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already mentioned, is perhaps in tho e patients who e
i chaemic attack indicate atheroma of the vertebro-basilar
sy tern, ince the prognosis in such ca es is always grave,
and there is some evidence that it is considerably better in
tho e treated with anticoagulants (Millikan, Sieckert and
Schick, 1955).

Finally, a word or two about arterial surgery. Since the
commone t site of narrowing by atheroma of the internal
carotid artery i just above the bifurcation of the common
carotid, the early recognition of this lesion may render it
amenable to surgery and, even when the ves el at that site
is completely occluded by a thrombus, it may be patent
more distally, and the removal of the obstruction may enable
the cerebral blood flow through that vessel to be re-established.
Here is a promising method of treatment which will obviously
be particularly valuable for patients who happen to have a
localized lesion (Robb and Wheeler, 1957).
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CAUSES AND MECHANISMS OF HYPERCALCIURIA

M. MODLI , M.B., CH.B. (CAPE TOWN), F.R.C.S. (E G.)

Urologist, Cape Town

The estimation of urinary calcium is carried out with in­
creasing frequency in many spheres of medical practice.
It is, however, in departments dealing with renal stone
that the investigation is most often performed and patients
with so-called hypercalciuria detected. If the term is to be
of any value in clinical work, it should in the first instance
be clearly understood what is meant by hypercalciuria.

The term hypercalciuria implies an amount of calcium
excreted daily in the urine above the values normally found.
An upper limit of normal has therefore to be established
and amounts in excess of this are regarded as constituting
hypercalciuria. In routine work it is not practical to de­
termine the 24-hour urinary output of calcium under standard
conditions of diet, and the normal excretion is therefore
defined as the amount excreted in 24 hours on an ordinary
dietary regime. The normal, as in many biochemical estima­
tions, will be a range of values, and the upper limit of nor­
mality under ordinary conditions of diet is the figure to be
decided on.

Sarnson Wright 1 states that the amount of calcium ex­
creted in the 24-hour urine varies from 50 to 250 mg. Cottet
and Vittu2 regarded tbe upper limit of normal as 200 mg. Ca
in the 24-hour urine. Their upper limit of normality would
appear to be too low, since 31 % of their patients excreted
amounts above this figure and were regarded as hyper­
calciurics. In a series of 162 normal patients investigated
by Pyrah and Raper3 under ordinary conditions of diet,
the urinary calcium varied considerably; in 90·8 % the
24-hour figure was below 250 mg.

It thu seems reasonable to conclude that the upper
limit of normal urinary excretion of calcium is in the vicinity
of 250 mg. per 24 hours, and that hypercalciuria may be

arbitrarily defined as the excretion of more than 250 mg.
of calcium in the 24-hour urine, under ordinary conditions
of diet and in more than one 24-hour period. A finding of
hypercalciuria, as thus defined, should stimulate further
investigation of the patient. The causes are many and
varied.

CAUSES OF HYPERCALCIURIA

The causes have been classified in the following manner:

EXTRA-RE AL
Metabolic

Excessive ingestion of calcium
Excessive ingestion of vitamin D
Acidosis
Recumbency
Osteoporosis

Hormonal
Cushing's disease
Hyperparathyroidism

Systemic
Sarcoidosis
Multiple myelomatosis
Paget's disease
Metastatic osseous malignancy

RENAL
Secondary

Infeetion
Fanconi syndrome
Hyperchloraemic acidosis

Primary
Idiopathic hypercalciuria

Excessive Ingestion of Calcium
This implies a diet excessively rich in calcium-containing

foods such as milk and cheese, or an abnormal addition
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to the diet of excessive amount of calcium, e.g. calcium­
containing alkali powders. In uch ca e a reduction of
the calcium-containing items in the diet \ ill correct the
hypercalciuria.

Excessive Ingestion of Vitamin D
The mechanism here is thought to be an increa e in the

absorption of calcium from the intestinal canal a a re ult
of the excessive intake of vitamin D. Thi may occur in
the treatment with large amount of vitamin D of uch
conditions as resistant rickets, osteomalacia arthriti
lupus vulgaris and hypoparathyroidism. ' ,

Acidosis
A common instance of this is the hypercalciuria which

occurs during the administration of large amounts of am­
monium chloride. The calcium is excreted in the urine
as· base to assist in the excretion of the excess of acid.

Recumbency
There is a marked increase in calcium excretion during

periods of immobilization.4 This increase commences a
few days after recumbency begins and continues over a
long period. It is thought to be d)Je to a decrease in bone
formation while bone resorption continues unabated. Hyper­
calciuria' occurs more readily in the presence of sudden
causes of cessation of bone formation such as immobilization
for a fracture or poliomyelitis with loss of muscle action. 5
The degree of hypercalciuria depends on the discrepancy
between bone destruction and bone formation.

Osteoporosis
This may be either senile or post-menopausal in type.

Hypercalciuria may be present in the early stages of this
condition but will no longer OCCUI: after the skeleton is
demineralized.

Cushing's Disease
In this condition there is over-production of adrenal

corticoid hormone causing osteoporosis and consequent
hypercalciuria.

}{yperparathyroidisln
This condition is an important cause of hypercalciuria.'
There are two main theories on the mode of action of

the excess of parathyroid hormone. Thomson and Collip6
believe that the hormone stimulates osteoclastic activity,
leading to widespread lacunar absorption, the liberated
calcium and phosphate being absorbed into the circulation
and the excess excreted by the kidneys. Jahan and Pitts7

carried out animal experiments to test this theory and state
that the hypercalcaemia (and resultant hypercalciuria),
produced by the adrninistration of parathormone are de­
pendant on its extrarenal action of mobilizing calcium from
the body stores, and not on any specific depre ion of renal
tubular reabsorption of either calcium or pho phoru .
Milne, after experimental observations on human calcium
metabolism, supports this theory, and further experimental
work has been done by Stewart and Bowen9 and Talmage
et 01. 10 to substantiate it.

The second theory is that of Albright,5 who states that
the excess of parathyroid hormone affects the renal threshold
of the serum phosphates so that an excess is excreted in

the urine. The fall in erum pho phate ions r ult in mobiliza­
tion of cal ium from the bon in or er to maintain
the olubility produ t at a on tant le el. The erum cal­
cium i thu rai ed and any e ces i e reted in the urin .

ln both theorie the mode f produ tion of the hyper­
calciuria i explained in the ame manner viz. by the e cre­
tion of the exce of erum calcium in the urine.

Sarcoidosis
Hypercalciuria i an occa ional finding in arcoido i .

In thi condition there i no generalized bone decalcification
and the bone le ion, when present, are in the nature of
circum cribed lesion of coar e trabeculation and harpl
punched-out mall cyst-like areas, chiefly in the hand and
feet. Harrell and Fi herll found an elevated erum calcium
in arcoido i , which was not confined to ca e ith bone
di ease in 6 out of II ca es inve tigated by them. Albright5
reported a case with hypercalciuria and Henneman, Carroll
and Dempsey12 inve tigated 2 such cases and tate that the
hypercalciuria is due to the endogenous production of a
substance re embling vitamin D. Studies in their ca of
arcoidosis with hypercalciuria howed low calcium output

in the faeces. Thi tate could be rever ed by giving corti one.
This effect of corti one ha been demon trated by Dent13
in ca es of idiopathic hypercalcaemia of infancy, arcoido is,
and ordinary vitamin D intoxication, and it form the
basis of hi cortisone test. In this test 150 mg. of corti one
are given for 10 day and erum-calcium level are e timated
on the 5th, 8th and 10th day. The hypercalcaemia of sarcoi­
do is will rapidly fall during thi time, u ually to normal
levels.

Multiple Myelomatosis
The serum calcium may be rai ed in multiple myelomato i

and then the amount of calcium in the urine i al 0 high.
These findings were present in a ca e of multiple myeloma-
tosi described by Caylor and ichoP4 and in a ca e of
solitary myeloma reported by as im and Crawford. 15
The e findings may give ri e to difficulty in the differential
diagno is between multiple myelomato is and hyperpara­
thyroidism. The serum pho phorus i usually normal or
rai ed in multiple myelomato is but Snapper16 reported a
case with low erum phosphoru. Bence-Jone protein ha
been found in the urine in les than half of the case of
myeloma and when it occur it may be continuous or periodic,
and in scanty or large amount. Bence-Jone proteinuria
may also occur in myxoedema, leukaemia and carcinoma.
The serum alkaline pho phata e however i usually normal
in multiple myelomato i and a ri e, if pre ent, i insignificant
compared with that found in advanced hyperparathyroidi m.17

The mechani m of the hypercalcaemia i till unknown.
It may be ab ent in the pre ence of widespread bone lesion
and osteoporo is,1 or it may be pre ent in the ab ence of
demonstrable bone lesion .19

Paget's Disease
Hypercalciuria may occur in thi condition when the

di ea e i advancing or when a patient with the di ease i
immobilized. ]n the active tage of Paget' bone ab orption
occur with omewhat haphazard new bone formation, and
calcification of the new bone i incomplete. There i thu
a discrepancy between bone de truction and bone formation.

a rule there i no difficulty in establishing the diagno i .
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Metastatic Osseous Malignancy

Malignant econdary invasion of bone may give rise to
hypercalcaemia and hypercalciuria. A primary ource
should be sought for in the common sites, viz. breast, pros­
tate, kidneys, bronchu and thyroid.

Renal Infection

Acute pyelonephritis has been stated by Albright5 to be
an occasional cause of hypercalciuria. The mechanism by
which this might occur is tubular damage and resultant
faulty tubular reabsorption of calcium, leading to excessive
excretion in the urine. This view is supported by a case of
hypoparathyroidism described by Albright in which there
was no calcium in the urine, but when a severe staphylococcal
renal infection supervened the patient started excreting
large amounts of calcium and as the condition responded
to treatment with antibiotics the urinary calcium gradually
returned to zero.

Renal Hyperch/oraemic Acidosis

In this condition there is primarily a tubular dysfunction
with no glomerular insufficiency. The nature of the primary
pathological renal lesion in these cases varies, being either
infective or degenerative.

The metabolic breakdown of the foodstuffs of a normal
diet leads to a slight excess of fixed anions. These patients
are unable to keep in proper acid-base balance and develop
a metabolic acidosis with low plasma bicarbonate and high
plasma chloride. The tubular defect may be considered to
be a partial failure of sodium-hydrogen exchange leading
to decreased excretion of ammonia and titratable acid and
increased excretion of bicarbonate. Since sodium-hydrogen
exchange is a mechanism of sodium reabsorption, one
might expect that these patients would become depleted of
sodium. This, however, does not occur to a significant
degree because the urinary sodium is replaced by other
fixed cations, mostly calcium and potassium. The exact
tubular mechanisms responsible for the hypercalciuria are
not well understood.

The diagnosis is made on the biochemical findings and
the administration of base will correct the acidosis and
the hypercalciuria.

Fanconi Syndrome

In addition to the other well-known manifestations of
this condition, such as glycosuria and amino-aciduria,
hypercalciuria may also be present, since the increased
excretion of organic acids causes a secondary increase in
the urinary excretion of base. Milne et af. 20 suggest that
there may in addition be defective reabsorption of aReOa.
If this is correct it would be an added factor in the production
of hypercalciuria.

Primary Renal Hypercalciuria

After all the known causes have been excluded, there still
remain cases in which the urinary output of calcium is
above normal. These patients excrete a large amount of
calcium in the urine for any given serum-calcium level
and independent of the dietary calcium. It is patients in
this group that have been labelled idiopathic hypercalciuria.
It has been suggested that these patients have had staphylo­
coccal pyelonephritis in the pa t. 5 It is possible to theorize
along these lines and postulate resultant permanent tubular

damage leading to defective reabsorption of calcium as an
isolated phenomenon. There is, however, no evidence to
support this view, nor has it been possible up to now to
demonstrate any pathological lesion of the kidneys in these
case, either by means of renal-function studies or histo­
logically.

A wide variety of single or multiple biochemical abnor­
malities have been described as a result of disordered func­
tion of the proximal renal tubule. In the classical Fanconi
syndrome the triple resorptive defect of glucose, phosphate
and amino acids occurs and the best-known single resorptive
defect is renal glycosuria.

It seems possible that hypercalciuria exists within this
group of conditions as a further example of a single re­
sorptive defect and that patients exhibiting this abnormality
are the ones now referred to as idiopathic hypercalciuria.
With this concept of the underlying cause this term should
be discarded and the term primary renal hypercalciuria
applied to these cases instead. If used in its intended sense
within the above classification, a clearer pict.ure of the
causes of hypercalciuria will emerge. Further investigation
is required to substantiate this concept.

s~Y

10 this article hypercalciuria is defined, a classification of
the causes is presented, and observations are made on the
diagnosis of the various causal conditions and the mode
of production of hypercalciuria in these. The use of the
term 'primary renal hypercalciuria' is suggested to replace
'idiopathic hypercalciuria'.
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