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Abstract

Background and aim: The aim of this study was to illustrate the present role of transsphenoidal surgery
as primary therapy in GH-secreting adenomas, and to compare the results concerning control of dis-
ease with previous series using older criteria of cure.
Method: We report on a consecutive series of 688 acromegalic patients treated over a time period of
19 years. Biochemical cure was defined as normalisation of basal GH level, suppression of GH levels to
below 1ng/ml during an oral glucose load and normalisation of IGF-I levels. Of the 506 patients
undergoing primary transsphenoidal surgery, a total of 57.3% postoperatively fulfilled the criteria
used.
Results: The rate of biochemical ‘cure’ correlated with the magnitude of the initial GH levels, the
tumour size and invasion. The overall complication rate was below 2%. Mortality in this series
was 0.1% (1 of 688). During a follow-up period of 10.7 years only two recurrences (0.4%) occurred.
However, in the patients treated by transcranial surgery and by repeat surgery the cure rate was
found to be relatively low (5.2 and 21.3% respectively).
Conclusions: These data suggest that surgery remains with very few exceptions the primary treatment
of acromegaly for (i) a high cure rate, (ii) low morbidity, (iii) low recurrence rate and (iv) immediate
decline of GH. Based on current criteria of cure, recurrences are uncommon. However, cure by sur-
gery alone is improbable in patients harbouring extended, invasive tumours with high secretory
activity, in whom further adjuvant treatment is mandatory.
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Introduction

Acromegaly is a rare but very serious condition usually
caused by a growth hormone (GH)-producing pituitary
adenoma. Ectopic GH or GH-releasing hormone pro-
duction or a pituitary carcinoma may very infrequently
also cause acromegaly. Several retrospective cohort
studies suggest that mortality in acromegaly is at least
twice of that in the general population (1–4). The
cause of death is most commonly a vascular accident,
but significant increases have been reported for both
respiratory disorders and malignancies. These studies
have also demonstrated that a reduction of GH levels
significantly lowered mortality and that mortality
rates similar to those of the general population are
restored once remission is induced. Partial reduction
of GH levels has been proven to be inadequate to restore
normal life expectancy (1, 5). Therefore, aggressive
management to lower serum GH levels is necessary
once the diagnosis has been confirmed. Depot somato-
statin analogues are now increasingly being prescribed

as adjuvant or even primary therapy for the treatment
of acromegaly. Studies have shown them to be both
effective and safe with endocrinological remission
achieved in up to 60% of cases (6–9). The newly devel-
oped GH receptor antagonist pegvisomant seems to be
able to normalise insulin-like growth factor (IGF)-I in
up to 97% of patients and may become an important
therapeutic option in acromegaly (10, 11). However,
the most recent consensus guidelines for the manage-
ment of acromegaly suggest for the majority of patients
surgery as the first-line therapy, either alone or in com-
bination with medical treatment, conventional radio-
therapy and/or radiosurgery (12). The aim of this
study was to update the surgical results and the long-
term outcome of the largest-ever reported consecutive
series of acromegalic patients treated in the Department
of Neurosurgery at the University of Erlangen-Nürnberg
using the current internationally accepted criteria for
biochemical ‘cure’ of the disease and to compare the
results concerning control of disease with previous
series using older criteria of cure.
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Patients and methods

Patient series

Between December 1982 and December 2001, 688
operations (514 primary transsphenoidal, 28 primary
transcranial and 146 secondary (repeat) surgery) in
646 patients harbouring GH-secreting pituitary adeno-
mas were performed in the Department of Neurosur-
gery of the University of Erlangen-Nürnberg, the
majority of them by the senior author (F R). Of these,
634 patients presented with signs and symptoms of
acromegaly and 12 with gigantism, ranging in age
from 12 to 76 years (mean 42.3^10.6 S.D. years).
There were 338 females and 306 males (ratio female:
male 1.1:1.0). However, patients lacking complete post-
operative endocrinological data (n ¼ 10), patients
mainly referred from abroad, who were lost to follow-
up (n ¼ 5), and the patient who died following trans-
sphenoidal surgery, were not included in the evaluation
of the endocrinological outcome. Evaluation of the sur-
gical results was performed on 506 patients following
primary transsphenoidal, 26 patients following pri-
mary transcranial and 140 patients following second-
ary surgery (672 surgical procedures in 630
patients). The period of follow-up monitoring ranged
from 12 to 228 months (mean 146^62 months).
During the period of study 48 patients died.

Endocrinological evaluation

Preoperatively, basal fasting level of GH, IGF-I (deter-
mined routinely since 1989), prolactin (PRL), cortisol,
gonadotrophins, testosterone, estradiol and thyroid
hormones were measured in the serum of all patients.
Preoperatively, in 638 (95%) cases an oral glucose
tolerance test (OGTT) was performed. In all other
cases (n ¼ 34) the test was not possible due to severe
diabetes mellitus. Postoperatively, OGTT was performed
at day 7 in all but one case (patient died at day 4 follow-
ing surgery) and was repeated at 3 months in 640 of
646 (99%) and then in annual or biannual intervals
in 630 of 646 (97.5%) of the cases.
IGF-I levels were routinely available from 1989. Of

the 242 surgically treated patients before 1989, in
103 cases the preoperative IGF-I levels could be pro-
vided by the referring endocrinologists. For the rest of
the patients no preoperative IGF-I levels were available.
Postoperatively, in 158 out of 242 patients IGF-I levels
were again provided by their referring doctors. For the
rest, IGF-I levels were measured by the authors in a
later follow-up visit and were correlated to the results
of OGTT at 3 months after surgery. Due to incomplete
data seven patients had to be excluded from this study.
Pituitary stimulation as a combination of adrenocor-

ticotrophin (ACTH), thyrotrophin-releasing hormone
(TRH) and luteinizing hormone (LH)-releasing hormone
tests or the short ACTH test alone combined with basal

measurements of all other pituitary hormones and with
clinical signs and symptoms was used to reveal preo-
perative pituitary deficiencies. Hormonal deficiencies of
the corticotroph and the thyreotroph axis were cor-
rected prior to surgical intervention. Corticosteroids
were not given routinely after surgery except in cases
of known hypocortisolism. The same tests as performed
preoperatively were repeated 7 days after surgery.
Further endocrinological and radiological controls
were performed at 3 and 12 months following surgery.

Of the 630 patients, 389 (61.7%) were followed up
by the authors. Long-term data of all other patients
were provided by the referring endocrinologists.
Follow-up examinations were held mostly at annual
or biannual visits.

The assays used for hormone measurements changed
over the very long time period of the study. Between
December 1982 and April 1989 RIAs (CIS Isotopen-
diagnostik; Dreieich, Germany) were used. From May
1989 until December 2000 ELISAs were used (Phar-
macia & Upjohn, Erlangen, Germany). Since December
2000 the luminometric method was used (Immulite;
DPC-Biermann, Nauheim, Germany). IGF-I assays
became routinely available in 1989. Until February
2000 an RIA was used (Bio-Merieux, Marcy l’Etoile,
France). Since then ELISA has been the preferred
method of determination (Pharmacia & Upjohn). For
the definition of ‘normality’ using different GH/IGF-I
assays no allowances were made. IGF-I was always
evaluated according to the age-related diagrams pro-
vided by the manufacturer of the assays.

In the present study, the datawere analysed according
to the most recent definition of cure resulting from the
International Consensus Conferences in Cortina
d’Ampezzo 1999 and Monte Carlo 2000 as published
by Giustina et al. (13) (Table 1). Early remission was
achieved if all three criteria were fulfilled during the
endocrinological evaluation 3months after surgery. Fur-
thermore, the results of the annual or biannual follow-
up visits were analysed to estimate the recurrence rates.

In addition to hormonal evaluation by the mentioned
tests, clinical signs and symptoms of hypopituitarism
were evaluated by means of a standardised question-
naire and physical examination. In females, assessment
of menstrual cycle abnormalities (e.g. oligomenorrhoea
or amenorrhoea) and in males, loss of facial and body
hair and loss of libido and impotence, combined with
low basal levels of gonadotrophins and/or a less than
3-fold increase in LH and a less than 2-fold increase in

Table 1 The most recent broadly accepted definition of
biochemical ‘cure’ of acromegaly resulting from the International
Consensus Conference of Cortina d’Ampezzo 1999 (Giustina
et al. (13)).

Normalisation of the basal GH level below 2.5mg/l
Suppression of GH to ,1mg/l during OGT
IGF-I normal for age and gender
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follicle-stimulating hormone (FSH) after administration
of gonadotrophin-releasing hormone led to the diagno-
sis of secondary hypogonadism. In the case of postmeno-
pausal women, this was diagnosed when the serum
gonadotrophins were low or low normal. Secondary
adrenal 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 7mg/dl over the basal value or
a value of less than 18mg/dl during ACTH stimulation).
Secondary hypothyroidism was associated with con-
stant feeling of coldness, coarsening, seeding of hair,
thickening of the skin and low peripheral triiodothyro-
nine and thyroxine with lowered basal thyrotrophin
(TSH) and/or insufficient stimulation after TRH admin-
istration in the absence of severe non-thyroid illness or
of replacement therapy with thyroid hormones for
goitre prophylaxis. Postoperative GH deficiency was
not assessed in these patients.

Neuropathological examination

The neuropathological evaluation was performed at the
Department of Neuropathology of the University of
Erlangen-Nürnberg. All specimens were fixed in 10%
zinc-formalin, embedded in paraffin and stained by
the haematoxylin-eosin method. Immunohistochemis-
try with antibodies against GH, PRL, ACTH, FSH, LH,
TSH and the alpha-subunit of the glycoproteins was
performed using the avidin-biotin peroxidase method.
Electron microscopy was not used routinely.

Surgical treatment

The vast majority of the surgical procedures (n ¼ 506)
were performed by the transsphenoidal route. In 26
cases with invasive, asymmetrical suprasellar, retrosel-
lar and/or supraclinoidal parasellar extension, tran-
scranial surgery via a pterional approach was used
and only in one case (with an invasive adenoma in
the interhemispheric region) was a bifrontal approach
required. Combined transsphenoidal and transcranial
approaches were used to treat 16 patients.

Secondary (repeat) surgery was carried out exclu-
sively by the transsphenoidal route in 140 patients,
mostly referred from other endocrinological and

neurosurgical departments for persistence of acro-
megaly following primary surgery (n ¼ 98). In 42
patients the first operation was performed at the
authors’ department.

Statistical analysis

Data are presented as means^S.D. Statistical analysis
of the data concerning the influence of the presence of
invasion, tumour size, preoperative GH levels and of
the results of the neuropathological evaluation on
remission rate was performed using a chi-squared test,
Student’s t-test and analysis of variances (ANOVA).
The level of significance was set at P , 0.05.

Results

Depending on the growth characteristics, degree and
direction of extrasellar expansion, GH-secreting adeno-
mas were classified as microadenomas (tumour diam-
eter #10mm), macroadenomas (tumour diameter
11–39mm) and giant adenomas (tumour diameter
$40mm). Macroadenomas were further divided into
intrasellar tumours (is), parasellar and/or sphenoidal
tumours (ps/sphe), suprasellar tumours without
visual compromise (s1) and suprasellar tumours with
visual compromise (s2).

Primary transsphenoidal surgery

The overall rate of endocrinological remission in the
group of 506 patients undergoing primary transsphe-
noidal surgery was 57.3% (290 of 506) with 27% of
the tumours having an invasive character. The best
results were achieved in the microadenoma and intra-
sellar macroadenoma groups with 75.3% (107 of
142) and 74.2% (78 of 105) respectively, considering
all three criteria for biochemical cure. Remission rate
tended to drop in the more extensive macroadenomas:
44.5% (37 of 83) for suprasellar tumours without and
33.3% (8 of 24) for suprasellar tumours with visual
compromise and 41.5% (59 of 142) for tumours with
parasellar and/or sphenoidal expansion. In giant ade-
nomas, biochemical cure was achieved only in one
case (1 of 10) by surgery alone. An overview of the
remission rate in the different categories following

Table 2 An overview of the remission rate in the different categories of tumours following primary transsphenoidal surgery (n ¼ 506);
23% of the tumours were found to be invasive.

Microadenomas

Macroadenomas

Giant adenomas Sis ps/sphe s1 s2

Number of cases 142 105 142 83 24 10 506
Remission* rate (n) 107 (75.3%) 78 (74.2%) 59 (41.5%) 37 (44.6%) 8 (33.3%) 1 (10.0%) 290 (57.3%)

* Basal GH , 2.5 ng/ml, OGT GH , 1 ng/ml, normal IGF-I.
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primary transsphenoidal surgery is provided in Table 2.
In a number of patients discrepancies concerning nor-
malisation criteria were observed. Of the 152 patients
with persistence of elevated IGF-I levels, in 49 cases
(32.2.%) suppression of GH to below 1ng/ml during
OGTT was observed. In the group of patients lacking
normalisation of GH secretion during OGTT (n ¼ 64),
19 patients (29.8%) with normalised IGF-I levels were
observed. Even the last group was considered as not
being in remission.

Primary transcranial surgery

Transcranial surgery was performed in only 26 cases,
mostly for extensive and invasive asymmetrical lesions
extending into the suprasellar area or as a combined
approach before or after transsphenoidal surgery. In
line with the characteristics of these lesions, the overall
remission rate was only 7.7% (n ¼ 2). The transcranial
group consisted of suprasellar macroadenomas with
visual compromise (s2, n ¼ 16) and giant adenomas
(n ¼ 2). Transcranial surgery yielded remission rates
of 16.2% (n ¼ 2) and 0% respectively.

Secondary (repeat) surgery

Re-operations were performed in 140 cases in this
series. In this group the overall remission rate was
27.1% (n ¼ 38). In the subgroup of patients (n ¼ 62)
with non-invasive tumours and an initial GH level
below 40mg/l prior to the first surgical approach, the
remission rate was found to be as high as 38.7%
(n ¼ 24).

Surgical complications

Mortality was rare. Only one patient (0.1%), harbour-
ing a giant adenoma, died on day 4 after surgery due
to haemorrhage into the suprasellar tumour parts,
which due to invasion of the diaphragm could not be
removed by the transsphenoidal approach used in this
case. Morbidity was very low: meningitis and cere-
brospinal fluid leaks respectively occurred in 1.8 and
0.8% of the cases respectively. In this series, there
were no cranial nerve injuries resulting in permanent
neuro-ophthalmological deficits. Carotid artery injury
occurred in one patient andwas survivedwithout seque-
lae. The complication rate in repeat transsphenoidal

surgery was not significantly different from that found
in primary procedures.

Impact of primary surgery on pituitary
function

For the evaluation of the surgical intervention on pitu-
itary function only patients who underwent primary
transsphenoidal (n ¼ 506) or transcranial (n ¼ 26)
surgery were taken into consideration. There was evi-
dence of some degree of hypopituitarism preoperatively
in 285 of 506 (56.3%) of the primary transsphenoidal
and in 20 of 26 (76.9%) patients of the primary tran-
scranial group. Postoperative clinical and endocrinolo-
gical workup revealed impaired pituitary function in
235 (46.4%) after 3 months for all patients who under-
went transsphenoidal surgery. In contrast, the total
amount of patients with endocrine deficits increased
following primary transcranial surgery: hypopituitar-
ism was encountered postoperatively in up to 24
(94%) patients 3 months after surgery. At 3 months fol-
lowing primary transsphenoidal surgery, anterior pitu-
itary function was normalised in 55 (19.3%), improved
in 84 (29.4%), remained unchanged in 141 (49.5%)
and worsened in 5 (1.8%) of the 285 patients with
some degree of preoperative hypopituitarism. Endocrine
deficiencies in patient with normal preoperative pitu-
itary function occurred in 10 of 241 (4.1%) cases. At
3 months following transcranial surgery, anterior pitu-
itary function was not normalised in any patient but
was improved in 3 (15%), remained unchanged in 12
(60%) and worsened in 5 (25%) of the 20 patients
with preoperative impairment of the pituitary function.
In four of the six transcranially operated patients pre-
senting without endocrine deficits, deterioration of the
pituitary function was encountered. None of the
patients of the primary surgery group presented with
diabetes insipidus. Six of the 506 (1.1%) transsphenoi-
dal treated and 3 of the 26 (11.5%) transcranially trea-
ted patients developed permanent diabetes insipidus.
The results are summarised on Table 3.

Of the 532 patients undergoing primary surgery,
hyperprolactinaemia was demonstrated in 182
(34.2%) patients. In 71.9% of these cases (n ¼ 131)
the PRL levels were found below 150ng/ml and in
39 of them the tumour stained positive for PRL. In all
but two patients with PRL levels .150ng/ml
(n ¼ 49) the adenoma stained positive for PRL.

Table 3 An overview of the endocrinology of the patients with impaired preoperative pituitary function. New endocrine deficiencies in
patients with normal preoperative pituitary function occurred in 10 of 241 (4.1%) of cases.

Postoperative pituitary function

Normal Improved No change Worse

Transsphenoidal surgery (n ¼ 285) 55 (19.3%) 84 (29.5%) 141 (49.5%) 5 (1.8%)
Transcranial surgery (n ¼ 20) 0 3 (15.0%) 12 (60.0%) 5 (25.0%)
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Remission rate in invasive tumours

Pituitary adenomas are considered invasive if they have
infiltrated or perforated the normal anatomical confines
of the pituitary gland, namely the sellar diaphragm,
basal dura, clivus or sphenoidal and cavernous sinuses.
Although invasion tends to be more common with
increasing tumour size, microadenomas may also
have an invasive character and conversely large
tumours may reach a considerable size by simply dis-
placing the adjacent anatomical structures without
actually invading them. The evaluation of preoperative
magnetic resonance imaging (MRI) and intraoperative
findings during primary transsphenoidal and transcra-
nial surgery (n ¼ 532) yielded the following results
concerning the distribution of invasive tumours in
this series: 7 of 142 microadenomas (5%), 124 of
378 macroadenomas (32%) and 12 of 12 giant adeno-
mas (100%). In this series, the overall remission rate of
non-invasive adenomas following primary surgery was
66.5% and dropped to 23.7% for invasive tumours. The
results of each adenoma group are demonstrated separ-
ately in Table 4.

Remission rate and tumour size and secretory
activity

Tumour size was measured from the preoperative MRI
(and computed tomography) images and estimated
intraoperatively by the surgeon by comparison with
microinstruments. A spherical volume distribution
was assumed. On the basis of the estimated diameters,
tumours were classified into group A with microadeno-
mas less than 10mm (n ¼ 142, 27%), group B with
macroadenomas more than 10mm in diameter
(n ¼ 378, 70.7%) and group C with giant adenomas
with more than 40mm extension at least in one
plane (n ¼ 12, 2.2%). A remission rate of 75.3% in
group A, 48.6% in group B and 8.3% in group C was
observed. The results are summarised in Table 5. A sig-
nificant correlation (r ¼ 0.55, P , 0.001) was found
between tumour size and remission rate in acromegaly.
But also, tumour size correlated (r ¼ 0.48, P , 0.001)
with the preoperative GH level particularly in large
tumours with clearly elevated hormone levels. The
preoperative GH level tended to correlate negatively
with the surgical outcome (r ¼ 0.61, P , 0.001). In
patients with preoperative GH levels of less than

10mg/l the remission rate was as high as 89.5%. If a
basal GH level of 50mg/l is defined as an arbitrary
threshold for the secretory activity of an adenoma,
then the overall cure rate drops from 74% in cases
with preoperative GH levels below this threshold to
25% in cases with preoperative GH levels above this
threshold. No patient with GH level above 125mg/l
could be surgically cured.

Remission rate and neuropathological
evaluation

Since the electron microscopy was not used routinely,
it was not possible to evaluate the influence of the
ultrastructural characteristics of the lesions on the
endocrinological outcome. Therefore only their immu-
nohistochemical profiles in terms of positive staining
were taken into consideration. Of the 532 patients
who underwent primary transsphenoidal or transcra-
nial surgery, tumour specimens could be obtained in
526 cases. In six cases and due to very small tumours
no material could be preserved. Three hundred and
forty-seven (65.9%) tumours stained positive only for
GH. In 159 (30.2%) tumours a dual secretion of GH
and PRL was noted. Fourteen (2.6%) tumours stained
positive for GH and TSH and six (1.1%) for GH, PRL
and TSH. The remission rates were found to differ sig-
nificantly between the pure GH-secreting and those
tumours secreting more than one hormone and was
found to be 73.7% (n ¼ 256), 31.4% (n ¼ 50), 0%
and 0% for the four groups respectively.

Table 4 Demonstration of the remission rates in invasive (i.) and non-invasive (n.i.) pituitary adenomas according to tumour size. In this
series, the overall remission rate of non-invasive adenomas following primary surgery was 72.2% and dropped to 21.6% for invasive
tumours.

Microadenomas i./n.i Macroadenomas i./n.i. Giant adenomas i./n.i. S i./n.i.

Number of cases 135/7 254/124 0/12 389/143
Remission* rate (n) 100/6 (74%/85%) 181/24 (71.2%/19.3%) 0/1 (0%/8.3%) 281/31 (72.2%/21.6%)

* Basal GH , 2.5 ng/ml, OGT GH , 1 ng/ml, normal IGF-I.

Table 5 A significant correlation was found between tumour size
and remission rate in acromegaly. But also, tumour size
correlated with the preoperative GH level particularly in large
tumours with clearly elevated hormone levels. Values are
means^S.D.

Microadenoma Macroadenoma Giant adenoma

n 142 (27%) 378 (70.7%) 12 (2.2%)
Diameter

(mm)
2–9 10–37 41–60

Average
diameter (mm)

7.6^1.75 16.7^5.6þþþ 50.9^9.5þþ

GH level
(mg/l)

1–142 4–357 10–398

Average GH
level (mg/l)

16.4^15.2 42.6^38.4þþþ 102.4^64.3þþ

Remission
rate (n)

107 (75.3%) 186 (48.6%) 1 (8.3%)
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Recurrence rate

In the present series, a mean follow-up period of more
than 120 months (mean 126^74 months) has been
observed. During this period and using all three criteria
for the definition of biochemical cure, only two patients
(0.4%) with recurrent acromegaly presented 3 and 6
years after initial surgery.

Discussion

The goals of surgical therapy in acromegaly include
initial endocrinological remission with normalisation
of the dynamic GH secretion pattern as well as normal-
isation of basal IGF-I to give regression of the signs and
symptoms of the disease and prevention of recurrence
(long-term remission), performance of selective adenom-
ectomy (preservation of normal pituitary functions) and
elimination of mass effects resulting in restoration of
normal neurological function.
As a result of the difficulties in defining postoperative

endocrinological remission and the variations in cri-
teria used by different investigators (13), the success
rates in terms of achievement of these goals vary signifi-
cantly in the published series from different institutions
(Table 6).
In early series, the criterion for remission was a post-

operative GH level below 5mg/l. Ross & Wilson (14) in
1998 analysed the results of 30 published series and
yielded an overall ‘cure’ rate of 56% in 153 cases. In
another multicentre study published in 1987 by
Zervas (15) the overall ‘cure’ rate was 66% in 1256
cases. Similar results were found in other series pub-
lished by Losa et al. 1989 (16) and Valdemarsson et al.
in 1991 and 2000 (17, 18).

Using the GH response after an oral glucose load and
the IGF-I level to assess the effectiveness of surgery,
rates of endocrinological remission in the present
series did not differ significantly from our previous
series published in 1992 (19). In this former series,
the overall remission rate was 71% with a basal GH
level below 5mg/l as the criterion for endocrinological
remission, but dropped significantly to 57% with a
glucose-suppressed GH level below 2mg/l. The use of
all three criteria in the present series, including normal-
isation of basal IGF-I, does not further change the
previously reported endocrinological remission rates,
as also shown by Tindall et al. 1993 (20), Laws et al.
2000 (21) and Kreutzer et al. 2001 (22). The role of
postoperative IGF-I levels in the long-term outcome of
the disease has not been fully elucidated yet. Normalisa-
tion of IGF-I and clinical improvement were signifi-
cantly correlated, but in clinical practice often
discrepancies concerning these criteria were observed
(23). Evaluating the endocrinological outcome in this
study, not only could a number of postoperative
patients be identified with normal IGF-I levels but still
abnormal nadir GH levels after oral glucose but also a
number of patients with elevated levels of IGF-I even
if during OGTT GH levels could be suppressed to
below 1mg/l. Despite the elevation of IGF-I or the
abnormal OGTT suppression many of these patients
had a favourable long-term outcome concerning con-
trol and recurrence of the disease. For the evaluation
of the series all these cases were considered as surgical
failures. Recent data suggest that the abnormal pattern
of GH suppression in patients with normal IGF-I level
may be associated with increased risk of disease recur-
rence in some of them (24). Based on our personal
experience in the treatment of acromegalic patients,
we feel that even satisfying the most stringent criteria

Table 6 Results of primary transsphenoidal surgery for GH-secreting pituitary adenomas.

Series No. cases Total cure rate (%) Microadenomas Macroadenomas Definition of ‘cure’

Ross & Wilson 1988 (14) 153 56 n.d. n.d. GH , 5mg/l
Losa et al. 1989 (16) 29 55 n.d. n.d. GH , 1mg/l and normal IGF-I level
Fahlbusch et al. 1992 (19) 222 57 72 49 GH , 2mg/l OGT

71 81 65 GH , 5mg/l
Tindall et al. 1993 (20) 91 82 n.d. n.d. GH , 5mg/l and/or normal IGF-I level
Davis et al. 1993 (36) 174 52 n.d. n.d. GH # 2mg/l (basal or OGT)
Sheaves et al. 1996 (28) 100 42 61 23 GH # 2.5mg/l
Abosch et al. 1998 (41) 254 76 75 71 GH , 5mg/l
Freda et al. 1998 (23) 115 61 88 53 GH , 2mg/l OGT or normal IGF-I level
Swearingen et al. 1998 (4) 162 57 91 48 Random GH , 2.5mg/l
Gittoes et al. 1999 (42) 160 64 86 52 GH , 2.5mg/l or GH , 1mg/l (OGT)
Ahmed et al. 1999 (39) 139 67 91 45 Mean GH , 2.5mg/l
Laws et al. 2000 (21) 117 67 87 50.5 GH # 2.5mg/l, GH # 1mg/l, normal

IGF-I level
Kreutzer et al. 2001 (22) 57 70 n.d. n.d. Normal IGF-I level
Beauregard et al. 2003 (1) 103 52 82 60 Basal GH # 2.5mg/l, GH # 1mg/l

(OGT), normal IGF-I level
This series 506 57 75 50 Basal GH # 2.5mg/l, GH # 1mg/l

(OGT), normal IGF-I level

n.d., not done.
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no definite ‘cure’ of the disease is achieved. Even follow-
ing ‘successful’ surgical treatment, GH levels remain
detectable and pulses of GH secretion are not normal
in frequency and size (25). In acromegaly the most
accurate term to be used is ‘safe’ GH secretion patterns,
meaning relief of symptoms, restoration of normal life
expectancy and minimal risk of recurrence of the dis-
ease. IGF-I seems to play a very important role in pre-
dicting long-term outcome. But more studies are still
needed in order to precisely evaluate the value of IGF-
I levels as a long-term outcome criterion. Together
with the development of more sensitive ELISAs in the
near future we may then be able to better define
‘cure’ in acromegalic patients.

The evaluation of the present series led to detection
of several predictors of the surgical result, such as
tumour size, invasiveness, extrasellar growth, secretory
activity and the neuropathological findings. Regarding
the growth characteristics of the lesions, microadeno-
mas have a more favourable outcome than macroade-
nomas, particularly those with extrasellar extension.
In microadenomas, a remission rate of as high as
75.3% could be achieved. With increasing tumour
diameter and extrasellar extension, remission drops
stepwise to 0% for giant adenomas. Similar results
were found in other published series, as in the outcome
analysis of Tindall et al. (20) and Ross & Wilson (14).
The main reason for this drop is the increasing
number of invasive growth patterns in larger adeno-
mas. Invasion can be documented either by intraopera-
tive findings, neuroradiological investigations and/or
histological examination. Surgical invasion describes
the invasive nature of the tumour as recognised
during operation, while histological invasion, although
more frequent, can only be demonstrated by investi-
gating the anatomical structures in the vicinity of the
tumour. In up to 80% of the cases, dural invasion
can be detected, when the basal dura is thoroughly
investigated (26, 27). In this series, the overall remis-
sion rate of non-invasive adenomas was 66.5% and
dropped to 23.7% for invasive tumours. Also, for tran-
scranial surgery increased invasiveness of the tumour is
the main reason for incomplete tumour resection and
persistent disease.

The secretory activity of the adenoma also influences
the response to surgical therapy, as observed in several
published series (14, 20, 28). Various thresholds of pre-
operative basal GH levels between 40 and 70mg/l have
been proposed. Preoperative GH levels above these
values have an inverse relationship with the likelihood
of biochemical remission following surgery. In our pre-
viously published series we observed that this inverse
relationship has an almost linear character. In the pre-
sent series, this linear relationship was confirmed.

Only one patient died in this series, due to haemor-
rhage of the suprasellar parts of an only partially
removed giant adenoma by a transsphenoidal route.
Ross & Wilson reviewed the operative complications

in 30 published surgical series and estimated an operat-
ive mortality rate of 1.04% (14). Due to specific precau-
tions taken in the high-risk group of acromegalic
patients, the complication rate in the presented series
was comparable to that of non-acromegalic patients
undergoing transsphenoidal surgery for other types of
pituitary adenomas. Preoperative evaluation included
assessment of cardiac function, blood pressure,
respiratory function and metabolic disturbances.
Morphological abnormalities, such as macroglossia
and the enlargement of the jaw were taken into con-
sideration. In several cases, fibre-optic endotracheal
intubation was necessary and many patients with
severe sleep apnoea were postoperatively monitored in
the intensive care unit. All these problems must be
carefully managed throughout the perioperative
period in order to keep the complication rate as low
as possible. In cases of markedly reduced general con-
dition, short-term medical treatment with octreotide
should be considered, which has proven very helpful
in bringing the patient to a better condition before sur-
gery (29, 30).

Postoperative pituitary deficiencies, particularly pan-
hypopituitarism, are considered dreaded complications
of pituitary surgery because they dramatically affect
the patient’s quality of life by necessitating hormonal
substitution therapy and lead to increased mortality.
Following the introduction of transsphenoidal micro-
surgery in the management of patients with pituitary
tumours, selective adenomectomy was aimed at, imply-
ing preservation of as much normal pituitary tissue as
possible. Several studies demonstrated that preser-
vation of pituitary tissue was associated with no further
loss of pituitary function in the majority of patients.
Only recently, several groups reported that impaired
pituitary function could actually be restored by selec-
tive surgical resection of the adenoma (31–33). This
observation could be confirmed in this study in which
a large patient material was homogeneously treated
by the same surgical techniques and evaluation in
one laboratory. Residual anterior pituitary function
was more frequently preserved after transsphenoidal
surgery (49.5%) and could even be normalised or
improved in 48.7% of cases with preoperative endo-
crine deficiencies. In contrast to most reports in the lit-
erature and despite surgical manipulations necessary
to remove all tumour parts, only a moderate increase
in anterior pituitary deficiency (4.1%) was observed
as an untoward effect of the operation.

The frequency of tumour recurrence is strongly
associated with the remission criteria used. It is para-
mount to distinguish between postoperative normalisa-
tion of GH secretion using all three criteria and those
cases with lower postoperative basal GH levels but
inadequate response to OGTT and/or abnormal IGF-I
levels. Using a postoperative basal GH below 5mg/l as
the remission criterion, the overall ‘recurrence’ rate
in 61 patients was 7% over a mean follow-up period
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of 6 years (19). Similar results were published by Losa
et al. (16) and Arafah et al. (34). However, using sup-
pression of GH levels below 2.0mg/l as the criterion,
long-term remission can be achieved as observed by
our group in 1991 (35). In other published series,
rates of recurrences up to 17.8% are encountered
using other criteria for biochemical cure (36). In the
present series, a mean follow-up period of more than
10 years has been observed. During this period and
using all three criteria for biochemical cure, only two
patients (0.4%) with recurrent acromegaly presented
3–6 years after initial surgery. This fact stresses the
paramount importance of stringent endocrinological
remission criteria in acromegaly.
The management of patients with persistent acro-

megaly after the first operation is a matter of ongoing
discussion. Several meetings have been held to obtain
a consensus about how these patients should ideally
be treated. All treatment modalities concerning this dis-
ease have been discussed in detail. Many of these
patients are candidates for repeat surgery. Re-explora-
tion was found to be particularly successful in those
cases in which neither surgical nor histological inva-
sion could be demonstrated during the first surgery.
In this series, re-explorations have been performed in
a number of selected cases, mainly in patients with
MRI studies that demonstrated residual adenomatous
tissue. As expected, the overall remission rate was
worse than in the primary surgery group, at 27.1%.
Nevertheless, a remission rate of 38.7% could be
achieved in patients with non-invasive tumours and
an initial GH level below 40mg/l prior to the first surgi-
cal approach. To evaluate the effectiveness of secondary
transnasal microsurgery, 28 patients with persistent or
recurrent acromegaly were analysed by Abe & Ludecke
in 1998 (37). The overall endocrinological remission
rate was found to be 57.1% (16 of 28 patients) without
serious morbidity and no mortality. Kurosaki et al. (38)
reported even higher remission rates: overall remission
60%, remission in transnasally respectable tumours
81.3%. The absence of major surgical complications
and significant endocrinological deterioration of other
pituitary functions combined with the possibility of
long-term control of the disease supports re-exploration
as a treatment option in a number of selected patients
with persistent acromegaly.
The results in this series, once more strongly support

the role of surgery as the primary management option
of acromegalic patients. Surgery is very efficacious in
restoring normal GH secretion patterns, acts rapidly
and carries a low therapy-associated morbidity. It is
also clear that surgical experience, skill and knowledge
play an important role in how successful the primary
surgery is (39, 40). The results presented above con-
cern only those series published by authors with
major expertise in this field and cannot be achieved
by surgeons with little experience in pituitary surgery.
Supraregional specialisation in a few neurosurgical

centres with equally experienced endocrinologists and
laboratory staff may lead to even better surgical results
in acromegaly.
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