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among subjects sampled in 1976 at the age of 18 years who had
received Salk vaccine. The authors attributed the decline in the
proportion with antibodies to the waning of immunity to polio-
virus after oral vaccine.
Thus evidence from various sources suggests that a cohort of

children born in the middle 1960s has proportionately fewer
circulating antibodies than those who are older or younger.
In our view this is associated with a decline in the vaccination
rates together with the interruption of vaccine courses brought
about by changes from inactivated to oral vaccine and confusion
over the number of doses needed. This does not rule out a
possible waning in immunity after oral vaccine but does
suggest that this may not be the only cause. The existence of this
cohort of children, who are not so well protected as the rest of the
population and who might contract poliomyelitis if they travel
abroad or come in close contact with vaccinated babies who are
excreting the virus, highlights the need for a complete course of
vaccine or for a booster dose to be given at or around school-
leaving age.

The description of the incidence of poliomyelitis and the develop-
ment and use of vaccine was taken from the annual reports of the Local
Government Board, the Ministry of Health, and the Department of
Health and Social Security.
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Hypoparathyroidism and hypocalcaemia during treatment
for acute leukaemia

D B FREEDMAN, M SHANNON, P DANDONA, H G PRENTICE, A V HOFFBRAND

Abstract

Nine patients with acute leukaemia developed a complex
syndrome of hypocalcaemia and hypomagnesaemia dur-
ing treatment. These metabolic abnormalities developed
rapidly in some patients and gave rise to acute symptoms.
Immunoreactive parathormone concentrations in these
patients were found to be either absolutely or inappropri-
ately low.
Hypomagnesaemia and the action ofchemotherapeutic

agents, especially adriamycin or cytarabine, or both may
have contributed to the pathogenesis of this syndrome.

Introduction

Hypokalaemia and hyponatraemia are recognised complications
of acute leukaemia, particularly during treatment.' We recently
observed that very low plasma concentrations of calcium and
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magnesium are also common in patients with acute leukaemia
during chemotherapy. These metabolic abnormalities present
considerable management problems.

Patients and methods

During a nine-month period nine patients (eight female, one male;
age range 10-81 years) undergoing intensive chemotherapy and radio-
therapy including bone-marrow transplantation developed profound
hypocalcaemia resulting in tetany in four. Before treatment all had
been normocalcaemic and normomagnesaemic and had had normal
renal function. Six of the patients had acute myeloblastic leukaemia
(including two with acute myelofibrosis) and three acute lympho-
blastic leukaemia (two T-cell, one common).

Eight of the nine patients had been resistant to or had relapsed
from previous chemotherapy and had been referred for experimental
treatment. At the time of onset of hypocalcaemia all were receiving
their second or subsequent course of chemotherapy. Three of the
patients had undergone allogeneic bone-marrow transplantation and
thus had been exposed to total body irradiation and high-dose
cyclophosphamide. Seven of the patients were receiving non-absorb-
able antibiotics (neomycin, colistin) for gastrointestinal decontamina-
tion and oral antifungal agents. All patients also received prophylactic
co-trimoxazole.

All the patients suffered from moderate to severe vomiting and
diarrhoea. Nutritional state measured by weight loss (>10% body
weight) was substantial in seven patients. None of the nine patients,
however, had received parenteral nutrition.

Chemotherapeutic agents common to all nine patients were an
anthracycline antibiotic (doxorubicin in eight and daunorubicin in
one) and cytarabine. Six patients also received thioguanine. Other
agents used in some but not all were etoposide, 2'deoxycoformycin,
colaspase, vindesine, mAMSA, and methotrexate.
During the study period seven patients had proved bacterial
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septicaemia, which was treated with empirical aminoglycosides,
intravenous penicillins, intravenous antifungal agents, and metro-
nidazole. They were also receiving frusemide regularly because of
sodium overload secondary to some of these antibiotics. A smaller
number of patients required other intravenous agents, including four
patients who had received acyclovir treatment.
At the time of development of the hypocalcaemia we measured

plasma concentrations of magnesium and immunoreactive parathyroid
hormone (iPTH) (N-terminal assay).

Results

Plasma calcium and magnesium concentrations-All nine patients
became hypocalcaemic from three to 60 days (mean 30 days) after the
start of treatment (table). Renal function remained normal. Hypo-
calcaemia and hypomagnesaemia worsened in five of the patients, with
a lowest recorded corrected plasma concentration of calcium of 1-3
mmol/l (5 36 mg/100 ml) and of magnesium of 0 28 mmol/l (0-68
mg/100 ml). In two of these patients who were available for follow-up
serum iPTH concentration was persistently low. Eight of the nine
patients had plasma magnesium concentrations that were either re-
duced or at the lower limit of the normal reference range; the ninth
patient had a normal plasma magnesium concentration. The two
patients in the best nutritional state and who were not septicaemic had

Plasma corrected calcium, phosphate, magnesium, and immunoreactive para-
thyroid hormone (iPTH) concentrations in nine patients receiving treatment for
acute leukaemia. (Normal ranges given in parentheses)

Corrected
Case calcium Phosphate Magnesium iPTH
No (2 1-2-6 mmol/l) (0-7-1-25 mmol/l) (0 7-1-0 mmol/l) (40-120 pg/mi)

1* 180 1*92 029 <40
2 2 06 0-83 0-71 <40
3* 1 80 1-48 0-41 <40
4 1 94 1-03 0-71 52
5* 2 05 1-12 0-52 <40

1-79 0-65 0 40 78
6 207 083 072 55
7 200 072 0-71 100
8 1 96 1 34 0-96 120
9* 1f75 106 039 150

9187 0 86 0-60 < 40

*Tetany.
Conversion: SI to traditional units-Calcium: 1 mmol/l z 4 mg/100 ml. Phosphate:

1 mmol/I z 3 mg/100 ml. Magnesium: 1 mmol/ls 2-4 mg/100 ml.

210

2-00

Plasma calcium
(mmol/l) 1.90.

180.

1-70 -

r/=07y=074x+1l7

p = 001

0

0 0
0

0 02 014 06 08
Plasma magnesium (mmol / 1)

1-0

Plasma corrected calcium and magnesium concentrations in patients receiv-
ing treatment for acute leukaemia.

Conversion: SI to traditional units-Calcium: 1 mmol/l 4 mg/100 ml.
Magnesium: 1 mmol/1_2-4 mg/100 ml.
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the highest plasma magnesium concentrations. Their mean plasma
magnesium concentration differed significantly from that in the seven

other patients (p <0 03, Student's unpaired t test). Four of the patients
with the lowest plasma concentrations of calcium and magnesium
developed tetany.
Plasma phosphate concentrations were raised in three patients

(table). The six other patients had normal plasma phosphate concentra-
tions, which does not exclude hypoparathyroidism as many of them
were receiving intravenous dextrose, had a low dietary phosphorus
intake, and were probably vitamin-D deficient. There may also have
been increased renal phosphate excretion in these patients leading to

hypophosphataemia, but we could not demonstrate any gross con-

comitant abnormality in renal function.
Parathormone concentrations-Immunoreactive parathyroid hor-

mone (iPTH) was undetectable in the sera of four patients and was less
than 120 pg/ml in a further four. The patient who had the highest
iPTH concentration (150 pg/ml) in fact had a corrected plasma cal-
cium concentration of 1-75 mmol/l (7 mg/100 ml), and a magnesium
concentration that was half of the lower limit of the normal reference
range: his iPTH concentration was thus inappropriately low for
his plasma calcium concentration. These results show that iPTH
concentration was either low in absolute terms or inappropriately low
for prevalent calcium concentrations. Thus all the patients were in a

state of absolute or relative hypoparathyroidism.
A significant correlation was found (p = 001) between the degree of

hypocalcaemia and hypomagnesaemia (as described by Rude et al2)
(figure). There was, however, no correlation between either plasma
magnesium or calcium concentration and iPTH.

Discussion

Patients in this study with hypocalcaemia and hypomagnesae-
mia represented about 40%0 of the patients who were con-

currently undergoing antileukaemia treatment in this unit. All
had disease that was refractory to conventional treatment and
many had been referred in the terminal stages of their disease
for experimental treatment, including bone-marrow trans-

plantation. That these metabolic abnormalities are not merely a

reflection of severe ill health is shown by the fact that they do not

commonly occur in other illnesses and may develop fairly rapidly
after the start of antileukaemic treatment. A similar syndrome
has been described by Keating et al in patients with cancer re-

ceiving aminoglycoside treatment.3
A search for the mechanisms underlying these severe abnor-

malities suggests that malnutrition due to diarrhoea and anorexia
are probably important. Diarrhoea due to total body irradiation,
cytotoxic drugs, and antibiotic treatment would lead to pro-
nounced faecal calcium and magnesium losses, as well as mal-
absorption of vitamin D. Furthermore, lysis of blast cells after
antileukaemic treatment generates phosphate in large amounts,
which would bind both calcium and magnesium. Urinary
magnesium losses might also be enhanced by secondary hyper-
aldosteronism resulting from hypovolaemia and hypoalbumin-
aemia in these patients.

In addition, low plasma concentrations of magnesium would
lead to inefficient conversion of adenosine triphosphate to
adenosine 3' :5'-cyclic phosphate, which in turn would diminish
the end organ response (including the bone and the kidney)
to parathyroid hormone.4 Hypomagnesaemia is also associated
with a diminished response to vitamin D.' Finally, hypo-
magnesaemia would be associated with decreased ionic bone
exchange of calcium for magnesium, reducing the rate of mobili-
sation of calcium into the plasma pool.6 7

Another mechanism that may contribute to hypocalcaemia
in these patients is the secretion of calcitonin or a similar
peptide that may suppress mobilisation of calcium from the
bone. 8

These patients had non-detectable, low, or only marginally
raised iPTH concentrations in association with, in some cases,
very low calcium concentrations: this is an unusual association.
In a series of patients with osteomalacia even minimally low
calcium concentrations were associated with appreciably
raised iPTH concentrations (unpublished observations). Thus
our patients had either absolute or "relative" hypoparathy-
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roidism, which must have contributed to the pathogenesis of
hypocalcaemia. The hyposecretion of iPTH in these patients is
probably secondary to several factors including hypomagnesae-
mia, which inhibits the secretion of iPTH both in vivo and in
vitro.29 Antimicrobial and cytotoxic drugs may also have an
inhibitory effect on iPTH secretion. Vinblastine, for instance,
disrupts the morphology of the parathyroid gland.10 Amino-
glycosides have been incriminated in the pathogenesis of hypo-
parathyroidism,3 but in our series two patients developed the
syndrome in the absence of aminoglycoside treatment. All nine
patients, however, had been taking doxorubicin (or daunorubi-
cin) and cytarabine; these drugs may have contributed to the
suppression of parathyroid secretion.

In conclusion, we have described a syndrome that consists
of a combination of hypocalcaemia, hypomagnesaemia, and a
state of absolute or relative hypoparathyroidism in patients
receiving treatment for acute leukaemia. In our series the syn-
drome was common and led to profound clinical problems,
including tetany. The condition appears to be multifactorial
and requires further investigation. Awareness of this metabolic
problem allowed us to intervene therapeutically and to reduce
morbidity. We subsequently prevented any appreciable de-
crease in plasma calcium and magnesium concentrations
by giving appropriate supplements and lcx-hydroxycholecalci-
ferol. Despite this concentrations of parathyroid hormone re-
mained low (unpublished data).

We thank Mrs Megan Evans for typing the manuscript.
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Therapeutic control of anticoagulant treatment

B McD DUXBURY

Abstract

Control of anticoagulant treatment was studied in 250
patients. One hundred and fifty patients receiving long-
term anticoagulant treatment (group 1) were studied
for 52 weeks and the remaining 100 (group 2) for 12 weeks
after discharge from hospital. The desired British
corrected ratio range was 2 5-3-3, and a range of
2-3-3-5 was classified as satisfactory. In group 1 a satis-
factory ratio was obtained for 70% of the study period
and 120 of the 150 patients were maintained within this
range for over 60% of the time. In group 2 only half of
the patients were maintained within the satisfactory
range and for 50% of the study period or less. The time
and effort expended in therapeutic control were more
than most clinics could afford, and the results for group 2
were disappointing.
The standard of long-term anticoagulant treatment

should be improved by continuous review of control
and by "therapeutic quality control."

Chase Farm Hospital, Enfield EN2 8JL
B McD DUXBURY, MB, FRCPATH, consultant haematologist

Introduction

In the early days of anticoagulant treatment haemorrhage was a
real danger owing to the variable sensitivities of thrombo-
plastins, and as a result most patients received insufficient
treatment. In his historical review of anticoagulant treatment
Loeligerl stated that a ratio range of 2-0-2-5 was recommended
by the American Heart Association based on the earlier work
of Allen et a12 3and Wright et al,4 who had suggested ranges
of 1-5-3-0 and 2-0-3-0 respectively. At the time this was con-
sidered to be adequate and safe. With the standardisation of
thromboplastins by the introduction of British comparative
thromboplastin by Poller5 6 and the "external quality assessment
scheme"7 that followed, anticoagulant treatment was placed on
a safer foundation.

Higher ratio ranges are now recommended, especially for
patients who have had open-heart surgery. Blackburn8 recom-
mended a British corrected ratio (BCR) of 2-0-4-0 based on
clinical experience, but Poller9 found that haemorrhage was
rare in hospitals using British comparative thromboplastin as a
reagent and suggested that a BCR of 5 0 was a safe upper limit
for hospital patients with active thrombosis. Loeligerl proposed
that the optimum therapeutic range should be 3 0-5 0 for in-
patients and 2-5-4-5 for outpatients. For patients with artificial
heart valves Boekhout-Mussert et al'0 advised a higher range,
equivalent to a BCR of 3 0-5 0.1 The range adopted for the
"Dutch trial"" in elderly patients after myocardial infarction
was 2-7-4-5.
The effectiveness of attempting to achieve higher ratio ranges

therefore requires confirmation.
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