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ABSTRACT

OBJECTIVE: Transsphenoidal (TNS) surgery remains the primary therapeutic option for GH-
secreting pituitary adenomas. The aims of this study were to verify the impact of TNS surgery
on treatment of acromegaly before and after identification by a dedicated neurosurgical team
and to enumerate diagnostic features of the disease described over three decades. DESIGN:
41 patients (group A) who underwent TNS surgery by a dedicated neurosurgical team (2000-
2008) and 126 patients (group B) operated on by surgeons not specialized in pituitary surgery
(1979-1999) were retrospectively analyzed. RESULTS: No significant differences were observed
between the two groups in terms of delay of diagnosis, mean basal GH levels and GH nadir
values, prevalence of hypopituitarism and hypertension. IGF-I SDS were significantly higher,
while prevalence of IGT/diabetes was significantly lower in group B than in group A. Overall
remission rate after surgery was 58.5% for group A (75% in microadenomas and 48% in mac-
roadenomas, P=NS) and 37% for group B (P<0.05 vs group A; for microadenomas, 34% vs
75% of group A, P<0.05, for macroadenomas, 36% vs 48% of group A, P=NS). The mean delay
of diagnosis was 4.9 and 5.9 years in group A and B, respectively. CONCLUSIONS: Our data
confirm that a dedicated neurosurgical team is needed in order to improve remission rates in
acromegalic patients. No changes in biochemical, clinical and neuroradiological presentation
of disease were observed over the last three decades. As the high prevalence of macroadenomas
negatively influences surgical cure, earlier diagnosis should be considered as mandatory to
achieve a better outcome.
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INTRODUCTION

Acromegaly is a rare chronic disease caused in
almost all patients by a growth hormone-secreting
pituitary adenoma, with an annual incidence of 3-4
cases per million and an estimated prevalence of 40-
70 cases per million, with an average age at diagnosis
of 44 years.

Despite the improvement of biochemical and
neuroradiological techniques, the insidious clini-
cal manifestations of acromegaly lead to a delay in
diagnosis of from 5 up to 10 years after onset of the
disease.* Furthermore, untreated acromegaly is asso-
ciated with enhanced morbidity and mortality, mainly
due to cerebrovascular, cardiovascular, metabolic
and respiratory comorbidities, with a 30% decrease
in life expectancy. In fact, retrospective studies of
acromegalic patients indicate a 10-year reduction
in lifespan with at least a doubling of standardized
mortality rates (SMRs) due to the detrimental effect
of excess of growth hormone (GH) and IGF-1.5¢

Treatment of acromegaly is therefore aimed at
reducing GH and IGF-I values to normal range and
to correcting symptoms due to the mass effect of the
tumor, such as visual defects and headache. According
to the Acromegaly Consensus Group current guide-

lines for disease management, the transsphenoidal
(TNS) neurosurgical approach remains a primary
option.” In fact, surgical treatment is able to offer
a rapid and, in most cases, permanent reduction in
GH and IGF-I levels and to relieve mass effect of
the tumor. In those patients in whom surgical treat-
ment is contraindicated or refused, radiotherapy and
medical treatment with somatostatin analogs and/or
growth hormone receptor antagonists are valuable
treatment modalities.

Over recent decades, many data about surgical
treatment of GH-secreting pituitary adenomas have
been published. However, the remission rates vary
widely and are poorly comparable, this owing to
heterogeneous criteria used to define biochemical
remission of acromegaly (Table 1).**° An emerging
aspect is the demonstration that the outcome of sur-
gical treatment for acromegaly is strictly influenced
by the surgical learning curve and, therefore, by the
experience of the neurosurgeon, especially in patients
with macroadenoma or extrasellar invasion.'"*** Even
in the event of a second surgical treatment, a neuro-
surgical dedicated team is able to improve significantly
the final outcome of acromegalic patients.”*

The aim of this study was to retrospectively in-
vestigate the efficacy, tolerability and impact of a

Table 1. Remission rates and relative criteria in different studies on acromegalic patients surgically treated

Remission rate Remission rate Remission rate

Study Year No. cases (%, total) (%, micro) (%, macro) Criteria of cure
Losa et al 1989 29 55% / / GH nadir <1 pg/l, normal IGF-I
Tindall et al 1993 91 82% / / GH <5 pg/l
Fahlbusch et al 1997 396 58% 68% 54% GH nadir <2 pg/l
Lissett et al 1998 73 17.8% 38.8% 11.8% GH <2 pg/l
Ahmed et al 1999 139 67% 91% 46% Mean GH <2 pg/l
Shimon et al 2001 98 4% 84% 64% GH nadir <2 pg/l, normal IGF-1
Nomikos et al 2005 506 57% 5% 51% GH nadir <1 pg/l, normal IGF-I
Abbassioun et al 2006 108 04% / / GH <3 pg/l
Petersenn et al 2008 554 54.3% 54% 67% GH < 2.5 g/l
Gondim et al 2010 67 74.6% 85.7% 71.7% GH nadir <1 pg/l, normal IGF-I
Kiristof et al 2011 96 72.9% / / GH nadir <1 pg/l, normal IGF-1
Dusek et al 2011 53 59.2% 76.9% 52.8% GH nadir <1 pg/l, normal IGF-1
Wang et al 2012 43 67% 1% 63% GH nadir <0.4 pg/l, normal IGF-I
Group A 41 58.5% 5% 48% GH nadir <1 pg/l, normal IGF-I
Present study .
Group B 126 37% 34% 36% GH nadir <1 pg/l, normal IGF-1
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dedicated neurosurgical team on the outcome of TNS
surgery in 175 acromegalic patients referred to the
Neurosurgery Unit of the Fondazione IRCCS Ca’
Granda - Ospedale Maggiore Policlinico of Milan,
Italy, between 1979 and 2008. An additional objective
was to evaluate over three decades the biochemi-
cal and clinical presentation of the disease and the
interval from symptoms to diagnosis of acromegaly.

METHODS

Surgical procedure and baseline evaluation

Forty-one acromegalic patients (group A) who
underwent neurosurgery for adenomectomy by a
dedicated neurosurgical team between 2000 and
2008 at our Institution were investigated. In addition,
126 acromegalic patients (group B) who underwent
neurosurgery for adenomectomy by a general neuro-
surgeon not specialized in pituitary surgery between
1979 and 1999 were also evaluated as a control group.
A retrospective database analysis was performed
and signed informed consent for data collection was
obtained from all patients.

For group A, microscopic TNS surgery with the
septal pushover technique was performed.® For group
B, different surgical techniques, such as sublabial or
transnasal transsphenoidal approaches, were used.

Starting from 1999, a neuronavigation system
(Radionics, Minneapolis, USA; BrainLab, Munich,
Germany), loaded with CT and MR coregistered
images, was used to verify the surgical anatomy pre-
and intraoperatively.

Complications associated with surgical procedure
were arbitrarily divided into major (death, carotid le-
sions, neurological damage, postoperative CSF leak,
nasal bleeding or infection) and minor complications
(transient diabetes insipidus, nasal discomfort or
discharge, headache).

Patients were included in the study if they had
clinical and biochemical diagnosis of acromegaly,
presence of pituitary adenoma at neuroradiological
imaging, no previous radiotherapy or surgical treat-
ment and complete pre- and postoperative follow-up.

The diagnosis of acromegaly was assessed on
the basis of clinical signs of acromegaly, failure of

suppression of GH to less than 1.0 ug/L during a
standard oral glucose tolerance test (OGTT 75 g of
glucose) together with serum IGF-I levels greater
than the normal age- and sex-adjusted range. Since
IGF-I assay was routinely available from 1985, in 26
patients of group B preoperative IGF-I levels were
not assessed. OGTT was performed after an overnight
fast and collecting blood samples at 0, 30, 60, 90 and
120 minutes. In 25 patients with concomitant diabetes
mellitus, samples for serum GH measurement every
30 minutes for 2 hours during slow saline infusion
were collected.

Pituitary function was determined via basal or
dynamic evaluation, as appropriate. In particular,
central hypothyroidism was defined as low FT4 levels
in the presence of inappropriate thyroid-stimulating
hormone (TSH) levels. Central hypoadrenalism was
defined as a lack of response to stimulation tests
(peak cortisol levels lower than 500 nmol/l during
standard-dose (250 pg) corticotrophin stimulation
test (SDCT), low-dose (1 ug) corticotrophin stimula-
tion test (LDCT) or insulin tolerance test). Central
hypogonadism was diagnosed in the case of low
testosterone or estradiol levels and inappropriately
normal or low gonadotropin levels. Prolactin levels
were evaluated in all patients.

Moreover, physical examination and metabolic
profile (systolic and diastolic blood pressure, glucose
and insulin levels at baseline and during OGTT,
glycosylated hemoglobin (HbAc), total cholesterol,
high-density lipoprotein (HDL) cholesterol, tryglic-
erides) were also investigated.

Neuroradiological imaging was performed by
magnetic resonance imaging (MRI) or computerized
tomography (CT) scan. According to size, pituitary
tumors were classified into microadenomas (maximum
diameter <10 mm) or macroadenomas (maximum
diameter equal or greater than 10 mm). In 4 out of 126
patients of group B, classification was not performed
because of available imaging (X-ray).

Postoperative evaluation

Hormonal and metabolic assessment was per-
formed in all patients in the postoperative peri-
od (short-term evaluation) with a mean distance
from TNS procedure of 2.9+1.3 months (range:
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2-10 months). In the event of preoperative medical
therapy, evaluation was performed at least 3 months
after surgery.

At short-term evaluation, patients were considered
surgically cured in the presence of normal serum
IGF-I levels and a GH nadir <1 pg/L after OGTT.
Similarly to baseline evaluation, in 23 patients of group
B IGF-I assay was not available. In these patients, we
considered GH nadir <1 pg/L as the criteria to define
surgical cure. Patients with discrepant biochemical
results (normal GH levels and elevated IGF-I levels, as
well as elevated GH levels and normal IGF-I values)
were considered not cured.

Assay methods

Until 1992, serum GH levels were measured
via radioimmunoassay (RIA) with the polyclonal
Lisophase HGH kit (Sclavo, Milan, Italy). The
sensitivity of the method was 0.3 mg/L . The stand-
ards were calibrated against the first World Health
Organization International Reference Preparation
HGH-MCR (code 66/217). Subsequently and prior
to October 2007, a two-site monoclonal immuno-
fluorimetric assay method (AutoDelfia kit, Wallac,
Inc. OY, Turku, Finland) was used. The sensitivity
of this method was 0.01 mg/L. and intra- and inte-
rassay coefficients of variation were 2% and 1.7%,
respectively. After October 2007, GH was assayed
with a chemiluminescence method (Immulite 2000,
Siemens Medical Solutions Diagnostics, Los Ange-
les, CA) with a detection limit of 0.01 mg/l. In both
cases, the standards were calibrated with the first
World Health Organization International Reference
Preparation (code 80/505).

Serum IGF-I concentrations were measured by
commercial RIA kits starting from 1985. According
to the RIA assay used before 1996 (Incstar, Stillwa-
ter, MN, USA), the removal of binding proteins was
obtained by acidification and subsequent filtration
on ODS CI18 cartridges. The intra- and interassay
coefficients of variation were 15 and 16%, respec-
tively. Afterwards and until 2008, IGF-I levels were
assessed by the commercial radioimmunometric
assay kit of Mediagnost (Tiibingen, Germany). The
separation of IGF-I from binding proteins was ob-
tained by acidification in IGF-II excess, and IGF-II
cross-reactivity was less than 0.05%. The intra- and

interassay coefficients of variation were 3.2 and 8.9%,
respectively. The values were compared with those
from an appropriate age- and sex-adjusted range and
expressed in standard deviation scores (SDS).

All the other hormonal, biochemical and metabolic
parameters were measured by standard procedures.

Statistical analysis

Calculations were performed by SPSS 18.0 soft-
ware (SPSS, Paris, France). Data are presented as
mean =+ standard deviation (SD). Normally distrib-
uted variables were compared using Student’s #-test,
preceded by Levene’s test to check variance equality.
Nominal data were analyzed by Fisher’s exact test in
2 X 2 contingency tables or % test otherwise, while
the other non-gaussian variables were evaluated by
the Mann-Whitney U-Test. Logistic multivariate
regression analysis was performed with the stepwise
method. P <0.05 and P >0.10 were used as entry and
removal criteria, respectively. Two-tailed P values
less than 0.05 were considered statistically significant.

RESULTS

Baseline evaluation

In group A (n=41, 19F & 22M, mean age at
diagnosis 47.3+13.3 years), the mean duration of
symptoms before diagnosis of acromegaly was 4.9+3.6
years. Sixteen patients (39%) had a microadenoma,
while the remaining 25 (61%) had a macroadenoma.
Mean basal GH values and mean nadir of GH after
OGTT were 23.9+29.7 ug/L and 19.8+32.9 ng/L,
respectively, whereas IGF-1 SDS were 10+5.5. Mean
age at the surgical procedure was 48.2+13.6 yrs. At
diagnosis, single or multiple pituitary deficits were
diagnosed in 16 out of 41 patients (39%). In particular,
12 patients had one pituitary deficit (9 hypogonad-
ism, 2 hypoadrenalism, 1 hypothyroidism), while
multiple deficiencies were observed in 4 cases (3
hypogonadism and hypoadrenalism, 1 hypogonadism
and hypothyroidism). In 7 patients, high prolactin
levels, indicating mixed lacto/somatotroph tumors
or deafferentation, were observed.

Headache was present in 22 patients (54%). Visual
field examination, performed in all the 25 patients with
macroadenomas, showed a defect in 5 cases (12%).
Before surgery, 13 patients (32%) received medical
therapy (10 somatostatin analogs, 2 somatostatin ana-
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logs and dopamine agonists, 1 somatostatin analogs
and pegvisomant).

In group B (n=126, 79F & 47M, mean age at
diagnosis 43.3+10.7 years), the mean duration of
symptoms before diagnosis of acromegaly was 5.9+5
years. There were 35 of our cases were having mi-
croadenomas (i.e. 29% of our population) while 87
macroadenomas (71%). In 4 patients tumor extension
was undetermined. Mean basal GH and mean GH
nadir levels were 28.8+28.1 pg/L and 19.9+20.9 ug/L,
respectively, IGF-1 SDS were 15.4+6.4. Mean age
at the surgical procedure was 44.1+10.6 yrs. Single
or multiple pituitary deficits were present in 31/126
patients (25%). In particular, 22 patients had one
pituitary deficit (19 hypogonadism, 2 hypoadrenal-
ism, 1 hypothyroidism), while multiple deficiencies
were observed in 9 cases (7 hypogonadism and hypo-
thyroidism, 1 hypogonadism and hypoadrenalism, 1
hypoadrenalism, hypogonadism and hypothyroidism).
Elevated prolactin levels were found in 26 patients
(21%). Headache was present in 78 patients (62%).
Before surgery, 14 patients (11%) received medical
therapy (11 somatostatin analogs, 3 dopamine ago-
nists).

No significant differences between group A and
group B in terms of delay of diagnosis, mean age,
tumor size, mean basal GH levels, mean GH nadir
after OGTT, prevalence of hypopituitarism and

hypertension were observed. IGF-1 SDS were sig-
nificantly higher in group B (15.4%=6.4 vs 10%5.5,
P<0.001). Finally, prevalence of diabetes mellitus
or impaired glucose tolerance (IGT) were higher in
group A than in group B.

Demographic, neuroradiological, biochemical and
clinical characteristics of the two groups of patients
are summarized in Table 2.

Transsphenoidal surgery

No case of deaths related to surgery was recorded.
Morbidity was very low: specifically, as far as major
complications are concerned, postoperative cerebro-
spinal fluid leak was reported in 1 patient (3%) of
group A, treated with intravenous antibiotics, and in
5 patients (4%) of group B, successfully treated with
lumbar drainage in 4 cases and intravenous antibiotics
in 1 case. Regarding minor complications, transient
diabetes insipidus was observed in 4 patients (10%)
of group A and 8 patients (6%) of group B, sponta-
neously resolved in all patients before the discharge.

Postoperative evaluation

At first evaluation after surgery (mean distance
from TNS: 2.9+1.3 months, range 2-10 months), dis-
ease remission was observed in 24 out of 41 patients
(58.5%) of group A. In particular, surgical cure was
observed in 12/16 patients (75%) with microadenomas
and in 12/25 patients (48%) with macroadenomas.

Table 2. Demographic, neuroradiological, biochemical and clinical characteristics of group A and group B at baseline evalution

GROUP A (2000-2008, n=41) GROUP B (1979-1999, n=126) P

FM 19/22 79/47 NS
Age at diagnosis (years) 473%133 43.3%10.7 NS
Delay in diagnosis (years) 4.9+3.6 5.9+5.0 NS
Mean basal GH (mcg/L) 23.9%29.7 28.8+28.1 NS
Nadir GH (mcg/L) 19.8+32.9 19.9%20.9 NS
IGF-I SDS 10.0£5.5 15.4x6.4 <0.001
Pituitary deficiencies (yes/no);(%) 16/25 (39/61) 31/95 (25/75) NS
Tumor size (micro/macro);(%) 16/25 (39/61) 35/87 (29/71) NS
Headhache (yes/no);(%) 22/19 (54/46) 78/48 (62/38) NS
Diabetes/IGT (yes/no);(%) 26/15 (63/37) 52/74 (41/59) 0.018
Hypertension (yes/no);(%) 19/22 (46/54) 43/83 (34/66) NS

Data are expressed as mean + SD or absolute number with percentage in parenthesis.

NS= Not Significant.

Normally distributed variables were compared using Student’s t-test. Nominal data were analyzed by Fisher’s exact test.
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No significant difference in remission rates between
micro- and macroadenomas was seen.

As expected, mean GH levels, mean GH nadir
after OGTT and IGF-I SDS were significantly lower
with respect to presurgical evaluation (23.9+29.7 vs
3.5+43ug/L, 19.8+£32.9vs 2.7+4.7 ug/L and 10£5.5 vs
2.9%5.4, respectively, for all P<(.001). Furthermore,
a significant reduction of the prevalence of headache
was observed after TNS (from 55% to 20%, P=0.002).

Concerning pituitary function after surgery, in
group A single or multiple pituitary deficits were di-
agnosed in 20 patients (49%). Notably, 10/13 patients
with preoperative diagnosis of hypogonadism gained
normal function of the pituitary/gonadal axis after
surgery. By contrast, new diagnosis of hypoadrenal-
ism, hypogonadism and hypothyroidism was recorded
in 12, 3 and 6 patients, respectively.

Finally, no difference in remission rates between
patients receiving or not receiving preoperative medi-
cal therapy [61% (8/13) vs 57% (16/28), P=1.000]
was observed.

In group B, surgical cure was achieved in 47 out
of 126 patients (37% vs 58.5% of group A, P=0.019).
With regard to tumor size, disease remission was
observed in 12/35 patients of microadenomas (34%
vs 75% of group A, P=0.014) and in 31/87 patients
with macroadenomas (36% vs 48% of group A,
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Figure 1. Prevalence of remission rates after TNS surgery in
two groups of acromegalic patients.

P=0.350) (Figure 1). Mean GH levels, mean GH nadir
after OGTT and IGF-1 SDS were significantly lower
than those of the presurgical evaluation (28.8+28.1
vs 8.1+14.6 png/L, 19.9+20.9 vs 4.5+8.8 ng/L, and
15.4x6.4 vs 5.5+6.4, respectively, for all P<0.001).
However, postoperatively, mean GH values and IGF-I
SDS were significantly higher in patients of group B
compared with those of group A (8.1=14.6 vs 3.5+4.3
ug/L and 5.5+6.4 vs 2.9+5.4, respectively, P=0.048
and P=0.020). Similarly to group A, after TNS a
significant reduction of the prevalence of headache
was observed (from 61% to 28%, P<0.001).

Single or multiple pituitary deficits were diagnosed
in 32 patients (25.4% vs 49% of group A, P=0.006).
In 22/28 patients with hypogonadism, in 2/3 with
hypoadrenalism and in 6/10 with hypothyroidism
prior surgery, normal function of the respective axis
after TNS was observed. A new diagnosis of hypo-
adrenalism, hypogonadism and hypothyroidism was
performed in 17, 6 and 7 patients, respectively.

Finally, in order to determine the factors that af-
fect surgical cure in acromegalic patients, a stepwise
multivariate logistic regression analysis was performed.
In this regression model, sex, age at diagnosis, basal
GH levels, basal IGF-I levels, belonging to group A
or group B and tumor size were included. Among all
the independent variables, basal GH levels [OR: 0.961
(0.935-0.987), P=0.004], basal IGF-I levels [OR: 0.985
(0.974-0.997), P=0.015] and belonging to group A or
Group B [OR: 2.618 (1.028-6.670), P 0.044] were the
significant determinants of surgical cure.

DISCUSSION

Acromegaly is an insidious disease associated
with enhanced morbidity and mortality, with a 30%
decrease in life expectancy. The aims of acromegaly
treatment are normalization of GH and IGF-I values
and control of tumor growth. Transsphenoidal surgery
is the primary therapy for GH-secreting pituitary ad-
enomas, in particular for intrasellar microadenomas,
noninvasive macroadenomas and in the presence of
compression symptoms.’

To date, many studies focusing on remission rates
of surgically treated GH-secreting pituitary adeno-
mas have been published. Although the results are
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poorly comparable because of different criteria used
to define biochemical cure, overall surgical remission
rates vary from 54.3 to 82%.5%

Several authors have previously observed that,
although tumor volume and invasiveness are fac-
tors influencing the success of surgical procedure,*
outcome of TNS surgery is strictly dependent on the
availability of a dedicated neurosurgical team.!1*-2?

In our series, neuroradiological imaging showed
the presence of a macroadenoma in the majority
of patients (61% in group A and 71% in group B).
After surgery, we observed a significant increase in
overall remission rate in patients surgically treated
by a dedicated neurosurgical team (58.5%) in respect
to patients who underwent TNS surgery by a non-
selected operator (37%).

With regard to the tumor size within groups, we
did not observe a significant difference in remission
rate between patients affected by microadenoma and
patients affected by macrodenoma in both groups
A and B. This result is not in agreement with some
surgical series that report a better outcome for micro-
adenomas: this may be related, at least for group A, to
the relatively small numbers of patients analyzed.'>'*!°

Furthermore, a significant increase in surgical
cure was observed in patients of group A with micro-
adenomas, but not in patients with macroadenomas,
as compared to patients belonging to group B. Even
though remission rate of macroadenomas did not
increase between the two groups, surgical results of
group A are comparable to those already published
in the literature.®? Moreover, it has been shown that
surgical outcome improves with time and consequently
with neurosurgical experience.'? Thus, TNS treatment
performed by our neurosurgical team requires further
and later evaluation.

Notably, stepwise regression analysis of our series
showed that basal GH, IGF-I levels and belonging to
group A or B, but not tumor size, were the determi-
nants of surgical cure. This observation, consistent
with the similar outcome that we observed between
micro- and macroadenomas, may reflect the poor
characterization of macroadenomas in terms of lo-
cal invasiveness, which represents a limitation of this
retrospective work.

The influence of preoperative medical therapy,
in particular with somatostatin analogs, on surgi-
cal outcome is controversial.” Relative to previous
data, in our patients of group A remission rate after
surgery did not improve in the event of preoperative
medical treatment.'

Regarding complications of TNS surgery, our
series showed absent mortality and very low morbid-
ity. As far as pituitary function is concerned, data
about pre- and postoperative pituitary insufficiency
in the literature are inconclusive.'®" In our study, a
similar percentage of improvement or worsening of
pituitary secretion after surgery was observed in two
groups of patients. However, while gonadal function
seemed to often resolve after surgical treatment, a
new diagnosis of hypoadrenalism and hypothyroidism
was frequently performed. Although the reason for
this circumstance is unclear, our results confirm that
a complete pre- and postoperative pituitary function
evaluation is necessary.

We did not observe significant changes in clinical,
biochemical and neuroradiological presentation of
acromegaly over the last three decades. It is well known
that acromegaly is a rare and insidious disease the
diagnosis of which is often late. Older series reported
amean distance of diagnosis from onset of symptoms
of 5 to 10 years."** Although Nachtigall and coll.
showed a mean time to diagnosis of 2.5 years,” more
recently Reid and coll. confirmed a mean delay of
more than 5 years in a large series of consecutive
acromegalic patients diagnosed between 1981 and
2006.* Similarly, our results showed a mean duration
of symptoms before diagnosis of 5.5 and 5.9 years in
group A and in group B, respectively. In agreement
with the similar time to diagnosis in groups A and
B, tumor size, mean basal GH levels, mean GH na-
dir after OGTT and prevalence of hypopituitarism
and hypertension did not differ between groups.
Conversely, prevalence of diabetes mellitus or IGT
was higher in group A than in group B, this result
probably reflecting a higher prevalence of preopera-
tive treatment with somatostatin analogs in group A.

In conclusion, our data confirm that a dedicated
neurosurgical team is needed in order to improve
remission rates of surgery in acromegalic patients, in
particular for patients with microadenomas. Moreover,
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we did not observe significant changes in biochemical,
clinical and neuroradiological presentation of the
disease over the last three decades. Therefore, despite
the improvement of biochemical, neuroradiological
and neurosurgical techniques, acromegaly remains
under-diagnosed. The high proportion of macroad-
enomas at diagnosis is an important challenge: in
this context, surgery is not curative in a significant
proportion of cases and achievement of disease control
requires medical therapy and/or radiotherapy. Hence,
as the high prevalence of macroadenomas negatively
influences surgical cure, a strategy enabling enhanced
awareness and an earlier diagnosis of acromegaly
should be considered as mandatory to achieve an
even better outcome.
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