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SERIES EDITOR'S FOREWORD 

For the last two decades, the topic of chronic renal failure has been 
dominated by discussions on dialysis and transplantation. As facilities 
for treating patients with end-stage renal failure have become more 
readily available, at least in Europe and North America, attention has 
once again been drawn to conservative measures which may improve 
both the overall prognosis and the quality of life of patients with renal 
impairment. Although severe renal failure may be progressive and 
many patients will ultimately require some form of renal replacement 
therapy, it is now widely appreciated that distressing symptoms can 
often be ameliorated by judicious medical treatment. Children as well 
as, and perhaps to a greater extent than, adults may benefit from such 
therapy. 

This volume examines relevant trends in the conservative man
agement of both adults and children with chronic renal failure. Each 
chapter has been written by recognized experts and provides infor
mation of clinical relevance for the average clinician. As the overall 
prognosis for patients with end-stage renal failure improves it is clear 
the management of patients with relatively stable chronic renal failure 
is an important topic not only for nephrologists but for all practising 
clinicians. 

G. R. D. CATTO 
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1 
NUTRITIONAL MANAGEMENT OF 
CHRONIC RENAL FAILURE 

G. A. COLES 

INTRODUCTION 

Nutrition plays a key role in chronic renal failure. In advanced uraemia 
the symptoms of anorexia, nausea and vomiting inevitably mean that 
the intake of nutrients is suboptimal. An additional cause of reduced 
food consumption is the widespread use of low protein diets for 
symptomatic treatment of this condition. It is therefore not surprising 
that numerous studies have shown that varying degrees of mal
nutrition are common in patients with chronic renal failure. It is 
perhaps more disturbing to discover that patients treated by long
term dialysis also have evidence of undernutrition 1,2. 

The range of abnormalities described includes disturbances of body 
composition, low serum protein levels, altered amino acid metabolism, 
depletion of vitamins and metals and reduction of body fat and muscle 
mass. Thus it is likely that part of the uraemic syndrome may well be 
due to malnutrition. It is clearly desirable that patients be maintained 
in as optimal a nutritional state as possible. This aim has become even 
more important with the recent suggestion that a low nitrogen intake 
may slow the progression of chronic renal failure and should be used 
in individuals who are still asymptomatic. 

This chapter reviews the evidence for protein-calorie depletion in 
chronic uraemia and considers ways of assessing nutritional status. 
The nutritional requirements at different stages of the illness are 
discussed and the possible influence of diet on progression of human 
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renal failure is reviewed. Finally, methods for assessing dietary com
pliance are detailed. 

NUTRITIONAL PROBLEMS IN CHRONIC RENAL FAILURE 

Body composition 

Several studies using mainly isotope dilution techniques have shown 
that a significant proportion of patients with chronic renal failure have 
abnormalities of body composition3,4. These changes are commonest 
in subjects with advanced disease who have not received dialysis. 

Body weight is often reduced below expected values for height due 
to losses of body fat (as assessed by skinfo1d thickness) and fat-free 
solids. Lean body mass forms an increased proportion of body weight. 
Total body water is relatively increased mainly due to excess extra
cellular fluid. Intracellular fluid is reduced in relation to expected or 
standard weight, though occasional individuals may have an increased 
intracellular volume as well as extracellular expansion. Exchangeable 
sodium is often greater than normal but total body potassium tends 
to be reduced. These changes are interpreted as meaning there is loss 
of body fat and also cellular tissue in many patients with chronic renal 
failure, with an expansion of extracellular fluid. 

Following the start of long-term haemodia1ysis, body weight tends 
to fall due to a loss of water, mostly from the extracellular compart
ment, even in patients without overt oedema. Body fat increases 
and some patients may gain fat-free solids. Despite these changes a 
proportion of patients continue to have an excess extracellular fluid 
and a reduced intracellular space. Following intercurrent illness the 
abnormalities found in untreated advanced uraemia rapidly recur. 

During continuous ambulatory peritoneal dialysis (CAPD) body 
fat increases and some patients have a rise in lean body mass. A major 
component of the lean body mass is muscle. Muscle mass can be 
assessed from arm muscle circumference and several surveys have 
shown that a proportion of patients with chronic renal failure have 
abnormally low values for this measurement. This finding has been 
noted in subjects receiving haemodia1ysis, CAPD or just conservative 
treatment. 

Similar changes in body composition have been well documented 
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in subjects suffering from simple malnutrition. Although there are 
abnormalities of sodium and water handling by the kidney in renal 
failure and intermittent excess of intake during dialysis treatment, it 
seems likely that many of these changes are caused by protein-calorie 
deficiency, due to either an inadequate diet or failure of intake by the 
patient. 

Figure 1.1 shows the typical body composition changes of a patient 
with advanced renal failure as compared to a normal subject. 

Proteins and amino acids 

Reduced serum proteins, particularly albumin and transferrin, are a 
common finding in uraemia5. Non-dialysed chronic renal failure 
patients as a group have statistically lower values for these two proteins 
compared to healthy individuals and a considerable number have 
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FIGURE 1.1 Comparison of body composition in a normal subject to 
that of a patient with chronic uraemia. ECF=extraceliular fluid; ICF= in
tracellular fluid; FFS=fat-free solids; TBF=total body fat. Total body 
water (TBW) = ECF+ ICF. Lean body mass=TBW+ FFS 
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subnormal levels. Following the start ofhaemodialysis, serum albumin 
tends to return to within the normal range6 • During CAPD treatment, 
however, many patients have somewhat reduced values. 

The reduction in serum proteins is in part due to external losses. 
Some patients, despite advanced renal failure, may continue to pass 
nephrotic range amounts of protein in the urine, i.e. 5 g or more per 
24 hours. During haemodialysis approximately 5-8 g of free amino 
acids and 3-4 g of bound amino acids are removed during a 4-hour 
treatment. CAPD is associated with losses of approximately 8 g of 
protein per 24 hours as well as 2 g of amino acids. However, during 
peritonitis the amount of protein lost in the dialysate rapidly increases 
and is reflected in a considerable fall in serum albumin levels. A similar 
drop may occur in haemodialysis patients who suffer an intercurrent 
illness. 

Albumin metabolism has been investigated in stable non-dialysed 
uraemic individuals6• They have a reduced total albumin mass par
ticularly due to a reduction in the extravascular pool. Albumin syn
thesis and catabolism are often reduced. Identical abnormalities are 
found in subjects with protein-calorie malnutrition and thus these 
findings confirm that protein depletion is common in individuals with 
chronic renal failure. Whether this depletion is solely due to a reduced 
protein intake is still not entirely clear. Patients on haemodialysis tend 
to have normal catabolic rates7. During intercurrent illness catabolism 
may increase considerably but falls to normal when the patient 
recovers. Subjects undergoing CAPD may have a normal total 
albumin mass. Catabolism appears to be reduced but synthesis is 
increased correlating with the amount lost in the dialysate8. 

Muscle 

Muscle forms the body's largest store of protein. As already noted 
patients may have a reduced muscle mass as assessed by anthro
pometry and a low total body potassium. One study has suggested 
that CAPD patients have a reduced total body nitrogen probably 
reflecting some loss of muscle protein. However, due to metho
dological problems there are no reliable measurements of muscle 
protein synthesis and degradation in subjects with chronic renal 
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failure. Examination of muscle biopsies from such individuals has 
shown a reduced content of non-collagenous protein and RNA in 
relation to DNA, suggesting that intracellular protein stores and the 
capacity for protein synthesis were reduced9 • 

In chronic uraemic rats myofibrillar degradation is increased even 
when the animals are fed. On fasting the uraemic animals have a lower 
muscle protein synthesis and higher degradation than controls of the 
same weight lO • This abnormal response to stress appears to be related 
to reduced energy stores. In patients this reduction may be reflected 
in the low body fat. 

Amino acids 

Patients with chronic renal failure have an abnormal pattern of amino 
acids in their sera 11. The essential amino acids, threonine, valine, 
leucine, lysine, histidine and tyrosine, are reduced together with the 
non-essential serine. Methionine and phenylalanine tend to be raised 
as are the non-essential amino acids, aspartic acid, glutamic acid, 
citrulline, ornithine and arginine. 

Intracellular levels of amino acids as judged by muscle biopsy 
analysis are also abnormal in uraemia, but the pattern is different from 
plasma. There is a low concentration of valine, threonine, lysine and 
histidine, but normal values for leucine and isoleucine. Protein syn
thesis depends on having the essential amino acids in the correct 
proportions inside the cell. Since in renal failure some of these are 
reduced, their availability will limit the capacity for protein formation. 
The surplus remaining amino acids may well be catabolized for energy 
adding to the nitrogen load. 

Some of these amino acid abnormalities are nutritional in origin 
since the majority return to normal in the intracellular compartment 
when patients are well fed and treated by haemodialysis. Similarly, 
the taking of specially formulated amino acid preparations can correct 
some of the findings. However, high levels of phenylalanine, citrulline, 
ornithine and arginine tend to persist, suggesting that they are caused 
by the uraemic process itself. 

5 



CHRONIC RENAL FAILURE 

Carbohydrate 

Carbohydrate intolerance is a well-recognized abnormality in chronic 
uraemia l2. Fasting blood glucose levels are normal or slightly increased 
and fasting insulin concentrations are normal or raised. However, 
there is an impaired response to a glucose load. The main reason for 
this finding is tissue insensitivity, particularly muscle, to insulin. The 
exact nature of this resistance is uncertain. Insulin appears to bind 
normally to monocytes from uraemic subjects so the problem may be 
due to a post-binding intracellular defect. Raised circulating levels of 
glucagon and growth hormone may also contribute to the abnormal 
glucose metabolism. 

On its own the carbohydrate intolerance is of little clinical import
ance but it may have other consequences. There could be increased 
glycosylation of structural proteins. Haemoglobin Al levels are raised 
in uraemia. However, recent work has shown that this is due to 
increased carbamylation due to high levels of blood urea. Specific 
glycosylated haemoglobin is not raised in chronic renal failure except 
in diabetics. The insulin resistance might also contribute to hyper
triglyceridaemia. Insulin is an important regulator oflipoprotein lipase 
which controls the removal of triglycerides from the circulation. It is 
unclear whether uraemic insulin antagonism affects the activity of this 
enzyme. 

Neither dialysis nor a low-protein diet corrects the carbohydrate 
intolerance. Thus the abnormality is probably directly related to the 
uraemic state and not the patient's nutrition. 

CAPD treatment leads to the absorption of dextrose in considerable 
quantities contributing to hyperinsulinaemia. During peritonitis this 
absorption is often enhanced and leads to loss of ultrafiltration since 
the osmotic gradient is rapidly abolished I 3. Occasional patients 
develop frank diabetes mellitus probably' because the absorbed dex
trose is too great for the endogenous insulin. 
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Lipids 

Most uraemic patients have a normal total cholesterol concentration 
but a significant proportion varying from a third to a half have raised 
fasting triglycerides. Study of the lipoprotein classes reveals that there 
is an increase in very low density lipoprotein (VLDL) and sometimes 
low density lipoprotein (LDL), together with a decrease in high density 
lipoprotein (HDL)12. Most reports indicate that impaired catabolism 
rather than increased production is responsible for the raised tri
glyceride levels l4. Post-heparin lipolytic activity in the plasma and 
hepatic lipoprotein lipase are both reduced. More recently, adipose 
tissue lipoprotein lipase has also been found to be reduced and fails 
to increase after a meal in patients with hypertriglyceridaemia. 

Individuals treated by haemodialysishave a similar range of abnor
malities. Patients receiving CAPD may be exposed to large quantities 
of dextrose and tend to have rising triglycerides, VLDL and total 
cholesterol, whereas HDL and LDL remain constant l5. Those subjects 
who avoid using the more hypertonic bags are less likely to develop 
hyperlipidaemia. 

Other factors which may contribute to the observed lipid changes 
include a possible deficiency of carnitinel6. This compound is con
cerned in the intracellular transport of fatty acids to the oxidative 
site in the mitochondria. During dialysis treatment plasma levels of 
carnitine fall. However, there is still controversy as to the contribution 
that any deficiency may make to the changes in plasma lipids seen in 
chronic renal failure l? 

Though it is likely that the uraemic process plays a part in producing 
the altered lipids, nutrition also seems to be a factor since decreasing 
the calories derived from carbohydrates and increasing the polyun
saturated to saturated fatty acid ratio to 1: 1 has been reported to 
result in a lowering of the triglycerides to normaP8,l9. It is noteworthy 
that exercise training is also recorded as producing the same effect. 

The abnormalities described in chronic renal failure are associated 
with an increased risk of atherosclerosis in non-uraemic individuals. 
Whether correcting these changes in patients with chronic uraemia 
reduces the chances of vascular disease is still uncertain. 
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Vitamins and metals 

There is a tendency for patients with chronic renal failure to develop 
deficiencies of water-soluble vitamins20• This is particularly likely to 
occur in those individuals on a very restricted intake, either prescribed 
by the clinician or due to the symptoms of uraemia itself. There may 
also be losses of water-soluble vitamins during a dialysis treatment. 
Patients who are on a low potassium but normal protein diet may well 
have a low vitamin C intake due to a reduced allowance of fruit and 
vegetables in the menu and the need to double boil potatoes. However, 
there is still controversy as to whether any such deficiencies are clin
ically significant. There is some biochemical evidence suggesting that 
low vitamin B6 (pyridoxine) levels limit the activity of erythrocyte 
glutamic pyruvic transaminase in uraemia21 • Patients have been 
described as having reduced plasma and leukocyte ascorbic acid levels. 
Though there has been one report of mild clinical scurvy, this has 
not been noted by most clinicians. Occasional patients appear to 
become folate depleted but the majority do not develop this problem. 

Recent work suggests that many subjects receiving haemodialysis 
maintain their plasma vitamin levels without any need for sup
plements22 . A few individuals tend to have low values for pyridoxine, 
folate, thiamine and niacin. Vitamin B12, though water soluble, is not 
easily lost by dialysis, probably because it binds to protein. Thus BI2 

deficiency is not a problem for uraemic patients. 
The fat-soluble vitamins do not appear to be deficient in chronic 

renal failure with the exception of vitamin D whose renal metabolism 
is considerably reduced. Vitamin A levels are raised as is the con
centration of retinol-binding protein. There also appears to be an 
increased content of vitamin A in the liver. Vitamin E levels have been 
reported to be reduced, normal or even raised in uraemic patients but 
the clinical significance of any abnormalities remains uncertain. No 
alteration of vitamin K metabolism has been reported in chronic renal 
failure. 

A low protein intake will usually involve a reduction in the con
sumption of various metals, in particular calcium, iron and zinc. This 
is especially likely to occur if protein ingestion falls below 
O.5g kg- 1 day- I. Maintaining an adequate calcium intake is import
ant in the prevention and management of renal osteodystrophy. 
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Patients receiving haemodialysis frequently develop iron deficiency 
because of the inevitable blood losses involved in this treatment. 
Inadequate iron consumption can also produce the same clinical effect. 
Iron absorption appears to be normal in uraemia. 

Total body zinc is apparently increased in chronic renal failure 
but plasma and muscle concentrations are reduced implying that a 
redistribution of this metal has occurred23 • Despite this rise in whole 
body levels there still appears to be a relative deficiency of zinc in some 
tissues, since supplementing the diet has been reported to improve taste 
and appetite and thus nutrition in general. Initially, it was claimed 
that zinc improved uraemic impotence but this has not been confirmed. 

Total body rubidium is considerably reduced in chronic renal 
failure, more so than potassium. The clinical significance is still uncer
tain. 

Consequences of uraemic malnutrition 

For thousands of years it has been recognized that severe or extreme 
malnutrition is associated with serious morbidity and death, often due 
to infection. However, only a small minority of chronic renal failure 
patients are seen with gross emaciation. The question arises as to 
whether the lesser degrees of malnutrition, commonly found in 
uraemic individuals, are of any serious clinical significance. Some of 
the clinical and laboratory features of uraemia are similar to those 
produced by protein-calorie deficiency. It has therefore been difficult 
to determine what abnormalities are directly due to the uraemic state, 
with its retention of metabolites and abnormal metabolism, or due to 
associated malnutrition. For instance, there is depressed cell-mediated 
immunity in both conditions but it is still not clear whether the 
improvement seen with dialysis treatment represents correction of the 
uraemic state with possible removal of potential inhibitors, a better 
nutritional state or a combination of both. 

It has been well established that hospitalized patients in general, 
who have significant degrees of malnutrition, have a worse prognosis 
and are more likely to suffer infection than normal individuals24• 

Although there are few studies comparing nutrition and outcome in 
uraemic subjects, it has been reported that both haemodialysis25 and 
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CAPD patients26 who have a low serum albumin have a higher inci
dence of infection. 

There is evidence that patients who are serially followed by a renal 
unit and started on dialysis when they become symptomatic have a 
significantly better prognosis than those subjects who are referred late 
and require to start replacement therapy almost immediately. It is 
likely that part of the difference is due to a worse nutritional state in 
the late referral group, though no firm data are available to confirm 
or refute this suggestion. 

Haemodialysis subjects with a relatively low body mass index, the 
relation of weight to the square of height, appear to have a higher 
mortality than other patients27. Furthermore, individuals having mal
nutrition as judged by reduced relative body weight, anthropometric 
measurements or serum albumin appeared to have a higher mortality 
than those judged as normal when followed up on haemodialysis for 
more than 3 years28 . In this author's own experience patients starting 
haemodialysis with a weight less than 75% of standard weight had a 
significantly greater mortality during the first 6 months of treatment 
than those whose weight was higher. It is of interest that in all these 
studies cardiovascular disease has been the commonest cause of death 
rather than infection. The nature of the relationship, if any, between 
uraemic malnutrition and cardiovascular disease is uncertain. 

Recently, it has been found that chronic renal failure patients who 
are well nourished have normal muscle function compared to controls. 
Uraemic subjects with objective evidence of malnutrition had sig
nificantly worse function than either of the other groupS29. Thus 
nutrition rather than uraemia per se appears to influence muscle 
performance in this clinical situation. Lymphocyte function correlates 
with nutritional status in patients having haemodialysis. Clearly, in 
those small numbers of uraemic patients who develop a megaloblastic 
anaemia from folic acid depletion, there is a direct link between 
nutrition and the clinical picture. 

Although many patients have only a relatively mild degree of 
protein-calorie deficiency, this state may rapidly worsen if there is 
any intercurrent illness. Chronic uraemic individuals rapidly become 
anorexic when ill so that nutritional intake becomes inadequate. In 
certain conditions, e.g. peritonitis or other sepsis, there may be direct 
depletion of protein. In these situations unless prompt treatment is 
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instituted the degree of malnutrition will rapidly become serious. 
In conclusion, when considering the consequences of malnutrition 

in chronic renal failure, the evidence that is available together with the 
information obtained from non-uraemic individuals strongly suggests 
that neglecting the nutritional status of uraemic patients may pre
dispose to increased morbidity and mortality. 

ASSESSMENT OF NUTRITION 

Since the nutritional status of patients with chronic renal failure is of 
clinical significance, it is important to assess the degree of any protein
calorie depletion. Numerous techniques have been used but many are 
not suitable for routine purposes. Body composition measurements 
require the use of isotope dilution techniques or, in the case of total 
body potassium, a whole body counter. Total body nitrogen can be 
quantified but only by the complex technique of neutron activation 
analysis. In non-renal patients urinary creatinine excretion correlates 
well with muscle mass. Unfortunately, in chronic renal failure an 
increasing proportion of the endogenous creatinine disappears from 
the plasma by one or more non-renal routes and thus urinary measure
ment underestimates true creatinine production. Muscle biopsy analy
sis correlates well with whole body changes but is too invasive for 
routine usage. Measurements of albumin turnover are similarly not 
suitable for widespread application. There are, however, a few stan
dard techniques which can be easily applied to any patientl ,30-32. 

Weight 

Changes in body weight provide the simplest method of assessing 
nutrition. Comparison is made to values in published tables for the 
same height and sex, sometimes called the standard weight. Patients, 
who when first seen are more than 10% below their standard weight, 
are at risk of having malnutrition. Clearly, a falling weight means the 
nutritional status is deteriorating, but a steady or even normal value 
does not exclude serious deficiency. 

As already noted, patients starting on dialysis may not have obvious 
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oedema but their degree of overhydration becomes apparent as they 
lose fluid during each dialysis session. It follows that fluid retention 
may well mask a decline in dry body weight. It is therefore essential 
to determine a patient's true dry weight, particularly after starting 
dialysis as one means of assessing the degree of any malnutrition. Dry 
weight in this clinical context is defined as the minimum value obtained 
in the absence of hypotension. 

Serum proteins 

A number of serum proteins have been used in the assessment of 
patients' nutrition. In particular the concentration of albumin has 
been extensively investigated as an aid to the diagnosis of malnutrition. 
Subnormal levels correlate with increased morbidity and mortality in 
all types of patient including those with renal failure. Unfortunately, a 
normal value does not exclude nutritional depletion. Ifundernutrition 
does not occur rapidly there is first a reduction in extravascular 
albumin mass before the intravascular mass starts to fall. Studies on 
patients with chronic renal failure show that a reduced extravascular 
albumin mass with a normal serum concentration occurs quite fre
quently. Furthermore, serum albumin can also be maintained when 
muscle mass, as assessed by anthropometry, is declining. Thus a 
reduced concentration is a relatively late indication of malnutrition. 

Transferrin has been suggested as being more suitable as a marker 
of protein-calorie depletion. Patients with chronic uraemia are 
reported to have statistically lower serum concentrations than normal 
controls, but many individuals have levels within the normal range. 
Again serum transferrin can be steady in the face of decreasing muscle 
mass. 

Pre-albumin and retinol binding protein have much shorter half
lives than either albumin or transferrin and thus their concentrations 
should reflect recent nutritional changes much better. This seems to 
be true in non-renal subjects but unfortunately the levels of both 
proteins are raised in uraemia, invalidating their usage as markers of 
protein depletion. 
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Anthropometry 

Anthropometry means direct measurement of part of the human body. 
In the context of nutrition two parameters are in widespread use -
namely skinfold thickness as an assessment of body fat and muscle 
circumference representing the body's protein stores. 

Body fat provides the reserve pool of energy during starvation. 
Subcutaneous fat forms a large proportion (approximately 50%) of 
the adipose tissue and thus changes in the amount of subcutaneous 
fat reflect whole body variations. When a skinfold is produced by 
gentle pinching most of its thickness is due to the subdermal adipose 
tissue. Various sites have been suggested for measuring skinfold thick
ness and there are formulae in existence for calculating body fat in 
kilograms from the observed values. In routine clinical practice this 
is not necessary. For ease. and simplicity a single site, the triceps 
skinfold, is usually chosen. It is important to use a calliper which 
provides a constant pressure on the skin irrespective of the gap between 
the jaws. Usually the non-dominant or, on haemodialysis subjects, the 
non-fistula arm is chosen. The method is subject to error but if 
measurements are taken in triplicate by the same observer at the same 
point, it becomes reproducible. Tables have been published of normal 
values but the technique is of most value for following serial changes 
in an individual. 

Mid-arm muscle circumference (MAMC) is derived from mid-arm 
circumference (MAC) measured with a tape measure and the triceps 
skinfold thickness (TSF) at the same point on the arm, using the 
formula 

MAMC=MAC-(nxTSF) 

The area enclosed in the MAMC consists mostly of muscle and 
bone. Bone area is assumed to be relatively constant in adults and 
thus changes in MAMC represent alteration in muscle mass, i.e. 
a large proportion of the body's protein stores. Once again, serial 
measurements on an individual are of more value than a single assess
ment except when there is severe malnutrition. As noted previously, 
MAMC may fall before there are changes in serum protein con
centrations and thus it provides a relatively early guide to protein 
depletion. Equations are available for transforming MAMC into total 
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muscle mass but these are not required for routine clinical work. 
Both MAC and TSF can be affected by gross fluid overload and 

thus should be recorded on dialysis patients after a treatment. Figure 
1.2 shows the value of anthropometry in a patient with chronic renal 
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FIGU RE 1.2 Serial measurements of serum transferrin (TF). serum 
albumin (Alb) and mid-arm muscle circumference (MAMC) in a chronic 
uraemic patient taking a very low nitrogen intake 

14 



NUTRITIONAL MANAGEMENT 

failure treated with a very low nitrogen intake. The serum proteins 
stayed within the normal range, but there was a serial fall in MAMC 
with time implying progressive malnutrition. 

NUTRITIONAL REQUIREMENTS 

The aim of dietary treatment in chronic renal failure is to provide the 
patient with sufficient nutrients to prevent depletion without aggra
vating other aspects of the uraemic state. The nutritional requirements 
will vary depending on the stage of the illness and the type of treatment 
being utilized. The question of whether a low protein diet is beneficial 
before the onset of symptoms will be considered in the next section, 
p.22. 

General guidelines will be given in this section but it is essential to 
tailor these to suit the needs of the individual patient. Furthermore, 
when prescribing any diet it is important to take note of any cultural 
preferences to improve the chances of compliance. 

Pre-dialysis 

There is general agreement that protein restriction relieves uraemic 
symptoms particularly anorexia, nausea and vomiting but there is still 
controversy over the question, how much should nitrogen intake be 
restricted in patients with advanced uraemia? 

Various studies have utilized a protein consumption from as high 
as 0.7 g kg- I day-I to as little as 0.2 g kg- 1 day- I. Clearly, unless 
sufficient essential amino acids are given the patient will develop 
negative nitrogen balance and thus diets of 0.4 g kg- 1 day- 1 or lower 
have usually been supplemented with essential amino acids or their 
keto acid analogues. These analogues can be converted in vivo to amino 
acids by transamination and their usage means a further reduction in 
nitrogen intake. 

The proponents of all these regimes report that patients stay in 
neutral or slightly positive balance but when the more restricted diets 
are prescribed there is an initial period of nitrogen loss. Unfortunately, 
very few studies have compared different levels of nitrogen intake. It 
is, however, clear that essential amino acid or keto acid analogues 
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have no special advantages if the diet contains more than 0.4 g pro
tein kg- I day- I. The lower intakes involve a more complicated regime 
for the patient and thus this author recommends 0.6 g pro
tein kg- I day- I when protein restriction seems warranted by symp
toms. The majority of this protein should be high in biological value. 
A standard 40 g protein intake should not be prescribed irrespective 
of patient size. If there is significant proteinuria it is usual to replace 
losses of more than 2-3 gjday by an equal amount in the diet. It has 
been claimed that the keto analogue of leucine has special anabolic 
properties33, but there has been no clinical comparison with a standard 
mixed protein intake. The use of keto acid analogues is reported 
to be associated with a fall in serum parathyroid hormone levels 
irrespective of total nitrogen or phosphate intake but there are no 
randomly allocated trials to confirm this finding34• 

It is desirable to reduce phosphate intake in uraemia so that hyper
phosphataemia can be more easily controlled. Low protein diets mean 
a reduction in phosphate but occasionally it is necessary specifically 
to restrict high phosphate-containing foods such as dairy products. 

One of the more difficult problems for the uraemic subject is to 
consume enough energy. It has recently been shown that the energy 
expenditure of chronic uraemic patients, both pre-dialysis and on 
haemodialysis, is the same as normal individuals performing the same 
activities35• It now appears that a minimum of 35 kcal kg-I day-I 
should be taken if there is not to be a loss of energy stores and possibly 
increased protein catabolism36 . A standard British low protein diet 
requires supplementing with other low protein products, e.g. low 
protein bread and Caloreen, if this energy requirement is to be met. 
At the same time the proportion of polyunsaturated to saturated fatty 
acids in the diet should be increased to unity. 

A low protein diet inevitably means a reduction in calcium intake. 
Care must therefore be taken to ensure that the amount ingested does 
not fall too low. Supplements such as calcium carbonate, which can 
also act as a phosphate binder, may be necessary. 

If the very low nitrogen intakes are used then there will be a need 
for additional zinc, B vitamins, vitamin C and sometimes vitamin BI2 
if no animal protein is consumed. 

Whether diets giving 0.6 g protein kg- I day- I require supplementing 
with folic acid is still uncertain. A 70 kg man taking such a regime in 
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the United Kingdom will consume about 120 pg of folic acid per day. 
There is no longer an official British recommended dietary allowance 
for normal subjects for this vitamin37 though in the USA a value of 
300--400 pg is advised20 • Clinical experience suggests that most patients 
do not develop evidence offolate deficiency even without a supplement 
and an intake of as little as 100 pg per day has been reported to correct 
megaloblastic anaemia in non-uraemic individuals. In the United 
Kingdom tablets of 100 pg, 500 pg and 5 mg can be obtained, but the 
last is the most widely available. However, if iron is also required then 
there are numerous combined preparations giving 350 pg per tablet. 
Pyridoxine (vitamin B6) has been advised for pre-dialysis patients but 
the clinical value is uncertain. A standard British low protein diet of 
0.6 g/kg usually provides the recommended daily allowance for the 
other B vitamins. 

The sodium and potassium content of the diet will need to be judged 
on an individual basis. Sodium requires to be restricted in the presence 
of oedema and/or severe hypertension. Conversely, if the patient is 
salt wasting sodium supplements are necessary. There is evidence that 
sodium bicarbonate is of more benefit than sodium chloride as acidosis 
and nitrogen balance can improve with the former but not the latter38 . 

Usually potassium does not cause a problem until the patient requires 
dialysis but for a minority of patients, specific restrictions of intake 
may be necessary to help control hyperkalaemia. 

TABLE 1.1 Daily dietary allowances for patients with chronic renal 
failure pre-dialysis 

Proteins 0.6 g/kg 
Calories 35 kcal/kg 
Carbohydrate 40-50% total calories 
Fats 30-40% total calories 

Polyunsaturated:saturated fatty acids = 1 : 1 
Calcium 500 mg minimum 
Phosphate < 800 mg 
Iron 10mg 
Vitamin supplements 

? Folic acid 
? Pyridoxine (B6) 

Sodium 

1 mg (see text) 
5mg 
to individual requirements 
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Detailed recommendations are given in Table 1.1. Values expressed 
per kg body weight relate to ideal or standard weight. 

Haemodialysis 

There is general agreement that the protein intake of patients receiving 
regular haemodialysis should be 1.0 g kg- 1 day- 1 or slightly higher. It 
has been suggested that essential amino acid supplements may further 
improve the nutritional state but for most subjects this seems unneces
sary as long as they can consume the prescribed amount of protein. 
If all the nitrogen advised is consumed the patient should ingest 
sufficient calcium. It is, however, important to avoid an excessive 
phosphate intake so that the need for potentially toxic phosphate
binding drugs can be kept to a minimum. This presents problems since 
the foods highest in calcium are rich in phosphate. If necessary, 
calcium supplements such as calcium carbonate should be prescribed 
to avoid excess phosphate consumption. 

Calorie and lipid requirements are the same as for pre-dialysis 
patients. Sodium intake has to be restricted by the majority of patients 
to help control fluid overload and hypertension. Potassium intake 
usually needs to be controlled though a small minority of patients 
may be allowed a free intake to prevent hypokalaemia. Fluid intake 
requires restriction in the vast majority of cases. It has become tra
ditional to prescribe supplementary vitamins Band C, though recently 
it has been claimed that this is not necessary for many patients22• In 
view of their low cost and safety, however, it is probably wiser to 
continue these drugs for the time being. In the United Kingdom the 
recent restriction on National Health Service prescribing has limited 
the availability of multi-vitamin preparations. Thus the full rec
ommendations can only be met if the patient takes 4 tablets a day 
namely, vitamin B compound strong giving thiamine 5 mg and some 
other B vitamins, pyridoxine 10 mg, ascorbic acid 50 mg and folic acid 
5 mg. The last drug is in excess of requirements but is apparently 
harmless. Larger doses of ascorbic acid, e.g. 500 mg/day, may actually 
be deleterious as they have been associated with raised serum oxalate 
levels. Iron should be prescribed if iron deficiency occurs. Ferrous 
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sulphate is the most suitable preparation (detailed recommendations 
are given in Table 1.2). 

Haemofiltration or haemodiafiltration involves the use of much 
more permeable membranes and a considerably greater flux of plasma 
water during treatment than with haemodialysis. No firm data are yet 
available but it is likely that losses of all water-soluble vitamins will 
be much greater and therefore supplements should be prescribed as a 
routine. 

TABLE 1.2 Daily dietary allowances for patients receiving regular 
haemodialysis 

Protein 1.0-1.2 g/kg 
Calories 35 kcal/kg 
Carbohydrates 40% total calories 
Fats 30-40% total calories 

Polyunsaturated:saturated fatty acids= 1:1 
Calcium 1000 mg minimum 
Phosphate < 1 000 mg if possible 
Iron As necessary 
Vitamin supplements 

B, 
B6 
C 
Folic acid 

Sodium 
Potassium 
Fluid 

Peritoneal dialysis 

2mg 
10mg 
50mg 
1 mg 
To individual requirement 
Majority of patients require a restriction 
To suit individual. may be as little as 500 ml 

Patients receiving any form of peritoneal dialysis are subject to con
siderable losses of protein. Thus their protein intake needs to be higher 
than for patients receiving haemodialysis. At least 1.3 g kg- I day- I is 
recommended39• Similar requirements for calcium and phosphate 
apply as for haemodialysis. 

CAPD involves the infusion of large amounts of dextrose and it is 
thus not surprising that this has been calculated to contribute 300-
800 kcaljday depending on the concentration used 13. There is evidence 
that CAPD patients tend to suppress their carbohydrate intake in 
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proportion to the dialysate dextrose absorbed. Patients are advised to 
avoid concentrated carbohydrate sources in the diet. 

Sodium and water intake needs to be restricted as for haemodialysis 
but in general CAPD patients are able to have a more liberal potassium 
content in the diet. 

Water-soluble vitamins are lost in the dialysis procedure and plasma 
levels may fall in patients treated by CAPD40. As with haemodialysis, 
occasional cases of folic acid deficiency have been reported. Though 
the clinical value is still uncertain at present it would seem wise to 
supplement the diet with vitamins Bb B6, C and folic acid. 

Many patients on CAPD tend to reduce their food intake with 
timel3 • Their decreased appetite is caused partly by abdominal dis
tension from CAPD fluid and partly by peritoneal absorption of 
dextrose. Dietary compliance should thus be assessed regularly (Table 
1.3). Constipation exacerbated by the fluid restriction is a problem 
experienced by many patients. A high fibre diet, of bran or unrefined 
cereals, is recommended. 

TABLE 1.3 Daily dietary allowances for patients receiving CAPD 

Protein 
Calories 

1.3-1.5 g/kg 
35 kcal/kg. NB Glucose absorption variable from 
dialysate 

Carbohydrate 40% total calories 
Fat 30-40% total calories 

Polyu nsatu rated:satu rated fatty acids = 1 : 1 
Calcium 1000 mg minimum 
Phosphate < 1 000 mg if possible 
Vitamin supplements 

B1 
B6 
C 
Folic acid 

Potassium 

2mg 
5mg 
50mg 
1 mg 
Majority of patients no restriction necessary 

NB Restrict use of bags with increased dextrose by limiting fluid intake 
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Children 

In addition to the other problems already noted, uraemic malnutrition 
in children also contributes to growth retardation. The severity of this 
phenomenon depends partly on the age of the child at the onset of 
uraemia. Pre-pubertal children are more severely affected and infants 
suffer most of all. A detailed consideration of the nutritional require
ments of uraemic children is to be found in Chapter 2. 

Intercurrent problems 

The recommended regimes noted above are adequate to keep most 
patients in reasonable health. Despite the best efforts, nutritional 
status will deteriorate if either there are increased requirements due 
to catabolism from illness or food intake becomes inadequate. Unfor
tunately, it is all too easy to forget the patient is not having enough 
nutrients or to assume that any such problem will be short lived; 
serious undernutrition may occur before remedial action is taken. Even 
patients who are not otherwise ill may ingest inadequate quantities of 
food. Surveys have shown that most dialysis patients consume their 
recommended protein allowance but many take considerably fewer 
calories than prescribed. It is therefore essential that supplementary 
feeding should be provided early if there is any evidence that the 
patient's nutritional requirements are not being met. 

The simplest type of supplement is in the form of powder, protein 
or carbohydrate, which can be mixed into the food and thus avoid 
additional fluid intake. Concentrated carbohydrate is available in 
liquid form but does not contain monosaccharides which would make 
it too sweet. Various formulations of oral feeds are also available to 
be made up as a water-based drink or milks hake depending on the 
patient's preference. Ifthese cannot be easily tolerated then continuous 
nasogastric feeding via a fine bore tube should be tried. The mixtures 
used can be formulated to meet individual requirements and contain 
all necessary minerals, metals and vitamins. Sometimes overnight 
feeding may prove sufficient. This technique is usually well tolerated 
by patients and ensures a minimum intake of up to 40 g of protein 
and 1000 calories in 1000 ml plus anything the individual consumes 
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by mouth. Though this is an additional fluid load to the body, in our 
experience haemodialysis three times a week or CAPD can still control 
fluid balance. Only when the gastrointestinal tract cannot be used 
should full parenteral feeding be considered. In this eventuality, con
tinuous haemofiltration will easily remove the quantities of fluid 
involved. 

It is, however, possible to supplement diets for haemodialysis 
patients by infusing with amino acids and carbohydrates during the 
dialysis procedure. This allows the fluid load to be removed immedi
ately and although there is a slight increased loss of amino acids in 
the dialysate the majority are retained in the body. If carbohydrate is 
infused there may be reactive hypoglycaemia but a carbohydrate meal 
at the end of dialysis prevents this phenomenon. If gross hypoal
buminaemia is present then intravenous protein may be required. 

When anorexia seems to be the main problem despite good control 
of uraemia, zinc ingestion has been reported to be beneficial and is 
certainly harmless when given for just a few weeks. Zinc sulphate 
220 mg twice a week seems to be an adequate dose. 

INFLUENCE OF DIET ON PROGRESSIVE RENAL FAILURE 

There is now general agreement that once a certain degree of chronic 
renal failure has occurred renal function continues to deteriorate even 
when the original cause is no longer operational. Thus patients with 
uraemia due to malignant hypertension or obstructive uropathy may 
still progress to end-stage renal failure despite adequate treatment. It 
has been suggested that the renal damage becomes self-propagating 
by mechanisms that are not specific for the original cause and are 
operational in any patient with progressive uraemia. Currently, there 
are three theories to explain this process. Firstly, further damage is 
thought to be due to haemodynamic disturbances in the remaining 
glomeruli41 • Single nephron glomerular filtration increases and as 
a consequence macromolecules accumulate in the mesangium with 
subsequent progressive glomerulosclerosis. The exact sequence of 
events is still uncertain but intraglomerular hypertension appears to 
playa key role and this in turn is mediated by the balance between 
afferent and efferent arteriolar resistance. The second hypothesis is 
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that deposition of calcium phosphate (in renal tissue) and possibly 
urate and oxalate as well, leads to an inflammatory and fibrotic 
response. Finally, it has been suggested that plasma lipids, in particular 
lipoproteins, could contribute to glomerular pathology. These pro
posed mechanisms are not mutually exclusive and all could be altered 
by dietary manipulation. Thus there is considerable interest in the 
potential role of the diet in slowing or halting progressive renal failure. 

Experimental 

There are two main models of progressive uraemia in animals, 
namely subtotal or five-sixths nephrectomy and nephrotoxic nephritis 
both using the rat. In both examples animals fed a low protein diet 
live longer, have less proteinuria and a low serum creatinine. This 
beneficial effect of a low nitrogen intake has been shown repeatedly 
over many years42,43. More recently, it has been suggested that a low 
phosphate intake may have a protective role in experimental uraemia. 
Unfortunately, the original reports failed to note that the animals also 
had reduced consumption of other nutrients, particularly protein, 
However, it is now claimed that reduction of phosphate absorption 
alone protects experimental animals from progressive renal failure44. 
There have been only a few studies looking at the influence of lipids, 
but there is some evidence that polyunsaturated fatty acids may be 
beneficial in animal models of chronic uraemia45 . 

Clinical 

In view of the dramatic effects of protein restriction in experimental 
animals it is not surprising that there have been a considerable number 
of studies trying varying degrees of nitrogen intake reduction in 
patients with chronic renal failure. Virtually all published work to 
date has claimed that low protein diets are beneficial in man and there 
is a body of opinion advocating the widespread use of such regimes 
in asymptomatic individuals46. Unfortunately, most of the reports 
suffer from a number of deficiencies47. 

Implicit in the use of a low protein diet is the assumption that 
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without treatment, renal function will inevitably deteriorate. This is 
not necessarily true. Figure 1.3 shows the course of one patient with 
chronic renal failure followed for 17 years. Renal function remained 
stable even though protein intake was normal at 1.2 g kg- , day- '. 
Several published studies have shown that a considerable number of 
patients with different renal conditions have stable function for several 
years. Despite this well-known fact, some of the reports claiming 
benefit from a low protein diet have followed patients for only a few 
months and/or did not establish that patients had progressive renal 
impairment before starting treatment; thus any benefit claimed could 
have been due to the variable natural history. Important prognostic 
factors in human uraemia include age, sex, type of disease, presence 
of hypertension, degree of proteinuria and degree of renal impairment 
when first seen. To date no study has taken all these influences into 
account. 

The next difficulty in assessing dietary treatment is the reliability of 
different methods of measuring progression. Most reports have looked 
at the reciprocal creatinine plot before and after starting on a diet. 
This method is, however, invalid since after reduction of protein intake 
there is an alteration in creatinine metabolism which is not related to 
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FIGU RE 1.3 Plasma creatinine measurements during 17 -year follow-up 
in a patient with chronic renal failure. Ccr = creatinine clearance in ml/min; 
Pr= 24-hour urinary protein in grams 
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changes in renal function48 • It is due partly to reduced meat consump
tion, sometimes a loss of muscle mass and also an alteration in 
endogenous metabolism. Although it has been suggested that 3-
4 months are required to reach a new steady state49 , all studies claiming 
benefit have looked at the reciprocal creatinine from the time of 
starting the diet and thus the results are not a valid assessment of 
renal function. A few reports have provided information on creatinine 
clearance but this is also known to be an inaccurate marker of renal 
function, particularly in advanced uraemia50 • To date, there are no 
published data on inulin or isotopic clearances in relation to slowing 
the progression of renal failure with the exception of studies on the 
control of hypertension in diabetics. 

So far only one report has appeared in which the patients were 
randomly allocated to treatment or control groups and then pro
spectively followed51 • In the majority of the other studies the patients 
acted as their own controls. The remainder of published work in this 
field has included data on individuals who were not receiving a diet 
but none of these constituted appropriate controls. The only randomly 
allocated study did claim benefit from a low protein diet but the 
method of assessment used changes in serum creatinine and thus some 
doubt has been cast on the conclusions. 

Since the majority of reports have used patients as their own 
controls, it is important to be sure there is no placebo effect. It is 
now clear that there is undoubtedly a clinic effect52 • The natural 
consequence of starting a diet is that patients are reviewed more often 
than before. It has recently been shown that more frequent follow-up 
alone produces a slowing in the rate of progression of renal failure, 
probably due to better control of blood pressure. 

Another difficulty in deciding whether low protein regimes are 
beneficial is that there has been a considerable variation in nitrogen 
intake in different reports. The very low protein diets have usually been 
supplemented by essential amino acids and/or keto acid analogues. To 
date, there has been no comparison of the relative merits of the 
different regimes. 

The major concern when prescribing any low nitrogen diet is to 
prevent the patient from developing malnutrition. Papers claiming 
benefit from such regimes have provided information on weight and 
serum proteins, but rarely any anthropometric data. However, one 
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study of a very low protein essential amino acid-keto acid diet did 
provide evidence that considerable loss of muscle mass could occur53. 
Whether less restricted diets also have a nutritional price remains 
uncertain. 

Thus the case for using low protein diets to slow the progression of 
renal failure has not yet been proved in man. Several large multicentre 
controlled trials are currently in progress in an attempt to resolve this 
question. 

All human diets low in protein also inevitably restrict phosphorus. 
There is one report of an uncontrolled study claiming that a very low 
phosphate, low nitrogen intake is more beneficial than a low nitrogen 
diet alone, but further data are necessary53. So far, there is no infor
mation on the value of altering lipids in the diet on the progression of 
human chronic renal failure. 

ASSESSMENT OF DIETARY COMPLIANCE 

It is important to assess the patient's compliance with any prescribed 
diet since deviations may produce clinically serious results. A number 
of techniques are available and the appropriate ones should be used 
in combination depending on the stage of the illness. 

Dietary history 

The only exact way of assessing the quantity and quality of food that 
a patient consumes is to analyse weighed aliquots of everything eaten. 
This clearly requires the facilities of a full metabolic ward. For out
patients weighing all meal portions for several days each month is 
fairly reliable but tedious. The patient is asked to weigh and record 
on specially prepared sheets each item of food consumed over a 4-day 
period. On return to the clinic a dietitian should then interview the 
patient to check the facts and provide advice for any queries or 
difficulties. Usually the spouse or other close relative is also seen to 
corroborate the record. The sheets are then converted into nutritional 
equivalents using tables of the composition of foods. This process has 
now been greatly simplified as programs containing all the tables are 

26 



NUTRITIONAL MANAGEMENT 

available for microcomputers. The dietitian has to enter the common 
name of each item and its quantity. When all items have been listed 
the computer will print out a complete record of the average daily 
intake of proteins, carbohydrates, fats, metals, vitamins, etc. and thus 
compliance can be rapidly assessed and corrective action taken well 
before the next scheduled visit. This method of assessment has been 
shown to be reliable when performed by an experienced dietitian and 
compares well with more formal measurements. A dietary history can 
be used at any stage of the treatment of chronic renal failure but 
should cover dialysis and non-dialysis days if the patient is receiving 
haemodialysis. 

Urea/creatinine ratio 

Once a protein-restricted diet is started the blood urea will be pro
portionately lower for the same plasma creatinine. Thus the ratio gives 
a rough idea of the rate of urea formation. Higher values either 
mean dietary indiscretion or increased catabolism54. Any factor which 
independently alters creatinine concentration will tend to invalidate 
the ratio. Thus patients with reduced muscle mass, e.g. children, small 
women and those with wasting, will have a relatively lower plasma 
creatinine for the same level of renal function. Furthermore, as noted 
previously, there is evidence that with very low protein intakes there 
may be an initial fall in creatinine independent of changes in glom
erular filtration rate. Thus the actual value of the ratio will vary from 
patient to patient, but if an individual has previously been in a steady 
state an alteration in the ratio may prove a useful marker of potential 
nutritional problems. This technique is not applicable for assessing 
dietary compliance of dialysis patients. 

Urea nitrogen appearance 

Urea is the major nitrogenous product of protein, particularly in 
uraemic patients, and urinary urea excretion appears to vary directly 
with protein intake. Urea nitrogen appearance (UNA) is defined as the 
sum of urinary urea nitrogen plus the change in body urea nitrogen54 • It 
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represents net but not total urea production as some urea is recycled 
via the gut to ammonia which is then reabsorbed and converted back 
to urea in the liver. 

UNA is calculated as follows: 

UNA (gN/day) = Urinary urea N (g/day) + [(Blood urea nitro
genf- Blood urea nitrogen j ) x 0.6 x Body weight j ] + [(Body 
weightf - Body weight j ) x Blood urea nitrogenf] 

where i and f represent initial and final values over the period of 
measurement, usually 1-3 days. Blood urea nitrogen is measured in 
g/litre, body weight in kilograms and 0.6 represents an estimate of the 
total body water content of body weight. The latter will require 
correction in subjects who are oedematous, obese, wasted or very 
young. Changes in body weight are assumed to be due to alterations 
in body water. Table 1.4 provides appropriate conversions of urea 
concentrations obtained as millimole/litre. For outpatients the 24-hour 
urinary urea excretion alone is a close approximation to UNA unless 
the blood urea and/or body weight has changed markedly. UNA 
underestimates true nitrogen intake when the patient is in nitrogen 
balance since a proportion is excreted as non-urea nitrogen in the 
urine and faeces. Recently it has been shown that non-urea nitrogen 
is related to weight and does not vary with different protein intakes55 . 

Thus a true assessment of nitrogen excretion requires a correction 

TABLE 1.4 Urea Nitrogen appearance. Conversion of SI units to grams 

1 gram molecular weight of urea = 60 grams= 1 mole 
Nitrogen content of 1 mol of urea = 28 grams 

To convert urea as mmolll to urea N as gil: 
Multiply by 28 and divide by 1000 

Thus urinary urea N g/day= 

Urinary urea mmolll x 24 hour urine vol (I) x 28 

1000 

Blood urea nitrogen gil = Blood urea mmolll x 28 

1000 
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factor as follows: 

Total nitrogen excretion g/day = UNA + 31 mg kg- 1 day- 1. 

This estimate correlates well with values obtained by direct measure
ment in a metabolic ward, although there is a possible error of up to 
2 g of nitrogen per day for a large individual (> 80 kg) with the use of 
this correction factor. Despite this, corrected UNA provides a valuable 
estimate of dietary compliance of patients in approximately neutral 
nitrogen balance. If a dietary history is taken at the same time, nitrogen 
balance can be estimated. 

Urea kinetics 

The previous technique requires adjustment before it can be used for 
patients receiving haemodialysis. The modified method calculates net 
urea generation and is commonly called urea kinetics56 • The necessary 
information required is as follows: 

Residual renal urea clearance 
Dialyser urea clearance at patient's blood flow 
Length of time of dialysis 
Pre- and post-dialysis blood urea concentrations 
Patient's weight 

Usually pre- and post-urea concentrations are obtained for two 
consecutive dialyses together with a pre-value before the third. The 
equations used in the calculations estimate the total urea removed 
during this period and also urea generation. The volume of distribution 
of urea (total body water) is usually derived by an iterative technique. 
From the urea generation the protein catabolic rate can be calculated 
and this should equal protein intake if the patient is in neutral balance. 
Discrepancies can be checked with the dietary history as before and 
thus increased catabolism or indiscretion detected. The equations used 
in this method of assessment are complex and require a programmable 
calculator or microcomputer to solve. However nomograms have been 
published to assist clinicians in the use of urea kinetics57• 

If the protein catabolic rate is known this technique can also be 
used to assess the dialysis requirements of an individual patient. 
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Peritoneal dialysis 

Since peritoneal dialysis inevitably means losses of protein as well as 
urea and other nitrogenous metabolites, there is no simple way of 
assessing nitrogen balance and thus dietary compliance. Direct 
measurement of all nitrogen losses in the dialysate would be necessary 
for any degree of accuracy. However, if the patient's serum albumin 
is normal it can be assumed the patient is consuming sufficient protein. 
In the presence of hypoalbuminaemia a dietary history together with 
a search for excessive losses and/or increased catabolism will be 
required to determine the cause of the problem. 

Calorie intake 

Methods of assessing dietary compliance using urea are valuable for 
determining protein intake. Unfortunately, apart from dietary history, 
there is no independent method for checking calorie consumption. In 
the long term, changes in skinfold thickness (body fat) will be of most 
value. 

FUTURE TRENDS 

If dietary change can alter the progression of chronic renal disease in 
man, then much greater attention will have to be directed to nutrition 
by nephrologists in the future. Among dietary possibilities of unproven 
value, the ingestion of fish oil is currently attracting most attention. 
Fish oil contains eicosapentaenoic acid (EPA) which acts as an ana
logue for arachidonic acid. As a consequence, different prostaglandins, 
thromboxanes and leukotrienes are produced by the cyclo-oxygenase 
and lipoxygenase pathways respectively. These alternative derivatives 
have somewhat different actions to those produced from arachidonic 
acid. Short-term studies in man using EPA as a dietary supplement 
have shown alterations in blood polymorph and monocyte function in 
normal subjects58 and improved plasma lipids together with decreased 
platelet aggregability in haemodialysis patients59 • The long-term safety 
of such a regime is unknown but fish oil might prove beneficial in 
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slowing the progression of renal failure as there is some evidence that 
the balance between prostaglandins and thromboxane may contribute 
to the loss of function in an experimental model. 
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2 
MANAGEMENT OF CHILDREN WITH 
CHRONIC RENAL FAILURE 

A. V. MURPHY 

INTRODUCTION 

In California in 1967 children were first accepted on to long-term 
haemodialysis paediatric programmes1,2. The experience from these 
centres led to other paediatric dialysis programmes being set up else
where in America, Canada and Europe. In 1972 facilities became 
available at the Royal Hospital for Sick Children, Glasgow. Since that 
time there have been radical changes in the management, from the 
conservative treatment of potentially fatal disease to the fairly aggress
ive therapy of even small infants with renal failure. 

In chronic renal failure of childhood, three main phases can be 
discerned; the length of time in each phase corresponds to the under
lying disease and varies from months to many years. In phase 1, more 
than 50% of normal renal function is preserved and the child is 
generally asymptomatic. He may present, however, with secondary 
enuresis from polyuria and a decrease in growth velocity may be 
noted3• It is important in this stage that any reversible factors should 
be looked for and treated. Hypertension diagnosed and managed 
effectively may lessen the rate of deterioration in renal function and 
treatment of anaemia and failure to thrive can improve the quality of 
life. 

In phase 2 renal function is less than 50% of normal. Bone pain 
from renal osteodystrophy may occur and systemic acidosis may 
contribute to a further reduction in growth as the renal function falls 
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to 10% of normal. Symptoms of itch, lethargy and anorexia become 
progressive. Dietary measures are important. A polydipsic phase of 
renal failure can be replaced quite suddenly by oliguria and the child 
may present as an emergency with acute pulmonary oedema. When 
renal function deteriorates to less than 10% of normal in phase 3, life 
is, in general, not supported without artificial means. 

COMPLICATIONS OF RENAL FAILURE 

Hypertension 

Children with chronic renal failure may have hypertension. This may 
be caused by the primary disease process itself or be secondary to the 
sodium and water overload associated with advanced renal failure. 
Early and effective control of hypertension is mandatory. Children 
tolerate relatively large doses of P-blocking drugs. Atenolol (1-
2 mg kg- I day-I) is the drug of first choice. The vasodilator hydrala
zine (1-8 mg kg- I day-I) can be added if required. The addition of 
prazosin (0.05-0.4 mg kg- I day- I) often controls a particularly resist
ant blood pressure. Side-effects on these three drugs are uncommon, 
although there may be complaints of headache with hydralazine. 
Children who have their hypertension managed early and effectively 
can show a progressive rise in the glomerular filtration rate which can 
remain static for many years thereafter. 

The child with chronic renal failure disease may present with acute 
hypertensive encephalopathy - drowsiness, convulsions and hal
lucinations. Intravenous antihypertensive therapy is usually necessary 
and the combined rx and P blocking drug, labetalol, infused at 1-
3 mg kg- I h -I i.v. can produce effective control. If not, then the vaso
dilator sodium nitroprusside 0.5-0.8 j1g kg- I min -I i.v. may be useful. 
When sodium and water overload is present the effect of treatment 
with intravenous diuretics in high dosage may be assessed, but fluid 
restriction and preparation for dialysis are generally indicated. 
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Obstructive uropathy 

Children with obstructive uropathy require detailed investigation of 
their renal tracts with regular combined supervision from the pae
diatric urologist and nephrologist. Obstructive lesions occur most 
commonly in children with neurogenic bladder or as a result of spina 
bifida or spinal deformities. If there is dysynergia of the detrusor 
sphincter with vesicoureteric reflux, loss offunctioning renal tissue can 
occur over a short time. Figures 2.1 and 2.2 show the micturating 
cysto-urethrogram and DMSA scan in a 2-year-old child with a 
severely dysplastic left kidney contributing only 8% of overall func
tion; 1 year previously renal ultrasound demonstrated a normal left 
kidney. 

FIGURE 2.1 Micturating cysto-urethrogram in a 2-year-old child with 
spina bifida. Clinical details are presented in the text 
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Posterior urethral valves in the neonate and young infant require 
early diagnosis and urgent treatment. 

Figure 2.3 shows an antegrade pyelogram study in a 12-year-old 
boy presenting with end-stage renal disease, dwarfism and a long 
history of recurrent urinary tract infections. Investigations in early 
childhood would presumably have revealed the reversible lesion of 
stenosis at the uretero-vesicaljunction. Unfortunately, he had a single 
kidney. 

Anaemia 

Children with renal failure show a normochromic normocytic anaemia 
similar to that observed in adults with chronic renal failure. There is 
a decrease in the rate of red cell production and the circulating red 
blood cells have a shortened life span4. Erythropoietin levels are low 
and inhibitors of erythropoietin may exists. Because of poor appetite, 
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FIGURE 2.3 Antegrade pyelogram in a 12-year-old boy presenting with 
end-stage renal disease secondary to an obstruction at the vesicoureteric 
junction 

intake of both iron and folic acid may be inadequate and supplements 
should be given. It is, however, important not to cause iron overload 
and the serum ferritin concentration should be measured before start
ing treatment. Our practice is to prescribe 1 Fefol spansule (150mg 
ferrous sulphate + 0.5 mg folic acid) daily. 
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Renal osteodystrophy 

With progressive reduction in the glomerular filtration rate, resistance 
to vitamin D occurs and leads to decreased absorption of calcium. 
Hyperphosphataemia results, causing a decrease in ionized calcium 
and a secondary increase in the serum parathyroid hormone con
centration. These factors eventually cause the bone changes of rickets 
and secondary hyperparathyroidism6. Early recognition of renal oste
odystrophy is important because deformity can occur over a short time 
during a period of rapid growth. It is recommended7 that alfacalcidol 
(0.05 flg kg-I day-I) [lct(OH)-DJl be prescribed when the glomerular 
filtration rate falls below 60 ml min-I 1.73 m - 2. In addition, it is 
important that oral calcium intake is adequate, and that phosphate 
intake is reduced if hyperphosphataemia is present. When nor
mophosphataemia cannot be achieved by dietary phosphate restriction 
alone, an oral phosphate binding agent may be necessary. Since the 
death of a child in 1980 with aluminium encephalopathy, calcium 
carbonate has been the phosphate binding agent of choice for the 
children on the Glasgow programme. The drug is given with feeds in 
the dosage necessary to reduce plasma phosphate concentration to as 
near the normal range as possible. Systemic acidosis must be corrected 
using either sodium bicarbonate capsules or Shohl's solution. The 
diagnosis of renal osteodystrophy is confirmed with the measurement 
of circulating immunoreactive parathormone (iPTH) concentrations 
and serial measurements are used as a guide to 1ct(OH)-DJ dosage. 
Radiological skeletal surveys provide only a rough guide to the diag
nosis and progress. We have recently presented our experience with 
lct(OH)-DJ in renal osteodystrophy8. The accompanying series of X
rays (Figure 2.4) shows the effect of this conservative therapy on one 
child over the period of 4 years. 

Nutritional disturbances 

The growth and nutritional state of children with chronic renal disease 
can be severely disturbed. This is especially so in children with hypo
plastic/dysplastic disease and with obstructive uropathy. It has been 
shown that better growth is achieved when children do have an 
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adequate calorie intake9 • This demands team work between the dieti
tian and nephrologist as well as close supervision. Our practice is to 
suggest that children receive the recommended dietary allowances with 
calorie intakes of up to 120 Cal kg- ' day-' in early infancy falling off 
to 40-50 Cal kg- ' day-' at adolescence. Protein intake varies from 0.5 
to 2.5 g kg- I day- I according to the GFR with calcium intakes of 
500 mg to 1.5 gjday according to blood calcium levels. Fluid intake 
depends upon urinary output and state of hydration and varies from 
200 to 2000ml per day. 

The child's nutritional status requires to be regularly assessed. 
Retrospective enquiry of the diet can give a rough indication of intake. 
Regular recordings of the height in older children and the recumbent 
length in younger children are advisable. Serial weights are necessary. 
It is important that the measurements are of good quality and taken 
by the same observer. The patient's height and weight are measured 
regularly on attendance at our clinic. We calculate the growth velocity 
index (GVI) as: 

Actual growth velocity of patient 
GVI=---------------------------------x100 

Normal growth velocity for chronological age 

A standard deviation score (SDS) is calculated as: 

Patient's height in cm - height at 50th centile for age in cm 
SDS=------------------~------------------

Standard deviation of height for age in cm 

Bone age measurements help not only in the serial assessment but 
in predicting the eventual height of the child. Skinfold thickness 
measurements are made at intervals of 3 months but they tend to vary 
according to the state of hydration of the child. Other units have 
found the plasma transferrin level as well as the total protein level 
useful indices of nutritional status lO• 

Infants and younger children present a special problem. In recent 
years we have resorted to early introduction of nasogastric feeding to 
ensure adequate calorie intake. The effect of nasogastric feeding on 
six small children wh(') had not been thriving is shown in Figure 2.5. 
In patients where the G FR is less than 15 ml min - I 1.73 m - 2 the blood 
urea may rise to levels producing symptoms of vomiting (usually 
above 30 mmol/l). Protein restriction of 1 gjkg is instituted. If the 
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FIGURE 2.5 Effect of nasogastric feeding on the weights of six children 
who were failing to thrive 

calorie intake can be maintained at between 120 and 150 cal/kg weight, 
growth can still be achieved. Relief of family tension because of 
'toddler striking' as well as the elimination of the problem of poor 
drug compliance are advantages of nasogastric feeding. Children, 
however, in time become dependent on their nasogastric feed and may 
have to relearn their eating habits. 

Correction of any systemic acidosis and normophosphataemia are 
important aims. By eliminating dairy products from the diet, effective 
phosphat~ reduction is usually possible; for infants, baby milks with 
a low phosphate content are available and reduce the need for large 
doses of phosphate binding agents. In general, children's diets are 
deficient in vitamins and it is usual practice to provide supplements. 
Ketovite liquid and ketovite tablets are given to all children with renal 
failure in our clinic. 

Different units have different policies with regard to the conservative 
management of the young child with chronic renal failure. Some units 
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would prefer a more active policy of early transplantation, aiming 
at better growth than is possible when the child is maintained on 
conservative treatment. 

RENAL REPLACEMENT THERAPY 

European experience 

At least five new patients per million of the child population per 
year are accepted on to paediatric dialysis programmes in Europe". 
Children most frequently present for their first treatment between 10 
and 14 years of age. 

The European Dialysis and Transplantation Association (EDTA) 
have defined the basic requirements for childrens' dialysis centres as 
a paediatric nephrologist, nurses experienced in the dialysis of children, 
a dietitian, a hospital school and a social worker. Paediatric surgery 
and urology are also required. There is also a need for psychiatric 
services and the support of a general paediatric unit. It has been shown 
that patient survival on dialysis, graft survival and patient survival 
after transplantation are better when children are treated in specialized 
units. Moreover, when transplantation is performed in a specialized 
paediatric centre the paediatrician is much more involved in the care 
of the patient". 

During the last few years, the European data show that an increasing 
number of children, including pre-school children are being accepted 
for dialysis each year". In general, better integration of the different 
types of treatment available is being achieved and this integration has 
contributed to better survival. A significant increase in patient survival 
for all treatments has been shown between 1978 and 1982. The con
tribution of transplantation to treatment programmes is increasing in 
many countries. Growth in pre-pubertal children is significantly better 
in transplanted than in dialysed children, especially if the serum cre
atinine concentration is less than 120,umol/l; and growth after a failed 
transplant is better in children who were less than 6 years at the time 
of transplant than in older children. 

In 1972 facilities first became available at the Royal Hospital for 
Sick Children (RHSC) Glasgow for the treatment of end-stage renal 
disease; 70 patients have been accepted on to the programme. Their 
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FIGU RE 2.6 Age at presentation: Regular Dialysis Programme, RHSC, 
Glasgow 

ages range from 2 months to 16 years (Figure 2.6). The underlying 
diseases responsible for the renal failure in these children are shown 
in Table 2.1. Malformations of the kidney and urinary tract, including 
reflux nephropathy and congenital hypoplastic/dysplastic disease, 
accounted for most. Of the glomerular diseases, Henoch-Schonlein 
nephritis predominated. Nephronopthisis was the commonest of the 
genetically transmitted diseases and other vascular diseases were 
uncommon. 

Indications for dialysis 

The indications for starting dialysis treatment vary. Some children 
require urgent and regular therapy because of hyperkalaemia which 
is uncontrolled either by dietary restriction or ion exchange resin. 
Others present with acute pulmonary oedema and need fluid removal. 
A child who has stable renal insufficiency may develop acute or chronic 
renal failure following an infective illness. In general, the history is of 
progressive tiredness, listlessness, itch and loss of appetite and there is 
time available to consider the possible different options. When the 
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TABLE 2.1 Causes of primary renal disease leading to end-stage renal 
failure, Royal Hospital for Sick Children, Glasgow, 1972-1987 (70 
patients) 

% of 
No. total 

Malformations of the kidney and urinary tract 35 50 
Reflux nephropathy/pyelonephritis 12 17.16 
Malformative uropathies 10 14.3 
Hypoplasia, dysplasia 13 18.59 

Glomerular diseases 20 28.6 
Henoch-Schonlein 8 11.44 
Focal, segmental glomerulosclerosis 5 7.15 
Membranoprol iferative 2 2.86 
Others, unclassified 5 7.15 

Genetically transmitted disease 11 15.73 
Nephronopthisis 6 8.58 
Cystinosis 4 5.72 
Oxalosis 1 1.43 

Vascular diseases 2 2.86 
Haemolytic uraemic syndrome 1 1.43 
Cortical necrosis 1 1.43 

Miscellaneous 2 2.86 
Bilateral tumour 1 1.43 
I nterstitial nephritis 1 1.43 

child is about to start a dialysis programme, attendance at a special 
clinic enables the patient and family to hear the experience of other 
patients on the different types of treatment available. Often the child 
or adolescent has no difficulty in choosing either regular haemodialysis 
therapy (RDT) or continuous ambulatory peritoneal dialysis (CAPD) 
and unless there are contra-indications, the form of treatment selected 
by the child and his family is accepted by the unit. The staff of the 
unit then partner the patient in his management. Because the waiting 
time for renal transplantation is prolonged (30 months on average), 
haemodialysis is the preferred treatment in RHSC, Glasgow. If 
arrangements are in hand for a live donor transplant then CAPD is 
preferable since it is a satisfactory treatment in the short term. Our 
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experience would correspond to that of the European data II con
firming that CAPD has many limitations as a long-term therapy. 

Vascular access 

The Cimino Brescia radio cephalic fistula remains the best method of 
vascular access. It is achievable, however, only in children over 15 kg 
even when the expertise of a paediatric vascular surgeon is available. 
In children under this weight, a brachial cephalic anastomosis can be 
created in the cubital fossa for long-term use. We have also used 
arteriovenous groin loops successfully; the femoral artery is linked to 
the femoral vein with the synthetic material, polytetrafluoroethylene 
(PTFE). Often the paediatric vascular surgeon has to be creative and 
devise different methods of vascular access in the compromised child. 

Arteriovenous fistulas require time to mature before they are suit
able for haemodialysis needles and a child may need temporary vas
cular access. The introduction of subclavian vein cannulation has 
been a significant development in recent yearsl2. Using the Seldinger 
technique, a polyurethane catheter is introduced percutaneously into 
the superior vena cava via the subclavicular approach to the subclavian 
vein. Haemodialysis can be instituted within 1-2 h following pres
entation to the hospital. For more permanent vascular access the 
catheter can be buried subcutaneously (Figure 2.7). The common 
complication is infection, localized at the exit site and sometimes 
accompanied by bacteraemia or septicaemia. As traumatic pneu
mothorax is possible, a chest X-ray should be performed after inser
tion. Subclavian catheters produce acceptable blood flow for dialysis. 
Although flow may alter with position, the technique does offer a 
relatively safe and efficient method of obtaining either temporary or 
sustained haemodialysis in children. 

Regular haemodialysis therapy 

The basic principles and procedures of haemodialysis in children are 
the same as for adults. Life for the child on RDT is complex (Table 
2.2) and it is important that their treatment requirements should be 
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FIGURE 2.7 Double lumen subclavian cannula 

modified to meet their individual requirements. 
Paediatric dialysers with priming volumes varying from 20 to 150 ml 

and membrane surface areas from 0.23 to 1 m2 are available. Special 
paediatric lines have volumes varying between 35 and 75 m!. The 
dialyser, the lines and the blood flow rate require to be individually 
prescribed for each patient. The volume of the extracorporeal blood 
circuit should be less than 10% of the patient's blood volume (blood 
volume = 80 ml/kg body weight). In patients weighing less than 10 kg 
a blood flow rate of less than 75 ml/min is advisable; from 10 to 20 kg 
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TABLE 2.2 Life for a child on RDT 

(1) Diet 
(2) Fluid restriction 
(3) Fistula cannulation 
(4) Three times weekly dialysis 
(5) Adjustment to low Hb level 
(6) Growth failure 
(7) Delayed puberty 
(8) Patient/family stress 

less than 150 ml/min; in those over 20 kg up to 250 ml/min. The ratio 
of the dialyser surface area to patient surface area should be around 
0.75 and this provides a useful guide to the size of the dialyser which 
should be used. Heparin must be given during haemodialysis to 
prevent the blood clotting in the dialyser and extracorporeal cir
culation (Table 2.3). 

Regional heparinization is indicated after surgery, if coagulation is 
abnormal, and when there is thrombocytopenia or bleeding within 
the previous 48 h. If the patient is being dialysed pre-operatively, 
regional heparinization is also advisable. The smaller the child on 
dialysis, the greater are the chances of dialysis disequilibrium or 

TABLE 2.3 Heparinization schedule 

Svstemic 
(a) Initial heparin dosage 

Weight 
5-15 kg 

15-25 kg 
25-35 kg 
35-55 kg 

(b) Maintenance dose 

Dose 
50-250 units 

250-500 units 
500-750 units 
750-1000 units 

100 units/kg for 5 h haemodialysis. 60% of total dose given 
by infusion over the first 2.5 h. 

Regional 
800-1000 units heparin/hour+ 8-1 0 mg protamine/h 
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hypovolaemia. The symptoms are nausea, vomiting, headache and 
dizziness; convulsions may sometimes occur during or after dialysis. 
To reduce the risks of these unwanted complications, salt and water 
should be removed by ultrafiltration gradually and evenly during the 
course of dialysis. Ultrafiltration modules are, therefore, a develop
ment of significant benefit to the paediatrician. In addition, the intro
duction of bicarbonate dialysis has, in our experience, significantly 
reduced symptoms during dialysis. Most children receive between 12 
and 15 h dialysis per week, but the range varies from 6 to 20 h. 

Infants and smaller children on haemodialysis present a special 
problem. Adequate sedation is indicated and arm restrainers are 
required in infants. Frequent recordings of vital signs are necessary. 
Straight connection on to dialysis lines without depleting the child's 
intravascular volume prevents initial hypotension. Changes in flow 
rate and ultrafiltration rate are made with caution and the use of an 
ultrafiltration module with continuous read-out of fluid removal is 
indicated. Once the difficulties of the technical procedure are overcome 
even very young infants under 6 months old remain well and happy 
on RDT. 

Home haemodialysis 

Before the introduction of CAPD as a home-based treatment for the 
child with chronic renal failure, home haemodialysis was considered 
the optimum therapy when the waiting time for renal transplant was 
prolonged. Even at present, it offers the best chance of rehabilitation 
for the child facing haemodialysis in the long term, e.g. failed trans
plant with high level of cytotoxic antibodies. School attendance, family 
life, social interaction are all improved on home haemodialysis com
pared to a hospital-based programme. In addition, it remains the 
treatment of choice for families living in outlying areas where CAPD 
is not possible. Usually training of the child and one parent is under
taken. Experience of setting up and dismantling the machine gives the 
confidence to proceed to managing the dialysis treatment itself. The 
difficult step is that of fistula cannulation: usually the child opts to 
self-cannulate but often the parent takes on that responsibility. We 
have been surprised to find success in unlikely family situations, e.g. 

50 



MANAGEMENT OF CHILDREN 

single parent, socially deprived, two siblings affected, etc. Once trained, 
the patient opts to continue dialysis in the home whenever necessary, 
e.g. after a failed transplant. Home haemodialysis may involve the 
family in a change of home, upset to other siblings and heavy financial 
implications. An important pre-requisite for a home dialysis pro
gramme is the support - nursing, technical and practical - from the 
dialysis unit. 

Continuous ambulatory peritoneal dialysis 

Since the description of the method by Popovich et al. in 197613 , 

CAPD has been an increasingly popular method of routine dialysis for 
children with end-stage renal disease. It is a home-based, pain-free, 
ambulant treatment and offers improved quality of life for the patient 
and the family. There is effective control of the biochemical abnor
malities associated with uraemia and some improvement in anaemia, 
but the life style for the child remains complex (Table 2.4). Between 

TABLE 2.4 Life for a child on CAPO 

(1) Diet 
(2) Permanent abdominal cannula 
(3) Cycle changes, 6 hourly, 7 days 
(4) Complications: peritonitis, cannula 
(5) Dwarfism, delayed puberty 
(6) Adjustment to low Hb level 
(7) Patient/family strain 

1979 and 1985, 26 children were commenced on CAPD in RHSC, 
Glasgow. There were 13 males and 13 females with an age range of 
0.25 to 16.7 years. The mean age at initiation ofCAPD was 9.8 years. 
The length of time on CAPD was between 1 and 40 months, with a 
mean time of 12.9 months per patient. The mean body weight at 
initiation of CAPD was 22.8 kg with a range of 5.1-44 kg. The reasons 
for commencing CAPD are shown in Table 2.5. 
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TABLE 2.5 CAPD 

Reason for CAPO 

Patient size 
Patient and family preference 
Vascular access difficulties 
Non-compliance on haemodialysis 
Distance from hospital 
Idiopathic ascites 
Intellectual retardation 

Technique 

Number of patients 

13 
9 
6 
3 
1 
1 
1 

All patients were dialysed through a permanent indwelling catheter, 
which was tailored to the size of the child and inserted surgically 
through a small laparotomy. Initially double cuff Tenckhoff catheters 
were used but because of infections in the catheter tunnel one cuff 
paediatric Tenckhoff catheters were selected. Since 1984 Goretex can
nulas have replaced the Tenckhoff catheter for routine use (Figure 
2.8). Since that time our postoperative procedure has been to flush the 
cannula on return from theatre until the effluent is free of blood and 
then flush with small volumes of dialysate daily for the next 2 weeks. 
This practice has reduced the incidence of leakage around the catheter 
insertion site and tunnel infections. Patients with symptoms of uraemia 
require haemodialysis to tide them over this period. Training can 
commence, however, and both the parent and child are instructed in 
the technique. The child's home can be assessed and alterations carried 
out in preparation for his discharge from hospital. CAPD is performed 
using 0.5, 0.75 or 1 litre bags of commercially available dialysate 
(Travenol). All patients have four or five exchange cycles daily using 
dialysate containing either 13.6 g glucose/I, 22.7 gil or 38.6 gil dialysate 
fluid. In 14 children the exchanges are performed by the parents and 
in 10 patients aged over 12 years exchanges are undertaken by the 
patients themselves. There are no dietary or fluid restrictions but a 
high protein intake is encouraged. 
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FIGURE 2.8 Single cuff Tenckhoff, double cuff Tenckhoff and Goretex 
PD cannulas 

Biochemistry 

The accompanying graphs (Figure 2.9) illustrate the biochemical fea
tures of the children on CAPD and indicate the time required for this 
treatment to become effective. Plasma urea was controlled between 20 
and 25 mmol/l and creatinine between 600 and 700,umol/l. The mean 
total protein concentrations were within normal limits. The mean 
albumin concentrations were below the normal range but tended to 
rise during time on CAPD. Plasma calcium concentrations were low 
at the start of treatment but rose to within the normal range although 
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phosphate levels remained persistently high. Plasma potassium con
centrations fell gradually over 2 years to within the normal range. 

Haemat%gy 

Haemoglobin levels showed an increase in all patients with a mean of 
6.29 g/dl at the start and 8.43 g/dl at the end of treatment (Figure 
2.10). The mean blood transfusion requirement was 0.3 units per 
patient month. 

Growth and nutrition 

The patients were classified into three groups according to their growth 
velocity index (GVI). The GVI was defined as 'normal' when it was 
80%, 'fair' between 50 and 80% and 'poor' at 50% of normal. Eleven 

g/dl 

10 

8 

6 

4 

i 

o 

HAEMOGLOBIN LEVELS DURING CAPO 

2 

i i iii 

3 6 9 12 15 18 21 24 
months 

FIGURE 2.10 Serial haemoglobin concentrations in 26 CAPD patients. 
The numbers at each line point refer to the number of patients available 
for study 
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out of 24 patients with serial measurements available had normal 
growth (45%), eight had poor growth (35%) and five had fair growth 
(21 %) as determined by their GVI. Plasma urea, creatinine, bicar
bonate and haemoglobin values did not differ significantly between 
the patients who had normal growth and those with impaired growth. 

Education 

Seventeen of the 26 patients were able to return to their normal schools 
and they seemed to cope well. Two mentally handicapped children 
went to special schools and a further four patients attended special 
school due to physical handicap. Three patients were under school 
age. 

Complications 

The complications are shown in Table 2.6. Peritonitis was the main 
problem (Figure 2.11). Our criteria for the diagnosis of peritonitis 

TABLE 2.6 Complications of CAPO 

Infection 
Recurrent/persistent peritonitis 
Abscess formation 
Recurrent exit site infection 

Technical 
Leakage 
Blockage 
Mobility or disconnection 

Others 
Poor control of hypertension 
Hypotension 
Fluid overload 
Convulsions 
Abdominal hernia 
Psychological problems 
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were cloudy peritoneal fluid with abdominal pain and positive cytur 
test. There was an incidence of one episode of peritonitis every 3.5 
patient months. Coagulase negative staphylococci, and Staphy
lococcus aureus were the most common isolates, together accounting 
for 46.4% of all episodes (Table 2.7). Culture negative peritonitis was 
relatively frequent accounting for 27.8% of the episodes. Fungal 
peritonitis occurred on six occasions and candida species was respon
sible for the infection in four cases. One patient died during CAPD 
from S. aureus peritonitis and septicaemia. Postmortem examination 

TABLE 2.7 Culture results from 97 episodes of peritonitis 
in 26 patients on CAPD 

Micro-organisms 

Gram +ve 
Coagulase-neg. staph. 
Staph. aureus 
Strep. viridans 
Gp. A. strep. 

Gram -ve 
Ps. aeruginosa 
Pr. mirabilis 
Ent. cloacae 
Citro. freundii 
H. influenzae 

Mixed 
2Gram-ve 
2 Gram +ve 
1 Gram + ve and 1 Gram - ve 

Fungi 
Candida albicans 
Candida glabrata 
Cryptococcus laurentii 
Saccharomyces cerevisiae 

Nil 
No growth 

Total 
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No. of episodes % 

25 25.8 
20 20.6 

3 3.1 
1 1.0 

4 
4 
2 

3 
1 
1 
1 

27 

97 

1.0 
1.0 
1.0 
1.0 
1.0 

4.1 
4.1 
2.1 

3.1 
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revealed an encapsulated staphylococcal muscle abscess in addition 
to peritonitis. 

Our initial choice of best guess therapy early in the series was 
cephamandol with the addition of gentamicin or tobramicin for Gram 
negative organisms. In the light of experience with poor clinical 
results and increased resistance to cephamandol, vancomicin is now 
the first choice antibiotic with netilmicin being added to cover the 
Gram negative bacteria. Therapy is given as follows: 

Netilmicin 2.5 mg/kg loading dose intramuscularly, then netilmicin 
5 mg/l dialysate fluid. Vancomicin 250 mg/l for the first exchange, 
then 25 mg/l dialysate fluid. Both drugs are given for 7-10 days. 

In fungal peritonitis the most important factor in treatment was 
early catheter removal, after a short primary course of intraperitoneal 
antifungal drugs. 

In addition to peritonitis, technical problems relating to the cannula 
were observed. Figure 2.12 shows a micturating cystogram in a child 
on CAPD complaining of suprapubic discomfort. The contrast is 
present in the peritoneal catheter which has entered the bladder fol
lowing pressure necrosis. 

Fourteen patients required antihypertensive therapy. Convulsions 
occurred in ten patients and six of these had a previous history of 
convulsions. Two out of the ten were hypertensive prior to the fit. 
Convulsions in the others were probably due to the disequilibrium 
syndrome. Figure 2.13 shows the progress and outcome of the 26 
CAPD patients. Eight received cadaveric transplants 3-40 months 
after starting treatment and two received live donor transplants. Ten 
patients were transferred to haemodialysis, four died and five remained 
on CAPD. The study demonstrates that there was a significant mor
tality in this group of patients, that CAPD does have limitations as a 
therapy for long-term use, and that alternative therapies are required. 

RENAL TRANSPLANTATION 

It is now clear that renal transplantation offers the best chance of 
rehabilitation for the child with end-stage renal disease. If the graft 
functions well, growth, puberty, general well-being and freedom from 
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FIGURE 2.12 Micturating cystogram in a 5-year-old child on CAPO: 
see text for details 

intensive hospital supervision all follow. Improvement in graft survival 
during the last 5 years has been well demonstrated from data available 
to the EDT All (Table 2.8). When the child starts regular dialysis 
therapy, preparations begin for his inclusion in the pool of patients 
awaiting a cadaveric graft. 

Immunology 

If the offer of a live donor transplant is available, arrangements are 
made for the assessment of the donor in the adult transplant unit. The 
value of HLA-A and -B matching in live donor transplantation is 
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PROGRESS 

19 patients 

CAPD 

26 patients 

FIGURE 2.13 Origin and progress of 26 patients on CAPO 

clear. In cadaver renal transplantation there are reports demonstrating 
a correlation between HLA-A and -B matching and improved cadaver 
renal allograft outcome 14 but many large studies have failed to confirm 
this association. Matching for HLA-DR antigen in cadaver renal 
transplantation does, however, appear to correlate well with allograft 
outcome l5 • ABO and Rh blood groups and HLA-A, -B and -DR 
antigens are known in all potential transplant recipients. Their sera 
is checked regularly for lymphocytotoxic antibodies. Pretransplant 
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TABLE 2.8 Improvement in graft survival during the last 5 years (EDTA 
data) 

Sample size % graft survival 

6 month 7 year 5 years 

Before 1.1.78 
CT 430 67 61 45 
LRT 188 81 79 (55) 

After 1.1.78 
CT 586 75 69 50 
LRT 210 89 85 (67) 

CT = cadaver transplant; LRT = live related transplant 

blood transfusion has been shown to improve graft survivaP6 and it 
is our practice to give 3 aliquots of blood to each potential recipient. 

Immunosuppressive therapy 

Since 1983, cyclosporin has replaced azathioprine as the immu
nosuppressive agent of choice in renal transplantation. As in Europe!!, 
our experience suggests that fewer rejection episodes occur when 
cyclosporin is given. The rejection episodes, however, are more difficult 
to detect clinically; frequently the only sign is a rise in serum creatinine. 
The optimal dose of the drug is still not clear. Smaller children require 
a relatively higher dosage to maintain therapeutic levels than older 
children. We continue to prescribe steroid along with cyclosporin. 
Nephrotoxicity has been common in our experience and it is important 
to have access to frequent cyclosporin assays. With reduction in dose, 
the nephrotoxicity is usually reversible. Side-effects experienced by the 
children, tremor, hirsutism and gum hypertrophy, can persist after the 
drug is withdrawn. Our immunosuppressive regime is shown in Table 
2.9. 
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TABLE 2.9 Transplant immunosuppression 

Cyc/osporin 
Pre-operatively: 15 mg/kg 
Day 1 to day 7: 15 mg kg- 1 day-1 
DayStoday21: 10mgkg-1day-1 
Reduction after this stage, dependent on graft function and blood levels. 
Therapeutic range 150-400,ug/ml (radioimmunoassay) 

Prednisolone 

(a) Cadaver 
1 week 3 weeks 6 weeks 9 weeks post-transplant 

3 0.5 0.25 mg kg- 1 day-1 

(b) Living related 
3 days pretransplant: 3 mg kg -1 day-1 

1 week 3 weeks 6 weeks 9 weeks post-transplant 

1/2 H LA 3 
H LA identical 3 

1 
0.5 

Acute rejection episodes 
Occurring within the first month: 

0.5 
0.25 

0.25 mg kg- 1 day-1 
0.1S-0.25 

Methyl prednisolone 600 mg m- 2 day-1 is infused intravenously for 3 
consecutive days, followed by a further three doses on alternate days 
should this be required. If the rejection episode occurs after the first 
month after transplant. oral anti-rejection therapy is given as 3 mg/kg 
prednisolone per day until the rejection episode is controlled. 

Peri operative management 

Ideally the transplant surgeon, paediatric nephrologist and anaes
thetist work together. It is important to document the patient's weight 
and pretransplant urine volume, If he has been treated on CAPD the 
latest peritoneal culture report should be available. If haemodialysis 
is required, biochemical correction should be aimed at without any 
significant weight loss in order to prevent volume depletion and poor 
graft perfusion. Blood is made available and the patient receives his 
pre-operative dose of cyclosporin, 

During surgery, on intermittent positive pressure ventilation 
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(IPPV), the intravascular volume is maintained steady with a central 
venous pressure (CVP) between 10 and 15 cm of water. Intraoperative 
volume losses are replaced with a combination of packed cells and 
plasma, maintaining adequate blood pressure. 15 min prior to the 
vascular anastomosis, methyl prednisolone 600 mg/m2 is given intra
venously and an intravenous dopamine infusion (5,ug kg-I min -I) 
started. If there is no diuresis within 30-60 min, intravenous frusemide 
is given over 10-15 min in the dose of 2-5 mg/kg. With the child off 
IPPV, CVP should be maintained between 5 and 10cm of water. 

Postoperatively, hourly urine volumes are replaced as 0.45% sodium 
chloride. Electrolyte measurements are carried out 4-hourly. Insen
sible loss is replaced as 0.225% saline and 5% dextrose and abnormal 
fluid losses by 0.9% sodium chloride. Fluid balance is calculated on 
a 12-hour basis and the patient is weighed daily. Cyc1osporin and 
prednisolone are prescribed daily according to the regime shown 
(Table 2.5). Technetium DTPA perfusion scan is carried out 24-48 h 
after transplantation. 

Assessment of progress 

Progress is assessed by means of accurate urine volume recordings, 8-
12 hourly biochemical checks, and DTPA technetium 99m perfusion 
scan every 2-3 days. It is our practice to work out the perfusion index4 

as it is helpful to have serial perfusion index readings available to 
diagnose rejection as early as possible. Ultrasound examination as a 
base line is a routine within the first few days after operation. 

Complications 

Acute tubular necrosis 

When the patient is an uric and the initial perfusion study demonstrates 
blood flow to the kidney, acute tubular necrosis (A TN) is a possible 
diagnosis. It is particularly likely in allografts with a prolonged period 
of warm ischaemia. Anuria may be present from the time of surgery 
or urinary output may decrease gradually during the subsequent 24 h. 
It is important to be aware of this 'honeymoon diuresis' situation, 
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because of the need for caution in administering fluids and the possi
bility of sudden acute pulmonary oedema. In acute tubular necrosis, 
an isotope perfusion scan will generally show adequate perfusion but 
little or no excretion of isotope. 

Rejection 

The most common complication of renal transplantation is graft 
rejection. In hyperacute rejection the clinical signs are clear. There is 
sudden onset of fever, graft pain, malaise, hypertension and anuria. 
When rejection is less acute the clinical signs may be of listlessness, 
irritability and graft tenderness, the signs being associated with a rise 
in serum creatinine with or without increased protein excretion in the 
urine. Rejection often occurs at a time when the child has infection in 
the urinary tract or elsewhere. The diagnosis can be difficult and may 
only be made following the response of the patient to antirejection 
therapy. Serial isotope reno grams may be helpful. During rejection 
(or cyclosporin toxicity) isotope excretion decreases and the perfusion 
index l ? deteriorates. The rise in the perfusion index corresponds to the 
fall in renal blood flow which occurs during rejection. Graft biopsy is 
indicated in some situations, to distinguish between ATN, rejection 
and cyclosporin nephrotoxicity. 

Urological complications 

Surgical problems after transplantation are more common in children 
than in adults because of their small size or because of the small 
size of the donor kidney. Urinary leaks can occur following surgical 
reconstruction of the urinary system. Clinically the child presents with 
abdominal distension and oliguria while the isotope scan may show 
leakage of isotope into the abdominal cavity. Stenosis at the uret
erovesicaljunction can also occur in a child who may show an elevation 
in serum creatinine concentration and some decrease in urinary output 
but no other signs of clinical rejection. Ultrasound examination gen
erally confirms the diagnosis. Surgical correction is required. 
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Renal artery stenosis 

In recent years more donor kidneys have been available from the 
preschool age group and a significant incidence of renal artery stenosis 
has been reported in recipients when donors were less than 2 years of 
age18 . In any child with sudden onset of hypertension or hypertensive 
encephalopathy, post-transplant arteriography is indicated to confirm 
or exclude a diagnosis of renal artery stenosis. 

Recurrence of primary disease 

The presence of proteinuria occurring in transplanted patients whose 
primary disease was focal segmental glomerulosclerosis raises the 
possibility of recurrence of their primary disease. Reports19 suggest 
that the shorter the duration of the original disease, the higher the 
risk of developing recurrence. Older children are more at risk of 
recurrence than younger. 

Psychosocial factors 

General 

The task of the renal unit team is to ensure not only satisfactory 
physical growth from infancy to adult life for the patient but also to 
ensure normal psychological maturity (Figure 2.14). The child is part 
of a family unit in which relationships will be influenced by the 
patient's illness. If the family can be supported through the various 
stages of acceptance of the implications of the illness there will be 
normal psychosocial development. 

When the child and family first hear the news of a serious illness 
their reaction is as with any other stressful event. There may be signs 
of denial. The tendency is to blame themselves or others for the child's 
illness. They may collude with the non-compliance of their child to 
therapy or to diet and ignore advice given. They may seek support 
from different members of staff, causing confusion and difficulties in 
communication among the staff. Many parents remain in this stage 
for some years. They can become knowledgeable and acquainted with 

67 



CHRONIC RENAL FAILURE 

nurse 

doctor 

playleader ~ 

psychologist'./ ,~ 
psychiatrist ~\:.' .. \ 
social worker " 

FAMILY 

dietitian 

ADOLESCENT 

FIGURE 2.14 Managing the child with chronic illness 

the illness and the different techniques available and can set themselves 
up as experts, offering information and guidance to new parents. Often 
the phase of denial gives way to reactions of anger as parents realize 
the seriousness of their child's illness. They may then find difficulty in 
trusting staff, become possessive of their child and actively interfere 
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with the child's treatment. Firm clear guidelines to staff, parents and 
child are required. Parents may continue to overprotect their child in 
this way even through adolescence, preventing the normal inde
pendence which develops at this time of life. 

In general, however, with adequate information, support and 
opportunity to exchange experiences with other parents, families do 
move to a stage of accepting the seriousness of the child's illness. Often 
parents who have initially offered themselves as possible transplant 
donors withdraw their offer but become more trusting and co-operate 
with the child's treatment programme. At this stage important 
decisions regarding type of therapy, timing of transplant, etc. can be 
made by the parents in conjunction with the paediatric staff. 

Attitudes to illness 

In order to understand more fully the needs of patients and families, 
we have carried out two studies20,21 on the attitudes of staff, parents 
and patients to illness. We have also used the data we obtained to 
review our treatment policies. In the first study 13 staff members made 
up of different disciplines, 13 mothers and 13 children were asked to 
rate their feelings with regard to the illness of the children. Ten scales 
were provided as shown (Table 2.10) and their opinions were recorded 
by marking a X on a line drawn between two opposing attitudes. The 
results of the study allowed us to assess the coping ability of the 
different groups. When we looked at how staff members, mothers and 

TABLE 2.10 Questionnaire: Attitudes to childhood renal failure 

Negative attitude 

Sick 
Sad 
Not going 
Few pals 
Tired 
Look sick 
Not normal 

10 9 8 7 6 5 4 3 2 1 0 
I I I I I I I I I I I Positive attitude 
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Happy 
Going to school 
Many pals 
Full of energy 
Look well 
Lead normal life 
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patients were coping with illness, we found that children and staff 
coped well but mothers less well. We saw the need to offer more 
support to mothers as part of our treatment programme. When the 
future was considered, however, mothers and children were more 
optimistic than staff. Staff were in general less hopeful because of their 
experience of morbidity and mortality. This result demonstrated the 
staff's need for continual encouragement. 

Turning to the different treatment options available, all groups, i.e. 
staff, mothers and patients, chose transplantation as the preferable 
mode of treatment when present and future well-being was considered. 
A home-based treatment programme, e.g. home haemodialysis or 
CAPD, was judged better than a hospital-based treatment pro
gramme. 

In the second study, an attempt was again made to assess attitudes
but particularly denial as a defence mechanism in patients and their 
parents. In addition assessments of parental depression and the effect 
this might have on the child's treatment were made. Our results 
confirmed that in the children and also in some of the parents denial 
was being used as a defence mechanism. It was considered, however, 
that the effect was not detrimental but supportive, helping the parents 
and patients to cope. Depression was noted, but did not seem to have 
any significant effect on the child's illness. 

Adolescence 

The adolescent with chronic renal failure presents a special problem 
in management. In this age group the individual often does not want 
to be dependent and yet shies away from isolation. Physical changes 
in the body can be a problem but the delayed growth and lack of 
puberty experienced by patients makes them feel different from their 
peers. The staff are important to teenagers, helping them with the 
transition. It is a challenge to staff to change from their more usual 
parent/child approach to managing the adolescent. It is important 
that they are firm and absorb the tensions without feeling hurt. Many 
of our patients in the past have found the transition from the paediatric 
dialysis programme to an adult dialysis programme difficult. We, 
therefore, create a programme of transfer for each patient, between 
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the ages of 13 and 16 years. The patient has an initial visit to the 
adult nephrology unit with a view to meeting the staff and making 
relationships with adult patients. The patient then, after a variable 
length of time, chooses to change his place of therapy. Ideally this 
takes place at a time when his physical condition is stable. Patients 
who experience renal failure for the first time during adolescence have 
a more difficult time than others. The most helpful approach is to 
involve the adolescent and his family as fully as possible in his treat
ment programme. 

Renal Unit team 

The child with chronic renal disease requires help to continue devel
oping life apart from his treatment and his time in hospital. School is 
especially important, as well as the broader aspects of education, 
e.g. physical exercise, social life, developing of talents, attention to 
holidays, interaction with peers. An active programme should be 
planned and offered to the children. It is important, therefore, to 
develop the team aspects of the multidisciplinary management necess
ary for children with renal failure and their families. Doctors, nurses, 
dietitian, teacher, social worker, technical and administrative staff are 
all in close contact with families. All have unique and important roles. 
Problems of territory naturally arise. The different authority bases 
from which all the disciplines come can lead to difficulties in team 
identity and co-ordination. A regular meeting for staff communication 
is essential. Recurring difficulties with communication are natural and 
interdisciplinary rivalry with a continuing search for clarification of 
roles occurs. There is a need for clear guidelines on treatment policies 
and decision making. We have found the presence of a child and 
family psychiatrist and child psychologist to be helpful. In time, 
primary care staff acquire skills and expertise from these specialists. 
The health of the Renal Unit team can be determined by its ability to 
evaluate its practice. 
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3 
SEXUAL AND ENDOCRINE 
FUNCTION IN URAEMIA 

N. MUIRHEAD 

INTRODUCTION 

The kidney has long been recognized as a key organ in relation to 
endocrine function, both as a target site for hormones and as a major 
site of hormone metabolism. More recently the kidney has been found 
to possess a number of unique endocrine and paracrine activities in 
its own right. It is, therefore, no surprise that renal failure should be 
associated with such a wide variety of endocrine dysfunctions. 

Hormone concentrations in chronic renal failure may be increased, 
decreased or normal. Disordered endocrine function may be related 
to these abnormal hormone concentrations or to abnormalities in 
peripheral hormone activity induced by renal failure. The principal 
endocrine abnormalities encountered in chronic renal failure are listed 
in Table 3.l. 

Increased hormone concentrations 

The serum concentrations of many hormones are increased in patients 
with chronic renal failure. This does not necessarily translate into 
disordered hormone function for a variety of reasons. Since the kidney 
is a major site of hormone metabolism, increases in hormone con
centrations may in some cases result merely from impaired metabolic 
clearance rather than altered endocrine function. For example, the 
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TABLE 3.1 Endocrine abnormalities in chronic renal failure. See appro-
priate sections of text for details 

Hormone 

Insulin 

Glucagon 

Growth hormone 

Calcitonin 

Prolactin 

PTH 

LH/FSH 
Erythropoietin 
1,25(OH)2D3 

Sex steroids 

Triiodothyronine 

Blood level 

increased 

increased 

increased 

increased 

increased 

increased 

increased 
decreased 
decreased 
decreased 

decreased 

Mechanism(s) 

impaired catabolism; 
immunoheterogeneity 

impaired catabolism; 
immunoheterogeneity 

impaired catabolism; 
immunoheterogeneity 

impaired catabolism; 
immunoheterogeneity 

impaired catabolism; 
immunoheterogeneity 
increased secretion 

impaired catabolism; 
immu noheterogeneity; 
increased secretion; 
peripheral resistance 

increased secretion 
decreased renal secretion 
decreased renal secretion 
impaired testicular/ovarian 

function 
impaired peripheral conversion 

of T4 

kidney normally accounts for around one third of the metabolic 
clearance of insulin 1, glucagon2 and somatostatin3 and two thirds 
that of pro insulin 1, parathyroid hormone (PTH)\ calcitoninS, growth 
hormone6 and prolactin7. Thus, increases in the serum concentrations 
of these hormones in chronic renal failure are at least partly explained 
by failure of renal metabolism. 

Hormone assay methods may not invariably help to determine 
whether elevations in concentrations of peptide hormones, in particu
lar, are in any way reflective of disordered endocrine function. It is 
known, for example, that serum PTH concentrations are elevated 
from an early stage in the course of chronic renal failure8 . Much of 
the elevation in PTH is, however, due to the accumulation offragments 
of varying length from the carboxy-terminal region of the hormone9 . 
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These fragments have no biological activity so that the measured PTH 
concentration does not accurately reflect the extent of parathyroid 
overactivity unless an assay directed at the biologically active amino
terminal region of the hormone is used 'o. In the case of PTH, the 
situation is further complicated by the fact that PTH secretion is truly 
increased9"" as well as PTH accumulating for the reasons outlined 
above. 

Interpretation of serum insulin and glucagon concentrations in 
chronic renal failure is subject to similar problems. Proinsulin and C
peptide are substantially cleared by the kidney' and so tend to be 
disproportionately elevated in chronic renal failure '2 . High serum C
peptide concentration in particular may be misleading since it could 
lead to an erroneous diagnosis of adequate pancreatic p-cell reserve 
function in diabetic patients with renal failure. Additionally, high 
proinsulin and C-peptide could lead to a mistaken diagnosis of p
cell tumour in uraemic patients with hypoglycaemia. In the case of 
glucagon, the hormone responsible for increased circulating immu
noreactive glucagon is most probably a biologically inactive glucagon 
precursorl3 . The concentrations of biologically active glucagon in renal 
failure and the responses to appropriate stimulatory or suppressive 
stimuli are reported to be normal in renal failure '4 . 

Some hormones are, however, truly secreted in increased amounts 
in renal failure. Examples include PTH9"" aldosterone 's and atrial 
natriuretic peptide '6. Increased secretion of these hormones is in many 
cases an adaptive measure aimed at maintaining the ability of the 
kidney to control sodium/water/calcium homeostasis. 

Decreased hormone concentrations 

The serum concentrations of a wide variety of hormones are reduced 
in renal failure. Hormone concentrations may be reduced because of 
impaired production by the kidney or other endocrine organs or 
impaired activation of or conversion to active hormones by peripheral 
tissues. 

The kidney is the major site of synthesis of both erythropoietin and 
1,25 dihydroxycholecalciferol (1,25(OH)2D3)' Serum concentrations 
of erythropoietin are inappropriately low in the face of the anaemia 
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of chronic renal failure and correlate with glomerular filtration rate 
(GFR)17-19. This suggests that failure of renal synthesis and/or release 
of erythropoietin is of importance in the pathogenesis of uraemic 
anaemia. Similarly, serum concentrations of 1,25(OH)2D3 are low in 
renal failure as a result of impaired renal biosynthesis20. Lack of this 
hormonal form of vitamin D is of key importance in the development 
of metabolic bone disease in chronic renal failure. 

The other major hormones whose serum concentrations tend to be 
low in renal failure are gonadal steroids and triiodothyronine (T3)' 
The reduced sex steroid concentrations result largely from reduced 
testicular21 or ovarian22 synthesis, though impaired tissue conversion 
to active metabolites may contribute to the consequent clinical 
features. Thyroid hormone concentrations are widely variable and 
difficult to interpret in renal failure. The one consistent finding is that 
T 3 is low or 10w-normaF3.24 in CRF as a result of impaired peripheral 
deiodination of thyroxine to T/5• There remains considerable doubt 
as to the clinical significance of low T3 in CRF and the need, if any, 
for treatment. 

Altered hormone effect 

For some hormones not only may their serum concentrations be 
altered but there is also an alteration in peripheral tissue sensitivity 
to the hormone that contributes to clinical endocrine dysfunction. 
Examples include PTH 11 ,26, atrial natriuretic peptide27 and insulin28 . 
Peripheral tissue sensitivity to these hormones is depressed in CRF 
and this is thought to contribute to their overproduction. 

SPECIFIC ENDOCRINE DYSFUNCTION IN CHRONIC RENAL 
FAILURE 

Thyroid function 

As mentioned above, disturbances in thyroid function have been 
widely reported in patients with CRF. Most reports suggest that 
patients with CRF have at least laboratory evidence for hypo
thyroidism23,24,29. Equally there is no doubt that many of the symptoms 
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associated with CRF - anaemia, cold intolerance, dry skin - are 
somewhat reminiscent of hypothyroidism. However, the few sys
tematic clinical studies performed agree that there is no clinical evi
dence of hypothyroidism in patients with CRF24. The interpretation 
of thyroid function tests and diagnosis of true hypothyroidism are 
therefore fraught with difficulties in CRF. 

The patterns of abnormalities in thyroid function tests in CRF are 
summarized in Table 3.2. The most consistently reported abnormality 
is the presence of a low or low-normal total T 3 in the presence of a 
normal total thyroxine (T4)23,24,30. Direct measurement offree T3 shows 
that this is also low suggesting that loss of T3 is not due purely to 
alterations in thyroid hormone binding as evidenced by low free T3 
index (FT3I)31. The most reasonable explanation for low total and free 
T3 in CRF is that there is decreased peripheral conversion ofT4 to T3 
with shunting of T4 metabolism to production of the metabolically 
inactive reverse T3 (RT3)25,32.1t has been suggested that this reduced T3 
production may actually be an adaptive measure aimed at diminishing 
thyroid hormone-related catabolism in patients with severe non
thyroid disease such as CRP2. 

As mentioned earlier, there is no clinical evidence that CRF patients 
with these abnormalities of thyroid hormones are actually hypo
thyroid24. Indeed treatment with either T4 or T3 has no measurable 

TABLE 3.2 Thyroid function tests in chronic renal failure. See text for 
detailed explanation 

Test Result Comment 

Total T4 normal/low normal may fall in long-term dialy~is 
Free T4 normal (j% total) may j transiently during dialysis 

(heparin effect) 
Total T3 low/low normal due to! conversion T4-+ T3 
Free T3 decreased (normal or 

j% total) 
RT3 normal contrasts with 'euthyroid sick' in 

which RT3 is high 
TSH normal best indicator of hypothyroidism 
TRH test variable TSH response not reliable as thyroid function 

test in CRF 
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impact on symptoms33 • These abnormalities can make the diagnosis 
of true hypothyroidism difficult. It has been suggested that serum 
TSH concentration is the most reliable diagnostic test for secondary 
hypothyroidism in patients with CRP4. 

The response to TRH stimulation in patients with CRF may also 
be abnormal. There remains some controversy on this point since both 
blunted and exaggerated responses of TSH to TRH stimulation have 
been reported in CRF. Most reports agree that release ofT3 from the 
thyroid during TRH stimulation is subnormal, irrespective of the TSH 
response25•29 • This has been taken to imply that there is abnormal 
sensitivity of the hypothalamic-pituitary-thyroid axis in CRF. Thus 
the normal TSH concentrations found in CRF in the face of often 
profound decreases in free T3, suggest hypersensitivity to feedback 
inhibition, most probably at the hypothalamic level. 

The use of thyroid hormone concentrations to diagnose hypo
thyroidism may therefore be difficult in CRF. Characteristically, total 
and free T3 are low while total T4 is normal. Total RT3 is normal in 
CRF in contrast to the 'euthyroid sick syndrome' in which total and 
free RT3 are high. Serum TSH is normal in euthyroid patients with 
CRF and may offer the single best indicator of hypothyroidism in 
uraemic subjects. 

In summary, there are profound alterations in serum concentra
tion of thyroid hormones in uraemia which confuse the diagnosis of 
hypothyroidism. These abnormalities are subtly different from the 
'euthyroid sick syndrome' and may well represent a true adaptation 
to the reduced metabolic demand of uraemia. 

Adrenocortical steroids 

Cortisol 

In CRF serum concentrations of both free and conjugated 17 -hydroxy
corticosteroids (17-0HCS) are elevated as a result of impaired renal 
excretion35,36. Clearance of cortisol from the serum is also delayed, 
perhaps as a result of reduced hepatic metabolism related in some way 
to uraemia37,38. Haemodialysis, with its rapid haemodynamic changes, 
might be expected to cause alterations in adrenocortical function and 
has therefore been the topic of considerable interest. 
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Early studies suggested that plasma cortisol levels fell initially during 
a haemodialysis session, due to removal of cortisol by dialysis, and 
rebounded towards the end of haemodialysis so that cortisol levels 
were in fact elevated at the end of a dialysis session39,40. More recent 
studies have indicated that there is no significant removal of cortisol 
by haemodialysis as would be anticipated from the fact that cortisol 
is largely protein bound38,41. Indeed it now appears that plasma cortisol 
concentrations are, if anything, elevated at the start of haemodialysis 
and remain so during the procedure3? 

Evaluation of the pattern of cortisol secretion in haemodialysis 
patients reveals that the normal circadian rhythm is maintained on 
both dialysis and non-dialysis days, though plasma cortisol tends to 
be higher on dialysis days3? Although the elevated plasma cortisols in 
haemodialysis patients can, in part, be explained by impaired metabolic 
clearance, there is additional evidence for increased secretion. The 
most likely explanation for increased secretion of cortisol is an alter
ation of hypothalamic-pituitary sensitivity to feedback inhibition by 
cortisop?,42. 

It would be expected that, if the hypothalamic-pituitary-adrenal 
axis were functioning normally in CRF, the modest increases in plasma 
cortisol reported by most investigators would be accomeanied by a 
reduction in serum adrenocorticotrophin (ACTH) concentrations. In 
fact ACTH concentrations are modestly elevated in patients with 
CRF43,44. Serum concentrations of the other secretory products of 
pituitary corticotrophs (lipotropins (LPH), p-endorphins) are con
siderably elevated in CRF44. Both ACTH and P-LPH are derived 
from intrapituitary cleavage of a common precursor molecule and are 
secreted simultaneously. The differential effects ofCRF on their serum 
concentrations are due to a difference in metabolic clearance. Nor
mally the metabolic clearance of P-LPH exceeds that of ACTH45 but 
the situation is reversed in CRF44. 

Since the metabolic clearance of ACTH is unaltered by CRF the 
combination of elevated ACTH and plasma cortisol reflects disordered 
feedback control of pituitary function. Several studies have indicated 
that in CRF plasma cortisol fails to suppress normally in response 
to dexamethasone42,43, suggesting that an elevation in the set point 
of negative feedback control may underly the alterations in 
hypothalamic-pituitary-adrenocortical axis function. Similar abnorm-
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ali ties in the cortisol response to dexamethasone suppression have 
been reported in protein-calorie malnutrition. 

Failure of normal ACTH response to appropriate stimuli is sug
gested by the finding of blunted ACTH response to insulin-induced 
hypoglycaemia and metyrapone in CRp43,46. Thus feedback regulation 
of ACTH at the hypothalamic and pituitary level may also be abnor
mal. 

At the c1inicallevel some of the symptoms seen in CRF, such as 
weakness, hypotension and pigmentation, are reminiscent of symp
toms of hypoadrenalism. However, as noted above, the plasma con
centration of adrenocortical steroids are increased in CRF. 
Hypoadrenalism is therefore an unlikely explanation of weakness and 
hypotension in CRF. Serum concentrations of melanocyte stimulating 
hormone (P-MSH), a breakdown product of P-LPH, are elevated in 
CRF and may contribute to uraemic pigmentation47 • 

Of more relevance is the ability to distinguish the abnormalities of 
ACTH and cortisol in CRF from a diagnosis of pituitary-dependent 
Cushing's syndrome. In CRF the normal circadian rhythm of cortisol 
secretion is maintained and although the response to dexamethasone 
suppression in CRF is incomplete, there is some suppression, in con
trast to the failure of cortisol suppression by dexamethasone in true 
pituitary-driven Cushing's syndrome42 • 

Aldosterone 

Aldosterone is an adrenocortical steroid intimately involved in the 
control of urinary sodium excretion. Its secretion is largely unrelated 
to the activity of ACTH. Since in CRF there are profound alterations 
in the handling of sodium and water, it is not surprising that aldo
sterone secretion is also altered in CRF. 

Plasma aldosterone concentrations are generally elevated in CRF48 . 

This may be seen as an adaptive measure aimed at preventing sodium 
wasting. Lack of mineralocorticoid activity in CRF is associated 
with natriuresis and hyperkalaemia. This condition (hyporeninaemic
hypoaldosteronism) is being recognized with increasing frequency, 
particularly in diabetics with CRp49. It is characterized by the develop
ment of a hyperkalaemic metabolic acidosis (Type IV renal tubular 
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acidosis). Effective therapy is possible with mineralocorticoid replace
ment50. It is probable that aldosterone hypersecretion in CRF helps 
counterbalance this tendency to natriuresis, probably due to increased 
atrial natriuretic factor (ANF)15. In late CRF and dialysis patients, 
the anti-natriuretic effect of aldosterone is less important since at 
that stage frank sodium retention occurs and natriuretic influences 
therefore predominate51 ,52. 

The role of aldosterone in patients on haemodialysis is uncertain. 
Plasma aldosterone in such patients is increased and responds nor
mally to changes in serum potassium in particular48,53. It seems prob
able that aldosterone has actions in many extra-renal sites and may 
therefore defend against hyperkalaemia by permitting potassium entry 
into cells generally. Thus, the rise in plasma aldosterone seen in CRF 
patients in response to hyperkalaemia may limit the rise in serum 
potassium. 

Erythropoietin 

Although it would be naive to assume that lack of erythropoietin 
(EPO) is the sole cause of the anaemia of CRF, there now seems little 
doubt that it is a major contributor16,17,54. A number of factors are 
responsible for anaemia affecting up to 98% ofhaemodialysis patients 
(Table 3.3). 

EPO is a glycoprotein hormone that is secreted by the kidneys in 
response to the stimulus of tissue hypoxia. It is likely that the liver 
also can secrete small amounts ofEPO, although the regulatory factors 
and potential biological role of hepatic EPO secretion are at present 
unknown. Serum EPO concentrations, whether measured by bioassay 
or radioimmunoassay techniques, are consistently within the normal 
range for non-anaemic adults in CRF16,17,54. This most probably rep
resents hepatic EPO secretion. In non-uraemic adults with comparable 
degrees of anaemia, serum EPO concentrations are greatly elevated 55. 
Thus the normal EPO concentrations seen in CRF represent a severe 
failure of EPO secretion in response to a normally powerful stimulus. 

Experimental studies of sheep EPO on a variety of animal models 
ofCRF have shown that the accompanying anaemia can be greatly im
proved. Preliminary studies of a recombinant human EPO (r-HuEPO) 
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TABLE 3.3 Factors contributing to anaemia in chronic renal failure. 
Erythropoietin and blood loss from dialysis and iatrogenic causes are the 
most significant 

(1) Erythropoietin deficiency 

(2) Haemolysis - intravascular ?related to PTH 

(3) Blood loss 
gastroi ntesti nal 
dialyser/blood lines 
iatrogenic, i.e. routine 'tests' 

(4) Deficiency of haematinics 
Fe - dietary 
folic acid -loss via dialyser, dietary 
B12 -loss via dialyser, diet 

in patients with CRF have shown a similar beneficial response56,57. 

The availability of biosynthetic human EPO to treat the anaemia of 
CRF represents a major therapeutic advance. There is no doubt that 
anaemia is a major cause of morbidity in CRF. Around 35% of 
patients on haemodialysis require frequent blood transfusions to main
tain haemoglobin. A further 30% of haemodialysis patients require 
periodic blood transfusions. 

Enthusiasm for blood transfusion in uraemic patients has waxed 
and waned over the years. In the 1960s and early 1970s, blood trans
fusion was considered undesirable because of the risk of transmitting 
infections such as hepatitis B and the fear that allosensitization would 
reduce the chance of successful renal transplantation. From the mid-
1970s onwards, the somewhat paradoxical beneficial effects of blood 
transfusion in improving renal transplant survival have encouraged a 
general relaxation of attitudes towards blood transfusion for dialysis 
patients and, in many instances, a policy of deliberate blood trans
fusion aimed at enhancing renal allograft survival. Effective screening 
for hepatitis B and the availability of an effective vaccine have also 
greatly reduced the risks of transmission of serum hepatitis. Recently 
the beneficial effects of transfusion on transplant survival have again 
been questioned, while there is renewed fear of transmission of non-A, 
non-B hepatitis and especially AIDS via blood transfusion. Increasing 
concern amongst both patients and physicians has increased the pres-
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sure to find alternatives to blood transfusion for therapy of anaemia 
in CRF. 

Haematinics and androgens do produce a limited improvement in 
haemoglobin concentration in patients with uraemia58,59. Preliminary 
studies of recombinant human EPa in patients with CRF on haemo
dialysis have shown that it is effective in raising haemoglobin with few 
side-effects if care is taken to titrate the dose of EPa to produce a 
slow, steady rise in haemoglobin56,57,6o. It is likely that preparations of 
human EPa will be available in the near future to treat the anaemia 
of CRF and a wide range of other conditions. 

Vitamin D endocrine system 

PTH and 125(OH)2D3 

A detailed discussion of the abnormalities in calcium metabolism that 
result from altered secretion of these hormones in CRF is beyond the 
scope of this chapter. A brief discussion of the relevant patho
physiological principles follows. 

From an early stage in the development of CRF (GFR 60-
80 ml/min), there is a detectable rise in serum PTH concentrations 11,61. 

Some of this rise in PTH is the result of reduced metabolic clearance 
of the hormone by the kidneys, site of two thirds of normal degra
dation, but in addition it is clear that there is increased production of 
PTH, in response to subtle changes in serum calcium and phosphate 
concentrations. 

The pathogenesis of this secondary hyperparathyroidism is still 
controversial though the two main theories - phosphate retention and 
vitamin D deficiency - are by no means mutually exclusive. The 
phosphate retention theory was espoused by Bricker and Slatopolsky62 

and is detailed in Figure 3.1. This theory suggests that there is a trade
off between the tendency to develop hyperphosphataemia as GFR 
declines and the need to maintain serum calcium within the normal 
range such that excess phosphate is excreted by the kidneys and serum 
calcium maintained only at the expense of a progressive rise in serum 
PTH concentrations. 

The role of vitamin D deficiency in the pathogenesis of secondary 
hyperparathyroidism is suggested by the finding of defective skeletal 
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lGFR I--------------------------.~L---~~ 
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lP~ 

Normal Ca 2 + and P04 

FI G U R E 3.1 The phosphate retention theory. Pathogenesis of secondary 
hyperparathyroidism in CRF according to the phosphate retention theory 
of Bricker and Slatopolsky. Reduction in GFR is accompanied by a pro
gressive rise in PTH with plasma Ca 2 + and P0 4 remaining normal The 
trade-off theory holds that progressive hyperparathyroidism is due to a 
reduction in Ca 2 + induced by the rise in P0 4 . PTH effect on the kidney 
restores Ca 2 + and P0 4 to normal so that only the fall in GFR and rise in 
PTH remain detectable 

mineralization in bone biopsies from patients with early CRP3. In 
addition, the most frequent abnormalities in serum calcium and phos
phate in patients with early CRF is for both to be low, a pattern 
reminiscent of vitamin D deficiency. Serum concentrations of 
1,25(OH)2D3 are reported to be normal or even modestly increased in 
early CRF64,65. However, since these patients are typically mildly 
hypocalcaemic and hypophosphataemic, both of which should 
increase 1,25(OH)2D3 levels, serum 1,25(OH)2D3 is regarded as being 
inappropriately low and thus indicative of relative vitamin D 
deficiency. 

As renal failure advances, serum PTH concentration rises pro-
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gressively, though the contribution of circulating biologically inactive 
C-terminal fragments is more marked than the increase in intact 
hormone66. Thus measurement of PTH, by a method that recognizes 
predominantly C-terminal fragments, may give a false impression of 
the degree of parathyroid overactivity. At GFR < 30 ml/min the 
capacity of the kidney to compensate for dietary phosphate intake, 
by increasing urinary phosphate, is overcome and frank hyper
phosphataemia develops62,67. Since hyperphosphataemia is a powerful 
inhibitor of renal 1,25(OH)2D3 production, this is also the stage at 
which levels of that hormone decline abruptly (Figure 3.2). 

The terminal stages of CRF are therefore characterized by pro
foundly low serum concentrations of 1,25(OH)2D3 and very high 
concentrations of PTH accompanied by marked hypocalcaemia and 
hyperphosphataemia. Once regular dialysis therapy is initiated the 
situation may change again. The majority of patients are dialysed 
against a dialysate that is high in calcium relative to the patient. 
Dialysis also removes phosphate. Thus haemodialysis in particular 
favours modest suppression of secondary hyperparathyroidism68. 
Serum concentrations of 1,25(OH)2D3 are unaffected by dialysis. 

The clinical consequences of these disorders of PTH and 
1,25(OH)2D3 metabolism are significant. The progressive rise in PTH 
during the often prolonged course of uraemia results in a metabolic 
bone disease (osteitis fibrosa) on which is superimposed a miner
alization defect due to relative vitamin D deficiency69. The main 
symptoms are bone pain, spontaneous fractures, skeletal deformity 
and pruritus. While none of these symptoms are life-threatening, they 
do represent a considerable morbidity for individual patients. 

A small number of patients with overt secondary hyper
parathyroidism may go on to develop frank hypercalcaemia, either 
spontaneously or in response to small amounts of exogenous 
1 ,25(OH)2D370. These patients have been, in the past, labelled as having 
tertiary hyperparathyroidism, since PTH failed to suppress in such 
patients in response to a calcium infusion7l . Recent studies utilizing 
an N-terminal specific PTH assay suggest that PTH sensitivity to the 
stimulus of hypercalcaemia is maintained in CRF but that the 
threshold for PTH secretion may be increased lO • Thus PTH secretion 
in hypercalcaemic dialysis patients persists, despite the fact that a fur
ther increase in serum calcium with a calcium infusion can induce 
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FIGURE 3.2 Metabolism of vitamin D3. Vitamin D3 is obtained via the 
diet and from photoconversion of 7-dehydrocholesterol in sun-exposed 
skin. Initial hydroxylation occurs in the liver and final hydroxylation in the 
kidney. In vitamin D replete individuals 24,25(OH)2 vitamin D3 is the 
predominant product of renal vitamin D metabolism. It has no critical 
biological actions in man. Renal production of 1 ,25(OH)2 vitamin D3 is 
strictly regulated 

an appropriate fall in serum PTHlo. This mechanism may also at 
least partly explain the transient hypercalcaemia that occurs in up to a 
third of patients following successful renal transplantation72.73. 

For the majority of patients with CRF, metabolic bone disease may 
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be managed by giving a small replacement dose of 1,25(OH)2D3 (0.25-
0.5,ug) by mouth, along with control of serum phosphate with oral 
phosphate binders such as aluminium hydroxide and calcium sup
plementation as required. Such a regimen will lead to healing of 
metabolic bone disease in over 70% of cases74. A small proportion of 
patients with advanced hyperparathyroid bone disease may require 
parathyroidectomy in order to achieve clinical control of bone disease. 
Prophylactic use of 1,25(OH)2D3 in patients with CRF, prior to dialy
sis, is now an established therapy. 

Parathyroid hormone as a uraemic toxin 

Although the principal effects ofPTH excess in uraemia are on calcium 
and phosphate metabolism there has been considerable speculation 
that PTH is a more general uraemic toxin75. Secondary hyper
parathyroidism has been implicated as a cause of uraemic neuropathy, 
sexual dysfunction, uraemic cardiomyopathy, anaemia and uraemic 
bleeding. 

PTH has been implicated as a cause of uraemic neuropathy76. The 
mechanism is uncertain but would most probably involve generalized 
effects on cellular calcium metabolism induced directly or indirectly 
by PTH. There is clear evidence that PTH causes calcium ingress into 
a wide variety of mammalial cell types from both in vitro and in 
vivo experiments77 , The relationship between these observations and 
clinical disorders in chronic renal failure attributable to PTH as a 
uraemic toxin remain speculative, Clinical and experimental studies 
have suggested a link between PTH concentrations in CRF and alter
ations in both motor nerve conduction and electroencephalographic 
(EEG) abnormalities76,78, Parathyroidectomy has been reported to 
improve impaired nerve conduction and restore the EEG to 
normaF6,78, 

It has been suggested that PTH may influence the development of 
uraemic hypogonadism75,79, An inverse relationship between PTH and 
testosterone has been reported in CRF, with improvement in plasma 
testosterone following reduction in PTH, irrespective of any changes 
in LH or FSH, 

The view that PTH may act as a cardiac toxin in uraemia has 
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received considerable attention75,8o. Clinical and experimental studies 
have suggested a negative inotropic effect ofPTH80, while other recent 
studies have failed to demonstrate any consistent effect of PTH on 
cardiac function8l . Whether PTH acts as a cardiac toxin through 
direct effects on myocardial cell calcium metabolism or indirectly 
via autonomic nervous or hormonal control of cardiac function is 
unknown. Abnormal autonomic function, evidenced by reduced 
pressor response to noradrenaline, is common in CRpBl. PTH can 
be shown to block the pressor effects of both noradrenaline and 
angiotension II in rats, an effect that is blocked by indomethacin, a 
prostaglandin synthetase inhibitor8l ,82. It is therefore suggested that 
the effects of PTH on modulating response to noradrenaline and 
angiotensin II in uraemia are mediated through increased pro
staglandin production. One recent study has implied a direct relation
ship between serum PTH concentrations and pressor response to 
noradrenaline in patients with CRpBl. The precise relationship, if 
any, of secondary hyperparathyroidism to uraemic cardiomyopathy 
remains uncertain at the present time. 

The relationship between PTH and the anaemia of CRF is complex. 
PTH has been reported to increase the osmotic fragility of human red 
blood cells (RBCs) in vitro and hence enhances haemolysis83 . The 
mechanism of this effect is felt to be an increase in RBC calcium 
content which in turn leads to rigidity of the RBC membrane, 
decreased deformability and thus a tendency to haemolysis in both 
blood and spleen84. There is some circumstantial evidence that PTH 
may be one factor determining the osmotic fragility of RBCs in 
patients with CRF and hence may contribute to anaemia via increased 
haemolysis84. Offurther importance is the role of hyperparathyroidism 
on bone marrow function. At one extreme, excessive marrow fibrosis 
induced by severe secondary hyperparathyroidism can certainly limit 
erythropoiesis, resulting in a form of secondary myelofibrosis85. More 
controversial is the concept that PTH may have an active role in 
suppressing erythropoiesis. This view has been challenged by recent in 
vitro studies which demonstrate that although uraemic serum inhibits 
erythropoiesis, this inhibitor is not PTH86. The most likely effects of 
PTH on anaemia in CRF would appear therefore to reside in pro
duction of haemolysis and secondary myelofibrosis. 

A possible role for PTH in causing the decreased platelet function 
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observed in uraemia has been suggested87• PTH has been shown to 
inhibit platelet aggregation in vitro, using concentrations similar to 
those achieved in uraemic plasma87• Clinical studies have failed to 
show any consistent relationship between PTH and platelet function88• 

In summary, PTH excess has been implicated as a uraemic toxin 
with wide ranging clinical manifestations. Despite the body of theor
etical and circumstantial evidence in support of this view, the concept 
of PTH as a key uraemic toxin remains unproven. Further studies, 
currently in progress, will perhaps clarify this issue. 

Atrial natriuretic peptide 

The existence of a natriuretic hormone was suspected for many years. 
Recently, a series of peptides with natriuretic, diuretic and vaso
dilatory properties has been isolated from atrial myocytes in a number 
of species including man89,90. Several of these peptides have now been 
sequenced and synthesized and their use in a variety of experimental 
and clinical circumstances has led to an improved understanding of 
the complexities of control of intraglomerular haemodynamics and 
glomerular filtration. 

The major stimulus to secretion of atrial natriuretic peptide (ANP) 
is an increase in atrial pressure, whether by saline loading, balloon 
dilatation or a high sodium diet91 ,92. The secretory response to infusion 
of ADH, angiotensin II, DOCA or phenylephrine suggests that ANP 
secretion is closely related to volume status. Actual or perceived 
volume expansion leads to increased ANP secretion in an effort to 
restore blood volume to normal. 

The main actions of ANP on the kidney are to increase GFR and 
induce natriuresis93 • It is likely that the increase in GFR occurs as a 
result of alterations in intraglomerulaF haemodynamics. The natri
uresis occurs partly as a result of the increase in GFR but there also 
appears to be a direct effect of ANP on sodium handling by medullary 
collecting ducts94• 

In patients with CRF there is clear evidence for enhanced ANP 
secretionl6. This increase is viewed by many investigators as an adapt
ive measure to the loss in nephron mass which would otherwise lead 
to sodium and water retention. It seems likely that hypersecretion of 
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ANP permits the maintenance of sodi urn homeostasis un til an ad vanced 
stage ofCRF. Indeed clinical sodium overload is rare in CRF at GFR 
>5ml/min. 

ANP concentration is elevated in haemodialysis patients l6. The 
clinical relevance of this in unknown, though it may contribute to 
hypertension through its ability to cause peripheral vasoconstriction 
under conditions of volume expansion. 

Carbohydrate metabolism 

Carbohydrate intolerance ('uraemic pseudodiabetes') is found in over 
50% of patients with end-stage renal disease95. Fasting blood sugar in 
such patients is usually normal, while oral or i.v. glucose tolerance 
tests show a diabetic response96,97. This condition clearly makes the 
the diagnosis of true diabetes difficult in CRF. Of more practical 
relevance is the question of whether the abnormalities in carbohydrate 
metabolism may be responsible for the hyperlipidaemia and athero
sclerosis that frequently accompany CRF98. 

Despite clear glucose intolerance in CRF, fasting plasma insulin is 
uniformly increased in non-diabetics with CRF95,99. The insulin 
response to oral or i.v. glucose is variable in uraemia. The early 
insulin response to an oral glucose tolerance test (GTT) has been 
reported to be normal or increased in uraemia97 . In contrast, the early 
insulin response to i.v. glucose has been reported to be reduced, 
normal or exaggerated in CRp95,97,IOO, while there is general agreement 
that hyperinsulinaemia persists during the latter part of both i.v. and 
oral GTTs in uraemic patients95,IOO. The conflicting data may in part 
reflect the population under study. Initiation of adequate haemo
dialysis has been reported to restore the GTT and insulin responses 
to normaPOl. 

The aetiology of hyper in sulinaemi a in CRF is due in part to reduced 
degradation of insulin by the kidneysl. Under normal circumstances 
around one third of insulin is cleared by the kidney, the remainder by 
the liver and skeletal muscle l,102. Although impaired renal clearance is 
mainly responsible for hyperinsulinaemia in CRF, reduced extrarenal 
clearance has also been reported. The role of altered secretion rates 
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of insulin in the production of uraemic hyperinsulinaemia remains 
unclear. 

In diabetics with renal failure progressive uraemia is characterized 
by reduced insulin requirements and improvement in blood sugar 
control103 . Ketoacidosis is rare in diabetics with end-stage renal 
failure 103,104. The improvements in blood glucose control are due in 
part to reduced renal clearance of insulin, though reduced caloric 
intake (due to anorexia) and impaired glycogenolysis may also con
tribute103 . Spontaneous hypo glycaemia occurs in both diabetics 
and non-diabetics with CRF. In diabetics the main precipitating 
factors are likely to be impaired glycogenolysis and prolonged insulin 
activity with reduced renal and hepatic gluconeogenesis playing per
haps a minor role. Profound hypo glycaemia, especially fasting, is 
seen on occasion in non-diabetic uraemic subjects105,106. The exact 
mechanism is obscure but a number of factors may contribute. Firstly 
systemic acidosis has been shown to impair hepatic gluconeogenesis 
which might therefore be expected to produce fasting hypo glycaemia 107. 

Propranolol has been implicated in uraemic hypo glycaemia by 
causing impairment of hepatic glycogenolysis108. Deficiency of sub
strates for hepatic gluconeogenesis, specifically alanine, has also been 
suggested as a possible cause of uraemic hypo glycaemia 106. In this 
context, nutritional deprivation has been associated with uraemic 
hypoglycaemia, with improvement in symptoms noted after nutrition 
improved. 

The observation of normal fasting blood sugar in association with 
fasting hyperinsulinaemia has led to the suggestion that there is 
impaired tissue responsiveness to insulin in uraemia. There is now 
considerable evidence in support of this theory, especially in relation 
to impaired responsiveness of skeletal muscle to insulin109,1l0. The 
finding of impaired tissue responsiveness to exogenous insulin in CRF 
suggests that immunoheterogeneity of insulin in CRF is unlikely to 
be due to the circulation of an abnormal insulin. 

Impaired tissue responsiveness may be due to impaired binding of 
insulin to tissue receptors or alterations in postreceptor events. Studies 
of insulin interaction with receptors in CRF have yielded conflicting 
results with binding reported to be reduced, normal or increased 
depending on the tissue or animal species used and the pre
sence/absence of dialysis therapy. 
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The role of postreceptor defects is similarly unclear. One recent 
study suggested that in skeletal muscle, glucose utilization was 
impaired in uraemic subjects due to a postreceptor defect in glucose 
metabolism III. This study was unable, however, to differentiate clearly 
between a postreceptor defect and altered insulin-receptor interaction. 
Since little is known about insulin binding to skeletal muscle receptors 
in CRF, the concept that tissue insulin resistance in uraemia is due pri
marily to altered postreceptor glucose metabolism remains unproven. 

Improvement in glucose tolerance and tissue insulin responsiveness 
characteristically follow initiation of dialysis99,112,113, This suggests that 
dialysable factors are of importance in the pathogenesis of carbo
hydrate intolerance in uraemia. Such factors have yet to be identified. 

A number of non-dialysable peptides are secreted in abnormal 
amounts in CRF and may therefore contribute to the abnormal 
glucose metabolism seen. Growth hormone (GH) levels are often 
raised in CRF but do not correlate with the degree of carbohydrate 
intolerance seen95,114. The major cause of GH excess is impaired degra
dation by the kidneys6 though a paradoxical increase in secretion, 
due perhaps to protein-calorie malnutrition, has also been observed 
following glucose loading I 15. 

Hyperglucagonaemia is frequently observed in CRF I16,117. As noted 
above, this is due in part to secretion of a biologically inactive glucagon 
precursor l17,118 and in part due to decreased renal elimination 10. 
However, plasma levels of bioactive glucagon are also reportedly 
elevated in CRF and may therefore contribute to abnormal carbo
hydrate metabolism in CRpiI7,118. The relationship ofGH or glucagon 
excess to carbohydrate intolerance in uraemia is unclear since the 
improvement in carbohydrate tolerance noted above after initiation 
of haemodialysis occurs without measurable alterations in bioactive 
GH or glucagon levels. 

On a clinical level, abnormal carbohydrate tolerance in CRF may 
occasionally cause diagnostic confusion in patients with Type II dia
betes and renal failure. The presence of hyperinsulinaemia and hypo
glycaemia in CRF may lead to the erroneous diagnosis of an 
insulinoma. Measurement of insulin, C-peptide and glucagon during 
hypoglycaemia will usually allow insulinoma to be differentiated from 
uraemic hypoglycaemia. 

Of more concern is the possible relationship between uraemic carbo-
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hydrate intolerance, hyperlipidaema and atheroma. Around 60% of 
patients with CRF are hyperlipidaemic, typically with hyper
triglyceridaemia and normal or low total cho1esteroI98,119,120. The com
bination of hyperinsulinaemia, impaired tissue responsiveness to 
insulin and hypertriglyceridaemia seen in CRF is reminiscent of the 
situation in obesity and has led to the suggestion of a pathogenetic 
relationship between the carbohydrate and lipid abnormalities. Sub
sequent studies in man have shown that the triglyceride synthesis rate 
is diminished in CRF and that the principal mechanism of hyper
triglyceridaemia is reduced assimilation of triglycerides by adipose 
tissue 121 . In addition, the relationship of hyperlipidaemia to both 
atheroma or progressive cardiovascular disease in CRF has recently 
been questioned 122. It is therefore difficult to make a case for drug 
treatment of uraemic hyperlipidaemia. 

Gastrin 

A host of gastroduodenal symptoms including anorexia, nausea, 
vomiting, gastritis and peptic ulcer (PU) are reported in excess in 
CRF123. Elevation of the serum gastrin concentration has been 
reported in uraemia 124 and may be a cause of peptic ulceration and 
other gastrointestinal symptoms in such patients. A number of recent 
reports have indicated that, in fact, gastric acid production is typically 
low in CRF, despite hypergastrinaemia, due to impaired parietal 
cell function 125,126. A recent study demonstrated inverse relationships 
between serum gastrin concentrations and both the gastric acid 
secretory response to pentagastrin and the occurrence of gas
troduodenal erosions at endoscopy126. It has thus been suggested that 
hypergastrinaemia in CRF is a compensatory response to diminished 
parietal cell function. It is possible that hypergastrinaemia may in fact 
protect against gastric erosion by enhancing gastric motility and hence 
reducing biliary reflux. 

The idea that PU is much commoner in patients with CRF has 
recently been challenged 127. The majority of studies which suggested 
an increased risk of PU in uraemia involved small numbers of patients 
and thus inevitably included some selection bias. A recent survey of 
almost 250 dialysis patients surveyed as part of a pre-renal transplant 
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evaluation reported a 1l.2% prevalence of PU at endoscopyl27. This 
compares with an estimated 10-14% prevalence of chronic PU in 
asymptomatic Western patients. It thus seems probable that the preva
lence of PU in uraemia is not increased as was previously suspected. 

SEXUAL DYSFUNCTION IN CHRONIC RENAL FAILURE 

Introduction 

There is no doubt that profound disturbances in sexual function are 
an almost invariable consequence of chronic renal failure l28 . Equally 
there is no doubt that the serum concentrations, secretion rates and 
metabolism of sex hormones are variably deranged in chronic renal 
failure. What remains uncertain is the extent to which measurable 
alterations in sex hormone levels or metabolism are responsible for 
disorders in sexual function in uraemia. 

A variety of non-hormonal factors have been implicated in the 
pathogenesis of disordered sexual function in uraemia. These include 
vascular abnormalities, which affect erectile function in particular l29 ; 

zinc deficiency, which has been implicated as a cause of secondary 
gonadal failure I30,131; medications producing altered vascular or sex 
hormone function I32,133; and finally, psychological factors l34 . In any 
given patient, more than one of these factors may be involved, irres
pective of there being any alterations in sex hormone concentrations. 
This can lead to considerable difficulties in both diagnosis and therapy. 

The most frequently reported abnormalities in sexual function in 
uraemia are lack of libido, impotence and infertility in men 135 and 
menstrual irregularities, loss of libido and infertility in women22,136. 

The incidence of disordered sexual function is reported to be 80% in 
uraemic men on haemodialysis. The reported incidence of disordered 
sexual function in uraemic women is much lower than in uraemic 
men. The problem is, however, considerably under-estimated; a recent 
review from Italy revealed that 80% of uraemic women in a number 
of centres reported disorders in sexual function 137. It seems likely, 
therefore, that abnormal sexual function is an almost invariable 
accompaniment of chronic renal failure and affects uraemic men and 
women with equal frequency. 

Although for ease of understanding, disorders in sex hormone 
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metabolism will be discussed separately, there are many common 
themes in the pathogenesis of altered sex hormone function in uraemic 
men and women. 

Sexual dysfunction in uraemic men 

The main symptoms of sexual dysfunction in uraemic men are impo
tence, lack of libido and infertility. Such symptoms are rarely vol
unteered by patients unless specifically asked but may nevertheless be 
the source of a considerable degree of morbidity in terms of their effect 
on interpersonal relationships, self-esteem and self-image. While such 
considerations may seem trivial in the overall care of a patient who 
has a major medical illness (i.e. CRF) they are often of major import
ance to the patient and thus deserve an honest attempt on the part of 
the physician to understand the nature of the problem and, if possible, 
provide effective therapy. It is worth pointing out that not all uraemic 
impotence, for example, is due to untreatable factors vaguely related 
to renal failure. Drug-related or psychogenic impotence may be suc
cessfully treated by withdrawal of the offending drug or psycho
therapy, while impotence related to vascular insufficiency can be 
treated by means of a penile implant. 

Sex hormones in uraemic men 

There is good evidence for functional impairment of the hypothalamic
pituitary-testicular axis in uraemic men. Sperm counts are low (or 
absent) with numerous sperm abnormal in terms of mobility and 
morphology138,139. This is reflected in abnormalities in testicular his
tology including reduced spermatogenesis, germinal cell aplasia and 
altered interstitial cell morphology22,139. The latter abnormality cor
relates with disordered interstitial cell function, i.e. reduced tes
tosterone secretion. Plasma levels of total and free testosterone and 
of dihydrotestosterone are usually low in uraemia, both in the basal 
state and in response to the administration of human chorionic gon
adotrophin (HCG)21,140. This has been taken to indicate functional 
impairment of testicular hormone biosynthesis and release. Haemo-
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dialysis produces a temporary increase in plasma testosterone levels, 
suggesting that 'uraemic toxins' may be important in the pathogenesis 
of testicular failure in uraemia l41 . However, recovery of testicular 
function sufficient to restore fertility in men on haemodialysis is very 
rare l42. The site of the defect in testosterone biosynthesis is thought 
to be the reaction 17-hydroxypregnenolone--+DHA (dehydro
isoandrosterone) catalysed by the enzyme desmolase C17-20143. 

Most males with CRF have elevated~ luteinizing hormone (LH) 
levels due both to increased secretion and reduced metabolic clear
ance21 ,139,143,144. LH secretion rates are around 20% higher than in non
uraemic controls due to the relatively low plasma testosterone levels 
in uraemic men l44. Serum levels offollicle stimulating hormone (FSH) 
are less often increased unless spermatogenesis is grossly 
deranged I39,143. The correlation between FSH levels and sper
matogenesis has prognostic value in predicting the potential for recov
ery of spermatogenesis following renal transplantation l42. Where 
serum FSH is grossly elevated in CRF, spermatogenesis is usually so 
grossly abnormal that recovery cannot be expected with trans
plantation. In some uraemic patients low testosterone concentrations 
are accompanied by low LH levels, suggesting an abnormality of 
hypothalamic-pituitary function in addition to testicular failure 138,145, 
The response of pituitary gonadotrophins to LHRH is reported to be 
normal in magnitude and duration in uraemic men, suggesting that 
synthesis, storage and release of FSH and LH are norma1'38,144, This 
does not exclude the possibility that abnormal feedback control could 
result in a resetting of LH secretion at lower than normal levels of 
testosterone21 ,138,145, In this context, long-term therapy with clo
miphene in uraemic men will increase FSH and LH levels and restore 
testosterone secretion without necessarily improving sper
matogenesis l46 . Further evidence that abnormal feedback control may 
be of more than passing importance is the observation that the res
toration of normal spermatogenesis following successful renal trans
plantation is accompanied by a further increase in FSH levels 138 . 

The factor(s) that initiate these abnormalities in sex hormone func
tion remain uncertain. That they are the major cause of sexual dys
function in uraemic men is suggested by the partial or total reversal 
of the functional and hormonal disturbances after trans
plantation 136,138,142. 
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Sexual dysfunction in uraemic women 

There are many similarities in the disturbances of sex hormone metab
olism in uraemic women and men. Irregular menstruation and 
amenorrhoea are almost invariable in advanced uraemia. Restoration 
of menstruation following initiation of haemodialysis is commonl47 , 

though the menses are frequently irregular with metromenorrhagia 
and frequent anovulatory cyclesI48 ,149. Infertility is almost invariable 
in uraemic women while conception, when it does occur, is often 
followed by spontaneous abortion due to an inadequate luteal 
response to the pregnancy. Although pregnancy in uraemic women is 
rare it is usually undesirable for medical reasons, as there are major 
risks to the health of both mother and fetus if the pregnancy is allowed 
to proceed; the risk of spontaneous abortion with its associated mor
bidity and mortality is high. For these reasons it is desirable that 
all uraemic women in the childbearing age group be offered advice 
regarding contraception 1,50, 

Sex hormones in uraemic women 

Plasma levels of oestrogen and progesterone are usually low or low
normal in uraemic women while plasma LH and FSH are frequently 
raised22,151. Although LH and FSH are increased in pre
menopausal women with CRF, the increases are not parallel as in 
postmenopausal women, the most frequent pattern being a rise in 
LH and smaller rise in FSH22• This, of course, is the pattern of 
gonadotrophin excess seen in men with uraemia. Again the proposed 
explanation for these abnormalities is an alteration in set point for 
LH release. Uraemic women have normal gonadotrophin responses 
to LHRH and clomiphene suggesting that synthesis, storage and 
release of pituitary gonadotrophins are normaF2,I52. 

In healthy women gonadotrophins display cyclic changes with 
a surge of LH at ovulation (mid-cycle). This mid-cycle LH surge 
does not occur in uraemic women probably because positive oestradiol 
feedback on the hypothalamus is impaired. While failure of the LH 
surge undoubtedly contributes to menstrual problems in uraemic 
women, ovarian dysfunction is also of importance. In this context it 
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has been observed that oestrogen levels fail to rise in mid-cycle or in 
response to clomiphene, even if there has been a naturally occurring 
or clomiphene-induced LH surge22. The mechanism of ovarian failure 
in uraemia remains obscure, though the observation that ovarian 
resistance to LH or HCG occurs in experimental uraemia suggests that 
direct inhibition of ovarian synthetic ability by unidentified 'uraemic 
toxins' may underlie the ovarian failure l53 . 

Hyperprolactinaemia 

In patients with normal renal function, hyperprolactinaemia from a 
wide variety of causes has been associated with disordered sexual 
function, which is reversible by surgical or pharmacological control 
of the hyperprolactinaemia l54. The mechanism whereby hyper
prolactinaemia causes sexual dysfunction is disputed, being attributed 
either to central or peripheral effects on gonadotrophin release or 
function. In the context of uraemia the argument is largely academic: 
hyperprolactinaemia is common in uraemia, e~pecially in women, and 
may therefore play an important role in the pathogenesis of sexual 
dysfunction in CRp155-157. Recognition of the contribution of hyper
prolactinaemia to uraemic sexual problems is vital since treatment of 
the hyperprolactinaemia may improve symptoms of sexual dys
function. 

In addition to the symptoms outlined above, patients with hyper
prolactinaemia may complain of galactorrhoea (in women)158 or gyn
aecomastia (in men)159. The aetiology of uraemic hyperprolactinaemia 
involves both increased secretion and reduced degradation of pro
lactin 160. Pituitary lactotrophs display resistance to suppression by 
dopamine or short-term administration of bromocriptine and 
impaired response to stimulation by TRH or chlorpromazine I55,156,161. 
These abnormalities are suggestive of lactotroph autonomy which is 
ndt complete since plasma prolactin levels do fall appropriately in 
response to long-term therapy with bromocriptine, while admin
istration of metoclopramide causes the expected increase in plasma 
prolactin 158, 162, 163. 

Increased prolactin secretion in uraemia is often due to drugs such 
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as methyldopa, metoclopramide or digoxin. Impaired metabolic clear
ance of prolactin does occur in uraemia but contributes little to 
hyperprolactinaemia; metabolic clearance is reported to be diminished 
by 33% in uraemic women with a four-fold increase in prolactin 
secretion rate160. 

Other factors 

As suggested earlier, a wide range of non-hormonal mechanisms may 
contribute to disordered sexual dysfunction in CRF. Psychological 
factors such as anxiety, depression, stress or factors related specifically 
to CRF such as fear that sexual activity may in some way be harmful 
(e.g. to a CAPD catheter or kidney transplant) are frequently present 
and may either cause sexual dysfunction or aggravate a pre-existing 
organic problem128,134. Identification and, where possible, elimination 
of these problems is crucial in the management of sexual problems of 
uraemia. 

Uraemic neuropathy or diabetic autonomic neuropathy are import
ant to recognize as potential causes of impotence in men since the 
restoration of sexual function by renal transplant would be 
unlikelyl28,164. Similarly, vascular insufficiency is being increasingly 
recognized as a cause of irreversible impotence in uraemia129. Vascular 
insufficiency is most likely to occur in diabetics or in patients who 
have had both internal iliac arteries used for renal transplantation or 
who have atheroma affecting the pelvic vessels. In such patients penile 
blood flow is demonstrably impaired129,165. Attempts have been made 
at vascular reconstructive surgery as a therapy with some successes 
reported165. Many drugs, particularly anti-hypertensive agents, are 
also implicated as causes of reversible impotence in uraemia133 • 

Zinc deficiency has been proposed as a treatable cause of sexual 
dysfunction in uraemia I3o,13l. There is now reasonably good evidence 
that plasma or leukocyte zinc levels are low in CRF though the reason 
remains obscure. A recent report suggested that zinc absorption and 
retention was normal in uraemia while zinc elimination has not been 
reported to be enhanced l66. It is possible that abnormalities noted in 
plasma zinc may represent altered distribution. Functionally, zinc is 
an important co-enzyme for a number of key enzymes including 
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those involved in sex steroid biosynthesis167 • There is therefore some 
physiological basis for the notion that zinc deficiency may cause sexual 
abnormalities by impairing sex steroid production. Unfortunately, the 
results of treating uraemic impotence with zinc are variable so that 
the association of zinc with sexual dysfunction remains unproven. 

Diagnosis and management 

The diagnosis and management of sexual dysfunction in uraemic men 
and women requires a clear understanding of the likely reversible 
cause. Drug induced, psychogenic and gonadal failure related causes 
are most likely to respond to therapy. It is equally important to 
identify those patients in whom a 'cure' is not likely since there may 
be alternative strategies that can be used in management. 

The evaluation of a uraemic patient with sexual dysfunction should 
include a full history and physical examination, paying particular 
attention to evidence of neuropathy, vascular disease, psychogenic 
factors and details of sexual dysfunction. A full sexual history may 
be very difficult to obtain and may be facilitated by the use of a 
questionnaire. A drug history is clearly vifal. 

Serum concentrations of LH, FSH, prolactin and testosterone 
should be measured in the basal state in uraemic men. Sperm count 
and/or testicular biopsy may be important where the principal com
plaint is of infertility, particularly in predicting the response to therapy 
with FSH or renal transplant. In women LH, FSH, prolactin, oestra
diol and progesterone should be measured during mid-cycle and again 
just prior to menstruation to assess luteal function. 

Ifv,"\scular insufficiency is suspected as a cause for impotence, penile 
blood flow can be measured by plethysmography or Doppler flow l68 • 

In selected cases, angiography with surgical or angioplastic recon
struction of arterial flow may improve impotence l65 . Where there is 
debate on the relative contributions of organic and psychogenic factors 
to impotence the evaluation of nocturnal penile tumescence (NPT) 
may be of assistance169 • In true organic impotence nocturnal erections 
are reduced in both frequency and duration while in psychogenic 
impotence nocturnal erections are maintained. The frequent coinci
dence of both organic and psychogenic factors means that the routine 
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use of NPT for evaluation of impotence in uraemia cannot be rec
ommended. 

Measurement of plasma zinc is of limited value in assessing uraemic 
gonadal dysfunction. Plasma zinc does not necessarily reflect tissue 
zinc166, nor does it correlate consistently with either plasma tes
tosterone or symptoms of hypogonadism. Leukocyte zinc correlates 
better both with plasma testosterone and with symptoms of hypo
gonadism but is not widely available. In practice it may be more 
reasonable to provide an oral zinc supplement for 6 months to patients 
suspected of being zinc deficient and to assess response in terms of 
both plasma testosterone and symptoms. There are few good con
trolled studies to support the routine use of zinc supplementation for 
hypogonadism131 in uraemia but it seems reasonable to suggest its use 
in patients with low plasma testosterone levels and/or impotence. The 
suggested dose is zinc gluconate 25 mg daily by mouth. There is little 
evidence that zinc supplementation benefits sexual dysfunction in 
uraemIC women. 

Where hyperprolactinaemia is identified, a search should be made 
for a drug cause. Patients with drug-induced hyperprolactinaemia 
typically have extremely high serum prolactin concentrations and are 
more likely to have symptoms of prolactin excess. The offending 
drug(s) should be discontinued if possible 170. Therapy with oral bro
mocriptine is successful in reducing serum prolactin to normal in the 
majority of patients, men and women, with uraemic hyper
prolactinaemia158,171. Reduction in serum prolactin is associated with 
improvement in sexual dysfunction in both sexes, Bromocriptine 
therapy has been reported to improve impotence and lead to relatively 
normal concentrations of testosterone and gonadotrophin in men 171 

and to improve menstrual irregularity and metromenorrhagia in 
uraemic women with hyperprolactinaemia158 , 

CONCLUSION 

The present chapter represents an attempt to encapsulate the often 
confusing array of endocrine abnormalities encountered in chronic 
renal failure and set them in the context of the uraemic syndrome. 
There is little doubt that some of these endocrine disorders contribute 
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in a very major way to the symptoms of uraemia. Much remains to 
be learned, however, about the basis for disordered endocrine function 
in CRF and its clinical consequences. 
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4 
BONE DISEASE IN CHRONIC RENAL 
FAILURE 

A J. FELSENFELD AND F. LLACH 

Altered bone pathology has been observed in patients with chronic 
renal failure since the early 1900s 1. The association between chronic 
renal failure and the development of bone disease was established 
during the first half of this century2,3. During the 1930s, parathyroid 
hyperplasia was described in patients with renal failure4-6. 
Subsequently, with the advent of the radioimmunoassay in the 1960s, 
elevated parathyroid hormone (PTH) levels were documented in renal 
failure7-9. However, in general, overt skeletal disease did not become 
a serious clinical problem until the widespread availability of main
tenance dialysis during the last two decades. It became apparent that 
dialytic therapy did not correct the skeletal disease; neither did the 
reduction of excess PTH, as a result of parathyroidectomy. Fur
thermore, the correction of the vitamin D deficiency with the active 
metabolite, 1,25 dihydroxyvitamin D3 (1,25(OH)2D) also failed to' 
restore bone histology to normal. Both of these treatment modalities 
have appropriate applications, but renal osteodystrophy has proved 
to be more complicated than an excess and deficiency state. From the 
perspective of today's clinician, the existence of several types of renal 
bone disease must be appreciated and treatment adapted to the type 
of bone disease and the individual needs of the patient. 
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FACTORS CONTRIBUTING TO THE DEVELOPMENT OF SECONDARY 
HYPERPARATHYROIDISM 

Secondary hyperparathyroidism is the single factor most responsible 
for changes in bone histology in renal failure. Increased circulating 
levels ofPTH and the presence of hyperplasia of the parathyroid gland 
have been observed in early and advanced renal failure4- 9 . The precise 
reason or reasons for these findings remain a subject of investigation. 

Until recently, the consensus of opinion was that the presence 
of hypocalcaemia was the primary stimulus for the development of 
hyperparathyroidism. Several hypotheses were advanced as to the 
cause of the hypocalcaemia. The concept that phosphate retention 
was a primary cause of hyperparathyroidism was developed in the late 
1960s and early 1970S9- 11 • This hypothesis, known as the trade-off 
hypothesis, held that in early renal failure a mild increase in serum 
phosphate develops because of decreased phosphate excretion sec
ondary to the decline in the glomerular filtration rate. As the serum 
phosphate increases, hypocalcaemia ensues leading to an increase in 
PTH secretion. The increased PTH levels, because of PTH's phos
phaturic effect and ability to reclaim skeletal calcium, re-establish 
normal serum calcium and phosphate levels. However, this nor
malization of serum calcium and phosphate is achieved at the cost of 
higher basal PTH levels. Thus, the term trade-off hypothesis is derived. 
With continued decline in glomerular filtration rate, a repetition of 
the above events occurs until the glomerular filtration rate declines 
to approximately 20-25 ml/min; then overt hyperphosphataemia 
develops despite marked elevation of PTHI2. 

The trade-off hypothesis was derived from experimental data which 
showed that phosphate restriction prevented the development of 
hyperparathyroidism in the dog with surgically induced, advanced 
renal failure lo. Recently it has been observed that phosphate restriction 
increases serum 1,25(OH)2D production I3,]4, which in turn may 
directly inhibit PTH secretion l5- 17 (see later discussion) and increase 
calcium absorption from the gut I8 ,19. The development of hyper
parathyroidism in early renal failure may be due to factors other 
than phosphate retention. In fact, hypophosphataemia rather than 
hyperphosphataemia has been the predominant finding20-22. Even the 
hypothesis of post-prandial hyperphosphataemia when assessed by 
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phosphate loading has not been verified, rather increased phosphaturia 
without hyperphosphataemia has been observed22,23. Finally, a recent 
in vitro study has shown that mild hyperphosphataemia does not 
produce hypocalcaemia24. 

In advanced renal failure, overt hyperphosphataemia probably 
plays an important role in the hyperparathyroidism25,26. Furthermore, 
a study in animals has suggested that the hyperphosphataemia can 
directly inhibit calcium release from bone27. This could theoretically 
exacerbate the hyperparathyroidism. 

An abnormal vitamin D metabolism may play an important role in 
the pathogenesis of secondary hyperparathyroidism. Vitamin D is 
formed endogenously in the skin when 7-dehydrocholesterol is acti
vated by ultraviolet light. The vitamin D, synthesized in the skin and 
derived from dietary sources, is transported to the liver where 25-
hydroxylation occurs. This process of25-hydroxylation is poorly regu
lated and thus is a good index of vitamin D reserves28. The hormonal 
form of vitamin D, 1,25(OH)2D, is formed in the mitochondria of 
the proximal tubules of the kidney where 25(OH)D undergoes 111-
hydroxylation29. Major factors regulating the enzymatic conversion 
to 1,25(OH)2D include PTH30,31 as well as the concentration of serum 
phosphate32,33 and serum calcium34,35. Thus, high levels ofPTH, hypo
phosphataemia, and hypocalcaemia stimulate the production of 
1,25(OH)2D. The concentration of 1,25(OH)2D is low in advanced 
renal failure 36,37. In early renal failure, both decreased22•23 and 
normal 14,38 levels of 1,25(OH)2D have been reported and these levels 
are stimulated by phosphate restriction l3, 14. 

The progressively lower levels of 1,25(OH)2D observed in renal 
failure affect mineral and skeletal metabolism. Thus, 1,25(OH)2D may 
have a direct effect on both the action and secretion of PTH. Such 
examples include an improved calcaemic response of PTH after 
1,25(OH)2D administration22,39, and decreased PTH secretion fol
lowing 1,25(OH)2D administrationI7,4o. In addition, 1,25(OH)2D in
creases gut transport of calciuml8, 19. 

The concept that resistance to the calcaemic effect of PTH occurs 
in azotaemia was suggested by Stanbury and Lumb41 . Subsequently, 
Massry and others have shown that patients with various degrees of 
renal insufficiency have a decreased calcaemic response to exogenous 
PTH42. The calcaemic response to endogenous PTH is also reduced 
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in patients with early renal failure during hypocalcaemia induced by 
ethylenediamine-tetra-acetate (EDTA)21. In the experimental animal, 
the exogenous administration of 1,25(OH)2D partially corrects the 
decreased calcaemic response to PTH39. In addition, phosphate restric
tion in early renal failure results in an increase in 1,25(OH)2D levels, 
a decrease in PTH levels, and an improved calcaemic response to 
exogenously administered PTHI4. Finally, we have shown that the 
administration of 0.25 fJ,g 1,25(OH)2D twice daily to patients with 
early renal failure results in normalization of the serum levels of 
1,25(OHhD, an improvement in the impaired calcaemic response to 
PTH, a decrease in the level of urinary cyclic AMP (a marker ofPTH 
activity), and normalization of the renal handling of phosphate22 . In 
Figures 4.1 and 4.2, the effect of EDTA on serum calcium and PTH 
is shown before and after therapy with 1,25(OH)2D. Treatment with 
1,25(OH)2D reduces the EDTA-induced'decline in serum calcium and 
improves the recovery in serum calcium despite comparable levels of 
PTH. Thus, in summary, a deficiency of 1,25(OH)2D both in early 
and advanced renal failure may play an important role in the develop
ment of secondary hyperparathyroidism. 

A direct effect of 1,25(OH)2D on PTH secretion may also be an 
important factor, and may alter the set point of calcium for PTH 
secretion in renal failure43 . The set point is defined as the concentration 
of calcium necessary to produce a 50% decrease in PTH secretion. In 
addition, it has been shown that in renal failure adenylate cyclase of 
hyperplastic parathyroid glands is less susceptible to inhibition by 
calcium44. Previous studies have demonstrated an in vivo inhibitory 
effect of 1,25(OH)2D on PTH release in the rat45, and also an in vitro 
inhibitory effect on monolayer cell cultures of bovine parathyroid 
cells I5,46. Other studies have shown specific binding of 1,25(OH)2D to 
parathyroid tissue47,48. Both in vitro and in vivo studies have dem
onstrated that 1,25(OH)2D decreases levels of preproparathyroid 
hormone messenger RNAI6,49. These results suggest that 1,25(OH)2D 
regulates PTH gene transcription. Finally, a recent study in dogs has 
shown that increased PTH levels developed during surgically induced 
renal failure despite the fact that the serum calcium was maintained 
above normal 17• This was associated with a significant decrease in 
1,25(OH)~D levels. The administration of 1,25(OH)2D t3 achieve 
normal levels prevented the increase of PTH, even in the absence of 
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FIGURE 4.1 Mean values (± SE) of PTH and nOf}-chelated calcium in 
relation to time during and after the infusion of ethylenediamine-tetra
acetate (EDTA) prior to l,25(OHhD therapy. The open circles represent 
values from patients with early renal failure. The open triangles represent 
values from normal subjects. Symbols are: *, p<O.05; **, p<O.Ol. (From 
Wilson et al. (1985). Kidney Int., 27, 565-73; reproduced with per
mission) 

119 



EDTA 
1.3..}----' 

1.1 

~ .9 

E~ 
... E 
41_ 
i CI .7 
o,!; 
J: 

~ .5~ 

.3 

. 1 
0 
I 

1°l 

,... 
0-
w~ 
.... CI 8 
<E 
...J .... 
w 

~ 7 
z 
o 
z 

6 

1 2 
I I 

CHRONIC RENAL FAILURE 

3 4 6 8 12 24 
I I I I Il I II--i 

HOURS 

---"'1 .-o----y ** _--.L ** -y- * lZ-.cr---** 
** 
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during the EDTA test in patients before (open circles) and after (closed 
circles) 1 ,25(OH)2D therapy. Symbols are: *, p<O.05; **, p<O.01. (From 
Wilson et al. (1985). Kidney Int.. 27, 565-73; reproduced with per
mission) 
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FIGURE 4.3 Serum-ionized calcium, amino iPTH levels, and serum 
1 ,25(OH)2D3 before and after the induction of renal insufficiency (arrow) 
in a group of six dogs from protocol I. ICa, ionized calcium. (From Lopez
Hilker etal. (1986). J. Clin. Invest., 78,1097-102; reproduced with 
permission) 

increased serum calcium (Figures 4.3 and 4.4). However, also of 
interest is that mild hypercalcaemia and high 1,25(OH)2D levels did 
not result in undetectable levels of PTH J7. Thus in summary, the 
above findings suggest that hypocalcaemia may not be the only factor 
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FIGURE 4.4 Serum-ionized calcium, amino iPTH levels and serum 
1 ,25(OH)2D3 in a group of five dogs from protocol II who received 150-
200 ng of 1 ,25(OH)2D3 twice daily, before and after the induction of renal 
insufficiency (arrow). ICa, ionized calcium. (From Lopez-Hilker et al. 
(1986). J. Clin. Invest.. 78, 1097-102; reproduced with permission) 

producing hyperparathyroidism in renal failure, and a deficiency of 
1,25(OH)2D may directly contribute to the development of hyper
parathyroidism in chronic renal failure, 

With advanced renal failure there is decreased gut calcium absorp-
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tion20, which is associated with decreased 1,25(OHhD levels. This 
defect is corrected with ·exogenous 1,25(OH)2D administration 1 8, 19. 
In early renal failure, phosphate restriction will increase levels of 
1,25(OHhD and correct the calcium malabsorption21 . Thus, a 
deficiency of 1,25(OH)2D produces calcium malabsorption and as a 
result contributes to the development of hypocalcaemia, a major factor 
in the production of hyperparathyroidism. 

From the above discussion, it would appear that both hyper
parathyroidism and a deficiency of 1,25(OH)2D are important mani
festations of early and advanced renal failure. The secondary 
hyperparathyroidism and the 1,25(OH)2D deficiency are the primary 
factors responsible for the development of the bone disease, osteitis 
fibrosa. Other factors which may contribute to the development of 
osteitis fibrosa include abnormal collagen synthesis50 and abnormal 
crystal growth and maturation51 ,52. 

BONE DISEASE 

Before discussion of the various bone lesions observed in renal failure, 
a brief review of the bone structure is necessary. Indigenous to bone 
are three cell types - the osteoblast, the osteocyte and the osteoclast. 
The osteoblast deposits osteoid (unmineralized bone matrix). During 
active osteoid deposition, the osteoblast assumes a cuboidal or col
umnar shape and as the rate of matrix synthesis decreases, the osteo
blast becomes progressively attenuated. As the osteoblast deposits 
osteoid, a few of these cells are incorporated in the osteoid, and with 
mineralization of the osteoid, become osteocytes within the miner
alized bone. The osteocyte with its system of canaliculi (canals) covers 
a large surface area. The osteocyte may also change size in response 
to PTH. However, whether the osteocyte is capable of bone resorption 
remains a subject of controversy. It is difficult to conceive of a cell, 
whose initial function was bone formation, that could become respon
sible for bone resorption. The size changes, observed in osteocytes, 
may be secondary to the action of PTH on osteoblasts53 . Osteoclasts 
are large, mobile multinucleated cells responsible for bone resorption. 
Their derivation is probably from monocyte-macrophage precur
sors54. Osteoclasts attach to non-osteoid bone surfaces and resorb 
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bone. In general, there is a balance between bone formation and 
resorption. In the young individual, the balance favours formation 
and accumulation of bone, while after the third or fourth decade, the 
balance favours resorption and loss of bone. In this process of bone 
formation and resorption, bone acts as a repository and source of 
calcium. However, this function of bone is beyond the scope of this 
chapter, and is reviewed elsewhere55,56. 

The natural sequence of bone formation includes osteoid deposition 
followed by mineralization. The biochemical process of miner
alization, involving changes from amorphous calcium phosphate to 
calcium hydroxyapatite, is not well understood. The antibiotic, tetra
cycline, can be used as a marker of bone mineralization. Tetracycline 
binds to newly deposited bone mineral and when bone is viewed with 
fluorescent light, the tetracycline will fluoresceS? Consequently, if two 
separate doses of tetracycline are given, for example 10 days apart, 
then the distance between tetracycline labels divided by the number 
of days between doses will provide the rate of mineralization. The rate 
of mineralization times the fraction of mineralized surface provides 
the bone formation rate. 

In reality, renal osteodystrophy includes various bone lesions. These 
have been divided into four categories: (1) osteitis fibrosa, (2) mixed 
osteitis fibrosa-osteomalacia, (3) 'low turnover' osteomalacia 
(LTOM), and (4) aplastic bone disease. Osteitis fibrosa is characterized 
by a marked increase in osteoblasts and osteoclasts, the presence of 
bone marrow fibrosis (termed endosteal fibrosis), and an increase in 
the bone formation rate. A characteristic example of osteitis fibrosa 
is shown in Figures 4.5 and 4.6. Mixed osteitis fibrosa-osteomalacia 
has features of both osteitis fibrosa and osteomalacia. These include 
increased cellular activity, some endosteal fibrosis, abnormally wide 
osteoid seams, and a bone formation rate that is active but below the 
expected rate for the degree of cellular activity. Often the distance 
between the two tetracycline labels is not well separated. An example 
is shown in Figures 4.7 and 4.8. Low turnover osteomalacia is char
acterized by a marked reduction in cellular activity, broad osteoid 
seams, and the complete or almost complete cessation of bone forma
tion. In more than 90% of these cases, histological staining of alu
minium is found. Characteristic bone histological findings of L TOM 
are shown in Figures 4.9 and 4.10. Finally, the least common of the 
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FIGURE 4.5 An example of osteitis fibrosa is shown. The presence of 
endosteal fibrosis (F) and increased cellular activity is apparent (x 87) 

FIGURE 4.6 Endosteal fibrosis (F). osteoblasts (Ob). and osteoclasts 
(Oc) are observed in this example of osteitis fibrosa (x 140) 
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FIGU RE 4.7 An example of mixed osteitis fibrosa-osteomalacia is 
shown (x 87) 

FIGURE 4.8 At higher magnification, increased cellular activity, osteo
blasts (Ob) and osteoclasts (Oc), and endosteal fibrosis (F) are observed. 
However, at the same time, large osteoid deposits (0) are present ( x 140) 



FIGURE 4.9 An example of low turnover osteomalacia is shown. The 
findings are characterized by large osteoid deposits (0) and the absence 
of cellular activity and endosteal fibrosis ( x 140) 

FIGURE 4.10 An example of aluminium deposits is shown. The alu
minium (AI) is present at the interface of osteoid (0) and mineralized 
bone (x 140) 
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FIGURE 4.11 Aplastic bone disease is characterized by the absence of 
cellular activity. endosteal fibrosis and large osteoid deposits (x 140) 

four categories is aplastic bone disease. Similar to LTOM, features 
include minimal cellular activity and the virtual cessation of bone 
formation. However, there is no accumulation of osteoid and positive 
aluminium staining is not found as often and generally is not as dense. 
An example of aplastic bone disease is shown in Figure 4.11. 

The development of osteitis fibrosa is presumed to be secondary to 
very high levels ofPTH. Indeed when PTH levels have been compared 
to histological criteria of increased bone turnover, PTH levels are very 
high in osteitis fibrosa58-62. However, there are a vast multitude of 
clinically available PTH assays and PTH levels are generally increased 
in renal failure63 • Thus, for the best results a comparison of the 
PTH assay and bone histology should be available. An elevated PTH 
concentration may not be sufficient to diagnose osteitis fibrosa. In 
some PTH assays a three-fold elevation of PTH may suggest the 
presence of osteitis fibrosa, while in others a 30-50-fold increase may 
be indicative of severe secondary hyperparathyroidism. 
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In patients with early to advanced renal failure or receiving main
tenance dialysis, osteitis fibrosa is the predominant finding64,65. In 
addition to osteitis fibrosa, mixed osteitis fibrosa-osteomalacia may 
be considered in this category since levels of PTH are also elevated. 
In a previous study we evaluated 142 un selected maintenance dialysis 
patients from a single geographic region65 • Both osteitis fibrosa and 
osteitis fibrosa-osteomalacia were categorized as osteitis fibrosa. Of 
the 142 haemodialysed patients, 96 (68%) had osteitis fibrosa. As 
shown in Table 4.1, clinically apparent musculoskeletal problems were 
not common in this group. Biochemically, as shown in Figures 4.12 
and 4.13, the serum calcium was significantly lower in osteitis fibrosa 
than LTOM (p < 0.05), and serum alkaline phosphatase was increased 
compared with both LTOM and aplastic bone disease (p < 0.05); no 
significant differences were present in serum phosphorus. In addition, 
the carboxy terminal PTH level was higher (p<O.OI) and the serum 
aluminium lower (p < 0.05) in osteitis fibrosa than the other two 
groups. 

The criteria selected for the histological diagnosis by definition 
lead to significant differences in bone histomorphometric parameters 
between the three groups. Thus statistical analysis was not performed, 
but nevertheless, the magnitude of these differences is important to 
appreciate and consequently they are presented in Figure 4.14. Osteo
blasts, osteoclasts and endosteal fibrosis are markedly increased in 
osteitis fibrosis. Of interest to note are the minimal differences in total 
osteoid surface and relative osteoid volume between osteitis fibrosa 
and LTOM. The expectation is that LTOM would have a large 
accumulation of osteoid. However, in osteitis fib.rosa the amount of 
osteoid accumulation is defined by the equilibrium between osteoid 

TABLE 4.1 Initial clinical findings in 142 haemodialysis patients 

Muscle Bone pain Fractures 
weakness 

Osteitis fibrosa (N= 96) 5 (5%) 4 (4%) 3 (3%) 
Osteomalacia (N= 36) 15 (40%) 13 (35%) 10 (27%) 
Aplastic bone disease (N= 1 0) 2 (20%) 3 (30%) 2 (20%) 

From Llach et al. (1986). Kidney Int., 29 (Suppl. 18), S74-9, reproduced 
with permission 
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FIGURE 4.12 Mean (±SO) serum calcium and phosphorus con
centrations and alkaline phosphatase activity in dialysis patients with 
osteitis fibrosa (OF), osteomalacia (OM), and aplastic bone disease 
(ABO); normal alkaline phosphatase, 30-100 lull (From Llach et at. 
(1986) Kidney InC 29 (Suppl. 18), S74-9; reproduced with permission) 
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FIGU RE 4.13 Mean (± SO) parathyroid hormone levels and aluminium 
concentration in patients with osteitis fibrosa (OF), osteomalacia (OM), 
and aplastic bone disease (ABO). Normal range for PTH, 0.1-0.3 ng/ml; 
aluminium, 2.3-6.4 gil. (From Llach et at. (1986). Kidney Int.. 29 (Suppl. 
18), S74-9; reproduced with permission) 
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deposition and the rate of bone formation. Thus, even if bone for
mation is normal or exceeds normal, osteoid will accumulate if osteoid 
deposition is greater than the rate mineralized bone is formed. Thus, 
as opposed to LTOM in which both the rate of osteoid deposition 
and bone mineralization are reduced, osteoid accumulation in both 
osteitis fibrosa and mixed disease is secondary to a different dynamic 
equilibrium. In this instance, an increased rate of osteoid deposition 
exceeds a bone formation rate that ranges from minimally decreased 
to greater than normal. 

While the evolution of osteitis fibrosa and mixed disease can be 
understood on an aetiological basis, factors leading to the development 
of LTOM are more difficult to understand. Initially, it was assumed 
that osteomalacia resulted from a deficiency of 1,25(OH)2D, a known 
consequence of renal failure. However, more than a decade ago, it 
was shown that even in anephric patients, a group expected to have 
minimal if any circulating 1,25(OHhD, the predominant histological 
lesion was osteitis fibrosa66. Subsequently, when 1,25(OH)2D became 
available for clinical studies, it was demonstrated that 1,25(OH)2D 
failed to improve LTOM67,68. However, 1,25(OH)2D did prove to be 
of value in treatment of mixed osteitis fibrosa-osteomalacia69. 70. Thus, 
it became apparent that LTOM was not due to a deficiency of 
1,25(OH)2D. Subsequent studies during the past 10 years have dem
onstrated an association between aluminium and LTOM. Several lines 
of study suggest the aetiological role of aluminium in the pathogenesis 
of LTOM. Thus, epidemiological studies in Great Britain documented 
a regional clustering of cases with L TOM7I. Subsequently, LTOM 
was associated with the presence of aluminium in the dialysis water72-

74. In addition, investigation in animals showed that aluminium admin
istration produced osteomalacia75,76. A rediscovery of an older his
tological stain has documented the presence of aluminium along the 
trabecular surface, at the interface of osteoid and mineralized bone, 
and in reversal lines (the sites of old resorption cavities which have 
been filled with mineralized bone)77. Finally, the administration of the 
chelating agent, desferrioxamine, has improved bone histology and 
reduced the aluminium burden78, 79. All of these findings have strongly 
implicated aluminium as the cause of LTOM. 

The clinical presentation of LTOM often includes a tendency to 
develop hypercalcaemia, diffuse musculoskeletal pain, fractures, and 
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a relative deficiency of PTH65,67. The tendency to develop hyper
calcaemia is an interesting finding. As is seen in Figure 4.12, it is often 
present even in the absence of treatment with vitamin D metabolites, 
and marked hypercalcaemia may result during treatment with vitamin 
D metabolites or analogues67 • The cause of the hypercalcaemia is 
postulated to be the failure to move calcium into bone80 • Since in 
LTOM there is a virtual cessation of bone formation, and with renal 
failure, the kidney cannot excrete calcium, any stimulus for increased 
gut calcium absorption or the use of increased dialysate calcium 
may lead to hypercalcaemia. Similar findings have been observed in 
aluminium loaded animals81 - 84• 

As is observed in Figure 4.13, a relative PTH deficiency is present 
in LTOM. The term, relative, is used because the PTH level is usually 
above the normal range (due to the presence of renal failure), but 
lower than that observed in patients with osteitis fibrosa. In the past, 
the obvious question was whether the relative deficiency of PTH was 
secondary to the hypercalcaemia. However, studies addressing this 
question by producing hypocalcaemia with a calcium-free dialysis 
demonstrated that hypocalcaemia failed to elicit an appropriate PTH 
response85,86. Data from our laboratory showing such a response are 
displayed in Figure 4.15. Such findings suggested the possibility that 
aluminium may directly inhibit PTH secretion. Several tissue culture 
studies have indicated that aluminium does inhibit PTH secretion87,88. 

The relative PTH deficiency may be important in the development of 
LTOM, since PTH may protect against the toxic effects of aluminium 
on bone89,9o. 

Musculoskeletal pain and fractures are common clinical features of 
LTOM. For several years it was believed that these findings were 
observed in all patients with LTOM since the majority of bone biopsies 
obtained in symptomatic patients revealed LTOM67. However, 
recently we have shown in a prospective study (Table 4.l) that 
although fractures and musculoskeletal pain are more common in 
LTOM, these occurred in less than one half of patients65 . As shown 
in Table 4.2, when these same patients were followed for 2 years, the 
incidence of bone pain, muscle weakness and fractures increased 
markedly. This occurred despite no significant change in serum 
calcium, phosphorus, alkaline phosphatase and PTH. Furthermore, a 
high mortality rate was observed in this group of 36 patients. Thirteen 
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FIGURE 4.15 A comparison of PTH response to hypocalcaemia In 

osteomalacia (0) and osteitis fibrosa (e). The amino terminal PTH 
response was significantly greater at 30, 60, 90 and 120 min in osteitis 
fibrosa. *p<0.05; ** p<O.Ol. The carboxy terminal PTH response was 
significantly greater at 30,60,90 and 120 min in osteitis fibrosa. * p< 0.05; 
** p<O.Ol. (From Andress et al. (1983). Kidney Int.. 24,364-70; repro
duced with permission) 

of the 36 patients died during the 2-year period of observation. Causes 
of death included congestive heart failure (8), sepsis (3), CNS (? dialysis 
dementia) (1), and discontinuation of haemodialysis because of 
patient's request (1). The development of musculoskeletal symp
toms appeared to herald the onset of an increased mortality rate65 • 

Aplastic bone disease was observed in 7% of our 142 maintenance 

TABLE 4.2 Clinical findings in 36 patients with osteomalacia 

At time of biopsy 
At end of study 

Muscle 
weakness 

15 (42%) 
24 (67%) 

Bone pain 

13 (36%) 
22 (61 %) 

Fractures 

10(28%) 
15 (42%) 

From Llach et al. (1986). Kidney Int.. 29 (Suppl. 18), S74-9, reproduced 
with permission 
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haemodialysis patients. As can be observed from Table 4.1, clinical 
symptomatology was similar to the group with LTOM. Similar to 
LTOM (Figures 4.12 and 4.13), serum alkaline phosphatase and PTH 
levels were decreased compared to osteitis fibrosa (p < 0.05). Serum 
aluminium was elevated in aplastic bone disease compared to osteitis 
fibrosa (p < 0.05). As shown in Figure 4.14, the bone histology of 
aplastic bone disease resembles LTOM except that osteoid deposits are 
markedly reduced. Aluminium deposits were present in the majority of 
patients with aplastic bone disease65 • Others have reported similar 
findings91. The question remains whether aplastic bone disease is the re
sult of aluminium toxicity, and ifso, why are the large osteoid deposits 
not present? In a preliminary study, we have shown that the admin
istration of aluminium to parathyroidectomized rats with renal failure 
results in a histological entity resembling aplastic bone disease. If 
aluminium is administered to a parathyroid intact rat with renal 
failure, the histological findings are similar to L TOM82 . This study 
suggests that the degree of parathyroid activity may be a moderator 
of the aluminium effect on bone. 

The definitive diagnosis of renal osteodystrophy requires a bone 
biopsy, most accessible from the anterior iliac crest. Attempts have 
been made to diagnose renal osteodystrophy by non-invasive means. 
The two primary diagnostic tests employed are serum biochemistry 
and radiography. While both do provide valuable information, a 
specific diagnosis of the type of bone disease is often difficult to 
achieve. 

Serum chemistries often provide useful information, but there is 
considerable overlap with the various histological lesions. In general, 
the serum calcium and phosphorus are of little diagnostic value. 
Hypercalcaemia and hyperphosphataemia occur frequently in severe 
osteitis fibrosa, but are also common in LTOM65,92-94. The reasons for 
the development of hypercalcaemia and hyperphosphataemia in these 
two disorders are probably different. In severe osteitis fibrosa, accel
erated removal of calcium and phosphorus from bone probably 
accounts for the hypercalcaemia and hyperphosphataemia. In LTOM, 
the most likely reason is the inability to deposit calcium and phos
phorus in bone. Serum PTH is often helpful as a diagnostic test. As 
mentioned previously, a knowledge of the correlation of the specific 
PTH assay with bone histology, and an appreciation of the range of 

135 



CHRONIC RENAL FAILURE 

changes in PTH levels in renal failure are important. We, as well as 
other investigators, have reported a correlation between serum PTH 
and the magnitude of bone activity. Thus, although PTH levels are, in 
general, highest in severe osteitis fibrosa and lowest in LTOM60,62,85,86, 
considerable overlap does exist in the various forms of renal osteo
dystrophy. Significant correlation also has been reported between 
serum alkaline phosphatase and bone activity59,65,92,95. The elevation 
in serum alkaliI?-e phosphatase is presumed secondary to osteoblastic 
activity. In the epidemic forms of LTOM reported in Great Britain 
during the 1970s, the serum alkaline phosphatase level was generally 
in the normal range and thus, clearly different from the increased 
levels observed in osteitis fibrosa67, 92, 96,97. However, in the more spor
adic cases of L TOM, the serum alkaline phosphatase concentration 
is often moderately elevated. Thus, serum alkaline phosphatase is 
probably not as discriminating as would be desired. In addition, 
elevations in serum PTH and alkaline phosphatase do not exclude the 
presence of aluminium. Recently, studies have been performed with 
Gla-protein, also known as osteocalcin, the most abundant non
collagenous protein in bone. Circulating Gla-protein levels generally 
reflect bone formation. In one study, a marked increase was present 
in osteitis fibrosa as compared to.LTOM98. In general, the experience 
with Gla-protein is not very extensive, and in addition multiple forms 
may be present in uraemic serum99. Thus, more data are required to 
evaluate its usefulness. 

The second major non-invasive technique for the assessment of 
renal osteodystrophy is radiography. Useful information can be gained 
from skeletal radiography if the proper techniques are applied. Mag
nification radiography of the hand bones with fine grain industrial film 
is the most advantageous techniqueI00-I02. Subperiosteal resorption is 
probably the earliest manifestation of overt secondary hyper
parathyroidism and is best observed at'the middle phalangeal radial 
surfaces or terminal phalangeal tufts l02, 103. Several studies have shown 
positive correlations with microscopic grading of periosteal resorption 
and the severity of osteitis fibrosa 59, 103, 104. However, the technique 
may not be sensitive enough. In one study, 38 of 58 patients with bone 
histological features of hyperparathyroidism had no subperiosteal 
resorption93 . In other studies, subperiosteal resorption has been found 
in less than 50% of patients with osteitis fibrosa92, 103. Another com-
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plicating factor concerns false positive findings in patients with 
LTOM. As is apparent from bone histology, old resorption cavities 
are filled with osteoid. Since osteoid is radiolucent, the radiograph has 
the appearance of active bone resorption and may be incorrectly 
diagnosed as osteitis fibrosa 105. Radiographic techniques capable of 
detecting osteomalacia are in general less sensitivelO6. 

In one recent study, the 99mtechnetium-Iabelled methylene diphos
phonate bone scan was used to evaluate renal osteodystrophylo7. This 
technique was able to differentiate between LTOM and osteitis fibrosa, 
but overlap existed with mixed osteitis fibrosa-osteomalacia. How
ever, other investigators have concluded that the bone scan did not 
provide useful information in the diagnosis of renal osteodystrophylo8. 

While the radiographic tests reported above may be helpful, the 
principal diagnostic tool for renal osteodystrophy remains the bone 
biopsy and the processing of the undecalcified bone. From the his
tological preparation of bone, the extent of cellular activity, amount 
of osteoid, presence of endosteal fibrosis, bone mineralization and 
formation as evaluated by tetracycline labelling, and presence of 
aluminium can all be learned from the direct examination of 
bone. Aluminium is almost uniformly present in LTOM, frequently 
in aplastic disease, and also may be present in mixed osteitis 
fibrosa-osteomalacia; it is infrequently observed in osteitis fibrosa. 

Extraosseous calcifications are frequently observed in uraemia and 
are a complex issue. Three principal forms of extraosseous calcification 
are found in uraemia. These include (1) calcification of medium-size 
arteries, (2) periarticular or tumoral calcifications, and (3) visceral 
calcifications affecting the heart, lung and kidneys 106. A particularly 
severe form of metastatic calcification is the syndrome of calciphylaxis 
in which extensive vascular calcifications result in rapid development 
of skin ulcerslO9. The syndrome of calciphylaxis is a medical emergency 
and often responds to parathyroidectomylO9. A review of the cellular 
basis of pathologic calcification is beyond the scope of this chapter, 
but is important to the understanding of the metastatic calcification 
process in uraemia and can be found elsewhere 1 10. 

The reasons for calcification and the types of calcification may differ 
with location. Investigators have found that the visceral calcifications 
are amorphous calcium phosphate while arterial and non-visceral 
calcifications are hydroxyapatite 1 1 I, 112. Arterial calcifications are 
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common in dialysis patients and are probably responsible for the high 
cardiovascular mortality of these patients 113. Arterial calcifications 
can also result in pseudohypertensionl14. Visceral calcifications 
infrequently produce clinically apparent disease, but restrictive and 
diffusion pulmonary defects and heart block have been reported 1 15, 116. 
The pathogenesis of the extraosseous calcifications may differ. The 
calcium phosphate product is probably important in periarticular and 
tumoral calcificationsll7, but an excess ofPTH also may playa role 1l8 . 

In vascular and visceral calcifications, the role of the calcium phos
phate product and PTH is not clear. However, studies in animals with 
renal failure have demonstrated that parathyroidectomy prevented 
the development of arterial calcifications and cardiac calcium accumu
lation 119,120. 

Studies concerning the effect of continuous ambulatory peritoneal 
dialysis (CAPD) on renal osteodystrophy are inconclusive. In some 
studies vitamin D metabolites or analogues were administered I21 ,122, 

and in others oral calcium supplements were givenl23, 124. In addition 
CAPD has resulted in decreased 25 hydroxyvitamin D levelsI21.123, 125. 

Furthermore, most of the studies have included both patients with 
osteitis fibrosa and LTOMI21-126. It would appear that osteitis fibrosa 
progresses during CAPD unless oral calcium supplementation and 
possibly vitamin D analogues or metabolites are administered 1 25, 126. 
Less convincing evidence suggests that LTOM may improve with 
CAPD I24,126. 

Successful renal transplantation is the goal of most maintenance 
dialysis programmes. While a successful renal transplant markedly 
improves the well-being of the patient, skeletal problems, both new 
and residual, are often encountered. With transplantation, endogen
ous 1,25 dihydroxyvitamin D levels increasel27.128 and the hyper
phosphataemia is corrected 1 29-132. Residual hyperparathyroidism is a 
frequent problem and may lead to hypercalcaemia I29. 132. As long as 
the serum calcium remains less than 3 mmol/l (12 mg/dl), the function 
of the transplanted kidney is rarely impaired and parathyroidectomy 
is not advisable 1 29. 131. The hypophosphataemia often present may be 
secondary to either residual hyperparathyroidism 133.134 or primary 
phosphate loss by the transplanted kidneyI34.135. Finally, cort
icosteroids, used as immunosuppressive agents, may result in loss of 
bone mass. 
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For the most part, clinically apparent skeletal problems are 
infrequent with successful renal transplantation. Osteitis fibrosa gen
erally improves, but increased bone cellular activity often never com
pletely resolves; long-term hyperparathyroidism may be present 
because of incomplete involution of the parathyroid gland 132,136 or 
because the continued mild-to-moderate decrement of GFR remains 
a stimulus for PTH secretion7,8.17. Available information on the effect 
of renal transplantation on LTOM is minimal, but case reports do 
indicate improvement I 37, 138. However, desferrioxamine may also have 
to be used after transplantation I 39. It has been suggested that the 
hypophosphataemia may produce osteomalacia, and in one report 
osteomalacia was diagnosed by X-rayI40. However, in a study of ten 
long-term hypophosphataemic renal transplant recipients, we did not 
observe osteomalacia in any patient l41 . The primary finding in these 
patients was a decrease in bone volume. However, some also had a 
decrease in bone formation rate but not a concomitant increase in 
osteoid. 

The most disabling skeletal problem in the renal transplant recipient 
is the development of aseptic necrosis. The incidence of aseptic necrosis 
has varied from 3 to 41 %142-144. The aetiology of aseptic necrosis 
remains unclear as is evident from the different names, avascular 
necrosis, osteonecrosis, ischaemic necrosis, given to the process. Exten
sive reviews of this problem have been published elsewhereI45-151. 
Aseptic necrosis is not unique to renal transplantation and develops 
in other clinical conditionsI45-151. Postulated pathogenic mechanisms 
include (1) trabecular micro fractures which develop due to the lack of 
bone remodelling - these subsequently accumulate and produce 
macroscopic fractures I 52. 153, (2) subchondral fractures through osteo
penic bone which interrupt the blood supplyl46, (3) cell death from 
cytotoxic factors l47, 150, 151, and (4) vascular causes I 50, 151. Included in 
the vascular category are extraosseous arterial and venous causes 
such as arterial thrombosis and disease of the deep venous system; 
intraosseous arterial and venous disease which include microemboli, 
fat emboli or intravenous thrombosis, all of which may occlude the 
circulation; and, finally, intraosseous extravascular factors in which 
bone marrow pressures increase producing a compartmental 
syndrome. Bone marrow pressures are often elevated in aseptic 
necrosis, and results with simple decompression have been promising, 
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especially when the aseptic necrosis is diagnosed at an early stagel49, 150. 

The incidence of aseptic necrosis in renal transplant recipients varies 
according to whether the figures are based on all renal transplants or 
those surviving for at least 12 months. The onset of symptoms is often 
within the first year l44, 154, 155, and the most commonly involved joint 
is the femoral head l46, 154, 155. However, primary involvement of other 
joints may be observedl44, 154, 155, and multiple involvement is not 
uncommonl44, 154, 155. It has been difficult to extract predisposing factors 
in the majority of the published series. In some series, the steroid dose 
and the number of rejection episodes with high-dose steroids have 
been predictive factors I54,156, but in most, the steroid dose has 
not l42, 144, 155, 157. However, the very high doses of steroids employed 
during the early years of most renal transplantation programmes may 
have been a predisposing factor l44,156. At present early diagnosis is 
important because intervention at this stage may prevent the pro
gession of the process l49, 150. The traditional approach has been the x
ray, but the bone scan 158 , magnetic resonance imagingl59, and single 
photon emission computed tomographyl60 may be more sensitive. 

TREATMENT 

The approach to the treatment of the patient with renal osteo
dystrophy must be individualized. Effective therapy for osteitis fibrosa 
is generally ineffective treatment of LTOM. The presence of alu
minium in a patient with severe osteitis fibrosa may dissuade the 
attending nephrologist from recommending parathyroidectomy. The 
finding of LTOM and aluminium may be an indication for a modi
fication of the patient's antacid regimen. Treatment ofhyperca1caemia 
in osteitis fibrosa and LTOM should be approached differently. Thus, 
knowledge of the pathological findings should modify the therapeutic 
approach to the patient. 

Vitamin Dmetabolites and analogues have been used for the treat
ment of renal osteodystrophy. Vitamin D was used for treatment of 
renal osteodystrophy in 1927 by Parsons2• Unlike the dramatic 
response observed in vitamin D-dependent rickets and osteomalacia 
secondary to malabsorption, the hyperparathyroid bone disease of 
renal failure did not respond. Advances in vitamin D biochemistry 
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resulted in discovery and availability of 25 hydroxyvitamin D and 
1,25 dihydroxyvitamin D. Treatment with vitamin D has resulted in 
improvement of osteitis fibrosal61, 162. However, because of its long 
half-life and the availability of other more physiologically active 
metabolites and analogues, the use of vitamin D is not indicated for 
the treatment of renal osteodystrophyl63. 

Dihydrotachysterol (DHT), a synthetic compound with a structure 
similar to 1,25(OH)2D, has been available since 1943164. The 'A ring' 
ofDHT is rotated 1800 with the hydroxyl group at carbon 3 occupying 
the stereochemical equivalent ofthe I-hydroxyl group in 1 ,25(0 H)2D 163. 
After hepatic hydroxylation at the 25 position, DHT has a con
figuration similar to 1,25(OH)2D. DHT has been evaluated in a limited 
number of studies, and has, in general, produced symptomatic, radio
graphic and skeletal improvement in patients with both osteitis fibrosa 
and mixed osteitis fibrosa-osteomalacia 165,166. Since activation of 
DHT requires 25 hydroxylation, its effectiveness in patients with liver 
disease or patients receiving anticonvulsants may be decreased. 

The intermediate metabolite, 250HD, is produced by 25 hydroxy
lation of vitamin D by the liver. Plasma half-life is estimated to be 20-
30 daysl67; thus, daily dosage is adequate. However, pharmacological 
doses of the drug and markedly elevated serum levels are necessary 
to achieve a therapeutic effect. Therapy with 250HD increases gut 
absorption of calcium, decreases PTH, and improves the bone his
tology of osteitis fibrosa and mixed osteitis fibrosa-osteomalacia 168,169. 
The decreased PTH levels are most probably secondary to increased 
serum calcium levels. As discussed previously, 1,25(OH)2D directly 
binds to the parathyroid gland and inhibits PTH secretion; however, 
so far there is no evidence to suggest that 250HD has a similar action. 

Numerous clinical studies are available on the use of 1,25(OH)2D 
and its synthetic analogue let-hydroxyvitamin D170-174. Both will be 
considered together. In general, the response to osteitis fibrosa and 
mixed osteitis fibrosa-osteomalacia has been favourable. Both bone 
pain and proximal muscle weakness have been reported to improve 
after 1,25(OH)2D170-173. Hypercalcaemia is a frequent problem with 
1,25(OH)2D and let-OHD therapy. Patients with mild baseline hyper
calcaemia often become markedly hypercalcaemic during early 
therapy while those with hypocalcaemia generally become hyper
calcaemic only after approximately 1 year of therapy173, 175, 176. In the 
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latter instance, hypercalcaemia is generally not observed until the 
serum alkaline phosphatase approaches normal 177 • Provided that the 
bone biopsy has eliminated the possibility of LTOM, the majority of 
the patients with early hypercalcaemia have severe osteitis fibrosa. 
They may require a parathyroidectomy for control of overt hyper
parathyroidism. Most episodes of 1,25(OH)2D-induced hyper
calcaemia are mild and asymptomatic, and will resolve within 2-5 days 
after discontinuation of 1,25(OH)2D3' 

Serum alkaline phosphatase and PTH levels decrease as a result of 
treatment with 1,25(OH)2D or 1o:-0HD. Although some patients may 
experience an initial mild increase in serum alkaline phosphatase, levels 
of serum alkaline phosphatase progressively decrease with treatment, 
approaching normal after 6-12 months l70, 172, 173.178. The decrease in 
PTH levels with therapy often corresponds to an increase in serum 
calcium levels I7o,173. However, a direct inhibitory role of 1,25(OH)2D 
on PTH secretion has been shownI5-17,45,46. Whether the levels of 
1,25(OH)2D achieved with oral therapy are sufficient to suppress a 
hyperplastic parathyroid gland remains to be evaluated. However, 
intravenous 1,25(OH)2D may achieve suppression of PTH inde
pendent of the increase in serum calcium40. Although the PTH level 
decreases during most therapeutic trials with 1,25(OH)2D, it rarely 
becomes normal. This may be secondary both to the fact that metab
olites of PTH accumulate in renal failure63, 179, 180 and, more import
antly, involution of hyperplastic parathyroid glands IS m
complete 132, 136. 

Both radio graphical and histological criteria of osteitis fibrosa 
improve after treatment with 1,25(OH)2D or 1o:-0HD. Radio
graphically, changes of subperiosteal resorption usually improve after 
3-12 months oftreatmentl73, 181-183. Treatment with 1,25(OH)2D or 10:
OHD is effective therapy for osteitis fibrosa and mixed osteitis fibrosa
osteomalacia. In general, histological improvement includes a decrease 
in osteoid area, osteoblastic osteoid, osteoclastic resorption, and endo
steal fibrosis l70, 172, 174, 183-185. However, despite treatment the his-
tological abnormalities rarely become normal. In addition, aggressive 
treatment of patients with severe osteitis fibrosa is often precluded by 
the development of hypercalcaemia 172, 186. These patients often require 
parathyroidectomy. 

The vitamin D metabolite, 24,25(OH)2D, has also been used in the 
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treatment of renal osteodystrophy. In the few studies which have 
evaluated 24,25(OH)2D for the treatment of osteitis fibrosa, no sig
nificant effect on serum biochemistry or bone histology was 
observed68,187. Several years ago interest was generated concerning the 
beneficial effect of 24,25(OH)2D in the treatment of LTOM. After an 
initial encouraging report l88 , subsequent studies have been unable to 
find a beneficial effect for 24,25(OH)2D65,68. 

Treatment of L TOM with vitamin D metabolites has proved, for 
the most part, to be unrewarding. In one study, LTOM did not 
improve with 250HD169, and, although there have been some reports 
of clinical improvement with 1,25(OH)2D67.'89, for the most part, 
patients have failed to respond67, 189. Furthermore, hypercalcaemia 
has been a major problem during therapy with 1,25(OH)2D67. The 
histological findings in LTOM have not changed despite treatment 
with 1,25(OH)2D65,67. At the present time, there is no indication to 
use 1,25(OH)2D, or other vitamin D metabolites or analogues, as 
primary agents in the treatment of LTOM. 

The indications for parathyroidectomy must be carefully 
considered. The operation of choice is either a subtotal para
thyroidectomy 1 90, 191 or a total parathyroidectomy with reimplantation 
of parathyroid tissue in the forearm '92, \93. The decision to perform a 
parathyroidectomy should be based on histological, radiographical 
and biochemical confirmation of severe secondary hyper
parathyroidism. Findings such as musculoskeletal pain and hyper
calcaemia, traditionally ascribed to secondary hyperparathyroidism, 
are more commonly observed in LTOM65,67. In addition, as previously 
discussed, radiographs may also be misleadinglO5. A properly pro
cessed bone biopsy is essential to establish the diagnosis securely as 
well as to provide an index of severity. The PTH level may also be 
helpful, provided there is a familiarity with usual values in renal failure 
and proven cases of severe secondary hyperparathyroidism. 

In Table 4.3, indications for parathyroidectomy are listed. In all 
cases, a proven diagnosis, preferably histological, of osteitis fibrosa is 
essential. In some instances, a trial of 1,25(OH)2D may be warranted. 
However, in other situations such as the sudden onset of calciphylaxis, 
parathyroidectomy should be performed promptlylO9. The decision to 
perform a parathyroidectomy should be made with care, since, in 
addition to the operative complications, long-term complications have 
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TABLE 4.3 Indications for parathyroidectomy in patients with renal 
disease 

(1) Patients with renal failure (dialysis dependent) with either an estab
lished histological diagnosis of osteitis fibrosa, or a radiographic 
diagnosis of osteitis fibrosa and biochemical confirmation such as 
marked elevation of iPTH or serum alkaline phosphatase, who also 
have at least one of the following problems: 

(a) Persistent hypercalcaemia, 

(b) Progressive or advanced periarticular calcifications, 

(c) Calciphylaxis (ischaemic ulcers or necrosis), 

(d) Progressive or advanced small vessel calcifications, 

(e) Unresponsive pruritus, 

(f) Persistent elevations of serum calcium x phosphorus product 
(> 70 mg/dl), which is resistant to medical management 

(g) Histological or radiographical affirmation of progressive oste
itis fibrosa, 

(h) Rupture of muscle tendonous insertions with little or no 
trauma. 

(2) Renal allograft recipient 

(a) Hypercalcaemia> 3.25 mmol/I (13 mg/dl), 

(b) Persistent hypercalcaemia and either: 
(i) greater than 1 year duration (7) 

(ii) evidence of deteriorating graft function 
(iii) renal calculi, 

(c) Suspected primary hyperparathyroidism. 

From Felsenfeld and Gutman (1988). 'Parathyroidectomy'. In Renal 
Osteodystrophy (Martinus Nijhoff) In Press 

been reported. The possibility has been raised that inadequate para
thyroid function may contribute to the development ofLTOM. LTOM 
has been reported in five dialysis patients more than 1 year after 
parathyroidectomy194. In three prospective studies, a bone biopsy was 
obtained before and 1-3 years after parathyroidectomy195-J97. Para
thyroidectomy resulted in: (1) a decrease in cellular activity, bone 
resorption and endosteal fibrosis; (2) no increase in osteoid seam 
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width; and (3) a marked decrease in bone formation. Stainable bone 
aluminium increased significantly after parathyroidectomy in two of 
the studiesI95,197. Thus, a majority of dialysis patients with osteitis 
fibrosa developed a state of low bone turnover post-parathy
roidectomy. In actuality, this state is not osteomalacia because of the 
lack of osteoid accumulation. However, it is compatible with the 
diagnosis of aplastic bone disease. Thus, in summary, although certain 
definite indications for parathyroidectomy do exist, the decision to 
perform a parathyroidectomy must be carefully analysed because the 
reduction of parathyroid hormone by parathyroidectomy may have a 
harmful effect on bone, especially in the presence of excess aluminium. 

The chelating agent, desferrioxamine, has been used for the treat
ment of LTOM, as well as a test for the diagnosis of L TOM. Desfer
rioxamine increases aluminium removal via dialysis and thus reduces 
the burden of aluminium in the bodyl98, 199. In addition, a recent study 
has shown that the intraperitoneal administration of desferrioxamine 
is also an effective means of removing aluminium20o. Histological 
studies have shown that desferrioxamine is an effective treatment for 
aluminium-associated bone disease, both in mixed osteitis fibrosa
osteomalacia201 and LTOM202,203. A more recent study has indicated 
that desferrioxamine may be effective in L TOM only when PTH 
increases during treatmenf04. Favourable histological responses were 
observed in the vast majority of patients with L TOM. The only 
exceptions were in five patients with a previous parathyroidectomy 
and one other patient204. Consequently, desferrioxamine appears to 
be an effective treatment for aluminium-associated bone disease, 
especially in patients with intact parathyroid glands. 

The desferrioxamine infusion test has been advocated as a method 
to diagnose aluminium-associated bone disease. In the test, 40 mg/kg 
of desferrioxamine is given after haemodialysis and the increment of 
serum aluminium measured at approximately 40 hours, essentially 
prior to the next haemodialysis205-207. Shorter time intervals have 
not proved discriminatory202. Two studies have found a correlation 
between the increment in serum aluminium and either stainable bone 
aluminium205 or total trabecular bone aluminium206. However, others 
have not found the test to be of diagnostic value207. In general, it 
appears that the bone biopsy remains the only unequivocal method 
for the diagnosis of aluminium-associated bone disease. 
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Two other factors which must be considered are oral phosphate 
binders and the calcium content of the dialysate. In dialysis patients, 
phosphate retention contributes to the maintenance of secondary 
hyperparathyroidism and to the deposition of extraosseous calcium 
deposition. Thus, control of phosphate is important. Conversely, 
the principal oral phosphate binder, aluminium hydroxide, probably 
contributes to the development of aluminium-associated bone 
disease65,208-21O. At present, there is not an adequate substitute for 
aluminium hydroxide, but the use of oral calcium carbonate may 
reduce the amount of aluminium hydroxide necessary to control serum 
phosphate levels211- 213 . 

Studies from the early 1970s demonstrated that the calcium content 
of the dialysate must be greater than 1.5 mmol/l (6 mg/dl) to prevent 
increases in serum PTH levels26,214. At the present time, most haemo
dialysis units use a dialysate calcium content of 1.5-1. 75 mmol/l (6-
7 mg/dI). Similarly, calcium losses may be a problem in CAPD, and 
oral calcium supplementation may be necessary in this population l21 -
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levels 2 

children on CAPD 55, 56 
low intake, with low vitamin C 8 
total body, quantification 11 

pre-albumin 12 
prednisolone 65 
pregnancy 99 
progesterone levels 99, 102 
pro insulin 77 

metabolic clearance 76 
prplactin 

levels 100-1, 102, 103 
metabolic clearance 76 

propranolol 93 
protein 

dietary supplements 21 
excretion, graft rejection 66 
glycosylation 6 
intake: children 42, 52, 53, 54 

haemodialysis patients 18 
pre-dialysis patients 16 
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nutrition assessment 12 
peritoneal dialysis patients 19 
reduced 3-4 
synthesis 5 

muscle mass reduction 5 
protein-calorie depletion 

assessment 11 
see also malnutrition 

psychological factors, in sexual 
dysfunction 10 1 

pyridoxine 17 
haemodialysis patients 18 
levels 8 

radiography 140, 143 
bone disease diagnosis 136 

reflux nephropathy 45 
renal artery stenosis 67 
renal function, deterioration 22, 35 
renal unit team 71 
retinol binding protein 12 
rickets 40 
rubidium levels 9 

scurvy 8 
serine 5 
sex hormones 

men 97-8 
women 99-100 

sex steroids see gonadal steroids 
sexual dysfunction 96-7, 101-2 

diagnosis and management 102-3 
hyperprolactinaemia 100-1 
men 96,97 
women 96,99 

single photon emission computed 
tomography 140 

skinfold thickness see body fat 
sodium 

CAPD patients 20 
children 55 
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haemodialysis patients 18 
levels 2 
overload, in children 36 

sodium nitroprusside 36 
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spermatogenesis 98 
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transplantation 
aseptic necrosis 139-40 
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perioperative management 64--5 
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urological complications 66 
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urea 
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kinetics 29 
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