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contraception in teenagers. The prevention of pregnancies possible
in this high risk group, however, would amply justify the increased
time and effort. If those of us working with this group are not
prepared to offer contraceptive advice and help when it is needed,
then we are indeed failing our teenagers.

Thanks are due to Mrs G M Buick, Fareham family planning clinic
secretary, for her help with the records and DrM Laxton for allowing access
to Southampton family planning clinic records.
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Clinical Algorithm

Hypercalcaemia

M J JAMIESON

Four key questions are central to the assessment of the apparently
hypercalcaemic patient. As assessment evolves they arise in the
following order: Is this true hypercalcaemia? Is urgent treatment
required? What is the cause? What treatment, if any, is required
electively?

In deciding whether a single estimation of serum calcium
concentration reflects true sustained hypercalcaemia, three factors
should be considered: firstly, a normal person may have a high
serum calcium concentration on a given occasion (compared with
his laboratory's reference range) solely as a chance occurrence;
secondly, measurements of serum calcium concentration generally
include a protein bound fraction of 40-45%, of which about 90% is
bound to albumin. To assess whether measured serum calcium
includes a physiologically appropriate free calcium concentration -a
correction must be made for bound calcium. Estimates of average
calcium-albumin binding derived from regression equations are
widely used, and popular correction factors are 0.025 mmol (1 mg)
calcium/g albumin and 0 1 mmol (4 mg) calciuml6 g albumin. In
either case an appropriate amount is subtracted from or added to
total calcium according to the amount by which the serum albumin
concentration exceeds or falls short of a normal concentration
(usually around 40 g/l); For example, using the first of these
correction factors, a patient whose serum calcium concentration is-
2-80 mmolIl (1-2 mg/100 ml) and serum albumin concentration is
50 g/dl has a corrected serum calcium concentration of 2 55 mmol/l
(10-2 mg/l00 ml-2!-80-((50-40)x0025). A patient whose serum
calcium concentration is 2 00 mmonlM (8 mg/100 mI) and serum
albumin concentration is 30 g/dl has a corrected calcium concentra-
tion of 2-25 mmol/l (9 mg/100 ml)-200+((40-30)x0(025).
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The application of average correction values is somewhat
empirical as, strictly, they should be applied only to members of
the populations from which they are derived and, more particu-
larly, as individual variation in calcium-albumin binding appears
to be considerable. Most studies, nevertheless, have been able to
assign a diagnosis in most cases without defining individual
regression coefficients. Thirdly, sampling variables should be
excluded; serum calcium concentrations in samples taken
standing, after venous occlusion, and postprandially may exceed
the supine, tourniquet free, and fasting values by as much as
0-25 mmol/l (1 mg/100 ml) in each case.

TABLE i-Causer of hypercakaemia. Figures in parentheses represent
tyical incidences in hospital series

Type of cause Cause

Common Malignancy (55%)
Hyperparathyroidism (35%)

Uncommon (less than l10%) Renal dialysis and transplantation
Thyrotoxicosis
Sarcoidosis
Vitamin D excess

Rare (less than 1%) Milk-alkali syndrome
Thiazide diuretics
Lithium
Familial hypocalciuric hypercalcaemia
Immobilisation (eg in Paget's disease)
Addison's disease
Acromegaly
Phaeochromocytoma
Cystic breast disease
Coccidioidomycosis
Vipoma (vasoactive intestinal polypeptide

tumour)

Causes
Table I gives a list of causes. In an unselected population the

commonest cause will probably be primary hyperparathyroidism;
in hospital series malignancy is commoner. Together these account
for about 90% of cases. Other causes are individually uncommon
and when present may coexist-with hyperparathyroidism.
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Presentation

The commonest presentation is as a coincidental finding on

biochemical screening. Non-specific symptoms including
anorexia, weight loss, and fatigue are common, particularly when
there is underlying malignancy. Symptoms more usually as-

sociated with hypercalcaemia include constipation, bone pain,
thirst and polyuria, and mental changes. These do not discriminate
between malignancy and hyperparathyroidism and do not correlate
well with serum calcium concentration. Renal calculi are present in
about one fifth of cases of hyperparathyroidism but are rare in
association with malignancy. Hypertension, peptic ulcer, and
acute pancreatitis are occasional presentations. Acute hyper-
calcaemia (with dehydration and confusion) tends to develop in
older patients and to indicate malignancy. Malignancy becomes
increasingly unlikely with longer histories. A positive family
history may be obtained in hyperparathyroidism, familial hypo-
calciuric hypercalcaemia, and in the uncommon syndromes of
multiple endocrine neoplasia.

Signs of hypercalcaemia are few; ectopic subcutaneous, corneal,
arterial, and cardiac calcification are typically seen (or heard) in
association with chronic renal failure and after phosphate
treatment.

In practice, most cases of malignancy are apparent by the time
hypercalcaemia has developed. It is unusual for occult malignancy
to present as hypercalcaemia in an otherwise fit patient. Broncho-
genic and breast carcinomas account for about 45% of cases, the
remainder largely comprising tumours of the renal tract, ears,

nose, and throat, female genital tract, and oesophagus and
multiple myeloma. More than three quarters of these patients will
have detectable metastases at the time of presentation (with the
exception of those with urothelial tumours, about a third of whom
will have metastases).
The acute milk-alkali syndrome, as described in the 1920s, is

now very rare. A rather more insidious type of this syndrome may
occur, particularly in elderly patients, and can easily be missed
unless a history of excessive intake of calcium and alkali is
specifically sought.

Investigation

History, emination, and baseline investigations as outlined in
the algorithm will detect most cases of malignant disease and will
identify most patients with unusual causes of hypercalcaemia.
Simple analysis of the biochemical findings at this stage gives
useful guidance but does not discriminate between hyperpara-
thyroidism and other diagnoses. For example, more than three
quarters of patients with serum calcium concentration over

4 0mmol/1(16 mg/100 ml) will have malignancy; aserum phosphate
concentration higher than the upper normal limit or an alkaline
phosphatase activity greater than twice the upper limit of normal
makes primary hyperparathyroidism unlikely. The ratio of serum
chloride to phosphate appears to be useful in classifying patients
into parathyroid and non-parathyroid groups (a ratio of less than
33, for example, makes primary hyperparathyroidism unlikely) as

is disciminant function analysis using, for example, calcium,
chloride, and parathyroid hormone concentrations and alkaline

phosphatase activities.
Assay of immunoreactive parathyroid hormone is potentially the

simplest discriminatory test, and indeed appreciably raised
parathyroid hormone concentrations confirm hyperparathyroidism
while undetectable concentrations are inconsistent with this
diagnosis. Normal or moderately increased concentrations (which
in the face of hypercalcaemia would appear to imply parathyroid
autonomy) may be found, however, in various conditions in-
cluding lignancies and familial hypocalciuric hypercalcaemia.
These may be associated with ectopic or inappropriate production
of parathyroid hormone but do not respond well to parathyroid
surgery. Parathyroid hormone assay is best restricted to two
situations: (1) when history-and baseline investigations suggest
hyperparathyroidism; (2) when these have given no clues to a

diagnosis.

Most patients at this stage will ultimately prove to have
hyperparathyroidism, in which case it is legitimate to arrange the
following supportive investigations while awaiting the results of
tests of parathyroid hormone concentrations.

(1) X ray emination of hands (looking in particular for
subperiosteal erosions) is likely to be normal (especially if the
alkaline phosphatase activity is normal) but may provide useful
evidence of parathyroid bone disease. Its value in screening for
causes of hypercalcaemia is limited; skull radiographs are
unnecessary.

(2) Intravenous urography may occasionally detect an otherwise
occult hypernephroma but should be restricted to showing stones
in symptomatic patients and to detecting nephrolithiasis and
nephrocalcinosis in patients- with established hyperpara-
thyroidism. Its use at this stage is, however, probably justified.

(3) Hypercalciuria is of limited diagnostic value, although
extremely high values (for example, >12-5 mmol (500 mg)/24 h)
may be found in sarcoidosis, vitamin D intoxication, and some
malignancies. It has, however, prognostic value in hyperpara-
thyroidism and may therefore influence treatment (see manage-
ment). Relatively low values of urinary calcium excretion suggest
familial hypocalciuric hypercalcaemia, but as a screen for this
uncommon disorder urinary calcium measurement is probably
best reserved for those at higher risk-that is, patients with a
history of failed parathyroidectomy and patients with first degree
relatives known to have familial hypocalciuric hypercalcaemia. As
familial hypocalciuric hypercalcaemia may mimic hyperpara-
thyroidism it is also reasonable to assess urinary calcium excretion
when hyperparathyroidism appears to be the diagnosis, and here,
as an overlap exists in urinary calcium excretion between familial
hypocalciuric hypercalcaemia and hyperparathyroidism, the ratio
of calcium clearance to creatinine clearance (which discriminates
well) should be expressed.

After parathyroid hormone assay a small group of patients will
still be left without a diagnosis. Most of these will, again,
ultimately prove to have hyperparathyroidism, with occult
malignancy the main differential diagnosis. The options are to
review and repeat earlier examination and investigations, including
parathyroid hormone assay (in the hope that time will aid
diagnosis) or to proceed with investigations (including, potentially,
parathyroid surgery) aimed at establishing or excluding hyper-
parathyroidism. Investigations that may be considered include
steroid suppression and calcium infusion tests. Neither of these,
unfortunately, reliably discriminates between hyperparathyroid
and non-parathyroid hypercalcaemia or between individual non-
hyperparathyroid causes. Nevertheless, lack of significant sup-
pression of serum calcium concentration by hydrocortisone and of
urinary phosphate excretion by intravenous calcium may be useful
evidence in favour of hyperparathyroidism.
Serum and urinary protein electrophoresis should be carried out

along with serum thyroxine estimation. Suspicion of hyper-
thyroidism despite thyroxine concentrations within the normal
range will be allayed by normal serum triiodothyronine concentra-
tions and if necessary by normal thyroid stimulating hormone
response to thyrotrophin releasing hormone. Investigations aimed
at diagnosing rare causes (such as the other endocrine disorders
listed) when these are not clinically apparent are unlikely to give
positive results. Isotopic bone scanning (which is more sensitive
than radiological skeletal survey in detecting early bony deposits)
is reasonably indicated now if no other diagnosis is apparent.
Parathyroid localising studies (including grey scale ultrasono-
graphy, computed tomography, arteriography, and selective
venous sampling) should be reserved for cases of known hyper-
parathyroidism requiring surgery; the invasive -studies are best
restricted to cases where neck exploration has been unsuccessful
and reoperation is being considered.
A group of patients will remain in which the diagnosis is

"hypercalcaemia, cause unknown" or "hypercalcaemia, probably
hyperparathyroidism." Parathyroid surgery may be considered in
these patients; the decision to carry out neck exploration will be
'influenced primarily by how strongly -hyperparathyroidism is
suspected. Other factors that will influence this decision in
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If not already done Yff
repeat sample twice Sustained
supine, fasting, and hypercalcaemia
without tourniquet confirmed ?

Rehydrate-may need up to 8 I/day isotonic saline,
dextrose/saline
Intermittent loop diuretic (up to 100 mg frusemide
1-2 hourly)
General principles of fluid replacement apply
Monitor fluid balance, K , Ca -, ± central venous
pressure

If hypercalcaemia persists despite rehydration
options are:
Mithramycin, calcitonin or corticosteroids, or b
phosphate, indomethacin, diphosphonates
(None ideal)

2 FERUARY 1985
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Hypercalcaemia

Review history and findings from examination
with particular reference to:

J * Symptoms of hypercalcaemia
_ * Malignancy (especially of bronchus or

breast)

No

VITAMIN D EXCESS
Measure
25-hydroxy-
vitamin D

Stop administered
vitamin D

Repeat calcium
measurement

* Drugs
* Family history
*Uncommon and rare causes
* Fitness for neck surgery

Baseline investigations
* Biochemistry: renal function, alkaline

phosphatase, phosphate( +chloride)
* Full blood count, film, erythrocyte

sedimentation rate
* Chest radiograph
* Consider: serum thyroxine

serum protein
electrophoresis

381
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established or strongly suspected hyperparathyroidism are con-
sidered below.

Management
The algorithm outlines management. Indications for surgery of

hyperparathyroidism are not absolute but include bone disease,
appreciable hypercalciuria, impaired renal function, recurrent
renal stones, peptic ulceration, hypertension, pancreatitis,
psychosis, and persistently raised serum calcium concentration
(>3-0 mmoL/l (12 mg/100 ml) being a typical, somewhat arbitrary,
figure). Other factors that may be considered are that surgery
usually provides a definite tissue diagnosis, is curative in about
90%/O, simplifies follow up (and reduces the risks to patients lost to
follow up), and, in experienced hands, carries a low risk to life and
of postoperative complications. (In-one series of 500 consecutive
cases, for example, the hospital mortality was 0-2%, incidence of
vocal cord paralysis 0-2%, and incidence of prolonged hypopara-
thyroidism 2-00/o.)
The course ofuntreated mild hyperparathyroidism appears to be

similar to that following successful parathyroid surgery; there does
not appear to be any adverse effect on renal function or blood
pressure, and it is reasonable to manage patients aged over 60
without evidence of hypertension, renal impairment, renal calculi,
or bone disease conservatively. Younger patients should be
referred for surgical advice. The use of oral phosphate carries a
risk of metastatic calcification and should be restricted to patients
who would benefit from but are unfit for surgery (or in whom
surgery has failed to correct hypercalcaemia). Cyclical oestrogen
treatment may be considered for postmenopausal women in the
same category.
Management of established hypercalcaemia in association with

chronic renal failure and dialysis should be undertaken by or in
conjunction with a nephrologist, Reversal of phosphate retention is
central and vitamin D sterols (such as alfacalcidol) may be useful.
Parathyroid surgery may be necessary.
The principles of management of acute hypercalcaemia and of

symptomatic hypercalcaemia of malignancy are similar; rehydra-

tion is of prime importance, and specific drug treatment is usually
reserved for those who remain hypercalcaemic and symptomatic,
or both, despite adequate fluid replacement. The popularity of the
loop diuretics varies from centre to centre and overall appears to be
declining. None of the second line drugs is ideal; of these, a
combination of calcitonin and corticosteroids appears currently to
be the treatment of choice, although the new diphosphonates,
particularly disodium aminohydroxypropylidene diphosphonate
(APD), are promising in this respect. Table II lists alternatives,
their effectiveness, and disadvantages.

TABLE n-I Dngs used in acu hypecakaema

Drug Comments

Mithramycin Effecive, but rebound hypecalcaemia, thrombocytopenia, and renal
liver damage

Phosphate Effective, but (when taken by mouth) diarrhoea and (when given
intravenously) metastatic calcification

Corticosseroidal Neither parcularly effective alne; possibly treatment of choice in
Calcitonin combination
Indomethacin ineffective
Diphosphonates Disodium etidronate (EHDP) ineffective (osteomalacia with long term

treatment)
Disodium aminohydroxypropylidenediphosphonate (APD) effective

Peritoneal dialysis or haemodialysis may be necessary when renal
or cardiac failure complicates large volume fluid replacement and as
a last resort when the above measures have failed. Their use should
be considered in the light of the prognosis of the underlying
disease.
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A fit man of80 suffers from severe burning pains in the knees under the patella,
vorse on walking but also present when resting. Radiographs of the knees show
minor changes but those ofthe back show much intervertebraljoint derangement of
lumbersacral vertebrae. He also hasparaesthesia ofthe ankles. Arterialfunction is
good aizd the erythrocyte sedimentation rate and blood examination are normal.
What treatment is advised?

In a man of 80 pains in the knees on walking, whatever the description, are
probably due to osteoarthrosis. In patellofemoral osteoarthrosis the x ray
changes are often minimal, and the diagnosis is usually clinched by
reproducing the pain on patellofemoral compression. Standard treatments
include weight reduction, avoidance of precipitating causes, non-steroid
anti-inflammatory drugs, and courses of local heat and static quadriceps
exercises with the knees in slight flexion. A possible alternative diagnosis
might be localised compression neuropathy. The best known of these
in the leg affects the anterior branch of the lateral femoral cutaneous
nerve of the thigh as it pierces the femoral fascia and gives rise to "meralgia
paraesthetica." A similar lesion may affect the anterior femoral cutaneous
nerve of the thigh, also as it pierces the fascia. Either may be provoked by
local pressure, such as the lower end of a corset, surgical scars, or adipose
tissue. The characteristic symptom is burning paraesthesiae, sometimes
numbness, and a distribution distinguishable from a lumbar dermatome.
The infrapatellar branch of the saphenous nerve might also be affected as

it pierces the fascia, and this would lead to similar symptoms. Sunderland
mentions lacerations and surgical incisions damaging this nerve,' but
repeated local pressure on the inner thighs might also cause the problem.
Diagnosis is strengthened by finding a local pressure point that aggravates
the symptoms and by obtaining relief from a local anaesthetic/steroid
injection into the trigger point. Presumably decompression of the nerve as it
emerges through the fascia would be curative. The presence ofparaesthesiae
of the ankles, however, suggests a generalised sensory neuropathy, in which
case the ankle reflexes might be absent and sensory nerve conduction tests

abnormal. "Degenerative" changes in x ray films of the lumbar spine and
knees are so common at this age as not to be diagnostic. Nevertheless,
reproduction of the symptoms by mechanical stress of the lumbar spine or
knees, or relief by local anaesthetic (epidural or intra-articular) injections
would lend weight to these sites of origin.-JoHN A MATHEWS, consultant
physician (rheumatology), London.
I Sunderiand S. Nermes and nerve.zinjuries. 2nd edn. Edinburgh, London and New York: Churchill

Livingstone, 1978.

A healthy man in his 70s suffersfrom osteoarthritis of the ankle relieved by 1800
mg aspirin twice daily. Is this dose safe ifcontinued over an indefinite period?

Aspirin has now largely been replaced in the United Kingdom by the non-
steroidal drugs, which are far less toxic to the gastric mucosa and have a far
higher compliance (acceptance) record with patients than aspirin. In a 70
year old man with osteoarthritis there is unlikely to be a major inflammatory
component. Theoretically, analgesics might be preferred. If, as the question
implies, the patient finds aspirin the best choice, then so be it.-G R V
HUGHES, consultant physician and reader in rheumatology, London.

Would a daily intake-of200 g of chocolate mints (which consist mainly of icing
sugar) be harmful to the cardiovascular system ofa man in his 60s?

There is no convincing evidence that dietary sugar is important in the
development of coronary artery disease, nor is there any scientific evidence
that dietary sugar exhausts the pancreatic islets and predisposes to obesity.
Nevertheless, 200 g of icing sugar does provide 700 calories and this will
therefore predispose to obesity. As Hippocrates stated 2400 years ago,
people who are very fat are apt to die earlier than those who are slimmer.
-C W H HAVARD, consultant physician and endocrinologist, London.
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