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Abstract
Background: Medical treatment became the first-line treatment for prolactinomas for years, with surgery reserved as second-line treatment. Surgery has been considered as a first-line treatment in few situations. Objective: The aim of this study was to review the surgical indications in a series of patients operated upon for prolactinomas, and to show postoperative biochemical cure rate and need for postoperative adjuvant therapy. Patients and methods: Data of 25 patients operated upon for prolactinomas have been retrospectively reviewed including clinical presentation, previous treatment, preoperative and postoperative prolactin levels, preoperative and postoperative magnetic resonance imaging (MRI), and indication of surgery in each patient. Clinical outcome, biochemical cure, and postoperative adjuvant therapy were reviewed. Results: The commonest indications of surgery were failure of medical treatment to achieve biochemical cure and/or tumor control and marked visual affection. Other indications included intolerance to medical treatment, pituitary apoplexy, microprolactinomas with moderately elevated prolactin, and patient refusing long-term medical treatment. Biochemical cure was achieved in 10 patients, and was not achieved in any patient with invasive adenoma or elevated serum prolactin above 1000 ng/ml. Medical treatment was given postoperatively to all non-cured patients, in addition to radiosurgery in one patient. Conclusion: Surgery still has an important role in patients with failure or intolerance to medical treatment. Patients with marked visual affection, pituitary apoplexy, and microadenomas with moderately elevated prolactin are possible candidates for surgery. Surgery can be performed as a part of multimodal treatment in patients with giant and/or invasive adenomas or serum prolactin above 1000 ng/ml.
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Introduction:
Prolactinomas are the most common functioning pituitary adenomas (1,2), representing about 30% of adenomas and about 50-60% of functioning adenomas (3). These tumors present with clinical manifestations of hyperprolactinemia with or without pressure manifestations on the surrounding structures particularly the visual apparatus (4). Diagnosis of prolactinoma is based on elevated serum prolactin levels and detection of the adenoma on MRI, after exclusion of other causes of hyperprolactinemia (5,6). In general, prolactin levels exceeding 150-200 ng/ml are assumed to be due to prolactinoma, while lower levels in the presence of a pituitary macroadenoma is usually related to stalk effect (7-9).
The goals of treatment are correction of hyperprolactinemia, controlling tumor growth, and preservation of anterior pituitary function with restoration of gonadal functions (10,11). Treatment modalities include medical treatment, surgical resection, and radiation therapy (1,6,9,12-16). Indications of surgery for prolactinomas became fewer as a result of the high success rates obtained by medical treatment (17-19). Main indications have been intolerance to medical treatment, cases refractory to medical treatment, and patients preferring surgery than long-term medical treatment (15,18,20,21). Patients with microadenomas are considered possible candidates for surgery which may be curative with postoperative normalization of prolactin level (1,22,23). Other controversial indications for surgery include pituitary apoplexy (21,24-28), marked visual affection (29), and females with macroprolactinomas desiring pregnancy (10,30).
The aim of this study was to review the indications for surgery in a series of patients operated upon for prolactinomas, and to show the postoperative biochemical cure rate and the need for adjuvant therapy following surgical resection.
Patients and methods:
	This retrospective study included 25 patients with prolactinomas operated upon in Cairo University hospitals and Nasser Institute hospital. There were 10 males and 15 females, with age ranging from 22 to 67 years. Diagnosis of prolactinoma was based on elevated serum prolactin above 150 ng/ml and detection of adenoma on magnetic resonance imaging (MRI), with other causes of hyperprolactinemia being excluded. Patients with macroadenomas and hyperprolactinemia with serum prolactin below 150 ng/ml have been excluded. Data of these patients have been reviewed including clinical presentation and findings, history of previous treatment, preoperative and postoperative serum prolactin level, preoperative and postoperative MRI findings, indication of surgery in each patient, and postoperative adjuvant therapy.
Clinical manifestations were classified as manifestations of hyperprolactinemia (galactorrhea, amenorrhea, infertility, and impotence), manifestations due to mass effect (headache, diminution of vision, field defects, and dipolpia), and manifestations due to apoplexy (sudden deterioration of vision, acute development of ptosis or dipolpia). In patients presenting with multiple symptoms, the reason to seek medical advice was considered the main manifestation. In patients previously treated by dopamine agonists, the drug used, maximum dose, duration, response to treatment, and occurrence of side effects were reviewed. Failure of medical treatment was not considered except after at least 6 months of treatment. Based on the data of the preoperative visual assessment, patients with visual acuity in one or both eyes less than 1/60 and/or with more than 50% field defect in one or both eyes, were considered to have marked visual affection.
 According to tumor size on preoperative MRI, tumors were classified as microadenomas < 1cm, macroadenomas > 1cm, and giant adenomas with maximum diameter > 4cm (25,27). Invasion of the surrounding compartments particularly the cavernous sinus was determined from the MRI, and tumors were assigned as invasive or non-invasive. Patients were categorized according to preoperative serum prolactin levels into those with levels below 200 ng/ml, those with prolactin levels between 200 and 1000 ng/ml, and those with levels exceeding 1000 ng/ml.
The indication of surgery in each patient was reviewed. Surgical treatment was assigned as primary treatment or secondary to other therapies in each patient. The surgical approach used in each patient was documented and any intraoperative complication recorded.
The postoperative visual assessment was compared to the preoperative assessment and patients were considered as improved, deteriorated, or having stationary vision. Complications reported after surgery were reviewed. According to the postoperative serum prolactin measured within the first postoperative week, patients were categorized as having biochemical cure (normalized serum prolactin) or having persistent hyperprolactinemia. Postoperative MRI (performed within 3 months after surgery) was reviewed and extent of resection in each case was documented. Postoperative adjuvant therapy whether medical treatment or radiosurgery was reviewed. Follow up period ranged from 3 months to 2 years, with serum prolactin repeated after 3 months then on individual basis.
Results:
The study included 10 males and 15 females. Age ranged between 22 and 67 years, with mean age 32.6 years. Twelve patients (48%) presented with manifestations of hyperprolactinemia; 10 (67% of females) with amenorrhea and/or galactorrhea and 2 (20% of males) with impotence. Visual affection in the form of diminution of vision or visual field affection was the main presentation in 9 patients (36%); however, these patients had also manifestations of hyperprolactinemia but they were not the reason of seeking medical advice. Four patients (16%) presented with manifestations of pituitary apoplexy. Marked deterioration of vision (visual acuity below 1/60, or loss of more than 50% of visual field) was detected in eight patients (32%); four with macroadenomas (24% of macroadenomas) and four with giant adenomas (80% of giant adenomas). There were no cases of accidentally discovered adenomas in this series.
Thirteen patients (52%) have been on medical treatment for periods ranging from 2 months to 14 months. Medications used were bromocriptine in 5 patients with doses up to 15 mg/day, cabergoline in 8 patients with dose up to 3 mg/week. Four patients have been previously treated by both drugs. Failure of medical treatment to achieve biochemical cure and/or to control tumor growth occurred in 9 patients (69% of patients on treatment) including a patient with microadenoma, while intolerance to medical treatment occurred in three patients (23% of patients on treatment). Patients with failed medical treatment have been on treatment for at least 6 months with bromocriptine dose of 15 mg/day or cabergoline dose of at least 2mg/week. All of these patients have shown variable degrees of prolactin level reduction but without reaching levels below 150 ng/ml. One patient developed pituitary apoplexy with marked deterioration of vision while on treatment and was considered under the category of marked visual deterioration not failed medical treatment. Medical treatment has been stopped for periods between 2 and 5 weeks before surgery except in the patient with apoplexy and visual deterioration who was operated upon immediately. No patient in this series had been previously treated by radiation or surgery.
	Table 1 shows the number of patients with microadenomas, macroadenomas, and giant adenomas, with the number of invasive adenomas in each group, and the range of preoperative serum prolactin level in each group. Maximum tumor diameter ranged from 1.8 cm to 3.2 cm in macroadenomas, and ranged from 4.2 cm to 6.3 cm in giant adenomas. Invasive adenomas involved the cavernous sinus in 7 patients (including 2 patients with bilateral cavernous sinus involvement), and the posterior fossa in one patient. Figure 1a shows MRI of a patient with microadenoma, while figure 1b shows MRI of a patient with giant invasive adenoma.
Table 1: number of patients, number of invasive adenomas, and range of preoperative serum prolactin in the 3 groups of patients categorized based on tumor size
	
	Number of patients
	Number of invasive adenomas
	Range of serum prolactin level

	Microadenomas
	3
	0
	192-230 ng/ml

	Macroadenomas
	17
	4
	180-2800 ng/ml

	Giant adenomas
	5
	4
	870-12000 ng/ml
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Figure 1a & 1b: MRI of a patient with microadenoma & MRI of a patient with giant invasive prolactinoma
The distribution of patients according to the indications of surgery is shown in table 2. All female patients desiring pregnancy have been previously treated by medications, so the indication of surgery in these patients was related to failure of response or intolerance to medical treatment. Among the 4 patients presenting with apoplexy, 2 had marked visual affection and were considered indicated for surgery due to visual affection not apoplexy. Also among the 3 patients with microadenomas, 1 patient was operated upon due to failure of medical treatment while the other 2 were operated upon for having microadenomas with moderately elevated prolactin levels. Transsphenoidal approach was used in 23 patients, while transcranial approach was used in only 2 patients with giant invasive adenomas and marked visual deterioration. The transsphenoidal approach was endoscopic endonasal in 14 patients, and microscopic in 9 patients.
Table 2: The distribution of patients according to the indications of surgery.
	Indication of surgery
	Number of patients

	Failed medical treatment
	9

	Intolerance to medical treatment
	3

	Patient refusing medical treatment
	1

	Marked visual affection
	8

	Pituitary apoplexy
	2

	Microadenomas with moderate prolactin elevation
	2



Complications included cerebrospinal fluid (CSF) leak in 2 patients (8%) who were managed by repeated lumbar puncture in one patient and lumbar drain in the other patient, and leak stopped within 5 days after surgery. Diabetes inspidus occurred in 4 patients (16%), being transient in 3 patients and permanent in 1 patient (4%). No patient required long-term replacement apart from vasopressin for diabetes inspidus.
Among the patients having visual affection, visual acuity and/or visual field improved in 9 patients (69%), remained stationary in 3 patients (23%), with visual deterioration in one patient (8%). In the group of patients with preoperative marked diminution of vision, visual acuity and/or visual field improved in 5 patients (62.5%), remained stationary in 2 patients (25%), and deteriorated in 1 patient (12.5%). 
Based on the postoperative serum prolactin, patients were assigned as biochemically cured with normalized serum prolactin (<20 ng/ml), or non-cured with decreased prolactin levels but still above the normal level. The distribution of patients in both groups in relation to the size of the tumor, and in relation to the preoperative prolactin level is shown in figures 3 & 4 respectively. Normalization of prolactin was achieved only in 4 patients (31%) with previous medical treatment. The other 9 patients (69%) had reduced prolactin levels but no normalization.
 Gross total excision was obtained in 11 patients (44%), with partial excision performed in 14 patients (56%). Gross total excision was achieved in all patients with microadenomas (100%), in 7 patients with macroadenomas (41%), and in one patient with giant adenoma (20%). Radicality was not achieved in any of the patients with invasive adenomas.

Figure 3: The distribution of biochemically cured and non-cured patients in relation to tumor size & invasiveness. 

Figure 4: The distribution of biochemically cured and non-cured patients in relation to preoperative serum prolactin level.
Patients with normalized serum prolactin were followed up by prolactin level and MRI with contrast after 3 months. There was no recurrence of hyperprolactinemia in cured patients; however the follow up period was short in most of these patients. All patients with persistent hyperprolactinemia were given medical treatment again but in lower doses; eleven patients were given cabergoline and four patients were given bromocriptine. Postoperative medical treatment achieved cure in 9 of the 15 patients (60%), including 6 of the 9 patients (66%) with previous medical treatment. One patient with giant invasive adenoma who was not on medical treatment before surgery was given both medications with no response and he was referred to radiosurgery.
Discussion:
Management of prolactinomas still represents a controversial issue in certain patients. Despite the wide scale use of dopamine agonists in the treatment of prolactinomas, there are still certain situations where other treatment modalities are required. Medical treatment with bromocriptine and later by cabergoline has been considered the first line of treatment in most of the patients with prolactinomas, being successful in achieving biochemical cure in up to 90% of cases in addition to deceasing tumor size (5,10,12,17,31-33). Failure of bromocriptine to achieve biochemical cure or to control tumor growth occurs in 9-20% of patients, and side effects were reported in about 20-40% of patients (34), however intolerance to these side effects occurs in only 5-12% of patients (35). Cabergoline has been associated with higher success rates and fewer side effects (10,36), however failure of achieving normoprolactinemia was reported in up to 23% of patients with macroadenomas in one series (12).
Surgery has been considered as a second line therapy in patients with failure or intolerance to medical treatment (5,13,21,32). It has been considered as a first line of treatment for patients refusing long-term medical therapy (9,10,20). One of the main surgical indications in this series (36% of cases) was failure of medical treatment to normalize the prolactin level and/or control tumor growth. Following surgery, 22% of patients with these indications achieved biochemical cure, while the rest of the patients had lower postoperative prolactin levels but no cure. All of non-cured patients were given lower doses of medications which were more tolerated, a finding reported by Amar and his colleagues (37). Furthermore, cure was achieved with the postoperative medical treatment in 4 of these patients (57%), as tumor cytoreduction improves the response to medical treatment and decreases the needed doses (38). Three patients (12%) were operated upon due to intolerance to medical treatment (2 on bromocriptine and 1 on cabergoline). Two of these patients (66%) were cured, while the third patient was given cabergoline in lower dose and achieved cure. The series included only one patient (4%) who preferred surgery as initial treatment to avoid long-term medical therapy, an indication reported by Thomson et al (20), and the patient was cured.
Other indications in this series were patients with pituitary apoplexy and patients presenting with marked visual affection. Pituitary apoplexy has been considered as an indication for surgery by many authors (10,21,25-27), however other authors reported successful treatment with dopamine agonists in cases with apoplexy (24,28). The two patients (8%) operated upon for apoplexy have not been on medical treatment previously, and biochemical cure was achieved in one of them.
Marked visual deterioration was the indication of surgery in 32% of patients, and it was considered as a surgical indication by Youssef and his colleagues (29). Other authors (17,39) did not consider this a surgical indication as they have managed several patients with visual affection with bromocriptine and achieved improvement of vision in all of their cases. Managing these patients surgically instead of medically has been due to the fear of further visual deterioration in patients already presenting lately with marked visual affection and the fear of noncompliance of these patients to long-term medical treatment. Biochemical cure was achieved in 3 patients (37.5%), and the rest of the patients were given medical treatment. One of the patients did not respond to medical treatment with bromocriptine nor cabergoline and was referred to radiosurgery, a policy similar to that adopted by others (16,40) who considered radiosurgery as a second or third line treatment in cases with failure of medical and/or surgical treatment.
Surgery for microadenomas with moderately elevated serum prolactin aiming for cure has been performed in 2 patients (8%). This policy was advocated by many authors as an alternative to long-term medical therapy, and biochemical cure rate up to 90% was achieved (4,32,33,37). Biochemical cure was achieved in one patient, and the other patient was given medical treatment and was cured. There was another patient with microadenoma who was operated upon due to failure of medical treatment and he was cured after surgery; however, this patient was considered indicated due to failure of medical treatment
Biochemical cure was achieved in 7 patients (41%) with macroadenomas. Mortini et al (4) and Tyrrell et al (1) achieved surgical remission in 50% and 66% of patients with microprolactinomas respectively. In a review of 31 series (35), average of 32% of patients with macroadenomas showed normal postoperative prolactin levels. Normoprolactinemia was achieved in one patient with giant adenoma following surgery which differs from the findings of other authors (4,15,41) who did not achieve biochemical cure in patients with giant adenomas. Biochemical cure was not achieved in any patient with invasive adenomas which is similar to the results of Mortini et al (4), although other authors (1,42) reported cure in up to 36% of patients with invasive adenomas. Non-cured patients were given medical treatment and one of them was referred to radiosurgery. Although surgery did not achieve cure in most of the patients with giant and invasive adenomas, it lowered serum prolactin and allowed postoperative medical treatment to achieve cure in two of these patients. Thus it is important to clearly state for the patients with giant and/or invasive adenomas that surgery will be mostly not curative and that postoperative adjuvant treatment will be needed in the majority of cases. Giant invasive adenomas have been medically treated by other authors (43) with normalization of serum prolactin in 40% of patients and improvement in vision in 65% of patients. Several authors considered giant prolactinomas indicated for surgery only if medical treatment fails or if manifestations of apoplexy occurs (25,27,43).
Cure was achieved in the two patients with serum prolactin below 200 ng/ml, in 53% of patients with serum prolactin between 200 and 1000 g/ml, and in no patient with serum prolactin above 1000 ng/ml. Tyrrell and his colleagues (1) achieved surgical remission in 92% of patients with serum prolactin below 100 ng/ml, in 75% of patients with prolactin levels between 101 and 200 ng/ml, and in only 37% of patients with prolactin levels above 200 ng/ml. Nomikos et al (32) achieved 82% cure rate in patients with serum prolactin below 200 ng/ml. There was a higher correlation with biochemical cure if preoperative prolactin level was below 200 ng/ml (18,44). Barrow and his colleagues (45) achieved only 14% control in patients with serum prolactin above 1000 ng/ml.
The rate of gross total excision in this series is close to the results reported by various authors. Gross total excision was achieved in 98% of patients with microadenomas (41,46), while gross total excision in macroadenomas ranged from 55.5% to 63.9% (4,41), although rates reaching 96% was reported in macroadenomas without cavernous sinus invasion (46). Regarding giant adenomas, Goel et al (47) achieved gross total excision in 29.6% of their 118 cases, while Mortini et al (48) achieved 14.7% gross total excision in their 95 cases. 
There was no mortality in this series. Complications included CSF leak in two patients (8%) and permanent diabetes inspidus in one patient (4%). This low rate of morbidity and no mortality following transsphenoidal surgery is similar to the results of many authors (1,37,49). This justifies surgical treatment as an option in patients with proper indications for surgery. Multimodal treatment with surgical debulking followed by adjuvant therapy (e.g., medical treatment or radiosurgery) may be an effective strategy, especially in giant adenomas and when there is invasion of the cavernous sinus (18).
Conclusion:
	Surgery still has an important role in the management of prolactinomas despite the great success obtained by dopamine agonists. Surgery is a valuable second line treatment in cases with failure of medical treatment or intolerance to medical treatment. Relative indications of surgery include patients presenting with marked diminution of vision and patients with apoplexy. Surgery is effective as curative management in patients with microadenomas and moderately elevated prolactin levels. Biochemical cure is rarely achieved following surgery in patients with giant and/or invasive adenomas and patients with marked elevation of serum prolactin and these patients mostly require multimodal treatment. Every patient should fully understand the treatment options and the expectations from surgery. 
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