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Introduction

This review highlights some of the more important
advances that have been made in renal physiology,
nephrology and renal replacement therapy. There
have been dramatic advances in our understanding
of the molecular mechanisms in physiology, path-
ology and in the pharmacology ofimmunosuppres-
sion. We understand better the factors that lead to
the relentless progression to end stage renal failure
in conditions where the original or specific disease
may well be inactive. Intervention is now possible
to slow progression.
Long term dialysis has produced its own special

problems and increased ingenuity and improved
biotechnology are required. The revolution occurr-
ing in genetic engineering is paying its dividends to
the dialysis populations through the remarkable
benefits of human recombinant erythropoietin.
The elusive goal of transplantation without infec-
tion or rejection remains a distant objective but
developments in monoclonal antibody production
and the early claims for FK506 are rapidly being
put to the test.

Renal physiology

(A) Tubularfunction

(i) Tubular transport mechanisms

The concept ofmembrane cotransport is almost 30
years old.' The process is now considered to be
virtually ubiquitous. 'There are no primary active
transport processes but for some cations. Other
accumulative transport is always secondary active
via co-transport with sodium (and/or counter-
transport with potassium)'.2 These remarks con-
clude the introduction to a symposium on the
subject (Cotransport mechanisms in renal tubules,
1989),7- which reviews recent developments in the

sodium-coupled transport of glucose, amino acids,
phosphate, and organic anions. Urate transport
(coupled only indirectly to sodium via urate-anion
counterexchangers), chloride-bicarbonate exchangers
(there are separate sodium-dependent and sodium-
independent systems and bicarbonate may also be
cotransported electrogenically with sodium), the
basolateral potassium-chloride cotransporter, and
Na+:K+:2ClI cotransport in the thick ascending
limb are among other topics addressed. Most
notably, the DNA for the intestinal Na+-glucose
carrier has been cloned and sequenced,3'4 a
chloride-formate exchanger may play a major role
in electroneutral sodium chloride reabsorption in
the proximal tubule,' and thiazide-sensitive sodium
chloride cotransport has been confirmed in the
early distal tubule.6
The different segments of the nephron have their

particular transporting properties by virtue of the
specific transporter proteins, active ion pumps and
channels that are distributed in a highly organized
system in membranes of the tubular cells. The
system works to transport specific substances from
either the luminal fluid or the capillary as these
transporting mechanisms are asymmetrically
orientated with fixed differences between the
luminal membrane and the basolateral mem-
branes. The movement of molecules is down
electrochemical gradients generated by the ubi-
quitous 3Na+/2K+ - ATPase pump located in the
basolateral membrane. Figures 1 to 6 summarize
the current view on the distribution of these
transporter functions in different segments of the
nephron.

There has been some debate on the relative
importance of kidney and liver in systemic acid-
base balance.7'8 The cellular and molecular aspects
of renal hydrogen ion transport have been
reviewed,9 and the role of proton pumps
emphasized.'0 An interesting concept of the
kidney's role in acid-base balance has emerged. In
order to achieve acid-base balance the kidney
must synthesize 'new' bicarbonate to replace thatCorrespondence: P. Sweny, M.D., F.R.C.P.
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1+1: Cotransporter

Antiporter or Exchanger

Channel

GATP Ion Pump|ATP
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K Tight Junction
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B Any Base
OX Oxalate
UR Urate

Figure 1 Explanatory key for Figures 2 to 6.
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Figure 3 Thick ascending limb of loop of Henle
(TALH).
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Figure 4 Early distal tubule.Figure 2 Proximal tubule.
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Figure 5 Late distal tubule.
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Figure 6 Collecting tubule.
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which has been consumed in the buffering process.
A minority of 'new' bicarbonate is formed by the
titration of hydrogen ions with filtered HP042- in
the tubular fluid. The majority is formed by the
metabolism of glutamine (an organic anion whose
production does not also yield protons) to NH4'
and bicarbonate in proximal tubular cells. Excre-
tion of this NH4+ (via the Na'-NH4' antiporter) is
a necessary step to ensure net gain of bicarbonate
since, if retained, NH4+ is converted by the liver to
urea, a process which consumes bicarbonate. In
this view the renal ammonium system is critically
involved in the generation of 'new bicarbonate'.
Proton secretion whilst essential to maintain acid-
base balance is essentially involved in reclamation
and recycling of tubular bicarbonate."
The renal ammonium system is thought to play

an important role in the response to chronic
metabolic acidosis in some situations including
chronic renal failure,'2 and increased concentra-
tions of ammonia are found in the renal cortex of
the remnant kidney.'3 There is some evidence that
this may have a role in the progression of renal
failure possibly by activation of the alternative
complement pathway.'4
The renal handling of calcium has been re-

examined.'5 Whether vitamin D metabolites have
any significant effect on renal calcium handling
remains a controversial issue. Recently a vitamin D
dependant 28-kDa-calcium binding protein and
Ca++-Mg"+ ATPase have been found to be co-
localized in the distal convoluted tubule of the
human kidney,'6 which suggests a possible role for
vitamin D on calcium transport at this site.

(ii) Clinical aspects oftubular dysfunction

Clinical disorders ofrenal tubular phosphate trans-
port have been reviewed by Levi.'7 The genetic
defect in the commonest of these disorders, X-
linked hypophosphataemic rickets, has recently
been localized to the Xp22 chromosomal band.'8
Furthermore, in the murine counterpart of this
disease recent work with parabiosis suggests that a
humoral factor which is distinct from parathyroid
hormone may be associated with the defect in renal
tubular phosphate reabsorption.'9 A large series of
patients with Bartter's syndrome with a 10 year
follow-up has been reported emphasizing its essen-
tially benign nature.20 Most patients presented with
incidentally discovered hypokalaemia which was
rarely fully correctable by treatment. Another
report2l draws attention to the high prevalence of
nephrocalcinosis in Bartter's syndrome.

(iii) Hormones and tubularfunction

(a) Aldosterone It is now well established that the
antinatriuretic and kaliuretic actions of aldo-

H20 rL- ---------

7 .

I
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sterone are principally centred on the distal tubule
and cortical collecting duct. There is much uncer-

tainty though about its actions at the cellular and
molecular levels. A two-step mechanism of action
via early and late aldosterone-induced proteins
(AIPs) has recently been suggested.22 At 1-3 hours
after aldosterone application early AlPs are form-
ed which may include the enzymes methionine
adenosyltransferase and S-adenosylhomocysteine-
transferase. These enzymes cause an increase in the
intracellular S-adenosylmethionine level which
may in turn be responsible for the increased activity
ofmethyltransferases. Increased methylation ofthe
protein moiety of the sodium channels in the apical
membrane causes an influx of sodium. The result-
ing increase in intracellular sodium causes in-
creased activity of pre-existing Na/K-ATPase in
the basolateral membrane, with increased sodium
output. At 4-24 hours, aldosterone increases the
synthesis of late AlPs including newly synthesized
subunits of Na/K-ATPase which are duly integ-
rated into the basolateral membrane. That there
are two aldosterone receptors with different
affinities may support this concept, though early
AlPs could activate other genes coding for late
AlPs.

(b) Natriuretic hormones This has been an area of
intense activity, and a vast amount ofdata has been
accumulated and subjected to critical review.23 25

Most attention has been directed at the recently
discovered atrial natriuretic peptide (ANP) but

there are many other contenders for the title of
natriuretic hormone. These include one or more

endogenous digitalis-like compounds, circulating
lysophospholipids, and gamma-melanocyte-stimu-
lating hormone, which has recently been discover-
ed to be responsible for the natriuresis which
immediately follows unilateral nephrectomy in the
rat.26
ANP undoubtedly has potent natriuretic proper-

ties which derive from a variety of systemic and
intrarenal effects (Table I). Nevertheless its precise
physiological and pathophysiological role remains
unclear. It has been suggested that it is the major
mediator of the natriuresis caused by acute, large
plasma volume expansion in humans and in anaes-
thetized rats24 and that it may contribute in varying
degrees to the natriuresis in other situations.
Elevated plasma levels ofANP have been found in
a wide variety of pathological states including
congestive cardiac failure, cor pulmonale, acute
and chronic renal failure, atrial tachydysrhyth-
mias, the syndrome of inappropriate ADH secre-
tion (all reviewed by Weidmann27) and in poorly
controlled diabetics.28 Levels in the nephrotic syn-
drome' and in decompensated cirrhotics3 are
normal or high, depending on intravascular
volume status and renal function. The therapeutic
potential of ANP infusions has been explored in
some of these states. In heart failure, activation of
the renin-angiotensin system, and diminished renal
perfusion, effectively block a natriuretic response.25
ANP seems to retain its diuretic and natriuretic

Table I Systemic and renal effects of atrial natriuretic peptide

Parameter Effect Mechanism

Systemic
Blood pressure low dose 1. vasodilatation due to antagonism of

i, high dose vasoconstrictive effects of AII and
noradrenaline.

2. reduced blood volume due to extravascular
fluid shifts.

Sympathetic activation 4 heart rate Baroreceptor stimulation.
4 lipolysis

Hormone interactions
Aldosterone 4, inhibits secretion.
Cortisol 4+ inhibits secretion.
Renin + low dose inhibits secretion.

4 high dose indirect stimulation via systemic effect.
AVP 4 ? pituitary effect.
Renal
Glomerular filtration 4 afferent arteriolar dilatation
Filtration fraction 4 efferent arteriolar constriction
Renal blood flow increased Kf.
Medullary blood flow 4 unknown.
Tubular reabsorption of i direct effect on inner medullary collecting
sodium duct through amiloride sensitive pathway.

All = angiotensin II, AVP = arginine vasopressin. Kf= ultrafiltration coefficient. 4 increase + decrease
+ no change
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activity in patients with chronic renal insuffic-
iency3' and in some patients with the nephrotic
syndrome.32 In decompensated cirrhotics, as in
severe heart failure, the infusion produced a pro-
found fall in blood pressure and glomerular filtra-
tion rate." There is a hint of possible therapeutic
potential. Experimental studies in acute renal
failure suggest that administration of ANP before
or immediately following the renal insult has a
substantial renal protective effect.3435

(B) Renal haemodynamics

There are a number of mechanisms involved in the
regulation of renal blood flow including intrinsic
myogenically mediated responses ofpreglomerular
vessels, tubuloglomerular feedback (TGF) mec-
hanisms, and a plethora of systemic and locally
synthesized hormones which act on the renal
vasculature. A recent model of renal vascular
resistance control attempts to integrate these
mechanisms.36 It considers that under normal
conditions the resistor segments of the renal vas-
cular tree maintain a spontaneous resting tone
which is susceptible to a degree of modulation by,
but is not regulated by, vasoactive hormones. The
net effect of the 'hormonal soup' to which the
system is exposed is to stabilize it rather than
control it. Hence inhibition of one of these hor-
monal systems does not vary the resistance but may
impair its response to perturbations by some other
mechanism (such as the effect of non steroidal
anti-inflammatory agents on renal haemodynamics
in conditions of volume depletion). The model
considers the renal resistance system to be com-
posed of three discrete components, a preglome-
rular myogenically regulated system, a TGF-
controlled system localized at the preglomerular
vascular pole, and immediately downstream from
the former. The third component is the post-
glomerular system which is assumed to function
like a passive flow resistor. The systems are
arranged in series and interact haemodynamically.
Thus a decrease in the TGF-controlled resistance
causes an increased blood flow at this point. This
causes a steep drop in hydrostatic pressure along
the myogenically controlled segment immediately
upstream, thus inducing dilatation of this segment.
Hence the TGF-mediated change has been ampli-
fied by the myogenic mechanism.

There have been other contributions to this field.
A substantial number ofpapers continue to explore
the effects of various hormones and mediators on
glomerular haemodynamics. Of interest are the
observations that the haemodynamic effects of
growth hormone seem to be mediated by insulin-
like growth factor 1,37,38 that platelet activating
factor reduces renal vascular resistance and in-
creases glomerular permeability39 and that calci-

tonin gene related peptide causes relaxation of
mesangial cells and decreases renal vascular resis-
tance.' The function of the interlobular artery has
also been reviewed, and it may well be important in
renal autoregulation.4' Of clinical interest is a
review ofthe renal haemodynamic consequences of
angiotensin-converting enzyme inhibition in con-
gestive cardiac failure.42 Factors predisposing to a
decline in renal function included an initial sus-
tained fall in blood pressure, intravascular volume
depletion and an activated renin-angiotensin
system, and a relatively high fixed dose ofenalapril.
The use of shorter acting agents in patients at risk
of renal impairment was recommended.

Acute renal failure

(i) Incidence andprognosis

The persistently high mortality from acute renal
failure (ARF) despite technological advances has
been attributed to changing patterns of disease in
an aging population.43'" A large-scale recent series
of 1347 patients accumulated over 30 years has
allowed fresh examination of these issues.45 The
case-mix did indeed dramatically alter over the
time frame, with a decline in low risk obstetric and
traumatic cases and a substantial increase in the
number of elderly patients with high risk medical
and surgical conditions. A substantial increase in
rapidly progressive glomerulonephritis, often in the
context of systemic disease, was noted. Median age
rose markedly from 41 years in the 1950s to 60
years in the 1980s. Interestingly, despite these
changes, survival improved progressively from
48.8% in 1956-59 to 57.9% in 1985-88. The
improvement in survival in medical and surgical
cases looked even more impressive (38.5% to
57.9% in the same time periods). Improvements
were attributed to better management of compli-
cated ARF especially that due to intrinsic renal
disease. The pattern of ARF is also changing in
some developing countries with a declining propor-
tion due to obstetric problems, diarrhoeal illnesses
and intravascular haemolysis, and an increasing
proportion due to sepsis, drugs and surgery.'
Many patients with ARF also have acute respir-

atory failure requiring ventilation (40% of the
patients in the study of Turney et al.45) The
prognosis in such cases remains poor. It is even
poorer in cases with greater degrees of organ
failure, and as the prognosis plummets the expense
ofthe treatment escalates. There are obvious and as
yet unsolved dilemmas regarding patient selection.
It is clearly important to identify with a sufficient
degree of certainty those patients with multiple
organ failure most likely to benefit from prolonged
intensive care. APACHE II (acute physiology and
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chronic health evaluation) scores on admission
correlated well with survival in 90 ARF patients, 88
of whom required ventilation.47 There were no
survivors in patients with scores of > 40, but there
were too few patients in this category to extrapolate
that treatment is futile. Liano et al.' used a
multiple linear regression model to calculate a
discriminant score in 228 cases of ARF according
to the presence or absence of 4 variables (oliguria,
assisted respiration, hypotension, and coma) when
the patient was first seen. There were no survivors
from among the 22 patients with discriminant
scores of > 0.856. The urgent need for more such
studies has been emphasized.49
The prognosis for renal function in survivors has

also been addressed. Glomerular filtration rate,
and tubular handling of sodium, glucose, phos-
phate and amino acids were normal in all 10
patients tested 7-12 years following an episode of
ARF in childhood. Filtration fraction though was
elevated in 6 of 8 patients, testifying to abnormal
glomerular haemodynamics, a consequence per-
haps of previous nephron loss.50

(ii) Causes

(a) Aminoglycoside nephrotoxicity ARF is fre-
quently multifactorial and in the general hospital
setting, drugs, particularly aminoglycoside anti-
biotics, and radiographic contrast agents, have
frequently been incriminated. Gentamicin chronic-
ally infused into rats in doses low enough to
maintain plasma levels at less than the generally
acceptable trough levels or even in the undetectable
range, caused a gradual decrement in inulin
clearance to 50% of control levels by 6 months and
a chronic interstitial nephritis.5' Interestingly both
renal function and histology continued to progres-
sively decline after cessation of treatment. These
observations and the marked dissociation between
inulin and creatinine clearances noted during the
study, question the generally accepted monitoring
standards.52 The development of rapid assays of
urinary peptide level or brush border antigen are
advocated as sensitive indicators of nephrotox-
icity.53 It is also worth a thought that gentamicin
nephrotoxicity has been shown to be potentiated
by a focus of tissue necrosis.5

(b) X-ray contrast nephrotoxicity There have
been two prospective controlled studies on the
effects of contrast agents on renal function.
Diabetics with pre-existing renal insufficiency were
confirmed to be at significant risk of clinically
important contrast-induced nephropathy (50%
increment in serum creatinine), though the incid-
ence was less than previously reported at about
9%.55 Non-diabetics with renal insufficiency had
less risk (5.5%) of milder deterioration (25%

increment in serum creatinine). In another study
there was no difference between nonionic and ionic
contrast agents in terms of their propensity to
produce nephrotoxicity.56 Close attention was paid
to the state ofhydration in both ofthese studies and
many patients received intravenous hydration.
Patients with myeloma are particularly susceptible
to contrast as illustrated by a report of ARF
occurring in a patient with this condition who
received oral contrast for cholecystography.5

(c) ARF in bone marrow transplantation A grow-
ing number of patients with haematological malig-
nancies develop ARF, and dialysis requiring ARF
has recently been reported in 24% ofbone marrow
transplanted patients.58 Its development was pre-
saged by jaundice, weight gain, amphotericin B
usage, septicaemia, and hypotension. Its prognosis
is poor with a mortality of 84%.

(d) Haemolytic uraemic syndrome In the epi-
demic form of haemolytic uraemic syndrome in
children a diarrhoeal prodrome preceeds the
development of the disease. A particular strain of
Escherichia coli (serotype 01 57:H7) is identifiable in
the stool of these children. In other parts of the
world, for example in South America and the
Indian Sub-continent, Salmonella and Shigella
have been implicated. These bacterial species pro-
duce toxins capable of fixing to and damaging the
endothelial cell. In the case of E. coli the toxin is
verotoxin.59 In the haemolytic uraemic syndrome
and presumably also in related conditions such as
thrombotic thrombocytopenic purpura, post-par-
tum acute renal failure, accelerated phase hyper-
tension and the scleroderma crisis, endothelial
damage leads to a thrombotic microangiopathy
and the development ofthe well known clinical and
biochemical features of these diseases. In most
cases treatment is supportive with control of blood
pressure and early dialysis. The infusion of large
volumes of fresh frozen plasma (but not human
albumin), either by simple infusion or by plasma
exchange in the oliguric patient, will turn off the
microangiopathy and may preserve renal func-
tion.' Prostacyclin infusion may be of additional
benefit although proof is lacking. The difficulty lies
in deciding which cases require aggressive treat-
ment and which will recover with simple supportive
therapy only. In general older children and adults
and isolated or sporadic cases without a diarrhoeal
prodrome probably warrant full therapy. How
fresh frozen plasma works is not clear. Suggestions
include supplying missing substrates for PGI2
synthesis, restoration ofenzymes capable ofbreak-
ing up abnormal factor IIX von Willebrand macro-
molecular complexes and supplying enzymes which
stabilize the complex clotting mechanisms.
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(e) Hepato-renal syndrome (HRS) The hepato-
renal syndrome gets little discussion in many books
as it heralds end stage liver disease and cannot
easily be pharmacologically reversed. However,
with the advent of liver transplantation renal
physicians will be asked to support more of these
patients pending liver transplantation, particularly
if the hopes raised by FK506 as a new immuno-
suppressive agent are fully substantiated. The
hepato-renal syndrome develops in patients with
pronounced systemic vasodilatation with systemic
as well as portal shunting of blood.6' Systemic
vascular resistance is markedly reduced. The acute
renal failure occurs with intense intrarenal vaso-
constriction yet with marked peripheral vasodilata-
tion. The vasodilatation, shunting and reduced
systemic vascular resistance render the effective
arterial blood volume inadequate. This in turn
leads to the stimulation of the sympathetic nervous
system, the renin-angiotensin-aldosterone system
and AVP release. The hepato-renal syndrome may
be viewed as an exaggerated attempt to preserve
arterial blood volume in a situation where the
arterial side of the circulation can never be replete
because of the shunts and vasodilatation. What
mediates the systemic vasodilatation is unclear
although glucagon is a likely contender. The intra-
renal vasoconstriction may be multifactorial with
angiotensin II, catecholamines, reduced prosta-
glandins and bradykinin being suggested. Endo-
toxin, tumour necrosis factor and the recently
described endothelial derived relaxing factor and
endothelin may all play a role. In the short term,
immersion to the neck in water (which expands the
intravascular volume without altering its composi-
tion) together with a noradrenaline infusion will
provoke a diuresis in these patients.62 Ornithine
vasopressin (a vasoconstrictor analogue of AVP)
may also be effective.63

(iii) Pathogenesis ofacute tubular necrosis

Much recent attention in this area has been focused
on the seeming paradox of the kidney's unique
susceptibility to hypoxic insult in the face of the
undoubted richness of its blood supply. Solutions
have concentrated on two main approaches. First-
ly, an exploration of the inhomogeneity of oxygen
supply and requirements within the kidney and
particularly within the medulla, and secondly an
examination of the potential role of activated
oxygen species in mediating ischaemic and post-
ischaemic injury.

Tubules and vessels of the medulla are distri-
buted in hairpin arrangements to facilitate counter-
current exchange of solutes and allow efficient
concentration of urine. Oxygen is able to diffuse
directly between arterial and venous limbs of the
vasa recta resulting in strikingly low oxygen con-

centrations in medullary tissues. The osmotic
gradient within the medulla is generated by active
transport ofsodium chloride by the thick ascending
limb of Henle's loop (mTAL) which requires large
amounts of energy. The low oxygen content of
medullary blood and the constraints on medullary
blood flow imposed by the requirement to maintain
the concentration gradient ensure that the mTAL
always operates on the edge of hypoxia. During an
ischaemic insult therefore critical hypoxia leading
to selective necrosis of the mTAL readily results
and has been demonstrated in many animal models
(for review see Brezis').
A reduction of the oxygen requirement of the

mTAL by pharmacological blockade (e.g. with
frusemide) or by reducing GFR (e.g. by hyperon-
cotic albumin infusion) has been shown to prevent
mTAL damage. Regulatory mechanisms to protect
the vulnerable mTAL from ischaemic injury have
been hypothesized. Adenosine, a product of high
energy phosphate metabolism, accumulates in
ischaemic conditions and down-regulates tranport
in mTAL, increases medullary oxygenation by
improving vasa recta flow and reduces GFR by
augmenting tubuloglomerular feedback. Prosta-
glandin E2 also reduces transport in the mTAL and
enhances medullary blood flow, and other arachi-
donic acid derivatives may have similar effects. The
unravelling of these intricate mechanisms may
produce viable strategies for treatment and preven-
tion.

Ischaemia and subsequent reperfusion is a
potent stimulus to the production of free radicals,65
the former by the mitochrondrial respiratory
mechanism and the latter by oxidation ofhypoxan-
thine (an end product of high energy phosphate
metabolism) by xanthine oxidase, a reaction which
yields superoxide. Free radicals damage tissue
principally by peroxidation of lipids, with resultant
membrane destruction. The mTAL is clearly ripe
for free radical induced damage.' It is exquisitely
vulnerable to ischaemia and its high energy require-
ment ensures a rich substrate of hypoxanthine for
free radical production on reperfusion. There is
some experimental evidence to suggest that free
radical-induced damage may be a factor in ARF,
since glutathione, an endogenous free radical
scavenger, and desferrioxamine both protect
against postischaemic injury in the rat.67"'

(iv) Management

Patients with acute renal failure are usually very ill
and frequently managed on the Intensive Therapy
Unit. For such patients the recently introduced
techniques of continuous arterio-venous haemofil-
tration or haemodiafiltration (CAVH or CAVHD)
are ideal.69 Figure 7 illustrates the extracorporeal
circulation required. The advantages of these tech-
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CAVH
Replacement Solution

(v) Hypercatabolic states

Anticoagulant
500 - 1500
U hepannhour

500-1000 mV/hour

CAVHD

Anticoagulant
500-1500 U hepano/hour

Acurate Vc

Figure 7 CAVH and CAVHD.

niques are simplicity, the lack of sophisticated
equipment, smooth control of fluid balance and
little cardiovascular instability. CAVH is seldom
adequate for renal replacement in hypercatabolic
patients achieving a creatinine clearance of 10 ml/
min if 600 ml/hour of filtrate is being removed.'
CAVHD on the other hand with a dialysate flow
rate ofabout 2 litres/hour will produce a creatinine
clearance of about 30 ml/min.7'7 Provided safe
good vascular access can be achieved these techni-
ques are applicable to any general intensive care
unit. Although vascular access can be gained by
femoral artery and femoral vein catheterization
using the Seldinger technique, in older patients an

arm Scribner shunt is preferable for fear of com-
promising lower limb circulation. The arterio-
venous shunt is less likely to get infected than long
term venous or arterial catheters. The membranes
that are used in these filters are synthetic, highly
biocompatible and very permeable, for example
polysulfone, polyacrylonitrile. This technique has
now all but replaced the need for intermittent
haemodialysis on the intensive care ward.
Although claims have been made that these techni-
ques may improve survival, confirmation is still
awaited.74'75

ARF is characterized by a hypercatabolic state.
Underlying illness such as sepsis, trauma, or cir-
culatory failure is important in this but uraemia
itself commonly causes net protein catabolism, as
does dialysis. Increased proteolytic activity has
been demonstrated in uraemic plasma, and endo-
crine disturbances, accumulation ofuraemic toxins
and acidosis, may promote this. Glucocorticoid
inhibitors block experimental uraemic proteolysis
and abolish proteolysis induced by metabolic
acidosis.76 Therapeutic manoeuvres in ARF aimed
at reversing this catabolic state by supplying
glucose and amino acid infusions have proved
generally ineffective and no convincing effects on
mortality have been demonstrated." Excessive
doses of amino acids should probably be avoided
since nephrotoxic effects have been reported ex-
perimentally. Treatment with essential amino acids
and glucose rather than mixtures of essential and
non-essential amino acids confers no benefit.
Branched chain amino acids offer theoretical
attractions, being the only amino acids primarily
oxidized in skeletal muscle producing energy and
nitrogen for synthesis of alanine and glutamine.
Levels are low in ARF patients. Anticatabolic
effects of these agents have been demonstrated
though the current experience is small."

Glomerulonephritis

(i) Aetiology

Conventionally, glomerulonephritis is viewed as an
immunological disease with damage to the glome-
rulus being produced either by the presence of
immune complexes or deposits of anti-glomerular
basement membrane antibody in the glomerulus.
Some diseases do not lie comfortably with this
simple classification, e.g. minimal change glome-
rulonephritis, focal segmental glomerulosclerosis
and mesangiocapillary glomerulonephritis. In
some cases of crescentic glomerulonephritis there
may be little or no immune reactants (immuno-
globulin and complement) in the glomeruli. It now
seems likely that the so called immune complex
diseases result more from the assembly of immune
complexes within the glomerulus rather than from
the deposition of pre-formed complexes from the
circulation. The evidence for this comes from the
animal studies in the rabbit using cationic
antigen.78 As yet we do not have insights into what
may be the cationic antigens (or in some cases
perhaps it may be that cationic antibody fixes first)
involved in human disease. Other possibilities are
clearly being sought. It is being queried whether or
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510 K. FARRINGTON & P. SWENY

not there is a human equivalent of the Heymann
model of glomerulonephritis where antibodies
react with an epithelial antigen on the podocytes
which then caps and is shed to form sub-epithelial
immune complexes producing a classical mem-
branous type of glomerulonephritis.
Non-Goodpasture antibodies have been demon-

strated in patients with glomerulonephritis. They
appear to be quite common. These antibodies are
to antigens that are different from the Goodpasture
antigen (i.e. not the globular domain of Type IV
collagen), and are found in systemic lupus erythe-
matosus and the vasculitides as well as in mesangial
IgA disease. They may represent anti-laminin
antibodies.79

(ii) AIDS-relatedglomerulopathy

Not all studies have clearly demonstrated glome-
rular lesions associated with the acquired immuno-
deficiency syndrome (AIDS). Differences may be
explained partly on the basis of race and partly on
whether or not there is associated hepatitis B or

intravenous drug abuse.' There is no doubt that
some patients with AIDS, as many as 30% in some
studies, develop heavy proteinuria in excess of
2 g/24 h. Some of these patients have had a rapid
downhill course to renal failure.8' Focal segmental
glomerulosclerosis has been clearly related to drug
abuse both before and after AIDS.82

(iii) Treatment ofglomerulonephritis

Immunosuppression remains the mainstay of
therapy for glomerulonephritis and is variably
successful depending on the histological lesion and
the context in which the glomerulonephritis
develops. Current treatment is summarized in
Table II. Regrettably there is a great lack of
adequate controlled trials on which to base recom-
mendations for treatment.

Cyclosporin A has been used in a wide variety of
different types of glomerulonephritis. Remission
can be predictably induced in the minimal change
disease (steroid responsive) but much less fre-
quently or predictably in focal segmental glo-
merulosclerosis.83 Cyclosporin A does not induce
lasting remissions such as those associated with
cyclophosphamide but does have a marked steroid
sparing effect. Data are insufficient in other histo-
logical types of glomerulonephritis. It is important
to remember that cyclosporin A is nephrotoxic so
that long term use in glomerulonephritis is difficult.
Furthermore glomerulonephritis recurs in the post
transplant setting in patients treated with cyclo-
sporin A, for example, mesangial IgA disease, focal
segmental glomerulosclerosis and mesangio-capil-
lary glomerulonephritis.

Studies on membranous glomerulonephritis sug-
gest that subgroups of patients may benefit from
treatment. Immunosuppression appears to benefit

Table II Drug treatment of idiopathic glomerular disease

Lesion Therapy Reference

Minimal change Steroids
Alkylating agents
Cyclosporin A 83

Membranous GN Steroids 84
Cycles of 85
chlorambucil and
steroids

Focal segmental GS Trial of steroids + /-
alkylating agents

Endocapillary proliferative GN
Mesangial proliferative GN Steroids 91, 92
(eg mesangial IgA disease)
Diffuse proliferative GN General supportive
(post infectious) therapy

Mesangiocapillary GN Antiplatelet agents 93
Focal necrotizing GN
and/or Pulse methylprednisolone

Crescentic GN Immunosuppression 106
Plasma exchange in
selected cases 107

GN = glomerulonephritis. GS = glomerulosclerosis
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those patients with particularly heavy proteinuria
and a decline in glomerular filtration rate.8486
Trials are difficult to construct as some 50% of
patients with membranous glomerulonephritis
remit spontaneously or remain stable for many
years. A recent large retrospective study of 334
patients with membranous glomerulonephritis
reports a 5 year kidney survival of 88% and a 10
year kidney survival of 77%.87 This study suggests
that marked tubulointerstitial disease, hyperten-
sion and advanced changes on electron microscopy
as well as an elevated plasma creatinine at presenta-
tion are adverse prognostic features.
Mesangial IgA disease is probably one of the

commonest forms of acute glomerulonephritis,
particularly in young adults. Prognosis is not as
good as was once thought with up to 25 to 30% of
cases progressing to end stage chronic renal
failure.88 The lesion may also recur in renal trans-
plants to cause graft loss. Since the majority of
patients do well, trials of therapy are clearly also
difficult to carry out. An Australian trial involving
37 patients was unable to show any benefit from
eicosapentaenoic acid therapy over 2 years.89
Treatment with cyclophosphamide and anticoagu-
lants is claimed to improve long term outlook9' but
many would disagree with the use of this poten-
tially toxic regime in a disease which usually has a
good prognosis. Alternate day prednisolone in 6
children thought likely to do badly resulted in
stable or improved renal biopsies and a normaliza-
tion of urine tests and plasma creatinine.9' A larger
Japanese trial also suggested that long term
steroids may be helpful.92
The situation with mesangiocapillary glomer-

ulonephritis (MCGN) is also confused. A recent
review of the trials carried out in MCGN gave
support to the use of anti-platelet agents.93
Much can be done by way of general supportive

therapy to ameliorate the progressive nature of
many types of glomerulonephritis. Dietary
measures such as low protein and sodium restric-
tion help to reduce both glomerular and systemic
hypertension. The control of lipids in patients with
persistent nephrotic syndrome is now achievable
with newer drugs.9" Although lipid lowering drugs
ameliorate glomerulonephritis in animal models
this has yet to be established in long term human
studies. Even for patients with the nephrotic syn-
drome a high protein diet is no longer recom-
mended as such diets increase renal blood flow,
glomerular blood pressure and exacerbate protein-
uria.95 Angiotensin converting, enzyme blockers
can reduce proteinuria, presumably as a conse-
quence of a fall in intraglomerular blood pressure
following efferent arteriolar relaxation. Though
not established by long term trials, ACE blockers
may be the preferred form of anti-hypertensive
therapy for all forms of glomerular disease.96

The multisystem vasculitides

The multisystem vasculitides that are commonly
associated with significant glomerulonephritis are
summarized in Table III. So called idiopathic focal
necrotizing and crescentic glomerulonephritis are
considered in this grouping of the multisystem
vasculitides as many now feel this is more appropri-
ate.

(i) Systemic vasculitis

Prolonged follow-up in systemic lupus erythema-
tosus has shown that patients receiving cyclophos-
phamide97'98 do better than those on other regimes.
It has also been claimed that for any severe
vasculitis cyclophosphamide is to be preferred to
azathioprine to gain remission. This may take 6 to 8
weeks. During this period plasma exchange is
sometimes added in particularly fulminating cases.
Thereafter maintenance therapy with prednisolone
and azathioprine is usually offered. Cyclophos-
phamide remains the treatment of choice for
Wegener's granulomatosus and is usually con-
tinued for several years as relapses are very com-
mon. Cyclosporin A has been studied in SLE and
appears to have a beneficial effect on active disease
in addition to allowing lower doses of steroids.
Nephrotoxicity makes long term therapy hazard-
ous.83
Over the last few years experience has grown

with theANCA assay (anti-neutrophil cytoplasmic
antibody). The test is of diagnostic value and
also helps to assess disease activity in both micro-
scopic polyarteritis and Wegener's granu-
lomatosis.99"'00" Human antibodies to the
Wegener's antigen and a monoclonal antibody
directed against a highly purified preparation of
this antigen react specifically with the epithelial and
endothelial cells but not mesangial cells from
cultured human glomeruli. This suggests a possible
aetiological role for ANCA as the antibody
appears cytotoxic in cell culture."''

Duration of immunosuppressive therapy is an
unresolved and difficult question. In diseases with
clear clinical and laboratory indices of activity
treatment can be tailored to activity and in some
cases may be safely stopped. However relapses can
occur, cannot always be predicted and may be
fulminating.'02"103 Careful and prolonged follow-up
is clearly required.

(ii) Crescentic glomerulonephritis

Focal necrotizing and crescentic glomerulone-
phritis frequently occur in the setting of one of the
multisystem vasculitides, but may appear as a
primary or idiopathic form of glomerulonephritis.
However, with the introduction of reliable assays
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Table III The multisystem vasculitides

Multisystem disease Laboratory test Treatment

SLE at ds DNA Ab Steroids + Cycloph
C3, C4 + Aza9l

Microscopic polyarteritis ANCA'°° Steroids + Cycloph
+ Aza ( ± Px)

Wegener's granulomatosis ANCA9 Cycloph (± Px)
Subacute bacterial Blood cultures Antibiotics ± IS
endocarditis + SCAT, C3, C4
Henoch-Schonlein purpura Plasma IgA General supportive

IgA containing measures ± IS and Px'
cryoglobulins

Goodpasture's disease a GBM Ab IS + PX'08
Cryoglobulinaemia C4 Steroids + Cycloph + Px

+ SCAT
Cryocrit

Idiopathic (?) crescentic GN ANCA"04 Steroids + Cycloph
+ Aza ( ± Px)

Ab = Antibody; SLE = systemic lupus erythematosus; Px = Plasma exchange;
-> Change to; Cycloph = cyclophosphamide; IS = immunosuppression; Aza = azathio-
prine; SCAT = sheep cell agglutination titre - rheumatoid factor.

for the multisystem vasculitides such as anti-double
strand DNA antibody for SLE and the ANCA
antibody assay, the diagnosis of primary or
idiopathic glomerulonephritis is being made less
frequently.'04 105 Clinically these lesions present
either as the nephritic or nephrotic syndrome with a
rapid deterioration to acute renal failure such that
patients may become dialysis-dependent in a few
weeks. Awareness of the rapidity of the evolution
of the disease is important so that an early renal
biopsy is performed.

(iii) Henoch-Schonleinpurpura (HSP)

HSP can be a fulminating severe multisystem
disorder which may be associated with the dire
complication of gut vasculitis. As might be
expected the patients with more than 50% of the
glomeruli affected by crescents do particularly
badly. Nevertheless the prognosis is generally
assumed to be good particularly in children with
40% or more entering a full remission."' Prognosis
in adults is less clear but considerably poorer with
only 25% of adult patients preserving renal func-
tion."2 In such patients with severe disease treat-
ment would be along the lines suggested for
microscopic polyarteritis.

(iv) The role ofplasma exchange

As a group, whether so called, idiopathic or
associated with a multisystem vasculitis, these
conditions do respond well to immunosuppres-
sion."'0 The role ofplasma exchange is still contro-

versial.'07 However, what is clear is that for the
treatment of non-oliguric anti-GBM antibody-
mediated disease plasma exchange remains the
treatment of choice. This is particularly so in the
case oflung haemorrhage irrespective ofwhat renal
function is doing. Relapses after adequate initial
therapy for Goodpasture's disease are rare.108-110
For non-anti-GBM antibody-mediated crescen-

tic or focal necrotizing GN, immunosuppression
with steroids and cyclophosphamide is probably
sufficient. Plasma exchange, however, may be of
benefit, particularly in fulminating cases and in
cases in which the patients rapidly become dialysis
dependent.'" There are many reports of patients
having been successfully treated so that renal
function recovers and dialysis may be withdrawn in
patients with the multisystem vasculitides. This is a
rarity in Goodpasture's disease.

(v) Lupus anticoagulant

Arterial and venous thromboses may occur in
patients with SLE or lupus-like diseases. These
lesions affect many organs including the kidney,
skin, heart, eyes and central nervous system. A
history of recurrent spontaneous abortions is com-
mon. These clinical features are associated with the
lupus anticoagulant which is an autoantibody to
complex lipoprotein antigens on platelets and
coagulation factors. These antibodies are respons-
ible for the biological false positive test for syphilis
(VDRL), anti-cardiolipin antibodies and the pro-
duction of a prolonged PTTK. The renal lesion
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associated with the lupus anticoagulant is not a
glomerulonephritis as such. Vascular and intra-
glomerular hyaline thrombi occur. Renal veins,
arterioles and glomerular capillaries may all be
involved."3 Patients may present with few other
features ofSLE. Cortical infarcts or cortical necro-
sis sometimes occur."4 Treatment is not clearly
defined but steroids plus anticoagulants or aspirin
have been recommended.

Urinary tract infection

It is apparent that 30% of all women presenting
with bacterial infection of the bladder have 'low
colony count' bacteriuria (l02-l0I cfu/ml). The
evidence for an aetiological role for such low
counts in women with acute dysuria includes;
isolation of E. coli from suprapubic aspirates, the
occurrence of pyuria in 90% of cases, the associa-
tion with vaginal colonization with E. coli in about
90% of cases, the similarity of bacterial virulence
properties to those found in typical cases (i.e. those
with > IO' cfu), the similarity of presentation to
that in typical cases.'"5
The incidence of occult upper tract infection in

patients presenting with acute cystitis, based on
localization tests such as the antibody coated
bacteria test or the bladder washout test, is
10- 50%. The presence of occult upper tract infec-
tion has important implications for therapy."5

E. coli urinary tract infections in young women
are usually preceded by vaginal colonization, and
women with recurrent infections appear to have
more frequent vaginal colonization than rarely
infected women, often due to increased suscepti-
bility of their vaginal and uroepithelial cells to
adhering E. coli. Two host factors may be import-
ant in determining this increased susceptibility, the
use of diaphragm and spermicide contraception"'
and blood group secretor status."6 A number of
bacterial virulence factors have been described, the
most important of which are fimbrial adhesins
(Gal-Gal and P), haemolysin, and aerobactin.
Strains of E. coli with multiple virulence factors are
more commonly found in upper tract infection;
those in cystitis more commonly resemble faecal
strains."5 "7

Single dose therapy for urinary tract infection
particularly with amoxycillin is generally less
effective than 10 day treatment, though the rates of
adverse reactions are much lower. Most failures of
single dose therapy manifest as early reinfection
from the vaginal reservoir rather than persistent
upper tract infection. This highlights the import-
ance of the drugs effects on the vaginal flora
compared with its initial effect clearing bacter-
iuria.15

Urinary isolates from patients with asympto-

matic bacteriuria remain remarkably stable over
the course ofmany years."8 Patients with asympto-
matic bacteriuria given antibiotics (especially
phenoxymethylpenicillin) for intercurrent upper
respiratory tract infection frequently change
bacterial strain and symptomatic urinary tract
infection is often precipitated."9

Nephrolithiasis

The major advances in this field have been in the
field of therapy. Extracorporeal shock wave litho-
tripsy (ESWL) has revolutionized the surgical
management of the condition. Using the second
generation piezo-electric devices allows stone
fragmentation to be performed painlessly, without
anaesthesia, as an outpatient, and with continuous
ultrasound imaging.'20 Indications for its usage and
its place amongst the other available treatment
modalities are still undergoing revision, perhaps
not surprisingly, in a field in which the pace of
technological change is so rapid.
An interesting aspect ofthis treatment is its effect

on renal function. There is little clinical data
available in this area and no long term follow-up
studies. Experimental work though has shown the
acute effects of interstitial haemorrhage and
chronic effects of interstitial fibrosis in dogs, rab-
bits and pigs.'2' 123 In humans increased levels of
urinary enzymes were found acutely,'24 and in
another study transient nephrotic range pro-
teinuria occurred without a change in creatinine
clearance. Proteinuria returned to normal within 3
to 6 months.'25

Chronic renal failure

(i) Uraemic syndrome

The quest for the uraemic toxin continues with the
description of a number of new contenders'26"27
and re-exploration of well established ones.'28"29 A
vast literature is accumulating on the role of
parathyroid hormone as a uraemic toxin, much of
it emanating from the originator ofthe concept and
collaborators.'30 It is clear that parathyroid hor-
mone is toxic (Table IV), however almost all of this
data is from experimental work, much of it carried
out in vitro and evidence for major clinically
relevant effects of parathyroidectomy in uraemia
other than on mineral and skeletal metabolism
remains scanty.'3' -134

(ii) Acquired cystic disease

Acquired cystic disease in end stage kidneys was
described fairly recently.'35 It was originally con-
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Table IV Toxic effects of parathyroid hormone

Organ Effect

Central nervous system

Peripheral nerve

Myocardium

Erythrocyte

Leukocyte

Platelet
Skeletal muscle

Sexual function

Carbohydrate metabolism

Lipid metabolism

EEG abnormalities
+ brain calcium content
+ Nad uptake and release from synaptosomes
49 Motor nerve conduction

+ Myocardial calcium content
+ ve inotropic and chronotropic effect
+ Fatty acid oxidation (4, CPT)
4-Erythropoiesis
49Erythocyte survival (4 osmotic fragility)
+ Random movement
+ Elastase release
+ T cell function

49 Aggregation

+ Amino acid release
4, Fatty acid oxidation (49 CPT)
4, Testosterone level
4 Calcium content of testes, pituitary, hypothalamus

49 Insulin release from B cell
4 Hepatic gluconeogenesis
49 Hepatic VLDL synthesis
4 Peripheral metabolism of lipoproteins

Potassium metabolism 49 Extrarenal disposition of K+

Nad = noradrenaline; CPT = camitine
= decreased.

sidered to be a complication of long term
haemodialysis treatment but a recent study found
patient age to be the best predictor of cystic
transformation and tumorous degeneration and no
strong association with duration or mode of
dialysis.'36 There have also been recent reports of
the disease occurring in predialysis patients.'37"38
Perhaps the most difficult clinical aspect is the
management of small incidentally discovered
tumours. The consensus approach seems to be
annual CT monitoring for tumours of less than
3 cm, provided that they remain asymptomatic.
Larger tumours, and smaller tumours occurring in
symptomatic patients or in candidates for trans-
plantation require removal. Bilateral nephrectomy
is recommended in this latter group."'

(iii) Mineral metabolism and renal bone disease

The issue of whether or not 1,25-(OH)2D3 has a
direct suppressive effect on the parathyroid gland
has long been a contentious one, but recent studies
have shown definite regulatory effects of 1,25-
(OH)2D3 on parathyroid hormone synthesis
operating at the level of gene transcription.'40 The
finding that 1,25-(OH)2D3 receptors in the

palmityl transferase; t =increased;

parathyroid gland are decreased in renal failure'4'
may also be of significance to the pathogenesis of
renal bone disease. Increments in the serum level of
1,25-(OH)2D3 in anephric humans in response to
administered 25-OHD3 in the absence ofchanges in
its metabolic clearance rate suggest extra-renal sites
of production of 1,25-(OH)D3.'42143 There is now
good evidence that the serum concentration of
phosphorus is an important physiological
regulator of 1,25-(OH)2D3 production in normal
man."' In spite of this and other accumulated data
there is still uncertainty about the pathogenesis of
renal bone disease especially in early renal failure.
The main players are phosphorus, ionized calcium
and 1,25-(OH)2D3 but their relative importance is
unclear and different mechanisms may predomi-
nate at different stages of renal failure.'45
The treatment of renal bone disease also con-

tains controversial areas. Treatment of hyper-
phosphataemia is a major weapon aimed at prevent-
ing hyperparathyroidism and extraskeletal
calcification. Aluminium containing agents are
highly effective phosphate binders'" but have lately
been incriminated as a major factor in the
pathogenesis of aluminium toxicity. There is much
recent literature centred on the search for a suitable
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alternative. Dietary restriction is unnecessarily
prohibitive, and dialysis techniques too ineffecient,
so an alternative phosphate binder is required.
Calcium carbonate is the most studied.'47 It is
effective but some patients require additional
aluminium hydroxide for optimal phosphate con-
trol.' Some patients experienced mild gastrointes-
tinal symptoms but the major side effect is hyper-
calcaemia carrying with it the spectre of increased
extraskeletal calcification with long term use. This
is a particular risk in patients taking vitamin D
compounds. To offset these risks some studies have
been performed in which oral calcium carbonate
usage has been combined with a reduction in
dialysate calcium concentration,'49-'5' with gener-
ally satisfactory results.

Reports of the phosphate binding potential of
salts of heteropolyuronic acid were initially
received with enthusiasm,'52,' but there has been
very little clinical experience since, IM and more data
is required. Calcium citrate is undoubtedly effective
but carries the risk of hypercalcaemia.'"5 A further
major risk is the potentiation ofaluminium absorp-
tion which citrate undeniably causes.'56 Calcium
acetate has recently been advocated'"7 and use of
calcium salts of ketoanalogues might kill two birds
with one stone.'47
The other major device which has been used to

control serum phosphate levels in uraemia is the
combination ofmagnesium containing compounds
which are less efficient phosphate binders than
aluminium or calcium,'46'58 and low magnesium
dialysate levels to prevent toxic accumulation of
magnesium. This rather cumbersome approach
seems to work at least when magnesium carbonate
is used.'58
Treatment of established hyperparathyroidism

with I alpha-hydroxylated vitamin D compounds
is well accepted and is effective at least in the short
term, and prevention of established disease by
treatment with low doses of these agents seems
possible without the previously feared threat of
accelerated progression of the underlying renal
failure, provided monitoring is meticulous. 159 In the
long term though many patients progress to
develop hypercalcaemic hyperparathyroidism and
treatment then becomes difficult (Figure 8). Inter-
mittent intravenous treatment with 1,25-(OH)2D3
has been effective in suppressing parathyroid hor-
mone secretion and improving bone disease with-
out troublesome hypercalcaemia in many of these
patients in whom parathyroidectomy would other-
wise have been inevitable."W The reason for the
superiority of the intravenous over the oral route is
uncertain. Intravenous administration may cause
less stimulation of intestinal calcium absorption,
and may provide a more potent suppressive
stimulus to the parathyroid gland by virtue of the
higher plasma levels associated with intravenous

Dietary Phosphate
Oral CaCO3

Oral 1 a OH D3/1 :25(OH)2 D3

Hypercalcaemia

Change to Al (OH)3

DIALYSIS

Low Dialysate "... Low Dialysate

Calcium Magnesium

+ Oral Ca CO3 + Oral Mg CO3

High dose intermittent 4
IV Vit D
(1aOH D3/1:25(0H) l

HYPERCALCAEMIA OFF
Vit D and Ca supplements

TOTAL PARATHYROIDECTOMY

ORAL VITAMIN D & CALCIUM

Figure 8 Management of renal osteodystrophy.

pulse administration. It has certainly been shown
that the intravenous treatment increases the sen-
sitivity of the gland to the ambient calcium level.'6'

Parathyroidectomy, however, is still frequently
required, and the operation of choice is again in
doubt. Over the last few years total parathyroidec-
tomy with autotransplantation of parathyroid
fragments into an accessible forearm muscle has
become popular, the perceived benefit being mainly
the accessibility of the grafted tissue should hyper-
calcaemia recur. Recently it has become clear that
total parathyroidectomy is incomplete in most
cases and leaves fragments ofparathyroid tissue in
the neck which can again become hyperplastic. 162"163
This creates a considerable diagnostic dilemma if
hypercalcaemia recurs after autotransplantation
and also speaks volumes about the progressive
nature of hyperparathyroidism in uraemia.

(iv) Aluminium toxicity

The accumulation within the body of uraemic
patients of large amounts of aluminium is
associated with severe dysfunction of many organ
systems producing a severe dysplastic bone disease,
disabling encephalopathy and an inappropriate
anaemia. The disease was originally considered to
be caused solely by aluminium accumulation from
water used for dialysis but now an 'endemic' form
of the disease has been identified and attributed to
aluminium accumulated by ingestion ofaluminium-
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containing substances, particularly aluminium-
containing antacids used as phosphate binders. It
now appears that certain dietary substances may
promote the intestinal absorption of aluminium,
particularly citrate'64-'66 and vitamin D com-
pounds.'67"168

Attention has now been directed to exploring the
possible pathogenetic effects of modest accumula-
tion ofaluminium of the type seen in many dialysis
patients. Aluminium removal by chelation with
desferrioxamine infused during dialysis was
effective in improving erythropoiesis, testifying to
an inhibitory effect of modest aluminium
accumulation.'169-'7 Similar effects have also been
seen on neurocognitive function'72 and parathyroid
hormone secretion.'73 Aluminium accumulation
may also be immunosuppressive'74 and an inde-
pendent risk factor for mortality in dialysis
patients.'"7 It has been demonstrated to inhibit cell
division and protein synthesis in cell culture.'76
The demonstration of toxic effects at low levels

of accumulation reinforces the need for precise,
readily available means of diagnosis. Unfortun-
ately serum levels both before and after desferriox-
amine infusion are unreliable, correlating poorly
with stainable bone stores which remains the only
available means for definitive diagnosis at pre-
sent.'77 Desferrioxamine infusion is an effective
treatment but large doses may precipitate
encephalopathy'78 and its use may be associated
with an increased risk of mucormycosis, an often
fatal opportunistic fungal infection.179"'0 The
aluminium desferrioxamine chelates are removed
by the permeable dialysis membranes but the
efficacy of removal can be increased using an
activated charcoal haemoperfusion device in series
with the dialyser.'8'

Finally, it has been suggested that the effective
prophylaxis of aluminium toxicity by effective
water treatment and restricted use of aluminium-
containing phosphate binders may have unmasked
another type ofadynamic bone disease ofunknown
cause. 182

Diabetic nephropathy

Nephropathy is a major long term complication of
diabetes mellitus and occurs in about 35% of
patients with insulin-dependent disease. Why only
this proportion of patients develop the disease is
unknown. Differences in metabolic control are
insufficient explanation. Familial clustering of
nephropathy may suggest a hereditary suscepti-
bility.'83 Recently it has been shown that a genetic
predisposition to hypertension might increase the
susceptibility of insulin-dependent diabetics to
renal damage. Red cell sodium-lithium counter-
transport was found to be significantly higher in

diabetics with nephropathy than in those with-
out.'14,85 This abnormality occurs before the onset
of nephropathy'86 and is associated with hyper-
filtration which maybe a predictor of clinical
nephropathy.
The excretion ofsmall amounts ofalbumin in the

albustix negative range (microalbuminuria) has
been advocated as a major predictor of the
development of clinical nephropathy. Improve-
ments in metabolic control may reduce protein
excretion in the microalbuminuric range but prob-
ably have no influence on the progression of
nephropathy once established. Hence the advo-
cated use of screening for microalbuminuria to
identify a high risk population of diabetics upon
whom the resources required to improve metabolic
control could be concentrated at a time when it
might be still useful. Most of this though is still
conjectural. Even the definition of microal-
buminuria varies between centres, its predictive
value without the use of other indicators is dis-
puted,'87 and its use as a screening tool is conten-
tious.'88 Large scale trials, which will clarify many
of these issues, are in progress but will not report
for 5 years. Recommended treatment in the mean-
time has been outlined and involves stratification of
the level of glycaemic control according to the
presence or absence ofmicroalbuminuria and early
aggressive antihypertensive treatment.'89
Albuminuria does reflect widespread vascular
damage'"' and microalbuminuria predicts vascular
disease in non-diabetics'9' and increased mortality
in elderly patients.'92
There is no doubt that antihypertensive treat-

ment reduces the rate of progression of established
diabetic nephropathy.'93"94 Recently it has been
suggested that treatment with angiotensin convert-
ing enzyme inhibitors may confer specific benefits,
making them the antihypertensive agents of choice
in treating hypertension in diabetes. These agents
antagonize the vasoconstrictive effects ofangioten-
sin II on the efferent arteriole, thus lowering
intraglomerular capillary as well as systemic pres-
sures. This effect is thought to be potentially
beneficial since raised intraglomerular capillary
pressure may be an important determinant in the
progression of renal disease.'95 Limited studies
have so far failed to demonstrate any benefits of
these agents over conventional antihypertensive
treatment.'96 However, angiotensin converting
enzyme inhibitors have been shown to prevent
progression to clinical nephrophy in normotensive
microalbuminuric diabetics'97 and prevent progres-
sive proteinuria in normotensive diabetics with
established nephropathy.'98

Short term protein restriction in normoal-
buminuric diabetics has been shown to reduce
hyperfiltration'" and current theories on the
mechanisms of progression of renal failure suggest
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that this may be beneficial in the long term (see
below). Long term protein restriction has been
shown to reduce the rate of decline of creatinine
clearance in established diabetic nephropathy
independently of changes in blood pressure or
glycaemic control.2'N However, there may be
difficulties in interpreting such data (see below).
There are other modalities with possible beneficial
effects including antiplatelet agents20' and cod liver
oil.202 There are indications that over the last
decade the prognosis of diabetic nephropathy has
improved. The change has been attributed to
treatment of hypertension.'98203

Progression of renal failure

When renal function has deteriorated to a certain
critical point then further progression to end-stage
disease is inevitable, no matter what the initiating
insult was, and even if it has ceased operating. The
characteristic renal lesion is progressive glomerulo-
sclerosis, associated with declining GFR, and in-
creasing hypertension and proteinuria.

Theories to explain this sequence of events
usually suggest an initiating insult causing renal
damage and nephron loss, as a result of which
changes occur, intrarenally or systemically, either
as a direct result of the previous injury or as an
adaptive response (Table V). These changes, either
directly or operating through a variety of postul-
ated amplification mechanisms cause further renal
damage, thus perpetuating the process and render-
ing it self-sustaining.

Explanations based on the adaptive haemo-
dynamic changes which accompany nephron loss
have dominated until recently. A decade ago it was
demonstrated that in many models ofchronic renal
failure single nephron plasma flow and GFR were
elevated. It was argued that these adaptive changes
to nephron loss were initially beneficial but in the
long term promoted glomerulosclerosis and

Table V Renal and systemic consequences of critical
nephron loss which have been proposed as mediators of

progression of chronic renal disease

I. Persistence of injured intrisic components
e.g. damage to filtration barrier resulting in
persistent proteinuria.

2. Persistence of activated infiltrating cells.
3. Glomerular hypertrophy.
4. Systemic hypertension.
5. Glomerular capillary hypertension.
6. Lipid abnormalities.
7. Tubular hypermetabolism.

accelerated the rate of decline of renal function,204
an effect later attributed to the associated rise in
hydrostatic pressure within the glomerular capil-
lary.3" The proposed mechanisms by which raised
intraglomerular pressures produced these damag-
ing effects were unclear, but included increased
macromolecular traffic through the mesangium
with resulting 'mesangial overload', and direct
glomerular cell damage. Low protein diets and
angiotensin converting enzyme inhibitors were
found to protect renal function in some animal
models of progressive renal failure, observations
which created considerable clinical interest. How-
ever, there are an increasing number of experi-
mental observations in which the development of
glomerular sclerosis is dissociated from changes in
glomerular capillary pressure,W6 so other mechan-
isms must at least contribute.
Nephron loss in many situations causes an

increase in glomerular size in addition to hyperper-
fusion and a strong correlation between the degree
of glomerular hypertrophy and subsequent
development of glomerulosclerosis has been
noted.07 However, glomerular hypertrophy and
glomerulosclerosis can also apparently be dis-
sociated, particularly in situations in which severe
systemic hypertension does not develop (see
reference 206 for review). There is good evidence,
however, that systemic hypertension accelerates
the decline in renal function in many human
nephropathies and experimental evidence suggests
that transmission of the systemic pressure to the
glomerulus by loss of autoregulation and afferent
arteriolar dilatation is an important prerequisite
(see reference 208 for review).

Abnormalities of lipid metabolism also occur in
patients with renal disease particularly those in which
there is heavy proteinuria, and it has been suggested
that elevated plasma lipid levels in these situations
may exacerbate renal damage.39 Indeed glomerulo-
sclerosis has been likened to atherosclerosis.210 There
is some experimental evidence to support these
contentions,21' but clinical evidence is lacking.

Events occurring within the tubules as a response
to nephron loss have also been suggested as a
possible factor leading to progression. There is a
remarkable increase in oxygen consumption per
nephron, mainly as a result of increased sodium
reabsorption. It is postulated that this increased
activity is ultimately damaging perhaps by provok-
ing increased generation of free radicals,212 though
there is little direct evidence for this. In summary,
none of these proposed mechanisms, even the most
well established, appears to operate exclusively and
it appears likely that multiple factors are involved,
possibly different combinations of factors will
transpire to be important in different disease
processes.
Only antihypertensive treatment is ofproven use
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in limiting the progression ofhuman renal diseases.
Angiotensin converting enzymes offer theoretical
advantages over conventional antihypertensive
agents and preliminary evidence tends to support
this,2"3 but further data are required. In this context
the beneficial effects of these agents (discussed
above), on the progression ofdiabetic nephropathy
which occurred in the absence of changes in blood
pressure are noteworthy. 197,198
A large number of studies have shown apparent

benefit from protein restriction. There are many
pitfalls in the interpretation of such studies, partic-
ularly the adequacy of such diets to prevent
nutritional deficiency,214 assessment of compliance,
the validity of serum creatinine and the reciprocal
of serum creatinine in assessing the rate of progres-
sion of renal insufficiency in patients put on low
protein diets,214-216 and the importance of an ade-
quate control group.217 Nevertheless, the results of
some studies do show an impressive retarding effect
on the rate of decline of renal function at least in
some groups of patients,2"8 though the mechanism
of the effect cannot now be assumed to be solely
haemodynamic, or even haemodynamic at all.

Long term haemodialysis

(i) Membrane technology

New dialysis membranes have been introduced
which have defined advantages over the conven-
tional cellulose membrane.220 These newer mem-
branes (Table VI) are more biocompatible, cause
less complement and polymorph activation than
the traditional cellulosic membranes. Tl*y may be
produced with an increased pore size so that the
diffusive clearance of middle molecules is much
enhanced. This may be of benefit in the control of
the uraemic diathesis. They may also help to retard
the development of dialysis arthropathy by remov-

ing or binding beta-2-microglobulin. However,
these leaky membranes require more sophisticated
(and therefore more expensive), dialysis machines
(the so called volumetric machines). Such sophisti-
cated machines are required to offset the very high
ultra filtration rates across the more permeable
membranes.
With these newer membranes it may now be both

possible and safe to reduce dialysis hours to as little
as 2 hours three times per week. There are,
however, problems. Criteria for the adequacy of
dialysis are by no means clear nor universally
accepted. One criterion in wide use is the ratio
KT/V were K = dialyser urea clearance, T = treat-
ment time, V = body urea volume. Values in excess
of 1 were correlated with prolonged survival and a
low incidence of complications. Dialysis schedules
should therefore aim to preserve KT/V.22' The ultra
short dialysis schedules need to be very carefully
monitored and accurately tailored to each indivi-
dual patient who must be precise and accurate with
dialysis techniques, medical and dietary treatment.
There is little margin for error. Long term studies
are not available to demonstrate safety and
efficacy. Short hours are of course popular with
patients and have clear economic advantages for
hard pressed dialysis units. In addition the newer
membranes have been safely re-used many times
over (as many as 30 or 40 times) which further
reduces costs.

(ii) Erythropoietin

The clinical use of recombinant human erythro-
poietin (r-HuEPO) has transformed the lives of
many anaemic dialysis patients.222 224 Many of the
symptoms attributed to uraemia have resolved.
Libido returns, appetite and weight increase and
growth in children is improved and energy and well
being are dramatically restored. The major compli-
cation that has emerged from these early studies is

Table VI Dialysis membranes

Permeability
Membranes Biocompatibility (MW) UFR Uses

Natural cellulosic
Cuprophane + 1000 4- 5 HD
Cellulose acetate + + 12,000 15 HD,HDF,HF

Synthetic membranes
Polysulphone + + + 30,000 40 HD,HDF,HF
Polyacrylonitrile + + + 29,000 30 HD,HDF,HF
Polypropylene cellulose + + 2-3 x 109 - PF
diacetate

HD = haemodialysis; HF = haemofiltration; HDF = haemodiafiltration; PF = plasma
filtration; UFR = ultra filtration rate (ml/hour/mm/Hg): hydraulic permeability;
MW = molecular weight.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.66.777.502 on 1 July 1990. D

ow
nloaded from

 

http://pmj.bmj.com/


NEPHROLOGY 519

that of severe hypertension which may be seen in up
to one third of patients. It can be severe, difficult to
treat and may be associated with seizures. The
mechanism of this hypertension is not clear. It does
not seem to be related to the rate of rise of
haemoglobin. Factors suggested include increased
blood viscosity, peripheral vasoconstriction in re-
sponse to correcting tissue hypoxia and increased
cardiac output. With continued use of r-HuEPO
the hypertension usually becomes easier to
manage. Approximately 10% of treated patients
experience an increase in clotting of the extra-
corporeal circulation while 15% suffer a throm-
bosis of vascular access.225 Itching may occur and
can be intractable. Provided there are adequate
iron stores therapy can be titrated to achieve a
desired haemoglobin level, usually between 10 to
12g/dl. In the grossly iron overloaded patients,
erythropoietin therapy with venesection is-an at-
tractive means of clearing the excessive iron stores.
Therapy is usually started at 50 U/kg thrice weekly
for 4 weeks. Further increments of 25 U/kg thrice
weekly may be necessary in some patients. Once the
desired haemoglobin level has been reached treat-
ment may be reduced to twice or even once weekly.

(iii) Dialysis arthropathy (amyloidosis)

Beta-2-microglobulin is a low molecular weight
protein normally filtered, reabsorbed and meta-
bolized by the kidney. It is widely distributed being
a structural component of the HLA complex. In
renal failure plasma levels rise in parallel with
creatinine. The total daily production is between
150-200 mg per day. The consequence ofa chronic
elevation of beta-2-microglobulin (perhaps exacer-
bated by a regular thrice weekly inflammatory
stimulus provided by each haemodialysis treat-
ment) is the production and widespread deposition
of amyloid material derived from beta-2-micro-
globulin.226 The salient clinical features are sum-
marized in Table VII. Treatment is ineffective and

Table VII Dialysis amyloidosis - clinical features

Carpal tunnel syndrome
Bone cysts
Pathological fractures
Joint involvement: Scapulohumeral polyarthritis

Generalized arthropathy
Effusive arthropathy

Systemic deposition: Gut
Liver
Spleen
Bladder- Ureter - Prostate

symptomatic. Attempts at prevention by the early
use of the newer highly permeable biocompatible
dialysis membranes may retard the process.227-229
Being more biocompatible these membranes
reduce the inflammatory stimulus at each dialysis
and some actually bind beta-2-microglobulin.230
Unfortunately the patients who have remained on
dialysis for 5 to 10 years are usually also the same
patients who for one reason or another cannot be
transplanted which is the ideal way ofavoiding this
progressive and disabling complication of dialysis.

Renal transplantation

Over the last 10 years cyclosporin A has become
established as the backbone of most immunosup-
pressive regimes and has been responsible for an
improvement in graft survival of about 20%.231
However, its use is plagued by nephrotoxicity and
other undesirable side effects such as hirsutism,
hyperuricaemia and gout232 and gingival hyper-
plasia. As a consequence early news ofpilot studies
with a new compound, FK 506, which is five
hundred times more potent than cyclosporin, yet is
non-nephrotoxic, is particularly exciting. So far
clinical experience is limited to Professor Starzl's
unit at Pittsburgh233 and most of the experience in
renal transplants (over 100 patients) has only been
presented at meetings. FK 506 is a macrolide-(like
erythromycin) and is produced by Streptomyces
tsukubaensis. Initial use was restricted to liver
transplant patients (now over 200 cases) that were
either rejecting despite cyclosporin A or were in a
particularly high risk group. In all the groups
studied, FK 506 appeared safe, non-nephrotoxic
and extremely potent. Even in high risk patients
graft survivals of 90% were recorded. Clearly a
formal controlled trial against cyclosporin A is
eagerly awaited.
The increasing range ofmonoclonal antibodies is

being applied to renal transplantation. So far no
individual or cocktail is ideal either for the treat-
ment of rejection or for prophylaxis. Antibodies to
CD3, CD7, CD25 and CD4 have all been used with
varying success.234 An exciting development in
molecular biology is the ability to chimerize these
molecules so that the majority of the molecule is
human protein except for the antigen binding site
which is murine. Preliminary studies with a
chimeric human/mouse anti-CD7 antibody23'
shows that these reagents are non-immunogenic,
well tolerated and have immunosuppressive pro-
perties. Rapid developments are expected in this
field and more reagents will be chimerized soon so
that clinical experience with these remarkable
molecules will enlarge rapidly.
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