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the treatment is not perfectly steady (see table). This disadvant-
age seems merely theoretical, however, and it is unlikely that it
might be harmful. Good clinical results were obtained in our
series of 23 patients: mortality was low and not directly related
to the diabetic decompensation; the percentage fall in glycaemia
with time was remarkably similar in most patients whatever the
degree of initial hyperglycaemia or acidosis (50±30 in five
hours), and the pattern of glycaemic response can therefore be
easily predicted for any given patient at the start ofthe treatment.
Interestingly, the slower rates of decrease in glucose concen-
tration were observed in three patients with cardiac failure who
could not receive large amounts of fluid. This re-emphasises
the fact that early and vigorous fluid replacement remains an
essential part of the treatment of diabetic coma whatever the
insulin regimen used. Hyperketonaemia took longer to correct
than hyperglycaemia and several patients were still ketotic when
glycaemia had returned to a level of about 13-9 mmol/l (fig 2).
Similar observations were made by Soler et al"3 irrespective of
the mode of administration and the amount of insulin given to
the patient. Finally, none of our patients showed late hypo-
glycaemia or hypokalemia.
The dose of 5 IU/hour was effective in all but two cases: in

one patient the decrease in plasma glucose was unusually low,
and in the other injections of 20 IU/hour were needed to obtain a
significant hypoglycaemic action. This resistance to insulin was
probably related to the severity of the clinical state; the first
patient was in deep coma with severe dehydration, hypovolaemic
shock, and hypothermia, and the second one presented bacterial
endocarditis with multiple cerebral infarctions, and cardiac and
renal failure. In the second patient relative insulin resistance
existed before the acute episode since decompensation developed
while she was treated with 120 IU/day. Thus some patients
may be refractory to these low-dose insulin regimens.

In conclusion, our results indicate that hourly intravenous
boluses are a convenient and efficient way of administering
insulin in the treatment of diabetic coma. The hormone can

easily be injected through the tubing used for the fluid replace-
ment. This mode of administration is much simpler than the
constant infusion technique; even small hospitals with reduced
medical staff should be able to apply this technique routinely. If,
under careful monitoring, resistance to the standard dose of
5 IU/hour occurs the insulin dose can easily be increased to
10-20 IU/hour or more if necessary. A clinical trial on the
routine use of 20 IU/hour is in progress.

We thank Dr Cornil for his constant interest; the nurses and medical
staff of the intensive care unit for their help in caring for the patients;
and Mrs M A Neef for her excellent technical help.
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B-1000 Bruxelles, Belgium.
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Acute responsiveness to calcitonin in chronic renal failure
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Summary

The acute effect of porcine calcitonin was tested in 17
patients undergoing chronic haemodialysis. In normal
adults calcitonin has no effect on plasma calcium or
phosphate levels, but in nine patients both concentrations
were substantially reduced after calcitonin. This hypo-
calcaemic and hypophosphataemic effect was a function
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of the initial plasma phosphate level but was unrelated
to the initial plasma calcium level. Plasma hydroxypro-
line levels were not significantly different in the two
groups and were unaffected by calcitonin. In 11 patients
fasting plasma calcitonin levels were undetectable with
an assay sensitive to 01 ,ug/l. Calcitonin seems to have
an acute effect in chronic renal failure which may not
operate by arresting bone resorption but is dependent
on the plasma phosphate concentration.

Introduction

Calcitonin was discovered as a hypocalcaemic hormone, but
there is no evidence to suggest that it has a role in regulating
plasma calcium levels in normal adults. It acts by inhibiting bone
resorption,' 2 and it is therefore not surprising that its hypo-
calcaemic effect is best seen when bone resorption is increased
-for example, in stages of rapid growth or in conditions such
as Paget's disease or thyrotoxicosis.''
The effectiveness of calcitonin in treating Paget's disease is

based on its ability to inhibit osteoclastic bone resorption.3-6
Since parathyroid hormone-stimulated increases in bone resorp-
tion in patients with chronic renal failure may lead to painful
bone disease and fractures, the present study was begun on the
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premise that calcitonin might be useful in controlling excessive
bone resorption in chronic renal failure. There are reports,
however, suggesting that high circulating levels of endogenous
hormone are already present in these patients,7 8 which would
imply that exogenous calcitonin would have little or no effect.
To clarify this, the acute effects of calcitonin were examined in a
group of patients with chronic renal failure; the investigation
also pointed to certain features of the action of calcitonin that
may be relevant to its use in this condition.

Patients and methods

Seventeen patients (10 men, seven women) gave their informed
consent to the study. All were well established on home haemodialysis.
Their ages ranged from 20 to 47 years and their weights from 50 to
75 kg. All tests were carried out in the fasting state on the day after
dialysis, and the patients avoided gelatin-containing foods for the
previous 24 hours.

Responsiveness to calcitonin injection was tested in all patients. On
the day of the test two blood samples were taken about one hour apart,
and then 160 MRC units of porcine calcitonin (Calcitare, Armour) was
given in 1 ml gelatin by intramuscular injection. Blood was taken every
two hours for six hours thereafter and a final sample at 10 hours. The
patients were allowed a light meal at about eight hours. Heparinised
blood samples were separated within 10 minutes and plasma taken
for measuring calcium, phosphorus, alkaline phosphatase, and
hydroxyproline concentrations. The means of the pre-injection results
were taken as the basal values for calcium and phosphorus.
On a separate occasion blood was taken from 11 of the patients for

estimating plasma calcitonin levels before and 10 minutes after the
intravenous injection of 10 ml 10O0 calcium gluconate, since calcium
infusion has been shown to increase calcitonin levels in normal man.9
The blood was taken into chilled heparin tubes and the plasma sep-
arated and frozen within 15 minutes.

Plasma calcium, phosphorus, and alkaline phosphatase levels were
estimated by standard automated (Vickers) techniques. Plasma free
hydroxyproline was measured as the amount of pyrrol formed after
oxidation with chloramine T after alcohol precipitation of protein.10
In four patients whose hydroxyproline levels were normal, the plasma
concentration was measured before and four hours after the administra-
tion of gelatin alone. Plasma calcitonin was measured by radioimmuno-
assay."
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FIG 1-Effect of calcitonin on plasma calcium in chronic
renal failure. Patients were not fasting during last four
hours.

Conversion: SI to traditional units-Calcium: 1
mmol/ll 4 mg/100 ml.
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Results

In nine of the 17 patients calcitonin injection was followed by a fall
in plasma calcium of at least 0-25 mmol/l (1 mg/100 ml) during the
next six hours, whereas the remaining eight patients showed no such
response (fig 1). The initial plasma calcium level showed greater
variability (range 2-15 to 2-98 mmol/l (8-6 to 11-9 mg/100 ml)) within
the former group than within the latter (range 2-23 to 2-65 mmol/l
(8-9 to 10-6 mg/100 ml)) (fig 1). The group showing the hypocalcaemic
response tended to have higher alkaline phosphatase levels (mean± SE
of mean, 368-9 KA units) 'than the remaining patients (21 ±2-0 KA
units), but these differences were not significant. No change occurred
after calcitonin. The results in fig 2 show that the patients whose
plasma calcium concentrations were lowered by calcitonin also had a
lowering of phosphorus, whereas there was little or no change in
phosphorus levels in the other group.
The group whose calcium and phosphorus levels were lowered by

calcitonin had a significantly higher (P<0 05) mean initial plasma
phosphorus concentration (1-88±0-15 mmol/l (5-8±0-5 mg/100 ml))
than the non-responders (1-24±0-10 mmol/l (3-8±0-3 mg/100 ml)).
When the initial plasma phosphorus level was related to the hypo-
calcaemic response (measured in arbitrary units as the area enclosed
by the curve as the plasma calcium decreased from its basal value) a
highly significant association was found (fig 3; P<0005; r=0-66).
The hypophosphataemic response, measured similarly, correlated
significantly with both the initial plasma phosphorus level (P < 0-05;
r = 054) and the hypocalcaemic response (P <0 05; r = 0-53). There
was no significant relation between the hypocalcaemic response and
either the initial plasma calcium or the plasma alkaline phosphatase
levels.
The initial plasma free hydroxyproline level was raised ( < 2 mg/I)

in six out of eight of the patients showing the hypocalcaemic response
and in three non-responders, but these differences are not significant
and there was no correlation between hydroxyproline level and
hypocalcaemic response. Calcitonin had no significant effect on plasma
free hydroxyproline (fig 4). In the patients who received gelatin alone
a mean rise in plasma hydroxyproline of 3-4 t±mol/l (0 45 jig/ml)
(range 1-5-4-6 ,umol/l (0-20-0 60 ,ug/ml)) was observed four hours after
injection, and allowing for this artefact should not significantly alter
the result in those patients whose hydroxyproline level was initially
raised. Using radioimmunoassay, which can detect plasma calcitonin to
levels of 0-1 pLg/l, no measurable calcitonin was found in any of the
patients' samples, even after the calcaemic stimulus. In two patients
in whom the sample was extracted by Spherosil XOA 400 and
concentrated 'before assay"2 the fasting calcitonin levels found were
51 ng/l and less than 8 ng/l. These levels were within the normal range
(< 8-79 ng/l).

Discussion

Large doses of calcitonin have no effect on plasma calcium
levels in normal adults.5 13 Our results show that patients with
chronic renal failure may respond to calcitonin with a lowering
of plasma calcium levels, but this response seems to be related
to the prevailing level of plasma inorganic phosphorus. When
calcitonin has a hypocalcaemic effect in man it is assumed that
this is due to an acute arrest of bone resorption. If this were the
case in these patients with chronic renal failure it would imply
that high bone turnover states are limited to those patients with
hyperphosphataemia and, in view of the close correlation
between the hypocalcaemic response and the initial plasma
phosphorus level would imply also that bone resorption rate was

directly proportional to the plasma phosphate level. Although
this is possible it seems unlikely, particularly since there was no

relation between the plasma hydroxyproline and plasma
phosphate levels, with patients in both the responding and non-

responding groups having raised hydroxyproline levels.
These data suggest that calcitonin primarily facilitates the

flow of phosphate out of plasma into some other compartment,
and this movement of phosphate may be an important early
event in the action of the hormone in these patients with chronic
renal failure. While the net hypocalcaemic response is directly
related to the initial plasma phosphorus level, it is perhaps
surprising that the latter correlates less well with the phosphorus
lowering effect. This may be due to a continuing back-diffusion
of phosphate from other sources unaffected by the calcitonin.
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FIG 2-Effect of calcitonin on plasma phosphorus in
chronic renal failure.

Conversion: SI to traditional units-Phosphorus:
1 mmol/l 3-1 mg/O00 ml.
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FIG 3-Relation between initial plasma phosphorus
levels and hypocalcaemic effect of calcitonin.
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FIG 4-Plasma free hydroxyproline levels before and
after calcitonin injection. Upper limit of normal is
indicated by broken line.

Conversion: SI to traditional units-Hydroxyproline:
1 ,umol/1 0-13 gg/ml.

The suggestion that calcitonin may have a primary effect on
phosphate removal from plasma is not new, having been made
by Talmage et all4 in studies in the rat. Hirsch et all) also found
that giving phosphate together with calcitonin enhanced the
calcium-lowering effect of the hormone in the assay rat, and
Gerschberg et all6 made a similar observation in man during the
treatment of Paget's disease with calcitonin. A relation between
the fall in plasma calcium and the initial plasma phosphorus
level was noted by Kanis and Strong'7 in patients with Paget's
disease who were given calcitonin, although these patients were
generally normophosphataemic, and Hamilton"' found in three
patients with Paget's disease that clinical resistance to calcitonin
could apparently be overcome by giving oral phosphate in
addition to the hormone. In a group of patients receiving
radiophosphorus therapeutically Paillard et al" found an
enhanced removal of phosphorus from the plasma without
alteration in the rate of back-diffusion after salmon calcitonin.
There is a case to be made for testing the therapeutic effective-

ness of calcitonin in some patients with chronic renal failure.
The present results draw attention to the possibility that extra-
cellular phosphate may be important in modifying certain early
events in calcitonin action in these patients. The practical
importance of this is obvious when one considers the importance
ascribed to plasma phosphate control in chronic renal failure
with the use of phosphate-binding gels.

Evidence has been produced2' that plasma calcitonin levels
are raised in chronic renal failure in direct proportion to the
plasma phosphate levels. This contrasts with our own results,
in which radioimmunoassay did not indicate raised levels, and,
furthermore, the effect of a fixed dose of calcitonin was maximal
in those patients with the greatest degree of hyperphosphataemia,
suggesting that raised levels of biologically active endogenous
hormone are unlikely in this situation. Although levels of
calcitonin above 01 lg/l were not found in our patients, this
does not entirely preclude the possibility that their levels were
nevertheless above those of the normal population. In view of
the widely discrepant normal ranges currently reported7-9 12 the
question cannot be answered at present. Whatever the radio-
immunoassay results indicate, however, the biological data point
to a sensitivity to calcitonin in chronic renal failure which may
be mediated by an important effect of the hormone on phosphate
metabolism.

We thank the technicians of the department of chemical pathology,
Northern General Hospital, Sheffield, for the automated plasma
analyses.
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