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study showed the annual health expenditure to be Rs 89.9 per
person and Rs 449 per household. The increase in the health
expenditure over this period is possibly due to inflation. In 1975
S~ et al. \3 estimated the annual PCHE in a rural area of
Tamil Nadu to be Rs 24 whereas a study from Mumbai? among the
urban poor, found the annual per household health expenditure to
be Rs 300 or more.

The morbidity pattern of this rural community, the health care
utilization pattern and the PCHE indicate that strengthening of the
government primary health centres and subcentres in this area and
changing the health-seeking behaviour of the population may
allow the voluntary agency to withdraw. Also the PCHE can be
kept at an affordable level if sufficient and efficient health care
services are provided.
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Growth hormone-producing pituitary tumours:
Clinical profile and results of surgery
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ABSTRACT
Background, Growth hormone-producing pituitary tumours

present with a wide variety of manifestations. The optimum
diagnostic work up, management and follow up of such
patients is complex and involves a multidisciplinary approach.
There is paucity of data from India with regard to the clinical
presentation and results of surgery for growth hormone-
prodUCing tumours.
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Methods. We studied the first 50 patients presenting during
1989-94 with growth hormone-producing pituitary tumours to
our centre. The work up included detailed endocrine and radio-
logical assessment. The surgical outcome was analysed for 35
patients who were operated (trans-sphenoidal 29, transcranial
6) at our centre.

Results. All the patients had macroadenomas [mean (SO)
diameter 3.12 (0.87) cm]. Seventy-five per cent of the patients
had supra- and/or parasellar extension and 57% had visual
field defects. Tumour size correlated with the preoperative
basal (r=O.57) and glucose-suppressed (r=O.54) growth hor-
mone levels. Thirty-three of the 35 patients operated at our
centre (trans-sphenoidal 28, transcranial 5) were available for
follow up (median duration 34 months). After trans-sphenoidal
surgery alone, 12 of the 28 (43%) patients had normalization
of growth hormone levels (post-glucose growth hormone
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<5 ng/ml), and 9 of 11 (82%) showed improvement in visual
fields.

Conclusion. In India, growth hormone-producing pituitary
tumours are usually large in size. The growth hormone levels
correlate with the size of the tumour. These tumours can be
effectively treated by trans-sphenoidal or transcranial surgery.
Natl Med J India 1996;9:262-5

INTRODUCTION

Patients with growth hormone (GH)-producing pituitary tumours
present with diverse clinical manifestations which can be broadly
classified into three categories:

1. Related to GH excess-soft tissue enlargement and musculo-
skeletal manifestations, hypertension and its sequelae, and
metabolic complications such as hyperglycaemia, hyper-
calciuria, and hyperphosphataemia.

2. Occurring as a result of tumour compression-neuro-
compressive features such as visual defects and features of
hypopituitarism such as gonadotropin, ACTH and TSH
deficiency.

3. Related to associated hormone excess such as hyperpro-
lactinaemia.

While the advent of trans-sphenoidal surgery has improved
the outcome of these patients, their management requires close
coordination between the neurosurgeon, endocrinologist, neuro-
ophthalmologist and radiotherapist. Very few centres in India
have such facilities. In this report we describe our experience of
50 patients with these tumours (1989-94) managed at our centre,
where all these facilities are available.

PATIENTS AND METHODS

The first 50 patients who presented to us with Gll-producing
pituitary adenoma were studied. Of these, 35 patients were
studied prospectively. Fifteen patients who were primarily man-
aged elsewhere and then followed up or further treated at our
centre were analysed retrospectively. At presentation, the patients
underwent a detailed clinical examination. The patients were
subjected to visual acuity testing, visual field charting (Goldmann
perimetry for static and computerized perimetry for kinetic
objects) and ocular fundus examination. Endocrine evaluation
included the following serum parameters: basal and glucose-
suppressed GH level (1 hour following 100 g glucose), T4,
prolactin, oestradiol/testosterone, leutinizing hormone (LH),
follicle stimulating hormone (FSH) and adrenocorticotrophin
(ACTH)-stimulated plasma cortisol (short ACTH stimulation)
test using 0.25 mg aqueous ACTH i.m. (Sunacthen-CIBA) with
samples at 0 and 60 minutes. All hormone measurements were
performed using standard immunoassay techniques and the intra-
and inter-assay variation was less than 5%.

The patients were also subjected to a standard glucose toler-
ance test and were classified as having impaired glucose tolerance
(lGT) or diabetes mellitus as per the World Health Organization
criteria. I To assess posterior pituitary function, all patients were
investigated for polyuria, and those suspected of having diabetes
insipidus were investigated by estimating the serum and urine
osmolality following a standard water deprivation test. Imaging
studies included plain and contrast-enhanced computerized
tomographic (CT) scan and/or magnetic resonance imaging (MRl)
of the sellar region for size, extent and invasion of the tumour.
Radiologically, the tumours were graded for invasion into the
sella as follows.'
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Grade I: Intrapituitary adenoma, diameter < 1 cm
Grade II: Intraseller adenoma, diameter> 1 cm, enlarged sella
Grade III: Diffuse sellar enlargement, localized sellar erosion
Grade IV: Invasive adenoma, extensive destruction of bony

structures.

Tumour extent was classified based on CT or MRI of the sella
according to the classification used by the European pituitary
surgeons:"

SO: sellar mass without suprasellar extension
S I: suprasellar extension without chiasmatic syndrome
S2: suprasellar extension with chiasmatic syndrome
S3: suprasellar extension with occlusion of the foramen of Monroe

and hydrocephalus. Parasellar and sphenoidal extension was
looked for and documented.

After evaluation and control of medical conditions such as
diabetes and hypertension, the patients were taken up for surgery.
Twenty-nine patients underwent surgery through the trans-
sphenoidal and 6 through the transcranial route. The indication
for transcranial surgery was marked supra- and/or parasellar
extension.

Postoperatively, the patients were assessed at 6 weeks. The
subsequent follow up depended on the results of evaluation.
However, all patients were seen at least once every 6 months.
Postoperative external beam radiotherapy using either Telecobalt
or 6-10 mV X-rays by linear accelerator (45 Gy over 5 weeks;
180 cGy/fraction) was given to patients with a residual tumour.
This was diagnosed on the basis of a postoperative CT scan or
MRI of the sellar region at 6 weeks. The presence of a tumour
mass, convex upper border of the pituitary, shift of the pituitary
stalk or different enhancement on contrast injection was consid-
ered to be a residual mass, provided the post-glucose GH level was
not suppressed.

Statistical analysis
Correlation analysis was done with Pearson's coefficient. The
difference in the values of variables between the pre- and post-
operative periods were compared with Student's t-test,

RESULTS
Clinical features
The mean (SO) age of the patients was 33.5 (11) years (range 12-
60 years) and the mean duration of symptoms was 4.6 (2.6) years
(range: 1-12 years). All the patients had a history of increasing
hand and feet size, coarsening offacial features and prognathism.
Seventy-eight per cent had bilateral, diffuse headache which
required long term analgesic therapy. Of the 35 patients operated
at our centre, 19 (54%) had visual field restriction and 16 (46%)
had impaired visual acuity preoperatively. Seventeen of the 28
female patients had oligo- or amenorrhoea. Two of the three
patients with pituitary apoplexy were treated at our centre. Both
these patients had severe headache and vomiting followed by
altered sensorium and sudden significant loss of vision.

Diabetes and hypertension were present in 14 and 12 patients,
respectively. Ten patients had associated thyroid disorders: dif-
fuse euthyroid thyromegaly (5), euthyroid multinodular goitre (4)
and toxic solitary thyroid nodule (l).

Five patients had unusual primary presentations such as diabe-
tes insipidus (1), epistaxis and nasopharyngeal mass (1), renal
calculus (I) and congestive heart failure (2). Figures I and 2 show
the axial and coronal sections of the CT scan of the sella of the
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Fit; I. Axial CT scan

patient who presented to an ENT surgeon with epistaxis and nasal
mass.

Hormonal profile
All the 35 patients who underwent surgery at our centre had
preoperatively non-suppressed GH levels (>5 ng/rnl) after oral
glucose. The other preoperative hormonal findings were a low
thyroxine level (serum T4 <70 nmollL) in 6 (17%), hypocortisolism
(basal 8 a.m. plasma cortisol < 140 or ACTH-stimulated 60 minute
plasma cortisol <540 nmolfL) in 6 (17%), hypogonadism (serum
testosterone < 10 nmolfL or oestradiol <150 pmolfL) in 13 (37%),
hyperprolactinaemia (prolactin >540 miu/L) in 12 (34%) and
diabetes insipidus in I patient. The preoperative basal and glu-
cose-suppressed GH levels correlated with tumour size (r:=0.57
and 0.54, critical values 0.36 and 0.43, respectively). The early
postoperative (6 weeks) GH levels could be assessed in 33
patients. Two patients, one each from the transcranial and trans-
sphenoidal groups were lost to follow up. The mean (SD) basal
and glucose-suppressed GH levels among patients undergoing
trans-sphenoidal surgery were significantly different in the pre-
and postoperative period [basal GH 56.6 (35.5) v. 20.4 (21.8) ng/
ml, p<O.OOI; glucose-suppressed GH S1.7 (26.7) v. 19.6 (20.4)
ng/ml, p<O.OOI]. Twelve (43'lr) of the 28 patients who underwent
trans-sphenoidal surgery had postoperative normalization of GH
(glucose-suppressed GH <5 ng/ml) and in 8 (29%) this level was
<2 ng/rnl. Another twelve (437<) of this group had partial recovery
(>50<;7,reduction in basal GII and glucose-suppressed GH >5 ng/
ml) while the remaining 4 (14%) had persistently high GH levels
«50% decrease in basal GH after surgery). In none of the 5
patients followed up after transcranial surgery did the GH levels
become normal. Fifteen patients had CT scan evidence of residual
tumour and were given postoperative radiotherapy. Five of these
patients have been followed up for more than 2 years and in 4 of
them the glucose-suppressed GH level was <5 ng/ml.

Imaging
All 35 patients had a pituitary macroadenoma (> I ern). The mean
(SD) tumour size was 3.12 (0.87) ern (range 1.8-4.6 ern); II
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FI(; 2. Coronal CT scan

patients (32%) had grade II, 21 (60%) grade III, and 3 (8%) had
grade IV tumours.

Preoperatively tumour extension was graded as SO in 6 (17%),
S I in 8 (23%), S2 in 20 (57%) and S3 in I (3%) patient. Parasellar
or sphenoidal extension was present in 15 (43%) patients.

Postoperative course

Six patients developed diabetes insipidus (transient 3, permanent
3) in the postoperative period; 3 had been operated through the
trans-sphenoidal route. The other immediate postoperative com-
plications were transient leak of cerebrospinal fluid (5; all in the
trans-sphenoidal group), suhdural collection (2) and transient
hemiparesis (I). Hyperglycaemia improved in 10 out of 12 (83%)
patients and all of them could be switched from insulin to oral
hypoglycaemic agents. Hypertension was relieved in 7 out of 10
(70%) patients and 5 out of 17 (29%) patients with secondary
amenorrhoea started menstruating. Of the 33 patients followed
up, 3 developed partial hypopituitarism (hypocortisolism 2, hypo-
gonadism I); I of these was from the trans-sphenoidal group. Two
of the 6 patients having hypothyroidism preoperatively had
normal thyroid functions postoperatively, 2 of the 6 patients had
normal adrenal function and 5 of the 13 patients had normal
testosterone/oestradiol levels. The prolactin levels became nor-
mal in 8 of the 12 patients with hyperprolactinaemia. All the
patients who had recovery of pituitary function were from the
trans-sphenoidal group. Fifteen patients received postoperative
radiotherapy; II of these were from the trans-sphenoidal group.

Table I shows features of 7 poor responders who had less than
50% reduction in their GH level after surgery.

DISCUSSION
The clinical features in our patients such as acral enlargement and
metabolic complications were comparable with those reported in
other studies.t" However, the incidence of visual impairment
including field defects was much higher than in western series
(S4o/c v, 2.7%-14%). '." This is probably due to the larger tumour
size in our patients.

While diabetes insipidus is a known complication of pituitary



MODI et al. : GROWTH HORMONE-PRODUCING PITUITARY TUMOURS

TABLEI. Radiological and hormonal features of 7 poor responders

Tumour extent
on CTIMRI

Preoperative GH level (ng/ml) Surgical approach
Basal Glucose-suppressed

S2, PS,Sphe
S2, PS,Sphe
S2, Sphe
IA
IA
S2, PS
SI, PS

Trans-sphenoidal
Transcranial
Transcranial
Transcranial
Trans-sphenoidal
Trans-sphenoidal
Trans-sphenoidal

>40
>40
10
>40
>40
>40
>40

40
40
8.2
>40
>40
>40
>40

PS parasellar extension Sphe sphenoidal extension
S2 suprasellar extension with chiasmatic syndrome
S I suprasellar extension without chiasmatic syndrome

IA invasi ve adenoma

surgery, its preoperati ve occurrence is unusual in pituitary tumours 7

and has not been reported to occur in OR-producing tumours.
Interestingly, the disorder remitted in this particular patient post-
operatively. Although nasal extension of a non-functioning and
prolactin-secreting pituitary adenoma has been reported.! there
are no reports of OR-producing tumours presenting with a naso-
pharyngeal mass. Congestive heart failure and renal calculus are
known complications of OR excess; our patients initially pre-
sented to the cardiac and renal departments where the diagnosis
was suspected.

Most of the clinical presentations, including the high inci-
dence of preoperative hypopituitarism, can be explained by the
large tumour size. None of our patients had a pituitary micro-
adenoma in comparison to a 20%-50% reported incidence in the
literature. S.6 Seventy-seven per cent of the patients had suprasellar
extension and 60% had grade III or IV tumours compared to 17%
and 35%, respectively in western studies. 6 Expectedly, the tumour
size showed a correlation with the OR level, though not very
strong. The large size of the tumours was most probably because
of a delayed presentation. Similar findings have been reported
from other Indian centres.":" In comparison to OR-producing
turnours, most other pituitary tumours (such as micro-
prolactinomas) do not progress to the 'macro' level." Therefore,
one would expect at least some patients to present with micro-
adenomas, regardless of the stage of presentation. In view of the
recent recognition that some of these tumours may be associated
with mutations in the Gs-alpha subunits of 0 proteins, 13.14 further
studies at the molecular level may help to identify the difference,
if any.

Our results of trans-sphenoidal surgery compare favourably
with the available data. The reported success rate ranges from
37% to 71 %.15-19The variability in results could be due to several
factors, including tumour size and the criteria used to define
'cure'. The traditional criterion for cure has been glucose-sup-
pressed OR levels of <5 ng/rnl. This has recently been changed to
<2 ng/ml.'? These values were achieved in 44% and 30% of our
patients, respectively. Our results are similar to available figures
for tumours of comparable size.P:"

The complication rate in the early postoperative period was
acceptable, and comparable with existing data. The only unusual
complication was a transient hemiparesis which occurred in one
patient following transcranial surgery. Three of our patients
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developed features of hypopituitarism (of varying extent); one of
these was from the trans-sphenoidal group. This was not unex-
pected, as the turnours were large.

All the poor responders (7 patients) had large-sized tumours
with supra- and parasellar extension (Table I). This suggests that
the size and the extent of the tumour may be the reason for the poor
response. The transcranial approach was adopted whenever there
was marked supra- or parasellar extension. Whether the surgical
approach had any relation with the outcome is unclear.

Patients with evidence of residual tumour on imaging were
given radiotherapy. Although the follow up is short to assess the
efficacy as well as complications of radiotherapy, the results seem
encouraging. Patients with marginal elevations of OR and no
discernible residual tumour were treated with the dopaminergic
agonist bromocryptine, since other options like somatostatin
analogues were not available.
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