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between these two deficiency states. The concentration of
pteroylglutamic acid used is critical, as it is known that the
addition of 50 ug per ml of marrow culture completely
corrects the abnormality in both deficiency states (Metz et al.,
1968).
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Summary

In a patient receiving regular dialysis prolonged hypophos-
phataemia due to aluminium hydroxide therapy resulted in
osteomalacia and severe proximal myopathy. Both osteo-
malacia and myopathy responded to correction of hypo-
phosphataemia without vitamin D therapy.

Introduction

Both oesteomalacia and the proximal myopathy with which
it is regularly associated respond to treatment with vitamin
D, and the myopathy is presumed to be a manifestation of
vitamiin D deficiency or of resistance to its action. We des-
cribe a patient receiving regular dialysis treatment in whom
prolonged hypophosphataemia due to aluminium hydroxide
therapy resulted in osteomalacia and severe proximal myo-
pathy. It is of particular interest that both osteomalacia and
myopathy responded to correction of hypophosphataemia
without vitamin D therapy.

Case Report

A 26-year-old chromatin positive woman with multiple congenital
defects (congenital absence of vagina and uterus, cervicothoracic
spinal fusion, webbing of the neck, and a left Sprengel shoulder
deformity) began regular dialysis treatment in October 1969. Six
months previously she had presented with uraemia, and an intra-
venous pyelogram showed a very small left kidney and a small right
kidney with a bifid renal pelvis. There was no obstruction and the
appearances were consistent with oongenital renal dysplasia. She re-
ceived initially two 14-hour single pass haemodialyses a week using
a Kiil dialyser and from December 1970 three 10-hour dialyses a
week at home. Her diet contained about 500 mg calcium and 180
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IU vitamin D daily throughout. Dialysate calcium and magnesium
concentrations were 3-3 mEq/l. and 1-0 mEq/l. respectively. The
dialysate contained no phosphate.
A skeletal survey in October 1969 showed no radiological evi-

dence of osteomalacia or hyperparathyroidism. There was no
clinical evidence of myopathy or neuropathy. Motor nerve con-
duction velocity in the right lateral popliteal nerve was normal and
remained so throughout. Serum calcium was 9-6 mg/ 100 ml,
phosphate 70 mg/100 ml, and alkaline phosphatase was normal at
48 IU. Because of the hyperphosphataemia, she was treated with
aluminium hydroxide, two tablets three times daily (2 25 g). Vita-
miii D and calcium supplements were not given.

In August 1971 she developed painful feet. X-ray examination
of the feet showed them to be nonral and a full radiological skele-
tal survey showed no evidence of osteodystrophy (fig. 1). Shortly
after she developed pain in the legs, arms, and shoulder girdle to-
gether with difficulty in climbing stairs due to weakness in the legs.
When next seen in February 1972 marked proximal muscle weak-
ness in the legs was present, and she was unable to rise unaided
from the sitting position. Distal muscle power in the legs was
normal. Tendon reflexes were brisk, and no sensory loss was present.
Skeletal survey in March 1972 showed Looser's zones in both
superior pubic rami (fig. 3). A full-thickness iliac crest biopsy
specimen showed abundant bone tissue and both excess osteoid
and resorption with fibrous replacement of bone. The bone sur-
face counts sihowed 75% ocoupied by osteoid (normal < 30%) and
25% by the resorption (normal < 25%). Electromyography of the
right quadrioeps muscles showed no abnormal insertion activity
and no spontaneous electrical activity. Individual motor units

FIG. 1-X-ray picture of pelvis in August 1971.
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xide muscle weakness and bone pain had disappeared, and she was
able to rise unaided and carry out her housework normally. X-ray
pictures of the pelvis taken in June 1972 showed healing of Looser's
zones (fig. 4). For the first time subperiosteal erosions were visible
in the phalanges. Plasma PTH level had risen to 4-0 ng/ml and
plasma 25-HOC level remained normal at 16 ng/.ml. After a sharp
initial rise, characteristic of healing osteomalacia, alkaline phos-
phatase fell to values similar to those present before aluminium
hydroxide was withdrawn. The patient received a successful cada-
veric renal transplant in December 1972.
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FIG. 2-Changes in serum calcium, phosphate, and alkaline phos-
phatase during treatment with aluminium hydroxide.

showed an increased tendency to polyphasic potentials but were of
normal aniptude and duration.

She had had prolonged hypophosphataemia (serum phosphate
regularly less than 2-0 mg/ 100 ml) since shortly after starting treat-
ment with aluminium hydroxide. Alkaine phosphatase levels had
been slightly raised from May 1971, and had risen sharply from
November 1971 (fig. 2). There had been considerable fluctuation
in serum calcium levels since the beginning of regular dialysis treat-
ment. Blood samples were taken imnediately before dialysis with-
out fasting, and in these circumstances our normal range for serum
calcium is 9-0-11-0 mg/.100 ml. Ocasionally values in excess of
11-0 mg/.100 ml were obsrved (fig. 2). Peripheral venous para-
thyroid hormone (PTH) level was 1-7 ng/ml. This was measured
by a stard radiounoassay as described previously by Davies
et al. (1973) using bovine PTIH and guinea pig antiserum BW211/
32 supplied by the Welicome Foundation. This assay system has
shown good dcinical validation. The upper limit in norml subjects
is 0.8 ng/ml. Plasma 25-hydroxycholecalciferol (25-ICC) level was
normal at 11 ng/ml (determined by the method of Haddad and
Chyu (1971) ).
Aluminium hydroxide therapy was stopped and neu-

tral phosphate mixture (0.5 g elemental phosphorus daily)
was begun. Plasma phosphate rose rapidly and the phosphate sup-
plement was stopped after three weeks. The plasma calium levels
fell reciprocally. Within six weeks of stopping aluminium hydro-

FIG. 3-X-ray picture of pelvis in March 1972 showing develop-
ment of Looser's zone.

FIG. 4-X-ray picture of pelvis in June 1972 showing healing
after correction of hypophosphataemia.

Discussion

Osteomalacia is seen occasionally in patients on regular dia-
lysis treatment with normal or raised plasma phosphorous
levels (Siddiqui and Kerr, 1971). By contrast we observed
osteomalacia in association with hypophosphataemia. This
and the rapid response to phosphate repletion indicates that
the osteomalacia was due predominantly to hypo-
phosphataemia in our patient.

Despite the ease with which rickets may be produced by
phosphate depletion in experimental animals this cause is
very rare in man. In patients with normal renal function
osteomalacia has followed uncontrolled self medication with
aluminium hydroxide for dyspepsia (Lotz et al., 1964; Dent
and Winter, 1974). Osteomalacia has also been produced in
this way in patients with renal failure (Dent et aii., 1961;
Dodge and Travis, 1965). Aluminium hydroxide is being
used increasingly to prevent ectopic calcification and osteitis
fibrosa in patients on regular dialysis, and our case under-
lines the need for careful avoidance of overtreatment.
Cure of both myopathy and osteomalacia, as shown clini-

cally and radiographically, resulted from phosphate repletion
in our patient though radiolographical evidence of hyper-
parathyroidism appeared after treatment, and serum alkaline
phosphatase levels did not return to normal. The rise in cir-
culating PTH levels presumably resulted from the simultan-
eous fall in serum calclum during phospha.te repletion
(Bricker et al., 1969).
The cure of myopathy without vitamin D therapy raises

the question of the relation between vitamin D and hypo-
phosphataemia in the pathogenesis of the myopathy. Low
plasma phosphorus levels are not always found in osteo-
malacic myopathy, and when hypophosphataemia is present
treatment with vitamin D in pharmacological doses may cure
the myopathy without affecting the hypophosphataemia. This
phenomenon is seen in primary hypophosphataemic osteo-
malacia in adults (Dent and Stamp, 1971) though treatment
by phosphate alone may also improve the myopathy (Nagant
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de Deuxchaisnes and Krane, 1967). Further evidence that
there is no simple relation between prolonged hypo-
phosphataemia and myopathy is found in the common X-
linked form of hereditary rickets, in which myopathy is
always absent despite lifelong hypophosphataemia (Dent
et al., 1973).

Better understanding of these problems may result from
recent observations that the metabolism of vitamin D is
closely related to that of phosphate at cellular level. The
production by kidney of 1:25-dihydroxycholecalciferol, the
biologically active hormonal form of vitamin D, from 25-
HCC (Fraser and Kodicek, 1970) may be regulated by intra-
cellular phosphate concentration (Tanaka and De Luca,
1973). If, as seems likely, vitamin D is proved to have a
direct action on muscle, perhaps in controlling calcium ion
transport across the sarcoplasmic reticulum (Curry et al.,
1974), as well as on intestine and bone it would not be sur-
prising if this function were also regulated in part by the
availability of phosphate. In patients receiving maintenance
haemodialysis renal metabolism of vitamin D may be defec-
tive (Mawer et al., 1971). Thus, though both dietary
vitamin D intake and levels of circulating 25-HCC (Stamp
et al., 1972) were normal in our patient her diminished renal
metabolism of vitamin D may have made her muscles par-
ticularly sensitive to hypophosphataemia.
We would like to acknowledge the help of Mr. K. Agnew and

Sister M. Chappell at the dialysis unit, St. Leonard's Hospital; Mr.
P. Saunders, department of chemical pathology, St. Bartholomew's

Hospital; Mr. W. D. Tredinnick of the department of medical illus-
tration, St. Bartholomew's Hospital; Dr. P. D. Byers, department of
morbid anatomy, Royal National Orthopaedic Hospital; and Dr.
P. K. Thomas, consultant neurologist, Royal Free Hospital, who
performled the electromyography and nerve conduction studies.
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Plasma TSH and Serum T-4 Levels in Long-term
Follow-up of Patients Treated with 131I for Thyrotoxicosis
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Summary

In February 1972 58% of patients euthyroid after iodine-
131 therapy given for thyrotoxicosis between 1954 and
1966 had a high plasma TSH (>74 ,uU/ml) and 42% a
normal plasma TSH level. A group of 69 of the euthyroid
patients with high plasma TSH levels (25 0±2 0 IU/ml)
in 1972 were re-examined 15 and 24 months later. The
mean plasma TSH in the 66 patients remaining euthyroid
at 15 months was 22 6±1*8 jiU/ml, while three patients
had become hypothyroid. At 24 months 64 of the
patients were still available for study, of whom 61 re-
mained euthyroid with a mean plasma TSH of 21 6±2-0
pU/ml, and a further three had become hypothyroid.
All of a group of 61 of the euthyroid patients with nor-

mal plasma TSH levels (4 0±0 2 ,uU/ml) in 1972 remained
euthyroid at 24 months with a mean plasma TSH of
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4-1±0 3 ,U/ml, though the plasma TSH level had become
slightly raised in three.
The mean serum T-4 level in the euthyroid patients

with a high plasma TSH was significantly lower, though
still in the normal range, than that in the euthyroid
patients with a normal plasma TSH both in 1972 and in
1974.
Since no patient with a normal plasma TSH level after

iodine-131 treatment six to 18 years earlier for thyro-
toxicosis developed hypothyroidism over a two-year
period, the follow-up of such patients need not be so
rigorous as that of similarly treated euthyroid patients
with raised plasma TSH levels in whom hypothyroidism
developed at the rate of 5% per year.

Introduction

The incidence of hypothyroidism after 131I treatment of thyro-
toxicosis is greatest in the first year (7-22%) and continues at
2-4% a year (Hagen, 1968). Toft et al. (1974) found a low serum
thyroxine (T-4) level to be a sensitive index of developing hypo-
thyroidism in the early months after radioiodine therapy but it
has not yet proved possible, using conventional tests of thyroid
function, to predict when or in whom hypothyroidism will occur
in later years. This results in the follow-up of large numbers of
patients. A high plasma thyrotrophin (TSH) level is considered
to be a good index of thyroid failure but is not uncommon after
131I treatment of thyrotoxicosis and may persist in euthyroid
patients for many months (Slingerland et al., 1972; Toft et al.,
1973). The present paper reports the clinical and biochemical
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