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Review Article

Salt, hypertension and renal disease: comparative
medicine, models and real diseases

A.R. Michell

Professor of Applied Physiology and Comparative Medicine, Royal Veterinary College, University of
London, UK

Summary: Dogs are well established as experimental animals for the study of both renal disease and
hypertension, but most work is based on surgical or pharmacological models and relatively little on
spontaneous diseases. This review argues for the latter as an underexploited aspect of comparative
medicine. The most important feature of canine hypertension may not be the ease with which models can be
produced but the fact that dogs are actually rather resistant to hypertension, and perhaps to its effects, even
when they have chronic renal failure. The importance of natural models of chronic renal failure is
strengthened by the evidence that self-sustaining progression is a consequence of extreme nephron loss,
that is, a late event, rather than the dominant feature of the course of the disease.

The role of salt in hypertension is discussed and emphasis given to the importance of understanding the
physiological basis of nutritional requirement and recognizing that it is unlikely to exceed 0.6 mmol/kg/
day for most healthy adult mammals except during pregnancy or lactation. Such a perspective is essential
to the evaluation of experiments, whether in animals or humans, in order to avoid arbitrary definitions of
‘high’ or ‘low’ sodium intake, and the serious misinterpretations of data which result. An age-related rise in
arterial pressure may well be a warning of excess salt intake, rather than a normal occurrence. Problems

of defining hypertension in the face of variability of arterial pressure are also discussed.

Introduction

For 60 years, the ‘Goldblatt model’ and its variants
have been the mainstay of animal-based research
on hypertension. The original Goldblatt model
used dogs' and they have remained a major source
of experimental data on hypertension. Almost 100
years earlier, Richard Bright (1836)? noted the link
between left ventricular hypertrophy and renal
disease; he remarked on ‘the frequency with which
derangement of one organ is connected with the
derangement of several others’ but cautioned that
‘we are not at liberty to assume that the disease of
the kidney has been the primary cause on which the
disease of the rest depended’. Measurement of
arterial pressure dates back to the early 1730s and
the famous experiments of the Reverend Stephen
Hales on horses; he also made observations on
canine arterial pressure.’ But we need to go back
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nearly another 2000 years to China to encounter

the first statement of the suspicion that there is a

link between renal disease, salt intake and

hypertension. )

‘When the pulse is full and hard . . . the illness
dominates the kidneys and has its seat therein.’ ‘If
large amounts of salt are taken, the pulse will stiffen
or harden’.*

The purpose of this review is to explore these
issues and, in particular, the insights which may be
gained from comparative medicine. Two receive
special emphasis:

1. The importance of a perspective based on
nutritional requirement and its magnitude in a
range of species in judging clinical arguments
about salt intake or experimental designs
related to hypertension or renal physiology.

2. The importance of the detailed study of real
disease, as it actually arises in various species,
not just of surgically or pharmacologically
contrived models, as the basis of comparative
medicine. Thus, while dogs may readily be
induced to become hypertensive, their real
interest may lie in the fact that, despite this
susceptibility, they may actually be rather
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resistant to both hypertension and its effects. If
50, the reasons for this resistance offer poten-
tially invaluable insights into the basis of
hypertension.® Similarly, the value of the dog
in understanding the factors influencing the
progression of chronic renal failure (CRF)
may lie not in the consequences of 7/8 or 15/16
nephrectomy, but in the careful study of dogs
with spontaneous renal failure, particularly
where there is a familial susceptibility.

When the opportunities for the creation of new
experimental models have been so powerfully
enhanced by biotechnology, it is necessary, rather
than perverse, to offer a reminder that models are a
valuable part of comparative medicine, as they are
in most branches of biomedical science, but they
are only a part. Comparative medicine is not simply
the conceit that one species can be contrived, by
artefact, to serve as a model for the diseases of
another: its essence lies in the insights and the
questions arising from detailed study of the variety
of the manifestations of ostensibly similar diseases
in different species. In particular, the contrasts may
be as informative as the similarities, whereas in
models they may simply appear as shortcomings.

Hypertension: what does it mean?

Hypertension is like being 7 feet tall; it means that
you are statistically unusual, not necessarily that
you are ill; attempts to make you ‘normal’ may be
more harmful than the actual condition. There are
thus two possible definitions of hypertension:

1. The statistical level at which arterial pressure is
abnormal.

2. Theclinical level at which therapeutic interven-
tion is justified.

The latter is clearly the more contentious. It
depends on the individual, the possible causes of
their higher pressure, their age and general health,
the cost and acceptability of the proposed interven-
tion and the ever-changing evidence on the effec-
tiveness of particular prophylactic or therapeutic
strategies.

There is, however, a clear distinction between
arterial pressure and height, which is insufficiently
appreciated: height is relatively constant, at least in
the early decades of adult life, whereas pressure is
not. Naturally, physiology textbooks emphasize
the constancy of arterial pressure, since it is a prime
example of homeostasis and its underlying negative
feedback regulation. These are most obvious in the
short-term control, for example, by baroreceptor
reflexes, but also in the more subtle long-term
control of arterial pressure by the kidney; this
depends on the sensitivity of pressure natriuresis to
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increased arterial pressure.® Control system theory
naturally makes students focus on the maintenance
of the ‘set point’ value for arterial pressure.

‘.. . it is necessary that the arterial pressure
remains constant or nearly constant because with a
variable pressure one would never know whether
dilating the blood vessels would necessarily in-
crease the local blood flow. Fortunately, the cir-
culation has an intricate system for regulation of
the arterial pressure.”’

All students appreciate that in reality arterial
pressure fluctuates between systolic and diastolic
within each cardiac cycle, and that the best
reflection of tissue perfusion may relate to mean
arterial pressure. This is not half way between
systolic and diastolic, but the average throughout
the cardiac cycle; it is, therefore, closer to diastolic
since systole is shorter. At high heart rates, how-
ever, when there is encroachment on the duration
of diastole rather than systole, it rises. It is therefore
important to realize that mean arterial pressure
(and, to a lesser extent, diastolic pressure) is
directly affected by heart rate. The primary deter-
minants of arterial pressure are cardiac output,
arterial compliance and arteriolar (‘peripheral’)
resistance, and also the effects of reflected pressure
waves.®?

Variability of blood pressure

‘The force of the blood in its vessels is continually
varying, according to . . . the various distances of
time after taking food . . . also from exercise, rest,
different states of vigour or vivacity of the animal
and many other circumstances’ (Hales, 1733).}

With the increasing use of chronic noninvasive
measurements of arterial pressure, it becomes clear
that arterial pressure is far from stable. Apart from
diurnal variation (or its clinical disturbances) and
changes associated with respiration, posture,
activity or apprehension, or occasionally with
baroreflex failure,'°-!2 there is much more short-
term fluctuation than most of us have assumed, >
though the reasons may differ between species." It
makes one wonder how repeated measurements on
different occasions ever reach a reproducible level
in individual subjects, yet they do, both in people
and dogs; readings may vary but individuals tend
to retain the same rank order.'*"'® Perhaps the
stereotyped routine of taking the measurement
actually diminishes the short-term variability; it
seems a question worth examining.

‘White-coat’ hypertension'®? is a well-recog-
nized phenomenon (fall in successive readings or
the mean of readings on successive occasions
attributed to decreasing apprehension as the tech-
nique becomes familiar); the question is, does the
baseline level or the elevated level offer the greater
insight into the patient’s condition.! White-coat
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hypertension is less marked in dogs;? perhaps they
only have the innocuous procedure, rather than its
implications, to ‘worry’ about.

These considerations may seem mundane but
they are absolutely central to any discussion about
what constitutes normality of arterial pressure, and
which departures from normality should arouse
clinical concern: the range of diurnal variation??
The peak or the duration of the nocturnal
trough?®? or diurnal rise? The extremes of the
short-term fluctuation, including those caused by
stress or activity,'®??" their duration or their
frequency,® or variability in itself?” Systolic or
diastolic hypertension?’*=** Or is mean arterial
pressure helpful because it involves rate as well as
pressure; mechanical damage akin to structural
fatigue relates to the frequency as well as the size of
the deformation.®*2 Recent evidence suggests that
daily sodium excretion may relate more closely to
the variability of arterial pressure than to its
absolute level.* At the very least, all sources of
biological variation broaden the normal range,”
unless we can allow for their effect on individual
subjects (for example, using specific normal ranges
reflecting age, sex and ethnic background). There is
thus the risk of Type 2 error (false negatives) with a
heightened possibility of stroke or cardiac disease,
or Type 1 error (false positives) and a possible
lifetime exposure to expensive drugs and their side
effects — often trivial to the clinical status of patients
but devastating to their well-being.** Among diag-
nostic devices, the sphygmomanometer is second
only to the clinical thermometer in its familiarity,
yet, on a different time scale, the difficulty of
interpreting spot results is as great as that of
drawing far-reaching conclusions from the
exposure of a particular rock above the sea at a
particular minute on a particular day.

Not all the problems stem from biological varia-
tion; instrumental variation arises from technical
shortcomings but also from the different principles
of measurement employed. There is a general grasp
that indirect measurements can only be approxima-
tions and that direct measurements offer a ‘gold
standard’. To do so, they must use appropriate
catheters and transducers.®** Even then, we can-
not expect perfect comparisons with indirect tech-
niques because these involve readings at different
sites (hence different effects of reflected waves),
different arteries and, almost inevitably, taken
during different cardiac cycles.?-*%%

There is, therefore, very much more to a clinical
diagnosis of hypertension than a reading above
140/90 mmHg or whatever definition is currently
favoured. Moreover, since the real concern is not
the pressure but the harm that it may or may not
do, even ‘high’ values within the normal range may
occasion concern in some patients. For example,
diabetics have glomerular capillaries that are

exposed to higher pressure by the defective tone of
renal afferent arterioles, hence lesser degrees of
hypertension are potentially more damaging.*!
Dogs, supposedly, seldom get diabetic nephro-
pathy.”? Perhaps it is because the duration of their
disease is too short — but canine models of diabetes
show renal lesions®~** and they also show reduced
afferent arteriolar tone;* recent evidence suggests
that at least some dogs with spontaneous diabetes
do become proteinuric.*’ Since the prevalence of
canine hypertension is low* but diabetes is fairly
common, dogs may offer useful insights into the
link between hypertension and diabetic nephro-
pathy, because it should be easier to separate those
with diabetes, hypertension or both. Perhaps the
low prevalence of hypertension makes it less likely
that diabetic dogs sustain renal damage. If so, what
about those breeds with naturally high arterial
pressures;® is diabetes more likely to damage their
kidneys and, if not, what protects them?

We shall return to the question of canine
hypertension and what it may tell us about links
with renal disease, but first we need to consider an
area where data from a much broader range of
species illustrate the value of a comparative
approach, namely the controversy over salt and
hypertension.

Salt and hypertension

There has been great interest in the regulatory role
of salt appetite in animals. Two mysteries remain
pre-eminent; what factors regulate it and why, even
if need increases, does routine intake vastly exceed
it.¥ No one doubts that humans take more salt
than they need; the issue is whether it matters. The
debate is often religious rather than scientific,
based upon belief in self-evident truths rather than
hypotheses that are sufficiently flexible and strong
to accommodate the data.’® What seems remark-
able is the often grudging acceptance of benefit,’!
even when it is conceded: ‘Dietary salt restriction
may improve the capacities of many anti-hyper-
tensive medications to lower blood pressure and to
increase withdrawal from medication in a portion of
the patient population. However, one must avoid
generalizations . . . responses . . . seem to vary . ..’
[italics added]. A variable response to therapy is not
unique to salt restriction; variable or not, such
responses seem well worth pursuing, subject to
suitable precautions. Many have voiced their views
on these matters and continue to do so without
reaching a consensus.”’~¢ My views have also
appeared elsewhere,”**® and my purpose here is
simply to emphasize how they differ and why this
arises from an awareness of sodium regulation in a
range of mammals.

Broadly, there are two kinds of evidence linking
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human sodium intake to hypertension; chronic,
cross-cultural studies and acute intervention
studies. The latter seek to demonstrate a hypoten-
sive effect of short-term reductions of sodium
intake either in normal or hypertensive subjects.
Alternatively, they seek a hypertensive effect of
sudden ‘salt binges’. While these two approaches
have different strengths and weaknesses,” it is
essential to realize that they address different
questions. If normal salt intake provides a generous
excess and therapeutic measures include natriuretic
drugs, it can only make sense to moderate intake
(even though some diuretics also have vascular
effects). The more important issue is the prophylac-
tic benefit, if it exists, of a sustained exposure to less
dietary salt; early (even in utero) effects may be
particularly important in determining the
effectiveness of reductions in salt intake (as well as
the intensity of the adult appetite for salt).®*-%2 This
is much more contentious because it involves large
populations and large industries; the former not
only have to benefit but to have sufficient
confidence in the benefit to exercise their consumer
choice. Even then, however, they face the difficulty
that they can only exercise choice over the minority
of their sodium intake unless they considerably
restrict the range of foods that they eat. That is
because discretionary salt, added by the cook or at
the table, is small compared with the salt added
during food processing.**%66*% The nub of the
argument, therefore, is the need to reduce the latter
in order to restore consumer choice for those who
do accept a link between salt and hypertension. The
rest are not, as sometimes represented, forced into
an insipid and dangerous lifestyle based upon low
salt consumption; no one has suggested a ban on
salt cellars,$0.58:59.65

The most persuasive evidence of a link between
salt and human hypertension comes from cross-
cultural studies. There are few examples of high-
salt cultures that avoid a high prevalence of
hypertension, strokes, etc.; even some of these are
dubious.” There are, however, no exceptions to the
rule that low-salt cultures not only have an
enviably low, often negligible, prevalence of
hypertension, but they avoid the age-related rise of
arterial pressure, which even our insurers regard as
normal.” Part of the increase is due to reduced
arterial compliance, which accelerates the rise in
systolic pressure, moderates the rise in diastolic
pressure and leaves mean pressure unaffected.®

Among the Cook Islanders of Polynesia, those
who consume 60 mmol/day have no hypertension
and no age-related rise of blood pressure; those
consuming 120 mmol/day do and a third become
hypertensive.®’ Data from China indicate that even
where features of lifestyle such as low alcohol
intake may maintain a low blood pressure among
younger adults, the age-related rise associated with
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high salt intake obliterates this advantage beyond
50 years.® Many hypertensives would have delayed
or avoided the need for therapy®™ if, somehow,
they could have avoided the rise attributed to age,
that is, subtracted it from the value at which their
hypertension was diagnosed. Indeed, a useful
definition of the high extreme of nutritional sodium
requirement might be the highest level of chronic
intake that avoids an age-related rise in pressure.”
Interestingly, dogs have a customary intake, which,
like humans, is far above requirement® and their
arterial pressure rises with age, but they have a low
prevalence of hypertension.® This accords with
evidence that they also resist the effects of salt
loading unless, perhaps, it is combined with
stress> or obesity.”>” Insulin resistance and the
resulting hyperinsulinaemia predispose to sodium
retention, for example, in obesity.” Dogs, however,
are resistant to hyperinsulinaemia as a cause of
hypertension in a variety of situations including
reduced renal mass, salt loading and obesity.”

A serious problem with much of the discussion in
this controversy is the lack of objectivity in
categorizing particular intakes as ‘high’ or ‘low’;
above all, without the perspective of the likely
magnitude of sodium requirement, failure to
appreciate the exorbitance of some sodium in-
takes.”"™ This bedevils the design and interpreta-
tion of experiments in both animals and humans,
including even ‘Intersalt’.>"¢""

How much sodium is ‘high>?

A review of mammalian sodium requirement sug-
gests that it is unlikely to exceed 0.6 mmol/kg/day;
whether derived factorially or empirically, this is
probably an overestimate.”””” Those who concede
this but advocate that humans, uniquely, have a
higher requirement, also imply something that they
probably would not accept, namely that human
kidneys are exceptionally inept in their ability to
conserve sodium.” Those who seem unaware of it*!
continue to agonise over the effectiveness or other-
wise of reducing intake to double the requirement
from quadruple the requirement (70 from
160 mmol/day), let alone higher levels (250 mmol/
day). It should be emphasized that these discus-
sions concern maintenance requirement, that is, for
a healthy adult, neither pregnant nor lactating.”
This provides the best basis for comparison
because growth rates, pregnancy and lactation
differ greatly between species.

Once these figures are grasped, we realize that a
‘Western’ intake of 300 mmol/day would be
4 mmol/kg/day - similar to the customary intake in
dogs.® We also realize that the widely used ‘nor-
mal’ 1% salt diet of the rat represents 700—800
mmol/day in a human (11 mmol/kg/day); far from
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being normal, such animals are likely to be
chronically volume expanded with increased
glomerular filtration rates and losses of other
solutes, notably divalent ions, caused by chronic
natriuresis.”””” Indeed, were they human, these rats
would have nearly double the intake associated
with a 40% prevalence of hypertension in Northern
Japan.”™ We also realize that experimental dogs,
used to test hypotheses concerning the cardiovas-
cular effects of sodium, are frequently on ‘low’
intakes, which are arguably normal, and ‘high’
intakes, which are simply preposterous.” This is
particularly unfortunate since important car-
diovascular variables such as blood volume are
especially sensitive to changes in sodium intake
around or somewhat above requirement (0.6—-2.6
mmol/kg/day).” Often the sodium intake is not
even specified, that is, the experiment is essentially
unrepeatable; extraordinarily this is even often true
of reputable publications on renal physiology,
which is so sensitive to changes in sodium intake.
Thus glomerular filtration rate (GFR), genetic
expression of renin and angiotensinogen, distal
delivery of tubular fluid (and proximal reabsorp-
tion) are all sensitive to dietary sodium.®-%2 Above
all, we realize that the analysis of the ‘Intersalt’
data, in discarding the ‘atypically low’ populations,
actually removed those whose sodium intake was
closest to requirement.”"’® Calcium, as well as
sodium, is implicated in the pathogenesis of
hypertension®-* and another important effect of
excess salt intake may therefore be the associated
increase in divalent ion excretion®” by raising
parathyroid hormone secretion and therefore in-
creasing the calcium concentration of arteriolar
smooth muscle. Effects of sodium on catechol-
amine secretion may also contribute to hyperten-
sion.®

Much of the opposition to a reduction in cus-
tomary sodium intake relates to hypothetical
dangers or those facing small minorities, for exam-
ple, victims of acute renal failure.®® Frequently,
the evidence of risk is based on data substantially
below requirement.*7%%! It is hard to resist the
evidence, particularly that from the meta-analyses
of Law and others*~** and from McGregor and
others’?2-% despite persisting opposition;>>% jt
points to a link, for many though not necessarily all
patients, between their chronic ingestion of excess
sodium and their hypertension.” Most remarkable
is the fact that many observers struggle towards the
concept that there may be a ‘threshold’ for an effect
on pressure (in the range 50-100 mmol/day®')
without appreciating that this may actually reflect
the level at which intake exceeds nutritional
requirement. The conclusion of the National
Kidney Foundation publication on non-
pharmacological management of hypertension'®' is
that the data are ‘imperfect but nevertheless com-

pelling’; the advice of the American Food and
Nutrition Board is that a sodium intake of
5-22 mmol/day (0.1-0.3 mmol/kg/day) is
reasonable.'®

Finally, since this concerns comparative medi-
cine, we must return to the archetypal model
animal, and see what we might learn from
hypertension and chronic renal failure (CRF) in
dogs.

Canine hypertension and CRF

The literature on spontaneous canine hypertension
is unsatisfactory, consisting mainly of small studies
of selected populations, often using direct arterial
measurements in conscious dogs. These inevitably
tend to exaggerate the prevalence of elevated
pressure.'® Katz and others (1939)'* warned that
‘A single determination of the blood pressure of
untrained dogs, with or without the use of mor-
phine, does not appear to give the correct control
blood pressure level’. . . . Some of the discrepancies
of early work in this field were due to the use
of general anaesthesia or of untrained dogs when
anaesthesia was not employed.” They obtained
indirect pressures averaging 132+ 12/85+ 8 (*
s.d.) in trained dogs, within the range that we
observe in our epidemiological study of some 2,000
pet dogs.® The earliest direct pressure
measurements in dogs are those of Hales reported
in 1733 with a mean of 112 * 9 mmHg (56.6 inches
of blood * s.e.m.) in the carotid arteries of 16
animals (from 3.6 to 23.6 kg).}

An astonishingly patient study that involved
screening 1,000 dogs found only 0.9% with a
trained direct mean pressure above ‘normal’
(145 £ 8).'% This suggested a low prevalence of
essential hypertension but is coloured by the effect
of direct measurements (that is, elevation of both
pressure and variability). Greyhounds have higher
pressures than other dogs, associated with a higher
cardiac index, a lower peripheral resistance (per-
haps due to a lower collagen:elastin ratio) and
differences in baroreceptor function.'!”” Bodey’s
observations during our epidemiological study
indicate that the difference in normal pressure is
inherent in the breed, regardless of whether it is
trained for competition. Apart from any inter-
pretation concerning hypertension, it is ironic that
so much of the ‘classical’ cardiovascular physio-
logy in experimental dogs should be based on such
an atypical breed.

Essential hypertension is rare in dogs'®'% but a
particular breed line has a substantial prevalence
and offers a very useful experimental model."
There is also a very useful canine model of spon-
taneous glomerulopathy in a breed line of
Samoyeds.'® A low prevalence of essential
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hypertension might simply be a matter of genetics;
with the increasing use of molecular biology to
analyse the genetics of essential hypertension,!!*!!!
this conclusion should eventually be testable.

If we believe that dogs are resistant to hyperten-
sion, CRF offers an important test of the
hypothesis. In humans with chronic renal disease
(glomerulonephritis), hypertension tends to begin
early, while renal function is relatively well pre-
served;''? moreover, in this study, onset of
hypertension followed the recognition of renal
disease in 51% of hypertensive patients and
preceded it in only 3%; overall, 61% of these renal
patients were hypertensive. Assuming that a GFR
of 125 ml/minute corresponds approximately to
100% GFR and that a plasma creatinine concen-
tration of 2.5 mg/dl corresponds to 33% GFR in
humans,''? dogs should show a 55% prevalence of
hypertension at this level of renal function if they
were similarly susceptible. Our early findings sug-
gest that dogs have a low prevalence of hyperten-
sion even when GFR has declined.® !4

Interestingly, an early study of hypertensive
mongrel dogs, three spontaneous and the rest
Goldblatt models, noted no decline in renal func-
tion among the former and in only 4/7 of the
latter.!'* These studies covered periods of hyperten-
sion up to 3 years but the comparisons were with
normotensive dogs rather than prehypertensive
renal function; moreover all the pressures are high
(probably because of direct arterial measurements
in conscious dogs). Nevertheless, the authors con-
cluded that ‘it is apparent from these data that
canine chronic benign blood pressure does not
result in any progressive impairment of renal
function’. If this conclusion is sustained, it will be
important to discover the basis of their resistance.
Equally, knowledge that normal dogs include
breeds with average systolic pressure (for example,
151 £ 21 s.e.m. in Deerhounds®) in a range that
would be regarded as borderline hypertensive in
humans,® let alone many individuals with pres-
sures close to 200 mmHg, raises further important
questions: many of these are athletic breeds — are
the high pressures adaptive or maladaptive? Are
these models of essential hypertension? Either way,
why do these pressures not seem to cause harm,
especially to renal and cardiovascular function? In
addition, it should be possible to monitor young
animals as they mature and look at the relationship
between arterial pressure and left ventricular thick-
ness.''® While it is widely assumed that hyperten-
sion causes the ventricular hypertrophy, there is
some evidence to suggest that the latter can occur
first,"'”!® indeed, a recent study showed that the
majority of patients with left ventricular hyper-
trophy were normotensive.''* Blood viscosity may
be a key determinant of ventricular hypertrophy'?
and so may sodium intake.'”'? The effect of

hypertension may depend on wave reflection rather
than pressure per se.' A study of canine hyperten-
sion, using direct measurements, noted modest
increases of pressure with renal disease but found
no relationship with left ventricular hyper-
trophy.!?*

Canine renal failure offers an opportunity not
only to test hypotheses concerning hypertension
but also those concerning nutritional or thera-
peutic strategies for reducing the rate of progres-
sion of kidney disease.'”® This hinges on the
availability of techniques based on Tc-DTPA
disappearance, which combine sufficient precision
for serial monitoring of GFR with clinical accep-
tability in veterinary patients.'? It may be increas-
ingly important to study spontaneous models of
CREF rather than acute surgical, pharmacological
or immunological renal trauma. These models
often fail to produce a self-sustaining decline in
GFR,'” whether or not they cause lesions or
proteinuria; moreover, the crux of renal disease
may be the cumulative effect of a lifetime of varied
renal insults.!?

Recently it has become clear, both from models
and human patients, that a key determinant of
self-sustaining progression may be the severity of
the loss of renal mass.'?!? The initial appeal of the
concept that adaptive hyperfiltration was also
ultimately the cause of self-sustaining progression
was that it separated the initiating causes (often
remote in time and unknown) from the factors
sustaining progression. The latter seemed more
amenable to research and to clinical management.
Even when hyperfiltration was superseded by other
factors, including glomerular hypertension, as the
likely basis of progression,'” the concept of self-
perpetuating progression (and the subtotal neph-
rectomy and other models that sustained it)
retained its appeal as a focus for research: it was,
after all, the phenomenon that governed most of
the clinical course of chronic renal disease. If it
depends on extreme loss of nephrons it comes to
represent, instead, a terminal feature of CREF,
equivalent perhaps to the factors which finally stop
the heart in chronic heart failure.'?

Conclusion

There would seem to be great potential benefits
from comparative medicine as the study of real
disease in non-human patients, rather than the
more restrictive sense of contriving animal models.
Humans are certainly different but we should not
assume that they are unique: to do so undermines
our understanding of data obtained in man, let
alone the insights available from other mammals,
both in health and disease.
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