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KEY POINTS

� Patients with pituitary incidentalomas should be evaluated for tumor hypersecretion.

� Those with macroadenomas should be evaluated for hypopituitarism, visual-field defects, and other
mass effects.

� Visual-field defects, tumor growth, and hypopituitarism are indications for surgery.

� Deficiencies in corticotropin/cortisol and thyrotropin/thyroxine should be corrected before any
surgery.

� Tumor growth in patients who do not undergo surgery can be expected in 10.6% of microadeno-
mas and 24.1% of macroadenomas.

� For patients without specific indications for surgery, surveillance magnetic resonance imaging may
need to be performed for up to 20 years.
INTRODUCTION at autopsy or as incidental findings on magnetic
om
Clinically nonfunctioning adenomas (CNFA) of the
pituitary, by definition, produce no clinical syn-
drome related to overproduction of tumor hor-
mones. Studies have shown, however, that 70%
to 80% of CNFAs produce gonadotropins or their
subunits, and thus are actually gonadotroph
adenomas.1 A few per cent also stain for cortico-
tropin, growth hormone (GH), prolactin (PRL), or
thyrotropin; because these hormones are not
secreted in sufficient quantities to cause clinical
syndromes, such tumors are referred to as “silent”
corticotroph, somatotroph, lactotroph, or thyro-
troph adenomas.2

Although large CNFAs often present because
they cause significant hypothalamic/pituitary dy-
sfunction or visual symptoms, others may be
completely asymptomatic, being detected either
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resonance imaging (MRI) or computed tomog-
raphy (CT) scans performed for other reasons.
These asymptomatic adenomas are referred to
as pituitary incidentalomas. Several other lesions
also may be found in the sellar area andmaymimic
a pituitary adenoma, including craniopharyngio-
mas, Rathke cleft cysts, meningiomas, gliomas,
dysgerminomas, cysts, hamartomas, metastases,
and focal areas of infarction.3–6 Lymphocytic infil-
tration of the pituitary can also masquerade as
a pituitary adenoma.7

Statistically, some normal individuals must have
pituitaries that exceed the normal size boundary
of 9 mm (13 standard deviations in healthy
subjects8–10). Chanson and colleagues11 reported
several patients with “normal pituitary hypertrophy”;
on MRI, these pituitaries had homogeneous
isointense signals, enhanced homogeneously with
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contrast, and in 2 cases had normal pituitary tissue
found at surgery.
This article reviews the epidemiology and

management of patients with pituitary mass
lesions incidentally found on head MRI or CT
done for some reason other than suspected pitui-
tary disease; that is, pituitary incidentalomas.
PREVALENCE OF PITUITARY
INCIDENTALOMAS
Autopsy Findings

Pituitary adenomas have been found at autopsy in
1.5% to 31% of subjects not suspected of having
pituitary disease while alive (Table 1).3,12–43 The
average frequency of finding an adenoma for
these studies, which examined a total of 19,387
pituitaries, is 10.7%. The tumors are distributed
equally throughout the age groups (range 16–
86 years) and between the sexes. In the studies
in which PRL immunohistochemistry was per-
formed, 22% to 66% stained positively for
PRL.18,20,21,26,29–31,33–36,38,39 Detailed immunohis-
tochemical analysis of 334 pituitary adenomas
found in 316 pituitaries of 3048 autopsy cases in
one series showed that 39.5% stained for PRL,
13.8% for corticotropin, 7.2% for gonadotropins
or a subunits, 1.8% for GH, 0.6% for thyrotropin,
and 3.0% for multiple hormones.39

In these postmortem studies all but 7 of the
tumors were less than 10 mm in diameter. The
relative lack of macroadenomas in these autopsy
studies suggests that growth from a microadeno-
ma to a macroadenoma must be an exceedingly
uncommon event, and/or that virtually all macroa-
denomas come to clinical attention and, therefore,
are not included in autopsy findings. There is
a separate report of an additional 3 macroadeno-
mas being found at autopsy.44
CT and MRI Scans in Normal Individuals

Three series have evaluated CT scans of the sella
in normal subjects who were having such scans for
reasons unrelated to possible pituitary disease,
finding discrete areas of low density greater than
3 mm in diameter in 4% to 20%.3,45,46 Two similar
studies have been performed using MRI. Chong
and colleagues47 found focal pituitary gland hypo-
densities of 2 to 5 mm in 20 of 52 normal subjects
with nonenhanced images using a 1.5-T scanner
and 3-mm thick sections. With similar scans but
with gadolinium-DTPA (diethylenetriamine penta-
acetic acid) enhancement, Hall and colleagues48

found focal areas of decreased intensity 3 mm or
greater in diameter in 34%, 10%, and 2% of 100
volunteers, depending on whether there was
agreement on the diagnosis between 1, 2, or 3
independent reviewing neuroradiologists.
Sellar lesions greater than 10mm in diameter have

not been found in these small studies of consecutive
normal individuals, similar to the very limited number
found at autopsy. However, Nammour and col-
leagues49 found that of 3550 consecutive CT scans
done in men with a mean age of 57 years for the
symptoms of change in mental status, headache,
or possible metastases, 7 (0.2%) were found to
have pituitary macroadenomas ranging from 1.0 to
2.5 cm in size; all were thought to be CNFAs after
hormonal evaluation. Similarly, when nonenhanced
MRI scans were performed without specific views
of the sellar area in asymptomatic normal subjects,
macroadenomas were found in 0.16% of 3672
subjects in a study by Yue and colleagues50 and in
0.3% of 2000 subjects in a study by Vernooij and
colleagues.51 Furthermore, macroadenomas have
been reported as incidental findings.52
Clinical Experience with Pituitary
Incidentalomas

Clinically, patients with incidental macroadenomas
are commonly seen in everyday practice. In 10
series totaling 513 patients reported with pituitary
CNFAs who were not treated either surgically or
medically, thereby giving an indication of their
natural history, 353 (68.8%) had macroadenomas
and260 (31.2%)hadmicroadenomas (Table2).53–62

However, these were not all true incidentalomas.
Many had tumors 2 cm or more in diameter and
many were symptomatic with hypopituitarism or
visual-field defects, but for a variety of reasons
surgery was not performed. For example, in the
series reported by Karavitaki and colleagues,61

only one-half of the 24 macroadenomas were inci-
dental findings and 11 had varying degrees of hypo-
pituitarism. In this series, 5 of the patients hadmajor
visual-field defects but did not have surgery either
because of major comorbidities (3 patients) or
because the patient did not wish surgery (2
patients).61 Similarly, in the series of 28 patients
with macroadenomas reported by Dekkers and
colleagues,62 only 6 (21%) were truly incidentalo-
mas, with 44% having hypopituitarism and 46%
having visual-field defects. Nevertheless, the pro-
portion of patients withmacroadenomas found clin-
ically as incidentalomas is much greater than would
be expected based on the autopsy or radiology
findings. These data suggest that the mass effects
of such tumors may have caused some of the
symptomatology causing the patients to have the
scans in the first place, even in those in whom there
were no true visual-field defects or hypopituitarism.



Table 1
Frequency of pituitary adenomas found at autopsy

Authors,Ref. Year

No. of
Pituitaries
Examined

No. of
Adenomas
Found

Frequency
(%)

No. of
Macroadenomas
Found

Stain Positive
for Prolactin (%)

Susman,12 1933 260 23 8.8 — —

Close,13 1934 250 23 9.2 — —

Costello,14 1936 1000 225 22.5 0 —

Sommers,15 1959 400 26 6.5 0 —

McCormick and
Halmi,16 1971

1600 140 8.8 0 —

Haugen,17 1973 170 33 19.4 — —

Kovacs et al,18 1980 152 20 13.2 2 53

Landolt,19 1980 100 13 13.0 0 —

Mosca et al,20 1980 100 24 24.0 0 23

Burrows et al,21 1981 120 32 26.7 0 41

Parent et al,22 1981 500 42 8.4 1 —

Muhr et al,23 1981 205 3 1.5 0 —

Max et al,24 1981 500 9 1.8 — —

Schwezinger and
Warzok,25 1982

5100 485 9.5 0 —

Chambers et al,3 1982 100 14 14.0 0 —

Coulon et al,26 1983 100 10 10.0 0 60

Siqueira and
Guembarovski,27 1984

450 39 8.7 0 —

Char and Persaud,28 1986 350 35 10.0 0 —

Gorczyca and Hardy,29

1988
100 27 27.0 0 30

El-Hamid et al,30 1988 486 97 20.0 0 48

Scheithauer et al,31 1989 251 41 16.3 0 66

Kontogeorgos et al,32

1991
470 49 10.4 0 —

Marin et al,33 1992 210 35 16.7 0 32

Sano et al,34 1993 166 15 9.0 0 47

Teramoto et al,35 1994 1000 51 5.1 0 30

Camaris et al,36 1995 423 14 3.2 0 44

Tomita and Gates,37 1999 100 24 24.0 — —

Kurosaki et al,38 2001 692 79 11.4 1 24

Buurman and
Saeger,39 2006

3048 334 11.0 3 40

Rittierodt and Hori,40

2007
228 7 3.0 0 —

Furgal-Borzych et al,41

2007
151 47 31.1 0 21

Kim et al,42 2007 120 7 6.7 0 29

Adhakhani et al,43 2011 485 61 — — —

Total 19,387 2084 10.7% 7 —

The final column shows the percentage of tumors that had positive immunostaining for prolactin, indicating that they
were lactotroph adenomas.
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Table 2
Changes in size of pituitary incidentalomas

Authors,Ref. Year

Microadenomas Macroadenomas

Years FollowedTotal Increased Decreased No Change Total Enlarged Decreased No Change

Donovan and
Corenblum,53 1995

15 0 0 15 16 4a 0 12 6–7

Reincke et al,54 1990 7 1 1 5 7 2 0 5 8

Nishizawa et al,55 1998 — — — — 28 2a 0 26 5.6

Feldkamp et al,56 1999 31 1 1 29 19 5 1 13 2.7

Igarashi et al,57 1999 1 0 0 1 22 6 10 6 5.1

Sanno et al,58 2003 74 10 7 57 165 20a 22 123 2.3

Fainstein Day et al,59 2004 11 1 0 10 7 1 0 6 3.2

Arita et al,60 2006 5 2 0 3 37 19a 0 18 5.2

Karavitaki et al,61 2007 16 2 1 13 24 12 4 8 3.6

Dekkers et al,62 2007 — — — — 28 14 8 6 7.1

Total 160 17 (10.6%) 10 (6.3%) 133 (83.1%) 353 85 (24.1%) 45 (12.7%) 223 (63.2%) —

a A total of 7 cases in these series had tumor enlargement caused by apoplexy.
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EVALUATION OF PATIENTS WITH PITUITARY
INCIDENTALOMAS

Endocrinologic Evaluation for Pituitary
Hyperfunction

As themost common lesion in the sella is a pituitary
adenoma, it is reasonable to evaluate patients for
hormone oversecretion, regardless of the size of
the lesion.63,64 Many of the changes occurring
with hormone oversecretion syndromes may be
quite subtle and only slowly progressive; there-
fore, screening for hormonal oversecretion is war-
ranted even in patients with no clinical evidence of
hormone oversecretion. “Silent” somatotroph and
corticotroph adenomas have been reported many
times, but it is not clear whether such patients with
minimal clinical evidence of hormone oversecre-
tion are free from the increased risk for the more
subtle cardiovascular, bone, oncologic, and pos-
sibly other adverse effects usually associated
with such tumors. Indeed, there is emerging
evidence that subclinical Cushing syndrome
caused by adrenal incidentalomas is associated
with significantly increased prevalence of diabetes,
hypertension, obesity, osteoporosis, and cardio-
vascular risk.65 Whether there is a similar increased
risk for these comorbidities with silent corticotroph
adenomas is unknown. Furthermore, some investi-
gators have reported that silent corticotroph
adenomas have a worse prognosis than those
with overt disease with respect to aggressiveness
following initial surgery,66,67 but this has not been
found in other series.62,68,69 Progression to overt
Cushing disease over time was reported in 4 of
22 (18%) of cases in one series.70 It is not clear
how many of these patients have nonsuppressible
serum cortisol levels or elevated urinary free
cortisol levels, but Lopez and colleagues71 found
suppressed corticotropin secretion and hypocor-
tisolism in 2 of 12 patients following resection of
silent corticotropin-secreting adenomas.

Screening for hormone oversecretion in such
patients has been questioned as to its cost-effec-
tiveness.72–74 However, evidence from the series
of Fainstein Day and colleagues59 suggests such
screening is worthwhile, as 7 of their 46 patients
turned out to have prolactinomas, and of the
13 who ended up going to surgery and having
immunohistochemistry performed, 2 adenomas
(15%) were GH positive and 4 (31%) were plurihor-
monal adenomas.

A serum PRL should be obtained, but it is very
important to distinguish between PRL production
by a tumor versus hyperprolactinemia from stalk
dysfunction caused by a macroadenoma.75 PRL
levels are usually higher than 200 ng/mL for
hormone-secreting macroadenomas, and lower
numbers suggest stalk dysfunction.76–78 For very
large tumors, the sample should be diluted 1:100
to avoid the “hook effect,”79,80 in which very high
PRL levels may saturate the antibodies in 2-site
assays; however, this is not necessary in all
assays. An insulin-like growth factor 1 (IGF-1)
test is probably sufficient to screen for acromegaly
but if this cannot be performed, it may be neces-
sary to demonstrate nonsuppression of GH levels
by hyperglycemia during an oral glucose tolerance
test.81

The best screening tests for Cushing syndrome
have traditionally been the overnight dexametha-
sone suppression test and the 24-hour urinary
free cortisol, and more recently, the assessment
of a midnight salivary cortisol.82,83 An abnormal
midnight salivary cortisol has been found to have
greater than 93% specificity and sensitivity for
diagnosing Cushing syndrome.84 Because the
patients may have little in the way of symptoms,
it is likely that the 24-hour urine free cortisol will
be normal and an overnight 1-mg dexamethasone
suppression test or a midnight salivary cortisol
might be better tests to diagnose early Cushing
disease. Because of the high variability of cortico-
tropin levels, even in patients with overt Cushing
disease, corticotropin levels are probably not
worth measuring. However, some participants on
The Endocrine Society Taskforce that wrote the
Pituitary Incidentaloma Clinical Practice Guideline
of the Society thought that measurement of corti-
cotropin levels might be useful.64 Any abnormality
found on such screening would then need to be
pursued with more definitive testing. Despite the
fact that most CNFAs are gonadotroph adenomas,
gonadotropin oversecretion rarely causes clinical
symptoms, and such a finding would not influence
therapy; therefore, there is no reason to screen
for this.
Endocrinologic Evaluation for
Hypopituitarism

Microadenomas have generally not been thought
to cause disruption of normal pituitary function.
Of the 22 patients with suspected microadenomas
evaluated in the series of Reincke and
colleagues54 and Donovan and Corenblum,53 all
had normal pituitary function. However, Yuen
and colleagues85 found deficiencies of one or
more pituitary hormones in 50% of 38 patients
with clinically nonfunctioning microadenomas.
Larger lesions are much more likely to cause
varying degrees of hypopituitarism, and up to
41% of patients with macroadenomas have been
found to have hypopituitarism.50,52,56,57 Thus, all
patients with macroadenomas should be screened
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for hypopituitarism, but whether all patients with
microadenomas should be similarly screened is
controversial.
Screening for deficiencies of thyrotropin, corti-

cotropin, GH, and gonadotropins consists of as-
sessing symptoms of possible hypopituitarism in
the patient and measurement of levels of free
thyroxine (thyrotropin is not sensitive for diag-
nosing central hypothyroidism), 8 AM cortisol,
IGF-1, and testosterone or estradiol. If the 8 AM

cortisol level is less than 18 mg/dL, additional
measures may be necessary to diagnose a defi-
ciency of corticotropin/cortisol.86,87 In postmeno-
pausal women, the finding of low gonadotropins
would indicate hypopituitarism.64 Deficiencies of
thyroxine and cortisol should always be replaced
when diagnosed regardless of whether surgery is
to be done. Gonadal hormone and GH replace-
ments are initiated as clinically indicated, but not
necessarily before surgery and generally after
more detailed testing, including GH stimulation
tests.86,87 It should be remembered that those
found to be corticotropin/cortisol deficient need
stress doses of steroids during surgery. Because
surgery can both improve and worsen pituitary
function, retesting and reassessment several
weeks after any surgery is mandatory. In patients
who are not hypopituitary or who have partial
hypopituitarism and who do not undergo surgery,
an increase in tumor size on surveillance MRI is
an indication for repeat assessment for hypopitu-
itarism. Whether repeat testing is indicated in
such patients in the absence of evidence for tumor
growth is controversial.64
NATURAL HISTORY AND FOLLOW-UP OF
INCIDENTAL CNFAs

In the 10 series mentioned that reported on the
follow-up of patients with pituitary CNFAs that
were not treated, most were incidentalomas;
however, in many cases the adenomas were
symptomatic but not treated for a variety of
reasons (see Table 2). Of the 160 patients with mi-
croadenomas reported in these series, 17 (10.6%)
experienced tumor growth, 10 (6.3%) showed
evidence of a decrease in tumor size, and 133
(83.1)% remained unchanged in size in follow-up
MRI scans over periods of up to 8 years.53,54,56–61

Of the 353 patients with macroadenomas, 85
(24.1%) showed evidence of tumor enlargement,
45 (12.7%) showed evidence of a decrease in
tumor size, and 223 (63.2%) remained unchanged
in size on follow-up MRI over periods of 8
years.53–62 In their review of the data from these
series, Fernández-Balsells and colleagues88 ex-
pressed the incidence of tumor enlargement per
100 patient-years as 12.53 for macroadenomas
and 3.32 for microadenomas. The duration of
follow-up of these patients was variable and in
their analysis, Dekkers and colleagues62 sug-
gested that with longer follow-up up to 50% of
patients with macroadenomas will have an in-
crease in tumor size. It should be mentioned that
of the 59 macroadenomas with an increase in
tumor size, in 7 this was due to a hemorrhage
into the tumor (see Table 2).
The incidence of pituitary apoplexy per 100

patient-years was 1.1 for macroadenomas and
0.4 for microadenomas.88

MANAGEMENT OF INCIDENTAL CNFAs

Tumors found to be hypersecreting may be
handled in the usual way, generally with dopamine
agonists for prolactinomas and surgery for GH and
corticotropin-producing tumors. Treatment guide-
lines for the management of such tumors are
readily available.89–91 For tumors not oversecret-
ing these hormones, the indications for surgery
are based initially on mass effects of the tumors
and subsequently on tumor-size enlargement.

Microadenomas

For patients with microadenomas, significant
tumor enlargement will occur in only 10.6% of
patients. Therefore, surgical resection is generally
not indicated, and repeated annual scanning for 3
years is indicated to detect tumor enlargement;
subsequently, repeat scanning can be done less
frequently (Fig. 1). Surgery would then be done
only for significant tumor enlargement. However,
the rate of growth is generally quite slow so that
the decision and timing of any surgery would
depend on the rate and amount of growth as well
as any clinical consequences, such as the devel-
opment of visual-field defects.

Macroadenomas

Tumors greater than 1 cm in diameter have already
indicated a propensity for growth. A careful evalu-
ation of the mass effects of these tumors is indi-
cated, including evaluation of pituitary function
and visual field examination if the tumor abuts
the chiasm. If there are visual-field defects,
surgery is certainly indicated.64 Because hypopitu-
itarism is potentially correctable with tumor resec-
tion, this is also a relative indication for surgery.92

In the author’s opinion, tumors larger than 2 cm
should also be considered for surgery simply
because of their already demonstrated propensity
for growth. Similarly, if a tumor is found to be abut-
ting the optic chiasm, even though testing shows



Fig. 1. Flow diagram indicating the approach to the patient found to have a pituitary incidentaloma. The first
step is to evaluate patients for pituitary hyperfunction and then treat those found to be hyperfunctioning. Of
patients with tumors that are clinically nonfunctioning, those with macroadenomas are evaluated further for
evidence of chiasmal compression and hypopituitarism. Scans are then repeated at progressively longer intervals
to assess for enlargement of the tumors. Abnl, abnormal; R/O, rule out. (Reproduced from Molitch ME. Nonfunc-
tioning pituitary tumors and pituitary incidentalomas. Endocrinol Metab Clin North Am 2008;37:151–71; with
permission.)
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normal visual fields, consideration should be given
to surgery. If surgery is not done, visual fields
should be tested at 6- to 12-monthly intervals
thereafter.

If a completely asymptomatic lesion is thought
to be a pituitary macroadenoma based on radio-
logic and clinical findings, then a decision could
be made to simply repeat scans on a yearly basis,
surgery being deferred until there is evidence of
tumor growth. Some clinicians would obtain the
initial follow-up scan at 6 months to detect
potential rapid growers.64 As indicated earlier,
significant tumor growth can be expected in
approximately one-quarter of patients with macro-
adenomas. Hemorrhage into such tumors is
uncommon, but anticoagulation may predispose
to this complication; surgery would prevent such
a complication. When there is no evidence of
visual-field defects or hypopituitarism and the
patient is asymptomatic, an attempt at medical
therapy with a dopamine agonist or octreotide is
reasonable, realizing that only about 10% to 20%
of such patients will respond with a decrease in
tumor size.93,94 Surgery may be indicated if
surveillance scans show evidence of tumor
enlargement. As with microadenomas, the deci-
sion to proceed with surgery is affected by the
rate and extent of growth and any clinical conse-
quences, such as compression of the optic chiasm
or the development of pituitary hormone defi-
ciencies, as well as the patient’s comorbidities
and risks for surgery (see Fig. 1).

Attempts have been made to look at the growth
rates of those tumors that do grow. Dekkers and
colleagues62 estimated a growth rate of 0.6 mm
per year or 236 mm3 per year. Of their 14 patients
who experienced tumor growth, 2 showed
evidence of growth by 2 years, 3 more by 3 years,
and then 1 each at 4, 5, 6, 7, 12, 15, 17, 20, and 22
years. By contrast, Karavitaki and colleagues61

found that all but 4 of their 12 patients who
experienced macroadenoma regrowth did so by
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5 years, although patients also had evidence of
tumor growth at 6 and 8 years. Honegger and
colleagues95 found tumor volume doubling times
ranging from 0.8 to 27.2 years, emphasizing the
tremendous variability of increases in tumor size;
there was no correlation between initial tumor
size and the rate of tumor-volume doubling. These
data suggest that at least for patients with macro-
adenomas, surveillance MRI scans should be
performed for at least 22 years, although the
frequency of scanning can certainly be reduced
after the first few years if there is no evidence of
tumor growth.
SUMMARY

Pituitary incidentalomas are frequently seen in
endocrine practice. Although most incidentalomas
are either gonadotroph adenomas or truly non-
functioning, some may be silent lactotroph, soma-
totroph, or corticotroph adenomas. For CNFAs,
hypopituitarism, visual-field defects, and evidence
of tumor growth are indications for surgery.
Growth of nonfunctioning incidentalomas can be
expected in 10.6% of microadenomas and 24%
of macroadenomas. Periodic surveillance by MRI
may be needed for more than 20 years to detect
tumor growth.
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