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Preface

Since the early days of medicine one concern of doctors has been the
removal of kidney stones and prevention of recurrence. Owing to the
hesitancy of progress in the prevention of initial stone formation and
of relapse, however, removal of stones from the kidney and ureter were
developed to highly refined techniques and they formerly accounted
for a major proportion of the urological operations performed.

In the last few years developments in the treatment of kidney stones
have taken a completely different turn. In the majority of cases suit-
able methods are available to bring about spontaneous passage of the
stones, while in a smaller proportion drug-induced litholysis is pos-
sible. Stones that cannot be passed are now treated mainly with extra-
corporeal shockwave lithotripsy, percutaneous litholapaxy or uretero-
renoscopy. These methods are often used in combination and comple-
ment each other. Nonetheless, despite the accumulating experience
with the new methods there will still be situations in which stones can-
not be removed except by open surgery. “Our skill as surgeons and the
management of the brilliantly designed equipment would amount to
nothing more than highly skilled mechanical work if they did not go
hand in hand with enhanced insight into the cause of lithiasis and thus
into ways of preventing it — or at least of preventing the relapse that is
the lot of most patients. Otherwise, stone and machine would be keep-
ing each other going, a symbiosis that would be thoroughly unsatis-
factory for all concerned” (A. Sigel). Purposeful and controlled pre-
ventive measures after an initial episode can bring about a striking re-
duction in the high primary relapse rate, while attempts at general
prophylaxis to prevent stones from forming at all unfortunately still
have little success.

Heartfelt thanks are due to all the authors who have worked on this
volume. Some of them are among the pioneers of this revolution in the
treatment of urinary tract stones, and their chapters reflect the fact that
they embody the greatest cumulated experience in these techniques to
date. The first volume of this work has already been published. It deals
with the morphology and composition of urinary tract concretions, in-
cluding stone analysts, together with epidemiology, aetiology, patho-
genesis, and diagnosts.

The object of this volume is to inform doctors of the present status
of our knowledge relating to the treatment of urolithiasis and the pre-
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vention of relapse, so that all patients everywhere who have such
stones can benefit from the options available.

I am grateful to my colleagues and friends for their stimulating
ideas and critical comments, and to Mr. W. Bergstedt of Springer-Ver-
lag for his support and patience in the preparation of the book.

Giessen HANS-JOACHIM SCHNEIDER
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Drug Therapy of Urinary Calculi and Prevention
of Recurrence

W. LUTZEYER and F. HERING

I. Introduction

The disease of urolithiasis has been well documented throughout medical his-
tory, as evidenced by the finding of a calculus in the famous El Amara mummy,
dating back to 4,800 B.C.

Hippocrates (460—370 B.C.) exhibits an astonishing degree of professional
knowledge in his descriptions of urolith case material. The Hippocratic Oath
requires the removal of bladder calculi to be undertaken only by trained
lithotomists. Hippocrates also gives detailed dietary and pharmacologic in-
structions for the prevention of stones. He was well acquainted with the effects
of drinking cures and plant extracts, as well as with the lithogenic properties of
certain dishes and the importance of maintaining a dilute urine.

Galen (131201 A.D.) was the first physician to suspect a metabolic dis-
order at the root of stone disease, and he likewise makes dietary stipulations for
the prevention of calculi.

It was, however, left to the radical changes in living conditions and nutrition
brought about by the 20th century to elevate urolithiasis to the rank of an en-
demic disease. The same process also led to significant advances in drug ther-
apy and prevention.

Operative treatment had previously been in the hands of wandering
lithotomists, frequently quacks or charlatans, yet it was also undertaken by
members of lithotomist families or of regular schools of lithotomy. Many of
these were French, such as the Colots, Frére Jacques Beaulieu and Tolet. In
Germany Heister, a pupil of Rau and of Frére Jacques, was at his zenith
around 1750. In the 19th century Civiale was to open up the age of transurethral
litholapaxy (1824), followed by Guyon and the Englishman Thompson
(Napoleon IIL 1873).

At this time attempts at drug therapy consisted simply of drinking cures,
acupuncture (BUTT 1960) and paramedical manoeuvres such as exorcism or the
wearing of jade amulets to prevent stone formation. Osler, himself plagued by
uric acid stones, suggested as early as 1912 that the disease be treated by drink-
ing distilled water. This approach was duly termed “a return to the Hippocratic
method in the treatment of urinary calculi”.

True successes were not in fact seen until the mid-20th century with the ad-
vent of improved stone analysis and of further understanding of the solubility
properties of urolithogenic substances as a function of urinary pH. At the same
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time our knowledge of extrarenal metabolic disorders and their causal relation-
ship to urolithiasis was expanding rapidly. HAMMARSTEIN (1929) gave an ex-
tensive description of the pathophysiology of stone disease, particularly of cal-
cium oxalate lithiasis. He attributed the latter to magnesium deficiency and
thus proposed magnesium therapy. A further milestone was the introduction by
PRIEN and GERSHOFF (1974) of combination vitamin B, therapy, an approach
which retains a certain validity even today. This movement was followed by
widespread trials of drug therapy and prophylaxis, often on the basis of plant
preparations or extracts.

In the years that followed, improved techniques of biochemical investi-
gation opened up research into the pathophysiology of cystine and uric acid
stone formation, and so allowed treatment to be more causally orientated. With
certain reservations stones of the infective group are now open to a similar
therapeutic approach.

On the other hand, the apparently multifactorial etiology of both calcium
oxalate and calcium phosphate stones remains essentially obscure, and so treat-
ment and prophylaxis of these conditions must still be symptomatic.

II. General Preventive Measures

General measures aimed at the prevention of stone disease should avoid or re-
duce the effect of known risk factors. The first principle of any dietary or drug
treatment should be to avoid the precipitation of lithogenic salts or minerals by
controlling their relative saturation in solution. The cardinal requirement is
thus adequate urinary difution. This can usually be achieved by adequate fluid
intake, evenly distributed over day and night. Only a continuous intake, rather
than acute bursts of drinking, will guarantee the required urinary specific grav-
ity of < 1015. At values in this range the precipitation of urinary salts is, as a
rule, inhibited.

To this must be added an adaptation of life-style, both at work and in lei-
sure periods. In other words, fluid losses due to perspiration, hot working con-
ditions, sunbathing, saunas and various sporting activities all have to be made
up for. Weight reduction and all forms of physical activity are also to be en-
couraged.

The figure usually quoted as a desirable fluid intake is certainly too low at
1.5—2 liters, if one considers the effects of physical labor, insensible loss
(750 ml) and nocturnal urodilution.

Sensible physical activity is particularly important for those of sedentary
occupation and who are under stress (pilots, locomotive engineers) (SCHMUCKI
etal. 1979). In these patients overweight, often in combination with hyperuri-
cemia, is of special significance, particularly in relation to protein-rich diet.
The purine metabolism of such people is also worthy of attention (ZOELLNER
1960, 1972), and so it would appear the “affluent society” in general is connect-
ed with a number of risk factors. Indeed such a relationship between high GNP
and an above average incidence of stone disease has already been described
(ROBERTSON et al. 1978, 1979).
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The waning of so-called waves of stone disease during both world wars rep-
resents a form of enforced mass experimentation on the prophylactic effects of
a low protein, high water diet.

Climatic factors, such as heat or aridity of a given zone (Israel, Mediter-
ranean, Stone Belts of the southern US) may also give rise to a higher
urolithiasis rate in that region. Apart from factors such as increased exposure to
ultraviolet light and chronic fluid loss, the latter with its inevitable effect on
urinary concentration, there can be little doubt that increased intestinal calcium
absorption due to raised 25-hydroxycholecalciferol levels plays a part (ELOMAA
et al. 1981).

III. Special Preventive and Therapeutic Measures

1. Calcium Oxalate Calculi (Mono- and Dihydrates)
a) Diet and Fluid Intake: Quantity and Choice of Drinks

Two main factors still characterise the calcium oxalate calculus as the problem
stone of our age: on the one hand its frequency and high rate of recurrence, and
on the other the lack of much therapeutic effect from dietary or pharmacologic
attack. Despite a number of promising hypotheses, the pathogenetic mecha-
nism of intrarenal calcium oxalate stone formation remains obscure. It has to be
said that, in view of the dominant role of hyperoxaluria in the pathogenesis of
calcium stones (ROBERTSON et al. 1981), our therapeutic efforts in respect of
this factor are neither clinically nor scientifically satisfactory.

One continues to come across recommendations for a relatively low dietary
calcium or oxalate intake, but it is essential that such regimes be set out in table
form, easily understood by the patient. Dietary restriction must not be allowed
to leave the basal requirements unsatisfied, since deficiency will merely lead to
increased parathyroid activity.

o) Calcium Requirements of Stone Sufferers

Three protein hormones regulate calcium metabolism within the body. They
control intestinal absorption, skeletal resorption or deposition and renal ex-
cretion or tubular reabsorption of calcium. These hormones are parathormone,
from the parathyroid glands, calcitonin, secreted by the parafollicular or C-cells
of the thyroid, and the active metabolite of vitamin D, 1,25-dihydroxy-
cholecalciferol (Fig. 1).

The total calcium content of the human body is about 1.5% by weight, or
about 1,100 g for a 70 kg man. Of this, 1% is in solution in the blood, whilst the
other 99% is held in the skeleton, chiefly as calcium apatite crystals. There is a
continuous exchange of calcium between blood and bone: approximately 15%
of the free exchangeable calcium pool is replaced every day, of which 10% is
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Fig. 1. Turnover and regulation of calcium in the human body

Table 1. Calcium content in the fresh of principal foodstuffs in mg/100 g

Pork

Beef

Liver

Ham

Salami

Venison

Goose

Perch

Herring

Cod

Egg yolk

Egg white

Cow’s milk, 3.5% fat content
Skimmed milk

Condensed milk, 7.5% fat content
Cream

Yoghurt

Ice cream

Cheese, full fat (45% dry wt.)
Soft cheese, demi fat (20% dry wt.)
Camembert cheese

Cottage cheese, low fat

O O\ 00 0o

33
7-18

46
36

140

118
123
240
110
150
135
830
500
380

71

Butter

Rice
Spaghetti
Rye bread
Bread rolls
Potatoes
Milk chocolate
Cabbage
Peas

Lettuce
Spinach
Tomatoes
Dried carrots
Dried green beans
Fruit

Hazel nuts
Almonds
Peanuts
Fruit juice
White wine
Red wine
Lager beer
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accounted for by bone turnover. Under normal conditions bone deposition and
resorption are in equilibrium.

Calcium is excreted at the rate of 3% of total body content a day in the urine
and 2% in the bile and pancreatic juice. The result is a daily dietary calcium
requirement in the region of 10 mg/kg body weight.

These figures are necessarily approximate, since true calcium requirements
will vary according to age, sex and individual factors. Calcium requirements
are, for example, raised in postmenopausal osteoporosis, in osteomalacia, in
pregnancy and during lactation.

In summary therefore, the calcium intake of stone patients should be
matched to their 24-hour urinary calcium excretion. For women this value will
be maximally 250 mg, for men nearer 300 mg.

Table 1 gives the calcium content of the principal basic foodstuffs and
drinks. The highest values are found in dairy produce, so that as a rule of
thumb an average sized patient with normal renal function should choose be-
tween | glass of milk, 1 pot of yoghurt, 1 pack of cottage cheese or a maximum
of 100 g cheese daily. Fiercer restrictions or complete prohibition of dairy foods
should then be unnecessary. One hazard lies in the formation of poorly soluble
and poorly diffusing calcium oxalates within the gastrointestinal tract. Intesti-
nal absorption is then grossly reduced, with 90—95% being lost unaltered in the
feces as calcium oxalate salts (CASPARY 1979; HAUTMANN 1980). Only 5—10%
of such oxalates get absorbed. Extreme calcium restriction results in a consider-
able calcium deficit and in a reduction in enteric calcium availability. Calcium
is the normal biochemic partner of oxalate, and in its absence sodium or potas-
sium complexes are formed which diffuse far more easily across the lipoprotein
barrier of the intestinal mucosa. The result may be an increase in oxalate up-
take of up to 40% (KLAUWERS et al. 1969; PINTO and BERNSHTAM 1978; CAs-
PARY 1979; HAUTMANN 1980).

B) Dietary Oxalate in Stone Patients

Oxalate is the end product of endogenous metabolic pathways, is toxic in high
concentration and is 90 —95% excreted in the urine. Additional oxalate originat-
ing from intestinal absorption is also excreted by the kidney (ANDERSON 1967,
ARCHER and DORMER 1957, COCHRAN et al. 1968; EARNEST et al. 1974; ELDER
and WYNGAARDEN 1960; HODGKINSON and ZAREMBSKI 1968, HODGKINSON
et al. 1973; HODGKINSON 1977, WILLIAMS and SmiTH 1968; WILLIAMS et al.
1971; WiLLIAMS 1976). By this means serum oxalate is kept at a low level, lying
in the region of 10-° to 10~* mol/l, depending on the author and his chosen ana-
lytic method (HATCH et al. 1977; HODGKINSON et al. 1973). The preeminent
renal pathway of oxalate elimination is glomerular filtration and a calcium con-
centration dependent tubular diffusion. Neither active secretion nor re-
absorption have been documented (CATTEL et al. 1962; HAUTMANN and Oss-
WALD 1979; HODGKINSON 1977; WILLIAMS et al. 1971). Small quantities of oxa-
late are excreted in the digestive juices (BINDER 1974; CASPARY 1979; WILLIAMS
1976).
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Table 2. Oxalate content in the fresh of principal foodstuffs in

mg/100 g

Foodstuff Oxalic acid content
(mg/100 g fresh wt.)

Rhubarb 260-620

Spinach 400-800

Butter 0

Cheese 0

Eggs 0

Chocolate 60

Coffee 60-250

Tea 400-1500

Parsley 170

Apples L5

Table 2 shows the percentage oxalate content of basic foodstuffs and drinks.
The dietary treatment of calcium oxalate lithiasis is aimed at reducing or elimi-
nating nutritional oxalate intake. Although the poor absorption of dietary oxa-
late has led to doubt being expressed, such measures are nevertheless important
in secondary hyperoxaluria of intestinal causation (HODGKINSON and ZAREMB-
SKI 1968).

Intestinal hyperoxaluria is best avoided by restricting the following: cocoa
drinks, chocolate, candies, black tea (other types of tea are permitted), exces-
sive coffee intake, spinach, rhubarb, asparagus, celery, parsley and tomatoes.

y) Uric Acid

Patients with calcium oxalate stones who have proven hyperuricemia or hyper-
uricosuria should have their drug therapy complemented by a low purine diet.
Offal such as liver or kidneys and excessive intake of meat or fish are to be
avoided. Brassicas of any kind and alcohol in general should be reduced to a
minimum.

b) Drug Therapy of Calcium Oxalate Lithiasis
o) Hypercalciuria

Definition: Hypercalciuria is excessive urinary calcium excretion, exceeding the
upper limit of normal at 250 mg/24 hrs in women and 300 mg/24 hrs in men
(DENT et al. 1964; HAUTMANN et al. 1978; HAYASHI et al. 1975; HERING and
LUTZEYER 1979; NORDIN 1976; PAK 1973; PARFITT et al. 1964; RAPADO et al.
1976; YENDT etal. 1966). Since the values given take no account of body
weight, standard computed surface, renal function or fluid intake, it is of some
advantage to quote hypercalciuria in terms of the calcium-creatinine quotient.
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Because the literature is devoid of data on a stone-free cohort, only limiting val-
ues can be quoted for this parameter. According to PAK (1975) the upper limit
lies at 0.31 in a starved subject. The quotient is calculated from the daily cal-
cium and creatinine excretion in g or mg, and therefore has no units.
Classification: PAK (1975) defines three types of hypercalciuria:
1. Absorptive
2. Resorptive
3. Renal
On the other hand, NORDIN (1976) recognises only two categories:
1. Absorptive
2. Resorptive
Cases of hypercalciuria that are difficult to classify, or uncertain in their
etiology, are subsumed under the heading of idiopathic hypercalciuria.

(i) Absorptive Hypercalciuria

This condition is characterised by increased intestinal uptake of dietary cal-
cium. The utilization rate of dietary calcium is higher in these patients than in a
normal population. The associated pathophysiologic mechanism leads to a tem-
porary increase in the ionised fraction of the serum calcium, resulting in sup-
pression of parathormone secretion. The ionised calcium undergoes increased
glomerular filtration, following which, and because of the reduced parat-
hormone levels, its reabsorption in the loop of Henle and in the distal tubule is
impaired. Since proximal tubular calcium reabsorption is coupled to sodium
reabsorption, calcium accumulates in the loop of Henle and the distal tubule. In
the latter regions, as distinct from the proximal tubule, calcium reabsorption is
under parathormone control (DIRKS etal. 1976). The consequence is hy-
percalciuria.

Two distinct mechanisms are known to be involved in dietary calcium up-
take. One is vitamin D dependent and one involves passive diffusion (ADAMS
and NORMAN 1970; DE Luca 1979; MARTIN and DE LUCA 1969; NICOLAYSON
1937, SCHACHTER and ROSEN 1959; WILKINSON 1976). Although calcium is ab-
sorbed throughout the small intestine, 90% is taken up in the duodenum and
upper jejunum (HARRISON and HARRISON 1963; WILKINSON 1976). Passive dif-
fusion is dependent on dietary calcium- and sodium concentrations (DE LucA
1979, MARTIN and DE Luca 1969). The term “passive” fails to take account of
the fact that a carrier mechanism is needed to overcome the lipoprotein mem-
brane of the small intestinal mucosa, and this occurs in the form of a calcium
binding protein. Other authors are of the opinion that 1,25-dihydroxy-
cholecalciferol improves the permeability of the mucosal membrane to calcium
(DE Luca 1979) (Fig. 2).

Whole body calcium depletion of whatever etiology, be it growth, preg-
nancy or lactation, brings in to play active transport mechanisms, even in the
presence of low calcium concentrations. This mechanism presumably improves
nutritional yield (DE Luca 1979).

Active uptake of dietary calcium is under the control of 1,25-dihy-
droxycholecalciferol. The effect of this active form of vitamin D in turn de-
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INTESTINAL ABSORPTION OF CALCIUM

Lumen Serum
>
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concentration
Mitochondrium

ca-spr-Ca’’ < ca
ﬁ X++

Fig. 2. The control of calcium uptake from the gut

pends on adequate serum parathormone levels (DE LUCA 1979; WILKINSON
1976).

In patients with absorptive hypercalciuria there is an increase both in up-
take by diffusion and in active uptake of dietary calcium, irrespective of in-
testinal calcium levels or of the body’s requirements. The exact mechanism of
this inappropriate activity is not yet clear. 1,25-dihydroxy-cholecalciferol prob-
ably plays a key role (WILKINSON 1976). In addition to phosphate depletion,
patients with absorptive hypercalciuria have been demonstrated to have in-
creased levels of 1,25-dihydroxycholecalciferol (HAUSSLER et al. 1977). It ap-
pears fairly certain that their enterocytes exhibit an enhanced response to nor-
mal serum 1,25-dihydroxycholecalciferol levels.

(ii) Resorptive Hypercalciuria

The term resorptive hypercalciuria also refers to a state of increased daily cal-
cium excretion. The latter is, however, independent of dietary intake (NORDIN
1976; PAK 1975, ROBERTSON 1976; YENDT and COHANNIM 1973). Hy-
perparathyroidism, the principal cause of resorptive hypercalciuria, also gives
rise to increased intestinal calcium absorption. Central to the pathophysiology
of hyperparathyroidism is a disturbance in the normal equilibrium of bone
mineral deposition and resorption in favor of demineralization. Degradation of
skeletal apatite gives rise to a transient hypercalcemia and hyperphosphatemia,
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both calcium and phosphate being eliminated via the kidneys. Raised parat-
hormone levels (primary hyperparathyroidism), however, result in only moder-
ate hypercalciuria, since parathormone acts on the loop of Henle and the distal
convoluted tubule to promote reabsorption of calcium. This process goes hand
in hand with a far more marked hyperphosphaturia.

The classical form of resorptive hypercalciuria occurs in primary hy-
perparathyroidism: In this condition relatively autonomous secretion of parat-
hormone proceeds independently of serum calcium levels and results in os-
teoclastic breakdown of the skeleton. The physiologic equilibrium of depo-
sition and resorption then ceases to pertain. Other syndromes leading to re-
sorptive hypercalciuria include osteomalacia, osteoporosis, prolonged im-
mobilization after injury or surgery, primary malignancies and skeletal metas-
tases.

(iii) Renal Hypercalciuria (Fig. 2)

The clinical syndrome of renal hypercalciuria is said to be due to a disorder of
distal tubular reabsorption, so-called calcium losing nephropathy. Studies by
PAK (1975) revealed a decreased parathormone responsiveness of the distal
tubule, resulting in decreased reabsorption of calcium from the glomerular fil-
trate. Under normal circumstances 5—10% of calcium passing the glomerulus is
recovered in the loop of Henle and distal convoluted tubule (DIRKS et al. 1976;
DIrkS 1984). This process is parathormone dependent.

In renal hypercalciuria distal tubular calcium recovery appears insufficient
(PAK), despite raised serum parathormone levels and increased excretion of in-
tracellular transmitter (cyclic AMP) (SCHWILLE and SEMBERGER 1975) (Fig. 3).

CALCIUM RECOVERY

Lumen L J Serum
[ )
Distal Renal tubule PTH
Adenyl- <&~~~ VitD

Cyclase (Mg+*+)

'

3,5-c-AMP —~—— ATP

Protein Kinase

Ca”\\L‘ ? > Ca™
Ca++ /

’

-

Fig. 3. Calcium recovery in the distal renal tubule
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f) Laboratory Differential Diagnosis of the Hypercalciurias

A number of laboratory investigations are quoted as distinguishing between
types of hypercalciuria (NORDIN 1976; PAK 1975; RiTz et al. 1975, YENDT and
CoHANIM 1973; HERING and LUTZEYER 1979). However much they may differ
in detail, all these procedures have in common the measurement of calcium ex-
cretion following a period of starvation and after an oral calcium load. Patients
with recurrent calcium stones who have on one occasion been demonstrated to be
hypercalciuric are made to adhere to a low calcium diet for a period of three
days before commencing the test (Table 3). At the end of this period they are
starved for a minimum of twelve hours, during which an adequate diuresis is
secured by the infusion of calcium-free solutions or by the administration of
low calcium mineral waters or of distilled water. At the end of this period of
starvation urine is collected over an interval of two to four hours, blood being
taken at the midpoint of the collection period. Oral calcium loading can now be
performed, either by the administration of a 1 g bolus or by the intake of 1 g
evenly distributed over the day. This is followed by a defined urine collection
period of 4 to 6 hours.

Urinary calcium, creatinine and, if possible, cyclic AMP are estimated, as
well as serum calcium, creatinine and, where indicated, parathormone. The cal-
cium-creatinine quotient is determined for the starving and post-calcium
urines. Measurement of the serum calcium and parathormone levels and of uri-
nary cAMP will then permit the three types of hypercalciuria to be distin-
guished (Tables 4, 5).

In the presence of absorptive hpyercalciuria both calcium excretion and uri-
nary calcium-creatinine quotient will increase after an oral calcium load, the
starving values having been normal. In both renal and resorptive hypercalciuria
there will be raised calcium excretion and a correspondingly increased calcium-

Table 3. Protocol for the investigation of hypercalciuria

1. Low calcium diet for three full days prior to test period (restricted milk and dairy produce)
2. Day 1
Starve from 8 pm (no food or oral fluids)
From 8 pm to 6 am (day 2) 1500 ml levulose i/v
3. Day2
Accurate collection 6 am to 10 am under starving conditions of four hourly urines for
laboratory estimation of calcium, phosphate, creatinine (plus cAMP). 8 am blood sample
for calcium, phosphate, creatinine (ionised calcium, parathormone) estimation.
4. Day 3
1 g calcium by mouth (e.g. 2 tabs. Calcium Sandoz forte, 1000 mg divided in 4 and dis-
solved in water, taken steadily throughout the day); simultaneously 24 hr urine collection
for laboratory analysis as at 2. above.
5. Day 4
Blood sample on concluding 24 hr urine collection, for estimation of calcium, phosphate
and creatinine.
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Table 4. Calcium/creatinine ratio under starving conditions and following an oral calcium
load c-AMP in urine and serum parameters to distinguish the hypercalciurias

Type Laboratory results: urine Serum
Calcium/creatinine ratio cAMP Ca**, Ca, PTH
4 hrly urines 24 hr urine
after 12 hour and 1 g calcium
fast by mouth

Absorptive <0.15 >0.30 No change Normal

Resorptive >0.15 <0.30 Raised or Normal or

or renal No change Raised
Mixed type >0.15 >0.30 No change Normal

Table 5. Measurement of cyclic AMP levels used to distinguish between renal and resorptive
hypercalciuria

Urinary calcium _cAMP
creatinine ratio creatinine
Starved Calcium loaded Starved Calcium loaded
period (oral) period (oral)
Resorptive Raised Raised Raised Raised
(hyperparathyroidism)
Renal Raised Raised Raised Normal
Absorptive/ Normal Raised Normal Normal
intestinal

creatinine ratio under both starving and calcium loaded conditions. Oral cal-
cium loading will lead only to a small increase (Fig. 4, Table 4).

The method of Pak (1975, 1984) may then be used to distinguish between
renal and resorptive hypercalciurias (Table 5). Urinary cyclic AMP should be
determined. DE Luca(1979) has identified this substance as the intracellular
transmitter mediating the effects of parathormone in the distal tubule (Fig. 3).
About half the urinary cAMP is filtered in the glomerulus and the remainder
arises from tubular secretion (SCHWILLE 1975). This tubular secretion is under
parathormone control.

Whilst in renal hypercalciuria oral calcium will suppress CAMP excretion,
this is not true of the resorptive picture. In other words, urinary cyclic AMP
levels are continuously raised in resorptive hypercalciuria and cannot be sup-
pressed by oral calcium loads. In renal hypercalciuria oral calcium loading will
lead to a reduction in cAMP excretion.
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Fig. 4. The extent to which various types of hypercalciuria are related to oral calcium intake
(modified after NORDIN 1976)

¢) Calcium Oxalate Stones: Drug Therapy and Recurrence Prevention
o) Absorptive Hypercalciuria

The drug therapy of absorptive hypercalciuria is aimed at reducing dietary cal-
cium intake and at inhibiting calcium uptake from the intestine. The daily cal-
cium requirement of a healthy adult is of the order of 10 mg/kg body weight, so
that individual calcium requirements may easily be calculated from dietetic
tables (Table 1). The following is a rule of thumb, presenting the patient with a
choice for his daily intake: 1 -2 glasses of milk, 1 pot of yoghurt, 1 pack of cot-
tage cheese or 100 g of cheese in addition to an otherwise balanced diet and
mineral water. Drinks will need to be tested for their calcium content on an in-
dividual basis, since certain volcanic waters contain large quantities of calcium
salts, occasionally in excess of 400 mg/1.

Where dietary measures alone prove inadequate, additional recourse may
be taken to drug therapy.

The drug treatment of absorptive hypercalciuria usually centers on the ad-
ministration of substances that act as ion exchangers within the intestinal lu-
men. To date two preparations are available:

1. Sodium cellulose phosphate
2. Sulphonated divinyl benzene copolymer (Campanyl)

Ion exchangers work by more or less selectively exchanging double charged
cations for sodium or potassium. The exchange process is not specific for cal-
cium, so that ions such as magnesium, iron or copper may also be bound, de-
pending on the calcium content of the chyme. The sodium and potassium
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liberated during the exchange process are mostly eliminated in the feces, only a
proportion being absorbed.

(i) Sodium Cellulose Phosphate

Principle: Sodium cellulose phosphate is the sodium salt of the phosphoric ester
of cellulose. The substance has varying affinity for divalent cations, binding cal-
cium and magnesium much more strongly than iron, copper or zinc. It is this
property which renders it so effective as an 1on exchanger.

The exchange process takes place throughout the gastrointestinal tract,
mainly in the duodenum and upper jejunum. The exchanged sodium is ab-
sorbed with a corresponding quantity of water, as is the phosphorus liberated.
The latter is excreted in the urine as orthophosphate. Approximately 10—20%
of urinary orthophosphate arises from the hydrolysis of sodium and cellulose
phosphate within the gastrointestinal tract, with the result that a daily dose of
15 g sodium cellulose phosphate would result in urinary excretion of 300 mg
free orthophosphate (PAK 1974).

The work of PAK (1974) and of DELEN and BARTTER (1974) has shown this
to result in a shift of the urinary solubility product for brushite (calcium
hydrogenphosphate dihydrate) from a supersaturated to an unsaturated do-
main. At the same time, however, there is a slight but insignificant increase in
the urinary brushite formation product.

HAYASHI et al. (1975) also demonstrated a slight and equally insignificant
reduction in urinary calcium oxalate saturation. They explain these results as
evidence of significantly reduced calcium excretion (50—70% of baseline),
vitiated, importantly, by an increase in daily oxalate excretion of the order of
9—50 mg. Coupled as it is to a decrease in urinary magnesium loss, this rise in
oxalate excretion does not result in any alteration of urinary calcium oxalate
saturation. There was no evidence of any change in the formation product or
rate of crystal growth for calcium oxalate.

The Development of lon Exchanger Therapy: D. A. ADams and E. L. HOLMES
discovered the ion exchanging properties of synthetic resins in 1935. The first
industrial scale production of such resins was in 1938 (BURGHELE et al. 1967).
Generally speaking ion exchange resins are high molecular weight condensa-
tion or addition polymers. As insoluble polyelectrolytes they bind dissociatable
acid and alkali groups in a dense network over a large surface area (BURGHELE
et al. 1967). These fixed “anchor” ions are able to exchange their electrostati-
cally bound ionic partners for ions of like charge (DOSCH 1976). Ion exchange
resins are themselves totally insoluble in water and are resistant to the common
solvents. If administered by mouth they are duly passed in the feces without in
any way entering the blood stream (GENOT 1956; DENT et al. 1964).

It was in 1958 that DEMPSEY et al. attempted to modify hypercalciuria by
the administration of sodium phytate, which binds calcium as insoluble com-
plexes within the intestinal lumen. This approach reduced the 24 hour urinary
calcium loss of patients with idiopathic hypercalciuria by up to 100 mg, with
evidence of increased urinary phosphate excretion (PARFITT et al. 1964). DENT
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etal. (1964) were first to report preliminary results of sodium cellulose phos-
phate treatment for idiopathic hypercalciuria.

Dosage: The usual daily dose is 3 x 5 g at main mealtimes. This regime may,
however, be modified according to the amount of calcium excreted, drug com-
pliance and the general and specific side effects experienced by an individual
patient. In view of the side effects, a daily dosage of 15 g should not be ex-
ceeded.

Contraindications: In exchange for calcium, magnesium and other divalent
cations every gram of sodium cellulose phosphate will liberate 90 mg of sodium
within the lumen of the gut.

The result is a not inconsiderable uptake of sodium and water. Patients with
latent or overt cardiac failure, hypertension or oliguric chronic renal failure
with a tendency to idiopathic edema will need careful supervision and close
monitoring during treatment. There is also a phosphate load which generally
worsens the situation in cases of hyperphosphatemia and renal failure.

Clinical Experience: DENT etal. (1964) and PARFITT et al. (1964) reported
the early results of clinzcal trials.

DENT et al. (1964) treated 8 patients (5 men and 3 women) suffering from
idiopathic hypercalciuria with sodium cellulose phosphate for periods ranging
from 4 to 14 months. In 4 patients calcium excretion returned to normal values,
1 patient suffered a recurrent calculus. It was not possible to evaluate the contri-
bution due to a simultaneous low calcium diet.

Similar and comparable results were reported by PARFITT.

In 1970 RAPADO wrote up a therapeutic trial involving 15 patients with idio-
pathic hypercalciuria treated for periods of 1 to 8 months. He reports a signifi-
cant decrease in calcium excretion and an increase in urinary phosphate. There
was no effect on oxalate or uric acid excretion.

The group led by PaK et al. (1971) also found a calcium depressant effect of
their treatment regime, with a shift of urinary brushite from the supersaturated
to an unsaturated condition.

PAK et al. (1974) restricted their indications for treatment to “intestinal” or
absorptive hypercalciuria. Furthermore PAK’s patients were kept on a low cal-
cium diet during treatment, their daily intake never exceeding 400 mg.

Numerous papers testify to an effect in reducing calcium excretion and in
altering urinary brushite saturation (KALLISTRATOS 1972; PIETREK and KOKOT
1973; BLACKLOCK and MACLEOD 1974; FINLAYSON 1974; ROSE and HARRISON
1974; KAPLAN and PAK 1975; Cook 1975; ETTINGER 1976; HAUTMANN et al.
1978; HERING and LUTZEYER 1979; HERING et al. 1979). SMITH (1984) reported
a recurrence free rate of only 47 p.c. in comparison to thiazides of about 85 p.c.
Observation time was 2 years.

Side Effects: Precautions should be taken when treating patients with hy-
pertension, renal or cardiac failure or any tendency to edema. The binding of
other divalent ions such as magnesium, iron, copper and zinc must also be born
in mind (Pax etal. 1971, PIETREK and Kokot 1973; Cook 1975). A fall in
serum magnesium and urinary magnesium excretion has also been documented
during sodium cellulose phosphate treatment. However, the reduction in mag-
nesium excretion was without effect on the products of activity or formation for
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urinary brushite. Administration of sodium cellulose phosphate also leads to a
fall in serum levels of the divalent cations iron, copper and zinc, apparently
without any clinical effect.

Continuous ion exchanger therapy might be expected to lead to increased
parathyroid activity and consequent secondary or tertiary hyperparathyroi-
dism. A long term study was unable to confirm any such effect in the laboratory
over a two year period (HERING and LUTZEYER 1979). Bone biopsies did indeed
reveal a reduced calcium content per unit volume, yet serum calcium and
parathormone levels remained within the normal range (MALLUCHE et al.
1981). Animal experiments confirmed the occurence of bone demineralization
(HAGMAIER et al. 1978).

The development of hyperoxaluria during such treatment is of far greater
import (HAUTMANN et al. 1978; PAK 1973), for it will lead to an increase of rela-
tive urinary calcium oxalate saturation. Note that a rise in oxalate excretion has
a more powerful effect than the same percentage increase in calcium excretion
(ROBERTSON 1976). The explanation of this mechanism is as follows: Normally
about 3— 12% of dietary oxalate is absorbed by the intestine (BINDER 1974; CAs-
PARY 1979; HODGKINSON 1968, 1977, WILLIAMS 1976; HAUTMANN et al. 1978).
Thus the majority of dietary oxalate exists as calcium oxalate, poorly soluble
and barely crossing the intestinal lipoprotein barrier. This oxalate is therefore
eliminated in the feces.

If the bulk of dietary calcium were to be bound to sodium cellulose phos-
phate, the corresponding oxalate will be robbed of its usual ionic partner. So-
dium, potassium and magnesium salts are therefore formed, all of which have
higher solubility. Alternatively there may be no such binding and free ionised
oxalic acid will persist (Fig. 5).

Fig. 5. The physiology and pathophysiology of intestinal oxalate absorption (modified after
HAUTMANN 1978)
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In other words, if intestinal formation of calcium oxalate is blocked by 10n
exchanger therapy, as much as 30—250% of dietary oxalate may be absorbed
(KNAPPWORST 1978). The pathophysiology is therefore identical to that of second-
ary intestinal hyperoxaluria, a metabolic disorder occuring in fat malabsorption
states, such as tropical sprue, Whipple’s disease or disturbed bile acid turnover
and furthermore in extensive inflammatory bowel disease (regional ileitis, ul-
cerative colitis), after small bowel resections and following bypass surgery for
morbid obesity (HAGMAIER et al. 1984).

A computer program written in FORTRAN IV and modified after FIN-
LAYSON has been used to evaluate data from measurements of relative urinary
calcium oxalate saturation. It emerges that in those patients in whom hyper-
oxaluria occurs as a side effect of sodium cellulose phosphate there is a tenden-
cy to steadily increasing urinary saturation. Despite the reduction of calcium
excretion to normal values, rising oxalate levels increase the degree of urinary
calcium oxalate saturation in these patients, who are therefore at risk of crystal
precipitation and further calculus formation (HERING et al. 1980).

Discussion: Sodium cellulose phosphate is an excellent blocking agent for
calcium excretion. At the same time, however, it worsens the degree of oxaluria
and reduces urinary magnesium excretion. Its therapeutic use is therefore only
appropriate in proven cases of pure absorptive hypercalciuria and in the pres-
ence of a low calcium, low oxalate diet.

(ii) Synthetic Resin

Principle: Sulphonated styrene divinyl benzene copolymer is cross linked with
8% divinyl benzene to provide a preparation that acts in a similar way to so-
dium cellulose phosphate. Sorbitol and sodium carboxymethyl cellulose are
also added and the potassium content is 120 mg/g. It differs from sodium cel-
lulose phosphate in that calcium is absorbed in exchange for potassium.

Such an ion exchange resin will be in a state of dynamic equilibrium with
exchangeable ions. Although exchange can therefore take place anywhere along
the alimentary canal, there will be variations in exchange rate, generally a de-
crease from the stomach towards the rectum.

Synthetic ion exchange resins are also not perfectly selective for calcium
ions. As with sodium cellulose phosphate, iron, magnesium, zinc and copper
may also be bound. Measurable iron-, zinc- or magnesium deficiency has not,
however, been recorded during prolonged ion exchange resin therapy (WOLF
1969). The exchange mechanism is based on substituting potassium, of which
the body receives a load of 984 mg/24 hrs at a daily dose of 15 g resin. Pro-
longed treatment did not give rise to detectable hyperkalemia (RUGENDORFF
et al. 1981). It is theoretically possible for water soluble organic cations, vitamin
precursors and drugs to be bound. Such effects have never been documented,
either in animal experiments or in clinical practice (BECKER and SWIFT 1959;
Dock and FrRANK 1950; WOLFF 1954). Care should be taken with digitalized
patients, to whom the daily intake of 984 mg potassium may be a hazard.

Toxicologic studies and teratogenicity tests have failed to show any adverse
effect of synthetic ion exchange resins on reproduction, growth, bone marrow
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maturation, endocrine histology or major organ function (BECKER and SWIFT
1959; FLANAGAN et al. 1951; McCHESNEY and MCAULIFF 1950).

Dosage: Synthetic ion exchange resin therapy is indicated in proven cases of
absorptive (= intestinal) hypercalciuria. The usual daily dose is 15 g of granules
in two divided doses. The granules are made up into an aqueous slurry and
should normally be taken at standard mealtimes. A daily dose of 15 g granules
corresponds to approx 4— 8 g of active resin moieties and thus to a total in vitro
calcium exchange capacity of 16—32 mg (according to the manufacturer,
Temmler-Werke, Marburg). The standard daily dose may be modified accord-
ing to the therapeutic response.

Contraindications: No absolute contraindications have been established. Pri-
mary hyperparathyroidism, resorptive or renal hypercalciuria and distal renal
tubular acidosis represent relative contraindications.

Beware: Patients with chronic renal failure or hyperkalemia should be treat-
ed only if the serum potassium can be carefully monitored!

Note also the hazard to digitalized patients of an increased potassium load.

Clinical Experience: RUGENDORFF et al. (1981) have reported reduction of
calcium excretion to normal levels in previously hypercalciuric patients. Medi-
cation was generally well tolerated and there were no notable abnormalities of
clinical chemistry, such as changes in serum phosphate, sodium, calctum, mag-
nesium or iron levels. A long term study has confirmed this evidence (HERING
et al. 1979). It was of some interest that relative calctum excretion, as defined
by the calctum-creatinine ratio, remained remarkably constant throughout the
trial period.

Side Effects: No general side effects or hypersensitivity reactions are on
record. Digitalized patients have been discussed above. Vitamins of the B
group would need to be taken at times well separated from doses of resin, since
binding of vitamins is theoretically possible.

One serious side effect of prolonged treatment is the occurence of hyper-
oxaluria. The etiology and consequences of this effect are similar to those dis-
cussed above for sodium cellulose phosphate (HERING et al. 1979).

Discussion: In the presence of appropriate indications synthetic ion
exchange resins may be used to lower urinary calcium excretion. Prolonged re-
sin therapy of absorptive hypercalciuria should only be undertaken where there
are facilities for monitoring urinary oxalate.

B) Resorptive and Renal Hypercalciuria

Both resorptive and renal hypercalciuria are only slightly influenced by daily
calcium intake. Restricting dietary intake is therefore of little avail. Although,
where primary hyperparathyroidism is the cause of resorptive hypercalciuria,
there 1s increased intestinal calcium uptake, the latter is not sensitive to dietary
or drug therapy. In such a case surgical exploration of the parathyroids and re-
moval of the autonomous focus will be the treatment of choice.

All other forms of resorptive hypercalciuria (e.g. osteoporosis, osteoma-
lacia, Paget’s disease of bone, prolonged immobilization, primary or secondary
malignancy of the skeleton) will require treatment both of the underlying con-
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dition and of its manifestation as hypercalciuria. With the sole exception of pri-
mary hyperparathyroidism, all forms of hypercalciuria are amenable to thiazide
treatment.

(i) Thiazides

Principle: Hydrochlorothiazide is a loop diuretic acting on cortical segments of
the proximal convoluted tubule, where it inhibits the reabsorption of sodium
chloride and water. This results in increased exchange of sodium for potassium
in the distal tubule, with a consequent marked kaliuretic effect, — the cause of
the hypokalemia seen after prolonged thiazide treatment. The sodium-potas-
sium exchange mechanism of the distal tubule is unable to completely com-
pensate for the proximal tubular inhibition of sodium reabsorption, so that a
considerable natriuresis and passive water loss develop. This usually results in
contraction of the extracellular volume and loss of weight. Increasing solute
concentration in the extracellular space in turn leads to increased equimolar re-
absorption of salt and water from the proximal tubule in an attempt to conserve
sodium. Parallel to this sodium recovery there is proportionally equal re-
absorption of calcium from the proximal tubule. The latter effect is most
marked when there is mild sodium depletion of the extracellular space. If thi-
azides are to be given as a treatment of hypercalciuria they will therefore exert
their optimal effect in the presence of a sodium restricted diet (DEETJEN et al.
1975; RiTZ et al. 1975).

A further site of action for thiazide diuretics is suspected in the distal
tubule, where a parathormone dependent activation of intracellular adenyl
cyclase is said to lead to the isolated reabsorption of calcium. The thiazides
constitute the only group of diuretics with a hypocalciuric action. All other
diuretics have a calciuric effect.

Dosage: Depending on the severity of hypercalciuria the usual daily dose
will be 50— 100 mg by mouth. In view of the mode of action, it will be clear that
all forms of hypercalciuria are suitable for thiazide treatment, including the ab-
sorptive group.

Contraindications: Primary, secondary and tertiary Ayperparathyroidism con-
stitute absolute contraindications, since in these conditions thiazides may pro-
voke dangerous hypercalcemic crises.

Any syndrome embracing hypokalemia represents a relative contraindi-
cation. Regular serum potassium estimations will then be required, since the
duration of thiazide therapy needed for the effective treatment of recurrent
urolithiasis may lead to hypokalemia so profound as to endanger the patient.
This is especially true of digitalized patients.

Beware: Hypotension — thiazides have a hypotensive action!

In hypertensive patients this effect is beneficial, and the dose should then be
adapted to preexisting hypotensive needs.

Initially, patients with mild or latent Ayperuricemia must have regular serum
uric acid estimations performed, since thiazides may, above a certain dose, give
rise to hyperuricemia. If necessary, allopurinol can be added to the medication
of such patients.
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Similar considerations apply to latent diabetics, who may develop overt dis-
ease on thiazide treatment.

Clinical Experience: YENDT and COHANIM (1973) reported on 197 patients
treated with thiazides over periods up to eleven years at an oral daily dose of
100 mg. All patients had previously elevated 24 hour urinary calciums, and in
all of them the values became normal on treatment. Over 90% of patients re-
ported cessation of stone formation. No new stones occurred and existing stones
ceased to enlarge. Within this group YENDT and COHANIM (1973) observed the
best effect in patients with non-infective calcium calculi, whereas those with
calcium calculi of infective etiology had an increased tendency to recurrence.
Since the effect of thiazides depends on extracellular sodium levels (PAK 1973,
Ritz et al. 1975). PAK has instituted additional dietary sodium restriction to en-
hance the response.

Effective control and reduction of urinary calcium excretion to normal
levels was first reported by LAMBERG and KUHLBAECH (1959), LICHTWITZ et al.
(1961), PARFITT et al. (1964), DUARTE and BLAND (1965) and by YENDT et al.
(1966). More recent publications by ROSE and HARRISON (1974), RAPADO et al.
(1976), Pax et al. (1978) and by HERING et al. (1979), JACOBSON et al. (1979),
LJUNGHALL et al. (1981), and SCHOLZ et al. (1981) have tended to confirm the
effectiveness of thiazides in the treatment of hypercalciuria and their influence
on the frequency of stone recurrence, whilst stressing the need to appreciate
their side effects.

Side Effects: Hypercalciuria is only one aspect of the multifactorial etiology
of calcium oxalate lithiasis. The possible effects of thiazides on urinary levels of
other electrolytes and stone forming or -preventing substances should not be
forgotten!

Oxalate: GLAZENBURG (1972), CoHANIM and YENDT (1981), PaK etal
(1978), YENDT and COHANIM (1973), ScHOLZ et al. (1981), and YENDT (1984)
have all documented reduction of both calcium and oxalate excretion to normal
levels on thiazide treatment. Yet other authors have reported a deterioration in
oxalate excretion (HERING et al. 1979; ROSE et al. 1974). The chief difficulty in
assessing these conflicting reports lies in technical variations in oxalate esti-
mation. Different methods tend not to yield comparable results, and at the time
of writing a definite opinion on the effects of thiazide therapy on oxalate ex-
cretion cannot therefore be given.

Magnesium: YENDT and COHANIM (1973) report a mild increase in magne-
sium excretion. Magnesium is said to form complexes with oxalate and thus to
have a degree of calculus inhibiting effect. There is no further evidence for a
hypermagnesiuric effect of thiazides. Both SCHOLZ etal. (1981) and LJUNG-
HALL et al. (1981) report a mild decrease in magnesium excretion.

Zinc: In separate papers YENDT and COHANIM (1973) and PAK et al. (1978)
report thiazide-promoted zinc excretion. Zinc is considered to inhibit crystal de-
position in organic matrix. In the context of urolithogenesis zinc helps inhibit crys-
tallisation in organic substances, the latter making up 3—5% of urolith material.

Pyrophosphate. Increased pyrophosphate excretion is likewise reported by
both PAK and YENDT. Pyrophosphate is an effective inhibitor of calcium oxa-
late crystal aggregation.
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Uric Acid: Hyperuricemia developing during thiazide therapy has been re-
corded by ROSE and HARRISON (1974), YENDT and COHANIM (1973) and PAK
et al. (1978). PAK, furthermore, describes hyperuricosuria as occuring in not
quite 50% of his patients. This phenomenon has been ascribed to an increase in
uric acid clearance, considered by PAK to be due either to an increase in uric
acid production or to a decrease in extrarenal metabolism. In any event, an in-
crease in uric acid excretion must be looked on as undesirable in a patient with
calcium oxalate lithiasis. Uric acid blocks the usual inhibitory effects of acidic
mucopolysaccharides on crystal aggregation (ROBERTSON et al. 1976).

Recent work by LIUNGHALL et al. (1981) failed to reveal any increase in uri-
cosuria, whilst SCHOLZ et al. (1981) actually observed a decrease in urinary uric
acid.

Citrate: According to reports by the group of SCHOLZ and SCHWILLE (1981)
and by LJUNGHALL and his colleagues (1981) thiazide therapy is without effect
on citrate excretion.

Discussion: Thiazide therapy will be effective in the treatment of any type of
hypercalciuria. The effects of treatment will be potentiated by sodium re-
striction. There are no known side effects liable to precipitate further stone for-
mation. On the contrary, those substances whose excretion is increased tend to
be stone inhibitors, such as magnesium, zinc or pyrophosphate.

General side effects and intolerance symptoms may arise through hypo-
kalemia, hyperuricemia or exacerbation of diabetes mellitus. Hypotension may
also be a problem. Therefore any patient on long term thiazide therapy for
stone disease requires regular laboratory investigation!

y) Drug Therapy of Hyperoxaluria

Because the disease is due to an inherited hepatic enzyme defect, only limited
causally directed drug treatment is available for primary hyperoxaluria. GERS-
HOFF (1964), ROSE (1981), and ROSE et al. (1982) have all reported isolated suc-
cesses with vitamin B, administration. Attempts to influence the quantities of
oxalate formed in normal intermediate metabolism or to control renal excretion
and diffusion processes have also met with little success. Yet only 5—40% of
renally excreted oxalate can have been taken up by the gut (BINDER1974; Cas-
PARY 1979; KNAPPWORST et al. 1967). The so-called secondary hyperoxaluria
occurring in a variety of conditions arises from abnormal intestinal absorption
(Fig. 5). Many diseases may be responsible: recurrent gastroenteritis, Whipple’s
disease, sprue, the enterocolitides, pancreatitis, regional ileitis, ulcerative col-
itis, enterocolic bypass procedures for morbid obesity, fat malabsorption, viral
enteritides and, furthermore, iatrogenic states brought about by misconceived
hypocalciuric therapy with intestinally active ion exchangers or by overzealous
calcium restriction.

Apart from the few case reports on vitamin B, therapy for the primary form,
it is only secondary “intestinal” hyperoxaluria that offers any quarter to phar-
macologic attack. Drug and dietary therapy will both depend on the underlying
condition.
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The enzyme defect of fat malabsorption leaves long chain fatty acids
inadequately cleaved. The latter then combine with dietary calcium to form in-
soluble calcium soaps with a consequent fall in calcium concentration in the
chyme. Calcium normally combines with oxalate to form poorly soluble and
barely diffusible salts. For this reason only 3—12% of dietary oxalate is nor-
mally absorbed from the gut (ZAREMBSKI and HODGKINSON 1969). In the ab-
sence of its usual partner, calcium, oxalate will persist either in the ionised,
freely diffusible form or as more soluble sodium-, potassium- or magnesium
salts. Depending on the concentration gradient, such oxalate can be absorbed
throughout the gastrointestinal tract preferentially in the colon. In this way up
to 40% of renally cleared oxalate may originate from the gut lumen.

(i) Cholestyramine

The treatment of secondary intestinal hyperoxaluria will require dietary re-
striction of long chain fatty acids and their replacement by medium chain
species. A trial of drug therapy may also be undertaken, using cholestyramine
(commerically available as Questran or Quantalan). This substance is reputed
to be beneficial in steatorrhea of biliary origin, in regional ileitis and after
extensive resections, both in terms of its effect on the diarrhea and as a hypo-
oxaluric agent (CASPARY 1979; KNAPPWORST 1978).

Side Effects: The administration of cholestyramine may initially exacerbate
fat malabsorption and thus further impair the absorption of fat soluble vita-
mins. Concomitant vitamin replacement therapy is therefore recommended.

(ii) Diethyl Cellulose

Diethyl cellulose is not yet on the market. It acts as an ion exchanger, binding
oxalic acid within the lumen of the gut. At a dose of 3 x 5 g after meals each
gram of diethyl cellulose is capable of binding 700 pmol of oxalate within the
intestine, whence it is removed in the feces. There is no evidence of absorption
from the intestinal lumen.

PINTO and BERNSHTAM (1978) tested the drug in a clinical trial on a small
number of patients. The duration of treatment was too brief to allow any firm
conclusions about the effectiveness or side effects of this substance.

(iii) Succinimide

In 1972, THOMAS et al. described an effective reduction in hyperoxaluria after
administration of the succinic acid derivative succinimide. During the follow-
up period these authors recorded a decrease in recurrence rates for calcium
oxalate calculi, coinciding with a return of urinary oxalic acid levels to the nor-
mal range. Other authors were not, however, able to completely reproduce
these findings (HAUTMANN et al. 1978; HODGKINSON et al. 1975; ROHDE et al.
1978).
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Fig. 6. Oxalic and glyoxylic acids in intermediate metabolism (after HAUTMANN 1980)

Principle: To date it has been impossible to elucidate the exact role of suc-
cinimide in intermediate metabolism or within the kidney, either in vivo or in
vitro. The site of action on intermediary metabolism is assumed to be the liver
(ZILLEKEN 1975), although other authorities prefer the kidney. It is at this site
that there is said to be an effect on calcium-oxalate aggregation (SCHULTE et al.
1979). The effect on hepatic metabolism is thought to be associated with the
insertion of succinimide into the Krebs cycle (Fig. 6). Succinate is generated by
deamination in the intestinal wall and would accelerate oxidative phosphory-
lation. Such a rise in redox potential would in turn stimulate oxidative degra-
dation of the oxalate precursor glyoxalate via the tricarboxylic acid cycle. The
result should then be reduced oxalate production.

A second possible metabolic pathway would be introduction of succinate in-
to the Shemin cycle. That would result in activation of glycine metabolism,
leading to increased hemoglobin synthesis and consequent improved tissue oxy-
genation. This in turn could lead to a reduction in the formation of oxalate
from glyoxalate.

Dosage: The dose is set at 3 x 3 g by mouth at mealtimes.
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Contraindications: No absolute contraindications are known. In view of the
unknown mechanism of action, one should refrain from prescribing succini-
mide during pregnancy and lactation.

Clinical Experience: In 1972, THOMAS et al. reported effective control of hy-
peroxaluria and cessation of stone recurrences. HODGKINSON and his col-
leagues, however, were unable to detect any effect at all of succinimide ad-
ministration on oxalate excretion in their animal system (HODGKINSON et al.
1973). ROHDE and coworkers also failed to find any change in oxalate excretion
(ROHDE et al. 1978). Studies by HAUTMANN et al. (1978), involving 19 patients
with recurrent calcium oxalate lithiasis and proven pretherapeutic hyper-
oxaluria, demonstrated a significant decrease in urinary oxalate excretion dur-
ing the 19-month trial period. 57% of patients had an initial fall in oxalate ex-
cretion, followed by a drift back up into the pretherapeutic range. Succinimide
therapy brought about a significant decrease in recurrence rate.

Side Effects: No untoward effects on the excretion of lithogenic material or
in terms of general acceptability could be demonstrated in the laboratory.
There were, however, subjective complaints of gastrointestinal upset, occasion-
ally leading to the abandonment of treatment.

Discussion: The exact mechanism of action of succinimide remains obscure.
The results of its clinical application are less than uniform, and a definitive
opinion cannot at present be given. In cases of extreme hyperoxaluria, however,
a trial of therapy could always be justified, particularly in the absence of any
evidence of serious side effects. The exceptional contraindications remain preg-
nancy and lactation.

(iv) Pyridoxine (Vitamin B, Complex): (Primary Hyperoxaluria)

Pyridoxine is a coenzyme in transamination reactions between glyoxylic acid
and glycine and between glyoxylic acid and activated formaldehyde. This gly-
oxylic acid—glycine—glyoxylic acid-activated formaldehyd pathway provides
the organism with a route of degradation for (toxic) oxalic acid at the glyoxylic
precursor stage, thus preventing further formation of the toxic end product
oxalic acid (Fig. 6).

Dosage: The dose will depend on the level of oxaluria, 200 mg/day being
suitable for severe cases (ROSE et al. 1981).

Contraindications: No symptoms of intolerance, clinical side effects or
laboratory abnormalities are known.

Clinical Experience: GERSHOFF (1964) reported positive results for the con-
trol of hyperoxaluria, a finding at odds with that of WiLLIAMS (1968), the latter
failing to detect any very satisfactory effect of vitamin B,. Nevertheless, in the
absence of any other available treatment he recommends the administration of
up to 200 mg/day for cases of proven primary hyperoxaluria. This recommen-
dation is shared by KALLISTRATOS (1972), TERHORST and LUTZEYER (1973), and
by BUELOW and FROHMUELLER (1976).

In 1981 a report came from ROSE et al. on the successful treatment of ex-
treme hyperoxaluria with vitamin B;. Indeed these authors suspect vitamin By
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deficiency to be a cause of hyperoxaluria, the mechanism being impaired
degradation of glyoxalate to activated formaldehyde. Longer term and more
extensive clinical trials are needed to confirm the effectiveness of this treat-
ment.

Side Effects: Despite the high dosage, no side effects are reported. In the ab-
sence of any other effective treatment a trial of vitamin B, therapy is probably
justified, particularly in view of the lack of side effects. Individual case reports
tend to encourage such an approach.

0) Hyperuricemia and Hyperuricosuria

Hyperuricemia and hyperuricosuria may be primary or secondary. In primary
gout and in the clinical syndromes of hypoxanthine-guanine phosphoribosyl
transferase (HGPRT) deficiency or of phosphoribosyl pyrophosphate (PRPP)
deficiency the clinical effects are due to disordered uric acid metabolism. The
enzyme defects cause disorganisation of purine and nucleic acid degradation
with a rise in level of the endogenous uric acid pool. In man uric acid represents
the end product of nucleic acid degradation, although there are many mammals
in which this is not the case (Fig. 7). The serum uric acid lies between 3.5 and
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6.5 mg in normal men and between 3.3 and 5.7 mg in women. Normal daily ex-
cretion (off a high purine diet) amounts to less than 800 mg/day of uric acid.

According to Boss and SEEGMILLER (1979) uric acid is 100% filtered by the
glomerulus, 98— 100% being reabsorbed in the proximal tubule and 50% being
actively secreted in the descending limb of the loop of Henle. Finally 40—44%
are reabsorbed in the distal tubule. The net excretion is thus of the order of
6—12% of glomerular filtrate uric acid. In primary renal failure or secondary
tubular impairment due to interstitial nephritis or pyelonephritis the uric acid
secreting mechanism may be embarassed. The result will be a rise in the endog-
enous uric acid pool and hyperuricemia. That, in essence, is the renal gout
theory of GARROD (1853). THANNHAUSER (1952, 1956) and ZOELLNER (1960)
gave the renal theory its resurrection and some experimental support.

According to BENEDICT et al. (1949) primary gout can be explained on the
basis of excess uric acid production. This theory derives from the existence of
HGPRT and PRPP deficiencies. Lack of the enzyme HGPRT or of the sub-
strate PRPP results in incomplete reassembly of the purine derivatives xanthine
and hypoxanthine into new nucleotides. Xanthine and hypoxanthine are de-
graded by xanthine oxidase to uric acid.

¢) Secondary Hyperuricemia

This syndrome may arise wherever there is pathologically increased cell turn-
over or cell breakdown (myeloproliferative disease, leucoses, malignancy, cyto-
toxic therapy, radiotherapy or substantial weight loss) as well as in obesity or in
response to increased dietary purine intake.

(i) Clinical Significance of Disorders of Purine Metabolism in Relation
to Calcium Oxalate Calculi

It was BERGER and YU (1975) who drew attention to the pathogenetic signifi-

cance of uric acid for calcium oxalate stone formation. They were able to dem-

onstrate that 15.8% of patients with primary gout had uroliths, whilst in turn

27% of their patients with oxalate stones had a demonstrable abnormality of

purine metabolism. The FRAMINGHAM study (described in M. J. V. SMITH and

W. H. Boyce: “Allopurinol and Urolithiasis”, 1969) also uncovered an in-

creased incidence of urolithiasis in patients with elevated serum uric acid

levels.
Two possible mechanisms have been suggested to account for this link:

1. MANDEL and MANDEL (1981) were able to demonstrate by X-ray dif-
fractometry that uric acid and calcium oxalate possess similar crystal lattice
structure and lattice angles. Uric acid crystals might thus act as seeds for
heterologous nucleation and so trigger calcium oxalate aggregation.

2. Studies by ROBERTSON et al. (1976) suggest that, among other substances,
acidic mucopolysaccharides exert an inhibitory influence on calculus forma-
tion. Uric acid in turn blocks this effect.
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The mechanism suggested by ROBERTSON consists of surface coating of crys-
tals by mucopolysaccharide, so inhibiting the attachment of further crystals. In-
creased urinary uric acid concentrations will occupy positive binding sites on
the mucopolysaccharide molecules, preventing these from proper attachment to
crystal complexes. The inhibitory effect of mucopolysaccharides on crystal
aggregation is thus lost. Drug therapy is aimed at correcting excessive uric acid
excretion, and it is therefore the renal and postrenal aspects of uric acid metab-
olism that are most relevant to the treatment of urolithiasis.

() Allopurinol

Principle (Fig. 8): This drug acts at two points in intermediate metabolism:

1.1t blocks nucleotide synthesis by forming the false substrate al-
lopurinolribonucleotide. This blockade is only partial.

2. Competitive inhibition of xanthine oxidase.

As a hypoxanthine analogue allopurinol is converted by hypoxanthine-
guanine-phosphoribosyltransferase (HGPRT) to a “false” allopurinolribonu-
cleotide. This process consumes phosphoribosyl pyrophosphate. The false nu-
cleotide acts via a feedback mechanism to inhibit de novo purine synthesis and
thus the formation of uric acid. The inhibition of xanthine oxidase is specific
and arrests nucleotide degradation at the hypoxanthine-xanthine step.

Unlike uric acid, xanthine and hypoxanthine are soluble in an acid milieu
and can be excreted without crystallising.

Allopurinol is a xanthine oxidase inhibitor. Although one might expect del-
eterious consequences of long term allopurinol therapy in the form of whole
body xanthine- or hypoxanthine depletion, no such effect has been documented
with any certainty (SIMMONDS 1979).

Dosage: The daily dose is 300 mg by mouth. Depending on the actual serum
uric acid level and the degree of hyperuricosuria, this value may be raised or
lowered on an individual basis. Allopurinol is rapidly absorbed following in-

Feedback Inhibition Mechanism
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gestion, two thirds being oxidised in the liver and excreted by the kidneys
(WELLHOENER 1976).

Contraindications: Pregnancy and lactation.

Clinical Experience: Allopurinol was introduced in 1963 by RUNDLES et al.
for the treatment of primary gout and of the hyperuricemia of leukemics. First
reports of successful treatment of uric acid metabolism disorders were by YU
and GUTMAN (1964). In the meantime numerous papers have appeared, all tes-
tifying to the efficacy of allopurinol (SCOTT 1966; SCOTT et al. 1969; ANDERSON
et al. 1967; SEEGMILLER et al. 1967, SILBERMANN 1967; ZOELLNER and SCHAT-
TENKIRCHNER 1967; KOLLWITZ and BRAUER 1968; GODFREY and RANKIN 1969;
HOLLANDER and SCHWARCZMANN 1969; SMITH and BOYCE 1969; BAND 1970;
HELBIG and FINDEISEN 1971; MiLLIS 1971; COE and RAISEN 1973; COE and
KAVALACH 1974; YU 1974; HARTUNG 1975; VABUSEK 1976; DE VRIES and SPER-
LING 1976; BRAUN et al. 1977; MIANO et al. 1979). All these publications report
a lowering of previously raised serum uric acid and/or of elevated urinary uric
acid values. Attention has been drawn to the risk, early on in treatment, of a
transient rise in uric acid excretion and possible intratubular precipitation. TER-
HORST and MELCHIOR (1972) and KALLISTRATOS (1972) have both documented
an effective reduction in the recurrence rate of calcium oxalate calculi during
allopurinol therapy. These observations are confirmed by the work of GUTMAN
and YU (1968), of SCHNEIDER (1969), of SCULTETY and BALOGH (1967) and of
SmiTH and BOYCE (1969).

Side Effects: None of the above papers mention any serious objective prob-
lems. At the beginning of treatment complaints of fever, rigors and dermato-
logic symptoms may arise. Overt allergy is rare, but there are not infrequently
such symptoms as gastritis, anorexia and lassitude. Generally these complaints
all settle as treatment progresses, and it rarely becomes necessary to discontinue
the drug.

Discussion: Allopurinol is the treatment of choice for uric acid lithiasis and
proven disorders of uric acid metabolism. The mode of action is such that no
permanent increase in uric acid excretion will develop.

n) Probenecid

Probenecid is also used to treat disorders of uric acid metabolism.

Principle: Probenecid lowers the serum uric acid by a uricosuric action.

The mechanism is inhibition of tubular reabsorption. Therein lies the expla-
nation for the undesirable side effects of probenecid, which may be a serious
hazard to patients with uric acid stones. Depending on the state of the endoge-
nous uric acid pool there may be so marked a rise in urinary uric acid excretion
as to cause intrarenal precipitation of uric acid crystals, particularly when the
saturation limit of 6.4 mg% at pH 7 is exceeded. Note that it is specifically in
acid urine that precipitation may occur at lower concentrations.

If for some reason probenecid has to be given in place of allopurinol, the
following requirements must always be met:

1. The daily diuresis must be at least 2— 3 liters
2. The urinary pH should be adjusted to lie between 6.8 and 7.2.
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If either of these demands is unsatisfied, the kidney may become completely
blocked with uric acid crystals. This risk pertains whenever the saturation limit
of uric acid is exceeded (SAMBERGER, BRAUN, LUxX and May 1979).

Another hazard is triggering an acute attack of gout, usually at the begin-
ning of treatment when the endogenous pool is being mobilised.

Contraindications: Renal failure and pregnancy.

Discussion: Wherever and for whatever reason urolithiasis has to be treated
without increasing the daily diuresis or neutralising the urine one should take
the hazards of probenecid very seriously. The risk of inducing acute renal fail-
ure is considerable (SAMBERGER et al. 1979).

3) Hyperphosphaturia

Hyperphosphaturia is important not only in relation to phosphatic calculi (nu-
cleation by phosphates), but also because of its effect on calcium oxalate stones
and its role in the formation of mixed calcium oxalate-calcium phosphate cal-
cult. Phosphatic “microliths” appear in phosphate saturated urine and may
serve as seedlings for the formation of calcium oxalate calculi. This concept is
substantiated by electron microscopy of urine sediment (BLASCHKE and MAAR
1979; HERING et al. 1981).

Aluminium hydroxide preparations offer one method of treating hyper-
phosphaturia. Indeed they are often used in patients with end stage renal fail-
ure to prevent the advent of hyperphosphatemia. Aluminium hydroxide binds
phosphate and thus prevents its intestinal uptake.

(i) Aluminium Hydroxide

Principle: Aluminium hydroxide is a weak base often employed as a neutralis-
ing agent in the treatment of hyperacidic gastritis. There is up to date no evi-
dence for systemic uptake from the gut. Aluminium hydroxide exhibits rela-
tively non-specific binding of phosphate as phosphates of aluminium. Tetra-
cyclines, alkaloids and phosphate containing enzymes are also bound in a con-
centration dependent way (WELLHOENER 1976).

Dosage: The daily dose consists of 440 mg three times daily, by mouth.

Contraindications: None known. Intestinal disorders causing decreased mo-
tility are a relative contraindication, since aluminium hydroxide may itself re-
duce gut motility.

Clinical Experience: The role of this agent is well known and long estab-
lished in the treatment of end stage chronic renal failure, where it is intended to
prevent the occurrence of renal hyperphosphaturia.

A reduction in urinary phosphate levels is important in the treatment of cal-
cium oxalate lithiasis whenever the urine tends to become alkalinised — the
most usual cause being infection. Calcium phosphate may precipitate from an
alkaline urine, and according to the heterologous nucleation hypothesis calcium
oxalate deposits may form on the surface of calcium phosphate crystals. The re-
sult is a mixed calcium oxalate-calcium phosphate stone.
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Side Effects: No serious or obvious side effects are on record. Prolonged
treatment may so reduce intestinal motility as to lead to constipation and fecal
impaction. This effect is fully reversible on discontinuing the drug. An increase
in parathormone secretion due to transitory hyperphosphatemia and a rise in
intrarenal 1-hydroxyhydrolase activity, raising 1,25-dihydroxycholecalciferol
levels, may occur but are without clinical significance (TSCHOEPE et al. 1979).

Discussion: Long term aluminium hydroxide therapy is only of use in cases
of calcium oxalate or calcium oxalate—calcium phosphate lithiasis simul-
taneously characterised by marked hyperphosphaturia. The treatment is usu-
ally entirely safe.

1) Inhibitors of Calcium Oxalate Stone Formation and Treatment
with So-called Inhibitors

General Considerations: Numerous experiments in vitro and in vivo confirm
that urine contains a number of substances acting in different ways to inhibit
crystal nucleation or aggregation. The following are said to be inhibitors of
crystal aggregation: acidic mucopolysaccharides, pyrophosphate, phospho-
citrate, citrate, magnesium, diphosphonate, methylene blue and various gly-
cosaminoglycans. Their effectiveness is variable (1. Phosphocitrates: TEW et al.
1981; WiLLIAMS and SaLLiS 1981; 2. RNA and RNA-like substances, gly-
cosaminoglycans, “GAGS”™: ScHRrIER etal. 1981; 3. Diphosphonate EHDP,
chondroitin sulphate, glycosaminoglycans “GAGS”, methylene blue, py-
rophosphate, urate and xanthine: HALLSON etal. 1981; SCURR etal. 1981;
4, Magnesium, sodium chloride, pyrophosphates, vitamin B, glucuronic acid,
citrate: SUR and PANDEY 1981; RYALL and MARSHALL 1981; SALLIS et al. 1981;
TiSELIUS and LARSON 1981; PINTO and PuioL 1981; RODGERS and GARSIDE
1981; HARTUNG et al. 1981; vAN'T RIET and O’REAR 1981). It has not yet been
possible to critically evaluate these communications in clinical practice. The re-
sults given are not strictly comparable between papers, the activities quoted
vary from author to author and the measuring systems differ. Suitable among
these for oral administration are: Orthophosphate, excreted in the urine as py-
rophosphate, diphosphonate, which exerts a pyrophosphate-like action, mag-
nesium and methylene blue. The degree of absorption from the gut is variable
and in some cases unknown. Treatment with any inhibitor presupposes proven
inhibitor deficiency. Treatment instituted on false premises is not only useless
but, as in the case of inappropriate magnesium therapy, often vitiated by the
opposite of the intended effect. In the presence of urinary tract infection and an
alkaline urine magnesium therapy may simply lead to the formation of mag-
nesium ammonium phosphate calculi. It is precisely in cases of calcium oxalate
lithiasis, which are so common and represent such a therapeutic challenge, that
we have no idea of the quantity of inhibitor to give, if we are to slow down or
abolish calcium oxalate crystal nucleation or aggregation. The available data
are derived from measurements in vitro and are intrinsically inapplicable to
real patients.
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(i) Orthophosphate

Principle: Pyrophosphate inhibits the precipitation of calcium oxalate and the

formation of calcium carbonate crystals (FLEISCH and Bisaz 1961). According

to FLEISCH and his colleagues condensed phosphates block crystal growth by at-

taching to the crystal surface. This is particularly true of the hydroxyapatite

group, which has a high affinity for pyrophosphate. Pyrophosphate excretion

rises in the wake of orthophosphate ingestion (EDWARDS et al. 1965). A gener-

ally valid explanation for this phenomenon is still not available. There are three

working hypotheses:

1. Inhibition of pyrophosphate synthetase by orthophosphate.

2. Downmodulation of pyrophosphatase activity.

3. Inhibition of renal tubular pyrophosphate reabsorption by orthophosphate
(RUSSEL et al. 1964).

FLEISCH and his colleagues consider the kidney the principal site of action,

pointing out that orthophosphate administration is followed by a simultaneous

rise in orthophosphate- and pyrophosphate clearances, although there is no

change of plasma pyrophosphate concentration.

Dosage: The maximum daily dose is 1—1.5 g, which should never be ex-
ceeded because of the risk of inducing secondary hyperparathyroidism
(FLEIscH). The indications for this therapy are limited to sterile calcium oxa-
late lithiasis, since orthophosphate treatment of magnesium ammonium phos-
phate-, brushite- and apatite calculi is hazardous. In animal experiments ortho-
phosphate has been given to induce calculi of this type.

Covert urinary tract infections are also a potential hazard, since the as-
sociated urine is frequently alkaline in reaction. Once again, orthophosphate
may cause the formation of phosphate calculi.

Rule of Thumb: Orthophosphate treatment requires continuous monitoring
of urinary pH and should be interrupted if this enters the alkaline range.

Contraindications: Orthophosphate is absolutely contraindicated in the pres-
ence of Gram-negative urinary tract infection, especially when associated with
organisms of the Proteus- or Pseudomonas group. These bacteria are urease
positive and split urinary urea into ammonia, alkalinising the urine. For the
same reason, orthophosphate should not be used to treat “infectious” calculi.

Other contraindications would include chronic renal failure with hy-
perphosphatemia and primary, secondary or tertiary hyperparathyroidism.

Clinical Experience: FLEISCH and Bi1sAz (1961) were the first to report useful
results of orthophosphate treatment for calcium oxalate stones. Their results
were confirmed in 1969 by SUTOR and a reduction in recurrence rates for cal-
cium oxalate calculi has also been reported by DULCE (1965), by HORN (1971),
by TERHORST and LUTZEYER (1973). TERHORST reports not only increased py-
rophosphate excretion but also a drop in urinary calcium levels. WILLIAMS
(1977) has recommended an oral daily phosphate intake in the region of
1.5—2 g, claiming this to be as effective as orthophosphate.

Orthophosphate therapy is further recommended for calcium oxalate lithi-
asis by HOWARD and THOMAS (1968), FINLAYSON (1974) and by ETTINGER
(1976) on the grounds that crystalluria will cease instantaneously when treat-
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ment starts. At the same time FINLAYSON expresses some doubt about the ef-
fectiveness of this treatment, since oral orthophosphate, for all it produces a
palpable increase in pyrophosphate excretion, only raises it to the levels found
in healthy subjects. Either this weak effect is itself sufficient, or it merely affects
one component in a multifactorial pathogenetic mechanism.

All the literature on oral orthophosphate therapy has in common that either
the patient cohorts are too small or the trial period is too short to permit any
objective conclusions. SMITH (1984) reported about 37 patients ten years on this
trial. The stone recurrence rate was reduced from 6 stones/year before treat-
ment to 2.6 stones/year after onset of treatment. Treatment was started for pa-
tients with idiopathic stone disease, primary hyperoxaluric, renal tubular
acidosis type I and mild form of primary hyperparathyroidism.

Side Effects: No serious side effects are known. Gastrointestinal intolerance
in the form of gastritis or fecal impaction have been reported for long term
treatment, but these complaints appear reversible by discontinuing medication.
A hypertension may develop in patients with prestanding hypertension (SMITH
1984). In case of impaired renal function creatinine clearance should be higher
than 50 ml/min (SMITH 1984).

Discussion: No definite statement can be made on the subject of recurrence
prevention, since the clinical data is simply inadequate.

(ii) Magnesium

Following early studies by HAMMARSTEN in 1928 and 1929, PRIEN and GERs-
HOFF (1974) have reported relatively successful treatment of calcium oxalate
lithiasis with magnesium oxide.

Other papers on the effects of magnesium on oxalate solubility are by
Sutor (1969), ELLIOT and RIBEIRO (1970), WILLIAMS (1977), and by DANIEL-
SON (1985).

Principle: Magnesium administration leads to the formation of a magne-
sium oxalate salt in the urine. Calcium is thus displaced from oxalate binding,
depending on the exact concentrations. Magnesium oxalate is very substantially
more water soluble than the calcium salt. Following oral intake of magnesium
there is a rise in urinary magnesium excretion. The mechanism of absorption,
the site and the proportion absorbed are all unknown. According to TERHORST
and MELCHIOR (1972) there is no effect on urinary calcium-, phosphate-, py-
rophosphate-, uric acid- or citrate excretion, FLEISCH and BISAZ (1966) state
that around 30% of dietary magnesium appears in the urine.

Dosage: MELNICK et al. (1971) recommend 600 mg twice daily. Magnesium
therapy should only be instituted when there is proven urinary magnesium de-
ficiency. The administration of magnesium oxide is thus indicated for cases of
sterile calcium oxalate calculus.

Contraindications: The danger of magnesium therapy actually generating
calculi is similar to that in orthophosphate treatment. This hazard is increased
in alkaline urine or in the presence of Gram-negative urinary tract infection.
Magnesium ammonium phosphate calculi may then form. Where urinary tract
infection occurs treatment should therefore be interrupted.
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Clinical Experience: From the point of view of the patient cohort and the
duration of the study the best report on magnesium oxide as a treatment of cal-
cium oxalate lithiasis is by MELNICK et al. (1971). Over a period of 4 years these
workers were able to reduce the recurrence rate by a factor of ten. This degree
of success was only achieved in a group of patients with obvious urinary mag-
nesium deficiency at the outset. In the absence of such magnesium deficiency
there was little definite benefit. KING (1971), on the other hand, found no in-
crease in the incidence of stones among alcoholics, a group who may present
with considerable magnesium deficiency. It is not known to what extent in-
creased diuresis might be a factor among alcoholics.

JOHANSSON et al. (1981) have reported some success among their patients
with calcium calculi, even though magnesium therapy did nothing to alter uri-
nary calcium excretion. Over the three-year period of their study about 90% of
patients on treatment remained recurrence free, compared to only 40% in the
control group. DANIELSON (1985) reported a five-year recurrence-free rate of
about 80%.

Side Effects: No serious subjective or objective effects have been met with.
Less than 5% of patients complained of gastrointestinal symptoms; all the latter
resolved after stopping magnesium oxide (JOHANSSON et al. 1981).

Discussion: Magnesium oxide treatment is frequently combined with vita-
min B, therapy and appears to represent an effective means of preventing re-
currence. The prerequisite for avoiding serious side effects is sterility and neu-
tral pH of the urine. Magnesium oxide therapy is contraindicated for any so-
called infectious stone.

(iii) Ethanehydroxydiphosphonate (EHDP)

In 1970 FLEISCH et al. reported in vitro inhibition of calcium phosphate precipi-
tation by a 107 molar EHDP solution. EHDP is an artificial crytallisation in-
hibitor of similar structure to pyrophosphate. Since EHDP is not broken down
by naturally occurring phosphatases, it is both incorporated into the skeleton
and excreted unchanged in the urine (BAUMANN et al. 1975).

EHDP was originally introduced for the treatment of Paget’s disease (ALT-
MANN et al. 1973), myositis ossificans (BASSET et al. 1969) and generalized cal-
cinosis (CraM et al. 1971). In 1975 BAUMANN and his colleagues published their
experience in the treatment of 9 patients. The recommended daily dose was
1.100 mg divided into four. 8 out of 9 patients remained free of recurrences
over a twelve month period. Urinary pyrophosphate excretion increased by
14%. The side effects included a rise of urinary uric acid by 90% and of oxalic
acid by 70%.

The fact that EHDP accumulates in the skeleton, where its long term effects
remain unknown, has prevented this treatment from gaining general accep-
tance.

At the time of writing nothing further can be said of its effectiveness, side
effects or hazards in clinical use.
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(iv) Oxalyt-C

Studies with the sodium-potassium citrate preparation Oxalyt-C have been car-
ried out at various centers (HESSE et al. 1985; DULCE et al. 1985; HAUSER and
Frick 1985; MAY and BRAUN 1985; SCHWILLE 1985) over relatively short
periods of time with small numbers of subjects (stone patients and stone-free
controls), and have shown an influence of this agent on various urinary param-
eters

Effects: There is a dose dependent increase in urinary citrate excretion and
thus a rise in urinary pH, the final values varying between 6.2 and 6.6

In addition, there is a dose-dependent decrease in calcium excretion, the
reason for which has not yet been explained, but which is possibly due to intes-
tinal complex formation with citrate or to temporary systemic alkalosis, al-
though no systemic alkalosis could be achieved by oral citrate administration.

Further effects are a decrease in ammonia excretion and a temporary fall in
serum parathormone values.

Dosage: The normal dose i1s 3 x 3 g daily. In the case of therapy-resistant
aciduria, 4 x 3 g daily can be administered.

Side Effects: The side effects described are dose dependent and disappear
on discontinuation of therapy. They include loose stools and urinary infections.
Existing urinary infections can also be exacerbated.

Contraindications: Contraindications are manifest urinary infections, infect-
ed calculi, and calculi formed predominantly of phosphate, as in neutral or
alkaline urine there is a danger that the phosphate will crystallize out. Caution
is advisable when the spontaneous urinary pH value is above 6, since additional
alkalizing therapy can provoke urinary infection or formation of an infected
calculus.

Evaluation: No conclusive assessment of the efficacy of Oxalyt-C is possible
at this point, as the duration of administration has been too short and the
number of patients too low.

(v) Urinary pH

The solubility of calcium oxalate is essentially constant over a wide range of
urinary pH. The consequence is that pharmacologic manipulation of urinary
pH is of little benefit in the treatment of calcium oxalate lithiasis per se. Only
in cases of mixed calcium oxalate calculi, of so-called infectious stones and also
of mixed calcium oxalate—uric acid stones are such maneuvers helpful. The
necessary pH change will depend both on the nature of the stone components
and on their actual concentrations, since the exact mineral formed will be of
some importance. The details are to be found in the relevant chapters.

(vi) Urinary Tract Infection

Urinary tract infection is not a frequent feature of calcium oxalate lithiasis, and
this type of calculus is usually classified among the sterile group. Should in-
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fection supervene it must receive specific treatment, since there is otherwise a
danger of phosphate deposition on oxalate calculi. The addition of infectious
components to such mixed calculi worsens the recurrence rate of calcium
oxalate lithiasis. Specific antibacterial chemotherapy is therefore always indi-
cated in cases of proven infection.

(vii) Treatment of Mixed Calcium Oxalate Calculi

The basic principle is to treat each component on its own merits. Consideration
should also be given to the underlying metabolic cause of increased urinary
lithogen excretion.

The choice of drug treatment and diet should be independent of the pro-
portions of individual components. Mixed stones tend to recur more often, and
every lithogenic abnormality should therefore be treated.

2. Infective Calculi

This term embraces all types of calculus arising in infected or alkaline urine.
The commonest pathogens are Gram-negative organisms such as Proteus,
Pseudomonas and Klebsiella. Their possession of the enzyme urease enables
them to produce ammonia, thus alkalinising the urine. Phosphate salts are
poorly soluble in an alkaline urine and the consequence is therefore stone for-
mation, with an incidence according to GRIFFITH (1978) and HERRING (1962) of
the order of 15—20%.

The following types of stone may be infective: Any calcium phosphate cal-
culus (hydroxyapatite, carbonate apatite, brushite, octacalcium phosphate and
whitlockite);, any magnesium phosphate calculus (struvite and rarer magnesium
phosphate minerals such as newberyite and bobierite).

The main aim of pharmacologic and dietary recurrence prevention is to im-
prove the solubility of the calcium phosphates. It is with this in mind that the
urine should be acidified and infection eradicated as far as possible. In the
presence of preexisting calculi it remains desirable to maintain a sterile urine,
since bacteria will bind to the surface of the calculus (GRIFFITH et al. 1976). If
urinary infection is longstanding and where renal calculi have arisen, there is a
risk of intrarenal reflux giving rise to interstitial nephritis and pyelonephritis.
Classical treatment of the calculi will fail to eradicate them, even if powerful
and specific antibiotics are exhibited.

Diet: The basic requirement to restrict food of a high calcium content is as
for the treatment of calcium oxalate lithiasis, but oxalate need only be limited
where mixed calculi occur. Any food or drink likely to alkalinise the urine
should be strictly avoided. Citrus fruits and their juice are important culprits,
alkalinising the urine with the salts of weak acids. Beer, coca cola and acidify-
ing mineral water are permitted. The urine should be diluted by an increased
fluid intake and metabolic disorders require treatment on their own merits.
Brassicas have an alkalinising effect and should be avoided.
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Ammonium urate lithiasis imposes special dietary requirements, since there
is both an infective and a metabolic uric acid component. The urine should still
be acidified, but only down to a pH of 6.5 Overzealous acidification carries a
risk of urate precipitation. A steady fluid intake of 1.5—2 liters or more (if pos-
sible) is fundamental to therapeutic success.

Drug Treatment of Urinary Tract Infection: A rational strategy for prevent-
ing recurrent infective stones must first aim to completely eradicate existing
stones (SCHNEIDER 1980). Antibacterial therapy is unlikely to be successful
where pseudorecurrences or organic material were left behind. As a rule any re-
maining debris is contaminated and will give rise to a recrudescence of in-
fection with a renewed rise in urinary pH and the seeding of recurrences around
such infected nuclei. '

BUDEVSKI (1975) quotes a recurrence rate of 14% where there was previous
complete clearance. This figure rose to 52% for cases with residual stones and
attained a peak of 75% if calculi remained in the presence of infection. Accord-
ing to WILLIAMS (1977) the spontaneous recurrence rate may reach 80% over a
20 year period. It is misguided to expect spontaneous regression of residual cal-
culi (GRIFFITH 1978), hence the requirement for complete surgical clearance of
all calculous material and infected matrix.

Stone clearance should be followed by specific antibiotic treatment, achiev-
ing adequate tissue levels within the renal parenchyma, as well as adequate
urine levels. Even after successful removal of e.g. struvite calculi there is likely
to be persistent soft tissue infection (interstitial nephritis and pyelonephritis)
demanding prolonged and aggressive chemotherapy. GRIFFITH suspects in-
trarenal reflux as the cause of persistent infection following stone clearance and
quotes an incidence of 40%. The proper duration of antibiotic therapy is contro-
versial, opinion ranging from denial of any need in cases of struvite calculi to a
lifelong sentence to prophylaxis. Since the protagonists of aggressive antibiotic
treatment quote lower recurrence rates, in the region of 4— 10%, their point of
view seems not without merit (BRUCE and GRIFFITH 1981; SEGURA et al. 1981;
GRIFFITH et al. 1981). By contrast BOYCE (1974) quotes a figure of 18%.

The choice of antibiotic must take account of nephrotoxicity. The amino-
glycosides (gentamicin, tobramycin and amikacin) are markedly nephrotoxic, a
property amplified by renal damage of any cause. The dose may depend on the
creatinine clearance.

Recurrent or persistent infection may reflect anatomical tract abnormality,
congenital or acquired (obstructive uropathy, stricture, stenosis, megaureter,
vesicoureteric reflux, infravesical obstacles). These conditions require surgical
correction to eradicate infection.

Treatment of Urinary Tract Infection in the Presence of Calculi: If for some
reason surgical stone clearance cannot be contemplated (age, previous surgery,
anaesthetic objections), conservative management by urinary antiseptic treat-
ment may be appropriate, if adequate urinary acidification (pH 6.5) can be
achieved. On the other hand, as long as the stone remains in situ it will always
prove impossible to eradicate interstitial nephritis or pyelonephritis as a source
of persistant sepsis. Every acute exacerbation of symptomatic urinary tract in-
fection will require high dose antibiotic treatment. Regular examination of uri-
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nary sediment and a strict watch on urinary pH are an integral part of this form
of management.

(i) Acetohydraxamic Acid

In 1973, GRIFFITH et al. published the first report of successful urease inhibition
by acetohydraxamic acid. The enzyme urease is produced by all groups of Pro-
teus and by certain Pseudomonas-, E. coli-, Klebsiella- and staphylococcal
species. Urea is split in the following reaction:

NH,CONH, + H,0——2NH, + H,CO,

urease

2NH, + H,0 —» NH, + OH

The resultant hyperammonuria alkalinises the urine, promoting the forma-
tion of phosphatic calculi, particularly of struvite.

In animal experiments hydraxamate was shown to be a highly effective in-
hibitor of bacterial urease. GRIFFITH et al. (1973) demonstrated neutralization
of the urine, inhibition of struvite calculus formation and a bacteriostatic action
on Proteus organisms. The intermediate metabolism of hydraxamix acid is un-
known, yet clinical trials so far suggest low toxicity and good therapeutic effect.
Animal experimentation has also suggested a protective effect against hy-
perammonuric renal damage. Acetohydraxamic acid is not yet on the market in
Germany (FRG) and in the USA the clinical use is still under control by the
FDA.

Mode of Action: AHA 1s rapidly and completely absorbed from the gut.
Peak blood levels occur after half an hour and 40—60% of oral intake appear
unchanged in the urine. Approximately 50% is metabolised by an unknown
pathway and at an unknown rate, the latter apparently more rapid at lower than
at higher doses. It appears, therefore, that the metabolic pathway becomes satu-
rated by high quantities of AHA. According to GRIFFITH et al. (1976) 25—30%
of ingested AHA is broken down to carbondioxide and blown off by the lungs.
For normal renal function the half life is 5— 10 hrs, more in patients with renal
impairment.

Clinical Experience: In a trial involving 76 patients GRIFFITH et al. (1981)
gave AHA for periods in excess of 3 months. Despite preexisting urinary tract
infection and anatomical tract abnormalities (trabeculated bladder, indwelling
catheter, nephrostomy, paraplegia or quadriplegia) they found a reduction in
urine alkalinity and in urinary ammonia concentrations. In only four cases did
preexisting stones regress, but further growth or recurrence of stones occurred
in none of their patients. RODMAN (1985) reported a double blind trial of 31 pa-
tients. Patients on AHA treatment showed no stone growth or new formation.

Side Effects: The side effects and toxicity of AHA are dose dependent and
fully reversible by stopping medication. Approximately 50% of patients com-
plained of headache and a further 50% of gastritic symptoms, diarrhea or con-
stipation — a spectrum of gastrointestinal effects. 4% reported somnolence or
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lassitude and 8% noted flushing in combination with alcohol. The latter
phenomenon would persist approximately 30 minutes and then suddenly cease.
More serious side effects occurred with the following frequency: Mild anemia,
17%; severe anemia, 13%; phlebitis, 13%; pulmonary embolus, 1.4% and tremo-
lousness 30%.

Comment: Further discussion should await the outcome of more extensive
controlled clinical trials.

Instrumental Chemolysis of Infective Stones: Instrumental chemolysis via a
nephrostomy or indwelling catheter is not only — in the final analysis — impos-
sible, the attempt may even be life-threateningly dangerous. Despite sporadic
reports in the literature of the 60s and 70s (TIMMERMAN and KALLISTRATOS
1973; SuBY and ALBRIGHT 1943) of successful dissolution of infective calculi
using EDTA (TIMMERMANN), Renacidin (MULVANEY 1960; RiEs and MALA-
MENT 1962; KOHLER 1962) or Suby’s solution (SUuBY 1943), large scale trials
have been unable to prove any benefit. Fatal accidents were not infrequent, and
in the USA intrarenal perfusion with Renacidin is now prohibited. Indeed the
stipulation that Renacidin therapy only be undertaken in the absence of in-
fection and at pressures below the intrapelvic pressure limits its application to
the point of extinction. In view of the complication rate and very doubtful ben-
efit, such treatment should be regarded with suspicion.

In a similar way, occasional reports of successful stone dissolution by hemi-
acridine should not lead one to hope for any widespread applicability of this
treatment, since successes were occasional and related only to individual prob-
lem cases. None of the authors mentioned reports a large series (FAM et al.
1976; JAcoBs and GITTES 1976, NEMOY and STAMEY 1976; BROCK et al. 1980).
Chemical dissolution of stones via percutaneous nephrostomy has generally on-
ly met with success in cystinurics (SMITH et al. 1979; STARK and SAVIR 1980;
DRETZLER et al. 1979).

Drug Treatment of Metabolic Disorders: For the drug treatment of hy-
percalciuria, hyperuricosuria and hyperphosphaturia, see the above sections on
the treatment of calcium oxalate lithiasis.

(ii) Urine Acidification

Principle: Acidifying the urine is intended to improve the solubility of phos-
phates. Nucleation of phosphate and carbonate crystals is inhibited in neutral
or acid urine. The technique of urine acidification depends on the administra-
tion of salts of strong acids and weak bases. Following absorption from the gut
there is transient metabolic acidemia, for which the kidney will compensate by
substituting hydrogen ion for potassium ion exchange with sodium. Intracellu-
lar carbonic anhydrase splits carbonic acid into bicarbonate and hydrogen ion.
The bicarbonate returns to the bloodstream by diffusion, whilst the hydrogen
ion is entered into distal tubular active transport and exchange mechanisms.
This hydrogen ion secretion acidifies the urine. It is thus clear that such a strat-
egy will only be effective where renal function is preserved. Interstitial nephritis
of calculous or infective origin may cause a secondary distal renal tubular aci-
dosis and therefore block any therapeutic benefit.
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Dosage: The exact dose of a given drug will depend on the starting pH of
the urine, on renal function and on the severity of possible side effects. A vari-
ety of preparations is commercially available. In Europe these include “Acidol
pepsin”, “Extin”, “mixt. solvens” and, more recently, “Uralyt-acid”. Nearly all
these formulations contain a wide variety of compounds, but the active prin-
ciple is consistently ammonium chloride or a similar hydrogen ion donor and
they are all suitable.

Contraindications: Urine acidification is contraindicated in all forms of aci-
dosis, especially in distal renal tubular acidosis. In cases of ammonium urate
calculus the urine pH should not be allowed to fall below 5.8 —6, since further
acidification risks precipitating urates.

Clinical Experience: Effective urine acidification can only be achieved with
concomitant antibacterial attack on the causative organism. Otherwise exces-
sive doses of acidifying agents may be necessary with an inherent risk of iatro-
genic metabolic acidosis.

Side Effects: Gastrointestinal intolerance is dose dependent and fully revers-
ible by stopping medication. Nausea and retching without histologically proven
gastritis or ulcer is the chief symptom.

Discussion: If urinary tract infection is treated at the same time, good dose
dependent urine acidification can be achieved. Patient cooperation is necessary
for proper control of urinary pH by daily testing. The fundamental require-
ments for successful treatment are complete stone clearance and rigorous, per-
haps long term, antibacterial chemotherapy.

Problems of Conservative Treatment for Infective Calculi: The initial decision
to treat conservatively and the subsequent therapeutic strategy are both vitiated
by a variety of problems. Conservative treatment may be necessary in circum-
stances such as the preoperative assessment period, episodes of pseudorecur-
rence, unilateral or bilateral staghorn calculus and cases of staghorn- or in-
fective calculus unsuitable for surgical removal on anaesthetic grounds. Es-
tablished or incipient renal sepsis, fever and rigors related to infective calculi,
the threat of peri- or paranephric abscess and outflow obstruction to infected
kidneys all present a hazard to the patient which may demand a period of con-
servative management. Any decision between conservative treatment and surgi-
cal intervention will have to take a balanced view of renal function, potential
nephron loss following an attack on the parenchyma and the fate of renal func-
tion following interstitial nephritis or pyelonephritis, if the stone is left in situ.
Such sequelae as hypertension and the emergence of a potential source for re-
current metastatic infection should also be considered.

The final decision, which course to adopt will have to be made on the merits
of each individual case.

The decision to treat conservatively may avoid all the hazards associated
with surgery, but the stone will remain as a continuing source of future in-
fection. As already stated, this factor cannot be influenced by high dose anti-
biotics or by urine acidification. Renal function will slowly but surely be erod-
ed by infection, by interstitial nephritis and by pyelonephritis. Because of the
creatinine excretion reserve, such events will only become apparent at a rela-
tively late stage, unless the function of both kidneys is reassessed individually
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on a regular basis (iodohippuran clearance, radiology, ultrasonographic renal
outline) so as to detect the extent and progression of renal damage at an early
stage.

Apart from bacterial insult Lipid A, an E. coli cell wall component, may en-
gender chronic renal destruction, apparently by some shared antigen mecha-
nism (WESTENFELDER et al. 1975).

Superadded metabolic disease, such as hyperparathyroidism, hyperuri-
cemia or hypokalemia may exacerbate tubular damage. Further stone enlarge-
ment and outflow obstruction, the development of a septic kidney or the spread
of infection to the peri- and paranephric tissues with abscess formation are ever
present hazards. Infected renal calculi are a well established source of such un-
pleasant sequelae as endocarditis, iridocyclitis and rheumatic disorders. In view
of their overall life expectancy, young and middle-aged patients are best protected
from these complications by surgical clearance of their stones.

Operative removal of renal stones may be problematic where a staghorn is
confined within narrow calyceal necks, preventing a simple approach from the
renal pelvis or pelvicalyceal junction. In such cases a transparenchymal ap-
proach will require formal nephrotomy. These kidneys have frequently been
operated on in the past and the ensuing scar tissue presents both a source of op-
erative bleeding and a cause of reduced renal function. Without any doubt
nephrolithotomy with surface cooling (BOYCE and ELKINS 1974) or with per-
fusion hypothermia (EISENBERGER et al. 1973; MARBERGER and EISENBERGER
1980; MARBERGER and STACKL 1981), with or without inosine infusion (MAR-
BERGER et al. 1976) represents a real advance. Nevertheless, a 10—20% loss of
renal function due to scar formation is to be expected. Radial nephrolithotomy
along “avascular” planes identified by methylene blue injection (BOYCE and EL-
KINS 1974) or by Doppler flow studies (RIEDMILLER et al. 1981) has allowed
some improvement by reducing tissue damage. The feasibility of workbench
surgery (GIL-VERNET 1965) does not in itself represent an indication to employ
the technique, particularly since it brings no further advantages in terms of
renal function. Nevertheless it does allow the surgeon to achieve improved
clearance without being subject to the pressure of time limits. It should perhaps
be reserved for surgery to solitary kidneys.

Quite apart from the difficulties of preserving renal function, the complete-
ness of stone clearance remains a problem, despite improved intraoperative
stone localization techniques (ALBRECHT and MONCADA 1981; MELCHIOR and
LANG 1981; DE Sy and OOSTERLINCK 1981; LYTTON 1979). Intraoperative stone
localization by ultrasound has no advantages over radiology for fragments
smaller than 2 mm, chiefly because of masking by air entering the renal pelvis
once the kidney is opened (HUTSCHENREITER et al. 1981). Pseudorecurrence
rates of the order of 20—40% are frequently quoted (GRIFFITH 1978). Residual
material, be it crystalline or not, has to be regarded as a nucleus for recurrences,
however energetic antibiotic and acidification therapy may be. For the true re-
currence rate following surgery for staghorn calculi figures of 40— 60% are men-
tioned (GRIFFITH 1978).

Therefore the best strategy will have to be decided on from case to case: If
surgery is to be embarked on it must be followed by energetic postoperative re-
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currence prevention, for the recurrence rate of infective calculi is inherently
high!

New developments in the field of percutaneous litholapaxy (ALKEN et al.
1981; MARBERGER et al. 1982) and of remote extracorporeal shockwave lithola-
paxy (CHAUSSY et al. 1982) promise some progress in the treatment of problem
cases.

(iii) Renal Tubular Acidosis

The etiology and pathogenesis of this condition are discussed in ROBERTSON
and PEACOCK (1985).

With an overall frequency of 1% renal tubular acidosis is a rare feature of
urolithiasis. Among cases of infective stones, however, the frequency reaches
10—40% (BACKMANN et al. 1981; SOMMERKAMP 1977).

Rule of thumb: recurrence of calcium stones, medullary sponge kidney,
nephrocalcinosis or urinary pH fixed at 6—7 carry a high index of suspicion for
renal tubular acidosis.

Principle: The mechanism of this disorder consists in partial impairment of
distal tubular hydrogen ion secretion. The result is inadequate urine acidifi-
cation, the pH usually being above 6. Blood chemistry reveals a hypokalemic
hyperchloremic metabolic acidosis. This acidosis in turn acts on the skeleton to
provoke increased osteoclastic breakdown of apatite and so leads to temporary
hypercalcemia and hyperphosphatemia. Both ions undergo glomerular filtra-
tion.

Since the increased calcium and phosphate loads cannot be completely re-
absorbed by the proximal tubule, distal segments will be overloaded with these
substances. Poorly soluble in alkaline or neutral urine, calcium and phosphate
will precipitate, giving rise to nephrocalcinosis or recurrent urolithiasis.

(iv) Treatment

Diet: No specific dietary treatment is available for renal tubular acidosis.

Drug Treatment: Drug treatment must take account of five important factors:

1. The extent of the metabolic acidosis must be determined by blood gas analy-
sis and calculation of the base excess. Acidosis may be corrected by giving
bicarbonate or so-called “Shohl’s solution”. In either case the dose should be
tailored to the extent of the metabolic acidosis and the base excess, using to
the formula: base excess x body weight in kg x 0.3 to arrive at the required
quantity of bicarbonate in mmol. Bicarbonate treatment requires continuous
blood gas monitoring to avoid the danger of alkalosis. This treatment will not
result in any change in urinary pH, particularly not in acidification.

2. The extent of hypokalemia will determine the necessary potassium replace-
ment. Depending on the severity of the syndrome (complete or incomplete
renal tubular acidosis) considerable quantities may need to be taken. Since
potassium preparations are not always well tolerated, slow release formu-
lations liberating their potassium in the small intestine may be preferred.

3. The extent of bone demineralization may be quite considerable and require
the administration of calcium and vitamin D preparations. The exact degree
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of demineralization is best measured by iliac crest biopsy or by skeletal den-
simetry of the hand or forearm. The clinical presentation of demineralisation
is often a complaint of backache. Giving vitamin D (1,25-dihydroxy-
cholecalciferol) should improve skeletal calcium uptake. The calcium re-
quirement will depend on the skeletal deficit. The additional intake during
the replacement phase should never exceed the daily requirement of a 70 kg
man (10 mg/kg). This replacement therapy should be supplemented with
physiotherapy. Occasionally a support corset may be needed.

4, Hypercalciuria should be treated with thiazides: Attempts must be made to
reduce the renal clearance of calcium, as in the treatment of renal and re-
sorptive hypercalciuria. A sodium restricted diet enhances the effect of thi-
azides. Sodium depletion of the extracellular space enhances proximal tubu-
lar calcium recovery and the effect of thiazides on the distal tubule is also
amplified. Preexisting hypokalemia will require adequate replacement ther-
apy, since thiazides potentiate hypokalemia.

5. Distal Tubular Hydrogen Ion Excretion may be Promoted by Ethacrynic Acid: In
1972, HEIDBREDER described ethacrynic acid treatment of renal tubular aci-
dosis, stating the substance to increase distal renal tubular hydrogen ion ex-
cretion. SOMMERKAMP (1981) reported on 8 patients with proven renal tubu-
lar acidosis treated with 50 mg by mouth daily. The therapeutic effect con-
sisted of urine acidification and increased renal acid production. Because of
the hazard of hypokalemia SOMMERKAMP recommends the drug be given
alternate days only.

The usual form of urine acidification therapy is contraindicated, as it would
generally only worsen the existing metabolic acidosis. In fact, the hydrogen ion
secretion defect in itself renders urine acidification impossible. Recurrent stone
formation and the advent of nephrocalcinosis or medullary sponge kidney can
only be prevented by correcting the acidosis.

Laboratory Investigations: The course of the illness and the effect of drug
therapy should be checked and monitored by laboratory investigations, repeat-
ed as often as necessary:

1. Serum electrolytes, particularly potassium

2. Urinary excretion products

3. Blood gas analysis

4. 24 hr urinary calcium and phosphate excretion.

5. Screening for bacterial urinary tract infection, followed by antibiotic therapy
as indicated.

6. Intravenous urography at yearly intervals.

3. Uric Acid Stones: Treatment, Recurrence Prevention,
Oral Chemolysis

Pure uric acid stones represent the sole type of urinary calculus amenable to
dissolution by drugs. Where the pathogenesis is fully understood, oral litholysis
is feasible.
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With a frequency of 5—20% uric acid stones take third place in Western Eu-
rope and the United States, after only calcium oxalate and infective calculi
(HERRING1962; GEBHARDT and BASTIAN 1976). Dietary changes appear to have
brought about a steady rise in frequency since the last war. Furthermore there
is a definite north-south socioeconomic distribution, the incidence of uric acid
lithiasis appearing correlated to dietary protein content. Increasing con-
sumption of purine rich foodstuffs has not only led to an overall rise in serum-
and urinary uric acid levels but also to an increase in the actual incidence of
gout. The same group of patients is also likely to have calcium and oxalate
stones (ZOELLNER 1960).

The pathogenesis of uric acid stones lies in increased urinary uric acid ex-
cretion with an inappropriately high urinary hydrogen ion concentration. This
latter is due to abnormal ammonia excretion, but the former arises from an ex-
ternal causative factor such as increased dietary purine intake (meat, offal, vari-
ous brassicas) or from an endogenous increase in uric acid production (primary
gout, increased cell turnover in the myeloproliferative disorders or during cyto-
toxic therapy for malignancy).

The urinary pH is often below 5.4. Uric acid is a weak acid with a pK of 5.5
and is therefore neither much dissociated nor noticeably soluble at this pH. The
combination of an acid urine with hyperuricuria therefore predisposes to uric
acid stone formation, but at the same time it is easy to see how dietary and
pharmacologic measures can break the pathogenetic chain.

a) Diet, Fluid Intake and Choice of Drinks in Uric Acid Lithiasis

The dietary purine content must be held at a low level. Offal such as liver, kid-
ney or sweatbreads, as well as excessive overall meat and fish intake (especially
marine fish like sardines or herrings) should be strictly limited. Brassica and
nut consumption should also be reduced.

Strong alcoholic drinks are prohibited, as they may precipitate hyperuri-
cemia. Drinks likely to acidify the urine (Coca Cola, beer) should be restricted
and citrus fruit and its juice recommended in their place. The latter contribute
by neutralising the urine. The total fluid intake must be adequate; the usual
1.5—2liters is quite insufficient and should be increased to at least 2— 3 1/day.

b) Preventive Drug Treatment of Uric Acid Lithiasis

There are two possible points of pharmacologic attack:
1. Reduction of excessive uric acid excretion
2. Solubilising urinary uric acid by raising a low urine pH

(i) Allopurinol Treatment of Hyperuricemia and Hyperuricosuria

Principle: Allopurinol acts on uric acid metabolism at two sites (Fig. 8):
1. Its property as a xanthine oxidase inhibitor blocks the conversion of hy-
poxanthine to xanthine and of xanthine to uric acid. Both these reactions are
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normally controlled by xanthine oxidase. Purine degradation is thus blocked
by allopurinol at the hypoxanthine-xanthine stage. In contrast to uric acid,
both these substances are soluble in urine and rarely give rise to stones. Some
qualification should be added in respect of xanthine, which is also apt to
crystallise out if excreted in vast quantities — see the chapter on xanthine
stones.

2. The second mode of action of allopurinol consists of inhibiting nucleotide
synthesis. Allopurinol is a hypoxanthine analogue and is thus converted by
the enzyme hypoxanthine guanine phosphoribosyltransferase (HGPRT) and
the addition of phosphoribosyl pyrophosphate to allopurinolribonucleotide,
a false purine base. The false base blocks uric acid synthesis by product inhi-
bition. What is more, the phosphoribosyl pyrophosphate used to synthesize
allopurinolribonucleotide is then unavailable for further de novo synthesis
(conversion of hypoxanthine and xanthine to ribonucleotides). The false base
allopurinolribonucleotide also inhibits glutaminephosphoribosyltransferase,
another enzyme involved in nucleotide precursor synthesis. In addition, allo-
purinolribonucleotide inhibits phosphoribosyl transferase.

The reactions described above result in suppression by allopurinol of uric
acid production. Allopurinol has no effect on renal uric acid clearance and
treatment thus results in reduced uric acid excretion, the very reverse of the ef-
fect achieved by agents such as probenecid and other uricosurics.

Allopurinol is rapidly absorbed following oral ingestion. Two thirds are
metabolised in the liver by the enzyme xanthine oxygenase to oxypurinol,
which is subsequently eliminated by the kidney (WELLHOENER 1976). Its half
life is two to three hours and allopurinol is fully effective in patients with re-
duced renal function.

Dosage: The dose should be varied according to the serum uric acid and the
24 hr urinary uric acid excretion. A normal starting dose is 300 mg daily by
mouth, but this will have to be modified in the light of subsequent changes in
uric acid levels.

Contraindications: Because of possible teratogenicity allopurinol should not
be taken in pregnancy or during lactation.

Clinical Experience: The uric acid depressant effect of allopurinol is well es-
tablished in the treatment of primary and secondary gout (GUTMAN and YU
1968; KRAKOFF and MEYER 1965; RUNDLES et al. 1963; SEEGMILLER et al. 1967;
WATTS et al. 1966). The substance was introduced by RUNDLES and his col-
leagues in 1963 to combat the hyperuricemia occurring in the treatment of
leukemias. YU and GUTMAN were able to confirm its effectiveness in the treat-
ment of primary and secondary gout (1964). These same authors published
their encouraging experience in the treatment of 108 patients with primary
gout, myeloproliferative disease and neoplasms of other tissue origin. 70% of
their patients had a pretherapeutic serum uric acid greater than 10 mg%. In 90%
of the group allopurinol therapy was able to lower this value to less than
7 mg%. 50% of the 108 patients had a 24 hr urinary uric acid excretion in excess
of 800 mg%, the normal limit, and indeed one third of them were excreting over
1 g/day at the beginning of treatment. By taking allopurinol, 19 patients
achieved a 24 hr excretion of less than 600 mg. All 108 patients had been suffer-
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ing from recurrent stones or gravel and colic. In 98 the complaints ceased on
treatment. Numerous authors have since confirmed these findings (Boss and
SEEGMILLER 1979; KAVALACH 1974; MIANO et al. 1979; SPERLING and DE VRIES
1964; WALLACE 1978; FELLSTROM 1984).

In 1969, SMITH and BOYCE published data on a group of 92 patients they
had treated with allopurinol for a period of six months. 48.5% had suffered
from calculi of various types. None suffered a recurrence during the trial pe-
riod. In a further 18.2% the frequency of attacks was reduced. These effects
should not, however, be attributed to allopurinol alone, since the urinary pH
was simultaneously either neutralised or alkalinised and diet was purine re-
stricted. Promotion of diuresis by increased fluid intake is also a prerequisite
for successful treatment.

Side Effects: Skin rashes with pyrexia and rigors have been described in 6%
of patients (GUTMAN and YU 1964). In patients with primary gout there is a
10% chance of precipitating an acute arthropathy, usually preceded by pruritus
and skin eruptions. Should such an episode occur, allopurinol must naturally be
stopped. If the warning reaction is ignored, a severe hemorrhagic exfoliative
dermatitis may ensue.

Other Side Effects: Diarrhea in 5% (GUTMAN), abdominal pains and colic.
Jaundice due to granulomatous hepatitis in 1%. Rare problems: vasculitis, hy-
persensitivity reactions, toxic agranulocytosis, epidermolysis (Boss and SEEG-
MILLER 1979).

Discussion: Allopurinol is a highly effective agent with relatively few
hazards and has gained a permanent place in our therapeutic arsenal. It is use-
ful both for disorders of uric acid metabolism and in the treatment of uric
acid-, urate- and calcium stones. '

(ii) The Treatment of Hyperuricemia and Hyperuricosuria with Uricosurics
(Probenecid etc.)

Probenecid blocks tubular reabsorption of uric acid. By increasing uric acid ex-
cretion it therefore diminishes the endogenous pool. During probenecid treat-
ment uric acid excretion will exceed the rate of production and the serum uric
acid will then fall. The chief disadvantage of this approach is the initial tem-
porary flooding of the tubular apparatus with uric acid. Intratubular precipi-
tation and crystallisation may result with consequent acute renal failure or
nephrolithiasis (BRAUN et al. 1977). The risk of exceeding the saturation con-
centration of uric acid (6.4 mg’% at pH 7) is real, certainly at the beginning of
treatment. Unless additional measures are taken to increase diuresis and raise
urinary pH into the range 6.8 to 7.2, probenecid will be a hazardous way to
guard against recurrent uric acid-, urate- or calcium oxalate calculi. We per-
sonally reject this approach altogether. Similar considerations apply to combi-
nations of probenecid and allopurinol.

Neutralising the Urine: Neutralising urinary pH will improve the solubility
of uric acid and its salts. The pH of this weak acid is 5.5, so it will be 50% dis-
sociated at the same pH. At lower pH the decreasing dissociation rapidly leads
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to a marked fall in solubility. On the other hand, the latter is considerably bet-
ter at pH 6.2. Uric acid stone patients may frequently be found to have a rather
persistently acid urine, an effect caused by an abnormality of ammonia ex-
cretion, perhaps coupled to abnormal uric acid secretion (SIMMONDS 1976).
Urinary pHs of 5.4 or less are frequently measured.

Dietary and pharmacologic measures aim to neutralize urine pH, achieving
the optimal range of 6.2—6.8. Dietary control alone, such as increased intake of
citrus fruit or its juice may suffice, but as a rule this does not provide enough
base so that adjuvant medical treatment should be instituted.

Alkali treatment was proposed by HOWSHIP as early as 1861 (in SCULTETY
and BALOGH 1967). Nowadays it is usual to use a combination of sodium bi-
carbonate and potassium citrate (“Uralyt-U®” in Europe) or acetazolamide.
Citrates are salts of a weak acid and strong bases and therefore cause excretion
of base and a dose dependent rise in urine pH. One should properly aim at
urine neutralisation, since the concept of alkali excretion leads one to think in
terms of an alkaline urine with its own risks of infective or ammonium urate
stone precipitation.

BIBUS (1962) was the first author to describe citrates as oral dissolution ther-
apy for uric acid lithiasis. His results were confirmed by ATSMON et al. (1963),
both authors using Eisenberg solution. In the meantime there have been several
reports of successful oral dissolution therapy for uric acid lithiasis (BAUMANN
and RUTISHAUSER 1968; DE VRIES and SPERLING 1976). Treatment is controlled
by continuous urinary pH profiles drawn up by the patient using indicator
paper. The dose is then adjusted according to urine pH.

(iii) Side Effects of Urine Neutralization by Bicarbonates and Citrate Mixtures

Many authors (GUTMAN and YU 1968; SCHNEIDER et al. 1969; SCULTETY and
BALOGH 1967) recommend adjusting the urine pH to 6.7—6.8. If values in ex-
cess of 7 are achieved and urinary tract infection should supervene, there is a
risk of calcium phosphate stone formation. Neutralization treatment also tends
to exacerbate infection. What is more, the original urate calculus may become
encased in a phosphate mantle and resist subsequent chemolysis. It is essential
to confirm the diagnosis of uric acid lithiasis before embarking on urine neu-
tralization, since such treatment would be contraindicated for other types of
stone and, of course, where the sometimes difficult differential diagnosis of uri-
nary tract neoplasia was missed.

Patients with cardiac or renal failure are at risk from hyperkalemia. A dose
of 10 g of commercial citrate mixture (Uralyt-U®) presents an absorbed potas-
sium load of 0.8 g. Serum potassium must therefore be estimated at regular in-
tervals.

Urinary tract infection may luxuriate in neutral urine and proven bacteruria
therefore demands energetic antibiotic chemotherapy.

As long as these basic rules are adhered to, drug prophylaxis and chemical
dissolution therapy for uric acid lithiasis are without serious side effects.
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(iv) Chemolysis by Urine Neutralization and Blockade of Uric Acid Synthesis

This strategy combines a depression of uric acid excretion by allopurinol medi-
cation with maintenance of a urine pH between 6.8 and 7.2.

The dose of allopurinol will depend on the quantity of uric acid excreted. A
daily diuresis of at least 2 liters must be maintained during treatment and bac-
terial urinary tract infection is to be eradicated. Oral chemolytic treatment pre-
supposes a stone lying free in the lumen of the urinary tract where it can be
bathed in urine. A radiologically or scintigraphically non-functioning kidney
contraindicates dissolution therapy. The duration of treatment will depend on
the size of the stone and the quality of urine neutralisation achieved — night-
time included.

As a general rule it takes 4—8 weeks to dissolve the average stone, but size
of stone and rate of diuresis will have an enormous influence.

4. Urate Calculi

Uric acid salts may give rise to one of two types of calculus, sodium hydro-
genurate monohydrate or ammonium hydrogen urate.

a) Sodium Hydrogenurate Monohydrate

Drug treatment and recurrence prevention for this type of calculus are as for

pure uric acid stones. Two principles already discussed are fundamental:

1. The urine should be neutralized with bicarbonate or citrate to a pH in the
range 6.2—6.8. This improves the solubility of urates, since like all salts of
weak acids, they are more soluble in a neutral or alkaline environment than
at acidic pH.

2. Uric acid excretion is reduced by allopurinol blockade of the xanthine ox-
idase step in uric acid synthesis. A low purine diet and a high fluid intake to
promote diuresis are self explanatory requirements.

It is, in principle, possible to dissolve these stones by such oral therapy. The
basics are as for uric acid calculi, but dissolution may be slower, because the
urates form tougher crystal aggregates. Success will depend on the duration of
treatment, on the diuresis achieved and on the size and site of the calculus.

b) Ammonium Hydrogenurate

This type of calculus differs from the other uric acid- and urate stones, in that it
occurs not in an acidic but rather in a mildly alkaline urine. Urease positive uri-
nary pathogens generate ammonia from urea and the urine pH rises. If exces-
sive uric acid excretion of any causation coincides with these events, the am-
monium salt may crystallise out. Proper treatment depends on an understand-
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ing of this pathogenetic mechanism. The following points are to be born in

mind:

1. Rigorous specific antibacterial chemotherapy. This should continue at a full
dose for an adequate period. The presence of a stone predisposes to inter-
stitial nephritis and pyelonephritis. In consequence urinary infection may be
chronically relapsing or ineridicable.

2. Reduction of uric acid excretion by means of a low purine diet. Allopurinol
blockade of uric acid synthesis if there is a metabolic disorder.

3. Neutralization or slight acidification of the urine. The optimal pH is between
6.2 and 6.6. Because of the risk of uric acid lithiasis, formal urine acidifi-
cation is to be avoided.

The medication needed to control urine pH will depend on the initial alka-
linity, and patients must be encouraged to keep a close watch themselves. Mis-
conceived self-medication and poor monitoring potentiate the dangers of this
type of calculus. Suitable acidifying agents include all those mentioned above
under “Drug Treatment of Urinary Tract Infection: Urine Acidification — Dos-
age”. Because their solubility is relatively independent of hydrogen ion concen-
tration, these calculi cannot be dissolved by oral treatment.

5. The Treatment of Cystine Calculi

Cystinuria was one of the first inborn errors of metabolism to be described in
relation to urolithiasis. WOLLASTON characterised the syndrome of cystinuria in
1810 without, however, appreciating its pathophysiology. It was left to GARROD
(1908) to recognise a metabolic cause of the illness. First communications on
the drug treatment of cystinuria are from MARGET (1817), TOEL (1855) and
from v. UDRANSKY and BOUMANN (1889).

Cystinuria may present in a homozygous or a heterozygous form and con-
sists of genetically determined excess excretion of cystine along with other di-
basic amino acids such as arginine, ornithine and lysine. The three latter are,
however, easily soluble in a slightly acid urine and do not therefore form cal-
culi. Expression of the disorder will depend on hetero- or homozygosity, but in
all events the abnormality concerns the reabsorption mechanism for the 4 di-
basic amino acids in the distal renal tubule (Fig. 9).

Cystine normally has its own separate reabsorption mechanism in addition
to the one shared with the other three acids. In cystinurics this dedicated mech-
anism is incompetent, with the result that all four acids compete for a single re-
ceptor. The capacity of the active transport mechanism is exceeded and only a
concentration dependent fraction of each amino acid can be recovered, the ma-
jority spilling over into the urine.

According to HARRIS et al. (1955) the heterozygous and homozygous forms
may be distinguished by the absorptive activity of a small intestinal biopsy
specimen. Such differential diagnosis is, however, without therapeutic signifi-
cance, since the choice and dose of agents will be determined by the level of
cystine excretion.
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Fig. 9. The reabsorption mechanism in the
distal renal tubule for the dibasic amino
acids, ornithine, arginine, lysine and cystine
(after HAUTMANN and TERHORST, HAUTMANN
etal. 1977)

Fig. 10. The pH dependence of cystine solubility

DENT and SENIOR (1955) have pointed out that at 37 °C and pH 7 cystine
remains in solution up to a concentration of 400 mg/l, its solubility being
strongly pH dependent (Fig. 10), decreasing in acidic and improving in alkaline
surroundings. Thus at pH 7.8 and 37 °C 800 mg/l may be held in solution.
Homozygous patients, however, may excrete in the region of 1000 mg/1, so that
they have a permanently supersaturated urine. A decrease in fluid intake, par-
ticularly at night, or a fall in urine pH will lead to crystallisation and stone for-
mation.

Treatment is fundamentally symptomatic, since no remedy is available for
the genetic transport defect. The following measures may be adopted:

1. Reduction in oral cystine intake.
2. Increase in daily diuresis by increased fluid intake — day and night.
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3. Improvement of cystine solubility by urine alkalinisation.
4. Improvement of cystine solubility by binding poorly soluble cystine to more
soluble molecules.

a) Cystinuria Diets and Associated Problems

Dietary restriction of cystine is only possible within certain limitations. On the
one hand cystine is an essential amino acid, the restriction of which leads to ce-
rebral- and growth impairment, at least in children. Thus growing children can-
not be cystine restricted. In adults cystine excretion can be reduced by restrict-
ing methionine intake (SMITH et al. 1959).

DENT and SENIOR (1955) have pointed out that daily protein intake would
have to be restricted to 20 g, if the urinary cystine output is to be lowered by
one third. This view has been supported by LoTz et al. (1965) and by KoLB
et al. (1967), although ZINNEMANN and JONES (1966) think so harsh a restriction
unnecessary. An intake as low as this barely escapes the risk of malnutrition,
even in adults. In principle, an ultra low methionine diet ought to reduce uri-
nary cystine output, but this approach has been rendered obsolete by modern
drug therapy.

b) Fluid Intake, Volume, and Composition

Reducing urinary cystine concentrations by a massive increase in diuresis
presents an alternative avenue of treatment. Yet to lower the cystine level below
the critical value of 400 mg/1 (at pH 7 and 37 °C) would require a fluid volume
of 10—20 1/day! Depending on the rate of cystine excretion this quantity might
even have to be increased. A number of factors make the oral intake of such
large volumes undesirable.

The daily intake should, however, be increased to 4—71/24 hrs, particular
attention being paid to nocturnal fluids, since cystinurics must maintain an ad-
equate diuresis through the night. In choosing fluids the patient has to bear in
mind the significance of maintaining a neutral or mildly alkaline urine, and for
this reason citrus fruit and citrus juices are to be encouraged.

It should thus be plain that the intake volume is paramount. Adjustements
in hydrogen ion concentration can be made pharmacologically.

¢) Drug Treatment of Cystine Stones

The basic principles are to control the rate of cystine excretion and improve uri-
nary cystine solubility by pH adjustment (alkali ingestion). Like that of uric
acid, the solubility of cystine is markedly dependent on the pH, being worst in
acid or weakly acid solution. One should therefore endeavour to raise urinary
pH into the range 7.5—8.

Prior eradication of urinary tract infection will be mandatory, and simulta-
neous antibiotic maintenance therapy may be needed.
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Urine alkalinisation can be achieved with sodium bicarbonate or a commer-
cially available citrate concoction, such as Uralyt-U. The dose will be dictated
by the starting pH of the urine. Side effects, guidelines for dosage and contra-
indications are all discussed in the section on uric acid lithiasis.

d) Chemical Conversion of Cystine to Cysteine

A number of groups of drugs are available which bind poorly soluble cystine
and promote its conversion to the far more soluble substance cysteine. Chief
among these are D-penicillamine, N-acetyl-D-L-penicillamine, acetylcysteine
and alpha mercaptopropionylglycine (MPG). All these drugs undergo the fol-
lowing thio-exchange reactions with disulphide groups:

R,~SH — R,-S~ + H*
R,-S—S-R, + R,-S~ —» R,—~S—S—R, + R,~S"

These reactions result in poorly soluble cystine binding by its SH groups to
D-penicillamine or to mercaptopropionylglycine. The resulting mercaptopro-
pionylgylcine-cysteine-, D-penicillamine-cysteine-, mercaptopropionylglycine
disulphide- or D-penicillamine-disulphide-D-penicillamine species are infi-
nitely better soluble and no precipitation or crystallisation occurs at the concen-
trations involved. In 1963, CRAWHALL et al. reported effective depression of
cystine excretion following oral D-penicillamine. The effect is largely main-
tained on long term treatment.

(i) D-Penicillamine

Dosage: The dose of D-penicillamine will mainly depend on the rate at which
cystine is being excreted. Not more than 200 mg/g urinary creatinine should be
given in 24 hrs and the usual daily dose is 1 g, occasionally 2 g, in divided
doses.

CRAWHALL et al. recommend an initial dose of 150 mg eight hourly, increas-
ing after three days to 450 mg three times a day. The final dose is adjusted ac-
cording to the cystine output achieved on treatment, and may need revision at
intervals.

Clinical Experience: Apart from the reduction in cystine excretion to normal
levels described by CRAWHALL et al. (1963), by KING and BOYCE (1965) and by
Lotz et al. (1966), both McDONALD and FELLERS (1966), and the above authors
achieved dissolution of cystine calculi with oral D-penicillamine. The latter
effect, however, tended to take 6 months to a year to occur. CRAWHALL and
WATTS succeeded in dissolving stones in only 3 of 19 patients with a litholytic
dose of 450 mg eight hourly. Whether or not they employed additional
measures such as alkalinisation of the urine or forced diuresis is unclear.

Side Effects: The clinical side effects seen at the beginning of treatment usu-
ally consist of allergic manifestations, noted by CRAWHALL et al. (1963) to set in
around the tenth day. They usually comprise macular rash on the trunk and
thighs accompanied by fever, arthralgia and generalized lymphadenopathy.
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Laboratory findings may include thrombocytopenia and granulocytopenia.
More severe forms of reaction usually appear to be related to racemic D and L
isomeres and only rarely to pure D-penicillamines (CRAWHALL).

Corcos et al. (1964) describe two cases of agranulocytosis, of which one
ended fatally. This complication is rare. Both patients had been treated with
penicillamine for rheumatoid arthritis.

The so-called hypersensitivity syndrome regresses when D-penicillamine is
withdrawn. If fever or skin rash occur at the start of treatment, an antihistamine
or prednisolone should be added.

Furthermore patients on penicillamine may develop proteinuria progressing
to a frank nephrotic syndrome (ROSEMBERG and HAYSLETT 1967; FELTS et al.
1968). ADaMS et al. (1964) described focal glomerulonephritis presenting as a
nephrotic syndrome and brought about by D-penicillamine treatment. STERN-
LIEB (1966) also reported the occurrence of nephrotic syndrome, but his report
related to the use of racemic penicillamine.

As D-penicillamine binds the heavy metals iron, copper, zinc and mercury
(for which reason it is also used in the treatment of Wilson’s disease), one
should be on the lookout for deficiency syndromes, although no cases have so
far been described.

Note that pyridoxine deficiency may occur during penicillamine therapy.
With this in mind, JAFFE etal. (1964) recommend pyridoxine replacement.
However, neither iron- nor pyridoxine deficiency anemia has ever been ob-
served during prolonged courses of treatment (CRAWHALL, WATTS).

Serious hematologic abnormalities such as agranulocytosis (CORCOS and
colleagues), thrombocytosis (FAWCETT et al. 1966) or eosinophilia (MCDONALD
and HENNEMANN 1965) occur in the literature only as isolated case reports.
These phenomena are reversible on withdrawing the drug. Severe skin changes
including bullous epidermolysis have been described by BEER and COOKE
(1967) and by KA1z (1967). Finally, EISER et al. (1968) came across impairment
and occasionally total loss of taste sensation in patients on D-penicillamine.

As D-penicillamine has to be given on a life-long basis and in view of the
wide variety of possible moderate or serious side effects, patients should be
kept under close supervision and may need to switch to some other medication.

Contraindications to D-Penicillamine Treatment: D-penicillamine should not
be given to patients with preexisting glomerular disease or nephrotic syndrome.
Medication should also be avoided in pregnancy, unless absolutely necessary.

SHERWIN et al. (1960), CRAWHALL et al. (1967), and BOULDING (1961) con-
tinued D-penicillamine therapy for Wilson’s disease throughout pregnancy.
Teratogenicity was observed neither in the first nor in subsequent pregnancies.
The only unusual finding was high D-penicillamine-cysteine excretion by the
neonates on the first day after delivery, strong evidence that the drug crosses the
placenta.

(ii) Alpha Mercaptopropionylglycin (MPG)

MPG has a similar effect to that of D-penicillamine in binding poorly soluble
cystine in the urinary tract and converting it to MPG-cysteine, which is far
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more soluble. First reports of effective reduction in cystine excretion by MPG
medication came from KING (1969). Numerous other reports followed, initially
in the japanese literature (SONODA etal. 1970; KiNosHiTA etal. 1972
NISHIMURA et al. 1972) and subsequently in America and Europe (THOMAS
et al. 1970; TACCINOLI et al. 1973; REMIEEN et al. 1975; TERHORST and STUHL-
SATZ 1975; ZECHNER et al. 1976; HAUTMANN et al. 1977; MiaNO et al. 1979), all
testifying to the excellent clinical efficacy of this agent.

Dosage: The required daily dose will depend on the rate of cystine ex-
cretion, but generally lies in the range 0.5—2 g/day (HAUTMANN et al. 1977).
The dose should be steadily increased until cystine excretion falls below the
critical value of 100 mg/day.

Clinical Experience: Cystine excretion has been reduced in every case treat-
ed, the degree of reduction being correspondingly greater where previous cys-
tine excretion was highest. Prophylactic MPG treatment achieved a recurrence
rate of 3—5% or 9% (MIANO 1979). Stones dissolved in 9 out of 19 patients
(47%) and regressed in a further 6 (32%) (MIANO). These results were achieved
with simultaneous alkalinisation and increased diuresis.

Side Effects: In contrast to D-penicillamine there appears to be a virtual ab-
sence of serious side effects, even on long term treatment. In no case did side
effects lead to treatment being interrupted.

Loose stools occurred sporadically. Spontaneously reversible skin rashes
and pyrexia appeared in the initial phase. No serious complications are known
to date.

Contraindications: None known.

Discussion: Unlike D-penicillamine, alpha mercaptopropionylglycine ther-
apy is without serious side effects. The effectiveness appears to decrease, how-
ever, during prolonged administration, although this effect can be corrected by
increasing the dose. Increases are needed at shorter and shorter intervals, and
eventually an adequate depression of cystine excretion can no longer be at-
tained. No such loss of effect is seen with D-penicillamine.

(iii) Ascorbic Acid in the Treatment of Cystinuria

High dose ascorbic acid therapy was launched as a new treatment of cystinuria
in 1979 (ASPER et al. 1979). Oral intake of ascorbic acid shifts the redox po-
tential of the urine to cause dose dependent conversion of poorly soluble cystine
to soluble cysteine. '

Dosage: 5 g per day.

Discussion: Ascorbic acid appears a promising agent for the treatment of
cystinuria wherever D-penicillamine is contraindicated and the effect of MPG
has been lost.

One potential side effect could be the conversion of ascorbic acid to oxalic
acid and the subsequent development of hyperoxaluria. The above authors
have seen no such event, albeit there is so far a lack of any large scale clinical
trials that could confirm the long term effectiveness and absence of side effects
from this treatment.
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6. The Treatment of Rare Stones
a) Xanthine Lithiasis

Xanthine calculi are extremely rare, the frequency usually being quoted as
0.04% (HERRING 1962). PRIEN (1963) found not a single xanthine stone among
24,000 calculi analysed in the years 1948 to 1964. SEEGMILLER (1968) suspects
an increasing incidence in the wake of the introduction of allopurinol as a treat-
ment for uric acid lithiasis and primary gout. The blockade of uric acid synthe-
sis at the hypoxanthine/xanthine stage might cause the formation of xanthine
calculi, although both substances normally have good solubility at a slightly
acid urinary pH. Two patients who did develop xanthine stones on allopurinol
treatment were subsequently shown to have an enzyme defect that resulted in a
six-fold increase in uric acid precursor production.

Endogenous xanthinuria arises from an inborn error of metabolism inherit-
ed as an autosomal recessive (DENT and PHILPOT 1954). Of a group of eight pa-
tients with this disorder three were stone formers. The biochemical lesion is a
deficiency of xanthine oxidase, as a result of which neither xanthine nor hy-
poxanthine can be broken down to uric acid. With purine degradation thus ef-
fectively blocked, 50—80% of the purine load is excreted as xanthine, the re-
mainder as hypoxanthine.

Patients with this syndrome classically have very low serum uric acid levels
(ess than 0.5 mg%) and a urinary uric acid loss less than 10 mg/day (normally
up to 800 mg/day). Yet this excessive xanthine excretion alone cannot explain
the formation of xanthine stones. As in calcium oxalate lithiasis, further un-
known factors are generally considered to be involved in triggering xanthine
crystal precipitation and the subsequent growth of calculi.

Treatment of Xanthine Lithiasis: The most important step is to secure a high
fluid load, in the region of 3—4 liters a day and continuing through the night
hours. In addition the urine must be meticulously held at an alkaline pH, even
at nighttime, since xanthine is appreciably more soluble in an alkaline en-
vironment. The principles underlying urine alkalinisation are the same as those
applying to cystine lithiasis. It is just as important in xanthinuria that the pa-
tient check his or her own urine pH several times daily and learn to correct the
alkali dose as required. A low purine diet must be strictly adhered to, the per-
mitted purine intake once again being matched to the degree of xanthinuria.

Medication: One might at first think allopurinol treatment illogical. Never-
theless, ENGELMANN et al. (1964) observed a fall in xanthine excretion and a
compensatory rise in hypoxanthine loss after allopurinol administration. It
should, however, be noted that their patient was not a stone former. In other
cases soluble concretions of alloxanthine (an allopurinol-xanthine compound)
may be formed, a step not possible in homozygous disease, since some xanthine
oxidase is required to form the compound. In the heterozygous form of the dis-
ease, the formation of soluble alloxanthine suffices to reduce the xanthine con-
centration to a soluble level, thus preventing stone formation.

Recurrent xanthine calculi can be effectively prevented by maintaining an
adequately high diuresis, by alkalinising the urine and by adhering to a low pu-
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rine diet, as CIFUENTES-DELATTE and CASTRO-MENDOZA (1967) and DENT and
PHILPOT (1954) have been able to demonstrate.

IV. Childhood Urolithiasis

Whilst in past centuries urolithiasis occurred quite commonly in children, im-
provements in nutrition have led to a steady decline in frequency — a marked
contrast to the situation in adults (BARTONE and JOHNSTON 1977; Bass and
EMANUEL 1966; BENNET and COLODNY 1973; CAMPBELL 1951; DAESCHNER et al.
1960; LATTIMER and HUBBARD 1951; MALEK and KELALIS 1975; MYERS 1957;
TrOUP et al. 1972; WILLNOW 1968)! In Norfolk, England, 2.9% of the overall
population incidence of stones was contributed by children during the period
1772 to 1909, yet throughout the twentieth century the figure for the same re-
gion has only been 0.5% (GREEN and SHAW 1981). In contrast to the eighteenth
century, when bladder stones were relatively common, the majority of cases are
nowadays of renal or ureteric stones. The bladder stones of the old days were
usually urate or uric acid. Most adult stones are nowadays calcific, being either
infective in origin or else composed of pure calcium oxalate (HERING et al.
1981; MARQUARDT and NAGEL 1977; CAMPBELL 1951; VAHLENSIECK 1980; PASs-
MORE 1953; JOHNSTON 1973; MITCHEL 1981).

The frequency of urolithiasis among children is now less than 1% (CAMP-
BELL). There may be an additional unquantified population, since not all chil-
dren with stones get admitted to hospital. For inpatient admissions CAMPBELL
(1951) and WILLNOW (1968) give a figure of 0.5—1% of children, with a sex
ratio similar to that for adult patients at 2: 1 in favour of males.

Whilst in adults urinary tract infection is only involved in the formation of
so-called infective stones, documented in 60% of suspected cases, infection is
the dominant factor in childhood urolithiasis. 60—80% of these children have
an active Proteus (38.0—51.2%), E. coli (15.0-28.2%) or Enterobacter
(3.0—9.9%) urinary tract infection. Infection is frequently associated with an
anatomical abnormality of obstructive type. The strong prevalence of infection
among juvenile stone patients also determines the composition distribution of
their calculi, which is fundamentally different to that found in adult groups
(MINKOV et al. 1981):

Table 6. The composition of juvenile uroliths

Calcium oxalate calculi 54.7%
Uric acid and urate stones 19.3%
Phosphates (infective) 22.1%
Cystine stones 3.9%

Whilst infection is extremely common, true metabolic disease is rare as a
cause of stones in children:
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Table 7. Metabolic disorders causing urolithiasis in children

. Primary oxalosis and hyperoxaluria (< 1%)

. Cystinuria (approx. 3%)

. Disorders of purine metabolism (Lesch-Nyhan-Syndrome) (2.5%)

. Renal tubular acidosis (< 1%)

. Hyperparathyroidism (< 0.5%)

. Hypercalciuria, e.g. vitamin D intoxication (< 0.5%)

. Adenosine phosphoribosyltransferase deficiency (SIMMONDS et al. 1976 and 1979) (5 cases)

~N AN R LN

1. Dietary and Medical Treatment of Oxalosis and Hyperoxaluria

Primary oxalosis is a genetically determined disorder of glyoxalate metabolism
(WILLIAMS 1976). The hallmark of the disease is recurrent malignant uro-
lithiasis with early oxalosis of all the internal organs. Nephrocalcinosis and
uremia or cardiomyopathy and congestive cardiac failure are the usual causes
of death, since massive oxalate deposition inhibits basic organ functions. Two
distinct types are recognised:

Type I (glycoluria): This condition is characterised by excessive oxalate ex-
cretion, combined with excess output of glycolate and glyoxalate. The cause is
glyoxalate dehydrogenase deficiency.

Type II (gylcinuria): There is increased urinary oxalate-, glyoxalate and gly-
cine excretion.

Both types are inherited as autosomal recessives and the cause is untreat-
able by drug or diet. Early dialysis is the only therapeutic avenue, renal trans-
plantation being of little avail in a condition where the implant rapidly under-
goes nephrocalcinosis.

2. Dietary and Medical Treatment of Cystinuria

The etiology and pathogenesis are as already described for adults. Cystinuria is

the commonest metabolic disorder to cause stones in children. Treatment and

recurrence prevention are once again based on the following principles, each of
which will receive varying emphasis, depending on age and weight of the child

(PAVANELLO et al. 1981).

1. Fluid intake is increased to 2—3 liters/day, depending on the age of the
child.

2. The urine is alkalinised up to pH 7.5—8. Existing urinary tract infection re-
quires energetic antibiotic therapy.

3. Poorly soluble cystine is converted into more soluble cysteine by SH-binding.
Alpha mercaptopropionylglycine is a less toxic agent more appropriate for
children at a dose of 20—40 mg/kg.

Although nephrotic syndrome has also been documented for mercapto-
propionylglycine therapy, D-penicillamine causes a far wider spectrum of seri-
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ous side effects and should be avoided in children. The aim of medical treat-
ment is to depress urinary cystine excretion to under 150— 100 mg/day.

Dietary methionine restriction, as sometimes advocated for adults, is quite
unacceptable in children, since it results in retarded brain development.

a) Disorders of Purine Metabolism

Primary gout rarely occurs in combination with childhood stones. Uric acid
stones occur more commonly as part of a secondary hyperuricemia and hyper-
uricosuria. The chief cause is chemotherapy of malignancy (e.g. of the various
leukemias or of Wilm’s tumor). Tumor necrosis results in an increased purine
nucleotide load for conversion into uric acid. Primary hyperuricemia occurs in
children virtually only in the Lesch-Nyhan syndrome.

In 1964, LEscH and NYHAN described two young brothers with a severe syn-
drome of choreoathetosis, spasticity, mental retardation and self mutilation. In
collaboration with ROSENBLOOM and KELLY, SEEGMILLER was able to demon-
strate (SEEGMILLER etal. 1967) a deficiency in the enzyme hypoxanthine
guanine phosphoribonuclease. This enzyme is required for the utilization of
guanine and hypoxanthine in purine nucleotide synthesis, and in its absence
guanine and hypoxanthine are irreversibly converted to uric acid by xanthine
oxidase. Excessive uric acid production causes both the neurologic picture and
a hyperuricosuria associated with recurrent stones. The condition is X-linked.

Hyperuricosuria should be treated along the same lines as have been es-
tablished for adults:

1. Fluid intake is increased to 1 —2 liters/day, according to age.

2. Urine neutralisation.

3. Blockade of xanthine oxidase with allopurinol, the dose being adjusted to age
and weight of the child. The dose is usually in the range 50— 100 mg mane.

b) Renal Tubular Acidosis

The etiology and pathogenesis are those described for the adult form, but the
syndrome is invariably more severe in children. Medical treatment is directed
at correcting the metabolic acidosis by giving bicarbonate. The dose of bi-
carbonate must be determined according to the degree of base deficit, as cal-
culated from blood gas analysis. Potassium replacement should be given for hy-
pokalemia; calcium and vitamin D supplements are necessary in longstanding
disease, or where there is proven renal osteodystrophy and skeletal deminerali-
zation.

Untreated cases die of nephrocalcinosis and uremia, although for the homo-
zygous form treatment does not radically improve this gloomy outlook.

Hyperparathyroidism: Primary hyperparathyroidism is excessively rare in
children. Suspicion should be aroused by the combination of recurrent stones,
reduced renal function, polydipsia and polyuria with isosthenuria and a (fre-



Drug Therapy of Urinary Calculi and Prevention of Recurrence 57

quently chance) finding of hypercalcemia. Further investigation should be car-
ried out along adult lines.

The treatment of proven hyperparathyroidism is surgical exploration of the
parathyroid glands.

(i) Hypercalciuria

In children such a condition is quite uncommon, the quoted frequencies vary-
ing from 2% to 10% (APLAS et al. 1981; BORGMANN and NAGEL 1981; HERING
et al. 1981). These figures are significantly lower than among the adult popula-
tion, for whom 20—40% is often given (YENDT et al. 1960; COE and KAVALACH
1974; PAK 1976). Causes of hypercalciuria include hyperparathyroidism, vita-
min D toxicity, bone pathology and, presumably, overresponsiveness to vita-
min D.

Vitamin D toxicity is a manifestation either of extreme sensitivity of the in-
testine to vitamin D metabolites or of true intoxication resulting from overdos-
age with multivitamin preparations. The latter arises if the daily dose exceeds
50,000 i.u. for any lentgh of time. Vitamin D overdose or increased intestinal
responsiveness to vitamin D and its metabolites result in increased uptake of
dietary calcium with temporary hypercalcemia and hypercalciuria. The clinical
picture is one of anorexia, vomitting, thirst and polyuria. The hypercalcemia
results in calcification of blood vessels, kidney and skin.

Treatment comprises stopping the culprit medication, phosphate and sul-
phate infusions and, in severe cases, intravenous EDTA in 5% dextrose com-
bined with corticosteroids. Cases of extreme hypercalcemia may require he-
modialysis.

Other hypercalciurias of either unclassifiable or of so-called idiopathic
etiology, including syndromes caused by bone pathology, respond well to thia-
zide treatment. The daily dose will depend on age and weight of the patient, up
to a maximum of 25— 50 mg/day by mouth. The side effects of longterm thia-
zide therapy must be looked for and corrected as they arise.

(ii) APRT Deficiency

CARTIER and HAMET first described the homozygous form of this autosomal
dominant genetic disorder in 1974 in a four year old girl with nephrolithiasis. A
total of 450 g of calculous material was removed transurethrally and was found
to consist of 10% uric acid and 90% 2,8-dihydroxyadenine. Urinary adenine
levels were found to be raised by a factor of 40 (normally up to 1.5 mg/24 hrs).
Further children with the same metabolic disorder have since been described
(S1MMONDS et al. 1976; SIMMONDS 1979; ASPER and SCHMUCKI 1982).

Adenine is poorly soluble in urine and therefore tends to crystallise out to
form stones. As xanthine oxidase is involved in the synthesis of adenine, al-
lopurinol treatment is both indicated and effective, as demonstrated by the chil-
dren SIMMONDS has treated.
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(iii) Infective Calculi

Since the majority of childhood stones are of infective etiology (SCHNEIDER
1979), their successful removal and the correction of predisposing anatomical
abnormalities must be followed by vigorous antibiotic therapy if infection is to
be eradicated. Treatment should continue for at least half a year, the dose being
lowered from an initial high level to a maintenance regime after 14 days. The
purpose of this procedure is to deal with soft tissue infection, the presence of
which can invariably be demonstrated in patients with infective stones.

Care should be exercised in any attempt at drug induction of urine acidifi-
cation, since metabolic acidosis is easily precipitated. Regular blood chemistry
is mandatory.

The choice of agent and the principles underlying its use are those described
in relation to adults. The dose will need adjustment to keep the pH around 6.

3. General Comments on the Drug Treatment of Juvenile Urolithiasis

Children with urolithiasis require closer supervision than adults, especially dur-
ing medical treatment. The clinical effectiveness, the severity of side effects and
the general acceptability of any drug need continual reassessment. Investi-
gations such as full blood count, ESR, serum electrolytes, urea and creatinine,
perhaps liver function, urinary lithogen excretion, urine microscopy and culture
should all be performed at regular intervals. A full reassessment is required at
least every six months, three-monthly if at all possible, so that side effects come
to be noticed at an early juncture. Children must be treated flexibly, not just
following a rigid plan. The choice of medication and its dosage will have to be
carefully considered, and adjustments made as they suggest themselves, taking
the date of the next consultation into account. Special diets should be strictly
avoided, since they present a real risk of inducing growth disorders. On the
other hand an adequate fluid intake properly distributed over day and night re-
mains the mainstay of prophylaxis.

V. Conclusion

The primary cause of urinary calculi can only be treated where the pathogenet-
ic mechanism of stone formation is adequately understood. Only then can re-
currence be prevented in such a fundamental way. At the time of writing only
cystine- and uric acid lithiasis and perhaps, with certain exceptions, infective
calculi fall within that category. The formation of intrarenal calcium oxalate
and calcium phosphate is, by way of contrast and despite intensive research ef-
fort, still beyond our intellectual grasp. Computer aided analysis has not helped
to understand the significance behind excretion patterns of urinary lithogens
and stone inhibitors, since the differences between normal subjects and stone
sufferers are often subtle. Improved mathematical models for calculating uri-
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nary saturation that take account of both lithogenic and inhibitory factors have
failed to show a way forward. By measuring the tissue concentration of litho-
genic substances and on the basis of scanning electron microscopy one is led to
suspect that primary stone forming events take place not only within the lumen
but equally in the peritubular domain. In this light it seems that to base ones
therapeutic strategy on measurements of urine composition is not to aim at the
pathogenetic mechanism but at mere circumstance. As long as the fundamental
risk factors and the primary site of urolithogenesis remain equally obscure, all
our standard treatment, set out in the above chapter for specific pictures such as
hypercalciuria or hyperoxaluria, must be regarded with deep suspicion. It must
be pointed out that factors like calcium, oxalate or uric acid, to name but a few,
will all bind in a wide variety of different combinations, depending on urinary
pH, ionic charge, temperature and molar concentration. Any attempt to influ-
ence the excretion of individual substances is therefore likely to remain prob-
lematic in the very least, as long as we fail to consider overall urine compo-
sition. This picture is further complicated by the fact that treatment aimed at
preventing recurrence is only initiated once a stone has already occurred. By
this time the excretion pattern of urinary lithogens and stone inhibitory may in
no way any longer reflect the conditions under which the stone was generated.
Preventive drug therapy is, what is more, only ever based on point observations
of sequential events which may be substantially affected by eating and drinking
habits.

The conclusion from these considerations must be that any treatment should
be preceded by several days devoted to mapping out the excretion pattern, both
in time and in chemical diversity. Whilst financial and laboratory constraints
might seem to limit this ambition, there is no other obvious way to eliminate
the spurious effects of external factors. After all, it has become standard prac-
tice only to give hypotensive agents when hypertension has been repeatedly de-
tected on a number of occasions under varying circumstances. If the urinary
supersaturation concept is to prevail, it will also be necessary to demonstrate to
what extent, for example, increased calcium excretion so increases urinary satu-
ration as to present a risk of stone formation. Only where a single factor can be
shown to make a substantial contribution within the context of overall urine
composition to raising this risk above a critical threshold should medical treat-
ment be aimed at that factor. Computer programs are nowadays available that
facilitate this calculation. Recent studies have shown further that such compu-
tations of relative saturation provide a means of distinguishing normal subjects
from stone sufferers and patients with a first attack from those with a re-
currence. The presence of any substance in abnormal quantities but without
substantial effect on overall relative saturation could then not be considered a
risk factor worthy of pharmacologic intervention. In that case diet alone would
suffice.

Yet as long as we are unable to measure intrarenal or intratubular concen-
trations of the principle lithogens and until mathematical models for calculat-
ing relative saturation and supersaturation are unable to give unequivocal risk
probabilities, the excretion pattern of 24 hour- or fractional urines will remain
the basis of medical and dietary treatment, however, unsatisfactory that may be.
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