm 62 m
Uremic Levels  81—10mgm% 6 7.9 mgm % instead of 9 28 mgra % s
9.34 ragea % 813 g %

blood urea concentrations in most of the patients in whom the d
method indicated any abnormality and in many of those whose creat]
readings were within the normal range, though it is true that this
parison gives us only a rather rough and uncertain measure of reliab
since the blood urea concentrations vary with extrarenal factots tha
not alfect creatinine,

In closing this discussion it would be easy to end in a neat and ¢
clusive manner. Of all methods we have asked the same question: '
they or do they not give Tesults that vary as does the amount of renal
sue left in rats from which varying proportions of their total kidney n
have been removed?” On these experimental grounds, and also 3
consequence of observations made on normal individuals and on patie
we have finally reached the conclusion that the best method is the de
mination of the concentration of creatinine in the serum, and we R
converted this determmation into a clinical method by devising 2
and reliable procedure for its measurement, We mighs go further 3
say more. We have shown that the corrected rate of creatinine excret!
1emains constant no matter what the size of the kidney, and also if
creatinine clearances seem to vary rather closely with our best estimal
of the quantity of effectively functioning renal tissue. From these ¢
servations we can deduce a simple equation that will tell us, from t
serum creatinine concentration ajone, the extent of any renal lesion
terms of a percentage of the normal amount of renal tissue. 5

If we abstain from expressing our conclusions in this manner it
not because we would not like to think of the problem in exactly th
way, but rather because we know that our data are inadequate to be:
the weight of an expression that is at once so compact and so final. ¥
speak in such terms would be equivalent to supposing that we ha
reached the end of a journey of exploration on which, in fact, we hav
scarcely started. We have looked over this country from 2 distant
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and have made a rough sketch of its main features, but when it is really
penetrated we will probably find surprising and apparently conflicting
features that will render any generalized abstraction not only inapplicable
but misteading. Yet there is no harm in drawing these crude and faulty
maps so long as we know what we are doing, and it is true that almost
any map 1s better than none at all, since it at least gives us something
definite to correct and extend. In clinical practice, which is within the
field of the individual and concrete, this criticism and extension will be
accomplished if we ourselves make those simple observations that give
us a direct and specific knowledge of facts that bear on this problem of
the extent of the renal lesion and will then go on to relate these facts to
all the others derived from the patient’s history, his physical examination,
and the peculiarities we see in his blood and urine. Placed in this rich
pattern of co-ordinated observations, there 1s hittle danger that the results
of any single method will lead us far astray.
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purposes. There should be at least a clinical, an anatomical, a physiologi-
cal, and a biological classification, and, growing out of the endeavor to
understand disease in a manner that satisfies these interests in all their
internal and external relations, there may finally evolve a classification
that might be called philosophical.

‘When, however, we try to describe clinical classifications under this
category of purpose we do not find them all informed by any single
endeavor. A clinician is complex. He is part craftsman, part practical
scientist, and part historian; so his several classifications involve, in vary-
ing degree, all these elements. It is only if we look at him when he is
working with his patients that we find him single-minded. Then he is
wholly pragmatic and utilitarian. His only design is to bring relief, and
he is not at all scrupulous about how he does it.

At that moment his classification is one in which diseases are distin-
guished in accordance with their “causes,” meaning by causes not all the
factors responsible for a situation but only those he can control—those
whose elimmnation leads to the disappearance or diminution of disease.
It is not an etiological classification, except insofar as it may give rise to
the recognition and removal of some condition necessary for the develop-
ment of disease. Once disease is established, the clinician pays no attfn‘
tion to etiology. Then he tries only to stop the disease by removing
some factor required for its continuation. And when disease has run 1ts
full course, a clinician, insofar as he is merely a craftsman, reviews the
process in order to make sure that all the “causes” were recagnized.and
the appropriate acttons taken. This is the primitive clinical classifica-
tion. It is wholly subordinate to therapeutic action,

Physiologists and anatomists are not ruled by a desire to do away
with or ameliorate disease. They seek rather to understand it, in the
sense of being able to give a Teasomable account of the mechanisms
through which it operates. They avoid the word “cause,” as used by
clinicians, because for their purpose it is too anthropocentric. For them
there is no one cause for any disease: there is a constellation of causes
that are to be distinguished in accordance with the degree to whic}‘t they
are more or less directly concerned in bringing about alterations in the
function and structure of the body. Disease is for them a quantitative
change in the processes that initiate and continue function, or that

develop or maintain structure. They view disease as a variant of norrllﬂhI
form and function. Their purpose is to give an explanation of suICJ
aberrations in terms of mechanics. Their classification is ordered bY

N . ts
their i s it bles an eng s catalogue of the various defec

~. that may arise in the operations and buildings of a f::ctary..
Many of our present classifications are called pathological, but they
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do not deserve that name, Pathology is not yet an autonomous science,
and so these so-called “pathological” classifications are based on a medley
of chinical, anatomical, and physiological principles and have no inherent
unity. A truly pathological ordering of disease can develop only after it
has been demonstrated that the alterations in mechanism occurring in
disease are different in kind as well as in degree from those dealt with
by anatomists and phvsiologists. Only when we know that the processes
of disease obey laws distinct from those of anatomy and physiology will
there be any need for a pathological classification,

There is another classification, broader and deeper than the anatomi-
cal or physiological but not yet quite explicitly formulated. Clifford
Albutt dreamed of it in 1867 (45) and later gave it this outline

We have made a minute clinical study of human nosology; perhaps, in-
deed, no extensive drscoveries remain to be added to this field of research,
But the parts into which disease has been dissected are not the elements out

through the microcosm of the embryo, in pursuing disease also through its
variattons in space and under changed climauc conditions; in registering the
effects as these changes pass by hereditary transmission from the dynamic to
the static form and 1n so tabulating pathological sequences in family, race,
or country as to detect the latent affinities of diseases apparently unkindred.

This, when we have achieved it, may be spoken of as a biological classifi-
cation of disease.

Of all possible classifications the most universal will be what may be
called the philosophical, but of this we have as yet only adumbrations.
‘We may be sure only that it will overcome and yet include the abstrac-
tion of the scientific and the particularity of the clinical ponts of view,
and that within it there will be room for the potential as well as the
actual relations of disease to the individual, to society at large, and to
the world in general. All other classifications are elements in its forma-
tion ‘The emergence of this allanclusive system will be best forwarded
if all the dusciplines interested 1n disease develop the implications of their
own presuppositions to their logical conclusions, each of them quite
conscious as to why they diverge from all the others.

Purrose Axp NATURE OF ANY CLINICAL CLASSIFICATION OF REwAL
Disease

. To separate for classification the diseases of the Lidney from disease
In general is already to have broken the initial rules of any sound sys-
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peculiarities or the physiologists’ comprehension of function, they are
not placated. They regard such borrowings as a prostitution of their
sciences for merely utilitarian ends.

This ancient misunderstanding of medicine still persists and of late
has shown signs of exacerbation, So, particularly today, it is proper to
preface any discussion of clinical classification with some sort of declara-
tion of the freedom that should rightfully be accorded the clmician to
make any sort of arrangement of his own or of anyone else’s observations
that, in his opinion, will forward the attainment of his own specific end.

If there are properly several fundamentally different ways of classify-
ing renal disease, it is also true that within the strictly clinical field there
is need for more than one classification. But the distinctions between
clinical classifications do not arise from any difference in the underlyng
purpose for which they are used. This purpose, through all its many
variations, remains always the same. Clinical classifications differ in 2c-
cordance with the nature and extent of the data available for arrange
ment. Sometimes the observations are sketchy and incomplete, covering
what has been seen and felt and heard at only one point in time. Some
times they are detailed and exhaustive, including information as to the
complex of conditions under which the disease had its inception, cor-
prising a complete description of the gradual development of the disease
process over many years, and ending with an account from the pathologist
of what he found after the disease had run its full course. These two
extremes must clearly give rise to different ways of ordering the data.

From the first, there can come nothing more than a pravisional ar-
rangement of possibilities, from the second, since there is here an ex-
tensive assortment of co-ordmated facts in series, there may be derived
something less hypothetical, something more concrete and speci_ﬂc- Be-
tween these two extremes lie many possible clinical classifications e
emplifying all gradations in the passage from almost pure speculation 0
almost complete certainty. A clinician does not value one of these more
than the others They are his tools and he uses them 2l in turn as they
fit the information he has at his disposal. He employs them to place
each individual patient m relation to others in groups that have certain
characteristics in common. Fitting the patient thus into a pattern, he &5
able to use for him the knowledge gained in the past from other patierts
in the same group; so that he knows in a general way u'rhut'to cXPC‘;E
and in a general way what to do. In medicine, classification Is gcﬂfﬁf; ’
ized diagnosis, but it is 2 fluid, constantly changing process of sp.ecl oy
tion whose real significance is not to be obtained from tabulations I
textbooks, no matter how “authoritative.” X the

Although clinical classifications can be arranged in order, from
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achieved is other and more complex than that with which we started.
This is true even though that second individuality is never taken quite
seriously, is under constant revision, at no time has the body and sub-
stance that belangs to every one of our patients, and remains forever
something approached but never reached.

The hope has been expressed that some day we may attain to a clas-
fication of disease that will begin to deserve the appellation “philosoph-
ical.” No clinical classification will claim more than representation in
that patliament of all the interests involved in the study of disease, but
what has been said about clinical classifications is enough to make plam
that none are more eager or more concerned than are doctors to forward
this universal understanding.

‘We can claim, perhaps, to be as well prepared for this event as others,
because the two-way method we use in the development of our classtfica-
tion approaches the method that by necessity is used in philosophy. In
particular, we do not start with any consciously fixed and absolute postu-
lates. When the results of our ratiocinations do not help us in action,
we are quite willing to reconsider the plan we used in arranging out
original facts of observation, not ignoring or doubting anything we have
seen but hoping we may bring to light the prejudice, the ignor?nce. or
the unconscious assumption that has caused our thinking to deviate.

CLINICAL ARRANGEMENT OF PROTEINURIAS

If there are good reasons for objecting to a separation of patients
with diseased kidneys from all other patients, no one will even }ry to
defend a division based on the presence or absence of protein in lh.l
urine. This is not classification at all. It is simply a necessary recoghl-
tion of the local and transitory fact that our clinic accepts patients with
proteinuria and rejects all others. The sieve through which they haV;
to pass is even narrower because this is an out-patient department, an
we only see the patients with protemuria who are well enough to w:ll:i-
‘Thus, by the very nature of our own requirements we are debarre
from ever attaining to that breadth of vision which is one of the first
prerequisites for classification. -

Though what we see 15 thus only a small part of the whole, it ¥
rich in diversity and covers more than we can comprehend or ordg
intelligently, so that it is “as if one should see an immeasurable'hﬂas
scape through a keyhole.” It will be remembered, moreover, that it W
through a preliminary concentration on this one symptom of meemur.l;;
and his subsequent observation that it was invariably associated wi

renal disease, that Richard Bright laid the foundation of all the cl'imrﬂ:l
ia and changes in the urinary sedimen!

knowledge we possess. Prc
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that have been told from beginning to end—those for which all the avail
able facts are in and every etiological, clinical, and pathological observa-
tion assembled.

‘This means that in describing the last arrangement we shall exclude
all the patients we are now treating, no matter for how long, becus
their stories are not yet finished. It means, also, that we shall have to
eliminate a great number, perhaps the majority, for whom no evidence
relative to their origin and development could be obtained. We hae
also excluded all cases, no matter how complete and convincing, that
we have not followed by our own methods, so that our data mght be
strictly homologous and based solely on first hand observation, The most
interesting of all our patients, those whom we have never been able to
understand at all, have been left out. By virtue of all these exclusions
and by choosing one patient as a symbol of certain, frequently seen
forms of proteinuria, the experience of over twenty years up to 1941 has
been cond 1 to the consideration of 412 patients who alone can be re-
garded as more or less suitable for the purpose of a last arrangement.

‘We know very well that we are evading any real discussion of diag-
nosis when we refuse to say anything at all except about what we call
the first and the last arrangement of patients with proteinuriz, For
the first arrangement is so tentative that nothing definite can be said about
it, and the last is so well documented that nothing need be sard about it
Furthermore, this last arrangement of all the multitudifous problems
raised by proteinuria is dull because it is so certain.

But before they came to their end there was nothing dull ab?ul
these questions. At one time they were probabilities, not certainties
Once they were developing and growing, and so were full of life and
even danger, because it was sometimes necessary to take a chance and
to act as if they were not problematical but sure, When they Were
finally answered, these questions died. The last arrangement .ls their
graveyard 1n which they lie symmetrically deposited under their mor
or less appropriate epitaphs.

THE LAST ARRANGEMENT

1. Caused by toxic material reaching the Lidney through the 13100“1
stream. Associated with evidence of a degenerative renal lesion.

. Mercury poisoning.

Industrial solvents.

Sulfa drugs.

. Haemoglobin and its derivatives. o

By-products of infectious diseases (febrile albuminuria).

Myxedema.
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=



e 1

o

e

™

©

10,
1.

THEORY OF DIFFERENTIAL DIAGNOSIS 133

G. Gout,

H. Amyloid disease,

1. Pregnancy toxemia.
Caused by abnormalities in plasma protein formation? Asso-
ciated with evidence of a degenerative renal lesion.
Caused by decrease in the blood supply to the kidney. Associated
with evidence of a degenerative renal lesion.
Caused by neoplastic disease in the kidney. Associated with evi-
dence of a degenerative renal lesion,
Caused by developmental anomalies of the renal artery, vein or
urinary tract,
Caused by developmental anomalies of the Lidney.
Caused by diseases of the renal arteries.

A, Dissemnated lupus.

B. Periarteritis nodosa.

C. Symmetrical necrosis of the cortex.

. Caused by hypertension. Assoctated with evidence of a more or

less gradual decrease in blood supply.
Caused by bactena growing in the kidney.

A. Tuberculosis.

B. Chronic pyelonephritis.
Caused by bacteria in the blood that induce glomerulitis.
Caused by B hemolytic streptococci that inimate glomerular
nephritis,



-

CHAPTER €

THE DIFFERENTIATION OF GLOMERULAR NEPHRITIS
FROM OTHER DISEASES

To provide some sort of system in the discussion of the diseases that
have to be distinguished from glomerular nephritis, we shall use what we
called the “last arrang " of | inurias given at the end of the
preceding chapter. For the moment this is as good a sequence as we can
contrive, though the arrangement is not logical, for there is ovexlapping
between the divisi it is not ical,’ for under one or another
heading are conjoined instances of extremely diverse structural defects;
it is not physiological, for we have paid no attention to the nature of the
functional abnormalities that are included; it is not biological, for it
is not ordered in accordance with principles derived from any under
standing of how the diseases enumerated can be viewed as devianons
from the laws followed by the processes of life; and certainly no ooe
could say that it is in any way tinctured by considerations of a phil-
sophical nature. This is a clinical arrangement made for the purpos
of facilitating treatment. It is intended to separate patients into groups
for each of which a specific therapeutic strategy is required. We 2t
well aware that this is no more than an inadequate and faulty beginm.ﬂg
of an attempt to classify patients with proteinuria in accordance with
their therapeutic needs. It may, however, be taken as a symbol of our
recognition that any classification purporting to be clinical should be
‘based on this principle.

The number of patients in the eleven groups that we have been able
to follow from beginning to end gives, of course, no index as to the
distribution of renal disease among the population at large, and it has
no meaning even for that section thar visits out-patient departments.
Our collection is heavily overweighted with examples of glomcnﬂ.af
nephritis because our clinic was known to be particularly interes.m:l in
that disease. Simply as a list of diseases associated with proteinuria it 18
quite incomplete. The reader will be able to add many more ﬁ'?m
his experience as, indeed, we could from our own. Those we mention
are the principal ones we have recognized as distinct diseases that we are
sure are not glomernlar nephritis. But this knowledge is a small begin-
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may be heavy with amyloid, but a year or two after the amputation of 2
leg with sinuses leading to dead bone not a trace of amyloid need be
left. These are the renal lesions we can sometimes cure: never by trear
ing the kidney, always and only by removing the cause.

The second group, the degenerative renal lesions caused by abnormal-
ities in plasma protein formation, consists of patients who come to us be-
cause they are edematous, but, though the urine contains protein and
there are signs of a degenerative renal lesion, the development, course,
and outcome of their diseases is quite different from glomerular nephritis.
‘We know very little about these patients, but it already seems clear that
they are not all alike, We put them together because it would seem
that in all of them our hope of developing a rational treatment depends
on our capacity to find how to induce an incresse in their capacity to
produce normal plasma proteins at an adequate rate, Here also, as in
the first group, the renal lesion is secondary, but this is a very special
case because here the kidney itself participates in producing its own
disease. Presumably the primary cause is the formation of proteins that
can pass the glomerular filter in mote than the normal concentration
or of proteins that cannot be digested by the tubnle cells; but the r:.nal
disease, the degeneration in the proximal tubule cells, is a self-poisoning
through reabsorption of this filtered prutein.. . o

secondary in this instance to changes in the distribution and rate ot i
of the blood with which it is supplied. We do not often sce 'LthC
patients in the out-patient clinic but in the ward, During war t_hls be-
comes 2 daily problem for regimental surgeons in front-line dressing si2-
tions. Here also treatment goes beyond the kidney. (See Addendum o8
p. 178.) .

The fourth group, the proteinurias caused by an infiltration of t{le
structure of the kidney by neoplastic cells, that now and then occurs n
the leukemias, Hodghin’s disease, and myeloma is, from the point of view
of treatment, a diviston that is extrarenal.

The fifth group comprises a medley of all sorts of congenital_de&cu
in the structure and relationships of the renal artery, renal vell, and
urinary tract. Some of the patients in this group can be. cur.cd b)E'
surgeons; there are others, in whom no possibility of any .recnﬁcmon of
the anomaly exists, who should be treated by the dietetic methﬂ'ds W;
recommend if the defect involves damage to the structure and function o
the kidney itself. For us, however, the most common and therefore rxl\;]:st
important subdivision within this group is the condition Anown as oTtno”

™ static albuminurza.
e s . "
‘With the sixth group we come to the first division in which the caus
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is a congenital malformation that involses the Lidney itsell. There are
several anomalies of this sort, but by far the most important for treatment
and the only one we shall say anything about is polycystic disease,

In the seventh group, proteinurias caused by diseases of the renal
arteries, we include the three curious and little understood conditions
called disseminated lupus, periarterttis nodosa, and symmetrical necrosis
of the cortex. The first two are systemnic diseases, and it is only toward
their close that the renal Iesions someti: become predomi and
determining. In symmetrical necross of the cortex we have a condition
in which the renal arterial lesion is central, and the outcome of which
may at times depend on treatment directed specifically to the kidney,
since here we have a lesion 1n which large blocks of nephrons die. (See
Addendum on p 178,)

In the eighth group, the proteinurias caused by hypertension, we have
patients in whom the renal manifestations are at first purely functional
and who only later give evidence of anatonucal renal defects which we
ascribe to an increasing degree of arteriosclerosis and of thickening of
the intima of the arteroles of the kidney. Thus is still a secondary lesion
as far as the parenchyma of the lidney is concerned, and as for the
arterial and arteriolar lesions there 1s no reason, in the vast majority of
patients, to suppose that they are more than consequences of a systemic
hypertension whose ongin is extrarenal. So this 15 still a disease in which
for treatment we must go beyond the kidney.

But what treatment? Here is a disease that everyone sees every day
and no one understands, a condition at once 50 common that the man in
the street knows 2 good deal about it and yet so obscure and complex that
none of 1ts students, either in the experimental or in the chnical fields of
investigation, have been able to encompass it. Its treatment remains a
problem from which all those who demand clear and definite evidence
turn aside in distaste. Yet it 15 precisely here that the true clinician
comes into his own. It is in this dubious warfare against an uncompre-
hended foe that he shows his true mettle, understanding—though he
could not say how—the unexpressed anxieties and the hudden pressures
that infringe upon has patient, taking him all in—not to analyze him but
only in order to help him. The ways 10 help are as numerous as are the
patients. For each of them there is one best way, though how to find
it is not something we can read about in books or learn from psycholo-
gists. This is something the patient can tell us.

In the ninth group, diseases caused by bacteria growing in the kid-
ey, there are a number of specific infections that might be mentioned.
But for our purpose the all-important member is chronic pyelonephritis;
important, again, from the point of view of treatment—direct treatment
by minute amounts of sulfa drugs and indirect treatment by diet which
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need not be any doubt as to its diagnosis in the great majority of in-
stances. It never begins before the fifth month of pregnancy and not
often before the sixth. It is associated with a rising diastolic pressure
and yet does not lead to nitrogen retention, not even when the urine
“boils solid” and there are signs in the sedi of a fatty d i
of the tubule cells. When the uterus is emptied the pressure retums to
normal and the signs of a renal lesion disappear. No one but an ob-
stetrician can afford to say anything about its management, for that re’
quires great experience and a detailed knowledge of the particular ar
cumstances in each case. It is true that, from the standpoint of treat-
ment, the renal lesion is unimportant, but it does not seem to the ordi-
nary medical man that clarity and decision are forwarded by the com-
plexity of the accounts given in the obstetrical literature as to the rdle
played by the kidney. There is much use of the phrase “low reserve
kidney,” a concept that seems to express little more than confusion and
indecision. It is a category of convenience under which may be ranged
all those Tenal lesions met with in pregnancy that the obstetrician does
not understand. ‘This would not be important if it did not indirectly
strengthen the hold of what may furn out to be only a myth, the idea
that pregnancy imposes what is spoken of as a “strain” on the Lidney,.a_
strain that is supposed to bring to light these deficiencies in “reserve.
No one can afford to be dogmatic on this subject, but if by strain is meant
increased osmotic work by the kidney, then its existence can be categor
ically denied. When the protein consumption remains constant, the
osmotic work of the kidney during pregnancy is a little less than usElﬂl
because amino-acids whose nitrogen would otherwise appear in the urine
as urea are utilized to build the embryo, uterus, and placenta. In rats
on a constant diet the kidney becomes 2 little smaller during pregnancy
If there is any strain, in the sense of increased work, it falls not ont l'l‘"’
kidney but on the liver, in which we find a remarkable increase in size
as measured by 1ts protein content (46). On this account it wor{ld seem
to be worth while to breah down “low reserve kidney” into its com
ponent parts. Within this category there may be examples of all the
proteinurias we are trying to classify, and it may be t}.lat prcgmng
does nothing to accentuate them but is merely the occasxon_that lea
to their discovery In any event, as far as our limited experience gcest-
there is no special difficulty in the diagnosis of the mature and exten!
of a renal leston during pregnancy. As far as we can see, It produces 00
qualitative change in the characteristic features of such diseases as glonr
erular nephritis, chronic pyelonephritss, or polycystic kidneys. A nl"f‘ﬂ'
ber of our patients with glomerular nephritis in the latent and ewcrll]:
the degenerative stage have had normal gestations and now have healthy
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an opportunity to observe the end. The final outcome in all these P
tients is given in Table 26.

W.H.

D W.

P N.
P.H.

S.H.

TABLE 26
DURATION
OBSERVATION FINAL OUTCOME
15yr  Edema and proteinuria found Oct, 1923 Both went in the sutumn of
1924, but proteinuna and later edema reappeared 1 1925 2ad con-
ﬁnuedlugéll Oct , 1925. No recurrence of exther edema or proteinuna
up to 1938,
12yr  Edema and proteinuria observed in 1928, There appears to have bett
a complete recession until 1931 when these symptoms reappeared and
did not clear untl 1935, No edema since. In 1940 urine was almost
normal,
8yr Edema and protcinuria found in 1932, Edema disappeared but re
tarned in 1933 Sox months later both edema and proteisurta vent
Well in 1941,
BYr  Tms St cnmpenad I 4029 and Tamsad fan 9 ennnthe With iy disae
it 1
3yr Ederna and proteinuria lasted for less than a month in 1935, and bo;‘;
dsappeared Both returncd 1n 1938, The edema quickly weat, but ¢
protenuna did not disappear uati 1940,
179 " - “ e se e emar mamee et luerbut
edema,
b i din
7 Edema and proteinuna developed in 1923 The edema disappeare!
T 026 A slight proteinuna was stll present 1 1928 but by 1931 had
entirely gone.
5 in
16 In 1922 edema and proteinuria were found The edema went latc i
” 1923, but a slight protemuria perusted untif 1931 Was entrely well 18
38,
;i i 3 bout
8 Edema and proteinuria appearcd in 1933 and continued throug!
T 1934 1a 1935 all No found 18
41, »
Ed d proteinuna first found in 1922 The edema disappe
i Gurimg 1923, but a sheht protemaria persisted through 1924 By 199
no abnormality could be found -
s inyed un!
Edema and proteinuria appeared I 1925 and continue 4
T By 1927 therd was 5o longer any proteinuria No recurrence uprw 119;
N s dsted for 1 ¥
Edema and protemuria found in 1926 The edema persist: '
i and lh:a;'otlc’muna almost but not quite disappeared 3 '3"""{2 1;5
though very low rates with no aigns of a renal leston persste ui ’
nsid:
Edema and proteinuria seen in Mar , 1933 The edema vancd co
3mih =ra?:'lx;vzbut nzver entirely disappeared In Nov, 1933 D?m”(::ld::m
Pain Hcveloped e dued a fow days later, probably of pen .
16yr  Fdema and protcinuna found i Oct, 1924 Edema Lasted untf Jam»
' . reared
3y . A
ent
2yr  Edema and protemuna appeared in Mar, 1932 and very sldeely

chsappeared 1 Nov, 1932,
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as an explanation. We therefore predicate a decrease in the rate ol
plasma protein formation or an increase in rate of plasma protein catab
olism,
1t is obviously premature to ascribe a disease to a defect in a proces
whose successive steps physiologists and biochemists have not yet even
roughly defined. Nevertheless, having embarked on this speculation, 1t
is necessary to go further. When an electric current is passed through
serum, the components of the protein complex separate because they
move at different rates. When the serum of these patients is treated
in this manner, 1t is found that some of the protein fractions of normal
serum are present in greatly diminished quantity, and that the rates of
speed are altered so that a grossly abnormal electrophoretic pattern i
obtained. The lipemia may be a result of the decrease or absence of
certain protein elements between whose layers fatty acid molecules ust-
ally lie recessed. We may suppose that these proteins carry the fat
in molecular dispersion and obviate their coalescence into droplets
Lipemia may thus be a manifestation of an inadequate transport sy
analagous to a traffic jam on the road between the gastrointestinal tract
and the tissues. We believe, furthermore, that the lipemia is the reasol
for the fatty infiltration of the tubule cells, The minute droplets of ft
squeeze through the glomerular membrane and, being retrieved by the
tubule cells, produce the fatty kidney. The lowering of the plasma Pr&
temn concentration and the consequent edema might be due to a sharp
reduction in the rate at which protein is formed relative to the 1t at
which it is destroyed. However, the proteinura is still left unc'(plllnej"
It develops so suddenly that a qualitative defect in the sort of protein
produced is suggested: the formation of small molecules which pass the
glomerular filter in unusual concentration or which, though of ‘normal
size, are so deformed that they cannot be digested by the tubule cells.
This would account for a rapid filling of the tubule cells with phagoct”
tosed protem, the development of the hyaline droplets the pathologists
find in these cells, and the app ¢ of the bsorbed proteift W
measure in the urine. .
diag:

All this may be true, but even so we would have no complete
rative and qualit

ve },ypathc-
centration?

nosis. What are the conditions that induce the quanti
tive defects in plasma protein formation or disintegration
cate? How can we restore the lost level of plasma protein con

DECREASE IN THE BLOOD SUPPLY TO THE KIDNEY

The kidney of the rat has what seems to us 2 surprisi
recovery from complete deprivation of all its blood sup]
put spring forceps on the pedicle of 2 single remaining kidaey,

ing capacity for
ply. Whep ¥
we found



DIFFERENTIAL DIAGNOSIS 149

that none of our rats died later from uremia unless the occlusion had
been maintained for more than 134 hr. To us this makes it seem likely
that in man the extreme reduction in renal blood flow that is known to
occur in shock might have to continue for an unusually long time before
the anoxia would induce a wholly irreversible renal lesion. But even
though it does not last so long, any pronounced decrease in blood supply
damages the Lidney. We think it is probable that special clinical situa-

. tions arise in which final success or failure in the treatment of shock
may be dependent on the selection of therapeutic measures for the re-
constitution of a normal circulation that do not overburden the kidney
(49). We may anticipate further nformation on this question when the
experiences in the war are recounted. Apart from shock we have some
as yet inconclusive climcal evidence that anuria or extreme oliguria may
sometimes be caused by an almost complete closure of the afferent
glomerular arterioles. What is needed now is experimental work on
2nimals from which might be derived simple, chinical methods for the
recognition of such situations. (See Addendum on p. 178.)

NEOPLASTIC DISEASE IN THE KIDNEY

‘We have seen patients with leukemia in whom proteinutia was the
first sign of abnormality that was observed. We have seen proteinuria in
Hodgkin's discase disappear after x-Tay treatment. But for a clinic
concerned with renal disease the most important member of this group
is multiple myeloma, 'This is a strange and interesting disease that is
hard to classify. We put it under this heading though it is doubtful
whether there is any considerable infiltration of the hidney with plasma
cells at the time the dragnosis is usually made. There are three clinical
observations that lead to its recognition. The one that gives the diag-
nosis with certainty is the finding of Bence-Jones’ protein in the urine;
a less common sign is the finding of a very high serum protein concen-
tration; and the latest sign of all is the revelation by x-ray of char-
acteristic bone lesions. But any one or all of these signs may be absent
and yet the patient may be dying of mycloma. We cannot even learn
the frequency of this discase from postmortem records, for unless the
clinician gives the pathologist the idea that it is a possibility, the usual
examination may fail to reveal its existence.

When it occurs, the finding of Bence-Jones' protein is unequivocal
evidence of myeloma. But there is some confusion en this point be-
cause when the methods given in the textbooks are used there may be
formed, as an artefact, 2 small amount of protein that behaves lile Bence-
Jones protein, and as a consequence it has been reported that jt may be
found in many diseases. When the procedures recommended by Snap-

e
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of epithelial cell excretion that indicate a considerable increase in the
death rate of tubule cells. Orthostatic albuminuria is thus not a “pure
proteinuria.” Doubtless there exists an anomaly characterized solely by
loss of protein in the urine, without any renal lesion whatsoever. That
would arise from a defect of the specific mechanism used by the tubule
cells in reabsorbing protein from the glomerular filtrate. This condn{
tion would be the protein analogue of renal glycosuria. But in orth~!
static albuminuria there is a renal lesion, and in the more pronounce
examples this fact can be easily demonstrated.

When the possibility of the existence of orthostatic albuminuti
arises, the patient is given five bottles. He is asked to void and discar
urine at 8 aM. when he rises from bed, and to collect urine at 12 noot
4 pdr., 8 P, 12 midnight, and at 8 A, on the morning of the nes
day. In order that the urine may be sufficiently concentrated, he .
instructed, after taking his ordinary breakfast, to abstain from fluids ¢
any sort until all the spectmens have been collected. In order that th
conditions that induce proteinuria may be determined, he changes then
from period to period. During the first period he is up and arounc
engaged in his usual day’s work; in the second period he runs, swims
plays tenmis, or skates to the point of exhaustion; in the third pcrlod'hl
lies down; in the fourth pertod he is again up and around; and durin;
the last period he is asleep m bed. When there is some reason to sus
pect that lordotic positions or immobility in the erect posture are deter
mining factors, spectal instructions are given. The general purpose ol
the exammation is to define the external conditions that induce cht
urinary abnormalities, and to accomplish this no one set of Toutine
instructions will suffice. )

The patient we have selected as an example of orthostatic albumn:‘-
uria was an 18+yrold student in whose urine protein had been fuund
on several occasions during the past 4 yr. He came because he wante
to know whether it would do lum any harm-te try out [oz: the track
team. No abnormalities were found on physical examinal.xon. T.hC
night urine obtained after abstention from fluids had a specific S:“‘;‘Z
of 1.036 and was equivalent to a 24br volume of 456 cc. It comal(;lc ;
very few hyaline casts (4,200 per 24 hr), no red cells, and 1,700,00! e}; -
thelial cells. The 24-hr rate of protein excretion was 0.97 gm, 2 q“al
tity that, with the method we then used, was not definitely al;ng;::
Another similarly concentrated urine contained no casts, 1o 1 od dhe
cells, and 0.3 gm of protein in 24 hir. These observations exclu ehm-
possibility of a latent glomerular nephritis, but they gave no "‘? o
tion of the fact that at times very definitely abnormal amounts of P
tein had been found.
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curious coincidence of a continuously high blood urea concentration
with an almost normal blood-pressure. But no one was able to feel the
kidneys and the diagnosis was made not by clinicians but by the path-
ologist who, on entering the postmortem room and observing large, oval
protuberances in the relaxed flanks of his subject, made the remarh,
“Well, I see we have a case of polycystic kidneys today.”

There is nothing pathognomonic in the results of the clinical methods
we have described. Small numbers of hyaline casts are sometimes found
in those who are not already uremic; and in those who are, renal fuluse
casts are often seen. The number of epithelial cells is usually far above
normal event when there is no frank pyuria. Red cells may be absent
or present in any number up to gross hematuria. Protein is always
found, and here is the only point that may be called even suggestive, for
in a few cases in which observations were made over a long peniod of
time there now and then came a day on which the proteinuria, which
was running fairly constantly at a level of less than 1 gm in 24 hr, would
rise to quantities five to ten times greater than the usual Jevel.

This is 2 disease in which dietetic treatment is important, and per-
haps not only in those patients who are already uremic. For them tl.xt
treatment of the terminal stage of glomerular nephritis applies. But in
the earlier stages, even though these patients are the victims of a progres-
sive disease, it is possible we might be able to slow down the rate of
development by dietetic measures that reduce the blood flow ',h_mugh
the kidney. It is this possbility that makes important the question of
what shall be done with the children of these patients. If there were
no hope, it would certainly be kind to leave them alone. Sim.:c hope
exists, we have to try to bring about a reduction in the osmotic work
of their kidneys if we can do it without making them anxious.

DISEASES OF THE RENAL ARTERIES
d lupus,

Under this vague and nonc ital title we place - P
periarteritis, and symmetrical necrosis of the cortex. We mention tl\e
first two of these diseases because sometimes, toward ({mr clv'slt.?. ‘r\:
lesions in the kidney produce not only proteinuria but urinary s e
changes that are striking and characteristic. Krupp (52) has dc.scﬂ !
what we have come to call the “telescoped” sediment, because it cor;l
bines the blood-casts of the initial stage, the fatty Casu‘and fatty tubuh :
cells of the degenerative stage, and the broad renal failure casts ;fc !in
terminal stage of glomerular nephritis all together, at the same time,
i the diagnosis reached in four

Symmetrical necrosis of the cortex was b
1very.
patients with anuria, Two of them were women seen soon after delivery.
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In the two men the anuria was preceded by a fever, induced by catheteri-
zation in one and associated with vomiting and diarrhea in the other. All
of them recovered. (See Addendum on p 178.) The diagnosis is based on
the singular course of the uremia which followed the anuria. In Figure
29 we reproduce some of the observations made in one of these patients.
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Fig. 29. The slow recovery from uremia 1n symmetncal necrosis of the cortex.

The essential feature of this uremza 15 the slow fall in the blood urea
concentration in spate of the excretion of large volumes of urine. When
urine flow is re-established in a normal Lidney whose function has been
temporanly stopped, as in the anuria occasionally seen with ureteral
stone, the fall in blood urea concentration 13 very abrupt. A slow fall
1s evidence that the total amount of functioning renal tissue is greatly
Teduced, In this discase the circulation through large sections of the
cortex iy stopped.  As the sections that are spared begin to recover from
the effects of the general circulatory disorgamization within the Mdney,
‘}{")’ are at first quantitatively insufficient to do more than plztcaq the
hitherto rising blood urea concencration, and only slowly and by virtue
of compensatory hypertrophy are they able to bring the concentration to
Rormal levels, The urine obtamned during this slow recorery is extremely
dilute. 1t contains no casts, but there are large numbers of epithelial
<¢lls and tens or hundreds of mullions of red blood<ells. The protcin
concentration may be high but because of the small urine solume the
Tate of excretion is less than 1 gm per 24-hr and does not rise much
bove 2 gm even when the volume becomes larger.

In every anuria the first possibility to be isa
obstruction, Once that has been done, symmetrical necrosis should be

Tuded hamical
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remembered whenever no other obvious cause is present, especially if
the patient has a rapid sedimentation rate. If we make this tentative
diagnosis, we have at the same time chosen the treatment. There is no
surgical or mechanical manipulation that can foster the growth of the
remnants of renal tissue. ‘The remaining nephrons are hard-pressed and
grossly overworhed. This is an emergency that warrants an allout
reduction in the osmotic work af the kidney, analogous to that recom-
mended in the jnitial stage of glomerular nephritis,

HYPERTENSION

No one of the many conditions often ranged under the name Bright's
disease is more prevalent or more difficult to treat than what we are
accustomed to call “essential hypertension.”  So, although we engaged to
deal in a very summary manner with diseases other than glomerular
nephritis, we ask in this case some slight indulgence because, unless we
try to get a little behind the presenting signs and symptoms, nothing
spectfic can be said about either diagnosis or treatment,

The hypertension we call “essential” is an abnormally high level of
diastohc pressure in the systemic circulation. This excludes the diseases
in which only the systolic pressure is too ugh, as, for instance, hyper-
thyroidism or the systolic hypertension we find when the large arteries
have lost much of their usual elasticity. In order to make this criterion
a little more definite we shall define essential hypertension as a rise in
diastolic pressure to 100 mm of mercury or over, and require that this
level of pressure shall, by and large, be maintained at or above 1060 mm
under any ordinary daytime conditions. We thus eliminate the very
many clinical states in which the diastolic rise is only transitory and
specifically condrtioned.t

Thus is the end of what everyone can agree is positive about this
condition; the rest is a series of negations. Patients with increased
diastolic pressures who have glomerular nephritis, chronic pye]onep.hritis.
polycystic hidaeys, pheochromocytamas, Kimmelsteil Wilson dlsea.se,
coarctation of the aorta, or bran tumors are not instances of essential
hypertension. The people we are talking about are those in whom we
fail to find evidences of any abnormality that can reasonably be regarded
as giving r1se to hypertension.

We believe that the rise in diastolic pressure must be caused by a
generalized constriction of the arterioles of the systemic circulation,

although we can see the constriction only in the retinal arterioles. The
11f we make this requirement there is good reason to believe that we exclude the first
stages of esscutial hypertension itself. However, at that ume there hL no prartmul:x:.’:
that the question of the from 7 question we

s pnow discussing—does not arse.
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rise in systolic pressure, without which the blood supply to the tissues
would not be maintained, is a secondary phenomenon. The sequence
of abnormalities that develop later can be interpreted as 2 consequence
of the arteriolar constriction.  Although it is proper for pathologists ta
describe the last stages of this condition in terms of the location and
degree of arterial disease, it is right that clinicians, who see these patients
before there is any arteriosclerosss, should classify and arrange their
observations in accordance with the levels of diastolic pressure they
measure, ‘This is more than a symptom; 1t is the cause of the pathological
changes in the artenies and the reason for the dangers to which our
patients are subjected.

Eighty-four patients have been followed to the end. OF this number
70% were men, and 309 were women. When they were first scen their
diastolic pressures ranged from 100 to 190, with an average of 147. The
distributson 15 given m Figure 30
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Fig 30. Diastolic pressure m “essential” hypertension when first seen.

It is evident from this high average level of pressure that our experi-
ence is not with an average group of hypertensines. We had referred to
us a group 1n which there were a preponderant number of pauents with
an unusually intense arteriolar constniction.  We therefore cannot speal
of essential hypertension, in genera], but only of the condition as it
presents itself in ity most severe and fulminating form. This does not
mean that the patients we saw were generally those who had had hyper.
tension for a Jong ime and had thus gradually come to have very high
pressures.  Figure 31 shows that the higher the diastolic level at the time
the patients were first seen the shorter, as a rule, was the total duration
of symptoms, i.e., the period between the time when they first were told
they had hypertension or the time at which they began to suffer from
symptoms and the time at which they died.

The time of onsct of symptoms is not. of course, the time of the onsct
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Fig 81 Total duration of symptoms and duastolic pressure when first seen

of the disease, The discovery of the condition is often accidental, for at
first it is a symptomless disease. The hypertension itself comes so
graduaily and with such intermittence that it is hard to say when it
begins. There are those who believe there is a genetic factor involved
or that characteristic “personality defects” are constantly present, but,
however that may be, the evidence begins to accumulate that the earliest
stage of hypertension begins with very transient elevations of pressure
long before a more or less permanent diastolic increase is established
So the age at origin cannot be defined with any precision. Only the age

at death is certain (Figure 82).
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When we arrange the ages of these patients at death in correspon-
dence with the level of diastolic pressure observed when they were first
seen, we find that when the diastolic pressure was 115 they died at just
over 60 yr of age, when the diastolic was 145 they died at 45 yr, and when
it was 175 the average age at death was 40 yr (Figure 33).
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Fig 33 Age at death and diastolic pressure when first seen.

If we plot the duration of life from their first visit against the first
diastolic pressure readings we measured, we get the curve shown in
Figure 84, from which we may conclude that patients whose diastolic

pressure 15 over 150 will most usually die within 2 yr of the ume we see
them.
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Fig 8. Years of Iife from time of first observauon to death, in relation to diastolic
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168 GLOMERULAR NEPHRITIS

reduction in the blood-pressure level, But in the out-patient depart-
ment we have not been able to distinguish between the physical and the
psychological effects. We believe both are involved, and that such
efficacy as the method possesses is a consequence of their combination.
In this particular group of patients, about a month after the treatment
was begun, the effect on the average blood-pressure levels is shown in
Figures 37 and 38,
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Fig. 38. Diastolic pressure in “essential™ hypertension.

This was not a great effect, nor was it permanent. But this sllgllx:
decrease in pressure was accompanied by a r_nuch greater degree of su
jective improvement. The effect was nat uniform throughout the gr}::up
but tended to vary inversely as the diastolic level. In those whose
diastolic pressure was always 150 or over there was often no changbc[n;
pressure, and even the symptomatic betterment was sometimes doubtfu
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or absent. For these patients we recommended splanchnectomy when
their symptoms became intolerable or when the retinitis began to
threaten the loss of reading vision. However successful we often are in
the relief of symptoms in lesser grades of hypertension, these cases show
most clearly that our treatment in severe cases was merely palliative. We
cannot escape the extension of this conclusion to all patients with essen-
tial hypertension for there is no adequate clinical evidence to warrant
the supposition that “malignant hypertension” is a separate disease or
more than an extreme degree of essential hypertension.

BACTERIA GROWING IN THE KIDNEY

We select two examples of this group—the first a specific infection of
the Lidney by the tubercle bacillus, and the second that slow disorganiza-
tion of the renal architecture induced by a multiplicity of bacteria which
we call chronic pyelonephrtis

Renal tub losis—The carly di is of renal tuberculosis is a
Tesponsibility that falls, as a rule, on the physician rather than on the
surgeon, and it is a serious responsibility because of the harm that may
be done if there s delay in rcachmg 2 dxagnosxs. ‘We allude here to this
disease because the ia i leads to a mistaken
diagnosis of nephrtis. This was the case in the patient from whom the
data given in Table 28 were derived. He was a flier in a foreign army

who had been treated for Bright’s disease and was finally discharged with
that diagnosis.

TABLE 28
PROTEDNURIA AND Sronaent v RENAL TUrERcULOSSS
WIITE AND
RED BLOOD- reITHEUAL
YEAR  wowtw  PROTEY crus crus noTES
mgm per mullions millions
24hr per 24 be per 24 be
194 July 1800 120 1056 Guinea pig posinve
4 (A)x:g 1820 )élghl nepl te:ly
.
; o i . uinea pg positive
4
ds B 27 00 o Guinea pig positive
IA May 134 42 7
/ Aug 98 39 1 Guinea pig negatve
A Sept. 105
1945 Fel BS 6 2 Guines pig negative
[4 Apr 167 25 2 Guinea pig negative
/ May 49 4 4 Guunca pig negative
‘The microscopic } ia and the minimal innria that in
Table 28 are shown to continue long after the gume: pig injection tests
became negative may bly be taken as indications that the renal
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reduction in the blood-pressure level. But in the out-patient depart-
ment we have not been able to distinguish between the physical and the
psychological effects. We believe both are involved, and that such
efficacy as the method possesses is a quence of their combination,
In this particular group of patients, about a month after the treatment
was begun, the effect on the average blood-pressure levels is shown in
Figures 37 and 38,
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This was not a great effect, nor was it permanent. But this fsh‘gl:t
decrease in pressure was accompanied by a x_nuch greater degneicl of Z "
jective improvement. The effect was not unl{orm (hmughou}t] the ‘g\"rhose
but tended to vary juversely as the diastolic level. In tl o:; N
diastolic pressure was always 150 or over there was often no cda“i“d
pressure, and even the symptomatic betterment was sometimes ¢o
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or absent. For these patients we yecommended splanchnectomy when
their symptoms became intolerable or when the retinitis began to
threaten the loss of reading vision. However successful we often are in
the relief of symptoms in lesser grades of hypertension, these cases show
maost clearly that our treatment in severe cases was merely palliative. We
cannot escape the extension of this conclusion to all patients with essen-
tial hypertension far there is no adequate clinical evidence to warrant
the supposition that “malignant hypertension” is a separate disease or
more than an extreme degree of essential hypertension.

EACTERIA GROWING IN THE KIDNEY

We select two examples of this group—the first a specific infection of
the kidney by the tubercle bacillus, and the second that slow disorganiza-
tion of the renal architecture induced by a multiplicity of bacteria which
we call chronic pyelonephritis,

Renal tub losis—The early di is of renal tuberculosis is 2
responsibility that falls, as a rule, on the physician rather than on the
surgeon, and it is a serious responsibility because of the harm that may
be done if there is delay in reachung a diagnosis. We allude here to this
disease because the associated proteinuria sometimes leads to a mistaken
diagnosis of nephritis. This was the case in the patient from whom the
data given 1n Table 28 were derived. He was a flier in a foreign army
who had been treated for Bught's disease and was finally discharged with
that diagnosis.

TABLE 28
PROTEINURIA Ap SpmaeNT o¢ Rewar Terzrcurosss
AnD
=20 5LOOD- zermELIAL
YRAR MONTH PROTEIN cELLs NoTRY
smgm per mullions smallions
24 b per 24 he per 24 he
1944 July 1800 120 1056 Guinea pig positive
5 Ao w520 Raght nephrectomy
T, uinea a
foose B 200 DA
it 84 i
A 00 ’ uinea pig pomitive
JA May 134 42 7
5 Aug 132 39 1 Guinea pig negatve
t.
1946 Fel 86 69 2 Guinea pig negatiy
/ Apr. 167 25 2 G b e
; & I 3 z uinca pig negative

Guinca pig negative

The microscopic hematuria and the minimal proteinuria that in
‘Table 28 are shown to continue long after the guinea pig injection tests
became negative may bly be taken as indications that the renal
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Jesion'is not yet quite healed. But we do not think that this supposition
should be used as a reason for the imposition of anything approaching
complete bodily inactivity. In this instance there is no sign of pulmonary
tuberculosis. There would be no question about the value of avoiding
muscular exertion if there were. But moderate exercise does not jncrease
the blood flow through the kidney, and it has no direct effect on its work.
‘What we know is that a decrease in osmotic work is associated with 2
decrease in the rate of blood supply to the Lidney, and so it seems not
unreasonable to suppose that a diet with no more than an adequate
amount of protein and plenty of flids may be one factor that favors
the healing of a tuberculous renal lesion.

Chronic pyelonephritis—Twentytwo is not a great number of
patients to have followed to the end. The number, of course, grossly
underestimates the frequency of the condition in out-patient practice.
But for a long time our primary interest was in diagnosis, and we sent
these patients elsewhere for treatment. It is only during the last 10 yr
or so that we have come to understand that patients with chronic pyelone-
phritls need medical care quite as much as the glomerular nephritics
whose kidneys are growing small.

In the majority of these patients, diagnosis is not a problem. In 3%
of this sertes 1t had already been established by the surgical removal of
one kidney. In another 349, the surgeons had made the diagnosis on
the basis of retrograde pyelograms, and in many of these patients the
ureters had been dilated or the prostate removed. They were patients
with long-standing gross pyuria. There remans a group who come.ﬂrst
to the physician rather than to the surgeon. Their history sometimes
makes no reference to the urinary tract. Their complaints are varied
and in general are the results of uremia, anemia, and hypertension.
Their urine is clear, and it is obvious at a glance that they have no gross
pyuria. They are patients in whom a symptomless py.'clonsphrilis has
for many years been slowly destroying most of the kidney fubstance.
When we first see them, the acute inflammation has burned itself out.
The urine from their scarred, fibrous kidneys contains no very obvious
evidence of the mature of the lesion. These, only, are the chronic
pyelonephritics in whom diagnosis should be discussed. In Tables '29
and 30 we give some of the essential clinical data. In ‘Table 30 the cases
are arranged in order of difficulty in duagnosis. In the last tho, the diag-
nosis was given to us, since one kidney had been rcm.uved. mﬁny years
before, but we include them because they also were “inactive” chronic

Tonephritics. .
PYEWX;;E; we see how high was the level of blood urea conc"cmmz{on u{

these patients at their first visit, and when we note that the “duration of
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TABLE 29
“INACTIVE” CHRoOvic PyELOwErHRITIS
CLINICAL LABORATORY FINDINGS

Blood urine—24-br rates of excrenon
eputhelal or

wrea when redeclls  white blood- pro-
firstseen  red cell volume vol- casts, when first cells tem
fum- mgmper whenfistseen ume mil-  seen,  when firstseen, gm

bee name  100cc  Ypofnormal ec  hons  smllions oullions
1 CTL 420 3 1104 00 80 350 194
2 SK. 72 78 846 0.14 30 2100 290
3 MaA 197 65 824 00 04 12 077
4 ALN 4 b1 1820 00 05 100 381
5 BW 131 78 2940 00 29 120 408
s CwW 88 81 1204 00 00 120 323
7 EMB 125 80 230 00 90 730 259
8 GC 215 4 00 50 50 300
9 VH 100 70 1208 00 02 40 1.35

observation” indicates that some of them went on living for years, we
have an index of the very slow progression of this renal lesion. Any
prolonged uremic or suburemic state should in itself suggest the possi-
bility of an mnactive chronic pyelonephritts. The actual rate of progres-
sion of the renal lesion is, in reality, even slower than these facts sug-
gest because, although the cause of death is in all cases given as uremia,
it was not alone the almost complete destruction of what few nephrons
ined that precip d the last ar ble renal failure. The final
collapse is often 1nitiated by what seems to be a brain edema secondary
to an extreme artertolar constriction, as indicated by a very high diastolic

pressure with choked disks and, in three of our series, by convulsions.
‘The clinical laboratory data in Table 29 give the clue to the diag-
nosis, though mainly by exclusion. In the table we have copied out
the first urnine counts. It will be noted that though the urine looks
clear the number of epithehal cells and pus cells 1s usually far above
normal. The number alone, however, does not always differ from
what is often seen in the termunal stage of a glomerular nephritis;
it is the fact that most of the cells scem to be pus cells rather than tubule
cells that tshould raise suspicion. This, unfortunately, is one of those
qualitative and uncertain judgments wlich must alnays be regarded with
suspicion. Nevertheless, 1t begins to mean something if, in subsequent
examinations, counts of 100,000,000 or 200,000,000 “epithelial and white
bloodcells” are found every now and then. It is evident then, from the
number alone, that most of these cells must be white blood rather than
tubule cells  For, however inactive the lesion, it is not wholly healed,
and every now and then it lights agiin. Sometimes, too, we find a
bacteriuria, usually transient, though this is not seen in many patients
To us the most interesting and perhaps the most constant sign in the
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jeft to all the reservations tha clinical experience has taught us to make
with respect to such uncontrolled observations in the therapeutic field.
In the end, the treatment was ineffective. In all these patients the blood
utea, hypertension, and proteinuria subsequently rose, and they died.
This failure, we think, was due more to a progressive arteriolar con-
striction than to the renal lesion itself.

There is another method of treatment that is preventive rather than
curative. We owe it to Helmholtz (56) who pointed out how even small
doses of sulfa drugs will stop the growth of certain organisms in the
urine, These chemicals are almost wholly excreted through the kidney,
which concentrates them from the blood. If we give 100 mgm of sul-
fathiazole four times a day, there will always be sulfathiazole in the urine
and every 2¢ hr about 320 mgm will be excreted. If a liter of urine i
formed there will be over 30 mgm of sulfathiazole per 100 cc of urine,
and, even if the 24 hr urine volume is 3 liters, there will be 10 mgm per
100 cc of urine. During the last 6 yr we have asked all our patients
with chronic pyelonephritis to take a 100-mgm tablet of sulfathiazole
with a glass of water before breakfast, at lunch, at dinner, and just before
going to bed. They continue to do this without interruption as part of
their daily routine. Since that time, it happens that there has been no
recurrence of the fever and gross pyuria from which some of them used
to suffer now and then. There has been no indication that these minute
quantities have done them any harm, though two previously sensitized
patients could not continue because they developed signs of trouble after
the first few doses.

This, of course, is at best a way of preventing the growth of cereain
bacteria in the urine. There is no dose of sulfa drugs it is practical to
give that will stenlize the Lidney. But our experience begins to make
‘ts think that infection of the urine may be a not nnimportant factor in
the progression of the renal lesion in chrontc pyelcnq.:hri:is,' and Eha: we
ought to do something to prevent these reiterated episodes in which th.e
unine becomes hike an overgrown broth culture of orgnn.ism'& There is
altost certainly obstruction to the outflaw of qrinc in this disease, The
calyces are distorted by the traction of fibrous tissue, so that it seems very
fikely that here and there a pooling of urine occurs. 'T.‘hc surgeon can-
not remedy this sort of intrarenal obstruction. It remains as a constant
menace. Granted the proper pH of the urine and certajn other con-
ditions, organisms excreted by the kidney may enter these Eonls and start
2 local fire that may become a conflagration. For then the infected vrine
becomes in itself irritating and induces such an edema of the nech of the
calyx that there is complete or almost complete obstrucsmn to the out-
flow of urine from the collecting tubules of the whole section of nephrons
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that drain into the papilla of that calyx. Then we have the situation with
whiclt we are all familiar—the patient with a high fesver, tenderness be-
low the last rib on one side, and a urine loaded with bacteria and pus
cells, Perhaps the irregular scarring and distortion of the Lidney that
in the end we find in these patients 1s due as much to such reiterated
infections of the urine as to the continued action of bacteria in the
interstitial tissue. This is, at least, a therapeutically hopeful hypothesis
that warrants the use of any harmless means to prevent the growth of
bacteria in the urine. It is, of course, a preventive, not a curative,
measure. For the latter we have to wait for observations on the effect of
penicillin and streptomycin.

BACTERIA IN THE BLOOD THAT INDUCE GLOMERULITIS

The renal leston here is only one of the manilestations of bacteremia.
1t is produced most frequently by the streptococcus viridans, but similar
lesions arc i found in staphylococeal, gonococcal, and, perhaps,
some pneumococcal septicemias.

Some pathologists, observing that the glomerular lesions in the acute
and chronic stages of streptococcus viridans septicemia are not unlike
those seen in the disease known to clinicians as glomerular nephritis,
have described them under one general heading as forms of glomerular
nephritis.2  From a strictly pathological standpoint they are doubtless
jusufied. Clinicians, however, will not use a classification based solely on
the structural changes found after death. We hase to prevent and treat
disease in the living. In ordering our experience, the beginning of
disease is in fact more important than the end because etiological knowl-
edge sometimes leads to effective preventinve action, On the other hand,
we cannot be content with an etiological system of classification either,
not only because the conditions that determine disease are complex and
involve so many still uncomprehended reactions between extemnal and
internal factors, but principally because there is more to a disease than 2
beginning and an end; there is its whole development and course,
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stage we happened first to see them, we find that in most of them there
is no evidence of a preceding illness of any sort. To us this means only
that in a large proportion of our cases the initial stage passed un-
noticed and undiagnosed. These patients came to us long after an
unobserved beginning, because they were edematous or uremic or because
2 routine examination of the urine had revealed 2 proteinuria. But since
we can attach na positive value to what may be only ignorance on their
part, we must Testrict an investigation into the nature of the preceding
illness to those patients whom we actually saw in the initial stage and
to those whose story of the imtial stage was well documented, There
were 115 such patients, They gave us the list of diseases given in
Table 34,

TABLE 34
Iriness PRECEDING INITIAL STAGE OF GLOMERULAR NEpHRITI 1v 115 Pamients

%

Tonsilltie 39

Scarlet fever 16

Operation infections 8 15

Skin and subcutancous tissue infections 7%,

Sinuaitig, etc 12

Muddle ear disease 1

Undiagnosed fevers g

No known 1nfection

This seems to us evidence that a single infection always precedes
glomerular nephrtis, for all these diseases may well be various formsA of
infection by the beta-hemolytic streptococcus. In this we only underline
the conclusion toward which other observers are tending. Such diversity
of opinion as still exists appeaTs 1o us to be occasioned not by a differ-
ence in the stories patients with glomerular nephritis tell us but rather
by the error of some bacterjologists and pathologists in confusing glo-
merular nephritis with the renal lesions in pneumococceal, staphylococeal,
gonococcal and streptococcus viridans septicemias.

INTERVAL BETWEEN ONsET OF PRECEDING ILLNESS AND THE
ONSET OF GLOMERULAR INEPHRITIS

This interval is one of the most curjous characteristics of glam?ru‘lar
nephutis, It is not like the incubation period of an ir}fectious disease.
The tonsillitis or the scarlet fever had an incubation period, but that as
passed and these diseases have run their course before _glomerular
nephritis begins. When it comes, there is no recrudescenc.e of zh'e suep-
tococcal infection; no one can find streptacoci in the Kdney; in fact,
there need be no streptococci left anywhere within the. body, .fur glo-
merular nephritis begins at a time when the anubodxes. against the
streptococcus are at a high concentration and the patient is pre-
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bl

bly relatively i It thus the delay between the
introduction of an antigen into the body and the development of an
allergic reaction. It has its most exact counterpart in the adenitis,
arthritis, and myocarditis that sometimes appear after the same interval
of ume and which are the true analogues of glomerular nephritis.
All the hope for the prevention of glomerular nephritis lies in the study
of the meaning of this interval, We ean speak here only of its dura-
tion, which may be as short as 3 and as long as 38 days, and has the broad
distribution shown in Figure 39,

40

Fig. 39 Intersal between the onset of the preceding illness and the onset of glomeru.
lLar nephris,
SEASONAL INCIDENCE

The general contour of the curve is determined by the seasonal inci-
dence of tonsillitis and scarlet fever, but the summer recession is not so
decp, presumably because there is no season for operations in infected
arcas or for streptococcal infections of the skin and subcutancous tis-
sues. Figure 40 shows the percentage incidence for successive 3-month
ntervals.
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Fig 40 Seasonal Inadence in the onsct of glomerular nephritis.
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AGE DISTRIBUTION AT ONSET

Of all our glomerular nephritics, 70% were between 5 and 20 yr of
age and 39% were between 5 and 10 yr old when the disease began.
But no age is immune. We have seen the initial stage develép in a
6-manths-old baby and in an 87-yr-0ld woman. It is a disease that belongs
in common to pediatrics and to internal medicine. The breadth of the
distribution is shown in Figure 41.
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Fig 41, Age distnbution of 113 patients i the initial stage of glomerular nephntis.

SEX DISTRIBUTION

Of 247 patients with glomerular nephritis 68 were males and 32%
females. This inequality calls for expl jon, but the answer is not
necessarily to be found in any unique characteristic of glomerular neph-
ritis, for we have found the same distribution in the other renal diseases
we have considered. We recapitulate these figures in Table 35.

TABLE 35
Sex Dutrieurion 14 Rerar, Disgase

PERCENTAGES
DISEASE NUMBER males females

Orthostatic protemuria 54 g;l 13

Polycysic discase 12 b P
Chronte pyelonephrivs . ) 21

Degeneration associated with a defect in plasma protein p 15

formation 2 8 A

Essential hypertension o F 2

Glomerular nephricis
tatic proteinuria and
bability of failure in
nary tract.

The marked preponderance in males of orthos
of polycystic disease may be related to a greater pro f
the perfection of the intrauterine construction of the male uri
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The reversal of the usual sex incidence in chronic pyelonephritis can
reasonably be ascribed to the fact that in the female the urethra is so
mych shorter than in the male and is thus a more accessible portal of
entry for ascending infections of the urinary tract. But in renal degen-
eration of unknown causation, in essential hypertension, and in glo-
merular nephritis the yeason why the incidence should include two males
for every female need not be any anatomical difference between the
sexes. It is part of the problem of the sex incidence of disease in general,
which is discussed by Perla and Marmorsten (58).

OcCURRENCE IN More THAN ONE MEMBER OF A FAMILY

‘There are a few reports of several members of the same family having
had what appears to have been glomerular nephmtis, but even if all of
this material were to be used there does not seem to be enough to decide
whether the family mcidence is greater than chance might provide. In
a matter of this sort nothing is more likely to confuse the issue than the
inclusion of doubtful data. It is not very uncommon to hear from
patients that some other member of their family died of Bright's disease.
Certainly that sort of esidence should not be accepted. We have gone
to the other extreme and have only included families in whom we hase
followed two or more members for a considerable time and have come
to be sure of the diagnosis. There have been only seven such families.
We should not mention them if it were not for the curious circumstance
that in five of these seven families three or more members were involved,
In the first instance we came across, four children developed glomerular

phritis almost simul after Btis.  They are all in the
latent stage now, and each continues with a leston that has quite distine-
tive features. In another family three brothers were found with the
disease, though the onset had not been observed.  One of them has since
died of uremia, another is now suburemic, and the third has a relatively
mild, latent lesion. Another family, also without knowledge of the time
of onset, has one member we watched as he healed and three others who
are still latent.  There were two other families cach with three members
with glomerular nephritis,

Having scen five families, each with three or more instances of glo-
merular nephritis, it would seem highly probable, if this were due to
chance alone, that we should find 2 larger number of families in which
there were two cases.  But, in fact, we have seen only two families of
that sort—one with a mother and son and the other with a father and
son. It is this circumstance that makes us feel that there may be an
occasional family that s “predisposed” to glomerular nephritis. We
mean by this more than susceptibility to infection with hemolytic strep-
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tococci, for, in view of the fact that only something like 19 of patients
with scarlet fever develop glomerular nephritis, this family incidence
would require more than that as an explanation. At any rate, the ques-
tion seems to be worth raising if only in the hope that the combined ex-
perience of others may make it one that is, heyond question, real.

OccURRENCE IN IpENTICAL TWINS

‘We have seen four patients with glomerular nephritis, each of whom
was one of a pair of identical twins. In each instance only one of the
twins had developed the disease. We think this is instructive. When
we consider any hundred children with scarlet fever and begin to won-
der why glomerular nephritis occurs in only about one of the hundred,
the first supposition that comes to mind is that chere must be some
peculiarity in the victim that makes him susceptible. But finding that
this particular patient seems n no outward way different from the
other ninety-nine, that the condinions that surround him seem to be
the same, that there is nothing unusual in the scarlet fever through
which he has passed, and that there is no constant physical difference
between him and the other children, we naturally suppose that this
hypothetical peculiarity must lie concealed within him. The next
step, perhaps remembering something about the family incidence of
glomerular nephritis, is to suppose that the peculiarity consists of some
subtle inherited trait, something that falls within the realm of what we
rather vaguely term “constitutronal.” It is true there are clinicians
who are striving, and not without some success, to give this term a2 more
specific meaning, but for most of us it is still a sort of wastepaper basket
in which we deposit problems we have failed to solve when they begin
to bother us too much. Certainly in connection with the problem of
the mechanism of the onset of glomerular nephritis we know very well
that thought has stopped by the time appeal 1s made to constitutional fac-
tors. Now the value of the observation that in four mstances of glomeru-
lar nephritis 1n identzcal twins only one of each of the pairs developed the
disease hies in the fact that in these cases we cannot make use of our usual
means of escape. Identical twins have identical constitutions. They
are halves of one egg. They have the same chromosomes and the same
cytoplasm. When the halves of this dentity contract scarlet fever to-
gether and only one half develops glomerular nephmis,. we cannot app?nl
to any chromosomal or cytoplasmic difference that existed from the in-
stant of their inception, for in this case we know there was no such dif-
ference. That road is closed. We are forced to try to find some other

way out of the impasse. X —
In the first instance we saw, we find two little jdentical twin girls
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going through 2 mild scarlet fever together, Thete is every reason to
assume that they were infected with the same strain of beta-hemolytic
streptococcus.  Their general surroundings were the same. They even
slept in the same room. But only in Irvine did the urine suddenly turn
brown and all those changes begin which, as years went by, made her
very different from Irene and in the end led to her death by uremia.
In spite of the app: i ity of the conditions before and during
the onset of the disease, there was some determining difference. We
can imagine several.  As one example, Irene might have been lying under
the covers and Irvine might have been sitting up while a chill wind
through an open window played upon her back (59). Or, a difference
in the streptococcal invasion of the tonsils in Irvine might have induced a
quantitatively different antibody response. Some difference there must
have been, and the certainty that it exists should provide the energy
needed to find it. It might quite possibly be something we can prevent.

Cuivicat, Facts THAT AN ApeQuaTE Hypornests As 10 Tue
Mecranisy oF ONsET Must EXPLAIN

‘The interval that elapses between the onset of the beta-hemolytic in-
fection and the onset of the nephritis strongly suggests that an antigen
antibody reaction initiates the renal lesion. We emphasize the renal
lesion becanse of jts clinical importance, but the generalized edema, the
hypertension, and the freq i with my ditis, adenitis, and
arthritis indicate that at the very beginning, at least, the effects are very
widespread. Clinical cvidence shows that if this is an antigen antibody
reaction, it is differentiated from other clinical states in which this
hypothesis is satisfactory by the circumstance that it occurs only once
and never recurs, A general negative statement of this sort exn, of
course, never be trusted, but it is true in a large number of patients
followed over long periods of ime we have never seen a recurrence of
the initial stage. The exacerbations so frequent in the latent stage are
quite diflerent from the onset, even when it happens that they are
induced by a streptococcal infection. If the disease begins with an
antigen antibody feaction we cannot account for more than the very
beginning. What we observe later is not the reaction itself but only the
processes of repair that folfow it. This is very evident at the beginning
in the rapid subsidence of the rates of protein and cell excretion and is
supported by the rapid disappearance of the edema and hypertension.

It does not seem to uy that the subsequent course of the disease can
be accounted for on the baas of a state of continuous or recurrent reac-
tion, though it is possible that all the aftereflects arc consequences of a
single, initial result of this nature. Howeser we have no grounds for
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not noticed that his urine looked like coffee; he was, of course, nnaware
of his hypertension, and he had not realized that his subcutaneous tissues
had become “thick all over.” Since there is usually no pain, no discom-
fort, and no malaise, it is understandable that such signs should often be
orverlooked. Of course, no one can prove that glomerular nephritis may
not sometiraes start in a way altogether different from the manner with
which we are familiar, On the other hand it does scem reasonable to
asl. the proponents of the school of the insidious beginning to give us
same evidence for their belief. As yet they have not given us any. Since,
when we have scen it, glomerular nephritis has started suddenly and,
though with great variation, quite dustinctively, we shall continue to be-
lieve that this is true in every case until the facts show us we are wrong
We shall therefore assume that 100% of our patients started on their
course from a more or less typical initial stage. The second assumption
is that a patient has passed through the degenerative stage, even though
we do ot see it, if he gives a history of 2 soft, pitting edema that con-
tinued for months or years and that was not associated with dyspnea on
exertion. For the historical recovery of the degenerative stage we thus
rely an the recollection of people, although for the initial stage we attach
no weight to their forgetfulness or inattention. Under the circumstances
this is justifiable, because no one could fail to notice the sort of edema
that appears in the degenerative stage, and it is unhkely it could ever be
forgotten. IF these assumptions are granted we can chart the course tahen
by the disease in the manner depicted in Figure 42.

/Healed 48%)
Latent; Healing:

S fe

Initial (1009%)—————2Degeneratve (20%)

~
\Zﬂ,\:______—»nrminal \
Dead (52%)

Fig. 42. The course taken by pauents with glomerular nephritis.
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This was the course followed by 216 patients who came to our out-
patient clinic and who either entirely recovered or died of ureria. We
exclude the 19% of all our cases in which death was ducAto m'lcrctme;ﬂ
disease and also the two patients who died of cardiac dilatation in the
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initial stage. Very different results would be obtained if a similar out-
line had been canstructed from data derived from patients treated in a
hospital, A much more pessimistic conclusion as 1o the death rate
would then have been reached, and there might be no latent stage
at ail. Both conclusions sould be statistically correct.  Neither of them
can claim to depict the development of the disease, though the out-patient
picture is unquestionably nearer the truth. A mau practicing in a stable
communuty, if he lived jong enough and looked hard enough, would
reach a closer approxmation, But in some measure all of us will fail
to see all of a disease that Tuns a course so sijent and steahthy. Polemics
about the proportion of patients that heal or die in uremia are vain
because our figures (granted that our methods are the same) will be
determined by the questions we are interested in answering, the sort of
patients that are referred to us, and many other local and individual
factors that have nothing to do with the disease as a whole. It is worth
noting, however, that most of these extrancous circumstances tend toward
a too gloomy view as to the general outcome in glomerular nephrits. It
is obvious, also, that we have to take account of the heavy overwejghting
with serious renal lesions in our group of 216 patients, Also we have
to discount the sigmficance of the high proportion who passed through
the degenerative stage. Every patient who becomes edematous goes to
a doctor, but it §s probable thay only a few of all the pauents in the
latent stage are seen at all,

INITIAL STACE
TIREE CARDINAL SIGNS

‘The three cardinal signs are the gross appearance of the urine, the
edema, and the hypertension. Each is unique. Their conjunction is
pathognomonic.

The Dest descripuion of the urine at the beginning of a glomerular
nephritis 1s not to be found in the textbooks. We get it from our
pauents.  They say “The urine looked bike coffce.” The simile is pre-
cise. Thus is so much the case that when we are trying to reconstruct
the past in those patients in whom the wnuial stage was not observed,
this reference to coffce comes to have a rather decistie significance, “This
is because the description is not only apt and true but is uniquely true
for the initial stage of glomerular nephritis, The hematurias that occur
ir} essential hypertension, yenal tumors, or tuberculosis of the kidney
give a red, not a brown, urine. These are gross arterial hemorrhages in
sehich fresh blood dotninates the picture,  But at the onset of glom:cruhr
nephritis there is much more than blood in the urine, and the Llood
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not noticed that his urine looked like coffee; he was, of course, unaware
of his hypertension, and he had not realized that his subcutaneous tissues
had become “thick all over.” Since there is usually no pain, no discom-
fort, and no malaise, it is understandable that such signs should often be
overlooked, Of course, no one can prove that glomerular nephritis may
not sometimes start in a way altogether different from the manner with
which we are familiar, On the other hand it does seem reasonable to
ask the proponents of the school of the insidious beginning to give us
some evidence for their belief. As yet they have not given us any. Since,
when we have seen it, glomerular nephritis has started suddenly and,
though with great vatiation, quite distinctively, we shall continue to be-
lieve that this is true in every case until the facts show us we are wrong.
‘We shall therefore assume that 100% of our patients started on their
course from a more or less typical imtial stage. The second assumption
is that a patient has passed through the degenerative stage, even though
we do not see it, if he gives a history of a soft, pitting edema that con-
tinued for months or years and that was not associated with dyspnez on
exertion. For the historical recovery of the degenerative stage we thus
rely on the recollection of people, although for the initial stage we attach
1o weight to their forgetfulness or inattention, Under the circumstances
this is justifiable, because no one could fail to notice the sort of edema
that appears in the degenerative stage, and it is unlikely it could ever be
forgotten. If these assumptions are granted we can chart the course taken
by the disease in the manner depicted in Figure 42.

/ Healed (43%)
Healing
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Fig. 42. The course taken by patients with glomerular nephnus.
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This was the course followed by 216 patients who came to our ouyt-
patient clinic and who cither entirely recovered or died of uremia. We
exclude the 19% of all our cases in which death was due.ro lr{tctc}xrrcnt
discase and also the two patients who died of cardiac dilatation in the
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initial stage. Very different results would be obtained if a similar out-
fine had been constructed from data derived from patients treated in 2
hospital. A much more pessimistic conclusion as to the death rate
would then have been reached. and there might be no latent stage
at all. Both conclusions would be statistically correct. Nelther of them
can claim to depict the development of the disease, though the out-patient
picture 1s unquestionably neater the truth. A man practicing in a stable
community, 1f he Jived long enough and looked hard enough, would
reach a closer approximation. But in some measure all of us will fail
to see all of a disease that runs a course 5o silent and stealthy. Polemics
about the propottion of patients that heal or die in uremia are vain
because our figutes (granted that onr methods are the same) will be
determned by the questions we are interested in answering, the sort of
pattents that are referred to us, and many other local and individual
factogs that have nothung to do with the disease as a whole. It is worth
notmg, however, that most of these extraneous arcumstances tend toward
a too gloomy view as to the general outcome in glomerular nepbritis. It
is obvious, also, that we frave to take account of the hcavy overweighting
with serious 1enal lesions in our group of 216 patients. Also we have
to discount the significance of the high proportion who passed through
the degenerative stage, Every patient who becomes edematous goes to
a doctor, but it is probable that only a few of all the patients in the
latent stage are seen at all.

INITIAL STAGE

THREE CARDINAL SIGNS

The three cardinal signs are the gross appearance of the urine, the
edema, and the hypertension. Each is unique, Thewr conjunction is
pathognamonic,

The best description of the urme at the beginning of a glomerular
nephntss is not to be found in the textbooks, We get it from our
pattents. They say “The urine looked ltke coffee™ The simile is pre-
cise. This 15 so much the case that when we are trying to reconstruct
the past in those patients in whom the initial stage was not observed,
this reference to caffee comes to have a rather decisive significance, "This
is because the description is not only apt and true but is uniquely true
for the intial stage of glomerular nephritis "The hematurias that pecur
1 essential hypertension, venal tumors, ot tnberculosis of the Lidney
give a red, ntot a brown, urme. These are gross arterial hemorrhages
which fresh blood dominates the picture. But at the onset of glomerular
nephritis there i3 much more than bloed in the urine, and the blood
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not noticed that his urine looked like coffee; he was, of course, unaware
of his hypertension, and he had not realized that his subcutaneous tissues
had become “thick all over.” Since there is usually no pain, no discom-
fort, and no malaise, it is understandable that such signs should often be
overlooked. Of course, no one can prove that glomerular nephritis may
not sometimes start in a way altogether different from the manner with
which we are familiar, On the other hand it does seem reasonable to
ask the proponents of the school of the insidious beginning to give us
some evidence for their belief. As yet they have not given us any, Since,
when we have scen it, glomerular nephritis has started suddenly and,
though with great variation, quite distinctively, we shall continue to be-
lieve that this is true in every case until the facts show us we are wrong.
‘We shall therefore assume that 100% of our patients started on their
course from a more or less typical initial stage. ‘The second assumptton
is that a patient has passed through the degenerative stage, even though
we do not see it, if he gives a history of a soft, pitting edema that con-
tinued for months or years and that was not associated with dyspnea on
exertion. For the historical recovery of the degenerative stage we thus
rely on the recollection of people, although for the initial stage we attach
no weight to their forgetfulness or inattention. Under the circumstances
this is justifiable, because no one could fail to notice the sort of edema
that appears in the degenerative stage, and it is unlikely it could ever be
forgotten. If these assumptions are granted we can chart the course takent
by the disease in the manner depicted in Figure 42.
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Fig. 42. ‘The course taken by patients with glomerular nephritis.

This was the course followed by 216 patients who came to our ?\":,-
patient clinic and who either entirely recovered or died of uremia. v
exclude the 19% of all our cases in which death was due to intercurre!
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disease and also the two patients who died of cardiac dilatation in th
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Cast formation is a complicated process, markedly influenced by urine
volume and urine reaction variation. The cell and protein excretion
rates, on the other hand, are relattvely uniform, and there is, in fact, a
rather remarkable parallelism between the rate of protein and of epi-
thelial cell excretion. ‘This has some practical sigmificance. In the past
we have relied on counts of epithelial cell excretion as a guide in decid-
ing when the protein in the diet could be increased or when the patient
could be allowed to be up and around. ‘We thought that the number of
these cells might be taken as an index of the degree of impediment to the
natrition of the tubule cells. As the glomerular obstruction lessened we
imagined the tubule cells getting more oxygen and food and supposed
that this was the teason why there was such a regular decline in epithelial
cell exeretion, We still believe this is a substantrally correct view. But
Figure 43 shows us what we had not suspected, namely that the rate of
protein excretion mught have been used empirrcally as a guide with the
same results. We now use both together and thus obtain a grearer
certainty.

DIFFICULTIES IN DIAGNOSIS

When all the three cardinal signs are present, they give us a quite
unequrvocal diagnosis.  Then we do not need to wait for developments
and can reach a decision at the first visit. This is true in spite of the
fact that the renal, the capillary, and the cardiovascular manifestations
differ in therr absolute and relative intensities so that, In respect of the
relations between these three groups of symptoms, each patient is unique.
Difficulties 1 diagnosis arise 1n the exceptional patients in whom this
always-present individuality becomes extreme, and ome or another of
the three cardinal signs becomes so prominent that we do not notice
the others. When we first see these patients we may think that some of
them have an acute pyelonephritis, others an anomalous generalized
edema, while there are still others who quite obviously are suffering from
a sudden cardiac failure, the reason for which we do not comprehend.

When the brunt of the disease falls on the kidney 1t may happen that
there is no edema we can detect and, lacking any knowledge of the
patient’s usual blood pressure level, we may not be sure that there is any
hypertension. ‘When we look at the urme we may see only 2 great multi-
tude of cells, that might well be pus cetls, lying among even larger num-
bers of fragmented red blood-corpuscles. During the first few days, in
these and in many other patients in the initial stage, the almost path-
ognomic mixed blood and epithelial cast may be absent or hard to find,
and, if we restrict our attention to the sedument alone, it will scem that
we have positive evidence of an acute urinary tract mnfection, The error
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The most distinctive qualitative feature of the sediment is the mixed
blood and epithelial cell cast. It constitutes the majority of the casts
at the very beginning. It contains within itself all the story of what has
happened in the nephron. There is needed for its formation an inflam-
mation in the glomerulus sufficiently severe to provoke the exudation into
Bowman’s capsule of a bloody fibrinogen-containing fluid. There is also
needed within the tubule lumen a fluid rich in dead tubule cells that
have been suffocated by the obstruction in the glomerulus to the red cell
flow that brings them oxygen. As the filtrate concentrates in the lower
reaches of the tubule, the fibrinogen clots and entangles in its meshes the
tubule cells and red blood-cells so richly present in the fluid. This cast
thus incorporates the products of both glomerulitis and tubule cell death.

The initial stage sediment can be described quantitatively in terms
of the rates of excretion of formed elements and of protein, but there is
such a rapid decrease in the intensity of the lesion that the absolute
figures have no significance unless we know the time, after the onset, at
which the measurements were made. In Figure 43 we give the average
measurements made on twenty cases in which we were able, in the midst
of more practical work, to get a sufficient number of points to let us
block out the rate of change in 5-day periods. Even in these cases the
data are not in every instance continuous over the whole period, and the
average curves we give are derived from a summation of smooth curves
drawn through the actual observations in each patient.
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Fig. 43. Rates of excreuon of protemn, red cells, and epithelial cells from the onset
of the instial stage.

In Figure 43 we have given only the rates of protein, epithelial ccll:,
and red cells. There is a general decrease in the rates o_f c?st cx;‘;r
tion as time elapses from the onset, but the curves are quite irregular.
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portion that died in uremia was 209%. The remaining 755 died of other
disease not directly connected with their nephritis. If we exclude this
Tase group and two patients who died of cardiac dilatation in the initial
stage, we find that 80% recovered and 20% went on to die in the ter
minal stage. But the mortality in all patients who develop glomerular
nephritis is almost cestainly much less than 20%.  Our group is not free
from sclection. We see particularly the patients in whom the initial
stage is severe, and we are likely to be able to follow to the end espe-
cially those who die in uremia. The question might be decided if we
could follow alf the patients whe develop glomerular nephritis in scarlet
fever wards, though we may suspect that we should then come across a

new difficulty through the discovery of initial stages so mild and transient
that our diagnosis would be in doubt.t

DURATION OF GLOMERULAR NEPHRITIS IN PATIENTS
'WHOSE LESIONS HEAL

We used to think there was practically no chance of healing it evi-
dences of a continuing lesion were still found two years after the onset
{59). We are glad to be able to correct that too gloomy view, X¢ was
based on inadequate experience, As we continued to watch these pa-
tients we found that year by year a few would give us unnes in which
there were no blood-€asts, no abnarmal number of red cells, and no meore
than the normal quantity of casts and protein. These were patients in
whom there were no extrarenal manifestations of disease, and we can

TABLE 36
Tose Berwsen Onser anp Heawno of Guomzruear Neenrros
YEARS Wz %
0to 0.8 2t 239
10 2 07
is 12 136
20 12 136
30 5 57
40 2 23
50 2 23
60 2 23
60100 5 57

.4 There has been an intesesting controversy i the peduatric Tierature as to the provor

subeannld UL BIULIRIIST FEPRILS thtought therr observation of the cunos cotar of the
3t the omet of the Inital stage. ° unae



196 GLOMERULAR NEPHRITIS

contradicts it, for the fact that there seems to be no close correlation be-
tween the severity of the renal lesion and the degree of edema or the
height of the diastolic pressure is in no way decisive. It only makes it
seem more likely that all three abnormalittes are effects produced by some
factor we have not yet isolated—perhaps the by-product of an antigen
antibody reaction.

Such speculations go beyond the evidence we can derive from clinical
observation. If we stay within the scope of what we ourselves see, the
most that can be ventured as a connecting link between our observations
is the suggestion that at che very beginning of glomerular nephrits there
may be a sudden dilution of the plasma.® A rapid increase in total plasma
volume would certainly help to explain some of our facts. There is, for
instance, the mild anemia and the low serum protein concentration we
see at the very beginning, and the fact that thé systolic pressure 15 raised
even more than we should expect from the diastolic level so that the
hypertension of the inrtial stage is characterized by an increase in pulse-
pressure and is often associated with a slow pulse rate. Most important
of all, this hypothesis, if validated, would enable us to prevent as well as
to treat the cardiac failure of the initial stage. Such problems as these
cannot be solved in the out-patient department. They will be answered
by systematic investigation in the ward.

NUMBER OF PATIENTS IN WHOM INITIAL STAGE IS OBSERVED WHO REACH
THE TERMINAL STAGE AND DIE WITH RENAL FAILURE

If we consider all the patients with glomerular nephritis we have
followed to the end, we find that 52% of them die of uremia in th_c
termunal stage. That has very little meaning, except to us, becalfsc ft
refers only to the sort of patients who come to a special clinic for Bright's
disease. It does not tell us how many of all the people who develop
glomerular nephntis will finally succumb to the disease, because we se¢
more of those who are on their way to death than of those who are on
the road to recovery. We come closer to what we want if we exclude_lhtl!
patients who come to us mn the latent, the degenerative, and.thc ter.m_m.a‘
stages of the disease, and all those who have not been seen in the ;,mm
stage or of whom we have no knowledge as to when the disease cglrn.
‘We have 118 patients exther seen in the initial stage or seen so soon a A
ward that there is no doubt as to the time of onset. “’c~ watched 7 73
of this group as the evidences of a renal lesion stowly disappeared 2n

s - ] 10~
until repeated examinations failed to show any abnormality. The p
PO “Lentnad that an inerease in b}ood
T vl o L. Cacdorm, in 3
' ) N . . . ind , 125 333, 1916,
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on which to base a judgment as to when the initial stage began, as in the
case of Mrs. 8. and Mrs. B. for whom the essential facts are given in
Tables 38, 39, and 40, or is one of those patients about whom we are
sure because we have watched them from the very beginming of the
disease, we come now to that long peried in the development of glomeru-
lar nephrius in which it seems as though nothing were happening. Day
by day, week by week, month by month, and year by year we see the
same person, without any complaints, with a normal blood-pressure and
cardiovascular system, but showing always in his urine the same evidence
of a continuing renal lesion, and the same moderate decrease in the
amount of effectively functioning renal tissue  This appearance of rest
and harmony is an illusion. There 1s a great deal going on though we
do not see 1t. It is such a quiet as supervenes when two opposing forces
are evenly balanced and neither prevails Immediately after the sudden
onset of the disease the reparative forces are able to counterattack so
strongly that we can see and measure the advance. Toward the end of
the latent stage an increastngly rapid faiture to hold the ground rewon
becomes evident. But here, 1n this intermediate phase, there is victory
or defeat for neither side.

‘We can get beyond the realm of metaphor by considering the meas-
urements made in three of our patients with latent glomerular nephritis
who are still under observation. We select them not because they are
in any respect singular but because we have been able to watch them

TABLE 37
M H
AMOUNT OF
EPFECTIVELY
FuNcTIONING
RENAL, TISUE RATES OF EXCRETION PER 24 HR URINE
% " white and
e ithe
uoa%) proten casts blood-cells, tp;euf:;m

veAR ‘mga ‘millons wulhons
1923 78 418 110,000 2 u
1926 6 604 66,000 33

1927 61 436 20,000 6 %
1930 72 225 6,300 4 7
1931 58 202 5, 3 3
1932 54 388 45,000 N 1
1936 54 376 66,000 10 5
1939 63 520 66,000 4 1
1946 53 140 8 1

Mt e . va . .

In 194 bis blood pressure was .
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these nephrons will increase, but something is irrevocably lost, for their
to‘tal number is forever diminished,

Glomerular nephritis in the latent stage is not infrequently diagnosed
at an indeterminate point of time since an unobserved onset. An exam-
ple is Mr. H. about whom some information is given in Table 87, He
may be taken as representing many of the patients we are still observing.
As a rule the investigation that leads to this diagnosis is initiatéd by the
observation that the urme contains a small amount of protein. The rea-
son that the urine is examined at all is that these people want insurance
or employment. They have no complaints and physical examination
fails to reveal any significant abnormality. In this group the rate of
protein excretion is usually somewhat higher than the average rate found
in the group whose renal lesion healed within the first 2 yr after the
onset (Figure 43). In that first group the usual routine examination
for urine protein would not have indicated any noticeable albuminuria
unless the urine had happened to be more « d than usual. In
the unne of the patients we are now considering there is often enough
protemn to give a positive qualitative test for albumen in almost any
specimen that may be examined. This suffices to raise the question of
the nature of the renal leston, but the differentiation of latent glomerular
nephritis from all the other conditions that may lead to a slight pro-
temuria is not always easy. The association of the proteinuria with
hematuria and cylindruria is not enough. There is a great multiplicity
of situations in which that conjunction is found. But the constancy of
the hematuria in latent glomerular nephrntis is a rule that seems to be
so free from exceptions that, from a negative point of view, we are i
clined to rule out a diagnosis of latent glomerular nephritis if, in examin-
ing a sertes of urines, we find even one acid and concentrated specimen
that contans no red blood-cells. No matter at what time of the day or
night, or at what season of the year we examine the urine, and no matter
how long the period over which we reiterate our search, every such speci-
men will reveal this continuing, microscopic hematuria. Certainty is
reached when the typical latent stage blood-cast is fatmd. That usually
requires special methods for concentrating the scdxm_em. There are
often very few of these casts and they are hard to find il 1
tains much mucus. And, of course, the certainty is relative, not abso-

lute, for precisely the same blood-casts and the sam.e.ccnsmncy. of l?em'a-

turia is found in the early stages of Streptococcus viridans septicemias in
eople who may not be very obviously ill. . )

F ?Vhe!her thz patient w?t’h Iatent glomerular nephritis is, s in the

case of Mr. H., someone in whom the duration of ll}e nephritis is un-

known, or belongs to the group in whom there is fairly good evidence

f the urine con-
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glomerulitis, acute in the pathological sense, since it involves the dia-
pedesis of red cells and the passage of a fibrinogen contamning exudate
through the glomerular membrane. These observations have been made
over considerable periods of time—for 23 yr in the case of Mr. H, for
15 yr in the case of Mrs. S, and for 19 yr in the case of Mrs. B. Surely,
in, for instance, Mrs, B, the glomeruli through which we have good
reason to believe red cells and fibrinogen were passing in 1914 are not
the same glomeruli from which they are coming in 1946. In a structure
as delicate as the glomerular tuft it is hard to believe that an acute
inflammation could be so long endured. One would expect that in no
great length of time the process would eventuate either in healing or i
occlusion of the tuft, with death of the whole nephron, or, at best, the
continuation of the tubule 1n an aglomerular form. It seems inevitable
that we should suppose that over all these years there was a contnuing
Joss of nephrons and see the lesion as, in this sense, progressive,

We have stressed the seemingly reasonable 1dea that glomerular in-
flammation must induce an unremitting loss of nephrons as long as it
continues because we should anticspate that, even though the rate of loss
were low, the accumulation of loss over pertods of from 15 to 32 yr would
be revealed by a decrease in the amount of effectively functioning renal
tissue, This anticipation is not substantiated by the measurements. The
tables show that in these three patients the amount of effective renal
tissue has remained substantially constant.s

‘We are thus faced with what seems to be a contradiction between the
inferences we draw from our two sets of measurements. From the urine
we infer the existence of a pathological process that induces a cumulative
and irrevocable decrease in nephron number, and from the measure-
ments of the extent of the Tenal lesion we infer that over all these many
years there has been no sigmficant decrease in the amount of effective
renal tissue. The logical solution is to accept both mferences as valid
‘We can admit that the number of nephrons must have been constantly
diminishing and maintam that the amount of functioning renal tissue
was held constant by a compensating increase in the size and efficiency of
the neph that ined. We are predisposed toward the accept-
ance of this solution because it 15 in harmony with one of the principles
that emerges from our experimental work and because it is supported
by Oliver's measurements of the increase in the thickness and the length

5The first expenmental demonstration of the prinaple involved in the method for
measuning the smount of effectnely functioning renal tissue used 1n these patients was
gwen in 1916 (64) After we had developed 1ts elinical application 2nd had used 1t for
many years we descibed 1t 1n 1922 22) There was subsequent expenmental evidence that
in healthy ammals the method yields results that vary durectly as the amount of effectvely
functioming renal tissue (34, 35, 36)
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TABLE 38
Mzs, 8.
ANOUNT O
EFFECTIVELY N
FUNCTIONING
RENAL TISSUE RATES OF EXCRETION PER 24 HR URINE
% of white and
norm red epithelial
(1009) proten casts blood-cells, cells,
YEAR mgm mlhons lhony
1931 79 1,502 640,000 23 5
1933 82 590 280,000 388 4"
1935 84 1,238 180,000 17 3
1938 73 2,320 500,000 12 16
1942 81 2,950 460,000 5 2
1946 74 889 o 4 2

In 1929, when she was 11 yr old, durmg the course of a severe pansinusitis, her mother
saw that her face was swollen and that her urne had 2 cloudy brown or red color. Her
doctor made a diagnosis of acute nephritts, When we saw her m 1931 1t was only m the
unne that we could find any abnormality. In 1944 she went through a normal pregnancy.

12
In 1946 her blood-presture was-gg:-

TABLE 3% .
Mrs B.
AHOUNT OF
EFFECTIVELY
FUNGTIONING
RENAL TISSUE RATES OF EXCRETION PER 24 HR URIVE
%of white and
narmal red epitelal
00 rotem casts bload-cells, eclls,
YEAR {100%) l"mgm muhons ‘millions
1929 73 260 800,000 20 10
1932 n 194
1937 73 148 0 97 7
1939 62 200 200,000 50 ;
1944 7 50 10,000 125
1946 70 180

In 1914, when she was 13 yr old, after recovery from tonsilhius it was noted that her
unne had a datk red color Her doctor made a diagnosis of acute mephnus e 8w
her first 1 1927 when she was referred because the urine bad become red Tx:f; ':m“
dunng the first day of a tonslius, She has remamed in good health since 3

In 1946 ber blood-pressure was 1>

over 2 considerable space of ume. The data are given in Tables 37, 38,
and 39. it Jon
Here are three patients who have had glomerular nephmxs. or a (;{g
time: In the case of Mrs. § for 17 yr, in Mrs B for 32 yT, and in Mr. H.,
though we do not know when it began, we are sure it hfls lasted for at
least 27 yr. In these patients we have a consecutive scries of measure-
ments of the rates of excretion of protein, casts, and cells, v;ry many
more than we give in the tables. Always we have found a mxcroscogx;
hematuria, and on every occasion on which we ha.vc made a special
search we have found blood-casts, We infer the existence of an acute
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The latent stage comes to its close in one of three ways:  First, in 80%
of patients we were able to watch from the start the rates of red cell
and of protein excretion slowly fall, until blood-casts could no longer |
be found, and finally there was no abnormality of any sort to be dis-
covered in the urine or in the patient. This is what we call the end by
“healing.” Second, in a small number of pauents we have seen the
latent pass into the degenerative stage. ‘These are patients in whom the
Tate of protein excretion is, as 2 Tule, higher than we ordinanly find in
the latent stage, and the first indication we get of a change is an increase
in protein excretion, from, let ussay, I to 3 gm to a level of from 5 ta 10
gm per 24 hr. Soon afterward the rate of tbule cell excretion begins
to increase and we find casts of the epithelial vanety, epithelial, granular,
and waxy casts. Saoner or later there may be a gradual decline in the
serum protemn concentration, and then we may expect to see the first
beginning of what will later be a generalized anasarca. This is not, how-
ever, an invanable sequence, and there are some patients with all the
evidences in their unne of the existence of a degenerative renal lesion
whose serum protein concentration never falls so low that they become
edematous. Third, there may be a gradual transition from the Iatent
into the terminal stage. It is this last mode of ending we shall discuss.

The factor that determines the transiuon from the latent to the ter-
minal stage 15 a reduction in the amount of effectively functioning renal
tissue. Al of the chinical signs that now begin to appear—the dilute
urine, the broad renal failure casts, the anemia, the hypertension, and
the uremia—can be reproduced experimentally in animals by a reduc-
tion in nephron number. But that 15 only true under certain conditions,
No doubt 1f we pushed the simple reduction in number to an extreme,
that factor alone might suffice, but when three-quarters of the total num-
ber of nephrons are removed, these signs appear only when we increase
the demand for osmotic work by giving food that contains more than the
usual amount of protein. In this case the renal failure is not inevitable;
it is a relative, not an absolute, failure. We believe that people with
glomerular nephritis 1n whom a large proportion of nephrons have been
destroyed are in much the same position as our rats that have only a
quarter of their original number of nephrons left. Whether their kid-
neys are sufficient or insufficient depends on what their kidneys are
Tequired to do, and that, again, depends on what they eat and drink.\\/

In practical clinical work the first sign of impending failure will often
be a gradual rise of serum creatinine concentration. In the past we
have been guided by the level of concentration of urea in the serum.
“That is an ambéguous index unless the patient is controlling his protein
consumption within known and narrow lmits. Most of our patients
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of the proximal convoluted tubules when the number of nephrons is
decreased (Figure 9).

Nevertheless we confess we are doubtful as to whether this view can
be accepted as a complete account of what happened in these three
patients. It is not that we doubt the general principle of an inverse
telation between the number and the size and capacity of the nephrons
or that we are not confident that this solution will be found to be an
important element in a full explanation of the clinical facts. Our doubt
and hesitation arises because, although our requirements are met, we
cannot expect others to be equally satisfied. What would a pathologist
think about an acute glomerulitis that, we tell him, has continued over
32 yr and that nevertheless, for the last 17 yr, has left the patient with
about 70% of the amount of renal tissue to be expected for her size and
weight? If he were willing even to entertain the idea it would seem that
he would be obliged to conceive it as a focal lesion, present at any oné
time in only a few of the glomeruli but spreading from one to another,
so that as one glomerulus and jts tubule succumbed and was reduced
to fibrous tissue, another wonld become acutely inflamed. But this idea
of a spread from one glomerulus to another is one for which there is no
evidence at all, It is, in fact, no more than an ad /ioc hypothesis.

‘We are therefore inclined to question our assumption that the blood-
casts we see in the latent stage necessarily indicate an acute inflammatory
process of the ordinary type in the glomeruli of the nephrons from which
they came. In the mnitial stage this is an assumption supported by the
direct observations of pathologsts, but what do we know about the
structural changes in the glomeruli of patients with latent glomerular
nephritis?  Certainly we have no Anowledge that the inflammatory re-
action in the glomeruli in the latent stage is similar to the reaction in
the initial stage, the only difference being that in the latent stage only 2
few instead of all the glomeruli are involved. For all we know the blood-
casts we find in the latent stage may not be the products of an “ordinary”
acute inflammation, Perhaps this latent stage glomerulitis endures as
an X-ray burn endures, manifesting over decades many of the signs of an
acute inflammation but never coming to a decision toward either life or
death, Perhaps in the initial stage the lesion involved the chromoson'les
of the endothelial and epithelial cells of the glomernli, and these crip-
pled cells, with permeability characteristics that allow the passage. of
fibrinogen and red cells, go on reproducing their kind, for generation
after generation, through long stretches of time.$

| i i ne or arother of its satts, may be
B e vl Jvon. T is po 1 fo Irjecions
of mercuty, chromum, or lead sals
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undiagnosed cases of glomerular nephritis is to invite immediate correc-
tion. It is certainly not generally true of children under 5 yr of age, and
it is not absolutely true of all adult patients with this syndrome. In
every few hundred patients there may be several who do not have
glomernlar nephritis and yet have all these symptoms. If, .then, we are
wholly absolute in our views on this question, we will fall into error in
diagnosis in a small percentage of all cases. 'We may grant this and still
insist it is better to be right in 999 than doubtful and frustrated with
respect to action in 100%. Error is only to be feared if it damages the
patient, In this instance error will hurt only our quite unreasonable
desire to be infallible. A diagnosis is not like the solution to an equa-
tion. It is always incomplete, and the more concrete and speatfic it
becomes, the more certainly will it include error as well as truth. It is
nothing in 1self. Unless it leads to effective action it remains 2 merely
verbal and academic exercise of the intelligence—a sort of Jack Horner’s
plum we extract for our own vainglory. The diagnosis of nephrasis
leads to a purely symptomatic treatment of the edema  The long odds
are always against it, The patient will be harmed if we are wrong.
‘Therefore we maintain that all patients with this syndrome should be
treated as though they were in the degenerative stage of a glomernlar
nephnitis.

‘We have described what appears to us to be the obvious clinical facts
observable 1 most patients who first come under observation because
of edema.® In our series, some had been seen by our colleagues in the
miual stage or gave such a clear history of 1t that there was no reason-
able doubt as to the diagnosis. 'There were other patients, already under
observation in the latent stage, 1t whom all these symptoms developed
alter some severe and rather prolonged infection. There is yet another
group, not so uncommon in out-patient practice, some of whom may
give a clear history of the initial stage, tn whom the intensity of the renal
lesion seems never to have fallen to the low levels usually found in the
latent stage. In the clinrcal sense they are latent, without any abnormal-
1ty of the blood and with blood-pressures well within the normal range,
and it is only their relatively high rates of protein, cell, and cast excre-
tion that make them singular. In such patients we may see a gradual

ion to 2 fully developed d ive phase, but without the inger-
position of the prolonged and severe infection which seemed to be the
predisposing cause in the second group. These three groups nearly ex-

TTheve ase those who stiess other sbnormaliues, for nstance a lowening of metabolic
rate, Our eperience does not show that this is a necrssary part of the chmcal picture
It a patient takes about 40 gm of protewn a day, and Joses 30 gm every day {n the unne,
1t will not be long before he shows alt the effects of Pproten gtarvanon A lowening of the
basal metabolic tate 13 one of these symptoms
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fatty infiltration in glomerular nephritis is not diffuse. In sections we
see it only here and there, because it involves merely a part of the whole
tubule. In the sediment, too, most of the epithelial cells do not contain
fat. 1In this stage there are sometimes very few red cells, perhaps only
1,000,000 or 2,000,000, though in most cases there are still 5,000,000 to
50,000,000 pale red cells among the casts and fat droplets and epithelial
cells. Lastly, when we take 5 cc of the supernatent fluid and add the
phosphotungstic acid, we get a thick, white precipitate that is packed
into a volume of 2 cc after centrifuging. The sample we have taken is
only 1 part in 120 of the 24-hr volume so we can visualize the mass of
protein excreted in 24 hr as filling a volume of 240 cc. This means the
patient is losing about 15 gm of protein in his urine every day.

We have repeated a description of the salient abnormalities seen in
the degenerative stage because it is important to have it clearly before
us when we consider what is to be done; important, because it is difficult
for doctors and almost impossible for patients to see what is behind the
edema. Edema is an abnormality so obvious and striking that it is apt to
becorue in atself a diagnosis. We should then tacitly suppose that the
cylindruria, the fatty infiltration of the tubule cells, the lipemia, and the
proteinuria came with the edema, and we shall regard them as suhsidxar‘y
manifestations of the “nephrotic” syndrome. Clinicians of great experi-
ence have, in fact, adopted this view. They suppose that a patient suc_h
as we describe is the victim of a disease sui generis, and they call this
supposed entity “nephrosis.” No one can deny that they have some
justification. But “nephrosis” is really not a diagnosis in the full' fcn:e
of the word. It only gives a4 name to symp that appear e
from nowhere, without any history of development. “Nephrosis” is at
best 2 nominal intenim diagnosis, a convenience for the moment, not a
term that reminds one of any story that has a beginning and an end. Ne
one will ever know the beginning of the condition .in most of thos:
patients, but the beginning was there and was dramatic enough .zl.wugf
no one noticed it. It was the initial stage of glomerular nephritis. '1
we wait long enough we shall see the end. It will be .the ex‘\d to whxch[
all patients with nephritis come who do not heal or.dle of intercurren
disease before the final uremia. What is important is not that thz.: dlzg;
nosis of nephrosis is usually shown to be incorrecf; .what matters is dl:.
this so-called diagnosis may harm the patient. 'This is more thaf'l 2 qual
rel about words, for when we say 2 patient has nephrosis we, in effect,

i L
i is his central ill and that we should use the xos
decide that the edema is his c o that e chink e

energetic measures to rid him of it, includi on
risky if the patient really has a glomerular nephnl-ls. or fess than
To say that all instances of nephrosis are nothing more or
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increase in the permeability of the glomerular membrane., There is no
increase in red cell or blood-cast excretion from which we might infer
an exacerbation of the process of inflammation in the glomeruli. The
single change we see is that there is more protewn m the urine than be-
fore. Therefore, in the light of what has been found about protein
reabsorption by the tubule cells, we conclude that the increase in pro-
tein excretion arises because less of the protem that comes from the
glomeruli is being reabsorbed, and we attribute this to a failure of the
tubule cells. This conclusion is simultaneously or very soon afterward
confirmed by the appearance in the urmary sediment of cells swollen
with granules that we suppose are cells like those cells full of hyaline
droplets that Oliver finds, except that the cells we see have died because
they have become so glutted with reabsorbed protein,

But granted that the i d p iaisa quence of a fail-
ure in protein reabsorpuion by the tubule cells, the question still remains
as to why some patents who for considerable periods of ume have suc-
ceeded 1 reabsorbing all but 1 or 2 gm of protein a day should now
excrete from 5 to 20 gm a day, In most of the few patients in whom we
have some evidence as to the mode of transition, there was an external
reason in the form of an infection such 2s might have induced cloudy
swelling and have led to nterference with the process of protein re-
absorption.  But we have seen some patients m whom no such outside
reason for the event can be assigned. It is such cases that suggest that
there may be a limit to the process of reabsorption if we think of it as
involving not only something corresponding to the phagocytosis of pro-
temn from the filtrate but as involving also the intracellular digestion of
the protein that 1s reabsorbed, Our protein determinations 1n the urine
gve us no mdex at all of the quantity of protein that passes the
glomeruli. A patient m the latent stage who excretes only 1 gm of pro-
tein a day may very well have to reabsorb every day many times the 30 °
or 40 gm we have reason to suppose the normal kidney recovers. If
there is a Iimit to this process 1t would be in a disease i which there
are anatomical reasons for an increase mn the quantity of protein passing
through the glomerular membrane that we might expect to see this
limit sometimes exceeded.

With the advent of the next chinical sign in the development of the
degenerative stage we lose contact with physiology and pathelogy and
our clinical facts become no longer comprehensible. What we do not
understand is the gradual fall 1n the concentration of protein in the
plasn‘la untl, in many nstances, the patient becomes grossly edematous
Tt 15 just at this point that we have to stick 1 the Jadney where the only
disease we have been able to detect exists. If we have to resort to hypothe-
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of plasma proteins; but in glomerular nephritis, after the initial stage
has passed, the renal lesion is central. It is within the Lidney that we
must look for the origin of the sequence of events that we obsenc,
because if we once allow ourselves to postulate primary extrarenal fac-
tors, for which we have no evidence whatsoever, there will be no limit
to the multiplication of hypotheses. If we accept this restriction, and
remember how, in the transition from the latent to the degenerative
stage, the first and for a time the only change we can detect is a substan-
tial increase in protein excretion, it is reasonable to ask whether this
degeneration may not have its origin in some defect in the mechanism
of protein excretion.

In Chapter 2 we quoted the recent demonstration that the glomerular
filtrate of mammals contans some protein. We pointed out that if we
assume this to be true in man and take the conservative estumate of 2
protein concentration in the filtrate as low as 20 mgm per 100 ct, then,
knowing that the filtrate volume is about 180,000 cc, the protein filtered
every 24 hr will be about 36 gm. Thus we may suppose that about one-
fifth of the total amount of plasma protein in the blood daily leaves the
circulation and enters the renal tubules. But this 36 gm does not leave
the kidney through the urine. All but a few milligrams are reabsorbed.
‘The process of reabsorption has been proved by Oliver. When we in-
jected dyed protems into our rats he demonstrated the accumulation of
the dyed protein inside the cells of the proximal tubule (65) and thus
confirmed, in a concrete way, a great deal of evidence of various sorts
thatall bines toward the conclusion that reabsorption of protein from
the glomerular filtrate is a function of the normal kidney.

The reabsorbed protein does not remain as an accumulation within
the cells. In a short time it dsappears. How? Not, one would suppose.
by a simple dxffuston or transport of unaltered protein molecules out of
the cell into the nissue spaces and into the interior of the capillaries and
Iymphatics. We can believe that unaltered proteins are taken into the
cells from the filtrate within the lumen of the tubule, because we find
them reabsorbing substances like fats that have a considerable molecular
volume, and we can think of the entrance of protein molecules into the
cell from the glomerular filtrate in terms of a modufication of the process
we call phagocytosis. But the exit from the cell of the gross pamcu!:le
accumulations that Oliver finds is an altogether different matter. Itisa
more reasonable supposition that these ac lations are material that
has to undergo intracellular digestion before it can leave the cell.

Let us return now to the observation that the first indicaliz{n of the
onset of the degenerative stage is a considerable increase in protein excre-
tion. We can find no clinical evidence that this increase is due to an
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absorption from the gastrointestinal tract. When pathologists make their
examunations they find fat in the serum and in the Lidney but no fatty
infiltration or degeneration or abrormal accumulation of fat any\yhere
else in the body. But the protemn chemists have ideas from which 4
reasonable explanation may be derived. When ammonium sulphate or
potassium citrate is added in mcreasing quantities to samples of normal
sertm, the euglobulin precipiates out first, and as larger amounts are
added to the tubes there is one that contains a precipitate that has a
color and texture slightly difterent from any of the others. When this
sample is denatured and extracted with fat solvents, it is found to con-
tan a much higher proportion of fat than any of the other preapitates.
In the Tiselws this protein moves with the first part of the beta frac-
tion. It is the protein that “carries” the fat but carnies it hidden, so
that we do not see it and cannot even get 1t out with fat solvents until
the protein is denatured. The first stage of denaturation involves the
unfelding of the two long layers of Iinked amino-acids that, when they lie
together, make up the structure of undenatured proteins in the plasma.
It has been suggested that this particular protein that carries fat has the
amino-acids of 1ts two chains so orientated that the R—CH, groups are
panting toward the inside. This proteinr would then be ltke a long
loop and a fatty acid molecule could creep nside the loop but would be
vepelled from the outside toward which the hydrophilic R—COOH and
R--CH(NH,) groups are pomting A fat solvent could not get inside
until the loop had been bent open  In some such manner we can make
a picture of how fat can be carried by protein molecules, and we can
extend the image and see the milky plasma as the result of an absence
of the plasma protein molecules that have this transport funcuon. Then
the fatty acid molecules from the gastrointestinal tract would be left
free in the water of the plasma and they would coalesce into the huttle fat
globules that make the creamy emulsion we sce. There is, of course,
more here than a stmple change in the location of fat in the plasma;
there is a considerable increase in fat concentration, but this is compre-
hensible as a ) of hing analogous to the traffic jam that
occurs on the streets when our rapid transport systems fail.

The degenerative stage may end by a reversion to the latent stage or
it may go on into the terminal stage. As a rule the transition to the
terminal stage is so gradual that the patients do not notice that they are
slowly growing weaker and more anemic, and they are only glad that the
edema—the only sign that ever came to their consciousness—has finally
gone. But there is a small group in whom the diastolic pressure rises to
very high levels, and then we see conjoined in one patient the signs and
symptoms of two diseases—the fusion of malignant hypertension and of
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of the truth. What is asked of a hypothesis is not that it should precisely
prefigure the mechanism that actually exists. All we require is that it
should suggest questions that can be answered by experiment, and that jt
should emerge in the simplest possible manner and without contradic-
tion from what we do know about the problem.

There are three clinical results that follow the decrease in plasma
Protein cancentration, and that we suppose we can comprehend in terms
of a diminution of one or another of these proteins. '

The first is the liability of these patients to contract sudden and
rapidly extending infections with streptococcal, staphylococeal, and
pneumococcal organisms. In some of these patients Dr. Jameson has
demonstrated an extreme reduction in gamma globulin, OF late several
have been saved by penicillin. For some time we have given minute
doses of sulfathiazole (100 mgm four times a day) to some of our edemat-
ous children who have had reiterated infections, hoping that it might
have some prophylactic effect. 'We think that at the very onset of every
fever penicillin should be injected.

The second is the quite frequent occurrence of venous thromboses.
For some curious reason this has not, so far as we know, been described.
In any part of the body, but most commonly in 2 leg, there is 2 sudden
increase in edema, with pain, tenderness, and often a reddening of the
skin. This is followed by a slight fever, a mild leukocytosis, and an
increase in the sedimentation rate. Within 3 or 4 days the local swelling
and tenderness subside. When this occurs in an arm it is sometimes
possible to palpate the thrombosed vein, As Rytand suggests, z{xis zhmr'n-
bosis may be a consequence of a decrease in circulating antithrombin
which is one of the serum-albumins.

Lipemia is the third ph of the d ive stage that ma)f'
be regarded as a consequence of the decrease in the concentration of
certain plasma proteins. We can suppose We und d the presence 0

fat in the urine. We see the tubule cells choked with fat droplets 25
well as with proteint granules. We can see these cells as they b\_xm a‘n'd
liberate their contents into the urine, We see the same cclls_m their
place in the proximal tubule when a patient in the degenerative st2ge

We can connect these minute fat globules with the

happens to die.
on were squeezed

lipemia and suppose that they came from the fatty blood,
th’;ough the glfxgerular membrane, and that most of them were phagocvyc-
tased from the filtrate by the tubule cells. But the cr.camlxkfz plasn'.xa ‘1

see when we centrifuge the blood of these patients is not lmn'xcdx;l}: y
1t is not a consequence of a general dyscrasia 0 adt
atients Van Slyke and his coworkers (67) Emm

and no anomaly in fat

comprehensible.
metabolism. In these p ¥
no defect in the anabolism or catabolism of fat
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in hospitals, and it is those who have there made derailed investigations
of patients in uremia who are most competent to describe the objective
aspects of the very end of the disease  What is learned in the out-patient
department is conservatism in progoosis and the importance of not let-
ting the pattent become aware of our fears as to his fate. We see many
patients who are uremic, perhaps even deeply uremic when they first
come to us, who yet improve and live and work in comfort for a long
time. ‘This is due in part to dietetic treatment, but usually it is due to
the that an accidental and diable dehydration has led
to a transient intensification of their uremia and thus for the first time
brought to their consciousness signs of a state that has long been with
them, It is in following patients with latent glomerular nephritis as they
pass into the terminal stage that the long duration of the preuremic and
uremic phases of the disease is best appreciated, and that the need for
care in prognosis becomes most apparent. These are patients we have
known for a long time; they are those as to whose ultimate fate we can
be as sur¢ as we can of anything in climical medicine.  Year by year we
have watched therr blood urea concentrations rising, therr urine becom-
ing more dilute, and their anemia deepeming, and this in spite of all
their dietetic endeavors. When the doctor sees them, 1t is with a fear
that someday they may ask him explicitly what is the precise meaning of
these measurements that are being made. Do the results show that they
are getang better?  But he need not be afraid, They never ask the fatal
question. It may be that, mmplicitly, they already know the answer—
know it in 2 much mofe profound sense than the doctor. If so, they are
undismayed and cheerfully carry on, much as all of us carry on though we
know that someday we shall die. We do them an 11l service if we force
them to pasticipate in our fears or even in our certamties, They do not
listen to us. They wait for deeper intimations of thexrr mortality. That
voice they will hear because it is thetr own, and that message they will
receive with no resentment or dismay.
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irregularly but over the years quite unquestionably, by a gradually
deepening anemia, by a creatinine or blood urea concentration that in-
creases, on the whole, with a steady persistence, and by certain urinary
changes that in the end become unmistakable,
For patients in the degenerative stage the-road to the terminal stage
is not, as a rule, so long. By what, on a superficial view, seems a cruel
paradox, the transition presents itself to them as a release and a deliver-
ance from the only symptom that has troubled them—their edema. Ulti-
mately both those who came from the latent stage and those who used
to be in the degenerative stage come, at the end of their course, to be as
much alike as they were at its beginning. The distinguishing char-
acteristics of the degenerative stage—its edema, lipemia, exaggerated pro-
teinuria, and the evidence of a fatty infiltration of the tubule cells—
gradually fade away, and both those who were degenerative and those
who were latent come to have much the same uremia, hypertension, and
anemia, and all alike excrete a urine that is always dilute, that contains
more protein than in the latent but less than in the degenerative stage,
and one in which a qualitative sediment examination will often reveal
a few broad renal failure casts.
There is now a greater constancy than ever before; a constancy dic-
tated by the small number of overworked nephrons still functioning.
It is because the nephrons are few and overburdened that the urine is 50
dilute and yet contains so much protein. It is because they are few that
in spite of the fact that they cannot recapture the usual proportion of
the water of the filtrate, their total contribution of urine to certain tribu-
taries of the collecting tubule system is only a trickle of urine that allows
/ the cells and cell detritus to clump together into these big casts. The

whole urinary picture is now dominated by the reduction in nephron
number, and little remains to remind us of the Initial lesion that was
once so istakable and uniq 1y little that gives us any inkling
as to the long and often winding road that has led to this end. If we
have not come down the road with the patient, if we have not already
mapped its main contours, we cannot Teconstruct it {rom_ wh.ac is. now
given. There are many roads that converge toward termination in ant
altogether insufficient number of still-functioning nephrons, and the end
of all of them is as uniform as thejr origins are diverse.

We will not give any detailed-description of the various_ fc.mm under
which the terminal stage makes its appearance nor any statistical presen
tation of its symptomatology, since such data have been adequately

presented by those who have had much more oppurtux_lity than we 1o
”  explore the interesting metabolic anomalies that sometimes occur as I::
result of Tenal failure. This is particnlarly the field of these who wor
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larger than he js and six hundred times larger than his kidneys. And
once we have an answer to this question, we have the answer to another——
the ane with which we are now drrectly concerned: *“What is the amount
of fluid that the kidney moves from the tubules into the blood against
osmotic pressure?” We know that the volume of urine excreted every
24 hr amounts to about 2,000 cc, so almost all of the 180,000 cc filtered is
transferred {rom the tubules to the blood and the mass moved every 24 hr
is 178,000 cc.

‘Work oF THE KIDNEY As FORMULATED BY PHysicar. CHEMISTS

S
overcomung the force of osmotic pressure, Left to atself the water would

not go back to the blood, and the urne would remain an unconcen-
trated filtrate of the plasma. We have to look for some source of energy
to move this mass of mater1al, and we can find 1t only in the tubule cells,
These cells must be capable of producing the energy needed for this
external work in the same sense that muscle cells produce the energy
needed to move masses of material against the resistance presented by
the force of gravity. Now, given a mass, a resisting force, and a source of
energy, physical chemists have dertved equations that formulate the
quantitative relations existing between the factors involved in different
sorts of work. 'They have considered the problem of work when it is
done against the force of osmotic pressure, and their conclusion, pre-
sented in a form that can be applied to such a concentrating mechanism
as the kidney, is given in the following formula:

The movement of this very considerable mass 1s acc lished by

Work per 24 hts — (NRT) X (2 s1ogy — U2
in which
N ==weight in mols of an excreted substance,
R == the gas constant (1.987 calories per degree), ,
T ==the absolute temperature (37° G 4- 273° C = 810° C),
U = the concentration of the substance in the urine,
B ==the concentratton of the substance in the blood plasma,
2 3 == factor to convert commeon logs to natural logs.

The N for any substance is its 24-hr rate of excretion in grams
divided by its molecular or ionic weight in grams. This mode of expres-
sion is used because osmotic effect depends on the number of molecules
or ions dissolved in the water of the urine.

- 7}’{. the cancentration ratio or the number of times by which the con-

centration of a substance in the urine exceeds its concentration in the
blood-plasma, is unafiected by the unit in which the concentrations are
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“What is the work of the Lidney?” Work is a complex term that in-
volves two factors: first, a certain material mass, and second, the move
ment of this mass against a resisting force. We do work when we lift 2
book from the table because a mass, represented by the weight of the
book, is moved against a resisting force—in this case the force of gravity,
The heart works because a mass of fluid, the blood, is moved against
force—in this case the resistance to distension offered by the walls of the
' arterioles. So also does the kidney work. It moves a mass against a
resisting force. The mass moved is water from the glomerular filtrate,
and it is moved from the intertor of the tubules into the capillaries that
lie outside the tubules. The resisting force is the force of osmotic pres-
sure that arises when, as the water is moved out, the fluid left within the
lumen of the tubules comes to contain a greater concentration of certain
molecules than exists in the plasma within the capillaries.o”

VoLUME OF GLOMERULAR FILTRATE

The question then comes up: “What is the total mass or volume of
fluid filtered by the glomerult over any given period of time?” This
was the questton that Rehberg (68) raised but it was Homer Smith and
his collaborators, who, after much trial and etror, have ingeniously an-
swered this question (21). They found a starch called inulin that hap-
pens to have molecules of such a shape and size that they filter easily
from the capillaries of the tuft through the glomerular membrane and,
once within the tubule, do not leave it by passing into the tubule cells
and also do not enter it through any other door than that provided 13y
the glomernlus. When they determined the concentration of inu'lin in
the plasma they were thus, in effect, determining the concentration of
inulin in the filtrate 1 Bowman's capsule, for there is no measurable
difference between the plasma and filtrate concentrations. And \:Jhcn,
maintaining the concentration of inulin in the plasma by constant intra-
venous mjection, they collected urine and determined the :m!ofmt ex-
creted over a given period of time, they were, in effect, determm.mg the
amount of insulin that had filtered through the glomerulus in that
space of time. Thus, knowing the rate at which inulin was ﬁltcr’ed a}:ld
knowing the concentration in the filtrate, the volume 'ﬁlle.red in l. at
chosen time could be ascertained by dividing the rate of inulin excretion
by the concentration of inulin in the plasma. . 3 Wt i

In this way they got a surprising answer to their question: 2
the volume of fluid filtered from the plasma by the glome‘ruh over fm)’ .
space of time?” When we think of it in terms of 24-hr perl?ds, the ;xr::
interval most commonly used in medicine, we find that l\xdx;lcys l:imcs
ordinary-sized man filter 180,000 cc every day—a mass nearly three
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end result. In man, over a 24-hr period, approximately 180,000 cc of
fuid has been transferred ffom the lumen of the tubules to the blood in
spite of the fact that the final concentration of urea in the urine has been
increased until it may be 100 times greater in the urine than in the
blood. The formula tells us that this cannot be done without work and
that the least amount of work required in the excretion of any substance
will vary as the rate of excretion multiplied by a factor whose value
depends on the number of times by which the concentration in the urine
is greater than that n the blood.

MEASUREMENTS OF UREA, CHLORIDE, AND CREATININE WoORR v Man

The formula, taken as a whole, does not state that an increase m
protews consumption, and thus in urea excretion, would necessarily -
crease the work of the hidney. It 1s concetvable that, as the rate of urea
excretion rose, the urtne urea concentration might fall, and the blood
urea concentration might increase to such a degree that a diminution in
the value of the second factor of the formula might cancel the effect of
an increase 1 the first. Partly on this account but manly because it is
imporsant to know how much the work of the kidney in normal in-
dividuals 1s influenced by the protemn content of the diet, we asked ten
residents and interns to take diets 1n which the protein content was first
05, then 15, and finally 2.5 per kilogram of body weight, They started
each diet on a Monday and continued unul the foliowing Saturday
morning. There was no restriction of water consumption. On Thurs-
day and Friday 24-hr collections of urine were obtatned in bottles con-
taimng sulphuric acid, and on both of those days samples of blood were
taken before lunch between 11:30 A and 12:30 rar, We thus ob-
tained sixty urine collections and sixty specimens of blood, divided into
three groups of twenty each, corresponding to the three levels of protein
consumption. Urea in both urine and plasma was determmed by a
urease aeration method that yields results of a fairly high degree of pre-
cision, Chloride was obtained by a modified Volhard titration method,
and creattnine in both urine and plasma was estimated by the Folin and
‘Wu method using an Evelyn colorimeter. A few of the urine collec-
tions were discarded because the inine rates of i d
that not quite all of the urine had been obtained. In calculating the
work for chloride excretion the chloride was expressed as sodium chloride,
ionization was distegarded, and the concentration of sodium chlovide in
the plasma was assumed to be 540 mgm per 100 cc—all three unwar-
mmz,:d ions or proced but involving errors i fal in
l.'cl:mon 1o our purpose. We wished only to determine the relative
importance of urea, creatinine, and sodium chloride for the work of the
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ing no more protein to our patients than they require, and we can
U-~-U—B
B U

to keep their urine urea concentration low.

The formula says nothing about the mechanism through which a
urine that is concentrated with Tespect to urea is produced, but when we
try to think 1n concrete terms of how work may be done against osmotic
pressure, it is helpful to hypothecate a mechanism. We imagine, for
instance, 2 membrane through which water but not urea may be pressed.
We suppose it is clamped across the lumen of a cylinder that contains
water on one side of the membrane and a urea solution on the other
side. We can understand that under these circumstances we could con-
centrate the urea solution if we exerted pressure on it with a piston,
and can believe that we might have to push harder as the concentration
of urea in the cylinder rose. Thus is the sort of work we can easily com-
prehend. But that is only one of the many ways in which the work
could be done, and 1t is not the way used by the kidney, The tubule
is not a passive membrane; 1t is a cylinder made of cells that are genera-
tors of energy derived from chemical transformations, or, as we usually
put it, this 15 2 living, not a dead, membrane. In the proximal tubule
chemical laws overrule the laws of physics.

In the kidney it is the membrane that does the concentrating, not
some force external to the membrane. Precisely how it works we do not
know, but we are no longer entirely ignorant of certain general aspects
of its mode of action  Walker, Bott, Oliver, and McDovwell (71) have
recently published the results obtained in their difficult and ingcn'ious
expeniments.  They collected flmd from the tubnles of rats and guinea
pigs, marked the sites of puncture, and, separating out these nephrons
from all the rest, were able to measure the distance from the glomeruli
to the places where the tubules had been tapped. They found that all
the way down the proximal tubule and as far as the distal tubule the
total osmotic pressure was approxumately the same as that in the plasma.
That means that the total number of dissolved molecules was about the
same per unit volume of tubule fluid and plasma. But the sorts of
molecules in the tubule fluid were different from those in the plasma.
By specially devised and extremely micro methods, they were abl.e to
show that the chloride, creatinine, glucose, and protein concentrations
were dissimilar. They found higher concentrations of creatinine in the
tubule finid than in the plasma. This was also true for glucose when
they administered phoridzin. These higher concentrations can c{ﬂy have
been obtained by work, no matter what the mechanism by which they
were obtained. The mechanism used, we do not know; we know only the

decrease the value of (2.3 log by giving them enough water
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of a2 man who takes 25 gm of protein per kilogram of body weight as
it would use when separating the urine of 2 man consuming 0.5 gm
of protein per kilogram. But the kidney is an actual, not an ideal,
machine, and it is important for clinical purposes to Anow how much
energy is lost in the process of urine formation—how much energy is
used, not in the accomplishment of work, but in processes that we may
think of as analogous to “friction.”” When the Lidney works, it gets its
encrgy from the burning of fuel within the tubule cells, and so the total
cost of work can be measured in terms of the extra oxygen needed. Bar-
croft (72) showed that the kidney evcreting much urez used more oxygen
than the Lidney excreting little,® but the data from which we can get
some idea of the “friction” factor in the kidney were collected by Dack
(73). He measured the oxygen used by the Lidney at low and high levels
of uren excretion, as well as the rate of excretion of urea, and the con-
centrations of urea in the urine and serum. He was thus able to com-
pare the minimum energy required for the added work, as calculated
from the physical chemist’s formula, with the actual increase in energy
expenditure that accompanied the work. The energy lost in processes
that we may regard as analogous to friction was four times greater than
the energy that eventuated as accomplished work. Although we cannot
conclude from these observations, made under very special conditions,
that the Kidney always uses as much or as listle as four times more energy
for work than is ideally necessary, we have at least a rough 1dea as to the
magmtude of the “fricuon” factor, and we may be sure that the results
of calculations from urine and blood data give only a fraction of the total
amount of energy expended by the kidney in the preparation of the
urine.

E¥rFeCT OF CHANGE IN PROTEIN CONSUMPTION ON
hE Size of THE KiDNEY

We can now consider the work of the Kidney from an entirely dif-
ferent pomnt of view, one mn which the mode of observation 1s more in
consonance with our ordmary clinical procedures. When the work of
muscles is increased, the muscle fibers increase in size. When the
arterioles of the systemic arculation are long constricted and the force
that the heart has to overcome m moving the blood is thus augmented,
we observe that the wall of the left ventricle grows thicker and that its
muscle cells become hypertrophied. We call this process “work hyper-
trophy.” Now, although we know that the kidney works, we do not

# Repeatedly, this observation has been both confirmed and denied  We suppose that the
disagreement may be a consequence of the fact that the increment of oxygen consurmption
due o increased osmouc work 13 such a small part of the total o¥ygen consumption of the

idney that It is dificult to measure, (Sce page 233) S
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he would reply that the simplicity or complexity of the mechanism by
which the concentration is produced has nothing to do with the ques-
tion, and he would maintain that what he says is true even for a machine
as complicated as the kidney. He would say that his formula holds for
all concentrations that ever have been or ever will be attained, and he
would be confident in his generalization just because he has eliminated
all reference to the nature of the machine from his statement. 1If he
concentrates a solution by pushing on a piston, thus forcing out water
through a membrane impermeable to some substance dissolved in it,
he does not deny that he wall have to work harder if there is friction,
but his formula does not take such variables into account. Nevertheless,
in all real machines there exists some degree of friction, and so the state-
ment in which the physical chemust has such confidence is idealized and
abstract. If the formula were not abstract it could embody no general
scientific truth, It is only because it 1s not true for any machine that it
can hbe true for all machines. For the truth remains, though it is nota
precisely accurate description in any concrete instance. No matter what
the simplicity or complexity of the process of concentration, no matter
how little or how much is lost in friction, a certain minimum of work i
necessary to effect any given degree of concentration, and this minimum
can be determined with precision. Actually, more work will be neces-
sary, depending on indiidual vanables that cannot be generalized, but
of this least possible amount of work we can be sure, /

The doctor, face to face with the particular patient who has come
to him for help, will at that moment be impatient of considerations as
remote as those we have been discussing. They cannot give him sure
and direct help with the individual. For perhaps in this patient the
“friction” that is neglected in the scientist’s statement may be the al}<
important element that determines the amount of work required 'of his
Lidneys. Perhaps the machine needs oil rather than any decrease in the
load of work. At that moment the clinician demands more th:m_ a
knowledge pertaining to all machines and to all time. He needs in-
formation about this machine at this time, for now he is called upon to
“speak as one that has authority, and not as the smbef.” . i

Certainly abstract considerations, when introduced intoa 'clmxral dis
cussion, can be justified only if their relation to the subject is clear and
direct. It is true that we hnow that the kidney works. We know that
we can vary the amount of work it has to do by changing the 3“‘0“.“' Qlf
protein eaten.  But all we know is the least amount of work that an ldﬂl‘.
frictionless machine would have to do if, in any way }vhauoever.' it
were to separate urine from blood. We know that the n:']eai mach}nc
would use more than four times as much energy in scparating the urine
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not due to an increase in the synthetic chemical work of the kidney?
The answer to this is not that the objection is wholly wrong but that all
the extra-osmotic effects taken together can account for only a part of the
increase. When urea excretion is increased by incorporating urea in the
food (and urea is a substance that enters into none of the chemical
reactions of the body), we still get 2 marked increase in the size of the
kidney, though it is not so great as when a similar increase in urea
excretion is induced by the administration of protein (24).

SIMILARITY OF RATE OF GROWTH OF THE KIDNEY AFTER INCREASE 1N
PROTEIN CONSUMPTION AND AFTER UNILATERAL NEPHRECTOMY
‘There is another, and in some respects a simpler, way to observe the
effect of an increase in osmotic work on the size of the Midney. When
we temove one Lidney, the remaining Lidney is called on to do twice as
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Fig 51 Effect on the weight of a kudney of the removal of the opposite ksdney.

much work if the same dzet is given and the same amount of protein
consumed. The results of this operation are shown in Figure 51,

It 15 not alone the very considerable increase in the size of the Nidney
when the demand for its work is thus doubled that seems to us important
in this resultt More convincing is the practical identity of the curves

#We must, of course, distinguish berwcen 2 doubling of the demand for work at the
moment when Walf the total renal tissue 13 removed and a doubling of the work actually
accomplished  When we measure the muaimal amount of work done during the 24 hr
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are in operation, Nevertheless, under any one set of relatively constant
conditions all the changes that occur can be predicted and accounted for,
at least approximately, on the basis of the amount of work the remaining
kidney is required to perform per unit of functioning mass,

In themselves the data we have to present are far from satisfactory
from the point of view of elegance and precision. In some degree this is
2 necessary farling—a consequence of “the fact that the work of the
kidney, except in starved or sugar-fed rats, varies primarily with the
amount of food and water the animal takes. We felt that to control this
variable factor would in all likelihood end only in the introduction of
hidden variables affecting the blood flow through the kidney. Rats can-
not be subjected to long-continued stomach-tube feeding without in-
curring this risk. It seemed to us better to use a lot of rats that were
left free and undisturbed. This is a laborious way of removing a vari-
able, and at certain points in our series of observations it seems likely
that the number of rats used was inadequate, 2 circumstance that lessens
precision. We intended to make our observation on the structural and
functional changes induced by the temoval of varying proportions of
renal tissue at a time when all change had come to an end, and we
allowed a period of 40 days to elapse after the operation, When the ex-
periments were planned we were not aware that when 759 of the kidney
is removed the remaining fragment goes on growing for ar least 80 days
(page 66). The time relations are thus defective for the data on‘lhc
75% removals. We have started another series of similar observations
which we hope may, in another way, make up for these defects, though
they are primarily intended to answer another question, It has also to be
acknowledged that, since our method of collecting urine on blotting
paper precluded the measurement of 24 hr urine volum‘es, we were
obliged to depend for our estimates of urine urea concentration on z?:tcr—
minations made in the urine collected immediately before the animals
were killed. This is one of the factors involved in the calculation of the
work of the kidney, and insofar as the morping urine did not truly repre-
sent the urine of the 24-hr period, our estimates of work are in error.
In spite, however, of all these shortcomings, we consider that 31} the
results taken together establish beyond reasonable doubt the thesis we
have presented

In our general plan we undertook to measure th
in the urea work of the kidney (rate of urea excretion,
serum urea concentrations) 40 Z‘lays after the removal of 09, 25%, _50%7‘;
and 759 of the kidney and also to measure the amount of protein r‘a A

" the kidney, thus obtaining simultaneous observations on th'c smct'l;'h:
as well as the functional effects of the removal of renal tissue.

he factors concerned
urine urea, and
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experimental methods have already been described (page 72). In addition
to this, we decided to make these observations under three distinct dietary
conditions designed to induce three different levels in the amount of
osmotic work required of the kidney. In the first of these, the rats,
after operation, were kept on the same stock diet on which they had
been reared. This is 2 mixture of ground wheat, ground soybean, corn-
starch, and alfalfa, to which 10% of crude casein is added along with
sardne oil, sodium chloride, and bone ash. It contains 17.2% of protein.
1t is entirely adequate for growth and maintenance. Our desire to elim-
mate complications due to vitamin or mmeral deficiency induced us to
keep this stock diet as the base for the other two dsets, therefore we got
the second diet by adding 509 of air-dry ox liver to 50% of the stock
dret.  This hiver was prepared by pulping fresh liver, removing gross
connective tissue and large vessels, and drying at 80° C in a current of
warm air. The third diet was obtained by adding 50% of commercial
casein to 509 of the stock diet.

In order to avoid deaths from uremia on the high protein diet
{page 273), we used female rats that were 70 days old. None of the ani.
mals died, and all seemed to be healthy 40 days later when they were
lilled, but the following table shows that their growth rates were in-

fluenced by the op and by the duff in protein ption
{Table 46)
TABLE 46
$ToCK pIET
% of kidney body weight body weight % change
removed at at i
operation ll body weght
gm gm after 40 days
[ 1232 1612 +308
2605 1311 1645 4255
5025 1264 1615 +278
7580 120.4 1589 +219
LIVER $TOCK DIET
00 170 1544 +320
258 1278 1612 +261
37 1234 1563 +267
752 1234 1349 +93
CASEDN $TOCE DIET
[ 187 1534 +292
2962 195 1523 +333
5020 1248 1440 +154
1216 1320 +86

These body weight changes ate calculated from the averages of groups
that usually contained ten rats, There were fifteen such groups for the
stock controls on which a sham operation without removal of any kid-

-
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Figure 53, parts 4, B, and C, the results are plotted against the percenz-
ages of the amounts of kidney protetn found when no part of the kideer
had been excised, and the data are presented in this form in Table 47,

TABLE 43;
Funcrionat Caxces 40 Davs a#7zR Reveoron o Kiwry Sunt
arock preT
o ot %o
et i Py
9% kad % % uris R
ncy % serum % usine I =
protein urea urea urea oty b=
1000 1000 1000 1000 m
813 1237 700 B0 e I
762 1473 77 81 5 211
0.4 1882 522 LA -
LrveR sTock DT
1000 1000 1000 100 gy
878 1133 75 740 A
792 1680 595 a1 W Be
55.6 1730 ©0 3 3
s
CASEIN STOCK DIET Les
1000 1000 1000 1000 "
87.8 1160 80.3 770 uz'{ ™
745 1500 545 408 o P
587 2145 505 269 Tt
& Valoes expressed as & percentage of the quantaties found yyy e A%
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‘The less the kidney protein, the higher do the stz
tions rise and the lower do the urme urea mncemn%:‘"xmm,
of urea excretion n mulligrams per 24 hr does ny = Tie rate
fluctuatzons explicable on the gr'('mnl_.‘l o_f vrary-mg {°°d°:»3p{.{°r

tion as modified by the concentration changes, teng 1T excre-
ey size is educed. But when the work is eXprew, s the kid
of kidney protein, thus uniting in one expression ¢, Ykm
functional and the structural changes, the graphs g{dbm_h the
constoney, 30 shar 2lter 40 days the combined req Srongeo:
is that the amount of work done per unit ofireny 4 char
irrespective of how much Kidney had been removeiithe sa¥
This, however, is to deal with the question o 53).
When we consider the work done per gram of Mdeey e
diets, as given 1n the last column of Table 48,2§we 1 e
unit of kidney increases as the protein const e
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TABLE 50

AvERAGE PROTEIN rER NEPHRON AND AVERAGE WORK per Gaias or Nzraronw
Proremt unpEr Arr Drerarv Conofrions

PROTEIN WORK PER 7
PER NEPHROY
NEPHRON WORK PROTEIN
TOTAL PROTEIN % oF WORKE PER y % or
PROTEIN PER VALUE PER NEPHRON VALUE
~NEPHRON FouND NEPHRON wirn NEPHRON  PROTENN it
NUMBER AFTER AFTER 61,000 AFTE] AFTER 61,000
LEFT 40 pAvs 40 pAvs NEPHRONS 40 pAxs 40 pavs NEPHRONS
mgm 1/10,000 cal 1/10,000 cal
61,600 1821 2,97 100 ¢ 460 1549 1000
46,200 156.4 3.45 1163 5.84 1.703 1093
30,800 1395 456 1536 7.21 1.582 1006
15,400 106 4 708 2384 1037 1465 946

This mode of expression has the advantage that it dissociates the func-
tional and structural changes and allows us to see what would have been
the effect of the concentration changes on the work of the kidney if the
size of the nephrons had remained constant, When we compare Figure
54 with Figure 55 it will be seen that the increase in urea excretion per
nephron is relatively greater than the increase in the amount of work pet
nephron The difference is due to the decrease in the value of the ratio
between the concentration of urea in the urine and in the serum as the
nephron number decreases (Table 49). When the number is most &
duced, the urea excretion per nephron is 3% times increased, whereas the
work is increased by less than 23 times. As a consequence of the change
in the BIINEUIED concentration ratio, the remaining nephrons are saved

rea K ..
113% SF the work done when all of them are in operation. This is the

purely functional part of the total adjustment of the kidney to a de-
crease in size, .
If now we take our protein determinations and calcul.?tc xhe. proteir
content per nephron, we find that the nephrons have an increasing pﬂ;
tein content as their number decreases, and when we calculae the wm.
per unit of nephron protein, thus including both .functional anld sml;E
tural changes, we find again, of course, as is shown in the \nst'co uml:! o
Table 50, that an approximate constancy is attained. But again we e
to admit that these figures are in some degree ilhfsory beca\ls'e o
nephrons do not only increase in size; they changc.z quahml_xvcly nsir:‘;gnsc
quantuitatively, and the qualitative factor—~the disproportionate
in the size of the proximal tubule—we cannot measure.
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stance, to look for some neural mechanism through which any Joss o
renal tissue would constitute a signal for an augmented blood supply t
the remainder. If that could be demonstrated we might ascribe the
growth of the kidney to increased nutrition, and an increase in the glo
metular filtration volume per nephron might help us to comprehend the
lowering of the urine urea concentration. Apart from the fact that no
such reflex mechanism has as yet been found, and that direct measure
ments of the rate of blaod flow through quarter kidneys failed to show
an increase (76), we do not believe that the hypothesis of growth from
increased nutrition is able to account for the observed facts. This in
crease in size of the kidney remnant is a very special sort of growth,
not determined by the nutritional conditions that determine growth in
general, and is governed by factors that are quite specific (77). We know
there is one substance, urea, that makes the kidney grow, though it has
no effect on the growth of other organs. Urea has this effect when given
directly or indirectly through the increased urea formation that follows
an increase in protemm consumption. No doubt there are other such
substances. A huge increase in the creatinine concentration of the
plasma, long enough continued, might have this effect, If it did we
should know how it came abaut because we could explain the growth
as a consequence of mcreased osmatic work. Furthermore, we.knuw lh_t
shape of the curve of growth induced by an increase in nutrition. Itis
an S-shaped curve that at first rises slowly, accelerates, and then deceler-
ates. The shape of the curve of growth induced by the removal of renat
tissue is altogether different, for at first it rises quickly, and the‘ growth
rate after the first day steadily decreases (page 65). We know this curve,
too. It is the curve of growth from “work hypertrophy.” .

Even though it has not been directly demonstrated, there is almost
certamly a later increase in blood flow to the Lidney that is decreased in
size. The growth of the glomerulus is very probably stimulated by the
stretchmg of its capillaries by a greater flow of blood, and a m'mh"l)f
of Bowman's space by a greater volume of filtrate. Indirectly, this pro!
ability is made much stronger by the results of renal blood flow measuie:
ments derived from diodrast clearances. But this may be a resu.lt, n?t a
cause, of growth. The enormous flow of blood through the hdmf‘d—-
one-third of the supply for the whole body—is necessary because thcd :q .
ney has to produce an enormous volume of glomerular filtrate, and e
have every reason to suppose that its blood supply goes far beyon! ot
need of the kidneys for nutriton. There does not seem t0 bcmrz
clinical situation, ontside of extreme shock, in which the kidney su o
from anoxia caused by an insufficient blood supply. Evary.onc Whomic
worked with renal vein blood knows how Ted it is. In a series of ure
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patients who were very anemic, We failed to find any anatomical or func-
tional evidence of rmprovement in their renal status when we removed
the anemia by intravenous injections of red bloodcells. Their hearts

. improved but not their hidneys. So, for these and for other reasons, we
think the hypothesis that the kidney grows after it has been reduced in
size because it gets more blood is inadequate.

MYPOTHESIS THAT THE OBSERVED CHANGES ARISE FROM
CHANGE IN BLOOD COMPOSITION

The curve of the rate of growth of the kidney whose size has been
reduced by operation is 1dentical with that of the intact ladney following
an increase 1n protemn consumption (page 237). This circumstance seems
to make it possible to enlarge the-consideration of the b of this
growth beyond the particular conditions of the experiments we are discus-
sing, and to sce these condittons as examples of a more general situatron.
If we do that, we can neglect the circumstances connected with the opera-
tive removal of part of the hidney and consider what, outside the \idney,
might give the imtial seemulus for 1ts growth. We are obliged to do that
because in this second example the kidney itself is not directly altered.

There are two ways in which extrarenal changes can influence the kid-
ney. The central nervous system has connections through which the
growth rate mught be altered, but there is no evidence that a severance
of these connections alters the size of the Lidney, or that stimulation of
the refial nerves has any measurable effect on the rate of growth The
other possibility is that changes in the composition of the blood supplied
to the kidney might alter growth. It is in the blood that we must look if
we are to understand how such extrarenal events as the greater or lesser
introduction of protein into the gastrowntestnal tract can make the kid-
ney grow large or small The only constant connection we have found
is that when more protein is consumed and the Lidney grows larger, the
blood urea concentration is raised, and, conversely, when Itttle protein is
taken and the kidney atrophues, the blood urea concentration is lowered.
There can be little doubt that this blood concentration change is a
major initial reason for the change in the kidney. In the other case,
when a part of the Midney is excsed, a decrease in urea excretion is
doubtless the primary effect, but it is invariably followed by an increase
in blood urea concentration. We can say that blood urea concentration
changes always precede any change in kidney size, whether as a conse-
quence of an increase in urea entering the body, as when more protein is
edten, or as a comsequence of a decrease in urea leaving the body, as
when the number of nephrons is diminished.

Since this is so, why should we not be content to accept change in

-
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How are we to imagine that this one small part of the Lidney estab-
lishes its rule over all other parts? Only, it seems to us, by hypothecating
2 constant relation between its size and the amount of energy it uses for
its work—a relation such that with every increase or decrease in fhat
energy the resulting disequilibrium between the size of the structure and
the energy it expends is in itself the stimulus to an atrophy or hyper-
trophy of its mass. ‘This, however, would only be the first of 2 whole
series of integrated relationships between this structure and all other ele-
ments of the kidney. We know that these are not directly proportional
relations, and there is reason to think that the degree to which any par-
ticular structure of the kidney waxes or wanes when the osmotic work is
changed is dependent on the degree to which it contributes to the work.
We know, for mstance, that with increase in work it is the proximal
tubule that becomes most enlarged. But the glomerulus also grows, the
vessels enlarge, and doubtless in the end even the fibrous tissue stroma
is increased, but each part in its own degree.

Although insofar as structural changes are concerned, we can thus
derive a hypothesis from our experimental facts that serves to relate them
to one another and, m an approximate manper, to explain them, the
functional changes are still unac d for and largely unexplained.
‘We may, it is true, suppose we understand on mechanical grounds how
the blood urea changes might be brought about, but such considerations
are wholly inadequate for the urine urea concentration changes. Now
there is a lint, rough and ill-defined to be sure but statistically very
definite, to the capacity of the kidney to produce urine whose ure'a
excretion exceeds a certain value (78). When we were considering vari-
ous functional measures in relation to their ability to serve as a basis for
the prediction of the amount of functionally active renal tissue, we fou?d
that a directly proportional relation existed between the amount of kid-
ney protem and the urifie urea concentration when measured under
conditions that induced 2 high rate of urea excretion, presumably be-
cause under these circumstances this limit was approached, and some
degree of uniformity was thus imposed. Now we suggest that this func-
tional restriction has an anatomical basis, and that it arises from the
limitations of the structure directly concerned with the removal of water
from the urine. This process is one in which water is transported fom
a concentrated urine to a relatively dilute blood, and the degrec of work
involved depends on the number of times t.he urine is more concen-
trated than the blood This number is the :;;ZZ l:;_:\ ratio which unites
in one expression both the blood and urine concentration c}.xangts: The
relation which we think is the determining one is that which exists be-
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tween the concentration ratio and the mass of the concentrating struc-
ture, though all we can measure is the total renal mass. N

With this we return again to osmotic work as the end which unifies
and co-ordinates all that happens, functional as well as structural, for
the work done is only the rate of excretion modified by the concentra-
tion ratio value. Because the osmotic work of the kidney directly rises
and falls with the number of molecules of urea in the urine, any change
in the rate of urea excretion is associated with an approximately equal
change in energy used by the concentrating structure—a change which,
if continued, is the prelude to an atrophy or hypertrophy of the structure
until the equilibrium between mass and energy is restored. This is the
fundamental reason for the changes in the size of the kidney in which all
its elements, in varying degree, take part. In addition we suppose that
the behavior of the concentration ratto—its decrease, for instance, when
the kidney mass is decreased—is a consequence of the nature of the con-
centrating mechanism, arsing either from limitations in its structure or
restrictions on the enexgy it can command, which render 1t incapable of
separating water from urine that ts more than a certain number of times
more concentrated than the blood. Thus 1s the fundamental reason for
the functional changes we have measured, 1t ts only the other aspect of
the same process through which the structural effects are brought about.
Function and structure cannot be separated.

The discussion of these experiments has been prolonged to a perhaps
wearisome degree, it has been full of intricate detail, and in the end it
has become almost wholly abstract and hypothetical. But 1n this case it
was required of us that we carry the analysis of the data to the furthest
possible limit because the conditions we chose reproduce many of the
signs and symptoms we find in patients with glomerular nephntis, and
we consider that the results thus constitute a crucial test of the validity
of the therapeutic principle of rest from osmottc work. When the work
per nephron is increased by a reduction in nephron number, though
the growth of the Lidney stops when only half the lost tissue has been
Testored, we find that the work per unit of nephron protein is in the end
no greater than when the full number of nephrons was in operation,
!Jecause the combined effect of the structural increase and the decrease
in the concentration ratio eliminates the excess load of work. Although
the precision of this result is marred by our inability to measure the
actual concentrating structure, we submit that all of the observed facts
can be most simply related and understood if we adopt the hypothesis
Shal we are dealing here with a h ic system of lation, imvolv-
ing anatomical as well as functional factors, all integrated toward !i:;
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How are we to imagine that this one small part of the Midney estab-
lishes its rule over all other parts? Only, it seems to us, by hypothecating
a constant relation between its size and the amount of energy it uses for
its work—a relation such that with every increase or decrease in that
energy the resulting disequilibrium hetween the size of the structure and
the energy it expends is in itself the stimulus to an atrophy or hyper
trophy of its mass. This, however, would only be the first of a whole
series of integrated relationships between this structure and all other ele-
ments of the kidney. We know that these are not directly proportional
relations, and there is reason to think that the degree to which any par-
ticular structure of the kidney waxes or wanes when the osmotic work is
changed is dependent on the degree to which it contributes to the work,
We Lnow, for instance, that with increase in work it js the proximal
tubule that becomes most enlarged. But the glomerulus also grows, the
vessels enlarge, and doubtless in the end even the fibrous tissue stroma
is increased, but each part in its own degree, )

Although insofar as structural changes are concerned, we can thus
derive a hypothesis from our experimental facts that serves to relate them
to one another and, in an approximate manner, to explain them, the
functional changes are still unaccounted for and largely unexplained.
‘We may, it is true, suppose we understand on mechanical grounds {IOW
the blood urea changes might be brought about, but such considerations
are wholly inadequate for the urine urea concentration changes. Now
there is 2 limit, rough and 1lldefined to be sure but statistically very
definite, to the capacity of the kiduey to produce urine whose urea
excretion exceeds a certain value (78). When we were considering vari-
ous functional measures in relation to their ability to serve as a basis for
the prediction of the amount of functionally active renal tissue, we fuufld
that a directly proportional relation existed between the amount of id-
ney protein and the urine urea concentration when measured under
conditions that induced a high rate of urea excretion, presumably be-
cause under these circumstances this limit was approached, anfi some
degtee of uniformity was thus imposed. Now we suggest that this func-
tonal restriction has an anatomical basis, and that it arises from the

limitations of the structure directly concerned with the removal of water |

from the urine. This process is one in which water is transported from
a concentrated urine to a relatively dilute blood, and the degree of work
jnvolved depends on the number of times the urine s more concen:
i rea . ;
trated than the blood. This number is the %%ummio which unites
in one expression both the blood and urine concentration c{mngcs.. The
relation which we think is the determining one is that which cxxstsvb&
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given; nevertheless 38%, of the rats with bigger and better Nidneys died
1n uremia while all the others survived (page 275). This second error,
therefore, is like the frst.

To think that renal structure and function can be considered apart
from the demand for work is not essentially different from supposing
that glomerular nephritis can be understood apart from the patient.
Both are consequences of isolating in thought certain aspects of disease
that can be comprehended only when they are scen as elements in a
total situation. This sort of abstract thinking is apt to occur in medi-
cine only when we have to act without direct observations of our own to
guide and correct us. It is prevalent in the treatment of glomerular
nephritis because we have been content to use secondhand mformation
derived from other people’s work. We do not fall into this error when
we are dealing with situations with which we are familiar and where we
feel at home. No one, for instance, would tell a patient with a recent
cardiac infarct that he should make a practice of running uphill because
that is the way to make his remaining heart muscle fibers bigger and
stronger.

‘Today, glomerular nephritis is almost universally treated by measures
that impose a more than ordinary load of work on the kidney. This fact
is in itself enough to show that the anatormical effects of increased work
which, in a rather vague way, are already part of the general knowledge
common to all clinicians, have not been taken as a compelling argument
in favor of a form of treatment that will give rest to the lidney, Never-
theless we feel that the functional effects of increased work, as demon-
strated in the experiments we bave just discussed, should suffice to give
pause to the exponents of the modern method of treaument, particu-
larly if they are considered in conjunction with the structural changes.
Let us, however, recognise that, quite properly, there is only one final

in th 1C the argument from clinical results.
on this account there may well be some natural impatience with 2 pres-
entation that, through such long and devious indirections, continues to
avoid the main issue. But no other way is open. For to be in any way
convincing an argument based on clmical results must have a scientific
setting, at least a division of patients nto two groups, one given a just
ndequat: amount of protein with lots of water and the other 2 high pro-
tein diet with little fluid.  But that 1s impossible. Tor once it has been
decided that some particular strategy is best there is no longer freedom
to experiment and the same general plan will be used for every patient
without exception. So here no sudden change in treatment can be won
by frontal attack. If it comes it will come stowly and by indirection,
through by-passing and undermining the hold of tradition with
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the interstitial edema, and the arterial lesions separate and apart fron
the kidney? Do they not do more than simply destroy it?  Are they nol
effective in changing the mode of action of the kidney? And are thes
structural changes in the Lidney not dependent on the blood sent from
the heart? Are they not influenced by every change in protein metabol
ism? “There is no such thing as glomerular nephritis by itself. We can
distinguish only a specific modification of a2 human being, something tha
belongs to him and acts on him, but something, also, on which all else
within him acts. There is nothing here completely new and self.con
tained. The laws that govern the maintenance and growth of structure
and the operation of the functions of the body are still in efiect, The
disease has only changed the conditions under which they act.

The assumption that the disease is 2 parasite on the body and that it
has its own laws is the first error mn the argument we are criticizing, bur
there is an analogous error concealed within what seems to be the in-
escapable logic of the therapeutic conclusion. For it is true that the
disease destroys a large part of the kidney, that the patient is dying on
this account, and that we could save him if we could give him new kid-
neys. Since we can't do that directly, why should we not do it indxrectl?'?
If we give him a lot of protein, his remaining healthy renal tissue wt\l
grow larger and will be functionally more effective. Nevertheless, .:f.
not seeing the error in the argument, we proceed to put the prescrip-
tion into effect, the panient will grosy worse, not better, and will be in
danger of death from uremma. The error is the supposition that the
patient’s future depends entirely on the quantity and capacity of his
renal tissue, whereas in fact it is equally dependent on the demand for
work we impose on what hidney he has left. All the experimental work-
we have described says that we cannot attach any significance to iqu:ne.d
measurements of the structure and function of the kidney. Thus it is
useless to ask what quantity of renal tissue is proper for a rat of 150 g™
body weight. We find averages that vary from one another by as much
as 74%, (page 56). It is absurd to ask what level of urea cuncmtratmx[\hls
to be expected 1n rats whose hidneys are entirely normal, because the
answer is that it may be anywhere between 5 and 500 mgm per 100 cc.
That answer, which is the only one we can derive from the facts of
observation, is of no use to anyone. The meaning of structure aﬂfi
function lies not in themselves but in what is required of them. It
only when the work of the kidney is given that its size .bcgir.\s to meﬂ:
something or that its functional manifestations acquire slg.mﬁca'ncz e-
When a high protein diet is given to young rats from w:uch ';n-
quartess of their renal tissue had been excised, it is true'thar the rfmw:ls
ing kidney grew larger and did more work than when little protein

N
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given; nevertheless 387, of the rats with bigger and better Lidneys died
in uremia while zll the others survived {page 275). This second error,
therefore, is Ithe the firse.

To think that renal structure and function can be considered apart
from the demand for work is not ially diffe from supposing
that glomerular nephritis can be understood apart from the patient.
Both are consequences of isolating in thought certain aspects of disease
that can be comprehended only when they are seen as elements in a
total situation. This sort of abstract thinking js apt to occur in medi-
cine only when we have to act without direct observations of our own to
guide and correct us. It is prevalent in the treatment of glomerular
nephritis because we have been content to use secondhand information
derived from other people’s work. We do not fall 1nto this error when
we are dealing with situations with which we are familiar and where we
feel at home. No one, for mnstance, would tell a patient with a recent
cardiac infarct that he should make a practice of runming uphill because
that is the way to make his remaining heart muscle fibers bigger and
stronger.

‘Today, glomerular nephritts is almost universally treated by measures
that impose 2 more than ordinary load of work on the kidney. This fact
is in itself enough to show that the anatomical effects of increased work
which, in a rather vague way, are already part of the general knowledge
common to all clnicians, have not been taken as a compelling argument
in favor of a form of treatment that will give rest to the hidney, Never-
theless we feel that the functional effects of increased work, as demon-
strated in the experiments we have just discussed, should suffice to give
pause to the exponents of the modern method of treatment, parucu-
larly if they are considered in conjunction with the structural changes.
Let us, however, recognise that, quite properly, there is only one final

8! 1 therapeutic d ions, the argument from clinical results.
On this account there may well be some natural impatience with a pres-
entation that, through such long and devious indirections, continues to
avoid the mam issue. But no other way is open. For to be in any way
convinang an argument based on clinjcal results must have a scientific
setting, at least a division of patients nto two groups, one given a just
adequate amount of protein with lots of water and the other a high pro-
tein diet with little fluid. But that is impossible. For once it has been
decided that some particular strategy is best there 1s no longer freedom
to experiment and the same general plan will be used for every patient
without exception. So here no sudden change 1n treatment can be won
by frontal attack. If it comes it will come slowly and by indirection,
through by-pssing and undermining the stronghold of tradition with
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the interstitial edema, and the arterial lesions separate and apart from
the kidney? Do they not do more than simply destroy it? Are they not
effective in changing the mode of action of the kidney? And are these
structural changes in the kidney not dependent on the blood sent from
the heart? Are they not influenced by every change in protein metabol
ism? There is no such thing as glomerular nephritis by itself. We can
distinguish only a specific modification of 2 human being, something that
belongs to him and acts on him, but something, also, on which all else
within him acts. There is nothing here completely new and self-con-
tained. The laws that govern the maintenance and growth of structure
and the operation of the functions of the body are still in effect. The
disease has only changed the conditions under which they act.

The assumption that the disease is a parastte on the body and that it
has its own laws 15 the first error in the argument we are criticizing, but
there is an analogous error concealed within what seems to be the in-
escapable Jogic of the therapeutic conclusion. For it is true that the
disease destroys a large part of the kidney, that the patient is dying on
this account, and that we could save him if we could give him new kid-
neys. Stnce we can't do that directly, why should we not do it indirectly?
1If we give him a lot of protem, his remaining healthy renal tissue m:ll
grow Iarger and will be functionally more effective. Nevertheless, if,
not seeing the error in the argument, we proceed to put the presciip-
tion into effect, the patient wall grow worse, not better, and will be in
danger of death from uremia. The error js the supposition that th‘c
patient’s future depends entirely on the quanuty and capacity of his
renal tissue, whereas 1n fact it is equally dependent on the demand for
work we impose on what hdney he has left. All the experimental worh-
we have described says that we cannot attach any significance to 1sul'at€.d
measurements of the structure and function of the Lidney. Thus it 13
useless to ask what quantity of renal tissue is proper for a rat of 150 gm
body weight, We find averages that vary from one another by as much
as 74% (page 56). It 1s absurd to ask what level of urea concentration 13
to be expected in rats whose hidneys are entirely normal, because the
answer is that it may be anywhere between 5 and 500 mgm per 100 cc.
That answer, which is the only one we can derive from the facts of
observation, is of no use to anyone. The meaning of structure aﬂfi
function lies not in themselves but m what is Tequired of them. It is
only when the work of the kidney is given that its silc-begl{ls to mean
something or that its functional manifestations acquire s'gf"ﬁam‘:
When a high protein diet is given to young Tats from which (h{i.
quarters of their renal tissue had been excised, it is true }hat the r?m;:as
g kidney grew larger and did more work than when little protein
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given; nevertheless 38%, of the rats with bigger and better kidneys died
in uremia while all the others survived (page 275). This second error,
therefore, is like the first.

To think that renal structure and function can be considered apart
from the demand for work is not ially diffe from supposing
that glomernlar nephritis can be understood apart from the patient.
Both are consequences of isolating in thought certain aspects of disease
that can be comprehended only when they are seen as elements in a
total situation. This sort of abstract thinking is apt to occur in medi-
cine only when we have to act without direct observations of our own to
guide and correct us. It is prevalent in the treatment of glomerular
nephtis because we have been congent to use secondhand information
derived from other people’s work, e do not fall into this error when
we are dealing with sttuations with which we are familiar and where we
feel at bome. No one, for instance, would tell a patient with a recent
cardiac infarct that he should make a practice of runmng uphill because
that is the way to make his remaming heart muscle fibers bigger and
stronger,

Today, glomerular nephrtis is almost untversally treated by measures
that impose a more than erdinary load of work on the kidney. This fact
is in itself enough to show that the anatomical effects of increased work
which, in a rather vague way, are already part of the general knowledge
common to all clinicians, have not been taken as 2 compelling argument
in favor of a form of treatment that will give rest to the kidney. Never-
theless we feel that the functional effects of increased work, as demon-
strated in the experiments we have just discussed, should suffice to give
pause to the exponents of the modern method of treatment, particu-
Jarly if they are considered in conjunction with the structural changes
Let us, however, rcco"'mse that, quite properly, there is only one final

in th ic the argument from clinzcal results.
On this account there may well be some natural impatience with a pres-
entation that, through such long and devious indirections, continues to
avoid the marm issue. But no other way is open. For to be in any way
convinang an argument based on chnical results must have a smentific
setting, at least a division of patients into two groups, one given 2 just
ndcq\me amount of protein with lots of water and the other a high pro-
tein diet with Inttle fluid. But that is impossible. For once it has been
decided that some particular strategy is best there is no longer freedom
to experiment and the same gencml plan will be used for esery patient
without exception. So here no sudden change in treatment can be won
by frontal attack. If it comcs it will come sYow]y and by indirection,
through by-passing and undermining the ghold of tradition with
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knowledge achieved in fields where experiment is possible.  This does
not mean that we cannot be more direct than we have been hitherto,
In the experiments we shall now describe the measurements are clinical
and the results are given in terms of therapeutic effect.

ExPERIMENTS ON THE TREATMENT, By Hict anp Low Proten Dierms,
OF RATS with HYPERTENSION, ANEMIA, INCREASE 1N Broop Usea
CONCENTRATION, DECREASE 1N URINE URga CONCENTRATION, AND WITH
PROTEINURIA AND CYLINDRURIA

The results in Table 47 (page 244) show that the greater the pro-
tein consumption and the smaller the number of nephrons the higher
rises the blood urea concentration and the lower falls the urine urea
concentration. As the load of work increases we thus find developing in
greater and greater degree two signs of renal failure with which we are
already familiar in our patients. But these are not the only indications
that our Tats are sick in much the same way that our patients are sick,
Their hearts, for instance, become hypertrophied as the work increases.
This cardiac enlargement is due, we think, to an increase in diastolic
pressure, for in rats whose kidneys had been reduced to a quarter of the
original size Chanutin and Ferris found, on drrect cannulation of the caro-
tid artery, that the mean arterial pressure was often raised to markedly
abnormal levels (79). Again, as we watch our patients, we are familiar
with the fact that as their renal function fails they become anemic. This
sign also we find in our rats, and again in proportion to the added work
we have imposed on their hidneys. When we look at their urine there
is the protenuria and the increase in the rates of excretion of casts and
cells that we observe in our patients. These rats are suffering from the
cardinal signs and symptoms of patients with chronic nephritis. If we
are not able to help them by resting their kidneys, we certainly have no
right to propose such a method for our patients.

From tats 75% of their kidney was removed when they were 70 days
old, and they were left on the stock diet (179, protein) for 40 days, Then
the rate of protein and of cast and cell excretion was measured, ;m.d they
were dwvided into two approximately equal groups. One was given 2
high protein diet with an adequate vitamin and minera) content (8(?%
air-dry lactalbumin) and the other a low protein diet (3% lactalbumin)
obtained by substituting cornstarch for the lactalbumin. The x:.&ul:
obtained 20 days later and the observations made when they were kille
40 days after the treatment was started are shown in Figure 55._“ i

This is not a good therapeutic experiment. The low protein intake

& This figure 15 Teproduced, by permission, from a paper in the Transoctions of the
Association of American Physicians, 55 225, 1910. .
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was too low and other conditions were far from optimal, ‘Thus, a greater
differentiation might have been obtained if we had added salt to the low
protein diet and removed it from the high 1 order to get a marked dif-
ference in water as well as protein consumption. But st suffices to dem-

Protelnuna Casts Haematuria
mgm per 24 m-/J 125090 per28he 10000 (eTES cels per 20 be
il
1,000 8000 Fmo
S KN y
3 750 v 6000
N\,
20— 500 N 4,000
- &
x ~ 50 = 2,000
o [~ P
G 10 70 30 40 W00 a0 % Co i 20 30 a0
Days Days Days
A B <
High protein Low prote:n
Work cal per 24 hr 247 20
Blood urez %% 1920 mgmey, 520 mgmoy,
Urea excretion mgm per 24 hr 12670 mgm 730 mgm
Kidney protein mgm per rat 154 0 mgm 960 mpm

Fig 56 The quanuty of renal tissue was reduced to 2525 of jts onginal amount and
the rats were mantaned on a diet containing 179 of protein for a peniod of 40 days.
‘They were then divided into two groups These two groups were given diets identical
in caloric, fat, mineral, and vitamin concentration, but one was a hugh protein diet
(869%) while in the other cornstarch was used to replace the major poruon of the
protein so that its prote:n content was low (5¢7) In the three graphs the rates of
exereton of protern, casts, and red bjood cells found in these two groups are gven
at 0 days just before high- and low-protein diets were started, as well as the rates
measured on two other days during the next 40 days  The figures given below the
graph represent measurements made just before or after the groups were lilled 40
days after the diets were started.

onstrate that we can improve the condition of small-kidney rats by giving
them little protein and can male them urenuc by giving them a lot of
protein.  When we come ta discuss the treatment of the initial stage of
glomeralar nephritts we shall gise another therapeutic experiment with
results that are, in a certain sense, even more decisive.

Errect or Hicn avp Low ProTerv DIers o8 RATS
wirit Masuer Nepnrrmis
At this point the objection will properly be raised that the situation

wehave to deal with in our patients is qualitatively different from that in
the rats, Glomerular nephrius is a disease, and a very peculiar one, and
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50 we have no right to suppose, simply because the symptoms arising from
a simple reduction in nephron number are ameliorated by rest, that the
same effect would be obtained in our patients, We accept the objection
as logically valid and admit that the results of these experiments fall far
short of a direct demonstration that rest is good for patients with glo-
mernlar nephritis. But those to whom this sort of objection seems
pecularly cogent should note that rest from osmotic work will not only
benefit rats whose kidneys have been reduced in size by operation, it
will save the lives of rats whose Lidneys have been damaged by dusease.
The so-called “Masugi” nephritis is a disease of animals that resembles
glomerular nephritis in man in that, under ordinary conditions, it often
tends to continue and progress untl it leads to death in uremia. Farr
and Smadel (80) were not interested in the osmotic work of the hidney,
but in the course of an investigation of other questions they compared
rats with this disease kept on a low protein diet with others kept on 2
high protein diet. Though they refrain from drawing any therapeutic
inferences, their results are clear. On the low protein diet all the rats
were marhedly 1mproved or wholly recovered, whereas all the rats that
were given a high protein diet quickly died in uremia. In this case, at
least, the outcome of an active and continuing renal disease is deter-
mined by the amount of protein that is consumed,—a result that should
interest those who advocate a more than adequate protein jntake.

CoMPARISON OF CASEIN AND LIVER As Sources oF Foop PROTEIN; POSSIBLE
EFFECT 1N Foop 0F NITROGEN-CONTAINING SUBSTANCES THAT ARE NOT
PROTEINS

All of the experimental work we have cited validates the view that

osmotic work is the specific work of the Nidney. Viewed as a wh?le, s

is possible to see all the individual changes in structure and function 3

elements in a single system of relationship that moves as 2 wh.ole u:

response to change in the demand for osmotic work. The.t.hefls thal

rest may be beneficial in the treatment of glomerular nep.hrms in man
is thus strongly supported But the support is neither direct nor spe-
cific. We can derive from it only the most general indications as t0 the

quantitative objectives to be sought for in our dietetic treatment. A!d::

the sort of protein we should use, we get no guide. In fact, thg mwc

has probably noted that within the frameworh of the observ:lflons_“lt

have been discussing there is an unresolved discrepancy 0{1 this pol :11.

Since this may prove to be a matter of crucial importance in the anct:!hc

management of patients, we reproduce the .d:lta derived from rats oxr: he

509 liver stock diet and compare them with the data from rats 0!

509 casein stock diet (Table 52). ~
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TABLE 52

Cowrarrson or EryECT OF LIVER Stock Anp Caserv Stock Drers on T Kmwey ProTene
Content anp Urea Work oF Tur Kmoney

EIDNEY PROTEIN UREA WORK
operation hver stock casern stock Tver stock casein stock
%% removed mgm ‘mgm calper 24 br  cal per 24 br
[ 197 192 25 44
25 172 168 23 39
50 156 143 19 32
m 13 14 23

What we see here is that the quantity of protein in the Nidneys of
the liver stock rats 1s as large as in the casein stock rats, although the urea
work done 1s much less. This disproportionately large size of the kidney
on the liver stock diet is not to be explained by the work we have meas-
ured, Presumably 1t 1s related to substances associated with the protemns
in liver that do not exst in casemn. The work measured in these experi-
ments was that needed for urea excretion, and this urinary constituent
was measured because urea 1s the only substance present 1n large amount
in the urine that has to be concentrated. But here we ate depending on
what the physical chemsts tell us, and they speak only of the mintmal
amount of work needed and say nothung about “friction.” Now 50¢5
of this liver stock diet consisted of whole dried liver, and this contains
an array of non-p nitrogen ing sut whose nitrogen,
at least, the hidney excretes, as well as compounds of protein combined
with nucleic acid, hem, and polysaccharides that may give rise to
urinary constituents other than urea. Though none of these may be
present in large amount in the urine some may Tequire for their excre-
tion an expendusure of energy out of proportion to therr quantity. This,
however, 15 pure speculation. The question as to what sort of protein-
containing foods we should give our patients can, as far as we can now
see, be brought to a decision only by the labarious method of measuring
the effect on the structure and function of the Lidney of vartons crude
food proteins. On this work we are now engaged.

Up to this point in this chapter we have been engaged in a wholly
academic discussion. We have ¢ d th ical and experi 1
evidence that leads to the conclusion that in the treatment of renal
disease, as in the treatment of cardiac or joint disease, we should be
ruled by the conception that cessation from work—the bringing about
of conditions that lead to relative rest—should be our central and deter-
mining therapeutic principle. In diseases of the heart or of the joints no
laborions argument is necessary. The direct experience of patients as
well as of doctors is enough. But in disease of the Lidneys no well-
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There is nothing out of the ordinary to be found on examining his heart
and lungs and abdemen. His fundi show no abnormality, There is no
doubt, however, that his blood-pressure is 185 systolic and 90 distolic,
The urine voided at 6 Aar. that day is inspected, and it certainly looks
like coffee. It is iow 12 noon and he has not passed any urine since then,
50 we ask him to collect urine into a clean bottle. This specimen has
exactly the appearance of the 6 a.M. sample. After a litle persuasion
we succeed in gerting his blood and oxalate part of it at once. The rest
of the physical examnauon is done when we get back to the office. The
hematocrit tube s filled after thorough remixing of the oxalated blood,
and 5 min later we see that he is apparently somewhat anemic, for the
red cell volume is only 80% of normal. ‘The buffy layer of white blood-
cells and -platelets on the top of the red cells is a little thicker than usuat
but the plasma 1s quite clear, The protein concentration in the serum
is 6 gm per 100 cc. In the meanwhile the office nurse has shown vs the
color of the serum 6 min after the addition of alkaline picrate. It isa
deeper orange than usual and indicates a concentration of 2.5 mgm of
creatinine per 100 cc. The volume of the 6-hr urine is only 60 cc or
240 cc per 24 hr. The specific gravity is 1015, The 15 cc of urine,
after centrifuging, has a deposit of nearly 0.5 cc of closely packed, brown
material, above a clear, port-wine—colored urine, When this sediment is
diluted with salt solution suffictently to let us see any detail, it is seen
to consist m the main of disintegrated and fragmented red cells, but
among them are many colorless cells. The % of 1 hr urine, in this cast
only 2 cc, has also to be diluted before we can make a count. Then we
find that on a 24-hr basis the number of red cells is about 2,000,000,000
Ve cannot be sure of exactitude, however, because so many of the cells
are fragmented. But there is no doubt that there are 500,000,000 of
what are, presumably, tubule cells, though there are also some cells that
may well have once been polymorphoneuclear leukocytes. There are cer-
tainly only a few casts, not more than 10,000 per 24 hr, so that we may
have to look over a large arca and examine a series of drops fro{n the
diluted urine before we find any. When we come across one it Is the
typical blood cast of the initial stage—a cylindrical clot in which we cant
see the faint outlines of tubule cells among the agglutinated reds. T:[;‘
1 cc of supernatent urine that represents 1/10 of 1 hr urine, w!len fiﬂm

t0 7 cc with water and then to 14 cc with acid phosphotungstic, :gnﬂ us,
after 5 min centrifuging, a volume of 03 cc of precipitate. This repre-
sents a 24-hr excretion of 2.5 gm of protein, a concentration of more Kh%"
1 gm of protein per 100 cc of urine. As a result of all th_cs.c'obsﬂ‘ﬂ'
tions we make a diagnosis of glomerular nephritis in the initial stage.

It is likely that the discase is not much more than 24 hr old. We then
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retumn to the patient’s house to plan his treatment, taking with us a copy
of the food tables.

HOME MANAGEMENT

The first question is whether he shall be treated at home or taken to
the hospital, ‘The answer given by practical experience is that he can be
more efficiently managed at home. In part, this decision depends on
economic considerations, His father makes $150 a month and has no
savings. The cost of really adequate hospital treatment that might give
the dietetic control needed is hopelessly beyond his capacity even though
the doctor were to charge nothing for his services. But would not less
luxurious service be adequate? Once he gets to the hospital, any diet
thought proper can be ordered, the floor nurses will keep an eye on the
boy, the hospital laboratory will report on the urine. If any complica-
tion should arise, all the apparatus of a complete diagnostic and thera-
peutic organization are available—the x-ray consultants, the bacteriol-
ogists, and the surgeons all standing ready for service in case of need. In
the hospital the child will be safe and the cost need not be more than
$500 a day. But if these considerations lead, as they usually do, to
hospitatization, the chinician will have lost real control. For such a case
as this, these impersonal services are inadequate. It is no criticism of a
hospital dietetic department to Tecognuze that, as a rule, all it can do is to
provide the number of grams of protein, calories, and so on that the
doctor orders. The dietittans do try to meet the food likes and dislikes
of their patients, but they have not got the time or the staff necessary to
find out how much is taken by each pauent. So we are only deluding
ourselves if we suppose that it is enough to write an ideal diet on a chart.
The only thing that matters is what the patient actually eats and drinls,
and without special nurses that essential knowledge cannot usually be
obtained in a hosprtal. There is only one person who can take the time
and has the devotion needed for this task, That is the child’s mother.
She can work only in her own home. Therefore, for reasons that are
more than economic, we shall decide to treat the boy at home,

The next question is how to obtain the co-operation of the mother
and the boy. Now at present the mother knows that something is wrong,
but she does not know what it is, and the boy feels perfectly weil and
wants to get up, Strict commands may suffice for the moment, but it is
more effective, and in the long run will be necessary, to explain the situa-
tion. The coffeclike urine is something they can see. They can be told
that this indicates that the Lidneys are at the moment badly damaged,
almost as damaged as the boy's leg would be if a truck had run over it
It might be said that Lidneys do not hurt because they cannot feel, « !
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know already that this minimal rate of urea excretion can only be at-
tained under conditions that are unphysiological. Everyone who has
studied this question knows that the minimum nitrogen excretion can-
not be approached unless the food protein consumption is reduced far
below the needed for mai e, let alone growth, Before
we go any further, it is well to recognize that the conflict between theory
and practice exists for what we called the first as well as for the second
theoretical requirement. We can only obtain what is demanded by all
the theoretical and experimental evidence we have adduced by making 2
choice between what is best for the nutrition of the body as a whole and
what is best for the kidney. We might, of course, play both ends agajnst
the middle and decide to give just enough protein to satisfy the demands
of the body and still get a reduction in protein consumption that would
represent a great lightening of the demand for work from the kidney.
In practice we have rejected this compromise, OQur reason is wholly
practical. It rests on recognition of the clinical facts that indicate that,
in this patient, at this time, the need of the kidney is vastly more impor-
tant than the need of the body. We therefore break the rules that.must
be followed for adequate protemn nutrition. But we recognize that, since
direct clinical experiment is precluded, any such proposal should prop-
erly arouse an attitude of most critical skepticism. Nothing less than
results abtained under the closest possible reduplication of the conditions
that exist at the beginmng of glomerular nephritis can be admutted as
valid for a decision as to the rationality or irrationality of an admittedll)'
unphysiological method of treatment, and, no matter how decisively in
its favor may be the experimental results, no more than a cautious and
anxious clinical trial will be justified.

EXPERIMENTS ON THE EFFECT OF DIETS OF VARYING PROTEIN CONTENT,
INCLUDING THOSE DEFIGIENT IN PROTEIN, IMMEDIATELY AFTER A REDUC-
TION IN NEPHRON NUMBER
We cannot induce in animals the exact structural renal changes that
we find in the initial stage of glomerular nephritis. The nearest ap-
proach would be the so called “Masugt” nephritis, and we have already
cited the results, if not the conclusions, of Farr and Smadel. But the
sudden functional effects of the renal lesion can be duplicated. One of
the most unique features of glomerular nephritis is its almost npk.asivcl)’
sudden onset. The glomeruli become obstructed and the function of
~ the nephrons diminished so quickly that it is a2lmost as though they had
2,’ been excised. The parallelism is maintained immediately aflc.r the
+# initiation of the lesion, for the form of the decline in the intcnsny’ of

the pathological process, as measured by the decreasing rates of excretion
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of protein, ted cells, and tubule cells (page‘ 192) is an inverse pattern of
the rate of growth of the remaining fragment after removal of three-
quarters of the total renal mass (page 66) and is like the curve of the
ate of increase 1n the amount of effectively functioning renal tissue that
occurs immediately after the onset of glomerular nephritis in man (59).
All these curves are similar, in that the rate of change is at first very
rapid but sharply decelerates as time elapses until it becomes asymptotic
to the abscissa. There is thus reason to think that the closest approach,
and certainly the only quantitatively precise approximation, to the sort of
situation with which we are faced at the onset of glomerular nephrius is
through the excision of a large proportion of the kidney by operation,
a mechanical reduction of nephron number,

In the experiment we shall now consider, we are looking for evidence
as to the clinieal effect of a variation in protein consumption which in-
cludes quantities so small that they are insuffi for body mai e
and induce a negative nitrogen balance. In addition, we want to make
our observations after an operation by which all but a quarter of the
total Kidney is excised and at a rather short interval after the operation,
because no clinictan would give a diet inadequate 1n protemn for any
great length of time. We took 30-day-old rats for tlus eperiment be-
cause young animals show greater changes than adults with variation in
the protein concentration of their foods after partial nephrectomy.”
Alter removing 75% of therr hidney from eighty-six of these small rats,
we divided them into three groups and put them on three diets from
which they could all get adeq calories, ins and but
which contained dufferent concentrations of protein. The first group gat
food that contamed only 8.7¢% of protemn as lactalbumin, On this diet
young normal rats lose weight and cease to grow because they cannot get
enough protein, The second group got food contaning 22.6%5 of pro-

g 221

tewn, 2 concentration on which the rate of growth approaches 2 maxi-

¥ Young rats are more hikely to die of uremis afcer a great reduction in nephron pumber
than are older rats  When the vena ca1a s tied above the entrance of the renal veins, the
“enous pressure in the kidney riscs 50 high that the formation of unine ceases. Whether the
anmal Tecorers or dies in remia will depend on the Tate of formanon of new venous
channels through wiuch the blood from the kidneys, which now has to run down the vena
€v3, can flow from the pelvis inta veins Tunning up the abdommal wall fo the heare  We
found that all 30-day-old rats, alter # trancient tremia, recosered from this operation, but
23 older rats were wsed thete was an Increaung mortality watil, wuh the oldest groups,
907 died of uremia (31) Thercfore, the high death rate 1n young rats after partial nephrec.
tomy docs not atise because their vascular system is less capable of adapting Ruelf to change.
The reverse is true  Nor 1 ft a consequence of any lack of capacity fo Testore lot remat
Usue (87)  We beheve the high death rate In voung rats, after the semoal of three-
quarters of the kidaey, when a dict with a high proten concentration it gaven, follows
because (hefr food conwumption per unit of body or kidney size Is grester than In adult
T, Thea proscin conmmpion §y larger and thus 3 relathely greater Toad of work 4
Tequied from their remalning nephrons.
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mum® The third group got food containing 64.1% of protein. All1
three diets were isocaloric, and the protein variation was obtained

substituting lactalbumin for cornstarch. The observations made a we
after the operation are summarized in Table 53,

TABLE 53

Errger O CONSUMPTION OF VARYING AMOUNTS OF LacTAtsusay Duriv Oxz Week Forzow
Tue Rewovar of THREE-QUARTERS oF TrE Kipney

BODY WEIGHT

protein urea
eaten body weight  body weight exeretion
gm per onginal final %% body-weight  mgm per
group day gm ) change 24 hr
1 031 525 51.3 -2 41
2 167 487 509 + 5 102
3 238 48.3 324 ~33 402
serum urea scrum ercatinine urea work Kudney protein
%, mgm % mgm e (corsected)®
group per 300 ce per 100 o per 24 he mgm
1 29 110 08 34
2 65 2.5 37
3 274 402 60 42

The first group given the 3.7% protein diet consumed 0.51 gm o
protein a day. This was a quantity inadequate for growth and even fo
maintenance, for they lost weight in spite of taking considerably large
amounts of food than the other two groups. The urea excretion wa
very low, the serum urea and serum creatinine concentrations were not
high, and the amount of urea work was small. The second group did
not eat as much, but with a diet containing 22.69% of protein they got
enough protein for adequate nutrition and more than enough of all
other requitements and thus gained 5% in weight. But thewr serum
urea concentration was 65 mgm per 100 cc and their remaining frag-

& Pedratricians seem, quite generally, to regard as “optumal” for culdren that protcin
consumption which tnduces the most rapid growth. There 1s reason to suspect that !:l:
of growth tuay be an inadequate criterion of what is best, or thar at lean it is on¢ b ;e
should be tested by observation of what happens to the ndividuats who are trained to 12 e
3 or 4 gm of protemn per kilogram of body weight after they pass into age groups mr‘:’z}:‘:
there 13 1o longer any pedatnic observation _Slonaker’s data (39) show ihat, in s 4
protein mtake that gives the most rapid growth in youth gives rise to adylt raty -
the end are smaller, die sooner, and 1n many other Tespects ar€ mieflor 1o Tats given 4mod
of protemn below the quantity required to induce the highest possible growth r;;td weight

#The weights of kidney protemn were corrected for.l'l:e final differences in bedy

50 . s,

by muluplying the observed weights by the factorgpr. No comection system is ht:
in a situati deal with here, in which the experiments!

from objection in a situation such as the one we deal w1 e e sviung. It

of
give Tise to 30 1he bodses of the three ETOUPS

are compa o
~ any other we :
altered even L
per 100 gm of body weight is used.
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ment of kidney had to do nearly three times more work. The third
group, on the 86% lactalbumin diet, though they ate only 40% as much
food as the first group, got much more protein than they needed. They
were all uremic rats when they were Lilled, with an average serum urea
concentration of 274 mgm% and a serum creatinine of over 4 mgm%.
Therr quarter hidneys were doing 734 times more work than the first
group on the absolutely deficient protem c ption,

‘The account giver in Table 53 of what happened to these three
groups of rats is incomplete because it deals only with the condition 'of
the rats that survived. The mortality rates given in Table 54, showing
that with 2 deficient protein diet all of the animals recovered, that with
an opumal protein consumption 13% died, and that when a high pro-
tein diet was taken 389 died, provide additional evidence that is equally
distinctive and even more final, They died of uremia, We proved that
by showing that the urea content of the nssues of some that had very
recently succumbed was over 500 mgm per 100 gm of tissue® In an-
other experiment in every respect sumilar to the high protein diet of this
series except that casein was the protemn source instead of lactalbumin,
the average serum urea concentratron aof the survivors was 320 mgm per
100 ¢¢, and there was a 47% mortality rate. We conclude that under
these conditions the diet that contained an inadequate amount of pro-
tein gave the best clinical results,

TABLE 54
RATE or Dearst v Urzuaa Wiy 7 Davs Fotrowrxo Reovar or

Turer-Quarters oF Tie KIDNEY ON AN INSUFFICTENT, OPTIONAL,
anp Hiou Lever or Proteny Coxsumerion

orouP PrOTEN $5 I¥ DIET % MORTALITY
1 37 0
2 22.6 13
3 641 38

IE diets deficient an protein are better than those containing an ade-
quate quantity of protein, may not one that contains no protein at all be
best? e obtained these conditons by giving 5% dextrose as the sole
nutrient, At tlus low concentratton of sugar the animals are able to
approach a sufficient caloric intake only by drinking so constantly that
in 2t hr they consume an enormous amount and sometimes excrete 2
volume of urine cquivalent to more than their body weight, To avoid
any possible complications from vitamin deficiency we added 1% of a
Bcomplex syrup made from rice polishings. In this way we succeeded in
Teducing the urea work to 0.4 cal per 21 hr, less than half the work done

3When we nay that these rats died of uremia we do no 3y what ft was that poisone

It was certainly not wrea, but we suppose that the degree of yetention of urea i1 an
index of the degree of retention of an unknown substance thac Aills.
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not yet been validated, At least, such experiments suggested ob
tions jt would be worth while to make in man. Theyled ustoa
of the effect of diets containing very small and inadequate amour
protein in people with intact renal structure and function, who
in good health. We have measured the Tates of excretion and the |
and serum concentrations of urea and creatinine. ‘This work is no
completed. One fact, however, that has a bearing on the treatme:
the injtial stage of glomerular nephritis is already established. We
that 4 to 5 days after the institution of diets adequate in calories,
mins, and minerals, the urea and creatinine work of the kidney is
same, whatever the quantities of protein we give, so long as they rer
between 0.0 and 0.2 gm of protein per kilogram of body weight,
reason for this uniformity is not apparent, but the fact cannot
questioned.

This, however, brings us only one step nearer to the solution of
clinical problem. We have reason now to believe that any prolon
zero protein diet would be bad not only for the patient but for his |
neys, and the experiments on normal individuals over a short time s
gest that a little protein would be better than none. But we still do
have the information we need. We know almost nothing about the |
ance between protein anabolism and catabolism at the very beginning
glomerular nephritis. This information can be obtained in the scar
fever wards of city hospitals. It is needed because, for all we ks
a patient at the beginning of glomerular nephritis may have the sa
incapacity to use protein for anabolism that Cuthbertson and others b2
found in many patients after fractures or bone operations (84): i d
state exists, any protein we give will increase the work of.the !udney.

These gaps in our theoretical comprehension of the sitaation don
preclude treatment. Practical considerations have priority in Lhe_act\l‘
handling of the clinical situation. Here is an 8-yr-old boy who weighs
Lilograms. All we know about his renal state and about nufrmon E.HJ.OH
an adequate caloric, vitamin, and mineral diet that contains a ml'mmz
amount of protein. We know that in normal people 0.2 gm.uf protein pn
kilogram of body weight imposes no more woﬂf on‘\hc k\dnefy v.h;nma
protein at all. Even though in the case of our patient it may be faun u
no protein would, theoretically, be the best prescription, there zm:1 p‘m
tical reasons that make that impossible. It needs a good deal of Teso uti ]
for an adult to swallow enough pure carbohydrate and fat to c?ver his ri
oric needs. So, in any case, we shall have to give some protein. Fo; :;l :
20-kilogram patient 0.2 gm of protein per Lilogram is only 4 g]:“'g a!:l .
is about the smallest amount we can give and still get a diet th'am aw i
old boy will eat. So we tell him and his mother that we want bi
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as little protein as possible but as many calories as he wants. We tell
them what protein is and ask them to look at the protein content of
foods as given in the tables in the Appendix. They note that sugar,
oils, jams, jellies, and many fruits contain little or no protein, But these
are supplementary foods. What is needed is a starch substrate that will
serve as a nutritious vehicle for all their tastes and flavors. So we ask
them to Jook under “Cereals” and note that cornstarch, arrowroot, and
tapioca are practically free of protein. These are usually made into pud-
dings with milk, but mill has 3¢ of protein, so a substitute must be
found. Fruit juices may be used or, better sull, diluted pastry cream.
This has 409 fat and not much more than 1% protein. When it is
diluted to eight times its volume of water, it has the same fat content as
milk and very little protein. With this diluted cream, enough corn-
starch pudding can be made for the whole day, and any housewife will
know better than any doctor how to make it seem that every time it is
served it is 2 new dish. One time 1t appears as hot chocolate cornstarch
pudding, next as a frozen mold with half an apricot with cream, and so

TABLE 56
EXAuriz oF A 6.4 Proreny Dt
e roop AuOUNT PROTEIY  carommms
{andard cup andspoons)  gm
Tau® Orange juice uBe 3 L
Puffed rice ic 0 7.
Jelly 1t 0 3
Cream (40%) ;g c H zf
U t
0 Pineapple juice e 3 6
12 Lettuce 1 leaf 1
Celery 3 stalks 337 X 535° [
French dressing 1T 0 13
Cornstarch 1T 0 3
{Raspberey juce 1¢ .0 8
Sugar 3t [ 60
Lexnon juice 1t o
Ginger ale i [ I3
4ru Grapefrut juice 1c 9 7
Graham crackers 2 [ 7
Batter 1t o 3
Tru, Hot baked apple 1 small 0
Sugar 4t 0 8
[Cornstarch 1T 0 3
Cream 40% K¥ec 0 22
. 1iSugar 2t 0 «
Chocolate 1t [ 2
|Pracapple juice 1c 7 123
63 1650

*Thls breakfast should be varied by sclecting other cereals fow in protein and other
Tt Jusces or frums.
lmr:hc cornstarch pudding should be varied by usng other fruit juices and chopped

i

201 the pudding can be made by some of the other recipes and the cream and ckocolate
Ziven a3 2 cup of hot chocolate,
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disease in which the treatment of the kidney as such should be given
priority over all other considerations for it seems likely that what happens
within it during the first few weeks will be decisive. We therefore should
not pass abruptly from 6 or 8 gm to an adequate amount, but should
make additions step by step in quotas of a few grams every few days,
depending on the rate of improvement, until just enough for mante-
nance but not for growth has been reached. Sherman (5) has shown that
0.5 gm per Mlogram of body weight is, on the average, sufficient for nitro-
gen equilibrium in adults. We have no data for 8-yr-old boys, but 0.75
gm per kilogram, which in his case would be 15 gm of protein, should |,
certainly suffice. By this time all the work is being done by the boy
and his mother. It takes only a few minutes to male sure that his blood-
pressure is now about 85 systolic and 65 diastolic, to tell them how the
urine is improving, and once a week to get a sample of blood, look at
the total protein and caloric consumption, and say what may seem ad-
visable about an increase in the protein. Detatls can now be safely left
to their own ingenuity, from which there is sometimes much to be.
learned. Arrangements will now be made with the school so that the
boy can go on with his lessons at home, and after the first few da):s in
bed the mother should be shown how to give him a massage three times
a day, to be followed by systematic exercises with his legs and arms while
he lies in bed.

The next question that will be raised is, “When can he get up?” We
have a wholly empirical rule that he should remain in bed until the rate
of epithelial cell excretion has fallen to not more than 10,000,000 ct.alls
per 24 hr, but obviously the dectsion nvolves other factors in the urine
and blood and in the situatton as 2 whole. We know that when he does
get up there will be an increase in the rate of protein, cast, and cell
excretion. But now we are leaving the initial stage and beginning to €1
ter the latent stage, and as we do that we must consider more and more
the general health of the boy and be less influenced by purely r.cml con-
siderations. We cannot wait until hematuria has gone. That will not be
until the renal lesion has healed or the boy is dead. The shght increase
in cast, red cell, and protein excretion that we will ob‘s€rve when he gct:
up are probably due to man’s relatively recent acquisition of_ the ere:
posture. In the upright position the circulntio.n through the kldﬂf!y r;layl’
not be quite so smoothly accomplished. In this case when the epithelt
cell excretion has reached the 10,000,000 level, when for 2 weels, at Ims;
his blood-pressure and blood urea concentration have been normal a:h-
his protein excretion is 0.2 gm or less, we let him up for gradually lcn&{on
ening periods during the day. We do not believe that any ’n:;‘ennm .
should be paid to the rate of red cell excretion, nor do we think that
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extent of the lesion is a determining factor. In this case the creatinine
concentrations on the first, third, fifth, and seventh day of the disease were
2.5, 35, 30, and 2.5 mgm9; and the blood urea concentrations 60, 100,
75, and 65 mgm%. On the fourteenth day they were 2 mgm¢, and 50
mgm% and on the twenty-first, 1.8 mgm¢% and 30 mgm%. This indi-
cates an extensive lesion, one which has probably rendered functionless
more than 509, of the nephrons, but it seems to us that it is the in-
tensity of the lesion rather than its extent that should be the deading
factor in answering this question.

COMPLICATIONS

In some patients seen at the very beginning, the original streptococcal
infection still carrtes on in one form or another, so that we have a patient
who has a continuing middle-ear disease, an empyema, or a spreading
cellulitis, In all such cases it is in the hospital rather than in the home
that ever-present help and relative safety 1s to be found, because intenstse
penicillin or streptomycin treatment and, 1f Decessary, prompt surgical
intervention, have priority. Under these conditions it may happen that
for weeks the patient has not been able to take enough protein and, if
that is the case, the dietettc problem is transformed from an endeavor
to give as little protein as possible into an attempt to give enough,
and this in spite of the fact that the intensity and extent of the renal
lesion may be quite similar to that of the patient we have been consider-
ing. Asa basis for this opinion we have, again, to appeal to experimental
results,

In rats maintained previously on a diet that was in every respect
adequate, we have shown that the rate of restoration of renal ussue dur-
ing the first § days after the removal of one hidney was not altered by a
vatiation in protein consumption induced by giving diets that contamned
from 19 to 57¢;, of protein (85). Tius 15, in fact, one of the experi-
mental reasons, in adduion to those already given, why we feel that an
inadequate protein 1ntake 18 justifiable at the onset of glomernlar neph-
mis. But this capacity to enlarge the remaining nephrons, even when
almost no protein 15 consumed, is strictly limited in ume, for when rats
of the same age and size were given the 155 protein diet for 10 days
before 50%% of the nephrons were exased, the rate of restoration was
“ery defimtely lessened. Tlus effect, shown mn Figure 57, presumably
anses because, when the hidney is removed from an animal that has
had an adequate amount of food protein up to the time of operation,
there are amino-acids available for i d repair even though no
more teach the body from the gastrointestinal tract. When, howerver,
the operation is preceded by protein starvation, these resources hase been
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fibrin threads would probably not be observed. If we had not seen him
in the inital stage, we should have asked him to get a concentrated and
acid urine in order to confirm the diagnosts. In this case the urine would
still be too dilute if he were simply to follow the rule of abstaining from
fluids after hus breakfast until he collected the night urine next morning.
He is taking 3,000 cc of flud a day, and it would be necessary to keep
him on, say, 1,500 cc for 1 day and then get him to concentrate on the
next. We should not even then obtain a rine with a specific gravty
of 1.032, which would be about the average in normal bays, It would
probably be about 1.025. The night ure volume expressed as a 24-hr
rate would be about 480 cc. The 4 cc of this thoroughly mrxed urine,
representing 34 of 1-hr urine, gives, grossly, more sedument than is ordi-
narily seen.

After the supernatant flurd has been pipetted off until only 0.5 cc is
left above the sediment, a drop of this thoroughly mixed volume trans-
ferred to a blood counting chamber presents a unique picture. At first
glance under the low power one gets the impresston that there has been
an acadental contamination for, here and there, fine, faintly yellow
threads that twist and interlace with one another are seen. These are
fibrin threads and indicate that at least in some glomeruli there is seill
an inflammation so acute that fibrinogen is leaking through from the
plasma in the glomerular capillaries and clotting when the melecules
come close enough together in the concentrated urine of the lower
veaches of the tubule, If the movable stage is now used, there will prob-
ably not be many fields to cover before an orange-colored cast comes into
view. If the high power is tumed on this cast, it will not show the text-
book picture of a blood-cast, for there will be no recognizable red cells to
be seen. There is a conglomeratton of irregularly shaped clumps of deep-
yellow or orange-colored matersal. It is not like the typical cast of the
initial stage, which is a muxture of epithelial cells and clumped masses
of red cells. Here there are usually no epithelial cell remnants. This
is the blood cast of the latent stage. It is a clot of blood held together by
fibrin threads which cannot be seen, but it is an old clot in which the
red cells have broken down and agglutinated until they are no longe'r
distingurshable. These are the two pathognomonic elements in the sedi-
ment. There will also be 100,000 hyaline casts, 7(),000,0‘..70 rs_d cells, and
2,000,000 epithelial cells per 24 br. ‘The protein excretion s low, or_ﬂ)"
0.10 gm per 24 hr. There has thus been a pfonounced shift since the ms
itial stage. At that time the sediment indicated a marked tubular,

well as glomerular, damage. There were hundreds of nullions of tbule
; N ed cells

cells, and the blood-casts had almost as many tubule cells as = l
Now. the blood-casts are pure blood-casts, the rate of tubule cell excretion
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is almost normal, the protein leaking from the damaged glomeruli has
been almost wholly reabsorbed by the reconstituted tubules, and only
these blood-casts, the fibrin threads, and the constant microscopic hema-
turia are left to indicate the continuance of an active glomerular inflam-
mation.

A DIET WITH A PROTLIN CONTENT JUST ADEQUATE
FOR MAINTENANCE AND GROWTH

What, if anything, should be done? The answer given by theory, if
not as yet by practice, is quite clear. Ve must continue to secure condi-
tions under which the minimal amount of work is done by the kidneys
within the limits set by consideration of the general well-being and
growth of the patient. We have a right to ask for a continuance of care
and effort because we have an objecive—the complete healing of the
lesion and an end to the need for any treatment. We cannot promise
success. For example, the imitial intensity of the disease may have set
up barriers to the adequate nutritton of the hidney in the form of a
thickenng of glomerular and tubular membranes, which may forever
preclude complete healing  But we know that more than 80¢% of lesions
do heal, and so we have good reason to hope. The mmtial stage has, in
this case, resulted in the destruction of probably more than half the total
number of nephrons through the permanent cessation of the flow of
blood through the glomernli, and one factor that will determine the fate
of those that remain 15 the amount of osmotic work they must do in
eliminating the end products derived from the food the patrent eats. We
are giving him 15 gm of protein a day, but per nephron thus is equna-
lent to 30 gm for a boy who has the full number left. He has enough for
maintenance, The question is whether that is enough for growth  The
answer is given by serial body weight measurcments  We have seen
children grow slowly on as little as 05 gm of protein per Mlogram of
b({dy weight, not the “optimal” growth of pediatricians but a steady, slow
gain,

R 1€ the protein is to be thus limted, the nature of the protein to be
Bhven becomes a question of some importance, In our experiments
On 1ats we have been impressed, perhaps overimpressed, with the ap-
parently excessive amount of work done by the Lidney in excreting the
nd products derived from the consumption of meat, kadney, and liver.
This is indicated by the greater enlargement of the Lidney, induced by
Protein contrined in these foods, than 1s found when cereal or milk
Proteins are given (page 265). It is results such as these that lead us, in
the case we are now discussing, to advise against takwng meae, fish,
¢hicken, liver, or Lidney, and especially to be careful rever to allow meat
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extracts, meat soups, or broths. The reason why the latter should be
excluded is obvious. They contain no protein except a little gelatine
and are essentially hotavater extracts of meat containing urea, creatinine,
creatine, and a multitude of other known and unknown nitrogenous
dertvatives, To take them has much the same effect on the Kidney as the
ingestion of concentrated urine, It has been objected that to cut out
meat, fish, and chicken is dangerous because vegetable and cereal pro-
teins have a Jow biological value. This is not necessarily true under our
conditions because biological values usually have been determined by
measuring the utilization when the food in question is almost the sole
source of protein. On a mixed diet containing milk, egg, cereal, vege-
table, and fruit proteins, the amino-acid deficiency in any one food pro-
tein may very well be made good by the excess in another. In any case,
we have many records of patients that grew well without meat protens
on 0.75 gm per Lilogram or even less, and this is the final test. Since
that 1s true, we are determined mainly by the practical consideration that
if the patient takes even 2 small helping of meat he will use up so much
of his daily 15-gm supply that the free selection of many other foods
will be curtailed. .

After 2 weels of increasing activity at home and 6 weeks from the
onset of the nephritis, the boy goes back to school. For the first 2 weeks
he goes for only half a day, and when he comes home he reclines on 2
sofa or on a deck chair in the garden while he does his lessons, plans
his diets, or plays with his stamps or planes. The effect on him of these
increasing freedoms is determined by having him come to the office a.itet
1 or 2 days at school. He brings with him three collections of urine,
the first from 7 A.M. to noon when he was up and about and in school,
the second from 12 noon to 7 p.at. when he was lying about the housé:
and the third from 7 P.M. to 7 A, when he was in bed. Even though
the urine js dilute, we can find out from the relative rates of pro-
tein and epithelial cell excretion whether or not we have been prema:
ture, If, for wstance, the three successive protein rates ase 06, 0.25, and
0.1 gm per 24 h, we are going too fast. If we get 0.2, 0.1, and 005 gm of
protein and 2,000,000, 1,500,000, and 1,000,000 epithelial cells per 24 hr,
we must be cautious about any further extension of freedom but maf
carry on. If the rates are 0.1, 0 07, and 0.05 gm of protein and 1,000,0:)0
epithelial cells for each of the three samples, we may fu?l reassured. :'1:
patient should sce the tubes with the precipitated protein and have ; ‘;\e
meaning explained becanse then he comprehends that b(?th he an
doctor are controlled by facts that are not subject to their hopes, fears,
or errors. Sooner or later he will be back at school, even tlmugh_ the
rates may never fall to levels as low as some of those we have cited.
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‘There will come a time when the general deleterious results of Keeping
an 8yr-old boy in a state of inactivity will outweigh any advantages to the
Ridney that may be derived from the maintenance of a horizontal posi-
tion.

In many patients as times goes by, it will become impossible to get
a readable precipitate of protein, and then the question comes, “Has
the lesion completely healed?” It is a hard question to answer because
the abnormal fades so gradually into the normal. In his case the last
anomaly to disappear will be hematuria. This can be measured with
precision only under conditions of concentration, and a2 number of unit
areas may have to be gone over before the few red cells are found which
indicate that some trace of the disease sull remmins. When that time
comes, there is every reason for hope. It will not then be regarded as
a hardship to continue a regime, that has now become a matter of use
and wont,

TREATMENT OF PATICNTS WHOSE RENAL LESION HAS HEALED

What is to be done when we are sure that no trace of the disease is
left?+ We say the lesion has healed, but 1t 15 a healing with defect—with
2 permanent reduction in the number of nephrons. Shall we relax all
dietary precautions? 1f we do, we may expect that youngsters between
15 and 20 yr of age will take from 100 to 150 gm of proten, and 1f half
their nephrons are gone this will impose a burden of work on each re-
maining nephron that 1s equivalent to what would ordinanly be required
Per nephron on a 200 to 300 gm protein diet per day. Of course, the
nephrons left will grow larger, but the blood urea concentration will be
higher than normal and the urine urea concentrations lower, and it is
possible that the train of abnormalities may develop which we find
in qur small-hidney rats on a high protemn diet—the anemia, hyperten-
sion, proteinuria, and cylindrurta. So we do not think 1t is safe to let
healed patients leave us free and untrammeled. They should go with
a8 precise a knowledge as we can give them of the extent of their lesion,
and they should know why a luxus protein consumption is, for them,
unwise, This is no heavy burden of Lnowledge, nor 15 the prohibition
any real deprivation,

CENERAL MANAGEMENT

Approximately onc out of every five of all patients seen in the iniial
3tge will not heal, and we must consider what shall be done if that
18 true of the patient we are following. Two years have gone by, and yet
every time the urine is concentrated we find 50,000,000 to 100,000,000
Ted cells, Every time we allow sucha e - 7.0t urine to stand

5
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for an hour, and collect alt the sediment we can from the bottom of
the bottle, we can see in the sediment spread on an ordinary stide under
cover ships sonfe orange-colored blood-casts. ‘Though the rate of epithelial
cell excrevion is often within normal Yimits, from 0.1 to 0.3 gm of pratein
per 24 hir is always found. We have shown that even after a continuance
of the lesion for much Jonger than 2 yr, healing Is possible, and so it s
nat justifiable to take away all hope of that eventuahity. But it is anly
Teahistic to set about preparations for a life that may have to be adjusted
in conformity with the existence of 2 renal lesion that will carry on re-
lentlessly to the very end.

The boy is now 10 yr old and weighs 25 k. As his weight in-
creased, he has increased his protein consumption until it averages 20 gm
a day so that he is taking 0.8 gm of protein per kilogram of body weight.
He has acquired the habit of drinking lots of water so that his urine
volume is between 3,000 and 4,000 cc per day. When the weather is
warm he automatically increases his fluid consumption so that the urine
is always dilute.  He has been encouraged to take lots of salt, and he
excretes from 15 to 20 gm a day. He swims, but he does not dive
or swim under water. He goes for long walks, but he does not rur
races, He plays baseball but not foathall or baskethall, His rule B
niot that he cannot run hut that he should stop when he begins to get
short of breadth, He is not a social outcast on account of his diet, for
now he knows his way very well and can go to anyone’s table and get
just about what he needs by selection, At first he had struggled z.gax‘nst
the abjective demands of dhe sitvadian. Now they are accepted “mhuu!
thought and without vegrer. Having attained a state in which the
physical requitements are being met without effort and without at?vxelz‘.
the best contribution we can make toward the consolidation of this atti-
tude of the panent toward the disease is to evidence such complete con-
fidence in him that it almost borders on carelessness. The intervals be-
nween visits 10 the office are lengthened until he js only seen every 3
or even every b months, and all that is said should be in terms of &7
assurance irrespective of what ups and downs the acival cbscx:vatwm
may veveal. "The ouly point at which all carelessness disappears is when
it comes to the examination of the shect that gives the weeks average
protein and caloric consumption, along with the Qetails of 2 n'pr.csen!ﬂ‘
tive 24-hr diet. The boy is thoroughly conversant with the yelation b;*
tween the volurme and the protein content of all the foods be tahes. i:
is o longer necessary that he should write it alt down every day, b“‘"
is essential that for 1 week before he sees the doctor he sh?uld carefu IY
measure everything again to maeke certain that he has ot m}pctcﬂP“:g
drifted from his standards, To be anxiows about the exactitude of
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dietectics is to impress on the patient that if he will only be careful
about that one thing, he can be careless about everything else. A child
understands that. It is the matto of many of the fairy stories he has been
told.

TREATMENT OF PATICNTS IN THE LATENT STAGE WHOSE
RENAL LESION 1S ACCIDENTALLY DISCOVERED

The treatment of the latent stage in a patient seen at the beginning
and trained from the start is, of course, relatively simple. It is otherwise
with the patient in whom the initial stage was missed and who comes
because someone finds a trace of albumin in the urine. The difficulty is
not related to any uncertainty about the diagnosis. A patient may feel
perfectly well, and on physical 1on show no ab lities that
can be related to a constant shght hematuria, yet, when we survey all
the casts he excretes, if we find the typical latent-stage blood-casts he can
be 1egarded as a glomerular nephritic. We can be as sure of that as of
2ny diagnosis we ever make, once we have excluded a streptococcus viri-
dans bacteremia. The uncertainty lies in what is to be done about it.
Here is a perfectly well and happy person who knows only that at times
there is a little albumin in his urine, but who already has the sceds of
anxiety in his mind, otherwise he would not have bothered to have the
matter investigated. Tlus problem 1s so extremely individual that it is
pethaps not very useful to bring it up. The solution will vary in every
patient and will depend on a judgment as to what the patient can do
about his diet without making him overfearful. To attach a name to
the condition, to tell him he has nephnitis, is not to tell the “truth” be-
fausc to many laymen that means a rapidly progressive disease that ends
It convulsions and death, ‘The name “nephnus” alene is, in some in-
stances, enough to initiate an anxrety neurosis. The patient may have
lt{be brought quite indirectly to an appreciation of the real situation.
We are obliged to be very careful, because, aside from general considera-
tions, there-is reason to suspect that 1n some patients with latent glo-
merular nephritis the instiation of an anxicty state might become a factor
inthe determination of the end result.

i The latent stage is an equilibrium between a continuing loss of renal
Ussue on the one hand and, on the other, a conunuing functional and
Hrucrura) adaptation Lightening the load on the remaining tissue. Not
inliequently, the first indication of a break in this steady statc is 2 gradual
Hucrease in the average blood-pressure level. Now an increase in diastolic
sgfl;iure increases the worl, of the peripheral artertes as lsell.:u_ the work
- he heart, In watching paticnts with early hypertension, it is the rule

tat first we can see no evidence of arterial disease. That comes later.
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dietectics is to impress on the patient that if he will only be careful
zbout that one thing, he can be careless about everything else. A child
understands that. It is the motto of many of the farry stortes he has been
told.

TREATMENT OF PATIENTS IN THE LATENT STAGE WHOSE
RENAL LESION I$ ACCIDENTALLY DISCOVERED

The treatment of the latent stage in 2 patient seen at the beginning
and trained from the start is, of course, relatively simple. It is otherwise
with the patient in whom the imtial stage was mussed and who comes
because someone finds a trace of albumin 1n the unine. The difficulty is
not related to any uncertainty about the diagnosis. A patient may feel
pertectly well, and on physical examination show no abnormalities that
can be related to a constant slight hematuria, yet, when we survey all
the casts he excretes, if we find the typical latent-stage blood-casts he can
be regarded as a glomerular nephntic. 'We can be as sure of that as of
any diagnosis we ever make, once we have excluded a streptococeus viri-
dang bacteremia. The uncertarnty lies 1 what is to be done about it.
Here 15 2 perfectly well and happy person who knows only that at times
there is a little albumin in his urine, but who already has the seeds of
anxiety in his mind, otherwise he would not have bathered to have the
matter investigated. This problem is so extremely individunal that it is
Pethaps not very useful to bring 1t up.  The solution will vary in every
patent and will depend on a judgment as to what the patient can do
about his diet without making him overfearful To attach 2 name to
the condition, to tell him he has nephmtis, is not to tell the “truth” be-
€luse to many laymen that means a rapidly progressive disease that ends
In convulsions and death. The name “nephrius” alone is, in some in-
Sances, enough to initiate an anniety neurosis. The pacent may have
10 be brought quite mdirectly to an appreciation of the real situation.
We are obliged to be very careful, because, aside from general constdera-
tions, there is reason to suspect that in some patients with latent glo-
merular nephritis the initiation of an anxiety state might become a factor
0 the determination of the end result.

The latent stage is an equilibrium between a continuing loss of remal
Usste on the one hand and, on the other, a continumng functional and
§lmctuml adaptation lightening the load on the remaining tissue. Not
;:Imluef“l)', the first indication of a break in this steady state is a gradual

Tease in the average blood pressure level. Now an increase in diastolic
z;ii‘urc ncreases the work of the peripheral artertes as well as the work

cheart, In watching patients with early hypertension, it is the rule

th PRA
A at first we can see no evidence of arterial disease. That comes later.
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for an hour, and collect all the sediment we can from the bottom of
the bottle, we can see in the sediment spread on an ordinary slide under
cover ships some orange-colored blood-casts. Though the rate of epithelial
cell excretion is often within normal limits, from 0.1 to 0.3 gm of protein
per 24 hr is always found. We have shown that even after a continuance
of the lesion for much longer than 2 yr, healing is possible, and so it is
ot justifiable to take away all hope of that eventuality. But it is only
realistic to set about preparations for a life that may have to be adjusted
in conformity with the existence of a renal lesion that will carry on re.
lentlessly to the very end.

The boy is now 10 yr old and weighs 25 k. As his weight in-
creased, he has increased his protein consumption until it averages 20 gm
a day so that he is taking 0.8 gm of protein per kilogram of body weight.
He has acquired the habit of drinking lots of water so that his wrine
volume is between 3,000 and 4,000 cc per day. When the weather is
warm he automatically increases his fluid consumption so that the urine
is always dilute. He has been encouraged to take lots of salt, and he
excretes from 15 to 20 gm a day. He swims, but he does not dive
or swim under water. He goes for long walks, but he does not rutt
races. He plays baseball but not football or basketball. His rule is
not that he cannot run hut that he should stop when he begins to get
short of breadth. He is not a social outcast on account of his diet, for
now he knows his way very well and can go to anyone’s table and get
just about what he needs by selection. At first he had struggled a.gamsl
the objective demands of the situation. Now they are accepted x.vnhOU!
thought and without regret. Having attained a state in whxch.thﬁ
physical requirements are being met without effort and without ax}xlety.'.
the best contribution we can make toward the cansolidation of this attt
tude of the patient toward the disease is to evidence such complete ot
fidence in hum that it almost borders on carelessness. The intervals be-
tween visits to the office are lengthened until he is only seen every 3
or even every § months, and all that is said should be in terms of _ea-SY
assurance irrespective of what ups and downs the ac.tual obs:x:vauons
may reveal. The only point at which all carelessness disappears is when
it comes to the examination of the sheet that gives the week’s average
protein and caloric consumption, along with the deta.ils ofa repr.esenbt:
tive 24-hr diet. The boy is thoroughly conversant with the relation "
tween the volume and the protem content of all the foods he takes. i
is no longer necessary that he should write it all down every day, bu 1
is essential that for 1 week before he sees the doctor he sh(.zuld mref.li7 ‘Y
measure everything again to make certamn that he has not m}pCYCCP;‘hiZ
drifted from his standards. To be anxious about the exactitude 0
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many hyaline and a few granular casts with an occasional blood-cast. But
these are minor changes relative to the increase in the rate of excretion
of red cells which has jumped from 50,000,000 to 750,000,000, This is
the urine of a patient in the latent stage with an exacerbation.

‘The boy is not alarmed because he has been forewarned. Though the
urine is again grossly bloody, he knows that this is not 2 reiteration of the
initial stage, that he will not have to go through the long rest in bed and
the reductron in his protein quota agam. He knows that as soon as his
fever goes the hematuria will disappear.

Pattents can be told about exacerbations because the pattern they fol-
Jow is generally so uniform that prediction 1s fairly safe. They have no
specific etiology. We have seen them in measles, chicken-pox, mumps,
and mfuenza, as well as 1n streptococcal infections. Indeed, there need
be no bacterial or virus infection. They may follow a bad sunburn, an
injection of horse serum, a smallpox vaccination, or an operation in a
stertle field. In our experience the one factor that has always been pres-
ent1s fever. The hematurta appears with the fever and goes when the
fever goes. The curous and interesting lapse of time between the onset
of fever and the hematuria of the mitial stage does not occur here. Both
the hypertension and the brawny edema of the 1ntial stage are absent.
The evidence derived from the examnation of the unne suggests that
there 15 2 cloudy swelling of the Midney, assoctated with a marked in-
crease in the drapedesis of red cells from glomeruli in which some inflam-
matory activity still exists. As to pathogenesss, the probable guess would
seem to be that this 15 the reactton of an inflamed hidney to the pres-
ence in the blood of a foreign protemn or of a displaced body protein.
Treatment should not be directed particularly to the kidney but toward
the removal of whatever agent is responsible for the fever. There is in
this case a specaal reason for avoiding dehydration, but that only under-
tines a generally accepted principle in the management of all fevers.
.“'c dd not find that any permanent extension of the renal lesion was
Induced by the exacerbations we observed (59), and we do not think they
determine to any appreciable degree the course of the disease.

.The boy quickly recovers from his undiagnosed nfectton and the
uxine fs again as it was before, He is kept 1n bed for 1 week after his
fever has gone, and he does not go back to school for 2 weeks. Now
2 Mew question arises. The 1mitial stage was preceded by a beta-hemo-
Iytic streptococcal tonsillitis. It is now November, and the incidence
0{ tonsilluis is rising.  Shall his tonsils be remosed in order to decrease
bis chances of getting another streptococcal throat infection? Through-
out the initia] stage and the early part of the latent stage no tonsillectomy
Was recommended because we were anxious to avod anything that might,
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The sequence goes from hypertension to arteriosclerosis. Hypertension
as such, whether it is a result of vasoconstrictor center hypersensitivity,
in which anxiety sometimes plays a part, or is due to a renal lesion, makes
in the end for a loss of the elasticity and adaptability of the renal arteries.
But these are the very qualities essential for structural adjustment. In
the constantly shifting battle front within the kidney the renal arteries are
the supply lines of the army that fights for life. If in one sector a unit
is wiped out, the ranks must be closed by reinforcements of neighboring
unuts. That cannot be done if the roads to the front, already full to ca-
pacity, cannot be widened. More specifically, we will not get the in-
crease in blood flow necessary for compensatory hypertrophy if the
medium of the renal arteriole is fibrosed and its intima thickened by
hyaline. ‘When that happens the whole burden of adjustment falls on
function, and the blood urea concentration will rise and the urine be-
come more dilute, inmuating, it may be, a gradually increasing anemia
and uremia as the latent passes into the terminal stage.

Though there is good reason for care in how we do it, there is no
question at all about what must be done, Somchow or other, these
people must be induced to reduce their protein and increase their water
consumption, and, in the end, they must understand why they are doing
it. The amount of protemn they take will depend on the extent of the
renal lesion, If the serum creatinine concentration is about 1 mgm%,
it will not be necessary to go to the extremes we are advocating for our
patient who certamly has less than half his nephrons left. In any case,
the great majortty of this group are adults in whom 2 proteinuria is dis-
covered through life insurance examinations, and for them it is easy to
get wholly adequate and appetizing diets containing from 0.5 to 0.75 gm
of protemn per kilogram in accordance with their status.

EXACERBATIONS

Returning to the boy in the latent stage, let us consider what is to be
done when we are called to see him because he has a fever. He came
home from school 1 the middle of the day, feeling tired and weak, and
did not want to eat his lunch, His mother found he had a tempera-
ture of 101° F and sent him to bed. Wien he is seen at 5 p.bs. he has
a reddened throat. He complains that he is nauseated and sore 'all over.
His temperature has risen to 103° F. There is no edema. His b}ood-
pressure is unchanged. He and his mother have seen that .the m.ncd
urine specimen collected between 12 noon and 4 p.M. is definitely pink,
as though 1t contained blood. We find the volume lower and .the speclﬁ_c
gravity higher than before. The rates of excretion of protein and epi-
thelial cells are four or five times greater than is usual, and we can se¢
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28 mgm¢% and the serum creatinine 17 mgm%. The urine, when con-
centrated, still showed blood-casts, and there were 40,000,000 red cells,
500,000 epithehal cells, and in the night urine 0.25 gm of protein per
24 hr. Three months later 2 letter comes from the university hosptal
telling us he has a bronchopneumonia, which is now clearing under
pentallin,  They find a very definite proteinuria with many casts, and
they have been referred to us by the patient for a history of his renal
condition. Later we hear he has fully recovered from this infection and
is coming home for a couple of weeks to convalesce. On his return he
says he 15 sull rather eastly tired but otherwse feels all right. His red
cell volume is 80% of normal, there is no leukocytosis, and the plasma
1s quite clear, The serum protemn concentration 15 6 5%. His blood-
pressure level has not altered, and there are no signs of any residual
fesion in his lungs. But there 1s 2 marked change in the urine. The sedi-
ment shows 500,000 casts, 109 are epithelial or granular and the re-
mainder hyaline, some with cell inclusions. The rate of excretion of
epithelial cells has risen to 10,000,000, but there are now only 1,000,000
or 2,000,000 red blood-cells The most suriking change is m the rate of
protein excretion  The precipitate fills 05 cc of the centnfuge tube and
ndicates a loss of 5 gm of protein a day. We must recognize that we
now have positive evidence of a change in his renal lesion—a granular
degeneration of the tubule cells associated with a serious loss of protein
through the urine.

The first question that arises is whether we should show the patient
the centrifuge tube that would tell him at a glance that there has been
an astonishing increase in the proteinurta, In this particular mstance we
would not only not let him see the tube, we would take pains to see that
1o one else told hum about 1t. Nor would we tell his mother, because
to tell her would only be an indirect way of telhng im  We would tell
1o one. The reason is that telling gains nothing but may lose some
of that freedom from anviety that 1s an element m the patient’s well-
bemg and a factor in determining the rate of progression of the disease.
Il.m:ly seem as though we were here advocating that the patient be de-
ceived, or at least that certain truths be kept from him. ‘That is not the
€ase. What is being concealed 1s our fear that the change in the urine
may indicate the beginmng of the degenerative stage, but it is a fear that
i concealed, not a truth It is sull quite posstble that these signs will
disappear and everything be as it was before In that event, would it
really have been honest to have had the patient look at that tube? To
him it would necessarily have been an inescapable brute fact, unmtigated
by that doubt as to its permanency and meaning that is given by the
Physicians experience. Honesty is not easy. It is certainly not achieved
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even transiently, delay the architectural reconstruction going on in his
kidney. But now certainly there is evidence that stabilization has oc-
curred, and the question becomes real. Nevertheless, in this case we
would still do nothing. The boy's tonsils are not enlarged. If he daes
get another tonsillitis, the worst that would happen to his kidneys would
be another exacerbation. If we take his tonsils out, that in itself will
very likely give us an exacerbation. Why should we try to escape 2
possibility by incurring a probability? On the other hand, if he began
10 get minor sore throats accompanied by adenitis and fever, his tonsils
should be removed because then we should have a reason related to his
general health rather than his hidney. So we think the answer should be
given on grounds that are no different from those decisive for children
without nephritis.?*

‘Ten years go by. The boy is now 18 yr old He weighs 60 k and
takes 35 gm of protein a day. At every biennial examination he is found
to be in excellent physical condition, His blood-pressure is 110 systolic
and 75 diastohc, and it is only in the vrine that any abnormality can be
found. But at every examination we find from 5,000,000 to 50,000,000
red cells, and every time a specal search is made, blood-casts are found.
His scholastic standing is high and he wants to go to the University. At
this point he needs some help. A letter must be written requesting that
he should not be vaccinated, and arrangements must be made with the
dietitian so that he can get the food he needs without having to prepare
and cook it himself. We do not discuss with him the various possibilities
with respect to the future of hus renal leston, since we cannot predict it
with accuracy. ‘There is, first, still a chance that the lesion may heal, bfxt
it is a very small chance, second, and most probably, he will carry on in
good health for an unspecified period and then very sluw].y dnift toward
the terminal stage; third, he may pass into the degenerative stage; and
fourth, he may die from some intercurrent diseases or accident.

TREATMENT IN THE DEGENERATIVE STAGE
The course of the disease in the particular patient whose actual
treatment we are outlining happened to pass through a degen.erauvi
phase which began when he was 24 yr of age. When we last saw him s;nl
in the latent stage, he was at the university. He had 2 natural bent for
mathematics and had won a scholarship that enabled him to work townr.d
a Ph D. degree in theoretrcal physics. His blood-pressure was lﬂovs)stohc
and 75 dustolic, He had no anemia. His blood urea concentration was
i not been able to convince
o e e caon shnged. th. oo of he b The
of chimcal, 1, and 1 mtated by Long:

cope {61) may yet show that this opinion 1s in €rror,
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Fig 53. The diagram 15 intended to show a capillary lyng in the subcutaneous
tissue The arrows at the arteriolar and venule ends show the direction of the blood
flow. The pumping action of the heart rmparts to the flud within the capillary a
pressure that 15 greater than the pressure 1n the subcutaneous spaces, and the arrows
leaving the arteriolar end of the capillary mdicate that 1n this section flud is passing
from the capullary to the tssues  But as a consequence of fniction the pressure m the
capillary decreases and at the venule end 13 less than the tissue pressure. The arrows
entering the capllary indicate that the direction of flow between the capillary and the
Ussues 15 now reversed, and the fluid passes from the tissues into the blood stream
‘The intracapillary pressure 1s the sum of the pressure dernved from the heart and the
osmotic pressure densved from the circumstance that there are about 7 gm of protein
Per 100 ¢ of plasma m the capsllary and a consderably lesser concentration of protem
in the intercellular tissue spaces. When the plasma proten concentration is main-
tained at ats usual level, the passage of flud out of the capillary at the artercolar end
and 1ts return 1mto the capillary at ats venule end 23 determined by the fall 1n hydro-
static pressure within the capillary as 1t passes from the arteniole 20 the venule But if
the plasma protesn concentration decreases, the osmouc pressure of the plasma falls
When the sum of the hydrostatic and osmotc pressures wichn the capillary at the
venule end 15 1o greater than the mtracellular pressure, the return flow of flud into
the capillary vall stop, fiuid will begin to accumulate within the ussue spaces, and
the toft, eanily pitung edema we find in patents with low serum protein concentra-
tons will appear

2 rapid gravimetric determination (86) shows 56 gm per 100 cc. There
1s no longer any question that the essential features of the degeneraune
Stage are gradually becoming clearer and more unmustakable, but this
meang nothing that appears to the consciousness of the patient, nor has it
made any difference in our treatment with the exception of the increase
I protem consumption. Holiday after holiday goes by and sull there is
ho essential change, only a very gradual average decline mn the serum
Protemn concentration. That becomes the cructal measure, for when it
Approaches 5 gm per 100 cc, we shall be faced with the problem of the
eatment of edema, and as that point is neared the patient should be pre-
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by the process, so comfortable to us all, of getting rid by confession of
all our wandering fancies. Honesty with patients requires thought and
discipline and effort, It has its negative as well as its positive side and
involves silence as well as communication. Patients have a right to be
very sure that when they ask we will tell them all we know. That is
essential if they are to be hept from anxiety. But, while we must share
our knowledge with them, we must not ask them to participate in our
fears. These are our burdens and we must carry them alone,

RELATION BETWEEN PROTEIN CONTENT OF THE DIET
AND PROTEIN LOSS IN THE URINE

But whether this increase in proteinuria is permanent or not, it re-
quires action, This 5.gm loss must be made good in the diet. He is
told to take 40 gm of protein instead of 35. In the meantime he goes
home to go on with his work, though he does it reclining on a sofa or 2
deck chair. As the weeks go by, we find that the proteinuria continues
at about the same level, even though his anemia disappears and his
strength returns, and it becomes more and more certain that he is passing
into the degenerative stage. At this time there is no lipemia, and the
serum protein concentration is 6 gm per 100 cc, i.e, at a level still within
the range of normal variation. There is no change in his blood. There
is some increase in proteinuria when he is up and about, but the rate fioes
not exceed 10 gm per 24 hr. He feels perfectly well. Now is the time,
before he goes back to work, to tell him that he should every week collect
a 24-hr unne, measure the volume, and airmail an ounce or so to us 50
that we can follow his protein excretion, and we must explain khzfz this

. _is necessary because since his pneumonia he is losing more protein in the

\urinc than before, and we have to know the amount so that he may

Balance the loss in hus diet. Ths is stitl all we know and all we need 0

§ s‘ay. It may very well be that this is all that will happen and that he will
- never become edematous. 5

Three months fater he comes home for the holidays. He is'u} good

r”heahh and spintts.  His protein excretion has lately been averaging 10

++ ' gm per 24 hr, and his protein consumption has been raised to 45 gm

.,

a day. In the sediment are a number of hyaline casts that contain fat
droplets, and there are a few fatty casts and fatty tubule cells. There are
fewer red cells than before, and no blood-casts can be found. There is
no anemia. The blood-pressure is still the same. The serum urea an{i
creatinine concentrations are unchanged, but the serum has a haZY: opai-
escent appeatance. The copper sulphate method indict—ncs a definite d:;
crease in serum protein concentration. It gives a rea.dmg of’5.4 gm Pl
100 cc. When the fat is washed ont of the precipitate with alcohol
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bed, in fact, he is encouraged to go on with his work, except that he is
advised to keep his legs up on a chair or sofa as much as possible so that
they may not get too swollen and uncomfortable. His average protein
loss is later found to be 15 gm per 21 hr. He is still taking 45 gm a
day, and Ins weight without the edema is still presumably 60 k. This
means he has available for maintenance only 0.5 gm per kilogram or
30 gm per day, since the 15 gm of protein m the urine has to be re-
placed His protein consumption is increased to 50 gm because we want
him to have some margin of safety. In 4 days his weight has decreased
by 8 Ib, and there 15 only a slight edema of his legs at the end of the
day, We tell him that there is no reason why he should not resume his
usual life. There is, in fact, no essential change in his condition other
than that the plasma protein concentration has fallen to a level at which
he can be free from edema only if he takes very little salt, His feelng
that he is entirely well except for the edema 1s not a subjective illusion
but is supported by all the abservations we have made. Edema is 2
nuisanice but not in itself anything to worry about, so that after having
made the simple dietetic changes warranted by experience, the best thing
todo is to go on with one’s hife as though the edema did not exist—
to accept it and to forget it.

A patient of this type must now be brought to realize that he can-
not and should not try to analyze Ins own pathology. Such self-analysis
1s natural for anyone with hus training. In the 1mtial stage and through-
out the early part of the latent stage we have ourselves encouraged him
to look at the facts as they are, to subject himself to them and act in
?ccnrdnnce with them. But now he 1s entering a phase of the disease
I which a contmmation of this attitnde would be self-destructive. A
consideration of the facts of the disease as they now present themselves
to hum, or for that matter to us, can eventuate in no further action that
is .c]ear and reasonable. It would tend to be 2 frustrated analysis that
might turn inward and, through an intensity of self-observation, bring
ta co physiological p which mught come to be re-
garded as symptoms of disease, It is not that he 13 asked to relapse into
2 childlike faith and hope. For hum that would be quite impossible.
On the contrary, there is now required of him a much wider and deeper
temprehension of the realities of the situation, and at this poimt, and
In his case, this involves a conscious exercise of intelligence and will
for the Ppurpose of setting a general direction of internal and subconscious
eadenvor, The wisdom of a patient grows slowly and in the dark, and,
3satule, the less said about it the better.

We do not tell our patient to take a high protein diet, We do not
take an intermediary position, something between the new “high” and
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bed: in fact, he is encouraged to go on with his work, except that he is
advised to keep his legs up on a chair or sofa as much as possible so th.a(
they may not get too swollen and uncomfortable. His average protein
1oss is later found to be 15 gm per 24 hr. He is sull taking 45 gm a
day, and his weight without the edema is still presumably 60 k. This
means he has available for maintenance only 0.5 gm per kilogram or
30 gm per day, since the 15 gm of protein in the urine has to be re-
placed. His protein consumption 1s increased to 50 gm because we want
him to have some margin of safety. In 4 days his weight has decreased
by 8 1b, and there 15 only a shght edema of his legs at the end of the
day. We tell him that there is no reason why he should not resume his
usual life. There is, in fact, no essential change n his condition other
than that the plasma protem concentration has fallen to a level at which
he can be free from edema only if he takes very little salt, His feeling
that he is entrely well except for the edema is not a subjective illusion
but is supported by all the observattons we have made. Edema 1s 2
nuisance but not in self anything to worry about, so that after having
made the simple dretetic changes watranted by experience, the hest thing
to do is 1o go on with one’s hife as though the edema did not exist—
to accept it and to forget 1.

A patient of this type must now be brought to realize that he can-
not and should not try to analyze his own pathology. Such self-analysis
is natural for anyone with hus tramming. In the niual stage and through-
out the eatly part of the latent stage we bave ourselves encouraged him
to look at the facts as they are, to subject himself to them and act in
accordance with them. But now he 1s entering a phase of the disease
in which a continnation of this attitude would be self-destructive. A
consideration of the facts of the disease as they now present themselves
to him, or for that matter to us, can eventuate in no further action that
is clear and reasonable. It would tend to be a frustrated analysis that
mght turn inward and, through an intensity of self-observation, bring
to consciousness phystological phenomena which might come to be re-
garded as symptoms of disease. It is not that he 1s asked to relapse into
a childhike faith and hope. For him that would be quite impossible.
On the contrary, there is now required of him a much wider and deeper
comprehension of the realities of the situation, and at this point, and
in his case, this involves a conscious exercise of intelligence and will
for the purpose of setung a general direction of internal and subconscious
endeavor. The wisdom of a patient grows slowly and in the dark, and,
as 2 rule, the less said about it the better.

We do not tell our patient to take a high protein diet. We do not
take an intermediary position, something between the new “high” and
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pared to accept and in some way understand edema, though what we
ourselves know is very little. The essence of it 1s contained in the dia-
gram in Figure 58. )

It is not until the patient is 25 yr old and has become an instructor
in the department of physics that we get a telephone call from him. He
says that for 2 week or two he was doubtful, but now he is quite sure
that his legs are swollen when he comes back from work at night. In
the last few days the edema has been increasing rather rapidly, He wants
to know if there is anything he should do. We ask him to take a few
days off to let us see what is going on. He comes straight to the office
after a 4-hr train journey. There is a soft, deeply pitting edema that
extends above his knees. His weight has increased by 15 1b. His blood-
pressure is 125 systolic and 85 diastolic, Apart from the edema in his
legs, no abnormality is found on physical examination. ‘There is a
marked lipemia, The red cell volume is 95% of normal, the blood urea
concentratton is 25 mgm per 100 cc. The creatinine in a filtrate from his
serum is 1.9 mgm per 100 cc. The 5-hr urine collected in the office
shows a rate of protein excretion of 20 gm per 24 hr, The sediment indi-
cates a rate of cast excretion of 1,500,000 casts. These are all hyaline casts
with fat droplets, except for about 3% of fatty casts. There are no blood-
casts, and only one or two rather doubtful red cell shadows are found
per umt area. There are 10,000,000 epithelial cells per 24 hr, and 2,000,-
000 of these are oval fat bodes. Except for the annoying heaviness of his
legs he feels perfectly well. By this time we have the results of a gravi-
metric determination of the serum protein concentration. It indicates
4.9% of protein.

He is told that in this situation he should, for a time at least, reduce
his salt consumption. He sits down with his legs up on another chair
while the dietitian goes over the salt content of foods (expressed as salt
but derived from sodium analysis), showing how he may reduce his salt
consumption to less than I gm a dayt? Then he is given some bottles
and asked to bring day and night urines for the next 3 days in order that
we may get a good average on his protein loss. He is not told to go to

12In order to obviate mineral deficiencies of other bases than sodium be takes 14 tea:
spoonful of the following mixture three smes a day in fruit juices:

Gm
Potassium citrate 1150
Calcum chlonde 30
Magnesiom chlonde 10
Manganese chlorde 05
Tron citrate g{l’l

Potassum 10dide

! Some patients like to use this as 2 salt substitute they can sprinkle on their food from

2 salecellar,
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bed; in fact, he is encouraged to go on with his work, except that he is
advised to heep his legs up on a chair or sofa as much as possible so that
they may mot get too swollen and uncomfortable. His average protein
loss is later found to be 15 gm per 24 hr. He is still taking 45 gm 2
day, and his weight without the edema is still presumably 60 k. This
means he has available for maintenance only 05 gm per kilogram or
30 gm per day, since the 15 gm of protein in the urine has to be re-
placed. His protein consumption is increased to 50 gm because we want
him to have some margin of safety. In 4 days his weight has decreased
by 8 Ib, and there is only a slight edema of his legs at the end of the
day. We tell hum that there is no reason why he should not resume his
usual life. There is, m fact, no essential change in his condition other
than that the plasma protem concentration has fallen to a level at which
he can be free from edema only 1f he takes very little salt. His feeling
that he is entirely well except for the edema is not a subjective illusion
but is supported by all the observations we have made. Edema is a
nuisance but not in 1tself anything to worry about, so that after having
made the simple dietetic changes warranted by experience, the best thing
to do is to go on with one’s hife as though the edema did not exist—
to accept it and ta forget it

A patient of thts type must now be brought to realize that he can-
not and should not try to analyze his own pathology. Such self-analysts
is natural for anyone with his tramimg  In the 1mitial stage and through-
out the early part of the latent stage we have ourselves encouraged him
to look at the facts as they are, to subject himself to them and act in
accordance with them, But now he is entering a phase of the disease
in which a continuation of this attitude would be self-destructive. A
consideration of the facts of the disease as they now present themselves
to him, or for that matter to us, can eventuate in no further action that
is clear and reasonable. It would tend to be a frustrated analysis that
might turn inward and, through an intensity of self-observation, bring
to consciousness physiological phenomena which might come to be re-
garded as symptoms of disease. It is not that he 15 asked to relapse into
a childlike faith and hope. For hum that would be quite impossible.
On the contrary, there is now required of him 2 much wider and deeper
comprehension of the realities of the situation, and at this point, and
in his case, this involves a conscious exercise of intelligence and will
for the purpose of setting a general direction of internal and subconscious
endenvor. The wisdom of a patient grows stowly and in the dark, and,
as a rule, the less said about it the better,

We do not tell our patient to take 2 high protein diet. We do not
take an i iary position, hing between the new “high” and
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the old “low” protein diet, thus admitting that under these new condi-
tions, when the plasma protein concentration is so low, it might be wise
to let him have a moderate amount of protein, not too much and not
too Jittle.  'We hold to our general plan of strategy, Only alterations
of a tactical nature are indicated. Now, as before, the mavimum pos-
sible degree of rest from osmotic work is the objective. For this patient,
at this time, 50 gm of protein a day is about as little as can safely be
given, To give less would endanger his general nutrition; to give more
would be to subject his Lidneys to unnecessary work, We cannot add
protein to his plasma by adding it to his diet.

The clinical successes that ushered in the era of high protein diets
can be explaned by considering the conditions under which they were
used, That success was achieved in the early degenerative stage of
glomerular nephritis with patients who had been subsisting on diets
containing little more protein than they daily lost in their urine.
Naturally, they grew weak and wasted long ‘before their time because
they were suffering from protein starvation. When they were given
200 gm of protemn a day they quickly grew stronger and lost their edema.
There is no reason to believe that the same immediate results might not
have been achieved 1f they had been given just as much as they needed
and no more, and as for the long-time results, we have not been told
what has happened to those edematous patients who continued to take
200 gm of protein a day.

HYPOTHESIS AS TO THE RELATION BETWEEN THE CONCENTRATION OF PROTEIN
IN THE SCRUM AND PROTEIN LOSS IN THE URINE

‘We have given rteasons why we cannot rest satisfied with the view
that the decrease in serum protemn concentration and the consequent
edema is a direct result of depletion through loss of protemn in the urine
and why it seems necessary to agree that in some cases there is also a
defect in plasma formation (page 18), but we should remember Lh.:!t
all the convincing evidence we have found in favor of a decrease in
plasma protein formation as a primary factor in the production of edema
is derived from the observation of patients who certainly did not have
glomerular nephritis. 'We are not willing to agree that in' glomerular
nephritis a lack of formation of proten is involied, except in a second-
ary manner. In this disease we find that in nearly every one of the few

- cases in which we have quantitative information the appearance of the
~dema has been preceded by a long-continued and large loss of protein
a1 the urine. True, we cannot thmk of this loss as depleting any fixed
“store” of plasma or body protein, because lhese.plasmn proteins have
a very short Iife, are continuously being used up in large amounts, and
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as continuously are being replaced. But we must hold fast to our clini-
cal facts of observation.

In glomerular nephritis we almost always find the escape of consider-
able amounts of protemn in the urine before there is any decrease in
plasma protein concentration. ‘The loss is therefore primary, at least
jn time. The theoretical difficulty zrises because even though the
amounts lost seem constderable, 1t 1s hard to suppose that they suffice
to overtax the capacities of new formation, particularly since we ob-
serve that even Jarger losses incurred through other channels than the
kidney are not followed by any permanent lowering of serum protein
concentration. Whipple and his group have abundantly shown that
losses of protern mduced by direct removal from the blood far in excess
of the quantities our patients lose in the urme do not suffice to mnduce
edema 1n dogs (87), and the same observation, directed paruculaly to
this point by Barnett, gave the same answer (88). In men, Bloomfield
has pointed out that very large losses due to the removal of ascitic fluid
in patients with cirrhosis of the liver do not malke them edematous even
though therr serm protein concentration is already lowered.

Let us accept these observations and agree, provistonally at least,
that the loss of protein in glomerular nephritis is too small to account
for a permanent lowering of plasma protein concentration. Then we
have to ask ourselves, “What is the simplest way to explain the fact that
edema nevertheless occurs?” e cannot use here the hypothesis we
adopted when discussing pure protemnurias  The chmeal facts to be
accounted for are not the same. In these cases we saw edema develop
in a cyclic manner mn patients who, 1n the intervals between therr crises,
had no proteinuria, and m them there was no preceding, long-continued
loss in the urine. In them a single hypothesis—the supposttion that
there is a defect in plasma protein formation—could account for every-
thing we find; their low plasma protetn concentration or edema because
the quantity produced is deficient relative to the need, their proteinurta
because there is a praduction of qualitatsvely abnormal protein molecules
either so small that they pass through the glomerular filter in such
amounts that the tubule cells cannot reabsorb them completely or so
deformed that the tubule cells cannot digest them; and the degenerative
renal lesion as a result of too great an accumulation of reabsorbed pro-
tein in the tubule cells

€ we try to use this hypothesis for the edema that has dcvelopcd in
the patient we are following, we at once find ourselves obliged to make
one hypothesis alter another, and nothmng remains clear and simple,
Until the edema appeared, we were relating eserything we saw to the
structural changes produced in the initial stage, but if we now appeal
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to a supposed defect in plasma protein formation, we are predicating
an entirely new disease superimposed on his nephritis—one with which
it has no visible relation. The essential thing we have to explain in him
1s not the proteinuria. We can think of that as primarily due to the
damage done to the glomerular filtering membrane in the initial stage,
and we can understand how the amount of protein he lost in his urne
increased after his bronchopneumonia. We can suppose that the cloudy
swelling of his tubule cells which occurred during that infection may
have initiated a continuing incapacity to reabsorb, as they did during
the latent stage, almost all of the protein in his glomerular filtrate,
What has to be explained is that edema occurs even though the amount
lost is so small relative to what we have reason to believe is his great
capacity for new plasma protein formation. We are here only applying
to this particular patient the general considerations reviewed in Chap-
ter 7. But in his case we can see the tubule cells full of the hyaline
droplets that, by several different methods, have been shown to be the
same protein that exists in his plasma, that filters through his glomeruli,
and that, in part, escapes in his urine. Now how does this protein that
we see as droplets return to the blood? Not as such. Not even, it would
seem, in whole molecules?® Presumably, that reabsorbed protein re-
turns to the blood stream only after a process of digestion that reduces
it to particles small enough to allow passage from the cell into the
interstitial fluid and finally into the capillaries of the kidney, It seems
to us that it is here we should look for an explanation of the edema.
Perhaps failure of intracellular digestion is responsible for the accumula-
tion of protein in the proximal tubule. Perhaps the products of a par-
tial digestion by these cells provide specially available material and
stimulus to new plasma protemn formation. When that digestion fails,
the level of protein formation falls and edema follows. This, of course,
is altogether hypothetical, but we do not think it is a useless specula-
tion because it has already suggested experiments, on which we are n?w
engaged, whose results have so far not contradicted it. Still it remains

22 If molecules of Teabsorbed protemn did somehow leave the tubule cell and reach the
intercullular flud of the kudney, 1t rught be rather confidently anticipated that they would
1n part be returned to the blood stream by way of the lympbatics, But such evidences a1
we possess tndicates that the rate of fow of lymph from the kidney and the concentration

of protemn n the renal Jymph are both 100 small to account for more than a fracuion of

the amounts of protem reabsorbed. This 1s one of the reasons why it seems likely that the
1ar volumes.

tntracellular treatment of reabsorbed protem breaks it qa\vn to less than molecul .
The evidence we refer to was obtaned mn collaborative work belween our group 3
tunty to pownt out that the

p headed by Dr Meyer Eriedman. We take this opport ihat e

@ wamar 720V that the concentration of urea i higher i the reaal

attempts to measure very small quantities of Urea MOIVEL 3 Hutinane -
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a hypothesis of which the best that can be said is that it enables us
to continue to view our patient’s disease 2s a unity and avoid the thera-
peutic complexities that would be entailed if we were to suppose that
he was suffering from two different disease processes.

MECHANICAL REMOVAL OF EDEMA FLUID

A few months later our patient writes that his legs are slowly getting
bigger. He keeps them propped up during the day as much as ke can,
and he gets some help from the use of elastic bandages; nevertheless, as
the afternoon weats on his legs ache and are so hard and heavy that it is
quite difficult for him to get around. However, he bas been able to
fulfill all his teaching engagements, his work is going very well, the
session is nearly over, and he will be back in a week. When he comes
it is seen that he walks very slowly and stiffly because his legs are enor-
mous. The edema extends far up his thighs. Here and there the elastic
tissue in the shan has ruptured and striz have appeared exactly like those
seen in the shin of the abdomen of a pregnant woman. The tissues
pit deeply, but a good deal of pressure is needed. It is no longer soft;
1t is now a hard, pitting edema. There is evidently some edema even
in his arms, for the blood-pressure cuff leaves 2 mark. There does not
scem to be any appreciable amount of free flud n his abdominal or
pleural cavities, There 15 no change in his heart action. The blood-
pressure is 130 systolic and 100 diastolic. The red cell volume is 9095
of normal. The plasma looks like milk or even cream. The concentra-
tions of urea and creatiine in the serum are not appreciably altered.
The urine protein rates we have measured during the past 5 months
have varied between 10 and 20 gm per 24 hr, but there has been no
consistent trend erther upward or downward. As a consequence, he is
still taking 50 gm of protemn a day. Today the urinary sediment pre-
sents a prcture that, in general, is identical with the one we saw on his
last vistt. He is 1 good sprrits, justly satisfied because he has been able
to do all he had intended in spite of the edema, but nawrally also
anxious to know if anything can be done to put him in shape for the
next session By this time we have the results of the gravimetric
determination of his plasma protein concentration, He now has only
4 gm of protemn per 100 cc. We sull do not know how to raise perma-
nently the lesel of the protein concentration in his plasma, and until
we get that knowledge our therapeutics will necessarily be merely
palliative.

In this particular situation, however, we are not condemned to in-
:vlclivit)'- We tell him to go home and sit in a chair with his legs hang-
ing down 25 long as he can. In the afternoon four Southey's tubes are
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obliged to reduce the salt intake to the level that is being excreted. We
do fhis unwillingly because, perforce, we have at the same time to accept
an increase in the concentration of urea in the urine and a consequent
increase in the work required for urea excretion. This increased urine
urea concentration is, of course, not directly related to the reduction
in chloride excretion, but it follows from the concomitant reduction in
urine volume.

The sodium chloride and water held in the rising volume of edema
fluid is to all intents and purposes an 0.8% solution of salt, and the
concentration is fixed. So, although we cannot give more salt without
increasing the edema, why should we not give more water? Is there
any reason to suppose that excess water would not be excreted? If it
were, would we not have what we want, ic., a continuing low urine
urea concentration without any increase in edema? This is, first of all, a
practical question, but it is not one that can be answered without con-
trolled and systematic clinical observation. All we can say is that when
we tried to increase the urine volume of edematous patients by asking
them to increase their water consumption, we had no success. In theory,
the question is already answered in a very instructive paper by J. D.
Newburgh (90). He has generalized and extended the von Rhorer equa-
tion, of which we made use, and has applied it to situations of the sort
we are now discussing. When we were talking about the theory of
renal work we dismussed sodinm chloride as a urinary constituent of
any importance for work because no matter how much we increased
sodium chloride excretion, the work involved would always be a negli-
gible fraction of the total work. But when we do the reverse and in-
crease water excretion and keep the salt excretion very low this is no
longer true, for then the salt concentration in the blood remains nearly
constant, but the concentration in the urine may approach zero and the
tubule cells have to work to maintain this now considerable concentra-
tion difference, There is thus a theoretical and therefore ultimately 2
practical limit to a solation of this problem by the method nf_ water
administration, though the situation is not clear to us because in rats
we were not able to induce an increase in the size of the kidney by t_!nis
sort of work. OQur practice is to take every oppoTtunity fo maximize
salt and water excretion, trying to keep them in balance, so that the
salt concentration in the urine stays within from 04% to 0.6%. We
are content to have our patients carry around with them 5 or 10 H{ more
edema fluid than they need have were they alwayf to kecp their salt
intake at a minimum, As far as water consumption is concerned, we are
inclined to think our patients know better than we do how much they

should take, .
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Presumably our tather astonishing ignorance as to the mechanism
of the edema of glomerular nephrius is the reason why there is no gener-
ally accepted method of treatment. No clinician is so naive as to re-
gard the relation between edema and plasma protein concentration
(page 297) as an adequate explanation of many of the most obvious and
superficial facts to be noted in any edematous nephritic. For one thing,
this is one of those general rules that are forever leaving us in the lurch
in the crucl, specific instance. Everyone has seen the patient who is
suddenly and dramatically relieved of his edema, though there has been
no sncrease in his plasma protein or albumin concentration. We may,
of course, suppose that if we had a clinical method for measuring plasma
volume and so could determine the total arculaung aibumin, many of
these discrepancies would disappear. But the suspicion remains that
even then we should have measured only one of the necessary factors,
and that the real truth is more complex than we now suspect. For
there are even simpler matters that are not clear. Why is the edema
fluid present only it the interstices of the subcutaneous tissues and in
the body cavities? 'Tissue spaces contanng extracellular fluid exist in
the ltver, heart, lungs, and brain, but even the patients who have the
most extreme anasarca do not have enlarged, edematous livers; their
heart action is not embarrassed, no crepitations are to be heard at the
bases of their lungs; their sensory and motor reactions are quite un-
impaired. Yet the plasma whose abnormally low protein concentration
is taken to be the cause of the edema in the subcutaneous tissues is the
same plasma that flows through the liver, heart, lungs, and brain, If
the low protein concentration were a sufficient cause, we should be pre-
pared to find differences in the degree of edema in different localities
but scarcely the waterlogged periphery and the normally dry tissues
everywhere else that actually exist. Again, has anyone given a satisfac-
tory explanation of the fact that sodium increases the accumulation of
edema fluid? The fact was established by empirical clinical observa-
tion. It was not predicted by physical chemists or physiologists. If
they understand it, they have not yet been able to make it altogether
clear to us, When we come to more fundamental questions, as, for
instance, how and where the protemns of the plasma are formed and
how and where they are consumed, again we get no answer that is clear
and unequivocal. OR every side we are surrounded by questtons that
have to be answered before we can expect to develop a rational
therapeutics,

The long-range, negative point of view in the treatment of edema
and the adoption as a principle that nothing shall be done that might
hurt the hdney is natural and easy for us. We know that this sort of
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edema is not to be feared as anything that directly endangers life or
seriously disturbs general health, For us the very existence of this symp.
tom is a guarantee that the number of still-functioning nephrons has
not yet been too seriously diminished. However, we cannot expect
patients to regard their plight in this quite coldly objective light. To
many of them it necessanly seems that the edema is the very discase
itself, and for some of them it is a calamity that darkens all their lfe,
In the patient we are now following the edema does not matter unless
it becomes mechanically disabling. He does not care particularly be-
cause his mind is se¢ on other things. In a gitl such relative indifference
would be unnatural. Even though she may come to be resigned to a
treatment that does not go beyond dietetic and mechanical measures,
she cannot help pressing for an answer to the question as to how long
she must live under the shadow of this affliction. There is no answer
to be given. No one can predict with cerainty. We can say with
complete assurance that 2 time will come when the swelling will de-
crease and in the end entirely disappear, but when or how we can-
not tell,

TRANSITION FROM THE DEGENERATIVE TO THE TERMINAL STAGE

‘There now begins for our patient a period of more than 5 yr during
which time, to all appearance, nothing decisive seems to happen. The
edema carries on. It mever again becomes sa extreme as ta require
tapping, but there are times when it is more pronounced and other
times when it recedes, though it never quite disappears, His general
health has been good, and the edema is so much a part of him that even
its fluctuations are taken as a matter of course He is now wholly
absorbed in a physico-chemical investigation in which his mathematical
capacities are extended to the utmost. Three or four times a year he
comes home, and we have an opportunity to continue our observa-
tions, Change comes so quietly we cannot tell when it begins. It is
only when we plot all our data over these years that we see that t.hcre
is in every measurement a drift in one direction. His'body weight,
which is a measure of his edema, fluctuates markedly but on the whole
falls year by year, just as on the whole his serum protein concentraions
tend to rise. The red cell volumes held around 9095 of normal for 8 yr,
but during the last 2 yr have fallen so that they are now only about 15%-
His serum has become clear or only slightly opalescent. ‘The rate of pro-
tein excretion has been more variable than any other measurement, but
here too it becomes evident at last that there is a slow and irregular tend-
ency toward a diminution in the loss of protein in the urine. During t;\e
past year it has not averaged more than 10 gm a day. On the whole the
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intensity of the renal lesion, as measured by rate of cast and tubule cell
excretion, has decreased. There are fewer casts and cells, Fatty casts are
rare, ‘There are more granular and waxy casts and not so many fat drop-
Jets. On the other hand, the red cells are more numerous, and counts that
tun as high as 30,000,000 are not unc But the most sigmifi of
all the observations is the blood urea concentration. Five years 2go
it was about 30 mgm per 100 cc. Every year the level has risen through
40, 50, 60, and 70 until now it averages about 80 mgm per 100 cc. Yet
the general equilibrium of the pattent’s health is not disturbed. 1t is
true that during the last 2 yr there has been an average increase in blood-
pressure, There have been occasional observations running as high as
160 systolic and 110 diastolic, but the heart is not enlarged, there is no
evidence of any thickening of the large arteries, and the retinal arterioles
appear to be entirely normal.

An optimist confining his attention to the gradual decrease in
edema, the disappearance of the hiperma, and the decrease in the rates
of protein, casts, and tubule cell excretion might try to maintain
that the patient was slowly winning his long battle with the disease.
But the realist must recognize that even these apparent improve-
ments are signs that the campaign is being lost, Nephrons that used to
contribute their quota of protein, cells, and fat have been converted
mto fibrous tissue. As they die, the degenerative stage begins to pass
into the terminal. With the reduction in the number of nephrons the
least damaged surviving nephrons are obliged to undertake an ever-
increasing load of osmotic work. They answer as best they may by a
hypertrophy which is limited only by irreversible structural changes and
by the capacity of the artersoles to bring them materials for growth and
maintenance. The index of their relative failure is given in the rising
blood urea and creatinine concentrations and the untested but real loss
of capacity to produce a concentrated urine, We cannot mustake the
meaning of these signs,

TREATMENT 1N THE TERMINAL STACE

As our patient passes from the degenerative into the terminal stage,
it does not seem to him that anything very noteworthy is happening.
It has been 2 long time since the edema has really bothered him and so
he scarcely notices its gradual disappearance. Vhenever he comes home
he drops into the office as a matter of habit, and as always the same
simple measurements are made. He is not curious about the results.
He knows they are supposed to be the reason for the slight dietary
changes that are ordered from time to time, but further than that he
does nat go, It would be a mistake to suppose that he consciously di-
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to sleep, but even so he often wakens with a bad headache that does
not lighten until he has had his cup of coffee and has been sitting straight
up for some time. He is annoyed by a taste of ammonia that he can
only get rid of with warm salt solution and lemon juice used as a
mouth wash. His blood urea concentsation is now 200 mgm per 100 cc,
the red cell volume is 509 of normal, the plasma is quite clear, and
the serum protein concentration is 5.2 gm per 100 cc. ‘The 24-hr urine
volume is over 2,000 cc, and the specific gravity is 1.008. He loses on
an average of 5 gm of protein a day. In the urinary sediment there
are many very pale red cells and from 10,000,000 to 20,000,000 epithelial
cells per 24 hr. They are larger than pus cells, and a few of them are
quite well preserved, with a clear cytoplasm and a small central nucleus,
The fatty tubule cells are gone. When a considerable area of the slide
1s inspected, it sometimes happens that a very broad, darkly granular,
loosely knit renal failure cast comes into view, but very often there are
no casts at all

His mother has come to live with him, and they have taken . small
apartment just across the street from the laboratory. During the past
three months the dietetic problem has been to make the most of the
times when he is able to eat. He may, for instance, take a good break-
fast and enjoy it, but there comes a wave of nausea and he vomits it all
His mother has a variety of foods constantly ready, and ten minutes
later he is sitting down to another hreakfast that he may be able to hold.
In spite of all these endeavors the days in which he fails to get sufficient
calories are becoming more frequent, and as a consequence he is slowly
losing weight. Working, like eating, has become a question of waiting
for the opportunity. He has won a degree of freedom from subjection
to his symptoms so that even when he is very tired and slightly nau
seated Ius attention can be given in large part to the problems that arise
in his work, and there are often times when his mind is quite wholly
absorbed and he is as keen and penetrating as ever, In his laboratory
new apparatus is being designed, but there are uncertainties that have
to be cleared away by means of calculations based on measurements
made with various subsidiary models. ‘The more laborious part of this
work is now done by a younger man with whom he has been collabt'r
sating for more than a year, Every day at some time or other he is
able to get across to the laboratory to watch operations. He is conver-
sant with every detarl and is consulted on the difficulties with which
the experimental workers are constantly met. Lately, however, he has
grown so tired that he cannot stay for more than an hour or two. In
the evening, when his assistant brings the work of the day to him, they
discuss only the more fundamental questions related to general strategy
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He must know at least subconsciously that the end is near, and yet there
is no indication that he is anxious or at all depressed. He carries on, in
no way perturbed.

Fnally the day comes when he vomits so frequently that he loses
considerably mote fluid than he is able to keep down. He is moved
to the hospital. Sugar and salt solution are given by vein. The vomit-
ing continues. His face is slightly swollen, almost as it was on the day
e first saw him. The urine volume s now less than 1,000 cc, and the

d, shows hundreds of th ds of broad tzs!s—epxdlehal
granular, and waxy. The blood urea concentration has risen to over
300 mgm per 100 cc. Petéchix appear on'is skin, His breazhmg is
at times Cheyne-Stokes. He is utterly exhausted. Yet on occasion
his mnd is still alert, and he asks questions about his work, He wants
to see the boy with whom he was worlang. One does not need to be
a close observer to know that for him, at this moment, there is nothing
he would have other than that which has been and is. It 13 rather as
though he feels a sense of elation and liberation. He sees it all now
and comprehends that somehow he has managed to win through to the
end without capitulation, and he is glad. He does not give up, but
now he recognizes a necessity he does not need to deny because it comes
from himself, belongs to hum, and gives him freedom. This should be
his exit. He should go to sleep.

In the art of anesthesia, as practiced by the obstetrician, there are
techniques that can be of value when we are trymg to help deeply
uremic patients out of this life as smoothly and gently as possible, We
want a twilight sleep, Morphine is useful if there is any respiratory
amaety due to cardiac failure, o1 in the centrally determined polypnoeas
that sometimes distress the pauent, but as a general anesthetic it proba.
bly does more harm than good. It often accentuates the nausea and the
itching of the skin What efficiency it has can be maintained only by
a very steep increase in dosage, for there is unquestionably a special
tolerance for morphine in uremia. The barbiturates given intra.
muscularly are useful, but in some patients they winduce only a dream-
troubled sleep. Qur experience is that paraldehyde given by rectum
is much the most useful drug. An ordinary nitral dose would be 20 c¢
given with 1 oz of starch solution. Occasionally this is not retained,
but this difficulty can be overcome by a preliminary wash-out injection
of 19 novocaine. Paraldehyde gives 2 very natural and dreamless sleep.
The dose can be repeated whenever the patient shows signs of restless-
ness, and the quantity given can be salely increased up to as much as
60 cc every 6 hr or so, for here also uremia seems to carty with it a
greatly increased tolerance, and there is a wide margin between the
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to sleep, but cven so he often wakens with a bad headache that does
not lighten until he has had his cup of coffee and has been sitting straight
up for some time. He is annoyed by a taste of ammonia that he can
only get rid of with warm salt solution and lemon juice used as 2
mouth wash. His blood urea concentration is now 200 mgm per 100 cc,
the red cell volume is 509 of normal, the plasma is quite clear, and
the serum protemn concentration is 5.2 gm per 100 cc, The 24-hr urine
volume is over 2,000 cc, and the specific gravity is 1.008, He loses on
an average of 5 gm of protein a day, In the urinary sediment there
are many very pale red cells and from 10,000,000 to 20,000,000 epithelial
cells per 24 hr. They are larger than pus cells, and a few of them are
quite well preserved, with a clear cytoplasm and 2 small central nucleus.
The fatty tubule cells are gone. When a considerable area of the shde
is inspected, it sometimes happens that a very broad, darkly granular,
loosely knit renal failure cast comes into view, but very often there are
no casts at all

His mother has come to live with him, and they have taken . small
apartment just across the street from the laboratory. During the past
three months the dietetic problem has been to make the most of the
times when he is able to eat. He may, for instance, take a good break-
fast and enjoy it, but there comes a2 wave of nausea and he vomits it all.
His mother has a vanety of foods constantly ready, and ten minutes
Tater he s sitting down to another breakfast that he may be able to hold.
In spite of all these endeavors the days in which he fails to get sufficient
calories are becoming more frequent, and as a consequence he is slowly
losing weight, Working, like eating, has become a question of waiting
for the opportunity. He has won a degree of freedom from subjection
to his symptoms so that even when he is very tired and slightly nad-
seated his attention can be given in large part to the problems that atise
in his work, and there are often times when his mind is quite wholly
absorbed and he is as keen and penetrating as ever. In his Iaboratory
new apparatus is being designed, but there are uncertainties that have
to be cleared away by means of calculations based on measurements
made with various subsidiary models. The more laborious part of this
work is now done by a younger man with whom he has been collabe-
rating for more than a year. Every day at some time or other he s
able to get across to the laboratory to watch operations. He is corlv.f"'
sant with every detail and is consulted on the difficulties with which
the experimental workers are constantly met. Lately, however, he bas
grown so tired that he cannot stay for more than an hour or two- In
the evening, when his assistant brings the work of the day to him, they
discuss only the more fundamental questions related to general strategy
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1e Tecognizes a necessity he does not need to deny because it comes
himself, belongs to him, and gives him freedom. This should be
tit. He should go to sleep.
t the art of anesthesia, as practiced by the obstetrician, there are
iques that can be of value when we are trying to help deeply
ic patients out of this life as smoothly and gently as possible, We
a twilight sleep. Morphine is useful if there 1s any respiratory
ty due to cardiac failure, or in the centrally determined polypnoeas
ometimes distress the patient, but as a general anesthetic it proba-
oes more harm than good. It often accentuates the nausea and the
1g of the skin. What efficiency 1t has can be maintained only by
Y steep increase in dosage, for there is unquestionably a special
mce for morphine in uremia. The barbiturates given intra-
ularly are useful, but in some patients they induce only a dream-
led sleep. Our experience is that paraldehyde given by rectum
ich the most useful drug. An ordinary initial dose would be 20 cc
 with 1 oz of starch solution. Occasionally this is not retained,
his difficulty can be overcome by a preliminary wash-out injection
% novocaine. Paraldehyde gives a very natural and dreamless sleep.
dose can be repeated whenever the patient shows signs of restless-
and the quantity given can be salely increased up to as much as
c every 6 hr or so, for here also uremia seems to carry with it a
ly increased tolerance, and there is a wide margin between the
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to sleep, but even so he often wakens with a bad headache that does
not lighten until he has had his cup of coffee and has been sitting straight
up for some time. He is annoyed by a taste of ammonia that he can
only get Tid of with warm salt solution and lemon juice used as a
mouth wash. His blood urea concentration is now 200 mgm per 100 cc,
the red cell volume is 509% of normal, the plasma is quite clear, and
the serum protein concentration is 5.2 gm per 100 cc. The 24-hr urine
volume is over 2,000 cc, and the specific gravity is 1.008. He loses on
an average of 5 gm of protein a day. In the urinary sediment there
are many very pale red cells and from 10,000,000 to 20,000,000 epithelial
cells per 24 hr. ‘They are larger than pus cells, and a few of them are
quite well preserved, with a clear cytoplasm and a small central nucleus.
The fatty tubule cells are gone. When a considerable area of the slide
is inspected, it sometimes happens that 2 very broad, darkly granular,
loosely knit renal failure cast comes into view, but very often there are
no casts at all.

- His mother has come to live with him, and they have taken i small
apartment just across the street from the laboratory. During the past
three months the dietetic problem has been to make the most of the
times when he is able to eat. He may, for instance, take a good break-
fast and enjoy it, but there comes a wave of nausea and he vomits it all.
His mother has a variety of foods constantly ready, and ten minutes

"Llater he is sitting down to another breakfast that he may be able to hold.

spite of all these endeavors the days in which he fails to get sufficient
calories are becoming more frequent, and as a consequence he is slm.vl}"
Josing weight, Working, like eating, has become a question of wailfng
for the opportunity. He has won a degree of freedom from subjection
to his symptoms so that even when he is very tired and slightly ﬂﬂ_“'
seated his attention can be given in large part to the problems that atise
in his work, and there are often times when his mind is quite wholly
absorbed and he is as keen and penetrating as ever. In his laboratorf
new apparatus is being designed, but there are uncertainties that have
to be cleared away by means of calculations based on measurements
made with various subsidiary models. The more Jaborious part of this
work is now done by a younger man with whom he has been collnbf*
rating for more than a year. Every day at some time or other he ¥
able to get across to the laboratory to watch operations. He is come™
sant with every detail and is consulted on the difficulties with whiclt
the experimental workers are constantly met. Lately, however, he 1‘1“:
grown so tired that he cannot stay for more than an hour or too.

the cvening, when his assistant brings the work of the day to him, thef
discuss only the more fundamental questions related to general strateg}:
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av average p plecc
C cup ¢ taund
ck cooked 1 scant
cu cube sl ahee
d dmeter e emall
ams sq square
g st stalk
%{ Ea!f t tu?:con (level)
bp heaping T tablespoon (level)
m medium wh whole
oz gunce
FOOD APPROXIMATE AMCUNT PROTEIN  CALORIES sALT
LEREALS AND FLOUR, = mgm
Arrowroot 1T uncooked 50 0
Barley, pearl 3T uncooked 108 28
Barley, pearl e ek 104 28
Com meal 2T uncooked 7 2
Corn meal %G ck 7 2
Cornstarch 1T uncooked 6
Cream of wheat 2T uncooked €8 3.
Cream of wheat % Cor4xT k 68 ¥
Fanina 2T uncooked €8 3
Fanoa ¥CordrT 68 3
Homm T uncooked 72 10
Homy Cor4rT < 72 bt
Macaron} TordrT uncooked 4 104
acaron ¥ Cor8rT & + 104
Popeorn c popped. 9 1
Puffed rice c 2 1
TPufied wheat < 2 k!
ce, brown T uncooked 109 &
Rice, brown 34 Cor6rT ok 109 6
Rice, whate 3T uncocked 104 bt
Ruce, white $Cor6rT < 104 1
Rolled oats 3T uncooked 7 3
olled vaty CordrT & 71 3
Shredded Ralston Cor50sq 1 3;
Shredded wheat large 3 1 3
Soy Gour Cori6T 37 3 ?
Tapioca 4
Toscut biscuit 11
Wheat germ T ?
Wheat hearts T uncooked 1 40
Wheat hearts 15 Cordr T 1 40
Whate flour {Corts 1 4 198
White Hour 1T 1 12
Whole-wheat flour 1Gor 16T 18 5 140
DARY PRODUCTY
Butter, salt [ 108 450
Butter, salt-free 108
Cheese, hard 74 208
heese, cottage 44 146
Creawt, whipped 5. 5
aan, 40 11 10
Crezm, 40! 45: 46
am, 20 &: 2
am, 2067 24 91
Mulk, buttermulle 8 310
f, sum 5 310
Milk, whole 170 310
MUK evaporated,
umsweetencd 1 19 19
Milk, evaporated,
unsweetened 0 4
Milk, pwd sham 8 20 310
Mk, pwd sum 2z 20
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that the amount of protein taken does not fall below the minimum neces-
sary to maintain health. Protein is the principal chemical material of
which living beings are constructed and is the main constituent in meat,
fish, chicken, and eggs. It is present also in milk and 1 large quantity
in cheese, which is mainly the separated protein of milk. It exists in
varying quantities in all foods except such purified foods as lard, oils, and
sugars, and the three prepared cereals~—cornstarch, arrowroot, and
tapioca,

CALORIES

The calotic value of foods is a measure of their capacity to provide
fuel to run the machinery of the body. The caloric requirement of an
individual varies with activity and size.

Sacr

Since sodium is the element in salt that should be reduced in the
diet of patients with edema, the salt content of the foods has been calcu-
lated as sodium chloride from the published data on the sodium content
of foods.

There are many condiments that may be used in small amounts to
overcome the flatness of a low-salt diet, e.g., allspice, bay leaves, coffee,
caramel, cloves, cinnamon, thyme, and vanilla. Gommercial salt substi-
tutes should not be used because they contain sodium, and for the same
reason sodium bicarbonate should not be taken.

Vrramin-ricE Foobs

Vitamin B complex Vitamin A4 Vitamin C
‘Wheat germ Butter Lemon jui_ce
Whole-wheat bread Egg yolk Orange ]uxcc
Pork Greens Grapefruit juice
Eggs Carrots Smwberfief
Mk Fish-liver oils ‘Tomato juice

FOOD VALUES AND MEASURES IN TERMS OF AVERAGE SERVINGS
OF FOOD

3 teaspoons = 1 tablespoon
4 tablespoons = 3§ cup
8 tablespoons = 33 cup
16 tablespoons = "1 cup
2 cups = 1pot
uart

A rounded spoonful approximates 2 level spoonfuls.
A Deaping spoontel approsimates 3 level spocnfuls.
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FOOD APPROXIMATE AMOUNT PROTEIN  CALORIES 2ALT
gm mgm
Okra ne 2 0 74
Omons 3m 1 30
arsmaps 37 Cor 1 large 2 8
cas, gree: 4CordrT 7 23
cas, canncd unsalted KCorartT 4 23
cas, dried “c 1 79
eppers, green 1 large, raw 28 76
3 1 large, 50
Potato, white 27 X4% 3
otato, white 27 X 4° bml:d o 4G 3
Potato, sweet ﬁ Cor2! 6
ol c 1
adish 15-20m 17
pinach Y%Cor4rT 15,
Squash, winter %Corn’r
quash, summer Cor4rT
Tomat 1 mraw 3
Tomat 34 C cooked 2
Tomate yuce c 3
urnip CordrT 4 11
Watercresy 23£ Cor 1 sm bunch 0 25
Rearees
read, white
Boiling water 1C
Lard 1T 13!
ugar 1T [
Fleischmann's yeast 34 cake_y
lous 2i4¢C 3 113; 49
1 loaf 35 1327 495
' . P .
Pancakes
Flour yc 3 13 49
Pastry cre: %G 1 226 23
Egg, bcat:n upan!dy 1 6 78 177
10 417 249
Popovers
our 1 14 453 198
2 12 1356 334
Mk 1Cc 8 170 310
Melted butter 1t 36 [}
6 Popovers 34 816 862
1 Po;;’g“m 6 132 145

Add flour to mlk and beat well with an egg beater. Then add unbeaten eggs, onc at x time,
beating horoughly Add melted shortenn 78 lave mufiin pans o custard tups very hot, grease
well, pour i batter, aad bake m hot oven (425° F) 15 mia.

Cake, ongel

Esss whites 1C (8-9) 27 108 152
13 ¢ [ 1 0

Flnur 1C 14 453 159

Cream of tartar 1t o o 0

Almond extract M [

8 servings 41

1 sweviog H
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Foop

Soups (canned—meat free)
bell

aragus—Campl
Celery—Campbell
Pea—Campbell
‘Tomato—Campbell
Veggeterian vegetable—
‘ampl
Cream of asparagus—
Heinz
Cream of cclery—Heinz
Cream of mushroom—
Hemnz
Cream of pea—Heinz
Cream of spinach—Henz
Cream of tomato—Heinz
Corn chowder—Heinz
Vegetarian vegetable—
Hewnz

Zwneback

NUTS
Almonds
Peanut butter
Peanuts
Pecans
Walnuts
‘Walnuts
Walnuts

vEGETABLES (COORED)
Artichoke, French
Asparagus

‘Avocado, raw Fuerte
Bamboo shoots

Brussels sprouts

Cabbage

Carrots

Caulifiower

Celery

Celery, raw

Celery root

Ch

Gorn

Cucumber, frosh
lant

Endive

Horse-radish, fresh

Lcttuce

Leatls, dry

Mushrooms

Austard greens

APPROXIMATE, AMOUNT PROTEIN CALORIES SALT
gm mgm
1can 7 208 +
1can 4 155 +
1 can 1 264 +
1an s s 237 +
1can 7 25¢ +
1can 8 175 +
1can 4 303 +
1can 11 304 +
1 can 9 296 +
1can 8 378 +
1can H 275 +
1 can 7 293 +
1can 11 232 +
1t [ 20 0
1c g 800 0
1 scoop 2 106 +
2pc 1 53 +
0 m 2 61
1 T freshly ground H o H
Jarge 3 226 3
14 C chopped 1 207 8
6 large 4 207 #
11 T chopped 1 66
1m 2 8 92
8 stalks 4 long 7 20 13
14 em 2 262 1
3 33
e
50
%o 100
3 GorarT B4 =
15 g or3rT 30 t 7
1
Gor4rT 2 P
Cor3rT 1 %0 ?
&r 2 %
Cor2mor4rT % 7
c 2% 107
c %0 8
Corom 16 46
Cor5cT 28 132
CorérT 20 89
% Cor6rT 16 228
% Cor6cT 3 9%
stalks 3{7 X 534’ 32 35
CordsT 20 218
4] 81 &
Gor1mear 16 25
1 mor ‘:D 5}_ 16 45
Cordr 276
heads : % 2
t
Y bador 10 Leaves R i
Cor4 [ L4
; c 28 ?
c




Squash, summer
‘omato

Recrees
Bread, white

whing water'
Lard

ugar
Fleischmant’s yeast
tour

1 loaf

APPENDIX

APPROXIMATE AMOUNT

Pastry cream
Egg, beaten separatcly

Popovers

Flour

A

Melted butier

6 Popovers
1 Popover

Add flour to milk and beat well with an
Eeating thoroughly Add melted shortenun,

ety
“n Q

aQ

, pour In batter, and bake 1a hot oven (425* F} 15 min,

Cake, angel

Eggs whites
Sugar

Flour

Cream of tartar
Almond extract
8 servings
Lwernag

FROTEIN  CALORIES

a8

wilooRoN

AABRS

BRBABARaBRRS8E

108
1000
453
0

0

1561
196

321

SALT

DRwaINN

11
17!
15

Blume

49
23
177

20
198
354
310

°

862
145

beater Then add unbeaten eggs, one at a tune,
ave mufin pans or custard cups very hot, grease

1152
0
159
[
0

311
164
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FOOD APPROXIMATE AMOUNT PROTEIN CALORITS SALT
Cake,sponge gme mga.
Egg yolk ¢ 36 468 1062
Egg whites §
Sugar 1c 0 800 0
Flour ic ) 14 453 198
fomen o 1T ° 4 2
mon juce o
8 servings 50 1725 1262
1 serving 6 214 157
gk T3 3
e 3G 4 680 237
amiaP i T
anifla 0
“Total 14 2644 321
Chocolatt of eveam
Sopme 1t LA A
ugar 21
Pasery cream ®a 1 28 3
Water to fill cup . o 2
23
1 cup or 8 oz 1 252
Chocolate of Milk ‘ B
tS:hocolam 1: 8 2 H
ugar 310
i ic & oo
194 310
1 cup or 8 oz 8 )
Cookies 877 1
Butter iz c }J 240 0
B e R R
28 ¢ 1 353
EI 0
Fotha #e R
: 18 1470 344
20 cockies $ A1 17
1 cookic
Souffé, lemon " -
Egé fhlﬁe }} : 120 4
‘B!
Sugar 2T 0 0 ]
Lemon juce = - =
Pee erust 14 453 198
fora 2 [ |
Water ;2 ™ %
Total 2
! o 240
ptiig 4 0 500 [
Sogar 1c 0 108 2
Butier }‘ ¥ 0 3 g
Lemon juice o _°
Cinnamon - — v
0 1352 18
14 858 1_95
Plus erust o e .
“Total 3 - =



e

Z2 &

EE
Bl ..

Elanziy
M cotinm

Bl oBu.
el meae

179N
[,

APPENDIX

3

¥
o

cmwas &

N em T AElaETos

TN aR

| Q-

00D APPROXINATE AMOUNT PROUTEDY  CALORIES
Spaosh pas m
Pastry cream. 2T 1 16
ety 3T 0 0
Sugar 5T 0 300
Eggs 2 12 156
Squash 1c 4 4
17 636
Plus crust 1% 838
Total 31 1494
K pie 5 249
Cottape-cheese pis
Cottage cheere 1¢ 36 126
Sugar gz c [ 533
c 4 a5
Eg yolis, beaten 2 6 132
Fat, melted iT ° 108
Vanifla o lecana fuice ¢
or nutmeg -
46 1034
G 14 858
enngue
Bee wﬁf 2 6 24
S 2T 0 120
Vanl ° [
Total pie 6 2036
$pie 1 339
Muxthe ingredients in the onder given. Bake the piesa one crust Coot st shightly and cover
menngue. Brown {n a slow oven.
Putng st e X 26
25
S e #8
1T 0 6
Sugar At 0 80
Vandla Hue 0 [}
02 cup 1 332
Pudiing, comnstarch
i 10 5 170
Cornstarch 1T 0 26
Sugar 3t [ &0
Vaolla H® [ [
oz cup 8 266
Puttng, crnstaeh
aspberey yucs 1c 0 88
va 3t v &
Cornstarch 1T o 3
l(mm\j\nce 12 ° o
8oz cup [ 184
Pudling, corstarch
rown sugar c 0 4%0
Corvatarchy }? T [ 36
S, 40% e 1 2
1
B\mn, saltfree 1T Q 108
Vaully o 0
i ™
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FOOD APPROXIMATE ANOUNT
Pudding, custard &
Mtk 2% C 5 106
Egg 1 é 78
Su; 1t 0 20
Flavonag to taste [} []
8-0z cup 1 204
Pudding, rice
Ruce, cooked 1c 3 140
Sugar 1Tor3t .0 60
Cream, 409, %G 1 226
Water as necessary 0 0
4 426
Mix agredicnts together and bake as a custard,
Pudding, teproca
Tapioca 3T 0 156
Grape juice 2¢ 0 368
ugar %G [ 400
Lemnon yuice o 0
2 servings 0 224
1 serving 0 462
Any fruit juces may be used.
Pudding, taproca
Tapoea e T [ 52
Mulk 1ic 8 170
Egg 1 6 78
Swugar 2T o 80
Flavoring o o
2 sexvings 14 380
1 serving 7 190
Tudding, gelatin
Gelats’ 23 6 24
Cold water ¥ 0 0
Boiling water 1C 0 2
raoe jui #e o 92
Grape juice %G b 2
Leron juice 0 o
& a3
2 sexvings
1 serving 3 191
Pudding, gelatin
Gelats, 2t H %
Cold water 1T ° H
Strong coffee 2¢ S o
Sugar 2Tor6t 2 452
Cream, 40% %C 2 452
476
2 servings H o
Serving
Soup, cream
Cream, 40% He H 2
Purée vegetable 2T H 2
Water to £ill cup 20 2
2 238

2 T any vegetable purée, i C cream, and enough
Xff,, oay b seasoned with & few drops of oion Juice or &

of cayenne pepper.

PROTEIN CALORIES  sAur

mgm

203
177
Q

water to make a serving. This type of

Tittle chopped parsley or 2 fow graing
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roop APPROXIMATE AMOUNT PROTEDX  GALORIES SALT
gm mgm

HMaponnarse
Egg yolk 1 3 66 28
ol 1C 0 2160 0
Vinegar 3T 0 0 0
3 2226 28

Add part of vincgar to yolk of egg and flavoring (sugar, dry Dustard, or papnka) if desired.
Beat bath egg beater and add ol slowly, beating A1l the tume.

Cottage cheese
Milk 1qt
Rennet tablet
e A e 1 e AR L€ s FTaes e st ]
- \ . .

Cattage cheese (removal of salt from commercal brands)

Tie cottage cheese 1n cheesccloth and wash thoroughly by fastening to water tap untl the water
comes away clear, which wall be about 15 t0 20 mun_Kncad frequently Then place cheesecloth
vath cottage cheese in a large contamer of water and let remain overaight, Remove from water

Diy skim milke
Milk powder Ka 8 80 30
Water 1C 0 ° [
T 2 T TRy U VSR VA SR L M
. LT | T . e
. 0 ' ' ) .
Peanut butter
2Cmstol To
—aa e e, [ RPN
. S R )
Cottage-sheese balls
Cottage cheese 2G 72 352 1168
Kathed potatocs 26 8 240 152
Egg 1 6 78 177
Bread crumb %e 4 nz 7%
White sauce
Mk I 4 85 155
Flour k (1 2 55 2
g:t p 1T [ 135 L]
asoning {sage, thyme,
passley, pepper, Z:on) 0 0 [
Shally 96 1058 1752
1 balt 12 122 219

Make white sauce Gradually beat cottage cheese Into jt. Add mashed potatoes, scason, make
Inta sofy balls, rell in bread crumbs, then i beaten cgg, then 1o bread crumbs agau, Fry 16 kettle
©f drep fat unul golden brown.

Vi
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35.
36.
87,
38.
39.
40.
41.

42,
43.
44,

45.
46.
47.
48.

49.

55.
56.
57.
58,

59.
60,
61
62.
63.
64,
65.
66.
7.
38.
39.
70.
.
72
7.
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