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Object. Prolactin-secreting pituitary adenomas may be managed by surgery, medication, radiotherapy, or observa­
tion. The authors reviewed a consecutive series of patients who were followed for at least 5 years after surgery to assess 
the prognostic significance of preoperative factors (tumor size and prolactin level) and an immediate postoperative fac­
tor (prolactin level obtained the morning after surgery) on long-term hormonal outcome, thereby clarifying the indi­
cations for surgical removal of tumor, the definition of successful treatment outcomes, and the nature of “recurrent” 
tumors.

Methods. Between 1979 and 1991, 241 patients with prolactinomas underwent transsphenoidal resection. Nineteen 
patients were lost to follow-up review, whereas the remaining 222 patients underwent measurement of their prolactin 
levels on postoperative Day 1 (POD 1), at 6 and 12 weeks, and every 6 months thereafter for a minimum of 5 years. 
On POD 1, prolactin levels in 133 patients (Group 1) were lower than 10 ng/ml, in 43 patients (Group 2) between 10 
and 20 ng/ml, and in 46 patients (Group 3) higher than 20 ng/ml. At 6 and 12 weeks, normal prolactin levels ( 20 
ng/ml) were measured in 132 (99%) of the 133 patients in Group 1 but only in 32 (74%) of the 43 patients in Group
2. By 5 years postoperatively, normal levels of prolactin were still measured in 130 patients (98%) in Group 1 com­
pared with only five patients (12%) in Group 2. No patient with a prolactin level lower than 3 ng/ml on POD 1 was 
found to have an elevated hormone level at 5 years. The likelihood of a long-term chemical cure was greater for pa­
tients with microadenomas (91% cure rate) than for those with macroadenomas (33%). Preoperative prolactin levels 
also correlated with hormonal outcome.

Conclusions. Prolactin levels lower than 10 ng/ml on POD 1 predict a long-term chemical cure in patients with mi­
croadenomas (100% cure rate) and those with macroadenomas (93% cure rate). In contrast, a cure is not likely to be 
obtained in patients with normal levels ranging between 10 and 20 ng/ml on POD 1 if they harbor macroadenomas 
(0% cure rate). A recurrence reported several years after surgery probably represents the presence of persistent tumor 
that was not originally removed. If the initial operation was performed by an experienced surgeon, however, reopera­
tion is not likely to yield a chemical cure.
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P ROLACTIN-secreting adenomas (prolactinomas) are 
the most common type of functional pituitary tu­
mor. Despite their frequency, many aspects of their 

management remain controversial, including indications for 
operative removal, the definition of successful treatment 
outcomes, and therapy of recurrent tumors.3 These uncer­
tainties arise from several features that are unique to the 
biology and growth of these tumors. 1) Prolactinomas pro­
duce demonstrable symptoms relatively early in their devel­
opment and are often detected at smaller stages than other 
types of pituitary tumors, particularly in female patients.63
2) Despite the high prevalence of these tumors, the clin­
ical manifestations of hyperprolactinemia are not as life- 
threatening as those of excessive adrenocorticotrophic hor­
mone or growth hormone secretion in Cushing disease and 
acromegaly, respectively.21,22,32,59,63 Nonetheless, the endo­
crinological consequences of excessive prolactin secretion

Abbreviation used in this study: POD 1 = postoperative Day 1.

(such as hypogonadism, infertility, and osteoporosis) re­
quire treatment, preferably by addressing the underlying 
cause. 3) The natural history of prolactinomas often is in­
dolent, and neither tumor size nor prolactin levels change 
significantly over time in most cases. Data from six se­
ries of patients with microadenomas who refused treatment, 
including two of our own studies, indicate that the risk of 
progression to macroademona is less than 7% over a 2- to
6-year interval of observation.29,32,42,50,61 4) Unlike other
types of pituitary tumors, many prolactinomas may be safe­
ly and effectively managed by a regimen of pharmacologi­
cal agents alone. The efficacy of bromocriptine in reducing 
serum prolactin levels, diminishing tumor size, and inhibit­
ing tumor growth, is well established.7,35,47,58,60,65 The recent 
availability of cabergoline, a synthetic agonist with a high 
specificity and affinity for the D2 dopaminergic receptor, 
represents an advance over bromocriptine in its efficacy, 
tolerability, and compliance.6,11,1433,3957 

In an effort to resolve some of the disease management
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Fig. 1. Bar graph demonstrating stratification of 222 patients 
according to fasting prolactin levels on the morning after surgery. 
Group 1 consisted of 133 patients (60%) with serum prolactin lev­
els lower than 10 ng/ml, Group 2 included 43 patients (19%) with 
levels between 10 and 20 ng/ml, which is still considered normal, 
and Group 3 was composed of the remaining 46 patients (21%) in 
whom prolactin levels were greater than 20 ng/ml on POD 1.

controversies surrounding prolactinomas, we retrospective­
ly reviewed our experience with patients harboring these 
tumors whose cases were followed at least 5 years postop­
eratively to assess the prognostic value of serum prolactin 
levels obtained the morning after surgery. The ability to pre­
dict long-term outcomes in patients with prolactin-secreting 
pituitary adenomas immediately following transsphenoid­
al resection is important for determining the vigilance with 
which residual or recurrent tumor is sought and for allaying 
the concerns of patients who want to know whether their 
disease has been cured.19 Furthermore, this analysis of im­
mediate and long-term endocrinological response helps to 
clarify the issues of patient selection (indications for sur­
gery), the definition of successful treatment outcomes, and 
the nature of “recurrent” tumors.

Clinical Material and Methods
Since 1968, the senior surgeon (M.H.W.) has performed 

more than 2500 transsphenoidal operations, including more 
than 500 resections of prolactin-secreting pituitary adeno­
mas. From this latter group, we retrospectively selected a 
series of consecutive patients whose cases were followed 
for a minimum of 5 years after the procedure so that we 
could correlate their long-term outcomes with two preoper­
ative factors (tumor size and prolactin level) and hormone

levels determined in the immediate postoperative period. 
This study met the requirements of the institutional Review 
Board of the University of Southern California.

Patient Population

Between July 1979 and May 1991, 241 patients un­
derwent transsphenoidal surgery for prolactin-secreting tu­
mors. Nineteen of these patients were lost to follow-up 
review, whereas the remaining 222 patients have been ob­
served for a mean of 14 years (range 6-18 years).

There were 191 female and 31 male patients in this 
group, ranging in age from 15 to 63 years (mean 29 years). 
Although prolactinomas are discovered at autopsy with 
equal frequency in women and men, the gender differential 
in our study reflects disparities in the way such tumors are 
detected in vivo and referred for surgical evaluation. The 
demographic characteristics of this population are qualita­
tively similar to those from other large series of prolactin- 
secreting tumors.3,63

Clinical presentations of the disease in all patients includ­
ed primary amenorrhea in 12 female patients (5%), none of 
whom had associated galactorrhea. Secondary amenorrhea 
developed in an additional 160 female patients (72%), 82 
of whom were found to suffer from galactorrhea as well. 
Seventeen male patients (8%) presented with decreased li­
bido, impotence, or sterility; galactorrhea accompanied the 
symptoms in six of these patients. Visual loss, ranging in 
duration from 2 to 24 months, was the initial complaint in 
another 19 female patients (9%) and 14 male patients (6%).

The patients were almost equally divided between those 
harboring microadenomas (107 patients) and those with 
macroadenomas (115 patients). Preoperative prolactin lev­
els ranged from 89 to 6460 ng/ml and were distributed as 
follows: less than 200 ng/ml in 110 patients; 201 to 600 ng/ 
ml in 80 patients; and greater than 601 ng/ml in 32 patients 
(normal 20 ng/ml). in no patient was there a concomitant 
elevation of serum levels of growth hormone or insulin-like 
growth factor 1, and no tumor reacted positively for growth 
hormone with immunostaining.

Perioperative Management

Although most patients underwent initial attempts at 
pharmacological management with bromocriptine, surgery 
was mandated by bromocriptine failure or intolerance, pro­
gressive visual loss, or the desire for fertility. All patients 
were treated before the availability of cabergoline, which 
was approved for use by the United States Food and Drug 
Administration in 1997.

All patients underwent transsphenoidal microsurgical 
adenomectomy via a unilateral, transseptal approach.12 
Pathological confirmation of prolactinoma was obtained in 
all cases. The surgical objectives were gross-total tumor re­
section with preservation of normal gland, although in cases 
in which there was extensive invasion of the cavernous si­
nus, complete tumor removal was not always feasible. Hy- 
pophysectomy was not performed in any case. Dehydrated 
alcohol was applied to the tumor bed if the integrity of the 
arachnoid was maintained. Patients were not maintained on 
a regimen of glucocorticoids during the postoperative peri­
od unless they suffered from adrenal insufficiency preoper- 
atively.
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Postoperative Evaluation and Patterns o f 
Clinical Response

In all patients fasting morning prolactin levels were de­
termined by withdrawing serum on POD 1 and random 
serum levels were again sampled at 6 weeks, 12 weeks, 
and every 6 months thereafter for a minimum of 5 years. 
Based on these serial evaluations, three patterns of response 
could be observed. Some patients experienced immedi­
ate hormonal normalization that was maintained over time 
(“chemical cures”). Others experienced immediate normal­
ization, followed by a relapse of hyperprolactinemia after 
a variable period of time (“endocrinological recurrences”). 
The remaining demonstrated improved, but persistently ele­
vated levels of prolactin, even in the initial postoperative 
period (“immediate endocrinological failures”).

All patients who experienced endocrinological recur­
rence or immediate endocrinological failure underwent at 
least one follow-up imaging study after the elevated pro­
lactin level was detected.

Results
Endocrinological Response on POD 1

The 222 patients were stratified into three groups ac­
cording to their fasting prolactin levels on the morning 
after surgery (Fig. 1). Group 1 consisted of 133 patients 
(60%) in whom serum prolactin levels were lower than 10 
ng/ml. Group 2 included 43 patients (19%) in whom prolac­
tin levels were between 10 and 20 ng/ml, which are still 
considered normal values in our laboratory. Group 3 was 
composed of the remaining 46 patients (21%) in whom pro­
lactin levels were higher than 20 ng/ml on POD 1. The 
long-term outcomes of these three groups will be consid­
ered separately.

Long-Term Outcomes in Groups 1 and 2

Of the 222 patients in this study, 176 (79%) were as­
signed to Group 1 or 2 because hormone testing revealed 
normal prolactin levels on POD 1. All these patients im­
proved clinically. Galactorrhea resolved in all patients who 
suffered from this symptom preoperatively, and 151 (88%) 
of the 172 women presenting with amenorrhea resumed 
normal menses. In addition, 72 (75%) of 96 women who 
wanted to achieve pregnancy did so.

At 6 and 12 weeks postoperatively, normal prolactin lev­
els were maintained in 132 (99%) of the 133 patients in 
Group 1 and, and, by 5 years, prolactin levels were still 20 
ng/ml or lower in 130 patients (98%) (Fig. 2). No patient in 
whom the prolactin level was lower than 3 ng/ml on POD 
1 was found to have an elevated level after 5 years.

In contrast, normal prolactin levels were found in only 32 
(74%) of the 43 patients in Group 2 at 6 and 12 weeks, and 
after 5 years, in only five patients (12%) was a chemical 
cure maintained (Fig. 2).

Among the 176 patients in whom normal prolactin levels 
were measured on POD 1, 41 (23%) experienced endo­
crinological recurrence; three of these patients were from 
Group 1 and 38 were from Group 2. Two of the recurrences 
developed in women after successful gestations; both were 
Group 2 patients who resumed normal menses and became 
pregnant within 6 months after the operation.

Fig. 2. Bar graph showing long-term endocrinological respons­
es in patients in Groups 1 (gray bars) and 2 (black bars).

All patients who experienced relapse had harbored mac­
roadenomas preoperatively, whereas none of the patients 
with microadenomas suffered recurrence. The mean dura­
tion to relapse was 9 months postoperatively, and all recur­
rences developed within 33 months after surgery. No pa­
tient in whom a normal prolactin level was measured at 5 
years experienced a relapse subsequently.

All patients who experienced a relapse underwent at least 
one follow-up magnetic resonance imaging study, but only 
two were found to have imaging evidence of residual or re­
current tumor. One of these patients underwent reoperation, 
but failed to achieve a chemical cure for the disease even 
after the second procedure. In no instance did a recurrence 
manifest in a prolactin level exceeding 55 ng/ml. All 41 pa­
tients resumed treatment with bromocriptine, although in 
no case has a normal serum prolactin level been achieved. 
No patient has received postoperative radiotherapy or other 
adjuvant therapies.

Long-Term Outcome in Group 3

Among the 46 patients in whom immediate endocrino­
logical failure occurred, the mean prolactin level on POD 1 
was 780 ng/ml (range 33-2480 ng/ml). Most of these pa­
tients who had presented with amenorrhea and galactorrhea 
remained symptomatic, but 81% of those with visual im­
pairment improved. Two patients underwent reoperation, 
but a chemical cure was not achieved, despite the second 
procedure. All patients were treated with bromocriptine,

J. Neurosurg. /  Volume 97 /  August, 2002 309



A. P. Amar, et al.

TABLE 1
Effect o f  tumor size in long-term endocrinological outcome in 

222 patients who underwent surgery fo r  prolactinomas

Fig. 3. Bar graph demonstrating the effect of tumor size on im­
mediate postoperative endocrinological outcomes. Most of the 107 
patients with microadenomas were in Group 1 (gray bars), where­
as the distribution across groups in the 115 patients with macroade­
nomas (black bars) was nearly uniform.

but in no cases has a normal serum prolactin level been 
achieved. No patient has required postoperative radiation 
therapy.

Relationship Between Tumor Size and Outcome

Tumor size was found to correlate with both immediate 
(Fig. 3) and long-term (Table 1) endocrinological out­
comes. Among the 107 patients with microadenomas, nor­
mal prolactin levels were measured on POD 1 in 97 (91%), 
92 patients in Group 1 and five patients in Group 2. At five 
years postoperatively, a chemical cure was maintained in all 
97 patients (100%), and no patients with a microadenoma 
has experienced endocrinological recurrence.

In contrast, of the 115 patients with macroadenomas, the 
distribution among the three groups on POD 1 was more 
uniform: 41 patients were from Group 1, 38 from Group 2, 
and 36 from Group 3. Thus, normal prolactin levels were 
found immediately after surgery in only 79 patients (69%) 
with macroadenomas, and immediate endocrinological fail­
ure was observed in 36 patients (31%). At 5 years, only 38 
(48%) of these 79 patients in whom normal prolactin levels 
were measured postoperatively continued to benefit from a 
chemical cure, whereas the other 41 patients (52%) experi­
enced recurrence. These 38 patients all belonged to Group
1. Therefore, 38 (93%) of the 41 patients with macroadeno­
mas in Group 1 experienced chemical cures, whereas none

Group

5-Yr Cure Rate (%)

Patients W/ Microadenoma Patients W/ Macroadenoma

1 92 of 92 (100) 38 of 41 (93)
2 5 of 5 (100) 0 of 38 (0)
3 0 of 10 (0) 0 of 36 (0)

all patients 97 of 107 (91) 38 of 115 (33)

of the 38 patients in Group 2 achieved a cure (100% recur­
rence rate).

Relationship Between Preoperative Prolactin Level 
and Outcome

The preoperative prolactin level also correlated with en­
docrinological outcome (Fig. 4). Among the 110 patients 
presenting with levels lower than 200 ng/ml, chemical cure 
was achieved in 95 (86%) at 5 years. Of the 80 patients in 
whom values of prolactin were between 201 and 600 ng/ 
ml, a normal prolactin hormone level was maintained in 36 
(45%) at 5 years, whereas after more than 5 years a chemi­
cal cure was maintained in only four (12.5%) of 32 patients 
with preoperative levels greater than 601 ng/ml. The high­
est preoperative prolactin level that resulted in long-term 
endocrinological control was 920 ng/ml.

Discussion
Treatment goals for patients with prolactinomas include 

the following: 1) reduction of the tumor mass; 2) correction 
of the hyperprolactinemic state; 3) restoration of visual or 
cranial nerve function; and 4) preservation of anterior pitu­
itary function.3 Microsurgical resection and pharmacothera­
py are accepted means of accomplishing these objectives. 
Recently, gamma knife surgery also has been proposed as a 
primary treatment modality for prolactinomas.37 Our anal­
ysis of the immediate and long-term endocrinological re­
sponse after transsphenoidal adenomectomy has many im­
plications for the manner in which these therapeutic goals 
are achieved. Specifically, it helps clarify the issues of 
patient selection for surgery, the definition of successful 
treatment outcomes, and the nature of recurrent tumors.

Role of Transsphenoidal Surgery

in general, a rough correlation exists between the size of 
the tumor determined by imaging and pathological studies 
and the serum prolactin level, except in cases in which lo­
cal tumor invasion into adjacent venous sinuses produces a 
marked increase in serum prolactin that is out of proportion 
to tumor size.19,32,63 The preoperative prolactin level is help­
ful in formulating management strategies, because the abil­
ity to extirpate the tumor successfully and achieve a chem­
ical cure is reduced in cases of large or invasive lesions,4,41,48, 
54,56 as our study has confirmed (Fig. 4).

Central limitations of bromocriptine therapy include the 
side effects of the medication, the requirement for lifelong 
administration, and the uncertainty of its safety during preg­
nancy. Approximately 20 to 30% of patients complain of
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one or more adverse drug effects, including nausea, vom­
iting, constipation, postural hypotension, psychosis, and 
depression, and approximately 5 to 10% find that bro­
mocriptine treatment is so intolerable that they therefore re­
quest surgery.3303744 In most cases, the medication must be 
continued indefinitely, because cessation usually results in 
the return of symptomatic hyperprolactinemia and reexpan­
sion of the tumor.30,47,54 In addition, the United States Food 
and Drug Administration recommends discontinuing bro­
mocriptine once pregnancy has been established, because 
of concerns about its safety for both mother and fetus.1 The 
volume of the normal pituitary gland increases by approxi­
mately 70% during pregnancy,24 however, and up to 35% of 
pregnant patients experience symptomatic enlargement of 
their tumor.24 3158 The superimposition of these two effects 
can lead to compression of optic structures during gestation 
if bromocriptine treatment is suspended. The teratogenic 
potential of cabergoline has not been extensively investi­
gated and consequently, this drug is generally not consid­
ered to be a first-line therapy for the treatment of infertility 
associated with hyperprolactinemia.31,39 Thus, the desire for 
pregnancy, particularly in patients harboring a macroadeno­
ma, constitutes a relative indication for surgical resection.64 
In our series, 72 of the 96 women who wished to become 
pregnant did so after transsphenoidal adenomectomy.

Up to 40% of tumors fail to shrink in response to bromo­
criptine therapy.183847 Furthermore, there are rare cases in 
which patients initially respond to bromocriptine with a re­
duction in tumor size and normalization of serum prolactin, 
and subsequently experience recrudescence of the tumor 
even as medical therapy continues.5,7,47 The tumor may un­
dergo a process of dedifferentiation and become refracto­
ry to further dopamine agonist action, as evidenced by the 
in vitro resistance of cultured lactotrophs to high concen­
trations of bromocriptine.8,38 Similarly, a discrepancy in the 
clinical response, as judged by tumor size and circulating 
prolactin levels, may develop. Despite a marked reduction 
in serum prolactin levels throughout the duration of bromo­
criptine therapy, for instance, some patients may experi­
ence continued tumor expansion and progressive symptoms 
from mass effect.13,23,63 Conversely, others may suffer the 
adverse effects of persistent hyperprolactinemia, despite se­
rial imaging studies that indicate continued regression in tu­
mor size.2 Bromocriptine resistance or dissociation between 
tumor growth and serum prolactin measurements constitute 
other indications for surgical resection.

Although it is intuitive to suggest that pretreatment with 
bromocriptine will shrink the tumor and facilitate sur­
gical resection, there have been no conclusive reports of 
higher cure rates after such preoperative measures.15,20 In 
fact, some surgeons believe that preoperative bromocriptine 
therapy produces adverse effects on the consistency of the 
adenoma, impeding tumor resection,17,25,56,63 although that 
has not been our experience.62 Bromocriptine might also in­
crease the radioresistance of prolactinomas to gamma knife 
surgery.26

Our study confirms that transsphenoidal resection is a 
highly effective modality in the management of prolac­
tin-secreting pituitary tumors among patients who are not 
considered candidates for medical therapy for the reasons 
outlined above. For microadenomas, the likelihood of long­
term chemical cure exceeds 90% (Table 1). In patients with 
these tumors the operative mortality rate was 0%, and the
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Fig. 4. Bar graph demonstrating the effect of preoperative pro­

lactin level on long-term outcome. The 5-year cure rates were 86% 
for patients with preoperative prolactin levels lower than 200 ng/ 
ml; 45% for patients with preoperative levels between 201 and 600 
ng/ml; and 12.5% in patients with preoperative levels greater than 
601 ng/ml.

associated morbidity rate was low. These results compare 
favorably with those of pharmacological management. In 
addition, the economic costs of surgical resection may be 
comparable with those of lifelong medical therapy.49 The 
experience of other centers corroborates this high rate of 
surgical success among cases of microprolactinomas.17-19,28, 
30,32,36,51,54-56,63 Thus, strong consideration should be given to 
surgical intervention in patients harboring smaller tumors 
without significant hyperprolactinemia.

In cases of larger tumors, however, surgical cures are 
much less common.17,18,28,30,32,36,51,54,55,63 Using the classifica­
tion scheme proposed by Hardy, the cure rates of Stage I, II,
III, and IV tumors after transsphenoidal resection are 84, 
50, 25, and 0%, respectively.34 Tumors associated with pre­
operative prolactin levels greater than 200 ng/ml recur in 
more than 50% of cases after surgery alone, and the rate of 
recurrence of hyperprolactinemia after surgery for macro­
adenomas in patients with prolactin levels greater than 250 
ng/ml exceeds 70%.22 In the current series, only 38 (33%) 
of 115 patients with tumors larger than 1 cm achieved 
chemical cures, as opposed to 91% of those with tumors 
smaller than 1 cm (Table 1). Therefore, bromocriptine may 
be considered as the initial therapy for patients in whom 
surgical resection is deemed unlikely to result in a chemical 
cure.27,53,65 For patients in whom surgery has failed, subse­
quent treatment with reduced doses of bromocriptine is of­
ten better tolerated and more effective than this treatment 
before surgery.34,36,41 As our study has shown, reoperation is 
seldom necessary, and postoperative radiotherapy is usual­
ly not required.
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Predictive Value o f Immediate Postoperative 
Prolactin Levels

Patients should undergo a systematic routine assessment 
of endocrinological outcome postoperatively. Our study 
demonstrates that serum prolactin levels obtained the morn­
ing after surgery predict long-term results. Levels lower 
than 10 ng/ml on POD 1 predict cure (Table 1) in patients 
with microadenomas (100%) as well as in those with mac­
roadenomas (93%). No patient in our study in whom the 
prolactin level was lower than 3 ng/ml on POD 1 was found 
to have an elevated level at 5 years postoperatively.

In contrast, patients with normal levels between 10 and 
20 ng/ml on POD 1 remain at risk for endocrinological re­
currence if the preoperative tumor size exceeds 10 mm (Ta­
ble 1). All Group 2 patients with macroadenomas expe­
rienced recurrence by 5 years, whereas none of those with 
microadenomas suffered relapse. These data indicate that 
the traditional criteria used to determine successful adeno­
ma resection in the immediate postoperative period (prolac­
tin levels 20 ng/ml) may be too liberal.

In his early experience, Wilson63 also found that imme­
diate postoperative prolactin levels have prognostic value. 
Levels lower than 5 ng/ml virtually assured cure, whereas 
those greater than 15 ng/ml implied existence of residual tu­
mor and the probability of regrowth. In a later study, Wilson 
and coworkers16 found that the likelihood of cure was 84% 
for patients with postoperative levels lower than 5 ng/ml, 
but only 67% for those with levels higher than 20 ng/ml. 
Serri and Massoud and colleagues30,46 have also suggested 
that the risk of recurrence is increased among patients with 
early postoperative prolactin levels in the upper limit of the 
normal range. In their series, prolactin levels measured 7 to 
30 days after surgery were significantly lower in patients in 
whom normoprolactinemia was maintained long term (6.4 
ng/ml) than in those who experienced relapse (11.7 ng/ 
ml).46 In the study by Schlechte and colleagues,43 the mean 
serum prolactin level 6 weeks after surgery in patients in 
whom the disease was cured (7 ng/ml) was less than that in 
patients who later experienced recurrence (13 ng/ml), al­
though this difference was not statistically significant. Post­
operative prolactin levels near the upper limit of normal 
were also found to be prognostic of hyperprolactinemia re­
currence in the study by Charpentier, et al.10

Nature o f Endocrinological Recurrence

After surgery, postoperative measurements of prolactin 
levels are the most sensitive indices of the completeness 
of resection and the possibility of recurrence. As we have 
shown, the finding of a normal prolactin level of 10 to 20 
ng/ml on POD 1 indicates the possibility that residual tumor 
remains. Thus, the results of our analysis of immediate and 
long-term endocrinological responses after transsphenoid­
al adenomectomy suggest that recurrences reported after 
several years most likely represent persistent tumor that was 
not originally removed.

In other series, relapse of hyperprolactinemia after initial 
hormonal normalization occurred frequently. Recurrence 
rates range from 17 to 50% for microadenomas and from 20 
to 80% for macroadenomas, depending on the duration of 
follow-up review, experience of the surgeon, and other fac­
tors.917-19,28,30,4043-46,51,52,56 Differences in surgical technique 
may also underlie the variation in reported rates of relapse

after apparently successful adenomectomy. For instance, 
based on the hypothesis that delayed recurrences in situ re­
sult from residual tumor cells at the periphery of an ade­
noma, some have proposed performing an enlarged rather 
than selective adenomectomy by removing a layer of nor­
mal pituitary gland at the outer edge of the tumor and the 
pituitary capsule in contact with the sellar meninges.18,56 Us­
ing this technique in 26 patients with tumors smaller than 
20 mm in diameter and prolactin levels lower than 200 ng/ 
ml, Grisoli and associates18 obtained normal prolactin lev­
els in all cases after an average of 16 months. This length 
of follow-up review is short, however, and it remains to 
be proven whether this technique results in a lower inci­
dence of delayed recurrence. In our series, chemical cure 
was achieved in 86% of the 110 patients presenting with 
prolactin levels lower than 200 ng/ml at 5 years (Fig. 4).

Relapses usually occur within the first few years after 
surgery, although they have been reported more than 10 
years later.30,51,52 Often, such recurrences are asymptomat- 
ic,28 30434546 but even in patients without overt clinical mani­
festations, treatment is indicated to prevent osteoporosis 
and other endocrinological sequelae of hyperprolactinemia.

In most cases of relapse or immediate endocrinological 
failure, imaging of the sella turcica fails to reveal residual or 
recurrent adenoma.28,30,43,45,46,52 Our study indicates that, if the 
original operation was performed by an experienced sur­
geon, reoperation is not likely to yield a chemical cure. This 
observation may reflect the fact that by following vigilant 
protocols for sampling postoperative prolactin levels, most 
tumor recurrences will be detected early. In our series, no 
recurrence produced a serum level greater than 55 ng/ml. 
Alternatively, this observation may imply that there are rea­
sons for recurrent hyperprolactinemia other than regrowth 
of residual tumor remnants. These include a secondary 
empty sella, primary hypothyroidism, or a persistently dis­
ordered hypothalamic-pituitary axis characterized by re­
duced delivery of prolactin-inhibiting factors after surgery 
due to scarring at the tumor cavity.28,30,46,52 The dynamic 
responses of lactotrophs to provocative stimuli such as thy- 
rotrophin-releasing hormone or metoclopramide may help 
distinguish between these possibilities.18,19,28,43,53,56

Recently, Thomson and colleagues52 analyzed outcomes 
of patients with recurrent hyperprolactinemia after initial 
hormonal normalization. Relapses occurred 2 to 10 years 
postoperatively in eight (18.2%) of 44 patients undergoing 
transsphenoidal removal of a microprolactinomas; howev­
er, the relapse was permanent in only two of these patients. 
Of the remaining six patients, four experienced sponta­
neous remission after 6 to 7 years of recurrence and only 
marginally elevated prolactin levels were measured in two 
others. The authors concluded that recurrence of hyperpro­
lactinemia after transsphenoidal surgery is not necessarily a 
permanent feature and does not inevitably indicate opera­
tive failure.

Conclusions
Prolactin levels lower than 10 ng/ml on POD 1 predict 

long-term chemical cure in patients with microadenomas 
(100%) as well as in those with macroadenomas (93%). 
In contrast, a cure is not likely to be obtained in patients 
with normal levels of prolactin between 10 and 20 ng/ml on
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POD 1 if these patients harbor macroadenomas (0% cure 
rate). Recurrences reported several years after surgery prob­
ably represent persistent tumor that was not originally re­
moved. if  the initial operation was performed by an experi­
enced surgeon, however, reoperation is not likely to yield a 
chemical cure.

References

1. Ahmed SR, Shalet SM: Discordant responses of prolactinoma to 
two different dopamine agonists. Clin Endocrinol 24:421-426,
1986

2. Amar AP, Couldwell WT, Weiss MH: Prolactinomas: focus on 
indications, outcomes, and management of recurrences. Con- 
temp Neurosurg 21:1-6, 1999

3. Anonymous: Physician’s Desk Reference, ed 49. Montvale, NJ: 
Medical Economics, 1995

4. Aubourg PR, Derome PJ, Peillon F, et al: Endocrine outcome 
after transsphenoidal adenomectomy for prolactinoma: prolac­
tin levels and tumor size as predicting factors. Surg Neurol 14: 
141-143, 1980

5. Bannister P, Sheridan P: Continued growth of a large pituitary 
prolactinoma despite high dose bromocriptine. Br J  Clin Pract 
41:712-713, 1987

6. Bevan JS, Davis JRE: Cabergoline: an advance in dopaminergic 
therapy. Clin Endocrinol 41:709-712, 1994

7. Bevan JS, Webster J, Burke CW, et al: Dopamine agonists and pi­
tuitary tumor shrinkage. Endocr Rev 13:220-240, 1992

8. Breidahl HD, Topliss DJ, Pike JW: Failure of bromocriptine to 
maintain reduction in size of a macroprolactinoma. Br Med J  
287:451-452, 1983

9. Buchfelder M, Fahlbusch R, Schott W, et al: Long-term follow- 
up results in hormonally active pituitary adenomas after primary 
successful transsphenoidal surgery. Acta Neurochir Suppl 53: 
72-76, 1991

10. Charpentier G, de Plunkett T, Jedynak P, et al: Surgical treatment 
of prolactinomas. Short- and long-term results, prognostic fac­
tors. Horm Res 22:222-227, 1985

11. Ciccarelli E, Grottoli S, Razzore P, et al: Long-term treatment 
with cabergoline, a new long-lasting ergoline derivative, in idio­
pathic or tumorous hyperprolactinaemia and outcome of drug-in­
duced pregnancy. J  Endocrinol Invest 20:547-551, 1997

12. Couldwell WT, Weiss MH: The transnasal transsphenoidal ap­
proach, in Apuzzo MLJ (ed): Surgery of the Third Ventricle, 
ed 2. Baltimore: Williams & Wilkins, 1998, pp 553-574

13. Crosignani PG, Mattei A, Ferrari C, et al: Enlargement of a pro­
lactin-secreting pituitary microadenoma during bromocriptine 
treatment. Case report. Br J  Obstet Gynaecol 89:169-170, 1982

14. Di Sarno A, Landi ML, Marzullo P, et al: The effect of quinago- 
lide and cabergoline, two selective dopamine receptor type 2 
agonists, in the treatment of prolactinomas. Clin Endocrinol 53: 
53-60, 2000

15. Fahlbusch R, Buchfelder M, Schrell U: Short-term preoperative 
treatment of macroprolactinomas by dopamine agonists. J  Neu­
rosurg 67:807-815, 1987

16. Feigenbaum SL, Downey DE, Wilson CB, et al: Transsphenoidal 
pituitary resection for preoperative diagnosis of prolactin-secret­
ing pituitary adenoma in women: long term follow-up. J  Clin 
Endocrinol Metab 81:1711-1719, 1996

17. Giovanelli M, Losa M, Mortini P, et al: Surgical results in micro­
adenomas. Acta Neurochir Suppl 65:11-12, 1996

18. Grisoli F, Brue T, Graziani N, et al: Enlarged adenomectomy for 
enclosed prolactinomas: a preliminary study of 26 cases. Acta 
Neurochir 103:92-98, 1990

19. Guieu R, Dufour H, Grisoli F, et al: An ultrarapid prognostic in­
dex in microprolactinoma surgery. J  Neurosurg 90:1037-1041, 
1999

20. Hubbard JL, Scheithauer BW, Abboud CF, et al: Prolactin-secret­

ing adenomas: The preoperative response to bromocriptine treat­
ment and surgical outcome. J  Neurosurg 67:816-821, 1987

21. Klibanski A, Neer RM, Beitins IZ, et al: Decreased bone density 
in hyperprolactinemic women. N Engl J  Med 303:1511-1514, 
1980

22. Krieger MD, Amar AP, Couldwell WT, et al: Surgical manage­
ment of growth hormone-secreting and prolactin-secreting pitu­
itary adenomas, in Schmidek HH (ed): Schmidek & Sweet Op­
erative Neurosurgical Techniques. Indications, Methods, and 
Results, ed 4. Philadelphia: WB Saunders, 2000, pp 438-449

23. Kupersmith MJ, Kleinberg D, Warren FA, et al: Growth of pro­
lactinoma despite lowering of serum prolactin by bromocriptine. 
Neurosurgery 24:417-423, 1989

24. Kupersmith MJ, Rosenberg C, Kleinberg D: Visual loss in preg­
nant women with pituitary adenomas. Ann Intern Med 121: 
473-477, 1994

25. Landolt AM: Surgical treatment of pituitary prolactinomas: post­
operative prolactin and fertility in seventy patients. Fertil Steril 
35:620-625, 1981

26. Landolt AM, Lomax N: Gamma knife radiosurgery for prolacti­
nomas. J  Neurosurg 93 (Suppl 3): 14-18, 2000

27. Laws ER, Vance ML: Comment on Tyrrell JB, Lamborn KR, 
Hannegan LT, et al: Transsphenoidal microsurgical therapy of 
prolactinomas: initial outcomes and long-term results. Neuro­
surgery 44:254-263, 1999

28. Maira G, Anile C, DeMarinis L, et al: Prolactin-secreting ade­
nomas: surgical results and long-term follow-up. Neurosurgery 
24:736-743, 1989

29. March CM, Kletzky OA, Davajan V, et al: Longitudinal evalua­
tion of patients with untreated prolactin-secreting pituitary ade­
nomas. Am J  Obstet Gynecol 139:835-844, 1981

30. Massoud F, Serri O, Hardy J, et al: Transsphenoidal adenomec­
tomy for microprolactinomas: 10 to 20 years of follow-up. Surg 
Neurol 45:341-346, 1996

31. Molitch ME: Management of prolactinomas during pregnancy. J  
Reprod Med 44:1121-1126, 1999

32. Molitch ME: Pathologic hyperprolactinemia. Endocrinol Metab 
Clin North Am 21:877-901, 1992

33. Muratori M, Arosio M, Gambino G, et al: Use of cabergoline in 
the long-term treatment of hyperprolactinemic and acromegalic 
patients. J  Endocrinol Invest 20:537-546, 1997

34. Neal JH, Weiss MH: Management of prolactin-secreting pituitary 
adenomas. West J  Med 153:546-547, 1990

35. Orrego JJ, Barkan AL: Pituitary disorders. Drug treatment op­
tions. Drugs 59:93-106, 2000

36. Ozgen T, Oruckaptan HH, Ozcan OE, et al: Prolactin-secreting 
pituitary adenomas: analysis of 429 surgically treated patients, ef­
fect of adjuvant treament modalities and review of the literature. 
Acta Neurochir 141:1287-1294, 1999

37. Pan L, Zhang N, Wang EM, et al: Gamma knife radiosurgery as 
a primary treatment for prolactinomas. J  Neurosurg 93 (Suppl 
3): 10-13, 2000

38. Pellegrini I, Rasolonjanahary R, Gunz G, et al: Resistance to 
bromocriptine in prolactinomas. J  Clin Endocrinol Metab 69: 
500-509, 1989

39. Rains CP, Bryson HM, Fitton A: Cabergoline. A review of its 
pharmacological properties and therapeutic potential in the treat­
ment of hyperprolactinaemia and inhibition of lactation. Drugs 
49:255-279, 1995

40. Rodman EF, Molitch ME, Post KD, et al: Long-term follow- 
up of transsphenoidal selective adenomectomy for prolactinoma. 
JAMA 252:921-924, 1984

41. Rush S, Donahue B, Cooper P, et al: Prolactin reduction after 
combined therapy for prolactin macroadenomas. Neurosurgery 
28:502-505, 1991

42. Schlechte J, Dolan K, Sherman B, et al: The natural history of un­
treated hyperprolactinemia: a prospective analysis. J  Clin Endo­
crinol Metab 68:412-418, 1989

43. Schlechte JA, Sherman BM, Chapler FK, et al: Long term follow-

J. Neurosurg. /  Volume 97 /  August, 2002 313



A. P. Amar, et al.

up of women with surgically treated prolactin-secreting pituitary 
tumors. J  Clin Endocrinol Metab 62:1296-1301, 1986

44. Serri O: Progress in the managment of hyperprolactinemia. N En­
gl J  Med 331:942-944, 1994

45. Serri O, Hardy J, Massoud F: Relapse of hyperprolactinemia re­
visited. N Engl J  Med 329:1357, 1993

46. Serri O, Rasio E, Beauregard H, et al: Recurrence of hyperprolac­
tinemia after selective transsphenoidal adenomectomy in women 
with prolactinoma. N Engl J  Med 309:280-283, 1983

47. Shimon I, Melmed S: Management of pituitary tumors. Ann In­
tern Med 129:472-483, 1998

48. Shucart WA: Implications of very high serum prolactin levels as­
sociated with pituitary tumors. J  Neurosurg 52:226-228, 1980

49. Singer PA: Comment on Tyrrell JB, Lamborn KR, Hannegan 
LT, et al: Transsphenoidal microsurgical therapy of prolactino­
mas: initial outcomes and long-term results. Neurosurgery 44: 
254-263, 1999

50. Sisam DA, Sheehan JP, Sheeler LR: The natural history of un­
treated microprolactinomas. Fertil Steril 48:67-71, 1987

51. Thomson JA, Davies DL, McLaren EH, et al: Ten year follow 
up of microprolactinoma treated by transsphenoidal surgery. Br 
Med J  309:1409-1410, 1994

52. Thomson JA, Gray CE, Teasdale GM: Relapse of hyperprolac­
tinemia after transsphenoidal surgery for microprolactinoma: les­
sons from long-term follow-up. Neurosurgery 50:36-40, 2002

53. Touraine P, Plu-Bureau G, Beji C, et al: Long-term follow-up of 
246 hyperprolactinemic patients. Acta Obstet Gynecol Scand 
80:162-168, 2001

54. Tyrrell JB, Lamborn KR, Hannegan LT, et al: Transsphenoid­
al microsurgical therapy of prolactionmas: initial outcomes and 
long-term results. Neurosurgery 44:254-263, 1999

55. Vance ML, Thorner MO: Prolactinomas. Endocrinol Metab Clin 
North Am 16:731-753, 1987

56. Webster J, Page MD, Bevan JS, et al: Low recurrence rate after

partial hypophysectomy for prolactinoma: the predictive value of 
dynamic prolactin function tests. Clin Endocrinol 36:35-44, 
1992

57. Webster J, Piscitelli G, Polli A, et al: A comparison of cabergo- 
line and bromocriptine in the treatment of hyperprolactinemic 
amenorrhea. Cabergoline Comparative Study Group. N Engl J  
Med 331:904-909, 1994

58. Weiss MH: Medical and surgical management of functional pitu­
itary tumors. Clin Neurosurg 28:374-383, 1981

59. Weiss MH: Pituitary tumors: an endocrinological and neurosur­
gical challenge. Clin Neurosurg 39:114-122, 1992

60. Weiss MH: Treatment options in the management of prolactin- 
secreting pituitary tumors. Clin Neurosurg 33:547-552, 1986

61. Weiss MH, Teal J, Gott P, et al: Natural history of microprolacti­
nomas: six-year follow-up. Neurosurgery 12:180-183, 1983

62. Weiss MH, Wycoff RR, Yadley R, et al: Bromocriptine treatment 
of prolactin-secreting tumors: surgical implications. Neurosur­
gery 12:640-642, 1983

63. Wilson CB: A decade of pituitary microsurgery. The Herbert 
Olivecrona lecture. J  Neurosurg 61:814-833, 1984

64. Wilson CB: Surgical management of pituitary tumors. J  Clin En­
docrinol Metab 82:2381-2385, 1997

65. Zacur HA: Indications for surgery in the treatment of hyperpro­
lactinemia. J  Reprod Med 44 (Suppl 12): 1127-1131, 1999

Manuscript received November 12, 2001.
Accepted in final form April 29, 2002.
This work was supported by the Michael J. Connell Foundation 

and the A. J. Cox Family Foundation.
Address reprint requests to: Arun Paul Amar, M.D., 1200 North 

State Street, Suite 5046, Los Angeles, California 90033. email: amar 
@aya.yale.edu.

314 J. Neurosurg. /  Volume 97 /  August, 2002


