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Abstract

Objective: Medical therapy with dopamine agonists (DA) is the primary treatment of choice in most
patients with prolactinomas. ‘Classical’ surgical indications are intolerance or lack of efficiency of DA
therapy. Focusing on a possible shift of recent indications, we retrospectively analyzed our results of
surgical treatment in prolactinomas.
Patients and methods: Between 1990 and 2005, we have operated on 212 consecutive patients with
prolactinomas. Surgical indications were divided into ‘classical’ indications and ‘modern’ indications
defined as cystic prolactinomas or patients with microprolactinomas who individually decided on a
primary surgical treatment.
Results: Initial overall remission was accomplished in 53.2% including giant prolactinomas. However,
in microadenomas, the remission rate was significantly higher with 91.3%. Overall remission at the
latest follow-up was 42.7%, but 72.5% in intrasellar tumors, 80% in cystic prolactinomas, and 84.8%
in microprolactinomas. The overall recurrence rate was 18.7%. Relapse of hyperprolactinemia in
microprolactinomas was 7.1%. In our series, continually less patients were surgically treated for
‘classical’ indications. By contrast, the number of patients who individually decided on a primary
surgical therapy has increased considerably.
Conclusion: Remission rates after surgical treatment of prolactinomas remain excellent, particularly in
microadenoma and intrasellar macroadenomas, whereas morbidity of transsphenoidal surgery is low
in the hands of experienced pituitary surgeons. Our remission rates not only confirm the already
interdisciplinarily accepted surgical indications, but also emphasize the value of primary
transsphenoidal surgery as a discussion-worthy alternative to dopaminergic therapy in young
patients with microprolactinomas or cystic tumors.
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Introduction

Prolactin (PRL)-secreting pituitary adenomas represent
the most frequent pituitary tumors with a predominance
in premenopausal females aged 20–50 years (1). Women
were mostly diagnosed early because of a secondary
amenorrhea and galactorrhea in 75% (2). At the time
of diagnosis, they often exhibit microprolactinomas.
Dopamine agonists (DA) have been recognized to be
effective in the medical treatment of prolactinomas since
the beginning of the 1970s (3, 4). Bromocriptine, an ergot
derivative that binds to and stimulates dopamine (D2)
receptors on lactotroph cells, represents the initial and
therefore reference compound. It has proved to be effective
in suppressing PRL secretion, reducing prolactinoma size
and restoring gonadal function in many studies (2–7). In a
collaborative European multicenter study on 459 women
with prolactinomas, normoprolactinemia was achieved
with bromocriptine in 59% (8). However, up to 12% of
n Journal of Endocrinology
these patients did not tolerate the drug in therapeutic
doses because of side effects and 5–10% of patients showed
only minimal or no response after bromocriptine therapy
(8, 9). Cabergoline, a long-acting dopamine agonist, has
been shown to be more effective (83%) (8) than
bromocriptine with a marked reduction in adverse effects
(7, 8, 10-15). Thus, cabergoline and also quinagolide
started to progressively replace bromocriptine in the
medical therapy of prolactinomas during the last decade
(16–20). Nevertheless, the Kaplan–Meier estimates of the
5-year recurrence rates after withdrawal of cabergoline
therapy in microprolactinomas and macroprolactinomas
in a large prospective study by Colao et al. (21) were 26
and 33% respectively. Moreover, the recurrence rate in the
subgroup of patients with tumor remnants on magnetic
resonance imaging (MRI) before withdrawal, increased to
42 and 78% in micro- and macroadenomas respectively.
Biswas et al. retrospectively reported a relapse of
hyperprolactinemia in 64% of patients after withdrawal
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of either cabergoline or bromocriptine (22). Tumor
re-expansion after withdrawal is more uncommon and
seen in about 20% of cases (23).

However, primary medical therapy with DA
undoubtly is currently established as the ‘gold-standard’
treatment in patients with prolactinomas. In contrast,
transsphenoidal surgery is currently only seen as a
secondline treatment, although the published surgical
rates of PRL level normalization in specialized centers,
especially for microprolactinomas, are excellent and at
least comparable with dopamine agonist therapy
varying between 67 and 88% (24–34).

On the other hand, transsphenoidal surgery for
prolactinomas is accepted for a distinct number of
indications, namely non-responders to medical therapy,
intolerance of DA, cerebrospinal fluid (CSF) fistulas due to
tumor shrinkage after DA therapy and neurological deficits,
such as rapid loss of vision or cranial nerve palsies due to
tumor hemorrhage or apoplexy (35). All in all primary
surgical treatment of microprolactinomas and tumors with
dominant cystic parts unlikely to shrink under DA therapy
remain controversial so far. This is certainly even more true
for the subgroup of young patients who individually decide
on a primary surgical treatment in a specialized pituitary
surgery centre as an alternative an to a potential long-term
medical therapy. Therefore, our purpose was to retro-
spectively analyze our consecutive surgical series since
1990 in order to confirm the efficacy and safety of
transsphenoidal surgery for prolactinomas in the hands
of dedicated pituitary surgeons. We focused on micro-
adenomas and investigated changes in indications in order
to reflect the impact of modern DA throughout the last 15
years and to potentially re-define clinical decision pathways
in the interdisciplinary management of prolactinomas.
Patients and methods

We retrospectively analyzed our consecutive series of
212 patients who underwent surgery for PRL-secreting
pituitary adenomas between August 1990 and August
2005. All cases of residual and/or recurrent adenomas
previously operated on were excluded (complete series
nZ232). Within this period, we surgically treated a
total of 1826 patients with pituitary adenomas by
transsphenoidal surgery. Thus, prolactinomas consti-
tute 12.7% of our operative series.

The consecutive series consisted of 133 female and
79 male patients. The mean age of the patients was 36
years (median age 32 years) with a range from 12 to
69 years. Fifty-six patients (26.4%) harbored micro-
adenomas (!10 mm), 146 patients (68.9%) had
macroadenomas (O10 mm), and 10 patients had
giant adenomas (O40 mm). All patients underwent
transsphenoidal surgery, except those with giant
adenomas who received a combined transsphenoidal–
transcranial management in two separate, consecutive
operative procedures.
www.eje-online.org
The diagnosis PRL-secreting pituitary adenomas was
postoperatively confirmed in all tumors by immunohisto-
chemical analysis (see below). Medical therapy with DA
(mainly bromocriptine until end of the 1990s, thereafter
increasingly cabergoline) had been started by the referring
endocrinologists in 175 cases (82.5%) but was aborted at
least 4 weeks before surgery.
Hormonal evaluation

Fasting basal levels of PRL, cortisol, growth hormone
(GH), testosterone, gonadotropins, estradiol, and thyroid
hormones were measured in the serum of all patients
preoperatively. Additionally, cortisol levels were measured
30 min after administration of adrenocorticotropin
(ACTH). This endocrinological evaluation including
morning fasting basal hormone levels and a short ACTH
test was repeated at day 7 after transsphenoidal surgery
and during follow-up visits at 3 months and then in
annual or biannual intervals in 171 of 212 (80.7%)
patients with a mean follow-up of 19.6 months (range
3–132 months; median 12 months).

Additionally, 27 patients received testing of the hypo-
thalamic–pituitary–adrenal axis by means of insulin-
induced hypoglycemia and insulin-like growth factor-I
(IGF-I) preoperatively. Insulin-induced hypoglycemia was
repeated postoperatively in four patients. Four different
patients underwent stimulation by administration of
GH-releasing hormone–arginine and another four
patients received a combined releasing-hormone stimu-
lation test of anterior pituitary function by administration
of ACTH, luteinizing hormone-releasing hormone
(LH-RH) and thyrotrophin-releasing hormone.

Initial remission was defined as a fasting morning
basal PRL level !500 mU/ml (23.6 ng/ml) without
dopaminergic therapy for at least 4 weeks before
surgery on day 7 after surgery. Follow-up remission
was defined as a morning fasting basal PRL level
!500 mU/ml without dopaminergic therapy for at least
3 months at the latest follow-up.

Male hypogonadism was defined by clinical mani-
festations, a testosterone level !2.8 ng/ml and sub-
normal levels of gonadotropins. ACTH/cortisol
deficiency was defined by clinical manifestations and a
morning fasting basal cortisol level !6 mg/dl with an
inadequate increase after administration of ACTH
!15.0 mg/dl. GH deficiency was determined by a GH
level !3.0 ng/ml after insulin-induced hypoglycemia
and/or an age- and gender-adjusted low IGF-I level.
Secondary hypothyroidism was defined by a free
thyroxine (T4) level !10.0 mmol/l and a basal
thyroid-stimulating hormone (TSH) level !0.3 mU/ml
in the absence of thyroid replacement therapy.
Hormonal assays

The assays used for hormone measurements changed
over the long time period of the study. Between August
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1990 and December 2000, ELISAs were used (Pharmacia
& Upjohn). Since December 2000, a sequential chemi-
luminescent–immunometric assay was used (Immulite;
DPC, Los Angeles, CA, USA). Assay normal values for
PRL in healthy males or females are 17 or 25 ng/ml
(97.5% percentile) respectively. PRL conversion factor
ng/ml!21.2/mU/ml. The inter-assay variation coeffi-
cient (CV) for PRL (serum # 1–5) is 6.9, 8.2, 7.4, 5.9, 6.9,
and 7.9%.
Histopathological evaluation

Surgical specimens from all patients were analyzed
according to the World Health Organisation guidelines
using hematoxylin and eosin staining as well as
immunohistochemistry. None of the pituitary adenomas
used in this analysis were from patients diagnosed with
multiple endocrine neoplasia type I.

Immunostaining of specimens was performed using
the following panel of antibodies: ACTH (clone 02A3,
DAKO), follicle-stimulating hormone (FSH; clone C10,
DAKO), human GH (hGH; DAKO), LH (clone C93, DAKO),
PRL (DAKO), and (TSH; clone 0042, DAKO).

Histopathological grading was based on the revised
WHO classification system of tumors of endocrine
organs (36).
Subgroups of surgical indications

Retrospective analysis of indications for the operative
treatment of prolactinomas in our series revealed
several patient subgroups. Indication subgroup 1
consisted of 38 patients with intolerable side effects
due to dopaminergic therapy. Additionally, there were
non-responders to DA therapy with regard to normal-
ization of hyperprolactinemia (subgroup 2; nZ27) or
inadequate tumor shrinkage (subgroup 3; nZ52).
There were a further 22 patients presenting either
with cranial nerve palsies due to involvement of the
cavernous sinus, CSF fistulas after therapy with DA or
signs of an acute space-occupying tumor hemorrhage
on MRI with or without previous medical therapy.
These patients were excluded (22 out of 212 patients;
10.4% of the series) from the surgical indications
analysis, because they all represented surgical emer-
gency cases independent from the time periods and the
type of dopaminergic drug. Thus, we finally defined
three ‘classical’ indication subgroups for operative
treatment of prolactinomas.

By contrast the retrospective analysis revealed two
subgroups of patients that we defined as ‘modern’
indications for transsphenoidal surgery for prolactinomas
consisting of patients (nZ23) who individually decided on
a primary surgical treatment (subgroup 4) and patients
(nZ50) with cystic tumors (80% of tumor volume
according to the preoperative MRI T2-sequences) that
are unlikely to shrink sufficiently under dopamine agonist
therapy (subgroup 5).
Our surgical series of prolactinomas spans a time period
of 15 years. In order to detect possible changes among the
subgroups during this time period, we defined shorter
periods of 5 years each, covering the beginning of the
1990s (time period A: 1990 to mid-1995), the second half
of the 1990s (time period B: mid-1995 to mid-2000) and
the last 5 years (time period C: mid-2000 to 2005). Within
the time periods A to C (excluding 22 patients from
indication subgroup 4, see above), we treated 62, 79, and
49 patients respectively (Table 3).

There was no change in the specialized neurosurgical
team (the two senior authors R Fahlbusch and
M Buchfelder) performing the operative procedures
during the series time period which possibly would
have caused a bias with regard to the number and/or a
preselection of patient subgroups by the referring
endocrinologists.
Statistical analysis

Student’s t-test for unpaired data was used to compare
continuous variables among subgroups. Multiple logistic
regression analysis was used to determine independent
predictors of outcome/remission. Calculations were
performed using the statistical software Statistica
(StatSoft Inc., Tulsa, OK, USA).
Results

Remission and recurrence

Overall initial remission after selective adenomectomy
with the dopaminergic therapy aborted at least 4 weeks
before surgery was achieved in 102 of 212 patients
(48.1%) also including giant prolactinomas. Table 1 keeps
records about the initial remission rates sorted by adenoma
subgroups (intrasellar, is; intra- and suprasellar without
visual compromise, s1; intra- and suprasellar with visual
deficits, s2; parasellar and/or sphenoidal, ps/sph and giant
adenomas). The complete series included 61 (28.8%)
invasive tumors confirmed by the intraoperative findings
concerning the cavernous sinus and/or sphenoid sinus.

Forty-one patients were lost to follow-up. Thus, data
from our own laboratory utilizing the same assay were
available for 171 patients. In these patients, overall initial
remission was achieved in 91 patients (53.2%) including
giant prolactinomas. Initial remission was accomplished
in 42 patients (82.4%) sorted by growth extension, with
intrasellar prolactinomas, 33 patients (63.5%) with
s1-adenomas, 6 patients (18.8%) with s2-prolactinomas,
10 patients (38.5%) with sphenoidal and/or parasellar
extending prolactinomas, and in no patient harboring a
giant prolactinoma (Table 1).

At the latest follow-up, the overall remission rate in
the absence of dopaminergic therapy was 42.7% including
giant adenomas. Again sorted by growth extension,
follow-up remission was accomplished in 72.5% (is),
www.eje-online.org
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Table 1 Initial remission rates (complete series nZ212) and initial remission rates, follow-up remission rates and recurrence rates
(follow-up series nZ171) sorted by growth extension of prolactin (PRL)-secreting pituitary adenomas.

Tumor extensiona is s1 s2 ps/sph Giant S

Number of tumor (complete series) 64 64 37 37 10 212
Remissionb 50/64 38/64 5/37 9/37 0/10 102/212
Initial remission rateb 78.1% 59.4% 13.5% 24.3% 0% 48.1%
Number of tumors (follow-up series) 51 52 32 26 10 171
Initial remissionb 42/51 33/52 6/32 10/26 0/10 91/171
Initial remission rateb 82.4% 63.5% 18.8% 38.5% 0% 53.2%
Follow-up remissionc 37/51 24/52 4/32 8/26 0/10 73/171
Follow-up remission ratec 72.5% 46.1% 12.5% 30.8% 0% 42.7%
Recurrence 5/42 8/33 2/6 2/10 – 17/91
Recurrence rate 11.9% 24.2% 33.3% 20.0% – 18.7%

ais, intrasellar; s1, suprasellar without visual deficits; s2, suprasellar with visual deficits; ps/sph, parasellar and/or sphenoidal; giant, O40 mm.
bPRL level !500 mU/ml at day 7 after surgery.
cPRL level !500 mU/ml at latest follow-up in absence of dopaminergic therapy.
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46.1% (s1), 12.5% (s2), 30.8% (ps/sph), and 0% (giant) of
tumors respectively (Table 1). Thus, a relapse of hyperpro-
lactinemia occurred in 17 of 91 follow-up patients who
were initially in remission (18.7%). The recurrence rates
sorted by growth extension adenoma subgroups were
11.9% (is), 24.2% (s1), 33.3% (s2), and 20.0% (ps/sph) of
tumors respectively (Table 1). In the subgroup of patients
with cystic intrasellar and suprasellar (s1) adenomas,
remission was more favorable with 80.0%.

In the subcategory on microprolactinomas (56 of 212
tumors), initial remission was achieved in 83.9%. The
remission rate was even higher in purely intrasellar-
located microadenomas with 86.4% (Table 2).

Follow-up data from our own laboratory were even-
tually available in 46 patients with microprolactinomas.
The initial remission rates for the subgroups of purely
intrasellar microprolactinomas, the s1-microprolactino-
mas, and the microprolactinomas with sphenoidal and/or
parasellar extension were 92.3, 83.3 and 100% respect-
ively. Thus, overall initial remission in the follow-up series
was 91.3% (Table 2). At the latest follow-up visit,
Table 2 Initial remission rates (complete series nZ56) and initial
remission rates, follow-up remission rates, and recurrence rates
(follow-up series nZ46) in microprolactinomas.

Tumor extensiona is s1 ps/sph S

Number of tumor
(complete series)

44 10 2 56

Remissionb 38/44 7/10 2/2 47/56
Initial remission rateb 86.4% 83.3% 100% 83.9%
Number of tumors
(follow-up series)

39 6 1 46

Initial remissionb 36/39 5/6 1/1 42/46
Initial remission rateb 92.3% 83.3% 100% 91.3%
Follow-up remissionc 34/39 4/6 1/1 39/46
Follow-up remission ratec 87.2% 66.7% 100% 84.8%
Recurrence 2/36 1/5 0/1 3/42
Recurrence rate 5.6% 20.0% 0% 7.1%

ais, intrasellar; s1, suprasellar without visual deficits; ps/sph, parasellar
and/or sphenoidal.
bPRL level !500 mU/ml at seventh days after surgery.
cPRL level !500 mU/ml at latest follow-up in absence of dopaminergic
therapy.
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remission in the absence of dopaminergic therapy was
accomplished in 87.2% (is micro), 66.7% (s1 micro), and
100% (ps/sph micro) resulting in an overall recurrence
rate for microprolactinomas in 7.1%. The most favorable
recurrence rate was achieved in purely intrasellar
microprolactinomas with 5.6% (Table 2).

There was a statistical significant difference between the
mean preoperative PRL level in the remission group
9186G29 132 mU/ml (median 2703 mU/ml) and the
preoperative PRL level in the persistent group (mean
100 988G291 454 mU/ml; median 19 650 mU/ml).
Thus, we also found a strong negative correlation between
the height of preoperative PRL level and the chance of
remission (rZK0.21; P!0.002) by means of multiple
logistic regression analysis. Tumor size (macro- versus
micro-adenomas) was identified as an independent
predictor of outcome/remission as well as adenoma growth
extension subgroups (is, s1, s2, ps/sph, giant) with rZK
0.44 (P!0.001) and rZK0.41 (P!0.001) respectively.
Morbidity, mortality, and pituitary deficiency

As mentioned above, follow-up data was available in
171 patients (64 males and 107 females). Focusing on
this group, preoperative hormonal evaluation demon-
strated anterior pituitary deficiency of at least one axis
in 52 of 64 (81.2%) male patients. Besides hyper-
prolactinemia, we found secondary hypogonadism in
38 (59.3%) patients (32 with no other anterior
pituitary deficiency). Fifteen male patients (23.4%)
exhibited a secondary hypothyroidism. In 10 male
patients, we found an ACTH/cortisol deficiency. There
were two male patients with GH deficiency.

Out of 52 male patients, 14 (26.9%) demonstrated an
improvement of pituitary function on day 7 after
transsphenoidal surgery and 18 (34.6%) at the latest
follow-up visit. On the other hand, of 64 patients, 4 (6.2%)
were diagnosed with new pituitary deficiencies at
immediate post-operative evaluation and 11 patients
(17.1%) demonstrated new pituitary deficiencies at
follow-up. All 11 patients with new pituitary deficiencies
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had macroadenomas (s1: nZ2; s2: nZ5; ps/sph: nZ2) or
giant (nZ2) adenomas.

Next to the hyperprolactinemia and the clinical
manifestations of hypogonadism (amenorrhea and/or
galactorrhea), six female patients had secondary
hypothyroidism, seven female patients demonstrated
hypocortisolism and two female patients showed a GH
deficiency. In these female patients, the pituitary functions
improved in 5 of 13 cases (38.5%) at the first post-
operative hormonal evaluation at day 7 after transsphe-
noidal surgery and in 7 of 13 female patients (53.8%) at
the latest endocrinological follow-up. There was only one
new onset of ACTH/cortisol deficiency out of 107 cases
(0.9%) in a female patient with an s2-macroadenoma.

In conclusion, there was no mortality in this series.
Morbidity excluding new anterior pituitary deficits was
low with 3.8% (whole series) and very low in micro-
prolactinomas with 1.8% (1 of 56 patients with
microproloactinomas developed a febrile sinusitis). In
detail, morbidity of the complete series consisted of one
patient with a nasal bleeding requiring operative electro-
cauterization, two patients with postoperative meningitis,
one patient with a deep venous thrombosis, two patients
with febrile sinusitis, and two patients with a postoperative
CSF leak. There was no new permanent diabetes insipidus.
Postoperative transient hyponatremia with clinical symp-
toms (syndrome of inappropriate antidiuretic hormone
secretion, SIADH) occurred in 10 patients (4.7%).

At follow-up, new anterior pituitary deficiency had
occurred in 12 of 171 patients (7.0%, all macro- or giant
adenomas), while pituitary functions excluding hyper-
prolactinemia had improved in 25 of 171 patients
(14.6%).
Analysis of surgical indications

The indication subgroup 1 formed by patients with
serious, intolerable side effects of dopaminergic therapy
consisted of 38 (20.0%) cases with a distribution among
the time periods A to C of 24.2, 20.3, and 14.3%
respectively (Fig. 1 and Table 3).
Subgroup 2 consisted of 27 (14.2%) patients in
whom DA therapy was not able to establish PRL levels
within the normal ranges or a mild persistent
hyperprolactinemia two- to threefold. Operative therapy
had been necessary because of this ‘classical’ indication
during time periods A to C in 21.0, 12.7, and 8.2% of
cases respectively (Fig. 1 and Table 3).

Inadequate tumor shrinkage under dopaminergic
therapy formed the indication subgroup 3 with 52
(27.4%) patients and was distributed among the time
periods A to C in 29.0, 26.6, and 26.5% respectively
(Fig. 1 and Table 3).

Patient’s individual decision for a primary surgical
treatment established the indication in 23 (12.1%)
cases (subgroup 4) and was found distributed among
the time periods A to C in 6.5, 11.4, and 20.4%
respectively (Fig. 1 and Table 3).

Fifty (26.3%) patients had prolactinomas with domi-
nant cystic tumor parts and formed indication subgroup 5
with a distribution among the time periods A to C in 19.4,
29.1, and 30.6% respectively (Fig. 1 and Table 3).

In combination, the ‘classical’ subgroups 1–3 set the
operative indication in our patients with prolactinomas
over the last 15 years in a decreasing number of 74.2%
(time period A), 59.5% (time period B), and 49.0% (time
period C). By contrast, the number of patients
representing the defined ‘modern’ indication subgroups
increased progressively throughout the last 15 years
with 25.8, 40.5, and 51.0% during time periods A to C
respectively (Fig. 2).

The mean age of patients showed no difference
between the ‘classical’ and the ‘modern’ subgroup (35
years) and was equal to the mean age of patients
concerning the whole series.
Discussion

There is no doubt that medical treatment of PRL-secreting
pituitary adenomas is the mainstay of primary therapy.
The introduction of modern DA during the last three
decades has strengthened this position. Nevertheless,
Figure 1 Operative therapy of prolactino-
mas at the Department of Neurosurgery,
University of Erlangen-Nuremberg
between 1990 and 2005 – Surgical
indications sorted by time periods.
*(A) 1990–1995; (B) 1995–2000;
(C) 2000–2005.
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Table 3 Surgical indication subgroups and their distribution among time periods A–C (nZ190).

Surgical indication subgroupsa

1 2 3 4 5 S
nZ38 nZ27 nZ52 nZ23 nZ50 nZ190

Time period A (1990–mid-1995) 15 (24.2%) 13 (21%) 18 (29.0%) 4 (6.5%) 12 (19.4%) 62
Time period B (mid-1995–mid-2000) 16 (20.3%) 10 (12.7%) 21 (26.6%) 9 (11.4%) 23 (29.1%) 79
Time period C (mid-2000–2005) 7 (14.3%) 4 (8.2%) 13 (26.5%) 10 (20.4%) 15 (30.6%) 49

a1, side effects of DA therapy; 2, failure of prolactin level normalization; 3, failure of sufficient adenoma shrinkage; 4, patient’s preference for surgical treatment;
5, cystic prolactinomas.
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starting in the 1970s pituitary surgery has also developed
tremendously from a technical standpoint and specialized
centers have emerged throughout the years. However,
transsphenoidal surgery is currently only seen as a
secondline treatment in prolactinomas with very distinct
indications accepted so far. It was only recently at the 9th
International Pituitary Congress in San Diego in 2005
that an interdisciplinary committee of experts, also
including one of the senior authors of this manuscript,
has formulated management guidelines for prolactino-
mas (35). This committee finalized that non-responders to
dopaminergic therapy, patients with intolerable adverse
effects of DA therapy, patients with CSF fistulas under DA,
or patients with rapidly progressive neurological deficits
are candidates for a surgical intervention. These patients
also represent the ‘classical’ indication subgroups in this
paper. As a result of the above consensus statement, we felt
the necessity for a retrospective analysis of our surgical
results and experience in the management of prolactino-
mas focusing on a possible shift of operative indications at
a specialized centre during the last 15 years.

The overall normalization rate of morning fasting PRL
levels concerning the whole series, thus including already
initially unresectable invasive parasellar tumors and giant
prolactinomas was 53.2% initially and 42.7% at the latest
follow-up. By contrast, our analysis demonstrates that the
remission rate of intrasellar (is) macroprolactinomas was
favorable with 82.4% initially, and 72.5% at the latest
follow-up. These remission rates are well comparable with
Figure 2 Operative treatment of prolactinomas at the Department of
Neurosurgery, University of Erlangen-Nuremberg – Relative
development of ‘classical’ and ‘modern’ surgical indications over the
last 15 years. (A) 1990–1995; (B) 1995–2000; (C) 2000–2005.
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most of the results published for primary dopaminergic
therapy (8).

Our data also demonstrate that transsphenoidal
surgery for microprolactinomas in the hands of experi-
enced pituitary surgeons is associated with an excellent
remission rate of 91.3% (84.8% follow-up remission) and
a superior remission rate of 92.3% (87.2% follow-up
remission) for the subgroup of purely intrasellar micro-
adenomas. These results of surgical therapy are well
comparable with the best rates of PRL normalization
published for medical therapy with cabergoline or
quinagolide (8, 15–20). Concerning microprolactinomas,
the overall recurrence rate was 7.1% and therefore
set in the lower range of recurrence rates published before
(27, 33, 34, 37, 38). The most favorable recurrence
rate was detected for the subgroup of purely intrasellar
located microprolactinomas with 5.6%. The overall
recurrence rate of 18.7% compares favorably with the
recurrence rates after withdrawal of Cabergoline therapy
in microprolactinomas and macroprolactinomas
reported in a large prospective study by Colao et al. (21)
or the retrospective data of Biswas et al. (22). Moreover,
the recurrence rate in the subgroup of patients with
remnant tumor on MRI before withdrawal was reported
with 42 and 78% in micro- and macroadenomas
respectively after all. Although the morbidity of our
surgical series was low with 3.8% (1.8% in micropro-
lactinomas), we have to report new anterior pituitary
deficiencies in 7.0% of patients, exclusively in macro-
prolactinomas. By contrast, excluding hyperprolactine-
mia, decompression of the pituitary gland by selective
transsphenoidal adenomectomy restored pituitary func-
tions in 14.6%.

With regard to the main intention of our study,
namely a potential refinement of the current inter-
disciplinary guidelines from a neurosurgical standpoint,
our series additionally indicate the need to pay extra
attention to the subgroup of cystic intrasellar and
suprasellar (s1) tumors with a PRL normalization rate
of 80.0% comparable with the remission rates in
microprolactinomas and the most favorable results
published for primary medical therapy.

The combined analysis of the three ‘classical’ indication
subgroups in contrast to the two ‘modern’ subgroups
revealed a trend in opposite directions over the last 15
years (Fig. 2). In conclusion, the continuously decreasing
Downloaded from Bioscientifica.com at 03/05/2022 12:33:07PM
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number of patients admitted to our neuroendocrine–
neurosurgical outpatient clinic who eventually needed
transsphenoidal surgery because of a persistent substan-
tial hyperprolactinemia despite DA therapy or because of
intolerable adverse effects displays the positive impact of
modern DA like quinagolide and mainly cabergoline
(Fig. 1). The number of non-responders regarding tumor
size remained virtually unchanged.

On the other hand, we have seen a continuously
increasing number of younger patients who wish for a
potential definite surgical solution when they are
informed that they may maintain medical therapy for a
longer time (Fig. 1). Regarding this decision, we also have
to retain in memory the Kaplan–Meier estimate of the
5-year recurrence rates after cabergoline withdrawal in
micro- and macroprolactinomas with adenoma remnants
on MRI (42 and 78% respectively) despite the very
convincing rates of persistent normoprolactinemia after
withdrawal of cabergoline (microprolactinomas 70%
and macroprolactinomas 64%) reported by same group
(21). It seemed that the individual preference for a
surgical therapy was especially prevalent in young female
patients who have to change back or were already initially
started with bromocriptine because of the lack of
adequate safety data during pregnancy concerning the
modern DA. With regard to primary surgical therapy in
prolactinomas, it will also be interesting to follow the
potential impact of the significantly increased frequency
of mitral regurgitation reported in patients using
cabergoline in high doses for Parkinson’s disease (39),
once these data have been looked-over for lower
cabergoline dosages frequently used in the therapy of
prolactinomas.

In conclusion, our series descriptively displays the
current strengths and weaknesses of surgical therapy of
prolactinomas at a specialized center. Thereby, our
remission data not only confirm the already inter-
disciplinarily accepted surgical indications mentioned
above, but also, in our opinion, at least justify the
discussion about additional (maybe best called
‘modern’) indications for a primary surgical therapy
in the management of prolactinomas. The excellent
follow-up remission rates in microprolactinomas, intra-
sellar macroprolactinomas, and cystic is and s1-
prolactinomas in the hands of experienced pituitary
surgeons emphasize the value of primary transsphenoi-
dal surgery as a discussion worthy alternative to
dopamine agonist therapy in young patients harboring
the above prolactinoma subtypes. Of course, we want to
emphasize that these data cannot be generally extrapo-
lated to all neurosurgical centers. At the moment, the
suggested alternative management strategies should be
the result of an interdisciplinary discussion of each
individual case between experienced endocrinologists
and pituitary surgeons. However, we think that maybe
the time has come for a randomized (preferable multi-
centre) trial to finally prove the alternative value of
primary surgical treatment of prolactinomas in patients
with microprolactinomas and/or cystic tumors.
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