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Proportions of girls aged 10-14 who had reached menarche according to whether
they were thin and indulged in intensive sports activity

°'/0 SE* Proportion

Thin:
Intensive sport 15 ±3 4 16/109
No intensive sport .37 ±4-3 47/126

Not thin:
Intensive sport 47 ±4-4 60/129
No intensive sport .75 ±2-6 214/284

*SE= Standard error.

Discussion

Our data are compatible with the hypothesis that both
thinness and physical activity may cause delayed menarche. In
addition, the effects of these two factors seem synergistic5: several
girls who would have reached menarche if either thinness or
intensive sports activity had been present alone had not reached
menarche when both factors were present together. Since
metabolic changes are probably associated with sports activity
and with thinness, synergism of the effects makes sense.
One objection to our analysis is that a certain body mass index

might not have the same meaning in a person who is physically
active as in a person who is not, owing to different lean:fat
ratios. We have no means to correct for this in our data. Other
possible objections might be that in subjects aged 10-14 the
body mass index rises with age, and that at this critical age
drastic changes in physical activity might occur. To take such
confounding influences into account we performed the analysis

again with smaller age groups, halving the five-year age category.
The synergistic relation persisted in each of the two resulting
age groups. On finer stratification by single years of age the
gradient between the thin and not-thin and sports and no-sports
categories remained in the same direction, though the smallness
of the numbers made it difficult to judge synergy confidently.
Thus our data reinforce and refine the earlier hypotheses of
Frisch et al,' 2 particularly since the information was collected
during a population survey without obvious selection and
without advance knowledge about the factors entailed in the
hypotheses.
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Bromocriptine in management of large pituitary tumours

J A H WASS, JULIA WILLIAMS, M CHARLESWORTH, D P E KINGSLEY, A M HALLIDAY,
I DONIACH, LESLEY H REES, W I McDONALD, G M BESSER

Abstract

Bromocriptine has an accepted place in the management
of small pituitary tumours that secrete either prolactin
or growth hormone. The treatment of large tumours with
extrasellar extensions is more difficult, however: though
surgery is the standard treatment, it is often unsuccessful
in returning excessive hormone secretion to normal and
may cause hypopituitarism. A prospective trial was
undertaken to assess the frequency with which changes in
pituitary function and size of large tumours occurs.
Nineteen patients were studied before and during treat-
ment with bromocriptine (7-5 to 60 mg/day) for three to
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22 months, using contrast radiology and a detailed assess-
ment of pituitary function. Eighteen patients had hyper-
prolactinaemia and two of these also had raised concen-
trations ofgrowth hormone; one patient had an apparent-
ly non-functioning tumour. In 12 patients (63%) tumour
size decreased with bromocriptine and no tumour
enlarged. Nine patients had visual-field defects, which
improved in seven, becoming normal in five. Pituitary
function improved in nine patients (47%) becoming
entirely normal in three.
Bromocriptine should be the treatment of choice in

patients with large pituitary tumours with extrasellar
extensions, provided close supervision is maintained.

Introduction

Bromocriptine, a long-acting dopamine agonist, lowers abnormal
circulating hormone concentrations in patients with small
pituitary tumours that secrete prolactin and growth hormone,
and it has an accepted place in their management.'6 The best
treatment for large pituitary tumours that extend out of the sella
turcica, however, is more difficult and controversial. Mostly,
these tumours secrete prolactin though they may be truly non-
functioning or, more rarely, secrete either growth hormone or
adrenocorticotrophin.7 Urgent surgical decompression is nor-
mally recommended if the tumour extends upwards tc afIect
the visual pathways or laterally to affelt the oculomotor nerve.
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The operation may be performed using either the transfrontal or
transsphenoidal routes, either of which is usually locally
satisfactory, but both have a morbidity and hormonal cure is rare
and hypopituitarism frequent.2 8 9 External pituitary irradiation
is contraindicated in extensive extrasellar extension since further
swelling may occur during treatment. Several reports suggest
that prolactinomas and tumours associated with acromegaly may
shrink with an improvement in pituitary hormonal state, and
visual-field defects may improve in some patients,5 10-16 though
the overall frequency of such beneficial responses is still not
clear. It therefore seemed that dopamine agonist treatment
should be considered in large extrasellar extensions to reduce the
pituitary tumour mass in patients who would otherwise be
submitted to urgent hypophysectomy.
We carried out a prospective collaborative trial in 19 consecu-

tive patients to evaluate the incidence of a decrease in size of
large tumours treated with bromocriptine alone. Pneumo-
encephalography or metrizamide cisternography were performed
in addition to computed tomography (CT) to assess pituitary
tumour size before and after at least three months of treatment.
In addition, we carried out a detailed assessment of pituitary
function before and during treatment and have shown that in
contrast to other modes of treatment for large pituitary tumours,
pituitary function often improves as the tumour mass shrinks.

Patients and methods

Nineteen consecutive patients (11 women and eight men, aged 22 to
70 years) with extrasellar extensions to their pituitary tumours were

TABLE I-Details of patients studied

Previous Bromocriptine Follow-up
Case No Sex Age (yrs) treatment (mg/day) (months)

1 F 58 Nil 30 15
2 M 32 ,, 60 3
3 M 29 ,, 60 18
4 F 70 Surgery and 7 5 3

radiotherapy
5 F 39 Surgery and 30 6

radiotherapy
6 M 60 Nil 30 4
7 M 49 ,, 7 5 4
8 F 22 ,, 75 22
9 F 25 15 3
10 M 44 ,, 30 16
11 F 50 ,, 75 3
12 F 25 ,, 15 6
13 F 28 7-5 5
14 M 68 ,, 75 12
15 F 22 ,, 75 3
16 F 31 ,, 75 12
17 F 23 ,, 75 4
18 M 22 ,, 20 3
19 M 43 ,, 75 3
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studied (table I). Two patients had had surgery and radiotherapy
elsewhere four and 13 years previously but presented again with
worsening visual field defects; the other patients had had no treatment
for their pituitary tumour. Eighteen were hyperprolactinaemic (range
492-750 000 mU/l) (table II); two of these also had acromegaly (mean
of at least four basal plasma growth hormone values between 4 and
23 mU/l). One patient (case no 7) had an apparently non-functioning
tumour in that circulating prolactin, growth hormone, and cortisol
concentrations were normal. Informed and signed consent was given
by all the patients after the study had been approved by the ethical
committees of the two hospitals. Before treatment with bromocriptine,
a detailed evaluation was carried out in each patient, including assess-

ment of visual acuity using a pin-hole correction, visual-field plotting
by the same observer using a Goldmann perimeter, and recording
visual-evoked potential responses as described.'7-29 Plain skull radio-
graphs were obtained. CT scans, undertaken on a CT 1010 EMI head
scanner before and after injection of contrast material, were used to
show only gross changes because of the recognised difficulties in exact
head positioning on repeated examinations and therefore of interpreta-
tion of small apparent changes. Detailed anatomy was obtained by
pneumoencephalography or metrizamide cisternography with antero-
posterior and lateral tomograms at 3-5 mm intervals through the
pituitary region including the midline. Blood was sampled at 0900 for
thyroxine, testosterone (men),and prolactin (three samples).A standard
combined pituitary stimulation test was performed using intravenous
thyrotrophin-releasing hormone (200 ,ug), luteinising hormone
releasing hormone (100 ,ug), and insulin (015 U/kg), and blood was

sampled for serum thyroid-stimulating hormone, luteinising hormone,
follicle-stimulating hormone, cortisol, growth hormone, and blood
glucose. The patients with acromegaly also had a standard 50 g oral
glucose tolerance test during which blood glucose and serum growth
hormone concentrations were measured at 30-minute intervals for
two and a half hours and a "growth hormone day-curve" used to
obtain a mean circulating growth hormone concentration from samples
taken on one day at 0830, 1300, 1700, and 1900 as described.5

Administration of bromocriptine-After this evaluation, the patients
were started on bromocriptine treatment. This was the only drug used
and no patient was given any other concomitant treatment for their
pituitary tumour. Bromocriptine was started slowly and the first dose
was taken during a snack before retiring. The initial daily dose was

7 5 mg in divided doses taken during food, this was increased to
between 15 mg and 60 mg daily if necessary until the prolactin
concentration was suppressed to within the normal range.

Assessment duiring treatment-All patients with a visual acuity of
worse than 6/12 were monitored in hospital for two weeks, during
which time visual acuity was measured daily and the fields were

plotted weekly. Thereafter, fields were plotted monthly. Basal endo-
crine assessment was carried out at least monthly. A further complete
re-evaluation was then performed in hospital after three months of
treatment and at intervals thereafter. The contrast studies were

reviewed by all the participants and only when there was unanimous
agreement were the tumours reported as changing in size. If there was

no evidence of a reduction in pituitary tumour size by three months,
the patients were referred for surgical treatment. The patients were

followed up for between three and 22 months (mean 7 6).

TABLE II-Effect of bromocriptine treatment

Prolactin (mU/1) Growth hormone (mU/I)*
Pituitary hormone Change in pituitary

Case No Before treatment During treatment Before treatment During treatment Tumour size deficiencyt hormone reserve+

1 4 000 1642 - - Reduced GH LH LH+
2 26 000 1950 4 4 Reduced
3 1 243 <60 23 14 Reduced LH TSH ACTH LH+ TSH+
4 1 184 <60 - - Reduced GH LH TSH ACTH
5 750 000 130 000 - - Reduced GH LH -
6 26 200 60 - - Reduced GH LH
7 132 <60 - - Reduced GH LH-
8 3 600 84 - - Reduced GH GH+
9 25 900 153 - - Reduced GH
10 3 840 135 - - Reduced GH LH TSH ACTH LH+ TSH+ ACTH+
11 3 435 <60 - - Reduced GH LH LH+
12 3 369 <60 - - Reduced GH LH GH+ LH+
13 3 160 84 - - Equivocallv reduced GH GH +
14 1 284 <60 - - Equivocally reduced GH LH TSH ACTH
15 882 <60 - - No change GH LH
16 1 494 < 60 - - No change GH LH ACTH ACTH+
17 1 609 <60 - - ,No change GH LH ACTH
18 15 145 254 - - No change GH LH LH+
19 492 <60 - - No change GH LH ACTH-

* Mean of 4 values during the day.
t Criteria defined in text.
t + = Return of normal reserve. - Development of deficiency.
GH = Growth hormone. LH = Luteinising hormone. TSH = Thyroid-stimulating hormone. ACTH = Adrenocorticotrophic hormone.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.284.6333.1908 on 26 June 1982. D

ow
nloaded from

 

http://www.bmj.com/


1910

Definitions-Hyperprolactinaemia was defined as a mean of three
basal serum prolactin concentrations greater than 360 mU/1. In the
patients with acromegaly, the clinical presentation was compatible
with the diagnosis, and the growth hormone concentration failed to
suppress to less than 2 mU/l during a 50 g oral glucose tolerance test.
Growth hormone deficiency was defined as a rise in serum growth
hormone to less than 20 mU/l and adrenocorticotrophic hormone
deficiency as a rise in serum cortisol to less than 550 nmol/l (20 Hg/
100 ml) during the insulin tolerance test, provided the blood glucose
fell to less than 2 2 mmol/l (40 mg/100 ml) and there were signs of
neuroglycopenia. Patients with luteinising hormone deficiency had
either a rise to less than 13 U/l, 20 minutes after intravenous luteinising
hormone releasing hormone or in the men a subnormal concentration
of testosterone at 0900 without concomitant rise of serum luteinising
hormone. Patients with thyroid-stimulating hormone deficiency had a
subnormal free thyroxine index without a concomitant rise of serum
thyroid-stimulating hormone.

Immunoassays-Prolactin and growth hormone were measured by
radioimmunoassay, with MRC 71/222 as prolactin standard and
MRC 66/217 as growth hormnone standard.20 21 Luteinising hormone,
follicle-stimulating hormone, and thyroid-stimulating hormone were
also measured by standard radioimmunoassays using MRC 68/40
as luteinising hormone standard, MRC 69/104 as follicle-stimulating
hormone standard, and MRC 68/38 as thyroid-stimulating hormone
standard.22 Thyroxine radioimmunoassay utilised Sigma T4 as
standard and the thyroid hormone uptake test (Sephadex uptake of
l5abelled T3) was used to calculate the free thyroxine index.2'

Testosterone was measured after extraction by radioimmunoassay.24
Cortisol was measured by fluorimetry and blood glucose was measured
by a neocuproine method.

Results

Radiological-All 19 patients had grossly enlarged pituitary fossae
on plain skull radiographs. CT scans before treatment showed a supra-
sellar extension in 15 patients and in addition four tumours extended
into a cavernous sinus; conventional contrast studies showed a supra-
sellar extension in 18 patients. One of these 18 patients and one other
had a pronounced lateral extension producing oculomotor nerve
compression. No pituitary tumour enlarged during treatment (table II).
In 12 patients, including the one with the apparently non-functioning
lesion, comparison of the contrast studies showed an unequivocal
decrease in the size of the pituitary tumour; two others with equivocal
shrinkage were not subjected to surgical exploration but were followed
up for longer periods. The extrasellar extensions were completely
eliminated in seven patients and in two of these a partially empty sella
developed 16 and 22 months after starting treatment with bromo-
criptine.

Ophthalmological-Tilted discs were not present in any patient.25
Before treatment visual fields were abnormal in nine patients: upper
temporal defects were present in seven, and more extensive defects of
vision in the two patients who had had surgery and radiotherapy else-
where and presented with recurrence of the tumour. The defects
improved in seven of the nine affected patients, becoming completely
normal in five. Visual-evoked responses were performed before and
during bromocriptine treatment in 13 patients. They were normal in
three, equivocal in two, and showed abnormalities typical of chiasmal
compression in eight. The responses were improved in six patients,
unchanged in four, and deteriorated in three. Ptosis and diplopia
disappeared in both patients with oculomotor nerve palsies.

Endocrine evaluation (table II)-Prolactin concentrations were
raised in 18 patients (range 492 to 750 000 mU/l). Two of these patients
also had acromegaly (mean serum growth hormone 4 and 23 mU/l).
One patient had a tumour presumed to be non-functioning as there
was no evidence of hyperprolactinaemia or acromegaly. Patients with
hyperprolactinaemia greater than 2000 mU/l had a higher incidence of
a reduction in tumour size. Thus only two of 11 patients in this group
showed no definite change. Five out of eight of the patients with
prolactin concentrations below 2000 mU/l had no clear change in
pituitary tumour size. Pituitary hormone reserve was partially or
completely deficient in all but one patient before starting bromo-
criptine. Every non-acromegalic patient (17) was deficient in growth
hormone, 13 were deficient in luteinising hormone, six deficient in
adrenocorticotrophic hormone, and four in thyroid-stimulating
hormone. Pituitary function improved in nine patients, and became
entirely normal in three. Some patients regained normal reserves of
more than one anterior pituitary hormone-growth hormone secretion
became normal in three, luteinising hormone secretion in six,
adrenocorticotrophic secretionintwo, and thyroid-stimulatinghormone
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in two. Pituitary function deteriorated in three patients; in one of these,
no reduction occurred in the size of the tumour and in a second,
prolactin concentrations could not be fully suppressed despite a high
dose of bromocriptine. On 7-5 mg/day bromocriptine, prolactin
concentrations were suppressed to normal in 10 patients; the
remaining nine patients required higher doses to suppress prolactin
concentrations to normal, but in three, prolactin concentrations could
not be suppressed to normal despite at least 30 mg/day of bromo-
criptine (range 1642-130 000 mU/l). Mean growth hormone concentra-
tions through the day of the acromegalic patients having treatment
were 4 and 14 mU/l.

Discussion

In this prospective study of 19 patients with large extrasellar
extensions to their pituitary adenomas treatment with bromo-
criptine alone decreased the tumour size in two-thirds of
patients, the remainder showing no further increase in size of the
tumour during the follow-up. Most of these patients had
pituitary tumours secreting prolactin, but a decrease in tumour
size has also been shown in patients with pituitary tumours
secreting prolactin and growth hormone as well as in one
patient with an apparently non-functioning pituitary tumour.
Our criteria for assessing pituitary tumour size were strict.

We carried out serial conventional contrast studies with tomo-
graphy because this is an accepted and accurately reproducible
way of delineating the tumour. It is difficult to ensure precisely
the same cuts by using serial computed tomography, and serial
visual-field determination provides only an indirect means of
assessing reduction in the size of a pituitary tumour, as it
includes reversal of the pressure effects on the optic nerves.
Pituitary size did not diminish in five patients, and pituitary
surgery was therefore advised and has been performed in four
with improvement in fields in each patient with prior defects.
Patients with prolactin concentrations above 2000 mU/l before
treatment showed a higher frequency of tumour shrinkage (83%
v 370o) but no other factor predicted which patients would
respond satisfactorily; tumour size, length of history, apparent
vascularity, or consistency of the tumour on CT scanning. Thus
both cystic and vascular tumours occurred in the responsive and
unresponsive groups.

In addition to the pronounced reduction in tumour mass and
neighbourhood symptoms with bromocriptine, pituitary function
improved in nine out of 19 patients. This overall improvement
contrasts sharply with the alternative surgical treatment, where
pituitary function often deteriorates. 9 The incidence with which
pituitary function improves on medical treatment has not
previously been assessed in such a large prospective series.
Presumably this improvement occurs as a further consequence
of the decrease in tumour size, thus allowing the normal pituitary
tissue to regain functional contact with the hypothalamus.

Clearly the reduction in pituitary size was a direct effect of the
dopamine agonist, bromocriptine. Work in animals has shown
that bromocriptine decreases DNA synthesis in pituitary
lactotrophs and it has also been shown that oestrogen-induced
mitosis is decreased by bromocriptine.26 Tumours secreting
both growth hormone and prolactin transplanted under the skin
in rats decreased in size.27 28 Bromocriptine may also decrease
pituitary tumour size by affecting the vascularity of the gland.
Whatever the mechanism of action of bromocriptine, it seems
most likely that its property as a dopamine agonist is important
because there are isolated reports of other dopamine agonists,
particularly lisuride, decreasing pituitary tumour size.29
Our findings support those of our earlier retrospective study,

which showed a decrease in pituitary fossa size in the plain skull
x-ray film in 14 of 69 patients treated long term.30 We felt then
that this incidence of shrinkage was likely to be an underestimate
since most patients whose tumours shrink develop a partially
empty fossa rather than showing reduction in fossa size. In
smaller series of five and six patients with prolactin-secreting
adenomas who were subjected to serial studies of tumour size
Macgregor et al13 and more recently Prescott et al32 have
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reported that all prolactinomas decrease in size; our experience
suggests that this is not always the case but that most do so.
Chiodini et al have also studied several patients using serial CT
scanning but have not assessed pituitary function.29 In their
series a large proportion of tumours (620% ) decreased in size
during the period of follow-up. Thorner et al showed in two
patients that these decreases in tumour size may occur rapidly-
sometimes within two weeks.33 Spark et al34 reported that 10 of
12 patients showed tumour shrinkage on CT scanning but nine
had also had surgical and radiotherapeutic treatment previously.

Until now the management of large pituitary tumours with
extrasellar extensions has been unsatisfactory. Surgery rarely
renders the patient endocrinologically normal and hypopitui-
tarism is much more frequent after surgical treatment of large
than small pituitary tumours; radiotherapy works too slowly to
be useful in the urgent occurrence of extrasellar extension to a
pituitary tumour. Medical treatment appears to be highly
effective in most patients. In patients whose tumours did not
decrease in size, vision did not deteriorate during the trial
period and subsequent operation performed three months after
beginning bromocriptine resulted in a return of the visual fields
to normal. Close radiological, ophthalmological, and endocrine
supervision is necessary during this time. Particular care should
be exercised in the management of patients with severe bilateral
visual loss, who have a high risk of persisting visual disability.35
The treatment of large pituitary tumours by dopamine

agonists is an important advance. Our findings suggest that
patients with large extrasellar pituitary tumours should have a
trial of bromocriptine before any ablative treatment either with
surgery or external pituitary irradiation, as there is a good chance
that the tumour will decrease in size and pituitary function will
improve. Treatment should continue at least until the tumour is
entirely contained within the pituitary fossa, then radiotherapy
to reduce tumour growth potential may be considered. Our
preferred method of radiotherapy, using a linear accelerator
delivering 4500 rads with a three-field technique in 26 fractions
over 35 days, is effective and carries no hazards when properly
planned.

This work is supported by the Joint Research Board of St Barth-
olomew's Hospital, the Peel Medical Trust, and the Medical Research
Council.
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MEDICINES APPROPRIATED TO THE REINS AND BLADDER-The office of the
reins is, to make a separation between the blood and the urine; to
receive this urine thus separated from the blood, is the bladder
ordained, which is of a sufficient bigness to contain it. Both these parts
of the body officiating about the urine, they are both usually afflicted
by the vices of the urine. 1. By stones. 2. By inflammation. 3. By thick
humours. Medicines appropriated to the reins and bladder are usually
called Nephriticals, and are threefold; some cool, others cut gross
humours, and a third sort breaks the stone.

In the use of all these, take notice, that the constitution of the reins
and bladder is such, that they abhor all binding medicines because
they cause stoppage of urine. Take notice, that the reins and bladder
being subject to inflammations endure not very hot medicines.
Because the bladder is further remote from the centre of the body than
the kidnies are, therefore it requires stronger medicines than the
kidnies do, lest the strength of the medicine be spent before it be
come to the part afflicted. (Nicholas Culpeper (1616-54) The Complete
Herbal, 1850.)
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