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Summary

Introduction. The aim of this study was to define the impact of surgery

on pituitary function in a large consecutive series of patients harbouring

non-functioning pituitary adenomas.

Materials and method. Between December 1982 and December 2000,

a total of 822 patients underwent primary surgery in the authors’ depart-

ment. In 721 cases a complete set of endocrinological data was available.

Functions of the pituitary-gonadal, pituitary-thyroid and pituitary-adre-

nal axes were assessed immediately before surgery and again one week,

3 months and 1 year after the operation, utilizing standardized tests and

commercially available assays.

Results. There was some degree of pre-operative hypopituitarism in

561 (85%) and 53 (86.3%) of the patients belonging to the transsphe-

noidal and the transcranial groups, respectively. Prior to transsphenoidal

[transcranial] surgery, 163 (31%) [34 (55.7%)] of the patients had sec-

ondary adrenal deficiency, 463 (76.6%) [49 (89%)] had hypogonadism

and 105 (19.1%) [14 (25.4%)] were hypothyroid. Preoperatively, pro-

lactin levels were mildly elevated in 167 patients (25.3%), whereas 1

year after surgery, levels were elevated in only 5 patients. Permanent

diabetes insipidus occurred in 4 patients, 2 from the transsphenoidal

group (0.3%) and 2 from the transcranial group (3.2%). Following

transsphenoidal surgery 110 (19.6%) of patients had normal pituitary

function [versus 0% after transcranial surgery], 169 (30.1%) [6 (11.3%)]

showed improvement, 274 (48.9%) [49 (73.7%)] had persistent deficits

and 8 (1.4%) [8 (15%)] showed deterioration of pituitary function.

Discussion. These data indicate that transsphenoidal surgery for non-

functioning pituitary adenomas in expert hands is, relatively, far less detri-

mental to patients compared with transcranial surgery. The latter carries a

much greater risk of post-operative deterioration in pituitary function.

Keywords: Non-functioning pituitary adenomas; pituitary surgery;

hypopituitarism; postoperative outcome; transsphenoidal; transcranial.

Introduction

In most cases, non-functioning pituitary adenomas

clinically present only after having reached a consider-

able size. Unless the lesions are found incidentally, they

result in clinical symptoms and signs secondary to com-

pression of adjacent anatomical structures, e.g. the pitui-

tary, optic pathways and oculomotor nerves. In early

series, visual compromise was the presenting sign in

the vast majority of cases. From the early 1980’s, the

development of imaging techniques, such as computer-

ized tomography (CT) and magnetic resonance imaging

(MRI), and the introduction of sophisticated laboratory

assessment of endocrinological function allowed much

earlier detection of these lesions. Due to the decreased

extension of the lesions, as a consequence of the earlier

detection, the prevalence of visual disturbances in

patients with non-functioning pituitary adenomas has

progressively declined and hormonal deficiencies in-

volving all axes of the hypothalamo-pituitary system

gradually evolved to become the leading presenting

symptoms and signs in these cases [2, 14, 27, 29, 45].

The importance of hypopituitarism is emphasised by

the fact that in patients with pituitary deficits there is a

clear tendency towards reduced quality of life and

reduced life expectancy [8, 12, 39]. Even in patients

on adequate replacement therapy, cardiovascular and

cerebrovascular diseases contribute significantly to the

increase of overall mortality [12, 39].

Selective adenomectomy, a term first introduced by

Hardy in 1969, equates to removal of as much tumorous

tissue as possible whilst preserving the surrounding nor-

mal pituitary gland and has since become the gold stan-

dard in modern pituitary surgery [25]. In this respect,



there are a considerable number of publications con-

cerning the endocrinological outcome of hypersecretion

syndromes in patients with pituitary adenomas but

surprisingly few data exist on the impact of surgical

intervention on post-operative pituitary function itself.

Thus, the aim of this study was the evaluation and

assessment of the exact degree of hypopituitarism before

and after primary surgery in a large consecutive series of

patients harbouring non-functioning pituitary adenomas

treated by a group of experienced pituitary surgeons

using standardized modern operative techniques. In

addition, the outcome in patients receiving transsphenoi-

dal and transcranial surgery has been compared to help

determine if there is a difference, in terms of post-opera-

tive pituitary function, between the two approaches.

Patients and methods

Patient selection

Between December 1982 and December 2000, a total of 1179 con-

secutive operations (1027 transsphenoidal and 152 transcranial) were

performed on patients harbouring non-functioning pituitary adenomas

in the Department of Neurosurgery of the University of Erlangen-

N€uurnberg. Of these, 822 patients (454 males and 368 females) under-

went primary surgery (750 transsphenoidal, 72 transcranial) and data

from these are the basis of the present study. The age at diagnosis ranged

from 11 to 84 years. Twelve patients were younger than 20 years. The

mean (�SD) age for all patients was 54.2 � 19 years.

Pituitary endocrine function was assessed preoperatively and on day 7

post surgery. Complete pre- and postoperative data were available in 819

patients. Further assessments were performed 3 and 12 months post sur-

gery, on 783 and 721 patients respectively. For the remaining patients,

mostly referred from abroad, reliable endocrinological follow-up data was

not available. Therefore, the endocrinological evaluation herein reported

concerns only patients for whom the results of the endocrinological eva-

luation were available pre-operatively and at 7 days and 12 months after

surgery (a total of 721 patients, 401 males and 320 females) corresponding

to 87.7% of the primary surgery group. The transsphenoidal and transcra-

nial approaches were used in 660 and 61 cases, respectively. The operative

techniques have been previously described [20, 23]. During surgery in all

cases, an attempt was made to resect the neoplastic tissues completely and

selectively. Compete tumour removal, based on neuroradiological assess-

ment at 3 months after surgery (demonstrating a classical ‘‘empty sella’’)

was achieved in 416 (62.9%) and 27 (44.2%) of the transsphenoidally and

transcranially ‘‘operated’’ patients, respectively. Sixty five patients

received postoperative external radiation therapy for residual invasive

tumour remnants 4–15 months (mean 6.3 � 2.2) after surgery.

Endocrinological evaluation

Anterior pituitary function

For evaluation of anterior pituitary function, dynamic stimulation was

performed with an intravenous bolus injection of 250mg synthetic adre-

nocorticotropic hormone (ACTH1–24) (Synacthen+, Ciba-Geigy, Wehr,

Germany), 200mg thyrotropin-releasing hormone (Relefact+, Hoechst,

Bad Soden, Germany) and 100mg gonadotropin-releasing hormone

(Relefact LH-RH+, Hoechst). Since March 1996 stimulation was per-

formed only by injection of ACTH. Basal and stimulated (30-minute)

cortisol, and basal thyroid-stimulating hormone, luteinizing hormone and

follicle-stimulating hormone were measured in the serum, as well as the

basal levels of prolactin, growth hormone, total (1982–1989) or free T3

and T4 (1989–2000), and also estradiol or testosterone according to the

patient’s gender. The basal values for hormones tested were assigned

according to the manufacturers’ instructions for the hormone assays used.

Hormones were measured using specific commercially available radio-

immunoassays (RIAs) and enzyme linked assays (ELISAs), as follows:

cortisol: 1982–89 RIA (Becton-Dickinson, Heidelberg, Germany),

1989–2000 ELISA (Abbott, Wiesbaden, Germany), prolactin: 1982–89

RIA (Behringwerke, Marburg, Germany), 1989–2000 ELISA (Behring-

werke, Marburg, Germany), gonadotropins: 1982–89 RIA (Behring-

werke, Marburg, Germany), 1989–2000 ELISA (Pharmacia &

Upjohn, Erlangen, Germany), testosterone: 1982–89 RIA (Sorin Bio-

medica SpA, Saluggia, Italy), 1989–2000 ELISA (BioChem Immuno-

Systems GmbH, Freiburg, Germany), oestradiol: 1982–89 RIA (Baxter,

Merz and Dase AG, D€uudingen, Germany), 1989–2000 ELISA (BioChem

ImmunoSystems GmbH, Freiburg, Germany), thyroid-stimulating hor-

mone: 1982–2000 RIA (Behringwerke, Marburg, Germany), total T3 and

total T4: 1982–89 RIA (Behringwerke, Marburg, Germany), free T3:

1989–2000 RIA (Behringwerke, Marburg, Germany) and free T4:

1989–2000 RIA (Baxter-Travenol, Munich, Germany).

Posterior pituitary function

Fluid intake, urine output and serum electrolytes were closely mon-

itored in all patients for possible disturbance of water and electrolyte

balance for 8 days postoperatively. A daily urine output >2500 ml with

low specific gravity and a normal serum sodium concentration was

considered indicative of diabetes insipidus.

In addition to hormone evaluation by the above mentioned tests, clinical

signs and symptoms of hypopituitarism were evaluated by means of a

standardised questionnaire and physical examination. In premenopausal

females, assessment of menstrual cycle abnormalities (e.g. oligomenor-

rhea or amenorrhea) and in males, loss of facial and body hair and loss of

libido and potency and low basal levels of estradiol and testosterone led to

the diagnosis of hypogonadism. Its pituitary origin was concluded from

low basal levels of gonadotropins and=or a less than three-fold increase in

luteinizing hormone and a less than two-fold increase in follicle-stimulat-

ing hormone after administration of gonadotropin-releasing hormone. In

case of postmenopausal women, failure of the hypothalamo-pituitary-

gonadal axes was diagnosed when the serum gonadotropins were low or

low normal in the presence of low serum estrogen. Secondary adreno-

cortical failure was diagnosed in cases of antecedent malaise, circulatory

collapse, unexplained vomiting, weight loss and insufficient stimulation of

the serum cortisol levels after ACTH administration (e.g. increase in

cortisol of less than 500.4 nmol=l during ACTH stimulation). Secondary

hypothyroidism was associated with constant feeling of coldness, coarsen-

ing and shedding of hair, thickening of the skin and low peripheral T3 and

T4 with lowered basal TSH and=or insufficient stimulation after TRH

administration in the absence of severe nonthyroid illness or of replace-

ment therapy with thyroid hormones for goitre prophylaxis. Growth hor-

mone secretion was not systematically assessed in these patients.

Tumour size

The size of the tumour was measured on MR images or CT scans and

additionally estimated intra-operatively by the surgeon by comparison with

micro-instruments. A spherical volume distribution was assumed and the

estimated mean diameter of the tumour was used for further calculations.

Immunohistochemistry

Adenoma tissue was investigated by immunohistochemistry, particu-

larly to exclude prolactinomas. When gonadotropins or ACTH were
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expressed by respective immunostaining, the tumours were classified as

non-functioning adenomas if serum cortisol, ACTH, LH and FSH levels

were normal or subnormal.

Statistical analysis

Statistical analysis of the data concerning the influence of age, tumour

size and preoperative prolactin level on the degree of hypopituitarism

and improvement of pituitary function was performed using the chi-

square test and the Student’s t test.

Results

The most common presenting symptoms and signs

encountered were endocrinological disturbances fol-

lowed by visual disturbances, headache and those of

pituitary apoplexy (Table 1). Among all patients, clinical

and endocrinological evaluation revealed evidence of

some degree of hypopituitarism preoperatively in 561

(85%) of the patients operated upon via the transsphe-

noidal route and in 53 (86.8%) patients of the transcra-

nial group. In the transsphenoidal group, postoperative

clinical and endocrinological examination revealed

impaired pituitary function in 475 (72%) patients after

3 months and in 455 (69%) patients after one year.

In contrast, following primary transcranial surgery, the

percentage of patients with endocrine deficits was

considerably higher as follows: hypopituitarism was

encountered postoperatively in 57 (94%) patients after

3 months and in 58 (95%) patients after one year. At

12 months following transsphenoidal surgery, anterior

pituitary function was normalized in 110 (19.6%),

improved in 169 (30.1%), remained unchanged in 274

(48.9%) and worsened in 8 (1.4%) of the 561 patients

with some degree of preoperative hypopituitarism (Table

2). Endocrine deficiencies in patients with normal pre-

operative pituitary function occurred in 4 of 99 (4%)

cases. At 12 months following transcranial surgery, ante-

rior pituitary function was not normalized in any patient

but was improved in 6 (11.3%), remained unchanged in

49 (73.7%) and worsened in 8 (15%) of the 53 patients

with preoperative impairment of anterior pituitary func-

tion. In 5 of the 8 transcranially operated patients

presenting without endocrine deficits, deterioration of

pituitary function was encountered (Table 3).

Prolactin

Of the 199 (27.6%) patients presenting with hyperpro-

lactinemia, 36 received dopamine agonists prior to sur-

gical treatment. In these cases, the evaluated outcome

was based on PRL levels before the medical treatment

with dopamine agonists.

Transsphenoidal surgery

Preoperatively, prolactin levels were elevated in 167

(25.3%) patients. This mild elevation did not exceed

3150 mU=l. Hyperprolactinemia rapidly resolved post-

surgery in 135 cases after 1 week and in another 27

cases after 3 months. Furthermore, after one year hyper-

prolactinemia resolved in all but three cases, thus neces-

sitating long term treatment with dopamine agonists in

only two female patients in the child-bearing age.

Transcranial surgery

The majority (n¼ 32, 52.4%) of the patients harbour-

ing a pituitary adenoma with marked suprasellar exten-

sion were found to have mildly elevated prolactin levels.

One year following treatment, hyperprolactinemia per-

sisted in only 6 of the cases.

Table 1. Presenting symptoms of all surgically treated patients har-

bouring non-functioning adenomas (n¼ 721)

Presenting symptoms and signs Number of patients (%)

Endocrinological disturbances 345 (47.8%)

Visual disturbances 222 (30.8%)

Headache 70 (9.7%)

Incidental finding 57 (7.9%)

Pituitary apoplexy 27 (3.7%)

Table 2. Postoperative endocrinological outcome in patients presenting with some degree of hypopituitarism

Preoperative endocrine

deficits

Postoperative endocrine deficits

Normalized Improved Unchanged Worse

Transsphenoidal surgery N¼ 660 561 (85%) 110 (19.6%) 169 (30.1%) 274 (48.9%) 8 (1.4%)

Transcranial surgery N¼ 61 53 (86.8%) 0 6 (11.3%) 49 (73.7%) 8 (15%)
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Pituitary-adrenocortical-axis

Transsphenoidal surgery

Partial (n¼ 163) or complete (n¼ 33) secondary adre-

nocortical failure was observed preoperatively in 196

(34.8%) of patients. 12 months after surgery adrenal

deficiency was encountered in 116 of 660 (17.5%)

patients, whereas by that time complete adrenocortical

failure when presented preoperatively, showed almost no

tendency to recover (32 of 33 cases). Of 196 patients,

adrenocortical function was normalized in 80 (40.8%),

improved in 61 (31.1%), unchanged in 46 (23.6%) and

worsened in 9 (4.5%) cases. New deficits were found in

4 of 464 (0.8%) cases with preoperatively normal adre-

nocortical function.

Transcranial surgery

Secondary adrenocortical failure was observed pre-

operatively in 34 (55.7%) of patients and this did not

completely resolve following surgery in any of the cases,

although it improved in 4 cases (11.7%). Of the remain-

ing patients, adrenocortical status remained unchanged

in 22 (64.7%) and worsened in 8 (23.6%) cases. New

deficits were found in 8 of 27 (29.6%) cases with normal

preoperative adrenocortical function.

Pituitary-gonadal-axis

Secondary hypogonadism was the most common

endocrinological failure found in these patients. The

evaluation of the pituitary gonadal axis was difficult in

individual cases. Six patients (4 males and 2 females)

were younger than 15 years and were excluded. Of the

remaining patients, hypogonadism could not be reliably

excluded in 56 cases since they used oral contraceptives

or were suffering from primary hypogonadism when

investigated before and at 12 months after surgery. In

a total of 659 patients (604 transsphenoidal, 55 transcra-

nial) reliable data could be collected.

Transsphenoidal surgery

Hypogonadism was found in 463 (76.6%) of patients.

The number of patients with hypogonadism decreased

three months after surgery to 392 of 604 (64.9%) and

there was no evidence of further improvement in this

axis at the one year follow-up examination (n¼ 392).

Of 463 patients, secondary hypogonadism resolved in

74 (15.9%), and remained unchanged in 389 (84.1%).

New deficits were found in 3 of 141 (2.1%) cases with

preoperatively normal gonadal pituitary axis.

Transcranial surgery

Secondary hypogonadism was found in 49 (89%)

cases. The number of patients with hypogonadism

increased three months after surgery to 52 of 55

(94.5%) and, as in patients following transsphenoidal

surgery, there was no sign of further improvement in this

axis at the one year follow-up examination (n¼ 52). Of

49 patients, secondary hypogonadism resolved in only 2

(4%), remaining unchanged in 50 (96%) cases. New

deficits were found in 3 of 6 (50%) cases with normal

preoperative gonadal pituitary axis.

Pituitary-thyroid-axis

Of the 660 patients in the transsphenoidal and of the

61 patients in the transcranial surgery group 57 (8.6%)

and 6 (9.8%), respectively, were already receiving

thyroid replacement therapy because of other thyroid

disease, in most cases for endemic goitre, which is com-

mon in Bavaria and therefore had to be excluded from

the following evaluation [24, 33].

Transsphenoidal surgery

Preoperatively, 115 of 603 (19.1%) patients had evi-

dence of secondary hypothyroidism. At 12 months after

surgery 82 of 603 (16.3%) were found to still suffer from

secondary hypothyroidism. Of 115 patients, secondary

hypothyroidism resolved in 39 (33.9%), and remained

unchanged in 76 (66.1%). New deficits were found in 6

of 388 (1.5%) cases with preoperatively normal thyroid

pituitary axis.

Transcranial surgery

Preoperatively 14 of 55 (25.4%) patients had evidence

of secondary hypothyroidism. At 12 months after sur-

gery, 13 of 55 (23.6%) were found to still suffer from

secondary hypothyroidism. Of 14 patients, secondary

Table 3. Deterioration of pituitary function in patients with normal

preoperative pituitary function

Normal preoperative

pituitary function

New postoperative

endocrine deficit

Transsphenoidal

surgery N¼ 660 99 (15%) 4 (4%)

Transcranial

surgery N¼ 61 8 (13.2%) 5 (62.5%)
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hypothyroidism resolved in 4 (28.5%), and remained

unchanged in 10 (71.5%). New deficits were found in

3 of 41 (7.3%) cases with normal preoperative thyroid

pituitary axis.

Diabetes insipidus

None of the 721 patients exhibited diabetes insipidus

preoperatively. In 2 patients with polydipsia, diabetes

insipidus was excluded by an overnight dehydration test.

4 patients (0.5%) exhibited permanent postoperative

diabetes insipidus at 12 months after surgical treatment,

2 from the transsphenoidal and 2 from the transcranial

surgery group. During the early postoperative period

transient diabetes insipidus and=or electrolyte distur-

bances occurred in up to 34% of cases, a percentage

which corresponds to our previous publications [11, 26].

Impact of age, tumour size and preoperative

prolactin levels on degree of pre-

and postoperative pituitary function

Age

Patients’ age at surgery was compared with the degree

of preoperative hypopituitarism and the recovery of

pituitary function by dividing the patients into four

groups (Table 4). No correlation could be found between

these parameters.

Tumour size

Tumour size was compared with the degree of pre-

operative hypopituitarism and the recovery of pituitary

function by categorizing the patients into 5 groups rang-

ing from <10 to >40 mm (Table 5). The degree of

preoperative hypopituitarism was found to be signifi-

cantly lower (P<0.01) and the recoveries of pituitary

function significantly higher in patients with smaller

tumours (P<0.001). The mean tumour size in patients

with improvement or normalization of pituitary function

was found to be 26� 6 mm and was significantly less

than in patients with persistent impairment of pituitary

function (33� 9 mm, P<0.001).

Prolactin levels

Preoperative prolactin levels were found to be low

(4–100 mU=l) in 154 (21.3%) patients. In 368

(51%) patients, prolactin levels ranged between

101–500 mU=l. As described above, 199 (27.7%)

patients presented with mild hyperprolactinemia. The

rate of partial or complete recovery of the pituitary func-

tion was found to be significantly higher in patients with

elevated preoperative prolactin levels (p<0.001), while

only 34 of 113 (30%) patients with hypopituitarism and

initial prolactin levels below 100 mU=l showed improve-

ment of pituitary function (Table 6).

Discussion

Results

Postoperative pituitary deficiency, particularly pan-

hypopituitarism, is considered a significant complication

of pituitary surgery because it dramatically affects the

patient’s quality of life by necessitating hormonal

substitution therapy. Following the introduction of

Table 4. Rates of preoperative hypopituitarism and partial or complete

recovery of pituitary function in different age groups

Age at

surgery

Number of

patients (n)

Preoperative

hypopituitarism

Partial or complete

recovery of pituitary

function following

surgery

12–20 years 73 58 (79.4%) 16 (27.5%)

20–40 years 244 212 (86.8%) 50 (23.5%)

40–60 years 300 254 (84.6%) 63 (24.8%)

60–84 years 104 90 (86.5%) 20 (22.2%)

Table 5. Preoperative hypopituitarism and recovery of pituitary func-

tion depending on tumour size

Tumour size Number of

patients (n)

Preoperative

hypopituitarism

Partial or complete

recovery of pituitary

function following

surgery

>10 mm 22 16 (72.7%) 14 (87.5%)

10–20 mm 221 157 (71%) 114 (72.6%)

20–30 mm 334 298 (89.2%) 164 (55%)

30–40 mm 106 103 (97.1%) 25 (24.2%)

>40 mm 38 38 (100%) 4 (10.5%)

Table 6. Preoperative hypopituitarism and recovery of pituitary func-

tion as related to pretreatment prolactin levels

Preoperative

prolactin levels

Preoperative

hypopituitarism

Partial or complete

recovery of pituitary

function following

surgery

<100mU=ml,

n¼ 154

113 (73.3%) 34 (30%)

100–500mU=ml,

n¼ 368

313 (85%) 164 (52.3%)

>500mU=ml,

n¼ 199

195 (97.9%) 156 (80%)
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transsphenoidal microsurgery in the management of

patients with pituitary tumours, selective adenomectomy

has become the main aim in order to preserve as much

normal pituitary tissue as possible. Several studies

demonstrated that preservation of pituitary tissue was

mostly associated with no further loss of pituitary func-

tion. However, earlier studies examined only the inci-

dence of deterioration in pituitary function following

surgery. It is only recently reported, by several groups,

that impaired pituitary function could actually be

restored by selective surgical resection of the adenomas

(Table 7) [4, 5, 32, 35, 38]. This observation is con-

firmed by the present study in which a large patient

cohort was homogeneously assessed, treated by the same

surgical techniques and evaluated in one laboratory.

Residual anterior pituitary function was more frequently

preserved after transsphenoidal surgery (54%) and could

even be normalized or improved in 40% of cases. In

contrast to most reports in the literature, only a moderate

increase in anterior pituitary deficiency was observed as

an untoward effect of the operation. Importantly, the

incidence of this deterioration was significantly higher

in those patients undergoing transcranial surgery.

Recovery of anterior pituitary function after surgery

in non-functioning adenomas has not been adequately

appreciated in the past. The reported rate of postopera-

tive secondary adrenal insufficiency is found in the range

of 30% and 62% [37, 40, 42, 43]. Compared to these

figures, the patients in our series (37%) did slightly bet-

ter. Concerning gonadal dysfunction, there is a general

agreement, that this axis is the most often involved, apart

from the GH-axis [17, 30, 44]. Although Turner et al.

found a relatively low preoperative rate of only 21% in a

series of 65 patients, it should be considered that low

serum gonadotropins were the key factor in making the

diagnosis [42]. However, clinical aspects, such as loss

of libido or oligomenorrhea, were not considered.

Marzuela et al. found a preoperatively deficient thyroid

axis in 23% of cases. Postoperatively, this percentage

was almost unchanged at about 20%. Turner et al.

reported a similar rate of postoperative thyroid insuffi-

ciency (24%). These results approximately concur with

those of the present series. In contrast, Van Lindert et al.

observed an increase in secondary hypothyroidism after

transcranial surgery from 21% preoperatively to 56%

postoperatively comparable to the results of the present

evaluation [43].

In the present series, symptoms and signs related to

endocrine deficiency were one of the most common

presenting problems found in patients harbouring a

non-functioning pituitary adenoma (47.8%), and there-

fore often prompted medical consultation. The only

other major initial sign was visual compromise (30.8%).

In agreement with other previous studies these signs

relate to tumour mass effect, reflecting chiasmal and

pituitary stalk compression [17, 30]. Most of these

tumours occurred in middle aged patients, with a max-

imum between 51 and 60 years. Secondary hypogonad-

ism could be seen in most cases (77%) and these data

correlate with previous publications [17]. Our data con-

firm the ‘‘conventional’’ order of appearance of target

gland failure, since partial adrenal deficiency was diag-

nosed more frequently (49%) than hypothyroidism

(18.4%).

The results achieved 3 months after surgery predicted

the long-term outcome. There was no striking further

improvement one year later, particularly in the cortico-

tropic and gonadal function.

Table 7. Impact of surgery on preoperatively impaired pituitary function in patients harbouring nonfunctioning pituitary adenomas

Author year

of publication

No. of patients total=

endocrine deficiency

Surgical

approach�
Improvement

n (%)

No change

n (%)

Deterioration

n (%)

McLanachan et al.

1978 [32]

40=17 Ts 10 (58.8%) 4 (23.5%) 3 (17.7%)

Nelson et al.

1984 [35]

84=28 Ts 10 (35.7%) 9 (32.1%) 9 (32.1%)

Arafah et al.

1986 [3]

26=26 Ts 17 (65.3%) 8 (30.7%) 1 (4%)

Arafah et al.

1990 [5]

8=8 (pit. apoplexy) Ts 5 (62.5%) 3 (37.5%)

Marazuela et al.

1994 [30]

35=24 Ts 11 (45.8%) 13 (54.2%)

Webb et al.

1999 [44]

234=93 Ts 45 (48%)

This series 660=561 Ts 279 (49.7%) 274 (48.9%) 8 (1.4%)

61=53 Tc 6 (11.3%) 49 (73.7%) 8 (15%)
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Endocrine results were clearly dependent on the type of

surgery, in terms of both anterior pituitary function and

diabetes insipidus. After transcranial surgery, permanent

diabetes insipidus was observed in 10% of patients by Van

Lindert, whereas in the presented cohort just 3.4% of the

patients exhibited permanent postoperative diabetes in-

sipidus [43]. In contrast, the rate of diabetes insipidus fol-

lowing transsphenoidal surgery was found to be very low

(0.3%) as reported by other expert pituitary surgeons [11].

Methods

The combined ACTH-TRH-LRH-test used until 1996

was abandoned in our service, when one patient with a

non-functioning macro-adenoma became amaurotic mi-

nutes after injection of the test substances. Results of

similar cases have been published [15, 19, 31]. Therefore,

since 1996 endocrine function was assessed by measuring

only cortisol levels during a short ACTH-Test, by deter-

mination of all other basal pituitary hormones and the eval-

uation of clinical signs and symptoms of hypopituitarism

by means of a standardized questionnaire and physical

examination. The main disadvantage of this procedure is

that there is no information on the integrity of the growth

hormone axis and only indirect information on the

hypothalamo-pituitary-adrenal (HPA) axis can be ob-

tained. However, concerning the HPA axis, it has been

demonstrated that the results closely correlate to those

of an insulin tolerance test or a corticotropin-releasing

hormone stimulation test unless acute dramatic changes

occur [1, 13, 16, 34, 36, 41]. ACTH-stimulation in com-

bination with the determination of basal levels of all other

pituitary hormones and knowledge of the clinical condi-

tion of the patient proved to be a rational, less time-con-

suming alternative to the insulin tolerance test [22, 28].

The necessity of replacement therapy was also taken

into consideration: for the evaluation of the pituitary-adre-

nal axis in preoperatively deficient patients. The terms

‘resolution of deficiency’ and ‘improved’, ‘unchanged’

or ‘worse pituitary function’ were used depending on

the postoperative endocrinological evaluation and the

dose of replacement therapy needed. However, for the

evaluation of the impact of surgery on the gonadal axis

in patients with preoperative secondary hypogonadism,

only the terms ‘resolution of deficiency’ and ‘unchanged

pituitary function’ were used, since there is no benefit

for the hypogonadal patients when gonadotropins are

improved but still subnormal after surgical treatment. For

the evaluation of the impact of surgery on the pituitary-

thyroid axis in preoperatively deficient patients, the

terms ‘resolution of deficiency’ and ‘unchanged pitui-

tary function’ were used depending on the postoperative

endocrinological evaluation and the necessity of repla-

cement therapy, since there is again no benefit for the

deficient patient when postoperative thyroid hormones

are improved but still subnormal. Since replacement

therapy is still necessary in such cases, it makes no

practical difference which dose a single tablet contains.

Thus, even in cases of improvement, the continuing

abnormal gonadal and thyroid functions were character-

ized as clinically unchanged after surgery if replacement

therapy was necessary.

Factors influencing

the endocrinological outcome

Several investigators reported mild hyperprolactine-

mia accompanying hypopituitarism associated with

pituitary macro-adenomas not secreting PRL as a

presenting feature of non-functioning pituitary adenoma.

Whilst Marazuela et al. report 48% of patients with

preoperative hyperprolactinemia, Comtois et al. mention

a higher incidence of 65% [17, 30]. In the present series,

the percentage of abnormally elevated plasma PRL

was found to be lower, namely 19% (167 out of 882

patients). Serum PRL levels never exceeded 3150 mU=l.

It is generally accepted that hyperprolactinemia asso-

ciated with non-functioning pituitary adenomas results

from the compression of the pituitary stalk with conse-

quent reduction of prolactin inhibiting factor delivery.

Despite hyperprolactinemia, a dopamine agonistic

therapy does not reliably induce regression of these

adenomas, in contrast to that found with prolactinomas

[9, 10].

Previous studies indicated preoperative prolactin levels

were a useful predictor of postoperative recovery of pitui-

tary function [7]. We observed that in patients who had

mildly elevated prolactin levels prior to surgery, pituitary

function was more likely to recover. In agreement with

previous reports [3, 6, 30], these data suggest that the

mechanism causing hypopituitarism in large pituitary

adenomas, may be infundibular compression and the

resulting impaired delivery of hypothalamic hormones,

rather than destruction of the pituitary tissue by the

tumour. This explains the better recovery rate of pituitary

function in cases with preoperative hyperprolactinemia.

A correlation could be demonstrated between tumour

size and elevation of prolactin levels. The highest rates

of preoperative hyperprolactinemia clearly occurred in

the group with a tumour size between 20 and 30 mm. It
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is postulated that further invasive expansion of tumours

into the supra- and parasellar space might lead to destruc-

tion of the pituitary gland and therefore reverse hyper-

prolactinemia. Tumour size also influenced the rate of

gonadal deficiency. The ‘‘critical’’ tumour size was found

to be about 20 mm, with 87% of patients having signs of

hypogonadism. In contrast only 57% of patients with a

tumour size of 30 mm had evidence of hypogonadism. This

was a similar finding compared to the correlation between

tumour size and hypocortisolism rate. Hormone deficiency

rates tended to increase in number with advancing age. A

grossly concurrent development was observed with respect

to gonadal dysfunction. Still these findings should be inter-

preted with caution, because there is evidence of hypo-

gonadism occurring with advancing age in any population.

Transsphenoidal versus transcranial surgery

The introduction by Cushing of the transsphenoidal

approach to removal of pituitary adenomas dramatically

improved patient survival and this method is now

considered the first choice surgical treatment [18, 21].

Nevertheless, in a small percentage of cases, the

transsphenoidal approach is not a suitable option. Con-

tra-indications to the transsphenoidal approach include a

sphenoid sinus which shows no sign of pneumatisation,

and a tumour which is mainly extrasellar [23]. In such

cases, the transcranial approach is indicated and, al-

though only a small percentage of patients require this

type of surgery, a significant number are involved in

any neurosurgical centre. Thus, it is imperative to fully

understand and decipher the outcomes of the transcranial

route, especially in comparison with the transsphenoidal

route. For this reason, we have compared the incidence

of post-operative pituitary dysfunction or recovery in

groups of patients undergoing both types of surgery.

The results clearly demonstrate a greatly increased

incidence of poorer prognosis, in terms of pituitary func-

tion, in the transcranial patients. This might reflect that

the characteristics of the adenomas in this group of

patients are, in some way, associated with more difficult

selective adenomectomy. Alternatively, the poorer prog-

nosis may be an inherent problem with the transcranial

approach. The present results further show that the trans-

sphenoidal route should be used whenever possible in

order to reduce the risk of post-operative complications.

Conclusions

It has been demonstrated that in expert surgical hands,

normal anterior pituitary function is usually maintained

and often improved following surgery of non-function-

ing pituitary adenomas. These results strengthen the

indication for surgery in patients with hypopituitarism

but no visual compromise. This observation applies par-

ticularly to the transsphenoidal approach, and in a lesser

way to transcranial surgery. Data indicated that dete-

rioration of pituitary function following transsphenoidal

surgery is rare. However, care should be taken not to

generalize these results, which are less likely be repro-

duced by surgeons with limited experience in pituitary

surgery. Supraregional specialization in a few neurosur-

gical centres which closely cooperate with endocrinolo-

gists may lead to even better surgical results concerning

the preservation and restoration of pituitary function

following surgery.
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