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Anterior pituitary function after adrenalectomy in patients
with Cushing's syndrome
M. Marazuela', C. Cuerda, T. Lucas, A. Vicente, C. Blanco and J. Estrada

Service ofClinical Endocrinology, Clinica Puerta de Hierro, and 'Service of Endocrinology, Hospital de la
Princesa, Madrid, Spain

Summary: We assessed anterior pituitary function in five patients with Cushing's syndrome before
and after the removal of cortisol-secreting adrenal adenomas. Before surgery, all patients lacked response
of growth hormone to hypoglycaemia, four had low responses of thyrotrophin to thyrotrophin releasing
hormone, three had hypogonadism and two had low prolactin reserve. After successful removal of the
adrenal adenoma, all patients developed postoperative hypoadrenocorticism and recovered all impaired
anterior pituitary hormones within a period of 3 months. Our results point to a direct inhibiting action of
glucocorticoids at the pituitary level as the explanation for the impaired anterior pituitary function.
Moreover, direct gonadal suppression by glucococorticoids may be an additional mechanism of
hypogonadism in some patients.

Introduction

Although several investigators have described
abnormalities of anterior pituitary function in
Cushing's syndrome,'-4 little information has been
provided on the attainment of residual pituitary
function after treatment of the disease.1'5'6 More-
over most studies have evaluated pituitary function
after transsphenoidal surgery for Cushing's disease
rather than after adrenal surgery.6 Although some
authors have proposed a primary hypothalamic
mechanism,7 most reports point to hypercor-
tisolism as the cause of the abnormalities. 15'6

In an attempt to clarify these results, we
examined the anterior pituitary function, as well as
thyroid and gonadal functions, before and after
surgery in five patients with Cushing's syndrome
secondary to adrenal adenoma, with special
emphasis on the study of the gonadal axis.

Patients and methods

Anterior pituitary function was studied in five
patients (four females and one male) with
Cushing's syndrome prior to and after the removal
of an adrenal adenoma. Ages ranged from 27 to 53
years with a mean of40 ± 9. Diagnosis was reached
on the basis of clinical findings and routine
laboratory tests, as well as abdominal computed
tomography. Basal levels of 24-hour urinary free
cortisol (UFC) ranged from 130 to 700 tig/day

(mean ± SD: 346 ± 203 tg/day). After surgical
adrenalectomy, all patients had a clinical remission
and developed postoperative hypoadrenocor-
ticism. Pituitary, thyroid and gonadal functions
were assessed prior to and 3 ± 1 months after
adrenalectomy.
We studied the responsiveness of anterior

pituitary gland to simultaneous stimuli with insulin
(0.2 U/kg), thyrotrophin releasing hormone
(TRH) (200 pg) and gonadotrophin-releasing hor-
mone (GnRH) (100 fg). The hypoglycaemic
stimulus was considered adequate if the plasma
glucose level fell below 2.2 mmol/l and this was
achieved in all cases. Normal responses were
considered to be a serum growth hormone (GH)
> 7 ng/ml, an increase in thyroid stimulating hor-
mone (TSH) of 5-25 U/ml, a 3-5-fold increase in
prolactin (PRL), a three-fold rise in luteinizing
hormone (LH) and a 1/2 to two-fold rise in
follicle-stimulating hormone (FSH). Hyperrespon-
siveness was considered when the increments were
more than 5-fold and 10-fold in FSH and LH,
respectively. Basal levels of serum total thyroxine
(T4), total triiodothyronine (T3), oestradiol (E2),
progesterone (P) and total testosterone (TE) were
measured in all cases. The free T4-index (FT4I) was
calculated on the basis of the RT3 uptake.

Results

The results of the anterior pituitary, thyroid and
gonadal function prior to and after surgery are
summarized in Table I. Preoperatively, GH did not
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Table I Pituitary function before and after adrenalectomy

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
F/27 F/34 M/46 F/42 F/53

Sex/Age Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop. Preop. Postop.

UFC (tg/24 hours) 525 8 130 6 700 9 468 <5 540 7
GH (ng/ml)

Basal 0.2 1.8 1.6 0.5 0.2 3.3 0.2 0.3 0.2 0.3
Peak 0.2 14.5 6.3 26.0 0.4 20.0 0.7 15.8 2.2 7.9

PRL (ng/ml)
Basal 4.5 3.6 6.3 7.2 3.7 2.4 2.8 7.2 5.6
Peak 6.0 19.0 9.0 24.5 21.8 15.0 51.6 51.0 43.7

TSH (OU/ml)
Basal 3.3 4.8 2.3 2.7 1.0 3.0 0.4 0.9 0.8 1.0
Peak 5.1 15.0 9.8 5.3 2.0 10.5 2.2 7.8 3.3 4.2

LH (mU/ml)
Basal 2.0 3.5 7.3 19.8 2.4 5.8 1.3 50.9 12.0 44.0
Peak 2.1 22.5 40.5 88.0 17.5 26.0 37.0 373.0 85.0 102.0

FSH (mU/ml)
Basal 2.0 5.5 4.4 8.6 2.2 2.3 2.8 41.3 29.0 91.2
Peak 2.9 10.1 6.7 12.8 10.2 6.4 10.7 104.0 81.0 89.0

T4 (pg/dl) 4.1 9.3 6.8 8.9 6.1 7.2 7.7 9.1 *1.02 *1.4
T3 (ng/ml) 0.3 1.7 0.6 1.3 0.6 1.6 0.8 1.2 0.7 1.5
E2 (pg/ml) 108.0 0.25 115.0 102.0 - - 108.0 120.0 2.9 <
P (ng/ml) 0.3 4.0 7.0 6.7 - - 0.26 6.0 0.1 0.1
TE (ng/ml) - - - - 1.6 6.3

UFC = urinary free cortisol; PRL = prolactin; *FT4 (free thyroxine) (ng/dl).

respond to hypoglycaemia in all cases. In the
assessment of thyroid function, only one of our
patients (patient 1) had a low T4 level with a
normal FT4I. Total T3 levels were low in all cases
(median + SD: 0.6 + 0.2). The TSH response to
TRH was low in four cases (patients 1, 3, 4 and 5)
(80%). The adult male (patient 3) was impotent
and had a low testosterone level, with a normal LH
response to GnRH and hyperresponsiveness of
FSH to GnRH. Among the females, patient 2 had
cyclic menses; patients 1 and 4 complained of
amenorrhoea and had diminished and supranor-
mal LH and FSH responses to GnRH, respectively;
and patient 5 was postmenopausal. Basal PRL
levels were normal in all patients, and failed to
respond to TRH in two (patients 1 and 2).

After successful adrenalectomy, recovery ofGH,
TSH, PRL, FSH and LH responses to hypogly-
caemia, TRH and GnRH were documented in all
cases with preoperative deficit (Figure 1). Basal
levels of T4, T3, E2, progesterone and testosterone
were also normalized in all patients with subnormal
preoperative levels (Table I). The premenopausal
and perimenopausal women regained normal
cycles and the male patient recovered normal
sexual function.

Discussion

There are conflicting reports about the effect of
glucocorticoids on anterior pituitary hormones.'-6

Although the suppression of TSH and GH has
been widely recognized, it is not clear whether
secretion of other pituitary hormones is also
affected.'-6

In our study, diminished or absent GH response
to hypoglycaemia was found in all patients prior to
adenalectomy, with recovery of normal function
following clinical remission. Although suppression
of the response of GH to hypoglycaemia has been
documented previously in patients with Cushing's
syndrome secondary to pituitary adenomas,'15'7'8 it
has seldom been reported in patients with adrenal
adenoma or carcinoma.6'9 In addition, GH sup-
pression has been found in normal subjects receiv-
ing long-term high-dose glucocorticoid therapy.'l
Recovery of GH responsiveness after clinical
remission has been reported in Cushing's disease'
as well as in one patient with Cushing's syndrome
secondary to adrenal adenoma.6 Although a
primary hypothalamic or central nervous system
abnormality was postulated as the cause of faulty
GH regulation in Cushing's disease,7 recent
reports, including our results, point to hypercor-
tisolaemia as the mechanism behind impaired GH
secretion in Cushing's syndrome.'5'8

Decreased responsiveness of plasma TSH to
TRH was found in four of our five patients, with
recovery in all cases after adrenalectomy. Previous
reports have documented subnormal TSH res-
ponses to TRH in Cushing's syndrome as being
either of pituitary or adrenal origin.3'6'11'3
Although preliminary reports found no suppres-
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Figure 1 Plasma GH, PRL and TSH responses to insulin-induced hypoglycaemia and TRH before and after
adrenalectomy.
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sive effect of glucocorticoids on TSH secretion,14
recent data demonstrate TSH suppression during
short-term high-dose and long-term low-dose
glucocorticoids treatment." The decreased res-
ponse to TSH to TRH is probably secondary to a
suppressive action of glucocorticoids on TSH
release at the pituitary or suprahypophyseal level."
Low to normal total T4, with low total T3 and low
thyroxine binding globulin levels have also been
found in endogenous and exogenous Cushing's
syndrome, as in other non-thyroidal disorders.'2
Only one of our patients had a low T4 level with a
normal FT4I, but all patients had low total T3
levels that were normalized after successful
surgery. The low levels of total T4 are probably
related to a glucocorticoid-mediated suppression
of thyroid binding globulin," while the pro-
nounced lowering of total T3 is secondary to the
suppressive effect of glucocorticoid in peripheral
conversion of T4 to T3.12

Although it is well known that patients with
Cushing's syndrome frequently complain of
oligomenorrhea or hypogonadism, the mechanism
of hypogonadism in Cushing's syndrome secon-
dary to adrenal adenoma remains unclear; whereas
some authors point to the gonad as the main site of
glucocorticoid suppression,'5 others consider the
hypothalamo-pituitary level to be the primary site
of glucocorticoid action.16-'8 The aetiology of
hypogonadism in our group of patients was
heterogeneous. One patient probably had an
hypothalamic-pituitary dysfunction with
diminished GnRH response (patient 1), while the
primary site of suppression in the other two
patients (patients 3 and 4) was probably the gonad,
with supranormal FSH responses to GnRH.15'16
After successful adrenalectomy, all these patients

recovered normal gonadal function. In recent
studies of Cushing's syndrome,'5 the gonad was
found to be the primary site of suppression in
adrenal adenomas with normal or supranormal
LH and FSH responses, while in pituitary micro-
adenomas, the defect was located at the pituitary or
the hypothalamic level. Our data suggest that in
Cushing's syndrome secondary to adrenal
adenoma there are both hypothalamo-pituitary
and gonadal sites ofsuppression by glucocorticoids
that can be successfully treated by correcting
hypercorticism. Although some authors suggest
that the inhibitory action of glucocorticoids on
gonadotrophin synthesis or release is related to GC
levels,'8 we have not corroborated these findings.
Two or our patients showed a diminished prolac-

tin response to TRH prior to adrenalectomy, but
recovered it after remission of hypercortisolism. In
previous studies of patients with adrenal
adenomas, only in one case was prolactin response
to TRH blunted.36'7 Pharmacological doses of
glucocorticoids can suppress prolactin secretion
stimulated by TRH.'9'20 This suppression is prob-
ably related to a direct effect of glucocorticoids on
the anterior pituitary gland.
Our data demonstrate the suppression of

numerous responses of anterior pituitary hor-
mones in patients with Cushing's syndrome secon-
dary to adrenal adenoma, all of which became
normalized after recovery from adrenalectomy.
These findings suggest direct inhibiting action of
prolonged high serum glucocorticoid levels on the
anterior pituitary gland. However, the mechanism
of hypogonadism is probably heterogeneous, with
glucocorticoid suppressive actions at gonadal and/
or pituitary levels.
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