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Objective : We retrospectively analyzed the surgical outcomes of 42 patients with growth hormone (GH)-secreting pituitary adenoma to evaluate
the clinical manifestations and to determine which preoperative factors that significantly influence the remission.
Methods : Forty-two patients with GH-secreting pituitary adenoma underwent transsphenoidal surgery (TSS) between 1995 and 2007. The
patient group included 23 women and 19 men, with a mean age of 40.2 (range 13-61) years, and a mean follow-up duration of 49.4 (range 3-178)
months after the operation. For comparable radiological criteria, we classified parasellar growth into five grades according to the Knosp
classification. We analyzed the surgical results of the patients according to the most recent stringent criteria for cure.
Results : The overall rate of endocrinological remission in the group of 42 patients after primary TSS was 64% (26 of 42). The remission rate was
67% (8 of 12) for microadenoma and 60% (18 of 30) for macroadenoma. The remission rate was 30% (3 of 10) for the group with cavernous sinus
invasion and 72% (23 of 32) for the group with intact cavernous sinus. Cavernous sinus invasion in Knosp grade III and IV was significantly
correlated with the remission rate. There was a significant relationship between preoperative mean GH concentration and early postoperative
outcome, with most patients in remission having a lower preoperative GH concentration.
Conclusion : TSS is thought to be an effective primary treatment for GH-secreting pituitary adenomas according to the most recent criteria of
cure. Because the remission rate in cases with cavernous sinus invasion is very low, early detection of the tumor before it extends into the
cavernous sinus and a long-term endocrinological and radiological follow-up are necessary in order to improve the remission rate of acromegaly.
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INTRODUCTION

Acromegaly results from supraphysiological growth hor-
mone (GH) release from pituitary somatotroph adenomas
(99% of cases), resulting in persistently high circulating
levels of GH. It has an annual incidence of three to four
cases per 1 million people3) and a prevalence of approxima-
tely 60 per million. Overall, there appears to be no difference
in race, gender or ethnicity among individuals affected with
this condition. Several retrospective cohort studies suggest
that mortality in acromegaly is at least twice that in the
general population2,22,24,26). The cardiovascular effects such
as hypertension, cardiomyopathy and valvular heart disease
are associated with increased morbidity and premature
mortality, and significant increases have been reported for

both respiratory disorders and malignancies24).
The most recent consensus guidelines for the manage-

ment of acromegaly suggest surgery as the first-line therapy,
either alone or in combination with medical treatment,
conventional radiotherapy and/or radiosurgery5,14,18,21). But,
the cavernous sinus invasion renders the tumor surgically
unresectable even in skilled hands, and remains one of the
greatest challenges in neurosurgery. The residual tumor
within the cavernous sinus can continue to cause endocrin-
ological symptoms, which necessitates further treatment
such as pharmacological therapy or radiotherapy. We analyzed
the surgical results of 42 patients with GH-secreting pitu-
itary adenoma focused especially on cases of cavernous
sinus invasion. 

MATERIALS AND METHODS

Forty-two patients with acromegaly among 259 pituitary
tumors underwent transsphenoidal surgery (TSS) to remove a
pituitary GH-secreting adenoma at our institution between
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May 1995 and December 2007. The initial medical records
of the patients were reviewed in detail, and the diagnosis of
acromegaly was confirmed by elevated GH (>5 ng/mL) and
insulin-like growth factor-I (IGF-I) levels, elevated GH (>2
ng/mL) levels after oral glucose tolerant test (OGTT) and
evidence of pituitary mass on magnetic resonance imaging
scans. Postoperative and follow-up clinical, radiographic and
laboratory data were collected from the medical records of the
patients. In addition to the remission of GH oversecretion,
postoperative pituitary function was assessed on the basis of
an adrenocorticotropic hormone (250 mg) stimulation test,
and the serum levels of thyroid-stimulating hormone, free
thyroxine, prolactin, luteinizing hormone, follicle-stimulating
hormone and testosterone/estradiol. 

The clinical characteristics of the patients are shown in
Table 1. The patient group included 23 women and 19 men,
with a mean age of 40.2 (range, 13-61) years, and a mean
follow-up duration of 49.4 (range, 3-178) months after the
operation. The mean initial level of growth hormone was
40.3 (range, 13.27-121) ng/mL and the mean initial level of
IGF-I was 971.1 (range, 16.3-1798.8) nmol/L. Eighteen
patients suffered from diabetes mellitus. Sixteen patients had
headache and twelve patients had visual disturbance. Prolactin
levels were high in seven (16%) patients (Table 2). Tumors

were classified as macroadenomas (≥10 mm) or microade-
nomas (<10 mm) on the basis of magnetic resonance (MR)
or computerized tomography (CT) scanning. Thirty patients
had macroadenomas and 12 patients had microadenomas.
Further, we classified parasellar growth into five grades using
the Knosp classification15). We regarded grades 0, I and II as
non-invasive and grades III and IV as invasive (Fig. 1). The
non-invasive group included 32 patients and the invasive
group included 10 patients.

Hormonal assessment was performed at 15 days, 3 months
and 6 months postoperatively, and usually every year thereafter.
The mean preoperative GH level was 40.3 (range, 13.27-
121) ng/mL and the mean preoperative IGF-I level was 971.7
(range, 16.3-1798.8) nmol/L.

Endocrinological remission or cure involved the fulfilling of
each of the following recent stringent criteria (depending on
the availability at the time) : mean GH less than 2.5 ng/mL,
GH value after OGTT of less than 1.0 ng/mL and a normal
age-related IGF-I level1,7,18).

Data analysis was performed using SPSS 10.0 software
(SAS Institute). The analysis of categorical variables was
performed with Fisher’s exact test or chi-square test. A proba-
bility p value of less than 0.05 was considered statistically
significant.

RESULTS

The postoperative mean serum GH concentration (day-
profile) decreased to 3.90 (range, 0.01-40.73) mg/L and 26
patients (64%) achieved a normal mean GH concentration.
The overall rate of endocrinological remission in the group
of 42 patients undergoing primary TSS was 64% (26 of 42).
The remission rate was 67% (8 of 12) for microadenoma
and 60% (18 of 30) for macroadenoma. The remission rate
was 30% (3 of 10) for the group with cavernous sinus inva-
sion and 72% (23 of 32) for the group with intact cavernous
sinus. Cavernous sinus invasion of Knosp grade III and IV
was significantly correlated with the remission rate (p<0.05).

Using logistic regression analysis, we did not find a signi-
ficant relationship between early postoperative outcome
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Fig. 1. Knosp classification. Grade 0 represents the normal condition of the cavernous sinus space. The adenoma does not pass the tangent of medical
aspects of supra- and intercavernous internal carotid artery (ICA). In grade I, the medial tangent is passed, but the extension does not go beyond the
intercarotid line, which is the line drawn between the cross-sectional centers of the intra- and supracavernous ICA. Grade II is characterized by the tumor
extending beyond the intercarotid line, but not extending beyond or tangent to the lateral aspects of the intra- and supracavernous ICA. Grade III is
characterized by the tumor extending laterally to the lateral tangent of the intra-and supracavernous ICA. Grade IV is characterized by total encasement of
the intracavernous carotid artery (From Knosp et al.15)).

0 I II III IV

Table 2. Associated symptoms and signs of the patients with acrome-
galy

Symptoms and signs Number of cases (n=42)

Diabetes mellitus 18

Headache 16

Visual disturbance 12

Arthralgia 10

Hypertension 8

Hyperprolactinemia 7

Table 1. Preoperative characteristics of the 42 patients with acromegaly

Characteristic Mean Range

Age at diagnosis (years) 40.2 13-61

Duration of symptom (years) 5.6 1-18

Initial growth hormone (ng/mL) 40.3 13.27-121

Initial IGF-I (nmol/L) 971.1 16.3-1798.8



and age, sex, or preoperative IGF-I level (Table 3). There
was, however, a significant relationship between early pre-
operative mean GH concentration and postoperative out-
come (p<0.05), with more patients in remission having a
lower preoperative GH concentration. 

No surgical mortality or serious morbidity was observed
for the whole series, however, minor complications occurred
in three patients. Postoperative diabetes insipidus was ob-
served in one patient requiring medical therapy. A post-
operative cerebrospinal fluid leakage occurred in one patient
that required lumbar drainage without further morbidity. A
case of aseptic meningitis was also observed.

DISCUSSION

We retrospectively analyzed the surgical results of TSS for
acromegaly focusing on patients with biochemical and
clinical follow-up data. Preoperative data such as age and
sex distribution, tumor class and preoperative GH concent-
ration were comparable with those from other studies1,3,14,21).

An endocrinological “cure” for acromegaly, as defined by
the stringent criteria of biochemical remission10,21), was
achieved in 64% of patients, similar to that reported in the
most recent series16,19-21,25). TSS remains an effective treat-
ment for acromegaly, whereas medical treatment and/or
radiotherapy should be reserved for patients with persistent
GH/IGF-I hypersecretion after surgery4). However, for
patients with cavernous sinus invasion of Knosp grade III
and IV15), invasive GH-secreting pituitary adenoma may be
unresectable due to the involvement with structures of the
cavernous sinus; the GH level can’t be normalized, the
surgical cure rate is low while the incidence of complica-
tions is high and the GH level must still be observed after
the operation.

In general, adjuvant treatment is necessary in patients
with remnant tumors without remission. But, there is debate
surrounding the starting point of adjuvant treatment.
Although the patient has not achieved a hormonal remis-
sion state, careful observation could be an alternative option
if there are no hormonal symptoms6,26). Since their introduc-
tion into clinical use more than a decade ago, the octreotide
long-acting release (LAR) have been considered primary or

secondary medical therapy for acromegaly. In a recent study,
it was found that there may be a role for pre-operative
medical management if tumor shrinkage can be achieved
prior to surgery. Surgical outcomes may also be improved
by lowering preoperative GH and IGF-I levels4,5).

For residual tumor within the cavernous sinus area after
medical or surgical treatment, gamma knife radiosurgery is
a viable option. It is known from the present literature that
although gamma knife radiosurgery can be effective in
controlling the tumor volume of patients who are refractory
to drug or surgical treatment, the biological cure rate is very
low9,20,23,28). Studies have claimed that GH values were
normalized in 62-83% of all acromegalic patients treated
by fractionated radiotherapy over a 5-15 year period8,11).
Reported complications included optic neuropathy and
pituitary insufficiency17). Gamma knife radiosurgery is not
only able to deliver a higher biological effective dose than
fractionated radiotherapy, but it can do so without any of the
usual associated complications9,17,23). It can thus be strongly
argued that gamma knife radiosurgery should be considered
before fractionated radiotherapy as an adjuvant therapy. 

The exact effect of cavernous sinus invasion on pituitary
adenoma is unknown. However, the presence of a sensitive
molecular marker for tumor invasiveness will allow a more
focused and cost-effective follow-up and long term manage-
ment for these patients13). However, these markers can only
provide limited predicting information. Recently, Isono et al.12)

immunohistochemically examined the expression of leptin in
pituitary adenomas and found that leptin expression correlated
to the invasive potential of functioning adenomas. The poly-
sialylated neural cell adhesion molecule was found strongly
related to pituitary tumor invasion27). However, these factors
have not been tested clinically, so further study is needed. 

TSS of GH-secreting pituitary adenoma continues to be
a safe and effective method for dealing with a large number
of patients with acromegaly. The goal of overall management
should be to provide the patient with the most effective
means of long term control of this benign but potentially
disabling disease. 

The limitation of this study is being a retrospective study
in small patients. Therefore, a prospective study in more
patients will be necessary to further evaluate the factors
affecting the remission rate of acromegaly. It is hoped that
with advances in pharmacotherapy, surgical treatment may
become even more focused, more precise and more effective
over time.

CONCLUSION

This article gives an insight on the treatment of acrome-
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Table 3. Univariate analysis of factors affecting remission

Factors p-value

Sex 0.524

Age 0.482

Tumor size 0.036

Preoperative GH level 0.023

Preoperative IGF-I level 0.184

Cavernous sinus invasion 0.011



J Korean Neurosurg Soc 45 | May 2009

274

galy, especially on adenomas invading the cavernous sinus.
On the basis of recent remission criteria, our series demon-
strate the good efficacy of TSS for acromegalic patients
with microadenomas and non-invasive macroadenomas. In
patients with larger tumors, cavernous sinus invasion or high
preoperative GH levels, the remission rate is lower. There-
fore, early detection of the tumor and a long-term endo-
crinological and radiological follow-up may improve the
remission rate of acromegaly.
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