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Pituitary macroadenoma: less common neuroimaging features 
in a common lesion
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Abstract

Resumo

Pituitary neuroendocrine tumors, previously known as pituitary adenomas, are the most common pituitary gland tumors; when 
larger than 10 mm in diameter, they are called pituitary macroadenomas. Although most pituitary macroadenomas exhibit char-
acteristic imaging features, some present with uncommon neuroimaging manifestations. Less common imaging manifestations 
include hemorrhage, areas of necrosis, cystic components, calcifications, bone invasion, and extrasellar location. Knowing how to 
recognize the atypical neuroimaging patterns of pituitary macroadenomas is also crucial for identifying the potential aggressive 
behavior of the lesion. In addition to predicting aggressive behavior, recognition of atypical neuroimaging characteristics can help 
the neurosurgeon determine the most effective surgical approach. The aim of this review was to highlight the less common imaging 
patterns of pituitary macroadenomas.
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Os adenomas hipofisários são os tumores mais comuns da glândula pituitária e, quando maiores que 10 mm, são chamados de 
macroadenomas. Os macroadenomas tipicamente exibem características de imagem características, mas podem se apresentar 
menos frequentemente com manifestações de neuroimagem incomuns. Manifestações de imagem menos comuns incluem hemor-
ragias e áreas de necrose, componentes císticos, calcificações, invasão óssea e localização extrasselar. Saber reconhecer os pa-
drões atípicos de neuroimagem dos macroadenomas hipofisários também é crucial para identificar o potencial de comportamento 
agressivo da lesão. Além do comportamento agressivo, as características atípicas de neuroimagem podem ajudar o neurocirurgião 
a determinar a abordagem cirúrgica mais eficaz. Esta revisão tem como objetivo destacar os padrões de imagem menos comuns 
dos macroadenomas hipofisários.

Unitermos: Adenoma; Neoplasias hipofisárias; Tumores neuroendócrinos; Ressonância magnética.

A slowly enlarging pituitary macroadenoma increases 
the size of the bony sella and protrudes into the suprasellar 
cistern. These tumors, when typical, often exhibit a “figure-
of-eight” or “snowman” shape due to the inflexible dura of 
the diaphragm sellae creating a constricted middle section 
in the mass(4).

Some PitNETs exhibit uncommon characteristics, 
suggesting a higher risk of aggressive behavior. Not all 
tumors exhibiting these different morphological charac-
teristics display aggressive behavior; therefore, the term 
“atypical adenoma” was removed from the 4th edition of 
the WHO classification in 2017(5).

A less common imaging pattern seen in pituitary mac-
roadenomas is extrasellar extension, mainly into the supra-
sellar cistern, cavernous sinus, and sphenoidal sinus; other 

INTRODUCTION

Pituitary neuroendocrine tumors (PitNETs), previously 
known as pituitary adenomas, account for approximately 
10% of all brain tumors and approximately one-third to one-
half of tumors found in the sellar and parasellar regions(1).

According to the 2021 World Health Organization 
(WHO) classification, PitNETs are now classified on the 
basis of the adenohypophyseal cell lineages, rather than 
solely on the basis of the hormone produced(2). When 
larger than 10 mm in diameter, they are referred to as pi-
tuitary macroadenomas. Most pituitary tumors (10–20%) 
are asymptomatic and are often found incidentally during 
the investigation of other medical issues(1). In one review 
of the literature, Tahara et al.(3) found that the frequency 
of pituitary incidentalomas ranged from 1.5% to 31.1%.
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less common imaging findings include cystic components, 
hemorrhage, necrotic areas, calcifications, and bone inva-
sion(6–9). Depending on their location and hormonal activi-
ty, pituitary macroadenomas can provoke a variety of symp-
toms, including visual disturbances and hormonal imbal-
ances(10). Nonsecreting pituitary macroadenomas typically 
extend or grow into the cavernous sinus less often than do 
secreting ones(6).

The aim of this study was to review and illustrate the 
atypical imaging features of pituitary macroadenomas.

DISCUSSION

Pituitary adenomas are monoclonal tumors from the 
adenohypophysis and, according to the Central Brain Tu-
mor Registry of the United States, constitute the second 
most common primary tumor of the central nervous sys-
tem and the most common tumor of the adenohypophysis. 
For nomenclature, a cutoff point of 10 mm is used; they 
are referred to as pituitary microadenomas when smaller 
than 10 mm and as pituitary macroadenomas if greater 
than or equal to 10 mm(11).

Tumor shapes were classified as ovoid, snowman-like, 
or (superiorly or inferiorly) lobulated. A snowman shape 
was defined as a figure of eight shape and as a superiorly 
or inferiorly lobulated shape with two or more lobes in the 
suprasellar or sellar compartments, respectively(5). A pitu-
itary macroadenoma can grow and affect nearby structures, 
frequently expanding upward into the suprasellar cistern, 
which causes compression of the optic chiasm or optic 
nerves. It can also spread downward into the sphenoid sinus 
and extend backward into the dorsum sellae, as well as in-
vading the cavernous sinuses on the sides in some cases(6).

Computed tomography (CT) is useful for detecting 
pituitary tumors that lead to enlargement of the sella tur-
cica, having been proven effective in up to 94% of cases. 
On CT scans, most pituitary macroadenomas have attenu-
ation similar to that of the pituitary gland on unenhanced 
CT and show substantial enhancement after contrast 
administration. It is essential to note that CT can reveal 
bone alterations caused by the expanding lesion, such as 
sellar enlargement, which may lead to sellar erosion or re-
modeling(6).

Magnetic resonance imaging (MRI) is the preferred 
imaging technique for diagnosing PitNETs, and high spa-
tial resolution images are essential for a proper assess-
ment(12). The protocol for MRI includes thin slices and a 
small field-of-view before and after contrast use (dynamic 
and static sequences). According to the Brazilian College 
of Radiology and Imaging Diagnosis(13), the mandatory 
sequences are axial T2-weighted imaging (T2WI) or axial 
fluid attenuated inversion recovery of the skull; coronal 
T1WI and T2WI; coronal dynamic T1WI during and after 
intravenous injection of gadolinium contrast; and sagit-
tal T1WI before and after intravenous administration of 
gadolinium. The high spatial resolution must have a slice 

thickness of ≤ 4 mm with an interslice gap of ≤ 4 mm. 
Additional sequences, such as diffusion-weighted imaging 
(DWI) and fluid attenuated inversion recovery, can be in-
cluded. Utilizing T2*-WI gradient-echo MRI is currently 
the most effective neuroimaging method for detecting 
brain hemorrhage. Techniques such as T2*WI and sus-
ceptibility-weighted imaging (SWI) are susceptible to the 
paramagnetic effects of deoxyhemoglobin and methemo-
globin, with bleeding products and hemosiderin deposits 
appearing as areas with markedly low signal intensity(14).

On MRI, pituitary macroadenomas typically appear 
slightly hypointense or isointense on T1WI, with variable 
signal intensity on T2WI. On contrast-enhanced MRI 
scans, they display mild hypointensity or isointensity in 
comparison with normal pituitary tissue(6).

Pituitary macroadenomas exhibit a diverse enhance-
ment pattern, indicating varying degrees of necrosis, cyst 
formation, and hemorrhage(15). The enhancing portion of 
the tumors is considered to be the solid portion, and the 
cystic portions are defined as homogeneous, non-enhanc-
ing, sharply delineated areas on MRI(12).

Adenomas with uncommon imaging characteristics 
account for approximately 5–15% of all PitNETs, with 
a significant proportion being pituitary macroadeno-
mas(7,16). In a study conducted by Zada et al.(7), 18 atypi-
cal tumors were identified and 83% of those tumors were 
considered invasive on MRI, compared with 45% of those 
in the typical adenoma group. Such atypical adenomas 
are more common in female patients, among whom the 
tumors tend to be larger(17), which may cause the lesion 
to appear heterogeneous, including calcifications (rare, 
found in 1–8% of cases), cyst formation/necrosis, and 
hemorrhage(6), as well as lobulated configurations and 
marked invasion(18,19).

The progression or recurrence of nonfunctioning 
pituitary macroadenomas can be predicted by DWI and 
apparent diffusion coefficient (ADC) values. Lower ADC 
values are associated with a higher risk of recurrence(20). 
One application of ADC measurement in pituitary mac-
roadenomas is to predict tumor consistency, a topic that 
remains a subject of debate. One recent study found that 
the effect of ADC on predictions is nonlinear, influenced 
by factors that can support or challenge the classification 
of tumor consistency as non-soft(21). For example, larger 
tumors may exhibit more varied regions and levels of fibro-
sis, resulting in different behaviors in this characteristic. 
Therefore, the relationship may appear linear in smaller, 
more uniform specimens.

On DWI, a less frequently observed pattern of pitu-
itary macroadenomas is one of lesions showing ADC val-
ues of 0.5–1.0 × 10−3 mm2/s. That ADC range has been 
linked to a higher probability that a tumor will have a non-
soft consistency, as illustrated in the probability contour 
maps generated by the machine learning model. This im-
aging phenotype may indicate increased tissue cellularity 
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or reduced extracellular space, features commonly asso-
ciated with fi brous adenomas. However, the relationship 
between the ADC and tumor consistency appears to be 
nonlinear and may be infl uenced by other factors, such 
as tumor diameter, patient age, and patient sex. The het-
erogeneous nature of pituitary macroadenomas, including 
the coexistence of fi brotic and nonfi brotic areas (Figure 1), 
may account for the variability in ADC behavior, support-
ing the idea that ADC alone is inadequate to predict con-
sistency with high reliability(21).

The consistency of a tumor, whether soft or non-soft, 
signifi cantly infl uences surgical planning and requires 
skilled handling of various surgical tools. Soft tumors can 
often be removed easily using methods like aspiration or 
blunt curettage. However, approximately 10–15% of tu-
mors are non-soft, posing signifi cant technical challenges, 
with lower rates of complete resection and a higher risk of 
postoperative pituitary dysfunction(22). In these situations, 
sharp instruments, curettage, ultrasonic aspirators, in-
creased surgical access, or even craniotomy may be neces-
sary(23). Advanced MRI techniques, such as dynamic con-
trast-enhanced imaging with pharmacokinetic modeling, 
have shown potential for preoperative consistency assess-
ment. These tools may assist neurosurgeons in anticipat-
ing surgical challenges, improving preoperative counseling, 
and guiding individualized strategies for tumor removal(24).

The prognosis for pituitary macroadenomas with 
atypical features is variable, with some studies indicating a 
higher likelihood of recurrence and progression compared 
to typical adenomas(16). However, the lack of standardized 
diagnostic criteria has historically made it challenging to 
predict outcomes accurately(16). Nevertheless, it is essen-

tial to consider some radiological fi ndings that favor the 
categorization of a pituitary macroadenoma as atypical.

Less common imaging features of pituitary 
macroadenomas
Hemorrhages and areas of necrosis

Intratumoral hemorrhage and ischemic infarction are 
common in larger PitNETs, which may result in hemor-
rhagic changes, cystic changes, or both, leading to various 
signal intensities on MRI(25). Pituitary macroadenomas of-
ten have a complex internal structure with varying degrees 
of necrosis and cystic changes, which can alter the typical 
progression of hemoglobin degradation(26). The presence of 
necrotic tissue can affect the breakdown and absorption of 
blood products, leading to atypical imaging fi ndings(27). Ad-
vanced MRI techniques capable of detecting an adenoma 
and its hemorrhagic changes, such as T2*WI gradient-echo 
sequences and phase-sensitive imaging, reveal that hemor-
rhages in pituitary macroadenomas can present with diverse 
appearances, such as “rim”, “mass”, “spot”, and “diffuse” 
patterns (Figure 2), which do not necessarily correlate with 
the standard phases of hemoglobin degradation(26,28).

Hemorrhage occurs in up to 25% of pituitary tumors. 
In cases of hemorrhage, the hematic components appear 
as hyperintense on T1WI, hypointense on T2WI, hypoin-
tense on T2*WI, and hypointense on SWI(6). It is clini-
cally asymptomatic in most patients and can be focal or 
diffuse throughout the adenoma. There is also restricted 
diffusion due to the accumulation of intracellular hemor-
rhagic products(6).

A fl uid-fl uid level within the adenoma is highly sug-
gestive of hemorrhage, which may occur at a later stage 

Figure 1. Surgically confi rmed non-soft pitu-
itary macroadenoma with a Ki-67 prolifera-
tion index of 1%. A: Axial ADC map showing a 
lesion coeffi cient of 0.60–10.3 mm2/s. Cor-
onal T2WI (B), sagittal T1WI (C), and coronal 
T1WI after gadolinium (D), showing a solid, 
slightly heterogeneous, expansile sellar le-
sion with suprasellar extension and invasion 
of the right cavernous sinus, with hypoen-
hancement by contrast medium. E: Intraop-
erative picture of the endoscopic endonasal 
approach to pituitary macroadenoma—the 
fi broelastic consistency of the adenoma re-
quired sharp dissection with endonasal mi-
croscissors for the surgical resection.

ADC = 0.601 × 10–3 mm2/s
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due to the sedimentation of blood products. The fi nding 
also aids in the differential diagnosis of craniopharyngi-
oma, which may exhibit a hyperintense signal on T1WI 
because of the presence of many proteins. However, a cra-
niopharyngioma less commonly presents with hemorrhage 
and therefore does not typically exhibit a fl uid-fl uid level. 
Differentiating necrosis from cystic changes due to previ-
ous hemorrhage in the adenoma is not possible by CT, but 
rather by MRI, which has high sensitivity when a spin-
echo pulse sequence with a short repetition time/echo 
time (TR/TE) is used. In such sequences, the cystic areas 
will be predominantly hypointense, with the signal inten-
sity increasing in sequences with longer TR/TE values. 
Areas with subacute and chronic hematic content show 
high signal intensity on spin-echo sequences with short 
TR/TE values(29). Although CT has no role in evaluating 
previous and subacute hemorrhage, it can aid in assess-
ing acute bleeding(29), especially within the fi rst 24–48 h, 
when it can reveal hyperdensity (60–90 HU).

An important differential diagnosis when identifying 
intratumoral hemorrhage is pituitary apoplexy, which cor-

responds to a rare yet potentially life-threatening clinical 
syndrome characterized by the sudden onset of symptoms 
such as severe headache, vomiting, visual disturbances, 
ophthalmoplegia, altered mental status, and possible pan-
hypopituitarism. This condition predominantly occurs in 
individuals with hemorrhagic infarction of the pituitary 
gland, often associated with an existing pituitary mac-
roadenoma. While certain pathological and physiological 
conditions may present with similar imaging features, a 
combination of clinical presentation and imaging charac-
teristics can help radiologists arrive at an accurate diagno-
sis, particularly through the use of MRI(14).

Pituitary apoplexy can present with hemorrhagic fea-
tures that are sometimes detectable on CT scans as hyper-
dense areas within the lesion, although similar fi ndings 
can occur in other conditions. The accuracy of CT is vari-
able, depending on factors such as timing after symptom 
onset and image quality, particularly as blood products 
evolve over time. Following the administration of intrave-
nous contrast, the presence of an enhancement rim may 
indicate pituitary apoplexy. However, MRI is the primary 

Figure 2. Pituitary macroadenoma with he-
matic component in a child. Axial and sagittal 
CT sequences (A and B, respectively) showing 
a heterogeneous, expansile lesion with solid 
and cystic components. Sagittal CT with bone 
window settings (C) showing sellar enlarge-
ment, without bone destruction. Note the pres-
ence of a fl uid-fl uid component, evidenced as 
hyperdensity on CT (A) and as hypointensity on 
MRI (T2WI, arrowheads in D, E, and F), which 
corresponds to the hematic component. Sag-
ittal T1WI (G) and T1WI after gadolinium ad-
ministration (H) showing enhancement in the 
solid components of the lesion.
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diagnostic modality for pituitary apoplexy, capable of iden-
tifying hemorrhagic changes in adenomas. On T1WI, such 
changes appear as hyperintense areas, and gadolinium-
enhanced images reveal subtle, uneven enhancement. On 
T2WI, mixed signal intensities and a peripheral hypoin-
tense rim due to hemosiderin deposition are often seen, 
which helps assess compression of adjacent structures, 
such as the optic chiasm and hypothalamus (Figure 3). 
A highly specifi c MRI sign of acute pituitary apoplexy is 
mucosal thickening in the sphenoid sinus, likely related to 
venous congestion, which may resolve over time(14).

In most cases of prolactinomas, the use of dopami-
nergic agonists induces signifi cant tumor regression and 
may therefore lead to pituitary apoplexy. Although most of 
the cases described occurred with the use of bromocrip-
tine, cases associated with the use of cabergoline have also 
been reported(30,31). It is worth noting that even in cases of 
apoplexy, therapy to control prolactin levels and tumor size 
should be continued. Pituitary apoplexy has also been de-
scribed in patients with a prolactinoma during pregnancy, 
regardless of tumor size(32–34).

The fi rst case of pituitary apoplexy described in the 
literature was in a patient with a growth hormone (GH)-
producing pituitary tumor. Apoplexy can occur in these 

tumors with variable outcomes, ranging from fulminant 
complications to complete hormonal remission, and may 
induce partial or complete hypopituitarism, including va-
sopressin defi ciency(35,36). In these cases, apoplexy is more 
common if the tumor is invasive, can occur at any age, and 
has no predilection for either sex.

Among patients with nonfunctioning PitNETs, the 
estimated event rate for stroke is 0.2–0.6 per 100 person-
years(37,38). It is known that 45% of all PitNETs that de-
velop pituitary apoplexy are nonfunctioning(39). Although 
apoplexy occurs most commonly in pituitary macroadeno-
mas, it has also been reported in nonfunctioning pituitary 
microadenomas(40,41).

The main cause of spontaneous remission of Cush-
ing’s disease is pituitary tumor apoplexy(42), however tu-
mor recurrence after pituitary apoplexy has also been de-
scribed, justifying the need for prolonged monitoring in 
these patients(43).

Cystic components

Pituitary macroadenomas frequently appear as cys-
tic masses. When a cystic mass in the sellar region shows 
a fl uid-fl uid level, it is usually indicative of a cystic Pit-
NET(5,29).

Figure 3. Pituitary apoplexy. A: Axial CT scan show-
ing a hyperdense area (arrow), corresponding to hy-
pointensity on SWI (B), restricted diffusion on the 
ADC map (C), and hyperintensity on a sagittal T1WI 
sequence (D). Coronal T2WI (E) showing areas of 
hypointensity. T1WI (F) and T1WI after gadolinium 
administration (G) showing hypoenhancement of 
the lesion. H: Intraoperative photograph of the en-
doscopic endonasal approach to a pituitary mac-
roadenoma in an apoplexy scenario, demonstrat-
ing the hemorrhagic appearance of the adenoma.



Pereira FV, et al. / Uncommon neuroimaging patterns of pituitary macroadenomas

6 Radiol Bras. 2025;58:e20250065

Cystic lesions of the sellar region are considered to 
be any predominantly fl uid-containing lesion. The type 
of fl uid can vary, including cerebrospinal fl uid, bleeding, 
necrotic fl uid, fl uid with a high protein content, or oily 
contents. On MRI, such fl uid contents typically present as 
nonenhancing components on contrast-enhanced T1WI 
sequences. There can be enhancement around such fl uid 
content, either in the cyst/tumor walls or in the remnant 
of the pituitary gland(44). Cystic areas in pituitary mac-
roadenomas may be sequelae of previous focal infarction 
or intratumoral hemorrhage(29).

When the entire lesion presents with either hemor-
rhage or cystic/necrotic degeneration, pituitary macroad-
enomas appear as cystic sellar or suprasellar lesions. Thick 
wall enhancement and internal septation represent non-
degenerated tumor fragments or walls(25). The preserved 
pituitary parenchyma can sometimes be identifi ed as a 
solid enhancing area in the periphery of the tumor, an off-
midline location. It has also been suggested that lateral 
bulging of the pituitary gland and displacement of the pi-
tuitary stalk favor a diagnosis of cystic adenoma(12,44).

A recent review and meta-analysis showed that 60% of 
cystic adenomas are prolactin-producing, whereas 26% are 
nonfunctioning and 9% are GH-producing. When compared 
with solid adenomas, cystic tumors have the same postop-
erative rates of recurrence and hormonal remission(45).

Silent corticotroph PitNETs typically present as mac-
roadenomas and are more aggressive than other nonfunc-
tioning types. A fi nding of multiple cysts on T2WI strongly 
suggests this subtype, with a sensitivity of 58% and speci-
fi city of 93% (Figure 4). These tumors show higher rates 
of preoperative hypopituitarism, cavernous sinus invasion, 
and early recurrence(46).

Rathke’s cleft cysts (RCCs) are benign midline epithelial 
cysts that may closely mimic cystic PitNETs due to variable 
signal intensities on MRI and typically present as midline, 
nonenhancing, noncalcifi ed intrasellar or suprasellar cysts, 
often containing an intracystic nodule, which is considered 
the most specifi c imaging fi nding. However, because of their 
variable signal intensities on T1WI and T2WI, particularly 

when protein-rich content leads to hyperintensity and hy-
pointensity, respectively, RCCs can closely mimic cystic Pit-
NETs, especially those with hemorrhage(25). Certain imag-
ing features, such as fl uid-fl uid levels, septations, and lateral 
or off-midline location, favor a diagnosis of cystic PitNET. In 
contrast, a midline cyst with an intracystic hypointense nod-
ule strongly suggests an RCC. In addition, adenomas gener-
ally arise from the adenohypophysis and may demonstrate 
lateral bulging of the gland with infundibular displacement, 
features not typical of an RCC(47).

Calcifi cations

Intracranial calcifi cations seen on CT may be physio-
logical, age-related, or pathological and are particularly im-
portant in narrowing the differential diagnosis of suprasel-
lar lesions. They are easily recognizable on CT because of 
their high attenuation values, exceeding 100 HU. On MRI, 
signal intensity on T1WI or T2WI spin-echo sequences is 
variable and nonspecifi c for identifying calcifi cations. On 
gradient-echo sequences and SWI, intracranial calcifi ca-
tions and hemorrhages both appear hypointense. The SWI 
utilizes a phase map, which is crucial in differentiating 
between the two etiologies, because calcifi cations are dia-
magnetic and iron is paramagnetic, resulting in opposite 
signal intensities(48). However, it should be borne in mind 
that the use of SWI in the sellar region is often limited due 
to susceptibility artifacts at the skull base, particularly in 
lesions with minimal suprasellar extension.

Although PitNETs rarely exhibit calcifi cation radio-
logically (in only 0.2–8.0% of cases), histology reveals 
psammoma bodies in 15–25% of cases. Calcifi cations in 
adenomas typically appear as a thin peripheral “eggshell” 
layer or scattered internal nodules, with the term “pitu-
itary stone” describing a large, dense calcifi ed deposit(49). 
Calcifi cation in the sellar region typically favors alterna-
tive diagnoses, such as craniopharyngioma, meningioma, 
or aneurysm, over that of PitNET(50).

Although most cases of calcifi cations in PitNETs have 
been described in functioning tumors, especially prolacti-
nomas, nonfunctioning adenomas may also present cal-

Figure 4. Confi rmed corticotroph PitNET. T2WI 
(A) showing small intralesional cysts, and T1WI 
after gadolinium administration (B) showing hy-
poenhancement.
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cifications. In those cases, the differential diagnosis with 
other lesions of the sellar region, such as craniopharyngio-
mas, is more difficult because of the absence of symptoms 
of hormonal excess(51).

Extrasellar location
Ectopic PitNETs are rare tumors located outside the 

sella turcica, without any connections to the intrasellar 
components(52). The most common sites are the sphenoid 
sinus (in 34.4%) and the suprasellar region (in 25.6%), 
with less common locations including the clivus, cavern-
ous sinus, and nasopharynx. Rarer sites include the nasal 
cavity, orbital structures, and paranasal sinuses. Ectopic 
PitNETs can invade adjacent structures, particularly those 
in the clivus and sphenoid sinus, where bone involvement 
is common. Some large sphenoid sinus tumors may extend 
to the sphenoid wing, petrosal bone tip, and even the inner 
temporal bone. In contrast, large clival lesions may reach 
the superior orbital fissure, internal auditory canals, and 
nasopharynx. In comparison, nasopharyngeal PitNETs 
typically show minimal invasion(53).

In a review of 180 patients with ectopic PitNETs, the 
mean age at diagnosis was 45.4 years. They were located 
mainly in the sphenoid sinus (in 34.4%) and suprasellar re-
gion (in 25.6%), followed by the clivus (in 15.6%), cavern-
ous sinus (in 13.3%), and nasopharynx (in 5.6%). Although 
most of the adenomas were adrenocorticotropic hormone-
secreting and nonfunctioning (38.9% and 27.2%, respec-
tively), prolactinomas have also been described, as have 
GH- and thyroid-stimulating factor-producing adenomas, 
the latter being more common in tumors located in the 
nasopharynx. In patients with suprasellar tumors, the most 
common complaints were menstrual disturbances and vi-
sual alterations, whereas headache was the main complaint 
in those with clival tumors. It is worth noting that most ade-
nomas located in the suprasellar space and cavernous sinus 
were diagnosed by imaging examinations and can be con-
fused with sellar tumors given the anatomical proximity(54).

Clinical characteristics vary between tumors at dif-
ferent locations. Patients with ectopic PitNETs require 
hormonal investigation by a specialist and careful evalu-
ation of imaging examinations, including, if necessary, 
nuclear medicine imaging examinations. When the diag-
nosis is not well established, biopsy of the lesion may be 
considered for differential diagnosis, provided that it will 
not interfere with the treatment of the patient, and hy-
pophysectomy should not be performed when the tumor 
is not well located. The diagnosis and treatment of these 
patients should be personalized according to the location 
of and hormones secreted by the tumor.

Bone invasion
The sella is a concavity in the midline of the base of the 

sphenoid where the pituitary gland is located, limited an-
teriorly by the anterior clinoid processes of the lesser wing 
of the sphenoid, posteriorly by the dorsum of the sella, and  

inferiorly by the roof of the sphenoid sinus(55). Typically, pi-
tuitary macroadenomas lead to enlargement and remodeling 
of the sella. If invasive or large, they cause erosion and bone 
destruction, invading the base of the skull in some cases, 
thus simulating infectious processes or metastases(11).

Bone-invasive PitNETs are a subtype of pituitary mac-
roadenoma, with aggressive behavior, posing significant sur-
gical challenges due to invasion of critical bone structures. 
These tumors fragment normal bone, increasing the risk of 
damaging vital vessels, cranial nerves, or brain tissue dur-
ing surgery. Extensive bone invasion complicates complete 
resection and raises the likelihood of recurrence. Compre-
hensive preoperative and postoperative imaging, including 
CT—sellar, nasal, and three-dimensional (3D) reconstruc-
tion—and MRI—T1WI, T2WI, and contrast-enhanced se-
quences—is essential for assessing tumor extent and bone 
involvement. Specialized MRI sequences, like 3D fast im-
aging employing steady-state acquisition (3D-FIESTA), 3D 
constructive interference in steady state (3D-CISS), and 
3D sampling perfection with application-optimized con-
trasts using different flip angle evolution (3D-SPACE), may 
help detect oculomotor nerve compression(53).

A study involving 107 patients with bone-invasive 
adenomas demonstrated, through hormonal evaluation, 
that the majority were nonfunctioning tumors, followed by 
tumors producing GH and prolactin(53). It is known that si-
lent corticotroph adenomas, in comparison with nonfunc-
tioning adenomas, are more invasive in bone structures, 
more commonly grow through the sellar floor, and are more 
likely to invade the sphenoid sinus. In addition, they are 
more likely to invade the clivus posteroinferiorly and the 
cavernous sinuses laterally than are nonfunctioning adeno-
mas, which generally grow toward the region with least re-
sistance (i.e., the suprasellar space). Bone invasion makes 
the surgical treatment of these adenomas more challeng-
ing (Table 1), which explains the higher recurrence rates 
among silent corticotroph adenomas(56).

Applicability of additional MRI sequences for better 
evaluation of pituitary macroadenomas
3D-CISS

An additional gradient-echo MRI sequence used in 
order to enhance the evaluation of certain anatomical in-
formation is 3D-CISS, which provides greater sensitivity 
because the accentuation of T2WI values between the ce-
rebrospinal fluid and pathological structures. In the case 
of sellar lesions, such as pituitary macroadenomas, 3D-
CISS can be used to optimize the assessment of the ex-
tent of the tumor and its relationship with the cavernous 
sinuses, being useful for detecting subtle lesions that may 
not be visible in routine spin-echo sequences(57).

Contrast-enhanced volumetric sequences
Contrast-enhanced T1WI volumetric 3D sequences, 

such as fast spoiled gradient-recalled (SPGR) and fast 
spin-echo techniques—SPACE, volume isotropic turbo 
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spin-echo acquisition (VISTA), and the VISTA analogue 
CUBE—play fundamental roles in the MRI protocol for 
pituitary macroadenomas. These sequences enable high-
resolution isotropic imaging with multiplanar reconstruc-
tion, which is particularly important for evaluating the 
relationship of the lesion with critical adjacent structures, 
including the optic chiasm, optic nerves, and cavernous 
sinus. Compared with traditional 2D T1-weighted spin-
echo imaging, volumetric acquisitions provide superior 
spatial resolution and contrast-to-noise ratio, improving 
the accuracy of lesion characterization(58).

Another advantage of 3D T1-weighted volumetric imag-
ing is that it can reduce partial volume effects and improve 
the delineation of tumor margins, especially for tumors with 
atypical growth patterns. In addition, the ability to recon-
struct images in multiple planes from a single acquisition 
facilitates preoperative assessment and surgical planning, 
because it allows precise evaluation of the extent of the 
tumor and its connection to neurovascular structures(55). 
These characteristics make contrast-enhanced volumetric 
sequences an essential component of modern MRI pro-
tocols for pituitary macroadenomas, increasing diagnostic 
confidence and informing clinical decision-making.

Spectroscopy
Proton magnetic resonance spectroscopy (1H-MRS) 

is a valuable tool for studying pituitary macroadenomas, 
providing insights into their metabolic profiles and poten-
tial alterations. It is particularly useful for assessing prolif-
erative potential and identifying specific metabolic mark-
ers. It also provides a noninvasive method for monitoring 
structural and metabolic changes in pituitary macroad-
enomas, aiding in the assessment of tumor proliferation 
and hemorrhagic status(59).

Elevated levels of choline-containing compounds are 
often observed in pituitary macroadenomas, correlating 

with increased cell proliferation. This is evidenced by a 
strong positive correlation between choline levels and the 
MIB-1 proliferative cell index in nonhemorrhagic pituitary 
macroadenomas(59,60). High choline peaks can indicate ac-
tive cell proliferation and hormonal activity in functional 
adenomas(60).

In cases of hemorrhagic adenomas, there is typically 
no assignable concentration of choline, and the full width 
at half maximum of the water peak is increased, likely due 
to the fact that the presence of iron ions from hemosiderin 
decreases magnetic field homogeneity(59).

In patients with succinate dehydrogenase gene muta-
tions, 1H-MRS can detect succinate at 2.4 ppm as a bio-
marker, indicating succinate dehydrogenase deficiency. 
This is particularly relevant in macroprolactinomas and 
pheochromocytomas/paragangliomas, for which succinate 
peaks are observed, linking succinate dehydrogenase mu-
tations to tumor development(61). In addition, 1H-MRS 
can assist in differentiating between various types of brain 
tumors by identifying unique metabolic profiles, such as 
elevated choline in PitNETs and other specific metabo-
lites in different tumor types(59).

Perfusion
Perfusion MRI, particularly that involving techniques 

such as arterial spin labeling (ASL) and perfusion-weighted 
imaging, is valuable for studying pituitary macroadenomas. 
These techniques help assess vascular characteristics and 
differentiate between different types of tumors.

The ASL technique is effective in reflecting the vas-
cular density of nonfunctioning pituitary macroadenomas. 
Unlike routine contrast enhancement, ASL correlates 
with microvascular density. This correlation can help pre-
dict the risks of intraoperative and postoperative hemor-
rhage(62). Sakai et al.(62) found that ASL perfusion imaging 
results correlated with the histologic total microvascular 

Table 1—Typical versus atypical pituitary macroadenomas.

Pattern of pituitary 
macroadenomas

Typical

Atypical
Cystic variants and 
hemorrhages

Calcified variants

Bone-invasive adenomas

Imaging findings

Snowman-like or ovoid shape; isointense/
slightly hypointense on T1WI; variable 
intensity on T2WI; homogeneous or 
heterogeneous enhancement; sellar 

enlargement without marked invasion

Predominantly cystic content; fluid-
fluid levels, septations; wall or rim 

enhancement; possible hemorrhagic or 
necrotic components

Thin peripheral or nodular calcifications 
(rare, 0.2–8.0% of cases); better visualized 

on CT; hypointense on GRE/SWI

Sellar erosion, with clival or sphenoid sinus 
invasion; fragmentation of normal bone on 

CT and MRI

Differential diagnoses

Craniopharyngioma and 
meningioma (rare overlap with 

typical appearance)

RCC (intracystic midline nodule), 
craniopharyngioma (protein-rich 

cysts), and arachnoid cyst

Craniopharyngioma, meningioma, 
and aneurysm

Infectious processes, metastases, 
meningioma, and chordoma

Clinical implications

Usually predictable surgical resection; low 
recurrence rates; minimally aggressive 

clinical course

Diagnosis impacts surgical planning; 
differentiation avoids unnecessary 
surgery in RCC; prognosis similar to 

that of solid adenomas when correctly 
managed

Calcification suggests alternative 
diagnoses; most often associated with 

functioning adenomas

Surgical challenge due to bone 
involvement; higher recurrence rates; 

increased risk of vascular/cranial nerve 
injury

GRE, gradient-recalled echo.
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density of pituitary macroadenomas. This suggests that 
ASL can effectively refl ect the angiogenic activity within 
these tumors, a critical factor in determining their grade 
and potential behavior. The authors detected no correla-
tion between routine contrast enhancement and micro-
vascular density. However, they found that cerebral blood 
fl ow measured by ASL did correlate with microvascular 
density, indicating that ASL refl ects the vascular charac-
teristics of a tumor more accurately than does traditional 
contrast-enhanced MRI(62).

Perfusion-weighted imaging, including signal-intensity 
curve analysis, aids in the differential diagnosis of sellar 
and parasellar tumors. It distinguishes between high-per-
fusion tumors like pituitary macroadenomas and menin-
giomas and low-perfusion neoplasms such as adamanti-
nomatous craniopharyngiomas. Signifi cant differences 
in relative cerebral blood volume values help distinguish 
adenomas from other tumors(63). Perfusion-weighted im-
aging provides additional diagnostic information, making 
it a useful tool in differentiating between various types of 
sellar and parasellar tumors, which often appear similar 
on plain MRI(63).

Despite their potential to provide additional metabolic 
and hemodynamic information, 1H-MRS and perfusion-
weighted imaging are of limited practical utility in pitu-
itary macroadenomas. These techniques are not routinely 
incorporated into standard MRI protocols and are gener-
ally reserved for selected cases, such as tumors associated 

with genetic syndromes or when differential diagnosis 
with other sellar or parasellar lesions is required.

Pitfall and differential diagnosis
Pituitary carcinoma

Metastatic PitNETs, as pituitary carcinomas are cur-
rently referred to in the 5th edition of the WHO classi-
fi cation(5), are rare pituitary neuroendocrine tumors that 
spread to lymph nodes, distant organs, or via discontinu-
ous central nervous system dissemination, accounting for 
only 0.1% of all pituitary tumors(64). Previously classifi ed 
as “pituitary carcinomas” in earlier WHO editions, the 5th 
edition of the WHO classifi cation now designates all Pit-
NETs as malignant, using the term metastatic PitNETs 
for those with confi rmed metastases(5). These lesions are 
histologically indistinguishable from typical PitNETs. 
Most originate as invasive lactotroph or corticotroph tu-
mors and subsequently metastasize, in which cases the 
average survival is less than four years(65).

Some pituitary tumors destined to become carcino-
mas show early aggressive behavior (Figure 5), with rapid 
recurrence and progression after initial surgery, while oth-
ers evolve into carcinomas only after many years. Notably, 
pituitary carcinoma can remain undetected for a long time 
despite persistently elevated biochemical markers and no 
visible sellar tumor, as illustrated by cases in which distant 
metastases, such as GH-immunopositive cervical adenop-
athy, reveal the diagnosis(64).

Figure 5. Metastatic PitNET. Solid, heterogeneous, lobulated expansile lesion, extending into the suprasellar region and the sphenoid sinus, with hematic com-
ponents, characterized by hyperintensity on sagittal T1WI (A), hypointensity on coronal T2WI (B) and hypointensity on axial SWI (C). Note the lesion invading the 
bilateral cavernous sinuses and the right temporal lobe, with associated vasogenic edema (arrowhead in B). D: T1WI after gadolinium administration showing 
intense heterogeneous contrast enhancement. E: CT with bone window settings showing bone destruction of the skull base. F: Lung CT, with maximum intensity 
projection reconstruction, showing multiple bilateral pulmonary nodules, consistent with distant metastases.
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CONCLUSION

Although the atypical aspects of pituitary macroade-
nomas on various imaging methods, such as hemorrhages, 
necrotic/cystic areas, extrasellar location, and bone inva-
sion, are less common, considering such aspects is crucial 
for raising diagnostic hypotheses and thereby facilitating 
a correct diagnosis. However, we must keep in mind that 
no imaging aspect is pathognomonic; therefore, it is es-
sential also to understand the main diagnostic differences 
and their characteristics. The correlations between histo-
logical and imaging data underscore the importance of in-
tegrating all available data for the accurate diagnosis and 
appropriate management of these tumors.

Data availability. Not applicable.
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