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PREFACE

The Proceedings of the Fifth International Pediatric Nephrology Symposia are
dedicated to those who make the writing possible: the delegates; those who
wanted to attend, but could not, and to our colleagues, families and friends
who helped organize the meeting.

With the advent of certification of pediatric nephrologists in the USA and
the increasing numbers of pediatric nephrologists contributing to and practic-
ing this specialty throughout the world, it is appropriate that we begin to
record our international symposia in order to periodically document the State
of the Art of pediatric nephrology and to share new information in a timely
fashion with colleagues who care for children.

Four previous international pediatric nephrology symposia have been spon-
sored by the International Pediatric Nephrology Association. These meetings
were held in Guadalajara, Mexico, 1968, Paris, France, 1971, Washington, DC,
USA, 1974 and Helsinki, Finalnd, 1977.

This is the first time that it has been possible to organize the publication
of the proceedings of a symposium. The enclosed manuscripts represent more
than seventy percent of the symposia presentations delivered at the Fifth

International Pediatric Symposia (October 6-10, 1980, Phila., PA) which was co-

hosted by St. Christopher's Hospital for Children and The Children's Hospital of
Philadelphia representing the Departments of Pediatrics of Temple University
School of Medicine and The University of Pennsylvania School of Medicine.

The material presented touches upon most areas of pediatric nephrology and
is organized in the manner in which the symposia were presented. The manuscripts
have been prepared by the individual authors using the technique of camera
ready copy. Thus, there is some variation in the style of presentations amongst
the manuscripts and no editing has been done. By preparing and reproducing the
proceedings in this fashion the time between the meeting and publication is
sufficiently shortened so as to make the material available to interested
individuals quickly and economically. The total program and free paper
abstracts presented at the meeting may be found in Pediatric Research,
Volume 14, August, 1980.

Alan B. Gruskin, M.D., President
Michael E. Norman, M.D., Secretary General
Fifth International Pediatric Nephrology Symposium
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CURRENT PROBLEMS IN THE PATHOGENESIS OF GLOMERULONEPHRITIS

J. STEWART CAMERON, Renal Unit, Department of Medicine, Guy's Hospital,
London SE1 9RT, U.K.

INTRODUCTION

If we are to make progress in the conquest of glomerulonephritis, the
commonest cause of renal failure, we must first identify clearly the areas
of ignorance in this study; choosing those for examination in which
techniques available or foreseeable allow the construction of crucial
experiments. In the study of glomerulonephritis, as in science as a
whole, this enquiry may be hindered by assumptions, often unstated, and
by hypotheses which become accepted uncritically as dogma, so that we
cease to enquire of the data for new ideas. In this essay I wish to
examine some areas in which questions are asked rather infrequently, and
in which the lack of questioning may impede our understanding. I wish to
disturb, not reassure, and to discuss not what we know, but what we think
we know. I wish to explore what the limits of our igncrance may be, and
identify areas in which unwarranted assumptions pass unquestioned. As
put by Josh Billings: "it ain't what we don't know that makes us
ignorant, it's what we know that ain't so".

Philosophic speculation about the process of acquiring knowledge in
science has usually been the prerogative of philosophers, historians -
even social scientists - rather than practicing scientists themselves.
Above all, clinical investigators rarely undertake any structural
examination of what they are actually about in clinic and laboratory.

The classical, Socratic view of the acquisition of knowledge or ideas
pictures the process as a voyage of discovery into the world, in which

world ideas, processes and objects are already present, awaiting our
attention. Today this view has been supplanted by the views of

philosophers such as Popper, and we now give the accolade of "fact" simply
to those hypotheses which still successfully resist the assault of attempted
refutation by reason or experiment. A new hypothesis becomes necessary when

observations not explicable by the old hypothesis arise, and each new



hypothesis subsumes and expands the previous hypothesis, explaining both
the old and the new discordant facts. On occasion this may require a
radical change in direction of thinking, a point much emphasised by Kuhn,
but whether the process is a gradual step-by-step process, or largely
discontinuous, makes little difference for the present discussion. It is
interesting that the English word for "fact" comes from the Latin for
"make", not "discover", "reveal" or "find". New ideas are constructs,
models of the world, to be progressively amplified and refined.

The importance of this philosophic diversion to my present essay
becomes apparent when we examine ignorance. In the Socratic view,
ignorance is simply the result of incomplete or defective exploration.

In the modern, Popperian view, it is the result of faulty or inadequate
constructs. Moreover, a Gresham's law of ideas seems to operate: sloppy
or unquestioned constructs often act to block the introduction of testing
of more complete or appropriate ideas. Ignorance may not therefore be
passive process only, but has its own genesis, and in many areas (such as
politics and sociology) can be used as a powerful manipulative tool.

With this in mind, I propose to examine a series of questions in the study
of glomerulonephritis, some the common daily debate of interested
laboratories, others less often raised, and therefore more necessary to
pose and discuss.

1. Is all glomerulonephritis an immune disorder?

Like most tissues, the kidney has only a limited repertoire of responses
to injury, however this may come about. We must be on our guard, therefore,
when we see patterns of injury in the glomerulus in human disease which we
know can be mimicked by immunological manipulation not to assume too readily,
or without collateral evidence, that immunological events may underlie the
immune disease. For example, evidence is accumulating that the renal and
other manifestations of Alport's syndrome are the result of an inherited
metabolic disorder of basement membrane synthesis. Yet the glomerular
scarring lesions can mimic exactly those of idiopathic focal segmental
glomerulosclerosis, and proliferation within and without the tuft may be
seen amounting to crescents in occasional glomeruli. Only study of the
basement membranes under electron microscopy allows us to identify
relatively specific appearances of splitting and granularity. Wwhat if
these were not available to us at ultrastructural level?

The late lesions found in the course of patients with a haemolytic



uraemic syndrome may resemble glomerulonephritis on both optical and

electron microscopic examination; yet we believe the initial injury to

have been unrestrained intravascular platelet aggregation on a non-immune
basis. Immunoglobulins of IgG or IgM may also be present together with
complement components. These may also be found in the glomeruli in later
stages of the injury produced by the chemical agent puromycin aminonucleoside,
and there is no doubt that the finding of other immunoglobulins or complement
components does not permit the implication of immune involvement in the
pathogenesis of the disease, especially when IgM and/or C3 are the

components found in isolation. It is possible, but unlikely, that this
fixation is the result of secondary recruitment of immune reactions after

an initial non-immunologic injury but this seems unlikely.

Purely non-immunologic events may operate in the induction of both
the minimal change lesion and focal segmental glomerulosclerosis. The
majority of the phenomena relating to disordered lymphocyte function in
patients with minimal change disease can be proved to arise, either from
the effects of immediate or remote treatment, or from the nephrotic state
induced, and present therefore in nephrotic syndromes from many other
causes. I have discussed elsewhere the possibility that focal segmental
glomerulosclerosis might be the glomerular component of a non-immunologic
microvascular injury, and the scars, as Renee Habib has argued, may be the
result of podocyte injury from a variety of causes. Why do we have to
try to think of either of these conditions as the result of immunologic
events? Many other non-immunologic agents may be capable of disturbing
the structural or electrical microarchitecture of the glomerular capillary
filter and lead to proteinuria, which of itself has been shown to be
capable of damaging the podocyte.

2. To what extent can we extrapolate from animal experiments to man?

Although the first observations relating to the genesis of nephritis
were made in human beings, one of the most fruitful areas of investigation
has been the exploration of spontaneous and experimentally-induced
glomerulonephritis in laboratory animals. Usually, in interpreting these
data, at most a brief ritual genuflection is made to the altar of species
difference, and the issue is then ignored thereafter. One limitation has
been that until very recently the data concerned very few antigens and
even fewer species. TIf Klaus Thurau could complain that the bulk of renal

physiology was known as it applied to the left kidney of the anaesthetised



albino rat, immunologists should also be aware that the majority of their
conclusions about glomerulonephritis concerned only the injection of
bovine serum albumin in New Zealand rabbits.

Most animals suffer spontaneous nephritis. Indeed, it begins to
look as though man is a relatively nephritis-free animal, perhaps for
genetic reasons, perhaps because he has improved his immune responses by
good nutrition and eliminated many potential pathogens from his environment.
The studies of animals should make us cautious on extrapolation for two
reasons: strain differences within animals, and differences between species
in the ability to induce nephritis. One of the most striking of these
interspecies differences is the differing ease with which glomerular
proliferation can be induced in rabbits and rodents. In the rabbit, most
forms of immunological manipulation designed to produce nephritis will
induce nephritis with ease, with abundant crescent and periglomerular
proliferation. In contrast it is rather difficult to induce glomerular
proliferation at all in rodents, other than a mild increase in mesangial
cellularity. In contrast, in rodents, immune complexes formed iz_vitro’
and then injected intravenously localise rather readily in the glomeruli
at mesangial or subendothelial site (although not at subepithelial sites).
The resultant disease, if any, is rather mild. 1In the rabbit this passive
model fails to result in glomerular localisation of complexes and disease
is never seen, unless the animal is manipulated to induce local or general
inflammation. As a result of these early observations by Benacerraf and
others, the importance of the leucocyte-PAF system in rabbits was worked
out by Cochrane, Henson and their colleagues. Although PAF has now been
characterised as an acetylglyceryl phosphoryl choline, and it is present
in man, its significance for immune complex deposition in humans is quite
unknown. It appears that rodents - and perhaps man - can localise immune
complexes without its aid. Examination of the rabbit platelet, so important
in immune complex localisation in that animal, reveals two very important
differences from human platelets which suggest caution is extrapolating to
man. The first is that rabbit platelets contain more than 30 times the
quantity of vasoactive amines and ADP than human platelets do. The second
is that (in common with rodents and other common laboratory animals) its
platelets bear the immune adherence receptor for C3b, which human platelets
do not. As a result of this receptor, rabbit platelets can participate

in any situation where C3b is generated, whereas human platelets bear only



an Fc receptor which can react directly with the antibody in immune
complexes and is inhibited by complement.

Within species the strain variation of susceptibility to nephritis
varies greatly. In some strains of rabbit, it is very difficult to induce
severe nephritis by the injection of heterologous anti-glomerular basement
membrane nephritis. However, the best studied variations are in mice and
rats. Some strains of mice regularly produce nephritis in response to
chronic viral infection or malarial parasitisation, others do not. 1In
rats, some strains are very susceptible to the induction of nephritis by
the injection of kidney extracts containing the tubular antigen FXla,
whilst others are almost totally resistant; Steinglen and colleagues
showed by cross breeding that this susceptibility was under genetic control.
It is a big step from inbred rats to outbred man, but susceptibility to
some forms of human nephritis does appear to be linked to the HLA locus
particularly the D and DR antigens, which is now thought to be closely
associated with genes modulating some immune responses in man.

Finally, there are no morphological animal counterparts, either
spontaneous or experimental, to a number of forms of human glomerular
disease: IgA nephropathy, intramembranous dense deposit disease, or minimal
change nephritis. In others, for example membranous nephropathy, we are
fortunate to have both experimental and spontaneous models: Heymann nephritis
in the rat and spontaneous membranous nephropathy in cats. Occasionally
we have only the spontaneous model, as in murine and canine SLE. Anti-GBM
nephritis has only been noted, besides man, in the horse, despite the ease
with which it may be induced in sheep by injection of heterologous GBM
antigens, or passively by injection of antibody in rabbits. There are
tantalising "near misses”, which mimic human disease in some respects but
differ from it in important respects, such as the spontaneous, genetically
controlled hypocomplementemic mesangiocapillary disease of newborn landrace
lambs.

All this should make us very cautious in interpreting any data derived
from inbred strains of laboratory animal which apparently throw light on
the pathogenesis of human disease.

3. Is most human glomerulonephritis the result of glomerular fixation of

circulating soluble immune complexes formed in antigen excess?

A few years ago an elegant and useful hypothesis had become accepted

dogma: that the great majority - perhaps 95% - of human glomerulonephritis



was the result of the formation, circulation and glomerular localisation
of rather small, soluble immune complexes formed in antigen excess, giving
a granular appearance of immune "deposits" on immunofluorescent staining;
whilst the remaining 5% resulted from fixation of antibody on the GBM,
giving a linear fluorescence. It now appears that some forms of animal
nephritis, and probably in some human disease, glomerular injury may result
from the combination of free circulating antibcdy with antigen fixed or
"planted" in the glomerulus. The antithesis between anti-GBM glomerulo-
nephritis and "soluble complex" nephritis was blurred by the realisation
that, on the one hand the glomerular injury (as opposed to transient
proteinuria) in the anti-GBM model depended, not upon the fixation of the
injected anti-GBM antibody, but the fixation of secondary autologous
antibody to the "planted" anti-GBM IgG, which now functioned an an
immunising antigen for the host animal. On the other hand, work on the
Heymann model of nephritis showed that passive fixation of antibody to
discontinuous antigens in the GBM could lead to a granular appearance on
immunofluorescence. The new concepts are both more complete and more
satisfying, but will doubtless be discarded in their turn, having provoked,
as all good hypotheses should, a further series of experiments. We still
do not know whether in situ combination of low avidity antibody and small
antigens in the subepithelial space is the proximate cause of human
membranous nephropathy, although this seems likely. Couser has reviewed
the evidence on in situ complex elsewhere in this volume, and I will not
discuss this topic further. I would, however, like to comment further on
the nature and formation of complexes in the subendothelial-mesangial
space of the glomerular capillaries.

The suggestion that these are the result of complexes formed in
antigen excess has its origin in studies of the "single shot" model of acute
serum sickness in rabbits. In this model free antigen is present in the
circulation after injection of a large dose, at first alone, then in
company with immune complexes containing the antigen, when antigen, antibody
and complement in that order are observed to appear in the kidney with a
varying degree of inflammation and functional disturbance. Only when the
antigen has disappeared, and the complexes likewise, does free antibody
appear and persist.

In experiments involving repeated injections of foreign protein the

situation is rather different. The message from these experiments of



Germuth, Dixon and their colleagues, that a single antibody-antigen system
could, by suitable manipulation, give rise to most of the appearances of
human glomerulonephritis, is and remains a crucial piece of evidence.
However, some of the detailed interpretation of the mechanisms may need
re-examination. All the animals in these studies are likely to have
swung from antibody excess to antigen excess and back again throughout
the 24 hours when they received a single daily injection of BSA. 1In
general, they will have been in modest antibody excess near equivalence,
which with a multivalent antigen like BSA must have led to the formation
of insoluble complexes. In passing, we can note that the antibody assays
used, being functional, would have expressed equally antibody avidity as
antibody quantity. The only experiments using the chronic BSA model in
which all animals were kept in antigen excess throughout, those of Boyns
and Hardwicke, resulted in no disease at all.

In contrast, Stilmant and Couser have shown that ferritin, in the
presence of antibody excess, will lead to a mesangial-subendothelial
deposit nephritis. Gabbiani using the rabbit, and Clark in the pig have shown
that infusion of ferritin into the renal artery of animals previously
immunised with ferritin will lead to first a focal glomerulonephritis and then,
in the pig, an appearance similar to mesangiocapillary glomerulonephritis,
with subendothelial deposits in the true peripheral capillary rather than
the paramesangial area. 1In these experiments forming, rather than pre-
formed, complexes are present in the renal circulation, and may play a
part in the disease, since, even allowing for the short life of poorly
soluble complexes in the circulation the kidneys recelve 10% of the cardiac
output and must receive some complexes of this type,even though they do not
persist. Also, reticuloendothelial blockade may be induced and perpetuated
by theelimination of such complexes and lead to a prolongation of the life
in the circulation of the remainder.

Turning to human disease, one of the best studied antigen-antibody
systems is the DNA-anti-DNA system. This remains in antibody excess, without
free circulating DNA but abundant anti-DNA antibody, for more than 99% of
the time in most patients; and sudden falls in the titre of DNA antibody
in the circulation can be observed just before clinical exacerbations.

When (after clotting artefacts have been eliminated) small amounts of free
DNA are found in the circulation the patient usually suffers cutaneous

vasculitis or cerebral disease rather than nephritis. Data are not yet



available for the HBe-anti-HBe system in membranous nephropathy, but appear
from preliminary material from Japan presented in this Congress to be in
antigen excess; this might be expected, given the epimembranous site of
the deposits. Studies in the rarer mesangiocapillary glomerulonephritis
found in association with HBg; might be expected to show antibody excess,

if the above speculations are correct.

Evidence has accumulated that the formation, circulation and renal
trapping of small soluble complexes is a normal part of immune elimination
and that the kidney acts as an immunoabsorbent for these complexes. This
elimination is not accompanied by disease, or at most transient mild
proteinuria, and is a feature of many febrile infectious diseases (so-called
"febrile" protinuria). Thus, we are quite likely to find this material
present in the kidney in disease, even if it has no pathogenetic
significance; indeed, because of local inflammation these complexes may
be present in excess and mislead us to think that their presence has
initiated or perpetuated the disease.

Thus, at least some forms of human glomerulonephritis appear to arise
from differential penetration of low molecular antigen and (usually) low
avidity antibody into the capillary wall or mesangium, there tﬁey combine.
Others may arise from poorly-soluble or insoluble complexes at equivalence
or in antibody excess deposited in the mesangium or subendothelial space.
Yet others may be the result of the trapping of small, soluble antigen-
excess complexes, usually in the peripheral capillary wall and usually
without much inflammation; but probably a minority of human disease arises
from this route and most such complexes may be non-toxic.

4. What can we learn from the study of immune complexes in the serum of

patients with glomerulonephritis?

The discussion above leads naturally into a consideration of what,
if anything, we can learn from the immune complexes which can be found in
the circulation. We can suggest three possibilities:

(1) circulating complexes are depositing in the tissues and
represent a true sample of the injurious material on its way
to fixation and initiation of injury. They may persist in
the circulation because of reticuloendothelial blockade which
thus increases their potential toxicity.

(ii) they are poorly-fixing, poorly-phagocytosed complexes which

are left in the circulation after localisation of any toxic



complexes in tissues

(iii) a combination of (i) and (ii)

(iv) circulating complexes are epiphenomena of the immune events
which lead to tissue injury and have no direct relation to
this injury.

Consideration of section 3 above leads to the immediate conclusion
that circulating complexes at best, can only give a distorted reflection
of what is going on in the tissues. The correlations of immune complexes
in the circulation with clinical events, patterns of histopathological
damage er severity in systemic lupus are in general very poor, although
striking correlations may be seen, especially in untreated, early active
disease. Equally striking dissociations of activity and pattern are seen
more frequently, but find their way into the literature less often!

One set of difficulties with immune complex assays is technical.
Over forty methods are now available, each dependent upon some biological
or physical property of the immune complex. None detects all species of
complexes, and all react with material(s) which are not immune complexes.
Many are interfered with by other immune reactants present in the plasma
or bound to the complex; for example, Clg or antiglobulins ("rheumatoid"
factors). 1In idiopathic glomerulonephritis, other than acute post-infectious
types, methods which detect complement-binding complexes (such as the Clg
fluid or solid phase assays or the Raji cell assay) find few or no complexes
present. In contrast, non-complement-dependent assays, such as platelet
aggregation, K-cell assays or rheumatoid factor IgG assays, find abundant
material, including in paients with membranous nephropathy. On the other
hand, in SLE the Raji cell assay is usually strongly positive in most
patients, even those on immunosuppression. On closer examination, however,
the great majority of this material is monomer IgG reacting with surface
and nuclear antigens of the Raji cell, and not immune complexes at all.
Finally, in many diseases - neoplastic disease and rheumatoid arthritis are
two - immune complexes are present in the serum in abundance, and yet
nephritis is almost unknown.

At the moment we cannot identify those complexes important in
initiating or perpetuating glomerulonephritis with any certainty. A
further problem arises in that, as well as entering the tissues from the
circulation, there is good evidence that this is a reversible phenomenon

and that especially in states of low avidity antibody, complexes or their
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components may re-enter the circulation from the tissues. (The role of
complement in this solubilisation is discussed below.) Complexes in
solution in the circulation are probably in variable equilibrium with
complexes in the tissue, with free antibody and/or antigen, and with other
species of complex, as in Steensgaard's in vitro experiments. Removal of
one species of complex could lead to re-equilibration within the circulation.
Thus, sampling the plasma at one instant and trying from this to guess from
it what may be going on in the tissues is like a bad Xerox copy of a single
frame from a movie which is being run in another room.

A final, strikingly discordant observation which should make us
question the value of immune complex measurements (and their role in
pathogenesis) is the absence of reports of recurrence in transplanted
kidneys of the "archetypal immune complex disease" - SLE. Worldwide, over
300 grafts have been performed successfully in patients with SLE, but no
case of recurrent disease has been documented. The suggestion that this
is because many patients in renal failure have "burnt out" SLE, or that
the immunosuppression after transplantation is somehow effective in
inhibiting the disease in a fashion which was not evident before transplantation,
seem to me inadequate. We have transplanted one patient with active
disease, requiring immunosuppression and with complexes inthe circulation
by three assays, without recurrence. In contrast, membranous nephropathy
has been recorded on a dozen or more occasions!

5. How is the glomerulus damaged in human glomerulonephritis?

Much work has been done on the mediation of injury in the glomerulus,
and I can only glance at this problem here. The relevance of any studies
in this area will, of course, depend upon the relevance of the model chosen
to human disease. The complement-polymorph system of injury is the best known,
and is probably relevant to acute (and usually reversible) injury; its
participation in chronic injury, in animals of man, is doubtful. Much of
our information on injury has been obtained in the rabbit, an animal
particularly unsuitable for extrapolation to man, and much of it concerns
acute, predominantly extracapillary injury. In human disease, we seek the
causes of chronic, mostly endocapillary scarring. It must be admitted that
we have little idea how this may come about.

Evidence is accumulating that both cells, particularly monocytes,
and coagulation mechanisms, particularly platelets, play a central role in

the mediation of chronic injury. This arises through the interaction of
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damaged endothelium with both cells (leucocytes, monocytes, platelets) and
humoral plasma factors concerned with what is usually termed the coagulation
system. It has become clear that on the one hand platelets have a role in

the induction of inflammation and the removal of foreign material; and

that on the other, leucocytes have a role in both coagulation and fibrinolysis
The arbitrary separation of "systems" such as inflammatory, kinin, prosta-
glandin, complement and coagulation systems lies rather with the methods

of their dissection ex vivo, rather than their mode of operation in vivo

in health or disease.

One point worth comment is the usual assumption that agents capable
of injury found at the site of injury are necessarily injurious. It is
well known that policemen may be found at the scene of crimes; few would
suggest that they were always responsible for the events! Complement, as
well as being capable of inducing inflammation through anaphylatoxins
and chemotaxis, is also capable (as Nussenzweig has pointed out) of
solubilising complexes through intercalation of C3b generated by the
alternative pathway into the complex. On the cellular side, monocytes and
polymorphs, although experimental studies confirm their ability to generate
inflammation in both acute serum sickness and in anti-GBM injury, are also
capable of removing antigens, complexes and immune reactants. In this
particular movie, it is not always easy to distinguish the good guys from
the bad guys; and some of the actors may on occasion play a double role.

Finally, we must seek an explanation for the many observations which
suggest that deposition of complexes, antibody or complement is often not
associated with injury. 1In several forms of nephritis these agents may
be diffusely distributed, but the damage is focal and segmental; SLE and
Henoch-Schonlein purpura come to mind. This may simply be an effect of
local difference in concentrations of immune reactants which is inapparent
by conventional techniques such as immunofluorescence. However, the
clinical histories suggesting activation of such latent disease by non-
specific events (immunisation by unrelated antigens, infections, or drugs)
suggests that other modulators of injury are present which we do not
yet understand.

6. What determines chronicity and progression in glomerulonephritis?

One of the major questions which remains unanswered is just what
determines resolution of injury on the one hand, or the destruction of the

glomerulus on the other.
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It is clear that what destroys the filtering surface of the
glomerulus is not usually acute injury with inflammation (although necrosis
plays ist part in some patients) but subsequent scarring: paradoxically,
it is the healing, not the injury which eventually destroys the kidney in
glomerulonephritis. What is the difference between a "one shot" disease
with healing and chronic disease with scarring? A conventional answer
would be that continued deposition of freshly-formed immune complexes into
the kidney leads to continued inflammation with consequent scarring. This
concept can easily be extended to include in situ complex formation, and
there is evidence to support it, from patients in whom the offending
antigen could be identified and eliminated. In these patients with infections,
tumours or drug-induced nephropathies, a remarkable resolution usually
takes place, sometimes even from renal failure requiring dialysis. However,
in each case identification of the antigen as the putative agent depends
upon its being found in the glomerular lesions, which seems to be an
unusual finding in glomerulonephritis as a whole. It may be that these
instructive cases are unusual exceptions of antigen overload, rather than
typical examples of the type of genetically-determined nephritis now seen
in the Western world.

One can note here that records suggest that the cases seen today in
Europe and North America represent the residue of a twenty-fold greater
incidence one hundred years ago, comparable to that found in tropical
areas today. It is possible that the cases now seen in developed countries
are those which depend upon subtle inherited deficiencies in immune
elimination, and the strong associations of Goodpasture's syndrome and
membranous nephropathy with individual HLA-DR antigens supports this idea.
Association of immune responses with the HLA locus are now well established
in man, to the point where human immune response genes analagous to those
described in mice may be postulated. Gross deficiencies of the immune
system, particularly the complement system (known to be carried on the
same 6th chromosome as the HLA locus) are well known to be associated with
a much higher incide;ce of immune complex disease than normal. In contrast,
the majority of patients with glomerulonephritis in the Third World may be
largely dependent upon a nutritionally-compromised immune system, overwhelmed
by chronic infection or parasitoses.

If continuing antigen deposition is the mechanism for continuing disease,

then the antigen should be detectable in the lesions late in the disease,
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as well as at the onset. For years, many laboratories all over the world
have sought antigens in human nephritis, and the result has been a miserable
few cases, whom antigen and/or antibody could be identified, many of whom
have had acute disease. 1In the great majority of forms of chronic nephritis,
no antigen could be found. This has been variously explained by reason of
the small amounts of complex deposited, the possible masking of the antigen
sites by IgG or complement, or scarring with removal of the complexes and
disappearance of the antigen.

The simplest explanation appears to have been overlooked: that in most
forms of chronic nephritis in man there are no exogenous antigens present
in the lesions. This suggestion implies that some secondary mechanism
takes over and leads to progression, possibly after an exogenous antigen
has initiated the disease. What possible mechanisms could do this? Three
emerge, all of which might operate together, or in different individuals.

The first is that the initial assault leads to acute soluble complex
disease and that this depresses reticuloendothelial function so that
Previously "normal" circulating immune complexes can deposit in the kidney.
This would result in the antigens of the secondary phase being either
autologous or banal, and supposes that the R.E. defect, once established,
persists as a vicious circle by reason of the persistence of the immune
complexes in the circulation. The work on the extraordinarily rapid
reversal of depressed clearance of heat-damaged red cells by plasmapheresis
could be interpreted in this light.

The second possible mechanism is that the initial injury renders
autologous antigens immunogenic, and that in essence the chronic phase of
most forms of nephritis is an autoimmune disease. The work of the late
Rawle Mackintosh on the enhanced immunogenicity of IgG whose sialic acid
had been removed by bacterial neuraminidase supports this idea, and recent
observations of DNA and anti-DNA antibody in cryoprecipitable material
from patients with "idiopathic" nephritis may be relevant. 1In this view,
the offending antigens perpetuating disease in chronic nephritis are
autologous. One identified pathogen whose elimination does not appear
to lead to arrest or resolution of the nephritis is p.malariae. The
problem here is to know for how long parasite antigen might persist in the
reticuloendothelial system and be released slowly. However, there is evidence
that the perpetuating antigens in the experimental nephritis induced in

mice treated with p.berghei are not malarial. 1Initially, both malarial
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antigen and anti-malarial antibody can be detected in the immune deposits
within the kidney, but whilst the deposits persist for months, this antigen-
antibody system becomes undetectable after only a few weeks. In the chicken
infected with p.gallinaceum, the persisting antigen is tentatively
identified as a serum protein leached off infected red cells.

The EEEEQEmechanism is to a certain extent a variation on the second,
and was the first to be proposed. This suggests that the deposited material
in the glomerulus evokes a secondary antibody repsonse, and that this
antibody response to the "planted" material continues the damage after
initial deposition of complexes, including exogenous antigens, has initiated
the injury. Alternatively, local damage to glomerular structures renders
autologous glomerular antigens immunogenic.

None of these explanations is exclusive, and continued deposition
of complexes may also occur in some individuals, as it almost certainly
does in patients with shunt nephritis or subacute bacterial endocarditis.

7. Conclusion

It is a platitude that progress in any field of study can be made
only by generating new hypotheses for testing. We can only generate these
new hypotheses if we first identify the questions which require answer.

This requires a certain boldness, which is often lacking amidst the process
of grant allocation, and even at the point where original and "controversial"
work is considered for publication. This behaviour is capable of generating
and perpetuating ignorance, just as contrasting behaviour can foster the

increase of knowledge.

"Compared to the pond of knowledge, our ignorance remains
Atlantic"
Duncan and Weston Smith.

The Encyclopedia of Ignorance.
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DEVELOPMENTAL RENAL PHYSIOLOGY

C.lM. EDELMANN,JR.

In 1940, Barnett(l) demonstrated by inulin clearance that the rates
of glomerular filtration in neonates were considerably lower than levels
found in older children and adults, thus launching the field of develop-
mental renal physiology. This observation has been confirmed repeatedly.
Barnett also suggested that with birth, the rate of increase in renal
function that proceeds in utero is markedly accelerated, even in prema-
ture infants, permitting the kidney to assume excretory and regulatory
functions in the absence of the placenta. This phenomenon has been
demonstrated nicely by Guignard and associates(2), who studied low-birth-
weight infants during the first 72 hours after birth and over the subse-
quent three weeks. The increase in GFR between the 28th and 35th week of
gestation was more rapid than during the subsequent five weeks, but a
striking acceleration after birth was apparent.

Over the next quarter century numerous investigators examined renal
blood flow, clearances of electrolytes, concentrating and diluting mech-
anisms, and acid-base control in infants of various ages, as well as to
a limited extent in experimental animals. Important observations were
made characterizing the functional immaturity of the kidney of the neonate
and pointing out the consequent decrease in homeostatic limits. These
studies had immediate relevance to newborn care. The healthy full-term
infant grows and develops with little concern over his immature kidneys.
The sick infant and the low-birth-weight infant readily demonstrate the
importance of their limitations in renal function when stressed by disease
or the personnel caring for them.

Although the observations made during this early period were of ex-
treme importance, and laid the foundation necessary for the further study
of developmental renal physiology, they did not provide an understanding
of what was biologically different in the immature state to account for

the functional differences that were observed. In the last two decades
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it has been possible to apply increasingly powerful tools to the study of
the kidney, and in the past ten years we have seen many of these applied
to the study of development. There has been a literal explosion of knowl-
edge, with an ability to get closer and closer to fundamental understand-
ing of the biology of maturation.

Recently, more than 150 nephrologists gathered in New York for a three
day workshop on developmental renal physiology*. The exchange of ideas
among basic scientists, clinical investigators, and clinicians was truly
exciting. In my address today, I would like to summarize work in a few
selected areas of developmental renal physiology in which there has been
significant progress. I am indebted to many of the participants at the

recent workshop for permitting me to include their studies.

GLOMERULAR FILTRATION RATE

In some of our early studies, we noted striking increases in GFR during
the course of maneuvers such as the induction of volume expansion. This
suggested to us that the GFR was being regulated at a low level, and was
not obligated. It now appears that this is correct, and we shall go into
possible reasons for this later on. Let us consider first the factors
that control GFR and analyze them on a developmental scale.

The rate of glomerular filtration depends on the pressure available to
provide the energy for ultrafiltration, the area of the membrane through
which filtration can take place, and permeability characteristics of that
membrane. This is summarized in the equation: SNGFR = PUst. This indi-
cates that the rate of filtration in a single nephron is dependent upon

the pressure for ultrafiltration, P the hydraulic conductivity of the

UF’
membrane, in this case, the glomerular capillary wall, k, and the total

area of capillary through which filtration takes place, S. We shall ex-
amine each of these individually.

As summarized in the equation P c - 6IIbC + P_,.), the pressure

vr - P PT
for filtration is the resultant of the hydrostatic pressure within the

glomerular capillary, P the opposing force of the oncotic pressure

GC’
w5k
within the capillary QIIEC) , and the opposing force of the hydrostatic

pressure within the proximal tubule (PPT).

*1st International Workshop on Developmental Renal Physiology, N.Y.,
Oct. 2-4, 1980.

**Since the concentration of protein in the glomerular filtrate is
close to zero, it will be disregarded in this discussion.
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Spitzer and Edelmann(3) measured these forces in newborn guinea pigs,
using micropuncture techniques. They found a small increase in pressure
for ultrafiltration that could account for an increase in filtration rate
with maturation of about 10%.

In order to study the permeability of the glomerular capillaries,
Goldsmith and associates(4) studied the renal clearance of dextrans of
varying molecular size, relative to the clearance of inulin, comparing one-
week-0ld and six-week-old puppies. A small but real increase in permeabil-
ity was noted in the older animals. This increased permeability by itself
could account for an increase in filtration rate of about 5%. That per-
meability does not seem to be a limiting factor is supported by the work
of Ichikawa et al.(5) in the Munich Wistar rat. Let us consider the changes
that take place in the forces that underly filtration along the length of
the glomerular capillary. At the proximal end of the capillary, the hydro-
static force favoring filtration is greater than the oncotic force opposing
it, and filtration takes place. As filtration proceeds, the concentration
of protein within the capillary increases progressively, so that at some
point the hydrostatic force favoring filtration and the oncotic force op-
posing it may become equal. This condition is termed filtration equilib-
rium, and is accompanied by cessation of filtration. On the other hand,
the hydrostatic force may remain greater than the oncotic force along the
entire course of the capillary, in which case filtration will continue
throughout. In Ichikawa's studies(5), in which these forces were measured
directly, filtration equilibrium was present in the immature animal. There-
fore, the permeability of the capillary membrane could not be considered a
limiting factor at any given stage of development.

Let us turn now to the final regulator of glomerular filtration, sur-
face area. In the study of Fetterman and associates(6), it was shown that
in the immature kidney the glomeruli, although small, are relatively larger
than the tubules, as compared to older infants and children. This was
shown by the high values of the ratio of glomerular surface area to proxi-
mal tubular volume in infants compared to older subjects. This study sug-
gested that from birth to maturity there is relatively little increase in
glomerular size--not enough to account for the striking increase in filtra-
tion rate. The interpretation, however, failed to take into account the
fact that with maturation there is increasing complexity of the capillary

network within the glomerulus, so that not only the overall size of the
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glomerulus but the number and density of capillary loops contained there-
in must be considered.

In order to examine this, John, Goldsmith and Spitzer(7) studies the
kidneys of puppies 1,3 and 6 weeks of age and adult dogs, injected with
Microfil. The renal vasculature was perfused in vivo, and the volume of
Microfil filling the glomerular capillaries was measured utilizing a
neutron activation technique. From measurement of glomerular capillary
diameter the surface area for filtration could be calculated. A marked
increase in both cortical and juxtamedullary glomerular capillary surface
area took place with advancing age, which could account for an 8-fold in-
crease in filtration rate.

It is of interest that in measurements in rats, using an electron
microscopic technique and computer analysis, Larsson(8) demonstrated a
28-fold increase in the area of glomerular capillary basement membrane,
during a period in which glomerular filtration increased by a factor of
22, supporting the conclusions of John et al.(7), using a different ex-
perimental technique and a different species.

If we put together all these observations, we can account completely
for the 20 to 25-fold increase in filtration rate that has been noted to
occur between the newborn and the adult state in the rat, dog, guinea pig
and human. The major factor, as noted, is the increase in glomerular cap-
illary surface area.

At any given stage of development, as suggested by the studies of
Ichikawa et al.(5) surface area and permeability do not seem to be limit-
ing factors, at least in the Munich-Wistar rat, since filtration equilib-
rium pertains. The hydrostatic pressure for filtration, therefore, must
be the dominant factor. The fact that filtration pressure is far less
than systemic pressure reflects the high resistance of the renal vascular
bed. In studies reported by Gruskin et al.(9) in piglets, a very high
renal vascular resistance was found in the youngest animals, with a pro-
gressive fall with age. This was accompanied by a reciprocal increase in
renal blood flow.

It would appear then that glomerular filtration rate is limited by
regulation of the vascular supply to the glomeruli, which in turn con-
trols the rate of glomerular perfusion. We still must ask the question

why.



GLOMERULAR-TUBULAR BALANCE

Some years ago we(1l0) suggested that the rate of glomerular filtration
in the immature kidney was kept at a low level in order to avoid deliver-
ing excessive amounts of filtrate to immature tubules. This was based on
available data, including the demonstration of a low filtration fractionm,
low bicarbonate threshold, aminoaciduria, and a low capacity to reabsorb
glucose relative to the filtration rate. This concept of glomerular-tubu-
lar imbalance, with a gradual rise in filtration rate as tubules enlarge
and mature, provided an attractive explanation for many of the character-
istics of the immature kidney. The hypothesis began to fail, however, as
additional studies appeared. It became clear that the aminoaciduria of
the infant was selective, not generalized, and seemed to relate to differ-
ential rates of maturation of specific transport mechanisms(11,12).

In the studies of Arant et al.(l3) in puppies and Brodehl et al.(14)
in infants and children, the maximal capacity to reabsorb glucose rela-
tive to GFR was not found to be low, as previously reported. In micro-
puncture studies by Spitzer and Brandis(l5) and Horster and Valtin(16),
TF/P inulin in the proximal tubule, a measure of fractional reabsorption,
was not found to increase with age, as might have been expected if the
tubules initially were being overwhelmed. And finally, Spitzer and
Brandis(15) showed that the filtration rate in single nephrons was pro-
portional to the length of the proximal tubule, providing further evi-
dence for glomerular-tubular balance.

As other studies appeared, however, things became less clear. Evidence
was presented by Aperia et al.(17), Kleinman(18), Spitzer and Schoeneman
(19) and others that the fraction of filtered sodium reabsorbed in the
proximal tubule of the immature kidney was less than in the mature state.
For example, Kleinman(l8) administered saline to puppies and showed that
they had a limited natriuretic response. The value of 99.7% of the
filtered sodium reabsorbed during the control period fell to only 98.5%
after administration of saline. When he gave diuretic agents to block
distal reabsorption of sodium, however, almost 50% of the filtered sodium
was excreted in the urine, indicating that at least that amount had been
delivered to the distal nephron, a surprisingly high fraction. Rodriguez-
Soriano et al.(20) performed studies in infants and children during hypo-
tonic saline diuresis, permitting him to use the clearance of free water

plus the clearance of sodium as an index of distal delivery, and the
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clearance of free water alone as a measure of distal reabsorption. The
highest values for distal delivery were obtained in the youngest subjects,
with a progressive fall with increasing age. However, at any given rate

of distal delivery, reabsorption at that site was the same for all age
groups. Although these studies suggest a very different set for glomerulo-
tubular balance in the immature kidney, it must be recognized that they
were carried out under states of volume expansion and may not characterize
accurately the more basal or usual state. More studies will be needed to
clarify this. However, some other interesting observations may be perti-
nent. Kotchen et al.(2l) have measured changes in plasma renin levels
with age. Strikingly high values were observed in young infants. Similar-
ly, Kowarski and co-workers(22) found extraordinarily high levels of plasma
aldosterone in neonates.

The characteristics of sodium handling described above, together with
the elevated plasma levels of renin and aldosterone, led Spitzer(23) to
propose that immediately after birth, while filtration rate remains low,
sodium is effectively reabsorbed in the proximal and distal portions of
the nephron. With an increase in GFR and increased delivery of sodium
into the nephron, increased reabsorption of sodium takes place primarily
in the distal portion, as a consequence of increased stimulation by aldos-
terone. Subsequent to this, with further maturation of the proximal tubule
and increased capacity for sodium reabsorption, less is delivered distally,
less needs to be reabsorbed distally, and this is reflected in a fall in
aldosterone concentration.

Sulyok(24) has shown in low-birth-weight infants an inability to con-
serve sodium and to remain in sodium balance. In a study of Siegel(25),
fractional excretion of sodium measured in infants during the second day
of life fell from 6% in the most immature infants to 0.3 to 0.7% in the
full-term. All infants 26 to 29 weeks gestational age were in negative
sodium balance, in contrast to only 14% of those with gestational age 40
weeks. Of great interest is the recent study of Sulyok et al.(26) in
which infants of low gestational age received supplements of sodium chlor-
ide. These infants did not go into negative sodium balance, did not devel-
op hyponatremia, and did not show elevated levels of plasma renin. A

further observation, which remains unexplained, is that the supplemented

infants also maintained higher values of blood bicarbonate than nonsupple-

mented infants.
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THE CENTRIFUGAL PATTERN OF RENAL DEVELOPMENT

A striking feature of the immature kidney is that it develops in a
centrifugal pattern, so that at any given stage, the most mature nephrons
lie in the deep cortex and the most immature are in the outer cortex. This
pattern is reflected in the distribution of blood flow to various parts of
the kidney, as shown by a number of studies, employing the distribution of
microspheres and xenon wash-out curves(27-30). The changes found from the
pattern in the newborn with relatively little flow to the outer cortex and
a rich supply to the inner cortex, to the pattern of the adult, with an
approximately equal distribution, is striking. As would be expected, a
similar pattern of distribution has been found by Jose et al.(31) for fil-
tration rate, using the Hanssen technique. They observed an increasing
ratio of outer cortical to inner cortical glomerular filtration rate with
age, reflecting the progressively increasing rate of filtration in the
more superficial glomeruli. This pattern mimicked the outer cortical to
inner cortical rate of blood flow, as measured by microspheres in the same

study.

NATRIURETIC RESPONSE

Despite these intriguing observations, it has been difficult to relate
the centrifugal pattern of development to functional characteristics of
the immature kidney. Goldsmith et al.(32) studied the response of puppies
to saline loading, speculating that the limited response of the immature
kidney might relate to the fact that the outer cortex is undeveloped and
thus cannot participate fully in natriuresis. As the outer cortex matures,
one might anticipate an increasing natriuretic response. Although the
smallest response was noted in the youngest animals, the response of 9 to
15-day-old animals was almost as great as that of the adults, and signifi-
cantly greater than that of 19 to 24-day-olds. Moreover, studies of blood
flow distribution did not show a change from hydropenia to salt loading in
any age group studied, suggesting that an inability to perfuse the outer
cortex at a higher rate could not be the explanation for the limited
natriuresis.

The phenomena underlying the limited diuretic response of the immature
kidney thus remain to be fully elucidated. Of interest, although adding
complexity, is a recent observation of Solomon and associates(32). Infant

rats expanded with blood from littermates excreted 20% of their volume
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load, in contrast to adult animals that excreted 85% in the same period of
time. However, when infant animals were expanded with blood from adults,
they excreted 42% of the load. This observation suggests that the pres-
ence of some factor in adult blood may be necessary to mount a full diure-

tic response.

CONCENTRATING MECHANISMS

Let us turn to another area, the renal concentrating mechanism. Al-
though it has been recognized for decades that the concentrating capacity
of the immature kidney of many species is less than that-of the adult, the
reasons for this are not clear.

In studies in infants, Edelmann et al.(34) were able to show that a
major limitation related to the low rate of excretion of urea, as a con-
sequence of the infant being in a strongly anabolic state and utilizing
most of the dietary nitrogen intake for growth. When a high protein diet
was offered, urinary concentrating capacity rose markedly, the increase
being entirely attributable to increased urinary urea. Of note, however,
is the fact that this response was observed only when blood levels of urea
rose to a striking degree. Provision of small amounts of urea as a dietary
supplement, which had been shown to enhance concentrating capacity in adult
animals, had no effect in infants(35). It is thought that urea enhances
concentrating capacity by being concentrated in the medulla of the kidney
in a process of recirculation. Urea is delivered to the medulla through
the loops of Henle that arise from outer cortical glomeruli. Edwards et
al.(36) examined the anatomical arrangement of the loops of Henle in young
rats. The progressive increase in the length of the loops, penetration
into the medulla, and incorporation into the vascular bundles were found
to occur as a function of age. An increase in the concentration of urea
in the renal papilla correlated precisely with the penetration of the
outer cortical loops of Henle into the medulla.

This beautiful study demonstrates nicely the importance of relating
anatomical and functional studies in an organ whose architecture is chang-
ing rapidly. It provides one of the few situations in which the centri-
fugal pattern of development can be related to a functional characteristic.

The urinary concentrating mechanism is dependent upon deposition of
solute in the medulla to produce a hypertonic interstitium against which

fluid in the collecting duct can equilibrate, when the collecting duct
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epithelium has been rendered permeable to water by the action of antidi-
uretic hormone. Solute is concentrated in the medulla by the active trans-
port of sodium chloride in the thick ascending limb of Henle and by the
passive deposition of urea. In examining this aspect of the urinary con-
centrating mechanism, Horster(37) measured the capacity of isolated seg-
ments of cortical thick ascending limb to transport sodium. Although the
hydraulic conductivity of the thick ascending limb was the same in imma-
ture and mature animals, a six-fold increase in capacity to transport
sodium was observed. This was accompanied by a six-fold increase in Na-
K-ATPase in that segment, although it is not known whether a cause-and-
effect relationship obtains.

A great deal is now known concerning the action of antidiuretic hor-
mone at a cellular and subcellular level. It has been shown that ADH
binds to the cell membrane at specific receptor sites, and activates
adenyl cyclase within the membrane to convert ATP to cyclic AMP(cAMP).

How cAMP acts to increase cellular permeability to water, urea, and

sodium, is not known. Phosphodiesterase serves to destroy cAMP, providing
feedback control. Schlondorf et al.(38) have shown that newborn rats

have a smaller response in terms of adenylate cyclase activation to ad-
ministration of sodium fluoride, parathormone, or vasopressin. Other
studies suggest less binding of vasopressin to membrane receptor sites(39),
and greater activity of phosphodiesterase. It is apparent, then, that
studies of the renal concentrating mechanism, dependent on both renal and
extra-renal factors, must take into account physiologic, anatomic, and
hormonal factors, and must extend from the whole organ to the subcellular

level.

RENAL METABOLISM

To a great extent, the metabolism of the kidney and the changes that
take place with maturation have been ignored. Major differences exist
between various levels of the kidney, and it is likely that further dif-
ferences are present at various stages of development.

Oxygen consumption is at its highest in the cortex, which is comprised
mostly of proximal tubular segments. This corresponds to a high rate of
blood flow, cells rich in mitochondria, and abundant Krebs cycle enzymes.
Gluconeogenesis is present and fatty acids serve as the major source of

energy. Other metabolic substrates include lactate, glutamine and citrate.
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Gluconeogenesis seems to occur exclusively in the cells of the proximal
tubule, the segment in which substrates of gluconeogenesis are reabsorbed.
This is the only site in the kidney in which are present enzymes essential
for gluconeogenesis: e.g., phosphoenolpyruvate carboxykinase, glucose-6-
phosphatase, and fructosebiphosphatase. Gluconeogenesis and glycolysis use
many of the same enzymes, with reactions that proceed in opposite directions.
Therefore, the two processes cannot occur simultaneously within the same
cell. If an important function of the proximal tubule is to carry out glu-
coneogenesis, it cannot depend on glycolysis as an energy source for active
transport.

The outer medulla, which contains most of the thick portion of the
loops of Henle, and portions of the collecting ducts, also depends mainly
on oxidative metabolism. In this area, however, in which gluconeogenesis
does not occur, glucose is used increasingly as an energy source. The
enzymes that are involved in glycolysis but not in gluconeogenesis, e.g.
pyruvate kinase, hexokinase, and phosphofructokinase, are found in increas-
ing concentration as one proceeds distally along the course of the nephron.
Nevertheless, glucose remains only a minor energy source in the outer
medulla, most of the energy requirement being provided by free fatty acids,
as in the cortex.

Major differences in metabolism are observed as one moves into the
inner medulla and papilla. Here energy derives from anaerobic glycolysis.
Despite a high rate of anaerobic glycolysis, some oxidative metabolism
does take place and has been shown, for example, to be essential for the
operation of the concentrating mechanism. How do these observations apply
to the immature kidney? As noted earlier, the fetal kidney develops in
a centrifugal pattern. One might predict, therefore, that glycolysis, a
characteristic of the inner medulla, might be more highly developed in the
immature kidney than gluconeogenesis, an activity confined to the cortex.
Few data are available. 1In the rat, e.g., the activities of some of the
enzymes that are important in glycolysis are in fact at fully mature levels
at the time of birth(40). Phosphofructokinase activity falls abruptly just
before birth in this species and continues to decline slowly thereafter,
perhaps reflecting a changeover from anaerobic glycolytic activity before
birth to aerobic metabolism after birth. It should be apparent that the
developmental study of renal metabolism and correlation of metabolic and

functional characteristics remains a fertile area for investigation(4l).
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CONCLUSION

The study of developmental renal physiology has gone from performance

of clearance studies in infants and experimental animals to investigation

of single nephron function, measurements in isolated nephron segments, in-

vestigation of renal cells grown in tissue culture, and studies of isolated

cellular membranes. Increasingly, we must see the collaboration of the

anatomist, the biochemist, and the physiologist, in addition to the clini-

cal investigator and the clinician. The ultimate goal of an increased

understanding of all aspects of renal function is our ability to offer im-

proved care to infants in health and disease.
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RENAL TUBULAR ACIDOSIS

J. RODRIGUEZ-SORIANO, Department of Pediatrics, Hospital Infantil de la
Seguridad social and University School of Medicine, Bilbao, Spain

Renal tubular acidosis (RTA) represents a clinical syndrome characterized by

a state of renal tubular insufficiency with regard to the reabsorption of bi-
carbonate, the excretion of net hydrogen ion, or both, and includes a large
number of etiologies. In this condition, in contradistinction to the so-called
glomeruiar acidosis, glomerular function is normal or is comparatively less im-
paired than tubular function.

On clinical and pathophysiological grounds RTA is actually classified into
several categories (1,2):
I. Primary defect in bicarbonate reabsorption (Proximal RTA; Type 2).
II. Primary defect in distal net hydrogen ion secretion:
1. Inability to maximally acidify the urine (Distal RTA; Type 1).
2. Combined defects in bicarbonate reabsorption and hydrogen ion
secretion (Hybrid RTA; Type 3)

3. Secondary to hyperkalemia and hypoammoniuria (Type 4).

In this presentation we will briefly review the pathogenetic and clinical

aspects of each type of renal tubular acidosis.
PROXIMAL RENAL TUBULAR ACIDOSIS

The pathophysiological characteristics of proximal RTA are well known.
Patients with this disorder present a diminished renal bicarbonate threshold
that leads to the excretion of a large amount of filtered bicarbonate at normal
palsma bocarbonate concentration. When an appropriate degree of systemic aci-
dosis is reached the urine is acidic and bicarbonate-free and may contain net
acid in an amount equivalent to the estimated endogenous load of approximately
1.5 to 2 mEgq/Kg/day in infants and children and of 1 mEq/Kg/day in adults (3).
In our personal concept of proximal RTA the best definition of this type of
tubular acidosis is given by the demonstration of a low bicarbonate threshold
with normal urinary acidification at plasma bicarbonate concentrations below
this level. It must be understood that we have proposed the terms proximal and
distal with a pathophysiological and not a topographic meaning, that is
without implying an exclusive role of either the proximal or the distal tubule
in the origin of the disorder. 1In this sense, we believe that the demonstration

of a urinary excretion of more than 15% of the filtered amount of bicarbonate
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at normal plasma bicarbonate levels is not a necessary requirement to estab-
lish the diagnosis.

The pathogenetic factors involved in the impairment of bicarbonate reab-

sorption are various and of different significance. Alteration of either in-
trinsic or extrinsic renal factors participating in the tubular reclamation of
filtered bicarbonate may be implicated, depending on the specific etiology. In
most cases proximal RTA is observed in the context of a proximal tubular dys-
function and thus is observed in the clinical context of the Fanconi syndrome,
but other circumstances leading to a decreased tubular reabsorption of bicar-
bonate such as chronic renal insufficiency, hyperkalemia, extracellular fluid
volume expansion or a state of secondary hyperparathyroidism should always be
considered as modulating factors of the primary renal tubular defect. The role
of phosphate depletion, a situation that is present in many proximal tubular
disorders, remains controversial. Gold and coworkers (4) suggested that phos-

phate depletion caused an impairment of bicarbonate reabsorption in the dog,
but other investigators found a defect in ammonia secretion when such depletion
was introduced in the rat (5). As pointed out by Arruda and Kurtzman (5) it is
possible that the site of the nephron involved and the defect of urinary acidi-
fication present may vary according to the species studied and the degree of
Phosphate depletion induced. Finally, some drugs may cause an experimental
type of proximal RTA. The effects of acetazolamide and maleic acid are well
known. Recently it has been shown that the infusion of 'dibasic amino acids
(lysine, arginine, ornithine) may impair selectively the tubular reabsorption
of bicarbonate, probably by interfering with hydrogen ion secretion at the
level of the proximal tubule, the only site where these amino acids can be con-
centrated intracellularly (6).

It is important to recognize that bicarbonate reabsorption along the nephron
is not only dependent on hydrogen ion secretion but is also interrelated with

sodium reabsorption: a bicarbonate specific ATPase plays an important role in
sodium reabsorption and it should be expected that a defect in bicarbonate re-

absorption be associated with a simultaneous defect in sodium reabsorption. We
have examined, by the use of clearance methodology during hypotonic saline
diuresis, water and sodium reabsorption in 17 normal children, in 9 children
with proximal RTA, associated in all but one with the Fanconi syndrome, and in
5 children with primary distal RTA (7). Patients with proximal RTA presented
mainly an impaired reabsorption of sodium in the proximal tubule, which was in
great part, but not completely, compensated by an absolute increase in distal
sodium reabsorption. Patients with distal RTA showed normal reabsorption of
sodium in the proximal tubule but they were unable to reabsorb completely the
load of sodium escaping proximal reabsorption due to a defect of sodium reab-
sorption in the distal diluting segments. Our results indicate that the
classification of RTA into proximal and distal types is also valid according to

the differences found in the tubular handling of water and sodium.
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Clinical spectrum of proximal RTA. (Table 1). Proximal RTA can be observed,

although not frequently, as a primary entity. There is a sporadic form, ob-
served in infants, which depends on a transient defect of bicarbonate reabsorp-

tion (8,9) but there are also cases persistent in nature and of familial pre-
sentation. Brenes et al (10) have reported a family of 9 members with growth
failure as the only clinical presentation of proximal RTA and have suggested an
autosomal dominant type of hereditary transmission. There is also an autosomal
‘recessive type associating severe proximal RTA with growth and mental retarda-
tion and ocular abnormalities such as nystagmus, corneal opacities, cataracts
and glaucoma (11,12). The secondary forms of proximal RTA are well known and
in most cases are observed in the context of the Fanconi syndrome.

TABLE I. CLINICAL SPECTRUM OF PROXIMAL RTA

I. PRIMARY PROXIMAL RTA

1. Sporadic (transient in infancy)

2. Familial (persistent)
~Dominant transmission
~Recessive transmission

II. SECONDARY PROXIMAL RTA

1. Associated with Fanconi syndrome

2. Associated with other clinical entities
-Hyperparathyroidism
~Vitamin D deficiency and dependency
-Leigh's syndrome
~Metachromatic leukodystrophy
~Cyanotic heart disease
-Osteopetrosis
-Some hyperkalemic states

DISTAL RENAL TUBULAR ACIDOSIS

In distal RTA the urine pH is inappropriately high, usually greater than 6.0,
net acid excretion is low and a small bicarbonaturia is present despite the
presence of a severe degree of systemic acidemia. At normal levels of plasma
bicarbonate the urinary excretion of bicarbonate remains low, generally less
than 5% of the amount filtered. These pathophysiological characteristics are
always present in older children and adults but infants and young children with
distal RTA usually excrete larger amounts of bicarbonate.

The pathogenetic factors able to cause an inability to maximally acidify the
urine are shown in Table II. 1In the first place distal RTA may depend on a

diminished distal delivery of sodium to the distal sites of sodium/hydrogen ion
exchange, as has been demonstrated to occur in decompensated hepatic
cirrhosis (13). We have shown that the same situation occurs in nephrotic
children during relapses of proteinuria and in the phase of edema formation.

An appropriate dose of ammonium chloride was administered 8 hours before the
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study to induce systemic acidemia. In 6 nephrotic patients the mean urinary pH
was 6.09 and the mean hydrogen ion excretion was 59 PEqQ/min/l1.73m2 at the time
when the urine was practically without sodium (mean excretion:4 qu/min/1.73m2).
After the intravenous administration of furosemide, urine pH dropped abruptly
to a mean value of 4.8 and net hydrogen ion excretion increased to a value of
185 qu/min/1.73m2 simultaneously with an increase of sodium excretion to a
mean value of 800 qu/min/1.73m2. This exchange type of distal RTA has not

been previously recognized in the pediatric literature.

TABLE II. PATHOGENETIC FACTORS IN DISTAL RTA

INABILITY TO MAXIMALLY ACIDIFY THE URINE

- Diminished distal delivery of sodium (exchange defect)

- Inability to secrete hydrogen ion (secretory defect)

- Increased back-diffusion of hydrogen ion (gradient defect)

- Bbolition of electrical gradient for hydrogen ion secretion
(short-circuit or voltage defect)

The other pathogenetic types of distal RTA have been mainly elucidated by
means of experimental studies: post-ureteral obstruction causes a true secre-
tory defect in hydrogen ion secretion, amphotericin B increases tubular back-
diffusion of hydrogen ion and drugs such as amiloride or lithium abolish the
electrical gradient necessary for hydrogen ion secretion. These important ad-
vances in the understanding of the different mechanisms involved in the develop-
ment of a defect in urinary acidification have been derived by the application
of techniques such as the measurement of urinary pCOs during alkaline diuresis
or after the administration of neutral sodium phosphate and the study of
urinary pH after the infusion of sodium sulfate. In the so-called secretory de-
fect all maneuvers are unable to stimulate distal secretion of hydrogen ion:
urine pH remains high under sulfate infusion and urinary pCO, remains low in
alkaline urine or during neutral phosphate infusion. In the so-called gradient
defect, due to an enhanced back-diffusion of hydrogen ion, the response may
vary according to whether the increased membrane permeability of the distal ne-
phron is only present for hydrogen ion or is also present for carbonic acid. In
our limited experience with a case of distal RTA secondary to the administration
of amphotericin B, urinary pCO, reached the low level of normal during alkali
administration and urinary pH decreased only moderately during sulfate infusion.
Furosemide administration during systemic acidemia provoked, however, an impor-

tant drop in urinary pH. Finally in the short-circuit or voltage defect the

effect of sulfate and phosphate infusions on urinary pH and urinary pCO,H re-
spectively, will depend on the degree of correction of the electrical gradient
induced by those functional maneuvers. In the experimental defect induced by
lithium the response is adequate but in the defect provoked by the administra-

tion of amiloride a negative response is obtained probably because neither - sul-
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fate nor phosphate can overcome the defect in distal sodium reabsorption caused
by the drug (14).

This functional approach to the study of patients with distal RTA has been
rarely reported in humans. In 5 children with primary distal RTA we have shown
low values of urinary pCO, during bicarbonate administration or during neutral
phosphate administration and no decrease of urinary pH during sodium sulfate
infusion. These results suggest a true secretory defect in hydrogen ion ex-
cretion, as proposed first by Halperin et al (15), and not the presence of a
gradient defect as it was previously believed. The intimal nature of that se-
secretory defect remains unknown although in some cases a deficiency in the en-

zyme carbonic anhydrase B has been suggested.

Clinical spectrum of distal RTA. (Table III). Although distal RTA can be ob-

served as both a primary or a secondary condition, most cases observed in in-

fants and children correspond to the primary or idiopathic form. It must be
emphasized that most primary forms are persistent in time even when the diag-
nosis of distal RTA is performed as early as the first months of life. The
association with nerve deafness constitutes a separate entity, transmitted by
an autosomal recessive gene, and although in some cases a deficiency in car-
bonic anhydrase B has been suspected, this deficiency has not been confirmed in
other studies.

When the diagnosis of primary distal RTA is established later in childhood
the known symptomatology of growth retardation, polyuria, nephrocalcinosis and
bone lesions is present. Although adequate alkali therapy can improve the cli-
nical picture the renal damage induced by the nephrocalcinosis can not be re-
versed. It must be, however, recognized that primary distal RTA is a heredi-
tary disorder that can be often diagnosed very early in life, before irrever-
sible renal damage has occurred. In the light of the personal experience of 5
cases of primary distal RTA diagnosed during the first months of 1life the
following observations can be made relating to a new natural history of the
disease based on early diagnosis and treatment:

a) An associated renal bicarbonate wasting is almost invariably present
during the first years of life (16,17). The excessive bicarbonaturia seems to
depend on a concomitant defect in proximal tubular reabsorption of bicarbonate

and is transient in nature tending to progressively disappear after 2-3 years
of age.

b) The dose of bicarbonate needs to compensate both for the endogenous pro-
duction of hydrogen ion and the associated bicarbonate loss. During the first
months of life therapeutic requirements of bicarbonate (or citrate) may be as
high as 10-14 mEg/Kg/day, and become progressively lower during childhood. The
previously recommended dose of 2 mEq/Kg/day is probably adequate only beyond 5-
6 years of age, that is when the associated bicarbonate wasting has already
disappeared.

c) When the diagnosis of primary distal RTA is established soon after birth

and correct alkali therapy is instituted, progressive nephrocalcinosis can be
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prevented, normal glomerular function is maintained and normal growth and de-

velopment is attained. A correct dosage of alkali therapy should aim not only

to normalize the blood acid-base equilibrium but also to maintain the urinary

excretion of calcium and citrate in the range of normal. McSherry and coworkers
(18) have also proposed the study of plasma lysyl-oxydase, an enzyme regulating

collagen synthesis, as a useful marker of adequate alkali therapy since values

rapidly increase when bicarbonate dosage is below the level appropriate to

promote maximal growth.

TABLE III. CLINICAL SPECTRUM OF DISTAL RTA

I.

II.

PRIMARY DISTAL RTA

1.

2.

Persistent
-Adult or "classic" type
-Incomplete
-With bicarbonate wasting
-in infancy
-with secondary hyperparathyroidism
-With nerve deafness
Transient

-In infancy ?

SECONDARY DISTAL RTA

1.

Disorders of mineral metabolism
-Primary hyperparathyroidism
-Hyperthyroidism with nephrocalcinosis
-Vitamin D intoxication
-Idiopathic hypercalciuria with nephrocalcinosis
-Hypomagnesemia-hypercalciuria with nephrocalcinosis
Hyperglobulinemic states
Hyponatriuric states
Drugs
-Amphotericin B, amiloride, lithium
Renal diseases
-Renal transplantation
-Medullary sponge kidney
-Obstructive uropathy
Genetic diseases
-Hereditary fructose intolerance with nephrocalcinosis
-Ehlers-Danlos syndrome
-Hereditary elliptocytosis
-Sickle-cell anemia
-Wilson's disease
-Osteopetrosis

-Carbonic anhydrase B deficiency ?
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7. Endocrine disorders
-Hypothyroidism

TYPE 4 RENAL TUBULAR ACIDOSIS

This type of renal tubular acidosis has been recently recognized by Sebas-
tian and Morris in a group of patients with hyperkalemia (2).

The pathogenetic factors involved in this syndrome are various: impairment
of bicarbonate reabsorption, impairment of distal hydrogen ion secretion and
decreased renal production of ammonia. The defect in bicarbonate reabsorption
is less important than that observed in the usual type of proximal RTA: Bicar-
bonate loss at normal plasma bicarbonate levels rarely attains 10% of the
amount filtered. Although hyperkalemia per se could reduce the tubular re-
clamation of bicarbonate, another important factor is the existance of a func-
tional defect in the distal "cation-exchange" segment with reduced secretion of
hydrogen ion and potassium. Aldosterone deficiency is the most frequent cause
of such a distal defect but it may also depend on tubular unresponsiveness to
aldosterone or an intrinsic tubular abnormality. Finally hypoammoniuria is pre
sent either because of the inhibitory effect on the glutaminase system of the
hyperkalemia itself or because of the reduction in nephron mass present in many
patients with this syndrome.

Clinical spectrum of Type 4 RTA (Table IV). The clinical spectrum of Type 4

RTA includes mainly patients with isolated hypoaldosteronism or with hyporenin-
emic-hypoaldosteronism associated with various etiologies of chronic renal
failure. The frequency of distal tubular disorders causing this type of RTA is
limited in pediatrics to rare cases of Spitzer's syndrome or some cases of
pseudohypoaldosteronism. Finally a brief comment should be made about the
existance of a transient type of Type 4 RTA observed in infancy and of unknown
etiology. McSherry et al (19) have reported 13 patients aged between 2 and 23
months with primary Type 4 RTA. Hyporeninemic-hypoaldosteronism was not present
and all abnormalities disappeared at about 3-5 years of age. This new type of
transient RTA should be differentiated from transient cases of proximal RTA

already commented upon in this brief review.

TABLE IV. CLINICAL SPECTRUM OF TYPE 4 RTA

I. ALDOSTERONE DEFICIENCY, WITHOUT RENAL DISEASE
1. Combined mineralocorticoid deficiency
-Addison's disease
-Congenital adrenal hyperplasia with salt wasting
2. Isolated hypoaldosteronism
-Familial hypoaldosteronism
II. HYPORENINEMIC-HYPOALDOSTERONISM IN PATIENTS WITH CRF
-Diabetic nephropathy
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-Pyelonephritis
~-Interstitial nephritis
-Nephrosclerosis

III. DISTAL TUBULAR DISORDERS

1. Primary
~-Pseudohypoaldosteronism
-Spitzer's syndrome
-Hyperkalemia-hypertension-hyporeninemia syndrome
2. Secondary
-"Salt-wasting" syndrome
-Renal amyloidosis
-S.L.E.
-Drugs (methicillin)
IV. UNDETERMINED

-Transient in infancy"
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MECHANISMS OF IMMUNE COMPLEX INJURY

W.G. COUSER, D.J. SALANT, M.P. MADAIO, AND S. ADLER. EVANS MEMORIAL
DEPARTMENT OF CLINICAL RESEARCH AND THE DEPARTMENT OF MEDICINE, UNIVER-
SITY HOSPITAL, BOSTON UNIVERSITY MEDICAL CENTER, BOSTON, MA 02118

There has been a marked resurgence of interest in the general topic
of immune complex glomerulonephritis in the past two to three years.
Several factors account for this phenomenon, including the recent avail-
ability of assays for circulating immune complexes in human renal disease,
but the major reason is that several basic observations made in the lab-
oratory have prompted important revisions in the way we now think about
immune complex nephritis. These changes have occurred particularly in
two areas. First, there have been important changes in the concepts of
how these granular deposits form in glomeruli. Secondly, there have
also been some new discoveries with respect to the mechanisms by which
these deposits mediate glomerular injury. This presentation will re-
view some of these observations and give you some idea, at least from
our prospective, of current thinking about the pathogenesis of immune
complex glomerulonephritis.

To review the conventional schema we have all been taught about
immune complex nephritis, it states that antibody combines with free
antigen in the circulation to form a circulating, soluble immune complex.
These complexes are deposited on the glomerular capillary wall by a passive
process of glomerular filtration or trapping. Activation of the complement
system by the deposited complex results in release of chemotactic factors,
attraction of neutrophils and complement-neutrophil mediated glomerular
injury (1). With respect to several types of glomerular immune deposits
there is now good evidence to suggest that much of this schema is probably
incorrect (2).

The first thing that must be clearly appreciated in discussing immune
complex nephritis is that immune complex deposits form at several different
sites within the glomerulus. It is probably the site of deposit formation
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as much as any other single factor which determines the type and severity
of the glomerular lesion which results. Deposits at different sites are
associated with quite different clinical and pathologic manifestations.
It is also becomming clear that deposits at different sites probably

form by different mechanisms. Mesangial deposits are characteristic of
many glomerular diseases but particularly the focal forms of glomerulo-
nephritis seen in Tupus, Henoch-Schonlein purpura and IgG-IgA nephropathy.
Deposits along the subendothelial surface of the glomerular capillary
wall are seen in diffuse proliferative lupus nephritis and in Type I
membranoproliferative glomerulonephritis. There are two distinct types
of subepithelial immune deposits: the widely spaced subepithelial "humps"
that are characteristic of poststreptococcal glomerulonephritis and the
very finely granular deposits that begin initially in filtration slit
pores and are characteristic of membranous nephropathy. While all of
these deposits have in the past been believed to result from a single
mechanism, that is the glomerular filtration and trapping of circulating
soluble immune complexes, it is now clear that this mechanism alone can-
not account for the variety of different deposits seen or the markedly
different clinical and histologic lesions they produce.

The hypothesis that all of these deposits represent glomerular trap-
ping of circulating immune complexes is based almost entirely on studies
carried out in the BSA-serum sickness models of immune complex nephritis.
In acute serum sickness one sees immune deposits and glomerular lesions
that closely resemble those seen in man. In the now classic studies of
the serum sickness models by Germuth and Dixon, it was shown that the
major determinant of the site of deposit formation was the degree of anti-
body response in the immunized animal (3-5). Animals with a high antibody
response developed only large molecular weight, antibody excess aggregates
of over 2 million daltons which were taken up primarily by the extra-renal
reticuloendothelial system with only occassional mesangial deposits.
Animals with a moderate antibody response formed smaller complexes near
equivalence, in the 1-2 million molecular weight range, and deposits de-
veloped in the mesangium and along the subendothelial surface with a pro-
liferative glomerulonephritis. Animals with a poor antibody response
formed small immune complexes of 300-500,000 daltons, in antigen excess,
and deposits developed in a subepithelial distribution with a membranous
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Tesion. It was further noted that if one measured the antibody response
weekly and re-~injected enough antigen to maintain persistent antigen ex-
cess, the so-called chronic serum sickness model, that deposits would
develop almost exclusively in the subepithelial space, regardless of the
level of antibody response (5). It is also known that production of low
avidity antibodies, another condition which would favor free circulating
antigen, also favors subepithelial deposit formation (6). However, the
principal determinant of the site of complex formation, and hence of the
type of glomerular lesion produced, seemed to be immune complex size as
determined primarily by antigen-antibody ratio rather than the extent of
the immune response per se.

Many subsequent studies have attempted to further define the factors
regulating glomerular immune complex localization by making pre-formed
immune complexes of various types in the test tube, injecting them under
controlled conditions into animals and studying their renal deposition
(7, 8). A number of additional factors which influence glomerular complex
localization have been defined by such studies. The primary determinant
still appears to be immune complex size, as determined primarily by antigen-
antibody ratio, and the ability of immune complexes to form lattices.
Other factors include immune complex charge, plasma immune complex levels
and renal blood flow, reticuloendothelial function and vasoactive amine
activity which have all been shown to influence the quantity of passively
administered immune complexes which deposit in the glomerulus (9-12).

In interpreting the data derived from pre-formed immune complex in-
fusion studies, it is important to recognize that the subepithelial deposits
characteristic of chronic serum sickness and membranous nephropathy have
generally not been produced by infusion of pre-formed immune complexes
regardless of the size or dose of the immune complexes used (2). The one
exception to this summary of a rather large Titerature is a study by
Germuth and associates in which subepithelial deposits were observed using
very low avidity pre-formed complexes (13). Since such low avidity
complexes dissociate extensively in vivo, however, it is not certain that
the deposits observed actually represented intact, circulating immune
complexes. The inability to produce subepithelial deposits by pre-formed
complex infusion has always been difficult to reconcile with the hypothesis
that these deposits represent circulating complex trapping. This problen
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has only recently been clarified, largely by studies carried out in a
different model of immune complex glomerulonephritis, the so-called Heymann
nephritis model of experimental membranous nephropathy in rats.

In Heymann nephritis,rats immunized with an antigen derived from the
brush border of proximal tubular epithelial cells, and commonly referred
to as fraction TA or Fx1A, develop a Tesion that is pathologically in-
distinguishable from membranous nephropathy in man. Finely granular de-
posits of IgG and complement are present in all glomeruli, and by electron
microscopy the deposits form exclusively on the subepithelial surface of
the capillary wall, often in filtration slit pores (14). An identical
lesion can be produced quite rapidly by the passive injection of rats with
heterologous antibody to brush border antigen, the so-called passive Heyrann
nephritis, or PHN, model (15). The conventional explanation for the de-
velopment of subepithelial immune deposits in the Heymann models has been
that the antibody combines with a circulating renal tubular antigen that
is present in the plasma of the rat to form a circulating immune complex
that is then filtered out by the glomerulus which acts only as an innocent
by-stander in this process (16).

In 1976 Dr. Vernier presented a paper at the American Society of
Nephrology meetings in Washington D.C. describing work done in Dr. Phillip
Hoedemaeker's Taboratory in the Netherlands which represented the first
step in demonstrating that the subepithelial immune deposits in this model
probably do not represent circulating complex trapping but instead i11-
ustrate a second mechanism of glomerular immune deposit formation in which
free antibody binds to an antigen already present in the glomerular cap-
illary wall resulting in local, or in situ, complex formation (17). These
workers used an ex vivo perfusion system, originally designed by Dr. John
Hoyer, in which the Teft kidney is clamped off from the circulation and
is then perfused through a needle inserted into the aorta. A hole in the
renal vein allows perfusate to drain without entering the systemic cir-
culation. When blood-free rat kidneys were perfused with rabbit antibodv
to rat tubular antigen and then studied by an immunoperoxidase technique,
antibody deposits were identified at several sites in the capillary wall
including the subepithelial space (18). Based on these and related
findings, these workers proposed that the subepithelial deposits in the
Heymann models of membranous nephropathy resulted from antibody binding
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to a fixed glomerular antigen, presumably one which was cross-reactive
with tubular brush border (17, 18).

Work which was on-going in our laboratory at the same time produced
similar results using a somewhat different system. In our experiments a
rat kidney was isolated <n vitro and perfused at 37°C by a pulsatile per-
fusion pump at physiologic pressures with an oxygenated perfusate which
contains only albumin in a physiologic bicarbonate buffer. In this system
the kidney can be maintained functionally and morphologically intact for
about 2 hours <n vitro. The system was also modified so that renal venous
effluent would not recirculate, thus producing a single-pass system in
which there was no possibility of tubular antigens escaping into the per-
fusate to form circulating immune complexes (19). Our experiment was to
perfuse isolated normal rat kidneys with either normal sheep IgG or with
sheep antibody to the rat tubular antigen used to produce subepithelial
deposits in the intact animal. Perfusion for up to two hours with normal
sheep IgG produced no non-specific binding of non-antibody IgG. However,
when kidneys were perfused for only ten minutes with antibody IgG.the
development of diffuse, discontinuous subepithelial deposits could be seen
by routine immunofluorescence along the glomerular capillary walls. By
two hours we produced a membranous glomerular lesion essentially indisting-
uishable from that produced in the whole animal, although there were no
circulating immune complexes in this system. Electron microscopy of these
kdineys confirmed that the deposits, 1ike those in the intact animal,
were primarily in filtration slit pores and in the subepithelial space
(19). In collaboration with Drs. T. James Neale and Curtis Wilson in La
Jolla, California we have recently obtained similar results in the isolated
perfused kidney using radiolabelled rat antibody eluted from the kidneys
of rats with Heymann nephritis (20). The isolated perfused kidney studies
are not the only evidence for a fixed antigen in this model. If radio-
labelled IgG antibody eluted from Heymann rat kidneys is incubated with
isolated rat glomeruli there is also a definite binding of eluted antibody
to glomeruli in vitro compared to acid-treated control IgG (21).

The recognition that subepithelial immune deposits in the Heymann
nephritis models can result from <n situ immune deposit formation due to
the binding of free antibody to a fixed glomerular antigen has enabled
several other studies to be carried out to characterize the factors which
requlate this new process of glomerular-immune deposit formation.
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Dr. David Salant, in our laboratory, has recently defined the kinetics of
immune deposit formation in experimental membranous nephropathy using
radiolabelled antibody and measuring antibody deposition in glomeruli at
various times after intravenous antibody administration (22). These data
illustrate that there is a very slow progressive accumulation of antibody
in glomerular deposits despite the rapid decline in serum levels of circ-
ulating antibody. Only after five days of on-going deposit formation

has enough antibody localized in glomeruli to finally cause an increase
in urine protein excretion (22). This rather indolent course of antibody
deposition in subepithelial immune deposits and slow development of glo-
merular injury is in marked contrast to either anti-GBM antibody disease
or pre-formed immune complex infusion where maximum amounts of glomerular
deposits are seen within hours. These data suggest that depositon of
circulating antibody to form subepithelial immune deposits is restricted
by some factors. Knowing some of the properties which regulate the ability
of macromolecules to penetrate the glomerular basement membrane, and the
fact that these deposits form exclusively on the subepithelial side of
the capillary wall, we postulated that deposit formation in membranous
nephropathy may be affected by both size and charge-selective properties
of the glomerular filtration barrier (23). Dr. Salant and Dr. Michael
Madaio, in our laboratory, have now demonstrated that both of these
factors are, in fact, critical in determining the rate and quantity of
antibody binding to form subepithelial deposits.

If antibody to rat tubular antigen is digested to form 3 reagents:
intact IgG weighing 160,000, divalent F(ab‘)2 weighing 96,000 and univalent
Fab” weighing 48,000, and these 3 reagents are then administered in vary-
ing doses to rats and blood levels and glomerular deposition measured at
24 hours the following data are obtained. First of all, the amount of
glomerular antibody deposition is directly related to blood level of anti-
body for all three reagents (24). At any given blood level of antibody,
glomerular deposit formation occurs more readily with the F(ab‘)2 frag-
ment then with whole IgG and more readily still with the univalent Fab“
fragment (24). In other words, at any given blood level, the smaller
the antibody the more readily it forms deposits in the subepithelial
space. The ability of the univalent Fab antibody fragments to form sub-
epithelial deposits virtually excludes a role for circulating immune
complexes in this process since univalent antibodies are not capable of



43

immune complex lattice formation (24).

Charge is also an important determinant of the ability of antibody
to form subepithelial immune deposits. In another study, done largely
by Dr. Michael Madaio in our laboratory, antibody was eluted from kidneys
of rats with Heymann nephritis, the IgG fraction was isolated and sep-
erated into cationic and anionic sub-groups, both sub-groups were shown
to have equivalent antibody content by in vitro binding studies, and
equal amounts of the two antibodies were then re-administered to rats and
glomerular antibody binding measured 24 hours later (25). The results
demonstrated that at any given blood level of antibody the glomerular
binding of the cationic subclass at 24 hours exceeded that of the anionic
subclass by a factor of anywhere from 3.5 to over 5, and this difference
was sustained over a 5 day period (25).

While the passive Heymann nephritis model has been of enormous use
in characterizing the process of in situ subepithelial immune deposit
formation, let me emphasize that the concept of glomerular immune deposits
forming Tocally rather then representing circulating complex trapping is
not Timited to subepithelial deposits nor is it restricted to fixed antigens.
In 1973 Dr. Michael Mauer and his colleagues at the University of Minnesota,
did a study in which heat-aggregated human IgG was administered to rabbits
and was trapped in the glomerular mesangium (26). Incidently, this study
demonstrates the validity of the concept that mesangial deposits may rep-
resent circulating complex trapping. Kidneys containing this planted
exogenous antigen were then transplanted into normal rabbits to eliminate
the possibility of circulating antigen. The recipient rabbits were then
injected with antibody to human IgG. The result was local immune deposit
formation within the mesangium, complement activation and a striking
focal proliferative glomerulonephritis (26). In addition to demonstrating
that glomerulonephritis can be induced by local deposit formation in the
mesangium, I would particularly call your attention to the severity of the
histologic lesion which was demonstrated. When mesangial deposits are
produced by circulating complex trapping there is generally little or no
accompanying inflammatory response, an observation which I think may
provide a clue to the relative importance of these two mechanisms in human
disease.
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With regard to subendothelial deposits, in 1978 Golbus and Wilson
injected rabbits with the plant lectin concanavalin A which binds avidly
through receptor proteins to the mannose and glucose present in basement
membrane glycoproteins (27). Following injection, the Con A bound to
the glomerular capillary wall. When rabbit antibody to Con A was admin-
istered, in situ deposit formation occurred, and a proliferative glomerulo-
nephritis was produced (27). In this model in situ deposit formation
appeared to occur primarily on the subendothelial surface of the capillary
wall.

The latter two studies illustrate two mechanisms by which exogenous
antigens may be localized in the glomerulus, that is through mesangial
uptake of antigen or by direct binding of antigen to basement membrane
glycoprotein. To return to the subepithelial deposits of membranous
nephropathy again it is now clear, as it almost has to be if one is to
invoke the in situ mechanism in human disease, that exogenous as well as
fixed antigens are also capable of initiating <n situ deposit formation.
The study which demonstrates this most clearly was again carried out in
the laboratory of Dr. Hoedemaeker (28). Using the ex vivo perfusion
system described previously and working with the standard BSA-anti-BSA
system used to induce the serum sickness models, these investigators did
two studies. First, they made pre-formed BSA-anti-BSA immune complexes
and perfused them directly into the renal artery, a study which has been
done many times before. Secondly, they carried out a series of perfusions
in which the kidney was perfused for approximately thirty seconds with
BSA alone, followed by perfusion with saline to remove circulating BSA,
and then perfused with anti-BSA, followed again by a saline flush. This
cycle was repeated five times so the kidney was exposed alternately to
antigen and then to antibody but never to both at the same time. As has
been found by many investigators before them, perfusion with preformed
immune complexes produced only a few mesangial deposits. However, alter-
nate perfusions with antigen followed by antibody resulted in definite
granular deposit formation along the capillary wall. By electron micros-
copy these deposits were localized in the subepithelial space (28).

While the mechanism which leads to the retention of free BSA in the
subepithelial space is not yet clear, it is apparent that there must be
available circulating unbound antigen, or antigen excess, for this process
to proceed. This accords with a number of observations regarding the
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immunologic environment in which subepithelial deposits deyelop in both
experimental and clinical membranous nephropathy, The available data suggests
that it may well be the presence of free antigen, rather than the relative
size of any circulating immune complexes that may be present, which acc-
ounts for subepithelial immune deposit formation in the following situations:
in the acute serum sickness rabbits with a poor antibody response, in chronic
serum sickness rabbits maintained in antigen excess, or in animals that
produce only low avidity antibodies. It is also conceivable that this in-
ability to clear free circulating antigen accounts for the association
between the presence of very Tow levels of non-precipitating anti-DNA anti-
body in some patients with systemic lupus and the tendency of such patients
to develop a membranous nephropathy which has been reported by Friend et al
(29), or the apparently diminished capacity to produce IgG, associated

with a suppressor monocyte, which has now been described in idiopathic
membranous nephropathy by Dr. Ooi and his associates (30).

With regard to how free antigen becomes localized in the subepithelial
space, there is now considerable evidence from more recent studies of the
mechanisms of glomerular permeability that various -free antigens with the
appropriate biophysical properties may localize in a subepithelial distri-
bution for totally non-immunologic reasons. For instance, if one Tooks
at the‘g1omeru1ar transport of ferritin, a large molecule with a molecular
weight of about 500,000, anionic ferritin is confined entirely to the
capillary lumen (31). As the isoelectric point of the molecule, and thera-
by its net positive charge, increases, it exhibits greater penetration
through the glomerular basement membrane. Cationic ferritin, with a pI
of 9-10, localizes along the subepithelial surface and in filtration slit
pores in a distribution very sipi]ar to that of the deposits in membranous
nephropathy (31). An analogous phenomenon is observed when kidneys are
perfused first with the polcation protamine and then with heparin, a
sequence which results in the formation of protamine-heparin complexes
which are localized in a subepithelial distribution on a totally non-
immunologic basis (32). These complexes result from the initial inter-
action between the cationic protamine and negatively charged structures
in the glomerular capillary wall followed by complex formation with heparin.
If an antibody response were to develop against either component of this
complex one would develop subepithelial immune deposits and a membranous

nephropathy.
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The situations in which in situ immune deposit formation is now known
to be involved in producing renal injury are classified in Table I.

Table I. Mechanisms of In Situ Immune Deposit Formation
FIXED (ENDOGENOUS) ANTIGENS
Tubular brush border antigen (Heymann nephritis)
GBM and TBM antigens
Epithelial cell antigen in rabbits

? Mesangial antigens

Tamm-Horsfall protein (interstitial nephritis)
PLANTED (EXOGENOUS) ANTIGENS

Antigen uptake by mesangium

Antigen-glycoprotein binding
Antigen (IgG) binding to capillary wall
Autologous phase of nephrotoxic nephritis
Autologous phase of passive Heymann nephritis
Antigen interaction with glomerular charged structures
Protamine-heparin
? BSA, ? DNA
Antigen concentration by glomerular filtration

Sranular immune deposits may result from antibody binding to either fixed
endogenous antigens or planted exogenous antigens. With respect to the
reymann models in rats, it must be apparent that the mechanism of granular
deposit formation in these models is no different from that of linear de-
posit formation in anti-GBM or TBM disease. Thus, it is important that we
now recognize that discontinuity or granularity of immune deposits ma& not
represent a different mechanism of deposit formation as previously believed
but can be due to differences in either the distribution of antigen or vari-
ations in antibody access to it, particularly at more distal sites in the
capillary wall. Antibodies have also been shown to bind in a granular
pattern to an epithelial cell antigen in rabbits by Wilson (33), and pro-
bably to mesangial antigens in other models (34). It should also be noted
that a similar mechanism involving Tamm-Horsfall protein has been impli-
cated in the pathogenesis of interstitial nephritis by Dr. John Hoyer (35).
No fixed antigens have yet been positively identified in association

with granular deposits in human renal disease. As our knowledge of glo-
merular antigens continues to exnand, however, it seems highly likely that
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a role for fixed antigens will be defined in man, and this possibility
will be addressed by Dr. Fish in the paper which follows.

With respect to planted exogenous antigens at least four different
procesces have now been identified which may result in glomerular antigen
trapping (Table I). These include mesangial uptake of antigen, antigen
binding to GBM glycoprotein, antigen in the form of immunoglobulin binding
immunologically to fixed glomerular antigens as in the so-called autologous
phases of nephrotoxic nephritis or passive Heymann nephritis, and charge
interaction between antigen and charged components of the glomerular filter
as in the protamine-heparin studies. Finally, the distribution of deposits
in filtration slit pores in membranous nephropathy suggests that the fil-
tration process must play some role in the glomerular localization of some
antigens. None of these processes rea]]y adequately explain the obser-
vations reported with BSA, however, and it seems certain that other mech-
anisms will be added to this Tist in the future.

In addition to these new insights into how granular immune deposit
formation occurs and the factors which regulate it, it has also recently
become clear that the mechanisms by which immune complex deposits cause
glomerular injury differ from the complement-neutrophil dependent mech-
anism which has traditionally been held to be operative in the pathogenesis
of immune complex disease. With respect to the acute serum sickness
model of immune complex nephritis, in which mesangial and subendothelial
deposits usually predominate, a study from Dr. Curtis Wilson's labora-
tory shows quite clearly that proteinuria in acute serum sickness is
mediated almost exclusively by macrophages and does not involve either
complement or neutrophils (36).

With respect to the subepithelial deposits in membranous nephropathy,
the mediation of glomerular injury also involves an apparently new and
previously unrecognized mechanism. Again, using the passive Heymann ne-
phritis model of membranous nephropathy, if one compares glomerular anti-
body deposition at 5 days and urine protein excretion in normal rats and
rats depleted of complement components C3-C9 by daily administration of
cobra venom factor, we have shown that one can totally abolish protein-
uria by complement depletion, although this maneuver has no effect at all
on the amount of antibody deposited (37). Thus, despite the totally non-
inflammatory glomerular lesion in membranous nephropathy, proteinuria in

this model is hiahlv complement denendent. However, if one does a similar



48

study in which one group of rats is depleted of neutrophils with specific
anti-rat neutrophil serum and the other group is not, neutrophil depletion
has no effect on proteinuria (37). Thus proteinuria in this model is
complement-dependent but neutrophil-independent, a finding which represents
a new and potentially important role for the complement system in mediat-
ing glomerular injury. We now suspect this phenomenom may represent a
membranolytic mechanism in the glomerulus, perhaps analagous to complement-
dependent lysis of antibody coated red blood cells.

In conclusion, it is now clear that mesangial and subendothelial de-
posits may result from either circulating complex trapping or in situ
complex formation. While there is no way at the present time to assess
the relative importance of these two mechanisms in human renal disease,

I would remind you again that experimentally glomerular trapping of pre-
formed immune complexes does not produce much glomerular injury while
Tocal complex formation is associated with inflammatory lesions much like
those seen in man.

With respect to subepithelial deposits I believe we must remain open
to the possibility that certain very low avidity or highly positively
charged immune complexes may localize at this site, However, most evidence
now favors an in situ mechanism for the formation of these deposits which
may involve either fixed endogenous antigens or planted exogenous ones.
Finally, in two standard models of immune complex nephritis, two new mech-
anisms by which these granular deposits cause tissue injury have now been
identified. In acute serum sickness the principal mediator appears to be
macrophages. In experimental membranous nephropathy complement has been
shown to cause proteinuria by a direct membranolytic effect rather than
by an inflammatory process.

Clearly there is much still to be learned about this most common of
the immunologic mechanisms of glomerular disease. Hopefully the impetus
generated by these recent advances will not be lost, and progress in the
future will continue at the rate it has in the past few years.
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CELL-MEDIATED MECHANISMS IN RENAL DISEASE

B. S. 0O0I

This communication focuses on three renal disorders in which
there may be evidence of cell-mediated mechanisms: (a) lipoid
nephrosis, (b) acute interstitial nephritis, (c) idiopathic

membranous nephropathy.

Lipoid Nephrosis

Shalhoub (1) first proposed that lipoid nephrosis may be a
disorder of T cell function in which a clone of T cells produces
lymphokine (s) toxic to the glomerular basement membrane.
Evidence for lymphocyte-associated mechanisms in this disorder
has been obtained, including: (a) elaboration of leukocyte
migration factor when lymphocytes of patients with lipoid
nephrosis were cultured with kidney antigen (2); (b) cell-
nmediated lymphocytoxicity exhibited by lymphocytes to cultured
renal epithelial cells (3); (c) presence of "cold" lympho-
cytotoxins in the serum of such patients suggesting the presence
of a foreign clone of lymphocytes (4); and (d) tentative
identification of a vascular permeability factor produced by
lymphocytes cultured with Concanavalin-A (5,6). This factor
has been characterized as being a molecular weight of 12,000
daltons, sediment coefficient of 1.8S and pI of 6.4.

However, none of these phenomena are specific to lipoid
nephrosis, and have been found in relation to other types
of renal disease; furthermore, a direct relationship between
these phenomena and the pathophysiology of the disease has not
been established.

Acute Interstitial Nephritis

Drug-induced acute interstitial nephritis in patients serves
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as a model for discussion. The disorder is characterized
histologically by pronounced infiltration of the tubulointer-
stitial structure with mononuclear cells and eosinophils. The
presence of this cellular infiltrate has prompted studies of
cell-mediated mechanisms in the disorder. While no reliable
animal model of drug-induced tubulointerstitial nephritis has
been reported, models for the induction of tubulointerstitial
nephritis have been developed:

(a) a model in which the principal mechanism is delayed
hypersensitivity. Animals were immunized with bovine gamma
globulin by methods known to favor delayed hypersensitivity (7).
The antigen was then injected directly into the subcortical
areas of the kidney. An intense mononuclear infiltrate developed
in the injected areas. This reaction was shown to be due to
delayed hypersensitivity, since transfer of the disease could
be accomplished only by cell transfer and not by serum.

(b) tubulointerstitial nephritis produced by immunizing
animals with tubular basement antigens (8,9,10,11). This model
has relevance to the human illness, since circulating anti-TBM
antibody can be demonstrated in some vatients with drug-induced
interstitial nephritis (12,13). The animal model can be trans-
ferred by serum alone (9), but requires the presence of bone
marrow cells in the recipient for the complete histologic
expression of disease (10). This led to recent studies by
Neilson and Phillips (11) who showed that the lymphocytes of
animals immunized by tubular basement membrane antigens
developed cytotoxic capacities against cultured kidney cells;
sequential observations showed concordance between maximum
in vitro cytotoxicity and in vivo histologic nephritis. How-
ever, transfer of the disease by cells has not to date been
reported.

Idiopathic Membranous Nephropathy

Studies in our laboratory (14) have recently shown evidence
for monocyte modulation of the immune response in patients with
membranous nephropathy. The rationale for the studies stems
from observations in animal models of chronic serum sickness

nephritis which have suggested that animals exhibiting a poor
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antibody response to the antigen develop membranous lesions.
To test this hypothesis, we examined the ability of lymphocytes
isolated from 11 patients with this disorder to produce immuno-
globulin (Ig)G and IgM on stimulation with a polyclonal B-cell
activator, pokeweed mitogen. The perinheral blood lymphocytes
(2 x 106 cells) from 24 normal individuals had geometric mean
production rates of 1,779 ng for IgG, and 2,940 ng for IgM
after 7 days of culture in the presence of pokeweed mitogen.
By contrast, under identical conditions, lymphocytes from the
11 patients with membranous neohropathy produced significantly
lower quantities of both immunoglobulins, with geometric mean
concentrations of 511 ng for IgG and 439 ng for IgM. When
lymphocytes from patients with membranous nephropathy were
co-cultured with normal lymphocytes, the production of immuno-
globulin by normal lymphocytes was depressed by 22-82%, sug-
gesting that a population of suppressor cells was responsible
for this disturbance in B-cell function. By co—cultufing
normal lymphocytes with patient lymphocytes depleted of either
T cells or monocytes, the suppressor cell was identified as a
monocyte.

These studies suggest that analogous to the animal model
of chronic serum sickness nephritis, patients with idiopathic
membranous nephropathy may have a defective antibody response
-- this defect being mediated by monocyte suppressor cells.
Such a defect would allow the formation of soluble immune
complexes in large antigen excess leading to small sized
immune complexes localized in the subepithelial position in
the glomerulus. The reduced antibody concentrations would
also result in only small amounts of immune complexes being
formed, which would explain the relative absence of these
complexes in the circulation (15); it would also account for
the slow deterioration in renal function observed in these

patients.
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THE USE OF ISOLATED TUBULES IN THE STUDY OF REGULATION OF CELL VOLUME

M.A. LINSHAW AND J.J. GRANTHAM

INTRODUCTTION

Renal tubule cells are capable of transporting large quantities of water
and solute across their plasma membrane and yet they maintain a remarkably
constant ionic composition and cellular volume. It is generally held that
volume and ionic composition of kidney tubule cells are regulated by a cation
purp. Under normal conditions, intracellular nondiffusible substances such
as protein exert a colloid osmotic pressure which promotes the continual
diffusion of water into the cell. A cation pump extrudes sodium from the
cell and prevents cell swelling. When cation transport is blocked by ouabain,
an inhibitor of nenbrane Nat+Kt ATPase (2), cell swelling occurs. One would
expect that if the ouabain sensitive pump were the only determinant of cell
size, ouabain should cause enormous cellular swelling. In fact, however,
renal tubule cells in ouabain swell to only a limited degree (1,7) indicating
that some system resistant to the effect of ouabain contributes to the
control of cell size. Some years ago, Kleinzeller (4) suggested that the
ouabain insensitive volume control system resided in the plasma membrane
which under certain experimental conditions could increase its rigidity,
develop a transmenbrane hydrostatic pressure and offset the pressure created
by intracellular colloid. However, this theory has not been widely accepted
because the plasma membrane of a variety of mammalian cells including renal
tubule cells is highly deformable (3). It had also been previously suggested
that the relatively rigid tubule basement membrane might influence cell size
(1,7). Alternatively, Whittembury and his co-workers (11, 12) postulated
that cell volume was controlled by a ouabain resistant electrogenic sodium
punp, a notion derived primarily from studies of slices of kidney cortex
in which metabolism was blocked by chilling to 0°C in anaercbic medium.
Under these conditions, the slices swelled by taking up water and saline.

Upon rewarming to roam temperature in an aercbic medium, the slices regulated
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their volume by extruding water and salt. If ouabain were added to the
slices during the chilled incubation period, the tissue when rewarmed still
extruded salt and water suggesting that volume regulation occurred even in
the presence of ouabain. However, when other metabolic inhibitors such as
2-4 dinitrophenol (DNP) were added to the bathing medium, the tissue upon
rewarming was unable to extrude saline and remained considerably swollen.
These studies were interpreted to indicate that cell volume was not regulated
by the ouabain sensitive Na-K exchange pump, but rather by a different
sodium pump not blocked by ouabain but nevertheless requiring cellular
metabolism for its operation. However, Mills and co-workers (9) raised
questions about the interpretation of data from ouabain treated slices of
kidney cortex. These investigators found that ouabain binding to Na+xt
ATPase occurred principally when there was actual movement of sodium ion
across the membrane. Since passive solute movement is considerably decreased
at temperatures around 0-4°C, the temperature used in Whittembury's studies,
the decreased sodium flux at this low temperature might have precluded
sufficient ouabain binding to completely block the ouabain sensitive pump.

Over the past several years, we have concentrated our research efforts on
clarifying the role of passive forces in the overall regulation of cell size.

METHODS

Rabbit proximal tubules from the outer cortex were isolated by micro-
dissection and the ends tightly crimped between two pipets (Figure 1).

FIGURE 1. Arrangement for holding

nonperfused tubules. (From Am. J.

Physiol. 233:F325, 1977, reproduced
by permission).

Using an inverted microscope and high powered magnification tubule volume
was assessed visually by measuring tubule diameter with an image splitting
micrometer. The tubules were incubated at 37°C in a balanced electrolyte
solution containing 6 gm? protein. Since the tubule ends were tightly
crimped, fluid did not enter the lumen. Since the lumen remained collapsed
during the experiment, fluid entered the cells primarily across the baso-
lateral menbrane. Cell volume was estimated from the formula mr2l , ¥ being
the radius of the tubule and 1 a constant length. By obtaining frequent

measurements of cell diameter (volume) over a given time frame, we could
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quantitate the rate of fluid entry across the basolateral membrane. This
preparation allowed us to study a single layer of renal epithelial cells
and assure a more efficient exposure of cell surfaces to the bathing medium
than might occur in a slice of cortex.

RESULTS AND DISCUSSION

Our initial studies clearly confirmed that the classical ouabain sensitive

Na-K pump was important in the regulation of cell size (Figure 2).

SWELLING TIME COURSE OF PROXIMAL FIGURE 2. Swelling
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In 107“M ouabain proximal convoluted and straight tubules swelled predictably
to a steady state about 35-40% above the control level. We did not know
why cell swelling leveled off at that point. The ouabain sensitive pump
may have been incompletely blocked. However, when we performed ouabain dose
response curves, we found that the 10~%M concentration was sufficient to
evoke a maximal swelling response in proximal tubules (Figure 3). The dose
response was similar for proximal convoluted and straight tubules. It
seemed plausible that a ouabain resistant sodium pump might further regulate
volure and prevent enormous swelling in ouabain. However, when we added
metabolic inhibitors known to eliminate cell volume regulation such as DNP,
we found that tubules in ouabain, DNP or ouabain + DNP all swelled to the
same extent (Figure 4), although tubules in DNP began to swell earlier.

In further experiments when we removed all the energy substrate from the
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FIGURE 4. Response of proximal

tubules to ouabain and DNP.

that maximal cell swelling was

similar in ouabain and DNP.

Am. J. Physiol. 239, 1980, In Press,

reproduced by permission).

FIGURE 3. Swelling
response of proximal
straight tubules in
different concentrations
of ouabain (mM/L) .

Note that 10~4M ouabain
induced a maximal response.
(From 2m. J. Physiol.
235:F480, 1978, repro-
duced by permission).

FIGURE 5. Swelling response of a
single nonperfused proximal straight
tubule following removal of bath
substrate. Maximal tubule swelling
though delayed was similar to swelling
in ouabain. Note lack of further
effect of metabolic inhibitors. (From
Am. J. Physiol. 239, 1980, In Press,
reproduced by permission) .

bathing medium, tubules maintained their volume until their endogenous

energy supply was gone and then swelled, but again to the same degree as

tubules in ouabain - about 35-40% above control (Figure 5). The subsequent
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addition of ouabain, cyanide and DNP caused no further swelling. These
findings seemed strong evidence that cell size in ouabain was not limited
by an energy dependent sodium pump.

It had been previously suggested that the tough elastic tubule basement
mermbrane might appear to constrain cell size by developing a transmembrane
hydrostatic pressure as the tubule swelled (1). W%hen we removed the
basement membrane with collagenase from our ouabain treated tubules, the
tubule swelled enormously, developed huge surface blebs (Figure 6) and
eventually disaggregated. It is of course possible that collagenase removed

FIGURE 6. Effect of ouabain and collagenase on cell volume of proximal
straight tubules. Cell volume increased to steady state 40% above control
in ouabain, and increased much more in ouabain + collagenase. Note swollen
tubule in ouabain appears intact. Tubule in collagenase developed extensive
surface blebs which eventually burst. Values are MEAN + SE. N,11. (From
Am. J. Physiol. 233:F325, 1977, reproduced by permissicn).

pump protein from the plasma membrane allowing for further cell swelling.
However, vhen tubules were incubated in collagenase and not ouabain so that
their basement merbranes were removed but their transport mechanisms were
intact the cells swelled only slightly (6, 7). Furthermore, increasing the
concentration of collagenase from 10 to 1,000 units per ml did not cause

a corresponding increase in cell size (8). One would expect that if
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collagenase were removing pump protein, higher concentrations of collagenase
should cause progressively greater degrees of cell swelling.

We were also reminded that the peritubular capillaries are perfused with
blood which might affect cell size by counterbalancing the osmotic pressure
of intracellular colloid. Indeed, bath protein had a considerable effect on
cell size (Figure 7). Note the reversible decrease in tubule diameter upon
addition of hyperoncotic protein and increase in tubule diameter upon protein
removal. This effect could be translated to collagenase treated tubules as

52
511
50
49

Outer Tubule Diameter Microns

minutes

FIGURE 7. Effect of peritubular protein (albumin) concentration on outer
diameter of a single nonperfused ouabain treated proximal straight tubule.
Basement membrane was intact. Note reversible changes in diameter as protein
concentration was varied. (From Am. J. Physiol. 233:F325, 1977, reproduced
by permission).

well (Figure 8). In collagenase alone, relative volume of these tubules
increased only slightly. However, after ouabain was added, swelling was
extensive in the absence of protein, modest in the presence of 6 gm% protein
and tubules could be shrunk below the control level and swelling minimized
in hyperoncotic protein. These experiments taken together showed that
proximal tubules maintained their volume primarily by the action of the
ouabain sensitive classical Na-K pump. When that pump was inhibited either
by ouabain, DNP, cyanide or by removing energy supplies, cell size was

controlled to a major extent by external protein (colloid osmotic force)



61

Hypooncotic Medium T
| OUABAIN 1l
22 Coppagshase —— g
2.04 0.3gm% EE?TEIN
1.84
o 161
£1.44
i 6 gm% PROTEIN
121 ' N-10
1.04
14 gm% PROTEIN
[ N=4
84 -
0 & 1w = 3 4 5 1 1 2 25 30
minutes

FIGURE 8. Effect of bath protein on cell volume. Nonperfused proximal
straight tubules were first treated with collagenase to remove basement
menbrane. Swelling was slight. After cation transport was blocked by
ouabain, cell swelling varied depending on the bath albumin concentration.
Values are MEAN + SE. (From Am. J. Physiol. 233:F325, 1977, reproduced
by permission).

and the elastic constraint of the tubule basement membrane (hydrostatic force).

e have used this technique to evaluate relative peritubular menbrane
permeability of different proximal tubular segments. We had observed that
in ouabain, proximal convoluted tubules swelled more rapidly that did proximal
straight tubules (Figure 2). In an effort to define if there were a
difference in the permeability of the respective basolateral membranes to
salt, we campared the rate of cell swelling in ouabain to their respective
basolateral membrane surface areas. We found that proximal convoluted tubules
had a faster rate of swelling in ouabain and a greater basolateral membrane
surface area than proximal straight tubules. However, the ratio of the rate
of swelling to the surface area was nearly identical in both segments (6).
Therefore, differences in rates of swelling among proximal segments are
probably not related to intrinsic differences in peritubular membrane
permeability.

We have made similar observations on neonatal rabbit tubules. Neonatal
tubules in ouabain swell predictably about 40% above control and show the

sane qualitative response when protein is removed or collagenase added to the
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bathing medium. The neonatal tubules do swell somewhat more slowly than
adult tubules. We also performed a cell volume experiment on a human proximal
tubule several years ago. This tubule behaved as did our rabbit tubules and
supports the notion that our dbservations made on rabbit tubules are broadly
applicable to the human condition (10).

This project was supported in part by Public Health Service Grants AM
13476 (J.J. Grantham) and AM 25748 (M.A. Linshaw).
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ROLE OF Na ENTRY IN THE REGULATION OF PROLIFERATION OF CULTURED FIBROBLASTS:
EFFECT OF VASOPRESSIN

S.A. MENDOZA

INTRODUCTION

This study reports the measurement of monovalent ion fluxes and content
in cultured cells. The study is based on the fact that normal,untransformed
fibroblasts reduce their rate of entry into the S (DNA synthesizing) phase
of the cell cycle and accumulate in a viable quiescent state (Go/Gy) when
the content of growth factors in the medium becomes limiting. Addition
of fresh serum or growth factors to such quiescent cells stimulates a complex
array of biochemical events leading to DNA synthesis and cell division (1,2).
Recently,a variety of information has led to the suggestion that the uptake
of sodium plays an important role in the regulation of cell proliferation (3).
Serum, the most widely used stimulator of cell proliferation, rapidly
increases sodium entry into quiescent cells (4) and stimulates the sodium
potassium pump (5). A variety of other growth factors including platelet
derived growth factor (6) and fibroblast derived growth factor (7) also
increase sodium entry and/or activity of the sodium potassium pump. The
synthesis of DNA is dependent upon the concentration of sodium in the
extracellular medium (4). The proliferative response to serum is strikingly
inhibited by ouabain, an inhibitor of the sodium potassium pump (5), and
by amiloride, an inhibitor of sodium entry into the cells (3)., In certain
transformed cells,the entry of sodium and the activity of the sodium
potassium pump greatly exceeds that found in the nontransformed parent
cells (3,6). Since cell proliferation and sodium transport seemed to be
related, the mitogenic effect of a variety of substances which stimulate
sodium transport in other systems was tested. Rozengurt and coworkers
found that the neurohypophyseal peptide hormone, vasopressin, is strongly
mitogenic for Swiss 3T3 cells (8). The effect of vasopressin on monovalent
ion fluxes in quiescent Swiss 3T3 cells was then studied. This work was

performed in the laboratory of Dr. Enrique Rozengurt at the Imperial



64

Cancer Research Fund Laboratories in London, England during my recent

sabbatical leave. This study has been reported in more complete form (9).

MATERIALS AND METHODS

Swiss 3T3 cells (10) were maintained in 90 mm Nunc Petri dishes in
Dulbecco's modified Eagle's medium (DME), 10% fetal bovine serum, 100
unit/ml penicillin and 100 ug/ml streptomycin in a humidified atmosphere
of 10% COp and 90% air at 37°C. The cells were subcultured to 30 mm,
50 mm, or 90 mm Nunc Petri dishes with medium containing 10% fetal bovine
serum. The medium was changed two days after plating and studies were
performed on quiescent confluent dishes 4-7 days later. The cultures
were shown to be quiescent by autoradiography after 48 hours with SH-thymidine
as previously described (5). Intracellular Na and K content and the
uptake of 86Rb (a K tracer) were measured via a modification of previously
reported methods (4,5). At the beginning of each experiment, the media
from quiescent cultures in 50 mm dishes was replaced with experimental
media. After a variable preincubation period, 50 pl of 86Rb (Amersham/
Searle) containing 2-3x106 dpm were added. When the uptake period was
complete, the dishes were washed rapidly 6 times with-0.1 M MgCl; at 4°c.
The dishes were allowed to drain a few minutes to ensure the compelte
removal of the final MgCl, wash. When the dishes were dry,1 ml of 15 mM
LiCl containing 1% toluene was added to each dish. This solution was
tested directly in the flame photometer to measure intracellular sodium
and potassium. An aliquot of the solution was transferred to the liquid
scintillation counter to measure Cerenkov radiation. Ouabain sensitive
86Rb uptake was calculated by subtracting the 86Rb uptake in the presence
of 1 mM ouabain from 86Rb uptake in the absence of the inhibitor. The
uptake of 22Na was measured by the method of Smith and Rozengurt (4).
The media from quiescent cultures were replaced with modified DME in which
sodium chloride was replaced by choline chloride to increase the specific
activity of 22Na. In addition, the Na-K pump was inhibited by lowering
the concentration of KC1 to 0.5 mM and by adding 1 mM ouabain. Twenty
minutes after the addition of this medium, 50 ul of 22NaCl containing
1—2x106 dpm were added. Three minutes later, dishes were washed as
described above. When the dishes were dry, 1.5 ml of 15 mM LiCl containing
1% toluene was added to each dish, the solution aspirated and radioactivity

assayed in a gamma spectrometer.
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Cell electrolyte content, 86Rb uptake and 22Na uptake are expressed
as a function of total cell protein (11). Statistical analysis was performed
using the paired or unpaired t test as appropriate. The data presented
are the means: the standard error of two or more identically treated

cultures and are typical of experiments each done several times. Synthetic

arginine vasopressin was obtained from Sigma.

RESULTS AND DTSCUSSION

Vasopressin stimulated 86Rb uptake in quiescent Swiss 3T3 cells.
Vasopressin did not affect 86Rb uptake in the presence of ouabain. This
indicated that vasopressin stimulated 86Rb uptake was mediated by the Na-K
pump. The magnitude of the stimulation of ouabain sensitive 86Rb uptake
produced by 10 ng/ml of vasopressin varied but averaged 597 5% in 43
independent experiments. Ouabain sensitive 86Rb uptake in the absence
and presence of vasopressin was linear for at least 40 minutes after the
addition of the isotope. TIn contrast, vasopressin had no effect on 86Rb
efflux from cells pre-loaded with the isotope. (Figure 1)
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FIGURE 1. Left panel: Time-course of ouabain-sensitive 80pp+ uptake in

the absence or in the presence of vasopressin or serum. Quiescent cultures

of Swiss 3T3 cells grown in 30 mm dishes were incubated in DME (0),

DME + 10% fetal bovine serum ( W ) or DME + 10 ng/ml arginine vasopressin

( A). After 20 minutes of incubation, 86Rb* was added to the dishes

and the uptake was terminated at the indlcated times. All other experimental

details were as described in Materials and Methods. Right panel: Time-course
Rb* exit in the absence or in the gresence of vasopre551n Quiescent

cultures of 3T3 cells were loaded with 86Rb* by adding 100 dpm of the

isotope directly to the medium (2 ml) for 4 hours. Then, the cultures were

rapidly washed three times with pre-warmed DME and incubated at 37° in 2 ml

of VE (@) or DME containing 10 ng/ml arglnme vasopressin ( A ).

At the times indicated, remaining internal 80Rb* was measured as described

in Materials and Methods The radioactivity still present in the cells

at each time is expressed as a fraction of that present at the end of the

loading period. This corresponded to 9747 cpm per dish; each dish contained

92 ug of protein.

When vasopressin and 86Rb were added simultaneously, the stimulation
of uptake by the hormone occurred rapidly. (Figure 2) As early as one
minute after the addition of the hormone and isotope, total 86Rb uptake
was higher in vasopressin treated cultures than in control cultures.
Similar differences were noted in ouabain sensitive 86Rb uptake. Consistent
with the speed of the hormonal effect on the stimulation of 86Rb uptake,

cyclohexamide was ineffective in inhibiting this response.
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FIGURE 2. Kinetics of stimulation by vasopressin of 86Rb* uptake in
quiescent 3T3 cells. The growth medium of quiescent cultures of Swiss

3T3, cells was replaced by DME ( .) or DME contalnlng 10 ng/ml vasopressin
( ). Both media contain 3.5x100 dpm of 86pp* per ml. The cultures
were incubated for different periods of time as indicated.

Vasopressin stimulated 8()Rb uptake in a concentration dependent manner.

(Figure 3) Oxytocin also stimulated the Na-K pump but at significantly

higher concentrations than vasopressin. The difference in the sensitivity

to the two peptides was similar to that seen for the mitogenic effects
of vasopressin and oxytocin.

Furthermore, the concentrations of vasopressin
which stimulated

Rb uptake (1-100 ng/ml) were the same as the concentrations
which stimulated DNA synthesis (8).
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FIGURE 3. Effect of different concentratlons of arginine vasopressin or
oxytocin on ouabain-sensitive 86Rb uptake by Swiss 3T3 cells. Quiescent
cultures of Swiss 3T3 cells grown in 30-mm dishes were incubated in DME

or in DME containing different concentrations of vasopressin or oxytocin
either in the presence or in the absence of 1 mM ouabain, Each value
represents the average of 2-4 cultures treated identically and is expressed
as percentage of the 80Rb uptake obta1ned in cultures treated with DME
alone (2,772 * 267 cpm/dish; mean = * S.E. , n=0),
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The rate of SORb uptake was dependent upon the concentration of
potassium in the medium both in the absence and presence of vasopressin.
(Figure 4) The hormone had no effect on the apparent affinity of the
Na-K pump for potassium. The maximum velocity (Vmax) increased from 8
to 13 nmoles/mg protein/min. The apparent Ky for potassium was 1.3 mM
in both the absence and presence of vasopressin, agreeing closely with
previously reported values in Swiss 3T3 cells (5). The stimualtion of
86Rb uptake by vasopressin was not dependent upon the presence of calcium
in the medium and did not appear to be mediated by cyclic AMP (data not
shown) .
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FIGURE 4. Rate of ouabain-sensitive 86Rb+ uptake as a function of K
concentration in the absence (@ ) or presence of 10 ng/ml vasopressin

( A ). Quiescent cultures of Swiss 3T3 cells were rapidly washed three

times with pre-warmed KC1-free medium and then incubated with medium containing
different concentrations of K* (checked by flame photometry) in the absence

or presence of 1 mM ouabain and, in each case, with or without 10 ng/ml
vasopressin. After 20 minutes, the cultures were labeled with 86Rb* for an
additional 10 minutes, during which uptake was linear with time. All other
experimental details were as described under Materials and Methods.
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When the concentration of sodium in the medium was lowered by the
isotonic replacement of NaCl by choline C1, 86Rb uptake fell. Addition
of vasopressin shifted the sodium dependence of the Na-K pump. Half
maximal activity of the Na-K pump occurred at 40 mM Na in the absence of
vasopressin and 20 mM Na in the presence of the hormone. Vasopressin
caused a nine fold stimulation in 86Rb uptake when external Na concentration
was -20-mM. (Figur.e S)
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FIGURE 5. Dependence of ouabain-sensitive 86Rb+ uptake on Na' concentration
in the absence ( X ) or in the presence ( .) of 10 ng/ml vasopressin.
Quiescent cultures of 3T3 cells were washed three times with pre-warmed

DME from which the NaCl and NaHCOz were omitted and replaced by 140 mM
choline Cl1 and 20 mM Tris-Hepes (pH 7.3). The cultures were incubated

with this medium but containing different concentrations of Na; NaCl

was. replaced by equimolar choline Cl.
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These findings were suggestive of the possibility that vasopressin
stimulated the sodium-potassium pump by increasing sodium entry into the
cells. This hypothesis was tested by measuring zzNa uptake. There was
a marked stimulation of 22Na uptake by vasopressin. This stimulation of
22Na uptake was also present when amino acids were removed from the
medium (data not shown).

Vasopressin altered intracellular electrolyte content in a manner
similar to the effects of serum on quiescent 3T3 cells (6). In the presence
of the Na-K pump inhibitor ouabain, vasopressin caused a statistically
significant increase in intracellular Na content without affecting
intracellular potassium. In the absence of the pump inhibitor, intracellular
sodium was changed little but intracellular potassium increased significantly.
These results are interpreted as follows: the initial effect of vasopressin
on monovalent ion fluxes was stimulation of sodium entry into the cells. Since
the activity of the Na-K pump is strongly dependent on intracellular Na
concentration (4), the increase in Na entry resulted in a stimulation of the
Na-K pump. Vasopressin-mediated stimulation of the Na-K pump resulted in
a stimulation of ouabain sensitive 86Rb uptake as well as an increase in
intracellular potassium with little or no change in intracellular sodium.

When ouabain was present,z%hlﬂmakewasinCTeaSEd but  there was no stimulation
of the Na-K pump by vasopressin. Intracellular potassium was unchanged
but intracellular Na rose dramatically.

Three independent lines of evidence indicated that the initial
effect of vasopressin was an increase of Na entry into the cells. First,
the changes in eiectrolyte composition in the presence of ouabain were
most compatible with the theory that the hormone is increasing Na entry
rather than stimulating the pump directly. Second, when the pump was
inhibited both by lowering potassium in the medium and by the addition

22Na entry into the cells was markedly stimulated by

of ouabain,
vasopressin. Third, the ‘Na dependence of the activity of Na-K pump was
markedly shifted by the addition of vasopressin.

Several recent studies have reached conclusions in other cell culture
systems similar to those which we have reported in Swiss 3T3 cells. It
has been reported in neuroblastoma-glioma hybrid cells that an increase in
intracellular Na was associated with stimulation of the Na-K pump
and a marked increase in membrane potential difference (12). In addition,
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it has been shown that the addition of serum to quiescent neuroblastoma
cells causes a rapid increase in Na permeability (13).. Phytohemagglutinin
or Concanavalin A stimulated lymphocytes show a rapid increase in Na
permeability and Na-K pump activity (14). Entry of Na into the isolated
guinea pig atrium is a primary determinant of ouabain sensitive 86Rb
uptake (15). Epel has shown an influx of Na ions into the cells occurs
rapidly following fertilization of sea urchin eggs (16). Leffert and

Koch have suggested that Na entry into liver is one of the earliest, if
not the earliest, event in the stimulation of liver regeneration (17).

In addition to the regulation of the activity of the Na-K pump, changes
in Na entry into cells could affect cell metabolism in a variety of different
ways. First, cytoplasmic Na may play a role in the release of mitochondrial
calcium (18,19). Cytosolic calcium has been implicated in the control
of cell proliferation and in the control of various enzymatic activities
(20-24). Another possible regulatory effect of changes in Na entry is in
the control of intracellular pH. Sodium-hydrogen exchange has been recorded
in membrane vesicles from a variety of cell types (25,26) and it is possible
that an increase in intracellular pH could occur simultaneously with the
increase in Na entry which we have measured. It is known that proliferation
of a variety of cell types is very sensitive to small changes in extracellular
pH (27,28). In addition, an increase in Na entry with the concomitant Na-K
pump activation could cause either depolarization or hyperpolarization of
the cell membrane depending on the relative magnitude of the increased
Na conductance and the electrogenicity of the pump. Changes in cell membrane
potential would affect a variety of cellular transport processes. Thus,
the increase of Na entry into. the cells could trigger a series of ionic
movements with changes in membrane potential and cytosolic Na, K, H and
Ca concentrations and these in turn could each produce major changes in
cellular metabolism and ultimately cell proliferation. At the present
time, there is no information incompatible with this hypothesis although
it certainly requires a considerable amownt of further verification.

At the present time in our laboratory, we are doing experiments similar
to those just described using renal epithelial cells rather than fibroblasts.
Epithelial cells in culture have been shown to form a monolayer with
tight junctions and lateral intracellular spaces. These monolayers are

capable of oriented active transport, response to hormones and generation
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of a transmembrane potential difference (29-31). The possible role of

ion fluxes in the proliferation of these cells which have a separate

transepithelial ion transport system has not been studied previously.
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MICROPUNCTURE IN DEVELOPMENTAL RENAL PHYSIOLOGY

A. SPITZER

The prevailing trend in biology, as well in other fields of human endeavor is
to study smaller and smaller components in greater and greater detail. This
continuous process is punctuated by technicological breakthroughs which result in
a burst of activity and new knowledge. Such a step forward was achieved when
Alfred Newton Richards and his collaborators provided the means of studying the
function of single nephrons in vivo by micropuncture techniques (1,2). It is here,
at the University of Pennsylvania, that this pioneering work has been done, and
this is, therefore, the most appropriate place to acknowledge that all we know in
renal physiology has either been proved or confirmed by renal micropuncture.

The technique, greatly improved and extended over the years, consists of
three basic approaches for the study of glomerular function and of three basic
approaches for the study of tubular function (Fig. 1). Description of the process
of glomerular ultrafiltration requires quantitation of colloid-osmotic and hydro-
static forces. The colloid osmotic pressures can be assessed by collecting blood
from the systemic circulation and from the stellate vessels - the latter reflecting

the changes in blood composition that have occurred during filtration. The

FIGURE 1: Schematic representation of micropuncture techniques for measure
ments of glomerular and tubular function.
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measurement of glomerular capillary hydrostatic pressure necessary for the
assessment of glomerular function, can be done directly in animals which possess
glomeruli on the surface, such as the Munich-Wistar rat, or indirectly by the stop-
flow technique. This latter approach is based on the assumption that blockage of
the tubule with viscous oil allows filtration to continue until the pressure in the
segment of the tubule located above the obstruction reaches a level similar to
that in the glomerular capillary. Good correlations between direct and indirect
measurements performed in the same animals have been reported (3). As this
presentation proceeds it will become apparent that all these methods have been
applied successfully to the study of glomerular dynamics during development.

The most commonly used technique for the study of tubular function is the
free flow collection. This requires the identification on the surface of the kidney
of the tubular segment to be studied, and a complete, timed collection of tubular
fluid as it reaches the impelling micropipette. This method has been used
extensively to determine sites of concentration gradients and the transport of
solutes and water. The stop flow stationery microperfusion consists in the
injection in the tubule of a solution of known amount and composition. This
permits expression of transport processes in terms of tubular length exposed per
unit time. In addition, limiting concentration differences can be measured when
initially electrolyte free test solutions are used. This information can be used to
assess pump and leak properties of various tubular segments. Continuous
microperlfusion of the tubule, either alone or in conjunction with perfdsion of
peritubular capillaries, provides an even greater range of freedom in altering the
composition of both the tubular and peritubular environments. This approach has
permitted to measure transmembrane and transepithelial potential differences,
and fluxes of ions, currents and isotopes across various segments of the nephron.
Only free flow collections have been used in developing animals.

Application of the micropuncture technique to the study of developmental
renal physiology has been late to come. It took exactly 50 years from the time
Richards started his voyage of discovery through the nephron to the time that this
method of investigation has been applied to the study of the maturing animal.
One reason for this long delay may be found in the anatomical characteristics of
the immature kidney which preclude the use of this technique during the newborn
period in most mammalian species (Fig. 2). The laboratory animals customarily
used for micropuncture, namely the rat and the dog, have no discernible

superficial nephrons at birth. Two to three weeks of extrauterine life have to
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pass in these species before nephrogenesis is completed and the superficial
nephrons become amenable to sampling. An exception to this rule is the guinea
pig, which, like the human, is born with a full complement of functioning nephrons
and, as a consequence, can be subjected to micropuncture experiments from the
very first day of extrauterine life.

Using this animal model we have been able to demonstrate that the process
of morphological differentiation, which starts from the center of the kidney and
proceeds toward the periphery, is parallelled by a similar pattern of functional
development-(4). A schematic representation of our findings (Fig. 3) highlights
the fact that during the first two weeks of life of a guinea pig there is little
change in the SNGFR of the superficial nephrons, while the total kidney GFR
rises. During a subsequent period of development, the increase in total kidney
GFR occurs in conjunction with a sharp increase in superficial SNGFR. Quanti-
tative analysis of the data (Table I) indicates that a 3-fold increase in deep

nephron GFR should occur during the initial period of postnatal development and
that the 20-fold increase in superficial SNGFR, observed during the second period

of postnatal maturation is sufficient to account for the overall increase in GFR.
A similar pattern of postnatal development is evident in the data of Horster and
Valtin (5), obtained in the dog, and that of Aperia and Herin (6), that of Dlouha
(7), and that of deRouffignac and Monnens (8), obtained in the rat.

FIGURE 2: Schematic representation of the morphological changes occurring in
the kidney during development. Modified from Speller, A.M. and Moffat, D.B.: 3.
Anat. 123: 487, 1977).
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FIGURE 3: Schematic representation of the changes in SNGFR (continuous line)
and total kidney GFR (dashed line) in the developing guinea pig.

Table I
Measured Values of Superficial Nephron GFR (nl/min)
and Calculated Values of Deep Nephron GFR
in Guinea Pigs of Different Ages

Age (days) Cortical (80%) Juxtamedullary (20%)
1 0.9 17.2
15 4.1 43.2
30 19.3 42,1

Measurements of SNGFR are important to the investigation of the regula-
tion of the filtration process itself. According to the mathematical model of
Deen et al., (9) SNGFR = AP x Kf where AP = the mean transcapillary hydraulic
pressure difference, and Kf = glomerular ultrafiltration coefficient which in turn
is a function of k = permeability coefficient and S = capillary surface area.
Measurements of hydrostatic pressures in the tubule and the glomerular capil lary,
combined with measurements of colloid osmotic pressure of the glomerular
capillary blood, have led to the quantification of the various terms of this
equation in developing animals. Our study in guinea pigs (10), documented an
increase in the effective filtration pressure (AP) at the afferent end of the
glomerular capillary of about 2.5 fold between the age of 1 and 40 days, a period
of time during which GFR increases by about 25 fold. Consistent with these data
are the observations made by Ichikawa, et al. (11), and by Tucker and Blantz (12)
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in the rat. The inescapable conclusion is that the increase in SNGFR, and
consequently in total kidney GFR, during maturation is mainly a function of the
increase in Kf. Since we have detected very little change in the permeability of
the glomerular capillary during development (an increase of approximately 1.4
fold) (13), it became apparent that the increase in glomerular capillary surface
area is the most prominent factor. That this is indeed the case was confirmed by
us in studies in which the neutron activation of a rubber compound injected in the
renal microvasculature was used to demonstrate an 8 fold increase in the
glomerular capillary surface area of the dog between the ages of 1 and 6 weeks
(14).

Knowing the rate of glomerular filtration in single nephrons is also crucial
to the determination of absolute rates of reabsorption or secretion by the renal
tubules. For instance, assessment of factors involved in the control of sodium
reabsorption depends on knowing the rate at which sodium enters and leaves the
tubule. The relationship between GFR and tubular reabsorption during develop-
ment has been a matter of continued interest and controversy. Morphological
investigations performed by microdissection and functional studies performed by
clearance techniques have indicated the existence of a glomerular-tubular imbal-
ance in early life. According to this theory, the capacity for tubular reabsorption
is smaller than the ability to form an ultrafiltrate of plasma, resulting in low
rates of fractional reabsorption and high rates of fractional excretion. Although
recent studies demonstrate that previous investigations were flawed by the lack
of consideration given to the effect of changes in extracellular fluid volume on
tubular reabsorption, the issue is far from being resolved.  Measurements
performed by Brandis and myself in the guinea pig (4) (Fig. %) and those performed
by Horster and Valtin in the puppy (5) indicate a constancy of the TF/P inulin

ratio during development. It should be pointed out however, that these studies
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FIGURE 4: Fractional reabsorption of fluid by the proximal convoluted tubule of
the developing guinea pig.



80

were done under hydropenic conditions. It is possible that the changes in
fractional reabsorption in the expanded state are of a different magnitude in the
newborn than in the adult animal and that the disturbance in the glomerular
tubular balance is greater in the former than in the latter. Measurements
performed by Schoeneman and myself (15) by the recollection technique, in guinea
pigs subjected to volume expansion with an isoncotic albumin solution equal to 5%
of body weight failed to reveal age related differences in fractional reabsorption
of fluid (Fig. 5). However, when Zink and Horster measured proximal tubular fluid
reabsorption in 2 and 4 week old rats, which were the progeny of mothers
subjected to a high sodium intake, they noticed a graded incrase in proximal net
fluid transport relative to the filtered load: the fractional reabsorption in the
proximal tubules of the younger animals was only 72% of that observed in the
older ones (16).

The inconsistency of these findings may be related to differences in the
experimental conditions or in the developmental stage but they also can be due to
the technical difficulties and possible pitfalls associated with these measure-
ments. Potential sources of artifactual results (Table II) include variations of
intratubular pressure at the collection site, collection from more than one tubule,
the retrograde flow of tubular fluid during sampling, and the effect of repeated
sampling at the same site. Some of these problems are of particular concern in
the study of immature animals; the small diameters of the tubules makes
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Figure 5: Measurements of proximal. fluid reabsorption by the recollection
technique in guinea pigs of various ages before (control) and after volume
expansion (experimental).
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Table II

SOURCES OF ARTIFACTUAL RESULTS
IN MICROPUNCTURE

Variations in intratubular pressure

Collection from more than one tubule

Retrograde flow

Leakage of tubular fluid
inadvertant puncture of a second nephron below the kidney surface much more
likely than in the adult animal and the small rate of tubular fluid flow may result
more often in suction and reduction in intratubular pressure.

Despite the lingering controversy regarding proximal tubular reabsorption of
salt and fluid, we all agree that the retention of sodium intrinsic to the process of
growth is made possible by enhanced reabsorption at tubular sites located beyond
the proximal tubule (17). Fig. 6 taken from work performed with Schoeneman
(18), portrays the behavior of the proximal tubule and that of the rest of the
nephron (distal nephron) both under conditions of hydropenia and volume expansion
with an isoncotic albumin solution equal to 5% of body weight. Please note that
the general pattern is a decreased dependence on distal sodium reabsorption for
the maintenance of external balance.That the thick ascending limb of the loop of
Henle is not responsible for the enhanced sodium reabsorption observed during
growth has been demonstrated by Zink and Horster (16). These investigators
provided evidence that the absolute reabsorption of fluid in the loop of Henle
increase by about 3 fold between 12 and 35 days of the life of the rat.
Simultaneously, the osmolarity of early distal fluid decreased significantly, from
284 + 19.8 to 180.9 * 18.2 ml/L during the same period of observation. These
findings demonstrate that the ability of the loop of Henle to generate a hypotonic
fluid, and thus to increase the tonicity of the surrounding interstitium, is attained
only gradually during ontogeny. The study also indicates that the loop of Henle is
not the site which accounts for the retention of sodium in early postnatal life. As
reported elsewhere at this meeting, Aperia and Elinder (19) have investigated one
group of rats around 24 days of age and another one around 40 days of age, both
during hydropenia and volume expansion. They found that both the delivery of
sodium from the ascending loop of Henle and the reabsorption along the distal
convoluted tubule were higher in the younger than in the older animals. While the
first of these findings is mainly confirmatory of the work performed by Zink and
Horster (16), the second finding strongly suggests that the distal convoluted tubule

contributes to the retention of sodium observed in the newborn. It is our
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contention that the enhanced absorptive capacity of the distal convoluted tubule
is related to the high levels of aldosterone prevailing during early postnatal life
(18).

Thus, during the span of only 9 years, an impressive amount of information
has been unravelled applying micropuncture techniques to the study of the
developing nephron: 1) we have demonstrated that the centrifugal pattern which
characterizes the morphologic and functional development of the kidney continues
after birth, even in those animal species which are born with a full complement of
nephrons, 2) we have described the factors which underly the increase in GFR
with age, 3) established that the relative inability of the newborn to dispose of a
sodium load in order to grow, far from reflecting an "immaturity" of the
transporting process, represents an adaptive mechanism which allows the growing
subject to maintain a positive sodium balance, 4) have been able to localize this
phenomenon to the distal convoluted tubule, the site of aldosterone action. These
accomplishments become more impressive in view of the fact that the world
literature on micropuncture in developing animals is limited to some 15 publica-
tions generated by four laboratories.

The large potential that micropuncture holds is yet to be fulfilled in our
field of science. Whether we consider the process of glomerular filtration and the

factors that control it, or the tubular reabsorption of substances such as calcium,

Figure 6: Functional reabsorption of sodium in the proximal and distal nephron of
the guinea pig at various ages under control (C) and experimental (E) conditions
(acute loading with an isoncotic albumin solution equal to 5% of body weight).
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phosphate and bicarbonate, the renal handling of potassium, the electrical forces
involved in the transport of these various solutes, or the handling of urea and its
role in limiting the ability of the newborn to concentrate the urine, there is a
considerable amount of information that can be gained in the growing animal by
the use of micropuncture techniques. The description of these processes needs to
be accomplished and accomplished fast if developmental renal physiology is to
progress towards a new era of research, that of the intracellular mechanisms
governing transport processes. This journey beyond cell boundaries is paramount
not only to the understanding of physiological phenomena but also to the
understanding of the disturbances that occur in disease states. It is not accidental
that the two major weapons in our therapeutic armamentarium are transplanta-
tion and dialysis, both addressing the results rather than the intrinsic cause of
kidney- disease. The tools which permit us to cross the cell membrane barrier and
thus get closer to the cellular events, are available and are being used success-
fully by investigators in the field of nephrology. Microvesicles of membrane
fragments, electronprobe analysis, and nuclear magnetic resonance are only a few
of the techniques which we will have to master and apply to the study of the

developing kidney in order to obtain answers to our pressing questions.
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THE CLINICAL FEATURES OF CHRONIC INTERSTITIAL NEPHRITIS

THOMAS G. MURRAY, M.D.

Today I would like to review with you the major clinical features of
chronic interstitial renal disease. In my opinion, the term chronic
interstitial disease should be applied to any structural renal disease
in which the renal failure is due to scarring and fibrosis of the tissues
surrounding the glomeruli rather than to direct glomerular damage. According
to this definition, any case of renal failure where the initial cortical
damage is to the interstitial tissue rather than to the glomeruli, is a
case of interstitial renal disease.

0f course, chronic interstitial renal disease is not a single entity
any more than primary glomerular disease is a single entity. Rather, it
is a final common pathway by which damage to one or more discrete areas of
the kidney is converted to diffuse renal scarring. The initial cause and
site of the damage can and does vary widely, but diffuse interstitial
scarring is a common feature. Chronic interstitial renal disease can be
initiated by papillary damage, tubular damage, or damage to the renal
vasculature as well as by direct damage to the interstitial tissue itself.

If interstitial renal disease is defined in this broad manner, there are -
in fact, only two major causes of chronic renal failure - primary glomerular
disease and interstitial renal disease. Most of the many etiologies of
chronic renal failure cause azotemia either by damaging the glomeruli
themselves or by causing scarring of the interstitial tissue in which the
glomeruli are "suspended".

Chronic interstitial renal disease is the same disease as that commonly
referred tc as chronic pyelonephritis - or as chronic interstitial nephritis.
I prefer not to use these latter names because they imply something about
the etiology of this disease which is actually not known and in the case
of the term chronic pyelo, is probably wrong. Patients Tabeled as having
any of these diseases, all, in fact, have the same disease, as do many
patients who are said to have idiopathic renal failure. Chronic interstitial
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disease is responsible for a substantial amount of all chronic renal failure.
In adults, it is the cause of at least 50% of all azotemia. The proportion
of childhood azotemia which is secondary to interstitial, as opposed to
glomerular disease is, as far as I can tell, unknown.

An understanding of the clinical features of chronic interstitial renal
disease is important for at least two reasons. The most important reason
is that it allows you to arrive at the diagnosis of chronic interstitial
renal disease in most patients even if renal tissue is not available.

Most patients with chronic interstitial renal disease manifest clinical
characteristics which, considered collectively, allow the diagnosis to be
made.

Determining that a patient with renal failure has chronic interstitial
renal disease is, in turn, important because in many cases this disease
can be treated. The level of renal failure can be stabilized or even
improved if the cause of the interstitial damage is identified and treated.
Since it is virtually impossible to search in every patient for every possible
cause of renal failure, it is essential that the list of potential etiologies
which need to be seriously entertained, be narrowed as much as possible.
Deciding - on the basis of clinical features or histologic data - that a
patient has an interstitial disease permits you to narrow the list of
potential etiologies from the long 1ist of all causes of renal failure to
the shorter, more managable, 1list of causes of interstitial disease.

A second benefit of determining that a patient has chronic interstitial
renal disease is that it allows you to predict the course of the renal failure.
Chronic interstitial renal disease, in general, progresses quite slowly
and plans for the future therapy must take this fact into account.

The second reason that an understanding of the clinical features
of chronic interstitial renal disease is important is that it allows you
to anticipate some of the complications which are 1ikely to occur in a
patient with this disease. This anticipation in turn allows you to take
preventative measures to avoid these complications or, failing this, to
treat them before they cause significant morbidity.

The clinical features I will concentrate on today, are those which are
a consequence of the chronic interstitial disease itself. These features
are present in a large proportion of patients with interstitial renal
disease whatever its etiology. They are the features which allow a
diagnosis of chronic interstitial disease to be made and which cause
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predictable complications in patients with this disease. Little attention
will be given to the clinical features of the individual diseases which
serve as the causes of interstitial scarring since time does not permit
their discussion.

Azotemia is present by definition in patients with chronic interstitial
renal disease. Quite commonly, the azotemia is discovered accidentally or
coincidentally. Often it is discovered during a routine examination or
perhaps as part of the evaluation of a urinary tract infection or of hyper-
tension; both of which are frequently early complications of chronic
interstitial disease. In some patients, the azotemia is discovered when
a second complication of the disease which is the cause of the interstitial
disease develops. The passing of a kidney stone, or an attack of gout,
are examples of such complications.

In a large number of patients with chronic interstitial disease, the
renal failure is not noted until uremic symptoms develop. This happens
much more commonly in patients with interstitial disease than it does in
those with other forms of renal failure. The delayed discovery of the
renal failure appears to be a consequence of the slow rate of progression
and the lack of dramatic complications of this form of renal disease. It
is not uncommon for ten or more years to elapse between the time renal
function first declines and the time advanced renal failure develops. This
slow rate of deterioration allows most patients to adapt to the presence
of azotemia without a noticeable change in their state-of-well-being.
Without a specific change in the way they feel, the patients do not seek
medical assistance. In addition, no dramatic manifestations of the renal
disease develop to give notice of its presence. Complications such as the
nephrotic syndrome, gross hematuria, or malignant hypertension are not
commonly seen in patients with chronic interstitial renal disease.

This Teads us to the second category of features of chronic interstitial
disease which are helpful in establishing its presence. Patients with
interstitial disease do not have any of the so-called "pathognomonic"
features of primary glomerular disease. They do not have red blood cell
casts and they seldom have a very active urine sediment. In addition, they
generally do not have heavy proteinuria and rarely, if ever, have the
nephrotic syndrome.

Almost all patients with chronic interstitial disease have proteinuria.
In the vast majority of patients, the level of protein excretion is less than



88

2.0 grams per day and rarely, if ever, is it more than 3.5 grams per day
unless it is acutely increased by a superimposed process; such as accelerated
hypertension or severe congestive heart failure. The protein which is
excreted is principly albumin which suggests that a "glomerular" leak is its
principal cause. The pathogenesis of the glomerular leak of protein is
unclear.

If nephrotic range proteinuria co-exits with clinical features which
suggest that an interstitial disease is present, the patient probably has
either; one of the forms of primary glomerular disease which regularly has
has a major amount of associated interstitial damage(for example, focal
glomerular sclerosis or membrano-proliferative glomerulonephritis), or has
an interstitial disease which has been complicated by the development of a
glomerular disease. Reflux nephropathy is the major cause of this latter
combination.

Evidence of interstitial inflammation and/or interstitial scarring is
also useful in establishing the presence of chronic interstitial disease.
Evidence of active interstitia] inflammation would, if it were present, be
found in the urinalysis. Only rarely is such evidence found in patients with
chronic interstitial disease. This apparently reflects the fact that much
of the active renal inflammation which was initially present, has by the time
the renal disease is discovered, been replaced by interstitial fibrosis
and scarring. The urinalysis in chronic interstitial renal disease is often
notable only for its benignity. A moderate amount of sterine pyuria is a
frequent finding and microscopic hematuria is often present. Only rarely
are cellular casts present. Superimposed acute urinary tract disease is,
of course, quite common in patients with chronic interstitial disease and
when present, may dramatically change the urinalysis. Occasionally, etiologic
information can be gleaned from the urinalysis - as well - most often, if
calcium, uric acid, or cysteine cyrstals are seen.

Signs of interstitial scarring are present far more often than are signs
of interstitial inflammation. Evidence of scarring is obtained from radio-
logic examination of the kidneys. 1In most patients with chronic interstitial
renal disease, the kidneys are small. In some, they are already markedly
shrunken when the level of azotemia is only modest. Such dramatic shrinkage
is highly suggestive that an interstitial disease is responsible for the
azotemia, but it is relatively uncommon. More commonly, the kidneys,
although small are no smaller than those which might be seen in primary
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glomerular disease. The intravenous pyelogram is more often helpful.
Calyceal abnormalities(such as clubbing or blunting), and cortical scars
are commonly present in patients with chronic interstitial disease but are
not seen in cases of primary glomerular disease. Thus, when such findings
are present, they are very helpful diagnostically. Unfortunately, not all
patients with interstitial disease have these abnormalities. Information
concerning the etiology of the interstitial disease may also be obtained
from the .intravenous pyelogram. For example, hydronephrosis, or renal
calcification may be seen.

The next group of clinical features we will discuss are also useful in
determining whether a patient with azotemia has chronic interstitial renal
disease. They are grouped together because they may share a common patho-
physiologic basis - they may each develop as a consequence of a deficiency
of a hormone produced in the kidney - probably in the renal interstitium.

One explanation for the earlier onset and/or the increased severity of these
clinical complications in patients with interstitial renal disease would be
that the hormonal deficiency develops earlier in a disease which damages

the interstitium before it damages the glomeruli. There is at least one
equally tenable explanation for the increased importance of these complications
in patients with interstitial disease. It is possible that the Tong duration
of the period of azotemia in the typical patient with chronic interstitial
disease increases the chance that any given complication of chvonic renal
failure will eventually occur or become severe enough to cause the patient
difficulty. In this case, the hormonal deficiency would not have to be
quantitatively more severe in interstitial disease than in glomerular disease,
it would simply be present for a longer period of time.

Anemia is an almost universal complication of chronic renal failure and
a decreased production of erythropoietin is its principal cause. There is
a widely held clinical opinion that patients with chronic interstitial disease
have a more severe degree of anemia at any given Tevel of azotemia than do
patients with glomerular disease. There does not appear to be any data
supporting this contention; although I share the feeling that it is true.
There are no studies which compare the erythropoietin levels of patients
with interstitial disease to those of patients with a similar degree of
glomerular disease.

Complications related to disordered calcium metabolism are, on the other
hand, clearly more common and often more severe in patients with chronic
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interstitial disease than they are in patients with other types of chronic
renal failure. Symptomatic renal osteodystrophy, severe hypocalcemia, and
non-skeletal manifestations of hyperparathyroidism or of Vitamin D deficiency
all occur much more commonly, and often develop much earlier in patients with
interstitial disease. At some point in the course of chronic renal failure
of any cause, the production of 1,25 dihydroxy vitamin D is decreased as a
result of a decrease in the activity of the enzyme responsible for 1 hydroxy-
lation of 25 hydroxy Vitamin D. It has not been demonstrated that 1,25
dihydroxy Vitamin D production is decreased earlier, or to a greater degree,
in chronic interstitial renal disease, although it is logical to assume that
this might be the case. It is also conceivable that the increased frequency
of complications related to abnormal calcium homeostasis in patients with
chronic interstitial disease is simply a consequence of the prolonged duration
of their renal failure. Abnormalities of calcium metabolism which were
quantitatively the same in interstitial disease as in other forms of renal
failure could, as a result of their prolonged presence, result in more severe
consequences.

Hypertension is a common complication of chronic interstitial disease and
unlike the hypertension that occurs in primary glomerular disease, it is
usually not a consequence of subtle volume expansion. Whether it is caused
by a decrease in the production of an,as yet,unidentified vasodepressive
hormone is completely unknown.

Hyperkalemia normally does not complicate chronic renal failure until
very severe - essentially end-stage renal failure is present. In a small
percentage of patients with chronic interstitial disease, hyperkalemia which
is not due to severe renal failure occurs. In the majority of these cases,
the cause of the hyperkalemia is a decreased production of renin. The
resulting syndrome - hyporeninemic hyopaldosteronism - will be discussed
below.

A final set of clinical features which can aid in the diagnosis of chronic
interstitial renal disease, are those which are a consequence of abnormal
tubular function. A1l patients with chronic renal disease - whatever its
cause - have abnormalities of tubular function. In patients with chronic
interstitial disease, these abnormalities develop earlier and are more
severe than they are in patients with primary glomerular disease. The
increased severity of the tubular abnormalities, combined with the longer
period of time they are present, make it much more likely that they will
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cause clinical complications in patients with interstitial disease than in
those with other types of renal failure.

For example, although an inability to Tower the urinary excretion of
sodium in response to decreased sodium intake or volume depletion
complicates all forms of chronic renal failure, it is more pronounced in
cases of chronic interstitial disease. As a consequence, volume depletion
and its attendant clinical complications occur much more commonly in patients
with interstitial disease.

Urinary sodium Tosses can be so high in chronic interstitial disease that
volume depletion develops despite the ingestion of a normal or even a high
sodium intake. Fortunately, such severe salt wasting is a rare complication
of chronic interstitial disease - it occurs in only a small proportion of
patients with medullary cystic disease or obstructive nephropathy. The
typical patient with interstitial disease can maintain a normal extracellular
fluid volume as Tong as sodium intake is normal. If the intake of sodium
is decreased, or if the non-renal Tosses of sodium containing fluid is
increased, however, volume depletion develops as a consequence of continued
urinary sodium losses. Because this defect in sodium conservation is present
over a prolonged period of time in patients with interstitial disease, volume
depletion is 1ikely to be a clinical problem on one or more occasions in such
patients.

An inability to conserve water as a result of a defect in urinary
concentrating ability is also a feature of all forms of chronic renal failure.
The defect in urinary concentrating ability develops earlier and is more
severe in patients with chronic interstitial disease. A small number of
patients with interstitial disease have frank nephrogenic diabetes insipidus;
most, however, simply cannot concentrate their urine much above isotonic
levels. Polyuria is, therefore, a common clinical feature of chronic
interstitial disease.

A defect in the excretion of hydrogen ions also develops earlier in
patients with chronic interstitial disease than it does in those with other
forms of renal failure. The decreased ability to excrete the hydrogen ions
is in most cases, a consequence of a decreased production and excretion of
ammonia. In the face of decreased ammonia excretion, the daily load of acid
cannot be excreted despite the presence of a low urine pH. Since the defect
in hydrogen ion excretion develops before the glomerular filtration rate has
fallen enough to cause the retention of organic anions, a hyperchloremic
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acidosis rather than an anion gap acidosis develops initially. Later as the
GFR falls further, the hyperchloremic acidosis is replaced by the anion gap
acidosis which is typical of advanced renal failure of any cause. Because
hyperchloremic acidosis is much more common in chronic interstitial disease
than it is in primary glomerular disease, its presence can aid in diagnosis
of interstitial disease.

It should be mentioned that a small proportion of cases of chronic
interstitial disease are complicated by the development of classical renal
tubular acidosis and that patients with renal tubular acidosis who develop
secondary renal failure develop an interstitial renal disease.

As mentioned previously, hyperkalemia usually does not complicate the
course of renal disease until severe - essentially end-stage renal failure
is present. The majority of patients with chronic interstitial renal disease
are indistinguishable from those with renal failure of any other type in
this regard - that is they do not develop early hyperkalemia. Some cases of
chronic interstitial disease are, however, complicated by hyperkalemia which
is not explained by the Tevel of renal insufficiency. In these cases,
hyperkalemia either occurs spontaneously, or more commonly, develops in
response to a sudden increase in the load of potassium which must be
excreted. The pathophysiologic explanation of the hyperkalemia in these
patients is either hyporeninemic - hypoaldosteronism or tubular unresponsive-
ness to the action of aldosterone.

Hyporeninemic hypoaldosteronism is responsible for the majority of causes
of early hyperkalemia. This syndrome is characterized by the presence of
Tow Tevels of renin which cannot be increased by normal manuevers which
stimulate its release. Aldosterone levels are low secondary to the low renin
levels and potassium excretion is low because of the low aldosterone levels.
This syndrome appears to occur more commonly in some types of chronic
interstitial disease than in others. The majority of the reported cases have
had diabetes mellitus; and a number have had lead, uric acid, or analgesic
nephropathy.

Tubular unresponsiveness to aldosterone is the other cause of early
hyperkalemia. It too occurs only in patients with chronic interstitial renal
disease. Thus far, it has only been convincibly demonstrated in transplant
rejection, Tupus interstitial renal disease, and sickle cell nephropathy.

In this syndrome, aldosterone levels are high, but potassium excretion is
Tow.
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Those are the clinical features of chronic interstitial renal disease.
Ascertaining whether each is present or absent in a patient with chronic renal
failure will allow you to determine, in most cases, whether an interstitial
disease is responsible for the azotemia.

If the patient has an interstitial disease, the next step is to determine
its etiology. Although there are many causes of chronic interstitial renal
disease, the majority of causes are secondary to one of a fairly small number
of causes. Anatomic abnormalities - including reflux - are responsible for
the vast majority of cases. This is especially true in children and young
adults. Prolonged analgesic use and nephrosclerosis are important causes
of interstitial renal disease in the adult, but probably uncommon causes in
children. The deposition of calcium salts, uric acid, or cysteine in the
tubules and interstitium can lead to chronic interstitial scarring. The
relationship of stone forming disease and sickle cell disease to chronic
interstitial disease is well-known to all of you.

Medullary cystic disease, although given a name of its own, actually causes
renal failure through a process of interstitial scarring. Heavy metal toxicity
can cause chronic interstitial disease; the most common example of this type
of disease is lead nephropathy. Radiation nephropathy has fortunately become
relatively rare due to the use of new shielding techniques. It is still a
problem in some individuals who receive large doses of radiation to areas
close to the kidneys. The best examples of immunologically induced
interstitial disease are acute interstitial nephritis and transplant rejection.
Immunologic events are, however, almost certainly involved at some stage in
the pathogenesis of all types of chronic interstitial disease.

As I'm sure most of you are aware, the role of bacterial infection in the
pathogenesis of chronic renal failure is unsettled. A thorough discussion of
the controversy surrounding this issue is certainly beyond the scope of this
presentation. It is sufficient to say that bacterial infection alone is rarely,

‘ﬁ?tever, the cause of renal failure. In every case of interstitial renal
disease, even if infection is present, other possible causes of the renal
failure should be thoroughly investigated.

The cause of some cases of interstitial disease remain obscure despite
an exhaustive search. Perhaps 5% of cases must currently be considered
idiopathic.

Once the etiology of the interstitial disease has been identified, it
should, if possible, be removed or treated. The level of renal failure can,
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in many patients, be stabilized or in some, improved by treatment of the cause.
If these efforts are not successful, one must be content with treating the
patient as his/her renal failure progresses. In this task, knowledge that
the patient has an interstitial disease permits you to predict that certain
complications are likely to occur and to be alert to their development.
Recurrent volume depletion, long-standing metabolic acidosis, and renal
osteodystrophy are three types of complications whose effects on the patient
can be minimized by proper treatment.

Thus, to offer the best diagnostic and therapeutic help to the patient
with azotemia, it is necessary to be aware of the clinical features of

interstitial renal disease.
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PATHOLOGY OF INTERSTITIAL NEPHRITIS

ELFENBEIN, I. BRUCE

In this review will be presented a working definition of the pathologic
changes that constitute interstitial nephritis, a classification of morphologic
types, descriptions of the histologic features of the types, a discussion of
the various causes of interstitial nephritis and some discussion of the prob-
lems in the morphologic diagnosis of interstitial nephritis.

Why is there a need to develop a working definition of "interstitial

"inflam-

nephritis'"? Shouldn't "interstitial nephritis'" be considered to be
mation in the interstitium of the kidney"? The first table shows that
inflammation within the interstitium of the kidney is found to accompany most
primary vascular diseases and most glomerular diseases. Inflammatory reactions
in the interstitium are also a prominent morphologic component of the changes
observed in acute renal failure be it either true morphologic "acute tubular
necrosis" or the more common '"tubulo-interstitial nephropathy'" without obvious
tubular cell death. It would seem, therefore, that the simple presence of
inflammatory cell exudates and edema and/or fibrosis in the renal interstitium
does not define a morphologic condition that should be called interstitial
nephritis.
Table 1. Non-Interstitial Diseases in Which Interstitial Inflammation

May Be a Major Component

VASCULAR DISEASES

Ischemic
Vasculitides
Infarcts

GLOMERULAR DISEASES

Primary Glomerulonephritides

Systemic Glomerulonephritides




96

Table 1. Non-Interstitial Diseases in Which Interstitial Inflammation
May Be a Major Component (continued)

ACUTE RENAL FAILURE

Acute Tubular Necrosis
(with tubular cell necrosis)

Tubulo-interstitial Nephropathy
(ATN without tubular cell necrosis)

Our working definition of interstitial nephritis is two-fold: First,
there is a range of tubular damage and interstitial inflammatory cell infil-
trates with either edema or fibrosis or both; second, there is relative or
absolute preservation of the morphologic integrity of the glomeruli and blood
vessels. As a corollary, the amount of tubular and interstitial damage must
be greater than the glomerular and vascular damage in order to establish the
diagnosis of interstitial nephritis. There is an overlap at one end of the
spectrum between the morphologic changes of acute renal failure (tubulo-
interstitial nephropathy) and those of acute interstitial nephritis.

Morphologically, interstitial nephritis can be classified in each of two

ways. The anatomic distribution of lesions forms the basis for the first

classification. Lesions can be characterized as either diffuse or widespread
vs. localized. See Table 2. The second basis of classification is on the

apparent age of the lesions: 1i.e., acute vs. chronic vs. mixed forms.

Table 2. Anatomic Classification of Interstitial Nephritis

DIFFUSE OR WIDESPREAD LOCALIZED
1. Uniform or widespread and 1. Localized lesions (often at
repetitive lesions renal poles) with large
2. Infiltrates and/or fibrosis zones of spared parenchyma
without destroying gross 2. Infiltrates and/or fibrosis
architecture with distortion of gross
architecture

In localized forms of interstitial nephritis one or more different
regions of a kidney may be involved. This is often associated with distor-
tion of the architectural pattern of the involved region, particularly in
the chronic type of localized interstitial nephritis. The vast majority of
cases of localized interstitial nephritis are due either to infection or
changes secondary to vesicoureteral reflux with or without infection.
Because of sampling error it is possible that representative lesions in the

localized forms of interstitial nephritis may not be present in biopsy
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specimens.

The diffuse or widespread type of interstitial nephritis is characterized
by either relatively uniform involvement of the cortex and adjacent medulla
or repetitive involvement of similar zones throughout the entire kidney. An
example of the latter is the perivenous localization of inflammatory cell
reaction in mild forms of rejection reaction. Generally, the uniform or
repetitive pattern of involvement is not associated with distortions of the
architectural pattern of the kidney.

The apparent age of interstitial lesions may be classified into acute vs.
chronic types. The most significant difference between these two types is
the presence of interstitial fibrosis in the chronic type and interstitial
edema without fibrosis in the acute type. Table 3 summarizes the cellular
characteristics of the inflammatory cell reactions. The heterogenous nature
of the inflammatory cellular reaction seen in the acute type may be determined
either by the etiology of the disease or by the timing of the biopsy in
relation to the biology of the disease. Neutrophils and eosinophils will
predominate very early in the acute type. Lymphocytes and plasma cells will
predominate when cell mediated immune reactions are the mechanism and also
in the later phases of the acute reaction. Neutrophils, especially, and also
eosinophils will not be present in chronic interstitial nephritis. Classifi-
cation into acute or chronic types has major prognostic significance. Gener-
ally, the loss of renal function that results from chronic interstitial
nephritis cannot be reversed even if the cause is removed. The best that
can be expected is stabilization of function at approximately the level of
loss at diagnosis. On the other hand, in acute interstitial nephritis the

loss of function is potentially totally reversible.
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Table 3. Pathology of Interstitial Nephritis

ACUTE CHRONIC
INTERSTITIUM INTERSTITIUM
1. Edema 1. Fibrosis
2. Inflammatory infiltrates 2. Inflammatory infiltrates
a. Neutrophils a. Lymphocytes
b. Eosinophils b. Plasma cells
c. Lymphocytes c. Macrophages

d. Plasma cells

e. Macrophages

TUBULES TUBULES
1. Degeneration 1. Atrophy
2. Necrosis 2. Disappearance
GLOMERULI GLOMERULI
1. No change 1. Relative preservation
2. Periglomerular inflammation 2. Periglomerular fibrosis

3. Atrophy and hyalinization

BLOOD VESSELS BLOOD VESSELS
1. No change 1. Probable arteriosclerotic
changes

THE ETIOLOGIES OF INTERSTITIAL NEPHRITIS

There are a wide variety of causes of interstitial nephritis. Table 4
attempts to create an outline of the various causes and to place them in
the context of the gross morphology: i.e., diffuse or widespread vs.
localized interstitial nephritis. Of necessity radiation nephritis and
obstructive uropathy may appear under both headings. Whether radiation
nephritis is diffuse or localized depends on whether or not part or all of
the kidneys are exposed to the ionizing radiation. Obstructive uropathy
may be bilateral and relatively equal in severity or unilateral and even

segmentally localized.
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Table 4. Causes of Interstitial Nephritis
DIFFUSE OR WIDESPREAD LOCALIZED
1. TOXIC INFECTION
direct tubular toxins
2 HYPERSENSITIVITY REFLUX NEPHROPATHY
reactions to drugs with or without infection
3. METABOLIC RADIATION
hypercalcemia, hypokalemia,
gout
4. IMMUNOLOGIC OBSTRUCTIVE
rejection, SLE
5. ENVIRONMENTAL NEOPLASMS

Balkan nephropathy direct infiltration

vascular involvement

6. HEREDITARY
Alport's, medullary cystic
disease, medullary sponge
kidney

7. OBSTRUCTIVE
8. RADIATION

In many situations a careful history and physical examination will elicit
the cause of the interstitial nephritis. Careful correlation of history,
physical examination and laboratory studies is of great importance because
most of the morphologic findings of interstitial nephritis are non-specific.
Furthermore, in order to make some anatomic diagnoses such as urate nephro-
pathy, the diagnosis must be suspected in advance and tissue must be fixed
in absolute alcohol rather than the usual fixatives. On the other hand,
some diseases may be diagnosed or suggested by specific histopathologic fea-
tures. Examples of the latter include: massive oxalate crystal deposition
(crystals polarize) in oxalate nephropathy; calcified casts and calcified
tubular cells and tubular basement membranes in hypercalcemic nephropathy;
large clear vacuoles in proximal and occasionally distal tubular cells in
hypokalemic nephropathy; eosinophilic intranuclear inclusions in tubule cells
in lead nephropathy; large intranuclear inclusions with halos in cytomegalic
virus infection; multinucleation of glomerular epithelial cells and peculiar
inclusion bodies in cystinosis; tophi with urate crystals and giant cell
reaction in gout; specific neoplastic infiltrates particularly of leukemias
and lymphoproliferative diseases; interstitial foam cells in association

with irregular glomerular lesions histologically and lamellation of GBM by
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electron microscopy in Alport's hereditary nephritis; non-caseating granu-
lomas in the active phase of sarcoidosis; specific membranous inclusions in
tubular cells in toxic reactions to the aminoglycoside antibiotics; ectasia
of medullary collecting ducts in medullary sponge kidney; cysts in lower
cortex and upper medulla with cortical atrophy in medullary cystic disease;
marked glomerular hypertrophy in oligomeganephronia; yellow autofluorescence
of renal tubules in tetracycline toxicity.

In some cases there may be a differential diagnosis between "acute
tubular necrosis" and hepatorenal syndrome. Most patients with hepatorenal
~syndrome, but not those with ATN, have hypertrophy of the juxtaglomerular
Vapparatus. They also have more calcium casts and are more likely to have
bile stained oxalate crystals.

There has been a rising incidence of patients with one primary renal
disease acquiring a superimposed interstitial nephritis. In most instances
the interstitial nephritis is drug related. Many of the patients biopsied
for steroid—depéndent lipoid nephrosis and who have also received Lasix.
have shown scattered tubular calcifications with an adjacent low grade inter-
stitial inflammatory cell reaction. This may be due to the hypercalcuric
effects of the Lasix. This can cause confusion with the diagnosis of focal
segmental sclerosis by causing tubular atrophy. A smaller group of patients
with nephrotic syndrome and treatment with both lasix and one of the syn-
thetic penicillins have developed overt acute renal insufficiency and even
acute renal failure. Biopsies of these patients have shown a non-specific
diffuse interstitial nephritis superimposed on the underlying glomerular
disease.

In transplanted patients the problem of the cause of renal insufficiency
will arise with increasing frequency. Recently, one such patient treated
with a synthetic penicillin, lasix, and suspected of having cytomegalic
vwirus infection or enhancement of rejection was biopsied. In these in-
stances if specific findings such as intranuclear viral inclusions cannot
be demonstrated, a specific diagnosis of the cause of the interstitial
nephritis cannot be made and the best solution is to remove all potentially
causative agents and follow the patient closely. The most obvious problem
in transplanted patients may be the differential diagnosis between rejec-
tion and "acute tubular necrosis'. If acute tubulo-interstitial nephro-

pathy is the cause, it will be manifested morpholically by dilatation of
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cortical tubules, flattening of the tubular epithelium, and a variety of
tubular casts without inflammatory cells. Rejection is characterized by
interstitial inflammation, particularly of plasma cells, lymphocytes, and
immunoblasts, tubular cell swelling with or without infiltration by lympho-
cytes. Both conditions will have interstitial edema.

Interstitial inflammation may be a prominent feature in the kidney
biopsies of some patients with systemic lupus erythematosus. Rarely, it
has been the major feature. Most commonly the interstitial inflammation in
SLE is associated with the more severe forms of glomerular injury with either
or both diffuse proliferative glomerular lesions or crescents. In these
cases the predominant cell type is the plasma cells. Many of these cases
the immunofluorescence will also show granular 1gG deposits along the
tubular basement membranes. If interstitial inflammation is a prominent
histologic feature in SLE patients with membranous glomerulonephritis, a
superimposed, non-SLE related, condition should be suspected.

In summary, a working definition of interstitial nephritis has been
presented: interstitial inflammation and/or fibrosis and tubular damage
with relative preservation of glomeruli and blood vessels. It has been
divided into diffuse/widespread or localized forms; and into acute or
chronic forms (with resultant prognostic significance). The histologic
characteristics have been described. In most instances the histology of
interstitial nephritis is not specific for its etiology. A partial list of
discriminating features to diagnose specific etiologies has been given.
Interstitial nephritis has been recognized as being superimposed on other
underlying renal diseases. It is likely in the future with newer thera-
peutic modalities that this will become a greater problem in the diagnosis

and treatment of patients with renal disease.
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\
HENOCH-SCHbNLEIN PURPURA : A PROBLEM OR NOT?

R. H. R. WHITE

I am not sure what sort of response the Chairman of this
Symposium expected to the question posed in the title which he gave
me; the short answer is 'yes and no'! It is well recognised that the
only significant mortality associated with Henoch-Sch¥nlein (HS)
purpura today is the outcome of serious renal involvement; I propose
to review some of recently published data concerning the renal
prognosis, as well as presenting some new findings.

Contributions to the literature during the past decade give the
impression that the condition is more common in Europe and Japan than
in America, and this is also reflected by the numbers of patients
entered into a therapeutic trial conducted by the International Study
of Kidney Disease in Children (ISKIC) by January, 1950 (Table 1).

Table 1. Geographical distribution of HS Nephritis (ISan' January, 1980)

Zone Centres Patients
United Kingdom 3 35
Rest of Europe 4 18
North America 6 20
Mexico 1 1

The incidence of renal involvement in HSP is difficult to assess;
it depends on the population studied and the criteria used to define
renal involvement. Some recent studies (1-3) give a range of 41-60.5%
renal involvement using acceptable criteria. However, it is pertinent
that Greifer et al. (4) and Meadow et al. (5) independently observed
mild focal glomerulonephritis in biopsy specimens obtained from children

without clinical evidence of nephritis, so the true incidence may be
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somewhat higher.

There is a small but significant death rate from renal failure; 3—7.7%
of children entering dialysis programmes in Europe (6,7) were suffering
from HSP. Counahan et al. (8) reported that 14% of a group of 88 children
followed up for a mean of 10 years had died or were in chronic renal failure
(CRF), while a further 10% had active disease. However, their patients
were mostly selected on the basis of comparatively severe illness
clinically, and the mortality rate is an over—estimate. In a large
Japanese series (3), 123 (60.6%) out of 203 children with HSP showed
renal involvement and the estimated death rate of the latter (allowing
for 10 children lost to follow—up) was 8.9%.

Prediction of the outcome has been the focus of a good deal of
attention in the past decade. Good prognostic criteria are needed because
treatment with cytotoxic drugs is, at best, of dubious value (5,7,8), and
it is therefore desirable to elaborate a means of detecting those patients
who are most greatly at risk, and in whom exposure to the potential hazards
of these drugs is justified. For several years the ISKIC has been
conducting a controlled trial in which a 6 weeks' course of cyclophosphamide
is compared with supportive treatment only. However, the number of
patients who have satisfied the trial criteria and have completed 2 years?
follow—up is yet too small to yield meaningful results.

A clinical presentation with a mixed nephritic-nephrotic pattern has
for many years been recognised as denoting a poor prognosis (5,7,8), and
this is further substantiated in a new study recently completed at the
Birminghem Children's Hospital by Drs. Yoshikawa, Cameron and myself (9).
Even so, 47—54% of these patients were either in complete remission or
had only minor urinary abnormalities an average of 6-10 years after onset
(9,8). Counahan et al. (8) extended the minimum observation period of
the patients originally reported by Meadow et al. (5) from 2 to 6%—years
and noted that the proportion of patients who had either died, were in
CRFy or showed active disease had increased from 20~24%. A disturbing
feature was that 4 children with a non-nephritic clinical presentation
were doing badly; one had died, one was on regular dialysis and two were
in early CRF. Thus the clinical presentation is not a very good
discriminator of prognosis.

The involvement of a high percentage of glomeruli with epithelial
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crescents is claimed by a number of authors (2,7,8,9) to denote a bad
prognosis. However, Counahan et al. (8) drew
EPITHELIAL CRESCENTS

Distribution according to
level of section

attention to the problems of defining crescents
and quantitating them with reasonable accuracy.
The figure illustrates how histological
sections at different levels in individual
glomeruli may under- or overestimate both the

size of crescents and the number of glomeruli

affected. Even when allowance is made for this, _ _J//’
it should be realised that the number of - —
patients with more than 75% of affected —\\\

glomeruli is small:— 6% (8), 11% (9) and

21% (7) in three recent series in which

patients were already selected for biopsy

because of their clinical severity. The group of patients in whom
prognostication is particularly hazardous are those with 50-75% crescentic
glomeruli, of whom approximately 60% appear to do well (8,9).

The immunofluorescence pattern of HS nephritis is predominantly
diffuse mesangial IgA, often with lesser deposits of other immunoglobulins
and complement components, especially C3. Capillary wall deposits are
sometimes observed, especially in those cases with extensive crescent
formation (7).

A number of workers have reported the electron microscopic (EM)
changes in HS nephritis but with little or no comment on their prognostic
significance (10). Electron-dense deposits are predominantly mesangial
but are also seen in subendothelial and subepithelial locations, the
latter somewhat less frequently (7,9,11-14). Our own data, which has been
submitted elsewhere for publication in detail (9), shows some interesting
correlations between certain ultrastructural abnormalities and the prognosis.
After a mean observation period of 6 years the clinical status of each
patient was classified according to the system used by Counahan et al. (8):

State A — Normal: physical examination (including blood pressure),
urine and GFR all normal;

State B — Minor urinary abnormalities: normal physical examination
and GFR, with microscopic haematuria or proteinuria < 40 mg/h/m

(< 1.0 g/24n); -

State C — Active renal disease: proteinuria ) 40 mg/h/m G g/24h)
or hypertension (diasﬁolic BP persistently » 90 mmHg) or both, with
GFR » 60 ml/min/1.73m".
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State D — Renal insufficiency: active renal disease but with GFR
< 60 m1/min/1.73m= (including dialysis and transplantation) or
deceased.

Table 2 shows the results in 50 children with adequate EM tissue
available for examination. It can be seen that all 6 children in state D

and 3 out of 5 in state C showed subepithelial deposits associated with

Table 2. relationship between location of deposits on EM and outcome (9).

Follow—up status

Location of deposits n A B C D
None 1 1
Mesangial only 16 9 6 1
Mesangial + subendothelial 17 12 4 1
Mesangial + subepithelial 1 1
All 3 locations 15 3 3 3 6

subendothelial and mesangial deposits. Heaton et al. (14) noted that
subepithelial deposits were generally seen where the light microscopy
changes were more severe, although they did not discuss the relationship
to outcome.

Finally — and surprisingly - we observed clusters of 'lead shot!
microparticles in the lamina densa or mesangial matrix in 16 out of 35 EM
specimens examined; they were present in 9 out of 10 children in states

C and D at follow—up (Table 3). These are probably paracrystalline

Table 3. Prognostic significance of %lead shot' microparticles 9).

tLead shot? Follow-up status
microparticles n A B c D
Present 16 5 ) 4 5
Absent 19 7 11 1

structures of protein origin, perhaps resulting from glomerular injury
or immune complex deposition (15), and we have observed them in a variety
of other nephropathies.

In summary, more than half of all children suffering from HSP will

have renal involvement and, although up to half of these will exhibit a
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seemingly severe clinical presentation, less than 10% of affected children
will have their lives threateneds Predicting this last group is of
considerable importance because there is little evidence that treatment
favourably influences the outcome in the remainder. The clinical presentatic
alone is a poor discriminator of outcome although an acute nephritic onset
is an indication for renal biopsy. In order to increase the precision of

prognostication, both light and electrommicroscopy should be performed.
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MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS: CLASSIFICATION AND TREATMENT

CLARK D. WEST, M.D.

1. INTRODUCTION

Considerable experience has been gained with membranoproliferative
glomerulonephritis since it was first recognized in 1965 (1). It has
been shown to consist of three diseases wﬁich have many factors in common
but differ in glomerular morphology at the ultrastructural level.
Little is known about differences in their pathogenesis.

The following discusses the distinguishing features of these three
diseases, then indicates what is known of their pathogenesis and finally,

discusses the results of treatment.

2. CLASSIFICATION

The three diseases do not differ clinically. Presentation may be by
the chance finding of proteinuria and hematuria or by advent of asympto-
matic gross hematuria, of a nephrotic syndrome or of an acute nephritic
syndrome. In many, the acute symptoms, if present, subside and for long
periods the patients exhibit only microhematuria and proteinuria and have
normal renal function. Eventually, however, function deteriorates and
end-stage disease is usually preceded by 18 to 24 months of increasing
azotemia, nephrotic syndrome and hypertension.

The distinguishing features of these three diseases lie in their
glomerular morphology and, as will be noted later, in the response of
glomerular morphology to treatment. Differences in morphology are
summarized in Table 1. Type I, which is most frequently encountered, has
subendothelial and mesangial deposits and the basement membrane is
intact. The mesangial deposits seem to be capable of producing a most
severe inflammatory reaction in that the glomerulus is extremely prolif-
erative, resulting in marked mesangial interposition, great thickening of

the capillary walls, and glomerular enlargement.
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Table 1. Frequency and distinguishing features of glomerular
morphology in the three types of MPGN
. Glomerular Basement Mesangial
Incidence deposits membrane cellularity
Type 1 507% Subendothelial Intact 4+
Mesangial
Type II 20% Mesangial Intramembr. + o= 4+
Subepithelial "deposit"
occasionally
Type III 30% Subendothelial Disrupted, + - 4t
Subepithelial frayed,
Mesanglal replicated

Type II is characterized by mesangial and occasionally subepithelial
deposits and by densification of the lamina densa of the glomerular
basement membrane, giving the appearance of an intramembranous deposit.
This densification is responsible for the designation ''dense deposit
disease". The densification does not appear to do harm; the glomeruli of
renal transplants in patients with this disease frequently develop the
same basement membrane abnormality but often have no signs of glomerulo-
nephritis (2). The dense basement membrane may represent a unique
degenerative change; we have seen a similar abnormality in the basement
membranes of patients with idiopathic rapidly progressive glomeruloneph-
ritis (3). The mesangial deposits do not produce as severe an inflamma-
tory reaction as they do in Type I and the glomerulus is less prolifera-
tive than in Type I.

Among the questions that arise concerning this disease are the origin
of the basement membrane abnormality, the reasons for the association of
the disease with partial lipodystrophy and for the frequent presence of
C3 nephritic factor. The C3 nephritic factor is found occasionally also
in patients with Type I, with lupus and with post-streptococcal
glomerulonephritis, but is most frequent in Type II. We have not found
it in any of 17 patients with Type III.

Type III MPGN is noteworthy for the markedly altered glomerular
basement membrane which is best appreciated in silver impregnated
specimens (4). There are subendothelial, subepithelial and mesangial
deposits. The basement membrane appears to respond to the deposits in
that it tends to replicate and surround them much as it does in membran-
ous nephropathy but in a more disordered fashion. The result is a
basement membrane which appears frayed, laminated and fenestrated. These

changes, in our experience, are permanent. On the other hand, the



110

mesangial deposits often do not produce as severe an inflammatory
reaction as occur in the other two forms. In fact, the proliferation
varies widely in extent; the glomeruli of some patients are minimally

proliferative and resemble those seen in membranous nephropathy.

3. PATHOGENESIS

Although MPGN apparently results from glomerular deposition of
complement reactive material, details of the pathogenesis are lacking.
Others have detected immune complexes in the circulation but no attempt
has been made to correlate them with the clinical course. Dr. Charles A.
Davis, in our laboratory, correlated clinical course with the levels of
complexes detected by the solid phase Clq method (5). Since, in this
method, the complexes are ultimately detected by their ability to react
with radiolabeled IgG, they, by definition, must contain IgG as well as
be reactive with Clgq.

The results for specimens obtained when the patient was first seen

are shown in Fig. 1. For contrast, the results in a series of patients
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with lupus nephritis are also shown. It is apparent that complexes are
present in all three Types. They tend to be somewhat more abundant in

Type I but this was not statistically significant. In none of the
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diseases were they as abundant as in lupus nephritis.

The correlation between levels of the complexes and clinical course
was the opposite of that which might be predicted. Thus, as seen in
Table 2, complexes were present in 100% of the patients whose disease was
judged mild in that they had minimal or no proteinuria and hematuria.

To the contrary, complexes were infrequently found in those whose disease

had progressed to renal insufficiency or would develop renal

Table 2. Correlation between clinical status and presence of
circulating immune complexes in 39 patients with MPGN

Clinical Status Complexes present/ percent
total patients
Mild or "silent" glomerulonephritis 6/6 100
Typical MPGN without renal 11/23 48
insufficiency
Renal insufficiency present 1/10 10

or 1mminent

insufficiency in a few months. Patients between these extremes had
complexes detectable with a frequency of about 50%. These results might
indicate that the complexes detected are not nephritogenic; they may be
by-products of an immune response and not harmful to the host. If the
complexes measured are nephritogenic, the glomerular insult must occur
early in the disease and, at that time, the subsequent course programmed
to evolve in the absence of circulating complexes.

We tend to feel that the complexes measured are not nephritogenic but
that complexes containing immunoglobulin are, on the other hand, respon-
sible for the pathogenesis of Type I but may not be for the pathogenesis
of Types II and III. That the complexes measured are not nephritogenic
is evidenced by the fact that in the face of the continuing presence of
complexes over periods of up to 11 years, several patients showed no
signs and symptoms of progressive nephritis and, indeed, glomerular
morphology may greatly improve despite high levels of complexes.

Evidence that immunoglobulin containing complexes are, on the other
hand, responsible for Type I disease is the fact that (a) IgG
determinants are usually found in the glomerular deposits (6) (b) that
the disease responds well to therapy with corticosteroid as does lupus
and (c) that glomerular morphology resembles closely that which can be

seen in nephritides which are undoubtedly of immune complex origin. A



112

prime example of the latter is the nephritis of chronic bacteremia in
which morphology identical to idiopathic Type I may be seen (7,8).

That immunoglobulin containing complexes are not responsible for
Types II and III is suggested by the lack of IgG in the glomerular
deposits (6,9). Whereas this may be due to covering of Ig determinants
by complement or to rapid loss of Ig integrity, it seems equally possible
that some form of non-Ig containing complement reactive material is
depositing.

Regardless of the pathogenic significance of the complexes detected
by the solid phase Clq method, the observations indicate that their
measurement is of little diagnostic or prognostic value and has no
advantage over measurements of serum complement levels in following the

response to therapy.

4. THERAPY

The actuarial survival of renal function in 37 patients treated with
high dose long term alternate day prednisone can be compared with the
survival of untreated patients in Fig. 2. The abscissa indicates the
total duration of the disease. The dashed lines give the survival of
three series of patients who had no treatment or were treated sporadical-
ly. One is the series reported by Davis, et al. (10), another, the 105
patients reported in 1973 by Habib, et al. (11) and the third is our own
experience with 17 patients who had no treatment (12). The survival of
our 37 treated patients is significantly better than that in the other
three series. Of the 37, three have developed ESRD in the 16 year
period. All three had had their disease for 4 to 8 years before treat-
ment started and renal biopsy at the start of therapy indicated severe
glomerular involvement. Our impression is that treatment would have been
successful in these children if it had been started earlier.

There are differences in the response of the three types to treatment
and, in fact, this is one of the prime reasons for distinguishing types.
We feel that all three diseases can be rendered inactive by this form of
therapy, using as criteria for inactivity the disappearance of hematuria
and normalization of the complement profile. However, when the disease
is inactive, proteinuria often continues unabated and hypertension may

remain a problem. Type I disease responds well to treatment if it is
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initiated earlv. Deposits disappear and proliferation greatly dimin-
ishes. When therapy is initiated late, progression may be halted but

hyvoproteinemia, nephrotic syndrome and hypertension often persist.
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Treatment in Type II disease has also been successful although our
experience is not large (12). Of 7 patients treated for 3 years or
longer, one has developed ESRD and one is lost to follow-up. The remain-
ing 5 are doing well after being treated for an average of 8 years. Two
of these have delivered healthy infants without complications. The
abnormality in the basement membrane persists but overall glomerular
morphology improves.

The response of the glomerular morphology of Type III to treatment
is, on the other hand, minimal. As can be seen from the data in Table 3
(12), most of the patients with Type I or Type II disease had a marked or
at least moderate increase in the number of open capillary lumens 2 years
after the start of treatment whereas this evidence of improvement was not
seen in those with Type III. Perhaps related to this is the observation
that there was no loss of capillary wall deposits whereas in Type I,
these deposits frequently disappeared. Despite the persistence of very

abnormal morphology in Type III, treatment seems to be of value; 9 of the
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10 we have treated for an average of 5 years have evidenced no progres-

sion.

Table 3. Changes in glomerular morphology after 2 years of treatment
according to type of MPGN.

Type 1 Type II Type III
n =12 n=>5 n==6

per cent per cent per cent

Number of open capillary

lumens:
Marked increase 75 60 0
Mod. to slight increase 17 20 0
No increase 8 0 100
Loss of capillary wall deposits 83 0 0

We feel it is important for successful therapy to use high doses of
prednisone initially. The maximum for children over 40 kg is 80 mg
q.o.d. and for children less than 40 kg, the dose is at least 2 mg/kg.
This dose is continued for one year and then can be reduced if the
complement profile becomes normal and the hematuria has diminished or
disappeared. It may take more than a year for the disease to become
inactive by these criteria and in many children, high doses have been
maintained for 3 or more years. Subsequently, the dose has been slowly
diminished so that patients treated for 5 or 10 years may be taking only
20 mg q.o.d. We have on occasion seen, after several years of treatment,
the complement profile again become abnormal or hematuria develop. When
the alternate day dose is increased, these abnormalities disappear.

Anecdotal observations have given evidence that prednisone given
daily should not precede the alternate day regimen. Several patients
given prednisone daily in divided dose for several weeks have shown
irreversible deterioration.

The high dose alternate day therapy has not produced alarming side
effects. Many of the children gain weight, develop slight moon facies
and growth in height may be transiently slowed (12). However, height
velocity returns to normal when the dose is reduced. The regimen has not
produced striae, cataracts or osteoporosis and it does not greatly
augment blood pressure in those already hypertensive.

It should be pointed out that the dose of prednisone used on

alternate days in the treatment protocol .for MPGN in the International
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Study was 2/4 of that which was used in our patients. The results of the

International Study would suggest that the lower dosage significantly

reduces the effectiveness of the regimen. It also should be noted that

it is not optimum to treat these patients according to a strict protocol

since the duration of high dose treatment is not fixed but dependent on

the response of the patient.
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PLASMA CATECHOLAMIMES IM NORMOTENSIVE CHILDREN AND IN CHILDREN WITH ESSEN-
TIAL HYPERTENSION

J.G. MONGEAU, A. DAVIGNOM, A. LAMARRE and J. DE CHAMPLAIN*

1. INTRODUCTION

In the Tast decade, the availability of highly sensitive radioenzymatic
techniques has permitted the accurate and reproducible measurement of circula-
ting catecholamines in human plasma. Under standardized protocols, it has
been possible to use those measures as a valid index of sympathetic activity
in man.

The purpose of the present study was to evaluate supine and standing plasma
catecholamines (CA) and norepinephrine (NE) Tlevels in children suffering from
essential hypertension. These observations were correlated with cardiovascu-
lar parameters to determine whether a state of sympathetic hyperactivity could
play a role in the development of essential hypertension early in life in a
subgroup of patients.

2. DEFINITIONS AND METHODS

The hypertensive subjects were chosen according to the following criteria:
thirty-eight (38) children, aged 5 to 20, were selected on the basis that
their blood pressure was found above two standard deviations of the normal
values for French Canadian children (1) after measurement on at least three
different occasions. Physical examination and a serie of biochemical and
radiological analysis were carried out on each patient to eliminate any
primary disease that could be responsible for their hypertension. The mea-
surement of plasma catecholamines was done on an outpatient basis and under
strictly standardized conditions for all subjects. Plasma CA and ME levels
were determined after resting in the supine position for 30 minutes and
after standing for 10 minutes. Each hypertensive child was paired with a
normotensive control of the same sex, age and approximately the same height
and weight. Both were tested on the same day, under the same experimental

* Dept of Pediatrics, Ste-Justine Hospital and Dept of Pediatrics and
Physiology, Université de Montréal, Montréal, Canada
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protocol.

Plasma CA were determined using the radiometric enzymatic technique of
Coyle and Henry, as modified by de Champlain et al (2,3). Plasma NE was
determined by the radioenzymatic assay described by Henry et al (4).

Hypertensive children were classified into two categories: the systolic
hypertensive (SH) and the systolic and diastolic hypertensive (SDH). At
the beginning of our study, the SH children were divided in two subgroups:
the children in whom the systolic blood pressure was 2 standard deviations
above normal at the time catecholamines were determined, and the children
in whom systolic blood pressure was statistically higher than their con-
trols, but was between one and two standard deviations above normal at
the time catecholamines were determined. Since it was found that CA and
NE Tevels did not differ in these two subgroups, all these patients were
included in the group of SH children.

3. RESULTS
CA and NE Tevels in patients and controls are shown in Table 1.

Table 1. Plasma catecholamines (CA) and norepinephrine (NE) in children
suffering from essential hypertension and their controls.

SUPINE STANDING
Age 1in B.P. CA NE CA NE
years mm Hg pg/ml  pg/ml pg/ml  pg/ml
Controls 15 110/72 353 200 563 394
n = 3] (£ 19) (= 15) (£ 30) (= 26)
Systolic HTA 15 130/77 431* 243 701**  482*
n = 30 (£ 29) (= 28) (= 41) (= 32)
Systolic and
) : 12 137/92 464 199 688 375
d;aftghc HTA (£ 61) (+64)  (x115) (= 47)
£i ) SEM
*% g i 8:8? vs control values
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Hypertensive children tended to have higher CA and NE values than their own
controls. In supine position the mean CA values were 353 pg/ml for controls,
431 pg/m1 for SH children, and 464 pg/ml for SDH children. After standing
for 10 minutes, the values of CA were 563, 701 and 688 pg/ml respectively.
These results suggest that children with SH demonstrate a greater sympathe-
tic reactivity to postural changes as reflected by the marked increase in
CA (from 431 to 701 pg/ml i.e. 65%).

NE values in supine position were approximately the same for controls
and SDH children, 200 and 199 pg/ml whereas children with SH have a mean NE
value of 243 pg/ml. The fact that SDH childrenhave high CA values and
normal NE values suggest that, in this group of children, epinephrine levels
are probably greater. In standing position, NE levels showed the same
pattern as in supine position: 394 and 375 pg/ml respectively for controls
and SDH children, but SH children were characterized by a higher values
of 482 pg/ml.

The distribution of CA and NE values found in each group of children
was relatively scattered. In order to better evaluate individuals in
each group, the percentage of distributions of values above one standard
deviation from the mean normal values were calculated for each group of
children, and are shown in Table 2.

Table 2. Percentage of plasma catecholamines (CA) and norepinephrine (NE)
values above one standard deviation from the mean normal values.

SUPINE STANDING
High CA High NE High CA High NE
> 461 pg/ml > 284 pg/ml > 726 pg/ml > 533 pg/ml
Controls 0
n = 31 13% 16% 14% 7%

Systolic HTA 9 9 9
- 30 33% 29% 46% a1%

Systolic and
diastolic HTA 50% 29% 14% 14%
n=8
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It becomes obvious that a greater proportion of hypertensive children (SH or
SDH) have elevated plasma CA and NE levels than controls. Moreover, the per-
centage of elevated values is markedly greater in children with SH than in
any other group in the standing position.

In order to assess the significance of plasma catecholamines as an index
of sympathetic activity, these levels were correlated with hemodynamic para-
meters calculated from echocardiography. Patients with CA values higher than
500 pg/ml were defined as hyperadrenergic and patients with values under
500 pg/ml as normoadrenergic.

Tahle 3. Cardiovascular parameters in normotensive (control) and hypertensive
normoadrenergic (CA <500 pg/ml) and hyperadrenergic (CA> 500 pg/ml) children

Controls Normoadrenergic Hyperadrenergic
HTA HTA

n 31 28 12
Plasma *
CA (pg/ml) 403 350 639
B.P. (mm Hg) 110/72 129/79** 136/83**
Heart Rate s
(B /min) 76 81 90
Cardiac Index *
(1/m2) 2.89 3.27 3.66
Rortic PEP
(msec) 85.8 85.2 81.6
* p <0.05
** p <0.01

As seen in Table 3, heart rate and cardiac index are significantly higher
in hyperadrenergic hypertensive than in normoadrenergic patients and normoten-
sive controls. Moreover, the pre-ejection period (PEP) tended to be shorter
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in hyperadrenergic hypertensive children compared to the other two groups.
These findings suggest hyperkinetic cardiac functions in hyperadrenergic
hypertensive patients.

Finally, because plasma CA may be influenced by physical fitness, physi-
cal working capacity (PWC) was assessed in all children.

Table 4. Percentile of the physical working capacity (PWC) in normotensive
and hypertensive children (HT)

Controls Normoadrenergic Ht Hyperadrenergic Ht
n =28 n =20 n=10
PWC * *
centile 76.6 53.3 58.5
55%
% p %2 0.01

PWC results are shown in Table 4 as percentiles of normal for age and sex.

It is interesting to find that hypertensive children have significantly lower
PWC than their controls. This difference is not secondary to a difference in
body weight, since all children were paired with a control of the same body

size.

4, CONCLUSIONS

Values of circulating plasma catecholamines in normal children are slightly
higher than those measured in a group of normal adults by the same laboratory
using the same technique (5). As observed in adults with established or labile
essential hypertension, plasma catecholamines are elevated in an important sub-
group of children with SH or SDH in supine position suggesting a higher basal
sympathetic tone. The higher CA and NE values observed in a subgroup of chil-
dren with SH in the standing position also suggest that an increased sympathe-
tic reactivity is present in these patients. Moreover, since high levels of
plasma catecholamines were found to be associated with hyperkinetic cardiac
functions reflected by an elevation of heart rate and cardiac index, it may be
postulated that although essential hypertension is probably the result of
combined multiple etiological factors, the sympathetic nervous system seems
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nevertheless to play an important contributory role in the development of
hypertension in a significant subgroup of hypertensive children.
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URIC ACID REGULATION IN HYPERTENSIVE CHILDREN

JAMES W. PREBIS, M.D., ALAN B. GRUSKIN, M.D., H.JORGE BALUARTE AND
MARTIN S. POLINSKY, M.D. St. Christopher's Hospital for Children,
Philadelphia, PA.

The purpose of this presentation is threefold: 1) to review the normal
renal handling of uric acid in man; 2) to present our data on the subject of
hyperuricemia in hypertensive pediatric patients and 3) to discuss several
mechanisms which may be responsible for the production of hyperuricemia in our
hypertensive children.

Approximately 7-10% of the adult American population have elevated serum
uric acid levels. Of concern is the fact that hyperuricemia rarely occurs
alone but often appears as part of a clinical complex that may include obesity,

hypertension, hyperlipidemia, diabetes mellitus and atherosclerosis. Numerous

epidemiologic studies have documented that hyperuricemia occurs in 22 to 38% of

1,2,3 There are, however, no published studies

untreated hypertensive adults.
dealing with the subject of uric acid metabolism in hypertensive children. The
presence of hyperuricemia in hypertensive children would be of significant

clinical concern since numerous studies have demonstrated that hyperuricemia is

a cardiovascular risk factor.4-11

Hyperuricemia results from either an overproduction of uric acid or from a
decrease in its excretion from the body. There is little data to suggest that
hyperuricemia in hypertensive patients is secondary to an increase in uric acid
production. Thus, most studies have focused on possible abnormalities in uric
acid excretion. In normal individuals, approximately two-thirds of the daily
uric acid excretion occurs via the kidney with the remainder eliminated

through the gastrointestinal trace.1?

In 1961 Gutman and Yu proposed the clas-
sical three component system for the normal renal handling of uric acid.
Firstly, virtually all the serum uric acid is filtered at the glomerulus.
Secondly, 98 to 100% of the filtered urate is actively reabsorbed in the early
proximal tubule. Thirdly, a variable percentage of the filtered load is
actively secreted into the proximal tubular lumen.13/14 Subsequent studies
have confirmed the validity of this three component model and they have also
identified a fourth component - a post secretory reabsorption of urate.19/16
The net interaction of these four renal mechanisms usually results in 6 to
10% of the filtered urate being excreted. Several important points should be
made concerning this model. Studies by Steele, Jenkins and Rieselbach indicate
that the transport capacity for the active proximal reabsorption of urate is
sufficiently large that the fractional reabsorption of urate remains at more
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than 98% of the filtered load even at plasma urate concentrations exceeding
16 mg/d1.17'18 In 1959, Gutman was able to demonstrate that the rate of urate
secretion was a direct function of the plasma uric acid concentration i.e. the
higher the plasma uric acid level the greater the rate of urate secretion.l9
These data demonstrated that there was "bi-directional transport" of uric acid
since increases in plasma uric acid were associated with proportional in-
creases in proximal tubular reabsorption and secretion of urate.

The most recent addition to our understanding of the renal handling of urate
deals with the concept of post secretory reabsorption. Independent studies by

Diamond and Stee1e15’16

indicated that significant quantities of secreted urate
were again reabsorbed back into the peritubular blood. This post secretory

reabsorption occurs at a site distal to or coextensive with the urate secretory
site. Animal studies would imply that the tubular maximum for this distal re-

absorptive site is quite limited and may account for only 15% of the total

urate reabsorbed. Yet this reabsorption would still have significant effects
on the amount of secreted urate that was finally excreted. Since one hundred
percent of plasma uric acid is filterable and virtually all filtered urate is
then promptly reabsorbed, the amount of urate which is actually excreted must
be controlled by alterations in the rate of secretion and post secretory reab-
sorption. I'll return to this concept later when I present our data on the
renal handling of urate in hypertensive, hyperuricemic children.

In order to determine the degree to which hyperuricemia occurs in children
and adolescents with essential hypertension, the following study was performed.
Thirty-one hypertensive patients ranging in age from 3% to 18 years were evalua-
ted for their hypertension in the Clinical Research Center of St. Christopher's
Hospital for Children. The diagnosis of hypertension was based on the presence
of systolic and/or diastolic blood pressures consistently greater than the 95th
percentile for age and sex according to the standards published by the National
Heart, Lung and Blood Institute's Task Froce on Blood Pressure Control in
Children.20 all patients had a normal creatinine clearance and no child had
received prior drug or dietary therapy before being evaluated. Serum uric
acid levels and 24 hour urinary uric acid excretion rates were determined in
each child during two different dietary regimens: first, while ingesting an
unrestricted sodium intake; and second, after receiving a 200 mg sodium diet
for three days. The purpose of placing the children on low sodium diets was to
determine whether sodium restriction has any effect on uric acid metabolism in
these hypertensive children.

The results of these tests were compared tc previously established age-re-
lated values in healthy children and adults.?l Hyperuricemia was defined as a
serum uric acid value which exceeded the 95th percentile for age. Values above
7 mg/dl in males and 6 mg/dl in females were considered elevated in patients

over 16 years of age. Thirteen of 31 or 42% of the children and adolescents
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with essential hypertension were hyperuricemic for age.

We next considered the possible physiologic mechanisms responsible for this
hyperuricemia. As mentioned earlier, one mechanism known to produce hyper-
uricemia is a decrease in the renal excretion of urate. For this reason, we
analyzed our data to determine whether there was a correlation between serum
uric acid levels and the fractional excretion of urate. When the patient's
serum uric acid level was compared with the fractional excretion of urate we
found that there was a strong inverse correlation between the two factors, i.e.
the lower the fractional excretion of urate the higher the serum uric acid con-
centration for both the normouricemic and hyperuricemic hypertensive children.
These data, therefore, suggest that the hyperuricemia of these hypertensive
children was in part due to a defect in the renal excretion of urate.

When these children were placed on a low sodium diet we found that 17/31 or
55% of the hypertensive subjects were hyperuricemic for age. When the
patient's serum uric acid was compared to their fractional excretion of urate
strong inverse correlation again existed between these two factors indicating
that a decrease in the renal excretion of urate was at least partially respon-
sible for the further increase in serum uric acid levels. In order to further
explore the possible renal mechanisms underlying this hyperuricemia we used the

Lasix stimulation test to compare the relative secretory function of the hyper-

uricemic vs normouricemic hypertensive patients. Of importance is the fact
that the diuretic action of furosemide is due to the presence of this drug
within the tubular lumen rather than in the peritubular blood. In addition,

furosemide gains access to its site of action by secretion at the proximal
tubule via the transport pathway for organic acids. The higher the concentra-

tion of Furosemide in the lumen of the tubule the greater the rate of sodium
and chloride excretion.22:23,24

Since we knew that the organic acids furosemide and uric acid are both se-
creted by the proximal tubule although by different transport systems, we
reasoned that if there is a decrease in the secretion of urate in the proximal
tubule of the hypertensive, hyperuricemic patient there may also be a decrease
in the secretion of furosemide which in turn would be reflected by a diminished
rate of excretion for sodium, chloride, and urine.

Twenty-eight children with essential hypertension were evaluated. Thirteen
were hyperuricemic and 15 were normouricemic. After breakfast, the patient was
made NPO and blood was drawn for electrolytes, BUN and creatinine. After the
patient voided, 1 mg/kg furosemide was administered orally. Hourly urine
specimens were collected for five consecutive hours and measured for volume and
electrolytes. At the completion of the urine collections blood was again drawn
for electrolytes, BUN and creatinine.

The hyperuricemic patients excreted statistically less sodium during the
first hour collection than the normouricemic children. Although the finding of
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a decreased sodium excretion in the hyperuricemic patients tended to persist
throughout the remaining four collection periods, it approached but did not
reach statistically significant proportions. The total five hour sodium ex-
cretion, however, was significantly lower by approximately 1/3, in the hyper-
uricemic patients. Identical patterns of excretion were observed for chloride

and water.

These data permit several conclusions. Firstly, there is a statistically
significant reduction in the diuretic response to furosemide in the hyper-
uremic children. Secondly, since the diuretic response to furosemide is dir-
ectly related to its concentration in the renal tubule there must be a
decreased secretion of this organic acid into the proximal tubule of the hyper-
uricemic children. Thirdly, this abnormality in the tubular organic acid
transport of furosemide may reflect a similar defect in the transport of uric

acid. We, therefore, feel it is reasonable to suggest that the decrease in
uric acid excretion seen in hypertensive, hyperuricemic children is due to a
reduction in uric acid secretion.

In summary: 1) hyperuricemia occurs with increased frequency in children
with essential hypertension; 2) the ingestion of low sodium diet in hyper-

tensive children results in an increased serum uric acid and diminished urate
excretion; 3) a decrease in the renal excretion of urate is in part respons-

ible for hyperuricemia of these children; 4) there appears to be a defect in
the tubular secretion of urate in hypertensive hyperuricemic children and 5)

insofar as hyperuricemia represents a cardiovascular risk factor, it is al-

ready operative in hypertensive children and adolescents.
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RENAL VEIN RENIN DETERMINATIONS IN EVALUATING HYPERTENSIVE CHILDREN

M.J. DILLON

1. INTRODUCTION

The determination of renal vein renin levels in identifying surgically
curable forms of renal hypertension in adults is well established.l'2
Since semi-micro methods for measuring plasma renin have become available
these techniques have also been applied successfully to the investigation
of children with various types of hypertensive renal diseaLse.B-5 Elevations
of the renal venous plasma renin ratio between the affected kidney (R) and
the contralateral or less affected kidney (Rc) has been used as an index of
asymmetrical renin release and predictor of surgical relief of renal
hypertension.l'6 The plasma renin ratio between Rc and the inferior vena
cava (P) has been suggested as an estimate of suppression of renin release
from the contralateral kidney.2

Definition of a significant R/Rc ratio,i.e.,the minimum renal venous
renin ratio clearly identifying pathological lateralization of renin release,
was recently, based on empirical observations of operative success and varied

considerably between different investigators:.6_lo The most widely accepted

ratio has been 1.55’11 2.6-8.10

but ratios from 1.3 to 2.5 have been reported.
Less information is available about the Rc/? ratio inspite of Stockigt et
al's suggestion that an Rc/P of <1.3 indicated contralateral negative feed
back inhibition of renin release and was associated with a favourable
response to surgical treatment of renal hypertension.

Renal vein renin measurements have not been undertaken systematically
in normotensive adults although there have been a few reports of plasma renin
ratios in adult patients with essential hypertension and apparantly normal
kidneys.12’13 In terms of paediatric patients there was also no data
available until last year when Gerdts et all4 reported their findings in
normotensive children without kidney lesions. What is more, in pathological
situations, although some reports indicated that these measurements aided

assessment of childhood renal hyper'l:ensions’w_17 there were others which
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cast doubt on their value.
In view of this it was considered appropriate to review the
experience of renal vein renin measurements at the Hospital for Sick
Children, London, in terms of establishing a reference range for renal
venous renin ratios in children and the use of the technique in assessing

children with various pathological states associated with hypertension.

2. PATTENTS AND METHODS

151 renal vein renin studies on 144 children were undertaken during
a 5 year period. 49 studies were on normotensive children, free of renal
disease, who were undergoing cardiac catheterization to elucidate their
congenital heart lesions. The purpose of this study was to establish a
reference range and the findings have been reported in more detail elsewher%4
The childrens' ages ranged from 1 - 16 years with a mean of 6.3 years, For
them criteria for inclusion in the study were: a lack of history of renal
disease, absence of heart failure, normal blood pressure, normal renal
function and normal urinalysis.

The remaining 102 studies on 95 children were undertaken in the
course of investigation of their sustained hypertension. 50 of these
patients were included in an earlier report.5 Their ages ranged from
8 months - 18 years with a mean of 4.9 years. 34 patients had renovascular
disease (18 unilateral, 16 bilateral), 44 patients had parenchymal disease
which was predominantly pyelonephritic scarring (18 unilateral, 20 bilateral
but asymmetrical, 6 bilateral and symmetrical), 9 patients had essential
or other non renal hypertension including 2 catecholamine producing tumours
and 8 patients had been transplanted.

The technique involved the introduction of catheters via the femoral
vein under basal sedation or general anaesthetic. Subjects were supine
for at least 1 hour before sampling and remained horizontal throughout.
No means of pharmacological stimulation of renin release was employed.
0.5 = 1.0 ml blood samples were drawn from the main renal veins and the
caudal vena cava below the entry of the renal veins. In the pathological
studies, when possible, segmental samples were obtained from the upper,
middle and lower zones of each kidney. The transplanted patients underwent
sampling from the renal veins, the vena cava, the graft vein and the iliac
or femoral vein below the graft. Plasma renin activity (PRA) was measured

by radio immuno assay of generated angiotensin I.18 Precision within assays
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as represented by the coefficient of variation of duplicates ranging
throughout the standard curve was 5%.

Logarithmic transformation was carried out to normalize PRA data
and measurements were compared by the student to test. Confidence
intervals for R/Rc werelcalculated by X2 analysis and details of this

4

are reported elsewhere.

3 NORMOTENSIVE CHILDREN
3,1 Results

There was no significant difference between PRA levels in the
renal veins of these children (P<0.2). Regardless of absolute renin
values the mean plasma renin ratio of left:right renal vein was
1.0% (95% confidence limits 0.72 - 1.38).

The renal vein PRA was found to be significantly higher than the
PRA in the inferior vena cava (IVC) caudal to the entry of the renal veins
(P¢0.001). The mean PRA ratio of the renal vein over IVC was 1.21 (95%
confidence limits 0.8l - 1.82). Ratios calculated at low, intermediate and
high PRA levels did not differ significantly.

Ratios were calculated in analogy with the pathological situation
i.e. by dividing the higher renal venous PRA (R) by the value obtained from
the contralateral kidney (Rc) and the latter by the value in the caudal
IVC (P). A mean R/Rc ratio of 1,16 was found and statistical analysis
showed the 95% confidence limit to be 1.41. Three patients had R/Rc
ratios >1.40 with the highest value in the series of 1.55. There was a
wide variation of Rc/P ratios with a mean of 1.15 (95% confidence limits
of 0.78 - 1.62). Ten subjects had Rc/P ratios of »1.3 and thirteen
had ratios of<1.0.
3,2  Comment

From this data it was concluded that 1.5 was a reasonable upper limit
of mormality for R/Rc if this is defined by 95% confidence limits. Although
20% of the subjects had an Rc/P ratio of »1.3 it was not felt that this
necessarily afforded evidence against Stockigt et al's 2 suggestion of
contralateral feed back inhibition of renin release since in the children
studied there was no pathological stimulus from either kidney to suppress
contralateral renin production. For more detailed discussion the reader is

referred to Gerdts et al, 1979.14
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4. HYPERTENSIVE CHILDREN
4.1 Results QR(BCQ

Excluding the studies on transplanted patients there were 50 studies
in which the R/Pc ratio was >1.5 and 43 in which values of < 1.5 were
obtained.

4.1.1. Renovascular disease. There were 37 studies on 34 patients.

Ratios of » 1.5 were seen in 15 of those with unilateral disease and in 9
with bilateral disease. Surgical treatment was undertaken in 11 with unilat-
eral disease (9 with ratios»1.5) and of those 7 were cured in terms of
blood pressure control, 3 were significantly improved and one died in the
immediate perioperative period at another hospital without it being clear
that the operation had been successful as far as the blood pressure was
concerned. 8 patients had nephrectomies, 3 were revascularized and the
remaining 7 were treated medically, Of the patients with bilateral disease
5 underwent surgery (4 with ratios »1.5) and 2 were cured and 3 improved.
Revascularization was undertaken in 4 cases, in one a nephrectomy was
undertaken on one side and the other kidney was revascularized and the
remaining 11 children were treated medically.

4.1,2, DParenchymal disease. There were 46 studies on 44 patients.

In 26 patients, R/Rc ratios were >1.5 but it is noteworthy that none of
these children had symmetrical disease. 10 patients with unilateral and

6 with bilateral asymmetrical disease underwent surgery. 11 were cured and
in 5 a significant improvement in blood pressure occurred. There were 15
nephrectomies, one nephrectomy coupled with a partial nephrectomy on the
other side and the remainder were treated medically.

4.,1.3. Essential and non renal hypertension., There were 10 studies

on 9 patients within this category. All had R/Rc ratios of

<1.,5. Medical treatment was undertaken in 8 and 1 patient was cured by
removal of a phaeochromocytoma,
4.2 Comment

Surgery was undertaken in 32 patients of which 20 were cured, 11 improver
and there were no failures in terms of blood pressure control although the
one perioperative death is difficult to classify, Of these 28 had R/Rc ratios
>1.5 and 4 <1.5. Amongst the latter 3 were improved by surgery and the
remaining patient was the child who died at the time of surgery. This
gave a 100% surgical success rate if success is considered to be a cure

or significant improvement in blood pressure. There was 0% false positive
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ratios but a 9.6% incidence of false negative values. For further
discussion the reader is referred to Dillon, Shah and Barratt, 1978.5
4.3 Results (Rc/P)
In only 14 studies Rc/? ratios of ) 1,% were found. In 10 of these
the disease was bilateral but in 4 apparently wynilateral pathology was present.
T of these patients underwent surgery and of these 5 were cured and 2
improved.

4.4 Segmental vein sampling

Segmental renal vein sampling was undertaken in the course of
47 studies. In 11 of these it provided useful information about local
sources of renin release that main vein sampling alone could have missed.
In 3 children partial nephrectomies have been undertaken on the strength
of these findings with satisfactory outcomes in terms of blood pressure
control,

4.5 Transplanted patients

9 studies on 8 hypertensive transplanted patients were undertaken.
In 2 patients the graft was implicated as the cause of the hypertension,
in 2 the original kidneys and in the remainder the values were equivocal.
4,6  Complications

One child died of a vertebral artery embolus which was considered to
be a complication of an angiocardiographic study that was undertaken at
the same time as the renal vein sampling., Two children became hypovolaemic
at a time when duplicate samples were being removed for comparison with

another method and hence blood loss was considerable.

5e CONCLUSION

(a) A renal vein renin ratio of 1,5 is an acceptable upper limit of
normality when investigating children with suspected renal hypertension.

(b) Surgical treatment of renal hypertension, if feasible, undertaken
on the basis of a renal vein renin ratio of 1.5 or above is likely to
prove successful in terms of blood pressure control.

(¢) The Rc/P ratio although possibly alerting cliniciang to the possibility
of contralateral pathology in patients with renal hypertension is probably
of dubious value in accurately identifying lack of contralateral renin
suppression,

(d) Segmental renal vein renin measurements are feasible in children
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and can identify local sources of renin release that main vein sampling

may miss.

(e) There may be some value in renal vein renin measurements in the

investigation of transplanted patients with hypertension.
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VESICOURETERAL REFLUX AND URINARY TRACT INFECTION: INTRODUCTION TO
SEMINAR

JOHN W. DUCKETT, M.D.--CHAIRPERSON

Further light has been shed on the riddle of the small scarred con-
tracted kidney with the fashionable term "reflux nephropathy”. At the
last IPNS meeting in Finland, a great amount of interest was aroused
about the subject, resulting in a work shop conference which convened
in June, 1978 in Bermuda. A monograph of these proceedings was pub-

lished, edited by Hodson and Kincaid-Smith entitled Reflux Nephropathy

This volume presents a variety of controversial subjects that involve
urologists, nephrologists, radiologists, pathologists, pediatricians,
and other specialists. Unfortunately, emotional and anecdotal
arguments are often injected into these debates. In this seminar we
hope to offer an update on these subjects and focus on the issues of
greatest disagreement. May I first introduce our distinguished panel:

Prof. George A. Richard, University of Florida, Gainesville, FL

Prof. Jan Winberg, Karolinska Hospital, Stockholm, Sweden

Dr. Jean Smellie, University College Hospital, London, UK

Prof. Hermann Olbing, Universitatskinderklinik, Essen, W. Germany

Prof. Robert Jeffs, Johns Hopkins University, Baltimore, MD

Mr. Phillip Ransley, Institute of Child Health, London, UK

This:brief introduction and update of the subject may indeed be
confusing and is intentionally so.

Is VUR normal? We used to think that it was distinctly abnormal;
however, a study done by Kollermann and Ludwig in 1967 showed that 30%
of children under three years of age have mild reflux. Animal exper-
iments, by Lenaghan and Cussen in 1968 showed that 807 of pups under
six months of age reflux and Roberts in 1974 showed a high incidence

of reflux in monkeys under three years of age. The concept of "marginal
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competence” of the antireflux mechanism in normal children may be
valid.

What is the pathogenesis of VUR? Most of us feel it is a

congenital anomaly of the UV junction with a laterally displaced
abnormal ureteric orifice and a short intramural ureter. If the
marginal competence concept is valid, uninhibited contractions seen in
young children at the time of bladder training with increased bladder
pressures may stress the UV junction and contribute to the development
of VUR. Chronic cystitis has been felt to cause reflux, however, there
is little evidence that cystograms done with the bladder infected have
any higher incidence of VUR then those carried out in uninfected
bladders (Leibowitz).

Is reflux nephropathy a useful term? RN is defined as calyceal

clubbing, adjacent cortical scarring, and arrest of renal growth.

This term, coined by Baily in 1973, as an alternative to chronic
pyelonephritis was intended to stress that VUR is essential to the
pathogenesis of this lesion. Habib has called this lesion "congential
segmental hypoplasia”; the Ask-Upmark kidney may be the same renal
lesion.

How does intrarenal reflux fit into the picture? Ransley's "big

bang” theory postulates that areas of renal scarring are drained by
flat or concave renal papillae which allow IRR. This permits pyelo-
tubular backflow with pyelo-interstitial extravasation. While IRR may
occur in 5-157% of newborns and infants with reflux, it is rare after
four years of age (Rolleston). As the distribution of non-convex
papillae is the same in all age groups, the relatively larger size of
collecting ducts in infants is thought to be responsible for their

higher incidence of IRR (Tamminen). Hodson and Rolleston feel that



136

scarring may be caused by sterile reflux, whereas Ransley finds that
infected urine and IRR must additionally be present to cause scarring.

Where does Stephen's "bud theory” for renal scarring fit in the

picture? Stephens feels that the site of origin of the ureteral bud on
the mesonephric duct is responsible for the renal anomaly; that the
renal morphology of the shrunken kidney is congenital and not a result
of reflux. A normally sited bud will reach the center of the renal
blastema, induce a normal kidney, and be incorporated into the bladder
in the A location. An abnormally sited bud reaches more peripheral
blastema of poorer quality, induces an abnormal kidney from this, and
is incorporated into the bladder in a lateral, C position. Thus, the
reflux and scarring are there at birth and infection is superimposed on
the congenital abnormality.

We, therefore, have four major mechanisms that may produce reflux
nephropathy: 1) sterile reflux, 2) a congenital anomaly associated with
reflux, but not caused by it (Stephen's bud theory), 3) the "big bang”
theory of VUR plus IRR and infected urine, and 4) the blood-borne
infection alone, such as neonatal pyelonephritis.

Are VUR and RN truly a health hazard? Stamey feels that they prob-

ably are not; concluding this from only 300 transplants done per year
for RN. Theoretical calculations showing that if 1.5% of girls under
12 have bacteruria and 17.5% of this group have renal scarring and 10%
of this group have serious scarring, calculates to 1/4,000 girls under
12 who will have serious scarring or renal failure. In another way, he
shows that if 1% of bacteruria is present in children under four and
30% of these have VUR and 6% of these have IRR than 1/5,555 of children
under four will have IRR. Since there are about 20 million little

girls under 12, that means 5,000 of them progress to renal failure,
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of children under four, 2,500 of them have IRR. Heale in New Zealand
in a report of the 25 year natural history of VUR, showed that of 1,000
children with urinary tract infection, 13% would develop severe scar—
ring, 7% uremia, 4% hypertension, and 2% chronic renal failure. That
calculates to 6000/yr. in the USA of girls under 12 years. There are
2000 leukemias a year in children in the USA.

Smellie, Normand, and Edwards at University College Hospital in
London have clearly shown that 85% of normal ureters and 41% of dilated
ureters will cease to reflux with time alone. The rate of cessation
was 10-15% per year. Puberty was not associated with spontaneous ces—

sation. They also showed that thorough medical follow-up and suppres-—

sive antibacterial control avoids renal scarring. On the other hand,
intermittent antibacterial therapy does result in scarring (Lenaghan

and Filly).

There is a good bit of confusion with regard to renal growth and

VUR. Subnormal growth rates have been noted with sterile reflux (Lyon,
Redman). Resumption of renal growth when infection was eliminated has
been reported (Kelalis). Depressed renal growth in the presence of VUR
has been shown to return to normal after antireflux surgery (Scott and
Stansfeld, Bauer and Retik). Yet another study found renal growth was
not influenced by the correction of VUR (Tamminen and Parkkulainin).
One study even showed that physical growth was retarded with VUR fol-
lowed by a growth spurt after surgical correction of VUR (Merrell and
Mowad).

Winberg, Claesson et al in 1979 reported an interesting follow-up of

22 patients who had experienced one episode of neonatal pyelonephritis

treated early and appropriately. Although 40% of these had reflux,



138

only 5% had a high grade. All kidneys showed significant growth
retardation (-.56 SD thickness) but no focal scars were seen and the
grade of reflux did not seem to make any difference. They,also showed
in another group of 38 kidneys with focal scars that the damaged kidney
had growth retardation, while the healthy kidney showed compensatory
hypertrophy. These changes were not related to the grade of VUR and
interestingly enough the GFR was greater than 100 in all but five of
these cases.

VUR is related to hypertension. Smellie demonstrated that 20% of

patients with established scarring will develop hypertension. Williams
found in a group with surgically corrected VUR that hypertension
eventually developed in 18.5% of those with bilateral and 11.37% with
unilateral RN. Most of these children have normal renal function while
some have a high plasma renin, Savage has shown that 97 of normotensive
patients also have an elevated renin. Although elimination of reflux
does not seem to protect against hypertension (Stecker and Williams),
Woodward has shown improvement in hypertension control after surgical
correction.

Williams reported in 1968 on 100 patients who had untreated urinary

tract infections during pregnancy who were followed up four to six

months after delivery. Thirty-two percent were found to be still
infected. Twenty-one percent had VUR, and of those with reflux 62%
were infected. Thus, reflux which is permitted to persist into the
child bearing years is assoicated with a high rate of urinary tract
infection during pregnancy. This is of particular concern because

maternal UTI's have been shown to produce increased infant morbidity.
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Finally, as VUR is a condition which is very readily correctable by

surgery, the pediatric urologist is able to give a persuasive argument
for correcting the more severe forms of VUR. 1In 98% of cases reflux is
corrected. One to four percent develop obstruction, but this may be
successfully corrected without damage to the kidney if careful
postoperative monitoring is carried out. Although UTI's may continue
to recur after antireflux surgery, the infection will be confined to
the bladder and the kidney spared.

In conclusion, VUR seems to be a significant health hazard.
Neither the lesions of RN the mechanism of VUR are yet established or
fully understood. They can be controlled in many cases with
conscientious medical surveillance. Surgical correction in good hands
is also very successful. Therefore, the decision for surgery over
medical therapy remains a difficult one. We have much to learn--let us

see what new light we may shed on the subject today.
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REPORT ON THE INTERNATIONAL VESICOURETERAL REFLUX
STUDY IN CHILDREN (IRSC)

H. OLBING

INTRODUCTION

The previous presentations and discussions of this symposium
and recent unbiased review articles (8) document that there

is no convincing evidence whether surgical or nonsurgical
management of children with nonobstructive moderate vesico-
ureterorenal reflux (VUR) is superior (1,3,4,5,6,7,8,9). The
only published randomised trial, which showed no convincing
differences, does not meet present standards of nonsurgical
management and present possibilities of evaluation of renal
parenchyma (10). Therefore, groups of pediatric nephrologists,
urologists, and radiologists cooperating in great hospitals

as well in the United States as in Europe decided independently
from each other to perform a randomised collaborative therapeu-
tic trial. After some time of independent preparations, both
groups joined and assimilated their protocols to such a degree
that parallel studies with the possibility of data pooling
could be started.

QUESTION OF THE STUDY

Among the many important problems, we decided to confine our-
selves to one question which can be expressed in the following
two ways:

Is there any difference in
renal growth and scarring,
renal function,
risk of hypertension



141

between surgically and nonsurgically treated children with
moderate VUR ?

Does sterile moderate VUR
prevent normal renal growth,
cause renal damage,

cause hypertension ?

ELIGIBLE AND EXCLUDED PATIENTS

First of all, we had to define moderate VUR. We worked out a
reflux grading system, adopting those published by Heikel and
Parkkulainen and by Dwoskin and Perlmutter to the present know-
ledge on the pathogenesis of reflux-correlated renal damage.
Grade I and II are not dilatating; grade I goes only into the
ureter, grade II into the renal pelvis. Clubbing of all calices
to such an extent that no papillary impressions remain demon-
strable is defined as gross VUR (grade V). In the United States,
only children with grade IV which means with calyceal blunting
but with remaining of at least some papillary outlines have
been defined as eligible for the study. In Europe, beyond the
first year of life also children with grade III, that is dila-
tation of renal pelvis and calices with clearly visible papillary

outlines without calyceal blunting are eligible.

Regardless of their reflux grade, children with conditions list-

ed in the following table are excluded from the study:

Previous operations on the urinary tract, except
meatotomies, urethral dilatation or internal
urethrotomies.

Obstruction of urine flow other than
in males: meatal stenosis;
in females: "bladder neck", meatal or urethral stenosis.

Malformations of kidney or urinary tract.

Solitary kidney.

Neurogenic bladder disease.

Clinical evidence of severe bladder dysfunction.
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Anorectal anomalies.
Calculi.
Renal insufficiency.

Age more than 10 years.

The patients will be stratified for age, sex, condition of their
renal parenchyma, and in Europe for reflux grades III and IV

as well as history of previous UTI.

STUDY GROUPS

With these very restrictive criteria for patient selection,
patient numbers big enough for statistical analysis can only
be collected in a collaborative study. The USA study group

consists of the following 17 major teaching institutions:

Albert Einstein College Hospital, Bronx, New York

Babies Hospital, Columbia University, New York, N.Y.
Childrens Hospital Medical Center, Boston, Mass.

Childrens Hospital, Chicago, Illinois

Childrens Hospital, Detroit, Michigan

Childrens Hospital, Philadelphia, Pennsylvania

Childrens Hospital, St. Louis, Missouri

Childrens Hospital, National Med. Center, Washington, D.C.
Downstate Medical Center, Brooklyn, N.Y.

Emory University, Atlanta, Georgia

Georgetown University, Washington, D.C.

John Hopkins School of Medicine, Baltimore, Maryland

Mayo Clinic, Rochester, Minn.

Texas Childrens Hospital

University of California School of Med.,Los Angeles,Calif.
University of California, San Diego, California

Childrens Hospital and Health Center, LaJolla, California

University of Florida, Gainesville, Florida,
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PATIENT COLLECTION

REPQORTED PATIENTS
reflux III-IV° and
urinary tract infection

EXCLUDED CANDIDATES
PATIENTS for ALLOCATION
No follow-up - eligible patients
- probably
eligible patients \Eligibility
not confirmed
by the
coordinating
center
ALLOCATED PATIENTS No follow-up
No. of patients
(400)
RANDOM
ALLOCATION
OPERATIVE CONSERVATIVE

LLOW-UP REFLUX
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the European study group of the following 8 university hospitals:

Universitdtsklinikum Essen, W.Germany

Ostra Sjukhuset, G&teborg, Sweden
Universitdtskliniken Graz, Austria
Universitdtskliniken Hamburg, W.Germany
Medizinische Hochschule Hannover, W.Germany
University Childrens Hospital, Helsinki, Finland

Karolinska hospital, Dept. Ped. Surgery )
St. GOran’s Childrens Hospital )
Huddinge Sjukhuset, Stockholm )Stockholm,Sweden
Sach’ska Barnsjukhuset )

Cliniques Universitaires de Bruxelles,Hopital Erasme,Belgium.

We expect that this structure of the two parallel study groups
will enable us to collect representative data instead of pre-
dominantly severe cases accumulating in so highly specialised
referring institutions as Stanford or, on the other side, more
favourable courses as obtainable only in places with ideal con-

ditions of primary patient care as in Goeteborg.

STANDARDISATION OF METHODS AND RESULTS

Of course, we standardised the techniques and the expected re-
sults of the methods essential for the characterisation of the
primary state of our patients as well as their further course
under randomised management; this was rather easy for the tech-
niques of X-ray- and isotope voiding cystourethrograms, i.v.-
urograms, urinalysis, urine culture and blood pressure measure-
ments. Urograms and X-ray voiding cystograms will be centrally
evaluated; as an example I mention the method selected for
renal parenchymal measurement, published by Claesson,Jacobsson,
Olsson and Ringertz (2); by evaluating the ratio between the
height of L1 to L3, renal length, renal area and the thickness
of renal parenchyma in the upper and lower pole and at the
lateral margin, it seems to be possible to record very early
and to follow reliably renal parenchymal damage,; particularly,
significant differences between both kidneys can be early

documented.
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Cystoscopy, although not mandatory for nonsurgically treated
patients, is also standardised.

Global kidney function will be followed by measurements of
serum creatinine, in Europe additionally by single-injection
51Cr—EDTA-clearances. The standardisation of the evaluation of
single kidney function was more problematic. In Europe we de-
cided to use the 99mTc-DMSA—uptake test which, although newer,

is regarded as acceptable by our group.

PATIENT FOLLOW-UP

Regardless of surgical or nonsurgical management, identical
standardised examinations will be performed at the entry as
well as at prefixed dates during the follow-up of each patient.
Urinary tract infection will be treated adequately with anti-
biotics. At entry into the study, continuous antibiotic pro-
phylaxis will be started and continued until six months after
the reflux has disappeared in the surgical as well as in the

nonsurgical group, drug compliance will be evaluated.

ETHICAL IMPLICATIONS

A randomised trial dealing with such dangerous conditions as
ours has to meet the highest ethical standard. Informed con-
sent of parents and, if old enough, of children, is required
before randomisation. The following definitions of treatment
failure have been worked out, allowing free decision about

further treatment regardless of the previous randomisation.

1. Alarming Renal Failure
51

The Cr-EDTA-clearance of a single kidney

is less than 50 % of its former value

(estimated with 99mTc-DMSA uptake %).



147

2. Medical Failure

)
) bacteriuric episodes
6 non-pyelonephritic)

2 pyelonephritic or

during follow-up

3. Surgical Failure

Postoperative obstruction requiring

reoperation

Non-changed or worse reflux after

operation.

The study protocol has been approved by the ethical committees
of participating hospitals, if already existing, and by the
reviewers of our sponsors. An external monitoring committee
follows our work and the literature so that the study can be

either changed or stopped, if necessary.
SAMPLE SIZE

The end points on which judgement of success or failure of
the two therapeutic regimens will rest are

the development of new scars,

the inhibition of renal growth,

the development of hypertension,

the development of renal failure.
Also, the changes of preexisting scars and recurrence rates
of urinary tract infection will be documented and analysed,
although the significance of these parameters may remain

less conclusive.

For an alpha error of 0.05 and a beta error of 0.80, and
assuming a difference of 10 % in the efficacy of the two
therapeutic regimens, 125 patients in each group will be
required. Estimates based on the patient numbers observed
during the last years in the participating hospitals indicate
that two years will be necessary to accumulate this number of

patients. The patients will be followed at least 5 years and,
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if possible and necessary, 10 years. The data from the United
States are collected and analysed in the Albert Einstein Col-
lege of Medicine, New York, those from Europe in the Univer-
sity Hospital Essen; the identity of most parts of our proto-
col allows pooling of most of the data.

Patient collection has been started in most participating
European hospitals during January 1980, by the others in
Europe and in the US during May 1980.

At the 20th September, 1980, the number of reported patients
was 54 in Europe and 7 in the US.

Probably, I can present first meaningful results during the

IPN-symposium after the next.

I hope that all of you and also I myself will be lucky enough
to see that day.
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THE NATURAL HISTORY OF VESICO-URETERIC REFLUX

J.M. SMELLIE AND I.C.S. NORMAND
DEPARTMENTS OF PAEDIATRICS, UNIVERSITY COLLEGE HOSPITAL, LONDON
AND UNIVERSITY OF SOUTHAMPTON

The potential consequences of an incompetent vesico-ureteric valve
are the transmission to the renal pelvis of organisms colonising the
bladder and the intra-vesical voiding pressure. In addition residual
urine will accumulate when refluxed urine returns to the bladder \and is
likely to facilitate recurring infection.

If vesico-ureteric (VUR) and urinary tract infection (UTI) are both
present, the papillary morphology allows intrarenal reflux (IRR) and the
renal pelvic pressure is sufficient to reverse the urine flow at the
calyco-tubular junction, infection of the papilla can result. If
treatment of the infection is delayed or inadequate, scarring may follow.
Contraction of such a scar may deform adjacent papillae, thus leaving
these areas susceptible to further damage (1).

In the obstructed urinary tract, the transmission of uninfected urine
under high pressure may in itself cause the uniform thinning of renal
tissue and blunting or clubbing of the calyces characteristic of obstructive
atrophy. Although an important cause of impaired renal function, this
aspect will not be considered further here.

All of these effects appear to be of greater significance in infancy
and early childhood when the kidney is growing rapidly, a higher
proportion of children are likely to have incompetent VU valves and because
of mechanical factors the bladder voiding pressures may be higher.

In order to examine some of these hypotheses we have made prospective
clinical and radiological observations over periods of 2-22 years on more
than 200 children without overt obstruction who presented with symptomatic
urinary infection and were found to have VUR. The management routine
designed to keep the refluxing urinary tract free from infection has been

continued so long as VUR has persisted and has been unchanged apart from
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the introduction of newer antibacterial drugs. It comsists of regular
complete bladder emptying,attention to bowel habits and fluid intake and
continuous low dosage prophylaxis while reflux is present and for a further
year. Urine cultures are performed three-monthly and limited radiological
studies every two years. Renal growth is assessed by relating serial renal

length measurements to the child's height (2).

PROSPECTIVE STUDY OF UNINFECTED VUR

In the first 75 children managed in this way, renal growth was within
normal limits in over 907 of kidneys and fresh scarring was minimal.
However there was a significant association of impaired renal growth in
kidneys drained by refluxing ureters and recurrence of infection during
follow-up (3).

We then examined renal growth in a larger group of 201 children
including 70 of these first 75 and excluding those with duplex kidneys.

302 kidneys with reflux were observed over a total of 1712 kidney years.

In 214 kidneys, 24 of which were scarred initially and 33 with severe

reflux with ureteric dilatation, there was no recurrence of urinary
infection. The increase in renal length fell short of expectation by more
than one centimetre over the whole period in only one kidney, and by 0.5

to 1 cm in 6 kidneys. Growth overall proceeded normally in 207 kidneys
including 21 with scarring and 30 with severe reflux. No fresh or extension
of scarring was seen in any of these kidneys.

Infection was not completely prevented by the medical regime outlined
and during the same period of observation 88 kidneys, 24 of these also
being scarred, were exposed to a recurrence of infection, 80 of them single
episodes. In 16 kidneys, 10 scarred, overall growth was slowed by one
centimetre or more and in a further 7 growth was slightly unsatisfactory.
This difference in renal growth from that seen when the urine remained
sterile is highly significant. Renal growth was normal in 65 of these
kidneys. Two fresh scars developed in this group in which infection recurred.

During these observations reflux has tended to improve progressively
and disappear (3). Cessation of reflux was most closely related to its
severity on presentation, VUR stopping in 857 of undilated and 407 of
dilated ureters. No significant relationship was found between infection
and the tendency for VUR to disappear.. However this was least likely to

happen in kidneys which were small, scarred, drained by dilated ureters
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and in which URI had a greater tendency to recur.

UNILATERAL REFLUX

Renal growth was also studied in 96 children with unilateral reflux.

When both kidneys were structurally normal, no significant difference
in growth was found between the kidney with reflux and that without. The
mean renal growth of 77 pairs of kidneys was +1.2mm and +1.0mm respectively
in relation to the expected growth over the period of observation. When
the unilateral reflux drained a scarred kidney, there was a significant
difference in the growth of the two kidneys, the mean difference from that
expected in 19 scarred kidneys with reflux being -1.2mm and in the unscarred
kidneys without reflux being +8.8mm. This difference was highly significant
as was the hypertrophy of the normal kidney in relation to expected growth
(p < 0.001). A fresh scar appeared in two of these scarred kidneys, both
associated with infection.

VUR disappeared on follow-up in 79 of the 96 refluxing ureters. 1In
children with normal kidneys, reflux stopped in 90% of the ureters and in
all of those followed for more than 5 years. It stopped in over half of

those draining scarred kidneys.

VUR AND RECURRENT INFECTION

Divergent views have been held regarding the role of VUR in the
aetiology of recurrent UTI and so we looked at the rate of recurrence of
urinary infection in three groups of children who had close clinical and
bacteriological follow-up for at least one year after stopping antibacterial
therapy. In 22 children with radiologically normal urinary tracts, no
further antibacterial treatment was given after a 7-10 day initial course,
when the mean age of the group was 6.5 years. 467 were recurrence-free at
the end of one year. Another group of 25 children with normal urinary
tracts received 12 months' low-dosage antibacterial prophylaxis after their
initial treatment. 687 of these children were recurrence-free 12 months
after stopping prophylaxis at the mean age of 7.4 years (4). 105 children
in whom VUR ceased received prophylaxis while the reflux was present and
for one further year, that is for 3-12 years. The mean age of stopping
prophylaxis was 11.7 years and one year later, 101 (967) were recurrence-free.

The low recurrence rate in the group with VUR might be due to the

longer period of prophylaxis, or to the children being slightly older
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when antibacterial treatment stopped. It might also suggest that a major
cause of the earlier recurrent infections in these children has been removed
with the disappearance of reflux, whereas other causes such as constipation
and faulty bladder emptying had persisted or recurred in the children with

radiologically normal urinary tracts.

RENAL SCARRING

Renal scarring is usually already established by the time the child
presents and more severe scarring is usually seen in the younger children
with more severe reflux. The "obstructive atrophy" type of scarring is
most often seen in infant boys with gross reflux, though irregular focal
scarring can be identified at any age and with any severity of VUR (5).

Fresh scarring both in our experience and in most published reports
has followed infection in the refluxing urinary tract. No new scars
developed in 214 children with sterile reflux, though 2 scars developed in
88 kidneys with reflux which were exposed to further infection. Three other
children were observed to develop a scar as a result of them presenting
symptomatic infection. In the Cardiff-Oxford study no scarring developed
in bacteriuric schoolgirls with VUR and normal kidneys, although new scars
developed in a number of schoolgirls with reflux and covert bacteriuria
who already had scarred kidneys (6).

VUR tends to be transient but the potential effects of its association
with infection in the young child are permanent and may lead to later
hypertension.

Ransley and Risdon (7) have shown experimentally in the piglet that
the development of scars may be modified by antibacterial treatment. Thus
it is essential to recognise early and treat adequately all UTI in infants
and young children. Prevention of recurrent infection can readily be
accomplished in the unobstructed urinary tract by detailed attention to
voiding, drinking and bowel habits together with continuous low-dosage

antibacterial prophylaxis.

CONCLUSION

We have not obtained evidence from these studies that VUR is damaging
either to the child's health or to his renal growth or structure unless it
is accompanied by either raised bladder pressure or infection.

If an unobstructed urinary tract in which reflux occurs can be kept
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free from infection (and this is possible with modern prophylaxis and
good compliance in about 907 of children) then normal renal growth can
be expected in almost every kidney and scars will not develop or extend.

Infection had no significant effect upon the likelihood of VUR
stopping which will happen in time in over 80% of undilated and 407 of
dilated ureters and in almost every child with unilateral reflux into a
normal kidney. Infection did have a significant association with impaired
renal growth if VUR was present. This association was mainly seen in
kidneys which were scarred at the outset. The only new scars which
developed followed infections in a refluxing urinary tract.

Nevertheless in a study of 302 kidneys with reflux in children
managed conservatively, renal growth overall was within one centimetre
of that expected in 947.

An optimal programme for the care of children with VUR must take
into account many factors such as age, severity of VUR, complexities of
temperament and compliance of both the child and his family. Raised
bladder pressure due to obstruction is largely a surgical problem and
infection is mainly a problem for the paediatrician. The most satisfactory
result for the individual child and his kidneys will emerge from the
informed understanding collaboration between the paediatrician and the
surgeon such as is becoming well established within the International

Vesico-ureteral Reflux Study.
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CONTROLLED CLINICAL TRIALS - INTRODUCTION

HENRY L. BARNETT

The goal of this symposium on controlled clinical trials in
pediatric nephrology and urology is two-fold. First, to present the
design and, when possible, some results of several surveys and trials in
progress. Second, to seize the opportunity to stress the importance of
medical surveys and controlled clinical trials and, perhaps, ‘most
imbortantly, to examine some of the principles and practices of their
design and methods. We are very fortunate in having Dr. Curtis Meinert
as a participant in the symposium. Dr. Meinert is Editor-in-Chief of
the new Journal, Controlled Clinical Trials, the official Journal of
the newly-found Society for Clinical Trials. We have asked Dr. Meinert
to discuss design and methods for controlled clinical trials, drawing

examples, wherever possible, from the studies presented by the other
participants.

One comment before we begin. Sir Thomas Lewis, in 1933(1),
suggested that clinical research should be extended to include the
statistical study of large groups of patients for the purpose of
determining prognosis and treatment as an essential part of what he
termed clinical science. He, as well as Bradford Hill, in 1937(2),
included in their concept of this aspect of clinical science medical sur-
veys as well as controlled clinical trials. The sudden and continuing
flow of new and powerful remedies since 1940 has required that the focus
be on controlled clinical trials, perhaps to some neglect of medical
surveys. If so, it is unfortunate, since properly designed and
conducted surveys can serve to refine the questions asked in clinical
trials. For example, medical surveys may identify more homogeneous
subgroups within a heterogeneous diagnostic category. A controlled
clinical trial of treatment of patients in such a subgroup may very

well detect differences that would not have been revealed in a trial

on all patients in the more heterogeneous diagnostic category. In
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addition, medical surveys may disclose associations that provide clues
concerning pathogenesis and etiology that raise new questions for
investigators in other areas of biomedical research.

In the program to follow, the design of two controlled clinical
trials and one medical survey will be presented together with a
discussion of some selected problems encountered in the studies of the
International Study of Kidney Disease in Children (ISKDC). These
presentations will be followed by Dr. Meinert's discussion and a

period for questions and comments from the audience.

REFERENCES
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2. Hill AB. 1937. Principles of Medical Statistics
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3. CLINICAL SURVEY OF HEPATITIS B ANTIGENEMIA ASSOCIATED NEPHRO-
PATHY IN CHILDREN

A Report of the Asian Study of Renal Disease in Children

INTRODUCTION
Since a case report of HB antigenemia associated nephropathy
(abbr.:HB NP) in an adult,occuring after a blood transfusion(Combes
,B.et al.,1971)(1),information on this nephropathy has been incra
sing. The first vediatric vatients were reported by Brozosko,W.J.
et al.(1974) in 18 children(2). Although the high incidence of ren-
al diseases in HB positive Japanese children was emphasized by
Shingo,S.(1973)(3),the first descrintion of HB NP in Japanese chilc
-ren was reported by Uraoka,Y. et al.(1977)(4). Since then the
number of reports of HB NP in pediatric natients is increasing.

Hattori,S. and Matsuda,I.et al. nresented the first nationwidé
survey of HB NP(5)(1978) which motivatéd us to initiate this coope-
rative medical survey.

Contact with the International Study of Kidney Disease in Child-
dren (ISKDC) was made through its director,Barnett,H.L.,when he
was invited to The 14th Annual Meeting,Javanese Society of Pediat-
ric Nephrology,Kurume,Japan,1979 as a guest speaker on "Controlled
Clinical Trial".

The purpose of the survey was to study the epidemiology,natu-
ral history,clinical feature and the pathogenesis of this nephro-
pathy. We did not start a clinical trial at this time for three
reasons: (1) Thé natural history was not clear;(2)Membranous nephro-
pathy,the most frequent form of the associated glomerular diseases
has high spontaneous remission rate*xin children;(3)The effects of
steroids on the host with HB antigenemia and possibly on some form

of immunodeficient state were not elucidated.(*Habib,R.et al.)(6)
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PATIENTS AND METEODS
The distribution of 40 HB NP patients in 10 centers in Japan

and in Xorea is shown in Table 1.

Table 1. Distribution of patients in varticipating centers

Centers Directors Number of cases
#1 National Nishi-Sapporo H. (Sapporo) Kadowaki,J. 0
2 Tokyo Metropolitan Children's H.(Tokyo) Ito,H. 6
3 Nihon Univ.Surugadai H.(Tokyo) Kitagawa,T. 0
4 Kitasato Univ.Hospital(Kanagawa) Sakai,T. 2
5 Nihon Medical College H.(Tokyo) Murakami, M. 2
6 National Medical Center H.(Tokyo) YamaguchiM. 2
7 Niigata Univ.Hospital(Niigata) Sakai,K. 1
8 Kurume Univ.H. (Kurume) Yamashita,F. 11
9 Kumamoto U.H.(Kumamoto) Matsuda,I. 9
10 Seoul Univ.H.(Seoul) Ko,K.W. 7

The criteria for selection of patients were (1)The presense
of the evidences of renal abnormalities in a patients with posi-
tive HBS antigenemia with or without abnormal liver function judg-
ed by elevated serum GOT and GPT more than 41 Karmen units;(2)Ex-

clusion of other causes fd& the renal abnormalities.

METHODS

Light (HE,PAS and PAM) and electronmicroscopic examinations
were performed.in renal biopsy specimens.Immunofluorescent stain-
ing(IF) was processed in local laboratories,except the staining of
e-antigen which was done by Mayumi,T.,Tokyo Metropolitan Instti-
tute for Clinical Medicine and Jichi Medical College.

Serum HB antigens and antibodies were also analyzed by Maymi,
T. and in local laboratories. Serum C3 was analyzed by Partigen, (
Behringer).For the determination of circulating immune complex,

Raji Cell and/or Clg binding assay were used.

RESULTS
1.THE DISTRIBUTION OF PATIENTS AMONG HISTOLOGICAL CATEGORIES,
AGE AND SEX (Table 2)
Of the 40 patients with HB NP,24 (60% ) had Membranous Glome-
rulonephritis(MGN) and 8 (20% ) had Minimal Change(MC).There were
4 patients with Membranoproliferative Glomerulonephritis(MPGN), 2

with Proliferative Glomerulonephritis ( PGN ) and one each
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with Focal Global Sclerosis(FGS),and Advanced Glomerulonephritis
(Adv.). The ratio of male to female was 35 to 5 for the entire
series;it was 23:1 for patients with MGN and 5:3 for those with
MC. The difference in the male and female ratio in patients with
MGN and MC was statisticaly significant(p=20.05).

Table 2. HB NP by histology,age and sex

Histology N(%) Sex Age:3-5 6-8 9-11 12-14 15-18 Total (% )

MGN 24 (60) M 5 4 5 2 7 23 (95.8)
e 1 _____ 1_(4.2)
Total 24 (100 )
MPGN 4 (10) M____________ 11 ____ 1 _ - 1 _ 4(no_female)
PGN 2 (5) M 1 1
e 1
MC 8 (20) M 1 1 1 2 5 (62.5)
I 11 ____ 1 3__(37.5)___
Total 8 (100 )
FGS 1 (2.5) M 1 1(no female)
Adv. 1 ( 2.5) M 1 1(no female)
M 6 7 7 4 11 35 (87.5)
I 1 _2 ____ 1 ____ 1 _____ 5__(12.5)____
Total 6 12 40 (100 )

2.MODE OF DETECTION (Table 3)

The presenting findings at the detection among 40 patients
were urinary abnormalities during screening of school children or
by the chance in 47.6%,edema in 35.7%,macrohematuria in 12 %,and

urinary abnormalities found in patients with hepatitis in 4.8%.

Table 3. Mode of detection of HB NP patients

1i : P MC FGS Adv.T 1
Mode of detection Histology:MGN MPGN PGN MC dv.Total (% )

During hepatitis 1 1 2 ( 4.8)
As a career 0
Macroscopic hematuria 2% 1 1 1* 5 ( 11.9)
Chance proteinuria 2 1 2 5 ( 11.9)
Chance hematuria 1 3 4 ( 9.5)
Chance proteinuria &

hematuria 7 3 1 11 ( 26.2)
Edema 12%* 1 1 1* 15 (. 35.7)
Total Items 25% 4 2 8 1 2% 42% (100 )
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In Table 3,total number of item was counted as 42 instead 40
whith was the actual number of patients,because one of each with

MGN and Adv. were detected by the appearance of both macrohematuria
and edema,

3.CLINICAL FEATURES

Urinalysis at the time of detection(Table 4)showed hematuria
combined with proteinuria in 25 of toal 40 patients and in 20 of 24
MGN(83.3%).Isolated hematuria or proteinuria was observed only in

the patientswith MC.The amounts of proteinuira were variable.

Table 4.Urinary findings at the time of detection

Urinary findings / Histology:MGN MPGN PGN MC FGS Adv.Total(% )

isolated proteinuria 2 1 2 1 1 7 (17.5)
isolated hematuria 2 6 8 (20.0)
combined(hematuria & protein-

uria) 20 3 0 1 0 1 25 (62.5)
Total number 24 4 2 8 1 1 40 (100 )

The nephrotic syndrome sometime occured during the course of
the disease in 22 of 40 patients., In 20 of those it was persistent.
In the remaining 2 it was transient. Kidney function judged by BUN
and serum creatinine concentration was within normal limits in all
patients. Serum GOT and GPT were abnormaly high in about half of
the patients(Table 5,6).

Table 5.Nephrotic syndrome by histology

Nephrotic syndrome Histology:MGN PGN PGN MC FGS Adv.Total(%)

persistent 14 1 1 2 1 1 20 (55)
transient 2 2 (5)
non-nephrotic 8 3 1 6 18 (62.5)

Table 6. Liver function

GOT or GPT:30-40 41-60 61-100 101-200 200-1000 Total

GOT i5 8 6 6 T 36
(%) (41.6Y22.2)(16.7) (16.7) (2.8) (100)
GPT 21 3 6 5 2 37
(%) (56.8) *.1)(16.2) (13.5)  (5.4) (100)

4, IMMUNOLOGICAL FINDINGS

e-Antigenemia was present in 11 of 18 patients with MGN;3of 4
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with MPGN;2 Of 7 with MC, The differences between MC and MGN and
between MC and MPGN were both statisticaly significant.Anti-eAnti-
gen was present in 6 of 30 patients(Table 7).

Table 7.HB antigen,antibody in serum by histology(positive/N)

Antigen/antibody Histology MGN MPGN PGN MC FGS Adv. Total(%)

HBs 24724 4/4 272 8/8 1/1 1/1 40/40(100

Anti-HBs 0/21 0/3 0/1 1/8 0/1 0/1 1/35(2.9

e Antigen 11/18 3/4 1/2 2/7 - - 17/3164.8
(% ) (61.8)  (75) (28.6)

Anti-e 3/17 1/4 0/2 2/7 - - 6/3020C

Anti-HBc 9/9 1/1 - 4/5 - - 14/15(99.2

HBs antigenemia and e-antigenemia disappeared in 8 of 40(20%)
and in 3 of 7(17.6%) respectively. Anti HBs appeared in 2 of 40
(5%),antiHBc in 2 of 35(6.7%) and anti-e was 3 of 24(12.5%).
Subtype of HBs antigenemia was divided in adr(N=9),adw(N=3) in 12
patients examined without the deviation in histological categories

Low levels of serum C3 were found(Table 8) in 6 of 40(15%).
There was no significant difference among the histological catego-

ries.

Table 8.Serum complement(C3) by histology

Level of serum C3/Histology:MGN(%) MPGN PGN MC FGS Adv.Total(%)

low(M-2SD) (£ 50) 3(12.5) 2 1 6 (15 )
borderline(M-1SD)( =70) 4(16.7) 1 2 7 (17.5)
normal ( z71) 17(70.8) 1 1 6 1 127 (67.5)
Total (%) 24(100°Y T4 7 2778 7177717207 (iod)”

Circulating immune complexes were detected in 12 of 15 or 80
% of patients in whom it. was measured.They found in 7 of 9 or 77.¢
% of patients with MGN,

Immunostaining of renal biopsy specimens was positive for IgC
in 16 of 24 patients,for IgA in 3 of 24,for IgM in 11 of 22,for C3
in 16 of 24,for HBs antigen in 2 of 20 and for e-antigen in 8 of-
13(Table 9).

e-antigen,C3,IgG,A,and IgM were stained at glomerular basemert
membrane mainly in diffuse,granular pattern wth few exception,

HBs antigen was positive only in 2 patients,one each with MC and
MGN.
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Table 9 Immunostaining of renal biopsy specimen

Stainings - o a4 H(examined) +/N (% positive)
IgG 8 7 9 24 16/24(66.7)
IgA 21 2 1 24 3/24(12.5)
IgM 11 11 22 11/22(50 )
C3 7 1 9 1 6 24 16/24(66.7)
HBs Ag 17 1 2 10 2/10(20 )
e-Ag 5 8 13 8/13(61.5)

5.8TAGE OF MGN AND THE TYPE OF MPGN

Sixteen patients with MGN showed the stage II in 4;II-III in
2;III in 7 and III-IV in 3. Three patients with MPGN were classi-
fied in type III and it was unknown in remaining one patient with
MPGN .

6.CLINICAL EVOLUTION

Among 7 patients with hematuria alone,3 impoved and 4 were
stationary in urinary findings.Among those presenting with both
hematuria and proteinuria,3 of 9 improved and 6 were stationary
(Table 10).

Table 10.Clinical evolution:improvement in urinary findings

Urinary findings /Histology:MGN MPGN PGN MC FGS Adv.Total (% )

. improved 1 2 3 (42.9)

Hematuria stationary 4 4 (57.1)
Froteinuria improved 1 1
stationary 1 1

. improved 2 1 3 (33.3)

Combined stationary 4 2 6 (66.7)

Nineteen of 22 nephrotic patients were treated with steroid.
Complete remission occuyred in 12 ot 19,9 ot whom had MGN.Four pati-
ents had partial remission,2 with MGN,and one each with MPGN ana
Adv.(Table 11).0One patient with FGS responded but had frequent re-
lapses. One patient with MGN was stationary and one other died of

hepatic failure.
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Table 11.Steroid response in nephrotic patients with EB NP

Responses or course/Histology:MGN (% )MEGN EGN MC FGS Adv.. N (%)

complete remission 9(69.2) 1 2 12(63.2)
"proteinuria only" 1(7.7) 1 1 3(15.8)
imcomplete remission 1(7.7) 1( 5.3)
stationary 1(7.7) 1( 5.3)
frequent relapser 1 1( 5.3)
death 1(7.7) 1( 5.3)
total 13(100 ) 1 1 2 1 1 19(100 )

DISCUSSION AND SUMMARY

Ve would like to emphasize the following features observed in
this series of 40 patients with HB NP. (1)Half of the patients
were detected by chance mainly by urinary screening in school.(2)
The male -female sex ratio of 7to 1 is higher than that reported
in any other type of renal diseases in children. (3)High propor-
tion of patients had MGN which accounted for 24 or 60% of 40. (4)
Nineteen of 20 patients who had nephrotic syndrome at some time
during the course were treated with steroid and of these 19,12 had
complete remission.(5)There was high incidence of e-antigenemia,of
positive circulating immune complexes and of positive e-antigen
stainings in renal tissues.(6)These results suggests that e-anti-
genemia might have important role in the pathogenesis of HB NP,
especially in those with MGN and MPFGN in whom the frequency of

e-antigenemia was higher than in patients with MC.

Tekekoshi,Y.et al (1978)(7) speculated that MGN in Japanese
children is mainly caused by HB virus because they found the high
incidence of positive HBs antigenemia in MGN(%1/11:100%) compared
with other types(4.6%) in 163 biopsied specimens.These results
were confirmed by Yamashita,F.et al.(1979)(8),Hattori,S.,Matsuda,l
and Ito,H.et al.(1979)(9 )Same results were reported from France
(Kleinknecht,et al.,1979)(10). Tekoshi,Y,and Mayumi,M.et al.,pro-
vosed that e-antigen and antibody immune complex might play impor-
tant role in the pathogenesis of MGN in children,because e-Ag IC
was positive iy gY¥omerular capillary wall 1n 2 renal specimens
(1979 ) (11). Ito,H.,Matsuda,I;,Hattori,Mayumi,M.et al*confirm-
ed the high incidence of positive e-Ag by IF in glomeruli in MGN
in more larger seriesﬂQSO)(lZ,l@fThose patients were included in

this survey)
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HB Nephropathy will be a good model to elucidate the pathogenesis
of the MGN and other glomerulonephropathy in children.Further
detailed investigation including the observation of the correla-
tion of the behaviour of HB virus associated antigen or antabody
and the clinical sign and symptoms will be necessarily.

(Asian Study of Renal Disease in Children:ASRDC
Members:Kadowaki,J., Ito,H.,Kitagawa,T.,Sakai,T.,Murakami, M.,
Yamaguchi,M.,Sakai,K.,Yamashita,F. /Matsuda,I.,Ko,W.K.,
Consultants:Barnett,H.L., (New York),Bernstein,J, (Pathology,
Detroit),Okada,M. (Pathology,Tokyo), Sakaguchi,H. (pathology, Tokyo),
Kim,Y.I.(Pathology, Seoul),Mayumi,M. (Virology, Tokyo)
Coordinator:Yamashita,F.Dep.of Ped.,School of Medicine,Kurume Univ..

67,Asahi-machi,Kurume City,Japan 830 )
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CYCLOPHOSPHAMIDE VERSUS CHLORAMBUCIL IN THE TREATMENT OF
FREQUENTLY RELAPSING AND STEROID-DEPENDENT NEPHROTIC
SYNDROME .

A co-operative study of the "Arbeitsgemeinschaft fiir
pddiatrische Nephrologie".

H.P. KROHN, Hanover, West Germany.

Several patients with steroid responsive minimal change
nephrotic syndrome (MLNS) must be treated with cytotoxic
drugs because of side-effects of previous steroid therapy.
The aim of the study reported here is to compare the
effectiveness and the side-effects of the two most widely
used cytotoxic drugs, Cyclophosphamide (CP) and
Chlorambucil (CHL), in these patients. (1)

The definitions of nephrotic syndrome, relapse,
remission and the therapeutic regimen in this study are
determined according to the International Study of Kidney
Disease in Children (2). As a result of our previous
Steroid Study I (3), however, in the present study the
group of "frequently relapsing nephrotic syndrome" is
sub-divided into patients with frequently relapsing
nephrotic syndrome without steroid dependency, and in
those with steroid dependency. The first group will be
referred to as "frequent relapsers" (FRNS), the second
group as "steroid dependent" (SDNS).

By definition, a patient is steroid dependent when 2
consecutive relapses occur during standard relapse therapy
or within 14 days after cessation of steroid therapy
(fast relapse), or when 2 out of 4 relapses within a
period of 6 months are fast relapses. Patients, qualified
for the study, were recorded in the central office
(Hanover) and each of the two groups, FRNS and SDNS, were
randomised separately. The allocation of the patients
was selected by chance.
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Figure 1.
Cytotoxic Drug Study |

Steroid responsive MCNS
with steroid toxicity
A. Frequent relapser (FS)
B. Steroid dependent (SD)
T
Relapse
lop

Protocol of the study.

Prednisone 60 mg/mz/day

until urine protein free for 3 days| Remission of nephrotic
Central random allocation 3 :
DA syndrome was induced in
the single patient with
hlorambucil yclophosphamide
-1 ma/ke/d x 36 2 ma/ka/d x 56 standard relapse Predni-
plus plus
prednisone prednisor
60 mg/m2 48h x 14 ) mg/mrfﬂih x 14 sore therapy (Figure 1 ) .
4o mg/m’/48h x 4 40 mg/m_ /48h x 4 .
30 ma/m2/48h x 3 %mwh/whxa After urine was protein-
20 mg/m_ /48h x 4 20 mg/m’ /48h x 4
lo mg/m>/48h x 3 lo mg/m2/48h x 3 free for 3 days, cytotoxic

therapy consisting of
oo e Cyclophosphamide 2.0 mg/
kg body weight or Chlor-
ambucil 0.15 mg/kg body

weight was started and

Control of patients
for 5 years

steroid therapy was tapered down consecutively. All therapy
was discontinued after 8 weeks, and the patients were to be
followed for proteinuria and side-effects over a period of

5 years.

The duration of remission of nephrotic syndrome
following cytotoxic therapy is used as the only criterion
of the effectiveness of cytotoxic therapy. Acute side-
effects of the therapy are recorded as blood smear
alteration, hemorrhagic cystitis, alopecia and infections.
Long-time side-effects, such as gonadal toxicity, should

be monitored over a period of 5 years.

53 patients entered the study. 16 of them had
suffered from frequent relapses, 37 were steroid dependent.
In the group of FRNS 8 patients were treated with Chloram-
bucil, 8 with Cyclophosphamide. In the group of SDNS 17
children were treated with Chlorambucil, 20 with Cyclo-
phosphamide. Of the latter group 3 patients had to be
withdrawn because their treatment did not follow protocol.

The groups were comparable in sex, age and duration of
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nephrotic syndrome before entry into the study.

FREQUENTLY RELAPSING NEPHR.SYNDROME Figure 2.
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The clinical course of all patients with FRNS following
cytotoxic therapy is documented in Figure 2. 1In the group
of CP-treated patients 3 patients had a relapse 1, 16 and
18 months after cessation of cytotoxic therapy. 5 patients
are in remission after 9, 12, 32 and 42 months without
therapy. In the CHL-treated group only 1 out of 8 patients
relapsed 9 months after the end of therapy. 7 patients
remained in remission up to 42 months. Life table

analysis shows that there is no significant difference

in the outcome between CP and CHL treatment in FRNS.

The course of nephrotic syndrome in patients with
SDNS is depicted in Figure 3. Following CP therapy 13 out
of 18 patients suffered a relapse of nephrotic syndrome,
most of them within 6 months after cessation of therapy.
A remission of nephrotic syndrome lasting longer than 12
months is documented in only 2 patients. After cessation
of CHL therapy 11 out of 16 patients suffered a relapse
of nephrotic syndrome within 6 months. Only 1 patient
has remained in remission of NS for a period of more than
12 months. There is no difference in the duration of
remission of nephrotic syndrome following Cyclophosphamide
or Chlorambucil therapy in patients with SDNS. Only 20 %
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If one compares the effectiveness of the same cyto-
toxic therapy (CP and CHL) in patients with FRNS and in
those with SDNS (Figure 4), there is a significant dif-
ference in the response. There is a long-lasting effect
in patients with FRNS, i.e., 66 % of patients were still
in remission 2 years after treatment. Some patients suf-
fered relapses after a period of remission lasting 10 to
12 months and only 1 patient had a relapse 1 month after
cessation of therapy. On the contrary, patients with SDNS
continued to suffer from frequent relapses within 3 to 6
months after cessation of cytotoxic therapy and only 3 had

remissions after more than 20 months.

Acute side-effects of Cyclophosphamide and Chlor-
ambucil therapy were recorded rarely in both groups.
Alterations in blood smear such as leucocytopenia (less
than 3,000 per mm3) (n = 6), thrombocytopenia (less than
100,000 per mm3) (n = 8) or lymphocytopenia (less than
1,000 per mm3) (n = 21) were reversible within some weeks.
Hemorrhagic cystitis was never seen. Mild alopecia and
infections were documented in a few patients treated with
both drugs. Differences in acute side-effects of Cyclo-
phosphamide and Chlorambucil therapy were not significant.
In 3 patients cytotoxic therapy had to be interrupted for
up to 14 days, but in no case were side-effects severe
enough to require cessation of therapy.

The results of the cytotoxic drug study of APN
document that Cyclophosphamide and Chlorambucil, when given
for 8 weeks in a dosage of 2 mg/kg or 0.15 mg/kg per day
respectively, are effective in producing long-lasting
remissions in patients with FRNS without steroid dependency
but are ineffective in patients with SDNS. No difference
could be found in the effectiveness of the two drugs
studied in respect of the prevention of relapses, and
there were no differences in the acute complication rate.
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ANTICOAGULANT VERSUS NO SPECIFIC TREATMENT IN CHILDHOOD HEMOLYTIC
UREMIC SYNDROME. A RANDOMIZED PROSPECTIVE STUDY.

W. PROESMANS, P. BINDA KI MUAKA, B. VAN DAMME, J. VERMYLEN,
R. VLIETINCK and R. EECKELS. University of Leuven, Leuven, Belgium

1. INTRODUCTION

The appropriate management of fluid and electrolyte disturban-
ces has led to a dramatic decrease of acute mortality in childhood
hemolytic uremic syndrome (H U S). The value of additional anti-
coagulant therapy therefore has been seriously question. ed but
whether or not anticoagulants are useful especially with regard to
the long-term evolution of kidney function in the surviving patients
has not been established. We have approached this problem by a
prospective at random study which started in June 1976 and is still

in progress now. Thirty-nine patients have entered the study so far.

2. PATIENTS, MATERIALS, METHODS

All patients, up to the age of 15, entering the University
Childrens'Hospital during the acute phase of the H U S, are allo-
cated at random (sealed envelopes system) to one of two different
therapeutical schedules : the one consists of supportive therapy
only (to be referred to as the CONTR group) the other comprises in
addition the administration of heparin and dipyridamole (further
to be referred to as the +ANT group). All other therapeutic mea-
sures are standardized as much as possible as described in the pro-
tocol. Dipyridamole is given intravenously, twice daily at a dose
of 1 mg per kg body weight per day. Heparin is given four-hourly as
an intravenous shot, starting with a dose of 2 mg per kg body
weight. The dose is adjusted according to the clotting time which
is maintained between 10 and 15 minutes. This allows, after
72 hours to estimate the daily heparin requirement which is given
in four intravenous injections, the clotting time being assessed

from now on only once a day, four hours after the first morning
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injection.

Anticoagulants are started as soon as the diagnosis is established.
They are withdrawn when the number of platelets exceeds 150, 000
per mm3 together with a normalization of the fibrin/fibrinogen
degradation products in blood and urine.

Before dismissal, a percutaneous renal biopsy is performed which
is examined by conventional light microscopy and immunofluorescen-
ce. The pathologist analizes the biopsies without knowledge of the

clinical history or the therapy.

3. RESULTS

The CONTR group is made of 20 infants and children, the + ANT
group of 19 patients. Both groups are almost identical with regard
to the following features : prodromes, age distribution, hemato-
logical data, serum creatinine level on admission, number of
transfusions, number of cases treated with peritoneal dialysis and
hemodialysis and the duration of the hospital stay. They were,
however, striking differences in 1) the severity of the disease
(more severe cases being found in the +-ANT group) and 2) in
blood pressure (severe hypertension was present in 7 patients of
the CONTR group but in none of the + ANT group) (Table 1). The
duration of the anticoagulant therapy varied from 4 to 22 days
with a median of 11 days. Complication of the anticoagulant thera-
py have been few and in one patient severe enough to necessitate
temporary interruption of the drugs.

3.1. Immediate outcome

Despite vigourous symptomatic therapy., there has been one death
in the CONTR groups and 2 in the + ANT group, the former after
four weeks of ongoing hemolysis and progressive renal insufficiency,
the latter two 6 hours and 3 days after admission respectively.
Death in these two patients was not related to the anticoagulant
therapy.

Three patients in the CONTR group had an unusually prolonged
course of their illness with life-threatening hypertension. The
first died, the second still has arterial hypertension after 18
months, the third is in chronic hemodialysis. Such evolution was
never seen in the + ANT group.

3.2. Kidney biopsies

Thirty-five percutaneous kidney biospies have been performed
between 10 and 32 days after admission. It should be emphasized
that only one of the three children from the CONTR group with a
prolonged course, could be biopsied.

The following histological lesions have been scored on a scale of
O to 3 : glomerular changes (sclerosis, necrosis, congestion,
segmental solidification, crescents and basal membrane thickening);
arteriolar lesions (thrombi, necrosis, intimal proliferation):;
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interstitial lesions (edema, fibrosis, infiltration); tubular chan-
ges (casts, necrosis, atrophy). The mean scores for fifteen out of
the seventeen types of lesions studied are higher in the CONTR
group, suggesting a beneficial effect of the anticoagulants.

When the differences are analysed using the Kruskal-Wallis test

for non parametric data, they were found not to be statistical-
ly significant.

3.3. Long-term outcome

Seventeen patients of both groups have made a reasonably quick
recovery from their illness. One child had a second episode of
H U S 10 months after the first and recovery was each time complete.
Long-term follow-up - to a maximum of three years in only a small
number of them - shows that kidney function, as judged from the
serum creatinine levels and the creatinine clearance values com-
pletely normalised within one year after the acute phase of H U S
and this applies to both series of patients (Table 2) .Hematuria
and proteinuria are exceptionel and hypertension absent (with one
exception) after one year.

4. CONCLUSIONS

1. The administration of anticoagulants does not influence
the acute mortality of infants and children with H U 5, as expected.

2. When one analizes the different aspects of the disease in the
control patientsas compared to the patients who received anticoa-
gulants, two striking features emerge which are clearly in favour
of the anticoagulant therapy especially if the higher incidence of
severe cases in the ANT group is taken into account. First of all,
7 out of the 20 control patients had to be treated for severe hyper-
tension which never occurred in the + ANT patients. Secondly, from
the 20 control patients, three had a very severe course with mali-
gnant hypertension leading to hypertensive encephalopathy in all
three and necessitating the use of very active hypotensive drugs
such as diazoxide, minoxidil and captopril for weeks or months.
One of these patients died presumably from cerebral hemorrhage
after four weeks of progressive renal failure. The second patient
stayed in the hospital for almost four months and after 18 months
his blood pressure is still difficult to control. The last child
went into terminal renal failure and is presently in regular hemo-
dialysis. Such unusual mode of evolution was not observed in the
+ ANT group.

3. The biopsies of the patients from the control group have an
higher average score for most of the lesions observed as compared
to the + ANT group. The differences, however, are not statisti-
cally significant. It must be stressed, however, that two of the
three patients from the CONTR group with prolonged courses could
not be biopsied in the weeks following the onset of the disease
and on the other hand it should be recalled that this group also
comprises quite a lot of mild cases. The conclusions therefore
must be considered as tentative the more so as the data of the
immunofluorescence study are not vyet included in the analysis.

4. On the long run, kidney function normalises indifferently
in both groups in as far as it concerns patients who recovered
from the acute illness within the three weeks after the onset.
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Table 1. Prospective H U S study. Data on admission.

CONTR + ANT
Patients
number 20 19
age mean 1 9/12 1 7/12
range 1/12-9 11/12 3/12-12 7/12
prodromes
intestinal 20 19
Hematological data (mean values)
platelets/ pl m 50, 400 53, 600
hemoglobin g/dl m 7.4 7.5
fragmentocytes %° m 39 46
haptoglobin mg/dl m 12 9
Renal manifestations
hypertension  absent 11 16
moderate 2 3
severe 7 0
diuresis normal 15 8
oliguria 1 2
anuria 4 9
serum creatinine mg/dl m 3.7 4.3
Severity of disease
mild 7 3
moderate 6 5
severe 7 11
Table 2. Long-term outcome
CONTR + ANT
Serum creatinine mg/dl 6 mo 0.62 0.61
mean values 12 mo 0.63 0.66
24 mo 0.57 0.61
36 mo 0.67 0.66
Creat. clearance 6 mo 83 + 21 84 + 29
ml/min per 1.73 sg.m. 12 mo 94 + 23 103 + 24
mean values + SD 24 mo 105 + 23 115 + 20

36 mo 112 + 23 115 + 30
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Principles and Practices of Controlled Clinical Trials

Curtis L. Meinert, Ph.D.

I am pleased to have an opportunity to participate in
this Symposium. I am especially delighted to see that a
section of the program is devoted to clinical trials. As
one who has spent his entire professional career in the
design and conduct of such trials, I am impressed with the
importance of the trial as an evaluation tool. Often they
provide the only reliable answer to vexing treatment questions.
It is no wonder Dr. Frederickson, now Director of the NIH,
referred to the trial as the indispensible ordeal. (1) The
question is not whether we should have trials, but rather
how we should carry them out. It is this latter point I
wish to discuss in the time allotted to me.

A universal problem has to do with the number of patients
available for study. The fact of the matter is that most
trials are too small to answer the question they were designed
to deal with. About half the trials funded by the NIH have
less than 50 patients per treatment group.(2) To be sure,
some of these are mounted as feasibility studies and were
not designed to provide definitive results, but the lions
share do not fall into this category. 1Incidentially, we
should delete the term definitive from our vocabularly when

speaking of trials in the planning stage. Nearly every
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investigator I know sets out to perform a definitive trial but
few turn out to achieve this goal.

The recent article by Friedman et al (3) in the New
England Journal of Medicine provides graphic evidence of the
sample size problem present in trials. Among 71 articles which
were negative and in effect concluded in favor of the null
hypothesis of no difference, over 80% had less than a 50-50
chance of detecting a 25% beneficial treatment effect!

No trial should be undertaken without a sample size
calculation to indicate the number of patients required to
detect a specified difference at a given type I and II error
level or the level of error protection which can be expected
for a given sample size. A type I error, as you will recall,
occurs when the null hypothesis is rejected when in fact it
is true. Whereas a type II error is made when the null
hyposthesis is accepted when in fact it is false. One minus
the probability of a type II error is the power of a test, and
is the probability of correctly rejecting the null hypothesis.
Virtually all of the papers reviewed by Friedman and colleagues
failed to recognize the importance of power and the danager
of making a type II error.

So what can we do to solve the sample size problem? First,
we should not start a trial if it is clear the numbers
available for study will be too small to answer the question.
I, like many others, am of opinion that it is unethical to
perform a trial which exposes humans to risks, however small,
if the trial has no chance of detecting an important

difference, if one exists.
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In many cases it is just not possible for any one clinic
to recruit the desired number of patients., at least not with-
in a lifetime of work. 1In such cases it is necessary to turn
to the multicenter trial with several clinics, all following
the same study protocol. The study described by Dr. Goldsmith
involves this kind of design. The multicenter trial, while
logistically more difficult to mount and carry out than is a
trial confined to a single center, provides advantages which
simply are not possible with the small scale single center
trial. Some of these will be addressed in a paper scheduled

to appear in the next issue of Controlled Clinical Trials. (4)

Unfortunately, we still tend to shy away from the multi-
center trial because of real and imagined obstacles. There
is no question that they are difficult for investigators to
initiate, in part because funding mechanisms, especially those
available through NIH, were not designed for collaborative
activities of this kind. The demise of the planning grant
some years ago has made it difficult for investigators to
convene to plan the study and develop a viable funding proposal.
In addition, the reward system, as reflected by the prcmotion
criteria of most academic insititutions, places more emphasis
on smaller more individualized projects than on collaborative
endeavors. All other things being equal, I expect an individual
who develops his curriculum vitae by carrying out a series of
small scale studies, even if they are useless, is likely to
move up the academic ladder faster than an individual with
an equal number of publications from collaborative projects,

but where that individual's contribution is obscured because
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of the way in which the papers are authored, e.g., under the
study name without anyone listed as senior author.

In addition, we should be realistic about the numbers
of patients that can be recruited into a trial. It does no
good at all to have an elaborate sample size calculation if
the recruitment goal derived from the calculation can not be
achieved. Investigators are unbelievably bad at predicting
recruitment performance. Estimates made during the design
phase of a trial are almost always much higher than the number
of patients who can actually be enrolled in the study. Unless
the estimates are based on actual record reviews, where the
exclusion criteria of the study have been taken into account,
the projections must be seriously downgraded, sometimes by a
factor of four or more, to get a realisti¢ idea of how long
it will actually take to do the study.

We need to recognize that there are strengths in the
collaborative multidisciplinary approach to a problem which
are usually impossible to achieve in the small scale trial.

I continue to be impressed by the chemistry of collaborating
groups, where indeed the whole is greater than the individual
parts. In addition, there is evidence that the multicenter
trial is better designed and executed than the smaller scale
single center counterpart.(5) The level of statistical
expertise is often higher and there is usually more attention
to quality control of the data collection process in such
trials than is possible in the small scale trial.

Every trial, small and large alike, must be concerned

with data integrity. The collection of data without ongoing
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ongoing quality checks is an invitation to disaster. Trials
in which it is possible to identify costs associated with data
intake, editing, and analysis suggest that this component may
represent anywhere from 10 to 20% of the total budget of the
study. (6) I am skeptical of any trial which overlooks the
need for such basic support.

Quality control is only one aspect of data intergity.
The structure of the trial itself can have an impact on the
way the trial is viewed by the public. Structural defects
can lead to conflicts of interest which may compromise the
study results. For example, it is important to make certain
that those responsible for carrying out and analyzing the
trial are independent of the sponsor, especially if the sponsor
has a prioriety interest in the treatment being tested. The
Anturane Reinfarction Trial has been critized because of
its failure to provide this separation in the area of data
analysis. (7) The data center for that study was part of
the corporate structure of the firm which produced Anturane.
Investigators should be very wary of any arrangement, whether
it involves a single center or multiple centers, in which a
drug firm assumes a major responsibility for data analysis.
Arrangements which restrict or deny the rights of investigators
to perform data analyses, as they see fit, should be rejected.
At the same time investigators should forego any financial
relationship which can be perceived as influencing their
objectivity. It is important to make certain that those
carrying out a study involving a prioriety product do not have

any financial interest in the product under test. For example,
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the National Cooperative Gallstone Study, (8) an NIH funded
tiral, requires all its investigators, including the over-
sight committee, to disclose financial arrangements which
could constitute a conflict of interest.

The recent series of articles in the Boston Globe (9,10)
involving falsification of data in a multicenter cancer trial
should raise concerns for all of us, even if such events occur
only rarely; certainly such reports can not help but raise
doubts in the public sector regarding the value of research
in general and clinical trials in particular. There are built-in
mechanisms to detect fraudulant data in most areas of science,
because of the tendency to withhold judgement regarding a
procedure until it has been replicated several times. This
option does not always exist in clinical trials, particularly
when they require years to carry out and costs millions of
dollars to perform. It is unlikely that there will be any
replications of some of the nations more expensive trials.

I would like now to touch upon a couple of analysis
problems common to most trials. One of these was noted by
Dr. Goldsmith in the question "who do we count?" The basic
analysis in any trial should include everyone entered into
the study and the group in which an individual is counted
should be determined by that individual's original treatment
allocation. This is the only analysis justified by the random-
ization process. The selective removal of patients after
treatment, whether or not the trial is masked, has the potential
of making the study groups non-comparable in various and subtle

ways which can not be corrected by any analysis technique. A
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forthcoming paper from the Coronary Drug Project provides
evidence to suggest that patients who comply to a treatment
are different from those who do not. (11)

The approach proposed has the advantage of being conserva-
tive in that it may obscure a treatment difference when one
actually exists. The notion that problems arising from non-
compliant patients and those who dropped out of the study can be
eliminated by simply recruiting new patients to make up for such
deficiencies is a serious misconception. The only reliable way
to avoid difficulties is to minimize compliance and dropout
problems by careful patient selection and through use of
follow-up procedures which help to insure high patient
compliance to the study treatments.

The approach to analysis proposed does not, of course,
preclude additional analyses focusing on selected subgroups
of patients. There is certainly nothing wrong with a report
that includes other analyses involving selected subgroups of
patients. For example, added analyses in the University Group
Diabetes Program (UGDP) were carried out in which mortality
in the tolbutamide treated group was compared with that in the
placebo treated group in the subgroup of patients who had high
levels of adherence to the assigned study treatment.(12) This
analysis, while subject to intrepretational problems, was
helpful in understanding the results of the study.

The last issue I want to touch on deals with the way in
which results are presented. Even a cursory review of published
reports reveals a great attention to the question of whether

or not a particular finding is significant. If a difference



182

yields a p value of 0.05 or less it is regarded as statis-
tically significant, otherwise it is not and the difference

is ignored. There is certainly nothing magical about the 5%
level of significance. The needs of the scientific community
would be better served if more attention was paid to intre-
pretation of the data and less to the question of whether a
given result is statistically significant. It may surpise some
to learn that the mortality findings of the UGDP, which led to
termination of the use of tolbutamide in that study, did not
achieve statistical significance even at the 10% level. Use

of the drug was stopped, as it should have been, when it became
clear it was not beneficial. 1In fact, it is ethically untenable
to consider continuing a trial until a significant difference
is observed in the negative direction. Trials are designed to
test the question of efficacy, not to establish toxicity.

The slavish adherence to the 5% level of significance in
the literature is a result of undue emphasis on hypothesis
testing. Such overemphasis can, and sometimes does, lead to
rediculous conclusions in which a great deal is made of a
clinical by irrelevant finding because it is statistically
significant. The larger the sample size the smaller the
difference required to reject the null hypothesis.

The information supplied in most manuscripts on methods
used for data collection and analysis is usually inadequate
for an informed evaluation of the study design. Part of the

reason for the sketchy nature of this information is due to
space limitations imposed by journals. Authors faced with such

limitations usually prefer to use available space for their
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their results and discussion rather than for a description of
methods. Nevertheless, the conscientious investigator will
find ways around the space restrictions through supplemental
publications, or by making a detailed description of the study
design and methods available through some depository, such as
the National Technical Information Service. The paper I
referred to earlier, scheduled to appear in the forthcoming

issue of Controlled Clinical Trials (4), provides a listing of

key items of information which should be included in reports
from clinical trials.

A key item of information has to do with the method
of randomization. Some authors will use the term random, but
mean haphazard, The validity of the results can be adversely
effected if patients were assigned by some psuedo random
allocation scheme, such as hospital number, particularly if
the investigator knows the treatment to which a patient will
be assigned prior to completion of the necessary eligibility
examinations. Such schemes are almost certainly subject to
selection biases which may render the study group non-
comparable from the outset. Sufficient details regarding
methods should be provided so readers are not in the dark
on the allocation procedure.

The problems involved in designing and carrying out a
trial are many and complex. It is certainly true that
clinical trials, as noted by Frederickson:

"...are indispensable. They will continue to be
an ordeal. They lack glamor, they strain our resources

and patience, and they protract the moment of truth to
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excruciating limits. Still, they are among the most
challenging tests of our skills. I have no doubt

that when the problem is well chosen, the study is
appropriately designed, and that when all the populations
concerned are made more aware of the route and the goal,
the reward can be commensurated with the effort. 1If, in
major medical dilemmas, the alternative is to pay the

cost of perpetual uncertainty, have we really any choice?"

I think not and so we must all strive to make the trial a

better more effective evaluation tool for present and future

use.
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PROGLEMS OF LONG TERM DIALYSIS IN CHILDREN.

Michel BROYER, Marie-France GAGNADOUX, Jean-Louis BACRI,
Kathleen LABORDE.
Hépital des Enfants Malades. Paris, FRANCE.

If iterative hemodialysis has become now a routine treatment
for children in terminal uremia, this approach is usually consi-
dered for a short period of time as kidney transplantation is the
first choice treatment in this age group. Unfortunately for
different reasons some children have to be treated by Qemodia]ysis
during long periods of time. Many problems could occur in these
patients and the purpose of this paper is to report on the compli-
cations and difficulties registered in the specialised pediatric
dialysis centre of the Enfants Malades Hospital in a ten year
period (1969-1979).

Patients and methods.

More than 200 children and adolescents had been referred to
the dialysis unit of the Enfants Malades Hospital in the period
1969-1979. Among this pool of patients 138 aged 1 year 4/12 -

15 years 5/12 had been treated by hemodialysis Tonger than 3
months, these patients have been used for building actuarial sur-
vival curve. Out of them 107 patients had been treated by hemo-
dialysis longer than 1 year and the long term complications repor-
ted here apply to this population for which the mean follow up

is 2.9 years. The growth study recently published (1) applies to
76 patients from this pool observed between 1969 and 1978. Details
of dialysis treatment and medications given were reported in this
last study (1).

Survival.

Actuarial survival of children on LTD was respectively 93,
88, 85 and 80 % at 1, 2, 3 and 4 years and after. These figures
are calculated taking in account all patients and all deaths
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during hemodialysis treatment including nephroblastoma and pa-
tients coming back dialysis after transplantation failure.

This survival is similar to that given in the EDTA registry
for specialised pediatric centres and clearly above the survival
of children treated in non specialised centres (2).

Causes of death were the following : cerebral hemorrage 1,
pulmonary edema 1, myocardial ischemia or infarction 2, pulmonary
embolism 1, iatrogenic hypernatremia 1, cardiac arrest on dialy-
sis 2, in 3 cases death was related to the causal disease : oxalo-
sis in 1 and nephroblastoma in 2, finally in 2 cases the cause of
death remained unknown. Analysis of death rate in function of
initial renal disease shows that nephrotic syndrom with focal hya-
Tinosis represents a high risk group of patients (4/11 versus
9/127). These deaths are illustrative of some of the problems
encuntered during hemodialysis treatment but also of the progres-
ses performed with time, 9 of these 13 deaths occured before
1975 and most of them could have been avoided.

Vascular access and related problem.

Since 1971 internal fistula replaced systematically external
shunt for the vascular access in all patients accepted for a dia-
lysis programme in our institution whatever the age. In this
chapter we report data on fistula concerning the 138 patients
treated at least 3 months. Three patterns of blood access were
used, a) end to end distal fistula between the radial artery and
the cephalic vein ; b) end to side proximal fistula between bra-
chial artery and the cephalic or the basilic vein ; c) vascular
graft with saphenous vein, bovine carotid or PTFE interposition.

The survival rate of these fistulae appeared similar to that
observed in adults : 84 % for distal fistula and 77 % for proxi-
mal fistula after 1 year for gsmallest children and 84 % and 79 %
respectively in lardest ones versus 86 % for all distal fistula in
a series of adults (3). Psychological stress of repeated veini
puncture was not as great a problem as one would fear. Only in
2 children was this stress so important that it seemed intolerable
to the staff. The acceptance of the puncture pain was not worse
in younger than in older children.
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Thrombosis was almost the only complication of internal fis-
tula : 42 % of fistula were thrombosed at 2 years in the smallest

patients ( < 20 kg BW) versus 27 % in the others but incidence of
thrombosis differed according to the pattern of the fistula : Tow
in distal fistula (10 % at 1 & 2 years) it was high in vascular
graft (87 % at 1 year for the smallest and 56 % for the others.
Thrombosis did not always result in loss of blood access : 6 out
of 8 thrombosed distal fistulae in small children could be used
again after resection of the thrombosed part. Other complications
were rare and never life threatening : 3 local infections (in 2 of
these cases hemorrages occured and lead to closure of fistula),
4 false aneurysms leading to 2 resections and 1 ligature.

Two episods of cardiac failure requiring closure or banding
of fistula occured during a 330 patient year of follow up. In 2
other cases banding of fistula was performed preventively as the
flow was too high. Out of the 107 children dialysed Tonger than
1 year, 16 remained at lTeast once without any vascular access du-
ring a period of time long enough to need peritoneal dialysis,
usually performed with a permanent catheter. Some children switched
alternately from hemodialysis to peritoneal dialysis and inversely
1 or 2 times. Thanks to this approach no one child died from vas-
cular access shortage.

Problems occuring during the dialysis sessions.

In spite of a careful procedure and monitoring children are
more prone to adverse symptoms than adults during dialysis sessions.
Out of 3.230 sessions recorded in 1979 we have noted hypotension
in 25.2 %, headaches in 11.6 % and vomitings in 13.7 % of the
sessions, but cramps were only observed in 1.8 %.

Special mention has to be made of marked hypotension occu-
ring in some patients not only during the dialysis sessions but
also between them. We have observed 5 such patients all but one
were bi-nephrectomized and all had been dialysed for longer than
4 years when this syndrome began. Hypotension persisted in spite
of weight excess and increase of Extracellular water and continues
at the present time to raise problems.
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Bone disease.

The frequency of renal osteodystrophy is different from one
series of patients to another one probably in relation with the
treatment prescribed. Out of the 107 patients followed Tonger than
1 year, 18 developped bone disease on LTD, but we must consider
separately 4 of them who had oxalosis. That is to say a frequency
of bone disease in dialysed children of 14 %. Medical treatment
including adapted doses of 25 OH D3, 1 o OH D3 or 1-25 (OH), D3
calcium and aluminium gels allowed a good control of osteodystro-
phy in 9 cases, but 5 patients had to be parathyroidectomised.
Note that bone disease was much more frequent in very young chil-
dren (5/10 patients under 4 years) and in non compliant patients
not taking vit D derivatives and/or aluminium gel.

The risk of Aluminium intoxication adds a new problem to the
dialysis patient and we decided to stop aluminium gel in children
who had plasma aluminium above 100 ng/ 1, with the consequence
to increase their plasma phosphorus and then to favour hyperpara-
thyroidism.

Hypertension.
HT could be a vital problem in some patients on dialysis

either from salt and water overload in non compliant patients or
from hyperreninism. The differential diagnosis between this 2 ty-
pes of HT is not always obvious and needs eventually water com-
partments measurement. In the past we were quite large about the
indication of bilateral nephrectomy in the second type HT (24/138).
At the present time, it would be possible to avoid this operation,
thanks to hypotensive drugs Tike Captopri]R and bilateral nephrec-
tomy is now replaced in our centre by unilateral left nephrectomy
in preparation to transplantation.

Growth.

Growth failure remains one of the major problem of children
on lTong term dialysis. Growth data from this series of patients
are available for 76 cases. Statural growth expressed as standard
deviation score (SDS) was very variable. Sixteen children showed
a normal length increment for chronological age but 18 had a seve-
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rely decreased growth rate (SDS > -0.5/year). The mean annual Toss
of height for age was 0.39 SD/year and was comparable in boys and
girls. Growth rate was much less severely impaired in the more
growth-retarded children at onset of dialysis, and height incre-
ment was inversely related to initial length expressed as SD. Bone
maturation rate was also markedly decreased in almost all patients,
and the mean Toss in bone maturation score for age was 0.54 SDS/
year. In most of the children studied before they reached a bone
maturation score corresponding to a bone age of 13 for boys and

12 for girls, skeletal maturity and statural growth were equally
retarded, resulting in an unchanged growth potential.

The mean values of biochemical, clinical and nutritional
data regularly checked during therapy have been compared in the
group of children growing normally versus the group of growth
retarded children. The substances considered as indicative of ure-
mic toxicity were slightly higher in the second group but the dif-
ference reached significance for creatinine only. Calorie intake
was slightly lTower in the second group but was associated with an
increased skinfold thickness, suggesting that patients with growth
failure utilise the calories ingested more to increase adipose
tissue than for statural growth. The available data afforded no
evidence for a relation of either calorie intake or number and
duration of dialysis to growth. Osteodystrophy even severe was
consistent with a normal growth increment provided that no bone
distorsion developped but it resulted in a loss of growth poten-
tial. Parathyroidectomy and administration of 1 @ or 1.25 OH cho-
lecalciferol were often associated with a gain in growth potential.

During pubertal age, a complete growth arrest was rare, but
a normal growth spurt was never observed. A relative increase in
growth rate occured when bone age reached 13-14 years for boys and
12 years for girls. Growth remained slow, but was often prolonged
beyond the normal age resulting in a limited though not negligible
catch-up. During this period however, which corresponded to sexual
development, a marked loss of potential growth was almost constant-
ly observed and finally the ultimate height as far as it was known
remained generally small.
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P Problems related to the etiology of renal disease.

If we except general processes as LED or PAN, two diseases
could had symptoms or complications of their own on long term dia-
lysis : cystinosis and oxalosis.

Cystinosis : only 6 patients of the present series are cys-
tinotic but we have informations about 10 other patients. Two com-
plications should be pointed out : recurrent epistaxis and severe
hypertension. Six of 16 cystinotic dialysed patients (4 ) have had
frequent epistaxis sometimes severe. Epistaxis occured both during
dialysis sessions and interdialytic period, often favoured by mi-
nor trauma. Careful naso pharyngeal examination revealed no vas-
cular abnormalities and iterative cauterisation of mucosa did not
provide improvement, this symptom disappeared after transplanta-
tion.

Severe hypertension remained or appeared after the first
months of dialysis in 3 out the 16 cystinotic patients which res-
ponded poorly to UF, but subsided after bilateral nephrectomy. One
can add that ocular involvement worsened in 3/16 cases with seve-
re sight defect.

Thyroxin supplementation was needed in all but 2 cases. Fi-
nally hepato and splenomegaly was found in respectively 7 and 5
patients and 2 patients had bleeding from oesophageal varices. Live
biopsy did not show symptom of cirrhosis but a heavy load of
Kupfer cells.

Oxalosis : 4 patients had oxalosis and was dialysed 2.5 to
6 years. All developped severe disabling bone disease in spite of
parathyroidectomy. Bone X Rays were peculiar with densification of
all metaphyseal areas. Fractures of femoral neck were noted in all
patients. This complication was also noted in 14 out of 15 oxalo-
tic patients treated more than 2 years in the last report of

EDTA (5).

Psychological incidence.

Psychological incidence of LTD in children has been extensi-
vely worked out in many groups. It cannot be summarized easily as
the problems are quite different from a patient to another one.
Nature and importance of psychologic disturbences depend essential
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ly on two factors : the quality of familial support and the quali-
ty of life allowed by the treatment. In absence of medical compli-
cations with a good hemoglobin level, an acceptable height for
age and easy dialysis sessions, the child on LTD could have few
problems specially if he is treated at home and if the family sup-
ports him strongly on the way of getting his autonomy. But this
situation is rather rare and usually in spite of an apparently
acceptable tolerance, obvious perturbations at the subconscious
level are objectived by appropriate tests.

School attendance is a good index of psychologic adaptation.
Some children are able to attend full time schooling and progress
regularly year after year but the majority has difficulties to
follow the standards of education. At the present time out of 19
children of school age treated by LTD in our unit, 13 are atten-
ding school regularly, 4 less regularly and 2 have ‘no school atten-
dance. Progression of the Tevel remains in the standards for 6
children but a delay of 2 to 4 years is noted in the 13 others.
Schooling is obviously better with home dialysis and all the 7
children treated at home attend full time school.

Neurclogical complications.

There were few neurological complications. Repeated measure-
ments of nerve conduction velocity never shown a significant de-
crease except in the only case of polyneuritis in a child with
oxalosis. For that reason we have at the presert time given up
this investigation.

More than 1 convulsion occured in 12 out of 107 patients
that is to say a frequency of 11 %. Phenobarbital in appropriate
dosage always succeeded to avoid recurrence of seizures,

Aluminium encephalopathy was not really observed in our se-
ries but one child who took a Tlarge amount of aluminium gel before
dialysis was referred to us with the first symptom of dialysis de-
mentia after 2 or 3 dialysis in a centre with a non free aluminium
water, The symptoms disappeared in few weeks. Aluminium intoxica-
tion is a real hazard and must be regularly looke¢ for in children
on LTD.
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Myocardiopathy.
Some children on long term dialysis developped cardiomegaly

and symptoms of cardiac failure. It is difficult to determine in
these symptoms the respective role of extra cellular overload, of
hypertension, of chronic anemia, of arterio venous fistula or of
uremia itself. In order to assess the frequency of cardiomyopathy
a systematic study of echocardiography was undertook in 30 dialy-
sed patients. Fourteen of them were in the limits of the normal
but 16 had an obvious cardiomyopathy. Three patterns have been
found : a) hypertrophy and hyperkinesy of myocardium : 12 cases ;
b) hypertrophy but hypokinesy of the myocardium : 2 cases ; c) di-
latation of ventricules and hypokinesy : 2 cases. The abnormal
patterns were seen either in severely uremic patients at the onset
of dialysis or and more frequently after a long time on dialysis.

Patients treated by hemodialysis longer than 5 years.

We reviewed the files of the 17 patients younger than 15
years at the beginning of the treatment (1 year 8/12 - 14 year
6/12) and who received long term dialysis for a period longer than
5 years and up to 11 years. Two died at the 60th month of treat-
ment one at age 17 6/12 from an accidental cardiovascular overload
and the other at age 11 9/12 from an early complication of trans-
plantation.

Five are presently living with a functionnal transplant and
10 remain on dialysis. The total follow up on dialysis of this
group of patients reaches 110,5 year. Five out these 17 patients
got difficult problems of vascular access at least once and needed
several operation for maintening a usable fistula, but no one died
or was transplanted in emergency for that reason.

Among complications of uremia, a marked osteodystrophy was
observed in 5 patients with a good evolution in 3 of them (1 para-
thyroidectomy, 2 treatment with 1 o 25 (0H)2 vit D). Three (ane-
phric) needed to be frequently transfused. Only one had clinical
cardiac failure which improved after the banding of a high flow
humeral fistula. Three developped seizures and Were maintened on
phenobarbital. Interestingly 4 of the 10 dialysed patient at the
present time have permanent hypotension in spite of fluid overload
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and severe hypotension during dialysis.

Note that 2 developped large cytotoxic antibodies which
prevent them to be transplanted.

If we except two patients with a low IQ, out of the 15 survi-
ving subjects 4 are working full time after obtaining a diploma or
professionnal qualification, 5 are continuing schooling or profes-
sionnal training but 3 did not attend school regularly and are
poorly rehabilitated, one of these patients has oxalosis and a
severe disabling bone disease.

In conclusion, in spite of a low mortality rate and of tech-
nical progresses, many problems may occur or persist in children
on long term dialysis. There is no doubt at the present time that

kidney transplantation remains a better alternative for this age
group.
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DEVELOPMENTAL ASPECTS OF PERITONEAL DIALYSIS

A.Y. ELZOUKI, A.B. GRUSKIN, H.J. BALUARTE, J.W. PREBIS AND M.S. POLINSKY

The use of the peritoneal membrane for removing uremic solutes was first
reported in 1923 (1). Since then many investigators have contributed to
bringing peritoneal dialysis (P.D.) from an experimental technique conducted in
animals to its present state of clinical prominence. Although the technique
of peritoneal dialysis is being used with increased frequency in children,
relatively few studies dealing with dialysis kinetics have been performed in
children and/or the developing animal.

The purpose of this presentation is two fold. Firstly, a few general
principles and theoretical considerations related to peritoneal dialysis
kinetics will be reviewed. Secondly, we will report our experience in

evaluating those factors which might explain age related differences in dialysi
kinetics.

GENERAL PRINCIPLES OF PERITONEAL DIALYSIS

The peritoneal membrane functions as a passive semi-permeable membrane (1).
Consequently, the movement of solutes across the peritoneal membrane is a resul
of diffusion along concentration gradients and solvent drag. Since the
Permeability of most physiological solutes is inversely related to its molecula
radius, larger molecular weight solutes move by diffusion more slowly than smal
ones, and as such will show lower membrane permeability. Because the exact
area of the peritoneal membrane that participates in solute exchange is not
precisely known, it is not possible to determine actual mass transfer
coefficients for solutes moving across peritoneal membranes. Solute movement
is evaluated by measuring either clearance and/or dialysance. Both are a
function of membrane area as well as permeability.

Although the determination of peritoneal clearance is a clinically useful
technique, its measurement is not ideally suited for comparative studies of
differences in dialysis mechanics, membrane area,or membrane permeability.
Comparative studies of the peritoneal membrane require that determinations of
peritoneal dialysance be made with dialysis mechanics, i.e. dwell times and
dialysate volumes held constant. The formula for peritoneal dialysance
follows(2) :
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= - - +V \Y .V
D 1n 1 SD  (Vp B) B b
. where
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T

D= dialysance in ml/min; SD= solute concentration in dialysate; Sg= solute
concentration in blood; VB=assumed volume of distribution within the body of
urea or inulin, 60% and 20% of BW respectively); Vp= volume of dialysate in ml
returned at the completion of an exchange; and T= time in minutes from
initiation of inflow until the completion of drainage.

The peritoneal dialysance of a solute may be defined as the rate of solute
removal per unit driving concentration between plasma and dialysate, or the
instantaneous clearance at time zero of a dialysis exchange. The peritoneal
dialysance of solutes have been shown to be a combined function of peritoneal
permeability and peritoneal surface area. Thus, when changes in dialysance
occur in comparatively performed studies it may be concluded that an alteration
in one or both of these factors have occurred (3).

Changes in the dialysance of urea, a small molecular weight solute has been
shown to reflect alterations in peritoneal surface area. Changes in the
dialysance of inulin a large molecular weight solute reflects an alteration in
either surface area and/or peritoneal permeability.

The formula for determining the dialysance ratio follows (1,4):

DI
D, = __ + permeability inulin x membrane area

R
DU permeability urea membrane area

The dialysance ratio or permeability index provides a dimensionless index of

permeability as the term for surface area cancels out in mechanically
identically performed comparative studies. Change in the dialysance ratio of
two solutes of widely differing molecular weights, such as urea and inulin,
indicate that an alteration in peritoneal permeability has occurred.

We have calculated the theoretical effect on urea dialysance of varying each

of the factors known to influence dialysance. These calculations demonstrated
that 1) when dwell times are altered; 2) when the volume of dialysate is

altered, i.e. the dialysate flow rate is altered, and 3) when permeability
changes occur as reflected by an altered dialysate to blood ratio, major changes
in dialysance of urea occurs, if dialysance is expressed in ml/min/kg.

Changes in the volume of distribution of solute within the body have only a
minimal effect on dialysance. Consequently differences in the extracellular
space and total body water associated with growth and development will have

only a minor effect on dialysance. How does dialysance change with weight
assuming a fixed exchange times and fixed volume of dialysate in relation to

the volume of distribution of solute within the body? Our calculations showed

the dialysance per kg/bw will be constant at all weights for any given solute
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given a similar degree of peritoneal permeability and functional size of the
peritoneal membrane, as reflected by a constant dialysate to blood ratio of
solute (5).

Thus, if dialysis mechanics i.e. exchange time and dialysate volume per
kg/bw are maintained constant, any differences occurring in the dialysance of
urea, inulin or dialysance ratio with increasing age must reflect intrinsic
developmental differences in either the relative peritoneal surface and/or
intrinsic peritoneal permeability.

The published data dealing with the developmental aspects of peritoneal
dialysis suggest that this technique may be more efficient in children than in
adults (6,7). Efficiency may be defined in many ways--removal of solute, rate
of decrease of blood levels, or the rate of movement of solute across the
peritoneal membrane. When evaluating the kinetics of peritoneal dialysis in
the young, four factors need to be considered: 1) peritoneal surface area; 2)
permeability of the peritoneal membrane; 3) the dialysate flow rate, i.e.
dwell times and dialysate volume; and 4) peritoneal capillary blood flow.

Two studies in which the anatomical surface area (SA) of the peritoneal
membrane was actually anatomically measured in infants and adults demonstrated
that the peritoneal S.A. relative to body size in newborn is approximately
twice that of adults (7,8). Such observations do not necessarily imply that
the functional size of the peritoneal membrane which participates in exchange
is greafer in the young (4).

EXPERIMENTAL STUDIES
In order to critically evaluate other factors known to influence peritoneal

dialysis kinetics in the young and to determine whether solute transfer during
P.D. is age related, we performed dialysance studies of urea as urea C14 and

inulin as inulin H3 in a group of puppies less than one month of age and in a
group of adult dogs (5,9,10). The mechanics of each study was identical i.e.

dialysate volume instilled into the peritoneal cavity in ml/kg and dwell times.
The dialysance of both urea and inulin solutes was significantly higher in the

puppies. Urea and inulin dialysance was increased 65% and 125% respectively
(p<0.01).

Also, the dialysance ratio or permeability index, i.e. DI/DU was greater in
the puppy. This ratio was 70% higher in the puppies than in the adult
(p<0.05) .

DISCUSSION

Since exchange time and dialysate volume was held constant in each experiment
the differences in dialysance between adults and neonates can only be explained
as reflecting changes in the functional peritoneal surface area and/or the
permeability of the peritoneal membrane. If the differences were due only to
age related differences in surface area then DI and DU would be higher in the
neonate as found, but the DI/DU ratio would be similar in both groups. The

finding that the dialysance ratio also changed with age can be explained only
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by an age realted change in peritoneal permeability.

Another major factor which plays a major role in peritoneal dialysis
efficiency in clinical care and influences the transperitoneal movement of
solute during P.D., other than peritoneal S.A. and permeability is the Dialysate
Flow Rate (Q.D.) (11,12). Several studies have demonstrated that when Q.D. is
increased, the clearance of small solutes e.g. wurea will also increase. When
0.D. was increased to 200 ml/min (12 1/h), the urea clearance increased to 40
ml/min in comparison to a urea clearance of 20 ml/min when the Q.D. dialysis

exchange was 30 ml/min (2100 ml/70 min). We have also performed dialysance

studies in puppies and adult dogs using two different volumes of dialysate. As
expected, the dialysance of urea varied with changes in dialysate flow rate.
Dialysance of inulin, a large molecular compound, did not change significantly
with changes in dialysate volume.

A number of studies reported by other investigators in infant and young
animals suggest that the peritoneal membrane in the young permits a greater
rate of transfer of solute than does the peritoneal membrane of adults (6,7).
Although this conclusion is correct the conclusions may have been derived

accidentally. The available studies permit alternative explanations because
the dwell time as well as the quantity of the dialysis fluid utilized was not

necessarily kept constant.

If one assumes, for example, that 70 cc/kg of dialysate fluid per exchange
were used in a 3.0 kgnewborn with a total exchange time of 70 minutes, then the
Q.D. would be 210/70=3 cc/min and Q.D.kg would equal 3/3=1 cc/min/kg in the
newborn. If a similar exchange were performed in a 70 kg adult using 2100 cc of
dialysate volume per 70 min then Q.D.=2100/70=30 cc/min and Q.D./kg=30:70 or
0.42 cc/min/kg.

Assuming that the transperitoneal movement was such that a similar dialysate
to blood ratios of solute occurred in both infants and adults approximately 2.5
times as much solute would be removed per kg/bw in the neonate. Such a finding
would not demonstrate that the peritoneum functions differently in the young
than in the adult, but would merely show that the solute in the extra cellular
compartment was exposed to a larger sink into which it could diffuse. In short,
the differences would be due to the influences of dialysis mechanics and not
reflect intrinsic differences in the peritoneal membrane per se.

In summary, our various studies have addressed three of the four variables
involved in the kinetics of peritoneal dialysis: permeability, functional
surface area, and dialysate volume. They demonstrate that the peritoneal
permeability as well as the functional surface areas of the peritoneum is
greater in infants than in adults, and that changes in dialysate volume
influence peritoneal dialysance. The practical implications of these studies

on peritoneal dialysis kinetics in the young are that the rate of removal of

solutes is quicker in the young than in the adult for a given set of dialysis
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mechanics. Any differences in dialysis mechanics in the young as compared to
the adult would further serve to augment any differences reflecting the
intrinsic characteristics of the peritoneal membrane. Finally, the removal of
larger molecular weight compounds, i.e. middle molecules, may occur more

rapidly in the young because the peritoneal membrane in the young is more

permeabile to larger molecules.
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PROTEIN-ENERGY REQUIREMENTS OF CHILDREN AND ADOLESCENTS ON CAPD.PRELIMI-
NARY RESULTS OF NITROGEN BALANCE STUDIES

N.G.De Santo,G.Capodicasa,M.Pluvio,D.Giugliano,R.Torella and C.Giordano
Chair of Nephrology and Institute of Medical Pathology,lst Medical Faculty

University of Naples,Naples,Italy

INTRODUCTION

Recent data from this laboratory have demonstrated that adult uremic
patients under CAPD keep a positive nitrogen balance when receiving a
diet providing 1.2 g/kg of protein( 1 ).

In managing children with intermittent peritoneal dialysis it has been
stressed the fact that they should eat as much they wish( 2 ) .However it
it has to be mentioned that only 2 patients of the pediatric-adolescent
age have been studied carefully.Lindner and Tenckhoff( 3 ) treated 2
girls aged respectively 13 and 16 years eating 1.5 g/kg of protein.Both
were on positive nitrogen balance.These data of course do not apply to
CAPD.

Here we report our preliminary experience with children on CAPD.The
data collected indicate that also for this age a positive nitrogen ba-

lance may be obtained.

METHODS

Patients

The study was performed in 3 patients of our CAPD program,hospitali-
zed one at time,in our metabolic ward for 3 weeks.

Table I includes all the pertinent data related to these patients:
sex,age,weight,underlying renal disease,daily urinary volume,residual
glomerular filtration rate,BUN,plasma phosphate and potassium,peritoneal

urea clearance,blood pressure,months of CAPD treatment.
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Table I: Characterization of patients participating to the study

Pat.no.l Pat.no.2 Pat.no.3
Sex M F M
Age( years ) 13 15 12
Weight( kg ) 29.5 36 12.5
Blood pressure( mmHg ) 120/80 90/70 110/70
Renal disease CG Unknown CcP
Urine( ml/day ) 1,100 900 950
Residual GFR
( ml/minxl.73sq.m. ) 4.07 3.90 4.7
BUN( mg/dl ) 35 32 28
P ( mg/dl ) 3.91 3.97 3.86
K ( mEq/L ) 4.10 4.20 4.15
Peritoneal Urea Clear.
( ml/min x 1.73 sqg.m. ) 15.25 16.00 15.00
Months on CAPD 11 7 10

CG= chronic glomerulonephritis, CP = chronic pyelonephritis

Catheters

The patients had been implanted with a permanent peritoneal catheter
which was of the Goldberger type( 4 ) for patient no.l,of the TWH type 2
for patient no.2( 5 ) and a TWH for patients under 15 kg in patient no.3
( 6 ).The TWH catheters were kindly provided by Mr.G.Zellerman,Bio-

Engineer,Accurate Surgical Instruments,Toronto,Canada.

Dialyzate

The composition of the dialyzate,which was contained in bottles for
patient no.l and in plastic bags for patients nos.2 and 3,was the
following:Sodium 132 mEq/L,Potassium 0-4.5 mEq/L,Magnesium 1.5 mEq/L,
Calcium 3 mEg/L,Acetate 35 mEg/L,Chloride 101.5 mEq/L.The dextrose con-
centrations was of 1.5 g/dl(4 liters ) and 4.25 g/dl( 4 liters for
patients nos. 1 and 2,while for patients no.3 only a dextrose concentra-

tion of 1.5 g/dl was used.



201

Table II:Various sources of energy for patients participating in the study

Glucose
utilization Energy Energy Total daily
Patient from dialyzate from diet from dialyzate energy input
No. g/day kj/kg kj/kg kj/kg
1 113.4 188 54.7 242.7
2 140.0 188 55.3 243.3
3 30.0 419 33.5 452.5

Two weeks before hospitalization the patients who were on free diets
were asked to take note of food intake.On these records,at the time of
hospitalization,a diet was devised containing variable amounts of energy
( Table II ) and of proteins( Table III ).

The energy derived in part from the diet and in part from the dialy-
zate( B ) .Dextrose utilization from the dialyzate was of 113 g in patient
no.l,of 140 g in patient no.2 and of 30 g in patient no.3.Total daily
energy input was of 242.7 kj for patient no.l,of 243.3 kj/kg in patient
no.2 and of 452.5 kj/kg in patient no.3.The protein intake was of 1.2
g/kg in patient no.l and of 1.5 and 2.0 g/kg respectively for patients

nos.2 and 3.

Nitrogen balance

It was measured by the kjeldhal procedure by usual laboratory methods
( 8 ) by analyzing all excreta( dialyzate,urine,feces ).Nitrogen balance
was calculated by subtracting the output from the intake.Foods were
analyzed on 3 occasions namely on day 8,15 and 21.The patients were on
stable BUN so that no correction was needed.Nitrogen losses in the skin

( 9 ) and in the espirated air( 10,11 ) were not taken into consideration.

RESULTS
Table III reports the outcome of the study in the course of 63 days
of nitrogen balance( 21 days for each patient ).Nitrogen balance was

positive in all cases.In patient no.l it was positive for 0.100 +0.050
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g/day while retention averaged .340 +.100 g/day in patient no.2 and

2.1 + 0.2 g/day in patient no.3.

Table III: protein intake and nitrogen balance in the patients partici-

pating in this study

Patient Protein intake Nitrogen balance
No. g/kg g/day
1 1.2 0.100 + 0.050
2 1.5 0.340 + 0.100
3 2.0 2.100 + 0.200
DISCUSSION

Nutrition in peritoneal dialysis has not received adequate investi-
gation so that there are difficulties in devising a diet for patients
on this regimen.The difficulty is increased by the scanty information
of patients described in the literature usually lacking of details such
as urine volume,residual glomerular filtration rate,generation rates for
urea and creatinine,protein losses( 1,2 ).

The data in Table III indicate that adolescents and children on
CAPD may achieve a positive nitrogen balance.This finding is in good
keeping with our previous study( 1 ) in adult patients thus indicating
the anabolic role of this dialytic regimen.The data of course still
preliminary do support the concept that CAPD removing toxics at the

time they are generated is the least catabolic form of dialysis.
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CLINICAL ASPECTS OF RENAL OSTEODYSTROPHY

I.B.HOUSTON and R.J.POSTLETHWAITE

The bone disease associated with chronic renal failure in the past
has often been allowed to progress to the point of producing grotesque
skeletal malformations. It is doubtful whether this attitude was ever
entirely justifiable but with recent developments both in the treatment
of chronic renal failure and in the production of Vitamin D metabolites,
it is certainly indefensible now. It is important therefore, to
identify renal osteodystrophy at an early stage in its development so
that appropriate treatment can be given which will prevent the pain and
disability of the advanced disease.

Therefore, some years ago we decided to improve the early
identification and treatment of this condition and much of the data
contained in this report have been obtained by Dr.R.J.Postlethwaite and
Dr.L.Hill, working jointly from the Department of Child Health and the
Department of Medicine in Manchester.

Identification of early bone disease

Thirty-one children have been studied who exhibited all degrees of
chronic renal failure but were not being dialysed and had not been
transplanted; nor did they have renal tubular diseases as the primary
cause of their chronic renal failure.

0f these 27 children, 17 showed histological evidence of renal
osteodystrophy on bone biopsy. Increased osteoclastic activity was an
almost universal finding but many also had thickened osteoid seams and
evidence of a calcification defect, Twelve of these 17 histologically
proven cases showed radiological evidence of bone disease. Twelve
patients also showed serum parathormone concentrations > 1 ng/ml

(11 exceeded 2 ng/ml), and all of these had evidence of radiological
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abnormalities. A parathormone level of < 1 ng/ml was regularly
associated with normal radiological appearances even if there was
biopsy evidence of bone disease.

Serum parathormone concentrations correlated rather poorly with
serum inorganic phosphate levels, Correlation between serum alkaline
phosphatase concentrations and severe bone disease was somewhat better
but there were several examples of hyperparathyroidism accompanied by
levels of alkaline phosphatase which fell within the wide range of
normality for children. Thus neither phosphate nor alkaline
phosphatase concentration in the serum is a good predictor of bone
disease when one looks at cross-sectional data of this type. However,
if serum alkaline phosphatase concentrations are measured sequentially
on individual patients, increasing levels (even within the normal range)
may be better indicators of developing bone disease.

There was a good correlation between serum parathormone levels and
serum creatinine concentrations, (R = 0.82) and serum creatinine
concentrations of > 1 mg/dl were not associated with high serum
parathormone levels (Postlethwaite et al 1976); Chan & DeLuca (1979)
obtained rather similar data.

These studies demonstrated that short of doing a bone biopsy, serum
parathormone concentrations were one of the earliest indicators of bone
disease. However, careful examination of x-rays of the hands and
wrists, especially a search for sub-periosteal erosions was almost as
sensitive. Moreover, such early radiological changes commonly preceded
any clinical evidence such as bone pain or deformity and for clinical as
opposed to research purposes, our present procedure is to rely heavily

on radiological diagnosis of early but distinct disease and to use this

as our indication for starting therapy. Of course this attitude assumes
that histological bone disease and hyperparathyroidism without
radiological changes are innocuous as well as presymptomatic situations.
There have been reports (Chesney et al, 1980) that appropriate treatment
of renal osteodystrophy improves growth substantially and if it could be
shown that this growth improvement were present even in the
pre-symptomatic stage of the disease then much earlier detection and

treatment would be needed. It is also conceivable that an increased
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serum concentration of parathormone may itself have deleterious effects
on cellular function in many parts of the body (Massry 1980); if this
were accepted then the need for much earlier treatment would need to be
carefully re-evaluated.

la-hydroxycholecalciferol treatment

A consideration of the pathogenesis of renal osteodystrophy shows
that therapeutic intervention is possible in several places. Successful
renal transplantation of course is highly effective and dialysis may
also be helpful; though the latter may also cause additional problems.
Parathyroidectomy has been reported in a number of patients in the past
and may be essential to control the hypercalcaemia which may otherwise
result from the use of Vitamin D and its metabolites. So far this has
not been necessary in our patients though we are of course reporting
experiences of a relatively short duration and in patients not
receiving dialysis. Certainly parathyroidectomy is a form of treatment
which needs to be kept in mind.

Low concentrations of inorganic phosphate in association with renal
tubular disease or in certain dialysed patients (Pierides et al,1976)
may exacerbate bone disease, but the more common problem in the
non-dialysed, is the excessive retention of phosphate and
hyperphosphataemia. This may be directly responsible for some
parathyroid stimulation and it is certainly associated with increased
risks of metastatic calcification during treatment with Vitamin D
metabolites. Control of serum inorganic phosphate levels with oral
phosphate-binders such as oral aluminium hydroxide therefore is a vital
part of any treatment. It may help to control the hyperparathyroid
element in the bone disease and it certainly adds to the margin of
safety when treatment with Vitamin D metabolites is undertaken.

A Vitamin D metabolite, la-hydroxycholecalciferol (1aHCC) became
available to us a few years ago. We have demonstrated (Postlethwaite
and Houston, 1977) as have others (Nielsen et al, 1980), that
administration of la-hydroxycholecalciferol in doses likely to lead to
near physiological levels of 1,25-dihydroxycholecalciferol is effective
treatment. Balance studies have shown that it rapidly converts the

negative calcium and phosphate balance of renal osteodystrophy into
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positive balances. This improvement in intestinal absorption of calcium

and phosphate may not be its only mode of action but it is certainly an

impor tant one. In passing, it should be noted that the increased
phosphate absorption makes control of the serum phosphate level with
phosphate binders even more important.

Treatment with 1aHCC (40 ng/kg/24 hours) increased serum calcium
and phosphate concentrations to normal within a few weeks; alkaline
phosphatase concentrations fell, but took 6-9 months to attain their
minimum values. During this period there was radiological healing of
both metaphyseal lesions and sub-periosteal erosions and where measured,
parathormone concentrations returned to normal. No examples of
tertiary hyperparathyroidism (in which hyperparathyroidism continues
despite treatment of the bone disease and normalization of serum
calcium) have been encountered as yet.

1aHCC is preferred to ordinary calciferol because of the greater
predictability of response to a standard dose and because of its much
shorter pharmacological half-life. While hypercalcaemia must be
carefully avoided by regular measurement of serum calcium concentration
and appropriate adjustment to 1aHCC dosage, we have observed no
acceleration in the rate of deterioration of glomerular filtration rate
with this treatment. However, even mild and transient hypercalcaemia
has a depressant effect upon glomerular filtration rate and must be
avoided if at all possible; the short half life of 1aHCC is very
helpful in this respect. We have no experience of using
1,25-dihydroxycholecalciferol but on theoretical grounds we would expect
that its advantages and disadvantages would be very similar to those of
1aHCC.

Conclusions:

1. Children with advanced chronic renal failure are at risk from the
complication of bone disease; they should be carefully and
regularly checked for early radiological evidence of it. In the
present state of knowledge we recommend starting treatment as
soon as the earliest but distinct radiological signs appear; these

are usually subperiosteal erosions.
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2. Even earlier detection of presymptomatic bone disease by the use of
bone biopsy and serum parathormone concentrations may prove
desirable if, in the future, it can be demonstrated that growth
or another aspect of the patient's well-being is improved by such
early treatment. This areaurgently needs further work.

3. The use of phosphate binders such as aluminium hydroxide is very
important as an adjunct to successful therapy.

4, Calciferol or its metabolites are effective in improving calcium
absorption and correcting radiological bone disease;
lohydroxy- (and probably 1,25-dihydroxy)-cholecalciferol are more
predictable and probably safer than ordinary calciferol. However,
regular measurements of serum calcium concentration must be made
to identify and deal with any episodes of hypercalcaemia which may

occur.
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1,25-DIHYDROXYVITAMIN D3 IN THE TREATMENT OF JUVENILE RENAL OSTEODYSTROPHY

RUSSELL W. CHESNEY, Dept. of Pediatrics, Univ. of Wisconsin, Madison, WIL

The discovery of the vitamin D-endocrine system and the finding that
the kidney is a major site of the synthesis of vitamin D metabolites, pro-
vides a theoretical explanation for the vitamin D resistance of uremic osteo-
dystrophy (1). Calcitriol (1,25(OH)2D) and 24,25(0H)2D are predominately
synthesized in mitochondria of proximal tubule cells. Because of the re-
duction in nephron mass in uremia, the synthesis of these metabolites is
impaired and circulating levels are low (2). A reduction in calcitriol
levels, and possibly in those of 24,25(0H)2D, results in diminished gut
calcium absorption, secondary hyperparathyroidism and undermineralized
osteoid and growing surfaces of bone (3). Ultimately, uremic children
develop widened growth plates, bone age retardation and growth failure.

The treatment of juvenile renal osteodystrophy involves dietary phos-
phate restriction, phosphate sequestering agents, dietary calcium supple-
mentation and the provision of vitamin D. Newer metabolites of vitamin D —--
including 25-hydroxy-D (4,5), synthetic lo-hydroxy-D (6) and calcitriol
(7-9) -- have been used in childhood uremia. This paper describes our
5%-year experience using calcitriol. After a discussion of our findings, we
will touch on three areas of controversy: 1) the value of calcitriol therapy
in increasing growth rate; 2) the possibility that calcitriol therapy im-
pairs renal function, and 3) the role of 24,25(OH)2D therapy.

Twelve patients, aged 3 months to 15 years, were treated with calcitriol
because of clinical and radiologic evidence of worsening bone disease

despite high-dose vitamin D, or dihydrotachysterol (DHT). Only 2 patients

2
were undergoing chronic hemodialysis and 8 patients had experienced renal
disease since birth. Most patients had overt augulation of the lower ex-
tremities or gait disturbances that prevented normal ambulation. The
patients have received calcitriol from 2 to 64 months, and 8 currently

receive therapy. These children have received calcitriol for a total of
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402 months (mean 33.5 months) or 33 treatment years. Their diagnoses and
prior therapy are described elsewhere (10). Renal transplantation was
performed in 4 patients, and calcitriol was discontinued but restarted in
2 after rejection. Patient heights were determined using a fixed wall
stadiometer, and growth velocity (cm/yr) was calculated only when accurate
12-month growth measurements were available.

The calcitriol used was provided by Hoffman-LaRoche (Nutley, NJ).

Each patient received oral phosphate binders, calcium gluconate (1 g/Mz/day)
and bicarbonate in the form of sodium and potassium citrate. Bath calcium
in hemodialysis patients was 3.5 mEq/L.

Prior to therapy, hypocalcemia was found in 9 patients despite vitamin D
and oral calcium. Shown in Figure 1 is the influence of calcitriol on
serum chemical values. Hypercalcemia was found in three situations: 1) a
single patient with oxalosis and the severe bone disease typical of long-
term oxalosis (11); 2) younger patients in whom overdosage with drug is
possible, since the smallest capsule is 0.25 pgm, and 3) after radiologic

evidence of bone healing had been found and alkaline phosphatase levels fell.
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Only in the patient with oxalosis was discontinuation of drug required.
Hypercalcemic episodes have been treated with discontinuation of drug for
a week, followed by dose reduction. Oral calcium supplements may also be
discontinued. Hyperphosphatemia can occur, since calcitriol increases

intestinal phosphate absorption. Increased doses of phosphate binding
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agent are often necessary.

The results of calcitriol on iPTH and serum HCO3 levels are shown in

Figure 2. Although PTH levels fell by 80 percent, supranormal PTH concen-
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trations remained after calcitriol treatment. The persistently elevated
PTH values reflect that the C-terminal fragment of the PTH molecule is
being measured, namely that portion which must undergo renal degradation (12).
The most dramatic response to therapy was in terms of ambulation and muscle
strength. In 5 cases, ambulation was greatly influenced by therapy, and
4 patients unable to walk can now run. Other adult studies have reported
a similar influence of calcitriol on gait disturbances and myopathy (13).
Prior to treatment, serum calcitriol levels were measured in these
patients and were subnormal in all but one patient, with a mean of 9.0 + 2
pg/ml (SE). Therapy raised these levels into the normal range. We have
examined the relationship of serum calcitriol to creatinine clearance and
found a curvilinear relationship. As clearance declines, so does calcitriol
concentration. Figure 3 displays the relationship of iPTH to calcitriol
concentration, which falls by 87 percent after treatment (p < .001). Thus,
treatment restores circulating calcitriol and substantially reduces cir-
culating PTH.
We previously reported that growth velocity in 4 patients, evaluated

for 12 months pre- and post-calcitriol therapy, increased from 2.6 + 0.8
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to 8.0 +3.2 cm/yr (SD) (p < .01). Growth velocity increased from less
than the 3rd percentile to the 10th to 97th percentiles post-therapy (9).
The long-term growth data available from 10 patients reveals that the

mean height velocity increased from 4.2 + 1.1 cm/yr (SE) to 7.2 + 0.9
after therapy (p < .005) (Figure 4). Growth patterns are shown in Figure 5

and reveal the marked short stature at the start of therapy. After treatment,
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the growth patterns in 9 of the 10 patients parallel the height-vs-age
percentile lines. These data indicate that patients start at a height
percentile which is 2 to 3.5 SD below the mean for age. After treatment,
growth is parallel to that expected for age, but no catch-up growth is
evident. It is possible, but as yet unproven, that earlier treatment
might prevent this decline in height velocity which occurs early in life.
Various groups have found (6,7,14) or have not found (15-17) height
velocity increases after initiation of calcitriol therapy. Although the
reasons for these differences are not certain, most patients who have
demonstrated increased growth are pre-dialysis. Conversely, children
receiving chronic dialysis have not experienced an increased growth rate
after therapy. It is tempting to speculate that pre-dialysis patients
have more impressive growth after calcitriol therapy, since their cartilage
mineralization defect is worse and growth impairment is greater. The
child, pre-dialysis, is producing urine containing large amounts of bi-
carbonate (reduced TmHCO ), uses his bones as a buffer and may have sub-
stantial hypercalcuria (3,10). With chronic dialysis, serum calcium,

bicarbonate and phosphate are more stable, and, initially, bone disease
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may be less severe. Accordingly, the increased growth rates found after
calcitriol therapy represent improved mineralization of rachitic bones.
However, this is an hypothesis until it is proven.

It has been shown that calcitriol is harmful to renal function in non-
dialyzed patients (18). This decline in renal function could have occurred
because of drug-related hypercalcemia and hyperphosphatemia with intrarenal
calcium phosphate deposition, or because PTH-dependent renal blood flow
might be depressed (19). When hypercalcemia was avoided, we have found
no change in the slope of the reciprocal of serum creatinine (l/SCr) with

time and no increase in urine calcium excretion (Figure 6). As shown by
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Nordin (20), a decline in GFR occurs only during hypercalcemic episodes.
With correction of hypercalcemia, the GFR reverted to pre-hypercalcemic
levels. Since the half-life of calcitriol is so short, the time for re-
versal of hypercalcemia is actually shorter with this agent than with
other vitamin D analogs.

Recent studies in animals have suggested that 24,25(0H)2D may serve
as a mineralizing hormone (21). This evidence is summarized in Table I.
This experimental evidence to date suggests that 24,25(0H)2D may play a
role in the mineralization of bone in animals, although this is not
firmly established. It also may be important as an agent given in combi-
nation with calcitriol in renal osteodystrophy (35). In our own patients,
we find that serum 24,25(0H)2D is subnormal. In patients with a creatinine

clearance less than 13 ml/min/1.73 M2, serum levels are 0.60 + 0.11 ng/ml
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Table I. Role of 24,25(OH)2D in renal osteodystrophy (2,21-34)

1. Made predominately in kidney, thus reduced levels in uremia (0.7 vs.
3-4 ng/ml) (Shepard et al)

2. Produced in cartilage and calvaria of rats (Garabedian)

3. Promotes normal ossification of bone when calcium and phosphate are
supersaturated in bone ECF in chicks (Edelstein)

4. Reduces iPTH secretion in dogs when given I-V or P-0 (Canterbury)

5. Blunts PTH resorption of bone in vitro in rats (Liebenherr)

6. In uremic man (Kanis):
a) Increases Ca++ absorption
b) No rise in serum Ca++
c) Suggests deposition in bone

7. Reversal of "skeletal resistance to PTH" in uremic man by 1,25 and
24,25 (Massry)

8. Combination of 25 and 1,25 or 24,25 and 1,25 best heals osteomalacia
in man (Rasmussen)

9. Normal 24,25 and low 1,25 in hypophosphatemic rickets with minerali-
zation defect (Chesney)

10. Subnormal levels in cord blood despite "normal" mineralization

Conclusion: Unique biological role unclear, but may be useful in combi-
nation with 1,25. Normal man has 25/24,25/1,25 in 1000/100/1 ratio,
and uremia changes this relationship.

(SD) (n=16), in comparison with 1.70 + 0.11 in children with renal disease
and a clearance greater than 50 ml/min (p < .00l). Accordingly, serum
levels of 24,25(OH)2D and calcitriol are reduced in these subjects.

In conclusion, the improvements in medical therapy of childhood uremia,
including dialysis and transplantation, have led to the need for compre-
hensive therapy of renal osteodystrophy and abnormalities of divalent
mineral metabolism. Calcitriol is a potent form of vitamin D which can
offer considerable benefits, particularly reversing radiologic changes
indicative of bone disease, in increasing the height velocity of children

before dialysis and in improving muscle weakness.
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THE SPECTRUM OF SKELETAL MANIFESTATIONS IN RENAL OSTEODYSTROPHY

O. MEHLS, E. RITZ, G. GILLI, M. BROYER
Department Pediatrics and Internal Medicine, University of
Heidelberg (Germany; FRG) and HOpital des Enfants Malades,

Paris (France).

Skeletal complications are a well recognized feature of renal
insufficiency in the child. A number of recent overviews have
covered various aspects of this topic (1-5). The present com-

munication reviews selected topics of clinical interest.

1. Skeletal histology

On the whole, little information is available on skeletal
histology in uremic children. This may be related to the lo-
gistic and ethical problems with bone biopsies in children.

One common feature of renal osteodystrophy is osteitis fibrosa.

In spongy bone its characteristics are endosteal fibrosis with
replacement of reticular fibers and hematopoetic bone marrow
by dense collagen fibers running parallel to the trabecular
surface (fig. 4). In addition, evidence of ongoing or past re-
modelling activity on the trabecular surface consists in (a)
accumulation of osteoid, covered or not by osteoblasts (active
or inactive osteoid) and (b) resorption lacunae with apparent-
ly uni- or multinuclear osteoclasts. In the normal skeleton,
tight coupling between bone apposition and bone resorption is
present and the type of bone deposited consists of regularly
textured lamellar bone. Such tight coupling is lost in advanced
osteitis fibrosa and more primitive bone with inferior texture
and biochemical qualities (woven bone) is deposited. Bone for-
mation may even occur by metaplastic transformation from fibrous
tissue, e.g. in the metaphyseal growth zone (fig. 3). A second

feature, which is not constantly present, is disturbed minerali-

sation. The problems of evaluating mineralisation in the pre-
sence of a high turnover state (i.e. hyperparathyroidism) have

been pointed out elsewhere (6, 7). A defect of primary (7) mine-
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ralisation can be suspected if an excessive number of non-mine-
ralised osteoid lamellae are present in osteoid seams (fig. 1).
The best technique currently available is in vivo labelling of
mineralisation fronts with tetracyclin (6). Labelling is inva-
riably absent or defective in osteomalacia.

Skeletal changes may be quantitated with micromorphometric tech-
niques using the principles of stereology. The problem of age
corrected normal values has been solved in recent years (8, 9).
As indicated in table 1, histological abnormalities are present
early and progress in non-treated children with advancing renal
failure. Increased volumetric density of bone points to osteo-
slcerosis of spongy bone particularly in non-dialysed and less
in dialysed children. The progressive rise of osteoclastic sur-
face resorption and endosteal fibrosis with renal failure corre-
lates well with increasing iPTH levels (10). It is of note that
in dialysed children histological abnormalities are less severe.
This may be due to better control of hyperparathyroidism, vita-
min D therapy and patient sampling. Particularly noteworthy is
the finding that most marked osteosclerosis, endosteal fibrosis
and osteoclastic resorption are present in children with slipped
epiphyses (10). Although a reasonable correlation between serum
chemistry or iPTH and bone histology is found (8), neither the
type nor the severity of skeletal lesions can be adequately
assessed with serum chemistry. The correlation between skeletal
X-ray and bone histology is also less than satisfactory (11).
Direct assessment of bone (transiliac bone biopsy; ref. 6)
appears indicated whenever therapeutic decisions depend on fin-
dings of bone histology (e.g. parathyroidectomy; e.g. detection

of severe mineralisation defects, ref. 12).

2. Histology of the growth zone

The changes in the growth zone of uremic children may be
schematically classified as a spectrum from classic rickets to
classic osteitis fibrosa (fig. 2). Ricketic changes (13) are not
common in advanced renal failure. Classical (13) and more recent
(14) studies emphasized the presence of severe osteitis fibrosa

in terminal renal failure (fig. 5). Because such histological
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features provide a conceptual framework to understand epiphyseal
slipping, a brief discussion appears appropriate. In our studies,
growth cartilage was narrow and provisional calcification of
cartilage ground substance was not defective. However, the nor-
mal transition between growth cartilage and metaphyseal bone

was highly abnormal. Vascular invasion was virtually absent and
growth cartilage was often occluded by a bar of dense bone
("AbschluBplatte") and physically separated from metaphyseal
bone. In the metaphysis, trabecules arose de novo by metaplastic
bone formation from primitive fibrous tissue. Such trabecules
were no longer in physical contact with cartilage, were devoid
of a chondroid core and consisted entirely of poorly mineralised
woven bone without the normal trajectorial orientation. The un-
locking between cartilage and bone, therefore, provided a plane
of slipping along which the epiphyses could slip sideways under
the influence of shearing forces. The characteristic subperi-
osteal resorption zone, as seen in X-rays of metaphyseal cortex,
is due to excessive osteoclastic erosion of cortical bone at

this site of normal "funneling" (7), as shown by histology.

3. Principles of skeletal X-ray changes

In cortical bone, resorptive defects may be seen at three
surfaces: periosteal; Haversian (intracortical capillaries)
and endosteal surface. At the periosteal surface, interposition
of fibrous tissue between cortical bone and periosteum may se-
parate a small shell of subperiosteal bone from the mass of
cortical bone proper ("periosteoneostosis"). Resorption along
Haversian capillaries gives rise to cortical striation or cor-
tical speckling. It is our impression that reduction of corti-
cal width from endosteal erosion, which is common in adults
(11), is less common in children. Blurring of the transition
between cortex and spongiosa often results in an apparent
increase of cortical width (fig. 3 and 6).

The amount of cancellous bone may be reduced, normal or even
increased (particularly in the upner metaphysis); but almost
invariably, the numbers and diameters of the trabecules are

increased, their contour and direction are irregular, and their
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Fig.1: Osteomalacia; iliac crest
spongiosa, embedding in methyl-
metacrylate, undecalcified sec-
tion, Van Kossa stain.

Fig.2: Schema of cortical bone
changes on X-ray.

Fig.3: Finger of a child with
severe osteitis fibrosa. Note
periosteoneostosis, subperiostal
resorption and cortical speckling.
Note also resorptive destruc-
tion of ungual tuft.

Fig.4: Osteitis fibrosa; iliac
crest spongiosa, undecalcified
oection, Masson Goldner stain.

Fig.6: Schema of metaphyseal
changes in uremia.
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Fig.5: Growth zone of the radius of child with terminal renal
failure. Epiphyses and growth cartilage on top, metaphyses on
bottom. Note narrow zone of growth cartilage. Underneath growth
cartilage dense fibrous tissue. Metaphyseal trabecules, physi-

cally separated from growth cartilage and consisting of woven
bone.
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outlines are indistinct and fuzzy.

4. X-ray findings of the growth zone

Accurately aligned X-rays will occasionally show a thin radio-
lucent zone corresponding to growth cartilage and this is normal
or diminished in width. A broad radiolucent zone underneath is
not due to widening of growth cartilage but due to rarification
in the metaphyseal spongiosa. The metaphysis is the site of in-
tense modelling processes. Depending on the relative prevalence
of mineral resorption (osteoclastic resorption of the metaphy-
seal trabecules) and mineral apposition transformation of fibrous
tissue into trabecules), cystic defects or a dense "woolly"
pattern may be seen. At the peridsteal cortex, a bone resorption
"collar" is seen. These findings have been exhaustively des-

cribed elsewhere (15, 16).

5. Epiphyseal slipping, epiphyseal necrosis and metaphyseal

fracture
The most severe complication of osteitis fibrosa (table 1) in
children is epiphyseal slipping. The sequence and pattern of in-
volvement of epiphyses is age-dependent (17). In prepuberal child-
ren, slipping of the forearm epiphyses and particularly slipping
of the femural head are most common and clinically important.
Slipping tends to occur more frequently in congenital renal di-
sease and late in terminal renal failure. Occasionally it super-
venes rapidly within weeks especially in young children. It is
surprisingly infrequent in dialysed children despite persistance
of hyperparathyroidism (10). Positive calcium balance, improved
mineralisation of woven bone in the metaphyses, less severe hy-
perparathyroidism, more rigorous vitamin D therapy, or a combi-
nation of these factors, may be responsible for this clinical
observation. Stabilisation of slipped epiphyses is usually
achieved with adequate vitamin D therapy with or without
parathyroidectomy (5).
Our histological investigation showed that epiphyseal slipping
is not due to macroscopical fractures (14), as assumed by some
previous authors, but due to- a coordinated modelling process.

However, advanced bone disease and metaphyseal thinning from
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subperiosteal resorption may cause true metaphyseal fractures
(15), presumably from trauma (unpublished own observation).

Of particular interest, and of great clinical importance in
view of its devastating consequences, is the observation of
epiphyseal necrosis, indistinguishable from Perthes disease
(idiopathic femural head necrosis), in children with advanced
renal failure even without antecedant steroid therapy (own un-
published observations). Femural head necrosis in adult patients
on dialysis without steroid therapy is well known (18). The
pathogenesis of the lesion is poorly understood (vascular prob-
lems; faulty mechanical loading; traumatic fractures particu-

larly after epileptic fits; hyperparathyroidism?).

6. Extraosseous calcifications

Extraosseous calcifications (vascular, bursal, subcutaneous)
in uremic children are notable by their absence. This contrasts
with findings in adults and is surprising since the Ca x Pi
product in uremic children and adults is comparable (8, 19).
However, visceral (pulmonary, myocardial etc.) calcifications

may be present in uremic children (19).

7. Mineral density of bone

Measurement of whole body calcium, e.g. by neutron activation
analysis, has shown no change or a decrease in adult uremic pa-
tients with renal failure and hemodialysis. For obvious reasons,
no such information is available in children. Neutron activa-
tion studies showed that redistribution of skeletal mineral
takes place so that mineral density measurements in one refe-
rence bone do not unambiguously allow to draw conclusions on
whole body calcium (20). Measurement of mineral density permits
global assessment of mineral content per unit volume within
the periosteal envelope. This global value is dependent on the
relative amount of bone (matrix) mass and on the degree of bone
mineralisation. The measurement does not distinguish between
the two possibilities.

In children specific problems arise with the choice of an ade-
quate base of reference. Results differ markedly when one com-

pares values of uremic children with values normal for age,
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for height, for body surface or for bone age.
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Our own study (fig. 7-11) showed a diminution of mineral den-
sity of the radial cortex in non-dialysed, and especially in

dialysed children. The decrease was more marked in the diaphy-
seal than in metaphyseal bone. Diminished radius shaft mineral

density was also reported by Chesney et al. (21).
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25(0H)D3 IN THE TREATMENT OF JUVENILE RENAL OSTEODYSTROPHY
M. E. NORMAN

GENERAL COMMENTS
The previous speakers in this symposium have clearly and forcefully

delineated the major clinical issues confronting pediatric nephrologists
when they deal with azotemic renal osteodystrophy in childhood. These

are as follows: (1) since chronic renal failure is no longer a fatal
condition in children, renal osteodystrophy has emerged as one of its

major but treatable complications (Houston, Mehls, Chesney); (2) when
evaluated with increasingly sensitive and sophisticated laboratory techniques
such as measurement of serum PTH and quantitative bone histology, patterns
of subclinical renal osteodystrophy emerge relatively early in the course
of chronic renal failure (Houston, Mehls); (3) it remains controversial

as to whether or not subclinical renal osteodystrophy should be treated
with vitamin D agents, or one should wait for the appearance of clinical
abnormalities such as radiologic evidence of hyperparathyroidism (Houston);
(4) our information about the spectrum of skeletal manifestations of juvenile
renal osteodystrophy, particularly histology, is woefully inadequate and

in need of improvement (Mehls); (5) now seems to be the time to test the
hypothesis that aggressive therapy with vitamin D agents in very young
children (under 5 years) with azotemic renal osteodystrophy may improve
long-term growth by a sustained increase in growth velocity (Chesney,
Norman); and (6) although each of the major vitamin D metabolites [25(0H)D;
24,25(0H)2D3; 1,25(0H)2D] have been shown to improve one or more of the
abnormalities in azotemic renal osteodystrophy, we do not yet know how to
select the best metabolite or combination of metabolites to treat individual
patients. Here the pattern of skeletal histology may play an important
role (Houston, Norman).

25(0H)D3 STUDY
As part of our ongoing studies on the evaluation of early diagnosis



229

and therapy of juvenile renal osteodystrophy in children with varying degrees
of chronic renal insufficiency prior to reaching end-stage renal failure,

we initiated an uncontrolled 4-year therapeutic trial with the vitamin D
metabolite 25(0H)D3 in 1976. I will summarize in this report complete
results after two years of therapy in a portion of the total study population.
In addition to following the usual clinical, radiological and biochemical
parameters, we performed yearly percutaneous transilial bone biopsies.

The trabecular bone was then evaluated by quantitative histomorphometry

(1). This aspect of the evaluation will receive the major emphasis in

this report. Our overall goal was to prevent the progression of clinically
evident renal osteodystrophy (or the emergence of clinical signs of the
disorder if first appreciated while still subclinical in nature), despite
persistence and/or progression of the underlying renal disease. By 1976,
most of the published therapuetic trials with vitamin D metabolites in
azotemic renal osteodystrophy had focused on 1,25(0H)2D3 (2-6). This was
because it was known to be the biologically active form of this sterol and
was believed to be deficient in patients with a reduced functioning renal
mass (see Chesney this Symposium). The reader may then ask, why did we
choose to investigate 25(0H)D3 in 1976? The reasons are listed in Table

1 below.

TABLE I.

1. Effects of 1,25(0H)2D3 on bone formation and mineralization were
unknown (7).

2. Some adults on hemodialysis had undetectable 1,25(0H)2D3 but no
osteomalacia (8).

3. Some adults on hemodialysis with osteomalacia did not respond to
physiologic doses of 1,25(0H)2D3 (8).

4. In some adults with CRF, osteomalacia correlated with low serum
25(0H)D3(9).

5. Osteoma?acia in a dog model of CRF responded best to dietary Pi
restriction and 25(0H)D3 (10).

6. In some adults (11, 12) and children (13) with CRF, osteomalacia
responded to 25(0H)D3 treatment.

Our study population consisted of 22 children, 19 males and 3 females,
with a mean age of 3 3/12 years. Most were boys with either obstructive
uropathy or congenital nephropathies presenting with chronic renal in-
sufficiency (i.e., GFR < 75% of age matched controls) in the first few
years of 1ife. Such children appear to be at greatest risk for developing
severe renal osteodystrophy because of the early onset and slow progression
of their renal diseases (14). Renal osteodystrophy was classified into
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subclinical and 3 clinical categories on the basis of increasing abnormalities
(15). However, in order for a bone biopsy to be performed to confirm the
diagnosis, each patient had to first meet at least two laboratory criteria:
(1) a glomerular filtration rate < 75% of age-matched controls; and (2) an
elevated serum iPTH level (C-terminal assay) also compared to age-matched
controls (16).

Approximately 1/3 of the children fell into each of 3 categories of
renal insufficiency: mild (GFR 50-75% of normal); moderate (GFR 25-50%
of normal); and severe (GFR 10-25% of normal). A1l but 3 of the patients
entered the trial with normal serum calcium levels; all had normal serum
phosphorus levels, although 16 of 22 were receiving or were begun on phosphate
binders. Alkaline phosphate levels varied widely before treatment but the
mean level was slightly elevated for age. Seven patients required supplemental
calcium to bring their daily elemental calcium intakes to approximately
1.0-1.5 grams/day. Eighteen required supplemental alkali for metabolic
acidosis. The mean dose of 25(0H)D3 was 1.7 ug/kg/day with a range of
0.7-2.5 ug/kg/day.

On the figure below are plotted the data for growth velocity expressed
in standard deviation units over time. Many but not all patients demonstrated
increments in growth velocity although the timing of this improved growth
varied between individuals.

Figure 1.
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Serum calcium and phosphorus levels fluctuated in the normal range
during therapy. Despite the use of pharmacologic doses of 25(0H)D3 in 19
initially normocalcemic patients, only one transient (9 days) and asymptomatic
episode of hypercalcemia occurred in over 600 cumulative months! This
episode occurred in an 8 year old girl right after a one month winter
vacation in Florida during which time 25(0H)D3 therapy was continued.
Mean alkaline phosphatase fell during therapy, though levels fluctuated
widely between individual patients. Radiologic findings were generally
unhelpful either in documenting renal osteodystrophy pre-treatment, or in
assessing the response to 25(0H)D3 therapy. Post-treatment PTH Tevels
are presented in Figure 2 (below) as a percent of the pre-treatment control
Fig. 2 200
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values for each patient. The general tendency was for PTH levels to fall,
though not into the normal range in most patients.

The histologic abnormalities on pre-treatment bone biopsies could be
grouped into 3 major categories, a finding similar to that in adults (17).
Osteomalacia predominated in approximately 37% of patients, osteitis fibrosa
(hyperparathyroidism) in 16%, and a mixed picture in 247%. lhat follows is
a series of representative histologic sections of several biopsies, focusing
on trabecular architecture.

EIGURE 3. Low-power view (25X) of
a transilial bone biopsy (normal
control). Outer and inner corti-
cal margins are shown at the ‘ex-
treme right and left hand portions
of the photograph; islands of tra-
becular bone and marrow spaces are
shown in the center.

FIGURE 4. Low power view (100X) of
a transilial bone biopsy; stain is
Toluidine Blue. In this black and
white photograph, calcified bone is
dark gray or black; unmineralized
osteoid 1ight gray. The left hand
panel is the pre-treatment biopsy.
Note the large mass of unmineralized
osteoid (e.g., osteomalacia). The
right hand panel is the biopsy after
two years of 25(0H)D3 therapy. Most
of the trabecular bone surface is
calcified and there is little un-
mineralized osteoid, indicating

that osteomalacia has been cured.
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FIGURE 5. Low power view (100X) of a
transilial bone biopsy; staining is
as described in Figure 4. On the
left hand (pre-treatment) panel min-
eralized osteoid is shown in black
and unmineralized osteoid in white.
There is increased unmineralized
osteoid lined by inactive osteo-
blasts (e.g., osteomalacia)and in-
creased numbers of osteoclasts (e.g.,
osteitis fibrosa), especially in the
upper right hand corner. The right
hand panel depicts a normal biopsy

2 years after treatment, with nor-
mally calcified osteoid, shown in
light gray.

FIGURE 6. High power view (250X) of
a transilial bone biopsy; staining
is as described in Figures 4 & 5.
The Teft hand panel depicts normal
bone. The right hand panel shows a
pre-treatment biopsy with only
s1lightly increased unmineralized
osteoid but markedly increased num-
bers of multinucleated osteoclasts
which have produced multiple resorp-
tion cavities. Thus, the predomi-
nant finding here is osteitis fi-
brosa, a sign of severe secondary
hyperparathyroidism.

FIGURE 7. High power view (250-
300X) of transilial bone biopsy;
fluorescent microscopy after double
tetracycline labelling. The biop-
sy was taken after two years of
25(0H)D3 therapy. The extent of
the two fluorescent positive (white)
bands indicates the calcification
front and the width between the
bands the calcification rate; both
are markedly increased and almost
normal (e.g., improved mineraliza-
tion).

A summary of our findings on biopsies after two vears of 25(0H)D3
are presented in Table II.
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TABLE TII
JUVENILE RENAL OSTEODYSTROPHY

Quantitative Bone Histomorphometry After Two Years of 25(OH)D Therapy
*]1, Osteoid Volume:

Elevated in 11 of 12 pre-treatment;
Decreased in 8 of 11 post-treatment

*2. 0Osteoid Thickness:

Elevated in 7 of 12 pre-treatment;
Decreased in 7 of 7 post-treatment

*3. (steoblast Surface (as % of total osteoid):

Reduced in 9 of 12 pre-treatment;
Elevated in 8 of 9 post-treatment

**4, (QOsteoclast Surface:

Elevated in 8 of 12 pre-treatment;
Reduced in 7 of 8 post-treatment

* Measurements for osteomalacia
*x Measurement for osteitis fibrosa or hyperparathyroidism

Osteoid volume normalized in 5 of the 8 patients who demonstrated
improvement. Osteoid thickness normalized in all 7 patients demonstrating
improvement. Osteoblastic surface increased into the normal range in
all 8 of the patients who demonstrated improvement. Finally, osteoclast
surfaces fell into the normal range in 7 of the 8 patients who demonstrated
improvement in this parameter.

In summary, these preliminary data suggest that 25(0H)D3, given
relatively early in the course of renal osteodystrophy in young children,
has a beneficial effect. It appears to heal bone disease, especially
osteomalacia, in conjunction with improvements in linear growth velocity
and serum alkaline phosphatase levels and PTH levels.

On the basis of available data, the response of the patients described
above to 25(0H)D3 is perhaps unexpected. 1,25(0H)2D3 is the only identified
(and presumably terminal) vitamin D metabolite with known biologic activity
at the level of gut, bone and kidney where administered in physiologic
doses. Although vitamin D itself and 25(0H)D3 can mimic the effects of
1,25(0H)2D3 in vitro and in vivo, the doses required on a weight basis
are many-fold higher. Since our patients had mild-moderate chronic renal
failure, the responses we observed could be due to conversion of excess
25(0H)D3 to 1,25(0H)2D3 by the residual functioning renal tissue. That
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this is probably not the case is suggested from the preliminary data shown
in the last figure.

FIGURE 8.
SERUM 1,25(0H) ,D LEVELS ON 25(OH)D THERAPY
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In this figure, serial 1,25(0HkD31evels are presented for four
patients with varying levels of GFR both between patients and for the
individual patients over time. The corresponding mean serum 25(0H)D3
levels were as follows: pre-treatment, 45 ng/ml; one year, 232 ng/ml;
two years, 186 ng/ml; three years, 181 ng/ml. Rather than a rise in
1,25(0H)2D3 Tevels, there was a general downward trend in the levels.
Note also that none of these patients had 1,25(0H)2D3 deficiency at the
start of the study as measured in our Taboratory (lower Timit of normal
is given by the heavy horizontal bar). We are presently gathering
additional data on the interrelationship of these two metabolites in
patients before and after therapy.
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TRANSITIONAL NEPHROLOGY

P.A. JOSE

Welcome to the Symposium for Transitional Nephrology. Dr. Eddie
Moore will discuss fetal renal physiology followed by a 5 minute
discussion, while Drs. Billy Arant, Anita Aperia and myself will
present views on the factors influencing postnatal renal function.

Overlap in these talks hopefully will bring a clearer view of the
subject matter. Questions may be asked after these talks.

Significant strides have been made in the understanding of the
physiology of the developing kidney, and I would like to summarize
some of the studies that have contributed to this advance.

Last Tuesday, Dr. Jean Robillard (1) presented his data on the
relationship among gestational age, glomerulogenesis and glomerular
filtration rate (GFR). He demonstrated that the rise in renal blood
flow prior to 130 days of fetal life was mainly due to formation of new
glomeruli. Thereafter the increase in renal blood flow was mainly due
to a fall in renovascular resistance. The site of the increased reno-
vascular resistance in newborns has recently been demonstrated by
direct micropuncture techniques (2, 3). Ichikawa and Brenner (3)
studied rats at 39 days of life and compared them to adult rats. Mean
arterial filtration pressure was similar in both groups. Total GFR,
superficial single nephron filtration rate, and single nephron blood
flow were significantly greater in the older rats. Single nephron
filtration fractions, however, were similar. Compared to adult rats,
the younger rats (39 days old) had a greater total renovascular
resistance which was evenly distributed between the afferent and
efferent arterioles. We have suggested previously that the high reno-
vascular resistance in the newborn is due to an increased sensitivity
of the neonatal renal vasculature to catecholamines (4); the renin

angiotensin system was not an important factor (5).
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Several authors have emphasized the importance of glomerular
plasma flow and the increase in GFR with age (2, 3, 6). We have
recently reported that the changes in single nephron filtration
distribution in the neonatal dog using the lac ferrocyanide method
paralleled the changes in cortical blood flow distribution. These
studies directly demonstrated for the first time a centrifugal pattern
of maturation of glomerular filtration in the immediate neonatal
period (7) similar to that described for renal blood flow (6, 8, 9, 10,
11, 12).

The intrarenal factors that influence glomerular filtration with
age including surface area available for filtration, permeability
coefficient and hydrostatic pressure gradients across the glomerular
capillary were discussed in the First International Workshop of
Developmental Nephrology by Dr. Spitzer (13) and will not be adressed
in this talk.

The ontogeny of the endothelial surface, lamina densa and poly-
anionic coating was presented by Reeves at the Symposium in Develop-
mental Nephrology. I will concentrate on what I consider extrarenal
factors that may influence GFR. Several studies have now demonstrated
the influence of gestational age and GFR (15, 16, 17). Leake and
Trygstad showed that the rise in inulin clearance with gestational age
was evident in infants studied less than 24 hours of postnatal age (18)
After 2-3 days of extrauterine life, the rise in GFR with gestational
age was greatly accelerated. Fawer et al (18) described further the
influence of intrauterine and extrauterine environment on GFR.

These authors (18) showed that the increase in glomerular filtration
rate occurs between the 28th and 35th week of gestation and then levels
off up to the end of gestation. Birth is the signal for a marked
increase in glomerular filtration rate. The rate of increase in
glomerular filtration with age is different in the preterm from the
term infant. In the first week of life, the increase in glomerular
filtration with age was less in preterm than full term infants (19).

Another extrarenal factor influencing GFR was studied by Solomon
(20). He compared the GFR in animals from reduced litters and the GFR
from intact litters. At the low weight ranges, animals from the former
had higher filtration rates than animals from the latter. It must be

stated that in human beings, Calcagno and Lowe (21) as well as
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Edelmann and Wolfich (22) were unable to show an effect of high protein
diet on GFR in PAH clearance in preterm infants.

One of the more fascinating aspects of neonatal physiology has
been the demonstration that very young birth weight preterm infants
have a greater basal excretion of sodium than term infants or adults
on a normal salt intake. This was initially reported by Sulyok et al
in 1971 (23). Oh and associates (16) extended this observation,
demonstrating that the preterm infant at 27 weeks gestation has a high
basal excretion of sodium. This decreases with gestational age so that
by 34-35 weeks basal fractional sodium excretion was similar to that of
term infants. Similar results were obtained when the sodium excretion
was expressed as a fraction of the filtered load. It is also worth-
while to note that high basal fractional sodium excretion in these very
low birth weight infants decreased witﬁ postnatal age so that by 10-30
days basal fractional sodium excretion was similar to term infants.

The mechanism for the high basal fractional sodium excretion in preterm
infants is not well understood. However, some insight may be gained
from a study done by Solomon (24). He looked at the influence of the
length of the proximal tubule on the ability to maintain a plasma to
tubular fluid sodium gradient. In the adult, maximal plasma to tubular
fluid sodium gradient was achieved when the proximal tubular length

was greater than 1500 uM. In young rats less than 120 grams, as in the
adult rats, absolute proximal tubular concentration gradients were
achieved when the proximal tubular length was greater than 1500 uM.
Since smaller animals had more proximal tubules with lengths less than
1500 uM, maximal gradients could not be achieved as often as in adults.
It is possible that in the human preterm infant, proximal tubules
behave in a similar fashion. If these studies could be extrapolated

to preterm infants, the relatively higher distal sodium load would
result in a greater sodium excretion. During saline loading, however,
the preterm as well as the term infant have a limited ability to
excrete an acute saline load.

While anatomical factors may be involved, and changes in GFR may
be a factor in the limited ability of the newborn to excrete an acute
salt load (25, 26), it now seems clear that an increase in the avidity
of the distal tubule for sodium is responsible for this limitation.

The latter may, in turn, be due to increased activity of salt retaining



hormones (ex. mineralocorticoid), or decreased level or activity of
natriuretic hormones (ex. oxytocin and kallikrein) (27, 28, 29).
Recently, Solhaug et al (30) from our laboratory reported that the
sodium diuresis associated with an acute saline load in neonatal puppies
could be improved if the puppies received an infusion of substance P.
While substance P had no effect on urinary sodium or kallikrein in the
hydropenic state, the concurrent imposition of an acute salt load
resulted in a greater increase in sodium excretion than following an
acute salt load alone. The urinary sodium excretion was positively
correlated with urinary kallikrein excretion when substance P was given
in conjunction with the saline load.

What are the clinical implications of these developmental changes
just described? Do they have any role in the development of acute
reual failure that is seen in about 5% of infants (31). Clinically, it
has been suspected that the newborn infant is relatively resistant to
the nephrotoxic effects of aminoglycosides. This was recently demon-
strated in the puppy by Arant et al (32). They studied effects of gentami-
cin on GFR in neonatal puppies. Renal gentamicin levels were also measured.
Histopathology was evaluated by E.M. They suggested that the
lower GFR and blood flow to the outer cortex in very young puppies had
a protective effect on the toxicity of gentamycin. We have recently
completed his studies on the renal effects of uranyl nitrate in
puppies of different age groups (34). Table I depicts 3-4 week old
puppies and 1-2 week old puppies. Two hours after uranyl nitrate
insignificant decreases in GFR occurred in both groups. Twenty-four
hours after uranyl nitrate the GFR was significantly decreased in both
groups of puppies. Note that only a 507 reduction in GFR occurred in
very young puppies while GFR was almost completely abolished in the
older puppies. Two hours after uranyl nitrate, the fractional sodium
excretion was lower in 3-5 week old puppies. Twenty-four hours after
uranyl nitrate, fractional sodium excretion was significantly greater
in the older puppies, 36.1 + 18.63%. The functional changes induced by
uranyl nitrate correlated with the observed structural changes. The
glomeruli and distal tubules seem to be be spared but the vacuoles in
proximal convoluted tubules were increased in number. These structural
abnormalities were more prominent in juxtamedullary than outer cortical

nephrons, particularly in the older puppies. Twenty-four hours after
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uranyl nitrate no apparent structural abnormalities could be demonstrated
in either light or electron microscopy in either group of puppies. It

is also worthwhile to recall that structural changes persist in the adult
dog 24 hours after uranyl nitrate.

In summary: The rise in GFR with age is due to changes in intrarenal
factors including glomerular membrane characteristics, glomerular hydro-
static pressure gradients and plasma flow. The extrarenal factors include
the effects of gestational age hormones and possibly food intake. A few
days of extrauterine life markedly increases GFR. The high sodium
excretion in very premature infants may be related to short length of
proximal tubules. The inability to excrete a salt load in the term or
preterm infant may be due to the inability of the distal tubule to
excrete the increased delivery of salt and may be related to other
intrinsic factors. The low GFR is also a factor, particularly in the
outer cortex, and may afford a protective effect from some nephrotoxic

agents. Thank you.

Table I. The effect of uranyl nitrate on glomerular filtration rate (GFR),
renal plasma flow (RPF), urine flow (V) and fractional sodium
excretion (FeNaZ) in puppies before (B), 2 hours and 24 hours

after intravenous uranyl nitrate (10 mg/kg).

1-2 wk old B n=5 2 hrs n=5 24 hrs n=5
GFR2 0.29+0.05 0.2440.05 0.16+0.04%
RPF2 1.73+0.09 1.374+0.16 2.00+0.17

V pl/min 16.60+3.50 26.66+0.16 11.80+4.56
FENa 7 1.05+0.40 1.56+5.56 4,60+2.49
3-5 wk old B n=5 2 hrs n=5 24 hrs n=5
GFR2 0.31+0.05 0.24+40.06 0.00+0.00%#
RPF@ 1.73+0.14 1.96+0.20 1.834+0.09

V nl/min 36.15+11.85 29.4948.19 1.2340.52%#
FENa 7 0.49+40.18 0.58+0.12 36.17+18.63%#

a=ml/min/100 g body wt. *=<.05 24 hrs vs 2 hrs or B. #=<.05 I vs, IIL.
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RENAL FUNCTION IN FETAL LIFE

Eddie S. Moore and Bruce A. Kaiser

1. INTRODUCTION

Prior to 1958, study of renal function in the fetus was limited to analy-
sis of bladder urine obtained from the fetus. In 1958, Alexander and Dixonl
developed exteriorization techniques that allowed investigation of renal clear-
ances in fetal laboratory animals without onset of fetal respiration ("intact
fetal preparation"). The techniques for acute study of renal function in the
fetus were subsequently expanded and improved by Alexander and Dixon? and by
Smith et al.3 In 1972, Gresham et a1 reported their results of chronic studies
of fetal lambs in utero for as long as 18 days. Since that time, there have
been many investigations related to renal function in the developing fetus. 1In
this chapter, we will present a review of the major work related to renal

function in utero.

2. RENAL PERFUSION - RENAL BLOOD FLOW

Although the fetal kidney does not directly participate in fetal homeo-
stasis, knowledge of fetal circulation and fetal renal blood flow (RBF) is
necessary for complete understanding of renal function in utero. One of the
first major studies of changes in circulation in utero was reported in an acute
fetal lamb preparation by Rudolph et al.5 Umbilical blood flow increased
throughout gestation in proportion to fetal weight, whereas umbilical pH, PO,,
and PCOZ remained constant. Combined biventricular cardiac output increased

steadily from age 60 days gestation to term. The placenta, which is the major
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organ regulating fetal homeostasis, received 40-65 percent of cardiac output.
In contrast, the percentage of cardiac output received by the fetal kidneys at
60 days gestation was 2.9+0.4. This remained relatively constant until it de-
creased to 1.8%0.2 percent at 121 days gestation and remained at this level
until term (140 days). In fetuses-age 60 days gestation, mean RBF was 122
ml/100 gm/min. This decreased to 85 ml/100 gm/min at fetal age 100 days and
thereafter rose gradually to 173 ml/100 gm/min at term.

Similar studies were done in nonhuman primates by Paton et al.® These
investigators studied baboon fetuses at 116 to 124 days of gestation (term 184
days). Cardiac output in these studies represented systemic flow in contrast
to the biventricular output studies in fetal lambs mentioned above. In younger
fetuses, the percentage of cardiac output perfusing the kidneys was 4.90+2.05
and decreased with increasing gestational age to 3.17+1.76 in the older fetuses.
Fetal arterial blood pressure and heart rate in the younger fetuses was 3016
mmHg and 167*11 beats per minute. In the older fetuses, these values were 56%7
and 178+18, respectively. RBF (ml/min/gm) was 1.73+0.42 and 1.54%.60, respec-
tively.

Studies of the circulation in previable human fetuses obtained by hyster-
otomy during performance of legal abortions were reported by Rudolph et al.7
Cardiac output was determined as systemic flow as mentioned above. There was a
significant decrease in percentage of cardiac output perfusing the kidneys as
fetal weight increased. Mean percentage of cardiac output perfusing the kid-
neys in fetuses weighing less than 50 gm was 6.5 and decreased to 3.7 in fetuses
weighing more than 151 gm. In smaller fetuses, fetal mean heart rate and mean
arterial blood pressure was 126 per minute and 28 mmHg and 130 per minute and
34 mmHg in the larger fetuses. Mean RBF in fetuses weighing 104-225 gm was 155
ml/100 gm/min and ranged from 56 to 249 ml/100 gm/min.

The intrarenal distribution of RBF may significantly relate to renal
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function.® We studied the intrarenal blood flow distribution in primate fetus-
es.? RBF and intrarenal blood flow distribution were determined by injection
of radiolabelled carbonized microspheres into the exteriorized fetus. The

results are shown in Table 1. In early gestation there is a preponderance of

Table 1. Intrarenal blood flow distribution in fetal baboons.

RBF Outer cortex Inner cortex Outer cortex/

ml/min/gm ml/min/gm ml/min/gm Inner cortex
Mid-term 2.00 3.15 3.84 0.82
Term 3.11 6.96 6.75 1.03
Acidosis 3.26 6.10 6.98 0.97

inner cortical flow where growth of kidney tissue is most rapid. 1In late
gestation, when outer cortical growth accelerates, there is a redistribution of
blood flow to this area. In late gestation, physiologic stimuli such as an
acute acidosis results in redistribution of fetal intrarenal blood flow.
Similar studies in fetal lambs was also reported by our group.10 Intrarenal
blood flow distribution was determined in the outer (zone 1), mid (zone 2), and

inner cortex (zone 3) in fetal lambs age 90-150 days gestation (Table 2).

Table 2. Intrarenal blood flow distribution in fetal lambs, age 90-150 days.

Cortical blood flow (ml/min/gm)

Zone 1 Zone 2 Zone 3

(outer) (mid) (inner)
Mean 3.69 3.33 1.25
S.E. 0.65 0.51 0.25

Cortical blood flow, ml/min/gm, was 3.69+0.65 in zone 1, 3.33+0.51 in zone 2,
and 1.25%0.25 in zone 3. The difference between intrarenal blood flow distri-
bution in lamb and primate fetuses may be related to species differences in

rates of kidney growth. In the fetal lamb, nephrogenesis is complete by age
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70-90 days gestation, whereas in the primate, nephrogenesis is not complete
until approximately 120-135 days gestation.

Measurements of renal vascular resistance in the above experiments demon-
strated that fetal renal vascular resistance is extremely high when compared tc
young animals or adults and increases further with increasing gestational age.
It is highly probable that the elevated renal vascular resistance is the major
factor responsible for the low RBF in utero. Fetal renal vascular resistance

is discussed further in the section on Renin - Angiotensin.

3. GLOMERULAR FILTRATION-RENAL PLASMA FLOW

Some of the earliest studies of renal plasma flow and glomerular filtra-
tion in fetuses were those of Alexander and Nixon.2r1l These workers investi-
gated renal plasma flow in acute fetal lamb preparations by infusing para-
aminohippuric acid (PAH). In fetuses age 89-119 days gestation, Cppy was 0.6
ml/min/kg body weight. This increased to 0.9 and to 1.3 ml/min/kg at 121 days
gestation and at term, respectively. These results were confirmed by Assali et
a1l2 using electromagnetic flow meters. In similar acute fetal lamb prepara-
tions, glomerular filtration was measured using inulin or iothalamate,3’4 or
by infusing exogenous creatinine.’® Glomerular filtration rate (GFR) in these
studies ranged from 0.75 to 1.41 ml/min/kg of fetal body weight. Gresham et
a1t investigated glomerular filtration in unstressed fetuses using a chronic
lamb preparation in whom determinations were made 5-8 days after initial sur-
gical procedures. In six fetuses, mean inulin, creatinine, and urea clearances
were 1.07+0.06, 1.58+0.10, and 0.59+0.04 ml/ min/kg body weight, respectively.
These data were not different from that demonstrated in acute experiments. The
major difference demonstrated in these chronic experiments was an erratic urine
flow rate during the first 24-72 hours after surgery.

Many theories have been proposed to explain the low GFR and low renal
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plasma flow during development. These include a small filtration surface area
and low glomerular permeability,15 low systemic arterial pressure,15 and low
glomerular capillary hydrostatic pressure.l6 Investigators have recently begun
study of maturational changes in glomerular filtration in utero. We studied
the effect of gestational age and arterial pressure on GFR in 17 acute fetal
lambs age 90-150 days gestation.l7 Mean aortic pressure increased with gesta-
tional age from a low of 33 mmHg at age 100 days to 80 mmHg at age 150 days
(p<.001) . Total RBF (ml/min/gm) did not increase with gestational age and

renal vascular resistance rose from 18 mmHg/ml/min/gm in early gestation to 143

near term (Fig. 1).
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GFR (ml/min/gm of kidney) did not correlate with gestational age, mean aortic
pressure, or with RBF. Robillard et a1l8 reported similar findings in a chronic
lamb preparation. In that study, absolute GFR (ml/min) increased with gesta-
tional age: since there was a greater increase in kidney weight, GFR/gm of
kidney and GFR related to gestational age did not increase as demonstrated in
our studies. These investigators did not correlate glomerular filtration with

systemic arterial pressure or RBF as was done in our study.
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4. TUBULAR TRANSPORT
4.1 Sodium chloride

Early studies in human infants prior to birth demonstrated urine/plasma
Nat ratios of approximately 0.32 compared to 1.05 for the mother.1? corres-
ponding urine/plasma Cl~ ratios were 0.39 and 1.45, respectively. Studies of
fractional reabsorption of NaCl by the fetal kidney were reported by Alexander
et al.l 1n acute fetal lamb preparations, fractional reabsorption of filtered
Na' increased from 0.64 at fetal age 61 days to 0.95 at 142 days gestation.
Similar results were reported in a study of pig fetuses. 20 Using long-term
chronic fetal preparations, Robillard et al21 demonstrated that fractional
reabsorption of Na+ increased from 0.86 at 91-141 days gestation to 0.92 in
fetuses age 126-145 days gestation. Fractional reabsorption of C1~ was 0.90
and 0.98, respectively. The increase in fractional reabsorption of Nat and of
Cl1~ with gestational age was more rapid than the increase in GFR (ml/min) after
129 days gestation. However, the increase was not proportional to the rise in
absolute GFR (ml/min) for the same period. For fetuses up to age 129 days,
reabsorption of Nat was increased to 0.82 and that of Cl1~ to 0.91 when the
respective increase in GFR was 0.91 and 1.01, which is 10 percent greater than
the concomitant increase in tubular reabsorption of both electrolytes.

We studied interrelationships between renal Nat handling and various
stimuli known to effect tubular transport of Na' in the adult kidney in acute
fetal lamb preparations. The renal response to hypotonic volume expansion was
investigated in fetal lambs age 100-120 days.22 Expansion of fetal ECF was
accomplished by infusing 0.45 N NaCl at 15-20 ml/min for at least 30 minutes.
The control GFR increased from a mean of 3.21 ml/min to 7.42 ml/min (p<.001)
at the height of diuresis. Initial mean fractional tubular reabsorption of Na*
was 0.97 and decreased to a mean of 0.85 (p<.00l) with maximal ECF expansion in

the fetus. Free water clearance increased significantly from a mean control
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value of 5.1 ml/min to 15.4 ml/min (p<.001) at the height of diuresis. These
data indicate the capacity of the distal tubule in the fetal lamb to markedly
increase active reabsorption of NaCl.

Additional studies were performed in our laboratory using acute and chronic
fetal preparations to study the effect of plasma concentration of Na© on fetal
renal handling of filtered Na+.23 Plasma Na' concentration was significantly
increased by infusing hypertonic NaCl (3%). An increase in GFR was minimized
by acute removal of whole blood (10 ml/kg). Fractional tubular reabsorption of
Na' increased and fractional Na' excretion also increased significantly from a
mean control value of 0.14 to 0.25 (p<0.0l). 1In additional studies, 9-a fluro-
hydrocortisone was administered intravenously to the fetus. Fractional Nat

excretion decreased after 60 minutes from the control value of 0.17 to 0.15,

and decreased further after 120 minutes to 0.09 (p<.005) (Table 3). These

Table 3. Renal Na' excretion in 8 fetal lambs after IM administration of
9-0 flurohydrocortisone.

GFR w FTya+ FEy + Uy V
ml/min ml/min mEg/min

Control 2.95 0.69 0.82 0.18 6.61

S.E. 0.39 0.16 0.01 0.01 2.40

60 min 2.80 0.61 0.84 0.15 6.76

S.E. 0.41 0.13 0.01 0.01 2.11
120 min 2.35% 0.30%* 0.91%* 0.09%* 12.87*

S.E. 0.15 0.04 0.01 0.01 1.71

*Statistically significant from control

studies indicate that fetal fractional excretion of Nat changes in response to
stimuli such as an increase in plasma concentration of Nat and expansion of ECF
volume, and that distal tubular reabsorption is operational by midgestation.
These studies were confirmed by Robillard et al,24 who studied the role of

aldosterone on renal Nat and K' excretion in fetal and newborn lambs.
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4.2 Potassium

Fetal renal tubular handling of K' has not been studied as extensively as
have Na, Cl, Pi, and glucose. Alexander and associates2 demonstrated that the
concentration of K' in fetal urine decreased as the fetus matured. 1In a study
of human fetuses reported by McCance and widdowson,19 the urine/plasma kt
concentration ratio was 0.69 compared to a simultaneous value of 19.6 for the
mother. In acute fetal lamb studies, Smith et al3 demonstrated urine K
concentrations ranging from 4-22 mEg/l, mean 5.9 mEg/l. Gresham et al4 demon-—
strated a total urinary excretion of 33 mEq of potassium during 18 days of
continuous drainage of urine from chronically catheterized fetal lambs. This
amounts to a K' excretion rate of 1.8 mEg/day or an extremely low absolute Kt
excretion of 1.25 pEg/min. In the study by Robillard et al,24 fractional
excretion of K' was 0.44 in fetuses age 100-125 days and increased to 0.92 in
fetuses age 126-145 days gestation. Simultaneous urine/plasma Na' and k%
concentration ratios were 0.67 and 0.17, respectively. The decrease in Nat and
in K' concentration ratios with gestational age significantly correlated with

an increase in fetal plasma aldosterone concentration.

4.3 Glucose

Among the first studies of glucose handling by the fetal kidney were those
of Alexander and Nixon.13 In three of eight fetuses (59-135 days gestation)
studied, urine excretion of glucose was zero. In the remaining fetuses, uri-
nary glucose excretion ranged from 0.002 to 0.055 mg/min. In a 77-day-old
fetus, experimental elevation of plasma glucose concentration demonstrated a Tr
glucose of 1.2 mg/min. In three fetuses, intravenous infusion of phlorrhizin
resulted in a significant reduction in tubular reabsorption of glucose. Simi-

lar rates of fetal tubular transport of glucose were also reported for fetal

pigs20 and for rat fetuses.?25
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More recent studies of the maturation of glucose transport by the fetal
kidney were reported by Robillard et al.%® The mean value for blood glucose
threshold in the fetuses was 200*13 mg/dl compared to 177+2.8 mg/dl in the
ewes. Renal plasma threshold in the fetus correlated significantly to fetal
body weight and to absolute GFR. A Tm glucose of 4.73 mg/min was demonstrated
in only one of nine fetuses studied. Since plasma threshold values for glucose
reabsorption by the fetal kidney increased with fetal absolute GFR, the authors
concluded that glomerulo-tubular balance for glucose is present by midgestation

in the fetal lamb kidney and is maintained throughout intrauterine life.

4.4 Phosphate
Low renal clearance of phosphate is associated with hyperphosphatemia in

19,32 and primate27 fetuses. Studies by

the human newborn as well as in sheep
Smith et al?8 demonstrated that the fetal lamb kidney responds to exogenous

parathyroid extract with a significant increase in urinary phosphate excretion.
We studied the response of the fetal kidney to certain stimuli known to influ-
ence renal phosphate clearance by the adult kidney in 17 fetuses at age 85-100

days qestation.29

In one group of fetuses, fetal ECF volume was expanded by
infusing Ringer's lactate without added cat*t. Fractional clearance of phos-
phate increased 3-fold (p<.00l) and was linearly correlated with an increase in
Na* clearance (p<.001) (Fig. 2). In a second group of fetuses, ECF volume
expansion with added catt did not produce a change in serum phosphate; however,
fractional phosphate excretion increased 2-fold (p<.0l), and again correlated
significantly with Nat clearance. Plasma levels of immunoreactive parathyroid
hormone (iPTH) remained stable in both groups of fetuses. In a third group of
fetuses, exogenous bovine PTH was infused and produced a significant decrease

in fractional tubular reabsorption of phosphate (p<.001) from the mean control

value of 0.96 to a mean of 0.78. 1In a fourth group of fetuses, the response to
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FIGURE 2.
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endogenous fetal PTH was studied by infusing EDTA into the fetuses to produce
hypocalcemia. In this group, plasma ca*t fell from a mean control value of
12.8 to 5.6 mg/dl (p<.001) and plasma iPTH increased from 0.071 to 0.723 ng/dl

(Fig. 3). Fractional phosphate excretion increased 10-fold (p<.001) and was
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independent of the increase in urinary Nat excretion. The above studies demon-
strated that acute ECF volume expansion in the fetal lamb produces a signifi-
cant increase in urinary phosphate excretion which is independent of plasma
ca*t* and iPTH, but is related to renal Na' clearance. These studies also con-
firmed the response of the fetal kidney to exogenous PTH and demonstrated for

the first time that fetal kidney can respond to endogenous fetal-produced PTH.

4.5 Urea

Studies in human fetuses by McCance and Widdowson!? showed identical mean
plasma urea values for the term fetus compared to the mother. However, the
urine urea concentration in the fetus averaged 17 mg/dl compared to 194 mg/dl
for the mother. Gresham et al3° investigated the production and excretion of
urea by the fetal lamb. They demonstrated that urea is excreted by the sheep
fetus via the placenta at a rate of approximately 0.54 mg/min/kg of fetal body
weight, whereas in previous studies,4 they demonstrated a mean fetal urea
clearance of 0.6 ml/min/kg body weight. Thus, when the concentration of fetal
urea is 40 mg/dl, the excretion rate by the fetal kidney is only one-half
(v0.24 mg/min/kg) the excretion rate by the placenta. Additional studies of

fetal renal tubular transport of urea are discussed in the section on fetal

urinary concentrating and diluting capacity.

5. ACID-BASE EXCRETION

5.1 Bicarbonate reabsorption

The first detailed study of bicarbonate reabsorption by the fetal kidney

was reported by Robillard et a1.3!

The renal plasma bicarbonate threshold in
control fetuses in an acute preparation varied from 12.0 to 23.5 mM/l with a

mean value of 17.7+1.37 mM/liter. This value was significantly lower than the

mean value of 28.7+1.68 mM in adult sheep. There was a significant positive
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correlation between the fetal plasma bicarbonate threshold and fetal body
weight and fetal gestational age. These investigators also studied the rela-
tionship of bicarbonate excretion to Na' excretion in the fetus by producing
fetal hydropenia via peritoneal dialysis. During fetal hydropenia, there was a
significant decrease in urinary pH, bicarbonate excretion, and fractional Nat
excretion, and a significant increase in bicarbonate reabsorption. Intravenous
infusion of glucose had no effect on bicarbonate reabsorption. These studies
indicate that the low threshold for bicarbonate by the fetal kidney is not due
to a limited capacity to increase bicarbonate or Na* reabsorption. The capacity
of the fetal renal carbonic anhydrase enzyme to facilitate bicarbonate reab-

sorption was also studied by Robillard et a1.3?

These investigators infused
acetazolamide into fetal lambs age 103-124 days gestation and demonstrated a
significant increase in urinary excretion of bicarbonate, K+, and urine pH.

The authors concluded that renal carbonic anhydrase is present and active in

utero and does not limit the capacity of the fetal kidney to reabsorb bicarbo-

nate.

5.2 Hydrogen ion excretion

The ability of the fetal kidney to excrete fixed acids was studied by

33 and by Smith and Schwartz.34 Vaughn et a133 infused HC1 acid

Vaughn et al
into near-term fetal lambs to produce a decrease in blood pH, bicarbonate, and
base excess. Urine pH and acid excretion did not change significantly until
the dose of acid given per unit weight was three times that required to lower
urine pH significantly in adult animals. In nine fetuses studied, urine pH
fell from 5.85 to 5.80 in one fetus, but did not fall below 6.0 in the remain-
ing eight fetuses. Smith and Schwartz34 reported similar studies in fetal

lambs after infusing 0.1 to 0.3 M hydrochloric acid to reduce blood pH to a

range of 7.11 to 6.94. 1In five of nine fetuses, urine pH. fell to less than
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6.0. These investigators concluded that a prolonged and severe systemic aci-
dosis is necessary to demonstrate an increase in fetal excretion of H' ion.
Our group investigated the response of fetal primates to infused acid. 1In
eight fetal baboons age 160-180 days gestation, systemic acidosis was produced
by infusing lactic acid over a 1l5-minute period. Fetal arterial blood pH
decreased to a mean of 7.16 (p<.05); however, fetal urine pH and excretion of
titratable acid did not change significantly from control values. The infused
lactic acid was distributed as follows: placental clearance - 82.3%, fetal
blood - 8.1%, amniotic fluid - 4.5%, and fetal urine - 0.2%. We concluded that
fetal acid-base balance is maintained primarily by placental clearance of H+,
which is the major explanation for the results demonstrated with infusion of
HC1l acid into fetal lambs.33/34

In order to fully investigate the capacity of the fetal kidney to excrete

H+

, we studied the effect of infusion of Na,;SO4 on urinary acidification in
fetal lambs.3° Since urinary acidification occurs by a process of ion exchange
of Na¥ for H*’,36 intense acidification of the urine will occur when there is a

stimulus for increased tubular reabsorption of Na+.37

In these studies, fetal
renal tubular avidity for Nat was increased by prior treatment of the ewes with
DOCA and subsequently infusing Na,SO,, a poorly reabsorbable Na' salt. Although

fetal blood pH remained normal, mean fetal urine pH fell to 5.2 and ranged from

4.7 to 5.7 (Table 4). Mean maximal fetal excretion of titratable acid and NH,

Table 4. Effect of Na,SO4 on blood and urine pH in fetal lambs.

Blood pH Urine pH
Control 7.352 7.075
Na5S04 7.362 5.20
ApH 0.010 -1.875

o} NS < .001
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was 5.29 and 6.93 mEq/min/kg body weight, respectively. The maternal urine pH
was unaffected by infusing Na,SO, into the fetus. These studies demonstrated
that the fetal kidney is able to produce a clear-cut gradient between blood and

urine pH by increased excretion of H' similar to the adult.

6. URINARY CONCENTRATING-DILUTING MECHANISMS
6.1 Urine flow

Quantitative measurements of urine flow rates were first reported for
fetal lambs.1738 at 61 days gestation, urine flow ranged from 0.1 to 0.26
ml/min, mean 0.14 ml/min. Urine flow rate then steadily rose to a mean high of
0.64 ml/min (range 0.2-1.2) at fetal age 117 days. After fetal age 117 days,
the urine flow rate gradually decreased to a mean of 0.14 ml/min (range 0.09-
0.83) at 142 days gestation. Urine flow rates in chronic fetal lamb studies
was reported by Gresham et al.4 In fetuses 117-134 days gestation, urine flow
was erratic for the first 24-72 hours postoperatively. Thereafter, urine flows
were stable between 0.25-0.4 ml/min. These values after stabilization appear

to be similar to those demonstrated for acute preparations.

6.2 Intrarenal solute and osmolar gradient

stanier3? demonstrated a steep intrarenal gradient for Na® in near-term
fetal lambs. However, intrarenal urea concentration increased only slightly
from cortex to papilla. Urea was given intraperitoneally to these fetuses
which produced no appreciable increase in intrarenal urea concentration. A

similar intrarenal solute gradient in near-term fetuses was demonstrated for

20 25

cows and pigs, in the guinea pig,40 and the rat.
We studied the development of intrarenal solute and osmolar gradients in

fetal lambs age 70-100 days.4l There was a steep intrarenal sodium as well as

urea gradient from cortex to papilla. The intrarenal urea concentrations were
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much higher than those previously reported in near-term fetal lambs. In those
studies, the intraluminal-interstitial gradient for urea and Na®* was increased
by infusing hypertonic mannitol, urea, or NaCl. There was no significant
change in the intrarenal solute gradient after infusing mannitol despite a
significant increase in urine flow and sodium excretion. Intrarenal urea
concentration increased significantly after infusing hypertonic urea. These
data indicate that an intrarenal solute gradient is present in the fetal kidney
by midgestation. The gradient is not limited by low tubular permeability to

urea or low tubular capacity to reabsorb filtered NaCl.

6.3 Vasopressin release and tubular responsiveness

Robillard et al42 investigated maturational aspects of renal tubular
reabsorption of water in chronically catheterized fetal lambs 101-142 days
gestation. In fetuses less than age 120 days, urinary flow rate increased
compared to those greater than age 120 days. The increase was associated with
a parallel increase in urine/plasma osmolar ratios. The percent of filtered
water excreted was high before 120 to 130 days gestation, and then decreased
significantly thereafter. The decrease in water excretion after 130 days
gestation was not associated with a decrease in osmolar clearance. The authors
concluded that the increase in urine osmolality at term results from an in-
crease in free water reabsorption by the fetal kidney. Fetal production of

vasopressin was investigated in chronic lamb fetuses.43

Following controlled
fetal hemorrhage, there was a significant increase in fetal plasma arginine
vasopressin and fetal peripheral renin activity. The response of the fetal
kidney to infusion of exogenous arginine vasopressin was also investigated in a
chronic fetal lamb preparation.44 In fetuses over 112 days gestation, - free

water reabsorption was demonstrated after infusing vasopressin. Urine osmo-

lality was correlated with varying plasma concentrations of arginine vasopressin.
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However, the slope of the regression line for the fetuses was less steep than
that for adults, and the authors speculated that vasopressor receptors are not

fully functional in fetuses age 112-142 days gestation.

7. RENAL HORMONES

7.1 Renin - angiotensin

45 investigated the response of the fetal lamb kidney

Trimper and Lumbers
to infusion of furosemide. There was a significant increase in fetal-produced
peripheral renin activity after infusing furosemide into fetuses 112 days
gestation and older. Similar studies by Siegal et a14® demonstrated a signifi-
cant increase in fetal plasma renin activity as well as an increase in circu-
lating levels of arginine vasopressin in fetal lambs after acutely administer-
ing 2 mg/kg of furosemide to fetal lambs. Smith et al47 demonstrated high
peripheral renin activity in fetal lambs when compared to the ewe at all gesta-
tional ages. These workers also demonstrated a significant increase in fetal
peripheral renin activity after fetal hemorrhage and after constriction of the
aorta. Fleishman et al48 and Pipkin et a14? demonstrated that fetal-produced
renin does not cross the placenta and fetal peripheral renin activity is inde-
pendent of that produced by the ewe. Pipkin and co—workers50 also demonstrated
that hypoxemia and removal of small volumes of blood produced a significant
increase in renin and angiotensin II concentration in the plasma of fetal
lambs. We studied the effect of changes in maternal and dietary Na® intake on

51 Maternal low

fetal peripheral renin activity in near-term fetal lambs.
dietary Na' intake resulted in a significant increase in peripheral renin

activity and a decrease in urine Nat concentration in the fetus as well as in

the ewe.
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7.2 DProstaglandins

Pace—Asciak52 demonstrated the presence of prostaglandin Foa at 40 days
gestation, and prostaglandin E, at 77 days gestation in fetal lambs. Walker
and Mitchell53 demonstrated high concentrations of PGE, PGF and 13,14-dihydro-
15-keto-prostaglandin F (PGFM) in fetal lambs between 115-120 days gestation.
In this study, the excretion of prostaglandins was related to urine flow rate.
The excretion of PGF and PGFM was correlated with osmolar, Na+, and free water

clearances. The excretion of PGE, however, was correlated only with free water

clearance.

8. SUMMARY

A major factor modulating renal function in utero is the fact that fetal
renal blood flow does not increase with gestational age despite an increase in
fetal cardiac output. The failure of an increase in renal blood flow to occur
is related to a markedly elevated renal vascular resistance due in the main to
the high levels of renin-angiotensin-prostaglandin produced by the fetal kidney.
However, failure of the renal blood flow to rise throughout gestation will
impart only a quantitative rather than a qualitative limitation on fetal renal
function. Absolute GFR increases with gestational age but GFR/gm of kidney
weight does not. The capacity of the fetal renal tubule to increase reabsorp-
tion and thereby decrease urinary excretion of electrolytes increases with
gestational age. Glomerulo-tubular balance for glucose is present by mid-
gestation and is maintained throughout gestation. Renal plasma HCO3_ threshold
is low in the fetus but it is not fixed, and responds appropriately to stimuli
that changes fetal proximal tubular reabsorption of Na¥. The fetal kidney can
increase excretion of H' and significantly lower fetal urine pH. By midgesta-
tion, the fetal kidney can establish a steep intrarenal solute gradient from

cortex to papilla. However, urine passed in utero is hypotonic to plasma as a
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result of distal tubular reabsorption of solute without water. Urine flow rate
in the fetus decreases with gestational age as a result of an increase in
response of the distal tubule to endogenous vasopressin. The fetal kidney

produces renin, angiotensin II, and prostaglandins by midgestation.
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ADAPTATION OF THE INFANT TO AN EXTERNAL MILIEU

BILLY S. ARANT, JR., M.D.

A statement attributed to lliddowson is, "In some respects we can reqard
birth as an incident in chemical development, which pursues the same steady
course if all goes well from conception to maturity, and it matters little
whether the organism spends the last few weeks of normal gestation inside
or outside the uterus" (1). Between eight and 40 weeks gestation the
sodium content of the human fetus decreases from 120 to 80 mEq/kg body
weight, and the water content decreases from 96% to 78% (2). This reduction
in salt and water in the human fetus is accomplished in part by hiah rates
of fractional sodium excretion (FENa) of 8-15% (3) and high urine flow
rates (V) that increase during gestation to 25 ml/hr at term (4).

Following birth a more abrunt loss of salt and water results in a further
decrease in body weight by 5% in the term infant and by nearly 15% in the
infant whose birth weight is less than 1000 grams (5). In order for an
infant wnose birth weight is 1230 grams to have the same chemical compo-
sition as an infant whose birth weight is 2500 qrams, according to Hetcoff,
a net lToss of salt and water must occur; the osmotic activity of that
solution lost from the skin would be 235 mOsm/1. Ye have studied infants
during the first six hours of life and found that V decreases from

4 ml/kg/hr in infants born at 28 weeks gestation to 1 ml/kg/hr in infants
born at term, while FENa decreased from 7% to <1%. Hansen and Smith (6)
studied newborn infants that were fasted or thirsted for 72 hours from
birth and demonstrated a negative sodium balance for the more premature
infants that was not observed in term infants; neither group of infants
became hyponatremic or hypernatremic. Studies performed more recently by
Siegel and Oh (7) in infants receiving both calories and fluids during

the same postnatal neriod reported FENa of 1-6% and a negative sodium
balance in infants whose gestational ages were <32 weeks. It would appear,
therefore, that reduction of salt and water in the term fetus in utero
myst continue durina nostnatal life in the infant born nrematurely. The
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rnechanisms to explain the high FENa in the fetus, the negative sodium
balance of the premature infant and the failure of the term infant to
excrete a sodium Toad are poorly understood. One conclusion should be,
however, that the ability of the neonatal kidney to regulate sodium
homeostasis in the neonate may be determined by factors other than
"immaturity" of the kidney.

Most reports have characterized tubular function in the developing
kidney as immature and have popularized the concept of glomerulotubular
imbalance with glomerular preponderance (8); this hypothesis was used
interpret studies of renal function during development for the past decade.
Until recently no consideration has been given to the possibility that the
developing kidney is not only responsive to volume expansion in a manner
similar to the adult, but also that it may be this mechanism which permits
the kidney to reduce the salt and water content of the fetus or infant
following birth. Extracellular fluid volume (ECFV) decreases from 60% of
body weight at 20 weeks gestation to 45% by 40 weeks, as compared with 39%
at the end of the week of postnatal 1ife (2). Following birth there are
shifts in body fluids that occur between fluid spaces in the human neonate.
As body weight decreases during the first three days of life, plasma
volume increases from 42 to 46 ml/ka between birth and 24 hours, and ECFV
increases from 330 to 380 ml/kg 3-5 days of age (9). The normal state of
the fetus and the neonate, therefore, is one of an expanded ECFV. Tubular
function measured while the neonatal kidney is responding to the stimulus
of ECFV expansion would, if 1ike the adult kidney, reflect a level of
function that would be less than that observed during normovolemia or
hydropenia. If the normal physiological state of the fetus and neonate
could be reproduced in the adult animal, ECFV would be doubled, and one
would expect to observe increased urinary losses of water, sodium, phosohate,
glucose and bicarbonate--observations that have been used to support
"immaturity" of renal function in the neonate.

The neonatal kidney, however, has been shown to respond appropriately
to antidiuretic hormone following thirsting (10) and vasopression adminis-
tration (11). Studies in puppies (12) and fetal lambs (13) demonstrated
bicarbonate thresholds to increase during contraction of ECFY as bicarbonate
excretion and urine pH decreased. Glomerulotubular balance for glucose
was reported for human premature infants by us (14) and Brodehl (15).
Moreover, we have demonstrated in puppies that g]dmeru1otubu1ar balance
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obtains from birth when volume expansion is avoided (16). Following saline
loading, glucose reabsorption in the pupnies decreased, and splay in the
glucose titration curve was increased. Cur studies of human infants at
birth and during postnatal 1ife (14) have documented that glucosuria is a
freguent observation in normoglycemic infants whose conceptional ages
(gestational age plus postnatal age) are <30 weeks and decreases with
conceptional age when plasma volume and ECFV have been shown by others (2,9)
to be decreasing.

tle have demonstrated that tubular reabsorption of phosphate in infants
following birth increased with conceptional age and that phosphate excretion
during spontaneous diuresis in premature infants increases with distal
deélivery of sodium (CH20+-CNa), suggesting decreased proximal tubular
reabsorption of both sodium and phosphate (17). Spitzer and Brandis (18)
reported that glomerulotubular balance for proximal tubular reabsorption
of sodium and water obtains from birth in the guinea pig, but in the same
animal model FENa in the proximal nephron is increased compared to the
adult (19). The hypothesis that the neonatal kidney does not excrete a
saline load as does the adult supposes that the sodium arrives to the
glomerulus, is filtered, and that it is the unique capability of the distal
nephron to reabsorb up to 50% of the filtered sodium load (20), perhaps
under the influence of aldosterone, that results in the salt and water
retention by the neonate. This unique capability appears to be impaired
in the fetus and preterm infant whose plasma aldosterone concentrations
are at least as high, if not higher than the full-term infant. We have
demonstrated that saline loading in neonatal puppies produced a dilution
of plasma protein, a decrease in plasma volume and blood pressure (BP)
that resulted in a decrease in glomerular filtration rate (GFR) and sodium
excretion (21). Uhen the same saline load was given as a 5% albumin
solution, plasma volume increased, but BP decreased in an age-related
response that was greatest on the first day and least at 60 days of life.
Changes in BP were directly related to changes in GFR and to sodium
excretion. Although this BP response to plasma volume expansion appeared
age-related, any puppy that increased its BP during saline loading,
regardless of age, excreted the saline load Tike an adult animal. Uhether
the change in BP actually determined sodium excretion or rather the same
factors that produced the fall in BP also affected renal sodium handling
directly is unknown.
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No study to date has described the physiologic mechanisms which determine
renal vascular resistance and renal function during the period of transition
from fetal to postnatal life. Ue have reported that GFR is low at birth
in premature infants <34 weeks gestational age and does not. increase
significantly even in infants 4-6 weeks old until conceptional age approaches
34 weeks (14); similar findings were reported by Siegel and Oh (7). In
the canine puppy GFR remains low for 10-14 days following birth and increases
rapidly during the third week of 1ife (16) when renal blood flow increases
and is redistributed in a centrifugal fashion (22). There appears to be
control of GFR until a critical time in development has been reached that
corresponds to the time nephrogenesis is completed at least in the human
and the dog; the control of this developmental change is 1ikely the result
of an interplay among vasoactive factors. Fawer et al (23) have observed
a direct relationship between blood pressure and GFR in newborn infants,
and Kleinman and Lubbe have observed the same relationship in newborn
puppies (24).

The renin-angiotensin system has been demonstrated to be intact in most
fetal and neonatal studies. Kotchen et al (25) observed that plasma renin
activity (PRA) in newborn infants was greater than that of maternal blood
and increased during the first three days of 1ife. This increase in PRA
may have been the effect of volume depletion associated with the weight
loss most infants exhibit following birth; however, previous investigators
have demonstrated that plasma volume and ECFV increase during this period
of life (2,9). The major product of prostaglandin biosynthesis in fetal
vascular tissues is prostacyclin (26) which, although similar in many
respects to the actions of PGE2 is a more potent vasodilator that is not
metabolized in the lung, and when infused into the circulation of the dog
lowers BP, increases in cardiac output and decreases in GFR and FENa' tle
have measured levels of PGE2 and 6-keto PGF]a, a metabolite of prostacyclin,
in arterial blood of puppies and found both to be higher at birth than at
60 days of 1life or the adult dog (27). It is possible that the production
of prostacyclin accounts for the low vascular resistance of the fetal
circulation. Following plasma volume expansion with 5% albumin/0.9% NaCl

(10 mg/kg), we demonstrated PGE2 to increase five-fold and 6-keto PGF]a
seven-fold as PRA increased (28).

Physiologic closure of the ductus arteriosus has been associated
traditionally with increased oxygen tension in arterial blood following
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birth; however, constriction of the ductus when oxygen tension is high

can be prevented by prostaglandins (29). Stevenson (30) has reported that
ductal closure in premature infants can be reversed by increasing the
volume of intravenous fluids administered to the infant. Inhibition of
prostaglandin synthesis with indomethacin to effect non-surgical closure
of the patent ductus arteriosus in premature infants, and the infusion of
PGE2 to maintain the ductus patent in some forms of congenital heart
disease are used widely in the management of newborn infants. Ve have
demonstrated that the physiologic closure of the ductus arteriosus in a
three-day-old puppy can be reversed by the administration of 10 ml/kg of
5% albumin/saline intravenously over 5 minutes and is associated with
increased concentrations of PGE2 and 6-keto PGF]a in arterial blood;
indomethacin given prior to the study prevented the reopening of the
closed ductus (17). Vascular resistance and BP regulation in the neonatal
puppy, therefore, can be related at least in part to the endogenous
synthesis of vasodilator prostaglandins and inversely to changes in blood
volume.

Although mechanisms whereby the fetus adapts to postnatal life are
poorly defined, this transitional process does take place in an orderly
fashion under normal circumstances. Transitional physiology in the human
neonate is difficult to study not only because of the ethical questions
that are raised by such studies, but also because it is nearly impossible
to separate normal transitional changes from pathophysiologic changes
induced by clinical management. Our studies of the newborn puppy have
integrated changes in body composition, renal function and blood pressure
with changes in blood concentrations of vasoactive substances. It can be
seen from the data given in the Figure that the pattern of changes in the
newborn puppy is very similar to that reported by various authors for
human neonates, providing a suitable animal model for further studies of
adpatational responses.
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PHYSIOLOGICAL ADAPTATION TO POST NATAL
LIFE IN THE PUPPY

Body 100fer-rnao

wt "~ 1000f

AGE (days)

Figure--Changes in plasma volume (PV), extracellular fluid volume (ECFV),
intracellular water (ICY), total body water (TBygH) and sodium (T8Na)
contents, plasma protein concentration (PproT), hematocrit (HCT) are
compared with changes in urine flow rate (V/GFR), inulin clearance (Cin)»
fractional sodium excretion (FEya), the ratio of urine:plasma osmolality
(U/P osm) and mean aortic blood pressure (MABP) and related to changes in
blood concentrations of prostaglandin E, (PGE,), plasma renin activity
(PRA) and antidiuretic hormone (ADH) during the first month of life in the
puppy. Each point represents a mean value for that age group.
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FACTORS GOVERNING THE DEVELOPMENT OF RENAL CONTROL OF Na HOMEO
STASIS.

A. APERIA, O. BROBERGER, G. ELINDER, P. HERIN, L. LARSSON and
R. ZETTERSTROM

During the last ten years we have performed a series of studies
on urinary Na excretion in newborn pre-term and full-term infants
during normal, low or high salt intake. The results from those
studies have given us a descriptive view of the development of the
Na excretory capacity. Pre-term infants (born before the 34th
gestational week) have at all levels of salt intake a higher Na
excretion than full-term infants (1,2,4,6). Normally, breastmilk
is higher in salt content during the first two to three weeks
after delivery (around 15 mmol/l) than later during lactation
(around 6 mmol/l) (3). If newborn pre-term infants are given
breastmilk or formula with the salt content of 6 mmol/l, they
continue to have a high Na excretion (4). The Na excretion then
exceeds Na intake during the first ten days of life. As a result,
newborn pre-term infants are prone to develop negative Na balance
and hyponatremia is a commonly reported complication of nre=-term
birth (12,16). Hyponatremia can be avoided if extra salt is
supplemented to the food (16). High Na excretibn in pre-term
infants is due to a high fractional Na excretion i.e. an inabi-
lity of the tubules to reabsorb Na (2). Thus, there is in pre-
term infants an imbalance between clomerular and tubular function
with regard to the camacity to handle salt. A similar imbalance
has also been shown to exsist for Beta-2-microglobulin, a small
peptide which is exclusively reabsorbed in the proximal tubule
(2,8). This might imply that the inability of the immature kidney
to retain Na is due mainly to an inability of the more vroximal
parts of the nephron to reabsorb Na. Active Na reabsorption in
the kidney is to a large extent monitored by Na-K-ATPase. The

low Na reabsorptive capacity implies a low activity of Na-K-
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ATPase. Na-K-ATPase links the transport of Na and K across the
basal and lateral membrane at the proximal tubular cell (14).
Pre-term infants have significantly lower K/Na quotient in the

urine than full-term infants (4).

Newborn full-term infants have a low basal Na excretion (2)
and are able to retain Na when in negative Na balance. When,
however, an oral salt load is given to newborn full-term in-
fants, the natriuretic response normally observed in older
children and adults is almost nonexsistant (5). The capacity
to excrete a salt load develops linearly during the first year
of life (7). Although pre-term infants have a higher basal Na
excretion than full-term infants, they are also unable to rapidly
increase Na excretion following an oral salt load (6). This
blunted natriuretic response to salt loading is due to an in-
ability to reduce the net Na reabsorption. A well developed
diluting capacity present both in pre-term and full-term in-
fants, implies that the high fractional Na reabsorption which
is evident in infants following a salt load, is present in the

more distal part of the nephron.

In summary those clinical studies have shown

a) that the Na reabsorptive capacity is low in the immature
kidney as revealed in pre-term infants where the glomerular
tubular balance for Na is not yet established.

b) that there is a less efficient homeostatic control in the
immature kidney as manifested by an inability to increase Na

excretion following an oral salt and fluid load.

To examine the mechanisms behind those manifestations of renal
immaturity we have performed studies on the development of Na
transport in the proximal and distal tubule of the superficial
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rat nephron. We have also ‘attempted to relate those findings

to ultrastructural and enzymatic development. In the proximal
tubule of the superficial rat nephron we have found that the
capacity to reabsorb Na develops linearly until full structural
maturation of the proximal tubular cells is obtained (10). In
the rat this does not occur until the postnatal age of fourty
days. An increase in Na-K-ATPase activity also parallels the
development of the Na reabsorptive capacity (11). The importance
of steroid hormones for the enzymatic differentiation is well
established from studies of other tissues such as liver (17) and
retina (15). We have found that glucocorticosteroid as well as
mineralcorticosteroid hormones can induce a premature increase
in the enzymatic activity of proximal tubular cells (11). The
increase was found already following doses as small as 10 ug/
100 g bw/12 h which suggests that both mineralcorticoid and
glucocorticoid hormones can be of physiological importance for
the postnatal increase of Na-K-ATPase activity in proximal
tubular cells. The sensitivity for hormonal induction was much
more pronounced in the immature than in the mature kidney. Eight
times higher doses of hormones were needed in the mature kidney
to induce significant increase of the enzyme. A comparison
between rats aged 10 and 20 days showed that the later stages

of proximal tubular differentiation represented by the 20-day-
old rats, were more sensitive to the enzymatic inductive effect
of steroid hormones than the earlier stages represented by the
10-day-old rats. This difference might explain the differences
in Na reabsorption observed between pre-term and full-term

infants.

In order to examine the reason for the blunted natriuretic
response to salt loading we have quantitated the Na reabsorption
in different segments of the nephron during hydropenia and during
isotonic volume expansion corresponding to 5% of the bw (13,9).
Rats aged 24 and 40 days have been studied. During hydropenia

the fractional Na reabsorption in the end of the proximal tubule
is approximately the same in the 24- and 40-day-old rats.

Fractional reabsorption along the distal tubule is however more
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efficient in the 24- than in the 40-day-old rats. During volume
expansion the fractional delivery of Na to the early distal
tubule increases significantly both in the 24- and in the 40-
day-old rats, but the 24-day-old rats still have a significantly
higher reabsorption along the distal tubule which results in a
lower delivery of Na to collecting tubule in the 24- than in the
40-day-old rats. The results strongly suggest that a relative
overcapacity of the distal tubule in the developing nephron

contributes to the difficulties to induce natriuresis in infants.
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THE KIDNEY FOLLOWING CARDIAC SURGERY

T.M. BARRATT AND S.P.A. RIGDEN

1. INTRODUCTION

The kidneys receive one quarter of the cardiac output:
it is therefore hardly surprising that impairment of renal
function is a major complication of cardiopulmonary by-pass
surgery (CPBS) with a high mortality, both in adults and
children (1). The principal cause is undoubtedly renal
hypoperfusion resulting from a low cardiac output, but other
factors may be additive: before surgery there is to consider
the physiological characteristics of the neonatal kidney and
the questions of congenital renal abnormality, cyanotic
nephropathy and the nephrotoxicity of radiological contrast
media; during CPBS there is the possible effect of haemolysis;
and subsequently there may be septicaemia or drug nephrotoxicity
(particularly antibiotics).

2, THE NEONATAL KIDNEY

The kidney in the first few weeks of life is particularly
vulnerable to poor perfusion. On the basis of body surface
area or kidney weight, glomerular filtration rate and renal
plasma flow are low, and renal vascular resistance high (2).
There is a preferential distribution of the renal blood flow
to the juxta-medullary glomeruli and outer cortical perfusion
is low., There is diminished fractional reabsorption of sodium
by the proximal tubule, plasma renin activity and aldosterone
concentration are high, and the infant is more dependent than
the older child on renin-aldosterone stimulated distal sodium
reabsorption for the maintenance of sodium balance. Low
cortical perfusion and high plasma renin activity also

characterise vasomotor nephropathy, and in some respects the
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neonatal kidney appears to be already halfway towards acute
tubular necrosis.

3. INCIDENCE OF ARF POST-CPBS

In a group of patients as heterogeneous as children under-
going CPBS, it is to be expected that there would be considerable
variation in the frequency of acute renal failure (ARF), but
discussions amongst colleagues point to a much greater disparity
between units in the incidence (or awareness?) of the problem
than can be accounted for by case selection alone. There are
two difficulties of definition which are responsible for some
of these discrepancies: first, what constitutes ARF, and
second, if ARF is manifestly an epiphenomenon of a cardiac
disaster, does it "count"? In some published series ARF does
not feature at all as a cause of death, and one can only
presume that the problem is subsumed into the general category

labelled myocardial failure.

4, DEFINITION AND PATTERNS OF ARF

Two patterns of ARF can be discerned. In the first there
is oligo-anuria, defined as a urine flow rate less than
0.5ml/kg body weight/hour. It has been our experience that
such a situation is dangerous in the post-CPBS state because
of the sensitivity to hyperkalaemia and the rapidity with
which it develops in these hypercatabolic children: we therefore
advise dialysis whatever the plasma urea concentration if
oliguria persists for more than 4 hours and is resistant to
volume repletion, dopaminergic support and intravenous frusemide
5mg/kg body weight, particularly if the urine is of poor quality
(urine/plasma urea concentration ratio less than 5) and if
there is already volume overload. We have also dialysed some
infants with slightly higher urine flow rates in whom there
was severe intractable volume overload. The decision to
embark on dialysis on these criteria can also serve as the
definition of ARF, and it has been our practise to dialyse
virtually all such children, even if the cardiac prognosis

appears very grave.
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There are few children who develop progressive uraemia
in spite of an apparently adequate urine flow: urea excretion
is insufficient to match production in the hypercatabolic
state. The prognosis of this group is better than for the
oliguric patients as the threats of volume overload and
hyperkalaemia are less severe. We have advised dialysis if
the plasma urea concentration exceeds 40mMol/1 and continues
to rise: as before the executive decision can also serve to

define polyuric ARF.

5. INCIDENCE AND MORTALITY OF ARF POST-CPBS

A prospective study was undertaken of the 456 children
who underwent CPBS at the Hospital for Sick Children during
1978-9 (1). Twenty four (5.3 per cent) of these children
developed ARF as defined above. Eleven (46 per cent) died
during the same hospital admission, but three of these were
late hospital deaths in the post-dialysis period. With simple
lesions the incidence of ARF was less than 1 per cent, but it
rose to 6 per cent with cyanotic lesions, and reached 21 per
cent in a group of 33 children with individually rare complex
cardiac anomalies. Six (29 per cent) of the 21 neonates
undergoing CPBS developed ARF, 10 (7.6 per cent) of the children
aged between one month and one year and 8 (2.6 per cent) of
the 304 older children. The association of ARF with younger
age is statistically significant. However, the mortality of
the different age groups was approximately the same.

There was a clear cut association between the incidence
of ARF and the duration of CPBS and cardiac arrest: 4 (1.6 per
cent) of the 237 children with a combined CPBS and arrest time
< 90 minutes developed ARF, in contrast to 17 (8.7 per cent)
of the 194 children in whom overall bypass and arrest time
exceeded 90 minutes.

Seventeen of the children were dialysed within 36 hours
of CPBS, and 10 (59 per cent) of these died, whereas there
was only 1 (14 per cent) death amongst the 7 patients who
presented later. It is not surprising that the group which

presented early had the highest mortality, as it contains
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several cases with an unsatisfactory cardiac repair. Fifteen
were dialysed for less than 2 days, and of these 8 (53 per cent)
died, principally from cardiac causes. It is not clear whether
any of the other 7 would have survived without dialysis, but it
is noteworthy that they included 3 of the 7 children with
pre-dialysis hyperkalaemia, and therefore it is probable that
dialysis was a major factor in helping them over a difficult
period.

For reasons described above it is difficult to compare
the incidence and mortality figures of ARF post-CPBS between
different units, but our current mortality rate of 46 per cent
is better than the previous experience and that of other
published series, probably reflecting in part our policy for
early intervention,

6. ASPECTS OF MANAGEMENT OF ARF

Peritoneal dialysis is the technique of choice. It is
safe, effective and easy to set up in the recovery room.
Vascular access is not required, and there are no haemodynamic
problems as may occasionally occur with haemodialysis. There
are however occasional situations when haemodialysis is
preferable, for example, when there are major communications
between the peritoneal and pleural or pericardial cavities,
in the older child with prolonged anuria when nutrition may
be difficult to sustain, and peritoneal dialysis may be
ineffective if gut perfusion is poor as may happen with
coarctation,

Certain problems may be encountered with peritoneal
dialysis. There may initially be some bleeding into the
peritoneal cavity. Over-distension of the peritoneum causes
respiratory or cardiac embarrassment. In sick poorly perfused
infants lactic acidosis may develop, necessitating a bicarbonate
dialysate instead. Assessment and control of the volume status
of the child is the most demanding aspect of management, and
a solution to the problem of regular accurate weighing of these
children is eagerly awaited. Peritoneal infection is always

a threat, and the late Candida peritonitis is particularly to
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be feared as it may lead to endocarditis. Peritoneal dialysis
also provides a certain source of calories from glucose, but
attention to nutrition is essential and parenteral aminoacids

and vitamin supplements should be started as soon as possible.

7. RENAL FUNCTION AFTER UNCOMPLICATED CPBS

The vulnerability of the kidney to poor perfusion points
to another interesting aspect of the problem which has so far
not been sufficiently exploited: systematic study of post-
operative renal function provides a sensitive assessment of
the adequacy of bypass and surgical techniques. Rigden (3)
studied 21 consecutive children undergoing CPBS at the Hospital
for Sick Children. The plasma creatinine concentration rose
on an average of 41 per cent above preoperative levels with a
peak on the 1st post-operative day. The urinary excretion of
N-acetylglucosaminidase (UNAG: an enzyme from the brush border
of the proximal tubule whose excretion rises with tubular
damage), corrected for creatinine concentration, rose 6-fold
in the immediate post-operative period, fell and then rose
again on the 3rd and 4th post-operative days. The two
phenomena are linked: there is a significant correlation

between UNA in the first post-operative sample and the

maximum pergentage rise in plasma creatinine subsequently.

The correlation may however be somewhat fortuitous, with the
highest post-operative UNAG values and plasma creatinine rises
being in the youngest patients; within more homogeneous groups
of patients the correlation was not observed. Nevertheless,
the data do point to a major role of factors during or before

CPBS in determining the outcome of renal function.

8. PREVENTION OF ARF POST-CPBS

If a change in surgical or bypass technique were to halve
the incidence of post-CPBS ARF from 5 per cent to 2.5 per cent,
it would be necessary to study about 500 cases before the effect
could be rigorously established at the 95 per cent significance
level, Thus studies comparing the incidence of ARF with

different bypass regimes are unlikely to be fruitful, and more
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subtle depressions of renal function must be detected instead,
assuming that they are the body of the iceberg which bears the
tip of ARF.

No doubt the most important factor in preventing ARF is
the perfection of surgical and bypass techniques. But other
factors are amenable to investigation. It had, for example,
been the practice at the Hospital for Sick Children to use
gentamicin prophylaxis in infants and older children with
complex lesions in whom surface prosthetic material was used.
As described previously, this group has the highest incidence
of ARF, and it was natural therefore to consider whether
gentamicin nephrotoxicity was playing a role in this problem.
We therefore embarked on a randomised prospective comparison
of gentamicin and cephalexin as antibiotic prophylaxis. The
result showed that UNAG excretion was significantly greater
in the gentamicin treated group from the 2nd day onwards,

indeed the secondary rise in U described above could be

entirely attributed to the effZQis of gentamicin, However,
there was no difference in the plasma creatinine concentration
in the two groups over the first 5 post-operative days,
according with the clinical experience that gentamicin nephro-
toxicity only becomes evident after one week of treatment.
Incidentally, the study also showed that gentamicin prophylaxis
was not superior to cephalexin, and therefore its routine use
has now been discontinued.

Experimental evidence suggests that mannitol protects
renal function in many models of ARF. There is suggestive
evidence also in the clinical situation, but no randomised
prospective trial has been undertaken, and therefore the use
of mannitol during or after CPBS has not been based upon sound
observational studies. We undertook a randomised prospective
study of the addition of mannitol 0.5 G/kg body weight to the
pump prime in children over one year of age. The data showed
that there was no difference in UNAG’ but that the change in
plasma creatinine concentration was significantly less in the
mannitol treated group from the second post-operative day,

and the proportion of patients in whom the plasma creatinine
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concentration rose more than 50 per cent was significantly less
in the mannitol treated group than in the control series. The
data therefore support the routine use of mannitol during CPBS.

9. SUMMARY

The incidence of ARF post-CPBS in children is 5 per cent,
and is higher in young children, in those with complex lesions,
and in those with overall bypass plus arrest time in excess
of 90 minutes. Early peritoneal dialysis is indicated, and
with vigorous treatment the mortality is less than 50 per cent.
Studies on renal function after uncomplicated CPBS show that
slight deterioration is usual, and that the urinary concentration
of the renal tubular enzyme N-acetylglucosaminidase (UNAG)
reflects renal damage sustained during CPBS. Gentamicin
prophylaxis in uncomplicated CPBS results in sustained high

UNae’
prophylactic administration of mannitol during CPBS abolishes

but no change in plasma creatinine concentration., The

the usual post-operative rise in plasma creatinine concentration.
Measurement of renal function following CPBS is a sensitive
method of assessing the adequacy of surgical and bypass

techniques.
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SICKLE CELL NEPHROPATHY

J. STRAUSS, V. PARDO, R. BAKER, M. KESSLER*, G. ZILLERUELO, H. GORMAN,
M. FREUNDLICH

Depts. Pediatr. and Pathol., Univ. Miami Sch. Med. Miami, Fla. 33101
USA; *Institut fiir Physiologie und Kardiologie, Univ. Erlangen-Niirnberg,
Erlangen, Germany

The pathophysiology of sickle cell nephropathy is still unclear (1,2);
until recently, even the histopathology, electronmicroscopy and immuno-
fluorescence microscopy were uncertain (3,4). Therefore, means of
prevention and effective treatment have not yet been established. This
paper reviews the data of various experimental studies, mainly ours, and
relates them to findings already reported in patients with sickle cell
disease and trait. Finally, a hypothesis will be advanced for a patho-
physiological explanation of sickle cell nephropathy, and based on this,
a rational approach to prevention, identification, and treatment will be

presented.

ANTMAL EXPERIMENTATION

Microcirculation

Simultaneous recordings of available oxygen (023) were obtained from
cortex (C), outer medulla (OM), inner medulla (IM) and papilla (P) of
adult rabbit's left kidney (5,6). O, sensitive electrodes designed by us
and made of platinum (active) and Ag-AgCl wires (reference) were inserted
at pre-determined depths from the renal surface (Fig. 1) (5). Under normal
conditions, Oja levels were higher in the outer (C and OM) than in the
iﬁner renal areas (IM and P). In addition, the frequency of level fluctu-
ations ("slow waves'") correlated with 0ja levels and decreased gradually
from C to P (Fig. 2) (5).

During hemorrhagic shock, Oja levels decreased by about 50% in all areas,
and there was interference with microcirculation, as suggested by a
simultaneous decrease in the rate of slow waves. These changes were

reversed to normal after reinfusion of the shed blood (Fig. 3) (6).
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Due to the complex nature of physiological changes during hemorrhagic
shock, further attempts to evaluate renal oxygenation and microcirculation
were undertaken during more specific conditions such as hypoxic hypoxia
and ischemia. 1In addition to the 0y sensitive wire electrodes implanted
in the four renal areas as described above, the surface multiwire electrode
designed by Kessler and Libbers (7) was placed over the renal cortex in
order to obtain surface POy histograms.

During both hypoxia and ischemia, there was a shift to the left in the
histograms (more areas with lower POy levels) in accordance with the accepted
consequences of a disrupted microcirculation (8). The shift to the left
was reversed by returning the animal to room air (hypoxic experiments) or

by releasing the renal artery constriction (ischemic experiments).

Sodium excretion

Another aspect of hypoxic hypoxia was evaluated by quantitating fluid
and electrolyte excretion when piglets were exposed to inspired gas with
107% 0y content. A marked diuresis with increased sodium excretion promptly
ensued, lasted for the duration of the hypoxic period, and returned to
control levels once the animals were replaced in room air (9). It was
postulated that natriuresis took place because there was not enough 02 to
support the sodium reabsorption process in the tubules; 0y consumed for this

function normally accounts for most of the 02 consumed by the kidney (10).

Proximal tubule damage

Various substances have been used to selectively damage the surface
(brush border) of the proximal tubule's epithelium (RTE) indicating a
particular sensitivity of this portion of the nephron to various noxa.
Membranous nephropathy was the most consistently demonstrated histological
picture in animals with circulating immune complexes of RTE and its

antibody (11).

CLINICAL STUDIES

Comparisons of the isolated physiological experiments described above

will be made with the patient with sickle cell anemia (SS) or trait (SA).
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Microcirculation

Sickle cell crises are characterized by the presence of severe hypoxia
or ischemia of some organ of the body. In the kidney there is congestion-
stasis (Fig. 4) (12) which must disrupt the microcirculation in a manner
similar to that in the rabbit during hypoxia and ischemia (8).

Microcirculatory changes seem to be worsened by a high hematocrit since
blood with more red cells has greater friction and difficulty in circulating
than blood with fewer red cells (2, 13). Oxygenation of various organs is
maintained or even increased in dogs as their blood hematocrit is gradually
reduced up to 1/2 of the starting hematocrit level; from then on, surface
tissue POy decreases (14). Such a situation may in fact develop when
sickle cell crises of patients with SSHb (usually anemic) are compared with
those patients with SAHb (usually non-anemic).

The SS patient frequently has problems but usually survives crises while
the SA patient may die during one of the extremely infrequent crises. The
SS patient has crises more frequently and often without a readily identifiable
cause while the SA patient's crisis usually has a clear cut association with
an extreme situation (participation in a competitive sport in a high mountain

area or flying in an unpressurized plane, e.g.).

Sodium excretion

The increased sodium excretion of piglets in a reduced Oy environment 9

was also found in patients with SS disease in crisis (15).

Proximal tubular damage

In 1974 two patients with SS disease who were referred to us were found
to have membrano-proliferative nephropathy. One of them expired and we
eluted from her renal glomeruli, IgG and IgM antibodies which selectively
stained proximal tubules (more markedly at the brush border) of normal
kidney (Fig. 5) (16). After the glomerular eluate was absorbed with renal
tubular antigen, tubular staining of normal kidney was no longer positive.
The serum cryoprecipitate of this patient contained IgG and IgM, fixed to
proximal tubular epithelium of normal kidney, and had anti-IgG properties

(17). Subsequently, we evaluated black patients with renal failure at
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Fig. 4. Congestion of peritubular capillaries in renal medulla of a
patient with sickle cell disease (From Buckalew, V.M. et al. Arch.
Intern. Med. 133:660, 1974).
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Fig. 5. Proximal tubular brush border of normal kidney stained by IgG
eluted from kidney with sickle cell nephropathy, and rabbit antihuman
IgG (From Strauss, J. et al. Amer. J. Med. 58:382, 1975).
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Jackson Memorial Hospital in Miami. When only those with SS disease were

studied, all had membrano-proliferative changes (18).
STATISTICAL DATA

Too little information is currently available on the incidence or
prevalence of sickle cell (SS, SA) nephropathy. If all patients with a
nephropathy were screened for a hemoglobinopathy, fewer patients would be
labeled as having "idiopathic" (in the broad sense) renal disease. If all
patients with a hemoglobinopathy were properly screened (arterial blood
pressure, urinalysis, and blood chemistries), more patients would be
identified early in the course of their nephropathy. The question as to
whether or not a nephropathy present in a patient with a hemoglobinopathy
may be a coincidental association rather than causally related, would be
settled if statistical data were available. As it stands now, we rely on
our impression that a nephropathy and hemoglobinopathy cannot occur in the

same patient by chance alone.
PREVENTION

Prompt treatment of sickle cell crisis with the proper measures to
restore microcirculation and oxygenation to normal as soon as possible,
may be the best prophylaxis for the nephropathy found in these patients.
Ideally, patients with hemoglobin SS or SA should not live under conditions
limiting their tissue oxygenation, such as high altitude. They certainly
should not be involved in sports or commercial flying in an unpressurized
aircraft. They should not be allowed to become dehydrated and their SHb

level should be maintained at a minimum (£20% ?).
IDENTIFICATION

A routine urine analysis (screening and microscopic) should be part of
any physician encounter, Thus, time of onset of the nephropathy and other
pertinent information would be available. Unfortunately, most times the
renal status of these patients is not known. Referral patterns are
haphazard; many general pediatric or hematology clinics are not aware of

the nephropathy as a complication of SSHb or SAHb, and many nephrology services
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are not actively looking for the association of hemoglobinopathies with
nephropathies. Every Black, Mediterranean or Latin patient seen by a
nephrology service caring for pediatric and adult patients should be

evaluated by sickle cell screening or by hemoglobin electrophoresis.

TREATMENT

The general approach to treatment which we recommend as rational is
based on the hypothesis advanced above for a pathophysiological explanation
of sickle cell nephropathy. Accordingly, all measures must attempt to
restore microcirculation and oxygenation to normal as soon as possible.
Prompt rehydration of a dehydrated patient should be instituted with slight
overhydration as the final goal. Solutions used should be isotonic or only
slightly hypertonic, and ideally contain glucose and sodium bicarbonate.
The latter may be discontinued after proper documentation of a normal
acid-base balance. Sodium (either as NaCl or as NaHCO3, as indicated)
should be administered in amounts sufficient to replace the excessive
urinary losses frequently occurring during crises. Volume expanders of
small molecular weight such as Dextran and efficient 0y carrying solutions
may be helpful (19). Preliminary results of a trial induction of hypo-
natremia by vasopressin and high fluid intake (20) are worthy of note, but
need further evaluation since convulsions and coma were observed in one
patient with hyponatremia in the absence of a cerebrovascular accident (15).

Treatment of a sickle cell occlusive crisis should include removal of
sickled cells as well as administration of normal red blood cells (21).
Desferoxamine must be used cautiously, only when deemed essential, and not
in chronic renal failure (CRF) or end-stage renal disease (ESRD).

Treatment of the nephropathy should not include corticosteroids unless
they are needed in small doses as part of a sophisticated immunological
manipulation:or after renal transplantation. Reduction in the edema from
the accompanying nephrotic syndrome may be attained by the judicious
intravenous administration of albumin and furosemide. When these patients
reach CRF and ESRD levels of renal function deterioration, they should be
worked up and made eligible for dialysis and transplantation. Almost all
the dialysis experience reported with these patients consists of hemodialysis;
no special arrangements are needed since they tolerate the usual procedure

well. The use of chronic peritoneal dialysis in any of its variations may
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pose special infectious problems in patients so prone to overwhelming
infections.

The question of kidney transplantation has not been resolved. Even
more than for prophylaxis or treatment of a crisis, maintenance of a low
SHb level (£10%) seems highly desirable or indispensable prior to and at

all times after transplantation.

CONCLUSION

An attempt was made to review mainly pertinent work of our group which
seems to point to a disruption of microcirculation and tissue oxygenation
as the cause of sickle cell nephropathy. General guidelines for prophylaxis,
identification and treatment were provided. A plea is made for actively
seeking out these patients from the general pediatric, hematology and
nephrology populations. Increased awareness that the nephropathy may be
a complication, augmented research support and greater knowledge about

effective treatment should result.
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CYSTINOSIS AND THE KIDNEY

John W. Foreman and Marc Yudkoff

Cystinosis is a recessively inherited metabolic disorder characterized
biochemically by a raised intracellular concentration of cystine. This
increased concentration of cystine, which appears to be stored in lysosomes,
leads to crystal deposition in the bone marrow, cornea, conjunctiva, and
internal organs, especially the kidney. In spite of this generalized
crystal deposition, the major symptomatology of cystinosis is limited to
the kidney. At birth and for the first six months of life these infants
appear normal, but with careful assessment of renal tubular function,
abnormalities, especially of amino acid handling, can be demonstrated (1).
Often the first signs of illness are polyuria and polydipsia because of
defective water handling which can also lead to dehydration and recurrent
unexplained fevers. By one year of age, growth retardation, acidosis, and
rickets are present and are paralleled by the appearance of the Fanconi
syndrome manifested by glucosuria, phosphaturia, bicarbonaturia and
generalized aminoaciduria. Cystine excretion by the kidney is increased
in proportion to the increase in the other amino acids which differs from
cystinuria where only cystine and dibasic amino acid excretion is increased.
In addition, these patients show a marked tendency to hypokalemia which can
be exacerbated with fatal consequences during glucose loading. On this
background of tubular dysfunction, there is superimposed a progressive
impairment of glomerular function. This impairment ultimately determines
the outcome since the tubular dysfunction can usually be managed with
supplemental alkali, potassium and vitamin D. As a general rule, the
glomerular dysfunction leads to uremia before the end of the first decade
of life.

The pathology of the kidney in cystinosis varies with the stage of the
disease (2). Early in the disease there is an interstitial edema and/or
round cell infiltration with granular fatty degeneration of the proximal

convoluted tubular epithelium. The "swan neck' deformity, which is atrophy
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and shortening of the first portion of the proximal convoluted tubule, can

be demonstrated by microdissection. This deformity is not specific for
cystinosis since it can be seen in other forms of the Fanconi syndrome and

in congenital nephrosis. There is also a prominent epithelial cell pro-
liferation in the glomeruli with the occasional formation of multi-nucleated
visceral epithelial cells. Further progression of the disease is characterized
by patchy glomerular and tubular necrosis, dilatation of tubules, loss of
proximal tubular brush border, further interstitial infiltration, and prominent
hypertrophy and thickening of interlobular arteries and afferent arterioles.
With advanced disease, there is a diffuse and conspicuous interstitial

fibrosis with atrophy or cystic dilatation of the tubules. The glomerular
changes vary from focal necrosis to complete hyalinization. Cystine crystals,
which can be found at any stage in the disorder, are usually evident in
interstitial cells and rarely in the glomerular mesangium and tubular cells.

The diagnosis of cystinosis can be made by demonstrating cystine crystals
in conjunctiva, bone marrow, or rectal mucosa cells. Slit lamp examination
of the cornea and conjunctiva showing the typical refractile bodies can also
be used to make the diagnosis. Laboratory confirmation of the diagnosis
can be made by finding an elevated non-protein cystine content in leukocytes
or cultured fibroblasts. Measurement of a raised intracellular cystine
content in cultured amniotic cells has permitted the prenatal diagnosis of
cystinosis (3,4).

In spite of this biochemical hallmark of raised intracellular cystine
content, the progressive renal failure remains enigmatic. In other lyso-
somal storage disorders, disease progression is correlated with increased
accumulation of stored material. This is not the case with cystinosis since
the cystine content in renal cells from aborted fetuses with cystinosis is
comparable to that found in kidneys removed at the time of transplantation
(3,4). Equally unexplained is the biochemical abnormality underlying the
raised cystine concentration. With the discovery that cultured fibroblasts
from patients with cystinosis express the biochemical phenotype of excessive
intracellular cystine content, a suitable in vitro model system has become
available. Although the primary biochemical abnormality remains undelineated,
several hypotheses have received experimental support. One hypothesis is
that the increased cystine content may be related to a defect in cystine
transport or the regulation of transport. Cystine uptake by cystinotic

fibroblasts is increased compared to normal fibroblasts with a third of the
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transported cystine remaining unreduced (5). 1In contrast, only 1/5 of the
transported cystine is unreduced in normal fibroblasts. Coincident with this
increased uptake, there appears to be a more rapid turnover of glutathione

in the cystinotic fibroblast which may play a role in the enhanced uptake

and ultimately in the raised intracellular cystine concentration. A second
hypothesis that has been proposed is that the source of the increased cystine
is from protein degradation within lysosomes (6). Because of its molecular
size, cystine cannot easily diffuse from this space and remains trapped
inside the lysosome. Reducing agents which penetrate the lysosomal space
have been shown to lower the cystine content of these fibroblasts. Presumably,
these agents act by reducing cystine to cysteine which then can diffuse or

be transported out of the lysosome into the cytosol for further degradation
or use in protein synthesis.

Because the renal failure in cystinosis is not related to increasing
intracellular cystine concentration, it would appear that other factors must
be involved. Because of this assumption, an immunologic role in the patho-
genesis of cystinosis was investigated in 5 patients with cystinosis (7).

TABLE

Creatinine Protein
Patient Age Clearance Excretion Cryoglobulin¥®
(yrs) (ml/min/1.73m”) (mg/m"/hr) (mg/dl)

I B GO

M. 8 31 48 NDt 0.22 0.15 0.46

L. 8 21 252 0.06 0.10 ND 0.09

C. 7 59 50 ND 5.88 ND ND

F. 5 58 12 0.11 9.46 0.32 0.55

B. 3 33 51 ND 9.79 0.86 0.77

* Significant amounts of cryoglobulin in our laboratory are:
IgG > 0.38, IgM > 0.40, C3 > 0.30, and any detectable IgA
7 ND - Not detectable

As can be seen in the Table, 3 of the 5 patients had significant amounts of
cryoprecipitable complement and immunoglobulins, especially IgM. Serum values
of the third component of complement and immunoglobulins were normal except
for a slightly low IgG in one patient. The raised intracellular cystine
concentration may in some manner give rise to the formation of these
circulating cryoglobulins. This in turn could lead to the progressive decline
in glomerular function, similar to the course of events described for the
progressive renal failure of sickle cell anemia (8) which is associated with
circulating cryoglobulins containing antibody to and antigen of renal tubular

epithelium. We have not characterized the antigen(s) in these cryoglobulins,
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but their presence raises the possibility that an immunologic mechanism(s)
may play a role in the renal dysfunction of cystinosis. Cryoglobulinemia
may, however, be only one of several mechanisms leading to the progressive
renal failure that characterizes cystinosis since only 3 of the 5 patients
studied had cryoglobulinemia. One of the 2 patients without cryoglobulinemia
had the most severely compromised glomerular function of the group. The
possibility arises that if cryoglobulins had been measured earlier in the
disease, they would have been present since the disappearance of previously
detectable cryoglobulinemia with the onset of end-stage renal failure has
been noted (9).

Treatment of cystinosis has been limited to correcting the chemical
abnormalities related to the tubular and glomerular dysfunction without
halting the progression of renal failure. Agents which can reduce disulfide
bonds, such as dithiothreitol and ascorbic acid, are effective in lowering
intracellular cystine in cultured cystinotic fibroblasts. These reducing
agents have been used to treat cystinosis, but without success because of
toxicity and possibly the inability to lower adequately the intracellular
cystine content in vivo. Recently, Thoene et al demonstrated that the
aminothiol, cysteamine, was quite effective in lowering the intracellular
cystine in both cultured fibroblasts and circulating leukocytes from a patient
with cystinosis (10). However, cysteamine did not appear to have a beneficial
effect on the renal function of this patient.

We have studied the effect of cysteamine on the renal function and
growth in 5 patients with cystinosis (11). The children ranged in age from
2 to 7 years at the initiation of the study with creatinine clearances that
ranged from 21 to 58 ml/min/1.73M2. They were treated with 90 mg/kg/day of
cysteam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>