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Pituitary imaging is indicated for the evaluation
of hyperprolactinemia
Aykut Bayrak, M.D.,a Peyman Saadat, M.D.,a Eliran Mor, M.D.,a Lisa Chong, M.D.,a

Richard J. Paulson, M.D.,a and Rebecca Z. Sokol, M.D., M.P.H.a,b

a Department of Obstetrics and Gynecology and b Department of Medicine, Keck School of Medicine, University of Southern
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Objective: To evaluate the signs and symptoms associated with hyperprolactinemia and establish guidelines for
a minimal serum PRL level for which pituitary imaging is indicated.
Design: Retrospective study.
Setting: Reproductive endocrinology clinic in a university hospital.
Patient(s): One hundred four consecutive patients with hyperprolactinemia, mean age 30 � 6.5 (range 19–44) years.
Intervention(s): Classification of clinical symptoms, serum hormone measurements, and pituitary magnetic
resonance imaging (MRI).
Main Outcome Measure(s): Incidence of presenting symptoms, serum PRL levels, and pituitary tumor size.
Result(s): Median (range) PRL value was 82.6 ng/mL (25–1,342). Reported symptoms from most to least
common were infertility (48%), headaches (39%), oligoamenorrhea (29%), galactorrhea (24%), and visual
changes (13%). Hypothyroidism was diagnosed in 2 of 104 (1.9%) patients. Of 86 patients who had pituitary
imaging, 23 (26%) had normal findings and 63 (74%) had pituitary tumor; of these, 47 (55% of total imaged) had
microadenomas and 16 (19% of total imaged) had macroadenomas. There was a statistically significant
association between the tumor size and the PRL level. However, 11% of the patients with microadenomas had
PRL levels �200 ng/mL, and 44% of the patients with macroadenomas had PRL levels between 25 and 200
ng/mL.
Conclusion(s): The most common symptoms in the population studied were infertility and headaches. Coexisting
thyroid disease was an uncommon finding. Most patients had a pituitary tumor on MRI. Although tumor size
correlated with the serum PRL level, some macroadenomas were detected in women with only moderately
elevated PRL values. On the basis of these findings, pituitary imaging should be obtained to identify pituitary
tumors in all patients with persistently elevated PRL levels. (Fertil Steril� 2005;84:181–5. ©2005 by American
Society for Reproductive Medicine.)
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yperprolactinemia is the most common endocrine disorder
f the hypothalamic-pituitary axis. It is estimated to occur in
%–17% of women with reproductive disorders (1, 2). Clin-
cal manifestations of hyperprolactinemia include hypogo-
adal symptoms (oligoamenorrhea, decreased libido, and
nfertility), galactorrhea, and symptoms related to mass ef-
ect such as headaches and visual changes (2). The differen-
ial diagnosis of hyperprolactinemia includes hypothalamic/
ituitary tumors, of which the prolactinoma is the most com-
on; ingestion of drugs that deplete dopamine or block its

ction at the receptor; neurogenic chest wall lesions; hypo-
hyroidism; polycystic ovary syndrome (PCOS); cirrhosis;
nd end-stage renal failure (3).
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The standard initial work-up of a patient who presents
ith an elevated PRL level includes the repeat measurement
f PRL with the patient in a fasting state in the morning. If
he patient has a persistently elevated PRL level and other
auses have been excluded, a hypothalamic/pituitary tumor
s postulated and imaging studies are obtained (2, 4). Mag-
etic resonance imaging (MRI) is considered the most sen-
itive imaging method for identifying pituitary tumors (5).
owever, the degree of elevation of serum PRL level that
arrants an MRI study is controversial. Some investigators

uggest evaluation by MRI only if the PRL level is �100
g/mL (6). Others recommend an imaging study for all
atients with persistently elevated PRL levels when there is
o identifiable secondary cause of hyperprolactinemia (2, 3).

The purpose of this study was to evaluate the signs and
ymptoms associated with hyperprolactinemia and to estab-
ish guidelines for a minimal serum PRL level for which
ituitary imaging is indicated.

ATERIALS AND METHODS
e reviewed the medical records of female patients with
yperprolactinemia evaluated in the Reproductive Endocri-
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ology and Infertility Clinic at the Los Angeles County–
niversity of Southern California Medical Center between
997 and 2002. All patients with elevated PRL levels (N �
04) were included in the study. Most patients in the study
ere Hispanic in origin. Mean age in the population studied
as 30 � 6.5 (range 19–44) years. The study was approved
y the University of Southern California Health Sciences
nstitutional Review Board.

Prolactin hormone was measured in all patients in the
ame laboratory using the same assay (AxSYM System;
bbott Laboratories, Abbott Park, IL). Normal range of the

ssay was 1–25 ng/mL. If patients were referred to our clinic
or hyperprolactinemia, hormone measurements were re-
eated in our laboratory and that value used in the study.
yperprolactinemia, defined as a PRL level �25 ng/mL,
as confirmed in all patients by repeat measurement in the
orning in a fasting nonstressed state without prior inter-

ourse or breast stimulation. Patients were excluded from the
tudy if they did not have a repeat fasting PRL level in the
orning or had incomplete work-up. All patients underwent

istory and physical examinations. Patients were specifically
uestioned about irregular menses, galactorrhea, headaches,
isual changes, and infertility. Physiologic and pharmaco-
ogic causes associated with hyperprolactinemia, such as
regnancy, lactation, or drug use, were excluded in all pa-
ients. None of the patients in the study reported using drugs
ssociated with hyperprolactinemia.

Baseline measurements of TSH, E2, LH, and FSH were
btained using commercial immunoassay kits. MRI of the
ypothalamic/pituitary area was obtained after all secondary
auses of hyperprolactinemia were excluded. MRI was per-
ormed at 1.5 T, in sagittal and coronal planes with 2.5 mm
lice thickness without interslice gap. T1-weighted spin-echo
mages were acquired with repetition time (TR) of 500 ms
nd echo time (TE) of 15 ms and pre- and postcontrast using
cc of gadolinium. Microadenoma was defined as the MRI

nding of a pituitary tumor measuring less than 10 millime-
ers in its greatest diameter; and macroadenoma was defined
s a tumor measuring 10 millimeters or more in its greatest
iameter. Each MRI was interpreted by one of the four
euroradiologists, all of whom were similarly trained to
nterpret MRIs and all of whom work in the department of
euroradiology at our institution. Patients who presented
ith headaches or visual disturbances and all patients with
ocumented macroadenomas were evaluated by formal vi-
ual field examinations and by the neurosurgery service.

Categorical data were analyzed by Fisher’s exact test.
or nonparametric data, Spearman correlation analysis
as used. All statistical calculations were performed us-

ng SPSS software (SPSS, Chicago, IL). P�.05 was con-
idered significant.

ESULTS
he most common clinical symptoms reported by patients

ith hyperprolactinemia are shown in Figure 1. Infertility i

182 Bayrak et al. Hyperprolactinemia and pituitary imaging
as the most common and visual changes the least common
ymptom, as elicited by history.

The median PRL level was 82.6 ng/mL, with a range of
5–1,342 ng/mL. Of the 104 patients with hyperpro-
actinemia included in the study, 8 patients were diag-
osed with PCOS. The diagnosis of PCOS was made by a
ombination of a history of chronic anovulation and clin-
cal or laboratory evidence of hyperandrogenism (Ferri-
an-Gallwey score �8 or total testosterone level �60

g/dL). Other causes of hyperandrogenism were excluded
n these 8 patients by evaluating the patients for signs and
ymptoms of androgen-secreting tumors, late-onset con-
enital adrenal hyperplasia and Cushing’s syndrome.
HEAS, 17-�-hydroxyprogesterone, and 24-hour urinary

ree cortisol levels were measured and found to be within
he normal ranges.

A diagnosis of premature ovarian failure was established
n 2 patients on the basis of a history of amenorrhea, low E2,
nd high LH and FSH levels. With the exclusion of these 2
atients, the median (range) E2 level was 32.5 (range 20–
76) pg/mL.

There were 2 cases of hypothyroidism (1.9%) diagnosed
y the finding of low serum thyroxine (T4) and high serum
SH levels. The PRL hormone levels in these 2 patients
ere 41 and 83 ng/mL. E2, FSH, and LH levels were
ormal and these patients were treated with thyroid hor-
one supplementation.

Eighty-six patients underwent MRI testing (Table 1). Nor-
al findings were reported in 23 (26%). Sixty-three patients

74%) had evidence of a pituitary tumor: microadenomas in
7 (55%) and macroadenomas in 16 (19%). There was a
tatistically significant association between the tumor size
nd the PRL level (r � 0.63, P�.01; Fig. 2). There was a
tatistically significant association between PRL levels
100 ng/mL and the finding of a macroadenoma rather than
microadenoma (odds ratio [OR] � 7.6; 95% confidence

FIGURE 1

Most commonly reported symptoms in patients
with hyperprolactinemia.

Bayrak. Hyperprolactinemia and pituitary imaging. Fertil Steril 2005
nterval [CI] � 1.39–55.02; P�.01).
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Of those patients with microadenomas, 52% had PRL
evels �100 ng/mL. However, 11% of the patients with
icroadenomas had PRL levels �200 ng/mL, and 44% of

he patients with macroadenomas had PRL levels between
5 and 200 ng/mL.

ISCUSSION
e evaluated the signs and symptoms associated with hy-

erprolactinemia in our clinic over a span of 5 years. During
his time, in the population we studied, infertility was the
ost commonly reported chief complaint. This was not an

nexpected finding in patients evaluated in a reproductive
ndocrinology clinic. However, headaches generally attrib-
ted to macroadenomas were also commonly reported by our
roup of patients regardless of the size of their pituitary
umor. Oligoamenorrhea and/or galactorrhea were present in
3% of patients. Visual changes were rarely reported.

The prevalence of symptoms may vary depending on the
opulation studied and the clinical setting in which the

TABLE 1
MRI findings in hyperprolactinemic patients strat

PRL levels (ng/mL) Normal MRI

25–50 (n � 21) 10
51–100 (n � 27) 12
101–200 (n � 24) 1
�201 (n � 14) 0
Total (n � 86) 23
Bayrak. Hyperprolactinemia and pituitary imaging. Fertil Steril 2005

FIGURE 2

Correlation between the pituitary tumor size and seru
Bayrak. Hyperprolactinemia and pituitary imaging. Fertil Steril 2005

ertility and Sterility�
atient is evaluated. Drange et al. (7) recently reported
ypogonadal symptoms in 70% and galactorrhea in 49% of
atients with prolactinomas who were treated at an internal
edicine/endocrinology tertiary referral center for the eval-

ation of pituitary tumors. Similarly, headaches and visual
hanges were more common in patients evaluated in a neu-
osurgery service (8).

Our findings suggest that hypothyroidism is an uncommon
nding among patients with hyperprolactinemia. Although
creening for hypothyroidism is considered one of the most
mportant parts of the work-up of hyperprolactinemia, the
ncidence of hypothyroidism in our patient population was
ery small. Similar to our finding of 1.9%, previous publi-
ations have reported an incidence of hypothyroidism in
.1% (9), 2% (10), and 3% (11) of patients with elevated
RL levels. Raber et al. (12) recently measured PRL levels

n 927 consecutive nonpregnant and nonlactating female
ypothyroid patients defined as having a TSH �4.0 mIU/L.
yperprolactinemia was documented in 7% of the patients.

by serum prolactin levels.

Microadenoma Macroadenoma

10 1
14 1
18 5
5 9

47 16

RL level (ng/mL).
ified
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hese data were not corrected for patients taking medica-
ions that may increase PRL levels, thus possibly overesti-
ating the relationship between elevated TSH levels with

levated PRL levels. In light of these findings, thyroid dis-
ase is rarely the etiology of elevated circulating PRL levels.

Our data indicate that most patients with elevated PRL
evels have a pituitary tumor (74% of those who under-
ent MRI). Microadenomas in this population were more

ommon than macroadenomas (55% vs. 19%), a finding in
greement with previous reports (6, 13, 14). Overall, there
as a positive correlation between tumor size and PRL

evel. Microadenomas were more commonly observed
ith PRL levels �200 ng/mL, and macroadenomas with
RL levels �100 ng/mL. However, there was overlap in
RL values between these two diagnoses: 2 patients with
acroadenomas had PRL levels �100ng/mL and 5 pa-

ients with microadenomas had PRL levels �200 ng/mL.
PRL-producing tumor is the most likely diagnosis in the

atter situation, although a nonprolactin-secreting tumor
lso can lead to elevations in circulating PRL levels (by
ompressing the pituitary stalk, leading to suppression of
RL-inhibiting factor) (4). The patient with a non-PRL-
roducing tumor usually requires neurosurgery, whereas
he patient with a PRL-producing tumor is treated medi-
ally (8).

A discrepancy between the tumor size and the PRL
evel may also be due to the lactotroph cell activity within
he tumor. This might also be the case in macroadenomas
ith large cystic parts that are not responsive to dopamine

gonist therapy (16). A tumor can secrete very high levels
f PRL hormone, resulting in an assay “hook effect”
here the results are reported incorrectly as low (17, 18).
onversely, some microadenomas may be particularly
fficient in producing PRL hormone or they may secrete
acroprolactin defined as the increased secretion of the

big big” PRL isoform (13, 15).

Twenty-three patients with no evidence of tumor or
ther pathologic causes of hyperprolactinemia had ele-
ated serum PRL. Twelve of these patients had PRL
evels between 51 and 100 ng/mL and one of these pa-
ients presented with a PRL level of 128 ng/mL. All other
auses of hyperprolactinemia were excluded in these pa-
ients. The most likely diagnosis in these patients is mac-
oprolactinemia (13, 15).

The hyperprolactinemia associated with PCOS is thought
o be secondary to an imbalance in androgen production,
ossible alterations in dopamine secretion, and/or chronic
yperestrogenism (19–21). However, we found evidence of
pituitary tumor in 5 of 8 patients with PCOS. We therefore

uggest pituitary imaging for PCOS patients with persistent
levation of serum PRL levels.

Patients included in this study were mostly Hispanic in
rigin. However, it is unlikely that genetic factors impact on

he development of pituitary tumors; our findings should be

184 Bayrak et al. Hyperprolactinemia and pituitary imaging
pplicable to other ethnic groups with the same presentation.
hereas some of the patients in our study were referred to

ur clinic specifically for hyperprolactinemia, the high
revalence of pituitary tumors in our study was similar to
ther studies (6, 13). Thus, findings from this population
ay represent the standards found by most physicians in

ractice.

We conclude from these findings that even with PRL
alues that are just outside the normal range, pituitary tumors
an be present. Therefore, pituitary imaging is recommended
n all patients with persistently elevated PRL levels, regard-
ess of the value.
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