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ARTICLE INFO ABSTRACT

Keywords: Pituitary prolactinomas in women often lead to amenorrhea, galactorrhea, or infertility. The purpose of this
Prolactinoma study was to evaluate the effectiveness of transsphenoidal surgery (TSS) in restoring fertility in women with
TraFfS_SPhEDOidal surgery proloactinomas. A systematic search of the literature was conducted in accordance with PRISMA guidelines
Fertility through 6/13/2017. PubMed, Embase, and Cochrane databases were utilized to select studies reporting on
Galactorrhea . . o . . . .

Amenorrhea patients with pituitary prolactinomas removed via TSS. Outcomes extracted included pre- and post-operative

rates of menses, lactation, and fertility. Pooled effect estimates were calculated using random-effects. After
removal of duplicates, 900 articles remained, of which 14 were meta-analyzed. The mean difference between
pre- and post-operative prolactin level was 186.9 (95% CI = 133.7, 240.1; I? = 69.9%; P-heterogeneity < 0.01;
7 studies). The pooled prevalence of pre-operative amenorrhea was 96% (95% CI = 92%, 98%; 12 = 45.8%; P-
heterogeneity = 0.09; 11 studies) and significantly larger than post-operative amenorrhea of 40% (95%
CI = 27%, 55%; P- I* = 85%; heterogeneity < 0.01; 11 studies); (P-interaction comparing the 2 groups < 0.01).
The pooled prevalence of pre-operative galactorrhea was 84% (95% CI = 74%, 90%; I = 66.9%; P-hetero-
geneity < 0.01; 10 studies) and significantly larger than post-operative galactorrhea of 29% (95% CI = 17%,
44%; 12 = 76.5%; P-heterogeneity < 0.01; 7 studies) (P-interaction < 0.01). Univariate meta-regression on age,
continent, publication year, study design, quality, duration, or timing revealed these covariates were not effect
modifiers for any of the 3 outcomes (all P > 0.05). No evidence of publication bias was seen using Begg’s and
Egger’s tests (all P > 0.05). Transsphenoidal surgery appeared to improve fertility measures in women with
pituitary prolactinomas.

Meta-analysis

1. Introduction

Pituitary prolactinomas are the most common pathologic cause of
elevated prolactin levels and account for 40% of all pituitary tumors.
[1-3] These tumors predominantly affect women between the ages of
20-50 and can result in infertility secondary to the effects of hyper-
prolactinemia on the ovulatory cycle [1,4,5]. Presenting signs and
symptoms include galactorrhea, amenorrhea, and infertility [1,4].
Prolactin production is normally under tonic inhibition from dopamine
that is produced in the hypothalamus [1], and as such, first-line therapy

for prolactinomas is administration of dopamine agonists, such as ca-
bergoline, that act to suppress the production of excess prolactin [1,2].
Success rates with cabergoline treatment are high, resulting in prolactin
normalization in over 80% of patients, restoration of ovulation in over
90% of patients, and tumor shrinkage in 70-90% of patients [4,5];
however, for those patients who are unresponsive to pharmacologic
therapy, surgical resection of the tumor, most commonly performed via
transsphenoidal approach, may be considered [1].

While it is well-established that successful pharmacologic treatment
of women with prolactinomas results in resolution of galactorrhea and
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restoration of normal menses, [5,6] fertility-related outcomes following
surgical resection of prolactinomas have not been consistent. While
older studies showed high recurrence rates of prolactinomas following
surgical resection, more recent studies have reported remission rates as
high as 90%, as well as high success rates for achieving post-operative
pregnancy [5,6]; nevertheless, surgery carries an additional risk of
hypopituitarism that can itself result in infertility [5]. Moreover, unlike
a regimented pharmacologic therapy, outcomes following surgery are
influenced by surgeon’s experience and hospital volume. [6] Despite
the risks inherent to surgery, there is also evidence that pregnancy can
lead to progression of prolactinomas [7] and that dopamine agonists
might not be safe to continue during pregnancy [5]. Given the potential
advantages of surgery over pharmacologic therapy in such situations,
[5,71, the efficacy of surgery in terms of fertility-related outcomes
should be further explored.

Given the variability on this topic, we performed a meta-analysis to
elucidate the efficacy of TSS on fertility outcomes in women with
prolactinomas via assessment of post-operative prolactin normalization,
as well as rates of resolution of amenorrhea and galactorrhea. To our
knowledge, there have been no meta-analyses completed to date to
answer this question.

2. Materials and methods
2.1. Eligibility criteria and study selection

To identify studies reporting on outcomes of transsphenoidal sur-
gery (TSS) in women of child-bearing age, a systematic review of the
literature was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement.
[8] PubMed, Embase, and Cochrane databases were searched through
June 13, 2017. Inclusion criteria consisted of any study that described
non-pregnant female adult patients (=18 years of age) with a diagnosis
of a prolactinoma who underwent TSS for removal of the prolactinoma.
To be included, the study must have had a sample size of at least five
subjects and reported on at least one of the following fertility-related
outcomes following surgery: patient prolactin levels, menstrual status,
and/or presence or absence of galactorrhea. Studies that did not dif-
ferentiate between patients who received pharmacologic agents prior to
surgery versus those who did not, or studies that only included patients
treated with pharmacologic agents prior to surgery, were excluded, in
order to eliminate the confounding by such pharmacotherapy. Case
reports, literature reviews, and systematic reviews were also excluded.
Only literature in English was reviewed. The search strategy was de-
veloped using the keywords “pituitary neoplasms,” “transsphenoidal,”
“fertility,” and related synonyms (Appendix 1 in Supplementary mate-
rial). After title and abstract screening, remaining articles were read in
full-text. Five authors (NL, NN, TS, MA, JA) performed full-text
screening and extracted the relevant data. One senior author (HZ) re-
viewed the included articles and extracted data. Disagreements were
resolved by discussion.

2.2. Data extraction and management

The following data were extracted from each study whenever pos-
sible: author and year of publication, study design, sample size, patient
characteristics (age, tumor size and/or grade, presenting symptoms
including amenorrhea/oligomenorrhea, galactorrhea, prolactin levels
at presentation, oral contraceptive use), primary treatment (surgery
alone or surgery with pharmacologic supplemental therapy), duration
of time from diagnosis to TSS, duration of follow-up, and primary and
secondary outcomes of the study. Data on surgeon experience and
hospital volume were not consistently available across studies and
therefore not able to be extracted. When available, information on the
following post-surgical outcomes was extracted: any measure of ferti-
lity, such as normalization of prolactin levels, return of menses, new
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pregnancy, and any post-operative complications. When only median
data was provided, we converted median to mean and standard de-
viation following Hozo et al.’s method using IQR range and sample size.

[9]
2.3. Bias assessment

Study quality for observational studies was assessed by the New-
Castle Ottawa Scale, a scale that assesses studies in three categories,
including the (1) selection and (2) comparability of the groups, as well
as the (3) assessment of the outcome. [10] This assessment was made by
two authors (MA and AJ) independently. Discrepancies were solved by
discussion.

2.4. Data analysis

Data analysis was performed using Comprehensive Meta-Analysis
(CMA) Version 3 (Biostat, Inc., Englewood, NJ, USA). Pooled effect
estimates (pre- and post-operative prevalence or mean difference) using
the random-effects (RE) model according to the method of DerSimonian
and Laird were calculated for all three outcomes, depending on the
available data in the articles. [11] For continuous outcomes (e.g. pro-
lactin levels), units were converted to ng/mL to allow for comparibility
across studies. The Cochrane Q test and I-squared values were calcu-
lated to assess heterogeneity [12,13]. For this test, a p-value less than
0.1 was considered statistically significant. Univariate meta-regression
analysis on age, continent, histological confirmation of the prolacti-
noma, publication year, study design, quality, duration, and timing was
used when possible to assess sources of heterogeneity. Publication bias
was assessed with Begg’s correlation and Egger’s linear regression tests
and depicted in Funnel plots. A p-value less than 0.05 was considered
significant unless otherwise indicated.

3. Results

The search strategy produced 900 articles after removal of dupli-
cates (Fig. 1). After screening for titles and abstracts, 80 full-texts were
reviewed for eligibility. Full-text review resulted in exclusion of 54
articles because the study: (1) included women who did not meet the
inclusion criteria, such as those less than 18 years old or having a tumor
that was not clearly a pituitary adenoma; (2) was a review or case re-
port; (3) did not involve surgical intervention as part of prolactinoma
treatment; or (4) did not contain data on our outcomes of interest.

A total of fourteen ‘one group pre-test post-test’ design studies with
quantitative data were meta-analyzed for at least one of the outcomes
(Table 1). [14-27] Seven studies provided data on prolactin values,
eleven provided data on pre- and post-operative menstruation, and
seven provided data on both pre- and post-operative lactation. Group
size ranged between 8 and 120 patients, and patient age ranged be-
tween 18 and 56 years. The Newcastle-Ottawa Scale ranged between 4
and 6. Of note, one study contained five patients with primary ame-
norrhea; these patients were excluded from the amenorrhea analysis
[23].

Across all 14 studies, the diagnosis of prolactinoma was based upon
a combination of clinical, endocrinologic, radiologic, and in some cases,
histopathologic criteria. In 11 of 14 studies, the authors specifically
stated that the adenomas were prolactin-secreting tumors, supported by
a tissue diagnosis in at least 4 studies. [14,19,24,25] For those tumors
that were not histologically confirmed to demonstrate lactotrophs,
there is a possibility that the elevated prolactin and resulting clinical
symptoms were secondary to a stalk effect from the tumor.

3.1. Prolactin levels

Across the seven studies reporting on pre- and post-prolactin levels,
the prolactin levels decreased by an average of 187.7 ng/mL following



Clinical Neurology and Neurosurgery 176 (2019) 53-60

Duplicated articles (n = 533)

(n = 820) articles were excluded as

the title or abstract was not relevant

Full-text articles excluded (n =56)

Different population (38)

Review or case report (10)
Different intervention (5)

Different outcome measures (3)

Studies without quantifiable
outcomes of interest (n = 10)

N. Lamba et al.
—
Articles were found in Pubmed (n = 616)
S Articles were found in Embase (n = 714)
B Articles were found in Cochrane Library (n = 103)
SE Total Articles (n = 1433)
=}
1
)
i
— >
)
Qo .
£ Articles screened (n =900)
&
g
Q
) »
— A 4
Full-text articles assessed for eligibility
—
(n=80)
2
3
) >
w
—
—
v
Studies included in quantitative synthesis
IS (meta-analysis)
3 (n=14)
[}
=
—/

Fig. 1. Study selection process.

surgery. [14,16,18,19,22,24,26] The mean difference of 7 studies in
prolactin level between pre- and post-operative was 186.9 (95%
CI = 133.7, 240.1) (12 = 69.6%; P-heterogeneity < 0.01) (Fig. 2). In
other words, the percentage decrease in prolactin levels from pre- to
post-surgery ranged between 70.9% and 97.4% with a pooled rate of
80.8% (95% CI = 71.5%, 87.6%) 1= 31.6%; P-heterogeneity =
0.19). A univariate meta-regression model was used to assess for
sources of heterogeneity, including age, continent, histological con-
firmation of the prolactinoma, and study timing, quality, and duration.
None of these co-variates was found to explain the differences in results
amongst the included studies (all P-interaction > 0.05). Funnel plots of
the standard error by the standardized difference in means showed a
slight asymmetry to the left of the pooled estimate; however, both
Begg’s rank correlation test (p = 0.18) and Egger’s linear regression test
(p = 0.06) indicated no publication bias. After conducting the trim and
fill method to correct for any potential publication bias, the re-
calculated random-effect estimate of 137.9 (95% CI 87.4, 188.5) did
not materially change from 186.9 (95% CI = 133.7, 240.1) (Appendix 2
in Supplementary material).

3.2. Amenorrhea/oligomenorrhea

Among 11 studies reporting regularity of menstruation,
[15,17-21,23-27] the pooled prevalence of pre-operative amenorrhea
was 96% (95% CI = 92%, 98%) (P-heterogeneity = 0.05; I’ = 45.8%),
which was significantly higher than the post-operative amenorrhea of
40% (95% CI = 27%, 55%) (P-heterogeneity < 0.01; I> = 85.0%) (P-
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interaction < 0.01) (Fig. 3). Among the post-operative results, none of
the above-mentioned covariates were found to explain the differences
in results after performing a univariate meta-regression (All P-interac-
tion > 0.05). The Funnel plot showed no asymmetry (Appendix 3 in
Supplementary material); both Begg’s rank correlation test (p = 0.70)
and Egger’s linear regression test (p = 0.18) indicated no publication
bias.

3.3. Galactorrhea

Among studies reporting regularity of lactation, [15,17-21,23-27]
the pooled prevalence of pre-operative galactorrhea was 84%
(95%CI = 74%, 90%) (P-heterogeneity < 0.01; I? = 66.9%, 10 stu-
dies), which was statistically significantly greater than the post-opera-
tive galactorrhea of 29% (95%CI = 17%, 44%) (P-heterogeneity <
0.01; 12 = 76.5%, 7 studies) (P-interaction < 0.01) (Fig. 4). These re-
sults were not materially different when we restricted the analysis to
only the 7 studies that reported pre- (80.9%; 95% CI: 75.5%, 86%) and
post-operative galactorrhea (21.8%; 95% CI: 25.5%, 28.8%); (P-inter-
action < 0.001). Among the post-operative results, none of the assessed
co-variates was found to explain the differences in results after per-
forming a meta-regression (All P-interaction > 0.05). The Funnel plot
showed a slight asymmetry to the right of the pooled estimate; both
Begg’s rank correlation test (p = 0.88) and Egger’s linear regression test
(p = 0.58) indicated no publication bias. After conducting the trim and
fill method, the recalculated random-effect estimate changed from 29%
(95% CI 17%, 44%) to 36.3% (95% CI 21.9%, 38.0%) (Appendix 4 in
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Table 1
Characteristics of studies included in the meta-analysis (n = 14).
Study’s first Study Design® Continent  Sample size Age Study duration/  Amenorrhea Galactorrhea Pre- Post- Primary NOS?
author, year, & Timing undergoing range length of follow- (%) (%) operation operation Treatment
(ref #) TSS (years)  up, mean, prolactin prolactin
months or years level level
(mean; ng/  (mean; ng/
mL) mL)
Babey et al. Retrospective  Europe 24 18-46 2003-2006/ NA NA 106.5 2.8 Surgery 6
[14] 33.5 months
Chang et al. Prospective North 34 NA NA/ 92 96 147.32 NA Surgery 6
[15] America 6 months
Ciccarelli Retrospective  Europe 21 19-48 1975-1986/ NA NA 237.8 12.1 Surgery 6
etal. [16] > 4 years
Faria et al. Retrospective  North 100 16-47 1973-1980/ 97 84 NA NA Surgery 6
[17] America NA
Franks et al. Prospective Europe 10 23-36 NA 100 30 384.6 78.8 Surgery 6
[18] and
bromocriptine
Hammond Retrospective  North 64 NA 1975-1982/ 95 88 365 94.0 Surgery 5
etal. [19] America NA
Laws Jr. et al. Retrospective Europe 75 20-36 NA 85 80 201.4 NA Surgery 4
[20]
Page et al. Retrospective  North 8 25-35 NA/ 100 100 NA NA Surgery and Oral 5
[21] America 11 months contraceptives
Post et al. Prospective North 29 18-50 NA/ 39 NA 166.4 24.0 Surgery 6
[22] America 7 weeks
Randall et al.  Retrospective  North 79 18-53 55 months 100 NA NA NA Surgery 6
[23] America
Rawe et al. Prospective North 30 18-36 18 months 100 93 237.3 39.2 Surgery 6
[24] America
Saitoh et al. Retrospective  Asia 79 NA 1975-1984/ 100 100 1133.4 NA Surgery 6
[25] NA
Wiebe et al. Prospective North 14 19-38 1975-1977/ 100 71 309.6 90.0 Surgery 6
[26] America NA
Woosley et al. Retrospective  North 36 18-56 1977-1980/ 100 77 NA NA Surgery 6
[27] America NA
1The design of these studies was one group pre-test post-test design.
2NOS = Newcastle Ottawa Scale.
3NA = not applicable.
Model Stud! name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error limit limit
Babey M, 2011 103.7 18.1 68.3 139.1 [ |
Ciccarelli E, 1990 225.7 408 1457 305.7 -
Franks S,1977 305.8 116.2 78.1 533.5 —_—
Hammond CB, 1983 271.0 784 117.4 4246 —a—
Post KD, 1979 142.4 39.3 654 2194 -
Wiebe RH, 1979 219.6 421 1371 3021 —-
Rawe SE, 1980 198.1 28.2 1429 2534 . 3
Random 186.9 27.2 133.7 2401 ’
-600.00 -300.00 0.00 300.00 600.00

Favors pre-op Favors post-op

Fig. 2. Pooled mean difference for 7 studies in pre-operative vs. post-operative prolactin levels relative to surgery. Horizontal lines denote 95% ClIs, solid squares
represent the point estimate of each study and the diamond represents the pooled estimate of the intervention effect. I* = 69.6%, P-heterogeneity < 0.01, 7 studies.

Supplementary material).

3.4. Complications

Due to the heterogeneity in reporting across studies, we were unable

to perform a meta-analysis on the complications following prolacti-
noma surgery. However, we have presented the data available on
complications in Table 2. Overall, there were no deaths and minimal
morbidity. The most common complication included diabetes insipidus,
with rates ranging from 4 to 87% in studies reporting on this outcome.
Rates of post-operative hypopituitarism ranged from 0 to 23%, al-
though only two studies [16,17] had rates greater than 10%.
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Additional, rare complications are presented in Table 2.

4. Discussion

The present study demonstrated that in women with prolactin-se-
creting pituitary adenomas, it is possible to restore fertility via trans-
sphenoidal surgery. By pooling the results of fourteen observational
studies, we demonstrated that transsphenoidal surgery resulted in a
significant decrease in prolactin levels, as well as a significant decrease
in the prevalence of both amenorrhea and galactorrhea. These results
were consistent with our hypothesis that transsphenoidal surgery would
be an effective means by which to restore fertility in women of child-
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Model Group by Study name Statistics for each study

Operation

Event Lower Upper

rate limit limit

a-Pre Op Chang RJ, 1977 0.92 0.73 0.98

a-Pre Op Faria M, 1982 0.97 0.91 0.99

a-Pre Op Franks S, 1977 0.95 0.55 1.00

a-Pre Op Hammond CB, 1983  0.95 0.86 0.98

a-Pre Op Laws Jr ER, 1982 0.85 0.75 0.92

a-Pre Op Page LK, 1979 0.94 0.50 1.00

a-Pre Op Saitoh Y, 1986 0.99 0.91 1.00

a-Pre Op Wiebe RH, 1979 0.97 0.63 1.00

a-Pre Op Woosley RE, 1982 0.99 0.82 1.00

a-Pre Op Randall RV, 1883 0.99 0.91 1.00

a-Pre Op Rawe,S. E., 1980 0.98 0.78 1.00

Random a-Pre Op 0.96 0.92 0.98

b-Post Op Chang RJ, 1977. 0.28 0.14 0.48

b-Post Op Faria M, 1982. 0.33 0.25 0.43

b-Post Op Franks S, 1977. 0.40 0.16 0.70

b-Post Op Hammond CB, 1983. 0.98 0.90 1.00

b-Post Op Laws Jr ER, 1982. 0.04 0.01 0.12

b-Post Op Page LK, 1979. 0.25 0.06 0.62

b-Post Op Saitoh Y, 1986. 0.56 0.45 0.66

b-Post Op Wiebe RH, 1979. 0.57 0.32 0.79

b-Post Op Woosley RE, 1982. 0.64 0.47 0.78

b-Post Op Randall RV, 1983. 0.24 0.16 0.35

b-Post Op Rawe,S. E., 1980. 0.33 0.18 0.52

Random b-Post Op 0.40 0.27 0.55

Random Overall 0.71 0.60 0.80

-1.50

bearing age who suffer from amenorrhea and galactorrhea secondary to
a prolactinoma.

Elevated prolactin is an important cause of infertility in women of
child-bearing age, accounting for 15-20 percent of patients with ame-
norrhea. [18] The greatest causative agent of hyperprolactinemia is a
prolactinoma [18]. Prolactinomas are typically managed conservatively
with pharmacologic therapy, but can be more aggressively treated with
surgery in certain situations [14].

To our knowledge, no meta-analyses have yet been completed to
determine the impact of transsphenoidal surgery in restoring fertility in
women with pituitary adenomas. The current guidelines for the treat-
ment of prolactinomas recommend medical treatment with a dopamine
agonist, such as cabergoline or bromocriptine, allowing for restoration
of normal prolactin levels in 75-90% of patients. [28] Indications for
surgical resection of prolactinomas include failure of pharmacologic
therapy, growth of the tumor size despite the use of dopamine agonist,
or pituitary apoplexy [28]. While several studies have been published
to describe the specific effects of transsphenoidal surgery on fertility in
women with prolactinomas, there is little consensus on the extent of
impact that surgery has on restoration of fertility in these women.

Model Group by Study name Statistics for each study
Operation Event Lower Upper
rate limit limit
a-Pre Op Chang RJ, 1977 0.96 0.76 0.99
a-Pre Op Faria M, 1982 0.84 0.75 0.90
a-Pre Op Franks S, 1977 0.30 0.10 0.62
a-Pre Op Hammond CB, 1983 0.88 0.77 0.94
a-Pre Op Laws Jr ER, 1982 0.80 0.69 0.88
a-Pre Op Page LK, 1979 0.94 0.50 1.00
a-Pre Op Saitoh Y, 1986 0.99 0.91 1.00
a-Pre Op Wiebe RH, 1979 0.71 0.44 0.89
a-Pre Op Woosley RE, 1982 0.78 0.61 0.88
a-Pre Op Rawe,S. E., 1980 0.93 0.77 0.98
Random a-Pre Op 0.84 0.74 0.90
b-Post Op Chang RJ, 1977. 0.08 0.02 0.27
b-Post Op Faria M, 1982. 0.27 0.19 0.37
b-Post Op Franks S, 1977. 0.20 0.05 0.54
b-Post Op Page LK, 1979. 0.25 0.06 0.62
b-Post Op Wiebe RH, 1979. 0.43 0.21 0.68
b-Post Op Woosley RE, 1982. 0.64 0.47 0.78
b-Post Op Rawe,S.E., 1980.  0.17 0.07 0.34
Random b-Post Op 0.29 017 044
Random Overall 0.63 0.51 0.73

-2.00

Favors post-op  Favors pre-op
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Event rate and 95% CI Fig. 3. Menstruation outcome comparing pre-
operative prevalence of amenorrhea and post-
operative prevalence of amenorrhea across 11
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Multiple studies have demonstrated a restoration to normal or near-
normal prolactin levels following transsphenoidal surgery, with de-
creases ranging from 142.4 to 305.8 ng/mL between pre- and post-op-
erative prolactin levels [14,16,18,19,22,26]. Our mean difference of
187.7 ng/mL reported here is therefore consistent with the published
literature. In one previously published cohort study, Babey et al. further
divided patients into two groups based on size of the prolactinoma,
categorizing microprolactinomas as 1-10 mm and macro-prolactinomas
as 11-20 mm. After such stratification, they demonstrated that both size
of the adenoma and pre-operative prolactin levels were correlated with
remission rates; specifically, the study found that patients with micro-
prolactinomas had markedly lower levels of pre-operative prolactin
levels compared to patients with macro-prolactinomas, and were also
significantly more likely to achieve long-term remission [14]. Due to
the heterogeneity in available data across the studies in our analysis, we
were unable to study correlations between size of tumor and pre-op-
erative prolactin levels. Nevertheless, our results showing a significant
decrease between pre- and post-operative prolactin levels are consistent
with the aforementioned published studies, although further work is
needed to assess the association between tumor size and prolactin

Event rate and 95% CI Fig. 4. Galactorrhea outcome comparing pre-
operative prevalence of galactorrhea and post-
operative prevalence of galactorrhea across 10
and 7 studies, respectively. Pooled pre-opera-
tive prevalence = 84%; 95% CI: 74%, 90%;
12 = 66.9%; p-heterogeneity < 0.01, 10 stu-
dies; vs. pooled post-operative prevalence =
29%; 95% CI: 17%, 44%; 1 = 76.5%; p-het-
erogeneity < 0.01, 7 studies; (p-interaction <
0.01).
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normalization.

Prior work has also shown improvement in galactorrhea and re-
solution of amenorrhea in women following resection of prolactinomas.
Specifically, previously reported rates of menstrual restoration fol-
lowing surgery have ranged from 43 to 94% [26,15,25,21,27]. Simi-
larly high rates of galactorrhea resolution have also been reported,
ranging from 57 to 100% [26,15,21,27]. The results from our present
analysis, which demonstrate a pre-operative to post-operative im-
provement rate of 56% for amenorrhea and 55% for galactorrhea, are
on the lower range compared to the aforementioned studies, but
nevertheless demonstrate a robust and significant improvement in
symptoms following surgery.

Whether the resolution of symptoms is affected by the degree of
prolactin elevation has also been previously reported on. Studies of
women with amenorrhea-galactorrhea syndrome associated with a
prolactinoma have demonstrated a marked difference in response to
transsphenoidal surgery depending on patients’ pre-operative prolactin
levels [17,29]. Specifically, these studies have found that patients with
pre-operative prolactin levels less than 200 ng/mL were more likely to
experience resolution of both amenorrhea and galactorrhea following
surgery as compared to those with prolactin levels greater than 200 ng/
mL [17,29]. While we were unable to study the effect of degree of pre-
operative prolactin elevation on response to surgery, this appears to be
a well-described phenomenon that warrants clinical attention. Specifi-
cally, patients with prolactinomas with a prolactin level below 200 ng/
mL may make better surgical candidates due to the anticipated degree
of response compared to those with pre-operative prolactin levels above
200 ng/mL.

In addition to pre-operative prolactin levels, there are a number of
other factors that may influence response to surgery and risk for re-
lapse, including extrasellar tumor extension [30], tumor size [31,32],
patient age [31,32], and gender [32]. Interestingly, in a large meta-
analysis that pooled outcomes from over 3,000 patients with prolacti-
nomas in order to better assess factors associated with prolactinoma
recurrence, the authors found that tumor size, tumor invasion, age, and
gender, were not significant factors for recurrence [33]. However, they
did find that a low basal prolactin level following surgery, as well as
normalization of the TRH test, were favorable factors associated with
permanent cure [33]. Further study of these factors in prospective trials
may be warranted, and each should be considered and discussed with
patients prior to surgery in order to risk-stratify, optimize management,
and prepare patients for the response they may expect following an
operation.

While the exact pathogenesis of prolactinomas remains unclear, the
goal of treatment is to normalize serum prolactin levels and improve
endocrine symptoms, restore infertility. and improve sexual dysfunc-
tion [34]. It is thought that elevated prolactin causes gonadal dis-
turbances by both direct inhibition of steroidogenesis, as well as via
suppression of the pulsatile release of gonadotropin-releasing hormone
secretion [35]. This ultimately presents as menstrual irregularities in
women and can cause infertility. Surgical resection of the prolactin-
producing tumor allows for removal of the source of prolactin and, as
demonstrated in our analysis, results in a significant decrease in serum
prolactin levels. The return of menses observed across the patients in
our pooled analysis is therefore likely secondary to the decrease in
prolactin and subsequent release of inhibition on the gonadal axis.
While it is known that space-occupying tumors that impinge on the
pituitary gland may cause underlying damage to normal pituitary tissue
[36], the results of our study suggest that the gonadal dysfunction
caused by prolactinomas is a transient phenomenon that can typically
be expected to improve with removal of tumor.

The results of our analysis demonstrate the effectiveness of surgery
in decreasing prolactin and restoring fertility in women with prolacti-
nomas; however, these potential benefits should still be weighed
against the risks of surgery for each patient. Overall, across all studies,
there was no mortality and minimal morbidity observed following
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surgery. Despite the high prevalence of post-operative diabetes in-
sipidus, in almost all cases, this was transient and resolved within a
short period of time. Moreover, except for two studies, [16,17] anterior
pituitary function was preserved in > 90% of all patients after pro-
lactinoma resection. Of note, in one of these two studies, only two of the
fifteen patients with pituitary dysfunction following surgery actually
required long-term replacement therapy. Therefore, while it is essential
for surgeons to communicate with patients about the potential for pi-
tuitary dysfunction and other complications following surgery, the risk
appears to be relatively low.”

4.1. Limitations and strengths

A major limitation of this meta-analysis was the lack of comparable
data on direct fertility outcomes, such as rates of pregnancy or time to
conception; while some of the studies did provide data on what per-
centage of their patients successfully conceived following prolactinoma
surgery, a number of factors made this information challenging to in-
terpret. For example, it was unclear whether all participants in the
studies were even attempting conception at the time of the study, and it
is possible that with longer follow-up times, there would be a sub-
stantial increase in the number of patients who succeeded in con-
ceiving. Moreover, some patients may have been utilizing contra-
ception following surgery, thereby confounding the use of conception
as a measurement of restored fertility. Overall, given the heterogeneity
across studies in if, how, and across what time periods pregnancy rates
were measured, we were unable to include this particular outcome in
our meta-analysis. While having this more direct data on fertility would
have strengthened our meta-analysis, most patients with hyperpro-
lactinemia will require normalization of prolactin levels, as well as a
return of ovulatory cycles, in order to achieve a successful pregnancy;
hence, this justifies the use of a decrease in prolactin, resolution of
galactorrhea, and/or resumption of menses as proxies for restoration of
fertility.

Another limitation of the study was the heterogeneity in patient
follow-up times within the same study. For example, Wiebe et al. re-
ported a wide follow-up range of six months to three years in their
study [26]. This is particularly important for our endpoints, because
prior research has demonstrated that recurrence of prolactinemia is
frequent but delayed [37]. Serri et al. found a 50% recurrence rate in
patients with micro-prolactinomas at a mean of 4 years after surgery
and an 80% recurrence rate in patients with macro-prolactinomas at a
mean of 2.5 years after surgery [37]. It is therefore possible that some
of the studies in our analysis, due to their shorter follow-up times, may
have underestimated the true rate of recurrence. Nevertheless, study
duration did not appear to alter our results according to the meta-re-
gression analysis. An additional limitation of this study was that we
may have been unable to fully account for additional factors that were
causing infertility in the patient population. For example, Hammond
et al. reported on one woman with a prolactinoma who was later found
to have tubal disease as the cause of her infertility [19]. There may have
been other patients in the included studies who had similar such issues
as the cause of their infertility, but who had not been previously di-
agnosed. As factors independent of the prolactinomas may have been
the cause of infertility in such patients, this may have resulted in an
underestimation of the fertility benefits from surgery in our analysis.
Finally, it has been reported that the chronic use of oral contraceptives
(OCPs) may cause an increase in prolactin and lead to amenorrhea [21].
We were unable to account for the potential effect of OCP use on fer-
tility outcomes as information was not consistently reported across the
included studies.

Despite these limitations, this meta-analysis based on observational
studies evaluated multiple outcomes after extensive review of the lit-
erature. To our knowledge, this is the first meta-analysis on this topic.
Furthermore, statistically significant decreases in serum prolactin levels
and in rates of amenorrhea and galactorrhea following TSS for
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prolactinomas were identified. Another strength of this study was that
we examined pre- and post-operative levels of prolactin, as well as re-
turn of menstruation following surgery. This was essential as studies
have shown that normal menstruation and fertility may be restored
following surgical removal of a prolactinoma even when post-operative
prolactin levels are not reduced [17]. Similarly, women can remain
amenorrheic even with normal post-operative prolactin levels [17]. It
was therefore important to consider both endpoints, as one may not
necessarily correlate with the other [17]. In our study, we found that
TSS resulted in both a significant decrease in prolactin, as well as return
of menses.

5. Conclusions

This meta-analysis suggested that transsphenoidal surgery resulted
in robust responses in patients with prolactinomas, decreasing prolactin
levels and rates of both amenorrhea and galactorrhea, thus allowing for
improvements in fertility.
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